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INTRODUCTION

Dr edg ing Background

The U. S. Navy , to accommodate a new class of nuclear submarines at

its Groton , CT , base , is dredging extensive portions of the Thames River ,

CT. The dredging is largely new work which deepens existing channels and

berthing areas from predredging depths of 32-33 f t  (9.8 - 10.1 m) to 36 ft

(11.0 m) plus one foot (0.3 m) overdredge . The dredging is being conducted

in two increments or phases. Phase I extended from 19 August 1974 through

18 July 1975 , and included the portion of the river channel between Long

Island Sound and the Gold Star Memorial Bridge (Figure 1). According to

U. S. Army Corps of Engineers (COE) estimates , approximately 1,510,112 yd3

(1,156,746 m
3
) of spoils were removed during Phase I.

Future planned Navy dredging includes the section of the river channel

from the Gold Star Bridge to the submarine base (ca. 1,292 ,000 yd
3 or

989,672 fl3
3 )~ Another 195 ,000 yd3 (149,370 m

3
) of spoils would be created

in extending the river channel about 533 f t  (163 m) north of its present

terminus . Berthing areas at the submarine base must be dreci~ ed to -39 feet

(11.9 m) with one foot overdredge , generating an additional 514 , 000 yd 3

(393 ,724 m 3) of materials .  Dredging of a f loat ing drydock area to —59 feet

( 18.0 m) is also planned ; this would involve 154 ,000 yd 3 (117 , 748 m 3 )

( Dept . of the Navy , 1976). The total volume of spoils to be removed in Phase

II is estimated to be 1,845 ,000 yd 3 (1 ,410 ,687 m3) .  At this wr i t ing , Phase II

dredging was scheduled to begin in June 1977. An additional 200,000 yd3

(152 , 920 m3) of dred ging is projected througL 1985 (Dept. of the Navy , 1976) .

- — — —  -~
—

~~~~~~
—— —  -.-. . - .. ~~~-i.--—~~ 
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Figure 1. Lower Thames R iver , showing approximate area dredged during
f i r s t  increment ( \ \ \ Y s ) ,  and Eastern Long I~;land Sound , with
designated New London Dumping Ground indicat ed . •=  Or iginal
disposal point for f i r s t  spoil increment.
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Sediments  of the dredging areas have been described as u n i f o r m l y

clayey organic silts with moderate plasticity and cohesiveness (Dept. of

the Navy , 1973). The sediments removed in the first increment exceeded

interim EPA guidelines only for volatile solids , chemical oxygen demand

and Kjeldahl nitrogen. Values for these indices decreased both

in a dowririver direction and with depth in the sediments. That most spoils

deposited to date have been fairly cohesive and uncontaminated must be

considered in evaluating this report ’s findings on contaminant levels

and impacts on biota. Sediments still to be removed are considered less

consolidated (at least surficially) as well as more contaminated .

Large capacity (10-14 yd3 or 7.7-10.7 m3) bucket dredges , and bottom-

release scows (Figure 2) have been utilized in an effort to minimize

turbidity in the dredging and disposal areas. Spoils from the first

increment of dredging were dumped at the New London Dumping Ground , a

1 nautical mile (n mi) square designated disposal area bounded by 41015.71

and 41°l6.7’ N , and 72°04.0’ and 72°05.3’ W , and centered approximately

2.7 n mi S of the Thames’ mouth (Figure 1). Predisposal water depths

within the dumping ground ranged from 47—81 ft (14.3—24.7 m) except for

a mound reaching to 36 ft (11.0 m), probably a relict of past spoil dis-

posal , in the north-central portion of the dumping ground . As a rule ,

depths increased from N to S, re f lec ting the gene ral trend of deeper

waters as one moves from the mouth of the Thames toward the Race . Point

dumping of the spoils has been attempted , utilizing a buoy installed for

this purpose at 4l°l6.13’ N , 72°05.02 ’ W , in the southwest quadrant of

____________________________________________________________ _______________________________ .4
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V

the dumpi iiq  square . Spoils were released at this buoy from 19 August

to ~0 December 1974. At that time , due to formation of a peak of

spoils , water depths at the disposal buoy had decreased from their

original 70 ft (21.4 m) to less that 50 ft (15.3 m) depths. The dis-

posal point was therefore shifted Ca. 600 ft (183 m) to the SE, to

41016.1 N , 72°04.99’ W. On 22 July 1975 , the buoy itself was moved

150 ft (45.8 m) to the S (41016.90 N, 72°05.00 W).

The New London Dumping Ground has historically served as a disposal

dre a, receiving approximately 6,000,000 yd3 (4,656,000 m3) of spoils

over the past 20 years (Dept. of the Navy , 1976). The largest recent

addition was the 92,500 yd3 (70,855 m 3) dredged by the Navy from a Groton

pie r construction site in 1972. Environmental effects of that operation

were monitored (Naval Oceanographic Office , 1973) in an attempt to pre-

dict impacts of the larger project now underway . Several smaller dredging-

disposal projects, including 14,500 yd3 (11,107 m 3) by the Mystic Marine

Historical Association and 7,400 yd3 (5,668 m 3) by Amerada Hess , were

carried out concurrently with the Navy ’s first dredging increment.

Study Background

Under the terms of the dumping permit , the dredging and disposal were

to be accompanied by an extensive survey to monitor their environmental

effects. The National Oceanic and Atmospheric Administration (NOAA) was

designated the lead agency in these investigations, which were funded by

the Navy . Coordination of all studies was undertaken by the Northeast

Fisheries Center (MACFc) , National Marine Fisheries Service , NOAA .
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This group wa~ also r c n ~~cn ~~iY i e  fer  two spec i f i c  inves t iga t ions :

microbiology (Section E of th is  repor t)  and I e r ~th ~~c macrofauna  (Section

F) of r i v e r  and dumpsi te .

The disposal permi t  also st ipula ted  tha t  a r eJ re~:er ~t : a tive  segment

of tJ~e s ci en t i f i c  and academic i n s t i t u t i o ns  of the Lor .q I s l and  Jour ci

re(:ion should participate in the rnonitorincj studies. fln this basis, the

New ‘~ork Ocean Science Laboratory ( N Y I ? L ) , N o r . t .du h , N .  Y. 1 was awarded

subcontracts to inves t iga t e  dis~.c sil j rj a r t ~~ .~~ ft:sical and chemical

;c( 3r .o~ raphy , and f i n f i s h  p o p u l a t i o n s ,  of the dumpsi te  and surrounding

~r ea - (Sect ions C,  n and G, respect ive ly)  . The Usiversit ’ :  of Connecti-

cut  (UC ONN ) , Croton, C o r n . ,  was designated to determine  e f f e c t s  of dredg—

i r.g on r iver  f low charac te r i s t i c s  and coacentrat ions of suspended mater-

ials (Section A) , as well as heavy metals in river water , sediments and

sh e l l f i s h , and s h e l l f i s h  gross pathology (Section B) . UCONN has also

ccr d j c ted  SCUBA surveys of the spoil pile and its lobster populations

(h  ect ~~er H)

A ll t~ above investigations began with “base l ine” surveys in June—

J u l y 1’.’74 , L r ~J y bef or e th~ onset of dredging . Sampling for most ~ r e—

jec : . w a r .  en a ‘ r u a r t ( r i y ci more f requen t  basis,  ex ten dinq  at least

‘h r ’ s : . r~~~r . ’ 1’~7 1, . ~ s ven quar te r ly  reports on a c t i v i t i e s  and f ind-

i :.q s 0’ • . : , ‘ v a r  ieus rojeets were submitted to the Navy .

In . .~~~~~ ‘. 1~~74, a t of criteria s~ ecifyinq the limit:, of acceptable

impac~’ . a t  t~~ ’ disposa l  area was released by COE after consultation with

~~~~ In teragency N c iin t i fi c Advisory Subcommittee on Ocean Dredging and

Spoiling , or ISASODS. (ISASODS consists of one northeastern area repre-

r, entjtive from each of the following agencies: COE, U.S. Fish and Wildlife
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Se r v i ce , U .  S . Geological  Su r v e y ,  U. S. Environmental Protection Agency

and Nat ional Mar  Inc Fisher ies  Service . The representa t ives  advise t h e i r

r e s p e ct iv e  reg iona l  d i r e c t o r s  on m a t t e r s  re la ted  to dredg i ng and sp o i l ing

in nor theas te rn  wa te r s .  As of January  1977 , the States of New York and

( ‘o n r i e ct i c u t  have also been made members of ISASODS. )  The m a j o r i t y  of

these moi l i to r iny  c r i t” r i a  considered a c i rc le  of one mi l e  radius ,

c en t e red at  the d r s l :.al buoy , as the area w i t h i n  which some impacts

were u navo idab le  arid , i c ’ ’~ t ab l e . I f  the c r i t e r i a  were exceeded , or o ther

signi f i c a n t i mp a c t s  d’ t . ted , t h e  m o n i t o r i n g  s tudy was to no t i f y COE

thro ugh ISASODS , and ope ra t ions  wer ’ to be hal ted u n t i l  a l t e rna t ive ,

ac ceptable means of dr e d g i ng  and d i s p o s a l ,  or an a l t e rna te  disposal site ,

Tj we re agreed on. Where feas ib le ’ , the moni to r ing  surveys have adapted t h e i r

objectives , sampl ing  strategies and schedules to address the mon i to r ing

criteria.

Other studies related to the disposal project include several

bathymetric surveys of the disposal area by COE and by the Nava l Under-

water Systems Center (NUSC ) , and current measurements by NUSC. These

t u d i e s  will be discussed only as they pertain to portions of the present

report .

SUMMARY OF FINDINGS

A. Impact of Dredging Operation s on Suspended Material Transport in

the Lower Thaz~~ River Estuary: The suspended material field in the

Thames River Estuary is characteristic of a sediment-poor system and

displays low average concentration levels (<5 mg/l) and erratic
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v i r i d i l i t y  with no obvious spatial or temporal trends. In this system

t i ’ ’ Phase I dr~’djinq operation : 1) Produced p e r t u r b a t i o n s  in suspended

:natr ’rial concentrations and composition that  were conf ined  to an area

wi thin 300 t o  51s1 v i r d s  of the opera t ing  dredge and barge .  2 )  Produced

.t: i ncI as ’ i n  t o t a l  susp ended load w i t h i n  the e s tua ry  t h a t  was small in

cop:; , i t i s o n to tha t  produced by typ ica l  aper iodic  storm events .  3) Caused

no r : i ij o r  alterations in mass t ranspor t  w i t h i n  the e s t u a r y .

H . Thames River  Hydrography ,  Ph y top lank ton , and Trace Metal  Concent ra t ions

in  Wa ter , sed iment  and Sh e l l f i s h :  1) F ie ld  surveys and e l u t r i a t e

ex p e r i ments  suggested tha t  e f f e c t s  of dredg ing on p r imary  production

w e re  s p a t i a l l y  and t empora l ly  l imi ted . 2)  H ighes t  concen t ra t ions  of

n i c k e l ,  lead , c idmium and mercury  in water  samples were observed before

or du r i n g  d redg ing , w h i l e  cop~ er was h ighes t  a f t e r  dredging . N i c k e l ,

lead  and col’}.er were genera l l y h i g h e r  u p r i v e r ;  mercury  was more con en —

r r , i t .d in the lower r i v e r .  M er c u r y  decreased in dredge—induced t u r b i d i t y

p lumes .  3) Sediment levels of thes e  f i v e  meta l s , plus  z i nc and organic

carbon , increased in an upriver direction . Postdredging concentration s

of zinc and eopj er were significantly reduced in lower river sediments

in comparison with earUer values. 4) Dredging—related changes in trace

met al bod y burdens in the oyster , Crassostrea virginica , hard clam ,

Ms rcenaria mercenaria, and morrhua clam , Pitar rnorrhuana were difficult

to ;ej irate from normal seasonal variations. The significant decreases in

five m etal s in C. virginica probably reflected a general reduction of these

metals in the environment. In M. n n e r c er ij r i a , however , as many metals had

increasr (1 concentrations as had decreases. No gross pathology was detected

in the  : ;h o l l f i sh . 

—..- .- .— - , , -. .——~~~~. . .- . -- - .. . — - — — - — —- .-— -
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C. Physi cal Oceanography of Disposal Area :  1) Tu r b i d i t y  was h igher

in bottom waters  than near the su r f ace . This was not res t r ic ted  to the

vicinity of the spoil pile; however , slightly higher turbidity downstream

of tire p i l e  indicated that some scouring of spoils was taking place .

2) The average speed of the turbidity or density cloud resulting from

barge discharges was approximately 16 rn/mm . 3) Droque x!eriments and

current meter records showed net flows to the SE at the surface , E at

mid-depth and NE near bottom. Maximum transport was in the east/west

direction with highest values occurring during the ebb . 4) A reversal

from SE to NE flow appeared approximately midway in the ebb tidal cycle.

D. Chemical Oceanography of Disposal Area : 1) Water quality parameters

studied (Eh, p11, turbidity, dissolved oxygen, suspended and volatile

solids) showed no patterns relative to distance or direction from dumpsite ,

though seasonal changes in these parameters were evident. 2) Concentrations

of Kjeldahl nitrogen , total phosphorus and seven metals (cadmium , copper ,

iron , nickel , lead , zinc and mercury) in seston were also not obviously

related to proximity to spoiling . 3) Water quality rapidly (within two

hours) returned to ambient following a dumping event. 4) Sediments from

stations within or bordering on the 1 n mi2 designated dumping ground were

generally higher in iron , copper , chem ica l oxygen demand , total phosphorus

and Kjeldahl nitrogen than were sediments outside the area. No evidence

of spreading of the material outside of the dumpsite was found . 5) Benthic

animals collected inside and outside the dumping ground had similar concen—

t r at i o ns  of heavy meta l s , phosphorus and n i t rogen .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
.1



E. Effect of Dredging and Spoils Deposition on Fecal Coliform Counts

in Sediments and Bottom Waters of the Thames River and New London Disposal

Site : 1) Predredging fecal coliform densities were high (mean 14,000/

100 ml) in surficial river sediments. 2) Spoil disposal did not increase

densitites in sediments and bottom waters of the disposal area. 3) No

significant differences were found between fecal coliform counts in sedi-

ments w i t h i n  one-half n mi of the disposal point and counts at stations

further removed from spoiling . 4) Counts in bottom waters of the spoiling

area were hi gher on ebb tides than on flood tides. This indicates that

t~s Thames Rive r outflow plays a major role in determining fecal coliform

densities in disposal area waters and sediments.

F. Sedim nts and Benthic Macrofauna: 1) Surface sediments at the disposal

point and several surrounding stations ( ( 1/2 n mi from this point) clearly

had large increases in percentages of silts and clays , indicative of the

presence of spoils , during and after spoiling . Spoils were not detected

at greater distances , perhaps due in part to sampling variability and sedi-

ment patchiness. 2) Species diversity , numbers of individuals and species

of benthic macrofauna were greatly reduced within the spoil pile . No spoil

impacts , distinguishable from apparently natural fluctuations , wer detected

outside of the pile . 3) Changes in species composition were somewniat more

wi ’1~ sj ’r s ’ir1 . Populations of several predisposal dominant amphipods and

bivalves decreased throughout the 2 n mi radius study area, and polychaetes

at .
~~ 1 n mi from spoiling . No changes were evident in numbers of the overall

don inant species, the amphipod , Axnpelisca vadorum. 4) Samples taken 2—14 months

after termination of disposal showed progressive recolonization of the

—.—-— —-----.--- . . ~ - .-- .— - - --..- .-_______________________ V _ -~~~~_ _~ -_ - .4
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spoil p i l e .  In the absence of a d d i t i o n a l  spoi l ing , a f a i r l y  complet ’

reco v e r , ’ of the d ispo sal  area fauna  would be expected .

Demersa l  F ’ in f i sh  of Disposal Area:  1) Numbers of f i sh  caught

dropped sha rp ly  a f t e r  disposal began , and postdisposal catches did not

r e tu rn  to the baseline level.  It was thought , however , that the vari-

at ion  migh t  be a seasonal ra ther  than a spoi l ing e f f e c t .  2)  Win te r

f l o u n d e r  was the species collected in greatest numbers throughout the

s tudy .  3) Gut content ana lys is  showed windowpane flounder and tautog

to be very selective in their  food habits .  The other abundant species

were oppor tunis t ic  feeders and had a varied diet,mostly b en th ic  invertebrates.

H .  SCUBA Survey and Underwater Photography of Disposal Site : 1) Troughs

and mounds of newly dumped material provided relief to the normally flat

bottom topography and were initially attractive to dernersal fish and

crustacea. 2) A forty-foot mound of previously—disposed spoils contained

high concentrations of lobsters , crabs and winter flounder. 3) No obvious

turbidity was noted at the spoil-water interface during 1.5 knot currents.

Small (0.5-1.0 cm diameter) clay balls were observed rolling over the

si . oil pile; this may constitute a form of sediment transport. 4) Dives

in May-June 1976 revealed that scouring of sediment and disintegration of

clay mounds had occurred. The general topography of the mound had

flattened considerably. There was evidence of sorting , leaving a cap of

shell fragments and 2—3 in diameter patches of coarse gravel material.

Spoils may have spread to 0.5 n mi SE of the disposal buoy .

- - —  — —.-.----——‘ —. - - — --  - .- —
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A. AN INVESTIGATION OF THE IMPACT OF DREDGING OPERATIONS ON
SUSPENDED MATERIAL TRANSPORT IN THE LOWER THAMES RIVER ESTUARY

W . F .  B o h l e n , J.M. Tramort tano
The Universi ty of Conn ect ic ut

Marine Scienc es Institute
• Gro ton , Connect icut

In t rod uc t i o n

In many areas of the northeastern United States harbor and

channel dredging opera tions represent the major transport mode

affec ting the movement of sediment from the river or estuary

to the adjacent continental shelf. Very often the bulk of

these sediments have been contaminated iy the variety of muni-

c i pal and ind ust rial discharges ent ering t he coas t al wa ters and

con t ain hi gh concen trations of both organic and inorganic

p o l l u t a n t s  ( B oy d , et  al .  , 1972). As a res ult , d r ed ging and the

a t t e n d a n t  d i s p o s a l  operations generall y t end to incr ease the

areal di stribution of these materials and their availability

to the lower members of the food chain.

In recen t years considerable effort has been directed to the

determina tion of the impact of dredging ind uced sedime nt dispersion

on coas tal ecosystems. For the most part these studies have

been primar ily concer ned with impacts associated with the

disposal opera tions. Relatively li ttle work has been done on

the influence of the dredging operation itself (see the review

by Mor ton , 1976 , for examp le). To da te most investigations

have simply considered the esthetics of dredging p lacing par ticu—

lar emp hasis on the reduction or control of turbidity. Limited

L. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .~~~~~ _

~~~~~~~~~~~~~~~~~~~~~~~~~~
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informa t ion i s  a v a i l a b l e  d e s c r i b i n g  t h e  c h a r a c t e r  of t h e  s e d i m e n t s

suspended dur in g dred g i n g ,  the spatial distributions of materials ,

concurrent contaminant release and the resultant short and long

term impacts on the adjacent ecosystem.

In the earl y summer of 1974 initiation of channel dred g i n g

in the lower Thames River near New London , Connec ticu t pro vided

an oppor tunity to examine in detail several of the most prom-

inent impacts produced b y a dred ging opera tion . A series of

field surveys were designed to examine the quantitative influence

of dr e d ging on suspended ma t er ial transpor t , trace metal dis-

tributions and biolog ical community characteristics. This section

presents the field data and initial analyses describing the

impac t of dr e d ging on the suspended ma t erial field wi thin t he

lower estuary. Both direct and indirect influences are

to be considered; the former by anal yses of the ma terial field

in the immediate vicinity of the operating dred ge and barge ,

and the latter throug h q uantitative estimates of mass transport

varia tions induced by the increased cross section of the estuary.

4 ,
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St udy Area

T h e  T h a m e s  R i v e r  ( F i g .  1) r e p r e se n t s  o n e  of  t h e  t h r e e  m a j o r

streams contributi ng freshwa ter to Long Isla nd Sound. This

n a r r ow , i n c i s e d  e s t u a r y  e x t e n d s  s i x t ee n  m i l e s  in a n o r t h e r l y

di rection from its mouth in the eastern Sound to the confluence

of the Yantic and Shetucket Rivers near Norwich , Connec t icu t

and drains an area of approxima tel y 400 mi 2 . (Thomas , et a]..,

1968). During the past five years annual average stream flow

of this system varied between 2500 and 2700 cfs. Comparisons

of these levels with concurrent streamfiow s from the Housatonic

and Connecticut Rivers indicate that the Thames River ranks

third in relative impor tance.

R e g u l a r  t i d a l  v a r ia t i o n s  can be observed over the entire

leng th of the Thames River. Mean tidal range varies progres n ively

fro m 2.6 Ft. at New London to 3.0 Ft. at Norwich (NOAA , 1976).

Near surface tidal currents are variable and generall y av erage

less than 0.8 knot (NOAA , 1971).

The tidal and strea nn flow characteristics of the Thames River

g e n e r a l l y  p e r m i t  the intrusion of saline waters to extend

upriver to Norwich (Soderberg and Bruno , 1971). The resul tant

d e n s i t y  d i s t r i b u t i o n s  f a v o r  a persistent vertical stratificatio n

t h a t  s i g n i f i c a n t l y  a f f e c t s  b o t h  the velocity field and conc urrent

ma terial transport within the r i v e r .
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M e t h o d s  a n d  P r o c e d u r e s

a. Sam p ling Proc edures

To d etermine the average background characteristics of the

s u s p e n d e d  m a t e r i a l  f i e l d  a network of thirteen stations was

es tablished in the lower river (Fig. 1). Stations were samp led

monthl y d uring the period July , J974 thro u gh May, 1976. Survey

periods were confined to the ebb t i d a l  c y c l e  with samp ling

in iti a ted approxima t el y two hours after slack water. At each

station ., 4.O li ter drawn water samp les were obtained at three

lo cations on the vertical surface , mid—depth and near bottom ,

us i ng a stan dard Va n Dorn sa m p ler. Concurren t profiles of the

ver tical temperature gradi ent were obtained using an in situ

probe (Hydrolab Corpora tion). During the first year , m easure m en ts

of op tical transmissivity were also obtained at several points

in the water column using a Martek Model XMJ Transmissometer

w i t h  a O . 2 5 r n  p a t h ] e n g t h .  T h e s e  m e a s u r em e n t s  w e r e  d i s c o n t i n u e d

a f t e r  a n a l ys es ind ica t ed limi t ed q uantitative value.

To exa mine the direct impact of dred g ing opera t ions on the

susp ended material field , a series of de tailed hig h resol ut ion

surveys were conducted in the immediate vicinity of the o p e r a —

ting d r ed ge and attendant spoils scow . Each survey first

e m p l o y e d  t r a n s m i s s o m e t e r  m e a s u r e m e n t s  to  d e t e r m i n e  t h e  s p a t i a l

dis tributions of the plume of turbid water produced by the

dred g i ng and scow loading operation. Quantitative material

distributions within the p lume were then established b y drawn

:~



water samp ling using the sam e me thods emp loyed in the m on t hl y

s u r v e y s .  The number of stations samp led varied in each survey

as a func ti on of p lu me characteristics. The location of each

station was referenced to the dred ge and barge using a hand—

held b earing compass and horizontal sextant ang les.

To comp le ment the measurements of suspended material concen-

trations and assist in the determinations of mass flux , the

ma gnitude and variability of the velocity field in the lower

r i v e r  o v e r  a t i d a l  cy c l e  w a s  e x a m i n e d  on two occasions :

De c ember 12 , 1974 and May 28 , 1975. During the December , 1974

survey veloci ty m eas u remen ts were ob t ained at a sing le loca t ion

n e a r  t h e  m o u t h  of the river in the vicinity of navigational

buo y R—6 (Station A). In May, 1975 this station was reoccupied

conc urrently with a second station located approximatel y O.lnrn

( 0 . 2 k m )  s o u t h  of  the Gold St ar Brid ge (Sta tion B). Each set of

m e a s u r em e n t s  was  o b t a i n e d  f r o m  s m a l l  b o a t s  m o o r e d  a l o n g  t h e

c e n t e r  l i n e  of  t h e  m a in navi ga tional channel. At each location ,

c u r r e n t  s p e e d  a n d  direction measurements were obtained at several

l o c a t i o n s  on t h e  v e r t i c a l  using a Bendix Q—1 5 ducted pr opeller

c u r r e n t  m e t e r  equipped with a deck read—out. Prof iles were

surveyed every fifteen minutes for thirteen hours.

Du ring Nay, 1975 , survey channel stations were supplemented

by  s e c o n d a r y  s u r v e y  g r i d s  d e s i g n e d  t o  d e t e r mi n e  t h e  d e gr e e  of

lateral variability chara cteristic of the velocity field.

S t a t i o n s  w e r e  e st a b l i s h e d  to  t h e  n o r t h , s o u t h , e a s t  a n d  w e s t~~ 
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approximatel y O.25nm away from each of the channel stations.

A n additional small boat was assi gned to each grid to seq u en t iall y

sa m ple the ver t ical veloc it y profile at each stat ion thro u g h o u t

t h e  t i d a l  cy c l e .  T h e s e  s u p p lementary measurements at Station A

were ob tained using a Bendix Q—9 Savonius rotor current meter

w h i l e  t h o s e  a t  S t a t i o n  B e m p loyed a CM2 propeller current meter.

Bo th uni ts were eq u ippe d wi th deck read—out modules.

b. Anal y t i c a l  Methods

Each drawn water samp le was st ored in prewashed g l a s s  j a r s

and returned to the laboratory where the following analyses

were conducted:

1. Sam ple Salini ty

T h e  s a li ni t ’~ of  e a c h  d r a w n  w a t er  s a m p le  w a s  d e t e r m i n e d

using an induction salinometer (Beckman Model RS7 B). Measured

conductivity was converted to salinity b y comparison to Copenhagen

S tandard Sea Water.

2. Suspended Material Concentrations

Approxi m atel y one li ter of each samp le was vac u um

filtered wi thin forty eight hours of acquisition using dried

and pr ewe ighed Nu cleo por~ f ilters (47mm dia. —0.45p p o r e  s i z e) .

Fil ters were mounted in standard Millipor e vacuum filtration

se tups. Following a thoroug h wash to rem ove sal ts , each fil ter

was dried and reweighed to determine the by— weight concentration

o f  t h e  total suspended partic ulate matter present in the samp le.
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3.  G r a i n  S i z e  Distributions

Th e particle size distributions characteristi c of

t h e  s u s p e nd e d  m a t e r i a l s  p r e s e n t  in  s e l e c t e d  s a m p l e s  w e r e  d e t e r-

mined using a Coulter Counter Model TA. A s i n g le aper tu re

tube of 100pm diameter was used for all measurements.

4. Organic Carbon Content

Sa m p les for the de termin at ion of par ticulate a n d  dissolved

o r g a n i c  c a r b o n  c o n t e n t  w e r e  p r e p a r e d  b y vacuum filtering fift y

tc’ 150 m i s  ( v a r y i n g  as a function of the suspended m a t e r i a l

concentrations) of each sample using a Reeve Ang el g la ss fiber

fil ter (//934AH; 2.4 cm—O.45p ). Each filter had been precom —

b usted at 400°C for a period of two hours to remove volatile

or ganics. Following the comp le t ion of fil t ra t ion , f i l t ers were

p la ced in small aluminum pans and frozen. Three 5 m l aliquots

of  t h e  f i l t r a t e  w e r e  p i p e t t e d  i n t o  10 m l  g lass am po u les which

h a d  b e e n  p r e - c o m b u s t e d  a t  4 5 0 ° C  f o r  f o u r  h o u r s .  The  a m p o u l e s

w e r e  i n d i v i d u a l l y  covered wi t h a sm all p iece of aluminum foil

a n d  f r o z e n .

Par ticulate and dissolved organic carbon were determined

b y the conversion of organic matter to CO 2 throug h we t con—

b ust ion with potassium persulfate , sim ilar to the me thod developed

b y M e n z e l  a n d  V a c c a r o  (1964). The following additions were made

to the ampo ti les c o n t a i n i n g  filtered samp le wa ter. 1) O . 2 g

po tassium p e r s u l f a t e  (K 2S208) and 6% H
~~
PO4 were in troduced into

the ampoules. 2) Oxy gen gas which had been p u r i f i e d  b y p assing
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t h r o u g h a catal yst tube containing heated (400°C) cupric oxide

w a s  b u b b l e d  t h r o u g h f o r  5 mins to remove inorganic carbon

components. Ampoules were sealed with a m icrob urner. A f t e r

sealing , th e samp les were oxidized in a standard laboratory

a u t o c l a v e  s e t  a t  130 ° C f o r  a p e r i o d  o f  f o u r  h o u r s .  T h e  t o p s

of the ampoules were then broken under sealed conditions in

a nitrogen atmosphere and the C0
2
(g) prod uced b y the p ersulfate

ox i d ation was carried b y a stream of nitrogen gas to an IR

a n a ly z e r  a n d  r e c o r d e r .  T h e  p e a k  h e i g h t s  p r o d u c e d  b y t h e  CO .~

wi re corrected for reagent blanks and compared to a s t a n d a r d

c urve which had been determined b y the wet oxidation of known

a m o u n t s  o f  d e x t r o s e  (C 6 H 12 0 6
) .

To de t ermine par t icula t e organic carbo n ,the frozen filters

w e re rolled up and p laced in pr ecomb ust ed am poules to wh i ch

5 mls of distilled water were then added. From this point the

samp les were treated in t h e  s a m e  m a n n e r  as  t h e  f i ] t r ~i te.

Res ul t s and Con c l u sio ns

Wa t er_ Te ,~ pera tu re

Wa ter temperatures in the lower Thames River during

the 1974— 1976 study period disp layed a seasonal cycle (Figs. 2 & 3)

c h a r a c t e r i s t i c  of  n o r t h e a s t e r n  United States coastal waters.

Maxima at all stations o c c u r r e d  during July or A u g u s t  with

mi n ima observed dur i ng Jan uary , Feb ruary, or March. Only

sli gh t variations were observed in this cycle. W ater tempera —

— . — . ..- , .—— ... - .-  _______ 4
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t u r e s  d u r i n g  t h e  w i n t e r  m o n t h s  o f  1 9 7 4 — 7 5  w e r e  s l i g h t l y  h i g h e r

t h a n  t h o s e  of  19 7 5 — 7 6  f a v o r i n g  t h e  p e r s i s t e n c e  of  n e a r  i s o t he r m a l

c o n d i t i o n s  f o r  m o r e  t h a n  t w o  m o n t h s .  As a result, the character

o f  t h e  s p r i n g  i n c r e a s e  o b s e r v e d  d u r i n g  e a c h  s u r v e y  y e a r  v a r i e d

signifi cantl y. In l 974— 75~~i n i t i a 1  w a r m in g in the surface waters

w as observed in March wi th increases at m i d — d e p t h  and near

bo ttom being delayed until April. In 1975—76 the spring increase

o c c u r r e ~d uniforml y d u r i n g  l a t e  J a n u a r y  a n d  earl y Feb ruary.

W ater t em p e r a t u r e s  w i t h i n  the stud y area generall y d i sp l ayed

minor s p a t i a l  v a r i a b i l i t y .  In all cases .cross— str e am (east—

west) t h e r m a l  d i f f e r e n c e s  were neg li g ible. Anal ysis of the

lo n g- str eam (north—south) va r i a b i l i t y  shows a s l i g h t , b u t

measurabl e , increase in annual t emp e r a t u r e  range as a function

of distance from the mouth of the river. In the vicinity of

Southwest Ledge , Station 2 (Fig. 1), the temperature range

over each survey year averaged approximately 20°C. P r oc eed i n g

to the north , t h e  annual range prog ressively in cre~ises , f i n a l l y

e x c ’ e d i n g  25°C at Station 12 , adjacent to the Submar ine Base.

‘Temperature distributions over the v e r t i c a l  disp lay a

r eg u l a r  seasonal cycle consi stent with the ~‘earlv trends in air

t e m p e r a t u r e .  During sprin g warming and throug h the s u m m e r

m o n t h s , s u r f a c e  t e m p e r a t u r e s  e x c ee d  t h o s e  a t  m i d — d e p t h  a n d

near b ottom. With the onset of cooling in September , t his

g r a d i e n t  reverses and surface temper atures fall below those

observed at depth. This condition pe rsists through the winter

-~~~~~~~~ - -~~~~~~ — -- - ~~~ - -—~_ _
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non t h s

T h e  f a c t  t h a t  both positive and negative verti cal temperature

g r a d i e n t s  are regularly present indi cates that water temper-

at ures represent a relativel y m inor i n f l u e n c e  on the density

h eld within the lower river. In common with most estuaries ,

d ensit y app ears to be primaril y a function of salinity while

• the temperature structure and ,in particula r 1 the presen ce or ab—

• sence of a thermocline ,is at best a useful indicator of the

int ensit y of vertical mixing. For examp le , during most of

the year near isother ma l conditions are indicative of free

vertical exchange and limited density stratification. Con-

versel y, significant therma l gradients most often indica te a

reduction in vertical mixing and an increase in the degree of

stratification in the salinity field. A pp lication of these

criteria in the examina tion of the Thames River thermal structure

(Figs. 2&3) indicates a general decrease in ver t ical m ixing w it h

distance upstream from the mouth. The stations adjacent to

Long Island Sound disp lay nearl y isothermal vertical profiles

throug hout the year while stations near the northern limit of

the study area are characterized by persistent verti cal gradients.

in addition , the temperature distributions indicate that the

degree of vertical stratif ication in the density 1ield will

incr ea se pro gressivel y upstream. Given the character of the

de nsity field no ted above , increased stratif ication can only

be the result of develop ing ver tical gradients in the salinity

_________



A— 14

field , a relationship to be examined in more detail in the

next section.

Sal inity

Sa lini ty dis trib ut ions a t all stations d isp lay an

irregular seasonal variability (Figs. 4&5). With few exceptions ,

mid—d e p t h  and near bottom values were essentiall y cons tant

wi th salinities remaining nearly equal to those observed in

a d i a c e n t  L o n g  I s l a n d  S o u n d .  S u r f a c e  s a lin i t i e s  w e r e  m e a s u r a -

b l y lower than those observed at depth and disp layed an erratic

bu t eviden t seasonal variabili ty ro ughl y correla ted with stream—

flow . Maxi m um salini t ies were observed in July or August with

minima typi cally fo und in late winter or early spring.

The marked difference between surface and at—depth salinity

prod uces a salini ty field charac terized by a persis tent vertical

gradient and a moderate degree of spatial and temporal var-

iability. The nearly isohaline character of the deep waters

causes the intensity of the vertical gradients to vary tempor-

all y as a function of surface salinity which,in turn , is ap-

proximatel y dependent on streamfiow . Spatiall y, gradients

vary as a function of distance from the mouth of the river

with intensity progressively increasing along a northerly

transect , a feature previousl y inferred from the water temper-

ature profiles. East—west variability is for the most part

negligible.

Analysis of the magnitude of the vertical salinity gradients

and comparisons with concurrent water temperature gradients

_____ -4
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indicate that salinity clearly dominates the density f i e l d

w i t h i n  t h e  l o w e r  T h a m e s  River. Salinit y gradients range from

a low of 20/00 to a maximum of 260/oo . Concurrent water temp-

era tu re gradien t s seldom exceed 5°C a nd m ore t yp icall y aver age

2°C. Since a 10/00 change in sal init y produces a variation in

density equivalent to a 4°C change in water temperature it is

apparent that salinity dominates and produces a density field

with a high degree of vertical stratification . This density

stratific ation is p articularl y prono unced in the near surface

waters. Meas urements obtained under a variety of streamfiow

conditions (Figs. 6&7) show maximum temperature and salinity

g r a d i e n ts occuring approximatel y 2 to 3m below the surface.

The near isohaline conditions above and below the transition

z o n e  i n d i c a t e s  t h a t  t h e  d e n s i t y  f i e l d  w i t h i n  the lower Tha m es

can  be  a d e c ~u a t el y  described as a two layer system with limited

vertical m i x i n g .  M o r e o v e r  t h e  p e r s i s t e n c e  of  m i x i n g  l i m i t a -

tions desp ite the presen ce of m oder at el y energetic meteorolog-

i cal events suggests that this area may he effectively shelt ered

fro m storm events. Each of these characteristics are of

par ticular importance within considerations of suspended material

transport in and throug h the est uary.

Suspend ed j 1a~~e_r~~al ~~~~~~~~~~~~~~~~~~~

a. Concentrations

Suspended ma terial concentrations observed in the lower

Thames River during the years 1974 throug h 1976 (Figs. 8&9)

A
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d i s p lay ed no evident seasonal v a r i a b i l i t y .  Al t h o u g h contras ting

s h a r p ly wi th previo us observations in other estuaries (Postma , 1967 ;

M&- ade , 1968: and Sch uh el , 1969) this b ehavio r is consis tent with

rec ent observations obtained in eastern Long Island Sound

(Bohi en , 1975) and seems thor oug hly repres entative of a sed—

in e n t - p o o r  system in which transp ort and ultimatel y the concen-

tra tion of suspended materials is dominated b y a v a r i e ty of

factors including stream flow , tidal state , and wind s tress.

The rel ative impo rtance of each of these factors varies both

s p a t i a l ly a n d  t e m p o r a l l y .  S i n c e  t h e s e  c y c l e s  v a r y  i n d e p e n d -

ent ly and s e ldo m disp l a y  s i m p le phase relatio nshi ps , the

resultant suspended m a t e r i a l  field is often characterized by

erratic variability and an absence of o vious periodicity.

Such behavior is particularly common in systems charac terized

by l ow (< 5 m g / l )  suspended mat erial concentrations.

Exa mination of the survey data reveals a relatively r’inor

degr ee of spatial v a r i a b i l i t y  in the su spended m a t e r i a l  field.

During 1974—75 (Fig. 8) ups tream c o n c e n t r a t i o n s  tended to he

s l i ghtl y higher than those observe d near the mouth of  the river

a n d  i n  adjacent Long .~~land Sound. M a x i m u m  c o n c e n t r a t i o n s  were

h i gh e s t  in the vicinity of Stations 5 and 7. In t h i s  s a m e

pe riod concen trations over the v e r t i c a l  g e n e r a i 1~’ increased

p r o g r e s s i v e l y w i t h  d e p t h .  S u r f a c e  (-onc (-n t rat Ions w e r e  r e g u l a r ly

l e s s  than t h o s e  o b s e r v e d  a t  m i d — d e p t h  or  n e a r  b o t t o m .

T h e  s p a t  l a l  c h a r a c te r i s t i c s  o f  t h e  s u s p e n d e d  m a t e r i a l  f i e l d

d u r i n c . 1~)75—7 6 were substantiall y d i f f e r e nt than those of



1~~74—75 . Av e rage co n c e u t r a t  ion levels were essentially constant

t h r o u g h o u t  t h e  s t u dy  a r e a  a n d  d i s p l a y e d  no  t e n d e n c y  to  i n c r e a s e

i n  t h e  u p s t r e a m  d i r e c t i o n .  O v e r  the vertical , concentration

g r a d i e n t s  varied irre gul a rly with surface and near bott om

c on centrations alternatel y dominant. The sense of the grad ients

was generall y correlat ed with strean flow. During p eriods of

low di scharge , concentrations at depth exceeded those observed

at the surface. Under these conditions the concentration field

appears to he primarily d ependent on shear stress distribu tions

at the s e d i m e n t — w a t e r  i n t e r f a c e .  I n c r e a s i n g  d i s c h a r g e  m o d i f i e s

this dependence and eventuall y causes a reversal in the sense

of the concentration gradient. Streamfiow begins to dominate

a i d  surfa ce concentrations typ ic all y exceed those observed at

depth. The relatively in f r e q u e n t o c c u r r e n ce of  gradients d o m i n a t e d

by surface values indicates that streamfiow generall y repres ents

a second order influence on t h e  suspended material field within

th e lower Thames River. A comparison of volume di scharge to

concurrent i n t e r t i d a l  volume further supports this construct.
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h~ O r g a n i c  C o m p o s i t i o n

To e x a m i n e  t h e  r e l a t i v e  c o n c e n t r a t  i o n s  o f  o r g a n i c

m a t e r i a l  i n  s u s pe n s i o n  w i t h i n  t h e  s t u d y  a r e a  ( F i g .  1) t h e

p a r t i c u l a t e  organic c a r b o n  c o n t e n t  o f  e a c h  d r a w n  w a t e r  s a m p le

wa s de t e r m i n e d .  These d a t a  are of particular i m p o r t a n c e  im

t h e  ina lv sis of the b i o l o g i c a l  impact of the dredg ing operations

and ~ere also intende d to supp lem ent concurrent work on f i l t e r

feedin g o r : in i s m s  (See section B). As indicated above ,

the anal y se s emp loy ed wet oxidation techniques. These methods

have in the past been cri t i c i z e d  for failing to provide accurate

d e t e r m i n a t i o n s  of total organic carbon. Work by Sharp (1973) , S ta rt i—

kov a (1970). S k o p intsev , e t al. , (1966) and Skop intsev (1968),

analv ;’in i low oceanic concentrations (‘2mg/1) b y d irect com-

b ustion -~e thods have produced carba n c o n c e a t r a t i o n s  differing

f r o m  t h o s e  o b t a i n e d  u s i n g  w e t  o x i d a t i o n  techni q ues (e.g. Me n z e l

and V accaro , 19 6 4 )  b y m o r e  than a factor of two. The ca u se of

t h e s e  d i f f e r e n c e s  a p p e a r s  t o  h e  t h e  s t r u c t u r e  o f  t h e  o r g a n i c

c a r b o n  c o m p o u n d s  a s s o r  i a t e d  w i t h  e a c h  s a m p l e .  E a r l  i er

i nvesti ga tions of the e f f i c i e n c y  of the w e t  o x i d a t io n  t e c h n i q u e s

indicated that althoug h t h e  p ro ce dure provided \e ’rv nearl y

100% ri- covery of compounds such as sugars , amino acids and

f a t t y  a c i d s , i t s  e f f i c ie n c y  d e c r e a s e d  s i g n i f i c a n t l y  i f  h i g h

co ncentrations of re fra ctor y long chain or p o l v c v c l l c  h v d r o —

c arbons were present (Menzel - m d  V i c c a ro , 1966 ; Fred ericks and

H o o d , 1 9 6 5 ;  S t r i c k l a n d  ari d Passons ,19h8; W I l l i a m s , 19 69),
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T h e s e  results suggest that the observed cu f fer ence s between the

w e t  o x i d a t i o n  a r i d  d i r e c t  c o m b u s t i o n  t e c h n i q u e s  a r e  c a u s e d  b y

s i g n i f i c a n t  concentrat ions of refractory compounds rather than

the general inefficiency of the wet oxidation procedures. T h e s e

r e f r i c t o r v  compounds are relatively stable and generally considered

resistant to biolo g ical breakdown. As such they represent a

mi nor so u r ce  of nut r i en t s and fo r  the p u r p o s e s  of  b i o l o g ic al

as s e ss me nt s c an genera l ly be neglec ted. Under these conditions

p articulate carbon con centrations are accuratel y a s s ay e d  u s i n g

wet oxid ation techni q ues.

Par ticulate organic carbon concentrations observed in the

lower Thames River during 1974 throug h 1976 a re shown in Fi gu res

10 ari d 11 . The distributions disp lay a weak seasonal v a r i a b i l i t y

wi th maxima observed i t-i October and Ma rch. T h e  i n c r e m s & - d

co ncentrations durin g these periods m ust be consid e red to he

the res ult of autumnal and late winter p lank ton blooms respect-

iv e l y, although each pe ak is s i g n i f i c a n t l y  d € l i v e d  w i t h  r e spect

to the normal bloom period (Riley, 1 3 5 9 ) .  M i n I : i  t v ç i i c a l l v

o c c u r  d u r i n g  D e c e m b e r — J a n u a r y .  T h e  m a r k e d  I n c  r e a s e  o b s e r v e d

d u r i n g  F e b r u a r y ,  1976 was the result of a major storm event

and wi l l  be (his (- llssed in more detail below .

fhe spatial v a r i ab i l i t y  of the carbon d i s t r i b u t i o n s  is

ex t r i - v l y li m i t e d .  f t o r i z o n t a l l y , c o n c e n t r a t i O n s  are nearl y

c o ns ’ a n t  and no m e asurable s t a t i o n — t o — s t a t i o n  trend can he

dis erned . Over the v e r t i c a l , c o n c e n t r a t i o n s  tend to decrease

-A
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$
w i t h  d e p t h  a n d  s u r f a c e  v a l u e s  o f t e n  ex c e e d  t h o s e  n e a r  b o t t o m

by a fac tor of two. Ver tical grad ien t s d i sp lay  no r easo nabl e

correla tion with streamflow and rather appear to be more sensitive

to biolo gi cal factors inc luding nutrient flux and ambient

l i g h t th a n  h y d r o g r a p hic condi tions.

Par ticulate organic carbon typ ically constitutes 20 to

30% of the total suspended load in the lower river (Fi gs. 10—11 ).

Th ese levels , imp lying that up to 40 to 60% of t h e  s u s p e n d e d

materials are organic in origin ,are cons i s t en t w it h p r e v i o u s

obse r vat io n s in Long Island Sound (Meade , 1972; Bohien , 1975).

The perce ntage of organic mat erials in suspension disp lays

a seasonal variabi lity similar to that observed in the pa rticulate

carbon dis tributions. This simp le variabili ty is the result

of the ge nerall y low concentration levels and limited seasonal

v ariability characteristic of the suspended material field .

These b ack gro und characteristics simplif y r e s o l uti on of  d red g ing

or  s t o r m  i n d u c e d  a l t e r a t io n s  in  t h e  c o m p o s i t i o n  of the suspended

load. In bo th cases part iculate organic carbon concentrations

w i l l  i n c r e a s e  s i g n i f i c a n t ly ,  o f t e n  b y  a f a c t o r  o f  t h r e e  or  m o r e .

T o t a l  s u s p e n d e d  m a t e r i a l  c o n ce n t r a t i o n s  , however , typicall y

i n c re a s e  by  a f a c t o r  o f  t e n .  As a r e s ul t  t h e  r e l a t i v e  p e r c e n t a g e

of o r g a n i c s  d e c r e a s e s  s i g n i f i c a n t ly d u r i n g  t h e s e  a n o m a l o u s

eve nts. The storm observed in February , 1976 illustrates this

variability (Fig. 11). The si gn ifican ce of these ph enomena

w i l l  be  d i s c u s s e d  in  m o r e  d e t a i l  b e l o w . Fo r  t h e  p r e s e n t , i t  is



simp ly useful to note that  the behavioral chara cteristics of

t ime suspended m a t e r i a l  field in the Thames River permits read y

d i s c r i m i n a t i o n  between average and aperiodic transport events.

Ir a  nsp~~r t  C h a r s

The density f ield c h a r a c t e r i s t i c  of the lower Thames River

f avors a persistent two layer flow reg ime in which  so ut herl y

or downstream average mass transport prevails in the uppe r ,

near surface layer while northerl y or upstr eam transport pers ists

at depth. Observations indicate that ti m e thickness of the

surface layer varies b etween 2 to 3 meters in the area south of

Statio ns 9 and 10 (Fi g. 1). No rth of this section to the

Subm a rine Base , layer thickness increases sli ghtl y and b e c o m e s

more variable and sensitive to streamflow and tidal state.

W ithin this surface lay er m easured v e l o c i t i e s  disp la y a r egu lar

v ariability dominated b y the s e m i — d i u r n a l  tides and freshwater

d i s c h a r g e .  D u r i n g  t h e  s u r v ey s  c o n d u c t e d  as  p a r t  o f  t h i s  study ,

t h i s  c o m b i n a t i o n  p r o d u c e d  m a x i m m i n m  v * ’ l o c l t i e s  01 a p p r o x i m a t e l y

50 c m/ s e c .  B e l o w  t h e  s u r f a c e  l a y e r  a r e l a t i v e l y l o w  e n e r g y

c irculation system prevails w i t h  ve ’.,c i t l e s  seldom exceeding

2 5  t o  30 c m / s e c .  T h e s e  v e l o c i t i e s  d i s p l a y  a r e g u l a r , t i d a l l y

d o m i n a t e d , v a r i a b i l i t y  a n d  a p p e a r  t o  be  r e l a t i v e l y  i n s e n s i t i v e

to streamfiow.

The persis tence of pronounced s t r a t i f i c a t i o n  w i t h i n  the

l o w e r  T h a m e s  is  a r e l a t i v e l y  u n i q u e  f e a t u r e  i n  an e s t u a r y



(_  0)

c h a r a c t e r i z e d  by s t r - a m f l o ’~’ 
\,1I ) 4 ’ s (FI g. 1 2 )  s ma l l  in c o m p a r i s o n

to the I n t e r t i d a l  volume. Typ i c a l l y , such systems disp lay

gradual v a r i a t i o n s  in d - n 7 ’  i t v  ev er t h e  V i - r t  i c a l  w i t h  t h e  degre e

of s t a t i f i c a t i o n  v a r y i n g  ‘5e a7 - on a l ly as a function of streamf low .

T h e  c h a r a c t  e r i s t  i c s  o b s e r v e d  i n  t h e  T h a m e s  i n d i c a t e  t h a t  t h e

s t u d y  a r e a  i s  s u b j e c t  t o  a r e l a t i v e l y l o w  d e g r e e  o f  v e r t i c a l

m i x i n g .  As a r e s u l t  t h e  f r e s h w a t e r  o u t  f l o w s  a r e  e f f e c t  I v e l y

ejected as a well d e f i n e d , coherent layer over the h ig her d ensity

co a s t a l  w aters. These c o n d i t i o n s  are apparently the result of

the o r i e n t a t i o n  and mo rp h ology of the river basin. The narrow

cha nnel , hi gh banks and north—south ali gnment of the river

e f f e c t i v e l y redu ce and in r- .any cases eliminate the influence

of w i n d  induc ed mixing. Review of the w i n d  f i e l d  c h a r a ct e r i s t i c

of the stud y area (Fi gs. 13 and 14) indicates that maximum

e n e r g i e s  are typ i ca l ly confined to the east—west components

a n d  s u g g e s t s  t h a t  o f  t h e  a b o v e  f a c t o r s , c h a n n e l  o r i e nt a t i o n  m a y

represent the princi p al d e t e r m i n a n t  limiting wind effects.

T h e  a b s e n c e  of  si g n i f i c a n t  wind induced turb ulence com-

b i ned w i th t he r eg ional geo log i cal characteris tics results

in  a r e l a t i v e l y s i m p l e  s e d i m e n t  t r a n s p o rt  s y s t em  i n  t h e  l o w e r

T h a m e s .  I n  s h a ll o w  e s t u a r i e s  limit ed turbulent mixing affects

n o t  o n l y  t h e  d e n s i t y  f i e l d  b u t  a l s o  t h e  c h a r a c t e r  a n d  m a g n i t u d e

of bo undary shear stress acting on the sediment-wa ter interface.

I n  t h e  a b s e n c e  of  t h i s  f a c t r r  i n t e r fa c i a l  s h e a r  a n d  u l t i m a t e l y t h e

c o m p e t e n c e  of  t h e  f l o w  f i e l d  t o  e r o d e  a n d / o r  t r a n s p o r t  s e d i m e n t s

is  o f t e n  m e a s u r a b l y  r - d u c e d .  C o n c u r r e n t l y ,  t r a n s p o r t  v a r i a b i l i t y
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i s  r e d u c e d  a n d  m a t e r i a l  f l u x  b e c o m e s  m o r e  n e a r l y a s i m p l e  f u n c t i o n

of the t i d a l l y dominated velocity fi eld. In such a system the

q u a l i t a t i v e  c h a r a c t e r i s t i c s  and selected quantitat ive features

of t h e  sediment transport sy stem can be deduced by considering

the m a g n i t u d e  of tim e peak velocity, deta ils of the residual

flow and the mechanical/geolog ical p roperties of the sedim ent

b e d .

Eval uation of the above features within the Thames River

p r o v i d e s  c l e a r  i n d i c a t i o n s  t h a t  t h i s  s y s t e m  is b e s t  c h a r a c t e r i z e d

as a low energy regime in which recent hy draulic and geolog i c a l

factors favor net accumulation of sediments. Near bottom

v e l o c i t i e s  are consistently low and seldom exceed values nec—

es’~ i rv to erode the fine grained cohesive sediments found throug h—

oat the lower r iver. As previousl y mentioned upstream drift

p r € - .’ a i l s  a t  d e p t h .  A n a l y s e s  of  the current meter records i n d i c a t e s

averag e flows of approxi matel y 10 cm/se c. With neg li g i ble

local r e s u s p e n s i o n . t h i s  d r i f t , ac ting in combinat ion with the

f a c t o r s  c o n t r o l l i n g  sed imen t transport in adjacent Fishers

I s l a n d  S o u n d , r e p r e s e n t s  t h e  p r i n c i p a l  determ inant governing the

volume of m a t e r i a l s  suspended and the fraction d e p o s i t e d  in the

estu ary. Althoug h this latter feature is d i f f i c u l t  to eva luate

w i t h o u t  m o r e  d e t a i l e d  sedimentary anal y s e s , p reliminary estimates

b a s e d  on s h o r t  t e r m  f l o w  o b s e rv a t i o n s  a n d  a s s i g n e d  s u s pe n d e d

m a t e r i a l  c o n c e n t r a t i o n s  i n d i c a t e  t h a t  d e p o s i t i on  r a t e s  in  t h e

lower Th ames are low in comparison to those observed in other

a r e a s  w i t h i n  and a d j a ce n t  t o  L o n g  I s l a n d  S o u n d .  C a l c u l a t i o n s  

-~ — - ——~~~~~~~. ~— —-
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based on the v e l o c i t y  o bservations of May, 1975 and e s t i m a t e d

a v e r a ge  suspended m at e r i a l  concentrat ions in the near bottom

and s u r t m c e  l a y e r s  y i e l d  an  a p p r o x i m a t e  d e p o s i t i o n  rate of

0. 4 5  m m / y e a r  o v e r  t h e  e n t i r e  s u r f a c e  o f  the e s t u a ry .  T h i s  r a t e

is s i m i l a r  to that rec entl y e s t i m a t e d  for t h e  central Long

I sland Sound system (0.33 nm/ year; Bokun lewic z , et al., 1975)

but d i f f e r s  by an order of magnitude from the most commonl y

refer enced rate (4.5 mm/year; Thomson et al., 1975)  ag a i n

d e r i v e d  f o r  the c e n t r a l  S o u n d .  G i v e n  t i m e c h a r a c t e r  o f  t h e

deposition process and the many assumptions implicit in the

c a l c u l a ti o n s , immediate determination of tim e cause and si gnifi-

cance of these d i f f e r e n c e s  cannot be pro v i d e d .  The low rates

seem consistent with the s e d i m e n t — p o o r  charac ter of the river

basin and the dominance of offshore source areas. In add ition ,

it should he realized that the computed values represent an

a v e r a g e  r a t e  o v e r  t h e  e n t i r e  s u r f a c e  a r e a  0 t I m e e s t u a r y .  R a t e s

ca n he ex p e c t e d  to disp l ay sig n i f i c a n t  spatial v a r i a b i l i t y ,

p a r t i c u l a r ly  i n  a r t i f i c i a l ly d e e p e n e d  a r e a s .  E v a l u a t i o n s  of

h i s t o r i c a l  data obtained at several si t e s  s i m i l a r  in c haract e r

to the T h a m e s  River indica te that deposition rates in dred ged

ar eas may typ i c a l l y  approac h 10 cm /ye ar. Rates again , howev er ,

are hig hl y variable and depend p r i m a r i l y on til e extent and

cha racter of the d r e d g i n g  p r o j e c t .

- - -———_____________
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P -d~ m a  I mp a c t s

a . t a  r f i~ 1 (1

T h e  mo st a p p a r e n t  (immediate) i m p a c t  o f  t h e  d r e d ~~i n g

e 1~~’ r m t  i o n  on t h e  s u s p e n d e d  m a t e r i a l  f i e l d  w i t h i n  t i m e l o w e r

T h a m e s  w a s  t h e  d i r e c t  i n t r o d u c t i o n  i n t o  t h e  w ; , t e r  c o l u m n  o f

hi gh c o n c e n t r a t i o n s  of fine grained materials clue to leakage

from the dred ge bucket and overflow from the attendan t b arge (see Figure 1

of  i n t r o d u c t i o n  ). Tim e r e s u l t s  o f  t h e  su r v e y s~ in te nded t o

d e t e r m ine the quantitative character and spatial extent of the

p e r t u r b a t i o n s  produced by the operation ,are shown in Figures

15 , 16 and 17. Tim e locations of each s u r v e y  a r e  noted on

Figure 1. These observations indicate that in the worst case y

t h e  o p e r a t i n g  d r e d ge a n d  b a r g e  p r o d u c e d  n e a r  f i e l d  c o n c e n t r a t i o n s

of total suspended solids in excess of 100 mg/i.. ( F i g .  1 5 ) .

G iven time character of t h e  suspended material field in the lower

r i v e r  ( F i g s .  8 & 9), this represents i~ significant increase and

ex ceeds average back gro und conc entrations by more than a factor

of t h i r t y .  Calculations indicate that tim e mass of m a t e r i a l

conta ined in til e turbid p lume represents an increas e in t o t a l

suspended sediments in the estuary of a p p r o x i m a t e l y 10 10 20%.

liesp i t e  this s i g n i f i c a n t  load , the surveys In d i c a t e  that the

i n f l u e n c e  of t h e  operations is e s s e n t i a l l y  l i m i t e d  to til e

i m m e d i a t e  v i c i n i t y  of t u e  dred ge and barge. In all e a s e s

c o n c e n t  r a t i o n s  r e a c h e d  m a x i m u m  v a l u e s  w i t h i n  100 y a r d s  o f  t i m e

b arge. Proceeding d ownst ream ,v i l u t s then rap i dly dec a yed w i t h

dl. 
— - — - -— -  --—-—- — —  —
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conc eri tr a t i o n s  r e t u r n i ng  t o  b a c k g r o u n d  w i t h i n  300 t o  500 y a r d s

of t i m e d r e d g e  a n d  b a r g e .  I n i t i a l  r e v i  e ws  s u g g e s t  t h a t  t h i s

p a t t e r n  is p r i m a r i l y  governed by  the local flow field and is

e s s e n t i a l l y  ins ensitive to the characteristics of time sediment

being d r e d pe d. Tim e latter factor influences primaril y mater ial

conc entrations. Its e f f e c t s  on spatial distributions are ob-

scured b\’ the limited variability in sediment characteristics

in the lower river.

In a d d i t i o n  to t i me marked increase in local concentrations ,

th e composition of the suspended load was measurably p erturbed

in tim e v i c i n i t y  of the dred ge and barge . Particulate organic

car h on c o n c e n t r a t i o n s  t yp i c a l l y increased b y a fa ctor of two

wh ile the relative percentage of P.0.C. w it h respect to the

total conc entration of suspended solids decreased sharp ly

(Fig. 10). Ag ain~~these variations are confined witimin tim e

p lume of turbid water and were not observed at stations wh i c h  were

d istant relative to the dred ge and barge.

b .  L a r g e  s c a l e  e f f e c t s

A major dr e d ging project can be expected to modif y

the l arge scale characteristics of time suspended material

f ield in an  estuary b y ca using alterations in the composition

of the s e d i m e n t — w a t e r  in terface and throug h variations in the

h y dr a u l i c  reg ime and r esultant transport induced by th e in—

crea sed cross—sectional area of time total river channel. Tim e

- -.- - .  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — . - - -~~~~~- — — — - — —  - - ~~~~—~~~-- - — - — 
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f irst p h a se dred g in g in the lower Thames d i r e c t l y m o d i f i e d  a

p o r t i o n  of river bottom a p p r o x i m a t e l y  500 ft. w ide and 3.9

m il es long. Over most of t h i s  reach ,proje ct w i d t h  represents

l ess than 0.2 of the to tal river width. This fact ,when cons i d e red

in c o m b i n a t i o n  with the relativel y cohesiv e character of the

se d i m e n t s  and the low energy velocity field in the area~~su gpe sts

that substrate induced alterations in material transport are

m o s t  p r o b a b l y n e g l i g i b l e .  As p r ev io u sl y discussed , channel

d e e p e n i n g ,  rath er than providing fr e sh , cr o d ib l e  b ottom ,

b en t - rally exposes an area over which increased d e p o s i t i o n  rates

w i l l  prevail. A s a result , the s e d i m e n t — w a t e r  inter face w i t h i n

the project area repres ents a minor d e t e rm i n a n t  of the composi-

t ion or c o n c e n t r a t i o n  of the suspended mat erial field.

Such a c o n d i t i o n  appears to prevail w i t h i n  the lower

Thames. Direct evaluations of bo th suspended m a t e r i a l  composition

and concentrations (Figs. 8—li) fail to provide any evidence

of substan tive a l t e r a t i o n s  in the material field following

comp letio n of the dr ed ging project. The c im a r a c t e r i s t i c s  ob-

serv ed d u r i n g  1975—76 a re essentiall y i d e n t i c a l  to those

ob served in 1974—75 , and continue to disp lay v a r i a b i l i t y

gov erned pr i maril y by the c o n d i t i o n s  pre vailing in a djac en t

F i s h e r s  I s l a n d  S o u n d .  U n d e r  t h e s e  ernha yment cond it ion s ,local

s u b s t r a te  v a r i a t i o n s  w i t h i n  t h e  l o w e r  T h a m e s  r e a s o n a b l y r e p r e s e n t

a neg l i g ible influence on the suspended material fie ld.

A s i g n i  ~ i c a n t  i n c r e a s e  in  depth and cross—sect lona l area

- - 4
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an  e st u a r y  c a n  s e r v e  t o  m e a s u r a b l y  a l t e r  m a t e r i a l  t r a n s p o r t

b y  i n c r e a s i n g  ti m e l o n g i t u d i n a l  extent of the intrusion of hi gh

s a l i n i t y  b o t t o m  water and b y m o d i f i c a t i o n s  in vertical mixing

produced by variations in turb u l e n t  shear. In tim e absence of

major alt e r a t i o n s  in streamfl ow or tidal characteristics , the

m a g n i t u d e  of tim e transport variabilit y can be qualitativel y

evaluat ed b y considering tim e extent to which dred g i n g  has

m o d i f i e d  the average cross—sectional confi guration of the

e stuary. Such evaluations app l ied to the lower Thames suggest

th a t  t h e  p h a s e  o n e  dred g ing project will result in negli g ibl e

alt e r ations in the volume or characteristics of suspended

m a t e r i a l  transport.

As discussed above the phas e one project deepened a rela—

t ive l~ ’ sr’ll port ion of the total river width. Over this area s

p r o j e c t  s p e c i f i c a t i o n s  c a l l e d  for approximatel y a f i v e f o o t

incre a se in depth. At most sections this value represents a

local increase in depth of nearly 15% hut y i elds less than a

5% increase in the total cross—sectional area of the estuary.

Rev iew of previous efforts to predict dredg ing effects and the

c o n c u r r e n t  limits of saltwater intrusion (Harleman and Ippen ,

1969) suggests that such minor variations will not produce a

m e a s u r a b l e  a l t e r a t i o n  in  s a l i n i t y  s t r u c t u r e  and a s s o c i a t e d

t r a n s p o r t .  E x a m i n a t i o n  o f  t h e  s a l i n i t y  d a t a  o b t a i n e d  d u r i n g

1974—1976 (Fig s. 4 & 5) supports t imese conclusions and fails

t o  p r o v i d e  a n y  e v i d e n ce  of s i g n i f i c a n t  varIations in vertical
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s t r u c t u r e  o r  l o n g i t u d i n a l  d i s t r i b u t i o n  t h a t  can he simp l y

r e l a t e d  t o  d r e d g i n g .  T h e  d r e d g i n g  induced alterations , if any,

a r e  s l i g ht and well below the r esolution of the observational

and anal yt i c a l  techniques emp loyed in the survey. One can

only conclude that large scale variations in material transport

are of similar magnitude.

D i sc u ss ion

In i t i a l  reviews of the survey data ob tained during the

per iod 1974 to 1976 indicate that the phase one or f i r s t  in-

crement dr ed g ing of th e lower Thames River pro duced onl y small

scale variations in the suspended material field. ~1 ea su r a b l e

impacts were confined to the immediate vicinity of the operating

d r ed ge and barge and appeared to be the combined result of

leak age from the dred ging bucket and fluid overflow from the

b arge. in all cases the mass of mater ials introduced b y t he

operation was estimated to he less than 20% of the total mass

of sed iments suspended in the estuary. This pot ential con-

tr ibution , h ow ev e r , was effec tively eliminated by tim e evidentl y

h i g bm s e ttling rates characteristic of the project related

mat e r i a l s  w h i c h  favored simp le n ear field p erturb a tions.

When compared to suspended mat erial v a r i a t i o n s  associated

w i t h  n a t u r a l l y  o c c u r r i n g  a p e r i o d i c  s t o r m  ev ents , t h e  a b o v e  d r e d g i n g  —

r e l a t e d  impacts appear neg li g ible. I)u ring the storm of 1—2

F e b r u a r y ,  1 9 7 6 , f o r  e x a m p l e , c o n c e n t r a t i o n  l e v e l s  t i m r o u g h o u t
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time lower river inc r e m s e d  b y more t im. ~jn a factor of five (Fig. 9).

T h e  r e s u l t a n t  increa se in m a s s  o f  s e d i m e n t s  s u s p e n d e d  i n  t i m e

estu a r y was a c c o m p a n i e d  b y a s i g n i f i c a n t  a l t e r a t i o n  in composi-

tion. Inorganic materials dominated tim e suspended load despite

a factor of three increase in the amount of part i c u l a t e  organic

carb on in suspension (Fig. 11).

In addition to the variations in concentration and composi-

tion , major storm events serve to perturb the mass transport

ch a r a c t e r i s t i c s  within the lower river. In this area , the sheltered ,

low energy conditions limit local resuspension of sediments.

A major increase ,the refore , is most probabl y the result of

incre a s e d  material suspension within adjacent Fishers Island

Sound and subsequent shoreward transport into the Thames River.

The progressive decrease in material concentrations with increasing

dist - i nce ~rom the Sound shown in Figure 9 is clearl y representative

of sucim a system. As a result of this !her~om enon, siqni ficant

volumes of new material are introduced into the estuary and

reg ional deposition rates are increased . Given the m a g n i t u d e

of deposition inferred using average material c o n c e n t r a t i o n s ,

it is not unreasonable to conclude that a major fraction of the

annual accumulation of sediments may be d e p o s i t e d  f o l l o w i n g

storm events.

Revi ews of local m e t e o r o l o g i c a l  data o b t a i n e d  over a ten

year peri od Indicate that storms similar in intens ity to the

February, 1976 even t may occur as often as three times each year.
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time lower river increased by more t im; ~n a f actor of five (Fig. 9).

The resultant Increase in mass of sediments suspended in ti m e

e s t u a ry  was a ccompanied b y a si gnif icant alteration in composi-

t ion. Inorganic materials dominated the suspended load desp ite

a factor of three increase in the amount of particulate organic

c arbon in suspension (Fig. 11).

In addition to the variations in concentration and composi-

tion , major storm events serve to perturb the mass transport

c h a r a c t e r i s t i c s  witimin the lower river. In this area , the sheltered ,

low e nergy conditions limit local resuspension of sediments.

A m a j o r  in c r e a se ,t h e refore , i s  m os t p r o b ab l y the result of

i n c r e a s e d  m a t e r i a l  s u s p e n s i o n  w i t h i n  a d j a c e n t  F i s h e r s  I s l a n d

Sound and subsequent shoreward transport . into the Thames River.

Th e progressive decrease in m a t e r i a l  concentrations with increasing

d i s t a n c e  f r o m  t h e  S o u n d  s h o w n  in  Fi g u r e  9 i s cl earl y representative

of such a system. As a result of this j - he-m ome n on , siqr :ifican t

vol umes of new material are introduced into th e~ estuary and

r e gional deposition rates are increased. Given the magnitude

cf d e p o s i t i o n  i n f e r r e d  u s i n g  a v e r a g e  m a t e r i a l  c o n c e n t r at i o n s ,

it is not unreasonable to conclude that a major fraction of the

annual a c c u m u l a t i o n  o f  s e d i m e n t s  m a y  b e  d e p o s i t ed  f o l l o w i n g

storm events.

Reviews of local meteorolog ical d at a ob ta i ned over a t en

year per iod indicate that storms similar in intensity to tim e

F e b r u a r y ,  1 9 7 6  e v e n t  m a y  o c c u r  as o f t e n  as t h r e e  t i m e s  e a c h  y e a r .  

---— -,~~~-—-~ .——- - _  ~~~~~~~ ——  - — - - --—
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Tb is rate is si g n i f i c a n t l y  imig her th an the normal frequency of

r e q u i r e d  channel d r e d g i n g .  T h e  T h a m e s  R i v e r  w a s  l a s t  d r e d g e d

in 1965 and , typ ical of most northeastern U.S. estuaries , should

require m a i n t e n a n c e  at a rate of approximately once every five

t o  t e n  y e a r s .  A l t h o u g h  t h i s  r a t e  i s  g r e a t e r  t h a n  t h e  f r e q u e n c y

of occurrence of major tropical storms (hurricanes), it is

w e l l  below that of the more common coastal storm. When considered

in c o m b i n a t i o n  with the relative magnitud e of the response

p r o d u c e d  b y  d r e d g i n g  v i s — a — v i s  s t o r m s , t h i s  f a c t  s u g g e s t s  t h a t

t h e  v a r i a b i l i t y  o f  t h e  s u s p e n d e d  m a t e r i a l  f i e l d  in the lower

Thames is pr i m a r i l y  governed b y aper iodic storm events. In

comparison , dr ed g ing—r elated p erturbatio ns ,at least on the

s h o r t  t e r m , a r e  neg li g ible.



A-

Sur.r.a rv

T h e  s u s p e n d e d  m a t  e r i a l  field in tim e Thames Rive r E s tuar y

is c h a r a c t e r i s t i c  of a s e d i m e n t  poor sy stem and disp l ays low

~~ r age - c o n c e n t r a t i o n  l e v e l s  (<5 mg /~~) a n d  e r ra t i c  v a r i a b i l i t y

w i t h  n o  o b v i o u s  s p a t i a l  o r  t e m p o r a l  t r e n d s .  I n  t h i s  system ,

t i m e P h a s e  1 d r e d g i n g  o p e r a t i o n :

I .  P r o d u c e d  p e r t u r b a t i o n s  in  s u s p e n d e d  m a t e r i a l  c o n c e n t r a t  i o n s

and c o m p o s i t i o n  t h a t  w e r e  c o n f i n e d  to  an a r e a  w i t h i n  300  t o  500

r ’a r d s  o f  t i t e- o p e r a t i n g  d r e d ge  a n d  b a r g e .

2 .  P r o d u c e d  an i n c r e a s e  in  t o t a l  s u s p e n de d  l o a d  w i t h i n  t h e

e s t u a r y  t h a t  v ie s — m a l l  i n  c o m p a r i s o n  t o  t h a t  p r o d u c e d  b y  t y p i c a l

a p e r i o d i c  s t  o r m  - v e n t s .

3. (‘ i u s . - d  n o  m a j o r  a l t ~ - r . i t i o n s  i n  t - - ; e s s  t r a n s p o r t  w i t h i n

t h e  e s t  u e r v
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th is  sect ion su ninia rizes t race i c t il ana lyses of three

spec ies of she l l f i sh :  Cra sso s t r e~ v i r ; i n ic a , ~- - rc en ar i a  t uercen ar ia

a n d  N it ar  ~c , i r u a n a ;  surficial sc - c i L er t ; and - - - -~~ - c samples co l lec ted

fr om T hamc -s R iver , flo nr e - c t i c u t  during t ho f i r s t hase of the U.S.  Navy s

d i d-il n~ project (Ju ly  1 97- ’~— J u n c  1 9 7 6 ) .  1~ddi  t i r ial d a t a  on t er

c : r a t i i r ( , sal init ~ , o ~ - c rc , c h l c c c - uf iy H a and c, ;co ss pa lho log ica )

c a m i r i a t i on  of the she l l f i sh , as wel l  as observat ions on mercury

and chlorophyl l  a ( O r V  r - r i t ra t ions  in the icur cd i a te  v i c i n i t y  of the

dc - f - i c - ba r )e  dr a lso  presented . ~he study was or ig i n a l l y desi cr ie d

I i obtain p r e - i r e - d g i r i n  base line data in sufficient detail to pe r - co t

di- o-i ery or c-valuation of ef fe c ts of dredq inq, if any , on the

-n v i rorir c - n t .  Pr - d r - e - d ~ ny d i t a  w e - i c  o b t a i ned sly for the month of

Jul / 1974 , wi i c i - r i - n t -  e d  I ret  c r c - t a t  i ur ic of certain data sets

d i i  I i r t i l t .

o~U :- I NAI HY

The to :  r -~~~ i i i -  ni sal isi ty i - eu hue of td aic- ” R ivet’ typif y a

p a r t i a l l y  n ’ i x i -d e s t a r y  ( P r  i t J e r d , i h e N )  wh i c h  is ch a rac t c - r i zed  by

more c~el I ri’ - - t  c r  at  t he  but ti ci and less sal inc water at  the sur face.

Sarie pi i n IJ  w a s  -
~~~ i c - he led at. 1 — , 2 — or 3—month inte rvals which



c - c c  d l i  t i t e g l i t e l y  ti~ - ec ther c e r e t i t m i e n c ’ , c r t i (  ij iar  ly  f u r - c r , t e e

or . L i L i c t  cruises were c ede to the R i ve r .  Du e i r q  - c c h  cru c c - ,

-t e turu , s alinit y arid o v o n  i -dcu r i i i ccen t s  c - r e  l e ~ en re  j t m n : - l y

at  t ic e cur face , mid-depth and one foot off t o t  totit us ing a Hydro l ct

; c ra tu re - Sa l i n it y - Oxyy e n  probe at s tat ions located on the s i1

l ite ra l  t r ansec ts  (F ig .  1) .  In add i t ion  64 wa ter  sample s v - c - r e  also

~Hai ned , which  were kept in coolers. Upon returning to the lab—

ordto ry , these samples were processed immediatel y for  chlorophy l l

a , b and c det er - :i inations according to the method of St r ick land

and Parsons ( l c 68 ) .

T ec c perature. Average water temperature from Jul y 1974 to

. - a y  1976 varied from 2° to 240 C in the River (Table 1). The highest

ter pc- ratur e was reco rded in Jul y while the l owest was observed  i n

February . Furthermore , tec- erature stratif ication in the water

col umn was most promi rient during the month of July. In the colder

rt hs  of t h e  year , surface and bottom tem perature approached uni fo rm

distribution with the bottom temperatures being slig htl y lower than

tn i o se of the surface.

Salinity . Annual variations of salinity in the river are

given in Table 1. Seasonal fluctu ations were greater in surface

- i toss than bottom waters. In July and October the max imum salinity

of the surface water was 17 and 20 ppt respectively, while tha t of

the bottom water was 25 and 30 ppt. Minimum sal in i ties of 6 to

12 ppt .ic-re observed in February , A pril and May. These vari ations

are pr ohably associated w ith eithe r spring runoff or heavy p r o c  ip i ta-

tiO n.
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i J . y c t i . c .  ,i :c ri conc e ntr a t ion s of t he s ur face  and b o t t s -  - - c  t i r

c :rii b it ~ d least variation in October , November , February , ‘pr i l  and

M a y .  In duly, oxygen content of bottom water was si gnifi ccn tly

lowe r than that of surface water; the stratification was greatest

in Transect VI where oxygen content of less than 1 ppm was not uncor cuit on

in bottom water.

PHYT OP LA NKTO N

Chlorophy ll a and C. The seasonal va riations of ch lorophyll a

and c are presented in Table 1 . There was no consistent difference

between the chlorophyll measurements of the surface and bottom water

for  Oc tober , November , February , April and May ; in general ,c h loro-

phy ll a and c varies within narrow limits (1 to 5 mg/ M 3 ) .  Chlorophyl l

a (18-37 ncg/M 3) and c (10—15 ing!M3) were most abundant in July in sur-

face water  s u r cc p le s .  Figure 2 shows that chlorophyll in the surface

c-.- a t e r  s a c c i p le decreased dramat ical ly toward lower transects (I , II and

III). It was noted that the concentration of chlorop hy l l  a of Jul y

1974 (pridredg ing ) was twice that of July 1975 (post dred ging).

Deter m inat ion of the effect of sediment elutr late on photos ynthesis.

In an attempt to determine whether elutriate from resuspension of

dredge spoil could affect phytoplankton production , a sediment elutriate

was r e s i de  by pooling 10 grit of sediment from each of the three grab

samp les collected from transects 1-V which are located from the

mouth of the river to the U.S. Navy Submarine Base (Fig. 1). The

sedi me nts ( 150 gm) were mixed with two liters of sea water collected

from the end of the Marine Research Laboratory pier . The sediment
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S i c  - pe nsion was shaken for - -~~ [~ - hr -fl . on a mech a n ica l  Sh e - p  d l i  i i 1 -- ic - i

to s e t t l e  fo r’ s ix  days . T ’ i i -  l u t r i r t e - was decanted , 1 i r e - f  11 -n -d and

f i na l l y  M i l l i po re  f i l t e red (O . 45 uc ) .

Irihibi t ion of photo - ’~- r c t h e s i s  .ir- iie tc-r iciine d t /  I nc  - r u c l n i q

al i (1uots of the ci utr iate into f i ve -  l ight and f i v e  d i r ~ t o t  1 Cs.

7oop lankte rs were sc si -c - ned fro m the sc- a wa te r .  In the f i r s t  c r ies ,

one ml of e lu t r ia te  was pipetted into each DOD L o t t i e .  Te n ml of

elutriate were placed into each bottle in the second series. fhe

two series were incubated ca. 30 cm below the surface off the Marine

Pesearch Laboratory dock wi th their appropriate controls which

cons isted of two pairs of light and dark bottles w ithout elutriate.

Five such runs were carried out in July and August 1974 to allow for

di f ferent  l f 9 tc t  co nd i t i ons .  The l i g h t  i n t e n s i t y  was d e t s - i c - c ined at

three different t i r c i e s  during each run with a phot -c - ter a t  the sur face

and the percentage di I ferc -ri ce at 30 cm w i t h  that  of the sur face

v - c S  do t s-c - i m e d with a Suhi: .- r s i h l e  ç I cn to - eter.

After in s i tu  incubat ion of the l ight and dark bo t t les ,

dissolved oxygen was determine d by the Winkler method. Gross

n~~t o s j n t c i e s 1 S  e> .pressed as my of carbon fixed per cubic meter

per hour was de t i - r i r ined by the method outl ined in Str ick land and

Pars ons (1968). The result s from the five separate runs were

analyzed statistically for differences by the use of a completely

r a i d o i c i zed block desi gn. The re su lts of the five runs are sunc nc ar ized

in Table 2. hi- a’ soc - I t, ion that  a l l  sa mples w i t h i n  each run were

r Or - e c Oc r i ouS is v a l i d , ci c c c  dun icy each run al l  s ar t r p ie  bo t t l es  contai  ned
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TABLE 2 . Gross ph o to sv n t  n . -~- is  ex pre s c - d as ic c; carbon fi~j-d ;or cubic c- t e r per hr in
toe contro l and c-~ p c iir ien t~ l ( s e - f l c i - r c t  el utri at ‘-  added) DOD c c t t l e s  co rc t a  in—
in natura l popui a tioris of I c - i  o;l cr c k ton.

[ate Li ght Int en sity ~ Li :ht of incubation ml elu tri ate C ircy / M 3/hr
at 30 cm (lux) Surface Tim e (hr) added

1/26 27 ,500 55 4 0 149.99
1 138.65
10 187.80

7/30 P4 ,035 52 5 0 113.94
1 110.92
10 109.91

8/5 20,625 58 5 0 31.26
1 41.34

10 25.21

8/ 12 :4 ,352 84 6 0 ‘[7 .85
1 26.89

10 25.21

8/16 35,200 80 6.5 0 32.58
1 26.37

10 44.21

Sources of [rror d . f .  Sum of Squares Mean Squares F

Tr c-a~ n e t s  2 232.78 116.93 0.545 ns

4 41047.65 10261.91

Er ro r  8 1108 .92 213.61

Total  14 4 ? ’ P9 .35

F (0.05) 4.46



v mcr I ro irc t n -  c r ~~e -  sour ce - , i n n  u h a t ed under  t l i e -  ‘ cc c 1 i l h t  con di t i c n c

and e n i i l v : i d  at  the -ar ~ce I icne . The c- i- cults on Ue- a n a l y s i s  of variance

s t - - tha t  [=0. 5 ’ [ S , w i t h  2, 8 e ’ C I ( ~~Hi- ; of frc-e dottc , is not si r nifi ca n it

an ie i t the null hypoth esis is sustained (Table 2 ) .  It is conc lu de - ri

t hat t i w -  add i t ion of sediment e lu t r ia te  to a natu ral popu ld t i on c e f

; i r y t o p l i n~ ton during July and August does not s i g n i f i m nt lv  inf lu ri Le

phi t(i - - ,‘ i i i  h is  is.

TRACE ML [ALS IN WATER SAMPLES

,-,e t e r samples for t r a ce metal analyses were obtai n e - it from eac h

tr arl se -r t by sepa rately poo ling surface and bottos : water. Thus , two c a ter

sa r p l e s  (one pool ed suc-face and one pooled bottom water )  were obtained

f r -on e - -c cn tr mi rcsec t during each phase of the tide. There .-iere 8

cruises made and a total of 204 wa ter samples was obtained for Zn ,

Cu , Cd , Ni , Pb and Hg anal ysis. These trace icetals were determined

by the A PDC— MIB Y e,~tr act ion method of Brewer et al. (1969) with

c o d i f i c a t i o n s  deve loped in my laboratory .

T h e codifications inc l ude the following : The pH of 400 ml

of previously acidified and Millipore filtered seawater (0.45 cern )

w a S  adjusted to 4.5 with a 5~ Trizma base (Sigma). The Mil l i pore

f i l te r  used was soaked in lP APOC so lution ov e rnf q i i t  to e l iminat e

the m etal c o n t a m i n a t e s  in the f i l te r .  Th is  precaut ion is essent ia l

to eliminat e erroneous results particularly in the cases of Pb and

7n which a re  present as universal  con ta m ina tes .  The n ickel  and lead

c r ) n c t e - n i c s of t ie  c- ,  tr iLL ions were det ec~r ined by the use of a IL Model

455 F la t re le s f eLon : i zer , and copper , z inc and c ad icm i urn by the standard
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I l i r e - i t c i :- i c a b som I t i o n i  -~ - c -c t c -oph oto i r iet ry c c - h ot a IL Model 151 Ato m ic

Ates ~ rpt  ion ~I e ec  t m  - hot onin e ter

T h e  linear re-cress ion equations for t h e  abso rhance vs. th e

com ccentrations of the unsp iked and spiked s a r ; le c of the first and

second extraction are o b t a i n e d  by the  1eas~ sc i - la re method. The

concentrat ion of the metal in the s acrn p le can then he determ i ned by

s o l v i n g  the two sim ul taneous equations. A pro- iraril was wr i t ten  to do

the repet i t ive  ca lcu la t ions  on a Monroe Model 1655 pro t ra cninre able

ca l cul a to r .

I to-  mercury conc ent ra t  ions of the water  s u:cpl es were de tencr ined

b-i a cold trap preconcentrat ion method developed by F i tzgera ld

et al . (1974 ) .  The ciater samples were a c i d i f i e d  in the field and

s to r e d  in acid c l e a ned  Tef lon bot t les .

Tabl e 3 sui cimn ari zes the rican concent rat ions of n ic le l  , lea d , z i nc ,

cadmium , copper and mercury in surface and bottom water sa mc iples

col lected f rom Tha mes River from Ju ly 1974 to M a y  1976. Zinc conceo-

t rat ions were the  highest (1 1 to 28 ppb) uc ; i on T the six trace me tals

e , acc ined . Nickel concentrat ions were the second (3 to 10 ppb).  Copper

ar id lead concentrations ranked the third and fourth respective l y and

var ied between 1 to 5 ppb , while most of the w ean cadmium co nicent i a t ions

rim,a irced less  t han  1 ppb. The concentration of c ie rc u ry  was one order

of n-ayn i  1 ude lower than that of cadmium ; the m irean core c-n i t rat ions

var ied from 4 to 50 parts per t r i l l ion.  Zinc and cad mrn i u i : concentrations

i n  Tha mes R iver  are three t imes and nii kel 5-10 tii -ce s hi yher than the

reported corc i e r i t r , c t l o n s  for Connecticut -l iver (F i t i e i c - r a l d  et a l .  l 97 4 b ) ;

copper ar id mercury concentrat ions are co mparable for t i r e -  ti- u r ivers

A
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- ~- ‘n~n t i a c e  c- h -c c n t  i l - n c r  e i i t idt ions f ound in the cur -- face and bottom i-; i ter
s ac -  ; - l es  col 1 -1 ted from T ha i :  r s  River , Connect icut , July 19/4 to May 1976.
Hg is s -p ressed  in te m c - s  of p a r t s  p e r trill ion ( I p t )  and all others ppb.

Tr ~~ct
l i e - -c-i - ; - r  7/ 74 11/ 74 2/ 75 4/ 15 7/ 75 10//5 2//6 5/76

N 18 12 12 12 12 12 12 12
S ~-P-an 4.35 5.08 6.07 9.92 3.65 6.84 6.34 5.57

S.D. 3.02 0.93 4.55 18.18 2.05 5.18 3.45 3.40

h r- c-an 5. 75 6 .62 5 .10 / .08 6.33 5.97 8.10 5.86
s.o .  7 .93 1.69 3 .28 3.49 2.46 2.66 7.17 2.99

S in 1 1 8 
- 

2 70 1 63 4 18 1 37 2 19 2 34 1 4 4  
-

S.D. 1.23 4.02 1 .30 7.13 0./7 2.00 1.67 1.09

B ‘~- - - c n 1.7 6 5.36 1.16 1.42 1.44 1.67 3.37 1.10
S.D. 1.40 6.99 1.19 1.38 0.97 2.19 5.28 1.08

Zn S ~
-
~~-an 27 .62 21. 97 20 .40 11.20 13.52 26.63 14.90 11.1~
S .D. 17.71 20 .02 18.88 3.59 5.90 19.85 9.84 6.65

B t-~- - c n  21. /4 16.79 17.21 11.80 28 .39 28.15 18.64 14 .43
S.D. 13.01 9.8] /.70 7.21 53.29 46.41 8.17 8.27

Cd S 
- 

Mean 0.94 1.38 0.75 1.03 0.83 0.87 0.69 
- 

1.38 
-

S.D. 1.18 2.64 0.52 1.55 0.49 0./3 0.45 1.66

B t- P -an 0.49 1.99 1 .11 0.46 0.99 0.74 0.98 0.80
S.D. 0.74 4.60 0.96 0.32 1.33 0.64 0.91 0.84

Cu S ~c-an 2.22 1.17 4.11 2.66 4.38 4.21 
- 

5.25
’ 

3.66 
-

S.D. 1.12 1.17 6.85 1.65 2.93 2.93 3.28 2.69

B I- [ r an  2.19 1. 73 2 .24  2.92 3.91 3.17 5.58 2.49
S.D. 2.11 1.28 1.05 1.25 2.28 1.17 1.69 1.11

Hg S Mi -a n 
- 

29.33 15. 42 4.7 5 8.42 19.94 5.31 6.33 12 .40
S.D . 56.99 6.93 1.54 2 .53 10.87 3.14 2.84 5./ri

B i-~c - ejn 51.56 16.33 5.4 2 4 . /S  21.47 7. 12 10.22 7.66
S. D. 95.03 10.92 2.31 2 ./3 11.8 7 5.38 3.83 4 .b - ~

—- - - -A
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( F i t - ~ c - m e l d  C i  al . l.~7 -lIi~ F i t z q e c r e l d  a ri d i- i , l~ 73) . N i e i c - i d  ira

a r e  a v e  Il ibi e f i r  L o un e c t i c u t  R iver .

T h r c - c - - ;-ec -~- a n a l y s i s  of v e r i c i n c -  (T ime X T r n ~ ’ c - c t  X T ide;  Time

T r c n s t - i -t X t i e r )  re - v i a l s  s i e l n i f i c i m i t  v a r i a t i o n s  in Zn , Ni , Pb , Cu ,

Hg and Cd w i th  r - - pect to t lire end t ransect  - - (
~ ble 4 and 5 ).  It

is a lso s i e n n i f i c a i c t  to note that in Ni , Pb , Cd and Hg the hi g hr’s~
c onic -n e t  rat ions ce - me obtained either before or during dredging (Tab le  3 ) .

Copper concentrat ions were s ic i n i i f i cant ly  higher in the post dred ging

period (July 1975 to May 1976) than in the pre-and during dred g ing period .

Concentration s of Ni , Cu and Pb were significa n tly influenced l v

the tide. Copper was the only trace metal to show si gnificant

variations in surface and bottom water during low tidc- . Variations

of N i , Pb, Cu arid Hg nni c -ntra Lions w ith respect to the transec t are

sn c o -e n in Table 6. In genera l, Ni , Pb and Cu concentrat ions were

hig her i n  the upper r iver water sa rn ip les (T ran~ ect IV , V and V I) than

in the l c c- .-,- err r i v c - r sami m ples suggest ing the poss ib i l i ty  that sources

of th e - c e  t r ac e rccc- ta l  s might he located in the cp; — ic r  r iver . Mer rury

leve ls  in t ie  - su r face water , on the other hat e d , c- -o re s ign i f i can t l y

higher in the icc - -er r iver  (Transec t  1, II and Iv) than in  the

upper river tra n i - ects indicating a possible l i - -er river ori g i n  of

this t r a c e  i - s t e e l ,  in view of the ev id e nce p e ( e v l d e d  by our f ie ld

stud ies  on t i m e dist r ibution and concentration of Hg in the imm ediate

v i cinity of t ie dredge-barge (se e the sect ion be low) ,  we could conclude

that the c orc t r i  but ion of Hg in the lower r i ve r  a t t r ibutab le  to the

dr c -dq ing operat ion , if any , i s ’ - , probably very s imi a l l .

S ~___  
-_ _ _ _ _ _  — -  - - A
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li- I LL -~ . T ic . : - : -  ary of si gni f ice int  c - su i ts  on 3- c - c ay anal ysis of va r ia nce (Ti me X
T r i s e c t  X Tide) for - - to m S c l l e S  co l l e c ted  from I t  c c c  Live r ,
C i - c i r ec t icut , J u l y  19/ -~ to M e y  1976 . (Lor fcce me te r , ~~102; Bottom
li ter , N 102).

~ r e ce [ 1- - i t  Source d .f .  F I - t O

Ni Time 7 ,6 6 .055**
T r a c e - c - c t  5 ,6 8. 564* Surface
Tide 1 ,6 11.389*

II l it - c 7,6 6. 170*
T r ic - ect  5 ,6 8 .573* Surface
Tide 1 ,6 1.322

Cu Ti n e 7,6 20.58h**
Transect 5,6 16i~b7 *** Surface
Tide 1 ,6 11.333*

Hg Tim e 7 ,6 13.089&A*
Tr , risect 5 ,6 6.089* Surface
Tide 1 ,6 5.634

I-b Time 7,6 15.500~~*
Tm u n s c - c t  5 ,6 8. I;OIY * Botto m
Tide 1,6 9•577*

Cd T i r e  7 ,6
5 ,6 6.4/0 *  Botto m

Tide 1 ,6 1.303

~~~, P ~0 .O5 ; ~~~~~~ P <0.01; ~~~~~~~~ P <0 .001.
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TA L IL E 5 . S o s - c r y  of s i c i r  T i ~~ r it re sul ts on 3-~.~ y a n a l y s i s  o f  v I r i a n c e  (7 . - X

Tr an sect X LeC /~ i or water samnp lcs cu l lected f ro c i  Tnuc i c’s Ri vs r ,
Conn ect icu t , Ju ly 19/4 to May 1976. (High water , N 108; Low 1-Aeter
N= 96).

Trace E 1em ~-nt Source d.f. F Tide

Pb T ime 8,40 4.20***
Transect 5 ,40 7.15**~ Hi gh I-la ter
Layer 1,40 0.43

Zn Time 8,40 6.23***
Transec t 5,40 2.03 High Water
La yer 1,40 0 .002

Cu Time 8,40 2 .50*
Transect 5,40 2.80* High Water
Layer 1,40 0.003

Hg Time 8,40 4~9~**~
Transect 5,40 0.~~ Hig h Wa ter
Layer 1,40 2.29

Pb Time 7 ,35 2 .25
Tra nsect 5 ,35 2 .84* Low Water
Lay er 1,35 0.84

Cu Ti nm e 7 ,35 15 .24***
Transect  5 ,35 3.72** Low Water
Layer 1,35 4.88*

Hg Tir: ce 1,35 19.78***
Transect 5,35 12.02*’k* Low Water
Layer 1 ,35 2 .69

~~~, P ~0.05; ~~~ P <0.01; *** , P ~0.001; Layer denotes surface and bottom water.

-4
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T -~ILI F 6. Mr’an trace el c-c : l i :mi t  concentrat ions in TL c ;~ s Ri - .s c- .
samm iples , w h i c h show si gni ficant variations aiccon 7 ri r i s c j s
t ransects .

Surface Water Bottom Wa~

Transect Ni Pb Cu Hg Pb Cu
* * *** ** *** *

I Mean 6.83 1.44 4.65 13.98 1.49 0.60
S.D. 4.95 1.62 5.62 9.68 2.22 0.59

11 Mean 4 .26 1.69 2.44 24.99 1.75 0.6]
S.D. 3.00 0.90 2.22 59.39 2.95 0.58

III Mean 5.14 1.80 1.91 9.68 1.38 0.87
S.D.  2 .53 1.48 1.65 7. 1 1 1.74 0.83

IV ~-~nan 3.9 1 1.51 3.52 13. 26 1.8 7 1.05
S.D. 2 .3 1 0.90 2.24 11.28 1.43 0.90

V ~-~oa n 6 .4 1 3.53 3.68 7.68 1.92 1.80
— S . D.  4 .04 5.89 2.6 1 3.9] 1.16 3 .95

V I Mean 8 .75 3.10 4. 10 11.27 4 .4 1 0.52
S .D . 15 .32 3 .72 3.45 9.74 6.82 0 .7 5

~~, P -0.0 5; ~~~ , P -0.01 ; ‘~~~~~~ , P ~0.00 1.
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t-I~c l t i p le  reqr c- sion analysis of te it iperature , sa l in i t y , oxygen ,

chlorophyll a, b and c and the s ix  t race metals in  water samples

revealed a nurm iher of significant correlation coefficients (Table 7).

Mercury concentrations are significantly correlated with both tempera-

ture and chlorophyll. These relationships can be expressed in the

following two regression equations :

V = 1.198 X + 1.080,

where Y = mercury concentration and X temperature (F=lO.252;

d.f. 1 ,195; P K .Ol), and

V = 0.993 X + 10.936 ,

w here V = m ercur y concen tra t ion , X chlorophyll c (F=6.108 , d .f. 1 ,195;

P 0.05). The seasonality of mercury concentration suggested by the

first regression equat ion is further corroborated by data presented

in Table 3; highest immercury concentrat ions were found in July and

lowest leve ls  in colder months of the year. The second regression

equation strongly suggests that the high mercury concentration is

associated c-cith p hytoplankton which is also termiperature dependent

(Table 1 and 1).

Copper concentrations are negativel y correlated with salinities;

this relationship is represented by the following regression equation:

V = -0.048 x + 4.154 ,

where V = Cu concentrations and X = sa linity (F 4.978; d.f. 1 ,195;

P ‘0.05 ). Similar observat ion was reported by Fi t  im- r a ld  et al

(l974b) in the Connecticut River water. 

— - A



0—17
‘0
r—. -

‘a
4-’ : - -, -

-K -CC

s : -
~ 

-
~a:) ~~ 0) 40 40 C) C) U) —- a) (0

G) 0 C) a) -~~ C’) ‘0 ca r— - ‘-0 ~ t r’~ C— C)
o ~-‘ ::: .— I ~~~ C--. U) ~~~ a) ‘~0 ca CD C) LI)

C\j .‘-I C) , - 4  C) ‘—4 C) C) C) C) C),

0~-U ’-- ’ -CC
C -

~(a > C’) C’) ‘~0 CD (“-C <0 ‘ ‘  ‘~ t N—
- C) C— ‘a- ‘a- C’—. Ca C) C — ‘  C-’)

o , 0) N. C) C) Ci 4 C) D- C) ‘-0
C—) CD .—I C) C) .—‘ C) C’~J CS C) C)

C . ’  a a a a a
4-)
0

0 0

4- ’
‘a U Zj (‘-4 ‘a C) CO -.r 0) U) ~~(i~! ~ ) 0) 0) C) ‘a C) C) C) U) C)

‘— S = (~) C”) U) C’) C) —~ C) (“4 C) C)
C C) C) C) C) C) C) C) C) C)

>-,0 . . . . . .

a a I * I
C-
0
1.- C--
o w

—S ‘—4 ~ j - (
~
)
~) C) U) a)

-— C ‘a- a) C’,) NJ C) C) ‘-0 C)
o Cr N-i C’) C) r-i C’-) C) U) C) <0

-4 —4 C) — C) C) C) C)
. ‘ ‘./i . . . . .

~~~ Q) I
w E
C! ‘a
~~~~~)< 1— - ~—4 ‘a .—4 ‘a- (0 (.0 <0
0 0) N. C’) C-— C—. 0)

E C’) C) C) C’.) C) ‘—‘ C”~
O 0~. CD C) CD C) C)

>-, L . . . .
I I I I

C ‘U
‘— 0) -IC

4-) C) ‘-4 40 0) 0) ‘a
(0 (4 r-1 U) N. (0 C’) ~~4
U) C)) U) r-4 C~)  (0 U) U)

.‘-l ,-1 C) C) C) C)

0)0 I
L U
0

‘0 0) -CC -K
1., .— 3C -CC
0 4 0  <0 U) U) C) C’-)

C’- C’- )  C’) N. (0 4
E ‘0 C) 40 ,—i C-- r— a)
C)) C’) C) C) <0 ~-14-) . . . . . 4--I

C--.

0 4 — ’
‘0 -~

(fl ~~~~ •_4 •_4 C) C) V
C’) U) 0)

0) 40 0) CO U) I)
C) C) C) C’)

I
’ 

•~ 
-CC

~~~0)
0 >

-IC
C a )

C’-) C-.. a)
~t a) .-1
C) - I  ~~~-

U) ~~
- C) . 

-

0) 4,, .

0)0
0). ,- -$4

-K 
OS

‘0 0) C’)
(‘.4 0) 0)

C) r c’.j
C\I

+ 0Cs4 p
— C U U)

u— -- C)
0 -K
0 r’-- C)

a) V
o LI,
(I) 

~~ 
a-

u! 0 -I’

- 0- 0

‘
S 

- .— 0 a-J - ‘- _ ___) C (S
- — o. r- -J ~ ‘



B-18

DIST PI BUT IO NS OF CHLOROPHYLL A AND MERCURY CO N C ENTRAT i ONS

IN THE I M M E D I A T E  V I C I N I T Y  OF THE DREDGE -BARGE

Two high resolut ion sur veys  in the imi~ned iate v ic i n i ty  of the

dredge-barge during dredging operations were conducted in the

river , on Apri l 9 and May 14 , 1975. These studies were conducted

c c rc u rr e nt l y with Dr. Bohien ’ s suspended load investi gations when the

dredge-barge was located at the mouth of the Thames and the State

Pie r  res pec t i v e l y . Dur in g th e two cru i ses , a to tal o f 40 s ta t i o n s

~
-.-~~~‘ occup ied and 126 water sam rm p les were col l ect ed fo r ch lo rophy l l  a

an d ucrcury determinations.

Chlorophyll a and mercury concentrations of samp les obtained on

A~)ril 9 are shown in Figures 3 and 4; the dred ge-Large was located at

th e sou t F i c - r r t uos t  boundary of the channel . It is signi f icant to note

that the lev e l s  of chlorop hyll a and mercury are s ign i f i can t l y  lower

in the pl ume (south of the dredge-barge ) than in the background (north

of the dred ge-barge ).

The investigation carried out on May 14 was co r rLmcte d approxim nately

500 yd. south of the drawbrid ge in the v ic in i ty  of the e ta te  Pier

which was the northernr miost boundary of the Phase I project. The data

cire p re’,ented graphically in Figures 5 and 6. Concentrations of

chloro phyll a were slightl y higher in the i m rrm ediate vicinity of the

dredge-Large at all three depths and quickly dissipated into the back-

ground levels w ithin 250 yd fromm m the site of dredg ing.

Al though pockets of h i g h  mercu ry  levels wer e observed , the general

pat tern of lower m iercury  ( i m mi en trat i o nS in the l i r - ed i a te v ic in i ty  of

the barge w as detected again in t his study . It w a s most proitminent

- - - ---
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Ici t h e  su m - f a c e  and bo t tom samp les .

Fie lds of lower ch lorop hy ll a f igures were ob - - r - rved at a l l  three

depths south of t he  ha r q e  on April 9, when the back ground concent rati on

of chlorophyll a was approximatel y 2.2 rmm g /M 3 ; this observa ti on s i em ’ : ’ - ’ -  ted

a possible tr un si1- nt interruption of photosyn thesis in the wdter

column presu m ably due to shading caused by a temporary increase in

suspended load. During the cruise of May 14 , ho wever , the effect of

dredging on photosynthesis appea red to be negl igible , when  the

concentrat ion of chlorophy ll a in the surface saim iples on this date

reached 14 to 16 mg/M 3 . Apparently the product iv i ty in the r iver was

such that the sm uall ef fect of increased suspended load on photosynthesis

was submerged in the high backgroun d level of chlorophyll a. There

were indicat ions tha t chlorophyll a concentr ations were s l ight ly

higher in the im i mm i ediate v ic ini ty of t he barge.

The apparent decrease of mimercur y concentrations in the v ic in i ty

of the ba rge was perhaps assoc ia ted wi th  the adsorpt ion of the trace

m etal  on the resuspended sediment which quickly settl ed out of the

w ater column , although experimmm e ntal evidence is st i l l  lack ing.  Simi lar

reduction of mercury va lues during dredg ing has been documented by

Jeane and Pine (1975) .  A second poss ib le  explanat ion for the lower

mrmercury concentrations ob ee- rv ed is the release of fu lv ic  acids f r om

the resuspension of sediment; fulv i c acids are known to be pre - e mmt

in  t oe sedi :: : r m t and f ’j rtherm imore , they bind trace metals readi ly

in and Feng, unpub l ish d da ta ) .  Since the technique emiiployed for

C r ’  ury  de t e r i m m i nat ion det ects  only m act i  ye forms or read ily avail-

able mercury in  the water sample , the organicall y boun d nm er c ury may

have escap ed detect ion.

— I - - ~a ~as-&- ~~~- —— -  - — . -
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Li- ~~~ IALS (\‘~ j O RGA NIC ARL ( I N IN S UR F IC IAL

SI N IMI NT SAMPLES

Three e ’ - ah s d mml p l e ’  f rom r ich t ransect in the ship ’ s channel were

taken  on July 18. 1 974 and February 20 , 1976; 36 samples w e r e  oLta i ned .

T he 1974 sa m ples provide a predredg ing background for the ge oche mm iica l

condi tior m of the channel sedi m ent , whi le  the 1976 sa m ples portray

the post-dredg ing trace mmi eta l profi le.

For the anal ys is of Ni , Cd , Cu , Zn and Pb in sedi mim ent samples

-the fo l lowing procedu res were carried out at the laboratory . Twenty

grains of wet sam ~pl es were removed fronì the top 10 mm of the sed iment

sanmples , dried to a constant weight in an oven at 60° C. One half

t ra i m:S of a pulverized dry sediment were extracted with 10 ml concentra-

ted nitric acid (15 N) in a 25 ml screw capped volumet ric flask for

6 hours . The extract  was f i l tered throug h a precleaned g lass fiber

filter (Gilman) and diluted to 25 ml with d is t i l led-de ion ized water .

The solut ions w eme then analyzed by the es tab l ished procedures of

a t o m i c  abso rpt ion spectrophoto metry . For immercury ana lys is , 0.5 gm of

wet sedi m ent wer e digested with 30 mmi i of sulfuric ac id (36 N) and

p roc e ’ s ed  as reco mmi mmi ended for sa mmi ples of shel l f ish t issues according

to the procedure outlined in the Perkin -Elm er Inst ruction Manual

for Mercury Analysis Syste mmm (303-3119). The results were m>p m e ’- sed in

terms of microgr a ms per jm dry wei ght of sed iment.

Deter mm m in ations of percent organic carbon in the sedime nt samp les

were ca r r i ed  ou t  by the method of Gaudette et al . (19/4). The mean

per e i nt o m -~ani c carbon content a ’- wel l  as the mean c o m m e m i t r a t ion of
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Ni . Cd , Cu , /n, Pb and Hg den -i- ed fr o m Lri  p1 i r a t e  sam ples in the

cedi im- nt  from mm the six transects on two samm ip l ing dates arc- presented in

T a b l e  8 and 9. The concentrations of the si~ trace metals and organic

carbon in the coannel sedi nment tend to increase toward upriver . As

would be expected , areas of high concentr ations are generally associated

with in dustrial activities along the river , e.g., Transect II , I I I

and V correspond to Pfizer , Electric Boa t and the U.S. Subm arine Base

respectivel y. With the exception of nickel , the highest concentration

of the trace mmmetals and organic carbon was found in the sediment of

Transect V I; these results are hig hly significant as suggested by

the two-way analysis of variance. The channel from which the Transect

VI sed i mm i ent samples were taken , is characterized by low oxycen content

near the bottom ,part icu iar ly dur ing the summer. It is assumed that

the concentration of trace im ietals at this transect is probably

enhanced by the sewage from the City of Norwich upriver. Lhen one

compares the predredgi ng data with that of the postd redging period , there

is a di ,c erm i ible reduction of copper (P -0.05) in the lower river

transects in postdredg ing sam ples. The organic carbo n content ,

on the o t h e r  h a n d , shows a slight increa se in the post-dred g ing data

whi ch is st ri tistic ally significant (Table 8, P - - 0.01). The data suggest

toe possible existence of a seasonal cycle in the organic carbon of

sed j i m -mi t - - ; it is postulated that the slightly hi gher or gan ic carbon

content in the COl deS t mn onth (February ) of the year is due to the

reduced r i te of organic carbon bmeit do w n by microbial activities .

~-Then the  trace meta ls and percent organic cdrbon data are

~i i t j r - c t r d  to m mm u l t ip le re I r i - s io n ana l y s i s , i t  i s  revea l ed that the



T A B L E  ~ . Mean percent organ ic carbon in sur f ic ia l  sedi ment s aimi ples ob ta ined
frommi the ship ’ s channe l in Tl:ji :cs River , Con necticut , on July 2, 1974
and February 20, 1976. ~-tea n is derived from im tri plicate sa ;m p les.

Mean % Organic C t 1S.D.
Transect 1/2/ 74 2/20/76

I 1.61 ~ 0.07 1.65 ± 0.24

II 2.58 0.38 2.61 ± 0.19

III 2.45 ± 0.32 3.09 ~ 0.36

IV 2.96 ~ 0.19 2.89 ± 0.21

V 3.83 0.53 4.66 0.65

VI 1.23 0.48 8.14 0.81

ANOVA

Source d.f. Summm of Squ2res Mean Square F P

Dates - 1 1.4161 1.4161 7. L 76 ’ 1  <0.01

Transects 5 138.9120 27.782 4 154 .5 14** ~ ~0. 0O1

Dates X Transects 5 1.5051 0.3010 1.674

— Error 24 4.3153 0.1/98 0. 42 4

~~~ , P <0.01; ~~~~~~~~ P <0.00 1

-- ~~~-~~~~~--~~--~~- 5
- .  -
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: 1 , m . Cd , Cu , ~~ c c  . - nnuc -m i e m -  - 

-

‘ :  - - t ~~m i m - -d f i n : : -  tee  ‘ h ip ’ s c r r i rm ’  iii -na-
C - m  m r  t i cut , on J u l y  2 , 191 1 a mid Frb ru~ m - --,’ 20, 1 1 J E .  Thc -  c -i ] ~
i C-: i u-s sod as i i i  p: ru + 1 . S. U

- Pb Z r
rIr sect 7/ /;-3 2/20/7 6 7/2/7 4 2/ ?O//E

I 30. - - 2 .59 23. b5~ 1 .°~~ 11) 1 - 72+ 7.0 5 g:~~ s 56 .64
11 -:1. /H 1.21 32.414 4H-~ 207 19 31.74 224.17 ~ 66 P2

U i  N / .~ ~- 53, L1 45.67+ 8 . 35  221.3 2 + 76.33 : - -
~7 .92 + 55. 14

IV 1L-;~~ 11.l 2 34.39+23.91 161 .91+ 5.00 218.21 +171 .23
V ~9, -Y -35. 45 71.47+ 3 . 7 3  255 .01+108.19 359.89 + 15 .85

VI l t - i 49 c2 1 . 62 l5o.~ Hl 9.46 C28.71, 75.62 810.89 i196.70

T-:,3VA F F d.f.

:te~ 3.984 9 5/(-~* 1 ,24
Transe cts 28 229~~* 22 .LLi~~* 5,24

Cd Cu
i ran’ i - Ct

I OJ-HO .l6 0 . 7 1 4 0 . 1 1  13.7 1+ 0.78 l l 25+ - 1.87
II 1. — ;l~ o .C-~ 1. -~HO.l9 21.1 L~ 2.00 14 .17+ 3.57

III 1 ,57 + 0 . 10  1.17+0. 16 25 .34+ 9.16 2O. L7~ 1 .04
I V  l . 26~O.29 L-~O+0.24 20,31+ 6.94 lf - 66~i2.02
V 2.29t0 52 2 .17+0 .05 34.78c20.5? 3Ll3+ 3.03

VI C .t~~i-3.60 4.45+0 .51 l13 .97~2O.02 L1.65~l l. 42

F F

Oct05 0. 0-1iO1 1 . N03~ 1 ,24
Tr , c r - ’ ’ - m ts ~~~~~~~~ ( f l + m 2 ’ ~~

— Hg Ni
r n i s- + c t

I . l35 ~ .031 .111 + .011 l l .O N+ 1. 48 ll,0n’ n - -’c
II . l 7 E - ~ .Ol 3 .089+ .004 ‘13.65+ 6.82 ~~~~~ -:~

III .1 IT 3 .052 . l71~ - 108 b7.11 ~ j ’ ~ ~-:o -: - 
-

IV  . ~9i~L058 .700+ . 130 31 .17+ 1i~ ] .  
~.23/ ~ . ll8 .l8l~~.O30

VI  J 2 H . U L - 4  . /29 ~ .130 45~~/ f l C  . 1 -

F

0. sO
4in ’  ‘(  ts •

— — - OL

* p . OHS; ‘ ‘ , P ‘0 . 0 1 ;  ‘ •
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metal concentration , w i t h the exce pt ion o f n i ck el, is CO ~l i t e d

w ith the percent organic carbon content in the sed i ment (Table 10

and 11 ). The linea r regression equations which describe 1~ i~~ e rela ti on-

ships , are sunuiarize d as follows :

1 . Zn , V = 102 X -68, r 0.89,

• 2. Pb , V = 19.94 X -16.96 , r = 0.96,

3 . Cu , V = 11 .81 X -14.58, r = 0.96,

4. Cd , V = 0.54 X -0.07, r = O .98,and

5. Hg, V = 0.09 X -0.098, r = 0.84,

• where V = [trace metal ] and X = ~. organic carbon. This finding is

si gn i ficant in that by simply determ i ning the percent or ganic car bon

of the channel surf i cial sed iment , i t is possi ble to p red ic t the fi ve

trace metals contained in the sample.

TRACE METAL CONCENTRATIONS IN THE THREE SPECIES OF SHELLFISH

The propens ity of b ivalve molluscs to accumulate wa terborne

con tam inants , e.g ., v i ruses , bacteria , toxic algae , trace metals ,

hyd rocar bon , pesticides and related compounds from the environment ,

is well known . In a two-yea r study of the distribution and

concentration of five trace metals (zinc , cop per , ca dmium , mercury

and man ganese) in oysters along the north shore of Long Island Sound ,

Feng and Ruddy (1975) report that the distribution and concentration

pat tern of zinc , cop per and cadm ium in the oyster coincide w ith the

industrial and popu lation centers of the coastal region of Connecticut.

Pecent work by Alex ander and Young (1976) suggests that Mytilus

californi anus is a particularly sensitive indicator for copper ,

chromium and silver of urba n point sources in southern California waters .
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TABLE 10 . Interelement and percent organic carbon correlations (r) in surficial
sediment samples obtained from the ship ’s channel in Thames River ,
Connect i cut , July 2, 1974.

• Pb Zn Cd Cu Hg %C Mean S.D.

Ni .3719 r648~1 
.3876 .3867 .2019 .3528 39.47 15.93

Pb .7996 .8539 .8508 .8635 .8265 74.43 52.66

• 

Zn ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 2:9.37 118.86

3.44 1.90

Correlation coefficients (r) within the boundary are highly significant (P <0.01; N 18).

TABLE 1 1 . Intereleme nt and percent organic carbon correlations (r) in surficial
sediment samples obtained from the ship ’s channel in Thames River ,
Connecticut , February 20 , 1976.

Pb Zn Cd Cu Hg %C Mean S.D.

Ni .6054 .6458 .6344 .5846 .3450 .6132 39.74 11.16

Pb .9462 .9427 .9959 .8631 .9629 59.66 45.94

Zn .8845 .9488 .8438 .8928 326 .50 255 .36

Cd .9431 .8707 .9757 2.01 1.23

Cu .8643 .9654 30.62 26.85

Hg .8449 0.25 0.24

3.84 2.22

All correlatio n coeff icients (r) except one (Ni-Hg), are highly significant

(P <0.01 ; ~~18). 
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In the present invest igat ion ,at t empts  were made to mon it o r s i x

trace metals in three indigenous species of bivalve molluscs ,

Crassostrea v i rg in ica.  Mercenaria mercenar ia and Pita r ,norrhuana ,

as a means of assessing the poss ibl e effect on these bivalves of

trace meta ls released from the dredging operation.

A prelimi nary survey of the distribution of shel l f ish in the

river showed that Pitar morrhuana and Mercenaria mercenaria occupied

more or less the same range and were most abundant in the area 1.1 to

4.8 nautical miles north of the New London Ledge Light; 8 s t a t i ons  from

A to H were desi gnated fo r sam p ling M . mercenar ia  and P. m orrhu ana

(Fig. 1). Major oyster (Crassostrea v i r ~in ica) seed beds were located

6.8 , 7.4 , 8.2 and 9.0 nautica l miles from the mouth of the river and

designated as stations 0-2 , 0-3 , 0-6 and 0-7 respectively.

Sample col lect ion. Mercenaria mercenaria and P. rnorrhuana were

obtained by a hydraulic dredge , whi le C. v ir9j nica were col lected by

a standard oyster dredge employed by the loca l she li fishermen .

Over 900 M. mercenaria and P itar rnorrhuana each , and 264 C. v irgjnica

were sampled from July 1974 to May 1976.

Methods. Shellfish were cleaned of sediment and fouling

organisms by brushing under running tap water and carefully denuded .

In genera l the meats from 8 oysters or hard clams and 14 Pita r were

pooled and homogenized without addin g any dilutent in a Tekmar homo-

genizer . The homogenized samples were lyophi lized overnight using a

Virtis freeze dryer. Zinc , co pper , cadmium , lea d and nickel in 0.4 gm

of freeze-dried shellfish tissues were anal yzed using the method of
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Feng and Ruddy (1975). Only 0.2 gm of tissues were needed for mercury

analys is which was accomplished by the method of Hatch and Ott (1968)

us i ng the p rinci p le of cold va por atomic absor pt ion s pec tro photo rnetr y

on a Coleman MAS- 50 Mercury Analyzer.

Gross pathological survey of the shel l fish was accomplished by

dissecting 8 to 10 individuals of each species of shellfi sh from each

sta t ion . The fol lowin g anatomical reg ions were carefully ins pec ted

for gross pathological conditions : inner and outer aspects of gills ,

palps , man tle and pericardial cavity .

The avera ge trace metal concentrations in the tissues of C.

vi~gjnica , M. uercenar and P. morrhuana obtained from various

s ta ti ons on a seasonal basis from July 1974 to May 1976 are summarized

in TaL.~le 1 2 , 13 and 14 .

porai ar4~ p~atial_distribution 
- 
of trace meta ls in shellfish.

Of the six trace metals detected , zinc was found to have the highest

concen trations in the three species of bivalve molluscs (Table 12 and 13).

In the oyster tissue the concentration of zinc was two orders of

magn itude higher than that of M. rnercenaria and P. morrhuana . The

total mean concentration of copper in C. vir~jnica was one order of

magnitude higher than that of M. mercenaria and P. morrhuana ,

(Table 12). Copper concentrations in C. vir~inica exhibited a

seasonal high i n July , as d id the zinc concentrations. In M. mercenaria

and P . morrhuana , although the variations in copper concentration

obtained on different dates were considered significant (P <0.001), no

.4
• •~~~ -•.
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consistent pattern was detected . There were clearly discerni b le

differences in the copper concentrations of the upper and l ower river

hard clam populat ions; the lower r iver population represented by

Stat i ons A , B, C , D and E in general contained less copper than the

upper river population (Stat ions F , G and H ) (Table 14).  This

observation is cons is tent with relatively high concentrat ions of

co pper encountered in the upper r i ver water and se d iment s amp les

(Table 6 and 9) .

Mean nickel concentrations varied from 5 ppm in C. vir~j~ ica

to 8 ppm in M. mercenaria and P. morrhuana (Table 12). In all

three species the highest leve l of nickel was found in the December

1975 samples . It was also noted that the concentrations of nickel

in M. mercenar i a gradua lly increased toward the lower river (Tabl e 14).

Such a pattern was contra ry to the concentration gradient seen in the

water and sed iment (Table 6 and 9).

Interspecific differences of cadmium concentrations are c learly

evident; C. v i r~~nica contains the highest level of cadmium

(5.02~l.94 ppm), P. morrhuana with 3.58÷1.19 ppm ranks the second and

NI. me~ _rj ~ shows the l owest concentration (1.43÷0.58 ppm ) (Table 13).

In c. v ir~y inica and M. mercena ria , again , the h ighest level of cadm i um

was detected in the samples obtained on July 1975 when the dredging

was completed . The variations of mean cadmium concentrations from

2.90 to 4.30 ppm obtained from various sampl i ng dates in P. rnorrhuana

were considered not signi ficant. However , sign ificant spatial variations

in cadmium level s were noted in M. mercenaria and P. morrhuana; the

lower river populations showed consistently higher mean level s of

_ _ _ _ _ _ _  _
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cadmium than the upper river popu lat ions (T a~ ie 14) .

Lead concentrat ions were at the detect ion l imit of our analytical

procedure in 50 . of M. mercenaria and 62’ - of ç . v i r y in ica  samples.

Pitar appeared to have a s pecial aff i nit y to lea d and attained a mean

lead concentration of 31 .03÷12.25 ppm (1’4=66) -.-.‘hich was 10 to 15 times

higher than the concentrations found in M. mercenar ia and C. vir~in ica .

It was significant to note that in all three species of bivalves the

h ighest l evel of lead was detected simultaneously in the samples

obtained in May 1975 (Table 13), t~o months before dredging was

terminated . Durin g this time the lead content in the surface water

was also the h ighest (Table 3). In the uppe r river stations the

lead concentrations in NI. mercena ria and P. rnorrhuana were again

significantly higher (Table 14), wh i le no such concentration g rad i ent

that could be correlated with locat ions was found in C. vir~ inica .

In all three species of shellfish , there were si gni ficant

tempora l variations in mercury concentrations (Table 13). Generally

in the pre-and during dredging period the concentrations of mercury

were e it her hi gher than , or equal to those of the post—dredging

months . Mercury concentrations were significantl y higher in

ç . vir~inic a and NI. mercenaria samples obtained from upper river

stations than those from l ower river stations (Table 14).

lysjs _of the effect of dred~ in~~on trace metals i shellfish.

Si nce predredging data on the concentration of trace metals in the

shellfish were limited only to July 1974 , it appeared that the

best possible way to assess the effect of dredging was to compa re the

predredging with the post dredging data (July 1974 vs July 1975), and

____ 4
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the during dredging against the post dredging data (November 1974 vs.

December 1975; Ma rch 1975 vs. March 1976 and May 1975 vs. May 1976).

The resul ts of the four pai red compar i sons us i ng the F test are pre-

sented i n Ta b le 15, 16 and 17. In C. v irginica , only Ni showed

signi f icant  - increase in concent ration in t issues col lected after

dredging, whi le the concentrations of the other f ive trace metals

(Zn, Cd , Cu , Hg and Pb) decreased significantly (Table 15). It

was fur ther noted that the number of trace metals showing decreases

increased as the dredging operation proceeded . This apparent cor-

relation might suggest that less trace metals were reaching the

oyster seed beds which are located 7-9 nautical miles north of the

dredging site.

Of the 14 significant changes in the trace metal concentrations

detected in M. mercenari a , 50% of th’~ chan ges show decreases (Table 16).

Specif i call y cadmium and n i ckel concen trations were si gn i ficantly

h igher in the shellfish during dredging, whi le the concentra ti ons of

copper and mercury decreased noticeably. Zinc and lead concentrations

decreased substantially in certain post dredging dates (5/75 vs 5/76,

11 /74 vs. 12/75) but increased significantly at other time intervals

(7/74 vs. 7/75).

The results of the paired comparisons of trace metals in P.

morrhuana are surmiarized in Table 17. Cadmium and nickel concentrations

behaved in the same manner as they did in NI. mercenar ia . It can be

noted that si gnificant reductions of copper and zinc concentrations

occurred after dredging in comparison with before dredging as well

as during dredging.

J 

When the si gnificant changes of trace metals in the three

_______  -4
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TABLE 15. Co par ison of ~;dn trace metal concentrat ions in Crassostre a y iry th ica_
col lected on July 19/4 and 1975 , November 197 4 and December 1915 ,
r’~arch 1975 arid 1976, as wel l as May 1975 and 1976 from Thames River ,
Conne cticut.

Trace El ement 7/74 7/75 F d.f. Remarks
- - N~4 N=4

Hg 0.39± 0.02 0.28± 0.06 24.172* 1 ,3 0
- - 

11/74 12/ 75
N=4 N=4

Zn 14213.25÷741.94 11448.26±3010.03 119.417*** 1 ,3 D
Ni 5.37± L08 8.01± 0.91 136.883*** 1 ,3 I
Cd 3.11± 0.52 2.78± 0.44 27.539** 1,3 D

3/ 75 3/76
N~4 N=4

Zn 14481.75±2978.15 11503.36±4052.08 54.005*** 1 ,3 0
Cu 92 1.00± 204 . 40 472.23± 122.53 45.338*** 1,3 D
Cd 5.48± 0.78 4.18± 0.57 10.696* 1,3 0
Hg 0.36± 0.02 0.24± 0.02 78.045*** 1,3 D

5/75 5/76
N=5

Zn 16224.94 3240.11 8774.59~2485.05 12.202* 1 ,3 0
Cu 803.42± 180.63 267.33± 77.02 69.538*** 1,3 0
Cd 5.89 0.62 4.02± 0.50 73.704*** 1,3 D
Pb 4 .16± 2.0 4 1.25± 1.08 14.974 * 1,3 0

* , P <0.05 ; ~~~~~~ P ~O .O 1 ~~~~~~~~~ P <0.001. 0 = Decrease; I = Increase.

A
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TABLE 16. Comparison of mean trace metal concentrations in Mercen iri a F ‘~-ce riaria
co l lec ted  on Ju ly 1974 and 1975 , November 1974 and Dece ~~ c-r 15 / 5 ,
~‘~arch 1975 and 1976 , as we ll as May 1975 and 1976 from T hi~~ River ,
Connecti cut.

Trace Element 7/ 74 7/75 F d .f. R~~ar ks

N~ 17 N=14
Zn 186 .88±6 2 .62 285 .92± 176.83 15 .600*** 1,19 I
Cd 1.08± 0. 24 2 .03± 0 .29 97 .981*** 1,19 1
Cu 30.09± 4. 74 22 .95 ± 5.97 30.317*** 1,19 0
Hg 0. 33± 0.14 0.21± 0 .09 l0 .566*** 1,19 D

11/74 12/75
N=1O N~12

Cu 22.93± 4.90 16 .85± 4 .69 17 .17O*** 1,10 0
8.94± 2. 48 13.11~ 4 .39 5 •944 * 1,10 1

Pb 1. 70± 0.00 5 .62± 1.42 191.132*** 1 ,10 1
Cd 0. 71± 0.35 1.11± 0 .60 6 .378* 1,10 1
Hg 0.30± 0.12 0 .26± 0.11 7 .137* 1,10 0

3// 5 3/76
N= 11 N=13

Ni 5.45± 1.87 8.68 k 2.35 11.431* 1,12 1
Cd 1.17k 0.31 2 .0 2 k 0. 28 54 .452*** 1,12 1

5/75 5/76
N=12 N= 13

Zn 236. 06 ±46 .99 125 .14± 27 .20 57 533*** 1,13 0
Cu 25.2 5± 3. 21 19.47 ± 6.30 12. 112** 1,13 0
Pb 8.01~ 3.19 3.24~ 1.92 18. 232*** 1,13 0

~~~, P - 0 .05 ;  ~~~~ P ‘ 0 .0 1; k** , P <0.001; 0 = Decrease; I = Increase.
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TABLE 17. Co :npiriSon of t race metal co nc c nt ra t j o ns in Pi tar norrh ua na
c o l l i c t e d  on July 1974 and 1915 , r~o v ~~~ er 1974 a nd l i c e n S e r
1975 , ~urch 1915 and 1976 as well as May 1975 and 1976.

Tr ice El ent 7/ 74 7/ 75 F d . f .  Pema r ks

N- 6 N=10

Pb 18.38 + 4 .58 36.1 5+13.88 2 1.69 4 ***  1 ,8 I

Cd 3. 42+ 1. 28 4 . 12+ 0.83 5.900* 1,8 I

Cu 20.92 + 1.96 15.97+ 3.30 8.909* 1 ,8 0

Hg 0 .21+ 0.05 0.16+ 0.02 6 .344* 1 ,8 0

11/ 74 12/ 7 5

=9 N= 5

Cu 17. 55+ 6 .51 9.80+ 1.95 1? .634** 1,7 0

3/ 7 5 3.76

~ 8 =11

Ni 5. 15+ 0.98 9.25+ 1.92 26 .743 * * *  1 1 1  1

Pb 35.6 7+ 9 .17 23 .01+ 5.91 ?0.6 l 2~ & * 1 ,11 0

5/ 75 5/ 76

N

Pb 4 5 . 1 1~ 8.08 ?3 .90f 4.87 36. ’?5/ ~~* 1 ,8 0

in ~~9.07354.26 2?6.2l+80.l8 S4.750~~* 1 ,8 0

Hg 0J2+ 0.02 0.22+ 0.03 38./53 ** 1 ,8 1

~~~, P —0.0 5; ‘ ‘
, P —0.01 ; * * k , P <0.001; D incH t nn; I lncr rase

-- .- --—-- - -—- --- - - - -4
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species of shellfish are vieiv d as whole, 24 of the ~ c a ses

encountered , or 66 : , reg istered a decrease in the trace metal concentra -

t ions .

Gross patho log ical exa mi ndt ions o f _ the shel l f ish. A total of

256 C. v i rg i nica , 824 M . mercenaria and 660 P. morrhuana were examined

for gross pathological condi t ions from July 1974 to May 1976. No

discernible abnormali t ies were not iced in the inner and outer aspects

of g i l ls and palps , as we ll as the pericardial cavi ty  of the three

species of b i va lves .  In December 1975 , six clams were found to contain

sediments in their mantle cav i ty ; this was probably due to decreasing

water temperatures which reduced the eff iciency of the cleansing

mechanism of NI. mercenaria.

Interspecif ic var iat ions in the a f f in i ty  to trace metals s hown

by the shel l f ish.  There are two lines of evidences in this study ,

which indicate special affinities of the shellfish for specific trace

metals; such evidences are demonstrated by the orders of magnitude of

the s ix trace metals found in the three species of shellfish (Table 18)

and the presence of specific interelement correlations as revealed by

mu l t ip le regression analysis (Table 19 , 20 and 21) .  The predi lect ion

for spec i f ic  trace metals by the shel l f ish is shown in the fo l lowing

manner: C. vir y in ica app ears to be most ef f ic ient  in taking up zi nc ,

whi le the re la t ive concen trations of co pper , nickel and mercury are

the highest in NI. inrercenaria. P . morrhuana exh ibits special affinities

for lead and cadmium , since the percent concentrations of these two

trace metals in this species are the highest as compared wi th the

other two species.

- -  —- -— --- ——-—-— . -  —-—- - - -~ -— -.-. —-— — - 
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TABLE ]P~. Inters pecific variations of mean trace element concentrations observed
in Crasso tea virg inica , (N=33) , Mercenar ia rnercenaria (N 103) and
Pitar morrhu ana (N= 66) from Thames River , Connec t icut , July 1974 to
May 1916.

- - - - - -  

Species
Trace Elecient* Crassostrea v i inica Mercenaria mercenar ia Pitar rnorrhuan~

Zn 13449.51 ± 4801.90 215.33 ± 94.43 385 .49 ~ 143. 52

Cu 754.24 ± 367.71 23.45 ± 6 .63 16.20 ± 4.86

Ni 5.52 ± 1.55 8.55 ± 3.13 8.06 ± 2.41

Cd 5.02 ± 1.94 1.43 ± 0.58 3.58 ± 1.19

Pb 2.09 ± 1.21 3.29 ± 2.60 31.03 ~ 12 .25

Hg 0.29 ± 0.07 0 .25  ± 0 .11 0.19 ± 0 .05

* expressed as mean ppm i.S.O.

Percent contributions of the six trace metals found in the shel l f ish

Zn 94.604 85.3 47 86 .7 15

Cu 5.305 9. 294 3.644

Ni 0.039 3.389 1.813

Cd 0.035 0.567 0.805

Pb 0.0 15 1.304 6 980

Hg 0.002 0.099 0.0 43
ioo .oo~ ioo. ooO ioo .o~J
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LE 19. Int er rle ien~ correlat ions (r) in Crassostrca v irni ni ca irorr Urames Riv i

Connectic ut , 1974-1976. ( N=33) .  
- - -

Pb Zn Cd Cu Hg Mean S.D.

Ni .3644* .2175 -.0959 .3667* -.0019 5.52 1.55

Pb .0718 -.0375 - .0584 -.0880 2.09 1.20

Zn .7290*** .8532*** .4517** 13449.51 4801.90

Cd 6094*** .5563*** 5.02 1.94

Cu .5600*** 754.24 367.71

Hg 
. 

0.29 007

- 

TABLE 20. Jntere lement correlations ( r) in Mercenaria mercenaria from Thames River ,
Connecticut 1974-1976. (N 114)

Pb Zn Cd Cu Hg Mean S.D.

Ni .1410 - .0433 .0169 _ .3090** _ .1873* 8.59 3.04

Pb .1432 .1652 .0743 -.0t75 3.40 2.79

Zn .2299* .2242* .0065 214.61 93.92

Cd -.0922 _ .4277*** 1.43 0.61

Cu 4749*** 23.13 6.91

Hg --- 0.25 0.11

TABLE 21 . lnterelement correlations (r) in Pitar rnorrhuana from Thames River ,
Connecticut , 1974-1976. (N=68).

Pb Zn Cd Cu Hg Mean S.D.

Ni -.0672 .0652 -.1137 .1911 -.0949 8.09 2.38

Pb .6086*** -.0267 .1444 -.1194 30.82 12.17

Zn -.2006 .1614 .0267 357.77 141.97

Cd — .0712 .0173 3.57 1 .18

Cu - .0988 16.37 4.98

Hg 0.19 0.05

* , p Q Q5; ~~~~ P ‘0.01; ~~~~~ <
~~
0
~
1 

—
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In the oysters , significant positive i f l t r - n l t I I - n i ( u r re la t ions

are common among zinc , cadm i um, copper and merc ury , as well as between

nickel and copper. Similar correlations among zinc . , diii iu ni and

copper , as wel l as between copper and mercur y are also observ ed in

NI. mercenar i a ; i n add it ion , negative in terel rne nt correlations are

noted between cadmium and merc ury, and among nickel , copper and

mercury in this species . In P . morrhuana , however , o nly one si gni f i cant

in terelement correlation is detected , i.e., between l ead and zinc ;

this observation is consistent wi th the fact that high l ead concen-

trations are detected only in this species of shellfish.

CONCLUSIONS

1. The temperature and salinity regime of Thames River are typical of

a par tially mixed estuary . Consequently stratifications of temperature ,

salini ty, and oxygen and chloro phyll are most prominent in the summer

and least obvious in the w inter.

2. Effects of dredg i ng on the phytoplank ton p roduct ion are probably

min ima l as demonstrated by the sediment elutriate experiments.

3. Two field studies conducted on April 9 and May 14 , 1975 suggest

tha t the effect of dredg in g on phyto plankton production was transien t

and l imi ted to w i th in  500 yds of the dredge- barge. Furthermo re,

the concentrat ions of mercury in the area traversed by the plume ,

were consis tently l ower than that of the background .

4. Mean concentratio ns of the six trace metals in water samp les from

Thames River are: zinc , 11-28 ppb; nickel , 3-10 pp b; copper and lead ,

1-5 ppb; cadmi um , less than 1 ppb; and merc ury , 4-50 parts per trillion .

- ______________________ -4
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5. Th e concentrations of the six trace metals in the water column

vary signi ficantly with dates and transects. The highest concentra-

tions of N i , Pb , Cd and Hg were observed either before or during dredging.

Copper concent rat i ons on the other hand , were si gn i ficantl y h i gher i n

the post dredging period. Higher Ni , Pb and Cu concentra ti ons are

most frequently associated with the upper river water samples , while

Hg levels in the surface water are significantly higher in the l ower

ri ver transects.

6. The concen tra ti ons of Ni , Cu and Pb are si gnif i cantly influenced

by the tide. During the low tide , si gnif i can t differences i n co pper

concen trations are noted in the surface and bottom water samples .

7. Mercury concentrations are correlated with ambient water tempera-

ture , while copper concentrations are negatively correlated with

sal inities .

8. The concentrations of the six trace metals and percent organic

carbon in the channel surficial sediments tend to increase in an

upriver direction; areas of high concentrations are generally associated

with foci of industrial activities along the river. In comparing the

predredging with post-dredging data , there is a not iceabl e post-

dredging reduction of zinc (P <0.005) and copper (P ~- 0.O5) concen-

trations in the l ower river sediment .

9. W ith the exception of nickel , the concentration of the remaining

trace metals is significantly correlated with percent organic carbon

contents of the sediment , suggesting that the percent organic carbon

is a good predictor for Zn , Pb , Cu , Cd and Hg concentrations in the

sedimen t.

— ~~~~~~ -~~~~~~~~~-—______ -- 4
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10. Althouqh nearl y i ll the analysis of wir iance re~u 1t s suggest

that the concentratio ns of the six trace metals in the three species

of shellfish saini pled at different times are statistic a lly significant ,

it is nevertheless , difficult to separate the normal s (isonal variation

in trace metal body burden from the change attr ibutable to dredging.

However , in C. vir y ini c i , with the exception of Ni , the overwhelmingly

signi ficant decrease in Zn , Cd , Cu , Pb and Hg concentrations probab l y

refl ects the general reduc tion of the trace metals in the env i ronment ,

particularly in the l ower river. It is more difficult to interpret

the M. mercenaria results (Table 16) in which the number of trace

metals showin g i ncreases i n their concentra ti ons equals that of

decreases . The fact that copper and mercury consistently exhibit

lower concentrations in post dredg in g samples , may be indicative of

a cleaner environment .
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C. Physical Oceanography of I)isposal Area
Rudolph Iloliman , Ph.D.

New York Ocean Science Laboratory
Montauk , New York

I NT RO DUCT ION

Two important physical characteristics of marine dredge spoil disposal

sites are the movement of water ir he disposal area (the general circu-

lat ion ) ,and the optical properties of the water mass(es ) occupying the

area . In general , disposed dredge spoil wi ll not significant ly aff ect

the general circu lat ion of the disposal area provided , of course , that

the ratio of the volume of the disposal area to the volume of spoil

material remains large . However , the general circulat ion may have very

significant effects upon the fate of the disposed spoil material both at

the time of disposal through direct transport of the material arid through

a long time effect due to erosion of the deposited spoil. Optical properties

of the water will be affected by the disposal process through what are

generally large increases in turbidity at the time of disposal , and to

a less significant extent , through resuspension or erosion of the deposited

material in tine .

A two year study was undertaken under a contract with the Sandy Hook Labora-

tory , Northeast Fisheries c nter, of thc- National Marine Fisheries

Servi ce under the National Oceanic ~ Atmospheric Administr ation , U.S.

Department of Commerce, to study the general circulation of the New London

Dump Site by Eulerian and Lagrangian techniques to determine the transport

of the disposed material . Light transmissivity was also measured at the
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I)ump Site and the surrounding area. This report is a summary of that study .

Bohien (1975) has shown that the concentration of suspended materials in

the eastern end of Long Island Sound is a complex function of currents ,

river discharges , meteorolog ical effects, biolog ical activity, and

morphology . The concentration of suspended material is complicated even

further by the disposal of dredge spoil material . In general , the experi-

ments performed in the study of the New London Dump Site Area were designed

with the aim of acquiring knowledge of the general circulation of the area

and background as well as the anomalous turbidity in the water as a result

of active disposal. Here, we are using turbidity as a resultant effect

of suspended materials.

A map showing the dump site , sampl ing stations , and surrounding area is

shown in Fi gure 1. Actual sampling has been on a seasonal basis.

Preliminary studies of the area have been carried out by the Physical

Oceanography Division of the U.S. Naval Oceanographic Office (NAVOCEANO,

1973), and a concurrent study by Morton et al. (1975) for which only a

preliminary summary was available for review.

METHODS AND INSTRUMENTATION

Stat ion locat ions are shown in Figure 1 and tabulated in Table 1 . Ac tual

program s for station samp l ing varied and have been described in previous

reports or will be discussed in the results to follow .

- 4



Figure 1: Map of the dump site and station locations. U
C~ is the

Center Buoy .

________________________________________________________________________________________ _____________ 
4
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Tz~1’ l e 1 .  Station locations in the area of the New London Dump Site.

Stat ion Latitude Longitude

t enter Buoy 41 ° lb’08 ” 72 °05 ’OO”
W I “ 72 °05 ’4 0 ”

72 ° 06 ‘ 20”
W 3 “ 72 °07’37”
1~1 “ 72 °04 ’2 0”

I 2 “ 72 °03’37”
13 “ 72 °02 ’ 17 ’’
SI fl ° l5’38” 72 °05 ’OO ”

41 ° lo ’38 ”

41 ° 18 ’OS”
4 1 ° 17 ’ 14 ” 72 °06’08”

\ I 1 )l 0 lb~~ O~ 72 °04 °04”

~r~ i Ci l  temperature prof i les were  obtained using bathythermographs and

in ~~~~~~ ~~~~~~~ Beckman 1n~~t rument RS-5 Temperature-Conductivity Probes. In

t it u e-~ St , ~~riic~~ t empera tures were measured with standard mercury

rut net t - rs  for reference.

-~a I i n i t i e s  were obtained from drawn water samp les and anal y:ed by the New

‘
~or~ Ocean Science Laboratory Chemical Oceanography group , or , in some

ca se s , obtained through in ~ita conductivity measurements using the

Beckman Instrument. kS-S Temperature-Conductivity Probe.

Ihe current meters used in this study were General Oceanics Model 2010

film recording meters. A 3 meter subsurface array was generall y implanted

close to the Center Buoy of the dump site (Figure 1), and on occasion ,

sing l e bottom meters surrounding a spoil mound or at other stations. The

film from the meters was processed in the laboratory ’s photo-lab and 

- -  -~~~~ — - — -.-
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rea d frame lu frame us ing  a standard micia- f i lm reader , recording date ,

time , direction , and speed from each frame . These data were then processed

in a computer program whose output includes the ave ra~ c speed over 15

minute intervals along with the average north-south ( v )  and east-west (u)

components of the current. At the end of e~ch hal f-tidal cycle in the data ,

the program output then includes the average u and v components over the

half-tidal cycle , the resultant speed (R) , direct ion (~~) , the effective

distance traveled (U) , and Reynolds stresses.

The 15-minute average serves as a very effective low-pass filter thus re-

ducing the effects of surface waves in the current data.

Beam transmittance measurements were obtained with a JJYI)RO-Products Trans-

missometer equipped with a depth sensor . Sormally , the transmissometer is

nulled or standardized in air at a sett ing of Y2~ that allows for re-

flection , approximatel y 4 (IIYDRO-Products , personal communication) ,

that takes place at the two glass/air interfaces of the t ransmissometer

system . When the transmissometer is then operated in water , the reflective

losses at the glass/water interfaces are much less than they were at the

glass/air interfaces by approximately an order of magnitude , hence , it is

possible for the transmissometer to show hi gher values of transrnissivit y

in clear water than the null position of ¶)2% in air. For an estimated error

in transmissiv ity of 10,, the relat ive error in the beam attenuation coefficient

is lO~ at 9()~ transmissivity.
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The following definitions are for the terms and coefficients used in

this report . Other term s used in previous reports are not necessa r i l y

covered herein , except as they appear in this report .

a . Currents:

u: The Fast / W est  ve loc i ty  component in cm/ sec .

v :  (‘he North/Sout h ve loc i ty  component in cm/sec .

NOTE :‘l’he above velocity components are readil computed from measured

current speed , R , and direction relative to geographic north , 0, by

U = J~ COS 0.

v = R sin ~

where

= ~)O ° - 0 for 0
0 0 < 90

0

or = 150 ° — 0 for 90 ° < 0 < 3~0°

lj . Beam Attenuation Coefficient :~ ‘(he sun of the absorption coeffic ient

and total scattering coefficient and calculated from

V -r — ( 1/ L)  in (‘I~~/ 100)

where T is the beam transmittance in percent and measured w i th  the trans-

missometer and L is the path length in meters so that the units of ~ are

per meter.
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1. J emperaturc and salinity

Results from individual cruises have been presented in previousl y sub-

mitted report s so that this report represents a general summary of past

results , including the observations from the last cruise (8 and 9 June

197( r) that were not covered in a previous report . Individual cruise

temperature and salinity data for surface and bottom have been averaged

by month for the various stations and are shown in Tables 2a and b .

respectively.

In general , the stations are out of the direct influence of the Thames

River ; the possible exception is Station N3 at the mouth of the harbor

(Fig. 1) where occasional excursions of less saline and often warmer

waters from the river have been observed . Ensemble averages were there-

fore calculated and appear in the last column in Table 2a and b. For

comparison , the ensemble data are plotted against similar data from

the National Ocean Survey Tide Gage Station (NOS Puhi. No. 31- 1 , 1972)

on Plum Island (approximately 10 miles south and west of New London h arbor)

in F i gure 2. As can he seen in this figure , the results from the New London

I )ump Site Area fall within the ranges specified by the vertical bars re-

presenting the averaged maximum and minimum values for Plum Island .

The annua l range in salinity is small , generally less that 3°/~~ except

i t  Stat ion N3 at the mouth of the harbor where the range was close to 10 0 / o o .

l emperatures for the area range between 0 and 2!) degrees Celsius during

th~ year. 

— - --—_________
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Figure 2: Mon thly average temperatures and salinities relative to 15°C as
calcula ted from National Ocean Survey Tide Gage Station Data for
Pl um Island , N.Y. (NOS Pubi . No. 31-1 , 1972), with the mean
monthly maximum and minimum values and the ensemble average
temperatures and salinities from the New London Dump Site Area .
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Vertical variations in both salinity and temperature are also small;

temperature gradients were approximately 2°C and salinity gradients

were approximately i°/~~ except at N3 where gradients of 
5°C and

were observed .

In suimnary , the results obtained in the New London I)ump Site Area are

within expected temperature and salinity limits when compared to historical

data from Nationa l Ocean Survey and when compared to a 3 year data base

for Eastern Long Island and Block Island Sounds (Hollman , 1976).

2. Transmissivity

Individual cruise results for the attenuation coefficient , 13 , were

ensemble averaged (spatially composited) and used to calculate monthly

averages representative of the entire dump site area. The data include

all pre-duinp and post-dump results but do not include results obtained

during and immediately after a dump. In effect , the data are “back ground”

and are tabulated in Table 3, and plotted by month in Fi gure 3. As

shown in the figure, maximum 13 values and hence minimum background

transmissivity, occurs in summer and minimum 13, hence maximum transmissi-

vity during winter months. As is also evident from the table and figure,

13 increas es with depth, that is , in the average , transmissivity i s  lower

in the bottom layer than in the surface layer . The annual range of 13 is

1.45m-l at the surface, l.53m 1 at mid-depth , and O.94m’-i at the

bottom .

I
‘— - _____0~~~~~~
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ra l-Cl e 3. Average monthly beam attenuation coefficients calculated
from ensemble averages , New London 1)ump Site area.

________  
13(m 1)

Month Surface Mid-depth Bottom

Feb 0.78 1.03 1.30

Mar. 0.41 0.41 1.28

•Jun . 1.14 1.14 1.19

Jul . 1.46 1.84 2.06

- 
Aug . 1.17 1.45 1.80 

-

Sep . 1.86 
- 

1.94 
- 

1.95

Oct. 1.20 1.18 1.22

I)ec . 1.01 1.04 
- 

1.12

Avg . 1.13 1.25 1.49

Surface: im
Mid-depth: 9.7m
Bottom 18.7m

The transmissometer was also towed through the area while continuously

recording to obtain estimates of spatial variability (see Quarterly

Report for July through September , 1975) . These tows were made along

the East/West and North/South transects (Fi g.l). Average results are

tabulated in Table 4. There was no indication in the East/West distribution

of 13 values that there was a concentration of spoil material by Center

Buoy station . The distributions were either very irregular within the

limits indicated in Table 4, or , in one case , showed a very slight tendency

to decrease in the upstream direction away from the Center Buoy station .

- -____  _ _ _ _ _ _
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Figure 3: Mean monthly beam attenuation calculated from ensemble averages
for surface , mid-depth , and bot tom layers , New London Dump Site Area . 
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For the North/South tows , the tendency was for 13 to decreas e (clearer

)
~) It(’r 1 t oward the south and Station Center Buoy . Again , the average

values for 13 in ‘t able 4 are in keeping with the annua l trend with

highest values occurring in August and decreasing toward winter. No

si gnificant difference can be found between the East/West and North/South

to~s. The highest coefficient of variation (standard deviation divided

by the mean) is 13% during August on the East/West transect . The average

range for these spatial variations was 0.43m 1 , with a maximum value

of 0.89m~~ at the East/West transect in August and a minimum of 0.l3m~~

on the North/South transect in April.

Table 4. Average beam attenuation coefficient , 
‘

~~~, with standard deviation
and range calculated from continuous measurements made while
towing the transmissometer along East/West and North/South
transects.

Mean 
_ _ _ _ _ _ _ _  

Last /West 
_ _ _ _ _ _ _ _ _  _________North/South

Time I)epth 13(m 1) S .D.~ Range** 13(m~~) S.D. Range

Aug 1975 7.8m 1.43 0.19 0.89 1.43 0.12 - 0.42

Apr 1976 5.5m 0.98 0.11 0.41 0.85 0.04 0.13

- 
.Jun 1976 6.4m 1.26 0.08 0,52 ~ 1.21 0.05 

~, 
0.23

*S.D.: Standard De’~iation ; **Range : Maximum value observed minus minimum value .

A number of exper iments were performed dur ing dumping operations before

their cessation July 1975. One such experiment was to anchor a vessel

downst ream of the dump site and monitor the turbidity cloud wi th the

transmissometer as the cloud passed the anchored vessel. The results from

_____________  a
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these experiments are tabulated i n  ‘table 5. l’he elapsed times required

for the s i te  to return to back ground were approximatel y 48 minutes for

the downstream cases , and 29 minutes for the upstream case . In all ex-

periments , there were at least 2 distinct clouds that passed the stations

see Fi gure 4); in the upstream example , there were 3. These clouds of

material are approximately 10 minutes apart ; the second cloud appears to

be longer in duration than the initial one . Gordon (1974) showed similar

features for disposal experiments in western Long Islai 2 Sound . In all

cases , the range in ~~- was from infinite values to approximately 1 as

background . In Figure 4, the ordinate for the July 9th experiment is not

transmissivity , ‘1% , but T(%) wh i ch was the observed transmissivitv normali:ed

to back ground values . ‘I’he transmissoineter developed a weak power supply

(but stable over the time period ), so that the absolute transmissivity

values were unre liable. h owever , the normalized or relative values are use-

ful for studying the distribution of the turbidity cloud in time .

Table 5. Elapsed time required for the dump site area to return to back-
ground transmissivity values following a barge release.

Ileight off Distance from Elapsed Mean
Date Bottom Barge ‘Uime Current

20 May 1975 im lOOm downstream 49 mm 22 cm/sec , Ebb

21 May 1975 2.2m SOm downstream 29 mm 
• 

24 cm/sec , Ebb

9 Jul 1975 im j 80m downstream 48 mm 
- 

41 cm/sec , Ebb

Ver tical transmissomete r profiles were made while trackin g drogu es planted

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  a
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Figure 4:  Continuous transmissivity values as a func t ion of t ime at fixed
positions downstream and upstream of the disposal point.

_ _ _ _ _ _ _ _ _ _ _ _ _ _
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in the wake of a discharging barge . The results of an extreme case are

tabulated in ‘Fable b . Other experiments did not pick up a detect abl e cloud ,

or plume , relative to back ground in either the surface or bottom layer

within S to 10 minutes of the barge release; in these cases the tide was

ebbing near maximum strength . In the extreme case shown in ‘Fable ~~~, the

current was almost slack , the mean velocity was 9.3 cm/sec over the 65

minute time span calculated from the current meter data. The total distance

that the drogue traveled was only 550 meters based on fixes obtained by

visual bearings. In the previous case (‘I’able 5) under mean flow conditions ,

the time required for the area to return to background was approximately

48 minutes ; in this case, staying with the plume under near slack flow ,

the time required to return to background was 65 minutes. In the experi-

ments carried out near maximum flow conditions , the p lume as identified

by transmissivity values virtuall y disappeared within 10 to 15 minutes

of the release.

Table 6. Elapsed time required for a plume to return to back ground as
measured by tracking a bottom drogue planted in the wake of
a discharging barge at the New London Dump Site.

-I— Mean
l)ate I)rogue Depth Distance Elapsed Time Current

11 Sep 1975 Bottom 20m SSOm 65 mm 9.3 cm/sec , Ebb

Continuous transm issome ter measurements were made over a period of 1-1/2

hours , im off the bottom , approximatel y 230m downstream of a spoil mound

on July 17 , 1975. During the sampling period , bottom turbidity values in-

_ _ _ _ _ _ _ _ _ _  :4
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creased from ~S -  at the start to S2~ nea r the mid -point of the period (close

t o  the tine of maximum ebb at ‘t he Race) and decreased again to 80°o at the

end of the observation period . ‘l’he average of all values was 80.1°, (13=2.22m~~)

with a standard deviation of 1% (0.l2nH for 13). Upstream (228m) transmissometer

measurements were obtained within 29 minutes of the last downstream bottom

reading. Ihe results of the last vertical profile downstream and the up-

ctrcam ‘~t ;iti on are tabulated in ‘table 7. For comparison , the maximum ob-

served variation in over 29 minute periods was at most ~~ in fact , the

~ ‘ fficien t of variation (ratio of standard deviation to the mean) was 5.4

f r  the entire 1-1/2 hour recording period . The maximum observed bottom flow

i ’ - measured on top of the spoil mound was approximately 1 knot , and occurred

shortl y before the transmissometer recording began ; maximum observed flow

during the period of the experiment was 41 cm/sec at the beg inning; the

mean speed was  33 cm/sec .

‘t able 7. Transmi ssivity (‘I~~) and attenuation coeff ic ient ( 13) taken
ap~)roximate1y 228m upstream and downstream of a spoil mound ,
New London Dump S i te , 17 Jul y 1975 . ‘t he transmissometer
path length was 0.lm.

lkiwr’strcam Upstream
[Depth -

~ J 13 (m-1) r)epth T(~)

in 83 
• 

1.86 2m 84

6m 83 1.86 bm 83 1.86

l lrn 82 1.98 lIm 83 1. 86

l6m 
• 

Ml 2.11 ~~ l~ m 82 1.98

2Dm 80 2.23 18m 82 1.98

-7 —~-~.——--~~~~ ~~~~~~~~~~~~~~~ , —.,‘c*,_ — —  —i— - — —~~~~~~~~~
. 
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Fhis experiment of Jul y 17th was fol lowed by another scouring stud y on 23

October where two stations , one 28Dm downstream of a spoil mound and the

other 24Dm upstream , t.ere sampled alternately over the period of maximum

flood in the morning and apain during the ebb cycle in the afternoon . l’he

results are tabulated in L :ibles 8a and b , respectivel y. \s can be seen in

the table , bottom t ransmi ssivitv values increased downstream ()~est  station

during flood) by 5’ s ;  re lat ive incr ea ses in V ranged from S~ to lS°,. I)uring

the ebb , bottom transmissivit y again increased by 5°~ in the downstream direc-

tion (East station during ebb) with a relative increase in 13 of 12%.

.\vcr ;Ic~e downstream t ran smissivities (l~cst station) during the flood t ide

were 28 and 26’~ (using a 1 meter path length) over two separate 5 minute

continuous sampling periods. ‘l’he mean range was 6 . ‘t hese average percentages

y ie ld values for V of 1 .27nH and 1 .55m ’ respect  ivelv \ t  the downstream

stat ion (Cs stern ) the t t~u S minute averages were 30 and 3l°~ w i t h  a mean

range of 1’~ , corresponding values f i ’  V w e re 1 . 20m— ’ and 1 .1 7m~~ respect ivel v .

Similarly , during the ebb cy cl e later in the day, the downstream average

was 32’ (V = l . 11m 1 ) with a max i mum range of 4~ (East station during ebb)

and the ups t ream average was 35~ (V = l .U5m~~) with a range of only 1°c .

In a ll 5 minute sampling periods , the trausmissometer was approximatel y 1

meter off the bottom . The average flow during the flood sampling period

( 0 93 ( 1  to 1011) was approximatel y 17 cm/sec and approximately 4 ( 1 cm/sec

during the ebb in the afternoon . 

~~--- --- . - 
a
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5 . Curr ent s

a . l u  icr ian Current ~leasurenent s

~t , is t  ol4- ~e 1’V ;it ions of the currents in the New London t)ump Site have been

made from 3 mut er s’th-surface arrays moored close to the Center l~uoy (Fig.

it . bust ’  results hat-c been presented graphicall y as Last/West (u) and

North/South ( v )  components of the f low averaged over 15 minutes in past

quarterl y reports.

l)ecember 11 , 1974 .

In order to standardize the results , interpolations in t ime of the East /West

and North/South velocity components were made for the respective values at

the time oi hi gh water at New London and at -6 hours to +6 hours around

this time . The time of hi gh water ‘..as obtained from the “Fide Tables , High

t~ Low Water Predictions , East Coast of North and South America” published

by the U.S . I)epartment of Commerce , National Ocean Survey/NOAA for the years

1974 through 1976. These hourly velocity components relative to the time

~f high water (liST) at New London were then time averaged and in effect

filtered seasonal differences , diurnal inequalities , and wind effects. The

result is an estimate of the average half-lunar day currents at the dump

sit e. ‘t hese averages are tabulated in Table 9, and shown in Figure 5 for

surface (4m) , mid-dep th (lOm) , and bottom flow (l7m) . 

—‘- - -‘ —— -‘ - -
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Table 9. A ver ag e hourly Last / West  ( u )  and North/South Iv)vel ocities
relat ive to the time of lii gh Water at New London .

Surface Mid-depth Bottom
(4m) (lOm) (l7m ) -

Time 
_ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _

-5 hours 23~j4,~~7.O 12 .9 -0 .4 1 .8 4.2

__________ 
5.1 -3.7_

-
_ -7.1_

-__2.2__-16 .9 7.6

-3 “ -17.8 , 2 .1 -34.9 15.0 -34 .2 12.7
1

-2 “ -2 l .5~ 12 .6 -32. 5 26. 6 —28 .4 13. 4

-l hour -9.fl 7.5 
- 
-3.9 15.2 -9.0 

- 
8.9

l l i gh Water 0.61 -8.5 7.7 -3 .2 2.4 2.4

+1 hour 7.8~ -20.9 19.2 -16.5 13 .6 -3.1

+2 hours 18 .o:-21 .3 34.7 -24.8 31 .2 -10.7

+3 “ 48 .1 -15 .2 
- 
54.8 —18.6 

- 
38.1 -10.0

* 
64.1 1.6 59.5 -1 .1 

- 
36.2 -6.7

56 .6 , -5 .1 55. 4 2 .7  
- 

31 .0 
- 

2 .6

- + 6 ” 
- 

37.8 -9.8 -13 .7 
- 

-1. 2 24 .3 3. 5

~ Ave rage 17 .7 -5.6 17 .4 -0.3 7.8 2.1

As can be noted in Figure 5, the v-component of the velocity changes

direction (sign) from south to north (positive) at hour 4 during the ebb

cycle. This feature is detectable in nearly all of the current meter

observations , in some cases more dramaticall y so than in others . This

means that 4 hours after the time of high water at New London , the ebb

flow changes direction from the southeast quadrant to the northeast 

—-—--- ------— ---------~~ ——- - - - - -  - ‘ A
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quadrant . In the bottom layer , this change in direction occurs at hour 5.

From these averages , the time of slack water and ebb flow beg ins , is

clo se to the time of high water , It; slack , flood beg ins is approximately 4

hours earlier than high water (-4 hours) at the surface and mid-depth ,

and 5 hours earlier at the bottom . The duration of the flood is also

greater by approximately 1 hour in the bottom layer . Maximum flood

velocities occur approximately 3 hours earlier than high water at the

bottom , and 2 hours earlier at the surface and mid-depth. Maximum ebb

occurs -1 hours after high water at both the surface and mid-depth and

3 hours after at the bottom .

‘l’he average velocity components in Table 9 have also been plotted

as hour ly vectors from a common ori gin as shown in Figure 6. Resultant

vectors for each depth appear directly beneath their corresponding 12

hourly vectors. North is parallel to the border toward the top of the

page . Note the short duration of the flood cycle ; for the surface , the

flood flow involves only hours -3 to -1 , and -4 to -l at mid-depth and

bottom . The magnitude of the floo-l is also greater at mid-depth and

bottom than at the surface. The resultant flow , that is , the net flow ,

is SI for the surface , E at mid-depth , and N h at the bottom ; a cyclonic

rotation with depth.

Maximum speeds based on 15 mm averages have been tabulated in Table 10.

It can be seen that the highes t speeds occur during the ebb in t he

surface lay er as would be expected ; the values range from a maximum
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Figure 6: Polar diagram of average hourly velocities relative to the time of
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flow for each layer is direc tly beneath the respective polar diagram.

.1
________ ________________________________ — — — — —_— ~~~~~~~~~



c-26

Fable 10. Maximum observed velocities over 15 minute averages in
cm/sec 1 .

_______ 
Surface Mid-depth Bottom

Date Flood Ebb Flood Ebb Flood Ebb

51.4 77. 6 59.0 74.0 47.5 47.5

11 SeJ) 74~ 25 .1 73 5* 41.3 46.1* 30.0 28.3*

11 Dcc 74 - 86 . 4* - 80.2* - 51 2*

28 Feb 75~ - 100.0 - 
- 

59.3 - 
- 

61. 1

6 Mar 75’ - 70.8 -
— 

49.0 - 
- 

33. 6

2(1 May 75 19.1 92.0 0 
- 

0 41.8 50.3

21 May 75 56. -I - - - 40.5 56.6

9 Jul 75 — 
I — — — — 

- 
45 .1

17 Jul 7 5 -  — — — — — 51.5*

- 
22 Jul 75 - 7 (1 .5 - 66.5 - 48 .9

25 A~~ _,5 37.1 77 . 
* 

44.3 71.9 
- 

33 .1 44 .0

26 Au~ 75 25.0 7(1.7 
-
~~~ -10 .2 

- 
66 .7 38 .0 41.9

16 Sep 75 19.3* 
• 

65.9* 
- 

36.4* 75.1* 
- 

37 .1* 
- 

48.8*

8 Oct 75 - 81.5 
- 

- 64 . 9  - 

* 
59. 4

23 Oct 75 - - - - - 
— 

45.8**

4 l)ec 75 52. 3 65. -I 52 .~ - 
69.4 - 49.-i 56.2

5 Dcc 75 3 1.3  60.8 51.9 - 61.7 - 45.3 . 54 .9

9 Feb 76 - 41.5 
- 

- — 
- — 

36.4 
- 

-

- 
1(1 Feb 76 3 1 . 2  - 82.3 — — 34.3 - 37 .4

11 Feb 76 43.1 58,4 
- 

- - 
- 

4 3.9 
- 

34.0

12 hub 76 i-1 .() 82.8 — - - 40.2 - 33.5 —

Incomplete tidal cycle - not representi ng maximum tidal flow

** Average of 3 bottom mounted meters in dump site

4
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of 100 cm/sec to a minimum of 41.5 cm/sec . It should be borne in mind

that tidal currents in the Race can vary as much as 48’~, in one month

due to spring and neap tides , and as much as 57°c over the period of

a year. ‘I’herefore , the relative range of 58.5~, is not out of line

considering also the added influence of winds. The range for the

flood in the surface layer ranges from a maximum of 52.3 cm/sec to

a minimum of 19.3 cm/sec , althoug h the latter was not part of a com-

plete flood cycle. Lowest speeds were encountered in the bottom layer ,

also as would be expected . In this layer , the difference between flood

and ebb speeds are much less as compared to the differences observed

in the surface and there are a few instances where the maximum flood

speed was greater than the corresponding maximum ebb speed . i’hc

average flood speed in the bottom layer was 40.9 cm/sec , and the

average ebb speed was 47.0 cm/sec . For comparison , the average dif-

ference between corresponding maximum flood and ebb speeds was 34 .3

cm/sec in the surface layer , but onl y 3.5 cm/sec in the bottom layer ,

almost an order of magnitude smaller .

h. I~agrang ian Current Measurements

Four Lagrang ian current measurements were attempted using current

crosses with a cross sectional area of l .672m2 (18 ft 2) as drogues planted

in the surface and bottom layer . The purpose was to find the path of a

hypothetical volume of water and its terminus at the end of the tidal cycle.

Resul ts  of these 4 experiments are shown in ‘Fable 11. The first column shows 

-~~~ ——— -—~~~-— — - - — -
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the I ) I p r ) Ix l ma t e  St ; i~~ t’ of t he tid e rel It ivi’ to the dump s i te  area during

which the drogues wu1’~ ’ launched ; the ‘ uc *> nd column g ives the date of the

ex periments ( la rge ly  confined to the warmer months because the drogues

were tracked by small outboard motor boats) , the time of launching relative

t o  l~~l ~75th “l€ -r ijiar, ‘Fine ) in thu 3rd column , and the time relat i vu to

t he’ rearest t ime of hi gh w a t  ur at \ ‘ w  l ondon in the -It h column , fol lowed by

the duration of ’ each t r a c k i n g  experiment  , t he iv i-rage speed c a l c u l a t e d

( ron t he ra t io  ot the t o t a l  di s tance  t r av e l e d  to  the durat ion , and the

ter~’Ii n u -~ or end point of  t he ex pe r im e n t  . Hand—h eld bean ag compasses were

u~~’d t o  oht - t i n  v i  -~
u- t  I b et i- i ngs of nearb o b j  ec t s  as the means of navi gation

coot i’oI

Plots of the drogue tracks are shown in I igures 7 through 10 . l’he longest

di’~ta nces t r a ve l e d  and the hi ghest av e rage speeds were by the drogues launched

during the beg inning of thu flood (5 August 197-1) and the beg inning of the

ebb (22 .Ju ly 1975) .  l)uring the flood , the drogues accelerated rap i d l y’ ,

particularl y’ near Bartlett Reef. Simi larly, during the ebb , the drogues

accelerated rapidly when near ‘t he Race . In either case , maximum speeds were

encountered when out of the dump site area . Drogues l aunched during the

per iod of maximum flow remained in the genera l dump site area ex~)erieflcin g

low speeds and consequently shorter distances traveled . It is interesting

to note (Fi g. 9 and 10) that the surface drogues launched at maximum flood

and ebb ended wi thin 2 kilometers of the same position . The difference in

tot al travel t ime between the 2 drogues was only 1/2 hour; the winds during
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he s~’pt . 1’ t h e ‘~ pe ri mei~t w ere f rom t lie sout hea St at 5 t o  1(1 mph , wher eas

on O c t  . 5th  t h e y ~~ei’e we s t — n o r t h w e s t  at ill to 15 mph.

I w o  dro ie’ experiments (11 Sept - 197-I and ( ~Ia r . 1975) were also performed

in the wake  of a discharg ing barge. I)rogue depths were 2m (surface and

lSm (bottom) . I~csults front the water qualit y measurements arc covered

elseidiere . The av erage speed of the surface drogue during the Sept . 11th

ex per iment w as 1-1 .0 cm/sec ; for the bottom drogue , the ave r a ge  spee d was

on ly 9. 0 cm/sec . Both drogues remained in the dump site area ; the total

distance traveled by’ the bottom drogue WaS 550m and -120m by the surface

droguc . In the second experiment on Mar. 0th , the ;Iveragi- speeds were

57.3 cm/ste and 13 .3 cm/sec lilr surface and bottom drogues respectivel y.

I.ven ~ ith these hi gher speeds , the drogues remained in the dump s i t e

area over the samp ling period .

‘t he results from surface and bottom drifter releases at the Center Buoy

are  shown in Fi gures 11 and 12. ‘l’he total number  of surf ’ace drift ers
launched Was 93 and as seen in the i I ) s ( I t  table in I:i gure 1] , the total

r , , i i , U r ur of returns was 18 , or 1 9 .  On lv 1 drifter wit s found to the w es t

of the dump site in l ong Island Sound (area 51% ) . Por the et t oni drifters ,

U total of 89 were launched and 5)? returned as of June  3? ) , 1 970 , or 50,

recovery . As seen in Fi gure 12 , th e n~aio r part of the returns here from

the Connect i cut shore to the w e st of t he dump site a i’ea (35 dr i f ters )  as

compa I’l l to 15 from the shores III long Is  l a u d .  ‘t hat is , of t he re t u rns ,
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were from the north side of l.ong Island Sound (Connecticut shore)

and 3?I , from the south side of the Sound (Long Island shore). So bottom

returns were from outside of Long Island Sound.

I. ‘rransjmrt Calculations

Water qualit y parameters , particularl y temperature , salinity’ , and suspended

solids , were obtained in a quasi-synoptic fashion at the -I corner stations ,

Ni , I I , Si , and Id , and at the (:enter Buoy, CB (see Fi gure 1), with the

purpose of estimating the transport of ’ these properties through the dump

si te.  The experiment was performed during an ebb tida l cycle on December

- 1 , 1975 , and repeated during the flood cycle on I)ecemb er 5 . ‘l’he sampling

routine during the ebb tidal cycle was  Si , CB and Ni ; then , t~1 , CB , and Idi .

‘this sequence was then repeated . On the following day during a flood tidal

c y c l e , the sampling sequence was 51 , CB , and Si ;  then , IdI , CB , and El. ‘I’his

sequence was also repeated .

‘t he data thus obtained were then interpolated in time to correspond to

concom ittant current meter data at hourl y- (lunar) increments. Interpola-

tions in the vertical direction were made from these tempora l values

that corresponded to depth for which the volume (water) transport was

calculated ; the product of the concentration of the water quality parameter

and the volume transport yields the mass transport as defined here . ‘l’he

vo lume transport was calculated from the product of the area on a transect

between isota chs per unit width. i’hat is , isotachs were plotted for each

_____  
Ft
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transect by’ lunar hour , and the area between iso tac hs determined by

numerical i n t eg r a t i o n ; the  mean velocity of the 2 isotach s was used

in the product.

‘t he results of these computations are tabulated in ‘l’ able 12a. N e g a t i v e

va lues  on the Last/West transect define a transport t~~ the wes t  while

negative values on the North/South transect refer to transport t o  the

south. A :ero means the value was below ± (1 .5. Hi ghest transport values

occur during the ebb tidal cycle where hi ghest velocities and largest Jura-

tic-ns 511-  oLtained . Transport is to the south at the beqinnincj of the oLE

c y c l e , is north during lunar hour 4 (1335) and changes to the south

again during the last stage of the ebb cycle at 1457 (hour 5) -

A similar experiment was performed on 10 February 1970 . ‘I’he results from

this cruise are tabulated in table 12b. ‘this experiment was terminated

before the last station was made due to the onset of extreme weather con-

dit ions. Values are slightly lower in comparison t o  the December data and

reflect in part the lower salinities and temperatures for that time of

the year (winter).

l)ISCUSSION

‘I’he long-term effect of disposing of dredge spoil material was not expected

to significantly alter existing temperature distributions either spatially

or temporally, hut may affect short-term salinit y distributions in the

immediate area of the dumping due to the dcf’init ion of ‘ salinit y’ .” Never-

theless , ofle would not look to sal init v , or t emperature as indicators of

possible changes in a disposal area .

_ _ _ _ _  - .  -__
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l enperature measurements made through the year show no unusual deviation

from historical data acquired at I’lum Island a few miles south. Tn fact ,

the annual average temperature for the surface waters at the dump site

found by’ averaging the values in the last column of Table 2a was 12 .0°C ,

in agreement ~ith the annual average reported by Garvine (1.17-I ) for

eastern Long Island Sound . The corresponding average annual surface salinity

was 29°/~~ as compared to the value of 28 °/~~ reported by Garvine. The

difference can he attributed to the proximity of the New London Dump Site

to  ‘l’he Race and the higher salinity waters of Block Island Sound .

Of a more practical concern , however , is the resulting stability of the

water column which is a function of temperature and salinity. A very

simple estimate of the vert ical stabil ity, Ii , for shallow waters can be calcu-

lated from the vertical gradient of 
~t 

(Sverdrup , Johnson , and Fleming, 1942,

pg. 417) ,  i.e.,

L(l(Y8) = (AG t /AZ) x l0’~

where AGt is the difference between the surface and bottom values of U~

and (~ i s  the depth in meters and taken as 17m for an average . Positive

values of Ii sign i fy a stable water column with less dense water over l y ing

denser water whereas negative values indicate an unstable density strati-

fication . Table 13 shows the results of applying the approximation above

to the data in Tables 2a and h. As seen in the table , all values are

p ositive , indic ating stability, albeit weak , in comparison to very stable

va lues in the New York Bight (llollman f~ Meguire , 1973) where an average
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value for September was 200 for examp le. In the hi ght area , however , the

s tab i l i ty  is probably more temperature dependent t han in Long Island Sound .

Table 13. Estimated stability’ criteria , I , for the i o tt e r  column
calculated from the data in ‘l’ahles 2a and 211 and usin g
an average depth of l7m .

Month x I ~~~~

Feb —
~~

Mar 4()

May 79
--4----— - -

Jul 31

Au~ 43

I 
Sep ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Dec 05

Observed transmissivity i n coas ta l  waters is si gnificantl y influenced

by terri genous material resulting f~’om land drainage and biological

processes such as plankton blooms. ‘t herefore , a hi gh degree of natural

variability is to he expected in the transmissi vity ’ of coastal or estuarine

waters as compared to oceanic waters. Since transmissivity is path length

dependent , results and discussions will center around the calculated beam

attenuation coefficient , ~~~, with the units per meter (see Definitions) .

The monthly average beam attenuation coefficients presented in Table 3

arc a fairly good representation of “background” values for the New

London l~ump Site area, noting however , that large deviations can occur
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due to natural causes such as unusual p lankton blooms or heavy runoff

from the land , all of which depend upon external influences. Values are

high in late summer in agreement with an annual distribution for extinction

coefficients reported by Duxbury (1971 , ‘l’able 8.2). Another secondary

maximum would be expected in late spring.

In general , the beam attenuation coefficient , ~~~, increases with depth as

can he not ed in Table 3. This increase with depth can be attributed to

turbulence effected by the bottom tidal currents and leading to a resuspension

of the bottom material. This causes a decrease in bottom transmittance and

thereby increases the value of I~ (Jerlov , 1963 and also Gordon , 1974).

Relative spatial variability is of the order of 20°~ (maximum observed was

20’) as determined from the horizontal transmissometer tows (l’able 4);

here the estimate was calculated from the ratio of twice the standard

deviation divided by the mean , or twice the coefficient of variation .

Relative temporal variations were of the order of lO’ . or less , calcu-

lated in a similar fashion from the data of July 17 , 1975. Gordon (1974)

also reported that the change in turbidity of the water column is small

over a tidal cycle.

Gordon ( 1974) made a study of the dispersion of dredge spoil material

in centra l Long Island Sound . h is  observations show that there is an

outward spreading density cloud produced by the impact of the discharged

m ater i al with the bottom and the figures shown by Gordon are similar to
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I :iglIrt~ -I of this report . ‘t he variations with time indicate that there

may he more than one outward spreading density cloud produced althoug h

not of equa l turbidity. (;ordon found that the initial horizontal spreading

of this den.~ity cloud or bottom surge , was about l2m/min.

-\ virtual velocity vector 
~~~~~~ 

can be defined for this density cloud such

th at

Rc RA RB

where RA is the velocity of this cloud derived from the observed time

required for the cloud to reac h the transmissometer , and , RB is the

mean bottom current velocity over the time period calculated from

current meter data. l’he distance and direction of the discharging barge

relat i ve to the fixed transmissometer were known . In effect , RA is the

resultant velocity between the mean bottom current , i~~, and the virtua l
_s -~~velocity’ , Rc, of the cloud itself. Values for the speed component of Rc

are tabulated in Table 14. Directions of the virtual density’ cloud

vectors have been omitted s ince for a radially outward moving cloud ,

the direction depends upon the relative position of the discharg ing

barge and the transmissometer .

The average of all 8 speeds listed in Table 14 is l6.4m/min and includes

of necessity, the downward flow as well as the outward flow. Variations

in speeds , particularly for the 2 downstream cases may in part be due

to the type of material being discharged , i.e., whether rocks , sand ,
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s r f ine c l a y s , and t o  differences in the bottom currents at the t ime .

lor example , the mean bottom speed for the May’ 20th experiment was

a pprox inat e tv  lOm /min and 22m/ min during the Jul y 9t h experiment , an

increase in speed of approximatel y 38’~ while the corresponding increase

in speed of the virtua l density cloud velocit y was 31~~.

tab le  14 . the speed of the virtual velocities , Rc, of the various
density cloud s shown in Fi gure 4 ca lculated from the
di f ference between the observed velocity of the cloud
and the average bottom currents over the time period .
The average of all 8 listed speeds is lO.4m /min.

Approx. T Speed
Date Cloud No . Tine (rn/mm )

2(1 May’ 1975 - 1 11-1 1) 13 .0
!lu~ i s t  rea m
Monitor ing 2 1151 13 .8

21 May 1975 1 1211 ) 18 .4
- lJpstream I

Monitorin g I 2 1212 
- 

17 .5

- — *  
3 

—— 
122 (1 15 .5

9 July 1975 1 1253 1 (1 .4
I I)ownstream
Monitoring 2 

— 
1250 17 .o

_______ 
3 1301) 

- - 
l~~.8

Linear correlat ions were calculated between the beam attenuation co-

ef f ic ient , C , and concomitant values for total suspe nded part id es as

determined by the New York Ocean Science Laboratory chemical oceanography

group. 1 - or a l l  the pa i rs  of data that were close in time land at the same
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stat ion) , the cor re lat ion was 18 .5’ . ‘t’hi s excludes surface values because

of possible contamination from the atmosp here (dust) and the possibi lty ’

of natural li ght leaking into the transmissoneter , particularl y’ when

emp loYing the 0.lm path length. This correlation was found to he si gni-

ficant at the 97.5°c fractile . Correlations run on the data by individual

cruises ranged in value from -22~ up to 8 4 , . ‘I’ransnissivity is related

t o  to ta l  suspended part ic les in the water column; thus the comparat ively

hi gh significance associated with the low correlation ; this problem

probably’ relates to particle size for as pointed out by’ Clarke l~ James

(1939) even careful filtering of coastal waters will not remove the

colloida l material. It is probabl y this small diameter colloidal material

that is absorbing much of the li ght energy particularl y as short have

lengths ( Ierlov , 1968). llarlett 1 Kuhn (1973), in their study’ did not

attempt to cal ibrate their transmissometer in term s of suspended particle

concentration since “differences in particle size distribution make this

impossible. ” ‘[‘herefore , further attempts to draw quantitative conclusions

about suspended particle concentrations based on transnissometer observa-

tions would he only suspect and were not attempted .

A Fourier analysis was made of the hourly average Luleria n velocity com-

ponents tabulated in Table 9. The results are tabulated in ‘Fable 15 where

the tidal cycle period runs from -5 through +6 hours , a total of 12 lunar

hours . The column labeled C 1 is the amplitude in cm/sec of the fir st

harmonic with a 12 hour period ; the column labeled c1 is the phase ang le
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in hours relat ive t o  the start of the cycle at —5 hours; and ~-V is the

percent of the total  variance of the data accounted for by the harmonic

in I4Uc’5t Ion.

ab l e  15. Results of a Fourier anal ys i s  of composi te data for current
meters at the Center Buoy starting at - . hr~ through +0 hrs
or the time of hi gh tide at New London .

-_
Depth V C1 

~ 
‘

u 38.0 10.302 95
Surface

- 
v 

- 
9.2 

- 
2 . $92 

- 
4 2

- u -43 .5 9.806 95
Mi d—dep th  -—___________________________________

v l 5.~
) 2 .90 5 (

~

u 33 .8 9.547 90
Bottom -— ________________________________

10 .5 2 .9 08 89

~s is apparent from the table , the doln i nant velocity component as

represented by the amp litude , C 1 , is the u—component (I a s t  / c e s t  ) . ‘l’he

v-com ponent is oniy 2-1 -~ of the magnitude of the u-component at the sur-

l’ac ’ , ~ - a t  mid -depth , and 3l~ at  the bottom . ‘t his small increase in

th e r e l a t i v e  magn itude of the v—component w i t h  depth indicates that the

-wI - surface tidal currents are oriented more North/South than i s  the - 
-

- - (in ICC current. This can also be noted in the net-flows shown in

I i gure 6 , where the mid -depth and bottom flows are progressivel y

more to the north (cyclonic rotation).

‘t he first harmonic account for 95’ or more of the total record variance
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for the u— com p llnent at i ll 3 levels , or , in other i’.ords , the u —c I I mj s o  ‘u t

i s  periodic w i t h  a period of 12 hours. For the v—component , hoi~evei’ , the

second harmonic with a 0 hour period dominates in the surface account ing

for 52’ of the variance as compared to I 2’~ for the fi u’st harmonic I lab ] c’ IS)

‘there fore , there ire two dom i mint maxima in the v—component , i . e . , a

n o r t h e r l y ’  floi~ must occur twice in the tidal cycle , hence , must occur during

the ebb as we! 1 is during the flood . ‘Ibis is also readi lv o bserved in the

current meter p lo ts  (A ppendix) where a shift in v from south to north

occ urs approximately mid— way through the ebb cyc le .  In the hourl y lver ; Iges

this occurs during hour -I (‘or the surf ac e and mid-depth and during hour

S for the ho’ t o r n  and can be seen as a small increase o f 0.0Th hours in

t he phase ang le (c) with depth.

-\n increase of ((.755 hours (45 minut es) w i th depth a iso occurs in the

phase ang le for the u—component . Thus , the max imuin value for u I peak

current) occurs 5.3(12 hours (‘cli ow i n g  t he time o f hi gh water at \ei~

London at the surface , - 1 .800 hours at mid—depth , and - 1 .517 hours ,i~ the

bottom . ‘t hat is , events such a s maximum f l ow and s lack , occur earl icr

at the bottom than at t lie surface

‘the average currents can readi I 
~ 

he model led for each (It the 12 hours

from the fol lowing eqIl;it ions where t=l corresponds to —5 I. ’IIII rS , t=  2

to -4 hrs ,... , t = 0 corresponds to I! , e t c . ,

Surface u( t )  = 17 . 7 + 38 .0 dos r/ b (t - 10 .302)
(‘liii )

v ( t )  = — 5 .6 + 9. 2 cos n/h ( t  — 2 . 8 9 2 ) + l0 .2 cos it/S (t—- J .30.I)



“ l i d— d e p t h  u(t I = V . I + - 43 .5 cos 11/11 ( t — 9 . ~~H0)

( I o n )
v I t I = -0 .3 + 15 .9 Cos i / b  ( t  — 2 .903 + 12 . ( 4 cos 7r/ (~ (t- I . 4 7 7 )

Rot tOl l u(t) 7.5 + 33 .5 cos TI/b (t —0 .547 I
(I 7i’i )

v (t) = 2 .1 + 10 .5 C O S  Tr/6 ( t - 2 .968 ) =3 .2 cos ;/3 ( t - 4 .$ 9 ( j .

Ihese rec tangu lar  components can be readil y converted t o  polar coordinates

ii u’ I~uiLh the defin it ions , v i

R( t )  - [ u ( t ) 2 + v ( t ) 2
]~~~~~

2

and
0 = arc tangent v lt)/ u (t I

i5heu ’ e R is the speed (cm/see) of the current in the direction , 0 . ‘I’hus , the

aver age cuiu ’rent ‘- barring aiu y ’ unusua l i’.eather phenomenon , can be readi ly pro—

dicted from the above e~~ 1i;,t ions knoi’~-i ng the t iune of hi gh wat ci’ . This time

cou’respouids t o  si,’tt in t = (I if l  the above equations; any other t ime is easil y’

found h~ simply ;iddi ng oi’ subtracting the appropriate hours. For examp le ,

if hi gh eiti’ r occurs at 1302 hrs , and the flow 5 hours prior is desired ,

tIn,’ ii s e t t i n g  t = 1 and solving the above equat ions i l l  y ield t he needed

va lu e s  re la t ive to ( ( S ( ) 2  hrs on that day .  Solut ions to the above equations

are tabul ated in Table lb .

- l hat the second harmonic , 01’ 0 hour period , is the dominant factor fill’ the

v—compon ent at the surface can be seen from the fact that the second ampli —

t ude is greater by nearly l((’ (9. 2 compared to 10 . 2)
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a lili ,’ l b . I hi- c’et ic;il celtIc it i .‘s ha~ ed on Fourier ana lys i s  of i i  1 1
current meter obsei’v,i t ions from the New London I(ump S i t e
I’l l  It he to t ile t inc of hi gh loiter at Nei\ - l,ondon

- 
Sur face T~ Mid - i~~pth 

- _____  ____-

t NV ul t ) t
~

(
~~± J~L~~~~~t~ ~~( t )

1 -5 23.7 10 .3 1.3 .0 -2 .2 -0 . 2 5.6

2 -4 1 .1 -3 .() 
- 

-5 .1) 3.6 
- 

-15. 5 8.1)

3 
- 

-3 -11 .3 
- 

5.7 - 2 2 . 3 15. 8 -2-1 .6 11. 2

4 
- 

- 2  - l 9 .~3 
- 

11 .8 
- ~25. t9 23.5 _,725 .0 12 . 9

5 — ~ — 1 7 .8 0 .2 -17.8 17 .1 -16. 7 10 .3

H -o .2 -5 .2 -0 .1 -1. 4 
- 

— 1. S 3.2

7 1 11 .7 -2 (4 .1 21. 9 -19. 5 
- 

15. 7 -~~~~. 2

2 31.3 
- 

-21 .5 42 .9 -2-1 .7 31.0 -1(1.2

9 3 4 7 .2 
-
_ -12 .5 

- 
57.2 --13 .9 -40. 1 -9.7

10 1 53 .3 — 3 .6 00.8 — 3.2 -10. 0 
- 

— 5 .0

1 1 5  
- 
53.2 

— 
-2 .2 52 .8 2 .o 32 .2 0 .2

12 .4 1.7 
- 

— 7 .2 33 .3 0. 2 17.3 3 .5

Avcr aj~~~~~~~~~ .7 — 3 .9 17 .3 
— 

— 0.3 7.S 
— 

2 .1

‘NI , : Time relative to the t june of hi gh water at Ne’.., l ondon

The J,agrang ian measurements agree with t he av er age v e l o c it y  c o mp o n e n t s .  i’hc

flood conditions is shown in Figure 7 are close to hour - - 1 although the

av erage speed for the surface was grea ter by 2 . -I cm/Sec than the bottom

(‘I iF he 10) . The reversal in the flow from a southeast cond it ion at the

a i ir f a c e  to  a northea st conditi on at hour 1 is indicated in the path that
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~~~~~~~~~~~ 

1 , \ j I l I S s j  I ’ l~,’ explanat ion

I
’ i I h s n hour pci’ i od iii t i  - her I v i’ ml - -C  I i S ~ - : : , (  i und t ides and

~yert ides t i i t  re su lt when th e ‘ i d i t  i.,,i~~~ c i t cr5 c h a t  ho’.’. u t t e r , i. e ., Long

1st  and Sound . ‘mans ’ii I 1 ~I 1 I l ’ ’und s ign  i l i  c-oi 1 t’ner e’ in t Ii-  norther ly

co inpone l it  S at per iods ‘I : l J p r I I \i i~i I t e I~ ’ (1 ( ‘ I l l ’S in cur i - t - n t  f lj l ’ t  t i ’  data from

cent ra 1 Long Island Soiiiid

In line w i t h  th is observed reve rsa l  in the north/ so i it  h f lo’ .~ during the

ebb is the observation that not onl y io’rc the dominant return s of the

bot tom dr i fters from areas to the nort h and west  of the dump s i t e , but

that most of these w i re launched during an ebb c cle. ‘I’he drifter results ,

in general , agree ‘.‘,ith the previous results reported by’ t t as kaus kv ~~ - iL .

( 1972)  and hl ol Iman and Sandberg (1972)

‘t he results of the transport calculations show a similar effect. Althoug h

transport values on the c a s t / w e s t  transect are larger in absolute magn i-

tude during the ebb when the direction is to the t aut than during the

flood when the d i rec t ion  is westward (Tall” 12) , ~~i: would i c  eX~ CCtI - d , the

o p p o s i t e  appears to be the case for the nort ,/south transect. ‘t ransport

values on the north/south transect are larger in magnitude during the

flood than during the ebb . ‘t he dominant direction for the north/south

transport component is northward , or positive , during the flood , and of

lesser magnitude southward (negative), during the ebb . ‘t herefore , a net

transport northward exists.  In fact , the average northward transport of
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suspended solids (‘F 55 ) d u r i n g  the flood is almost a factor of 7 greater

than the average southerl y transport during the ebb. Similarly, the

average northerly transport of salt (‘t~~) during the flood is greater by

:i factor of 17 compa red to the average ebb transport to the south. ‘l’he

change in direction of the v-component of the velocity is also evident

in the north/south transport as would be expected . In Table 12a , at

1333 hrs on 0cc . 4, 1975 , the transport is positive , i.e. , northward

during this part of the ebh ,and reverts to the normal southerly direction

the next hour . To summari:e , the net transport was eastward along the

east/west transect , and northward along the north/south transect. It

must be emphasized that these average values are the hourly’ vectors ,

and therefore should not be expected to hold at any specific instant .

- - ~~~~~— — . —- ~~~~ ‘ ‘ -  - - — -- - -~~~ 4
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t emperature and sa l i n i ty ’  data from the Ne’.’, London t)ump Site area do

not show aiiy’ changes over the year of di sposa 1 operations that could he

attributed to either the disposal operation or the dredge spoil material.

9eam attenuation coefficients calculat ed from Lo uit i4 observ ations of

t ,’~insmissivit v are in general hig her near the bottom than at the surface

indicating that some scouring is taking p lace. ibis is observed throughout

the area and is not restricted to the dump site itself and is due to

the effect of turbulemce generated by tidal currents: however , sli ght

increases in the attenuation coefficient can he noted on the downstream

side of spoil mounds. The average speed of the turbidit y or density

cloud , resu lting from barge discharges was approximatel y l bm/miii .

\ rever sal from -i southeasterly’ ft ow to  a inure nol’t hea— t t’niv f l ow  approxi —

mutel y ’  mid— ’ . ’ . : i~ in the ebb tidal c y c l e  is apparent from observed c u r r e n t

m e t e r  re’ ’ou1t ,’~ oit,iiiied it the Center Buoy’. \ t’ c ’r’ . l t~ e hourly vel ocities

rcl: t ive to the t inc f predicted hi gh water a t  New London were calculat-,d

from current yet er oh’-— e r v a t  ions and used as a foundation for a predictive

model. he net (‘1111 ’ . , base I on an integration of observed data , was Sli at

the ‘~urf , ice , I- .-~t mid -dep th , and NI. near the bottom . I)rogue experiments

tend to c l I n t i  rm the current meter observat ions. Maximum transport was

in the Iast/ 1%e at direction with hi ghest values occurring during the ebb ;

for the North/South t ransport , higher values obtained during the flood

cycl e .
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The chemical oceanograp hy study of the New London Uump Site area was

des igned to detect and monitor the e f fec ts , if any , of the dumping

of dred ge spoils on chemical parameters in the disposal area and its

environs. The study may’ he divided into three aspects.

One part of the stud y involved the ‘.~ater quality of the area. ‘Fhe para-

meters studied were Eh , p11, tu rbidity’ , salinity, dissolved oxygen , and

suspended and volatile solids. Experiments were desi gi’ied to monitor the

parameters seasonally, and to observe their changes following actual

spoilings.

Another aspect of the stud y was the analysis of the sediments at , and in

the vicinity of the dump area. The parameters investigate d were : chemical

oxygen demand (COD), Kjeldah l nitrogen (K-N), total phosphorus, and the

metals : cadmium , copper , iron , lea d , nickel , zinc , and mercury . The pur-

pose of this study was to detect any spreading of the spoil mound or of

its components. 
—

The third part of the pro ject was desi gned to study the effect of dumping on

benthic organisms and the seston in the area . The parameters investi gated

here were the same as those for the sediment study with the exception of

COD.

- ‘—-— ~~~~~~~~~~~~~~~~~~~ - -  
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1’ater ~~a l i ty  Studies

Water samples for mid-depth and bottom anal ysis were collected using

Niskin samplers. I)epth of the samp les was determined by using a meter wheel

cable pulley w i th  corrections made for wire ang le. Surface samples were

collected by means of a pol~’ethylene bucket .

pH , E h , and turbidity of the samples were determined in the field. The

method used for ph is that described in the EPA manual (EPA , 1974). Eh

was determined with a platinum electrode in accordance with the ASTM

procedures for oxidation-reduction potentials of water (ASTM , 1974).

Turbidity was measured by means of a Itach Turbidimeter (Model 2100A) ,

following the manufacturer ’s instructions. Suspended solids were de-

termined using approximately two liters of water , filtered on board

the sampling vessel immediately upon collection . Detailed descriptions

of the method may be found in Standard Methods (APEIA , 1971). I) issolved

oxygen was determined by the Winkler method as described in the EPA

Manual (EPA , 1974). A Beckman Model #915 ‘I’otal Organic Carbon Analyzer

was used according to the manufact urer ’ s directions to obtain organic

content of the sa m ples. These sam ples were stored frozen , until analyzed .

Seston Samples

Seston samples were co l lec ted by towing  a 363(i mesh net with a 3/4

meter opening at three depths. The collected samples were then freeze-

dried , homogenized , and stored for ana lys is .

—— -- “ - _________________ ‘ - 4
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For a descri ption of digestion methods , see “Marine Pollution Monitoring ”

(1972). [)etermination of heavy metals was done by flame atomic absorbtion

spectroscopy . Mercury was analyzed r~ the f lameless method described in

Marine Pollution Monitoring, following an acid-perinanganate digestion .

A Perkin-Elmer Model #503 Atomic Absorbtion Spectrophotometer was used

for all metal determinations except for some early mercury determinations

which were analyzed on a Beckman Model #440 AA . Phosphorus was determined

on an aliquot of the heavy metal digestion following the procedure given

in Strickland (1968). Nitrogen was analyzed using an Orion Specific Ion

An~ onia Probe following a Kjeldahl di gestion , as described in the EPA

manual (1974).

Sediment Samples

Sediment samples were collected by the Sandy Hook Marine Laboratory

as described in a previous section . The samples were stored and transported

to Montauk frozen . tipon receiving the samples , they were thawed , homogenized ,

and a portion of the wet sample refrozen and held for COD analysis. The

remainder of the sample was air dried at 60°C , sieved through a 2mm non-

metallic screen and held for determination of acid soluble metals , tota l

phosphoru s and Kje ldah l nitrogen .

COD determinations were performed as described in “Standard Methods ”

(APIIA , 1971). Sediments for heavy metal analysis were acid extracted with

4M 0N03-O’,7M HC 1 as described by Oliver (1973), and determined by flame

-- - - - - - - - - ‘___________ —— - ‘— — - 4 J
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atomic absorbt ion spectr o scop y as described above. The determination

of Hg was performed by flamel esc AA after an acid-permanganate extraction .

Phosphorus was determined as described hy Strickland (1968) after total

digest ion (Marine Pollution Monitoring, 1972). Samples were digested

for the nitrogen determination by the Kjeldahl method (EPA , 1974).

Benthic Organisms

Samples of henthic organisms were collected by the Sandy Hook Marine

Laboratory as described previously. These were stored frozen .

The specimens were freeze dried individually and , depending on their size ,

they were either combined , analyzed individuall y, or divided for multi ple

analyses after homogenization . ‘I’he samples were digested and analyzed

as described above for the seston samp les.

Sampling Stati ons

Sampling station s for the water quality and seston studies are shown

in Fi gure 1. Their coordinates are given in Table 1, ‘I’he stations

for sediment and benthic sampling are shown in Figure 2.

RESULTS

Areal Survey of Water Qualit y

Periodic surveys of the water at the dump s i te  and its vicinity (see

Figure 1 for sampling stations) were carried out for these parameters :

d issolved oxygen , sus pended and volat i le sol ids , phi , Eb , turbidity, and
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organ ic carbon . ‘I’hcse ,i real suiv ’- :s w e r e  -Je signed t o  deto - t any di f—

ferences in the pa ramet ’ - r -  as a f un :t ion of d ist - iri ~ f’r e the dum p s i te .

Fhev w ere  per fo rmed as ,svm pt i cal  lv :is poss ib le  under a var iet  of tidal

m d  s e t  501101 condi t i otis

In general the parameters showed no trends w i t h  re -~pect t i  location rel— ~-

tive to the center s tat ion . There ire var iatIo ns between sampling cruises

as shown in Tables 2 through 7 and Fi gures 3 through 8. These varia-

tions are apparently seasonal i- ~ demonstrated by a comparison with 1974

~ i’1 1975 data.

~1ean dissolved oxygen values (Fi g. ~ ) ranged from about So to 1O0~

saturation . \\VH( f A5O (1973) reported dissolved oxy~tcn values rang ing

from 5 )  . 5 to 47 .-1~ for b month avm’ras e— c in wat ers in t he \es I.ondon area

in 1972 . Seasonal changes were not lot ed , however.

No spatial v i r  i at ions appear consist t i i t  ly in the value of suspended

sol ids in the dump area and adiacent waters; however , var iat  ions occurred

-,-cr the cot rI area on a seasonal basis. Value s appear to he somewhat

hi gher during the winter months. Si- peod ed solids ire often hi gher in

the bottom waters than in the upper wat e i s (Tal)11 1 and i i pure 4 )

this observation , is well as the general magnitude of the results , ire

consistent with data reported by Bohien (1975) .

Turbidity values (‘Fable ~ and F i~ ire S ) are also generall y, hut not 

- - — - ‘ ~~~~~~~~~~~~~~~~~~~ -‘ S 
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alwa ys , hig he’r is  the s a t C ’ r  dep th increase’— , The ~
;eason:i 1 changes u i ~

~u r h i d i t v , } i I ’ ~~ev e r . do not a l w a v - ;  1 l w  the - I l I~~~ 4 - - 5  in  suspended  S) ) l i d S .

‘Ibi s muc t r e f l e c t  th e t a c t  t h a t  the  - -u- I i d e  size and n a t u r e  of  suspended

m a t t e r  h a v e  l a r g e  ) - f t C - ~ tS upon t h e  Opt ~ C O  1 q u a l i t y  1) 1 t he  w a t e r  whi  11’

s u s p e l i i 4 - d  s o l o  115 depend u n i v  on mass r e t a i n e d  by t h e  1 1 t e r .

V o l a t i l e  s o l i d s  a l s o  show a seasonal  variation e x e r t - -) ed is p e r c e n t  t o t a ~

sol i d s , w h i c h  are t h e  r ev e r s e  of t h a t  sh own b y su spended  s o l i d s .  ‘rhi s

may be due t t h e  e l e v a t e d  p h y t op l an ~. t I I n  l e v e l s  w h i c h  are present  in

t h e  s u m m e r  m o n t h s .

The Wov e  r e s u l t s  m d  C f  I ’ t h a t  t h e r e  is  no n o t  i c eab  1 e effect I I I  t h e  w a t e r

quality due to  t h e  dum p ar e a

I h e r e  w e r e  e x c e p t  i o n - ; t o  t I e  g e n e r a l  l i t  i l l  t h a t  t h e  v a lues  of t h e  para-

m e t e r s  showed no si g n i f i c a n t  v a r i a l  ion  over ho i i i lj I i  in)~ a n t -;) - 01) ‘- s I f t

11 , I ~17-2 di s so I ved I l x v g e r o  v a l u e s  w i - s t  i f  ho-  en t ca l  I0iov ranged  b e t w e e n

~~- I and ~9~- of saturat ion w h i l e  it  and to t h e  ea s t  of t h i s  hues  t h e  c o n —

c t - n t  r a t  j ) I J i $  w e re  b et w e e n  71 and 53 ~- of ‘-- a t  u r ; i t  ion . S i m i l a r  van - i t ions

were no t oh ;;erv ed at at  her t im es  , and I I f  he r  s I  c h I e f  er s d i d  not  v i  ry  in

an a n a l o g o u s  f a s h i o n  a t  t h a t  d a t e .

Hro~ ue Studies of kesuspension

I. xI)erlments we r e io.’rtormed to study the e f f e c t  upon the value of t h e

parameters in the water column a’- t h e  w a t e r  passes ov e r  t he  dump a rea .

t rogues , at two levt- I S , w e r e 04 ’ 4 ’d in  t h e  w a t e r  when or before  it

________  —~~~~ -~~~~~~~ ‘--~~~~~ - --- - - -  - r_ r~ s “ -
~~ ,~~_
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p i s s e d  o . I- r I lie dum p i r l -; I . -l a l m I s l e s  we re  d rawn  at t h e  drogues at a number

11 )  time i n t e i - ~ a 1s  u p  t o  ;i f e w  h o u r s .  \ u’ ;i i n , it was o b s e rv e d  t h a t  t he

v i  h u e s  of t h e  p a r am e t  l ’r :  i n  t h e  w a t e r  were  u n a f f e c t e d  by t h e  p a s s a g e  of

t h e  w a t e r  l i v e r  t h e  dum p area . Hence , flu re 1~l i - ; p en~; on i f  spoi l  w a s

$ 5 1 1 I $ w s ;  b y t h e s e  1 - \ p e r i m ’ n t  s . These stu d i  es were performed on v a r i o u s

~~~ t h a t  a l l  flow condit ions we-re samp l ed , wi t h e r iph a s i s  on

% S C .\ 1 1) 1) 5 1  current vel ocities.

In  Sep t  . 197-1 and s tarch  I q75 , drogues  w e r e p laced in t he w a t e r  at

two d e p t h s  i mmcd i ; i t e  1 y a f t e r  a dump occur red  at the spo i l  dump ing l o —

c ; i t  l u l l .  i m ç l l $ ’ S  of t h e  w a t e r  i t  t he  d ropues  w e r e  t h e n  t a k e n  is a

f u nc t  ion of i r ’ ui- . T h i s  r uth- p e r m i t s  t h e  Il - t e r m in al  i on  of  t h e  t i m e

n eed e d  f r  he f - ; i r a m t - t  e l ’- i n  t h e  s p o i l  p l ine t o  r e t u r n  to back g n - u u n i .

I I I -  w a t e r  co lumn p ar ame t  I S S  most  a f t  e c t  i d  h ,i J I l O J I  w e - r e  d i s s o l v e d  o x e —

suspended  s o l i d s  and t u r b i d i  t e . I n  ~he f i r -  t o f  t hese  e t p I - I l s ; l e nt  s t h e

d i s s o l v e d  I I ~~~~, e’erl c - l i l t  c i i !  in  t h e  I t  t orn w i t  er arll pt l e d to ihout  1$~ i f  s a t u r a —

t ion m d  r e t u r n e d  t i  t h e  amt )j e -n t  s-1°. w i  t h i n  I I I  m i n o r  ‘- . t h e  s u r f a c e  and

m i d d l e -  w at  ers so- ro- hard I v a f f 4 - c t  t -d . I n T I -  ~1a r ch i  exper  l e nt  - t he s 1 I f  t o r n

w a t e r - - t s I ( l ~ less t han 1 ( 1  m m  t o  r e t u r n  from ( S ~I -~~ i t ’ i l - i t  i o n  t o  t h e  amb i ent

. 11 > - i t  i r a t  i on , and ago  i i i , - a in ’ t ; t C I~’ w ;i t  t ’ I ’ i;  h c i - c u n c h a n g e d .

In the S l - 1 I t  . f ill C , suspended sol i ds in - au - I ; m c - w i t  er ’-  returned t o amb i d i c e ’

wi t hin 10 mins i f spoil whi he I t t  1 1 1 5 1  w -; m t  er -  ti l l lowing t h e  surface drogue

took - )  1 1 1 1 1  i t  t wi I hours t a i i  ac hi ambience . I he M a r c h  exper imen t showed



101 t h e ’  o f  f o c I  s at t h e  dump w e r e ’ cI )m (I l etolv m n s i b - s e r v a b l e  s i f t e r  a l l o t  30

m m .  \ t  t h e  t i m e  of t b -  lump su peri led - s o l i d  v , m h u e s  r l I s I l -  from 1 t i  100

I j :ie t h e  a m b i e n t  va l a o - - s  -

= s isullIl e ’ s , I - u - e n  a ’ t h e  -s - isa- tine -is the suspended s o l i d  s a mp l e s ,

-~h owe-d  i i  ~~I ’  c-n c - C t  S d~~ie t - s I he d u m p i n g .  I n  t h e  s ep t  - ( 1 9  ‘ -t I - t s i ~l y - ci-~r i eg

t he : i n c t i l ’ r c - d  - I s o  i on  of ‘t i c s t u ds , t u r b i d i t y  u i u ~~reased a ; ; $ r I l x i T T a t c l y 1 s l

I h ues s i l l J  r e t  so - I t oi ’ii e ;I r e  damp c - aod i t i on  w i t  i n  1 ( 1  51 sI t vs . In  a drogue

r i 5cr ; t p -  r t  I rme ’~l t he - - O S l O -  , i m ~ , hot t i l l - i ~,i t -i - - in  t h e  v i I nit v of t h e

- - s u r t , i c o -  dr sgue , rei~u i j  r ed I - l/ ~ II ’s i r  1 $  retur :; to ambience follow ing t

:~eoi  A n i ~. On ‘-l . i i o h  i s , l P ~~i , during ;i S t u i l s  wher e- b o t h  surf -ike - and bottom

- I l  - i l - S  w e r l -  t O h I I w 5 d , ti el - ’ .: 0~~ i I t u r b i d i ty  v a l u e s  sc si  l~- ti- ct ed s i f t e r

he 111 1 i i i  -saru p i in 1’ in  a n u s  of t l ie -  w i t  o r  s imp 1 es . h i  s , in  cor u S C  t I ll)

w i l l s  - - u o ~~1- e r i d e d  s o l i d  d ; i t ; i  re - I - w i l l i t c h  i l - I , i n d i c - i t e d  t h ;i t  t h e  s p o i l

T~l ; i t ’ - t ’ i ;i ] d c - p o s i t  i o n  r a t e  is rapid.

‘The i l l  and I - h  v a l u e s  w i - r i -  i I I I S i l ’(n t 14 u n i a f  f e e l  o -d l i v  t h e  l u n g i n g  is d e t e r m i n e d

I v  i l i e ’ se d t -  - gue s t u d  it - - - -

( I l l  ‘Li v _‘ I  , ! ) , ,  St I !  i l I l l S  down s t  r e - m m of t h e  dump s i  t o ’ l i l t  an e b b  t i d e

(c - i- ste-rn slut i -ti - - ) and one - ca c t i  n a i t l i  , south  and s i - - I  of ’ t h e  s i t e , were

m o n i ’  ored I l l  l I w l  ni l  S i  1 d u m p i n g  ( sP l i t  . P e r t  t i r h a t  I o n s  of  t h e ’ :mmh l e n t

v a l u u ’ ’ -  o f  some l i i 1 u u t ’t  ( ‘ I  - so -  t o -  I f I -  c - r v o t h u n i v  i t t he  cloaest l I s t ream

~~~ ~ ~~ (1-1 ) it i l l I I I ~~i x i l i a t  i - T v  t h i o ’  t ime p r e d i c t e d  f ’rorn -u r ne ’n i t  u s s - t  er

r e - s i d i n g s  h i  h r )  . ph v a l u - s  ~t i- o-re uI’ -o’ ei ;ItIt)ti t )~3 u n i t s  i t  t h e  - i I l ~ t - i t ~ . I t l 4 l
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suspended solids were hi gher than ambient . In bottom waters. suspended

solids rose about seven times ambient . These values returned to ambient

within about a half hour . L)issolved oxygen values showed no significant

change from ambient as expected from the drogu e studies described above

in which dissolved oxygen values were found to return to ambient well

within one hour .

Sediments

The sed iments at the dump site and its environs are of great interest

wi th  regard to the question of whether the spoils , or any of the components

of the spoils , remain at the dump site or tend to spread out beyond the

one square mile desi gnated as the dump s i te .  The parameters investigated

i n the sedi men ts  were the metals , cadmium , copper , iron , nickel , lead ,

z i n c  and mercury , Kjeldahl nitrogen , total phosp horu s , and chemical oxygen

demand.

Ihe analytical methods used have been described above . For the last two

sample periods.the sample size has been increased from I gram to 10 grams.

This change affords an approximately 10 fold decrease in detection limi~ s.

Table 8 lists the minimum detectable values obtained on these samples. The

minimum detectable values l is ted are estimated by t ak ing  .002 absorbance

units as the lowest reliable value to he obtained from flame spectrophoto-

metric analysis. The actua l minimum concentration detected depends upon the

sensitivity of the particular metal being analyzed . Table 8 also compares
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Table 8

_____ 
Minimum Detectable Values 

______ __________

‘ E l e m e n t  Cd Cu !~e Ni Pb Zn Hg 1

M i n imum de t ec t ab l e
for l gram sample 2ppm 4ppm ~6ppm 8ppm 2oppm ~~~~~ .0lppm

Minimum detectable
for 10 gram sample 0

~
2
~1 0.4ppm 0.6ppm lppm 2ppm .O9ppm .OO 3ppm2

Minimum detectable
reported by Or. Feng O.3ppi

~ 
0.3ppm - - l .7ppm . 24pprn . l- .2ppb

1Cold vapor techn ique

2Based on a 2 gram sample

1•

— ——-~~~—.——.~~~~~- __ _ .— ._~t .—.—-— —a- — -__ -_~ ._ _-— — - — — —— 
~~— a— •~ —
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this value with those reported by Feng (1976). 
-

Original data for September , October , 1975 and January , February , 1976

have not previously been reported and are therefore presented in appendix 1.

Data for copper , iron , zinc , nitrogen , phosphorus, and chem~ca] oxygen

demand are summarized in the contour diagrams , Figures 9 to 14 . Data

for n ickel , mercury , cadmium and lead were not contoured due to the

paucity of data above minimum detectable or the small random variations

versus location . The mean concentration of these parameters within the

duinpsite area were compared with those outside the dumpsite. The results

of this compar ison are given in Table 9 . For these calculations , Stations

IA , AS and F8 were included as inner stations along with A7 , A8 , CS , C6,

(:7 , C8, ES , E7 , E8, F4 , 1-5 , and F7 which are within the dump area (Fig. 2 ).
The differences between the results of the inner and outer stations were

tested for si gnicance by the t-test at 9S°~ confidence limits (Youden , 1951).

The results of these tests are shown in Table 9.

Table 9 shows tha t excep t for Kjeld ahl n itrogen , total phosph orus , and

chem ical oxy gen demand , the parameters had the same values inside and

outside the dump area dur ing the f irst sampl ing per iod , which was the pre-

dump period . The copper and iron content inside the dump area are signifi-

cantly higher than outside for all other sampling times. The zinc content

shows no significant variation inside and outside the dump area while

lead , nickel , and cadmium are higher inside the dump area on only a few

occasions. Mercury concentrations inside the dump area are not significantly
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lable 9
Means of Inner Versus outer Stations

for  }Iv~~vy Metals in Sediments
________ 

Cu , 
~~~ _______ __________ ____ _____________

Different
Outer Standard Inner Standard at 95% Con-

1)ate Mean Deviation n Mean E)eviation n fidence Level

~June , ~Jul y
1974 12 .5 9.5 13 13.7 12 .3 14 No
Sept . Oct
1974 6.9 4 .1 22 2 2 . 3  13.1 15 Yes
.Jan , Feb
1975 9.2 5.6 21 21.1 12.6 15 Yes
A p r i l
1975 8.4 5.9 - 2 1 19.9 10.1 15 Yes
-June
1975 12.5 6 .1 19 23 . 7 13.1 13 Yes
Sept , Oct —

1975 8.5 4 .7 2 1 J  18.3 6.4 15 Yes

_______________  
Fe , ppm x 

_______ ____ _____________

June , ~Jul y J
1974 7 .2  -1 .2  18 7 .8  2 .6 15 No
Sept , Oct I
1974 6 .5  3.3 22 i 10. -I 4.9 15 Yes

- -
~~~ —‘IJan , 1-eb I I

1975 -~ 9 .4  4 . 8 22 I 13 . 5 6 .3  15 Yes
April

— 1975 8.0 3. 8 22 14 . 7 4 .9 15 Yes
-June 1
19 75 8.9 3. 4 19 12 .8 3 .4 13 Yes
Sept , Oct
197 5 

- 
8 .4 3. 6 21 

~~ 
13.2 4 .9 15 Yes

__________ 
Zn , ppm __________ ____ _____________

.Juii e , July —
[

1974 44.4 30.7 18 60.6 43.1 15 No H
Sept , Oct 

- 

- ___________ _____ _______________

1974 - 
3 3. S - 15 .0 22 I 67 . 8 45 .7  15 Yes

.Jan , Feb ~ —it
1975 49.3 26.4 22 ‘ I  64 . 4 26 .8  15 No

- 

~~~~~~~

— 1April -
1975 50.5 38.1 22 59.4 14.2 

- 15 No1’June
1975 S1.S 24.0 19 67.1 20.3 13 No
Sept , Oct - 

-

1975 40.0 ~ 14.7 21 60.3 24.1 15 Yes

j 
— ----__-- - -- - —--- - —--—- - - -—-~~~~~~~~~V~~~~~- - - -  -:
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t a b l e  9 ( c o n t . )

_________  _______  __j~ 
ppm 

_______  _________  ____ ____________

[)ifferent
Outer -~tandard Inner Standard at 95% Con-

hate Mean I)eviat ion n Mean [)eviation 
- 

n f idence Level
Tune , -Jul y
1 9 4  

______ 
.056 . 094 13 .118 .069 14 No

Sept , Oct
____ 

. 573 .884 21 . 803 . 719 15 No
T an , Feb
1975 .099 .079 22 .565 . 766 14 Yes
A p r i l
1975 .057 .035 23 .044 . 037 15 No
June
1975 . 045 .023 17 .027 .021 13 Yes
Sept , Oct
1975 .048 .067 20 .012 .01~ — 15 _____ N o l

_________— ______ ~)e1dahI N i t r o g e n , 0~~/g  x 10 2 
__________ ____ _____________

June , J u l y
1974 5 .9  3.4 18 12 .2 5.9 iS Yes
Sept , Oct
1J74 6 .0 3 .0 21 13.9 4 .3 15 Yes
Jan , Feb 

-
~~~~ t ——  _________ _____ _______________

1975 10.3 7 . 7 22 20 . 2 11. 1  15 Yes
Apri l 

—- __________ ____________ ______________________

1975 5~~~4 2 . 7 22 11. 7 ~ .3 15 Yes
Ilune 

-

~~~~~~~

_____ -—_____ _____ ______—

1975 6 .8 -2 .3 I 19 9•9 2 .0  13 
I 

Yes
Sept , Oct 1 - —_________ _______________________

1975 5.4 2.6 j 2 l 1O . l  3 .0  15 : Yes

__________ _______Total_ Phosphoru s , ~~~ 10~ ________________

~~~~ 

3.8 1.8 ~~~~~~~~~ 1 5 :  Yes

1974 4 . 8  1. 4 22 S .6  0.9 15 Yes
Jan , Feb
1975 4.0 1.8 22 5.3 1.1 15 Yes
Apri l
1975 4 . 6  1.6 22 5. 7 0.4 15 Yes
.Jun e - 

I
1975 4.8 1. 7 19 5. 7 1.0 13 No
Sept , Oct
1975 4.5 1.3 ~1 5.7 0.9 ; 15 - 

Yes

— - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :_ - — - - —  - — —
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fable 9 (cont . )
Chem i ca l Oxyg en I) em and , m g/ K g x ___________ —_____ _______________

Different
Outer  Standard Inne r  Standard at 9~ % Con-

J ) a t e  Mean D e v i a t i o n  n Mean I) ev i a t i on  n f idence  Level
Tune , •!u1~-
l9 -1 1 1 .2  7 . 7  18 2 5 . 2  7. 4 15 Yes
Se1~ Oct
1974 11. 4 8 .9 22 2 5 . 5  10 .1  15 Yes
Jan , Feb
1975 15.4 8.5 22 37 .3  19.1 15 ~‘es 

_____

A p r i l
1975 10 .9 10. 1 2 2 -111 .5 19. -i 15 Yes

VI un e
1975 15.7 ~ .8 19 3 2 . 9  8.8 13 Yes
Sept , Oct
1975 16 .o  5 .3 21 

- 
35 . 1) 

-~~~ 16 .9 14 Yes I
_________ _________ - ______

June , ~1u ly
1974 32 . 0  11 .0  9 29.0 10.0 13 No
Oct
11 17 -2 2 3 . 0  10 .0 3 20 .0 7 .0 11 No

~J an
1975 25 .0  6 . 0  4 I 27 .0 15.0 7 No
May
1975 30 .0 0 2 < 2 0 . 0  

___________ 

0 No

•Tune
1975 29.0 

_________ 
1 3 I  .0 8 .0  5 No

Sept
1975 9.6 

— 
6 .7 12 20 . 2 

— 
17. 11 

— 
_ _ ~ es

-Jan
1976 17.8 7 . 0 8 13 . 7 3 No

_________ - - 
Cd , ppm 

-— -____ —___________

June , Jul y -

1974 < 2 . 0  0 < 2 .0 (2 0
Oct
1974 9.0 o 1 4 . 0 0 1 

—
.Jan 

- -

1975 3 .0  1 3~ (~) 
___________ 

1
May
1975 < 2 . 0  

_________ 

0 <2 . 0 
_________ — 

0
Jun e
1975 11.0 

_________ 
1 -2 .5 

___________ 
2

Sept
1975 .46 .82 8 .42 .22 9
.Jan
1976 — .30 —_______ 

1 .08 
___________ 

1



I ))- I I. ’ 0 1 cont

____ —-___ ___

I Different
Ou ter Standard  Inner  Standard at 95% Con-
Mean 4 Deviat ion n Mean Deviation n fidence Level

II , - l i i l v
1 •

‘
~~ 7 3  3.5 7 10.0 4 . 7 8 No

Oc!
1 1 2  5 . 7 2 .1 16 9.0 3.3 15 Yes

- - ~ 11

12 .1 9 • (1 1-2 16 .0 4.4 13 No
I V

I’i75 13 .) 1.7 9 16 .5 2.9 1- ) Yes
T I  I T !

________ 
11. 0 1. 7 3 14 .8 4 .4 

- 
4 No

5 ~‘
1 1 Th ‘

~.8 1 .3 16 13.2 5.6 15 Yes
- - -

4 1 . 3 3 . 6 7 8.-I 1.5 3 No 

- ~ *‘~~~~~ -0~; - - — -~~~~~ -— - — - -— - - - - — ,r
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hi gher than those out side except  for .January and February , 197 5 . Af te r

in i n i t i a l  increase  in --ept e mber , 1974 , the mercury content in the  dum p

area decreased . Therefore , the changes in mercury content of the dump area

do not appear  to he attributa b le to spoil dumping. Chemical oxygen demand ,

Kiel dah l nitrogen , and total phosphorus were always si gnificantly higher

in the dump site. I’he fact that the pre-dumup period is no different than

the ones  after the dump ing commenced must he due to the prior use of

this site.

‘The c on t o u r s  in 1-igures 9-14 show that there is no genera l trend such as

~Im-c ad Jng of the dred ged material out of the dump area .

No ~~a i i ; i t  i ons  w i t h  r e s p e c t  to  t ime  are apparent except for the initial

i n c rea s e  i n  ~. lIMIer and i r o n  c o n c e n t r a t i on s .  T h i s  sugges t s  t ha t  the  increase

in L I I I ,  i l l )  r a t i o n  of thes e  m e t a l s  i s  due to the  dump i ng of dredge spo i l .~

It is i n t e r e s t i n g  to  no te  t h a t  an 1-II r I i - r --tudv of the sediments in this

ai- ea ( N A VOI I .AN O , 1973) report a COPPer concentration of about 10 ppm

for their phases 1 and 2 which is similar to the “outer” copper concentration s

( I 1 I - .€VTv (-d in this stud y. iheir phase 3 copper results were about 31 ppm which

i s  rough ly  50°. hi gher than the “inner ” value s found here . This earlier

stud y reported zinc concentrations rang ing from about 60 to 80 ppm wh ich

i s  the  order of magni tude  of t he  z inc  content  found in the  present s tudy.

Cadm i um r e s uI t ~; are a lso  s i m i l a r  in both s tud ies .  Mercury was reported as

less than 1 ppm in the NAVOCI:ANO study which is in agreement with the results

I _ _  V.
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found  here. l e ad , h -wc- v er , ra n ged from about 100 to 200 ppm in the

earl i c r  stud y w h i l e  th e present stud y r eport s lead  con tent in the 2 0—

30 ppm range . It must he pointed out that the NAVOCEANO stud y used a

to t al di gest ion treatment of t h e  samp les. Lead in the Thames ki~~er sed imen t s

I feng, I 1Y~o ) ranged from the order of 2 ( 1  to 15 (1 ppm.

Benthic Orgar ii sms

I ffec ts of sp oil dump ing on ben th ;c organisms is a~i imp ortant part

of  the t o t i l  env ironmental impa ct of ~he clump s i t e .  B e n t h i c  o r g a n i s m s

w i - F e  c o l l e c t e d  hv t h e  Sand y Hook I l l I C i t  l r’v . 1’hese o r g a n i s m s  were ana l y z e d

t 1 r  i r o n , ~~I r ~- , copp e r , c a d m i u m , n i c k e l , l ead  and m e r c u r y , Kj e l d a h l

n i t  rogen Ifl~ I t o t a l  p hosp h o r u s  i t  NY0~- 1 _ is d e s c r i b e d  above .

A C l ) f l I J )  l~~t c report rig of r e s u l  t o t  t h e  J e t  erm i n a t  i o n s  mad e on the  b e n t h  i c

a n i m a l s  i s  ~- i ~~en ill i : i I l e  10 and t h e  I i l i ; I r t e r l y i c - p o r t s . - \ l t h o u g h many

I t s  w e r t -  p r e s e n t  in  t h e  samp les , on! >- ~ i~~-~;r and ‘-!- -- ~~~~~~~~~~ w e r e  found

t o  he i l - u n d a r i t  i t  i l l  t i m e s and t n io st  s t a t i o n s .  ( n t r t u i n a t e l y ,  t h e

i d e i it j f i ~~ ; i t j o r i s  01’ t h e  s amp l e s  c o l l c - c t c - d i n  t he  J u n e , O c t ob e r , 1974 , and

t I e  - J I I T I ! I I r y  and A p r i l , 1975 c m i  -os are in  d o u b t .  ‘Ihe  ue~~t ion r e m a i n s

wheth er / i t - z r -  an d ‘~~ ‘~~I ~r z z ~f - z w e re  c o n f us e d  in these ~~~ip 1es. It is inter-

est i , h ow ~- - ~ e r , t U compare the dat a fo r  rneta is in i~ zr and M~ r - ~ ‘~r : r~~z

in l i i l I l ~ II ) in which the re~ u il t s are a v e r ag e d . In the Sept., 1975 and

~~~
‘ ( s ItJ1I ~) i c s  , which were i dent i fled by Sandy h ook biologi sts , the

m et a l  c o n t e n t , except for cadmium , a r e  v i rtuall y the same in  the two

* speci es . M. - , -  ‘i -n z r •i a and P -~t : r  taken from the river (Feng, 1976) showed

V — — —  — -.- — ——-- —~~--——  -_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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a similar relationshi p in their copper , nickel and mercury content ,

w hile the zinc content ~as sli ghtl y hig her in Pi~ ai’. Cadmium again

w a s  appreciabl y hi gher in [‘i~-zr than i n  Mer enarli. In view of the

s i m i l a r i t y  o f me ta l  c o n t e n t  of /‘i t~ r and M er- -~- i czri a , and the lack of any

t r end  i n  the  da ta  i n  Table 10 with respect to time , i t may be concluded

that the m e t a l  c on t e n t  of M*’1’1.Y~~ Jrl 2 did not increase over the period

covered in these studies.

F;i hle 11 compares data for animals found inside the one square mile

dump area with data for animals found outside the area. The specific

stations inside the area are listed above in the “sediment ” section.

Ag ain , onl y Mt-r ’ C’4uzr ~ ,z and Pi t zr were found in sufficient quantities

for tabulation . With few exceptions , the differences between the data

for the “inner ’ animals and the “outer ” animals are insignificant. The

few differences observed were small.

I’here is a similarity between the results reported here and the metal

content of M~-rcenari:z and /‘~ t~zr’ found in the Thames River (Feng , 1976).

in the river had zinc contents rang ing from 170 ppm to 5300 ppm ,

copper from about 16 ppm to about 29 ppm , cadmi um from 0.7 ppm to 2 ppm ,

nickel from b ppm to 13 ppm , and mercury from 0.2 ppm to 0.4 ppm . Pitar

in the river had a zinc range of about 360 ppm to about 460 ppm , copper

of 10 ppm to 20 ppm , cadmium of 3 ppm to 4 ppm , n ickel  of 5 ppm to 10 ppm ,

and mercury of 0.1 ppm to 0.2 ppm . Cadm ium and to a lesser extent nickel ,

was appreciably hig her in the organisms found in the sound but other

parameters were quite similar.

‘5 V.
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Table 11
Means of In n e r  Versus Oute r  S t a t i o n s

for h eavy Metals in Benthics
Pi tar morrhu~ w

Outer Standard Inner Standa~~ Composite
Date Mean I)eviation n 

* 
Mean Deviation n Mean

.lune , July I

1974 N S. j~ 
- 0 N.S. 

- 
- 0 N.S.

S ep t . ,  Oct 
—

~~
1974 - 0  - 0 

_________

J a n . ,  Feb .
1975 j  -j  - 0 

_ _  

1 - 0 
_ _ _ _ _

A p r i l  I -

1975 -V - 0 - 4 - 0 
— __________

Jun e
1975 2L 1  - 1 18.86 1.66 3 

_________

Sept.,Oct .
1975 17 .20  4 .52  2 15.55 - . 07 2 

__________

May -

1976 j 17.01 7 .57 56 16 .29  5 2 0  8 
_______________

_____________________________________________ Fe 
______ __________________

I -Jun e , - Ju l y -

1974 N . S .  - ‘ - N S. - 0 - N.S.
Sep t . .  0ct~~ ~ I

1974 1 - - L  - 0 -

J a n . ,  Feb .~~ I
1975 I - 4 - i  

_ _ _  

- 0 
_ _ _  _ _ _ _ _ _

~Kpri l 
4

- 1975 - - - , — 1-- - 0 
____ ________

Jun e- ‘

1973 1815 - 
- 1 1 1705 ‘ 453 3 

____ _________

Sept., Oct .
1975 2198 I 123 2 4 3421 2147 2 

____ _________

May
1976 

- 
549 

-~~~~~ ~~~~ 327 31 3 I

Zn 
_ _ _ _ _  _ _ _ _ _

- -I -

Jun e , Ju ly  -
1974 N .S .  - - 0 - N . S .  - 0 N . S .
Sept., Oct~~ 

1 — ____ ________  ____ ________-

1974 - - - 0 - 0 
_________

Jan ., Feb. ‘ 
__________________  — j — ________

1975 
I 

- 0 ’  
_ _  

- 0 1  
_ _ _ _ _

April
H975 - ‘  - 0 ‘ ‘  - 0 

_ _ _ _ _ _

June -

1975 523 - - 1 
- 362 60 3 

__________

Sept., Oct .~- 1975 I 425 I 156 - 2 - 200 114 2 
— _________I May . 1975 1 238 F 174 1 581 721 123 8 
_____________ 

-- -~~~~~~~~~ V. - -~~~~~~ — -—
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lable 11 (cont .) 
__________________ 

Cd 
_____________ ______ __________________

— 
O u t e r  Sta ndard I n n e r  S tandard  Composite

I) ate Mean E ) e v i a t  io n ii Mean Deviation n - Mean
Jun e , J u l y
l9’4 N . S .  - N .S. - N.S.
Sept. , Oct . -

1974 - -

Jan., Feb.
197 — ‘ —

T 
— _ _  _ _ _ _

1975 - - - -

Ju ne
19~’3 2 . 1  I - 1 .83 .35 3 

_______ __________

Sept - , Oct -

1975 1.50 1.88 2 ‘ 1 .35 1 .76  - 2 
_____ _______

_________  4
Ma -‘- -

______—____ 
1.38 j  1. 26 

- 
59 2 .04  2 .49 - 7 - -

Ni 
_________________ ________________

Jun e J u l y  1
1974 

- I N .S. - N .S .  - N.S.
Sep t . ,  O c t . I 

— _ _ _ _ _ _ _ _ _ _ _ _ _  ____  ____ —

1974 - - - 
-

J a n . , Feb . -

1975 - -

Ap r i l  
V 

I

7 - ~~ -- - 
I 

- - -

-t - 4-
Jun e - 

I I

1 9 75  2 5 . 4  — 1 10.6b 4.36 3
- ~~~~~~ — - 4

Sept ., Oct .~ -

1975 63.81’ 10.04 2 10 .15 - 2 1 .5 6  2 -
— 4 -  4
May
1970 

- 
5. 67 6 .99  39 0 . 3 2  5.~~

____________ _______________________________ 
Pb ____________________________

rn~~~~~~~~~~~~~iun e , Jul y
1974 N S . - ___N.S.  - ______N. S.

____________ — -r — 
~~~~~

—-— 1-

Sept., Oc t . I I I
1974 - -

—-1—
Jan., Feb. I -

1975 I - - — -
- —t  I .,—f j .4  -

Ap ril I - I -

- 1975 - - 1.- -

p I - _ _ _ _ _ _

June 
- 

- - l

1975 14.1 - 1 7.93 2.47 3 4  
_________

4 .1
Sept., Oct. -

1975 24.50 4.94 - 2 1 6. 1 0  4 .3 8  2~ __________

* 
- . C

May
1976 

- 
8.89 

- 
4.62 

— 
55 5.31 4.51 7

4

I ~~~~~~~~ - - _
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of  I i : , -  n t t r i i  c o ricent r . it  i c c - r n - w r i i :  u i  t o  I ,  i - ; h  , Ou t  t i l l  averaqed d at r i

even I T - c -  sy s tt  vIa t I c  c- - l a n c - i t - : - ; it hi -nv- .- metals in 1ev London lo t  : c - t t - T - i

1 - tw e et :  c- l u i v  1c- t 7 4  ( I - I l - l i a r !  o t - n t l )  and  July l 175 vaFIJ 1 i r~~I S .  - c- ( - l c- ( c - t c - t r a

I ~~~~ 1T- : i a  c - ; i ~~ t lv ,- :) vc-rtjcuha ‘ - t i  L much hiuhc-r than in t a i l  n U S C I l C I :

-or - g l ib : . D i ver t i c u l a  cf  NOit ’ I I c - i ’ - ’ i .  lobst - - r t - had h i - i O t a  c- l (- fl r - t -r tr ni—

t i c c - r~~ . O f A H ,  c - I , Cc -c-i , and 1 ! :  t O n ;  d i i  t t . i c - u e  C - f  N , ç  London : 1  ecar ’c- Itra - -

1:alu’ s : c r  t ai l  m u s c i~ - v ’ - t c  c - u i  c - t i 0 i e  f t c - C r  1:  - 1 :-n - n i - u i : - . N t - l t I ; I - r

s it  io ta  c - I t c - t c -t - c : t _ id 1 i~ vc ln of C r ,  N i  or i N  in ti c -  lo b st ’  i tissues

‘( X lii’ ) i c - i  -

I kesi h r c - r u n — n i t _ r o g c : t ;  r a t ios  i r l -  sim i l a r  j U l  U c - L  c - I T -  i f l c - i l S  11.1 (06 and

c- i u t~; j de  t i e  dum j area . This t i c - t I r - i t .es no drast ic d i t f t c - r t - r c - v o i :  ir .

the b iochemis t ry  of the :-;e a n i m a l s .

Cot;  tCiI:

Seston ~~n ii- les  were anal yzed fo r  the i r  cadmium , copper , i r o n ,

n i ck e l , lead , z inc , mercury , K -j e ld ah l — n i t r o g en  and total phosphorus

‘:o r c - t e l i t .  Ne~ - c-n0 i nq upon the amount of seston in the area , sarn i-les

covered ‘1110 or more samiliriti stations . Towing was always performed

— —  - - - -  ~~~~ c- -~~~- 1 _~~~~~~~ - - - _ _ _ _ _ _ _ _
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al~ t rc - c - : - i : - , i l u - l i n q  t r i r . t e ct .  The iar l l- 1 m i  t ; t c - a t i o n s  ~~~e-1 w er ’ c -  t Ic - t a-

U t t O  I or the w a t t - r  ‘ u a l i t ’-  s t a t i o n s  -

- r c - l a t i o r ;o h i~ - c - : a r ;  l c - ’ c -  discerned Ic-c-tween the VI1iUCS i c - f  t l j c  p~~r a —

C _ O t ’ i
c- 
S and t ; -ie :: iin~ I in q  locatiun :c- - ‘rhi s observaticc-i. is cto n~~ iot e rc -. t c -

viM . wI c - t  On :- Ic- c-er . found in the arc-al survey of the wat -r quality

( 1 1  - -  c - i i - c - o v ’ c - )  . In  add i t ion , the v a r i a t i o n s  of the i c - i r a l c - o t c - r o f r t c - r c -  one

s-ir c - l i  no r er iod t o  a r c - i c - t_ I:(-r w - c - r - r : i r c -~~ntr c - - The :t c- - :  tori data , titer c-fort-

t r u l cn t e  t h a t  the ar nr: c-c - t~- r s  stu d i i -ti are not affect -o Ly + ( c - t c- iu r c-j c - —

‘ ‘ c- c- i f  st - o i l s  at t hi s  s i t t ~.

I t  :- 1:ou lc - i  I c -  i : o t c - c - (  t~ :a t t t  -
~~~ c - (  sc- c- 

~on c:c-r ce -r t c - r i t  jon war- ta t :iet t-r r c-u—

ed in .  t}.is - t a t l y ,  h i t , no c X ; c - e_- C t c -  1 , t I c - t c t c - r Ct 1 . t r J t ( 0 c - i .  ic- - i S  tiL t

to vary from i -c-n od to c-n od . I t  is cil~ u -~~~ ; c - r r.t that : - ‘ - ~ t o n ;  I~

toil; :: t u t h o  i nc l c i d c - r  a l l  r ’ ;at t c  r r ’ t a l r a - d  }c-y t O t -  ran -i inq rt-t -

c - l J i _’T1h ~

T~real  survey of the water - lu a l i t y  showed itt ’ v a r i a t i  r i i .  t O t -

meters studied wi th  r eal-c-ct  to location at ti n - dunr1t si te and i to en-

virons, however,seasonal variations we r &- ol : t-rv c-d . - + : t ct t c - likewi:.e

showed r u  d i f f e r - c - - i c - c - c t  in 1c - a r a m e t + - r s  wit), rt- t ia r i t o  l o c a t i c - - i c - .

I t  was found that  the water q u a l i t y  pa ramete r s  r e t u r n e d  to normal

rat-idly following a dumping c-vt-n t.. The longest tim e observed for

th is  return to normalcy was two hours fur the bottom waters.

The sed imen ts inside the dump area were- found to be generally high-
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‘ I  I t -  i l - - i , c-_ -~~ f I - i  • ! , ~~
c- I l c - ~~~1i c - > o - : c r i  demand , ta t a]  ) i ( : - b O c - r u S ,

c - I T - c -  r j c -  I - I (0 c - c - i .  ~~~ ~- a i m , - r ; t I :  t t u t n~~~c - ] c -  Ma - a n  en .  11ev—

t - v c - r  , t - -  v t - I - i c- c- i - - r 0
~ c- I - a c- ; t c - c - I  ( c - f  I I c - i  - i c -c - i t t  - I I ( i i  u t i  lOt : t 1: ’

j I  - - w _ i : (0 c - t~~r c - c -~ —

I + - n M ;c n n i r a ii s  € x iii l i t - c - i  w er e  c - }  o c - r v , c - c - i  to Livi d c - c - c - i t  t he  : - c - 1 r - ( c-

v alue- s f o r  the c - c - r u: t o r :  - t c- : I c - h l e t :  y i n  t O t - r -  t i c- - c- - wer +  co l l ec t ed  a r. —

side or o u t : ;  icl t  t I n  duni~ i i  c - n .  1 h €  re wai— no ; n-iication of u - m i fj—

cant ch arc - c-a-o in It 1V~ . me ta l  burdens with: time-. 

——--——_--- -~ _ - - 
- _ —  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Table “ -f

N e w London Dump Site

_______ ____ 
Acid Soluble Me tals Sept Oct. 1975 

________ ________

~~St tion 
~~

_  Cu Fe 
_ __ _ _ _ _

A3 3 15.1 12. 7 14 6 61.3 .003
1. 3 20.0 11.6 7 19 62.9 < .003

- 
I A~ - 16.6 11.1 10 <2 58.8 < .003

-\
~ 

.3 20.8 18.1 13 8 66.4 < .003
-‘cM < .2 13.8 11.4 13 24 46 .5 < .003
— \I ~ - .2 10.1 6 . 4 8 9 42.1 .012

l A b  ~~~
< .2 4 . 7 

- 
5.9 ~~~~<1 2 33.8 .040

B1 < .2 5.5 6.1 4 <2 33.7 .032
B2 .3 5.0 5.9 3 5 31.4 .040
B 3 - 2 7 9  13 .5 5 10 57 .7 .075

Cl c- - . 2  10 . 7 1 0 . 0  10 < 2  4 0 . 0  . 037
C2 < . 2 5 7  15 .0 2 <2 c- 47 .! 064

• C3 ~5 9.7 10.5 10 <2 - 47.5 .046
C i  < . 2 1 1 . 0  8 . 1  < 1  4 4 2 .6  . 0 1 1
CS < .2 11. 7 10.3  24 12 : 44 .4 .017
L c -  c- tc- 1 4 . 4  29. 4 26 3 4 2 . 9  < .003

. t 24 . 3 12 .3 9 30 61.3 < .003
(:8 - - . 2 2 3 . 1  18.5 14 20 47 .9 < .003
C9 .3 9.M 5.5 

— 
—1 24 42.9 .031

2 < . 2 1. 1 1. 7 <1 ‘c - 2  - 
9 . 3  . 010

1)3 c-S 11. t) 1 2 b  8 <2 54.9 .065 

~~~~~~

—— --- -

~~~~~~~~~~~

- - -— 

~~
-
~1< . 2 c- 2 .7 - 2 . c-M - ( c -  <2 13.6 .024

1 . 2  < . 2 5.9 5.-s < 1 16 19.6 .025
10.7 ( c -~~~3 

I 7 <2 48.1 .039
14 .3 14 .8 -1 .8 8 <2 43.8 .076
I c - S  .3 19 .2 8.9 7 <2 57.0 .008

< . 2 i 15.3 lh.2 15 <2 503 < .003
1 - 8 - . 2  ‘ 10.~’ 10.8 9 3 39.4 < .003

i c- - - - -~~- -~~~~~- --~~— - -—____ -
~~~~~~

-
~~~~~

-- _ _ _ _ _ _  —

I c-S < . 2 - 9 3  13.1 18 <2 47.5 < .003
I- I .2 32 . 1 18. 8 16 62 125.2 < .003
~~:c - 

- 
c- : .2 2 5 . 8  13 .5 15 42 7 9 3  < .003

.9  - - n . h) 1 2 1  13 12 - 98.9 .031
I 4 c- - .9 7 5  7 6 42.1 .013

.±~L 
L < .2 j ~.4 7 .7 

- 
4 9 ~ 31.9 .054 

—

J c-._r_r .c-_ .- - c- . _ c-~_ c - _ . c- t .r  c-~~~~~~~~
c - j

~~~~ - rfU - rP - . - - — - - - —-
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Table c-\3

N OW London Dump Sit e

—_______ Acid  Soluble  Me ta ls_ J~~~~~ Feb . 1976 
-- -_____ ________—

Station 
— 

Cd Cu F o x  ~Ø3 
- —  

N i  
- 

Pb Zn Hg 
—

Al < .2 3.7 o .3 2.4 9 23.9 .020
A3 < 2  10.8 10 .1  3 5  17 4 4 . 5  .056
A9 ‘- .2  9. 4 8.2 3.9 27 47 .6 .038
A lO 

j
c- 

< .2 5.6 5 .5 4 .4 8 35.9 .050

Cl < 2  8 7  ~ .8 7.8 16 36.2 .034
C3 < 2  1 ) .5 14 .1 10 .9 27 69.0 .015
C6 I < .2 10 .9 j 22.1 6.9 11 47.1 < .003
C7 < .2 19.ti 16.4 - 8.4 18 tto .2 < . 003

CO .3 10.9 9.0 < .8 154 48 .3 .044

F3 < .2 13. 8 12.4 11 .0 14 49.1 < .003 
i < .2 9.1 

- 
8 . 4  12 34.9 .018



E. Effect of Dredg ing and Spoils Deposi~ c - i- -n

on Feca l Col if orm Coun ts i n Sed iments

and Bi t t om W aters of t he Thames R i ver

and  New London Disposal Site

Jo hn T . Graikoski , Supervisory Microbiol ogist
John A. Babinchak , Microbi ol ogist

She~trrn Du dley , Biologist
Maureen N it kowski , Microbi ol ogist

Na ti onal Mar ine Fi s her i es Serv i ce
Nor theas t Fi s her i es Cen ter

M i lford La boratory
Milford , Connecticu t 06460

In troduc r c - i  on

Fecal col i forms , indi cators of fecal pollution and enteric pathogens , have

been shown to persist and concentrate in bottom sediments in aquatic systems

wh ich have received fecal material (Rittenberg , ~-~it.twer and Ivier , 1958,

Hendricks , 1971 , and Van Donsel and Geldreich , 1971). The dredg ing and trans-

port of these sediments co ni c - I lead to bacteriological contamination of the

spoils disposal and adjacent areas.

In a hydraulic dredging operation of a navi - c-’at ion channel on the upper

Mississi ppi River (Wi c- c -o nsin), it was shown tha t the Fecal c- c-il iform (FC) con-

centrations increased si gn ificantly in the water column in the immediate vicinity

of the operation (Grimes , 1975). Concentrations of FCs reaching the deposition

site , however , were greatly diluted due to the tremendous volumes of water

necessary to pump the spoils to the spoiling site.

The objective of this study was to monitor the FC densities in the Thames-

R iver sediments and at the spoils deposition and adjacent area s in Long Is’and

Sound for evidence of fecal contamination due to the deposition of the dredged

material. Al so In the initial survey a comparison was made of the total aerobic

-c- —4— ~~~— -—__-— — - 
- -— -_______________________ — —



- I

p lc - i te count and fecal coliform count of the top sediments from the stations

- - W i ~ I led

- - 

- 
MATERIALS AND METHODS

Saiup 1in~~area . Sed i ment samples were collected from five stations in the

ThdI~eS R iver  (Fi g.  1) and from 30 stations (17 spoils and 13 control stations)

a t - - c-
c- - c- -

c- -,
- 

~c nL -n du- -~- ~~~ in Long Island Sound (Fig. 2). The spoils ground

was considered to be those sites encompassed by a circle with a one-mile radius

measured fro i c- the point of dumping (Station C6). The control stations were lo-

cated outside this circumference. All stations were sampled for sediments in

July, 1974 , and July , 1975. Two spoils stations (C6, C4), 4 contro l stations

(C3, E3, A3 , C2) and one river station (R4) were sampled quarterly for bottom

water at hi gh and low ti CIes and for top sediments during the 15-month period of

study .

San ny t e c h n i que. Bottom sediments were collected with a Smith-Mcintyre

dredge. The top centimeter of the sediment surface was removed with a sterile

tongue depressor and placed in a sterile 8 oz. French square bottle. Bottom

wa ter sai ;iplos (one meter above the bottom ) were collected using sterile bag

samplers (General Oceanics Model #1030). The water samples were then transferred

to sterile 64 oz. French square bottles. All sediment and water samples were

immediately refrigerated and analyzed within 24 h ~nd 12 h , respectively. The

sedi men t tempera tures were measure d w ith a ‘(SI Model 42SC Telethermometer.

Fe co i orm enumeration. FC densi tit es i n water wer e de termine d usin g the

five-tu be most-probable number (MPN) procedure recommended for seawa ter analysis (1).

MPN procedures for the enumeration of FC in sediments have been described in a

previous paper (2). Lauryl sulfate tryptose broth was used in the presumptive

test with confirmation in EC broth incuba ted at 44.5 C in a circulating water bath.
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Fi g. 1. Th .im’-’-~ River locations for sampling feca l coliform bacteria in sediments .
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All d i lutions used O .l~ peptone broth as the diluent.

Total aerobic plate counts were performed by serially diluting known volumes

of the top sediment in cold sterile peptone water and surface plating onto a mini-

al nutrient sea water medium with incubation at 20°C until maximum counts were

observed , usually up to 2 weeks.

RESULTS AND DISCUSSION

During the initial FC survey , prior to dredging , we determined that it was

extremely important for synopticity to sample all stations within a relatively

short period . As shown in Table 1 , there was a great difference in FC densities

between stations in transects A and C (sampled June 26 and 27) and those which

were in close proximity in transect B (sampled July 8). To determine if the 12-day

interval between the sampling dates was a factor for the difference found in FC

co ncen trati ons between these prox ima te stat i ons , all of these sta ti ons were re-

sampled on July 30 and the FC analyses repeated . The data obta i ned from resamp ling

the stations (Table 1) showed a uniform FC distribution pattern.

Prev ious wor k (2, 6) has shown that the stability of FC counts is dependent

upon the in situ sediment temperature . Our studies have shown that the FC counts

are stable for two to four days at 20 C and up to two weeks at 4 C. In this study ,

th e mean se dim en t temperature at 80 stations sa mp led dur i ng the init ial per i od was

15.7 + 0.65 C. Therefore, at this temperature , there was a suff icient time interval

between the samp ling of the transects to accoun t for the dif ferences found in the

FC concen trations. In any regard , in the initial survey , all stations along a

transect were sampled within one day so that the comparative relationships between

FC concen trations at spoils and control stations along a transect would not be

affected. The subsequent quarterly samplings were made in one day , and the July ,

1975, samplings were completed in 3 days.

— - - —c-c-----— .--—~~- — —- - - -____._._._ — .r-



TABLE 1. Comparison of fecal coIiform s in

sediments -from selected stations before dredgin g

operation began

- 

Station Fecal col i forms/100 ml
June , July 74~ July 30, 74

A2 1 ,720 330
A3 11 5
A4 490 33
A5 240 330

B2 14 490
B3 2 170
84 11 49
B5 14 70

C2 700 490
C3 4 ,900 240
C4 2,200 70
C5 3,300 49
C6 220 79
C7 330 130
C8 490 23

El 26 0
E8 109 172
F7 26 17

R4 22,100 17 ,200

a Sampling dates : A transect, June 26; B transect

and Station P4 , Jul y 8; C transect , June 27;

E7 , E8 and F7 , Jul y 2.
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Quarterly distributior . of FCs in sediments during the 15-month sampling period

(Table 2) demonstra ted no significant differences between FC counts in the spoils

and control areas. The FC concentrations in bottom sediments and water actually

decreased throughout the sampling area during this period (Tables 2, 3). During

the first two quarters when FC densities were highest in the

bottorii waters , the hig hes t counts were found dur i ng low t id e when river wa ter i nflo w

into the disposal area was the greatest. This factor, alon g w it h the hig h FC levels

in river water (Table 3), indica tes that the outflow of water from the Thames River

lays a rriajcr role ir. detennininq the FC ~~ncentrations present in the sediment at

the disposal site .

The data collected from the comprehensive sampling accomplished before the

dredging operation began and one year later after dredging was completed (Table 4),

showed similar geometric means for FC concentrations at the spoils and control area

and the same decrease in FC counts as previ ously described . In add ition ,the FC

den sities in the spoils area decreased more during this period than they did in the

con trol a rea . T he FC counts i n the r i ver sed imen ts also decrease d. The

decrease in the FCs found in the bottom waters of the river and the disposal site

(Table 3) were probably responsible for the decline of the FCs found in the top

sediments.

Our data indicate that the deposition of ma teri al dredged from the Thames River

did not increase the FC densities in the sediments of the New London dump site. Al-

though the FC concentrations in the Thames River sediments prior to dredg ing were

high , these bacteria are present only in the upper l ayer of the sediment and are ,

therefore, greatly diluted by the underlying sediments during the dredging and

dumping operat i ons .

Table 5 presents the data comparing the total aerobic plate count and the

- -  -   — — 
~~~~ 
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TABLE 2. Quarterly distribution of fecal coliforms in sediments

Station Area Fecal coliforms/100 ml
July 74a Oct. 74 Jan. 75 April 75 July 75 Oct. 75

C6 Spoils 220 .._ b 790 310 5 33
C4 Spoils 2,200 70 330 221 460 33 79

C3 Control 4,900 240 220 130 330 33 33
E3 Con trol 2,210 -- 490 330 330 49 70
A3 Control 11 5 170 33 490 14 49
C2 Control 700 490 3,300 4,900 490 79 79

R4 River 22,100 17 ,200 79,000 4,900 70,000 ~4O 27,000

a Selected stations sampled twice.

b 
~~~~ No data.
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TABLE 3. Distribution of fecal col i forms in bottom waters at low and high tides

Feca l col i forms/lOO ml

Station Area July 74 Oct. 74 May 75 July 75

Low High Low Hig~h Low High Low High

A3 Control 8 2 11 2 -- -- -- --
E3 Control 79 0 8 -- 0 0 -- --
C2 Control __ a -- 8 -- 2 0 8 0
C3 Control 49 5 13 2 2 0 5 0

C4 Spoils -- -- 5 2 0 0 0 0
C6 Spoils 2 0 8 2 0 0 0 5

R4 River 630 790 490 172 -- 130 49 130

a 
~~~~ No data.

I _
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TABLE 4. Geometric means of fecal coliform counts in

sediments before and after phase I dredg ing operation

Geometric mean
Sampling Number of stations Fecal coliforms/lOO ml
area sampled

July 74a July 75

Spoils 17 170 6

Controls 13 220 40

River 5 14,000 810

a Inc ludes FC coun ts of sta ti ons samp1ed twice, six in control

area and nine in spoils area.

-c- c- - f f l  . S~~~ 
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~~ i~ ion ToLil Ph i f c -c  Count Fecal Coliform s
X ] f ) ”~ / 100 ml

A l 69 1 ,30f)
/\2 110 1 ,720
A3 140 11
1~-’~ 140 490

70 240
1.6 

- 100 221
Al 72 790

85 460
A9 160 1 ,410
81 33 17
82 26 14
83 36 2
84 26 11
B5 15 14
Cl 130 172
C2 170 700
C3 160 4 ,900
C4 150 2 ,200
CS 95 3 ,300
C6 17 220
C7 95 330
CS 120 490
C9 93 490
02 37 221
03 72 17 2
04 91 221
05 37 130
El 970 7 ,900
E2 260 2 ,400
E3 290 2,210
E4 160 1 ,090

250 490
Li 310 26

150 - 109
130 22

F3 140 790
ic 200 . 460
F5 890 490
17 1/0 26
FR 110 17?
F9 37 17?

RJ 2 ,650 1 ,300
P2 2,200 4,900

1 ,080 172,000
P4 6,500 22,100

930 24,000

______________________________ — _ . -~~a - _________________
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FC count in the top sediments obtained from the stations sampled durin g the initial

survey . Anal yses of total aerobic plate counts showed no set pat tern of distribu-

tion. The bacterial densities were significantly hi gher in river sediments than

froe those obtained from the dumpsite and adjacent area . In general the highest

plate counts of the sediments ~~~~~~~ observed from the Northern section relative to

the d un~~si te , indicating contributions of the river out flow .

Comparison of tot al counts with the fecal coliform counts in sediments from

each stat ion did not yield a high dearee of correlation.

St Y - ,P’

ILC.il c ol i l c r r- - c- cor :e~ c - t r a ti  : in  s u r f a c e  c c  c~ in c c - r~~t~~ v e r e  r c r - i —

tc- r~ - - :  at ~~~!-  
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-Osn ,c- -; , 1)75; I b o i l m a n , O c t 1 1 C (if ‘S I S  rI-; ( - i ) Lc .vi c- - - n ’ : c -  c - i  n i _ eU N t  I , t —

s c- c-ri r ,c-s -rn n n . - n . t l  t o  tO. , n- outh  i ; . ]  (- , i : - c- c - t .  St a t  ion 7-i l  W d l ;  I c- h u n  - , - n i . - : a f t _ i n

f - - i  ‘
~~~~~

-
~~~~~~ s~fl1plirc : ‘i-~~~ i d  fr i  ro to r l n’g , r C t n .  i t  f i t  V j r : c - l t c - .

c- of F i l e - y c

l s l ar c -.u.  S i x  n ; t . i t i O r , n ;  i t ,  tc- c - ,~ Tin a r c. r~ 1 < i s- i c - r  ( t i — F ’  ) ~l c - m n , 1 at 1—1 .5 r in

n , t c - ’ r v , m i s  i - : -  f r : . : -  r i v e r  m o u t h  ti 13. 7 n mi  a i r y ’ -  t l ; i  i - I ’ :, ’ i - n ,  1 i r i~~ of

tc -~~,e c - ic- ihm, m r  i s ’  h - r i r r ’ c-- , w er e  a lc ;o  ‘‘scsi i i c - ui ( F l - t s r . ’  _ c - )  . ‘ t l . -c -,e S t m t i c- i l l  W . - I c - e

1 - c-~~~t i ’ l  ~:--, r n . - i t : a t i  ly O U t - I r n ,  I N . -  l f l I
c- , - i ~~~ I ’  - n  d c - i l - r i n g  ;i r ea ~-; , so t -

] c -  0 I f l I -ac ’

c i t u r . - r  t i - c- m n .  t i ’ -  ‘; r ’,sc .  removal  u t  faunal assi n r -iLl - .-ic- . w - t c- l .  ~~~~ c- ’ - H c u l  could

i ex am i n i c- -d . A :nt’vins th “ river ” st at i ol,  (R—7) was .- n t , ui—1 jOl ,r 1 0.4 ii

‘ - i t  ‘ c - f  t ic - cs - , iw -mr - i  end ‘ 1  the riv er channel. Ii; all , a t o t r , m i  of -I s t c -c - m —

t j O t l S  ‘~~‘ n r i n -c- ;am j c - 1 e d .

‘ - -rn w,i t c- ’- r s ,  -..cdjmentr-; and 0 - t n t  1cc mn~, - r o f , i c i s . ,  01  ~~l1 ~~t _ , t i t i t n l n

wi ri n ;,l T’c - J c - l ( s i  . , t  least six t imes , a t  a l - I - l o x  i c c - i ’  ly q u a r te r l y  (3  month)

V.  I c- ’ n ; ;  I S. ‘ l ime  t i n s- Ii no Sam l il  incj was -c- - -i n- IN - t i - - I  f rom .0 - Jun .  - - 12 1 u ly

1974. I ’F t t i . : .  f o r  subs e m ;um- r m t sampl ings  w er - n  13 September I -  -1 October 1~~’
c-” 1

,

—“ ~.__ . - - -  - - - — . -  - . -_ -—— ——-c- - —~~~~~~~~~~— - _
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‘1) i r 3 t S l c - 0 ’ c -  i , 4  , I r c- n l , m r . , 2 ]  0i 1  c 1 ‘- I c - i ; , 13 . T - n n - e  f - c- 30 . 1 -r i ’1’ a i d

2 3 t - n i n o - r l , c  t ,  l ( ’ c t ’ i ~~ - n , 1 15. ,~ c ; d r u l  i - , n c l i ’ c- i\ u~~
- — - - - c- -

~~~ ‘ - -0 ‘ c ’ - ’

- ‘ i i : - - . -  n t  , i r id i— c-
~~-~~~, : t f c - m~~~n _ m m , and to r n i - ~~n - ,U r ,  c n ’ - d j n - c i ’ i t , m t i o i  i c - i~~~- “r , f r j  I ’  v; - l

n : l ~~c- 
- I ’ .’ a t ’ . r H . . r i - n - ’ - t ’ -  S.~is]  H i . - ;s .  F u r t c - n c -r - r  r i : f i :r -n ~- - t r~ 

i~~~~ , c - - ‘

1 1 5 ’ :  i
c- c - i  i c id :  w i l l  1 , 1:’: tI c’ nc irth in s ’ l ,i ~~ -h a : mc I ing  I ‘ -  n a n , i . e .  , , t r ; n n e

197-I

s t, c-m o ’ ,l - n i ’ ’ i c - , m t  t~ c- ’i n was , i ç h i .c-~~- ’ m - - l  b-v c on l i s ic- i :  S n ; , :  of radar and fati - t c - ’ r —

or , auirr c -u: n t .  n i - c- ’ 1. -mi n n - i t tal  r r ’ - X t ’ - n I f ar . s  h - c- ’ J u s : a n ; ’ - . i c c- i ’ ’ - .
, r- ,~, i . - ,- ’ - ;  - - - i c - i :  SOS —

sill , - . N c - i s k i n  .- ‘  t I _ l i - c w i n  used fr- collect ‘ -s i N - i  S ir - :  I i ;  f is t’ I. mc- c-
i l ’  s e

c. each c - t ~~.t ion l ’ -r a n a l y st :  of I - st  fo r -  c-- : , u l l ni I ’ ; a r - I  -tirsolc -i - - x c- —

-sc l e V i 1 — .  ( c - , t l i n jt i e : :  w i n ’  - i c - f r ,  r i - c c - -m d cc - c n i i i q  a I-i ckman 1 - 5— 7 0  i n  : m -
c- ‘c - c- - :

I , u l i n . , , r ’ c - t , - r .~ i t , i_ - a r t i c l e  modificat ic ’ n ,  of  t i n , ’  u i r k l t - r  N i : n n n - : u , -  V~r s c -- r ; e a r c -

n i l  l i c  b :i : - a l c c- : c -  A s S o c i , m t ~~c - i . ,  1 1  5), w i t ] .  I / s
c-

- titr an t (ha - - i , L t n’ ’ is l ic - , i l (‘0 . ,

i-ic- m C I ; , Iowc m )  , was n ; n c- . i - t  f i t  O i S t S n l V . . l  ( - X , ” ; i  I . , i i : i n , - i r l i  - t l . ’O s .

— 
A :‘ m u c . i .— ; - ] ( : I i c - t c -- ,;r e  O t t- - i- , qr . t i  , c u mj  t i n s 0.1 m 2 

0 c- ’ n i f l ’ c - n t  : n : i ! c - c- m

was u -s - - i  to colli _-i : t f i v ’-  uco licate n ;; ircr let ; i-i c -  S I m ; mI ion lu r  i i ,  - ‘ - a -  I. s .mmrr i —

h i s  I - r i o d . H i - f t c - i t ’ :  ¶ c-~. n’ -~ , - r , m m t U r ’ c w i - r i _ c- m e a n ; u r ’  - i  by in S’ i ’ m -
c-
: .m t I c - i ’ ’ .  I. . I —

r i t t - - f r i . ’ r ; , - ’ i r i n . - ~~t of ‘ n c -  riral Si l f l}  l i _ n : . A - - u i - n - n~~r nr I L  war ;  co i l.  ~~t . ’ - l  t r . - t ’ c-

c e_ h  - t r u L  w i t h  a I l i n t _ i c  no r i l ; ; isr i  ( 3 . 7  cm it s : -  i c - di m ’- ’ - N ‘ l o i n - n t o

a - n - i  t i c -  ‘ml ca. 15 cm) . i r , ~: f r ’ c - z i n n  i - - i -  ; c - c ’ ’ l ; r . - S t  a n , i i ’ ; n : e n c-

‘i’ l ;s ~: cn ci c-limermtoloqy (‘1cm ci , si z e  d~~~~c - t  i ibut . 1 ; , ~ r n . m m l c - 1c:n , ~ - i i i  - r c - c - , c

W , . c ,  i -r f o r n , i c - d  und er c t , i m t _ i  ~~~~~~~ by H r .  l a i r , - - I .i t k s  c- c - i c- ‘ TM r .  A i x  I r u - r i  , J s - h n ’ ; t m

*~j ç , .  of t rade name does not  i m p l y  ,c-’ t m d o i
c- : . , - i n ’ - n t  i - ’. t O  ‘ Nt  0, 11 ,1 1 Ha

F’j’;bs- r j e t.  Se r v i ce .

__________________________________________ ___________ a
- -.— -, - S a r c- aa~~~~~~~ c-~~~ c - .  — —.--__ - -_ - - - — ---- c- —



1- 7

H - r i , ‘ a . 1 - i n  ‘ ; r a m n n  c ; l n ~~i c- c- , m r . m I - _ - tr i s — , . - i i-o r ’ i’ - . of ‘ ‘ i - c - i .

cot . n , d ’ c- r 1 .  w,t -~ 
- - , ‘ - t — i - i l ’  s i  c-~ ; I i,ro 1’;], - m  ‘ I N - - i ’ - ,  :; , wit 1 , is ‘ c - o r  ‘ ci m at .  r —

ial s ’ s .  c- so s- i ‘ I  i n i - -  c - c r - i i ~ a s t - r i  Ci: - ‘~~ 1 1 n r c  - n . - rc -rn q inq f r i - r  mill to

.~~ in : 1 . .  I i ~~~, ’ ’’ - m i n i ly s i s  s a c ~ cic ; e i m ts~ c l e f ’  rn n c - ’ ‘c- i , ’ - ‘ -  s i l t ; , f i t ~-

; :i l oc -  mc-i i  cia;- r n  m • i- i. - - i f  ‘ I c - . -  ~ _ ( c -  p ; O n - c - n , .  C r l H ’ lUnt ’ - i r ; - . srm t .

c - r i m ; .  ic i - o n t O  t i c -  - i c - t ’  r i - c : .’ ;i l - ’, w i - O n : . ’ loss  of - t n ’ m i - c - -
~ c-s ic-s - c - f ’ - i

0._ O n - . :  • w i t .  < s l u t .  c- n t  c - ’ :  1 -  t i c  , , c i r l  ar , rI 110- :i’. : t i s - - r o ,  r ’ x i d . - , r~’ —

c- - i  - c t  i s’ c- i y .

] H - w - Y- . rF  - i i - , , ; ,  - c - r n , ’ l , m i ’ c - i c - ; c -
, t’  i c - :  ( 1 ’ f i ’ S i ,  I - - : ’ - m c ~~ - c-

, ]~~~~ : c -q  1 5 1 -m i - I ,

Y ., also - I ’ c - i i r ; ’- i s  In s ’ ’. iial;: fr- rn . I_ I, , ‘ n i si c- m srr~ limo t - - r  ar a ly sic ; of n - l i —

in c- i_ n o  ‘ - - i s f u f r wc - n t :  - m i n d  of !neav ’; r e t _ a l : ;  ii. r - n r - - l c - , c- c - i s c - i  ( m ‘ r n .  I)) . 71: ,’ is —

r a in Ie r  c f  h i - c c ar : I c  wa.  r i i i s ’- d  t I , r c- - - s c - i c -  i 1 ru- mesh s c - v .  , w r t  I ,  * n i t —

s i . i- :c .  i r e - n s c - r v i - - d  i n ,  a 1:0 t ’ - r n ’ n , i i i n  I ’ . - ‘ i - .- ; , m N - i  i - i n - t s r -  nìs’: l ,m t , -t t i -c - ; : , :  f - i c --

red to 70% et lwmno l with 5% gloa t i n .

f . , r ;  icr ;  -,- - ‘  r ’ : . r t - - ’ :  m t . - s - r d j s n ; & c t ~~r i - n  nj cr c - a c oi  C s .  - ‘ i c - ’ I , i i c - l ;n r l n w i - r i

1~~~1. 1 , 1  f l’  - ~~~~; c - ; ’ c - , ’ t  i ’s W i n t ’ s  I c - C S r ; j l  i r  . Für ~~~~~ r i o f c t ~n u t ’ , -  r .  a t - I  r~c rrc.’s;-ia—

‘c- _ i - , w e  c o n s ul t i - - l  n r i t - n a r i l ’ < - . I ~~ i - ~~c - r c - ’ -  ( l ’c- c-i57 , 1 ’ i  n ] )  I
c-

- c- - i  ; c ’ i ’ . c - h m - - ’ - s;

Al i c - - i t  (hO’3 4, 1’, t H )  l o t  moil u n m c - ’ ; n c bi i l t z  (1HO) f - c t  i n ; o ~;o d r n ;  I - I c _ a i r ,  (l’mm

,;rm~ Bousfield ( 1 , i ’ , l ’-i 7 3 )  fo r  am l’h i h - o i l s ;  W j h l o , n ; n  ( 1 5 - c-~~ H r  i l ei c- - a l  o , Io  and

so c - ; ’  r (1371) ~ r ‘H i - i  frax ,i . C o n f i r m a t i o n  of tO , t , t j f i c c - i t l i ’ t , n  was 1’

c i t ri c- ; ‘i f  t i n t  m i t  l~~ r ‘ c- (APF’) . - c-
i i t  m i s  ‘ r u _ - u I  n ,  L i v , -  t ’.c- c- - c c -n  omitt ,ed t rot ’; t b . - ma c—

r - , l  si c- ir s -m i mr o , I : s i r n  au .  t o  t h e i r  r r ; t  i - - r u . - n t  a t i r r e l m o . - , I I ~- l o : c ; r i n . i t m t 1y  i - l a n k —

t , Of l i C  i o t i i i  i , i n r a - r t _ ,fl r ;  j i l ( ’ t ; t  i f  i s - -a t  jo t ;  in - I / o r  <1 i.ff~ ’’ult’,’ in lu a n t i t  i o - a t c - i o t i .

I - i c- l v i  ‘ - .mr - r - o t r a t _cd on four  i n v e r t e l , r , i t i ’  classes , P0 ] l ’ c - I m s i _ - f r a  • Gastropoda

— T~~~t’I _ - T T  .~~~~~~ . s~ c- c- a j



F’ - H

l - i ’.- , , iv i - c- , ~ c , i  Ci i: ~~~~~~~~~~~ t i n ’  : - ‘ C - - - ’ :  N - ; . ’ ; i c - i c - ’ : i ’i’ii - t l ; c - ’ -  ;ir ,  ‘ - ‘in-a ’ .

- - % o; -;~ c - i - icc ;, m r - c- ; alas a n t m t . i- i , i  j ’ c - i  i t - ;  of i i ;, :  vidua lim , 01’ n a c n i - —

- os ( 1 nm) ‘ - i - ; - a t m j s t n r ;  we i v , -  collect i-h it: ‘ ; ‘  ~ i ’w- ‘-i .  ic~ni ire -a . W,-

. i i S O  I..;’;, i r , c i c r ’ : i i - d  c - vc i m c )  ;oi i ’b s , I c~ : ; n c  i~~~i - ~~ , oi ’ i n i n ( ’ d < - i r -  - , s ; ; r n ’s : i  cm ;-

c m - i  a si r ’; ’ n l ’  ~- r  - - r n - , : , ’ , ‘ ‘ . ~~~ id i n n ;  c- c- . r i l e , i s  O u t  Si id i y S i l -; , s~~~ r c c-:i f ] .  ; c- i

I 01 w C t -  1 , - u - a r - - i c -  ‘ n , , S - : n n  f r -  I i -  of c ;so i i c- I e  ‘ - - ; - c - l i ’ : H : -~~l ) r n i o n t , i t n - i c -  5 f r

m r .  or r c - . i s t - m t r o n s .

sac r c- - t m c - - - ; .  c x l i  i r ’ t I -  i
c-
i _-L eS S  c-;orn i i c i l y all the i c - <  i lt n . i c

ct - I . ’ t,ifr’’d I - : ’ . .  ;s ; r t ’  r . s i ’,° -  cna r ’c h lm n ’ : r~ c - , n r , m r c, . l-e c- ; ’ s -  -not e’ s—

I - c - s r  e r r - - ‘- ts - ‘i n ; - I i  0 1  c - m f l ] c - i ( 5  f r ’m r i  mmc-~~a c - - :  t h ru - r - - qr  s - s  u t  d~~~; c ; - o n c- ; —

A ar’ s - ‘c- m t l , , r m i - - 1) I t s - - n a -  in t I n . -  s i - o i l  r i l e  i s-  i t .  - i - : - - :~~- - l - ’ i _ c -  
~~~~

- xc-—

i’:;; 2 )  S t . ’ 1 ’ ; . : c - i ’ 1 I c -  m i  r a d i i  fri-n’ ; I n c  d i c ; 1c - - i r - o i l 1 soy ; n m ’ i - n n ’ - r n t i f - I

ir ~ t~ .. n or , ; ’ t i n , ; - rl url,i , ‘l os is ,, c : rit i c al  djsLmroc-a in t i _ n m : ;  - I ii ’ -—

- -  ti i n s i i ; ;  - -  fr ; ,-in . i 3) ‘0 - l i t  rol ’’ c;t at  1-m r - i; nt _ i t r c ,n  t m c- c - i :  c- r i  cm - - i l

m i .  n ; ’ l .c- - e t c- ’ - - l  I ;  , r , c- ; c Ct ~~~c - .  tic , 5c1 1 ; r . 5  I
c-
rot ’; t i , ’ ‘ -  t I n , ’ ’ - -nat’ - s r  c t - n  ( A l , ~- 3 ,

/.; , Cl , (‘3, ‘ (  , C9 , F3 n u t s  F8) i s v . -  in - i c -- i ;  s , i m i - l . - ’c -l a n m - v - s t ] ’  ;;n ~ i . c - i ’ r L t i ;

I t .  c- 1 r u - , t  V t I m _ i  i t  0 - c  I c- i t’d - e r  1976. As a m l n u i c m urc-- , t I m e r s ’  st~~t i cr . s

w i l l  he i~~ S i - L n  v i-il m e - c - n y tt - assess L ’ t m s u r — t i - r - c - , UI1 I Si - I mi nu n -i rc- , c - c o lo n ; r r t , i c-—

t i or ,

c-
c-

i ’ m  1 1 : 5  d l vi i - ’  i t _ t i n s  v.”~ r . c -  c,~h i - u l , i t ’ - - i  u s in q  th .: Shams- c - i ;  and Weav, :r
-s

(1t ’- 3 ) .i t n - i ’ - X : I I ’  = — 1lo~ 
In , p~~

, ~~
c- l n * ’ r i c -  I- ~ is t b -  r ror c-’nrt ion m t  indivi ,1—

uals  in * n c- ’ 1th 
: ; J - c c H c- ’ r i .  11’ has tv - c- ( n o i n T ’ < , l ; i ’ n ; t ; n :  number ~f spi: - i f - c ;  (S,

i,eri -a fti- r t -rrne ’l r ;~ - i a - i  es richness) , and ixtuitabil ity (.1 ‘ H 711 ’ max

11 ,/i’. I;) (Ps I - u , 1 9 7 0 ) .  }- . h u i t . i i i l i t- : is a m, a c ; t i r t  o f  t I n t -  , ‘v en nt ’cn s  of

- c- - -



I.— ’,

i i  ‘ r i :  - n ’ i c -  r o t  i r i d iv i  c n . m l s  mr ’ t ’ - t ; ‘ ; j ’ i ’  S .  1 c i , t ] ,  I a n - ]  ‘‘ .t’ c-
c - t c -

’ ‘oi’_i ,< t i- (i

i _ t i c - i  
~~~~ ;.;

‘ c - , i n - - ~ 1 .- I - r o c t: s  - , ‘ l , ss x i i ; ;  r c - m i m l  . r of  j i ; - i i v i m l c- , ,u l c; ( ‘0 .

‘Fc ‘ n-n - < :~~n r ~ . off. - t ; O f  0°’ l~~,s - ‘i~, 5 ~~~* ‘c - i c -S  (Joi~~ C i S i t i m c - ! c -  , —

i- lu :; ; ’  t - m n . a l y n ; m n c  ( s ’~~~~ n~~ tIt < ‘ -‘ S r  i - I  I - m ~~ ed os s i m i la n i t ,’ of r c- , r - r m r : i nic-r

- n  ‘ I’  i c - i
~’ — - - r i - r i , 1 ’ ’ m  7)  ,.~~~ :. I ’  r t o r r i c c i  - - I ;  al l  , T U t ; i - 1’~ 1-i s a r f l l c - l e S , a 

r e - c u l o a m  c - : mn ’ r - t  , u i , - - l  fr- s i n u l , m ~ ,us , l v n , ’ - ; ~ of t S r ; , 1 ’7 m  m l a h , ,  lo:c I - , , ; : ’  wo h i ’ s

c- - I r i c , - O , ( . ‘_-• c- ’. f i  ( Bc. - .- , m t : - .- m H t r t i I n , 1 57 )  w- . u s c - ;~~-. c - i c - d  t -  ‘— s r .

r s _nr . , ; l s i : : i l , , r  i t -  i i  ‘ x , c - : f l  c - t , , 0 -  nis . t i- i ’ -  ‘‘ i ” i:; Ic-_ 1 , c c -  sum o ’ 

~ -f  all - - ‘ i c - n ’ - :  f o i n n - :  c - m t  s f r , ;~~ioi ;  A , “ I ”  i i ;  t t , i n ’ u :  of s~ -ec1c o m l  s i : - ] - ~ : i s

I ’  r n-; ’a ’ i’ - r<  H , a r . : ’’ w ’’ i x  t i ,  sum ‘ I’ ‘ I  - l m w i c - r  < i f  ‘ ; , .c- - t _ w ,l - ;i i , ’ l , i t n - . v,— m l —

m a _ n c -  t i  - - i - b: cc l ‘- - n h - c common ‘ c- c- 1<, and 13 .  ; ,bncuic ia r , c ; - c ,  wi n,  ‘ t a i s I - - y rsi - d be

;.. m t ’~; ’,1 1 ’ ’ n , , l l i ’~ : _ -c - 5  and t i b e t ,  d a t ,  red un j n , ’; c m r i - .- : ’ - i - ; l , t ’ c -  I ai r  q ro u r  i t - - n

( g r o m ~ ~•• ‘ - r  .um ;i sort i n : - :  — Sokal and t-ts-:Stl;, 1) 0 1)

i c _ i  l i c a t,  - ‘r i s
c-ui  s w i - i  r r s -c-- .c- -ssed , rsi c - ,r c -. ‘:,a iic -u .- - c- f ;  u :5 i c- - O I L - r _ - , m i i : n ~, —

- I . c - i t l ,c- i - . it’ i ’ s:- ’ - ’ I i n n  t i n e  c lo t ’  r , i i , , m l v s t s .  u i -ri at ‘ -  n i m - i  i - u  - L i n } c - - c - i - ’  t n t  i n n

r o , m ’ ’ I . ;  for  i t m s t , m n s - i , ; ‘i r r c c - i l ,c - i t i v , -  5 i n  H i -  1 - o i ’ i ic- c - i  ‘ s i - i l- n
c- ‘ - n i ;

cc-r ;cnider ably qr e a t c - - - i  t i - n .  S of any i n d i v i d ua l  y m i  . T h i s  c-ould n v  al  :

‘;in i -c I c- c - ’ _ -r~~ m y I c ;or  vi t :I ;  s l i m - n  l t n — i r r a i  st at  j , ; r l ;  . To i- caL. :  I ] , . i i i  as -n otu c~ a n —

a b l i c-  u n  I c - o s s i b i r ’, fo r  each r e t - l i  c,~i t m ’ d  ‘ c - f i t  ion itt: i - l m n u i n at  i ’ m ;  r a t .

from ‘1 , ’ mnal l- cni s of t i n , t l  cutofl m l m c - l m c ; I t y  at  w h i c h  , u t r i i l a t  i v ’ -  S i . c- ’ t ’ ; . m ’ . n i i n ’ t

in ti. - .m t .i 1’~rmi rn o t ;t  clo :;e ly  ,j~ -j t m m , m i_- i ; , c - d  t i ~~i -  mean S f’-r I i c - m t  ~~I ,O s m n  ( i . ’ . ,

- , t  Al  in H u n , , -  1974 , c um u l . , t c - i  vi ’  S f c , r  f i v i  r ~‘ j-l i c a t c - - samples xc- , ; :  -22 , and

in i -S im S, 2 3 . 4 .  By o n i t t i n i ;  all  -i ( - u j i - ; ;  w i t c- h a nx- .ms i l , ’ t i : j i c- of l i n t ; - , than

1.2 i r , i i i v i  hm. ,ls -~-r (1 .1 m2, cunulat ivi- S foi c- the il u :n t .-r analysis was t i _ c - —

- l u c . c - . 1  ti , 23) . ‘1 1 €’ - c- u t - , f  f i l i - t ; n n i i  i t ; ;  f i r  I I ; ,  r i ’ i - I  j i ; < t , ’ - l  s t , i t  moSS 1 c - S l i it i ’ i

_—.-- _ - :~~~~~~~~~~~~~‘— - _--—~~~- -~~~~~~~~~~_ - - 
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1 .0 :‘ m r : - ’ ; m r -  l , r , s i t c -  - I u n : r < ’~ I I n - t i c -~~ , i n n  1 . - s .  ~- , -  ‘ l i d  n i t  f c l~~o~.;

i- ’ - e i ” l u ; ’ : , - n - . t i me s  c i c - t - : i  1;; c l u n ; l ’ c - r  a n - m i ; :  is , - c - I  . l i r r r - c-- ; t m i c - - n  ‘ ; e c —

i c-u - - c-i-co r n ; - ;  it 1,’:;:: t I n -it ; a si c - ci f i~~c - - ’n i n s - - , ; f~~~. ; 1 c -  ~ 
c- c- t a t lO c - tn h . i-.i n i _ ’ —

s e s  ‘ - - ‘ n c-
’ ;-

- : n c -  - n .  c- m n .  P ’  c-3 (c- , f l— ( , 5  m c- ’~~t ’N i f _ . r
c-
, mm: i s - n  ~1 r ’, - n r a r c - - I ’  c r , ’ ’ - i  f r an-

r .  - - r i-i  i 5 m . n ~~cl m m r  t hi n  V i r - n i t < i a  < i c - ~~ c - t  ~~‘ i I i  ~~f ‘~“fl i t , ’ . S c o t_ c - ’ a , ‘ - l a - i —

- -c-s’  - t o n Ic- , 
c-

. ,  . ; r ;  m - - d i f i * - i l l~.’ i i .  -‘ ,nald I c - , -c - i t . c- r , Colle’;. .’ f “ m t — i i :c -

Sc:~ , i t ; i ’,’,_- r s i t - :  o f - ‘ l - m w s r -  , I c - ,~ it ’ i ’ ;  , -e l .

- l c - c - : 1 1 1 , ’i ’t - ’ , 1 ;  I - T S ; ’ I c - ; c - S T  ‘N

ii i - - e i n t ;

c - ; l ; i :  typIcal ;;e dins -nf ‘ s it  d in t  or ;al  c - i ’  - - ‘ < t O-i l:. I n -  i ‘ , ‘c - :

i i ; , - t , t s p o ii i tq  was x i ] ’ - :  ; u r m i l  ( X  = ‘0 ,5% . s i i t— ,:la’, , (St r c - d ’ c - r i a ltc

m : .5 ) )  , w i t :  ynod ic-_- y , c -m t m . -  o r ’ ; at i c n - ‘c- - u i S j  ( r s - i ; : i l m c -  U . l — R . ’n’ ’t )  and v , ; r , a U i ’ ’

i: .nmr m c -i _ ;  -c -u t ’  - - - n c - n t .  r . ;  ( 1 . 1 — 2 7 . 9 % ) .  St il t - 1,5 - ] : f f . c - i  inq moat r - : a i 0 s - - d l v  f r c , t c -

t I m ;  c l ’ ’ S c r i t -t i o n  it’ r i - A l  m i - c- I - 1 , w i n c t i :  ; c - i ’ , l i : - ’ ’ n r , t : w e r ’ -  almo : t :0 i t - - i ’ ,

V i - - ] ; u ;- and f i n , .-  c - u t _ O s , and t ‘l , w i  t b  78 . m - - s A t — s i  m c-; - The I I  c -s ‘O;; ,c-i I I UOy

‘c- . , t :  c-- i , ,  CC , n a _ I  a r ’ - r r - - .- i t  i t i v , c -  r i c- - i i I - ; I .o ma l  cc :i-uc -ns i t  ion . ‘] n u i c - I . -  1

I ri ;n , *s-;tn ti, jru i c - i c -  x i  z.. i - c- - I  i l i c-’ , - r ’i,m r m ic ar ,d carbon , ,t c - i i_ m i S t ,  m l  S O r

- m r t i  - ‘ c - c- - c - - s i : ’  I I c- c- a t c- (5 as t i m , ” 1’ v a r i e d  - I t u  m nq t i e  course of  our fritO ; .

t I
c-

I . - —  t ~f r n l o i l i t i q  i n ;  s i , ’- w t i  l v  i i , . -  1st’; - l i f t ’  i -i. - - . - i n  m t r . m i ; n  S i n s - c -

I . . t c- x i c - i - r .  n U t< , (~ -r ’ - f j n , ~ ’ c n , i 1 ) , u r s i  ‘ j  • ml  i t -  1 * 7 - i  t t f t t_ tc- , ] n n i c c 1  i n ’ , had a lr ea i lv

i- ’ ai’n ;  all ; ;iml c - -r . t”ju i’rm t - , a i n j ’ l i _ - - . have u hox -ni s i ze  d i n t  r m i - m t  ions v i - r y  sim i l i t ’  

- -~~*~~r~~’~~~~~r ,,c-,.aa_ -, _ _._ ,.—&__-__, - — — — .
~~~
. c- - — - —

~ 
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to  ‘ n , ‘ c - i t ’ i ’ m l ’ t  I ’ ~~7’ ‘. 3 1 < ’ ’ . ‘15 . ’ i~~~~~ tl~~ ‘ i ’ ,’ m m t t ; c -  i-b
c-m a - , ; -  ic- s ’ r n . -  i n ; —

d r . c- ’ S : ,e i n c  ac- j . ‘ ,S . i ’ l  C l i i ’ , ’ : x - i t l ,  rm ~~’o u l I t , t .  A l l  - ‘ - ‘ ‘ - r i - i - . r
c- 1 - 74 a r c - n

r n : - ; . ’ m c - - ;  1’ - : f i
c- -i t; - - n t  t i ; , - ]  a’-  i i — . , s’ ’~’ ’i~ n i l ’ — - - a-i , a

c,n Ul  S ’ s t n - i l l ’ ;  t c - t : ’ i i - r  i ’ m ; ,  t u . ~u t  - - f  i i ’ ’  i i - ’  - i i i : ;  o c n 5 l  S- - s i t ’ -- i ’ S I t’(mn’; a n n ’;

St , c (  i - - i . .

t- , , t r:e~~i c- c - t
~~- 0 tnt i t ; ’  r . s  t n ,  u - n l ’ c - c- , f . t i ;,  d i x ; -  ‘< c - i l  c - m i - f - I ,  W i - i c - ’

t I - - i -  f - - n , - , ; i , c - i ~~~~~ z f c - c :  I - c - n  i - I c- m n ; ; e  i n  1 - e r m i l t  s i I ’~~s1ay i n n  is n i - i - n - c -n - “a.

c - l c ’~ ‘
- ‘ n r c - -c- ’ r n - C m m l c - . I / C r Sj r’a - c - t m ]  - I sj c - c i i l s .  As a l ] .  - ; c- - c- - x s , ‘- em; or a l

v~ t n c - i t  n i t - :  in ~~ -rc ’- t:t n i l ’ —  l a y  s-ac .  i , i - ; I i  a t  mar ;’.-’ at  ; t m - , t c - s .  I b i s  v a r —

i n m i c- i l i t’ , ’ is 1 c - ; r f 1. -; an , , r t i t u, t of u i - i .  t f - : i :t  c - c a t ion n i ; i o  c - : ; t r m  r; , 1st

also c r ’ ’ r n s t ; ~ ;mfr  H - real “ n i t .  ‘ l i t ; ’ - c - n “
, ‘ r m :n . c- i 1 1— : c- :c- c - i 1~~ s l at  t :j 1 he ’ ’ - r c - —

n i , < c t ’ ’ , c’’ d 1 c _ l c - c
~n.al o r - ,, n ’ - d t r - u , ’ r < t ;  . ba r - r i - ’  d i f f . : r ’c - t , c ,_-i-s ’ ~,’cn ’e I - - n : .  n cv’ ; ,

be ’ ’ .-. ’ ‘ 5  i ’ c- i i c~~~t : ,  r : , i mc lin t: 1.0 :- i ,  ~ ‘I ; i li c-n a t  ar m - l , ’ - r  ‘ r wh i l .  ; ‘ - n s r : ; i : , , :  0

, r ,  , i t m - t , ~~r cil i - u ; - - .’ or; a s i t , ’ : ] . -  f j m 5 c -
• ‘ n j  : 1 -  t c - h i n n v~~u - j i l l ’’;, i t  can

I- ’ c~ r u 1 i _ m , i . ’_ i t ron C m i  i n  2 t i n t  i - s l y  st ,;IiOri Cl , u 5 m l r . - t ’L. -u I - S  Al , C7 a;.-;:

CL , c- ,l ,c -x’~~r . c ’’tmaist - n t , i C s m n — t a c -~~~~~i ‘ ; , - t ’  ases n ;~ 3. Hi l t— d1,i ’; i n - I ;  1 my . :  of

i -j i l i l t _ i i i _ i f  - ; j o u l c c - .  Al so , i i  at  any t i n t - ’  f - S, i -C- ’ ’ : - - r r . m i  ‘
to-c- i - I c -

c-
’ n n , t i - i c- —

‘- ‘I a 1,m ’ c- ‘ — m l  c _ I  ‘ i ,  i 1;; I l  ~‘V ’ c - n  t _ i ; n m i :  it : ca . 11 cm n ; .m n ; _ i I ;  n
c- , : n , ;  ], , I n~~

a r - n I i ‘ S m; ii ci - I ’ , ’ - ’ - ;  - t - n c - I 0-  -~m l i t  - i ‘ ‘ r u n - c a l  l v  1 - c-~ - - a l I e ; .  H i-’ 1—

m m ’ - . ,  m t  1 . T h i s  was w . t  I - s r i — I  I - c- ’ ;  sr i ’ . ’ d l a I ’ i ’~; , , m1 m n ’  - <  - i ; - s i .  tc - _  0,. c -i c- c : ’

nc- n m - I ’ -  01 O i - • A r ; xi i- i - ’ ’ - : , s i l l — - c - l a y  ‘ . ‘ t m t -  t~~~ O f  1 , ,;- - .- u; t— ’it’. -r - ‘

Hi — ‘5 ( q c - .ml l. 2) is co’tj m u - i . -  t -  t l , u t  f ound  in t ic-’, . -  n ; j ’ o i l  ! - i l i - .

-‘ . ‘- r i f , i u z m , c- : - m m s~ u ui m, ; ty__S t r ur - ’ u i ’ c -

A t . •t .a I of (
~1O t n ml - I n , m c - i ’ u  I . - - x i  t ‘ ~1nai yi”a 1 .  V i i  ucs t m t~~, 5 , J3~
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arid f- n .111 s’ - ’ i n s  ansi - l i t , - ;  j re ;- . c - n c - i d  ~m ; f ’ n u r  s - t o i l  i t ,  T-,l,le 3.

r - c -~~~ t u c a t ’ c -  - .~~ ;‘‘.j  1 ’ : .  x € n t ’  j ! ’’ ’ n . S n ’ n , ‘ -a l - c- m i ; -  n ’ i or ’-n ’ ’rn n r C  r ’ a r : n ; . Is

- ‘n, i I . f c- 1’ - v . m ] c - i ’ - s  u n - h e - m t .  , ¶ ; . c - :  x’ i, i c - I , - m ’ - n . a r ’-a - ’l ’, ‘ - r ~l ~i f a i n ’;

11:1 < ; c - ~~m ~~~~~~~ 
<c- c - c - m m  -0  I l , ’ t icr- ot t ; s  l , ; m t - , cc l l r : .  i i - V ’ ” 2 . ‘I ; , i “v i i- —

I ,  o f 4 7 0 . 3  i u - n m v i c - ] t i , m l s / U .i rr c-~~ was - c - - n j a r - m b  h to m l ’ ’ s ; , I t ; e ; :  i ’  —

o;’ t~’-i hc-’r 1- i ’  - P I c - ; l~ mr <d  S O - n u n - n  ( c - c - t e _ i ; ’c l e , ’ - t  al.1973 ) as- i  P i c od i  I n land  :c - -c - n d

( 5 c - i j 1~~~~, P t , i ’c-
c- , i ; ,~ Pol’;.mr , 1’372) t ; , ; S i t, was -c- c- - c- m r c ’ - ’ ~.h , i I _ l i i :-.’ ’ r t l ; c - i i .  1- ; c-

c- c-

n n ; I_ I r - n  fc n ’u z n d  in ‘n c - n . e  : c - ;  ‘_ — i n ~~~ t -  ; ar  ~s - ‘ I ’ I -s-u: - ;  I n _ l a n -I c- c- ’ ’;1i-~d :1: l’_ ’ 7 2

( I  - i ’i , - t a l .  , ssl~~ c - .  f o r  ~-u }n - L )  f - b c-
c- . ;— . S ( 4 1 . 7)  and i i ’ (:.-; 4)

;-cCrC n i - b , . r t h a n :  ‘ c - h - c- : . -  of f - l n - s I e  Is ! - m a - :  Sousd or c- -r t r a l  i x c r , C7 I s l and

So nr c - n .  I ‘ , , c - t  c t _ i ’ s  ‘-a r -  s m r ’ m u 1 - m r  f - c- ‘;,mlu ’:s ‘~~~c-i v . c - m ,  fo r  s h a l lo t- c- -, l .c ,- lf

- m r ’a s  t f  \‘ ; r - ; ~~n i  , in - ‘ ‘ - s o b ’ s ( 197,7 ) i i i ’ s - of’ c i i ’ , ’ - n c - c - : t . ’, ’ I . c-3 t c c- , c- r r n s .

‘ [n . _- r . ’  c- a t t ’ e l ’  I m i  Ii; d i ’ : r- y ~~~j t i ’_ - n n  i’ ,,-, n t  i ’ - c - ;r  a s ir ~ I -  n i - l a t i t ’ r m m ’ l , ; ~ to

‘,r . v n t ’j u n t ’ - . n n ’ , c- ,i ‘c - a i i i it ’ ; m - i  “hea ltn, ” , b ,o i - -c- ” ’ v e t ( G o o - l r ’ c -~~ r : , l - u 7 5 )  . 1 ’

r , i , ’ ; ’ , -: w l t c- i e ly ,  I t - t v . 2 1 n ’c- l t_ e , 07 8 ;  i - i , ,  1- , ’,-. . values ~: ; ‘ ‘ ; ‘  S~
i, n , -!. m ‘ 0

n . : . -  0 ;  u l a ,  i m , I , ;  of ‘ mm : c -  ‘;n ls ( i t C l )  or  ;, n u h ; t ’ o m l ; ;  ( - ‘.‘ ‘ m l  c t _ c - m t  t i - u s )

S i - i c- ’~~~i e n - ; comj c - o nc-n i t c- ionu c-i ; . dis’:- n i n ,  u - c c - r i ’  n .  t ; i l  li-low .

b or- , t  s’ . , t .i st ic a l  ‘ c - ’, <n , ; ’ -, i s , , I  i ’ - t ;  of o i j  a- c- : t n ;  0 s j c - o i l i u ; - ;  C n f l n  c i i i ’ -

- I iuc’ - ;n . , s-’ - - m t l c u l , ’ t , - - I  n i r i ’ t ’ ,’ — I i v e  r i - n ’ ’ ‘ c - I l ’ c ’ o s H m l i  I _ i _
i l i r - c i t ; ;  or t i n :

( u - m v .  ; .  ; m n -  t i .  r -:atu i: ’ i - f  ~~tc- , m u , i 1 m r d  ‘ - r i o  and tSr’ n i l p r - m n  i at:.- v o l _ i . -  f r o ;nm

- ‘  f- x ’  - t m  t 1 t c- t i t - i ’ - )  f ‘ 1 St . i  t~ I (, imIn W I l l  - I ; - . - , , , y  ~ i. c- Ii - i i  - I i c - s i - i - u , ; ; ,  - - I
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1 — 3 3

t t t , c - c t s  at 1 - 4  n ; ms- c - a  ni (c - r
c- - c -  a t  C7 , c -r a t  c-~~~t 1/ S  in n r c - i , ‘c - c - c- )  im; ’ J ’ m ; , : S :  ~~u~~c - , t  :; i

a q i ’,’ - n ~i 1 n c - t o n c e  f rom the  r . c - ) - ’~ni c- 5 - c i mn S , (nh , i i u ’ i s - n ;  ar, - ; r ’ - -3 i: , c- c- c - t i n ,  ,i

m c - c - c - t f ,- c ia ’ ‘11 i - c - - c - n ’ c- ic- o n.  This c - I ’ ; i ” < i n  n i - i t t -  t h e  di c- r ’ cc c-~~~uc - of n - S  1-at t om

- u~ c - c - r a t -  ‘ n r c - c - -  n u r ~~ c - - u  S r  t c- , , c- , n i s n - e m c-,c - l  arm- ni H - l i m i t - c - m m , Cook ar-c) ‘Sc -s n ’ - ’ , ’ , 1 c - 7 C
;

- - ‘ c- i n .  ~ o f t h i n ;  ma c- a’ t)

/‘. ‘ n c - - n ’  no means u S  c_ -em; ar  n c - - n  c- ; - <n - c - i  es cm c--n ; - C I .  i t  ion f m m n c- J u n.  1 7 4

‘u n  . ,J u rn c- i - c-< 7 5  is t c -r c~u ’ ; r i  c l < m n ; t c - < c - r  -
c- I T c- m i1 l~~~ S 1 S  - —c- sic - n - n H -  c c- I < - n d r c -  - ‘ ; r c - -1r ’ c - : f , :r

‘ I c - ,  - c- , S i , ’  c- c - , C~~~ 1 3 ) 1 - ;  ~ - c r icohc - < m
c- ’ -  ; r < - c- : n t i S i i i  l c - ’ i q u r e  I , I i i -  ‘c - l a  1 < 74

( ;  a- . - — - i r , c- ’ m c- i - n lnq ) c - i - c- - nn I i ’o q r~ un c - l u o n i n ;  species c m - n m ;  c, -ci t s o c -  at , < ‘ c - t n ,  n m  4 ’

m c -  f u tu r e d i c -sc n a r n a l  - - c- - I n n S , t o  1 m m  c1ose1~’ m - :  I at ed  ta  t I c - a t  a t  a nu c -i m ’uu c - n c-

- I o t, l a c- r ‘ti ’ I- n c - - c- . (16 clu ’c - t c- . c - r n  w i t S ,  C7 , 114 , CS , A3 c - n t  I c - c - c- c- a t  a j m c - m c -,:,c- n~~ :

, c - i n u i~~~ r i y  (P S)  l e -,- . c - 1  - f ‘~- 7 ( c-I ’ .c - ,  c - mnn - t witH , - - 1 , F3 , C l  and CS atm c- - S .  F’5

‘ ‘m ñ ”c - i  i m C i n : n  F m - n c - s  S w i t H ;  ‘j cm c
-

t ) m ’  5 , i t  can b.: s c - < - n  t h a t  d o m i n ; , o , - c- , i r

am ; a i n - S n -  S , , :  a ma s c - c  c- ’- ) r I t r J l c-) u t c - ( - r  S c - ’ Cc - c - i ; ’  ci i n’: l l c i r i t n ’, o f a l l  ‘ - , ,  ~~ S* c- m _

t m - c - n rc- < - x c i : ; S ( “ 5  and C S .  - S i t  i~ ’ n ; :  w i t h  h i g h  11 ’ s - u s -c-c- t m - n .  c - f  t o  i c - c  I n’ .’ —

~~ j c a 1 ] ’c- ’ a n I - - s , < c--r  t n -  t n c - , m ; Sc-dc -- control stat i - -nc , a’ J n .  ‘-i  r u - c- h i  f m - c c - s

- ‘ , S c - m i  c-ins ‘ mum ; t c- t m .  - ‘ni’~ : ‘ I’S - ‘s, ‘ c c - i , . ‘r nm ii’,’ S ‘ 1 , - n i - i ’d 1 ‘~
‘ 1 m u mi - t

- orn- j c m r j ’ - - c- ’ m .  w it ;. ‘1-u- , 5 c - r c- 1975 di i:  c - S c  - - I c -’ , , : -  n l i ii’ s , as tc- n n’: t < ‘ i n S - ‘ c- u , a

ic -r n . ’  cc - ;an q (-  l i m  n - ; i c - c _ ’ c l t n u ;  c - ’ ’ n ’ u ; - m n : c - j S I c ’ r .  at - I r,’latcvc S ,  t n i t .  1 1, O t t i , c- - m

d i-;  an c - I a i c- , - , m  st , i t  j i m 1;; , i n  J u n e  1575 , < < c -  l , c - , : ci PS or 1~~c-1a ’t, ‘ c- m m m a ly

c- - n c - ’ os_ I, . tc- 5, ’ c- - s  c - o n,  (‘7 , a m a ’  l m , , , i t n i , 1  in  t o . -  n ; i - oj l  ; - i l . ’ . 0 < - c - n - I C7 ni-~ ’r <-

cc -lu ic-
t c- .c- - Ii c-ni i nm i I , m r t ’c-

- t h e  mc- . - r - ~ , m i n l j I c - !  c - t a t  n a n _q j o i n m i ~< ; t h . -  1 - m r - c - - i  c l u n ,t , c- - m

- < c- t i c - c -  - 4 % t H ’v ’ - I  — u ;~ c n 1 m  n - n  m m ;  c - c - t n ;  - i t  c , L ’ c- , ’r n , t o t l m c - m n ;  might t h u s - a~ ; c - c - c - m r

as a w ’- ,m ’ - c - m , . c - , I  , m f f j n j c- t ’ , - 5 , ,  t I .  ( c - ’ ’ m , t r . i l  , ‘ l i c c - S . - m  w h i c h  had S - e m - u  r i -u s- nt

—~~ -~~~~~~~~c - - c- c- c- c- c- c- -c--—_c---— ’c-c-c--c- c- c- - c- c- c- c- c- ~~~~~~ —~~~~-~~~~~~ — ~~~~~~~ - c- ———_____________
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1) - i n , - ~~~~‘7’1 , a r ,, c-: ~~~~ l n , ~~-s also c-s n a - r c - < c -  i - c - -  n r e i  of sj m i l ar j t c -  t o  t r u e

al ’ . i- . ’ : l  < s - n - ’ a c- n i l - i a q , c - s  at 1,1< m m ~a C7 . t ’ m t c- ion (5 , and ~‘ossil 1’’ A3 ,

nc-los’ i
c-
I i ’ c- c r ’ c - < n c - c c- - ’ S  n ; i c - ’ i l a r c -c - ’ ’ c -  tc-  ~ :; c isn tmc - m lc - ch in S - a ;  m m  ‘1’i ‘5 , ‘ I c - ’ r’-

is a s l m y lnt l ’;  i - n ’ ,c -n , c- r u - v c r c - i i  s i m — i l a r i t ’ ,’ n- i n c - m n ’ :  S’ ,i t c- n orm s i , ’ i t i , l l
c-
i Sn i c- u :

c l m l s t c- , - i . Sn t .c- ’ n n ; I , m n ; c - a ’ ’ ’ ’ -  ,a n r o a c h t i n , ’  m ;  - - c i e s  c - p a : . ’ S n i a n :  cn- f - 
‘c- and

c 7  i s  < c - v s : ,  n n , t s u w i -v . - r .  ~~~~ t i ; ’ whole , s - ;c - e ’c i e s  c
c-’c-rnm n c- c-u t ~~~n s  n a n -  i n ’ - —

f I < ‘C’  - - I I n - n  n~ n of c lu st < c-c -r  in9 c- n a t  -Ii - nyc -.- ‘-f simi lan ’,-: ‘ c-h -  rn c c -,t ii; i c-lI ar

- n c  ni < ’ i n c -  c i c - c - :, - n -  n k o - t s - , . c - ’ - c -  S i c - . -  1 1 4  and  ‘ c - n c - c -  1975.

Recolonl a- tIc’nu

i- c - , - - n ’ c-- I - - n i z a t i c - n i  c- i’ Sc- i c - -  s i - o i l  1 c - i l c c -  has I ‘ c-- c - n ,  f o i f - -sed t i c - n c -’ I

‘ i - m t  ~:-r 19~ , 2 1 “ n , c - i , S I ,  a f c ,  m c - -
c-
’c - n c- c-

c- t anal 1-i n’vc-c - n 1 ’c- i n n  a f t - c  t ’ n - n -  m a c c- io n  c c - f

u c - ; c- - c m i l i n i q . , , tim tc-~~ r ;  01- , : n c- t’c - l a c- c- am ; - r o x u r c , i te cc-u t: , : of S c- n c - i n ; ; - e i l i h i
c- - , Ic - s

S ‘ ‘ Sc -  I i ’  1.c- c- - m i  ci c-It t ; na ’  S - c - in - c - 1 m rc-iq n - i - i t -  s c -  , , _ T m m  1 n - u t - c - n  val ‘c-u - c- c- I t o  I no -I

r - c- -r ’  :: , i , H ’  , i r n t  1 ’ , - mr- q m v m - r ;  ii; ‘ I c - i  1, I c-n-uI F c c - i s - c- 7 .  ,‘, n ;  Tal le 3

1 1 1 1 1 -  i t , mm,  I c - n - c -c- - 197-i S n  m i c - I , n d , : c - ni 1)  s ,m,~ 1 .- nc - at C l - n,’ u’, - re n r - - : ‘ , u t c - S V ic--

01 ~: - c -  I c c--s
c- ,c m n , ’l c -n .  art a u i  tc- ’ c -mn: ,  - -t SI , S , H’ and 3’ 5

- -, c-c I C ;  c- c- in n ( i c - c - i —

t i c - i ,  was  m i s c -  + ‘ a m icai of tI m n ,m , wit h dominance h’, S n u i : e — c- i’,- n c _ - h l i i n i m

axn~n i m : c - c - d s .  i - c -c- j u t -  7, ‘ c- m , < ’ i n g  S c- I ’ -  t a d  - r a l  c h . m c - ’ ; u - i u  in  II , S c -n c- ; F l ’  c -S c-

c - i c- , r . c - v < c - m l n :  t ic -c -
c-
m t  all tn .  c - . -  fc -uuic - 1 i c c - m n - a - S - - i n -  had n - i r a ’ !  < i t  r’’(’ljc-itOU ;i1’.

in’ / c- c- i m
~ 

t i - m n k , r  i c- i d ,  S , i m ’ u ~ l . _ss
c-n t, , A S c - , ’ i m  , i S  t n l , , i t  t U - ; m c -  consi: S

c- c d  of f r c - n n l u l y —

‘le ;’u n , i t  ‘‘ 1 n~~’Uj j S  C m - n u t _ , m i r u i n l n  ft -ni - or r~, - )n<acu c- m f , m i Lr ,ml -r -~c- zu u n c - s n, - 1 ‘ ‘ n

w i n .  l a s t  I ’  ch,c-o i ’ ; . c -  jim t_ i , , c -  Lm m m i , m  i C c -  a S ,  t I m ,  u ’ ; i ,  t t ; .  A ;  m l  1ti75 n : , mn s < i c - l c - S ,

i - A ’ - m i  u~c-w , .  c - l  S r - n - i  i n  SI , S and H ‘ ni- - i n  - a~ m m .  -m; S i - ’’ -~ c-n c- 1975 and I v

:~~.‘; S c- . c-c - n - , l m - - r  1975 ‘iii valuer; ni- - r i’ n m - j i l l  S icantly in ’ ;I;.-r (~~5% CLs) S m m i i

- c- - — - -  c- “ c-a~~~~~~~~~~~~’ -~~~~~~~
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r S i : ’  r c - c e d in c -- n  ‘ c-
i - i  ‘ . c i t  ‘-r , , a i ~u c - m ’’ or A l r u .  c - e ( - ( c - i o n i -, , < I ’  n ,  p r o—

m u * ,c-’ m h e d  S c - f  i
c-

- c - c - c - c -  ‘c-~~j n t i - r  l ’37
c-

c- — ’7 m c- , . ic, ~~- i ‘n ’ n ; i , ’ n 1071- , n< n , ’un ‘I sc-s  c - i  m ’  r

tSar;  i t  Sn-s- i 1 -  - n m i n ;  t he  r’ In ni-c-sal sc-n i l . a .

c-~~c - I~~~ r n u n c - h ( m r , n z ic- m ’ i  c - r ’ n a n i c -smu ,  s’,’ r ’ c -  I o n c - ’ u ;
c- : , A t , c - - i  by :“c - H (  I m n : c n - u  vadorum

i c - c - i  S c - i - n  t ’ c h c ’ i m u a -  i c - - ; u n s ,  as r ’ - I s s ’ n - c - s  n i l  an :s, c- I I c- - c-e s  had Ic - c - rn. 515 11’1c-

surv,- ’c- ’; n m n uacIc _ - in , ( c-) c t,, , 1c - c - , c -  r 1975 r- c- c- - -a  i - c- al t I c -u , c - i t o j - ul a t  ic-ma ’ c - f  
~ 

c - n b c — - - ’  - - 1 1—

in ’ : c-n ;~ c - u - odc-  s-cu re  rc- cc -s tc- c - i i  I n : d n s - : s i  c - c -c r  s - n -c- n i -  of (n c - cc- I-5() ]c- c-1 p i l e ,  as w e l l

as a t  ‘ n , . I~~ n - ;~~-c-m c-- c - i  1.- s i c - ’ , ’) - F ec- i n , - n i m c- c - i i c - n -  c -i  th ese n~ i - c - n ’, - - i s  u n c - r c - i f m —

cc -n t f o r  a u nc -inn -I c- -c of r e au n u o n s .  F i c - ru t ,, as noted c - i c - n v -.- , t i -  c- ’. c - , r ,  t i ;ou - : n ht

tan 1 , . c- r ; n  i t i va , ’ ta ,’ --c- ’ ;j r < - c - n : u c c-’nt a l  co c - t , < r r u i n c - -,t I n n  - The i r  r ’ , m: ; i r ’, c _- c _ ’ n n c -, ti c-ann

c--I c - o i l  r’c-c - n - a y be taken as -:c- c- v idence  tha t  c om , Sn c - an”c - :  : i ; : c - t n n  c- c- a m a  c- <’ toi~~r n u i  l < c- c- I -n- c--

c_- i s .  , Ccn c-wc-1 , amphic-p od tul  c- ; : } ;av In-  c- - e ec-  di c- r , c - n ; n c -~
n r m l  ~ t -  ‘ - t n c - m i c - i l ize  sedi—

n c - n c - c - :  ( S i ll .  , c-i~~~ ( c - ’7)  . ‘n’ i m cv nay  thus i nh i b i t  c r c - c - c - n o n  of t i u m ,-
~~~~i

c- ’c- il

w h i l e  n o d i f- ,c- ’ i r u q  t , i  a- i : . ’r i t c - i u c - i cc- ’ csc-v n r i ’ nnnr -c-:u t c- 5 - -  p r o s - c ~
o c -  f u r c-

t , ( c - ,  r recol on n  n-n c--

s_ i  ‘c-c- -

Thu - u - , - , a 1< ’ n v - n ~ I- amj-eliscid c-cn n u u c- i } c-c -In I n , i v . -  been shownn ‘ n- i ;

e~m n ’l’i ui a ‘‘ - ‘ c - c - m a ’, ’ of c-I c c - , :  n i n s c o l o n i z i n n ’n  Iii’s- - m i s c - j r ,c- -n ,n ’- , c - t i ,  (Fisher ,

1973) , tI e’~ ,ire also dominant n ’ ;, - n - - ,l c - i c - - of su m S n u n  c - u , c- c- m m  t a be “ C l i m a x ” a n - n - i - n r c - —

b la - ’ji c- - : ;  in s i l ty — s a n d  s e d i n n ’ ’ n u t c - n :  of e a s ter n -  Long I s i c -n~- I n d m u n i m l  (Reid , < ‘ t  al .

fa c- c - r  u - u i - i , )  as well as in i i ’  i - ; I u i - n m s u - j  i - U n - k  I n l a n d  , ‘
~~- c - i m S ( S t e i mle ,

.0 al. , 197 6 ) , I ’ i u m c- -c- u c -  i n n i a n d  c- Si c-- c - n i ( c - , m I  I a , l’ rat S c- and I ’ c - l ’ c- i , m r , l’~
’7 . )

and tI ’  n c -, o r i, ! m , c - , m n , m c- c- , m n  cc- - n t  i n c - - c - t m !  s in ’  if  in g e n e r a l  ( P r at t , 1 9 7 3 ) .

t c - t a .-ac- m c - f - I - C u e s- ; a r m -  . d rl y n c - l - - r < n  z ’ - r s  at 51m w I , on u ic ,n may i n d i c , m t , ’  S c- S i t

r i anm ,,vi c- -ry  t c , s , n c - r ’. c t - - u  n ; ; c - ’ s , i I  ‘,- , r , . i m  t i o r i n ,  w i l l  he r ei ,mS u v e l v  m
c-< ; id. In

______________ n~ 
-

- c- c- ~~~~~~~~~ c- c- —c- - —~~~~~~~~~
- - -.--- -
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i- c- h -  - - i t  i c -c- t a i l 5 , - c - n i - I , , u n s i l - - c - l j n ; , c - m ’ i n J  tic - I n , - c- ’ , J - , m m i z , -  i , m r  , c - c - 5 ; c- of S i , - -  n ; ; ~ o i l

- m i c -  ( w h o _-h may i ,mvc - ic- i- -en r n - l i t  ivc-ly f r , - c -  f r o m  , m ’ n t i V ( -  - c - u - o i l i n g  Ia m r  as

rr.nm ~ im c- m n ;  t i s m , ’  v t - I r s )  w i m i  I.’ s ;’-m ling was still onm 9-’iny u l :; ’ c-c - w i , m : r ’ c-n in S i , ’-

c- h m a i oSd l  atom ( I i i  to , I c - m i t t  and P 0 I ’ ; c - m c - , 1577) - A year l i t e r , ‘ i i ,  th e

In ’ s ! h m n - o ’l— i c - lomnnu ,tt - 1  f n i n m q t  of  t I c -  spo i l s , ‘‘m a n y  s~io i l  s im;~ U ’ : - n - n c - c -t a i n t - - I

3~)— ~~ ) ‘c- n - i~~’ n c _ n ~~~~~’u i  c- n i _ i  c- a r c -  n , , t  n - : - ’ - c - u m , m l m l c -  tr ain n a t u r a l  bo t toms  on t h e  l a m - i s

i - f  n i t  ‘ c - c c - i c - n  s , ’ii n n I - ’ - r s  - i l o n s ’ ” ( P r a t t ,  Sail ,i  and S i s n n - - n , w m n e , 1 9 7 3 ) .  5’:

Cxf c - c - c t  c - i  s i m m  l a m  m i t  i c - i c- n ,  of r ec o l o n iz a t i o n  f or  t I - c -  N’-w London spo i l s .

~~~~~ Naval - ‘ ~ :‘ c- n-m iu o q r m t c -’ l u 1 , c- O f f i c e  (1973) stu m ,i’ ,’ mc- . - v , c- c- , i i ,c- - m i  a m , a r k c- c- r -n - ’ - , c -,’ a - n c -v

of n ’ c - n u t h i c a  f au n a  wi t i u i m ,  s a x  m o n t h s  a f ter  t e r m i n a t i o n  of a s m a ll er  d i s —

c - s i n a i  I ; c - m - c- m ‘a t  at F’ c-n i ’  I, , r i , l - , i , .  ~ mpe1 i - ; , n n J  limi t c - i u  
~~ 

-o, I : ;  c - c - I c- i  i i  I ly  la~ cI no—

c - s i  , i  1 ; shed S c- n , ‘ - n s~ c- ’ ’  ives  , o I
c-

S - - n  in  - m
c- , ’  

c- , S  - - r n c - m n s , I , ’  - m : - i 5 , _ i n ,  i,.’ - s  - f - c- , , m c - ,  i ;-r m on

to di  n c- n !  c - c - u i .

F i r s -t h y ,  ic - -SI t icnj ’SI  - - I  - m n u u l  S c - S c- - ‘ n - c - t i c - n ,  - I n c t m  m i n t -on  t an t ic - it S c- l i e  S

— d i -, t , , of n c - v - - i
c- m i  of t l u  , l r m - m ’ s more v al u a lc- l ’  f i m , f m  c -hi  -u i’ m ’ S , n c - m s-c-nh  as

~~n s , t -~ flound -r - m c - - ]  scnmp ( S c c-- c n t m i ’ m u  u ;  of tn luis i - j o n  S c- , ~mnd ,-i S..’imlinn , et a l . ,

1 -3/i , ) . ‘ i i ’ -  e ar ly  m m - m u - ’ ’  m m m i , - ’ - m i t  S u . s ’ ,  f m i r , m ’  J’ ’ c-i’ .c- ’ , n mc ’s ; m m ~~~1 n m c - c- c- t h a t

- - v ’ s - i l l  ~ r o d n i ~n t i v i S ’ ,- of t i u . -  N ew I, i , n u ~h , n ,  c - m i - i  w o ul d  not ShOw I , m - ; t  m u g

i - f t - - s  a of S I ,  ,las;p os-uaI of S I , . -  f m r ,, t n n u n - - i - , -m,’ n m t o f  ‘ ! ‘ l i m m . c - n ,  R i v - - m  s i - o i l s .

An n ,t i -  r’ c -n -; t I I m ~ f S i n i l  m nq f rom n S , t  ion  - ; of m i a  s n — ‘-n i n i t ’ , tIc- Ic c-c-v f m ’ .’—

- j , i t  i c - mi  by dc-~m m+ ‘rn,, c-J 1 1 i SIm Oc- - m n ; ; ’ . - e  i es of - - mmmu m m ,m n il _ n - ( A l i i f i l m  m ; - i m m i a  I wh ich was

l i m i t  m c-nommonl ’ /  c o i l - c - - c- S c - I  in 1 , m c - m , S  c - i c  S.c- l m f ’ j i i m ’ j .  T h i n ;  s O c - c - i c ’ s n s m , i ’ 5 - l u _ m ’ , ’~-

‘ ‘ i i. ’  w h o - l i  I S ;  mc ,m r . ’  - . - 1 , m o i u  S c - t n t  m o n - S  m t  S i t .  - i , - i m ~ i n n  (H o u s f i , ’I d ,

l’ m /  5 ) ,  m , r  ; ‘ . - r c- ima ~ m g  C l i , ’  I j s d m  s I m I J f l} ’l ( c- (c- ] l i i i  ilso h i - . ’ t m  f m - . c - c- L i n q  .‘lsowhei i ’ _

—— — -‘ - — - ‘  ‘c-c- . — —‘--———---— -——- - c--- ’ . ‘- . — — -_  c- ’
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I .  t m :~~ ç~~~n c- c- c - m , c -  c - i m d u - - - s ir  “ : , i - c- c - m u _ c - t ’ i nu s c- m n c - n  f ‘ S c- ’ ‘ 5 i a o n c ’ m - n ,  P i ’ : ~ m- a -  F’ s- ,

I , : ,  - i c-cs ; o s- n -m i a m m , i  s c- r e n uns ! l ed  c_i r a c-c- a l t  i - , x i n n u n i t -  i~,’ c- ; u c - ~~~
’c -t ac- c1y ic - a ss

I c-Y,- n ’ - . nn  c - I n n ’ l97.~ c - i n , - ;  l a ’ ;-  - c - r n ; - ’  r 1076 t.~ ma n s  t on  s n - c c- - c - i  cc -- f  c-j ails

n-tc-d s m ~ n -ic ’ n - l i ;  - ‘ c- c - n n t ’ c - i c  - c- c - u c - i u ’ c- ’~ n ; it i  c c - ’ , ,

2 .  ‘m c - - ’ ur st , , ’ s m - n , - - a l l  ~ ‘ 1/2 c- m m  of (c - h i -  I ,  n c - i - n r , d~ c c - h  d ; c - n -j~~~~~c-
c-

c - c - l  -o c- s

c- m n n - n i s n - ’  I n c - l y  I i ’ l  i n n - n r c ’ n - a u ; , c--I s i l t — - c- - I c - c - v  c - r, c - a c - c - t a - n , n c -, fs - ( I c c - ’  v ot

si-oi l  h , c - i (  m u  , , , t .  u d i c a ;  n-c-al ic - c- c - n m , .  5 - c- c- ‘ nm ’ c - , c -  n n r c - -  n c - ic- c- 5c -~~a ‘c- c- I c —

l m r , n t  tt e ’ ; s - c , i l  p i l e  s-n -n -tm- n m i m i , c i if f i c ul ’  Ly s-; ars- I i n n , - :  ~a c - i n - i t  c u t ’ :

- n m r a i  c - In c- i n c- i c - i  i c - i S.- r o q e n s , s t ;  of S c- b sac c-tm n r n - n r , t ’  -

3 .  S i t  n ’  f a u n a  ‘c- :- c- ,nn ’S u n n i r n , ’ ~~ S n - u s  t s c- u n  - i c- m n c-I m i y s i c i  c-tinsel I c - n y c ’  c - I c - c - - n ’s i n :

“ , u m n , a i  n - c - n c - c - n - t i ’  s ’ ’ v  5’ n c - i  c -n -n c c - c - c -r i  t in ’ - - c _ i t  n i h - u n ’ S ’ ’ :c- ,,ller f l , uc’ —

c - n m c - n i t i o n r ;  in n c - r i - c _ - i - n  of s; ‘ a’s, c - t i  , - c lc- .- s  d i v a - c c - aSs :  rn I c - 5 c - 5 t , i  i l i t :c- c- c - .

- ‘ n - t n - i d ’ -  c -f  n - i . -  m nnoc- ’ - l i - c - m t . . ~~~~~i 1 1110 , an t , a n i n , - s  c - ; :  - c - i t - S  ~
c- i n n - c- -n

t i s c -c-~ ‘ - d ; - S in - ‘ t
c- 

m
c-

- c-s S - - I ;  s , n  -c n - nm I I t ic- ’ - - I t s - s in :  ‘ un -n a- c - n c - l i , , 5 ’  c- I

‘n m - , ’, si~ojhir ’; c- s c - - ; c-~~- m  c- c- i-a r, ‘ -mr , mhl an - “ i n ; ’ , i r i : c - - ~; t o  ! - o c - c - n i  c - l i  n ; c - S , u n
c- , l

fiu - :tc- uations and -5 1 ,15 n , ml - ‘ - S c- - - m c- - ’ - ;  n; m’ sty t m - n  S i - c- S ,amI ~ - - amn ’ ,~ n-IS c-
c-
i

c - i  0 -

4.  ( I  n , .’rV ’- ’l i n i , a m ’ - 5 .  ~~ j fl 5~c - c -~ i t ’ s ; c-n (m ini ; ( ‘ n u t  - - m n  may m n t ’ i i C a t ,  ,;1o; n t i y  m 4m n ’ cc-’,iS —

c-i ni I iri s i rs ; ~mm ’ $  : - s n ,  s-ac- I n , -  ic- -’,’ ti ed I ‘ c- - i n s - i  i c - n -  i - cc- c- m t 51 , 5,  P ‘ n - m i m I

J , ‘ l m - i ~~t ’ 5 (  s-; i n  r ,~ c-c- i t - ’ ;  - ‘ ,nm o m t nn 1 ls It c:ou 1 ci ‘ I sm I a 1 Tfl( ‘I  - - - ens i t i s- ’  -

in ,n , i n n s l r  t c- ’ of ‘c-~~m oi Ii h g  c - i  I ~ c-- s - - S c- ’ - .
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~ S i n n n i f i - n n , ~ rc-cmc-lnn~~ n :-m ’ c-m t aS t b t . -  s- n i l  c - L u - -.- c- ’c- c-S cc-.  n c- v i t n ir a ~~I

- n
c-In c- u c - n -  of ‘ 5 -  - c - n  - t o’ tiis~~-sal . S nS I, , c- n c -  of n c - s c -rn - s c; c - n c - c -i n r , - I m , I - S —

u n - i t s  ‘:ont i inc-a-I t c- ’ - i c - c r ’  c - u -
c-

c- ’ t l ir ou ’c- n b n  ‘ ho c- F -  m t - s  1 i - s S uS c- tn , s , m r ’  1 i t t - ;

‘on -n c- j r  c - s c - ’, r i n cn l o ; ’  s m — c n n - c- n f- c- m s’c- c- n-, arc ‘c- c - c - - ‘c - a- s - b r - c -nm t t c - d  c L a r a - n t - c - c  iz o :

} n ’ cc-’n l c - j -csa i  c’mrsmi ’ n c - u : c - i Sc- n ,  an c-m n  I s -c-’ ar -a. I c - ’ a ir l c- y corn 5, ,: ’. - c _ i n n - i  i c - n

r e  - - v c c - c ’,’ Ire ’s-  ,c- 5 c- fir a ’ m i n o r - : - ’ s c - ’ of n - i c - o i l i n n -  was t c- r ’ - ’ ; n r t c - . c- c- c-’c- t .

15 c -v n5 r~~n-,’~~J7~~~(5 ’ ’J ~~ J ’sc-c-

- ‘ i. ~ - - n i , ; ’ c- - n - , l - - - n - ; s - c -- the : , : c - s J a n S. c - m n n n ’ c- c- of ,‘Ss . F u - nf n ar ~i 15 c c - ran-h “ c- , c
c- 

~~~
c-
~~ c _ : f ;  f

‘n i . ’, . - u n l y n c - i c- a n n r c - i n m - 5 ,  c- , c - u i a ; - 1  i nn - ; c-mi d dc-t i c - n , - c- m t ’ ,’s is  s m S - i s  - ‘n m - h : . ‘ s .

:,a s’id I-Ic-SIc- - In c’en. ’c - r i h u ’c- ’ c- i c -  ci~~~~~ n-c- c - a u n t  l i n i - ; ,  n : iSU O/ ni  n ’ , - m  ‘:,t~ l m ’I n ;  a c - S  - -~~

V i ’ c _  c- f  S , ,  mac-sm , a r m s  ‘
~~~~~ . :c- c - I m - c- ,’: : m , m x i . ’ -r  c - u  c- u , - - :  I n ,  t i c - c- SCS I - ,’s a ’ si- c- I n c- s .

I’ m . ‘rails -, c- ’ c -c - i n - c - l - c -  c - I ;  c - i i i ’ s i n n  l’ s -  l~~: n-n- n-in’s l i t - n  c - n i , ]  -“ m S n c - m -c- - , : m  n - n t  1 ’  v i r u s .

[Sin - n i . ,T -c - ic-,c- 5, ‘‘ c - nc - : ,  .
c- f c -1 i ’ n i ’ , , n l , l n , d  S S - : F u 5 ,  t ’ c- c- c - I s o  c r i t i ca l l y r i - a t ‘c - c - .c -  ‘c- c - ma ’ s -

- m c- c - ’ . I s - t h u s -  S , - t - - ;m r ‘ c - n  - nm mid - n ’ ’ c - - n  I Cj v :,i c -I  - - ‘ -u , ‘ i t ~ 
- S a-I S ‘ c- -d u n n , ’, - - n - m n , , m l ’ - n-— ‘ - n-u

~‘ft- s n ’  m t - c- I d - ’ - ‘1 ‘ c - c- ~ c- ’ - n ,hti c i an c - ‘n ’~~- n u n - s - c - - u n  - c -  l i st b u y ’ - 5 -

4 ‘ r i s c- - c-i n c- c - n c, l i i  the f ,  1 - 3 mm m d f s c- - r  S c- i ; ,  c-o r ’ c - m n ‘
c- n - :  - rd n ou n - a c - v i ’ m - c -ti f ic - s-

c- , i —

- - n  - of I _ , n s c - S n - n ’ , - - c - c  - 
c- c- n-i ‘aria - ‘I’iac- n .  c-c u t ic- m n ,  s-as t s - m n : ’  u~ d 1 v S tic _ ’ 7 .  . ‘ i’,’’ ,

c - - n  ‘ n c - i -  ‘ Fc c- , r ; t
c-

c - 7 - - ; 7 2 — 7 5 — i c - r u S s i - c- s )  . Shiv’ :  i i c- - m  n , ’c- , n ; n ; , ’ S  I n c - m s - ic- ’ ,~~ - ‘n - i -  ‘ n t I S  ‘ V i

S. I c - r u , u ’ ; b , c - s m $ - tn, - -  would ajs:m, i t S’ ’ - ‘ t : - , , n i  I n  - , t , u s i ’ - : c -  c-
c - n  t n ; -  ,ii ,,i John

I,,mi ar di , , i i m ~ t S . c - C  i - i  ‘c -h i  i c- y r - j e t , c - i n - i  t i c - -  5 5 ’ s 5IIS - m d  N Y ’  - S - I ,  i n  S m c i ;  m n , S  s C c - n

s c- i , ’ m r  a c _ i m i ; c - i - r~~i S I - , r t  , , n t , I  u,:snc-c - c i ‘- 1 s t  I _ _ i l  ni c-’- rk .

— — c- — — — — te-.c- ._,.s-’v-l--_ — — ~~~~~~~~~ —~ a.
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G. DEMERSAL FINFISH OF DISPOSAL AREA
Robert J. Valenti, Ph.D. and Stephen J. Peters

New York Ocean Science Laboratory
Montauk , N .Y. 11954

INTRODUCTION

The Fisheries Laboratory of the New York Ocean Science Laboratory , under

contract from (NOAA ) National Oceanic and Atmospheric Administration ,

sampled the demersal fish population in the area of the New London

[)isposal Site during four cruises: before disposal in July , 1974, during

disposal in Oc tober , 1974, and again in February , 1975, and after completion

of the disposal in August , 1975. Sampl ing was conducted at nine stations

chosen from those previously used for sampling of benthic invertebrates

(Figure 1). The selection of these stations was based upon their proximity

to the site , bottom type , water depth and direction of prevalent tidal

currents.

METHODOLOGY

Sampling of demersal fish populations at the New London Dump Site was

conducted on four cruises: 18-19 July, 1974; 9-11 October, 1974; 18-19

February, 1975; and 4-6 August , 1975 .

Trawis were made using a 35’ lead rope otter trawl (2” s.m. body, 1” s.m.

cod end with 1/4” s.m. liner) at nine stations (Figure 2). The duration

of tows was for a period of fifteen minutes when conditions permitted .

Triplicate tows were made in July, 1974 at Stations A4 , C2, C6; in October,

1974 at A2 , A9 and C6; and in February, 1975 at Stations A2 and C2. In

August triplicate tows were made only at Station A9. Duplicate trawis were

. _ .  — —  _______________
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made in July, 1974 at Station A4; in October , 1974 at C2; and in

February , 1975 at C6.

Phys ical parameters recorded before each tow included water column depth ,

bottom temperature , and bottom salinity (Table 1). Depth and temperature

were obtained via bathythermograms .* Water samples were taken using a

5 liter Niskin bottle and salinities measured with an induction salinometer.**

A ll fish captured were identi fied and enumerated. A representati ve sample

of each spec ies was kept for laboratory analysis , wh ich included measure-

ments of standard length (mm) and total weight (g) for each fish. Gonads

were excised , weighed and the gametes were examined under a microscope

to determine sex . Stomachs were removed and contents were identified

to the lowest poss ible taxa and each taxonomical group was we ighed

(Figures 3-16). The stomach contents were removed from those fish caught

at the following stations: A9 which is eas t of the Disposal Site , C6 which

is the Disposal Site and C2 which is west of the disposal area (Figure 1).

Ages were calculated by counting annual rings on scales and/or otoliths

depending upong species (Table 10). Male to female ratios were also re-

corded (Table 2).

RESULTS AND DISCUSSION

The mean total catch was 1,577 fish which were collected over the four

* Bathythermograph manufactured by Belfort Instrument Co.
** Induction salinometer manufactured by Beckman Instruments Co.

__________________ 

.4
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Table  1

Mean Bot tom I )epth , Temperatures  and Sal m i  t y
N .S. = Not samp led

~~~~~~~~~~~~~~~~~~~~~~~~~J27~~~ _ _  _ _ _ _ _ _ _ _ _

- Bottom Bottom
S t a t i o n  [)epth(m) 

— 
Te~ j 1 ,~~,~~,~~~, ( °C) S a l i n i ty  (°/oe )

A2  24 16.8  30.554

A4 20 
____ 

17 .1 30.374

A8 22 17 .5 30 .274

18 17.7 30.104

C2 18 17.6  30.050

- 
C 6 . 22 17.0 30. 386

- 
E9 23 16 .3 30 .898

P4 16 17.9 30 .212

F 8 20 17 .2 30 . 193

__________ 
October 1974 

______________ ______________

Bottom Bottom
Station 1)epth (m) Temperatures (°C) 

- 
Salinity ( ° / o o)

A2 18 
- 

16.3 
— 

31.634

— 
A4 18 

—~~~~~~~~~ 16.6 31 .252

A8 
— 

17 16 .8 31.308

- 
A9 

— 
16 16.6 31.440

____ 
11 16.2  ________— 

31 .298

C6 19 16.6 31.326

E9 N.S. N.S. N . S .

P4 14 16.4 31 .448

P8 21 16.6 31.182

_ _ _ _ _ _ _  — .4



G-6

‘r ah 1€~ 1 (cont .)

Februar y 1975 
____ ____ ______

Bottom Bottom
St a t i o n  0cj~~h Qn ) Temj~~~at ur e s ( °C) Sal in i t y  ( ° / o o )

12 17  3 .5  31.034

14 19 3.4 30.967

A8 18 
_____ 

4.0 
_____ 

30.969

____ N.S. - N.S. 30 .920

C6 18  3.5 30.903

E8-E9 20 3.4 30.859

1:4 10 3.9 
_____ 

30.965

P8 19 3.0 30.743

August_ 1975 
_____________ _______________

Bottom Bottom
Sta t i on  1)epth(m) 

______ ~~~~~eratu r c~~fC)  Salinity ( ° / o o )

A2 20 18.8  30.484

A4 22  17 .0  29.758

A8 20 18.5 
—~~~~~~~~~ 30.722

- 
A9 20 19.0 30.619

C2 15 20 .0  30.733

C6 18 20.0 30.618

1i9 25 17.5 31.055

F4 18 18.9 30.769

P8 22 18.1 29.770

______________________ 
A
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‘Fable 2

Male:~ emale Ratios for 13 Species
collec ted at 3 stations 

_____

Totals per station All Stations

- - 
j e c i e s  

- 

. r i ’ ,
~ :1  0 : 2  1:0 1 : 2

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~ - “ : e~~~~~:i~~~ • !~~: 10:6 8 : 2  3 : 1  2 1 : 9

1:8 ~~~~~~~~~3:8 5:20

- 
2 :1  3:5 3 :1 8:7

i - -
~r~- z i i~~~~~~ i j s  L~~ t a t a s  1:3 - 1:3 

~~- ‘~~~~htha~~rn~s aQuosus 12 :11 1 : 2  4 :2 17: 15

_________ 
2 2 :2 0 14:13 19 3l 

- 
55: 64

ip : ~-~~~ ~ caroli rw s 1: 1 4 : 1  0: 1 5 :3

_______ 
1:0 1: 0

— ~1 ~~~~~~~ ‘~~~~-~J L Z  2 : 2  
_________ 

2 : 2

1:. “~~~‘ i’~~; ~~~r~~~: 
zp ~’ rica,ms 0:1 0:1

~~~~~~~~~~ ~~~~~~~~~~~ 
_____________________ 

1 :0 1 : 0

________ 
0 :2

E ~~~~~~~~~~~~ 35:30 33: - l i 117:128
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: Jtfl I lir~qs (Tables 3 — 7 )  . This ‘ialue included d • l i u at ~ and t r ip l icate tows .

The amount of fish caught in ~Ju1y before disposal activi ties began , com-

prised S9 .-l~ of the total catch. The catch in October , 1974 and February ,

l9 ’3 , during the disposal , represented 16.6’~ and 6.6°o , respectively. The

August , 1975 sampling, which took place after completion of disposal ,

accounted for l7 .6~ of the catch , a slight recovery .

1’he seasonal and spatial distribution that is discussed represents a mean

value in order to standardize the results obtained from single and replicate

trawls.

‘l’he mean numbers of fish caught in July, 1974 and August , 1975, were 835

and 393, respectively, Th erefore , a substantial portion

(78~) of the fish caught were taken either before or after completion

of disposal activi ties. For a l l  f i sh captured on the New London Disposal

Site Project (Table 7, Figure 17) , the largest value of fish (N=257) was

collected at Station C6 in .July, 1974. This station was later the center

of disposal activities. Sampling at this station during disposal resulted

in no yield. Overall comparisons of catches at all stations from July,

1974 and August , 1975 resulted in the August catch being less with the

exception of A8. The station yielding the least amount of fish over the

entire sampling was E9.

I
The mean catch per hour for nine species of fish can be seen in Table 8.
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Table 7

Mean Total Catch Per Station Per Sampling
N.S. = No t sampl ed

July I974~~~~October 1974 February 1975 August 1975
1 

Total

85 27 35 194 
- 

341

- A 9  82 30 18 40 170

C2 
—~~~~~~~ 56 25 4 8 

- , 
93

257 3 4 I 77 341
-1- - -

19  • 3 N .S, 2 2 
- 

7

14  137 74 21 18 250

FM 
- 

148 
- 

26 10 49 
- 

233

fotal - 835 - 
255 94 393 1577

- - -  - - - - -— —---
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The species included are winter flounder , Pse udop leuronectea anlerl.canua;

scup , :>‘tenotomu a chrysop s; cunner , Tautogo lab rus adaper sus; windowpane

flounder , ~>‘op htha Z~nius aquosus; tautog, Tautoga onitis; l i t t l e ska te , Raja

er inacea; Northern searobin , Prionotus carolinus; summer f lounder , Paralichthys

dentatus and longhorn sculpin , Myoxocep halus octodecemapinosus. Fish  species

caught less than ten times during the entire sampling are not included in

the catch per hour values but are reported in Table 9.

1. Abundance

Winter flounder

The winter flounder was the most abundant species of fish captured and

it does comprise a commercial fishery in the area as well as a sport

fishery in the inshore areas of Block Island Sound. It comprised as much

as 71.8% of the mean catch in August , 1975 , and 69,8% in July, 1974. The

general trend of stations show that the largest amount of flounders were

caught in .July; the number was reduced greatly in October and reduced

even more so in the February sampling with the numbers increasing again

in August , 1975. Exceptions to these results exist at two stations. At

Station A4 the largest catch was taken in October and at Station A8 the

largest catch of winter flounder was taken in August (Table 8).

Scup

In general the catch of scup was largest in October and least in February.

Stations A2 and A9 accounted for the largest catch in October (Table 8).

Like the winter flounder, it too, comprises a commercial fishery in the area.

- - - -~~~
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‘Fable 9
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(;unner

The catch of cunners show this species to be more abundantly taken during

the July , 1974 sampling, with a reduced catch in October and none being

taken in February . An increased yield was observed for cunners in August ,

1975. The largest catch of cunners occurred at the same station , F4 , in

both Ju ly  and August (Table 8 ) .

Windowpane flounder

Windowpane flounders which have been collected in large amounts in other

studies on Long Island Sound (Amish l~ Hauer, 1974; Austin et al. , 1973;

llauer , 1974) were caught infrequently in the area of the New London Disposal

Site. They comprised 17.3% of the mean catch in October and 7.1% in July

and August . Only three windowpanes were collected during the February

samp ling . The largest catch per hour for an individual station occurred

in July at A9 (Table 8).

Tautog

The catch of tautog was almost entirely obtained during July , 1974 . On ly

two were col lected in October , 1974 and August , 1975, None were taken

during the February sampling . The largest catch was taken at A2 (Table 8).

This species does comprise a sport fishery in the area.

Little skate

The little skate was obtained in July, February and August samplings; the

majority were collected in August . The largest contribution of little skate

was taken in August at Station A8 (Table 8).
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Table 8

MEAN SPECIES AB I JN fl ANC E
- Number of fish co l l ec t ed  per hour

N.S, = Not sampled

TiC) -’ H> 1>1 / 4 4 ?  t i - :7

StJtIOjjUlY i ~~74 J OCtOher lQ74~~~~~ e h u ~~~~~19~~~~~~~~~~~ t 1975 ’

-__A~~ _ _ _  

()

A4 16 0 0 
________ 

0

A8 0 0 
______ 

0 4

A9 4 0 0 0
- - -- -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

C2 4 0 0 0

C6 4 0 
-~~~~ 0 0

0 N ,S. 0 0

F4 12 0 0 4 
_____

F8 0 4 ____— 0 0 
—

Raja _ er~nacea 
_____ ________ ____________

Station 
- 

.July 1974 
- 

October 1974 
- 

Fehrua 1975 August 1975

A2 
- 

28 () 0 0

A4 
- 

4 0 0 4

A8 0 0 4 52
-•

- 
A9 4 0 8 24

- 
C2 8 0 ~~~~~~~~~~~ 4

- 
C6 8 0 12 12

E9 0 N .S. 
_______ 

0 8
4 ——- I -

F4 
- 

12 _ 0 4~~~~_ - 
0

- ‘~,L - 
0 0 0 20

~~~~~~~~~1 
_ _ _ _ _ _ _  _ _ _ _ _ _
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l ab l e  8 (con t . )

:

~

t

~~~~~

i

0

~

i TT ~~~
1 122~~~ 

I 
____

276 8 10 0 596

152 8 48 184 
_____

C2 136 20 (1 6 
_____

C6 996 4 0 252

F9 0 — 4

- 
308 64 

________ 
64 28

1:8 448 
_________ 

12 
_______ 

4 148

______——______ St 4 ’notomus clzrysops 
_____ _____

Stat ion - July 1974 October 1974 February 1975 August U

A2 64 100 
______ 

0 
_____ 

0

A4 24 0 C) 0
- -~~~ -

A8 12  20  36

- 
A9 - 48 100 0

- 
C2 60 0 ~~~~~~~~~~~~

- C6 - ~~~~~~~ “ 8

L9 4 - 0 ~~~~~~~~~~~~~~~~~~~ 0

F4 
- 

4 40 0 12

F8 16 0 0 8
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T a b l e  8 (cont .

— - -
‘ - z~ -P . ~ :’ a> - 1 4 - 4  4 4 - 7

S i n  Ju ly l 1 7 4  I ehru/Irv 1975 August 1975

12 -1 0 0 1)

14 52 -1 0 0

AS (1 36  0 
_______ 

8

19 8 4 0 
___________ 

1)

C2 12  60  0 36

8  0 0 1 2

-- 
E 9 - 0 - () 0

F4 164 - 164  0 
_____ 

0

F8 60  0 0 4

_________ 
Scophtha7,nus_aquosus

S t a t i o n  - Ju ly  1974 October 1974 
- 

February 1975 August  197- 5

12 0 24 0 0

14 -1 
_____ 

0 0 8

A8 52 40 0 44

19 108 8 8 20

C2 4 0 4 0

4 4 0 16

1:9 4 - 0 0

F4 
- 

2 1)  20  0 8

F8 36 80 0 16
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Fabl e 8 ( c on t  .)

I C C ) .  ) 4 >  H’ US H4>LI ’ ( >/  1 4 4 - U 4 - 4
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I )  0 0 0

C) 4 1) 0

18 
_____ 
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- 
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I~~
) 4) — 0 0
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____________
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- ___ ___ __ 0 0 _~~~_~~~~~ 0 0

— 
A9 0 0 0 4

- 
C2 - 

0 0 0 0

- 
C6 4 0 0 0

1:9 0 - 0 0

- 
12 0 0 0

F8 16 0 0 0
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l’a b le  8 ( c oot .
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N or t h e r n  s ea rob in ,  summer f l o u nde r and lo n ghorn sculp in

Ihe three remaining species were all caught very infrequently. ‘Fhe

northern searobin and summer flounder were caught almos t exc lus ive ly  during

the summer samplings (Table 8). ‘I’he longhorn sculp in was only caught during

the February sampl ing  (Table  8) .

2. Stomach Con ten t Analys i s

During the  sampling reriod , the analysis of stomach contents was performed

on seven species of demersal fish. These fish include : northern searohin ,

I> rionotAs ~‘ir.-linus; winter  flounder , Pse udop leuronectes amer-i-ccznus; l i t t l e

skate , I~i~ - er inacea; windowpane f lounder , ~co/—hthalmus aquosus; scup ,

,
~‘tenotor77us chr ’isops ; ta ut og ,  Y’auto ,i onitis , and cunner , Tczutog olabru s

)-isJ ersuo. The f i sh  col lec ted at each sampl ing s i te ~-.-ere preserved in a

buffered 10% formal in  so lu t i on  and returned to the laboratory for further

invest igat ion . Of the nine  s ta t ions  sampled , three representative stat ions

were chosen to be used in this analysis. ‘l’he three stations are : Station A9 ,

directly to the east of the disposal site; Station C6,,which is found within

the boundaries of the disposal site , and Station C2,located to the west of

the disposal site.

Northern searobin

PrionotuB carolinus (see Figure 3) was caught at each station ,and the

predominant food item was found to be the amph ipod Leptocheirtw j) iui-8.

The 1.3% noted as “other” in the total for all stations included the amphipods,
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STOMACH CONTENTS OF
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~~~ 4 — z~ ~~ ,, : -raY”.- and - J 4 2 C ) i - H l J  i y ’ y’ > - y ’  ; t ~- i , a nd a smal l  amount of unidentified

di gested m a t e r i a l .

W i n t e r  f lounder

f , .> > 4 /JC) . >? .4P(C)H - ’- ’tSS -i ”~u ’i. - - z! :4/ : ;  (s ee F i gures 4 -6)  was found to be the f i s h

w i t h t he  most d iverse  d i e t . T h i s  f i sh was also caug ht in the greatest

numbers , us u a l l 4 - -  w i t h  the quota  of fifteen fish being collected per Station

per sam p l i n g  1)eriOd . ‘the most common food item wis found to be the amphipod ,

;- L”r’;- z I-’C)s sp., wi th a var ie ty  of p olychaetes  and amphi pods compr i s ing  most

of the remainder. The greatest percentage of empty stomachs was found

during the February samp ling. This should be expected , since that sampling

took p lace during the flounders ’ reproductive season , and it has been re-

ported that winter flounder refrain from eating while gravid. t h e  lU .3~.

desc r ibed  as “o the r ” in t h e t o t a l  for a l l  s ta t i ons i n cluded : i - ’
4;~~~ j ( .l . l

i~~r>-rit a , >~r’>in ion septernep inosus) Le ~dono-tu o ~oqua ma tws, ( ‘i~~’el~a SI).,

. -!z.4:~- -~C) // u8 n~-~ e-~ -, 1itjpan~ o.ea gray i, C Z ; / - -~ra (v7,e ’L-{ cans , !> e.” ?C)IJP1.C qou~ d4A ,

Arrrp haret e .~~u t if rons , Chorda ta , \emertean , ,Lr~iothel? , - i sp .  , ‘1uVn~a la tera/ i s ,

.7eor-r-aia ameri cana , Gorophium sp. , I IU -/ t i s  sp. , l .chinoderj nata , Nematoda ,

crab larvae , sponge , various uniden tifiable bivalves , and hi ts of wood and

sand .

L it tle skate

I >~L,> C) z er ’zM (J> ~ea (see Figures 7-8) were collec ted 1-f all stations during the

samp l i n g  period , and were found to have a fairl y diverse diet . The dominant

__________________________________ _______________ ‘a
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food item was the decapod ,(’ran~ion sep tcmspinosus, with other amphipoda and

polychaeta following close behind . ‘I he l .l°~ noted as “other ” in the total-

for all stations was composed of HjparuLola ~~atj~ ,Neomysis americana, finciola

irrora~ -z , fish and shell fragments. The skate was found to have a relatively

low percentage of empty stomachs , when compared with other species sampled .

Windowpane flounder

S~~1-h~.hilmu~ aquosus (see F i gures 9-11) were obtained from each sampling

site , and upon examination ,proved to have a somewhat limited diet . The pre-

dominant food item was the mysid ,Neomysis americana, with Cran,,’on septemsp inosus

following close behind . At Station C6 , however , the dominant item was Loli go

sp. with Neonnjsis americana second . The l.9°o listed as “other” in the total

for all stations was comprised of crab larvae , Leptocheirus ~inguis and

hits of rock.

ate~~tomus chrysop8 (see Fi gures 12- 13) were col lected at a l l  s tat ions , and

during all sampling periods , exc ept for the February sampl i ng when none were

caught. They were found to have a diverse diet , althoug h not to such a

degree as the winter flounder. In comparison to other species sampled , fish

at each station had a different major food item . The 2.7°c labeled as

“other” under the total for all stations consisted of Caprella sp., unidenti-

f ied amphipoda , Ampharete acutifrons, un iden ti f ied polychaeta , Photis sp.,

Pelecypoda , Crustacea and copepods.
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Figure 9

STOMACH CO NTEN TS OF
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Figure 10
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Figure II
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Figure 12

STOMAC H CONTENTS OF
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Figur. 1 3
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‘I’autog

Tz~ to ;x ~z i t i s  (see I - i gu re 14) were only collected at Stations A9 and C2.

I h e i r  diet was comprised almost  e n t i r e l y of I’-zjur~ i sp. and - -‘-/m~er sp.

Cunner

Y- : ;o~ - u-ras  (1JL ~!~ ’rsus (see Figures  15-16) were col lec ted at a l l  s ta t ions

and dur ing  each samp l in g  1)eriod , except for the  February sampl ing ,  c~ur ing

w h i c h  none were co l lec ted . The cunner may be described as an opportunistic

feeder . Upon examination , their diet proved to be relativel y diverse , wi th

the  f i s h  at each s ta t ion  having a d i f fe ren t  major  food item . ‘(‘he l .6~

noted as “other ” under the total for all stations consisted of (]ran~
on

s&’~-ternop inosus , C~r-rella s p . ,  Naesarius sp. , Musculus ni,~~r, Brach yura ,

unidentifiable fish and algae.

3. Age and Size  Range

‘!‘he ages and sizes of fi sh collec ted at the New London I)isposal Site were

determined for four species and are presented in Table 10 and Figure 18.

These species are : northern searobin , Prionotus carolinus; winter  f lounder ,

Pseudopleuronectes americanua; windowpane flounder , . ‘ T f r l tP Uzlrm4 S aquosus,

and scup , ~‘;tenoto~~s chrysopr . Ages were determined by counting annuli on

otoliths and/or scales. All lengths are recorded as standard length. Puc

to the preserving process , the age determination of such fish as tautog,

Tautoga onitis and cunner , Tautogolabrus adsperauc often could only be 4

approximated . The results were inconsistent and thus the data are not re-

ported . The fish used in this determination were selected from three repre-

sentative stations (Stations A9 , C2, and C6; see F i gure 1).

_ —L -e j
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F a b l e  10
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‘(‘he demersal fish popula tions at the New London I)isposal Site were

sampled four t imes . ‘(‘he first sample , which  took place before disposal

operations began , determined baseline conditions at the site. The

second and third sampling periods were scheduled to coincide with dis-

posal . ‘(‘he fourth sample was taken after the dredged material disposal

was completed .

Of the 1 ,577 fish collec ted over the entire four samp l ing periods , 56°c

%sere obtained before disposal began . The landings of fish dropped

sharply when disposal operations began and never recovered to the

pre-disposal baseline level. This variation , however , may be due to

seasonal abundance rather than the effects of the dredge spoil. The

most abundant species collected throughout the study was winter flounder,

The stomach contents of seven species of demersal forag ing fish were

examined . Comparisons were observed between the pre-disposal and post-

disposal diets in Figures 3-16. All of the species collected , w ith the

exception of windowpane flounder and tautog, had a varied diet and may

be described as opportunistic feeders. ‘(‘he windowpane flounder and

tautog were found to be very selective in their food habits.

Ages and s ize ranges were determined for four spec ies of f ish collec ted

at the disposal site.

_ _ _ _ _  
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~~ nam, I

‘ - - - n i ; : -  xt ’ a a: .‘ - : “  n. f l  - - ‘ ‘ ‘ t ~ i-~-~ n ’ i n u  i e I v i .  o’,,’ “rvice t,-f ’f ’i ”’ - , t i- i ,’. ‘
~ .,

- i n , ’ 

~~~~~~ H-ri -~~ ‘‘ - n .  ~ i i - e r i t n ’ ’  t n t  i t n , , n  t t ; r - - u , ’ i n - t~~t t h e  d i m - n -  a n t i i re ’ ,, - I I I  n m - t

C I I I i°n  of en  n i 1 1 
— 

n

ur c r n~: , “ n m  : .~~~ . Lc6J ’~r 1 - n T ’ : ’  v: w - - r - -  o ’ : ir f e , lo-’-o t- d t c ’r . - - ’ i t : ;  - I - - t r i o  or :

no . ,  :‘ rm (Ht ’ •r ’’:: , ‘ ¶~ a ) ,  o .” - - n , :: ’ r - i - ’ f , e; ’ n - l i r e ’ ’ f l y  ~ n t u  n ’;;. i :: .n - f n ’ ’  f ’ ’  ( H , ’ •n ’ ’ - 8) .

of’ H’ii’.’ li n i l I c - I a ’- ’ - m:’ t l ; : , - r v ’- J  - 1  f r’ :n ’ ,, e l ,  ‘ 1 1 . -s r’an ;’e- .n f r tn:’ --’ t.o ~~-n w i f n n

h i~~n ’ - a t , f ; I r f t - ’ ’ r : :  r ’-  - n ’ t~~a 1:1 t~~, .- - n ’ ’_ r  ‘ - n c  m e  I f: . - u n d  v i o l  n i t - y  . I’ m - - n i .  ‘ i v ’ -  r - ‘k r e -H ’

‘is ‘ , - I , ’,, ’’ - n t  t— . ‘ 1 , . - - I i : : j - : o e I  n i t - - v - - ;I -I yi ’i - l o u n t :; of’ 20— 30 1 - i t t - i ’ .: n m  d i m e .

:;‘- a iy  n c : - - -  : n - i l  r~~’/ i - n ’a a r°! i t - ! ’  t o  t b ’  f la t  fe- : , , t - ; n’ - l  t a r .  b o n t -  nn ¶ li ’i t ‘-i -: - ‘ i r a n

r~~ i ldI~ r’teti a’’’ I, -- lob~ tey’:: ‘ m i - I  ‘ r :t t ,m .  TIe r ’ - - a - ’h i u t  the d i s , ~:e1 - - r i - - a , f ’ ’ -o } i  1 5’

1 - . n ’ r -  v ::  v ’ ’- :- - r , I , f - . ’ - l  - t I -nc lie I t - ri l ber y and in Hay mi ; i n i I , : e l i  t b -  : : j -ui l  ~‘iie .

- - w -  - v’-r , it I a i - I l - - ’.’- - U I ’ n i t  I n - I ’  “I t I i ? f ; j  - i r.g n i t ’  t~ I v I ty n t i id  L I ; - 
~
‘ t a t  - I i ’  I : :e  - t - t i i  n 

~
‘ of t be

I i’ d i  rj r a t  ru i - v  t n . -  f’ ’ r romr  l a -rn 1 an I ro ’r ’ -:~n: I r i g’ n u mb e r  of l au r a ’- -w I - - ‘ : t t  i o n s .

_ _ _ _ _ _ _ _ _ _ _  ____________________________ - - - - ~~_ _ _ _ _ _ _ _ _
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H-Cl ’ I .  bu tt- - t r i  1u~~a l  i o n  of b i v c - a on t , t t a  U , - W  London i i s j a - .:: . 1 ‘i t- ; for
I’ - n i t i i  I - ‘ m u r v -  -v a r i d  i n i l - r w : e C , - r  n h n t , a c r n t n - ) i y  , May , 197 14— Jun e , 1916 .

Underw ater
I c’ Photo graphy

- , ,uc 1U i a - n ,  Nurv c-y  35 nm 16 mm

21 i~ ’~~ ’ ii r t h - :imt  corner

-
, 

-m-~
- -u ’ i n e n i m t  r ( ’r n - ;r X x

a n -  i a - r t n i w e ::t corner X x X
N . L . a- nay x ::

-3 ‘ -a, ’,’ ~l c - m r , n 1  central ( 140’ mound) x X

2 A n , ’:i~~t Northeas t  corner  X X

Northeast corner
‘- - a u t h  -nj : : t  corner
l a -r t l ; w n - : : t-  corner X X

I t :mt- -:i’ 1. L. Buoy (no r th  trnt riaerl ) :‘: x 

t o te r  N .  I .  a - n a y  (south t m - m i ,  ‘ 1 ) x x

7 5~:ir cli U. L. Buoy (southeast t . r~m nia -  - ‘ t  ) x x

28 5~ay N .L .  Buoy (south t rain:- - ’ t) x x x

23 -J uly 300 yds . i - : i : ; t  of N.L. Buoy ( H - W .)  x x

10 May N.L. Buoy (ENE transect ) x x

16 Jun e 300 yds . NE of’ ILL. Buoy x
N.L. Buoy (east transect ) x
.5 miles SE of N.1,. Buoy X



II — 5

‘ ‘ - i - f  - - - I  - 1  i n S  n i l , t .h c -  U - - v L - i f ; j I n  l i l I r m I -  iT it-

F ’ io  n: ’ - . 
‘

, - 1/7~ . ; N . E .  C’ - - n’ : , - - n ’  ; ‘ n - t T h  52’ ; ii- r i, -, ii n , t a I fl - -id v i - - v ’  f’ t h — ’  - t  a

( ! IF’l ’l  ) , -
“
. N i t  - I m n I l  - n ’  - H t r a ‘ - n y  : i r ’- , a o I  r’ I :nar -:: a - f  ‘ m : ’ n - h n ! - - ’i ~n n --a

v i  b ‘~n -a ’, ; - - a d  t i l e of’ I - : i ’ ma  ‘ a :‘ - a ( -~~ - - r - ‘ - - n : er )  . N t - n - - r i
a - -  !‘, n m - ’ n t - - - I 1 . 1 -  L - - n n - ’ rnt ; - n - e ’( n m 1  ; , , m n - . n ” - n I t i :v ’ - - n n : m - I T i  I - i t - - a n v ’ i , ’- i r , f’ - t ’ n n i ’~ .

3 5 ‘ , F ( ni r , tp t i t  52 ’ , ‘ F 40 ~~‘ 
~
‘ i t  ~ t I ‘‘i

-0 ~ - ‘ n - i I t i  ab e l 1 I’r’n c m m t - n , - t s  in den t s ’-  o a r  - - - - n t mat l o i n  of n a n m r - b i p n - !  nI e m .
N - c  nn ’ a i  nn -t , t , ] i n c  ef ; : m n : : ; - -y ~ led m at t e r  :‘-“,a n ;t e d  i n  a f ’ i r - H i t  ‘.“- r : - - er
- i -r n’ - ]  a ’ I ‘ i ’] ’  e- , m : , n — n ic  t t a t  am s t - - i a  n:. t - n t

H -  1 /7 4 ;  N . E .  (Iex’nt ’r; i--n - t , h  52’ ; I l l - VP 10 ” . The win ter f i n - ; : : ;  n ’ ; m ,
H.’;nara-I - - .r’ -nec t ‘- a :- :’ . - n ’ i - a n ns , was : n h i . n - n ’ i n i t at. ‘01 1 rites and f r - n -  1, - n, tm H-

‘ - y : ,’ ,,t ‘ 1! W th ‘
- ‘-

~ 
I i  j I l t ~~ i c - -n an i n i L i e s

H ( ‘ i 0 / 7 1 4 ;  N . L .  H - n y ; l e n - I - h  80’ , l i E V i ’  iC” . Ev~i 1- - nec  ~ f’ I -n ’ -: v ( ’ - n :  H - n i - I n c
of ’  a r ’ - - i c ’~ n a - - in , - f t - n a t ; n ’m r i n e  o r i t ’ i n  i n t d i e a i ’,-ed ‘by the ;r , ;:t:.n :e c- f’ - -;,‘r ’~ -r
‘ m l  Cay :: ’ ni l loj a t - - I  i s .  En c r i n : :  I n t l .  i o n  of ii~ ll-’H--i~~rL~ ‘n’ - ;wt -h an ; -!  S : 0 1  3
- - i ~i ’ a ’] n o t  ~- rm v - - r n - f ’ ter -n ru ;nn tered.

— / / ( 1 e - i i  r , ‘~ 85’ }IFVP 5” Ri — n i t ,,u 
— —

-..- ‘i:’ a mn ; ’ t~b -r  c ::.n -- - n; ’’rit - f ’ tb ’- - n ; l , - i ~t , h i t ’  f ’ t n r n n  a t  ‘i ll :nk:if ,i - ’nnm . N I ce h - - ’i ’j v
1,”] 1 f i ’n t ,~~i- - n i t ; ;  - t n id  a ‘ i n - I — r u t - i  a - t i :- : I, n a t  t , - v - - n ’ - -  S I m i  i i ,” f - ‘ : o  a .1 - :‘- ‘O
I : ; ’ - r v - ’-d at N . L .  I - - a - v slt t- - .

Fic~ n’-- 7. 1/ ,  e / ’(14 ; :1. 1.. l t u c y ;  b - j  t ,h 80’ ; C l v i ’  t t - ” . N’ y~ - i - ” l 1 - t a t  em i - u n - n -v i n ~ a- i t - --
r - c- , : :ht , w i r iO e x cav at . - -’i m a t e r i a l s , n - m O e  - -  I’ - ‘ - - i - i - i -  — 1 -  :1 n m  r I a - a S , md

n o :  : : ‘  I n , , t , - d  f ’ ;i ;i r in i .

F 1~’ n m -  C- . 0 / ~ . / 1I;; N . L .  i’ - i n ’ -y ; i ’- ’~ -th 75’ ; IIFV P tO ’’ . I ,  i - a t . - : ’  r - a n ’ r -w €- . ‘ : ‘ - m ’,’ - tel  i n
-r. ’ - r ’ i v - -  m ; n- I— : ; i I t  substr’:mtc’ r i - ’ I ;  in  : i r m ; - h j n - - - d  t n t - - n : .

F I ~~~~ O~ 5/ 1 1  /7 1c ; N .  Ia .  ( I - r n t - r ; :~~- : - t 1 50’ ; HF VF ‘
~~

) ‘‘ . 1 -  - 1 - a  f_ e r  h i t ’ ,’- -w - - n , ,  : 1 ; ’  i t - I
- c , - ; r wa t  ~r 1 -  - ,~c - -i  v u - - - !  f’ ,’ ::, i r v i n: : - C m i i  n~ - n  - - i f i - - r i m .  W a - - I - - u t n t - i
a t - - ’ - ~ 1 -- :cn . m , , l,r ’ n m nn: ;  I I r n :  : i r ; -  I i ron l i i i  k l - - ’ d:: v - ’n ’e  o f t - - n i  s i  H - n d  an d

r’ ;j v ided a t t : i- ’hn : , - n i t .  r ;ur f’ ni ’ , ’ :’ m r  r h - i t - e r f ir  1 - - n t C i i ’ - n ’ , ’- m n i : ; m r : .

- ,- —— ‘-~~-- --~~~~~~~~~ - - — —~~~~~~~~~~~~~~~~ - - - —  -~~~~— — - — - - - - — ______________________
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- n e - c -  Co i l  ( ‘n i - m r ’ ’ m , - I , ’ - r n : : I , i c a n

E l , - .:’ - 10. / 1r 7 , ’ ) n ; N .L. l aity (11); C - ~ - t - te  70’; iml’7P C” . i- ’ im , f’ i n:h , - ‘r - n ’I, - i-’ - - ’~ri:;
-mi I - i l  in: ~ 

; n ’ - ” n i s un s  v’- :r  - seen to i ’ a - ir i : ’ -  n i - - v U , ’ c j - - ~~o : j t n ’ d !r’~~ii Oe
: : n - o j is. l ii - -to n h —  -wr ’t i ] - - , a ’ ’n a rj n e- a l i t - ]  I - n H - t - ! - i - : ’i in c l ay  w i t h  a n , - - w i y
, : - - L t , i t- 1 ; m i -: ’ - ( n - - ~ D i a i - ; n n A - r i t ’  l e - n m ’u ] - - n a  (a r ’r e w )

I”~~~n :’- 1:. 10/114/(1; U. J .. b uoy ( 1 1 )  H- -H -h  75’; : :E VP 20”. Ovi n e -nic e of yr- - i nn
-f f ’ j n ie -  :: -il i n m ’ - n i t , ; -, l - , , i m t  f _ n i - - c lay  ci .mp . N - te vertical fi:;,:i:r- a of’

- - - he: ive clay eli mn:tr .

.me 12. 5/iD/7 ( ; Ni . Buoy (E); Den-t im Cs ’ ; I IF ’VP H ” . : ; - - - ! i n n , - r i t ,  s u rf a n e
f- -a t ire-s ilinne rating t n t , - c ap  of ; - - - : r ae  , - ed i a - - n i t  - t a d  shel l  f ’:- ’o ’: nc-s

I :;r~ a soft. unrom~n ’ - ’t ,ed mail — e l ‘my i-use. F’i- t” ii mrvc l i n’ a- -vth
I ri ! I - r i t e - S  a- i r r - n n t  d i r e c t - i a r m .

F i ’ ,: n’ n - 1’. 5/iO/’(C ; U .N . E’- uuy (E); Depth (-5’ ; IIF \TP 14” . C o l o n i s at i - a ri of ‘pa i l
n ; .r f ’ -’a r . -  by p o r i fer a  and t iyuro i ds .

Fj , ’~n r’ - -  l it . 5/10/7(- ; N .  N .  I — i n - v  ( E )  ; C - i - t b  65’ ; }IF’VP 6” . C or i - ’ t - r t t m ’ n t , i i , n i a  a - f ’  ‘ i n n - H i d
f ; ] Y ’ ; ac

~
t ( -  f_ nbc’-: v--re :t l - u n - i a r m t -  and riot- limi l e n d  I - j e - r i n - } ~. - r ’n i  i - ’ -7 jars.

Dc v c 1 a - i r : . n t t  ‘ i :j  a- ’ mred  o ! : a-r t ,un i s t i c  and a-i ’ - : ; m r r , - -j  in  e l i - n a t  H m n .

YH,.rc’ 15 . 5/101(6; N .L. Buoy ( E ) ;  t e n t h  C s ’ ; }iF~~ C” . l- ,r ’ cm n : l n - r  of , - - -.- --r al Hay
rn - -onu s Ica,a oci- n’a’e:d; burrow;nr - mi-f i t  ity t i n  e - r t r i b u t - - - u  ‘,-- “ n ’ -  ‘1  or e

i:~~ - m i S !  ~i t  e r’: , , t i i - y ,  of t l , e : ;e ,’ T h i m a - iJ i IS

I’ i , ’a mc- i 6.  5/ 1( i / 7 C ; N . L .  Buoy (E); J !c-ç ; tl m 65’ ; IIEVP iC” . A in i onn - n - - c , ” - ’  o f ’  i - m m u ’ ~~~ J mm e - 1
w an :  oL-:: -z’ve :, primarily by the i’rab~~, C’ a r ; ’ - - r  1 - -  - m i  1 .  0 1 - I  “ i r ,  - - r

r n ’o r ’ t c m a n . Mau i,’ clay banks were I - a r t  i a l ly  t - x - : ’ : ; v ; n I  - - - 1  !-~ ‘n a b : - ‘ r i - i  1 - , : -  -r
0 x~ 

- nra - ic-I  to m n m n ’ I ’ e:r b urr o w  di rnen s  -l a -r i o by the i c - l i : ’- t - - r .

17. 5/ 1 0/ 7 0 ’ ; U .L .  buoy ( F ) ;  Depth 6 5’ ; HFVP 14” . ‘i tm e - r t t :r ’ t e - ’ t- t i  n. - n a ’
u - a r i a -v ‘n ” mnnia - r i l y  noted on the newly deposit -I u i - u i  I “ :0  - r i n d s . i - u r n - -v
cou r m t:: a- n c ‘ ‘ ‘ 1 ’ t a  in traui:ncots were as blobm as 12—15 .

i-N ’ - ,:’ ’ 1’;. e/ ~~I e / ,d m ;  H - N .  buoy ( E ) ;  Depth 70’ ; HFVP U ’ ’’ . Lu ; n - - li ,’ ‘ n;: :oli ;n’ t n - -cI - ‘l:ny
rills (.5—1 cm d i ’mr:i- ,- ter) w er < -  observed to roll i - e a r t h y  5 1 0 1  ~- 1 t - .

- m: ’ n1 ~ of m r -I ce d n m : t L - r i a ]  was not rc-::tH ’ t - - - i  uo ’l.’H- t a  r’ e - : n u u r - - n c a i i - n I
1 - - ‘ v i - u t ,  m i n d i -f O rm by this preen-sm .

F ,~~.r. ) ‘
~~~. j io/” - ; N .L. b - c - dy (F); 1 1 t h  n5 ’ ; Itt - VP I ‘U 0- c n ’ r ’ t  H-n t ’ “n t - i n ’  ‘otc i

I t -  - - - - :, ‘ r ’ I n n  ‘,‘ ‘ n l v - - ; ,  ‘ m - i , i ’ i ’ . - n m t  L e e  m ’l a y  - ‘I u m : : n - : ;  H - ,  :‘ I . ;  l e O , - n e _ i i v -  c’ t’ t ’ n : j ,  a
- :  : ; -  ‘ - - u n ’  ii i’

__________ 
-4
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- - n a ’  - - a , n ”.’ - -:m ’a w e - I ’ - ’  r t t  ‘ - - n n : n - t  ~
- I L i -  i ’ : n e ” -  r i - i  at i v -  - l i m b  I r n t  - - f f  rt - n i n i ’ N . 1 , .

a - n .  n - i  n e ’ i i : : : ma  . i n  n’ - - ’ -
- , n ’ v ’ ,,’: ’ ( n I n ’ ’ - l ’ m n e ’ m I ~~~~ e~’ ru ise  I - i t t  rn:: ’  t o  e - v — - r  n C’,’

n . e : , .  “ i P - s n , ’ n : ’ - -  ‘ , n - ’ a  w j i } m ’ - O n t  of all u-a- n i - - i  -i,’s vj ~~j t n e - )  w - - r - -  n : n m - l e  on /m ’ n c’ , : - ’, I ’ ’ ( ’ ,

- - - ,n  c r  C m  - ,~~ - m m i i  ~~~ , tm n m l v  l i i  - i- , n: t ::n :- tt , e - ~~~~ f’ i - ~-t  a ,nclic ’rs were 5”. ,  a- , ar a-

n ” : :  ‘-‘ c ’ 1 .‘-- l y . l O t  n r a! or  f ] ’ m : l  r n n i l ~i : - n i m  ~ i ’ ,’- - a t , and a - l i  r ,nc ’ r ’ t ain  d i v e  a e 1 r v c y  :‘ n ’ -~ : 5 ,

m - i a . ’ n ” .’ - - n  w i t h i n  t I m e  d i s  1 - u n m i  n m - - a .  l i - - w ~- v ’ -r , ~- i t .s W h - - r ,  n - r ’, - - - n , t -  ‘v 

- w -  I - - r : n ttj on s  ; i,t thc- rv’- r t , F m  - ‘ - n t ,  m u  mound or in  the  s t r u t  l m w&-s t  N.  N .

- ‘  v ’ .’ i ] , ’, i t ’ .’ . Cr ,  m I te I n t c -rv i  - wr -  w i  th I - ‘ - i e s t , e - r ’ n n : c - u i  on the  “C ar - ‘I Inc  J ” and t he  “ - - i - ma

I v : :. ” . ! -  ‘ n ,  0 :, l n m e ’ n - ’ - n ,  1 :01.5 , :n’ I i , i n n t t - -d ~~ aba - n ’ mn~1 i t i c ’ r n  in i a - L a t e r  r - c , n n - 1 : t r r - r .  — r

a - nm ’, na n  n - - m n .  i - u ’ 1. : m n ’’ I c’S l i i ’l l c ’ - 0 cu the f’or ty  foot moun d was t r a d i ti o n a l l y  f i n : t i - - l

a - ’ - ‘ n l ~ ‘ r e ’  H - N ,  Pu - -v W I - r e c - x : - c - n - i n a- .-r t a i .

F - . - ‘ I a~ ’ f - n t  ~r ’-s ( Mai,- — . T ’ m r n ’ 1)76 , El otmec ’s 12—29) within a 50 m r-’~d I us - - f  t i n e

a.- a ’  r - ’ - : c  ly  :n u ~Ty n ,:t a e ’ m ’ m - l u a i  -I isj-c’rsal of spoil naterial hum oem .-amrr - ’- n .  Thc-

— ‘nrc- ic c-  t o p  c m i :  hi,- has f l a t t e n e d  cons ide rab ly , d i n : t - I act  n c r - i  m n - h - arid

o ..‘n n ’ a Se  c-m s  O l - V i  a - - i n  , nun - I l i T ’ ’  a e - .3 I ra - u i t  has be - e rm ‘s- s - be- i I - - a ’ .’ i no 2— mc ‘ I  - n -  

a’ - , ‘ t,  a. 1’ i,’ - , ,  r n : ’  n u t -  - m l  al . I, a i~’t , dec ’ree of o u ~~ r i i  : : ‘ ‘ r i  I rc ’ - n t  n ‘ i ’~ t I - -a  r a n  I i i ’

c i  m , :-e f_ n , ’- i n n , e of’ i r e n t  survey (July l~ ’U ) , u r n- I  r n - my I - a ve  -‘m- , ’:~.- ’ a i t e - - ! I a  i t m i  to I l t e ,

i n ’  ‘ r I - n a - v  I - a: ly T m 1, - I  la - f _ t o m  f e a tu r e s .

A n t - :’.: n ,s n, ’ j- ,etmjte the northe’nm::t sr - c - il l- e -r -t, ’r , one yc- ’ir after di r , : , u n , nu I l i n t !

- 5’: a ~~- -~- ‘ ‘n : s  I ’ n I n m r m d  a t ic -  finite spol 1—on ~ i nal l e e t t , t o m  border  ra i l ]  d be de te ; ’ te  - I ,  At ,  de~ f _ l i : :

‘ n - ’ , ~C lit , tn ’- r c c i I 3 i n n l  of a ~ t t i e i l  p e r m l b i c - r ’ y  by n c r i d ~-rw ’ t t , e - i ’  survey wouj d be

f ” ’ mO, I b  1’ :. 1’ .-  r ’nn , r t n ’  - n i l ,  f r - e n t t , a l  l or ’ a t ,  i te rm s could be nc-irked by r ingers to determine

ot ,au - i l i t ’ ,’ - r ‘m-I v n m n n - ’ c r w i t h  inc . A l s o , th€ ’ a r e - n t  of s i -o i l  m ’ t v e - r n t Or ’ coul d f - c ,’ f i r - L i  ‘r i

1 /  - , r m ’ i - ’ n ~~ ’ r - - - r  e l i ’ - - ,:: , r n m ’,’ I eI ~~ i t - n  a - f ’  LIm ~ n n f - o i 1 f ile.

I.

___________ - - 4
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m w - n t  ‘i’ H-- e - m a ~ hi; i l l ust r a t e  redisposa l  bot t- -arn ‘ a - r i - l i  t i - r u m s , I n , : :
L a b ,  I ‘. ‘ it  - - n .  t I t ’ :n I te  , - ‘l :er :j ’ t . ’rj s tj c S  of sp a- i 1 a f t e r  di  spOsa I , ‘ e n  i e . ’ ri ’’:

I - ’ , - O i ~~~i r - ’ r ’ r - l - ’ n n i z a t i a - n .

2.  ‘ : : ‘ ‘:,‘,.‘n ~ : :111 ! nc - - n ni - !n: a -f ’  n e w l y  dumped mater ia l  n t r -w i d e d  a rr ’l i c - f  to t . ’-

:n,al 1:,- f l a t  t i i ’ , t  - — rn t e r J - i O r : t l r l i y  and was i n i t i a l l y  at trac t ive  f _ n -  i- - n H -  I -
~ t i  sh

3. 2 .m’.” ’, ‘- f a n-- rt ,l— ce ntra i forty foot mound, a previous din: lram:i.l s i t - c ,
- ‘n t ’ ‘‘ -:1 a I I ~;bm c -c t n i e ’ ;n t  ra t ,  ion  of lobster , c rabs , n~j i . j  f l a - u n m - i ’n ’ r

- ‘  . a n ’ 01 i - - n m ’:r f f_ s e w n n t . ’ r ’ — : : u r a - i 1 ‘ in te r fac e dur ing  1.5 kno t s  : n n r ’ r c ’ n r t  c - a n - l i  n i u n i s

~l ‘I T n ~ :’, m l  ‘ a te”  v i s u al l y  n i r - t  i i : ni h l e  t u r bid i t y .  The ac t i - a - r m of . 5—1 - -‘ - n t  i n c- ’- te r
:1  ‘ : a - - t  ‘-r ci ui, ‘ant I i s  rc - I inc a v e r the spoil pile war n ol i n :-  ‘ r v n ’ i  -“is ni s e d i m e n t

n - c’  .:s.

5 .  P s - -n O.  (U t , ’ , ~ , n i ’ , 1O ’(~ ) - l i v e s  i n d i c n i t , - -d  s i n - - u m i n : c a-f the  ,‘ : - ‘ i i n i ’rO and
- h i s  I at, , I r ’ r i t  I - . - f  ‘ i n m y :ni -uuni ’is I i:. oc- ’ ir’r eai . l i i i ,’ ~ -‘~ne r a l  t n n - .’, e ’r- a n -nm has

-01. ’ - - r -’,~-I ‘ ‘ n . m  I n - - m o  I - ,’ . ‘ : ‘ i , c ’ r - ’  i s  e v i e i e r m c e ’  of sor t  i r m O ,  i O n m v  i n ~~ a man -  of
ab e l  f’ m:m, ’a - - r , t :  ‘ m m : - !  — 3  m - U - e m - n c ’ s  : . ‘ t t r ’ h , - n r  of c i . - t n - a e — g ravc’l m a t e r i a l .  Spot
U .n-a : a n i ” - ’,te  mmm i i  :a-r’ - - : e r l i a , ’ S m ’ ,’ h - e v e ’  ‘ m u - ; - r - - ’ mn ’ I . e r n  a point .5 I i .  r n : i l e r -

01:. - - ‘t a- i. of ‘ na H - N .  i’-~ - ,’,’. A ! ‘ - f i r i t . -  m n - N  I — m i ’ 1  n n r a l bot tom t i a rr ! er  was

‘ ‘, o i  i n .  t a ’ - : r ’’ n - , a t  : n ~ i r ’ i r i t .  r r n i e  y ’- ’tr  r i f t  -s ‘ l i n n u - o m a l  1 mm-r b i’ ’an :”d.

\

___ .~~~~~~~~~~~~~ - - — - - . ,--‘— :.---—-— - ‘—--


