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<•';• I u,ii r y F"i:ir i:tii: ]>u fpo iie si c.i :hi;; p r o j i- c t , Ihiii si i l t ma nib HIM: i I :; Eidj i icenl 
mud I lilt:; \IA /e I: HIM' ;• iii-pa i- ii i: is ill inli:i run s tud ;  , an»-i!! ( W e  t Lands; lib , I and !!) 
Smal le  r rnrea.1!1: nl! f r: i ng i ing 'in It marsh tic cm: at thre e other Locutions1 vi i fbin the 
i: :• t i.ia iry , one I'll cilliinill Wo. ii) iilori|r the ini'iil: iHiore if :i. it In .i in a prominent COIMI>, iinill 
uo (y« 1:1 ami!- Mci.ti HIM: 9) on i:lu- east !ih«re south til! tlie Roufe I1!!) bridge 
( l: i |j'u re 1 • • ! ! !  . 

l"hi i: !• (•' .;;ali. ran i :;ih ,; ir i !Ei!> vera I. hi; focu s of f.ln.i!> l i tudy; iiiMHiii: I igal:ii>in!: ve ire 
:: i) ID ill ui: I ed i: i; exam i rie i; i> .1 ei: I ed :: In ii i: i) i: I e r ii i; I: :. c :i D t I he ii i: ii .1 lien l ;: , i. in t ei: 
c: h i! mi :; t cy , h;i ill :: o Logy , ben I h i •:: I: ii nun in , I i .!;h« r :. i! i> , vegu I. EI n: :i unin , iBiind n :, 1ill ill i 1 e 
V ] 1  . Iliin tl'lil!!!!!! IMl. l l IIIMH I' !S t) I! I: . IIFI tld ll 1 t l! Oil , <i:il[l«! lill.lt Illil-ll [' !! (i ( I/I!' I Land H C . !! )i J , 00(1 
I '•!-!! f ii ii !• t o l: il i: uiiilriiriii!! I: [I :. '< i: :: <;:,;; I u.ii r }> win ,:;<•: 1 si c i: i- ill t o r K i: i> :. " n :•: i in i. 1 •> r iLiiiiin l.y ;; i ii 
lor i:lxi ]:iuf|i(i!>i! oil p r t in i il i n\r conip,iii:iii t Ivi-' dai. n ( l:' i |n.i re !!.••!! I, 

'I . i1! . i! li;i:iv I nciiiiiniiji t iil̂ Ji::'!!;!;! ]: ii.iii:| nia I ILIIIII; 

Fn- ' /  i ciiiiii I ii\re ;; i: i (! ii t I ciiin.!! ;I,EI»I: iii:iH:'uuieni:i!il tlial I b<> upupner ««ii:uin:y , iriciri:lii i> ( the 
!!,i:i!|i:;i>;;e!ihicil] S t ree t  : Biciiige, :. s ini-'verell.^ ccniitaminaitiiidi v i l  h PCI!1!; and he a try inii' it a 1..B 
([WK 1. ' ' l i ln, I:>ES II. 9IP I , The iiriM) ol CCI! i: IM:, t i-iin I:pin i: :i IM\ exiendi: I romi I. be HIM: tl'Kiitnri 
i! null o  f dm- Acu.!;hneii: li'ir t ua ry 1:1: lil.larlk' :; l!i:i:iint in [lu;::!ii.,:i:i,;: El.iiii,, D ii i s; i: ii n c is o f 
( iv i - i i : i!i mull'!- (!:i£!; l!!i ! ! ' ' )  > Elai:h 1:>I^B aind mrta.l ccm<: « u 1 1: nt ions; !i|>|>inar Ui l:n 
h :L i! hi:':-1 1 :i. n tlini:' i.ipper n i - tuary  , ii|)|>ar(:!inl. 1 y HI; a reiiult i> f il. s; |: 1:1::*: hui \:\> ".c. 
i iriiiui: t r i (-ill. ill :i :• c.l'ia ir|| ii! !i cyn-'t IH.II.IMI yi-'ar:;;. l i l i -vated !. !i'M;;i:; i:if hi!>ii<ry mel.al!! ii|>|>i:'ar 
l ti l>i! more iiiiji-'iiipread tl'nn:iugh [!i:;:;!i:.::i:l,:; El.iiji thian i:loe!> ?CE coiM:iini:iiial ion, 
hordi'Hji: . Tlhi ii |:uri!!.!i«i it utuiiy, .sill. un|! v i l  h l:lnii i: ec n-sn l lili'!: (1987 ) litinly, l:oi:ui!iii!: 
on I s1 on del:].o:i!i:i!|i' the iin t i>ii t o  f l!t;i! nrn:: he>:iin' ni:'tal. ctintiiLiiiiinai. i tin v l ih i  n "hi; 
'.'e l 1 iindl coiiiiiniini t i es lurid not the RIVR T i I self: 

I , !l DlillSCIRII'TIOW OF ll'IlftJIilCT 

1. :! , II. 

Hi: tliod,!! I) i! .i nij; c: a ni; i ill ii! red I: t)i: c .1 eairiu|[i n f tlie ii[!|iei: i^luairy irivol'i'e Ki t her 
ri-ino'L'ini! tin-' i::onl:iinii]ialed n n> ii i iiiii-iiri I vi Ch D ii redj;; i! on: cappiLni! .it hn [ilni:i>' u p i t  h ;i 
1 i iy i - '  t ol: i:li:'an iin.-i i: in: i a.l , 'il:ii:li m'oul.d In; per t  o nine (I ill IK ing i:ln; spring, liiiiiiimii:! r , 
iinill ial. 1. i no von; :. i; uucpecl. UK! to ciccur in ni-'ceiiulher , .llanu.iin' anni I'ebniiiiK'y . 

iD r (> ii n i ng (] |i i: :i on;;; 

The top twi l!i»'i»'t ot! s n nil :i men t in areas below e.levatiiin - » 4 .  0 'Hieiun Low 'Unitni: 
(M  L lil) :i:; <::oii!i:liiili!'ri;>d l:o hni!1 ccinlMiiniinn ih-fd, !! In y ii EMU 1. 1. 1: ilhci-'iige mill be u.iietl to 
j:i:!ii]ov(> :hi,;i iiini:ei: ial. . [)i:ed|i;es till: thuii:. t yp  e ope rat e en tlie principal, ol! the 
cen t n f ijjral n -i t ii i: pump. i1 'MiciniiiD .1:; i: rea l: eni on the intake ;;:. :lii 1:1 f the p unrip 
and •iljiinai-pheni.c pirusJS.Buri! aicti:. t  o f o r c  e wa fe  r iind iiiiediiraunit!:, lhroui|,!ii the siiiotioiii 
|:nij:ie. Ilhi- diced;;!!!: mat eriiili: .-tre i:bii!n hydr-uil ica.l ly [i n -.IMM: '.'i.ii |:i:i|»i!'l line 1:11 t lm-
i:.i:;;:io;;.ih. i : i !  e in HI !• luirrji c.onii i . s s l  . inj! ci>f 10 l:o M[)!!' ,;!ol. n\\; , TMCI cl i !• posA 1. 
ini! tl'icids; in: i! beii.ni; c oils i d us r i: il and I::IIMI iiiri-' de si i: r :i Ix-sd be lmi i  , 



Con I i n<! cl ID iii; posa 1. [' ;i :: :. ][ :t : :l ei; ( CD I!" ) ft II. l: n; i: i: i» it i ve.-i : !>« « i> i: in :i o I I lri«> ii i: :: n c I I i | i e •:, 
voul.d Hi «i con!: t rucl.iiid it ij i: Din a i in l.ne i(i()!) ,000 cubic: iiiinli; o  f con I.Eiiniiiiii tedl 
::'ediiiiieint Their I. n r: n it i on Is sshwm on l!i iriire l-:l. 'IlhnRiie rife.1!1; an! current l.y 
i n I i-! [• i: :. :1 n '.[ and <; LI b I. :. d ii ] ai: ea:<; , 

The i"DI; us a. L;i [•;;(! ii i> i; em it i on pond, l1 d ik e i i; c: on is t ni c led airomnd thin- |:ie r i me r i> i
cil, the mile and llu: dhi: edged maliiMMal !• lurry i.a i;hi>n puutped i. :M:;: the It ac, i, 1. i l: |' . 
V i i h i  n the ,•: I l e i:hi; ;M:».| id ma Mir mil .11; a.l Loved i. n i i i ' t l . le oul iind the exi::e!i!; 
w a i t  ! i1 .!!• drained i:f:l: the ,;;il.e, i: i: mi t eel and in; 1 n :i i; i; ill back i/il. o th i  s harbor .11 i:h 
line t: o in t inn i nani: « i: i> moved , Titus dilus i:i bui 1. 1. ouii: i>[ |i;i anu LSI r nun: is i: ial îind hii:; 

,-L i op i! leva l i on nf appiroxlnu!:!!!!) - 'I!: ' I'lIAf. Flu! i: I>IM ihiii i ri.n l: si :l IM> ill i men l ;; iiill 
Mil t liij'!-:i!! a i- s i n  s t  o iiiLpprciiiiiLiiiiitiily •Mil' liLU, !:i>'nni:iLl mel hod u i::: t nua l. i.n,j| thi; 
•lediinniMi t .iire Ihiiini; li'VoiLuaCtid Tlni!1 i:.oniani.niini:!: u r i l  l el l.hdir bi> desl.raimid DI: 
i ]iniiit)l:i.i!l lined si i ic i : tliiini iheri! nil] be no irelc!:i!;i: i>l! corii.siiniLtiiui l::; ll rciiin uniiii: 
CDI ; ' ! ;  , iMliir i:hii> ma h-> r i ;i 1 Iniii i:hc ii->d oul. iiod biMi'i'i I rea I. n d it \t\\. I. be t: up pi; ill 
ninth !• eve rail. IE po t ol cleaii iSR-iliiiiienl , Tbiti opera! ion 'Hill nuruLt in r.hn lo!?:-1 

:il: t ,i i:l a I art iEi ill: tlie •;! i:i> c  f tin-' l!!Df ' ;: ;ind tiiii- iii;!e]:ienin(; i::: (lie . inpui  : is !• it uiiry 
(wo 

C en 11 ned .liquatJc D i. a po a a 1 (CAD) All,ernai::i''e!: : This diiipaii.al, iineitlinud i irro l,ve s; 
|i 1 ii c i ii|i; I'ltK! iiDiiiidiLiuinaiinid iieiil imenl li.n [;:. ':;; DI eel. 1. s; d u i: it <m I ed i. n dm; upper 
!!!• tuiary -ind thuii'ii cap pi n\\ l\w.Me. cell. II. si iiith ii. Layer all: i:lean siedi niiirt . 

The .;:ec[i.i(!ni:i> o  f I hi. si ()|»!i:ii. ( ion ii nun 1 if i- >.; i n i l i a 1. II. y i:i!nni>vin|;; ccintiinininaled 
:i i-'i:l i men l: l: 1:1/111 an ^iniiii HIM: p Lacing V:lm> ima ( e r i <-i 1 in ii CIllP, T'n:. :; iincea vould thu n 
l>i:' dee [i«! ni> ill i:iealini! thi!1 p i  t or en 11 v i l  h l.hi. ii i:li> iii.ru d rediEied DUII t i-tr i ,-i 1. iiliiii 
l:in!' i inn; [i 1 ii cli'iil in ,11 CIDF, The dciidiiiing; opera l ion them mi: ...... e.;: 1:0 inn ijidjhjiceni1: iii:i:ii 
ui'  i t In i (ii> i: on l am i. n ii i: i! ill iiiedlmeni: l>ii!:liii|!' p Laced in tin-' bo I Lain (if t ine eel II. iiod then 
capped in tli cl.ean :; ii i: .i mmn I lifihiclii :i:; produced d »n: .i ri|i; the i!n c ii v a it i on til: the 
.•:ec:and cell , Tiiiii up(»nil. iioo i: 11 in t i iiiuieii: unl:il iill i:.i:iinl.aniniiti>'ill liiiEidLiKint hai: 
:i'i!'!i:i r u iiio'i/ii-id . 'Ilniiivi! CA1EI cellii vi'.\'.\ inol b«! coii!> (ruicled in the main ri '<«•']; 
dh.iinnt;} vdiece c 1111:1: emit:;, .-lire !iti:ori|i enougln '. i: i:e!; append iiiiiihiiiuiieni , T tn -y v ' \ \ \ be 
i: on iii: rue (ed in IMIM-'!- and ni'iiiii; ailoini;; l:lrie iihon:i:'.l ine, ']L|IH> KK\V-\ t'& I ii i:i>iii is vlnere 
CAD ::ii .1.1:; may Ii i> 1 oc.a I ussd lii iiliiourii in f::. IJIM-I; 'I ..... V  , T'beiii! iui!ta.i! iiidiii1 lin- i-'iicpiiiindc'd 
h:i othi- i i : nion -i: Ii iii nmi:' I LciciEiitiiiinii  i t (iickl :. i: :. c i: ii !l c^-iLpacil:) ' n; ni:>eded t  n l i t o c  e 
i::cini:iiniiiiJ:iLled •» 1 1- 1: i A 1. , Tlni; ill i:;:po stall. Bi'thoii vi 1. 1. dtiiiipi'ii (lie inain i: hamne 1. in 
ll'iii upper eiiMiiiiry l:iy ii [i |i r o » i ima ( e 1 \f \:»n fin- it bul 'mil li-'iive d E! pit h!• in oilier 
•ii1 s!ii!i e.::sn6!til::liilil> uni::h,iinij!iiill , The rmohi'r ol CO I'1 ii i. ill iiiil.iio inii i:i-'duced, 

C ii |n |: i ri|i; 0 [i t: :. in n 

Ih:i!- .il. l eniniti'fi:" reqiiiin"1!:1 thai l:b« f i:i»!-lv«Ml.er 1:1 owi- ol l:be licuislinel Hi »ei: lie 
i: in: 11: led l:ln:!>i.i|Hi the l[J|ii|>iJ'i: IE!:;: I u<ii r i' i!> doubl.ii: i!i[til)iii.nluiienl chuinniE'l .iibo'iiil. ill) I eel 
i. idle wi l l IM- consil. nict'ii'iil c ......  Fer l:h« l i imlt ire Ie n (<[ t h of, line u p p i- 1: e.-iluary as sliown 
i:n F' iguri i ! ! !!••!!' .aund 1-1: . 

Com am mute d .iiedi nnncn t in the iii:i;ii oil I he chinnni-'l and tifDbanluiieni:!; dcui'lii be 
cove r Bid by a ii.-md l i i y i - ' t  , Ttui! channel kKiulil bi-' coi'EM'Biil u' i t l i r i  p nip and nciuhl 
I:M:> l:ioi'di:i:i='d by C u  e I: - f o o  l bi \\\: i-'iiibanfciiiKini:!: con.-il riiciiiiil out o  f ii [jliic ial l :i 1 1 
i:ore, ii ;iiiy«!f cili f i . l t e  r I: n !i i: :i c iind A c : c i» i i i : of r i  p ni|: The ::oni. i» in i n,i l ed 
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<; e d i men I ,«; loci! ted on b o t h side;: of the chamns! youLd b«: co'vered w i  t hi a :l i:o *i 
l l c i o t i layer of c !l ean s i i i i d i i n e n l . ' ! ; , U t> i: I arids w o u l  d not be. d:i. rec t.l .y nfMinovedl' or 
ali:ei:ec!. SOBK; t i d a  l f: 1 oodl :i rig von Id c o n t i n u  e 1:0 occur b u  t f 11: eslirwa I: t> i: i n f l o w 
w o u l  d 1)1:" el. 1.1111 i n i i i t ed. 

A i i :h ( ! i j o u l h e r n i»nd ol: K i  n is e?i lua ry , , s: u f i .i c. i en i: s p a c i ? vould Is i s | j : rovid«t l I x f t w e e 
t he Co i i j i j i - ' i - i l i a l . 1 !i 11: (»i» I I! r i d |,pi» fiincll l :h<(> I ' l idi oil rh«> clhiiiinnii: ' .!. ' • i i i i h i i i M i . i i n i i i - i i . , : ; i:o ulLl 
t i d a l  . f : low r s l:o die upifmsir i> !i i: miry . 

:i . 3 . 2 ilo lc: I: U n 

!' l:h<! no i i i L i : : l : i i . » n iii.lt t e inna i: i n i; „ ex i ,'•; I: i. rig 1 i?ve,l.s {>!: PCB ii.ni:l iieiiivy inel ia l . 
:: :: i: : i i . i u i i ' l . - i i : :. i: i: would l>i» | :ni-iE><!!iE!ni: foi: i:.n e iMinind ie i i l ptss r i. s«l oi t i n n i i in t i n e 

•i,i £1 1 <•' i: , i t i i o i : ! ! . , , iiuid an. i: oi (he l i cu i iMine t R i i i ' t i i : li,!; tuary . Thin?1 n i i g i f i i i t i i o i i ol: 
c i o n t i i n i n i n.iiiri i: is d l o w r i i s l i i ' e ' i i i t i r i i i , i-iiicl l : h < > |>oter iM.ci l l . f o i : i;::':;:i':i,:;:. in; hinniiins - i n i i o their 
b i i o v i i : c OIIIIIHI n :t t :i es l:o ' : l : i ; : ;e i ^ c i n i i a n i i i i i L r i t : 1 ; ; I ' l i i l :hii :> Tood c l i L i i i n wcn i i ld not be 

<!>  L i 1111:1.111 ii ted i n the near f u t u r e  . OIMH: t i m  e *:<omK : isol.al:ii . on oi t h e coun t a i n i n a U i d 
s&d i in «; in t :• v l i : h : i  n t h i n - i t1. '.'< 1: u 11 r:y would occu r du« to the. i:ll«!|[«>!ii t ion ol'i <:][i:"iii.nnE!r 
sedi.inent!- f :rcin tin-' Acuslini ' t I l i v n - i r , A sull:i,";;i:a.ni:iiill iimoun l:  oi cl.ean<!i: l i i i ' d i i i i i E i i r i l : 

1 1['.••'•> cm) vou.l.d r i i M M - t o tut! d i spDis i led Ix'ion:1! ; ! l:h<i!> :: c i' : i-.ni i ri.n i: u :l IMIH:! i i iMi : : i ' : ! ; were omi : 
oi the ;:cn!' ol: ( j iologl c a l l y iniclluced i i i - ' dh imen i . in mini,!,; ( l : i i i .o!:ui i : l )u. t i o n ) (Bid t l.at:.h 
1 'ii'l'i;,? ) . i l i i i o t u . r b a i : i o n ha,«: i : l m > |»o t en i: i ;i 1 to gr«ai:ly mod i l l y i:lm; cliein i. c ii 1 
|:i]:o]:ierl:i ISM; of . ? m r l E : i c : i i i . l . ! !editni i"nts and to re-ex |io!!i! con I. ami. nil ted .«!edini(?n ts to 
1: In e so i I. / w a i: i»:r Ln Ci> i: :ll ace ( !i i: i; , Jl 9IJ 7 ) . 



liliJDIIffilWT CCIBJ! UUCl'ITI l)N!!i 

liiiiinples: l!nr C lu  e iiE,i! -ind Ili.F :• luidiei; r i t s r i  s tiiiken I irom l:hi> Mlisv Bedford l i i i t uuc  y 
1:1:0111 1 oi::,;ii:ii:iri!S ishowi in Fiin.iies ? • • ! i .hrnui jh ! i••! :•. :i,sini|:li!!! [11:1:1111 Vei. liiinill I ve. re 
tiiil<en ki|' i:hi! Hleii' Eingl iinn! D i v i s i o n  ; C o r p !  ; i:.E ]?.n\r, i nee r s ;  , iiiinil desciri. lusd in the 
!:l:,!ii reporl: W e t l a n  d 1 iiinil '.I samples; sins not des i:: r i. Hi»! d ii:; beini;; bi|!.lln inaicsh or 

1lov mar s ; b  , iiii a IMS! ibc is i i i ii ii inp.l iiitij by HIT fen: we I Lands; >i I : , 1 ! . Al. L si.siinplis 
.loc.il i on si in: u app n:n: i • ii l: is 111.1- I hey nnn; n e  t isurvei'ed Jim: hoi: i !;oinUil iiinil 
vi: i t i cal :: 1:1:1:1: inal ;;•;, 

: >  . • i; I[!JD:I[ ii!ENT <::o UJMTI ON HETIICIDQ ux;n 

T'lii: :;amp In.in|! ineilhodi:i].o|ni msed lor lil e i: 1 an ill 1 is des;i:r ibis el in Condi It is ("I 986 >  , 
Ii1 is i: I ami i! ii i is; isaiiipl.Eid ill: i: ariiiom us;], nn ii |ni: hi h:iir \. hnis p 1 in c i->ineiri I of: tl'iis1 :-:e/en 
si i i impIe-; . [•.',::.'.[ co res  ; HIM:is r.o1.1ecI K<\ sit i:i>'o lieplhs;, 0-li ii')i:.hes: sind 0 - - ' l !  < inchi!!!;. 
On 1 > I he 0 •• (i i nn: In <:liE><> |i i: i: n: is1 iiii'iiiiiip lie si i, is r is iiLiia I y !M!>d, Tin is uppe ir 1 ;i!' is i: o II 
!M?d hiiein I Jiii; co I li-scl. (id »!j.i n\r, a mil iii:i!i:i: , ,;.rn:l I. he 'srrnnipiles veni1!' itnuni-illeirired 1:11 
c .1 i-'iin i I issl i lci ini- ' l ii'ied ;;!. ii!;!i i: i:»n t a i. ne r s; I'.il.l i-iamp!.«si i i i s i : i s LsibellEid nuiiiil :•: Io reel s i t : 
ii |)]:i i: o\ i ini.-i i. us 1;/ M ''i;;. 

On Sepil tinlHsi: .I, I-1*17 siedl i merit stamp IBB (H?]M? otil aiintMil f ro m we I. leinn] aiteas '», i) 
iinnj V  . U it hi .in <i>ai::lri mi t !l anii csure.si I.Hi r is is isaiupl.es; w t i r i  s ohitaiined lircnn ';'isi|i;el. si i: inn 
niiiii|:ii]:MS>d s i s ; liii|i'li inarsib iiniil tliree si.siinplis!; Eroin l.ov nu:!;!:,, iil'i::ii: ii i; 'f i in: led beciii is;!! 
c I: A iiO'J r iMjui renieni: iiniil phy.s; i ti.si 1 cnndl.i t ion.s; on i:lnis i s i l i s !  , i . c ;  . . dep t  h til: 
iM-iiiiiienl.,!! , !:,>i:c ;;.;iiii|::. 1:1; wi-inis! otil.iiiinisill EI-OIII n-iacb :::: tin-' l,h ir in E; stland arts it ,s; ::ci: 
ii tohsi l :::: 18 .stamp], is i; '[tie l.oc:sii:i!iii!i oil I he si.sinplini!; p.\ I a i: i m ns; an:e p r E! s: is n t is il 
on F' i gin r is s s : ! •• : ! I :i r :i u i! I: \l ••!;i. TliEs t l i s p t  h I roin .1:1:. c I: tlnii' .siediiKiul: is.amp l.e s; u i s r i  s 
ob I a i n e d i. in is va r: si ii'.. is ; hmveve r, ii 1 ill o II I he si.sun |:'.. is:; »(•>. :•<•>. o h i: ii :i ned I iron 1: In is 0 t o 
1 .  0 Tod: ill is pi th ii n i. us r < ' i n .1 . ( iie<(! 1'iihlis 6 ,  1 l:or n is i: 1 anii commit,!! typ<i!>s; 

nl is' I i /ie si i. is ill i>r i l In ii n it In is :• t i.n:ly .si r E; si j . ITns> I i me ;: II: is amp I. i ing, «: Ii is iiis'|p I h I: r n 11 irlm i c Ii 
isadi s;.sui]|:i]is va.s; cillitsiinis'ii isiiind si d is i; c it ip I i on ol: isiidm :!;,;ini!:i i. ii HI: is pre:s!en Ms d nn 
"|[ al:i I e 'i. 1 

Samples; i<i:i:e obi. si inns ill isi t eacb 1 n c ii l: i on us; i. n,|; is i t he,i: .si s:«il but: lusi I ,siu|;isr on: ,;. 
C tov iE i l .  . Tlnii' .:;,sniip 111111| equi pnisini: i, ai; dleeoini. siiiiiiin tiS' i : ! berirf«i«in isudi Locs i t i u  n by 
ii'ais.l'i i FIJI! tl'iis istqiii. p n i! n t m ' i l  h E t i m s  r ii'u t is: t , I. b t s  n i: i r;:; i n;:; I. b«s is ig 1,1 i pinein I. in. th 
me t ha no 1 iinii i> ' ip in(  ! l:''"-' equiLpiusii I: w\\\n p.sipisr t oui'isi l.,s;. I his isantpl.e.s; iiiiris 
c on Ia in is r i ;s edl in i!!i() ui.l ,s;ii:e (> In is !• j .si irs; b.sM'iii!; f o i l  . II. in is n! 1 id:;; and tins in p I aced 
in a t: ti t: 1 is i: . Upon r 15 turn l e i Ilil: tins' iiampli!!! ii'is'ins' ire I: r 11; is 11: in t is>d T c i  r n " is i: n i i;;h I 

;• tor,SL,i;;Ei On iiepi. liitihuisii: 4, 1. :Hii7 thus sain pi EM; i i isi: i- ' ire I:ir i n«: i: HI ti-'ii in si i: i; i: !1 ISM: and 
islii pped umii-'f t: b si i n ••o f •cu.S!l:tHl» to EN!:iJ:!C(l l i ihuoicatoiry. 

liiutinj;; thus1 pro<:Ei !>!> of p La t: i n i! t lni- ' samp IE; in tins' ::oni. siinisi: an a r 1: us mp t wi.-; ini.sidf; 
t  o .s is ; muc  h as p<is>! i : ib. le e.n; t: 1 u d is coars i  e j;; r si ^ is !1 , .-, lones:, l i v i n  g rtcit on: ,;;leni 
i i ;;:;.!•! iiind l.air|;E! |:.iei:e,s: ol: uindiiS'i:oinpos;ed !:i:|!iiini<: i i iaKESi' i i i ! ! :;:udb s is ; i s t i c . k . s ; I:rein 
tl'ii-- s; si tin pie, 
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Tab Lit! I!. 1 Deiiiicr ip I. km o f !>i>>il:i -sin I !iaiiii|[iliM! , lil'i-'l Lainth; 'i , !) d. 9 * 

LCIC-I 1. 1 mi '[.! !»';' pii'i? it !'» !! '!• '|| [to i! i: ;: :{ p M cm 

ARM k 

4 - - I M - ] I60'i> 0 0 •• O .  I ii ur f u i: (•' .scrape ;if muck Irani n r n 11 n i:l i- leni.s nntl 
iitoo'H! :I:I:N:I| i:an<! Uiwi-'ptlal. (id pun urea . 

M • MM •• 2 1,61.:) 0.0 •• 0 .  2 find: ace .scrap*!. Oqramic. muck a,.iiill del rluui 
iiitriiill unvej;;e l. ii 1. u il pan an-!,;!. 

'I • HM •• [! 1 6 JO 0 !! •• O . i i II o muck l.ai'en |:n:i!!M!init . ii.-nrid/m inni'tal sedi mi'ii l: 
mo i: is / 11 (•::•:,•; I! f tin l:»i: 1 ow t ]-i«! r ti n t :; um-' . 

M - L H " ! I I.:i4:t 0 0 •• 0,8 Ihiclu-'l <:iLU,E;ef oiiM-ill t  o old. -n n thui-' sample! lirnnn 
huMii-iitli 1 . ! ) !:i: o  E u'aier. ll'liicli. .-und iioni! 
in:i rus'ii: ii I. iiediuiii'ivt/iiiiiid. In i : i : > i : >  t K\T\K, 

' V - L W - - I ! 16110 0.0 •• O . l i !: uic I ace :; t: i1 ;i |3 1; of o rji;.:un 1 1: muck. 

A • [ .>!•• ! ! hiiAii 0 . !! • O . f l Oitinini <:. rau::k uni:! delriuiii Eicmii rtioi: i icui- , 

:>-H>l" l 18'W 0,0 • 0,1. liiu r I ace sicniipi! ol muck inn ill o rn;airi i :: ii is i: i: i t u.;; 
i: i) 1. 1 ec l.ed f i: inn aba >re l: hii> i: DD t iicnie 

! » - i H > l - - ! ! li'-liiii 0.0 • O . O i i Surl'acie !ii:i:ii|>i:'  ml ar,E;im:ic mui:.k Bind ii i ir.c, F'raui 
above the root1 zone.


i i - ' H N - : ! I. '-KK) 0.0 •• (!. 1 H i n e i i M i l l i i - i h m u s n l '' u.-ind i inni l muck. 

:i •• IL I1! •• 11 l.iEI'i!) 0,0 •• (1 , !i lix-uniplLE! i: b t u i m»d usii n|[ bucke I iiy||i!i: Eicimi 
beineai:!] 1 E t  . a I' iiaitei: in the RUM?]:. Coai'SH 
,;:,:i:-id iind {nca'/el. -I.-M' :. i: i; ;i bl.-ick i:i:|rani c sil. inn 

:» • IL n •• ',1 1. 9 10 0.4 •• 1 0 Org-irm: muck and i; inn i l l . 

•> . - IU!- . : i l!i:iO 0.4 •- 1 ,0 O r g E i n i c muck. 

1 !i;i tin p!li:'!: c.\ h l. ii :i n i- cl on ! i i ! | i i t i ! inb i : 'C 3 , l iH! ' ' 
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i:i •• H IM •• I 1 ;';!l: 0.0 •• 1 0 Rao I H O I K *  , Del ruiii i iiinii o rg si n i c inueli.. No 
m l i ne nil :M;I: i n i c i r i i < ' s i . i i n i l . 

' : i - - H H - - ! ! I 7< iO D . O •• 0 M Del r i i l:u.!i, i, on: iran i t: in in i: It , iiii:»i:lhi» ra i: m i; DO its . 

':> • H H •• :i 1 fKK) 0 . I •• 0 , '( Hoo l si , d ii i: i: i t us , o rj!| >i m i c muck . 

i :  - .  . ;'!••:. \?V.} 0 , 0 • O . E  I Sample c i h t i i i i i i i i ' i i i i . i . ! ; ing I; u c lie I a u g n s r i n 
urivegui! i. it i: is ii d l i t d h  i l i i - c i n und i sT I
I'll i xed a [• in :i n i c m i i-i<!i IMI :. i i i M i . i m e n  i

 i i i :  , c:! wa t e r . 
 n i i c l i l i D i n i E 1 rool. <:> 

C) 0 • O . i E ! !• HI inp I e a l i i , i i i n i i i i  l u,-: i ing hn: l ie t ,-t',i;;; n r i r i i ; i t c  h 
:: i: DIII uiricl<! r G '.': 1 1 . a I:  > i ii i:  i > :: . 1'lci :; i: ill y 
|: n iii t ,' i:lln;> I r :. I: u i; , o r|:;ain i c: no i: It and r txi 1:i; , 

: l - - l . , l ' l - I I l i r iC i 0 .  0 •• 1 .  0 !:iiii|) I (•' 1:1 l:i I. ii i n i! il w.i Inj;; b i i c l t i i  t iiuigui! r in lUver a I 
d i t <: Ii ou i l.« i: , F'n: hiimrl I.y [i[)ii]i<>'ral. iiediDieriit i:il 
: : : ] i i i : !Mi ' :!;;;iri':l i i n i i |pc ttve 1. ./:.':!: n dark 
o r E; it n 1 1: :•; I a i n . 

Lou t ii:h:':;: a I. O H M ) EST i i i n i i I! I! 04 EI!T 



:< . il »il'!IDII«IT AIMAlKiil i ; 

Samp 1e s; t i n l ien t r a  m .1 i> l: 1 i i r t i i l I and ',[ l ien; inr ia ly j . ed .11;:. IM; li.PA a p p r o v e d BII> Itliod,.: 
l o r t ' o p p i i i : , ohiroiin um l i s a d  , , i : i n c : -md P C H ' i :  . i l a i n p l e s i t i  n  I t e n I rom H e t H i i i ' i d : ; 4 , : i  , 
i'liid ":i l i j / I l i lP vere i i n i i l i / i t e  d l o r i be s i i i m i : r. hem i ca 1. p i i  r i im- t e r . :> and l E u  r iinei: i: u ty 
and C M i d n i u i i n  i n a o r o n i i i n c  e v i l  h t: u r r i> n i: li.PA mel l b o d o l o | r < f . 

?. . >k RESULTS 

The i i E ! ! : d i n t a ! ;ho i /ed ii ide:;:pread t; 1 i s w i! I: i- i:l level . Si o f c l u o i i i i u m , t: o |i p i- 11: , h-iadl n n d 
,!. i n t : in ve it Land 1 (!!l!.!> Uei land ill and B| and LI el. land '2 (!:IE,!i lilei:il. aii'iiil E,!!',!,:;). 1 1. 
Va!i ! !Ul j ! i ! l : ! - ted I. h il It t 111!'!: II1 ClL-IL I il 1 H (1 1 C ii t (• A d 1 Si I I' 3. li 111 1 1 1)111 Oi l lilt! I. il 1 !i I. I'l i f. I'll llll,:l )' 111!! 
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discini'A.iied I: r urn tin-1 ,;;lal. i o  n mox t p i: ox i ma 1.K 1:0 tin-' open i / a t i s i : ( J9 mg/ lkf ! ill: 
IMAB/6A)  l o thus nest s I. ii 1.1(j n i[ 0, 69 ing/kg ai: IMAB'/8 J )  . No I'CB data ware 
JIMS i I,ib It! I: K i r tin-' i nine nil nss i : \\i id si alum, 

Tin: Mill!' !;aii|:li!!- vi» ire I - i Ik is n ii n bo I In h igh ma r!:h and l.ov manih areas! I !;i:is li.ec t i cm 
? . ' . ' . }  . A s ; i: hi I- d e t e r m i n a t i o  n o f marssh is; d is pendent upon pi unit i:pec:i liii iiiimil not 
located or poi- i t ioned w i t In iM»s;pe>::l I o open water , 'Sicine hi|rh ma rah aris'in.!! we re 
l'i>hv:: i call" pm; i I ioned i:!h>!;i: lei opcsn i i a t i ' r  , iiiucl! bank!! 1:1: t ida l , onsisliii , A 1.1 1 ov 
urii'iT.ih -if (i in: w e r  e pi r 01: i raii I; is to open n a i : i > r  , mud banks; ci: t i d a  l i:: r C i: Ik;; DI: dil::lhe!;. 

For eat:h i::E tin-1 I IE! !'••!; a implied high iintl loi> mat'.iih net . la in ill!: ni l paranist is i : : : Men" 
c oinpa r K d a n ii rank nd i1:r o in hi gheB i. v a 1 in is t n I ove B T:, Oui ii .1 i I a r i v K r. i1is rank i rig;; 
we t e Iliad I! bill 1: ed Ol'l !! Hll[IUIIliil.l"\ fail'lk 1 fig !! f 131: t lie i ncl 3 V 1(11] ill'[ pa in-llinii! 1.1! I'!: ( Tab 1 e ii !! '.} 

:• .4 and li !:i] . 

In Ve ill. anil » , .;: i I e I. I'-l: exhi hi I. ed hiijhex values; :Ei:i: isi I I me I. all. s; is :< c ep I ;::. :i:: 
iind i r / a s : inns o I I he f i s t  , local ions: iiit'i'i die tec: I a 111 1 is iiiiriiourii t . s : oil niisrciiry 
( Ta h 11! ?. li I . Olua 111ii c i ve I y, mei: ii 1 u in II uis!.s: a l. s; 1: ii t i on:; IM •• I si n d 1..H- ,i we r t! 
ec|ui call. en. t  , iilalinn LI'l-:l> i, ,s; pli juiicai'ly c.l,o.s:er ti: the uiiicl II1 ti t K and open uu'tiii; 
than a r t  s 1..H- 1 .arid LI1-I! . In I:he lii:ii|;l'i marsih a r e a ! ;  , i ; i t  e WI--I! i:lhs'arly had li:ii|;hns"i: 
va l.ue s; :: on: a 1.1 d e': is i: C is>d HUE! l.a II. s; Ii1' i t h a 1.1. (' a 1111 is:; one l o v n o on: dlis! r •; o I: 
mag n :i i: ndi is grea l e r than HH •• II, th is isampl.e :;)l:e irith tl'ie lie suit i-'l'l (\'\'a I ed dnsnical 
value!; As lor tin; .lov mars ih , lill'li-!: i.ii plhi'sjicail lh, c. l.osier ti: mud II Lai: si in mil open 
v- i ier PCB LftnelK were highest HI t Ll'l-ll ai. I!'!"!) mg'kg, Hollowed hy 1.11-1! Hind 
LI1!--] ill: !!6 and 11.0 inir'kg re!!|ii!:i:ti'<ely. IIn tins high m a r s i h  , I'lll'l- i 1 , nhn:!) iii.hso l-iad 
l he Ih i irhes I ii«! i: ii 1 va I un:!,!i, hi ii d FOB va l.ue s; 11 :E '?" ing ''kg, 111 II •• 11, I he s: 11is 11 ea.: l 
e i:|i(i!i is lil to mid f l in t : ; and l: id all wa t e r s ; , had c lns lea.sM PC! I! concern nil: inn isi t II. ^ 

l ldisn c l ea l quail tat ive rank:in|n; v<is>re [lerfninui-'d lor yiitllliinii!:: :> ^md '!', IIn I he 
.Lin, marsh s; ami pie:; lor il i; 11 iiind !:i, LN-i! a in ill LI'I-3 e i: h i Ii 11 ed qua 11.1: a t ive'l y s; ii n i II. a r 
c In is in i c.a 1 i 'a In i s ; - , v h  n i. his inception til: n i n  e v h i c  h »a r led by an iiKillen: ol 
iTiiijm i tude riahi'lis' '•...'•>'<. !/nil lies l:or Siampulh:':: t.sikian i:i:nin LK-1 i r fer i ; lloiirer l.lhan 
LIU-!? and I.H-li by one 1:1: two order!! mil: nnagni luclfi, I..I1-1 vass IniMitiS'ii in an a r i s  n 
i:1: tins1 II is; 1:1 a in dl !:» cac t i iilvich could i io i i i - lb ly ret: i f i i»is II e:;::-: |:iarl:ii:i.illaitiS! de|[ni!>i t ion 
duis to reduced current c :i i: c.u La 1.1. o n , Bo tin LN-2 iinil LH-- 3 had d is tec. table ii"i:i:.i: ::; 
r E me re: n r» mid c.siidiiimiittii, lln the liijjli mar.sih i; ain p 1 is !• , l-IH-ll and Uli-I sihcnietl 
i} u i-i I i l ;i i: i» is 111 y s i m i II. a r v a.l ues l: o r ;i 111 me t a 1. •; c i: i: is p t l ha l me r i: u i: > va s; d e t is c t ed 
in l-IH-l i and not  i n Bl'l-li , and c a d m i u  m vas d s> i. i! c. c is n in H'M-l! amd not in Hill- I , 
FCl-i ::oirn:iin t i c i i t i on!; ]!ul.loved I. he iiiimi: pa I I e r n a;; in Mel 1 anil »  . Bol.h tin; lov 
inn i: sh and high man;!) ;• tat ion1!; uithi liighesl meta l : : al.sci e x h i b i t e  d l:he hii|rhesl 
F'C'B ,'iiluiiiii Ll'l-1! ;n: n'10 ing''kg' HI1--3 at iiO mi ; , ' ! ( ( ! . 
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con l l i i i i i i i i i i i t i o n  , in; r ub i ed in tin;1 'ii!!1!1! i : i : | > o r l , :.:; i. i i l ln- ' i i ipirei id tlu'ougih tin;' r e g i o n . 
Tin;'re 11: ;• vealk upper i:o liwei e ; ! i : n i i i i : ; / t r e n d in mi- 1 1 a 1. <; d i !• 11: i bu l: i c in , liove i' e r 
l: I'm;1 n;> d o i; i; no I ii |: pm-'a r l o In i- D i:|ii.;i II. 11: a t i '-'H1 cl i 1:1: s; i: i; nn: e he': i. i-'i;1!') Lov ii in ill Ii i glh 
inaish net a.I con <: us n t r ia l loin; The d 11; 11: .i l:nu t ion pa l: t e rn B m a y ite.Siiil!: f 11:0111 boi:lh 
[: I i ; , : ; i ::>;i 1 ii mi h i o 11: ir i i:.a 1.1. i1 in; dl i a l ed |i r i: i: i:'!-::;;e.!; <> Ii 11: In ac l I: i: t Ii dejpe ind i; in t I v o r 
in depend*; n t l y ol: i!iin:li ol. her I1i;!l.;ill. !:i:in t an i i n , ; nn i : ! i nay Ih.iMMi! biHiii ' i i re l i i i i i iM- ' i : ! 1 r ro i i 
i n i l U!; I in ill an: t i i'111 is !• h r i l  o t in ; i;;.;; lu,; i r ; / o v i - ' f ,;i lini|n;'i: p e n c i l o f l i m  n mud in 
h i n h e  r o o n n - T i t f , : i l : :nii i!: tln,;i ,n  l : C l l ! - . The ! ; i ; i : l i i n e n i - i n i ; l : a l r e i i ; : i : ion k i n  e 1:11:1; may be 
;;uu:l ' i t l ' i a i rn i i ' / i i i inen i : i:f me I <; i I!; :l:i:i:nii i i o l u h i l i ; .•iqueou!; Eorm. ; ; in u i - i - o c i S I C I D I - I u ' i l  h 
|i -i r t i r. u l.,;i l: i; !• d i I' I: is; r !i f 'roni l: b t:;; i; f o r PC Ii !• , B i o 1 o i! :i c a I 1 y nn d i u t ed p r n i: (;•!• :i;i:!.;i 
1 e ti dl i n|i;  l o tin;11 up l . i i lkif of me till!; by I. he n n t i t e ;; pe c l: i: um :>!' Ino.logi oiil i -yi rhEim*; 
ni.ii y i i i f f e c i  . n u t r i en i: i : ; / c . l in,i;; r i i t i - 1 : - in r . h n ui'is ter-1111n u l - u ' l - ' t Land ! : ; / ; • I em i ind t in - 1 

ri!!!iidli;'ni::e i : : i m i > ' v i c h i  n t in;1 . ' i S i r i D U i ; b i o 1 o i; i c u I and i s h y j - i c a l  . r i M s o u r c e si 
( I E : i ! M : r i i ; i : e i t : b i - t a l , 1!!!!()] . 



I.n ;; 11 i n ina ry , j ; ; i n e n t h a i l ine l i i i K i i : : i : i : < i n b o t  h I |-ie !![!!• HI nil | jE !P <; i: od 11-!• have 
1:. in:. l: i: : i cm,:: \'. a r i; n it i - ' i i i - i i v« q .1,11 n i: :i l: i n : i ' . i ;> ana 1.y s !>;; on.l y qua 1.: I. ;i 11: :ii v i; :;. I A l eme n' : i; 
; : i i i n bi- made r e (; ii r ill i iiji; t he c u n i H i i r i i i D i i o l I l'i« fun d HI it a :-:el :;. H l d i i ' i ^ i i ' i r , liie 

rqual L tat i . e iitiitiiiitieniit.:. art; Iba(:lt,ii.dl b> feco,|;;iti;i.;!abli;, ttenidli; in tins, concentrmticna 
::i  <: l i i - ' i i i i cal. !i in t i n - ' vel I. -ind i; ; i ; ; : ii 'in:; , lE'u r l n si i- : !MI c o m t i i r i : i i : i t >  n o f i h e t: lu> irn :i c a t 
:l n l: ii \>< i l i'i l: i' [::. i: i! .1 pli;,';; i c: n 1 i> i; t u 11:: i nn:' p no:: si >.i <:> i;;; , p:: ov i <:lh:>;: ii :l d i It i ona 1. :. n •:,:. \i I: t t o 
t h i ! ]:iiit I e r  n  u f chi: ' i i i ic . i l d i !i 11: i bu t i cm v i l  . h i n thus Acu.:ihn«!i. i i : ; i: uiiry. T h « i lili,!: i smcl 
I l i  P i M t u i d l e s ; , i i l io i . ' A fi.-i 1 .1 .1> i: n n f c.ln-iiii i C.-L L t l i i s t  r i b u  t icm 1 ilk n i l y iim-'d i A l (id l : < i t i n - 1 

]:]''iM;|uei'icj', d u r  n it ion and concent c a  t ions; t i l |>n-v iou,;; corn, ami mint rel.i!iti!i«!: , 
;i i! |:M):; i l i o ti ;i 1 pii it t e ifin;; t: r i> n t i > ' i l l !:>>• l he i; e:: (> v ii pul'i i c , hyd f ci 1 o i; :i i: , finncl c:i r c u 1 i) it o ry 
|: r DC es •!«!) ! i | 3 i > i : i M  c l o t l i i i C D i ' i i ine,-:  o l l l i i ! i j i i t u i i r y ; - ind iiiJi;l 'iii:opoi;;eni!: 
f! i: t i v i l i e!; i; uc In a.i; v p. 1.1 >i H ill :i ;i I l e inn l i cm d r i > dl |!' i ni;; .;i nd I::. 11 i HI;; , ::on;; t r in i: it i on 
( •  i t  h in l I t i t ; l i i ' t u a i r y  , i i n c i up.l iuvi A c: l i i' :i i: i ii i; i i l i ich C M I C I :L n IE 1 MIMIC e d o i i n i r c i c i - ' i - L i i i 
phy.r i ::a 1, i: hi?m i ca 1. a n d I) i o I O|j;1 ca 1. p r n c R «; !?i?!r. 



:,!, 0 SURFACE MID laiOIJIMID WATEI, 

'.] ,11 SURJ'ftCI! WATER 

!i . 'I . I . li.ini !j It i ii|[; I n I: :i iriiiij |t i cini •• AeuiiilhiHt! I: III I 'rei: IE!;;; l:niia r;» 

i > l a t g e I ) m l ; / o f dial si h i i i i been i: o 1. l.e:: U; d i:i ' i t in - ' ]nydr : ) ! !n iphy, ' i e d i i i i i i n t i i uncl 
i . i i i t e t q u n i l t ' t  y o l I he l l u i i i h n e t K l i ' e  r i; >\ t i n »  j y i n c l . L i d i n|! the .•: l ud ii H!i I ; ; / Itof 1 
( l ( : * ; " l ) , ihimmerhayeB, lit n'l , ( I ' l l 7 7), 111!: I! IV. '( 191:1 J ) an i l IJ!:, AGE ••«!:'!! I 1'HSi: ! . 

Tin!' ii : : i i ! i l ; i - : i - t K i t ' i n 1 i; i:t ua :y \ •; si i i l n i l l o w e i i l u a n ' i: In in: in: ten i:«l I:; '  in v e i  l 
dehrni id channel, and is> :< it ens i »'e shnnl!; and t i d a  l f l a t s ?  . Cl re u l EH: .11 on range n iirninr i 
'• 'I-1 si k I y !> t j: ii I i I ii f id ( l: v 1  1 clia re!, 1'!''!: I ilu i: i ing p < t > r :i i: ill o I Ii I i;;h I! r is is h •• va t e r 
d i ; i : ' b i i r | ! i s t o I ' t i r i A  C i i . I l y veil. I I . n i » i i d (Ft i i dh . s i rd t y p i  s • • C e::i. m i r  y I a  t o l l ' i m s  r 
Mine!; W a t e r i in<nM>m<»ii t in i:h« e!il:iiiiir>" h; cxntniti: n: ted a I i . t i r iMi 'local 1 cm « •• Che 
i " " i i | . ; , | i > i " ' h . i i I I ' i h r i i i i i b i r i i ige, f i i f i t i '  s ' I ' i ' l and and ir lx; l iu i r r i ' :ane luinc i i - ' t , T  i d f i l l 

II i i i" i n n l i i i l  i " i i c i j i 1 « 3 i l i i nn  i i i I  I ) i in I he i - ' i ; l i i i i i r  v unde r • i i i M K i r i i | | ; i i  > r ondi l I I n i i ' i 
HI II l lbiiHi.i|i!ii in ' I I mi Is HI Hfii annul i t j s h w a t e t d I s r l imi (i« nai| i lnn i i iri l « i . ' j : : .'i;,; i H l r e i n e 
F > ii i'n r • 

f l i l i i  : i L l l n M i M  P i;C|J|JI:'!ihil J II! I" i li \H- ill H;' I I I M C P l  J ' *>H; 'III 1 ••* I 1 11 ( " I l l n i II h 1 I 1*1 1 M i n  t 111 Ii 1 lll.l 1 

I i ! l l | H  ! u  f ' Ii I l i l - ' l iriil'l ,1 S I ) I" II 111 (!' I I l l - i l l l i l l l l | ! l ; l i  t ^ ' I I'M! I 'i [ l l l n l ' i l  ! li ll L t €' I! €!l"l I" I I 

'H in i in  1 1 p i , l i h i , 1 ie<">ir i i I h 1 I ' l ' i M i i i ] I'M-' i i i i ip t ' in i I l i i ; i j f p a i  , i n  n Mil i i i i m : ! t u i u l l ! n l  " I  ho 
I i, i|!|it:>.:r]ri*i II, I,  Hi idjj 'p irnl I In, IP aioa I  n l l i nn : r u u l h i l l l he Ilinr i, dpi*1 lieu; a i ecordetll l  i d all 
i iiinire o f !i ') f i - ' e i , El 1-f CM> it Lover i : l n i i n t l ie I id ill rimp' l o i . h i ! i i D i c t l i u l . l ln» 
l;iriii | i;e I"!:"!!'!: , 1987; I'lOlU* , 1981). T ' l i ln] c i . i rn t i l . i / i i l o  c i t i e s ; in the upper 
,/>,cu.i;]rineii. I l iveit e,!;Luai;y ante gene i; ally lov, irangiini,!, IL'toui 0 L  u 11,2 Lee I, /uii i : i ;nij 
(•' i t h -i n is i: in ipE' -i-e I. ;i i: 111 is ' i i o I' a p p r 11»i iniii it e Ly C l . 'i I: is is t , ' i-.econd l' II!: iM:il i! , I "I'll li 'l 
Cu inns! n t v iH oc i l ii i!!; ii it line Coj iHi iMil i in ' l I Si reel. 1! r t ill |pi' ar<i!> iMin i r l i l i i ' r ab l . \> h i f ; hen: due 
t o i h ii phyii; i ca I. c i: itii t r I <:: 1.1 an u 1: it  In I ;• po ii. iti I. F.I iw V>K I. ti i: i l: :li is !• range ii r DID 0 I o 
: > . ! ! I' is ii i t , ' :;:eccnnd i r i t l i . sn 'e r iEi j i i i i '< is !l oc i l i iii si t i l l ! u P'P :':>'': 1 nia K ii ! i ; / ' I . I Pee i: / !i is c cimi. 
E ' L o i / through i: hi? bridge ::n n !> t r i c if i on b e h a v u s ; as inn ii 1: n nn t urbu l.en t: IE low, 
:i r ocl in c L HI;, a j i; i. •• 1 i ke cu r r n n l: v I it li (-11,!: no:::. 111; i-'dl edd i K > : . !:>iiiiiuiits! cha r i! i; , is it a 1 . 
( 1 : I 7 ' ' | f o u n d i: In i l l ; Mood 1:11111:1: en it ve II.CK: 11 i is !• ate j;; ii! n ii r n 11 !l y h i g h e r t l n i i i n ijsbli 
" LI r r e n  t '/el. or:! l: II?P in l:hi? ilcushnel II i v i? i: liiirtuary. 

:iii!!|:is'niied si ii il i IIIIHSTI t :• ti n i: is n t i: a I i on s; in t l ' i i - ' Acus^i i i i i i t I', hei: e s i ! : n i i i i r  y were l i o u i i n i l t  c 
hi; f ier ieral ly .low ( 1.esii tlian 10 ppin'i hny Teeter i I'l'ir'I and iniiC'iMs-ai-n-'d iti|i"!ii:n:iiniii 
1 i: r m i n  g n "i. i:b ic , i I r in ii 111 iiiuiii I n i . h i ! cppm 1 : h a r l h n  r Tine me! f } i i : < o l l . i :H:nl 
':i.is|:ii:'ndi!id inii it e c i a 1.!! l i i i i : f i :nund r t i I: is in .sun u p !i i. r is iiin di ni!i:i: i o n  , al. l l t K n i i j i l i 
con t (-iLini n t in t in: an «i po r t ras- loimd to be in l.he oppo^ l l e d i r e c t i o n  , !inimm<»Thayes, 
r i: ,:tl . l 1 ' ! ' ' ' > ) , I a m n i l t l i a l  , i L i n d i i r HI Mi1 rage i' i) n il i t i on s i , n i; ii i: •• bo ll oni 
i- oni: en i r ii 11 on •; a I iMii ip iH' ic l ' i id l i i i i l i n i i S ' n l . 1 : ,;in: (; is ni-Ta I. Ly l h i | | i h e ! - 1 , v i i i l i peak 
i:un:«it i i :ra t ion1:; ti::<: 111:1: ing dniriiii|! I lood l.ink Iliue l :i tllins asyimnei:r:L<: c u t i e n  l 
'- c 1 1 o:: : i ' : i is !• , l he i; 11 it and i: 1 ii }> pio't I i cm >•< u t t he mi i: p is n di is cl I oad 1.1; u ill t o 
[ t , -L :• l. :i c n D t e, r i1;; u 1 it i rig ii n ii n i-' t i uipd r l: i: 1: !• i I I i iti i: i: it he Acu u h n is l: R i ve r is; !i 111 ii r y 
and a no t expor t ol c L a y ti: IJii.i:ii,:,[;aird!» H a y  . 



"I" id -il I: lu.iihi rij; c.l: line iippiir Acushnei: III :i v e  t es;l. iniry i :  s ess i  . i an ted1 ,;il 11 . >i : ii:ii. I 
oy : l . i »s  : i:ur IB.il hicuic!- , t iassi i  d c .....i the T id ill PM.-SIII He tin Dill ( ' ' lES, I1! 13 7). ilcniiMHii: , 
m o t  e tie til i led I!;;; 1:1iinfiiii:!,;; ol: '::. iiii.,1 I l.usshi n|! based on m- it fl.u.n: i:hiroij|!'h lh« 
roirge.sshall S t ree t  : I'iic.idlge ma|> i:iiini|re I roni ':u: days uiidiii: \<r i ru le  r cunid I ! ions s i" In if; hi 
r 1 <« if : cl : is i: In in :: ge , [i r i> </ i> i I I ng in o r t Iwes I v : nc! :; I 1 1:1 e 1 g h i: ill is ya uirid i! r !> uiiiiiMS! r 
:: i) ID dl i t i on si ( 1 ov r i \>K r ill i is c.lria irj;; m , |>ic eva i I. i. n,(> i; DIJI t hve s; I: u:i mil :; ) , a :: i: i: i: lil I ng I a R 
i'!« :. i! i: , Wood '.; l!i> 1 e 0 K K EI n oij'raph i e: I ni; it 1 1 u I e I" |p i> r 1; , c cumin . ) 

A Liii'du iiiil iini t  y 1:1;, dn b: i !> i  > hiv.- tieen i: c 1 "I I-H: I ed lh» l>i:itli I l-ie [!l:>i> iirmi [I'iillC'lii 
c li'n l e r e :1 |>i: i ma r i ] ;/ i n l.h<! c 1 1: .1 n ! I y :i I: t hm-1 Ci:i|i;j;i;e s; h ;i 1 !1 S I nifie I: I! i: i d|i[e . 
!:iii I iini l:ii>!i i;. t I he; bit I lige ninip; from K) "i: '.K l'l''CI(l inltl'i iUi (;i i

1 ii r n |n-' &A 11n 1 1 ;/ ol! 
!iO D ' O O  . Tlii:' l.owiii!ii: isn l Iini l:j' "iii.li.nii.!;, 10 0/01) Mere r ii c Dinin-'d |: o 1][ i>i.r i ng n Ihniiivy 
r in n hi 1  1 on uhnlti I > i:l«; TI:I th e nn r t In ol' i:hi> bi: iii|!;e, si \\ ] i n, i t i e.!; i'iin|;'i:' i roni 1' t i  > 
ill 0<M)D v i c  h iiivi-T.-ige 1/1 1 1 uii:!!-; o  P !!() , I!1? and Illi picooErtsdiLrjj j to I he nur t l i  . 
' /e t 'C i cn.l ,:;,;ill. mi t  y |;;ri-idi uiii I t i - var  n i>tl i:i>n:; iiiei'-ihly , licivemsir , on ,;i i' ;i i- ii [> n a 
li' r.-id i ii n I: o  f onl  y I IVOO IUM; iin;',-i.!;'.i n:ii '['he ,;i n ii r 11 |p!' lio r i ;: o n t n .1 ,;;>•! I.;i. ni l: y 
|! t iid i is; nit bi-'t'iieen :hni 1111:11; i: ni>n: therl.y !i:iinp.l inig si i: ii t i om .u'ld ii:lni> l:i r i i:l,|![ m iiiiiii < V 
::/IJlj, NIII (> ' :<  • i .s: I Inj! !, ii I 1 n i |- y i l i n t  a iii>: i ;; i: s Eo i : I he ::i' i: nil.:; and d i t c lies; EI s; !i c c 1 a I ed 
u:n i:h l h<> i: :n ill is. I 

The liciiiil'iniel RIMM: i i; i:lu> main ITI l:i: itiii r;,r l ti it hi! Ac.iLi.ssh/niit I', iver iMi'timry. El. i: 
iiii-'.-un •innuiii.l di. !:i:liiaii:|re i ss i! x it .i ma I ed ;r: !!!>!) C.l'll l:» \\>KZ • l:lhi!> *m Luiiiie :;:; only 1.!! 
c : il'ie ii »i! 11: age i::nliii!l pri !:• i'!:Jillii;, Tin; pin-'til c:r t ! t l 111)- year luw- Mciv d i » i: hia rge 1 
1 ( > ! • !  • ih,iin (),:!' c l is i i thii!' 1 00 -y u in i: fl.ocid us !••!• t i ..... -iMid a'lt l . l l l iO i::fii ( i!I!ii, II 9B I' J . 
Thi!; h:iv :l :. :; i: 1'iiii I',;; !i riiiih-ic. l si l:(ni! liinal. 1. ;;:. ;:i: ol ihe d i: a i n.iige (nuiiiii ( " • > . ! ! Ian:!), 
,'idtli t noi'ial is is 1.11:1: i:!.s; of inir ll <isiice initi!1]: di sschiii:)!1!:' inolLucli ' nijiiiieiraiii!! IMIU-. 1 1. s; i: r i; nisiii , 
p in in ii r i .1 y Loc i i ti-'ii alLonij ltl'iii> eass i : i> i :  n :• ide of the e.=; I' n ii v y , Ccnn li :. i: ii i: di sstihiii ' i ju 
( n:im ':l:i;:;i:' •; l: i- 1: n in:; i s ; (> <; t :i ma I ed ill: 1)0 , 000 ::nl:.ii: (eel()i>i: ulay in f i  n 1.1 ( !>£ ! !  , 
I9U7)  . 

'.] . 'I . .3 . li>:i:'i is: l. Liiyjj '.[ [iiliDiniiiia It :i 1/11. •• I'iia.l. I: (liiLrisEJci .!iu r II: ni: e iia \:>\\ r 

Tl:ie iiiill uaiMihies cil: the upjper ilUiuislinel. :(:. 'n;:: etsMjuai'!' con.;; i. ;; i: aluos l entirely 
dl. 'i:.i! I: in,-ir:;i] iioiiiiiiuiintiei-i vllh a total ai;i>u oIL apiiriiMiiualelj' 60 acres I'iJiii: itlon 
i - ' .O)  , I'hiese IJULI: slues tiai'i; been e.i! t i,i.,ii!!. Ivel i1 d 1 1 clued in the |pa.s;l, Mlo val.er 
clii-'iiii s;i:ry ii<sni:a :. n availal:i!i: <h:nr i:lni! ill 1 1 chess an ill pool.;; :::: tlini:> ssal'l: ma.rsihe.ss 

!! . :i . •'•> !i i!l.i n I !:;[' _ pn. l in 

In onilec  l o pncovide a more cionpicehen.ssi »K uiniiis'irsstiindlinii!; cil: itlus sa 1. i n i ity 
IJfratli en tJi1 in find near the .ssalLi: maicKiheis of Clue upper Aoushirieit (Liver ««ii: unity, 
!• a 1. i n 1 1 y mea*: lire men l;: tiere rec(irdni!"i;l in I he iDi!i:r:s;h d 11. i: <: hei- <:ind ticla.l ::i'fMil::; ami 
in l he !;l\!:.llov iii:<>a!:; cil: the istsl iiary1 adj at: em: to m.-i f i; n i; n I and i1! Sa 1. n. n1 1 y 
rni-'iij-'iirenieri tir 'tieni1! record (id through tw'o ful. I. ss'pr.ing I. n. di! cycLe*: i'1'!1 July 1I.9B'1 

'•nniril II Sef: te in her 1'JIS'M at 10 ilocanmri!- air i ncli i:» ted i  n l;i [rure :l-l SaLinify 
1 1•nrid iteiiiperfi tuire.1!1: ORI-I; taken u!• :i ni1! ; a If I: I !:m: ienfi fn: S!CT nifiti1! ):" . jR R sm 1 it i? are 
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K a b u l . in t i l l in T.-i I) IKS .!> . I and !1 !! . In |!K n K r i; I , I he s j i i l i n i t  y d . i i t i i i r u i i i::at«;s! 
.lover si i l l .i n i t i es : d in i: i ri|i; ebb '::. i l n  , b o t h \i i t li i n the e si i: 1. 1; ry and i n i t h i  n i he t i d i i i i . l 
creek.:; -i mil <;l i t ches; b i t l'i i n I be i f i i . l t inar!;li. The 1 ewe si i: ;s a .1 i n i 1. 11 t> <:, ('Ies.!; I. b«iin ]!: 
[ : | : i : | veins: i' li 'i: circled i n the b ra ;: Iki s: h creek u l n c  h d i ::i::hi:ir|!.i:!: t  o i r l e t l i i m c l  I . 

i! !! GROUND WATER 

The f ! cu i ! :hne i R i v e  r e s i C i i i i r  y !:• l . o o s i t i ' d l  i n a b e d r c c l i val.l 11:51 composed o  f p l u l o i r  n t : 
1i n I I ' l i : ; .p; I-' and mi> t amor pin i: i:oc ]<..•; ol :  l : r i : > t e r c i ! : o  » t: tip (£!]£!,:!,  I ! 1 ! ] ' ' ]  . T 'besi i ! 

modem t i - . l  y clef unified and h: i | |h! ly r f a u l  t i mi i:ock.!; -ini: i > :i posed in i.eve ra 1. i i i ' i s a ! -
v i i h i  n t in- Aciiii j l i inet Rh'er d v n i nage t u i i i i n  , ir)cl.tidiD|>! an abandoned , s ; lonn ; quarry 

I oca led i i id jaeei i t to life I l.and i! . A I h i n neneeir ol: si in i: t 'I c i a I. si l i n  e i a  l s iedim-nit! : 
ui|:i t i : i !i() f e e  t ii n i: l l> i c li.ne.!: !! a » i: i: !l i e.i; i b i s  : ( j i c a n i I i t:/ [jin ii .!!•'!•: i c h n t l i n x  k . T l i i i i i i : 
( i i - | > c » ; : i I s i i i : i! ci f P 1 ii i !• t DC eini! i i | > i ! uriii i n t: 1 ui ill i: li.ame del t i  n ilepo s: ;M: i; , ou ' lwa i i l h 
i:l(!|)0!: i I i; cind1 t i 1. 1. . I'l'ii!' up Land a i: i-'iii:. Ad j i\ <: K n t lo r b < > i- ,!• t ua.iry n i ' i ; ccniiipciiied 
i p r i r a i i i i i : i l y of i:n.i t '.MI i; :i i i n i i l luuie t h i l t i i i d e p c i s i i L t ! > c i> ru ; i !:l:io|! o f m e d i u m t c > i::ci,;n-!:i> 
• ; ; i n ( i HI nil g i ' f M ' i - J l . .'i :::::; I ' l l .i n|i' l o I : l i n t ; l.r!:.Ci!:l H y d r c l D i r i  c A i : l ! i i ; . f o r i b i i ; iin-'a, l : b i  > 
• ; , : i l i in r i i i i i i i ' i r i e ! ; iin; uncle r l i i in by t l i ch i l pi»a t i: , r > i l t ancll u . i ind li:':-1:;1 1 l r i ,!in !il) i inches! 
in i 'i :. c lt.i;ni!,;: ;; . IhiDwever, Sinl CCiin.fierifa.t.iDiii-i! :,!er w 11:15. 1111-1:1 :i :. :i i; .indi cal. KK t h i a l l:b'(> 
t ii:L;i I p i ' i i i t ! :  ' be I  n i'i|!' l e i I: be I1 n wca I u c:k !>IM: i (•':•: .-ind i r r i i i ; / l:ie Ib id l i i : ' ] : ( 1 C I 1:11 !> I inches! 
i ] | i :> i : ' p ) . !• i:'i:l i men 1: S!  \f  i t h  in i : (n i ! iji|:i>per .'i::!!!;!'!:.!!1 1 R J I M I M  - i ^ i i u a r y ci : r . i ; i , ; ; l [ i r i n i i u i l  y o l : 
.1: i mil1 , o r ;; in m i c •• r n t: In mud.;: . T Ine i n t e r l" n d ii ill ;; one. i s; i: li ii inn: 1 « r i v. i- ul by 
|: co • ly ••!;:: i' : IM: ;i.;ind >iini:l |j; fa I 'd i n'l DIIIJ; <!u:[:;:!M:i: :;:]'ici[':!!. :. 1:1;':;. ,:ind i:ini:"-|>:;r.iiiini!!il :; i I I :; 
t i n i i l iiii.ui!; inn t icl .- i l . ::!. i i : : ; and in i i ln- ' . l t e red l i h i o i c n : L i n e s ; 

G r o u n d - va I- isrr :E!lov«i to 'inn nil!1:1 rhe IliMiiffhrier F l j i w ' f j  r l ilrtuafy f rom both the east cind 
ihe i. i- : i t , co111: ai ned pniiiiiiiu: LLy viv:lniii;i. tine i;ui;f itial jiilacial depo.!!:i its, The IJSCS 
H y d r o j j n i p h l t: l l t l i in : ; : l io r ':l: :i:i r e j i i i i o n :iru:l i ca I e Si t h i i i i t Ihe di!epi:!Sl i in i : i ; i i r i . ! i i : i i l i i i - i l t > d 
!<• I ,=i t: i ii 1 iii:!p(i!!ii:s: \2.\< to !:() ii- 'ei i . b m l l i i i-.m:!, t h IM: t-> I ci re , ':!: i- iji;>epe s: i: a c u  i feni 
i s c e loc i i ted ad j i i i c i - 'n t 1 ro elm? Ac uui'ihine t I l iv ivr ,;ind I'M; tuiary I' li 1 1 :l i .iiirns d Tiiii-jMiMf, 
19 1? B ) . No publl. ic vater si dip pi ies Ate. ]n c a t eel in t hese a q u i f i-'in-i, nor iinci!' l u l i L i r t ! 
|: i. l:i I i c u ii i: i; :: ,;:u [i p 1 :i K«.\ I i ke 1 j' cl ui-' I o |i :: 1: en t i a 1. s; ;i 1 1: •• wa I e r :. n t :: u.;; i on pi i: c>b I em.;; , 
It i : ; not lli.novn ;. I: pncivahi!! d r i nli..i ri|i; w i i t i i i : M'el. L.s; ! i i : : i i ; ; atij .11 1: inn t t c i t b i  > Upper 
''iniiH'iriel Eluni'i: es; l: u n r y , l i c i w e n i i i r , most of t h i  s .-ure.ii i!i :re in'ed !>;/ t ine Men 
Eledfcn: i i mun 1 1: .1 pa 1. wi i tm: isijip p 1 y >; y j;, t em , d e r i v i f  d f r o n i> :;u :•L;i :: •! i i i i t i - ' r !;oiii:cii to 
l he ni) i : t h  . 

3. 3 KALI' MKSa HTIBIKHILttl'T AW![I Uft'lfTO i::HI!M:i: 'Si'TII! T 

:i . 3 . 1 :!:i!l:i!.J...J!!;!!j;jiJ!L.JIi!'!l!!!!JL!!lffl!' 

T : i d i i ] I ' l i i!i lniri |! - i s ; tllins domi n . i i m t hydro I o n i  c i n r i L u e n c i  : on l b f  > i;iii..l I i iMinil1 . ii1:; of  I : be 
U p p e  r Ac.usibioet I ' t l i ' e r !:,!'• tuary , f wi i i e ra i i j i i? ol p b y s i io|i;raphic , c.heinu i <: a 1 and 
b i o 1 n jj i c..& 1. prcuci : ' . ! ! f i e s s i i i : i >  ' i n r i n i i n i c e  d by t i d l i i i . l I ' L u s i l i i n i ! , ini : : lud.ir i | ! ; siedi 111=11 1 
cl[i-!|:ios!.i. t ion .-irnl !:coinrini |j , i m p o r  t iincl i- ixpon: o l mil. r i i i  n t s  , o r (; u n i c.;; ,:i.rid t o n i n . s i 
,-.i-irl : : : : i::::ol of ;• i-'d i men t redox p o t u n  t ia l . . Di E d-'rent mush . i i n r i i i ; f i re i i s i s i i x : i i i l e d 
i»' i l l'i d i f i e rein t In ;/ cl 'ro Log i <: :i: i9!g i line si The u p pm? i: ma r «iii r ii?'C| u i r«« ii in.l n i mun c f t en 
ill iiiy.i: '0 li c on I i n uo u !• expo » u r is1 ,, 'nh ii 1 ii t he Lowe r iiii>i rsh :i. s> li '.\ ooded d 11 :i .1 y , 'F i d it !I 
c n: i:'i;>l<..!! ii r i; a L s;o f 1 oocled d ii :i !1 y .-iind ii i: i- i mpo r t :i i: t c curicl u 1 1: :; o I' ii.ii 1 1> r :i a I a/id 
ii in 15 .1: i;;y trim.!: feir I: i; t ween l . h i ; nar.jih n n  d i i id j . -noen t wa t e r Innily , C f f i i i l s i i iinni d i t c h e ; -
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i'ii re part: ic u liar ly i m p o r t i  m t in nia r i; he ii w i t h : ; teep , ii e ii u ii i: ii lacinj ; ; I: in; In; and a 
hi|!;h p r d |n is i: t ion of h i ( ' In iiiiici-iii area. P a n n u l ! ! - c o n t a i  n i i t i i i i n i i l in\\; v a l e  r at m i l 
t i m e - !  . II in a;-ymme l r :i i: t i ' i n p o i a l pal l . i s r t i c :E t lov oci : :ur ' i i n many mai r i i l in iMi i n w h i c h 
A b i i i e l i i ' i  r PIMI: iod : i l l f: a ii t is i: ( l o v cl ' iaract i i i ; iz&s L'Lood tidlis, and Ixingii'r pine lods oil 
ii l ove r J i l l on occur c l u r i i i ' ! e b b t i d  e ( M u t c  h  I i Go,-;;;el. i n k  , 1 'JIJlji ) i . 

H y d r a u l i c |ni: ad i en l.  i i i i i t h i  n the i i n . - i r i i b u i i t i s i : t a b l  e SIM: ' •ove 'cned by th i ! p o i : o i i : i l y 
and p e r r n I - i n 1)1 1 i t y o f dims :;ed i m e n l ii , In pi irmeaibl e i ; i ; : l : . i n i i r , : : ; , I he i i i i t i - i : t a b l e 
in;;.;,' n s;i! to the s j i i r l i i i c i  s ;• t h i g h i:nh; .in impenne .a lb l ' : i i i i ' i i l i m e n l s ; , dhn; i i i ' i i i t e c 
t i i b l e i i i 11 r e m a i n c l i ! ! | 3 i ' i s ! : ! : iS ' d . P e r i i n i i i l j i l i  t > may be e n l i i i n n c i s ' d by p i ant i:oot,;: .siind 
an imal . il'un:ov,:, ( P r e  y an«il Ba.ii.-nn, 1 [ I I 1 i l l  , 

1:' c e sslnv -i i: ii i: / !• ii 1 I v -L I. K r i n 11-1 rac I i (in ii :i. n '.; n  II t ma r ii he ii u r is poo r l.y u n d i; 11: ;• t ood. 
C lea r ! y pi:e<: i p i l ii 1:11:11 and I' re ii h'ii ;i it is r s - f cea in  d i i i i : l h a i : | M S iire i i i n p o r t u n  t 
c o m p o n e n t ! ' oil i h e I: r i; !> htura t e r I n p n i: I n a d d i l i c i n  , |!i:ound '.MI r f i r i!; cl hiicharj'i 'isd 
E i : o  m l.h i ; upnlLsirid ;ind ni i iy f o n i n ii p r i n i; ':> a  : the up! i i n d / i i u l  l t maci i l i l : i ; i : i i e : : , i:nr n .s iy 
i r a i ' E i l i n unco i r i s : o l i t i a t i S ' d depoii 1 1 1 : ! > i j i s i n s i s i t i n I h e i i i i l t mii ini ih ipe.sii:!; Thh-: 
f r e ' i ihwate i : it a re l.y d i K c ha i: |j;e:'!i i i [ i i : m tlie o'/e r 1 y i rig [>e i ) i t ! - , bill may dl i ?• clusi rge 
ex I en i i i IMS II y t h r o u g  h the p s s r v L c i u s i i s i i i n d l y b o l l o m s i i : f t id .su 1. c: r e K k \; ( ' / a l i e l . i i f i t : 
.11 . , 1[!'' I: , \'& 1. ii IE; 1 a pis'i :• . coma, ) 

i lal . i. m i:;/ v u r i e s s ! l : c t h lio r i son \: n 11 y and 'i . rerl:i. ; : i i l l y w i t h i  n i i i i l t uianiihe!!. 
':la 1.1. n 11: y i ,'•: gfin e r n ill !l y h i gfae r :i n t In? I ov ma r sh t han t he h :i B'll'i marsh, n i it h 
\;,:A'..:.<.}•..".]; t ' l . i i c i i u i i t i D n i ; |i; r«a l: n u t IIHMU mean h i (il l wu t i - i f , S i d i l n n l ly v i i : h i n run::;!', 
• i e d i n i - n t ! i I . ; ; c o n t i i D . I ' l e d l .a r j !«! l< / by l ine I: f i> q u i- n c y and dm r ii t :i on o l l. L chill 
;; LI bm K i::; i on, r ;i:. n:: n ' . [ I , eva [i<i r ii l: :li D i m , vege l: -i l::. nun , :i o i 1 I. K i: it 1111: i; and f. re i; Ina H 11; i: 
i n l : l i : i i  . I in I.e r s; i: 11: n:. I ,s:al. 1 n 11 i ii !• i r i - s inss r i j l . 1 y inc ic i - iase I: run t l n i t o l l. b«i i i i i j ac i - ' i i t 

' i i : ; i : i i • ! ] • >  to a n i i i i t i i i n i j i i i ' .Mil..in EHI: t l i n i - 1 lovi ' lh i j ; ; ! ] ni iU!il i I :MI; I i ; : . ' : : i i : i : and dec r i ' t un ; ii.|i;i;.h'i 
i n ;i Jii .niT.' .-ii-d d i r i-'i: t i on, i i i i l i n i t  y ','^1. .1^;; i. i  t Kin Lov i i i i ! i i : !>h i :;oil..!; :in> p'lwral l.y 
L - i i r l  y i :on . ! i i . - inn : i > i t l  n de [ i l :b , ir 'h)i>i:i:>{is in bi[ ; lhi nain-il'i HO i. hi, :• u."l i n i I |r »! i l i ] i= ' ! : 
I l . i i c i : u n ti! ' v i i l : b A i- |j t h , de[i<!niil:ini|i' on i i ea i io in i l i - 1 1 ! ec 1.1: I HI 11: i -1 : h {r Go !i is ii 111 i nli., I '^ ' i ld; 
F' n»s/ iinni ::l,;i!;,nn ' 1 9 ' « 8 )  . !i ii 1 i n:i t i i-ii;: v i l :b i  n t idal creek!: iin:i:' iu.sn.ia 1II. y '.; i in i La r l 1:1 
I hat: ot. Line ad jacent e,!;l;u,«ii,i;y, all hough if iicealwal-ifii; input i. •: signif ic.ainl,, 
l i - i l i  n i t ie.s; mil ' l:m; !•: I. i g In l: 1 y ] awe i: duini. ni;> i - bb t i d e  . i i i i l t im;. IM;:'! [ : i i i : i : i : ! ; o l ' l e n 
h.-MM: V l i ' f  y 111 {I 111 !M3 I i i n  i I i. (!!! i i l . l  : lO «!V.i l [)() II ill t I Oil AJ\d 1 I I M  I C l i ' l j I 1.1.1 Si h 1 III |! , 

!1 I! .3 Lujiflicti ' lliixpcirl: till: filiitr i IEIFI; I:,!:; li-ii ' il :i men l.:;;, Ttuiiii!: 

l.n mo!- t iial i: t n i i i i - i l i e - ; , !! in! i ini-in I a c i c i u i i n u l i i i til'!! . m l n r i i t i  - o l <:ri!.!' ii : i i "> [ mil l ' ' \>K ii i: , 
:! !r:l.; irni'i'i t !iour<:ei':i may i t ic l l luKike r i wei ' ini : tMispended i; i- <ll i men l , laDdi!»rard Eied n n«n t 
i . i ' i i n j ' p o r l I: r is in Baii i i . - i rchi l i i iy, e r o s i i n i i n of i imb. - i t i r i i l l ami . - s u l i t i c n j i i i o u j - • i e d i u r n i i n t ; ; 
I \ n c I ud i rig l i i i l l t m a r s i h ) i. i l h i  n I. he is i r tuary .-mcl u r n u n i i  : &%% r i i i! 111 i -s i i (-iind :un s s i t  u 
I : ' i c |! i-'H i :. p i ' i j i i i u i i : t i o r i  . ! ! : i l l t ma r si h e ii im:!:1 li.noviti 11:11 !:M: i - i i n f c s ; I: in: nu t r i en l: ii 
:: r |! an i :. niii l: is n: i a l and t (3 :i i \v.i, .:i 11: hi n u ||'h ll'iey i i l i i i : iiippear l ti u i i p o r l L a r s j i : 
C] u iii n t i I i is; ii i:.: n i . i t in inn t i ; iiind del. M t u i ; on a •; •; ;i:; i: i ' ; • I baiMi. ii Clh-sarl . c, t l in
m in:!-he si o l : thin- ' U p per l> c ui!-line I  H i "in: (••!; t u a ry bu i 'Mi t r . - ipped II n ic |!pe qu. : ini t : l t ii:1!- o l 
m i; t a I .'•: and I:"CB:;". M o t i t ol thh; Hi asrsroci.sl fid v . i t h the <i«<l : imi?nt i:iie|Ki!ii C ion 
i , i t l i i  n l . b u i u c i : n- ' l > r i f ! |)0i: t ion.s: o f . thi:1 v « > i 1 . - i n n l i i , ii:; the t n i i i t i i l h - and I ' C l i i i ! an-1 



.Klanrhiidl on lc i it In; pair I ii ::iil:i te  s . A11: Ih c u|! h t he r  e is i:lii'bal e. in the iit:i l intiJE ic 
I i i ei a 1; 111: e regar d .1 ng I he a p ii c i11 c a o I sin II t ma r a h i inpo i: t -e it p»r I: beha if i o r (W i :< on 
19RO) , 1 a]• I; e I y Ih t> c a u:; e o I' i. h e dl i i i i cu I11.:. i: s i n meaa n r :i ri|,r I Ihe a e |> i: oi: essea, a 
j>i>m?ral. iirinidlfirji'tairidini1!" iff po s*; i h 1i; . liirpcirt.-i'iirport rnlfis are a li f Rc t ed by I" hi! 
s t run: fur s i ) iiilje, and Inyill i o 1 ogy uf the ma rah  , HIM: are (liiniinii 'ter-apnci E h: I i . s i . , 
11, u air i is; s; <i i til i; .1 y be I n ii is in I he e I.uin i; in t s be1 ng c i: n !• i de red) 

Odluin fit ill. ( I. il'' 9 I hai'fi r: 1 n i;;-i 1 ied sa. l t marabes into three types- aricordjini1!' to 
die ir l:lciir andl 1. iillu.l exc:hani|!ii c hi* ra c: 1 is r1 s t ii: •,: 

I .  ) !!<alt ma rail e!; i.rilh re. s l r i c I edl I ithai f l o w  , w h e r  e E low ia 1 a ir p11 y 
f o till! i n ed ir/ii i: In i n a long, imiicrov i::h;annii.il by ail Is in levees in man ••made1 

rui! a 1. r :li i: t i on i; sui i: h a.r i:l n Ik e s i> i t li :• u II v e r t s '.'hi i c: h r i; \\-\i I a I e 1:11: v \ 

il.) Marshes i.hich are lass ireauvi i: i:ii,d than tinii. Ural, class, bin, iiliu>i:ii 
raost I' I. ci u :i s !•' I i 1.1 |p r .1 ni: i pa 1.1)' <: one en I f ;i i: ed i n cha n me ill !• i 

!' I I'larsliiis hai'in(! c omp 1 e I is 1 ]/ Eicii'e fluii 

Yliii' hi i-si: i: l aa  a iiould he e»pij'i: t edl I o have 1 i in :i 11> dl export, i thi le I he tl'iihcij 
c la:':",r no y'I nl be clhiirmi: fen Red by a inniclh jrr eater tidliii.l expor  t Age ).«; aisro a 
f a c t o r  ; as tin-' mars  h E l l i  s :M:s bun in I :i :h; 1-iigh indlii lei"!!JI. i t only a c t  s n:; a 
at 'dmienl a i  m It ^ir i inari ly ii'i re la t io  n lo s e  a Jii'Viiil n si- . Thi; 1 niiiii: me I all. a mil 
F'CI! com: en I rations in tin- high iiai:,s,li porliiiins ol Ihe jitudy we 1: La in ills .auppflrt 
the nc t i o  n rha t sediment ui:erei i tun Kiiiihi'is v11:Ih 1 n die'ae ::!li:ii': paries oE the marsh 
i :i in i n'. niii .1 iii I |p r i; s en t , '.'. n i; mire r nna r sin i! s t y p ii:: a '.. I y ha i'<e ;; r i> n t e r a:: t: r i> t I on 
r ii t ii' •;, ii ID dl may a:: 11.111.1 I y a h n i, in ne I Ji nji c r t o I' pa r t :i i: u I A I e 11 r y HI n i c: :: a r li i: n , vh i Lie 
u,II dec mar slues lend to export: i:ai:ltion I, hr u ug-h Ihe ::i:i;i:,l(. sy a I, en. 

The I'lujishnet: li i ve r e a t uHI ry salt intiiiirehes a p |i i! nir t  o he p r ,i ma r i 1. y old ISM: ma i -s hii s , 
v i l  h i, hi- i-'x c: e p t ion of siti i l.'i'i and tlhi: I:OIF« in  s i hi' |!l, iiini:! occ:mr in <• .iiell. i n|j 
i^'liich is jfiixleraii:iiJyr con,a i: r i ct ed, fins indicates dial l:lii>y .1, i,lk.elj' have a n«l 
I:K|:M:H[| of or flan) i: Crii'bon u it hi In or ali|;l;i t.ly hell. ON die normal inviigie tie ten: mined 
I-;M- east r:nii!Ft marshi!!? oi" 1.00•• 200 g C/ra'Vyr (Mliion 1M!»I:IO). Ilhi: S'ignii fiinirnn!' of 
l l 'nis i: :• ;:M:I [• i. in liiecon dairy production of ii(l;'hiii:i:'nl i i iai: i>!:s hi; d n f f i i: u.l I lo a SSI!1!:'!:1; 
hi in: on 1900 nctiis that: "thiif pal:h f ro  m Ihe eiiiiiiMM-'nil :n;in;h to i,he !:pi;ri i::oa a t a .11 
u'aier is no I i:lh rough a |::ipi;, bul i. Ih rough a (:(iirn|}.lii'>; chain oi siuh - a y  s items, eac h 
n C vhich I:? chsirnc fe r  i BRd by i t '  a euro internal r ve i l i n  g as we l l as itf? own 
i inputs, u u t pu I a, ti:an:s:loni]iition::' and storage a. ' " TidLiil. 1:1 t i t  s adjacent lo lh<e 
n ii r s I'M::.:: , l !cr i-'xampli! „ may he i mpi> t I an I s i te.: fo  r tr nipping n in 11: i en I. a li> living 
Ihe rnaicsih on <iibb Inles, ul I iiinaitely eoiru'ert ini|,!' plant prod urn on in t  o aniiDa.1 
bio mo ass (Mhi 1:1a tch I9B!! I , 



i , I!) MM' I'HOiii 

(I'll anil I I a I:i. e li 

Thi:> c| .MI ti 1 1 I:iii it i Ye !i LI r i / 1! ;/ va:i i:.cnri(l u c i: ii d t o ena l:i 1 i» 1 h i> i; I:iii it i .;; I i t: 11 1 c onripa if i lion ti f 
t i n - 1 b e n i . l ine f a u n a I m; i « n i n d i ::ai j on i : :E :;i:'i:ondar|' p r n d i u i i : t i o n  ) l h e t t i i > i : T i A l .at"|t;e 
: ; . 3 l l n i - i ni l ) v i t h i  n i:lhn: i; phi-' i e ol! ;i. o 1: 1 » i- n c i - > o! I be P C I ! con Mini r i , ; i i : i ! ( l l <• i-'dl i men I >\ of 
tin!1 u |) [ i s i i 1 AoushniM I R i v i - i : i;:!-. I nary I H u t l u r id  I ) .11 rid ii r i ' i a i t ivel . | r u inpoJ l . lu l l ed !;ali. 
m a r . i i h o u t i n i i i : ' t h  e Ih o mini ill D i: iii!.;, ol! I: l i t ! i > i  ; i t u a r - y I II K \. 1 ii n il '.I I . i i a i i i i n l i i n i i took pluc.p. 
d u r i n  g r u  e lion t h,!; I .1 m i n i s and • i e p n s i i n l b i i r I t o b r a c k e t : t i  n is : : umine i r i : iL» i i n j ' c ru l i mem: 
p i = ' i : i o d  . I! i: !• u I t !i (i I! 1: 111 i i i !M.nrvey yen ' to p r o v i d e  ! ii h i i i M : I ine d a U i b i i i i i i ' 1 a|!;a i in ii i: 
v h k h  l o (i!i!:(:>ib.s poi. entia!! i nio.ii :: I: :; IE 1:011 it hi;' al I enui t iv i : i: I ean u p o p t i oii.u 
proposed f i : i  : Hi-sv Eled 1: c r iii Harbor >.\ e d i 111=11 1 :; , 

O u . a n l i I n i : : i . «M> sampl. i n g ' irE ben thos ! inn; i: ondluK: l ed : in l i ' i s t l ands ; 1 ; ind l '.'. l i u r i n g I:!: t i  n 
J u n i f . ; i n c l ! i i ! | > l t i : > i n l : i < E > r I ' M ! ' ' u:- i i r ig ;i !i t r ii t i I i i-'d r . - i r i d i i i r n :; iii.i[ii|:i> I i ing i; :: l i i - i t u ; . Mud I h i i n l t 
i i inni i i c h i l ci:i!'i!'k h , - i l i )H: i i i [ ; • vere :i ;n; i | : ! ; i !( l  i m l lh re f ! 1 n c iii t i oni.;; an i ! i i i i : k wn \ Land . I 'M: 
bank:; !;n"| :!l i i ' : ; ' . ' i i i f - ! i: i: 1 1 ij ' i : it ed i. :i i : h i i i i i c i - ' a tie I HKKK thii! ' I i d . i n l J l L u t i:i[ i i reelk l : i i i : 
is t t h  e I h i M M ! i > ( I he " in: C ii c.a I b a n k i i n i l t i n - ' lov 'itin;! ' i i i t h e i: i i | : i o  E l ine i i . n n l : 
Tic , , : . 1. : : r i M : l ( :• t .1 1 i ci r i i i i > i ! ] : i : ' l .ocai.iic! i n t l n i 1 h o r a . . i n n t i i i . l c. reek I: mi oE n a l i u n i l 
i: i: i;>eik ;; . Tl'ii:' same » i: it t i ons wen!> o i : i : i . i | : n i i - > d in J u n i : ii.nij Sepl. ism bis i: . Randoin 
:: t A I i ci n I D C a t i o n s : i r i i n ; !-el.ecl nd I:; ' i M J i p M - ' r i i n i p Q i i i n i ; i) i ; ; r i i : l cm t h u s w<=; I Land "ii|: iiinii 
i3 :; .-; i ,E;TI :i n ;; !• I t a l i a n ! ; :: 1:0111 ;;. r.-inddii runbi; ' :,:;  | { ; i l b l i > l i i h i l i a  n l i i l > i i J i : ; i den i: i f y c h i 
ve t La n tl ( 'E i i: ;;: I t: h :i r ii i: it i='i ) , h.-i Ih1 1: n t ( n i-'cond i: Ih ;i i: ii c it ii1 f ) a rid i: t ii it i oi'i I l: Ihi r ii 
i :h i i r , - i : : i : i : r I . E 'o r l : : i i : l i : l c.o 1. l.e t: I: i o n i; , u ;•: I a I i. o n i. »:; de. L i n e  d i i : ; it In-' a p p ro \: i: i u t e 
ha bi Tilt: w.\ it h i in a thri-'e-uiet'er dinnii1 ter ot the lit ration ina r IkR r . S I1 a t i o n 
loca l :i !)[!!• iire ! ; b o i < n on F' i gu r t i i: M - - ! l ( W i i ' l Land 1 1 anil A -I! I H u t ] ami ?. ) . 

'[''•'0 i j i p i j ! ; ol i i i - i i i i j i i j l i ! ! - Li'ii'ire t i t i l l i i i : t i - ' i i l a t eat:lh ii t iii it i on , (1 n i; •• ] i it e r c: o r « is ( !• u c I ac« 
,•:.:<•>. A  > = 0 , Di;iU I i n ' ' ; [ h i p : hi >•; Q.I','. m\ itn-'re t:o 1 1 1> i: l: i- i:l l i : i e i > - i 1 n ii c i- bitsri I. b 1 1: i n E a u n a  . 
'[Tiree ri: |) ' l k.al e : : : : i : i : i ; Mere l: n l ; in: iii t each s i i i m p l iii|i; pe r i. o d liiach nil p 1 1 1: n 1 1» v.-n.!; 
s i e v e  d t iv oij|j;h n C) !: -111111 , ! ! l « n i >  , An i ma 1..=; r e t i i i n n - ' i i on i :b i i inii'W v««i ' ( ! nil ism ( i I ied 
to l a r i ! ! i ; t ]:io •; !; 1. Ih1 1; lti!i.:<.on and ! > n i » i i i : > r a l e d . I! 1 c 1 1 i-'d Mel iu;i|!tiit b i oniii i;  i > VI:.:: 
d d' t Hi! f in i. n is iii l o 0 . [) 1 |; IE am l:o r im j on: t axoncnn :i. i: |nr oup i nj;; n ( C r it liropoda , I'.nnn1 1 i i:l,-i , 
I'io 1 1 L i ' i C i i i, (!U he f  ) 

!:P i n t: E! i n E anna 1. n p i- 1: i <•>! • , .-i r ii! f r u  i j UH-TII I 1 y ;i :; i; i: c i i: t (i'd v 1. 1: Ih ;i |:II-M: i I' i t: is i; il i im-m l 
>'. ha r ;i ;: l: i; i: i !•: l i t: ;; , i! :: i:. i n •• :; i. ;: i j i i i i i i .I y i - i i , ' ! n - i s ; coniiun: l ed on onif ,;;,:iiu p 1 »; ' E i r o m eac:b 
:• t a l ii : i t i , a l!oui ' l :h O . D O B  L in'' 1:01:1!' '-'a.si t: o 1 1 u c It i-'ii I 'mm l i i i c  h .;; 1 .11 1. 1 o n i i l i . i t i ng . l i i n i ! 
l o  t i h i i: ana l.y ii 1 1; i:iue l:o th i : large i i i n o i i n t of p e i i i . i n t in- ' \t\\ Ih i; 1 1: is 1 1-> , pe r i: i: n t 
o : ;;; ;i n : :: im:. 1 1-> r i. :i 1 i < :: :; ,:i L :; :i •i> ii :; 1.1 r ed . 

Tvo •- ,) ii ]> ana 1y <\ i >:, 1:1 E \ra r i. :i n t: i; ( AMi;i\r A ) u ;i i; uii; i-'d I o d (• 11- r in i run1 s: ii rn p i i ii|j; pn» c :i n d i! n d 
.: l a L i u n d i Lie rent: i-:; in lo t ai l lnt.au.na ii bund an oi-' I l::i; ( : < • » ! ) ) Lot i i i anne 1. :i d ii 
a b i i n d i i n i : ! ! ' ( l.ci|;;l » + '! I i , o l : i j !0 i :ha i ; ' l e : i l h i i n i t i i i n i i : i : ' ( l . i : i | ; ; l it + I ) )  , [ ' t i l [Mi oca l - j , [ ; f i i 
a tin n d ii n c ii' ( l.o in (:i t 1 ) )  , HhMi a r ena r i ii i i l jumiance ' l li:i|! (x t 1 ' i i n u m b e r oi' i : i i : < i - i 
,-iin :l 1. 1: i: ;: 1 b i t i n n ii ;; ;; ( .• i:|Ui-i r e r oo t ) . [J n i: ii  i > i- r < : > l r :i n i; - 1: r med p r :i a r C o ana 1 y i; i :' t o 
iiiiii"ii' i 1. In- no inn ii 1 •• d i :; t r i b u i: i on as.-iiiin] p 1 1 1: n undi» r 1. )' i n [! n\ na 1 y :; :i :; c E va r i n n :: i: 
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i -'H ti ii " I - it cli I ' e r s n t  y and e i ' i i i ine! ; : ; i rid :i i: i:» w e r  e u s i c i l to o o i m p i i r i i w?\ Land 
h.-i I: i l:;: t and i ; » m  p I i ng ji i> i: i od ii i I: I: i! r i; nc e.;; i n n iiintbe i: o I' t. ;i :i i) anni d:. s; 11: i but I i on o f 

ra b u M i d i ! i n i :  e ;i; 'i::i ' |! t axa . Ih[i:'!;e i n d i c i i s ; u ere c o a p  u ted l o  r t ' i i c  h .;; I a l: i o in und dal:i!! 
u»; HI 5> the me tin nbmridance o E each s;pec ie.1; aver i i i jed orer i:hree repl i c m t  e 
; , a m p l i : i ; . >•:•;;. i: i;:;:; '.MH; i: ii 1 c u 1,11 ed i i c  r each i i l . i i t i o n .iiund chi t is u s i ng i : l n i ! t o t . i i l  . 
. • ibund i i i i i c i : ( ii 'Liin t : .E a l  l n r i d . I  v Idlu.i l s ; p i > i : l i ! ! ; atmnchiHci:1!- ) f r o  n l i i i c l i ol" r l i n - i  : 
r e p  l ii ::iri:i!'!; . 

!:lii?I 1 I'l«;|)i were SHimplied al i:hi« :;ame suitioni1; and ( I n t e l  - as l.be cores h ) ' to;;:; in|j; 
p» I ) . ,1 :i in1' :E ic iiiiniii! i  n [i d iMii I y VIM: Inn t ine s i U i t i o  n bound i i i : . i i i ' : ; t  o o 111 t i  n in I In r t i t! 

r ii p I i ca l e s; n mp 1 e i i , I 'll) t e r I al u :i t h i n I he f r a m  e vas; i M i c i g v a i e  d t t ; a d e p l : b i:f 0 .  1 
in i i r i : va s :b i i i ill i t l i roi i inl i i ii I-1111111 ;;:. i :"i; on i;i 1.1; A n i m a l s; r K> t ii i ned t i  n i - i e i '  e 1.111:1; 
ii d i! in t i I i ed in nd enuoie i: it t ed. iiti i: 11 I eng l. h ( I : i ' , a 1 /e Si ]i i; i: :;;he 1.1 h i; .i |iti l 

1( g - i s ; t ropod'Si) WAS nieaiiiiireri to l hi: neares;!. n 11J i me I er en n.I I inci l lui i rk spetiininii'ii!1;
ii c t ed. 

lU'iai)1 lilt; o! i' a i: i aiiOE! Utii! u.!,;ed Io [;unripa.re iiajiiipliinj,!; period,!,; and iitation',;1 tor 
to I .nil . l::i v i i l ,'.!» ii l)i.i riiianct! l [ l i> | !  ( x t - 1 , 1 I , i tumtif: r :::: I) i v.-t I. IMIJ t i i : i a , 101 :11] jnisl r c i p i n l 
ijl t iuiridiiti iM?1 ( l o  g ij!-> I ) ) and ni'ijiimlt'ier ol: i\n'.- 1 ropod iihiijiiiiiancf! i'.llo|!r ( x 1 ]i l and in u ID lit!1 r 
13 1 b i t  ' i l l v i ; i ,-i . ' : , ;i . /'.bui'iidaii c i> d l i i i t i i i ven; 1 1: iin,;; I o r i ii dl | : > r i o  r 11:11 ana l.y i: i is t o 
n o t ma 1. 1 ;: i! the olaim Cine  mi 11 line t e  r i n i: i: i-'iiien l. <•> iu!i:i!' u.iied 1:1: c a 1 en 1 H 1 1: iiiii-'an 
!,;.II:M:>. LKOg t i n IJn,!qui,!,Mii:y h i !,: I: o \\ 11: aim;: w.r i,i dli:"/ii,!l.O|;Mi,!d by ,:,;uninin|<!l i ep 1. i c » 1 1>. da ta 
I: :: i: each '; |:  i > i: i ni.;: . l; Die some 1)i " m .1 '.'if •; [i K i: :i i: :; , da l: ;i  i < IMI: i-' ,;; r o u ped i n l o 1: •• inin ;; i i i i - i 
t: las !?i?,!! l:or present: 'ill: ion. !iini! c.I asses 'UiTi? de;;]. pia ted by tin1:1 max n iinwi f i ize 
I IE; . (> I .:i nun i; .i ;i i-1 c: L-i :; s i.1;-.:; ::oii|! n •; i :>i : l o I : n d it v i dua I ;; r ii n|r i ing I: r nun  I I I o 1 !: nun ] , 

4 . II .....I,!, QU'iii it' 11 ve '» 

The qiircil i tan vi1! ii 'vaLuai'-iun ol" th« lEivi; Ac:ii«!hnR t IMver iindl one lhi;r:riird' B i l i ty 
'.-(•A l i i - i r : ; ! ' , '.MH; : L I I I t iiiinded c oiiip.ii r E> |: h y:; i ca 1. it n d b i <:i l.o,;;:. i: in .1 (e.!i [it! t: :t  in .1 I y 
!ilite 1. L I: i s; h I i::lnanii: t i>>r i .>: 1:11 !> o E '. '<•• I. II. ii iti :1'.-. .11, 4, !i ii nd 9 I I: o i: Mrli i ::/i it| 1111 HI n t I I a I . : " i! 
tla tiii ha.s; not been col, led e d ) to IJhcH'1!! 1:1 E vel Lii,i,iid,i> I I pol In t ed ) and 2 
( r ii 1.11 ii i 'e 1 y uiin pa 11 u t li'd ) i . C i i c  h o\ v e i : l i nnd : ; 3, 'i !: iitnd •) c o u l  d be .11 ni|>ai: l ed 
tnii i i! or minor i! ot l:be c i l i - i i inup o p t .1 on.;; pro|:ii:i:;ed f o  r t l n i - A c u s i b n i i  t I l i ' / e r l i s ; t u a r y  , 

A i t | i j ' i . l i I , i l l :  I D u i : ' i : i i i i i | iar : t !s i>n < : i l ! ti u 11 iind,!! 1, !i , : > , - t , !i und 9 . i i i s iinade in 
Octobei L E I 111' , ;:lin:i.ti,ii!;:ii; wa.s; pla<:e<:l cm i:lie uiii. :-:i:i'i-:i[:i!i: w a l e  r iiiiteirtrac:*! t n > 
L-II t: 1111a I e i : h : i : ; i::cniiii p n i: i is on, i i b i u l J i IE i . - ih :; n " |: !11-1:!1 ( .11;:. t:|! a O . O f i ! ! ! : nt' ' hriiinii , no 
re p 111: ii t i cm) i i i ! > i i : e l a J k i i n on t h e in-1.land;; not | > i : i : > ' l ' i o n i ! ; l  y sampled I"n i i d d i t i o n  , 
hni'i::.:!!,!!!!! mo,!; I o f t lie >; I: ii t :i on:; on I l i i t J I a n  d ] ! ' i ! i : i : in l i d i i j l c. reeks; i: ii. t he r V: In i n n 
••i.lcmj;; ':!: i: i i i a r i i l i -Acu i s lh i rn i i i : ILi ' /er i n i: i; i: E ac.e i i d d i t ional. ' i i i n n p l e  s .n'.r.i- c.ol. L i ! ! c t i : t l on 
t h i i  - «; i it i; a:;1 ve i l , : i i la i : i i>n local, i on is are n n<l :i <: i; t ed on F ijrut 'esi < i - - 3 l l h r t u i j j h 
' i - - ' ' . i i . i i rnpi i r i j t ; i i - i : ; :; t r.iil ii 1:11!dl .;. I l : b i  > t i d . i l l: 1 ii t •• inuid b i i i n l t j u n c l . i t i  n , '•ianpli!!; 
I M M ' I : .:!«!] l» I! (il It I'l I f O U j!ll iil. 1 . 0 •• III IT !:ieve. !: I ' l l : 111 11! 0 |j t I'l ( tl I I  ' il 1 " I : ! : ] O  f l i h l j . l l h t i l j j h '  t 

I i j i i i i t c c i p o d ! ; ) '.';;LI; rni (! in; u reel < : ; i t l n i i 1 n e i i r i : ! ; t  m i LI i n i - t i - ' i : on i i l l mol. l.tn;!: !;pecjin]K>n!; 
t : o l J i i - c t e d . i r o m p a r i i i o n i ; v*:ri: mui ie us i in | ! iibund.:iin:i: iinui I I .E :n ; ; l:h I r e t i u n s n c  y c ia l . i i 
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4. U BENTIUC: llimiyi.INA.IL CIWffllJNITI 

4. !'., 1 Sub;;; j; r ai t e 

Sediment grain--si lie chai 'Hciti»i::l!s ' t ics lioi: each ol: tlie :• t a t . Loirm t;ainipLed I:on: 
in 1'ai.ina are p ir e i; e n it eii in l a b l i ? 4 . 1 . . Thn» subsl i ra te of t i d a  l c reek s t a t i o n ; ; I TI 

and IT!! i.'ii.:;1 si. 11:y „ as i . inc l tca ted Iby tbe lined.ian g r a i n s.ize a.nd predoiiii.nanioe1 olt 
( i - i l  . l i i in id i clay, '!>!!•• 7 01) s e d i m e n t s in the c i: eek.'i; on l«Te it land 1! a null ill S t a t i o  n 
1T2 were coarser, v:i 111 median graIn :;:.;:IM; ranging iroiin mediurn !,;andl lo g i : a w i » 1. 
These d i f ference , ; ; in g ra in s ; i  U  K m i g h  t be at it r i b  u t ab l e to a mum be i: of l iactoi : ! : 
M u c h as tidal current speed, exposure to i,;toriii generated, waves, and potential 
o i':. ;r i n o I: ;; i: i: i i i i€>n I: i ; . 

Th(! |)]:o||:it:iri::ioi:i of o r|,[ a n i i:. i na i : t e i : ijx-'iit ) was i t y p . i c a l . l y h igher i.n th i i ; mud banit 
, ' : : tai : ionis l . h a n t h i s t ida l cnsefc : ; ta i i : ions . At t i  n if im.id bank I ' t a t . i o n i i 0111 Ue l l . and 
I , t i r j i ' i m i c mat. t i?r compoi iu i i l 21 - :!£!,?  w f t l n i i , ! !«d: im«ut!3. T w o o:f the :; t a t :i ons I I I M A , 
.;:]'!:i) i , i : i : i ; : coe in i i f i , c l i . a . !> !> i f i l ed AS 1::.i:i: iiiand b a f i i ' d on the mi»(J : ian g r a i  n ! : ixe , 

t h,-i.ri >; t u  t ion I! I l l s , c.l.as!! 11: i n M l l as ,«i 11: y . Cin l« le i : l i i i i : i i : l  I , S t a t i o  n l.NA luad! the 
f i ne . ; ; ! : ised i men t ; i , w i l .  h in«!(lii i .n gra in ':,:i;ie  in l :b<! i ; : i . l t rangi!, w h i l . e !:i:irt:ion l.H.'li 
w&s i : : . l ' i« i i i : i ! i : t e r i. iMiil n.:;: I: l i ne ! ; i i . i : . i : . At !i t ii t .1 on l.ltfi, t hie only iiiimil bairiik >:, t ii t:! on 
w i t  h a l o w Level of organ :u: itiii t ter I ' ' ! !>!! I , medi. uni iMiinii and wa.ii the c o a i r i i i s i s ' t ol: 
t in? I n nil; !i t a  l i.(Mii!i , 

4 . : ;? . . 2 T i di iLi__ j::n«hu 

Tula!! cf 'E!«k l i t a t i . o n i  i on Wissl .Land 1 were dominated by oiliigochaetn;"!: iitind C«|>: t t is! l i j . i | i 
s p . l ihji- i . ir ig b o t  h sain|>ling period!! (Tiibl.e < i , :  i anil A | i < ( M i > i i i i l i : i ( : Tabl i i ] | . AbiiiiMtiaiiii:!-'!!.1 

oi: tin? s p i n in i ril -'''•''""b'liJ.'iP-io b*![!*:*!:i!:.f:i '»"i"ii"f! a l i io lii.gh d u r i n g September , Tin; in? 
l . h r e i : taxa ut! i :e i m p o r i c a i n it n u m e r i c a i L i y i .n t i n t ; i t . 1 dial c : i : t > e l t . s t a t i o n ! ; of W e t l a n  d 2 
a.;; ue l i l , Hovev'er, di i r ini i ' . jbotph 'SianiiaJhing period!:", nuiineroHij other taxa were! 
i - u p p a r e i n it  in nod i f r i i hE ; I ' > ] I ( ) " ' / I I L " ' ' ) to liii|Hi l iensi i t : i i?!i ( > 1 . 0 ' / n j " | on 'Ue t l an i i 2 I ' T a b l i ? 
>'4. 2 )  , vliiLLe tbe number of abuniiain t tauciJ. on 'Uetland 1. va<; 1 :l m.i I ed, The mos t 
i:i.l:iiindant tiixa a r e t y p i c a l !?!• it uiiirine !;pei:..ies; pi: inii ir i \.y l i i i t f iii::e and !>ijibsurl:ac:i!; 
dh-'po.sit f eedlef1!;, Tins bi va lves col lectedl lironi i1: id ail cree.k.!i in Wetland 2 are 
f i !l t e r liceders. Of p j i r t ic iu la i . ] : n«:M:e :.i; t i n e abundance ol: H l y a i iiifena r i a in 
He t i l and i! t i lda l . creek sl.ationi!': (Table < i . 2 ) i du r i n|{ l>ot l i i;.-i.;; |:!! :i HI;; periodls , 

Tin- piil t e r n o.f c{inimiiii:hy s t nicture was; i>v:iiienc«d in tin1:: d] .uei :!- . i ly and i»visneiEi.s,K 
i. n i : l i i : i - "S H o i : the sii: tiiiii.l. c r e e k !•' n a t i o n ! ; (Tiib l.e < i , [i I . D i VK \: r, i it y value!; var ied 
between wetlands, '«;i.tin Wet.Land 2 values higher tban Wis t Land 1 values,, Gully 
one i ; t a i t ion n :;:iMii::il.:.in; |>eriod comb. ina t ion 1 , l ] i ( r an i t j ed i . f r o m 0. U l S i J - . i l . O ^ K ! ) , From 
Wet land L  , o n l  y Sl.ati.on HT'I data exceeded a value of 1.0 I EJ« pit ember),, and was 
C Lo. i iSi to 1 .  0 in June. Tin? o the r !i tat ion,1:; oin We t . Land 1 had 1 oi. dl :i vi» r «i i i: y 
val.ue;; i:iingi.ng f rom 0, 1!!0 to O . I K 1 0 , Tiiial < : r i ? i » l < . s ta t ions on Wetland 2 
!:uppon:e!:l t h r e  e t :i mes -is iniiLiiy ta.xa !).:•' t h e !;<i[[ie> ha b i.t a t on W e t l a n  d 1 ( T a b l e 
'i , 4 )  . riii:" g ire«ti t is !• t d i. s: pa i: :i t y be tween t he t'w o ;; .1 t es w a;; t lie numbe i: o f 
po . lyehae te specie!;, Eveline!;:;! va line1!; were l o w  , :i mi i ca t i iig t ha i : ea, i :h s t a t i o n 
i i i i i i i l only ii Eev !i|:i:i::in::;: ' w i t l i hi.igh al>uiindliuii : : i i ;!S,< wlh i i i l . e tbe niiiii;.h-ii.;:i,;[ upisc. ies bad 
LDW iibiindaincii!:1!;, On i ly at '!! 1: a t :i ons i!Tl ( b o t  h union t lis ) and !!T2 (Jur i i ; o n i l y ) was ; 
evenness rnoni l i - i ra te ly li.igh I ' i ' O . I ) !  . T b e re was genera l ly no i n d i c a t i o n ) ol a 
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:: t i: ong d .11 IE IE is1 ren:: ii bis11 v<-«en s; ii inn p .1 i ni|j; pe r :i. n d i; , :• ugge s; 1: :i n |j a •; i in :i. 1 ii n: d. i.-: I r a. b u t i on 
1o IE .;;pei;::i «!•!; abundance!- in l he HO monlh1!!, hi June, skewi'ie.1;; :; i»Hlu<?!- lor Ue 11 ai nd 

ii s t a l l i o n !  ; vi->  r e griiiii tis'i: lhan ifui: We I 1,si rid 1, inidlic:ai:i nj' pi-'aler iri till n- s;i. u 1:11:11 
i" i i:', aiiooni! in-'pl i : : i i t i>! !) vain iilbil 1t y in -i b unii a m: (•>  in lust land 7. i:hiin We i Land 1 
Ilhii- n-'i'eniii va:-' I rue in !:>epl tiiilhiii: , 

Tbilisi- if, la l i ;: t i Hi:, indicata I ha I i. idall creek station:; on li'iiLland i! t is nd lo 
•: up |: o r it a g r i s » t e i: /a misty 01! inliiniina I pa n 111: u 1a r .1 y poll. |i i: b ai is1 it e.s: IKK! b iVA 1 /e 
'•ipecii:!: rlnan thioire on II fit land 1 , ri'spird le.an of: tlii-' month Rumpled I lab.le A . ' t )  . 

1The r e., ii is1 i: n- I h r is is it o To u r t i mi:'.;: a ;: •ii in y it a:':.-! n: it In ubunda n:: is i; |rrea l e r l: liii.ni 
100 /in'' i) t Me l: 1 ii ndl '.I I ha n Ii1 is t I and 1 d 11 r i ni;; .June ii ndl !:>ep I eiil: is i: (Tab II. n M ;! , 
Append IK '['isiutil.i!! 1 1 )  , Ve 1.1 iind '.I :• lal 11 on!; iin-' more likely  l o l u a v i s 1 ,;;e i> e> r ii 1 
iabundsint I:O-I:(OII:L(limit .Sipeoiii!; than -insi l i ' i - t land II li'tn t ions;. iMM- in, iiiinplis 
pi?n'od inniiy be IBKK of a tiontrihujt ing f iacto i : lhan locat ion. 

Thi! inl ' luisi ' ici-1  of !> i! ii 1 ini-'ii t griiin :< i tie i\i iipparenl sit li'i-'t land ?. in .June] ii h i-"i: !•• 
;; is ill i iiK-in l !i i it '.•' t .si I. j. o n !!  TI (g r in/ is 1 I are Din: h coar.sier tliiiin lho!:is  n t :;.l ,-i l.: :ni s '.IT,'. 
•inii ! iT3 I in lid.Hum ::.;i:i:l i T.suxa iiiuchi a:- >l;i'-i iir ;• na i: ia, ij c i: I op Io \; i ipp., 
i;: i: 1is c o l.eji :i. d is !• :-:pp. iindl !•')' 1.1. ii da is ii'eice iiiucii [ni)!i:i-> .-iibiiiindijiit ai ;; l: ii t .1 on i'Tl, iiluli-' 
!l.n:jxipspii p bisiii-'dli c:l.i i,n:; more iibmidanl sii: irtu t Ion.!! '?.'",". adn i!T!! The pr t i i i isnci ! ' 

ni' he i:b i voirti1!! !M.n:h a*; j.,i l:tprina lii:tpti-*a -irxi (iiiimmaru'i inuic n:iiria 1:111'!; n t .«; Ia l: i m in 
T1 :i.;; pi oba b 1 y t lie r K i: ui 11 o i i he p i: is s i-Tice o £ a .i irai;- r a it in is 11: i iha.n ;: u !:»!•  11 a I K 

dl i IT fin- n ci-:.=;. 

l«ri-' t - w e i j|l-i t b I om EM;!; iiiej-i.sniiniiiiisniti: fo r rnnjoj : l,-n;ii iii'i- pres ient isc l in 'i p |: is n cl i »• T.-ibLii 
]incll'.1.. i l l unioni!-, cio tit a in ingi l l unioni!-, cio tit a in ing ]inclluii>l(.s had tin- higher l:i i oma.;; i; » a 1ui-'S , pa  r t 1,11 1  ly 

t t i: i h u l i i i h l i : 1 I o i i h i s l i l '> 'e i , | ; i ;h i : 

The inlEauna at mud Ininit !• I tal ian!; 1:11 We i Land 1 va.!; ddiniriii ted tir 01 i|i'ochitH!i:n , 
F'abr:i.<:ia Sn-ibellri, Oajiitelila sp. andl lit rebloiipip bene(li<: t i duin.nj! l>oth IMIV 
pen end!; (fa ii I K > \ . . l , h np us n lil ix Ta b 1 us II i , , L pi .iiiir.iii| , ,;un :i,:i:. |:01: :i , b i n :i 1 v K>>\ and 
ira.;:l ropiinil!: wens iiiiodleratiily abundaji t ( ID"'"- LO1" /in") AS nell , 01" l. bis IMS itaxa, iill 
l:i>u t gii!:ti:o]:iod!i iii-'ici:1 alSici noiii:1 ral e 1 y aibundanl: in Sepleinliisi: , T!he>;iis !ipc.'.c..ie.si 
i-ni:i:imipa!i!; siii'veriil lEii>edii.n,j! ' typi- ' i - : ; l:;i. I t is ir llei-idi. nij; :• 1.1 r hsi t:e |nc a:i, ing /1; c i: ap ing, 
l:njii: i:'i:ivii iti|i; di-'pomi t :l! isied i ng „ and ,;:ur I:n ci: illn-ipo i; 11. liisiS'ding. ():IE tl'nii '.\','. tai.:cii 
n:!l h-'ci (id jE icom lil e 11ami 1 nuid l)anlli. !;l:iitioni; , I en u-]i:e pol^cliii i-' ite,!; sind !;i-'ven 
wf i r i - aniiphipods (Tabl i?1 4 .4 )  , Oil igochaifiti'S!1; and I', Rabel. L'si it 1 r; o predominiii tcsid on 
l>) e tinmi i! dun: Inn; .1 minis and iieptisniibi-'ir. Ibis irurL-iion! (ili-'po.-:! l' f i s i s ' d i - ' t PqljidipitiiL 
L i e ;  0 1 Viii.i; niiinii-'iou!! on till.;; !; : i t is too, '! hum dances; of l'lv,;i .ireniii: hi, Neriii!: 
,:;i.ii;::,:_iinis:ii (,.l ii in i s ) , CtjjiijiJ^Ja, up, ji.dptea ': !'.i 1pb;! and ''-H11 i '• -, j:,!' 1} o!,•;/ j. L i;; sj|: , 
( i!e p i. is rnbi-'  r) ii si c i-'i-'died" ii (!'""/ m'' . M o d is'n: s t e l.y ii i;i undian l I' ii Oi: •• i i i' »'im '' i t'ii:*:!si" 
[(•'iprti'iiiisn h?d «;e"ei:al iin.-i j ni: taxonotnc (pol.vciiiH?h?s, hivii.lvi-i.s;, simph ipod!!) iinnil 
I! i-'ed in;; (ii'u r I: si i: is dii-'po s; 11. t :li i-'i-'de r <:>, bui rov i n \\ di is pno,;; i l j! i; i- de i: •;, c ai: n i vo r<R i; 
f i l l e  r fisiS'iiiSMn;]! [ jToups:. In all, fill tiixa ntsr i ! ici-'corcleid E icom Wiiitliind ? mid banli 
!• t isi t i on!! pfedciminanl l.y |i i: 1 y c liae l. is;;; , amphl pod iind bmiilhi-' i;pe[:ns!i (Tab If! n . ' l ) 



Th i  s d i vein;ii l j* null en (Tahit i <i iii va r ie  d no re bis it WIS'ISTI I he ii'iii: :• amp L in  g ' I 'SMiC'di 
Mum we t Land s i  , Fot boll'i iKitliinilhi , a 1.1 si l . iii::icn!i exhi bi l. issd ii .11 'Hi' i:.;: i I y i n d :it <: is i; 
si I:[I'M; 1 .  0 I HIMn .in |! f r o  m 1.0!!!: to 1 . 1 3 7  ) in ! is pit ember, En .linn; , v i I.h I:In; 
t; ii c I-p it i on a I: s i: ii t i on 1 IM.ii I II' » 11 ,!! ll!ii) and !! HI!(H ' •  = 0.999) n sill in is'i; I el. II. I: til in. I , I) 
I i ' f in|! iri|!; fir tun 0 '.l\-<'.i t  o I., !!ll!i i , Since H' hiiii ni) U]:ipei[ Unit, no vel. 1 sind1; 
tl 11! f i: i: ence s; c si 11 bi:' i nl'e f r t> tl f r oin t heisie \> si 1 in is!i , Bvenne :; si «i! 1 un-'i;1 (  T ;i Ib 1 i; M Ii I 
1, /ssns I'll i |i;he si I: in !:>i:>|i:ntemb<iE!f tin: IIIIDI; I mudl bank i; t n t i oni; , a I. r Ih nu |rh no I 's i lmi; 
i s s x n s i s d i S ' d l 0. !i. Tin-'i: (•' veriii nn ii ppa t en I di l i l i i isr isr ic is ' : ; belveen tins' '.'el Lands; Thi;; 
i rni |:1 ii:1!; thai: iill inijii bank s; it ii i: i on:; liad {inlji n Ihs'v ,;:pec ].(!!> in t i  n high 
si lh mm dunce si i ifbiili; (lie [•fin si in in;; ispec i es i bs i  d lour abunda n c t> n , a!- i ind i c: it it i: il by 
i h u :: Minima iry ti IE <1 n t,; i n T si 1:11; n ,'.< , okewTH!s; !i (Tin b I (•' 4, '.\) \i n i; HI f t ec I ed nn r is b> 
I.IISM. liinid and s; t ii t i on than l i j  > •; in imp I i rii;; pe r io  d H i |!;he.s; l i1 si 1mi is !• were c i b s i ' s r v i s '  d in 
U is; 1.1 in n i:l ?  , !i l: si 11 on:; .?H4 sind !!M!i , indica!. in\\ JM: is 13. ile.s; I n :M: li i n •• ;• it at ion 
/ -i r i ii I) i I i I y, 

:;:i;;:::. i;:; iii s; I: r 11: u t ion:!, ,:i ;i [i-!i ii n;;; to be ,il I  c i 1i ill by the p r ti IM- n i: i-1 i:il: iiti!i!ii>] 
c: 1in;; i: is i: :• ( b(i i: h 11 y  t i I i iJu« si n d (i is ii|(.is:i'i.:: MI < 111 • i': 'i i> I 'i'1'i i c:h »is i: is pa t ch i I.i1 

d is1: r i |:M.I ! ed i:hri:u|fhout I lrie iripniiii bank on i:ht? is i;dl i men t sxir lEnci?. Th««!t! clumpir act 
11l e  i p i 'ovl i ie Iri.silhitii t ami \'t\\\\\i\\>. ioi i:i|hef :i i ; ii r i:; m:;., T:::.!; us iS''. ' id€Tii: in 

:ii!!ii:i:i:iinbi:'[ ^ s i l  . dlus IJ'iS'l land !! nmid l:iiiinl<. ;;i..;ii::.::r.:; . ! • , ta l i.tin !!IM , '''hi::.'i lisnl niiisse1 
clump!: , Inad Kiris tiii.xa ( il/) ithiinn :• I <si I i an i!!1!: i( : i i :n] i .sind !!Hlli ( \ ' . l )  , i in c 1 u d :i i\|!p 

i n I: si u n ;• I (Nisi r e s; i:; :; I.K <:: i TI<!! s ;  . |: is t:: i <: o LSI n h:: ill ;i iii i E o inn i s; ]H si si MI I I a.s; E; [i:.:: n uina I 
I E: tl t: t is i3 I r'i Tci'ljij'""' jlTiiiTiisi'L'Lsi" si p ""i t'iiixisiT" 

lil e i. i>is i | i ;h l bun mill!:!' i ,s : ( i f is is i isnt is ' i i l in Ap|[i'i!!ntl:iM! Tisiibl.e !!. di in the i:i:iii;lt. samplus!!;, 
i tic: iii: !•» t .sit it'll'; i: on t a in ii. n|{ Dii:i]]h.i!:J(,s had dims hi|,:;hesil Ihionijii.:-..!:. '.'ali.ine.si. 

ii, !! ,iii lEjabiitiilt Comjiii-ii'i.IHI 11.11 

Tins no:: t ,si Itni otl ii n t l.sixa I M.I: I ui'ere siinilii!: in al. 1 iiiii'l anil-ha kill: sit ipcoups 
I I si kill-1 A . i i )  , Tl' i iS'iSiiS' Si[i4i!:ii!!; iuis' iSkda[il:i!!tl to the s;l niiSiiif u!L i in I us r i: i d n 1 habi l.,-ii: I:;/ 
I. hi; .ir l:iu rr ti»i ij || 01: \uiitt dinslil inn; habi (:» Abund.sm I: i[! '10"') and in nil is i r a t e l  y 
si Ih in in ill isi.nl I MO ' ' I !• pec i e s: K is it is va r ia h II. us Is is twis'isin ha bit s i t !  - and b«s i: ins is it we  t Lands; 
T Iti:. <:• c. an b«! tl u is pi;, f I i a 11» 1: o I husi phj s;:. i: a il ii i I' I'ns! r e n c is •• i n I h«s b si hi 1  1 ii. I is; . H ucl 
b si ink !• t ,sii l ii ti n s; provide si Si wiS'iii'lia I nions! i: 011111:11 ex !: i i ibs;ti: i i i t is> than i: i iii ail c.rensiks; tlins 

 •' iilli:'l!!(l"l.ti tins pniE!!i«!!nii:i: ( a  t uncisii: !i t a t i on.s:) til: !J.|?.ijLJc..|..!.n<!| =!.:LL!!£!l.iJL!.!:!l:i! "'"'  pi-'i':i-!: 

til: d is t r i Hi Si l[:; is ais.ona 1. II. c ]i Thi,;; pi re in id u s  - ii i'ii ::he illui: irra.sie r s: I, i s , | ;  . l::JJJ|£!;2.[liii 
1. :i rtpitis'.sii, Ii i.j) ii i1 i-.:; :;:.ii o b s i t i l i  s t i )  ; al. l.houiijli huotl'i occumsiil in l i i t ls i l c n: iS'isik.s; < s n s i i. is ill I 
si n cl ill is t f i I i n u i: is:; i us:.,::. E!" ii i: ob i <si I o \: 1: is r. ii , Co iro nlti:. iinrifi i \v.-' i ii i ci s; u in ami Gauimsi r i:;; 

'•' ,,.[ M • 

;;(i(: | . How*! IMS i: , the I: id sill i:reek bed tiiiiy be ccinsi i i lnsicis' i i .sn ].(!!>!! !• t re:si si I: u 1 
I'l.sibitisi t be c:si mi:; is o! I l'i« d in i: a it i on ol: (!!!|)i)!;ijuns> du r i in \i tl'ins1 l i i t ls i l eye. I.e is; :; I: i:;: :n1: 
i h s i  n on thus! hirli.:;, I.n si d ill 11 i on, i: lints loni|:;er sind isiiitil i < s >  r is; i: p o sun: is1 I o liluoill iii|j; 
nd is ' - tl'i.sil i. bus i : i : is>ek b!!(!'; iS'Xperi em: us i[i:oiiipari!!d ti: mud ti.sinlk!; I may p r t i» i dl is a 
•; 11 is IT it ,sid i 's i n t in |j is1 in I. ernri!; o  f recM'uitmiSTit 1'roni ctl'ii-'i ainssi-is; l / i t l i in si 
p si r t ii c 1.1 La r b ii h 1  1 a t :;is; tl i mi; n t n; ira i n i; i :s is c.ln.si r si i: t is r :i;; t i c.s; I 'I si I) il is 4. 1) .1 us r is 
s; u 1:1: i <. i <s!in 1.1 \> ill i f ! e f tm i: t n ism: i::oiin i. f 1:11: is onus! ti I: t his among •• s; t ii t i on i'a r i si I) i il i t y. 

Ti. c-va y MlOlli'i- s'ere u s s i s  d to iii si t :n  s rn !• amp 1. ii n |; p i s i r i o i i  , s; I: sit ion, or s i t i i t io  n x 
s; si tin |) 1 i nj;; per io  d d i r F i s s r i s r i c i s u s .  , E! e s; u 1 it !• are s ibt i i .n on T.- ib lss ' ( , ! )  . I.n sill c ai; Ci.s;, 
< > : L Jin L f i ::.sitn: i! i f hE'rein • : • > !  • M'isins' obs ; i s r v i s ' i : l .sunoni;; i; t a it ion.si sind iimon|!' s; i : si 1:1011 :< 
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•; ;i inp 1 i ri|!' pt! r i c ill |j- fi:m p ;; D IE I he p ii r 11 me t e r <; r c ;; l: ed •; I n 1 :i '.; t i c .;. 1 1. )' , d i E 1 e t en t: is; s. 
be I » ii i jn .i.ampli n|! pus1 ri t) tl !i we i: e o b si si HI ed only f n r Po j yd t)r ii J'i|rni| M^ii iiu: ena r i ;i 
.•urn:! t: .1 oma.:; ;; . 

Four (if the :;:. i: i; tun! ion K 1:1: Uet Land i! <• » h i b i I K d a ;• i |i;n i I: i. c a n t I y g r e a t «• ir nuintier 
c > ( i -ma than n 11 !i tat i on si e  n We! Land 1 '[' i da I. cnn-li •; I a I n. n in ;; cm H K i: 1 ii n i:l I 
c oi-i l a ii n ii d :• i gin i i: :i. i: HI n it I y lieinjr taxa l:hiin tin-' mud biinli ;; Mil ion!; , The 
;: iijTii hi c a ne e lesi : c  r :• 1 a 1 i t> n :i :• ea.son i n t er in: l i on i: i< In i b i I ed in: :• it rcinj; pa l: 1e 1: ri 
il!: I:",' idli!in Mid by It ir iJI: number!! 13 If OVIESf 1 il|! |J.l ll|l |!;tXIUp!! Hoi'liME! IMS! I' eiiC.h V'li! 1. 1 il II li 

1. ended i ti e x h i b i l dif 1 ereni::e!! between i:h« inon t h.«i . On Uetl.a,nd \>. , number mf 
1 :i it iii v.i.!! h 1 1; hi (•' c  i n .liini! lliain in !:ii!'pl«!inti«r. Tl'ii-' O f ipos i i t i - 1 was; Cniu on v«i. liiniil 
1  , In .idd :n: i on , on II i> l: .'hincll 1  , h ii b 1 1 .1 1 : ; ->»" i : ( i to ^il'l'sii:1: tlin;> n 1,1111 b in: of l ;n:;i!; 
' • M i  h iiuij tiitinl: :; higher tliun t id.- i l i:ri!'i:>l<..:!. 

To l cil iiihiundance HI nil a nine lid a abundirnce ( iincliKlini!' F'.a h r :i. <: :i i! s.atiel lit I |» ir.-n L II. K 1 ed 
each [itlii-'i: ;T;i!:!li: < ! i . : i )  , mil ic i i t i ng thi- cloinii ri.Eitn:i> o  t ilru. ;; pilnyiuiii nn tin-' mariih 
i-nvi rtinnni-nt . !i(;iiin, pia ri: i: r nn; .iiiiicinj;! in; ii t i on s; -in; not cleiir c u t  . "Flhii>i:i! i.;; niitn:li 
c '- 1;' c 1 .;i p iiiiini>n|i; >; l: -i i: i on g r ci 11 j: '.-. iiinii <:iin(i in; :• t ii l i an K :; n.nip 1 i n{j |M; ::• 1 CM:! ,;; r c i. p:; . 
(ii-nii'fisl 1 y t hough, iinuiii bank i; t is t i i:in s; ::r l/i-'t land i! HI r.h i e v Ktl hii|rher !iil)i]ini;li3Lni::e!! 
i:hirin l he :;iiini:' Inabitrii t on 'Inleiilriini:! I. T :i dl 11 .1 i:.reek i; tn t ion«i on Vi;"ll.and !! 
!:!(!• i l :>i I ed IDII'I-'!-; I iilhiiiniilan<::e!!. 

iii ii'. ions i!M'i iinij !!N!) ii t t ii i i'ied ti :. |! h !;•:!' I alhinndliiino <•!.!! :l,ir:ir|«: bol'h :; ii.uip I i n,;; pisr iocll.! , 
i n 1 iii:|ri:> par  t i;li.ii;> 10 ii:lhn> albund.iini!:!! ol! [a Ih r.i.i:_.n|i. ( ApiMiindl.in T.-ibln! II. lileiiliiniil 

.'•• l,-ii ion1!! sampled In !>«pt ember vere nev\ HI HbundancK, Fouf *.; l: ii t :i on:;: were 
i: on >! ;i. ii l: IMI t 1 y 1 1: i» i-'i 1 n ii Ihni n ill ance : I! 1 111 , .1 T ?. , I! 11 1: and IT 1 . 

I'nm-'l. i tlii iiihiiiindanci: [(iixcludiri)! F1 . HJI JH|_I .[a ) ,iind i:l ii^ocdl'iaetii abuirid.!irii:ii „ i-'Xlii bi l.etl 
vi- i : ; , ' •; j in :i .11 a c |:ial:i:i:]:n:: (T-i lbl i ' ' i,.:i), - is inrit ic i pa i: ii d hi;,' I he piri-'iiomi rnEinci! oil 
<: [ i|!rocl'ii:ieti:'!: t h r ci ui'ijliout l he iiiimpl ing proirram ( i!p|>endlx Tiilslw I )  . In this 
::;i:;ii, Visi i . liirii;! I ': iMiiiiM: lo riinlli h i |i;he r thiiin Wei Liindl '.1. Nei thij'ic habi I:EI l: nor 
<iiint|).l ii'ijc; p is r ioii ii-ninn'i: to be n ini-jcn- I: HI: tcm: inliluninc inn; l::i" i:^''M.il I !;. 

A  h u nil ii in: «! of: h>J ;i;;:lo r_|| IjJiiTn. i'ii!> hl|i;hi:!r :i in l/i-'t l.-und !! thian inn In- 1 . 1 and 1, I/ i th i  n 
1 1Uetlfinii .? i •ihiurniiiancME1! ! ! i: en riled l:n br- higher in .June dhirirn Septfinibi-r at nnr.h 

.• Mi l 1 1: n . Abundances! ill: U'lS't land 1 ven-1 I'ISMMI lour ( A p p e n d i  x T-ibl i- I], sici 
d i I l: e r ii ni: ii1 bel:iH!'i:!ii iii(iini:lii!; o: habi t i l  t pa M e r n!• M'l-'ire noi iappareni: 

ndiiitici: ol Wjj ' i i iirena ML i| ii'U!- j;;reiHti!r in l he June ctil I IEC t ion:; i Inimi the 
lii-IJihiiiiiber c. o I. Le :: i: :i oiiii it-nhli: 'ii.ii). T h i i - .- ipeci i j ! : vas; p r i; !• en t i  n cisin-1!:. f r o  m ! > i ;  < 
o  f the l: ii i! I'll-' i! until) ri!:' I 1. 11! 'i IH.ii, IHIi , ! :T1 , ['.T,'. and llM'i.i Only ill: I m i t a t i o  n iill 
d:i t l H. .-ireniii: |a ti:: 1:1111: dun ri|| bo t  h EIIIIIII:! iri|r pen nd i  - , The rni- isn aim tnl since.:! .11 1 
:il an lion.1;: ifU , IM6 and '!'['}. i./ern q u i t  e leu i-i:; i  s demons I rar  e ni l;i;, i he f a c  t lhal: 

-l he;; i; ;• t a l :i m n !• vusrEi fisuncl  lo l:i- !• t a l i i; i: :i i: is 11 y i ndn; t in: l l:n:nn t io! i (  ! i; 1 1=1 1 i on <:, 
vhE'i'ii no H. iin-nari ii uin'i:1 coLl i-c ted (Tiihli: - i - f i  , 'i p|:i- ncl i *: T - i h l i 1 )  . Tin-
:M ,-il :i i:n!- (•!>: h i i: i t i nj;; l.hi; h ighesl' iibundan::!!!' ven-1 11 in I.1 1; t 1 a n :l '.' a ! ! ' f c ! '» in 
and ?.'}"! duri t i j ! bo t  h n ti in t h :; ; Tahli, >< . '.> ) . [Jur inn; .'tirn- , duun Jsiru i- ol " t  . iin-n.it i.-i 
a t ':!l a ti on 1 Mil modeiral.e 



Eh n m i l ! : ! - va.ii r i i L j - h ' - i : in • ; ep l : e iu i ! : i ! i : t han June, h i t !•! , • ! I km -nnd i; t HI l i om it s; imp l i n  n 
pe r 1i: dl pa t l e r in i; i,  i = i: ( • > i nd i. si l: i n i: t , !•> i |.;n i I' n t: ;i a l: ill 1  1 f i-1 ren t: e si \i  i> i: e p nti ba b 1 y ii u i > t o 
l i n  e |:ici-'!:i:'inc*! t i l : l i in'in- ' o i r j - ' i i n i i i i m i ! ; (pair . ! i cu 1 ii r 1 y mo I I uii i lLsi) in E I l E i - ' v o i l : c b i e 
•; ii m p .111: !• . A q u ii 1 n l: i; it i v<» e i t a i i n i i i i C ion o l m e - i n i i n n i : I i i i b i o i i i i a ! > ! > i[ Append IL i t T i i i b l i i ','. } 

si< u i|; in e i; it :• t h a i : i. he b i oina,:; .\ t i l : t l i i ! - |:;ioiui:i n ; i : ; l u i j l i n - ' i : , - i l ; ; i ;U::. i:r.:; i.1'14 i i nd i l l ' ! : 
I  d H I M n|| b o l  b s i i i i r n i ; ] ini|i; pe i r ic id i i I Hinn:l a I 1.1% d m 1:111)1, June I, ban ii t o t h e r sit i inoni:; . 

T i n e [ ; i : ea te r i i l h u n i d i i i n o i : ! ! ; ! ol! l i u i c l l i .11;i:|i;i-' ;;:ie::: s;s n:; N i - ' c e i ; ; :; 11;: i : .1 IM;',;., ;i;; i i e l l ;•:; 
l be I - : i 11 i - rn ie I . c l h i { ! l i abiiindan;:iM; i: :  j : ' ab jo . i -i ! ; ; i l : i : . l l i ; , . - t i : ; l . i i i : 11:11 ;• i ' l ' l ' i i i nd ',11''.: l\van 
l I n s : i: t I n i : ' t i l l . i l l . 11:111; may p a r l . l i i l l  y a<: o.on.m i. i i t i r b i oiiia:-:,-: ol i I! I: e i: is no 1-1 •; I 'I |i p e  n ill i ;  < 

rT i i i b l i i I ]  , T ine r i ' . l n i t ivel . ) > b i | j l n H i n n i i - ' l iol h u n n t ! ! : ! : ohn-ii- 'fi 'ed iii: ' IH6 o l u r i n n J u n i : v a:; 
p r d I: ii I) I > ollue i :n l i i | i p h abiiTidann:i!!i o f ' : > t reblo!;|:.n:i bi-'in-'d i :• 1.1 O.I i|!;ochaei:ii i ind 
C EI i! i 11! I I iii s; p . ( ( (ppeni l i >: T ;i Ii 1 ii 1 I . 

t l m ; ' I  i d ill i: i: i-'i-ik •; l ;M: :. ;: 1:1; anno 1.i d ;i :. :; ".ii:;:; :Mn:i'i'ed rui |:i; t HiirTi!; I ' l l p p i - n i d i : » 
T i i I h l i: '.I } , ' i l i :h i :u |H ' i i the iniiiio v i i ! lu i» ! : , ; i i ! ' i ; i i t : in>ri!! IT? ar id IT i i 'INI; re r u 1 ii t i v i = ' . l >r 

rh i |; Ihi  i n ' i iepl. t i u i i h i - r , l i ne :i:.,;[i] ! : t i i i i i i i i f :L rd dein. ii 1 1 1:1 n :• i nd i c: -i l: i> i! t l i a l l. I n n ; i n m - i i n u a:: 
si i. n : i i | j . ly l i r i l i l u i M i c i - ' i i by one 1:1: t w o n-jp 1. j. t: ii i: i- ;; 0! t h e i inn i : ! ! id,:: , - i i . 1: h ' > ! • • • 
:; l ii 1: i Dru:; , n:i II. : §; i: i:  In ;; i ;> t <•! ;: ' i r f « > i' (! i: Ii i; IIM:I.; ; l ,-i bu ti d ii n t i; mi n;> M: l'i : i: :. l: n ii ',',;i r : ;i I: :. '.. it t > ,;.iiii:i;-i,;; 
l h E! ]• i: |) I i ca l t! !> ( ^ppi'iiiiol i n: 'I ;i 1: 1 1- 'I I . 

d . :i SIHELIJ'I l iH ODI'lHIJIWI'inf 
II 

M ( ! i i n i)bundajn:ii ( c i ' H i ' t r e p l i c i i t i i ! - I o l o r :; ii n :i i; itii; oo l . Led. ini in 0. i l i i i n n ' 1 q u a d r a l :; i '.; 
p r e !i i: n t ii ' ijl by •; t ii l: i on and • • • i m p ] i n j i ; per i tid . in Append  i n l i i b . l i - 1 :l. '1 1. 1- n it > •• t l'i ree 
i i p i i i M i i ' ! - vi tsr i ! i : i : l ! l i : ' 0 l ed i. n l: i: t a!l , ounl.y Miu 1:1 IE v h i c i  h men! iniol . L u s i k ; ; 

N t i n -1111) I lu.!;t:, 'in :; pin: i <;:,;; , ; i i ' ( ! nirt t rea I ed q y i i i i i t i t a  l i vtily l:n>i:aui:;e !:hi; !• amp 1. i ng 
rpro'ceduire unii di»!r ii^ned l:n liaiiiiple s««i«!:Lli> m u c t o l a i m a liou'i-..... . e r , i:lu? jSHS-K^nc*! of: 

i. ti ( ! ! > i ! o t h e  r ! i | : i i i : i (•'!•: i s ; iH: l i j 'U . ! - ! i n d i u c i i t i ' H : of t h e n , r il :i !• 1 1: i bu 1. 1. ti n on I lie ' ' l : u i ; l j > 
ni ii r !• I'ti:1:-. . The o m n i v o i x u i i i b u n M w i n i j ; pol iM:l i , i ! i i i ' ih : ' j^ leni i i !> i j u o o. i ne.-i i, in; oo l . Led. ed 
I: r e i n t l n ; > b.iink!;  o( bo I: In s: 111:1; he:;, , ! l , : i j n l :b : i i l o :c ab,-; , i i[i: i . ii:liii:i)[:iiiiinicij[i«iii!; harr i ;: ii i i i nd 
Ne[:piii.noj:ie ! ! i j » : l t M'l- 're c i t i l l i i c t i j ' i  J II ronu U « i i : l i i i n n : l '.I. Tine nt i i i i i i : ! :h cr-il 'i iijl.li.ii;™ 
r e t i o u La l uin , ii'lio!-!-' bu r r n i. ;; \rt->n& f,-i I. II. y D C C U I  C in I be E i p i i i r t j n  a -i 1 1: i- 1: ri i i' j.oi in-i i i t i n i : 
i"i)'ii' i be ii .....L'-ili;! l i.'ii:; col. l e c t i i d l on Wei . 1 E I B K ! 1 a.!-, vas; l : l h e ' T i i i i i ier ::i:'ii'i> i.io.a jujj; njj.it 
f! I: i i i - no is1 ol: n n  y oil the!!!! !; |»i> ' i : ii-ts t i rnm tlhi: o o 1 l.e r: t:i nn !; in a p a r l M i M i i a f areii 

,;..;; e i n s i l y l : i < i > an ;i i: t i .IE ao I o i l ' !iiiii|:il uijr ,;i.;; ;i i :nin> iil:iii:enc:e :::: t i ne i ipec i i ! ! ; 

( . , : ! ,  ! T ii djijjl. jCnMsk.!! 

T i l l - i n o . - i l i i l h u i n i l l i i i n t i !K>l l ( i i ! : i : an (,;i.':,;t n :i i: h i n oach InEI I: i l: iii it om e i i c l  n w i « t Land i i r i ; 
r e |:i 1:1 n: t ii>d b\< >:, ain]:i I i nj;; [ : i ; i : : i i : n : in T ' i i l h l e <\,6, 

d i m p l i n  g l. h i s t i d a l  . t :n:eih liiib i I -i i: ill: U i - ' t Land 1 r i- '/ i-'ii I ed o n l  y \t-\ty I. t i n 
iil:n,ini:lanice!: i:f b i v a l . i ' i ! i > ( /Append ii. i: l u l j . l i - ' i ) r H n r i i i - i M i l i - i  d by m l y oine ! i | i i > i : i i:':i , 
; ! i i i j l i i : ' n . : i i ii d ii in i is i-ia I l'i |i |j I- nd i x T.-i b 1 e !i I , Onl . )' i :h i : inuol iin.-!]. 1 I -lyana !! si ii i sb iM) h:|p|_a, 
ii t y p i ca I i n hab i i a n l i: f ;• ;;. 1 l na r i: h o ;c \\u\ik.\\ I D ii i bi- 1 1 9£l il ) i: v u n: r<i!a c t i i e il u '< UTI 
•• ;: di i:> i: a l e d e n :; i t i e ;; . It :; t In i ,;; ;; p e i: :i a i; I eed >.; n n I:N:'II I hi i c: i n n :. i: i- .1 l.'.i L-\ r  E I 1 1! iii i:1 , i l i; 
pni iM- 'nce in l i i i - ' p t e m b e r !• ui|;;|!;e.!i l. !! t i i i i  t t he s i e d i r a u - n i t . : ;ur l : i i i :e i:>i V « > l . l i i n i l I t i d a l  . 
i :r i; (•'!<..•; i s ; !i u i t ab 1 e1 1.1: !• i.i]:ipo r l. mi :i i: i: o II 1 01 r.-i 1. p r c i l l u i o t km. 
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'['I'm1 l : id i i ] cn-'is'k.s; cm Hi; 'Claud I'. !:i.ipp{)ri:i!il popu 1 a Mi o n s; i:f f i l l e  r I: (> i; il :i \\y b i v a l / e  s 
[ H;»;a |M;.I; ii'i j|i£ia .and MJM; <:.|Mii«J.a ) A s; w K I ill ii :; l I'M-1 de po >.i :i. i: .1: iMS'd i ng llsi i: u ma ba 1. \ hi ca. 
H;,;a smd 111 iii c.oma ans t i i l i t i sn associaUsd iiithi i-al l iiiiiarsib i:i:iS'iS'l<.:;: I IH.si dJ'ti'iii'ii ] ill ......................

i%:> i i . h  i Seel i meni: •• j! i: a:: iri|!; gas; i:r op t  : t l l is were in is; i' i dis n ce during .liiui;, 'I'lnree 
bi /al i ' t ; iiniil ivo gsi!;i:rt:ipoi:l spec, i Ks; i f i ; r i  > c o l led ed I: rein W e t l a n  d I! t idal c. reeks; 
(Appendix Table 4) 

Sed i i«! in i: t ex t u ira 1. tl :i. f :l: is ic ence.;; be v ,/ 1; i> is it he \ vo iniii r i; In i; i; ( Tab l.e <i 11 I i is I i ke 1. j' 
CUM-' I' -i t:i: i: i: a I I e f I in i; t hi; d i ve r s; i r ]> t: f t he i t re s; pe t:i: i << is mo 1. 1. LI <; :: ii n .1: auria.s; . T l'ie 
tvo sM'-sitioni; , ?.TL iinii !!'1["3, thai: t:ontiiiiriecl' the lfi:i.j;lhn;!;i: pioporl i. tin u.E coairsie 
!•(•'(:! i menu: !> , al.-;o K i: h i b i t i-'ii the hi. ijilniiiit nnjiiiber cil! Ib i " ii 1 {n-> i::p«c:i (!!> (ireukeiri :; i ;i 
iii-'|iih!Sitj iiii is the i:inl;> lui'ralve c:ol 1 e c i: is ill at <iiriy til: l:lhn; other !;I:HI::UIII!S . 'i'il'ie 
pces i« !T ic ( ; n IE Li I I tiri ti:i '\ 1 1 t o rea ;ii: ;; t int i on i'Tl iiiai' liii'M-' bijieiri nsiliitii'iil lo i I. s; 
expoiiticl l o c a t i o  n iiini !M-'C oncliar i lj', t  c it!: coars!« !>u|j!- t i a t  e s i i i nc i ; tliiii ::|:iei::) K<\ 
i .; ,;; e a K r n .1 I > a.;; ;; a :: :. ;i i: i; ill v i I h i1 o :: Ik ;' :i n 1 1;1! t i da I ;i r i; n K ,  [ I ya/ia '•> '•> n obffo l.e l.a , 
] :>[ i ; !s ;E! [ ! i : iri a l  l !;;nii[!l:irii|i' ol yei:liinnil 1 t i da  l t: HE; is; Ik ;; , i>i:i:i.irred uniy occ.^i.iiianall!' 
A\ VI (! 1. 1 ii ndl !< , I.n thii- case, I: hi! :::n:ii':: sedineni:!; i: i: cu t r i n,|j[ ill: l/i; t I and 1. 
p t o h ii I) 1 \> i n I I uen :: e> nl t In;' d i •; I i- j Ih u 1: :li on . 

4 ' :i ' '! 

GeiiikiSini; iii ch:>i;;i !;!;;; l:hm;> r ibbed •uiiiisi;] , V;-L.;; l:ht! |:i!i:i;'i:li:iuiii.iria.rM. ni;[iil:M;'i: ol: l:lini; 
inoLliniCiiiii i9L:;:,;;eiiiiili]lii!;i! in the niuid hiir.li. liabil. ill: i:n huotli vel. liindi- ( Tab l.e 'i 1 : 1  . 
T/ii;; ii pi; c 1 1!!,;: ha;: hiii'iii repoirl:c!d ti: IM-.'/'!' a imucuiil t:; t Ic relEii:ii:>ii!:lilp vi t:lh 
iipari. iniii a j I e [TI1 1: 1 1:1 r iii (Berl:rn;!ii; ' I ' ) l3 ' ! i ) i . Tlrns! cuKiilirtii.-:.;; prujiiiilii;1!- an a i:l:ii diluent 
;; .1 r i: ;i :: i; f en t \ lri<!> irnui i; :; i; 'I ' ,•: by i; :; ii 1 t I'm: i;>ad •; ;i rid Ci ;• LI JU-TI;;; i A d c> p D >;, i t :• I uiica 1 nriiii t i;'ii: i a I 
p ra  n i d ii n|| a TI j i: r u i! i; n i!,ciii.iri::is! iici: plant j<; r ti id: b In add 1 1:11111 , a|!;|!;i['egal:ii:ii!i!j of 
line mil !• !• i:' I help ti: ;; t ab i 1. i •: K tin; i-i-'iivard e>d( ! i ; of the manih, ii;'dui::ii. n,|! iM'Oii ion 
I roiii ;, ii'H!1 ,;icl. ii on 

!'!.!'•! '!!"!• ll'1r !'•'! '•' I:1:UI '' "' '•''•" ' "'' "•''"' n|-iiiil:N:''c'!:! on Until: Ii iJ'i-'t Land!;. Othii'i: ll'ifin C! i:l ejij i ;; !;«;L 
arn:i h iii c ("iria ni. ii in: oilier Ihin/iilvi;1!- vere c o 1 1 1; c t ed I roni !li;i:!land 1 iiuid bank 
;; i ;M: .. c r:; , In i i t l t i . i  t ion l.a i:lhn; turo .;;pecn. isiii en: c u  t riirij; on U i; t 'I iuicl 1, 111 ii c pmisi 
b'!i 1 1: Ihi 11 c ii , Iti1 1: :. '.. 111 i; i-'iiut 1. i •: i' 1; '.. » i; IIIIJU;:.!!IE> 1. >:, ) . Ill i; i: c ena r i 11 n i; i: i: i:';iii if i i;i I In ii i: ill c i.i-un:;; / 
•t rid j: (i 11: i c:o La phol iici | h:i ['in :i K ( Ii a!l 3€> .ang is; 1 u i n|,p:,; )i v K r i> !l: ouncli on U us i: 1 and 2 . 

ID :i I! l! is i: is'in: e s; in !• is'd i men i ;;ni:ir !• i:s:e di !!i:r:ibut ion be I: ins is n the I'liio i> is t .1 and s: may 
fi:)tn:i: ibu t  e I. o thus ob-ien'ed dlii f (s>rencis !s ; in ifpis'c. ies ; cnmiMji- i t ion. U u t i i s  r c|U(silii:» 
c: b si i' ii i: t is1 r i s; l: i c !• ( '.-.A 1. i n 1 1: y iindl temper si i:uin; I may .s i l ss  n \:'.l'--y A rains in lhes;e 
:l :i I: f is i: ence s; , 

(I si s; t r opod s; iiiii'i; p re ;:en I: tin mud bank i! t ii t i on,;; on b o t  h wl l.iSiridi; 1 .1 yana si s; n 
1:1 b \; t: 1is t A v.sis: iil>iini:L;iLnl on li'is tlisund II. in JuiniS'. L 1 1: i: ti i: i nil I. i I I. q r i; iii wa.s; .;i :i ,n :i ii i: : 
c iu r in j i  ' it iolb i: i: 1 1 i-'C t i on i|i i; i: i od;;, on iilnitliiincl .i1 . Li: is piKi-'i-isTice on [Jut land I! ra:i|jht 
b s  s 11 n f I i.ien c n; tl by higher i!i'ii;'!i:||;y l.henis than al iilssi:lii.niiil I. IB 1 1: 1 1 urn al. l Einnj 
OCIMJI: ti:'d on iiut.Lind 'i. in !:ii!'pt«!iiiti«r, 



'i . .1 , '.'< Ell it hi I i-i I Comptir i sons! 

'i in ;i .1 y :; i •; :i f \i 1- r i an :: e \, ii :; i:.i:uncl a :: i: i> ill ( o AS ii K c, :; ill i f I e f K n i: i: :; amoiri,i;; s i: ii : i 1:1111,!: , 
between 'iiaiiiiplini!'; peri ml'.- and iunonrj; :• toil ion !i itmp I i ng period |!';in:nipi: on lour 
p-inniii ten: •• number of l;i i va I >re i. iiiin , to i all. Ih :u; i> Jive abuodi i ince , niiiiiihi;]: i>f 
& ;i si i: r i: ]>I:Ni I. iiiiii i;.ni:l l o C i i l |ra:-' t ropod iibundanoe (' 1 ai b I e - t , ' , ' ' \ '['lie niiiiinlniMi: ol 
b i i' a 1 IH? taxa i"H!: .'• i g« i IE i <: HI IT t I y d:i. f i fe ice nil aimni;; !• tat ions; l:i:: the groups ol 
,•• i mi a 1 ii r :• t A I i a n <.- vere not ill i :• t i in o 1. fi:i>iii one u ne t hen: . iie 1/1:11:11. 1 'ill I t  ! i! !• t a  t i oinsi 
( i'TI i I:!'1', i!Ti!]l had I he liiKireiiil niuoihiM: oil l.a.itii, fo.l loved by the nud bank 

!= ta l i oil!; f rom U e1 1 and I. . Tidal c: nil elk !i it a Ii on ii f ro  m We l. land 'I had l:lhe ilove.id 
number c:: taxa •• one (ijetiikiiiinii: ill ) or ;:i-i:i; . The :;:.;( :• t<: i l ii onu vilh \.hv. iMtiii.l ler 
nuiiiibei-s: uf l.-ixa iiiii:i!' a'Uid i: In o !• (•• v i i .  h dims ' lov issss l iilsunniiince!! (Tiible 'i. 7 I . S i t  e 
1 mud bainl: :•» t A I i o n !> had I he h .1 irhi;1,;: I h :i w ;i 1v (•> l:iL[|:iund<iini:i!i!:> ,;;i'i::i! iMirinii:)!]) !i,iioi|>] iii|,r 
] ! ( • ! [ I v i ih i i  i piiii I c h si ii DIE t i bbed mu!> se 1. s: . 

O n l  y f ou r gai; tropod ii|>i:.i:, ie.i; V E M - I > col, led ed .111 t ine uiiiull tish q iiuu] 11: a t s . T i d a l 
I ' f f i f  i I: !! t ,:l I 1 0 I] !i IK:! •'« I1 C 13 II It i:L I Tied • I! K I: t Ili-ILI'l C! t) I! !• ]:Min:. i e i! 1 IJ any 00 111: i: t ion. I 111 TIMS' 

mud 1: i! nil •: I ;i 1. 1 1: n:- ( 'i'!W t\ , ',1 W.:\ , ] H'ii ]i hove /«! r , i, i: i: {;• i irih.n I: i t is'ij by I n o DI inci r t; 
i",;t:;i r :: pM: .•ipecu-!: in at. l i - i i i - t one i; 11 itip I i i'i,;; [Hsr 

Ca.r t rnpn d abi.indnnci? s t a l: i n n |rroupinj[s f e l  l in rcuirhly l:h»? !• ante orrinr as a 
number of taxa . !• i |ni i I' i o ii oi: i:l i ! lensou!!; in i; I. n t :i i>n .•: !;n.i:|:![.in|;; periDii irroup!; 
1. 1- n;' d(!i. lie ti-'ii I Tii hi i! ' 4 . 7 )  . Ill 1 |rhe.-; I iilhiiiinijiince!; in i:M:.i::un'i!d in !:ie|il:(!iil>i!i: 
!ii; it land 1 t ida l ::n:i:li :•• I a 1. 1 oiniii and .JLITII> iiniid baink i; ii.ui]:' hi: :; I litiii t ions lircnn both 

•<t . '.\ , 'i IPcijiHI ill iji t i on !! IL ;: ij !!i t rut: 1: 111 1: K 

''•'<\-\'-'. '..'.. leri|!;ih da it HI we ft* oihitained l:oi: a.l I bui'al'H:" inch n i d 11 a.l «; col le<: teij as (iarl: 
ol I ' l l - i: i.i [Ten i: :; :i.n:!y, !'i:i!.r I i-inj;; i: Ih limn:! ,;: i<:e i:]lii!:!i d i s; i. r .1 l)i.ii t i on !:oi: tin-' 
domi n.ii nt hi i'.Mi!. i' i: , Cieuk Ka <:> :n ;; lieini iiii-i HIM: the ciimini- 'cc i.nll. 1" v a I uia b II. i! I'lvii iirenarii 

........................................ ' ...t


.ni! 'i . ii ii mil F' i ,;; u r ii !• •'•••• 8 , '•> •• [) ai rui .a p (if! nd .i x {'. i.;;;m r ni; , 

I hi if iiniii.il n i; i :; !•> <o I: r :i bbed mini ii ;; i- ] i; i( T.iii Ih 1 1: 'i , 1:1 ! v \\ >•> \: r. oba b I.,)1 n c It ii i l: I:(! r i> H it among 
ii t a t i on i! ::i: wi-'l Land!; since i:lhii> nuii.-iri.ii i; i- 1: i- :: ;;. 1. l.y I: alii vilhi.n cmiii' ,;; I a :i ;1 111: i: 
chi'Mii t ion i:f ii!ii::h othn- ' i . ,'i [: [; ii i: en t cli lifiiiKij'nice.i; :n:. i;!:; be ,iii: i: \: i |>u t a b II. i> t i  > a 
n Linn hi ii 11: ol' f: HI i: t o r ;; . h::: insuincii , line nuntnl)!!1]: of i nd.iv iijuall. >i KIIII: led v i dii 1 y 
.•itmoni,! tlin:' !;«iinp.lii!.;;, Li; i: ai t i on within a pai:i:h of inn ii ii t> 1 !• i:.an iiiffii>i:l I be !i:i;!i:' ol 
t hf! i in c i '/ i i:l LI ii 1 '.\ , Nu ii ii i! .11 !• on l b t> i> ill |ni> o I: ': I: i- a|i;|i; ni!!g ;i 1 1- i: i:m l.d |: i: it I-TII I i .ii 1 1 y hi-1 

I I-L r,c; e r i; inot! they an; 1 ! • ! • !  = croiitliid and b-n/i i .li-'s.-; ctunpu t i t ion fi;u: lood thiun 
tlio.-Mi! LIU tine oeiii t e  c . :•:. nci; i-toiiiie uf tlie iiiussi:,! paloii(>,!; Dbi-iier'i'iMd im the iitLinly 
iiiirea w e r i  : up l. o ti>'o me l. en; in: roiiii, i l: i,;; q 1.111:1- |:>o.i;,i: ib1 1- tlial l. bis i: andcini 
!;iiiinpl i ri j j did noi: livi-'iil.y i;iiirai|).li!' i:!i lil'liiri-nt l.ot:iii:.iDrii: i  n tlhn- pal c: hi;!! Final illy , 
l hiice nia» bii' real i:,n'«'iro)ninn!,n. it a I di, l:l:iii;enci;;j; l  e j; . , :;alin.i t  > , leiiifiiiitatiife, 
I! riii in • ; ; ; : ( :  , turbn . d i l t  y , ::oni:iiiiniinanl i;]i t l ' iut alil:ei:t tlie j;; r o i. t i'i ol mi !> !; i- .1 :• al i:lni! 
i'iii'iou.;; i;i ti:!- ,:;aii]i|)li:iil . Haiii|:!;i)n and Mtiuiil ( I9nl:l) dhuiM-'irved t l ' iut G«i[ik(;i)!!.iii was 
I'irtuaLLy tliii only jjpijcle.ii lo ireco'^er uitliin a liuit years fi;ouitine uiiiEiiciji ol: a, 
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:;p:ill o  f Bunker C o i l  . 1.1' n hhnsill mussel popu la t ion ! ; expeir ienci-d mo r I si II. 11: :i. fi s; 
f r o  m isKpo.-iuire 1:11 l:Cllis,, a c:oiii|)iii:i!-orii ol l.engCh d i i i t i s i belveen iifstliiincl,-: 1. sind ?. 
'.; u in |! is ii t :• th.sil. thus is I f  f ee ls ; s i r f i nc longer m.sin ii.il n'.-.l is d in popull. fifion :•: t rn c: \ u r f! 
cl es; pi t e cont'i nuii'dl uptake oil PC Hi? (i-ee ilec l: n o n lO . ! ! )  . 

Floui j j l ' i isi.|!;e grou|:;; can be ; is;cr i l>isi l l only lo Sim-i l l mu^-el . - ; : one y i s a  c ol.d iiiiuiiiiislll!; 
•• ui|: to 10 mm: l:uro yeair old nuiiii-is h; • up I.o 'id mm; three-11 our yea it old mil i; i; is .1 i
• or to 60 mm O.I diet 11111;:;; e 1 ss iniuy |!;i:ov mcire iiloiily, depend in|! on en \ ' i ron men ::; I 
c o nil i t i on s ; . Ilhni:; i- 'pecles; is; capable o f s;un;:urm|| 1 0 - Z  O i'tiiii:!! . Thus;, 
s; t i ih i ill i ly oil fin ii|!;ir regal,e ur populal ion oil ribbed mi.i.:::;•!1.1; 11; not dependisn l: on 
l l r isqiuent input d li juveni les: I'.is I at ivel. i' loi. numbers: oil s;rniilll'[ Illeulken s; i ii inuy be 
•in.r iibutahl.!!! t c :-eveiral. I: act OKI- i-.uc.li as; p r e f ( s r i s n  t ial p red at ion on siiiallli 
i n di v i clua Ls ; , 1 c ii c ec. ru i l: nine n t i: ;• t ei- , o r n. n 1: r ii;; pec i! i c c: oniji is t 1  1 i on I c: r c i. il .1 ri|! ) . 

!'f!i. I'lyiii ,si r e n n i: i u were col liii: ted . Hos; l oil tho i -e occur red f i t S t a t i o  n I! II (Table 
'•> ii i, Figure ' i - ' i ' ) . :!hel.1 lijiijitli!- ranged llrcnii 10-80 inn, liai-ed on grouth irateis 
o l : s ; i s i vis'dl in tlhuii i-'peciies; in ll.ape Ann, rliisiii i i ichui-e! I s; I Bnmiiiiieau 19 7 El) th i i i -
:i. nd 11 isi t e.s; l: hut icis' i : rui l.ineni: c c c u r rustcl o i 'er ;i number, oil j ' t iEi i : ! ! . lilrovi. h r i i t i s i 
iiTimisi iiilell.^ ncir t l i and s iou th olE Cape Cod iiri; .lili.ely  l o Ins i - i m i l a i  r s; : i .ncis 
" a i;:; i! <: h'.i IM; l: i;:; in; appro i; 11.1111 f i t is Illy I I'M:: n i i i dc l l i s o lE thi ;: s ipecus i - 'Cisuige. Flhus i -mal l .es; ! 
c i in m:; ( 1 C 1 - - 1 !i mm) an-1 p r ti In ii I) II y young-oi l - th is-year :. L.-ins: l:'is'ur l'h|i',-L i ier is col . Led. ed 
l l rom Vel I. EI nd 1 1 1 , none in thus t idal , c: reeks; Hcu-it we r  e col l l lec led' i l rcn S t a t i o  n 
I I'l H i , po Si sillily because oil thus i: is1 La I i VK II. ]/ 111 in ic |!;i-' p ropor t ion ol si.-ind in tins' 
i - i d i m e n l l: hi is 1:1; . 1'lya iiiis; fouindl to he i: c 1 is r iin t ol mod is r ii t e le i 'e ls; c:l: PCS' •; 
( I 1 ,D! i i - -0 . Hi ppin) .simci in<>i:ii 1 ii in the rsinsi i i ! ; ol:ii-.isMnrecl f i t thin-' Itev B e d f c i c i l l Vifel Lands; 

lillii 1981!, in n ill, Dec:. I!'0 ( T i - a l  , el. sill. 1 ' 3 ' ! ' ? )  . H true IMS n: , the o o n c i s  n t ra t ions: oil 
!:>:; ohs ie r 'Msd l in Mev Bi ' i i fo icdl liar ho r sins niuc.l'i higher thiiin T.iMii , i;t ii.ll. les; l . ed 

f ind thiey rimy n: educe l. his !;ui:cis!!-;s; oil r e c r  u i linen I oil Hhifii to Vel I. sind 11. 

C o.t I ec l i o n oi o I he r Ih:.»ii III < / 1 - ' :-;piiS!C i e s; i. ii :• :; }:<;•, r •;«> si nd i. u:; c ii-i,;: l r: c t is il t o Ue l L;i nd ','. 
ii:; ii i.-; ::'ii si si is ill i S ' a t l i e r  . l..i!'n|!'ill'i l: requiem:!/ inii^rnn.Eiliicn ioi Ihesie ! i |>isc iisiis: i s ; 
pi: is1:- isiin I ed i n App<is>iricl:. i: I n hull isii-: ••• <sn ncl I: 11 nd appiend:. n f .1 |ru i: usi.s;. T hi is s; is dla I A <s i r e ': c c 
II iin i t ed \: c is 11 uc i da I e s; 11: ori|;; pa 1.1 e r n s; 

The !;;as;i:ropDdi: L i M. o r i n.i|i ' j i  t lore'-; HIM! I'j yi-ina s; s; s; c bi- p I e I.si ho th ill i i- t ri hui:e tlusir 
liiii:vae p liiinili.t on i c:,si 111." (tainaclia iuiillil1 Ciooc.h ei sill. ' i ' ) " ! ? }  . Thuii , M ' i t h i  n sin 
i-coirysi RIB si'uich an i:hR Acushnel. IRi'in-r: ej-'tuary •• Bu:r:rardr. Hay compLet:, ii: 'ii'oulld 
!:MS expect is ill thai p o |i u1 i) t I on s;i. i:e c l f i i - i s .-;l n.i o i: u r is is are s; i. in 11ni: (liroughic(iit 
'['hi i.-. .si p p is ii 11: is'ii no l i: c l>is l he c.-i s: e f 01: II I li'.siuri.si s: ss ii c o t I ec l ed c n l>|re t l.and 1 " is i: :• u:s 
U is 1 1 land !! (Tab l.e k '! , Fi|!;ure d - l G  , iiippendTi:' !E:i|nji:e:: )  , si 11: li o u|Hi da I. si f r o  m S i t  e 
'.I may he less1 refiresieriitat ive oil tin? overall population dni« to the re ln t ive ly 
11 ov nun Ins it ii o f sipeciniiiiii!- i::o 1.1 e c t is ill. A.-; s: uH K R ;; ted p re v i c uii 111 y, ,s:ed i IIHIHIS n t 
t ex tu r i i l chiar.stcl. en ii l: ic.i-. var ied Ijutvessn l:he tii'o v'ei L.sindi; , po t en 1.1 ii 11;/ 
conl r ii lhuil::in|!; lo 1. hi! ill ii-:pari \:y in occ.urrence Dtlier erniiiioniiii-inl..-!]. Ill a c t o r.s: 
a IE I ec i::. ni! |<!;'t i:iw l h c c nil d i IT:: L ude i; is'ii i ni(S>n l •• h o r nis c on t .siini ii. n iin l::; e i I he r d i:: ec 11 y 
i nge:; l e ti by t he |; si s; l: ic opod s; o r i. hi :i c hi i irih i h 11: pi: ochu:: l 11 o n oII ben I h 11: KII.I c iro.i l.g si e 
or s:.Eilirn ly . PCBs; l!ot eii:,siiii|:lis , an-i more concent nsil: till ii t We I L.sintl II and 
Wei LEI rid !! .' 
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UEilllCi'TH 

iihel.l IIH-I icyt\ it. (riitui ! [•i:!C|\i«ri::y (il.-r:.i:i.,i::iiit..icin o! )..•:S'.i!.1!!.!!.!..!;.!:1 

ilJii.il.ii.illi.li.!:1 i»o lies ill: lid >3.t ii t. ;i t; 11:1 IMS l.l-lii -nnt:! liTIi i.n .luoe 
• i n c j ilTii i.n iiepCi-nibH'r I, i:s;p 1.11: A 1;e•• surams!:ii , Mi-en Eie::l::c i:t:L 
vie t.:. EI in tiii !:i:ui:l|', 1 ill!" . 



1.1 l: it p r i ria ill i it t o ire si n i: i: 11 !• i ona 11 ]> i: i: c u r red i n iinodli;! ira l is; n nimbi- ' r s ; , p si r t i c u La r 1 ]/ si t 
nn D ii bank s; i: ii It i on E; i! HI 'i ii rid ?M !i, !• i ;s i - > i:. La si s; si It i: UM: I n r is: i: x hi i b i I ed n n dl i l! I e re n i: is s; 
l h f > tvi'sen I In fs s; is r ra l 11 on!1; or be I" tit!en :; amp 1. i rig pi ' sr i oil's; I 'I" si I: .111- / i . 9  , l;:i[fuin? 4 - I I  , 
• i ( i p i s rid  i x ! ' i(!i . i i : i : ' : i ) . 

Thsi s i i i ;'se c. 1. si si s; d i - i i fa c n 11 IK t edl cm in: lier gastropod!? i,1!1; pr e s; I-TII t ed in Append ix 
Ta li !l. i! '> ap pe n d .1 x F i gin r e s; The c: n 1 ill i; i: t i on o I1! Ill is ]ainpu.s; h:. d i; n ihajji; s; n si s; 
i n c i t i is ri t a 1 , s i i n c i s ' t h i s : s ipi i ' i : i is!: i i g e m i; i: 11 .1 .1 y re s; ml is s: in ihe l ip i iui : t ina [ l i i t i 'T i i i ; i icirie 
The s i i n r i i i . i l : ; i ; :e o f the Ij! 111: .i urn a j. 1.e r n ;i it urn co 11e i: t is'd ,!;iigges;t!: recenl: 
r i - ' C ' i ' i i i t i m » n l . l lb i i i sTice o i r 1 n 11: ire r s; |i (i c :i inis'i'i:: may i n i i l k a l  e l: hi s i  t the n u i r s i h 
I - T I / i I ' t i n i n i i - ' i ' i I , in iM-Tiis 'iral. , p r o  v idle,!; u n si i. i t ab l.e In si hi .11 it a t lor t n i i : ,;: fie t: l n; si , 

1il.ITATi:1!!'!!  I)F W!T IJ 

(1 is i: .1 iirnj 1 :.'.\ local: I 'd a.lonj;; the is a:; t e r  n s: h 131: i - ' I ine ( i f i t h m s ' i i ip( i i ! r Ai:u.s;hnei: IU v i s i t -
is; s; i: u i) i:-y, t; i: i: i; nil i ing ma1: i; I Irian 1 lluin i n 1. is; in (> i: h i , A1.1. ' : ; / p i i: a 1. s:.si '..". ma r.snl'i 
i' if d is t i- I i i' is; i i c w j ' j - ! are i: is presented on i h i s : 1.1; l: .1 iindt. I h n s i c i : ' i s ; ( inn; ma jo r i: i ill a.l 
c r i s ' i i i l t d i .•; s;e i: i: :i ii|i; I h e n n i: t hue rn is; nil of Ihe n s i r i M i  . D e p t  h o l l.'he i: 11: is'ek i s ; si bou t 
't rn i i ' i d l l  h -\". i t l i i s i i iiiou i c l h i hi m r e a i t i M : t l i<; in !i inn The o s in ih i i , s ; e i: t ii n !• i ve 1. y d i l: c hn-idl 
1 si i e i' i) I I y an t ! . longi l : u d i n a ] l . l y , hut opi-Ti i ng s; t i : t l ie r:. »m: iire g us n is n: a I l y n s i r r o u  ' 
( 0 [ ) , ! i i n )  . O n is d i l c h  , h n n w i s ' ^ ' e r , n i i d i i r i : ; t  o U n i o  n i: .;;niall iiuiiii I! La l : ( i l u c i i l i cm c:: 

isnn i t i t i s i : t id la l s i i i n i iba r . Thus :;;ou l: :i i: i: r. bounciar!' oii ihe ; : i i i : : ; h i I s  ; s in l i i c m ol. i :h i ; 
;A i :u : :hnn i c l . i  i p e r 

Thin:1 ! ; e s i i i i i ] :d l edgi; of Ihe i i g s i i : s ; h i i . i ; g iss n i; n: n I I y u r t: is ill by si pi is ii it banik i::n: ini;; L r o  n 
l!! i-30 CD nl:>o'/e i : l h i i ; I n i l e r t i d i i i l f Lai: s i l loni ; ' i l s; l : n i : i : , O e i n s i i s iii |i; |!;regisiti!!> o! r i h l i i '  d 

i i r iui i . i iel . si i[ (iiis'ijiken si i si dli:!mi s ; s i , s i , l aice p r e s i t s in it i n l e r mi i t t i - ' i i l 1. y silorii | i ; I h i s : I s i i i n l i . , . - u s ; 
irn:l i c a l : i s i d b> ihe ipinant i i.ai::iMn; :; . .-iin;:il . : .ni! , llca [lUid'nu I l : i c l d l i i ' i : c i r . - n h ) l>iji i i :rov;; 
usi:!-' o h s i i s s i ' M - ' d  i n tb i ; S. ,:i!. ]: i; i: r. i t ' l .o r ;i ; : IM' : I : ' , pa r i: 11: ui.i.iii r 1.) ' in t l i i i ; ! c:r is; i; It !• iuiidl 
d i i: i: hie.s;. In I'loiiue i::i!ii!!S, [i. i*.J | l-IH!.!. i:A'.!.!:.i! K™vs d i s u ' i i Ihe li si i n k . to I: hi; t i d a l 
l i l i i i t , ,:i 1J: ii i: i..|i-l'i g is; in i; i: ail I y bins siliope i s ; i : i i : : i i ' o f g r i i s i i  - . 

T h i s i: ha ra c 11; 11: o f l.h i ; ! M : ' i i i i i i e n i : s i o f Ihe i n t i-'i t i da 1 f h s i t ; ; e a i i s i r i i l of l. he iDiiii:!;:hi 
, ' , i i r : . 1:1: . s i i i h s i t i i i n l i . - i l . l j  » iii.loni;; I . h i ; marsh.  In iMS'veral s s i : i - ' i - L : ; ; , i n i c l u i i i n  g i n n i i i ' t l '  L o l 
i h e udi i i i l c r i s i i ' l i . , I h e f l a  t ju . s j l : SMS'avard ( i f I M a t i o i i I T  I a n d s i l o n i r ihe s i i n j i t h i i s ' i r n 
lpenpiih.il,;,!]:'>' ol: tl'ie 111,11 mil tlie ,[,la,t iii'as uncoitsjoiidal ,ed nudl CCMMIMMM.:! exi,ii>ns.ive.,l,>' 
( i  n [)i: t u b t s s r ) n i  t hi U!._![!! liicjluca ( s M S ' i s l e i . 1:111:1; I . Tl-nsi ma<: roalgsi i i : l y |i i c it l!l;, 
II'r,-! > : i s s d upon h j i :;i.n:.h i; [: i; i: .i !••:! as; l..:i t t p r i n  a 1 :i t t o t ea, t h u s l : i l . ac :k i l i . i i i : l < . and thus ' 
li i:\siin l i! oo!:>i;>. IJ !1'; i:. <c:.s,i.in a ' .[ :i o <s!iriihi!,i n i: i; t he nunti E1 , : . l isiii </ .11 r oilmen l. f on: ainplh:. |: IM: 
| : i i : i : i i : i i . i : : i : : i i on . ' l in i ; aiea i n n i : l : h  n o f l :hns i: i i-'elk w s i s i :• am p L e d J:oi: ino l lu is ; l t . ! i ( l ' ig iun: i ; 
''• •• : > ) , I: i: t i'ii«:i)rni!! 1.1;;: i-' ire:::: <• i;:: i:!ii  I T si hi 11; • • • . 1. ) ] i  . '.I n a :i si 1 is in Ha,;; s;a i: hi i.;:i if I l. s: 11111 ii f I A I 
o : :;: i mi:. II a:: l e.x i: in i: a .1 cha r ;i c l: i-1 :• i ;: l.:. c i; , t \'v\\ an;a occupied by 111.va exhi ibi i I.ed Jov 
\ n IE anna al:n.ind,!inii:ii'!i ( M A I ! I1!1!:!"  ) .  In I t i - ' i : I  i i la l 1 . ' I ' , ; - , p r  o dun: it ion is; i. !• uiisi 1.1. y 

I. !• ince t h i s :• pec i R s; i : ; e a s i i l ; / isub. eot t  o dlesiii 1:1:111 ion l ironri hii|:;ln 
i: i?m]:iii! r;si i:u i: i»:- «; » t end«d d » v 
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:ied:i i T i i i M i i t . ; . H I . t h i  s i n o u l l r i  m f the t i c h i l c reek and C h i ; M a  i -i h n u t 100 m ii n i n t  h o l 
I he c r i! (•'!(. './« i1 if predomi n i i n t l  y :;:and|' n i l  : hi no I i t: K EI I: 1 1; n; it a i' IE; 1 i n n . i ; ( i i ' i i in. I h i i i  e 

rve r!! : l : i M >  inu <; i: is 1 ;; A I oing Hhn: bank  i n tlm; area. I hi! IMUIJ I ' l l . EMI: 1:1 If f o l 111 i : ; 
bul lie red l o chut i-eavand sidle w i t  h a sum! bar. l i i r n p t y sand cubes ol !'e<:i: Iriiai: ia 
and h i in |! edl Hj  EI ;; In-' I Li: n is; r i; !• c a 1 I e r i! tl n n I he <i ,a n d K ui t ace . II :; amp l.e i: u ill ill eo i ed 
ne.-ir t i l l  : 111,31 f S! tl 01'! I I'l i !! !i El 11(1 ( F i gll I' II! <l •• ii I 'HE'ViM 1 1! Hi till!: ' |fl IK K H i l l  C I:' O  l 1. 1. » l l ) | ! jti',1 

a i t e T i a r i i i , He r r. K n \i i: i a i i jenci i i i i i i i i i : ia ,-111(1 H i i cp l i i a ba 1 1: Ih 1 1: iii . A t u m d i i n c  e and 
she!. l"ili'iint|i!'i il'i liatiii are p r n: !i »! in tedi in Table!: 4. J O  , < 4 . ' [ | and I' 1 1; u i: e A - - L I! Sandy 
pa I t: l'i is; i; ii.lso 1:11:1:1.11: red a lon i j ! the s i o u C h i i K  n pe r i |ti h i> i"!» DIE I he in » r !• h . 
A p p r t i i i i i i i j t i - ' l  y i l O - n O  I of i: l ini C i l a l c i o m l d bi- i:.ha r -i :: i: i! i: i ;: i-td - i s ; i jn - ' i i c i i i i in . i i i i i i . i l l y 
:; and / . !: i:'i:ll i me n 1:i; .i n I he r i; innii i i n i inj;; Ii 1 EI i: u :: <;•,;. I c: : r i: ii :l>0:![ ) r K f. r !:•:; I-TII I <E>d ii 
jincadal, i u n bePnetiin t i m e tin c o n ,1; i; 1 Ida led nuid and I, l:ie Miind iia b 1 1 a t ;,• , Thi. a t ype oi, 

rl i ub : - 1 1 r EH u I'.- p c c n h E i b l ) more [ :cn i : l i .u : i i e i. n :; i..ppo r I ( i f i M n - ' l 1. 1 i s ; lh pi>|iu 1 a I i :i in i; t lian 
t l ' i i : L i n c o l n ! ; i) I i d a r c i  d inuiii , 

f i | > i > r t i i : i  n ( ;• bcni I ','.'.'.'•', oil I he T i i i : : ; h t iarnk E I .1on\r, I he r i v I-M: -ma r ;; Hi i rt t IEI r I ,-i :: i> nhov: ; 
s i i j j n i : o f is r is!- ion •• E I iMtii 'pped n i f iei: I . T h i  u Mra.;; nui : : l i inijin-' e c i id is n it  in I I n n ; 
v, u in t l- i i i - ' nn C h i l t d ol ' c l u  e iiiar.nh s i n e ! WAS FI . -L r 1. 1 1: u I a r I y (i lnnuu:: i  n i i r i i a i i vh«!i 'H 
:i in i: i! i: t i i:L:i 1 f i l l ) . I i: IK! :. miM', !:;. l e n d i i i l tov.-ird!; i: IMI :::;:i;: n-i c i; i: i a I . ! > t t : i : i i i i if/en l: ;: r r i c i ; : 
r EIf t i n|j; n n a j ' 1'iiivi; ' been ii-'i-'poirnul:]!! lli:nr I hi!: i - l t i - ' c l  . !: i-'d i men 1. 1; »ri or ,;i cl ) EI i:  i > n t 
i t  ) i i ' i i t land 1 c i)n I (1 1. n u dl F'CB,;; r t i t t j j i i i i  r I r o  n 0 !!)•• 1900 pp i in ( , : IE!i I ' l ' l i ' M  i aimcuii! Che 
h:i i ; ; l i i!!- t i n I. hi! <•!,;; I u . - i r y , 

'' " ' '' ' ;! I1!'!!1!;.!:.!.!!':1!!!!...:!: 

'>'«! I 1 EI n i:l i" i !i i l i x a l e d nn i i t ! i hii» ol: t h i ! e:;; I '.i,;i n' t i : n t h e i i i i : ; : in I!u :i ;i  in i: d ' .•: E l ; i j  ' iiniid 
i :; ti r i en t ed :;i: :h,;, I I:hi; i[ii!:::;;] 'i -o [MM; ii 'ahE'r i. in t u i: IE ai::e l i i i c i ; :  ; i : ioul:h Tl ' i i , ; ; I c i n i  i t . l i »n 

and o r i i-'ii I si 1. 1 n n make i C t he mo <•< I: «i K posi-'d in EI r ;; hi i:'ni::omp EI K '.- i='i:l! by C h :n !• :•' I ncly , 
A l 1 hoiiirh i I r; it e t  a I arnvEi :i!- sinii Inr to that nil: l / i- ' t Land 1 , lh«s 1 1 n i'i in r i s s x l K u r . i::E 
t l ' ie ;: ;i i: :i l ' i -o >si [i d ' a t m  r i. n 1 1! i: IE ac is; L ii in::;:; on t) t> 1 1 u nd i" I . I I E U I Uet Land ill i l l I  i d E I ! 
0 t (•!«! k illis ii||; I h s; EI i: i: wxc. 1 i n d ii dl . TMO n EI ;i DI: c. iree Ik ss t r i sec l Ii1 u t il and i! , Bo I h h,;i v \>. 
i n o u i h ! ! ( • - • ! in - i c r o i i ! - ' i de |) t i l i! i may \n\vy l i i om L - i ! !: in a Lonjii th in- ' l e n g c h T h i ! ; 
iriat.-ih i!i i-'T leTi'iJi 'M!- ly di l:«:h(i"d . Li Ik is; W e t l a n  d 1 Wi?Hand '}. \\ uijnpo r l:<; i i i l I l y n i e i i  l 
v i:' |r<=' i .;i c 1 1: r o I EI f nil I y de " i; 1 oped !;.;i 1 1 intiii i :: :;ti . 

1 hi i! e H: (HI !;LI i: e ol: t h i ! mar!;h :. i; e v iden t : in a n i . i i n lh t ! r oil l e . - i C u i r e ! ; of c l i i ! i i[ i i!Lr. : :h-i : i( i i!n 
k i i t e i  t i n ten: liace, T'lie l i d a  l i i l a l i s ; i>i:edomiTia n t l  y sand)' r a t i m e r l . han iinuiidy, 
C t : i i i i : . : : i E > s i i i d i m e n l s; i! :(l t i!!nd r i s s i  .  i. i n t  o I he t i d a l :: r n i: I: :; . i ' lai1!;! : hank;; Ii EM: i nn; 
I! n ;; ;; ii rd ' !! l lu> ' a r t s i J U ' V i - ' i r e l . s1 i j i t o d i - t d  i n |: .11 u c e •: . H i i n  y ,ire.!i!; i : : E ]:ieal H i lo i i | r t h e 
I; EI n i l are u n v e g e l . E i t i s d l , L i k u ; W i M t land 1 the m,;in;i: l:iank : i; >.;I:K t l e n i t l i, i ; l ' i itleri!!!! 
;i ;; i! :: i:ii;;,ii l -i i; ol! r i l b i b i ' d 1 im.i.;;i:>:ii. i; Li l l q r i nil l i  M »{'(!<} VA^ ^ilhuiiiiljii.!'!! ,-iluii|>! tlni!! iiiiar!>lh 
l i El i: I: , 

T h f i v i a . r y i n | ! i i i - 'd i i n e n  t c ond i l: i. o n ;;  in I he t i d a  l : : r t > f : l i ! : verss p r o b a b l j  ' EI l u - > I a c: lor 
in thi,;, en ha u ted d i v K i: !,; i l y of i[tiiii,ci:obeni;.hii; ::pe:;,i. e,!,; obmenNtid ii. t Uel. land 2 
:'0)ini|:i!i]:ed l o N i - M a n  d 1 ( Tab l.e <:, *< '.I, , ! > , { ) 'i A d d i l i t i t i i i I i ihel I f i i s h i ::,:ini[iiii!!: v'l-'ire 

pno i c o I lee: i: t id i;i t I h i s ; i « i : > t l a n  d b i - c a u - i e i. lln- i:ani:loin:i. ; : i!i : l q u , - i r i i . i I : E S t i ' /e s i e i m p I inn; ^« ' t l 
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I ' { ' I / I  : i! I (I'd ,31 IIIKIM! I: it t l-'ll!: i i '<E! ii |[) (i K 1 I: i: C OlllpO.-i 1 I ) 0 I[I 11 111 il I'l iil t ii 1 I Ii! 1 F i did 1 «! [' ('. (' il I ) ' . ' , 

LI (! Mi M-' i :y a b u n d i i n i: in par I. ;i of: t i n - Spiir I i na ii 111: i: n i I I a r,-ii i i t m c up  i n I he 
: - r ! i i i l ! ! i . W e i l l . i i n d ',': !• i:>cl i men I. ; ; c i i n t i i i i r i i - ' c l i ihe la IK; si: i eve Li! ol: I ' C l i i i i among I. t i t ;
:; i u ( ! i i i> f ma f !i In (> ;; 

-k . < i , : i We I Lsiiid !! 

V e i l i i n  d ii l i , i : 1. ti:: ii i: ii il i:l i t eel 1. i' n o r t  h  o f Vel Land 1 f l: i |n.i t e 4 - - ' i ) The ii ianih 
I i n n Hi!! ; u i l i ou l be r l i ) "dl i reded i i r n i i :f t l n i i r i / e r  , c i i n n e i ted l . a n d s . i d i i i t i > A 
d i r - L :i n ii f! ii ii i I ah -mi l .;;; p ro I ec I. s i c l f r o  m iii.ru:,' • • ' ! o nn ••i n il u i: i ti va» '<E! - i i : t l o i n by I  h i '.; 
o r i f! tn: i! t i o n , (In i : h i ; day of l:be » i i i . i t  , v j ihEsr l i l m u i i i ]  in I he < ; l . r i i i i n lx->(i e i '«n m: 
dead l i : i i  M r a t e r d u i i 1:1:1 I lov l l r t i n i i : l n i ! dlminage i: l :Mi: i : l i '[tin:1 n; r E; n i: u !! i: w i d t  h 

r:, (•' p -i r i l l :  i n |!' I he I in: s i i l l i - ' ! ; ol ' I. l i« r n n i : ! ! h \'.'. 3CIO no. D i - p t  h [ i ron l . h i i cin-'issk bed i.c 
the [i[: ii r i: I ria ,-i 1. 1 ii! r n i f !| pra i:on« i;; l-'.l m, 

The i i r i i i i hi-' t veen dliii; ii::m:;. o f I. be : ' , i i i : : ;h , i .;, .-un U O C C I I I M ) ' ! i i : L - i i l ed nun! :.!;•.  1 , N i n c l i c 
i t i r i - i s ; l u i i n v l l y I ' E i j i f M t i i t i s ' i i v i l  h l [ l l » i i !:,wiin.s: w e r e c l j i i i - ' i ved l o l i l i s s h c K i : o l I h i . i i i i l u 

on E; is; mi; i: iikl v i . ; ; i M ;  , " ! ; i i mud f i i i n e l l i i d liini:! looked ;;..'.(];. The i i i i r i i l ] ami AS sscic i ii i: i: i 
mud I: hit c o n t a i n e  d Ih :i |rhi.l i-'ve l.,!i t i l : I ' C I J i ! [SE,:I IV87 s s ' t u t ion.!! l . i i , M!) , N ? ' ) , 
und< : ) i i l ) t i ! ! ny A .•; i j;; n i f: i c an it I at: I. t i r 111 t l ' i i - ' b i o l n g  i i : i i l c ond i I i cm s: 

! i>eV(»f : l l i l K I - ' U . : - V«!l 'E! !! il ni|xl l-'ll To I' !! bill! 1 1 f 1 ii 11 ( P 1 g U I' (i < l ••< i | bi l l F I E ! BO 1 il UsLii HIS! I' I! 

i < • ' < : o /t! r ii ti ( Tab 1Hi; '> , !l 'i Tlii:' ii i I! 1: 1. 1: in 1 1 ;/ i n oti I. ii i n i in n :• u [ l i e : 11 1! ti t b i OIIIISLSI si o I: 
r i b b i - s d n i i i i i M - ' l : ; . lor i h c i l ; ; l:n.i rden , - i r i t i l s / ir is; sup i f io r i . s; i i n a i- ' i -ni i . - i i i inent o f ex I r i i i i i i i i l i i 
lov m o l l ii!i can prot lu : : i : : iv . | t y  . [' i dd 1 1> i: c::al:i.:i v e re nn: i: ob i i i e i r i ' i i id 1:11 t i l t h ; > i i l : i ! 

i: i t I'm-; r , 

/U t l ' iougb IIVH-T l e b r - i C i ! p roduc t i on i i i i i i o c i a ted v i i i : l i Ii ii t .land 'I si [i p liari;;  l o t i e l i : i > , 
the ' . I I . i1 -i |:iii:och.n:. t ion ci : t h i i i ' inudl l i l i i t t h u i i i ma i r i i t i ! ; i i i : i : i> i . i n i : i , i ; mm h t :• uppo ir I 
i rive ir i E; li: r ;i i: (•• iiund .;t c :. it a i 

l i ' i - 1 land 'i ( l ; ' i | i ;ure '> • • ! : I . i i i l.i:ical.ed i:n tin: ' e a ! ; l c ! rn i '.-. ho t !•• 1. i me ;::: t i n - ' i r i inssr ; i i : i ; : 
s o i j t h ol: t h i s R o u l e I -I1!1 Is l:n r i dge in t in-1 let- ' ol : H p o i n  t o f II. i i n i i l i ' j t ' te i r i idi . n,|i i n t  o 
t i n - r i 1 ' i s s r Tin:' i n . i i r r o u band ol: i i . i i l t imiish on l l n i t l i n r i c l A s i i i r r i i i H i n i l i : a com: 

i: cl i men i: si  in the E : E M ' I ; i r i i i c i E 1 uiriK:o r i i i t i l l ill  i i ted m u d , Tl'in-'ti: ' v,-i!; H C I I t tered [I'l l . "» I : O M - ' I 
n the n ud : l!! lat . 

R ibbed mi is ii ii !l !: v«•[•{! i l l s u mil ant l . h r t u i i i i l i i o i j i t the I. i i l l !:.|:iiiiirl i n.-i ii 11: i: i: n.iJ|J:£!;j! '-'.ow':' 
!: t i l  t ion '>!! Tub le ' » . 1 O l  .  A t I be in t is ' ic sec I. : t i n t : i t in;1 man;!: HI mil mud i l l l i t  , 
n :: i, i ; ' , i;: :', t ic ii  v i cli-iin c: i» :::: o t l n - i i r m o l l u i i i c a n [anna \<n\- ob,;:en'i!d ( ! : t a l i i : i i n 'ill! 
r i i b . l i : 1 A . 10) F id i : l l . i i ! r c i r s i b buinrow!; us'in;' no I E i h i i i - K ' H - ' d o n i . h i  u na r.jih .  I : C I 3 
i M i n c c ' i i l ir -i 1: 1 1: n !• in I be l c i i r mai r i ih r i i i i i i j i i d f r o  m 1C) l:c I! 90 p p  m i inni i ma;,r b . -n / i i i i u i i u c e 
1 In i; pci I iiisin i: i i! 1 mo 1 l.ii Si ;: ii n ill i ve ir ii i l: s' . 



.. 4. !i I/H' I Lund 

W e  1 1 and ''• ( F' ig in r is 'I "6 )  1 I >.; ;i s m a l l s ; l s i n  d o  E Spa r 1.1. n si on a gni»i>.l beach, i iout l i 
c f l int! p rominent  : is |)i:i:»lee Mi ri|; li'et land ii, /U though ins t I and '-I niiiybe isshadninsdl by 
i: In;' do w n i; ::: earn I1:; |: i s i  s I :•: La rid, i; ubis I ra I iss 1is :i it u ra 1. c: h si r i> c. t e r i s; I::. i: i; :; U|<;ii;;e s: I: t h n : 
i  t i s ; 1. i l i isly I hi. Si ii is I I and i s ; is :< posedl I. o thus ef fed. s; i: : mo,s;l si1;; n i I i can I. si: on: m 

is ven l •;. liiisi:aus:e (if I t : ; 1 coars. is is ed i men l: ii iini:! di s; l sinus ( c o  m i.hi! source, i:hi!S 
s i t  e :'icmi:n nil:, ire 1 si 11'/e I y Law l i s v e l . s  , ol: I'd!, Fauri,Ei i!i ml led is d by I he mnun 
:; t;: is f,-i I. Ii i; i: t I'l.iiiin :: o ID Ii 11.111 i nan I. !i 

[I i hi bi-'d inn si ii is 1 :• ,-ire uin:ili)riiily tl i >.; l: i: i km I ed i:hi:oij|i;houl: tllni! ilisi.ll. [>£[!£ c.j.nil 
•i 1 Tis i: ii i I'LCI ;•si isLi'id l.titis (; i: in vns: 1 .iiniiii; l:»is> i Meen tins !;(,indsi of ccmnj ja; r si is !i . .. i M::: r:. i'11 
j.:i i: t prieia nnr> nil so unif orraly 'iicatitisTed in rlmi's inrave I. I Inbileir 4 ,10 , << . I i ). 
'r I-KM; is ispeci iss i i pic i:'di:iiiu i n si t ed in i h s  s :;;: nip 1 e s; i: o 11is>i: (i:>d. I Ins I in I e r i: i ii n .1 I'La I. 
bf! 1:: i, C IKS' in,-i r:; ii VM •; si si nd!' mud •• po I. is i) l: i iii I 1 y ,;i o:: d hab i I sil. f i::: o I he r mi: II I u.sik 
,::fl«!" 11!!! , 

• V . •!>. ti III';-' I LEIIIKJ !) 

I/ is11 L.sincl !: ( 'F ' iguns < « - 7 ) i s ; ] u i: isi t ed tin thus '^e •; l. iss r n ;• iiie cil: tins' Acu.sihnns l; I'Li'/er 
aciros;!; !:i:oiii lhis> $ DU t lie nn SIM: t ion ol: 111> l: land 1. l-pac l Liria ail tern 1.1:1 urii ioniu; a 
mi c row l:r.iii|i;e jiiniiiii'inil a COIM!> inth a l i e  s it .1 is o La I ed i: ]i uiiip.s; in this1 coi'e, !:,i.ib,s;l r;M. is 
i n t Inns! :: c '< is i :; (i r is dl am i n.sn I si 11' u nn: on.sio 1:. d it t i-'d mud, i> :;;;:i i l :: f .1 and e i: t is mil :• i n l ci 
t he oiivft in the 'snuni thiern portion of l. he jpc iive 1.. 

[• is MS'c ,-n L si r i! isus (siil.flitiij! tlii:1 iissdjj; d i: f t lie iiiii r !i In M'l-Te si sn»|:il is'd ( F i. ipii i: is 4 - 7  ) f o  r 
sslh i is I I 1 i s:h Ilibhed mi.mini11..;; t u s s r i  s abund.sini: inn i:nnie sisini)]'!!:' i(T,sil)]l is 4 . 1 0  ) sind UI'ISM:-IIS> 
0 I: i; is c ved l:hri)U|!;honl: thus1 Spar l: :L ri 11 a.j teririi f Ipica, [ \ i i i isi; oil I: he mu!> ismsi L.s: f isl l 
,i :i. 1: hi i n l he r in ii|;;e o III i; is i: v iS'ii i in i: in is i; unsun i. i i. si i: :i v is' :i:,;iiii (i 1:. n i; o I l>!e i: ill HI nd1!:: 1 si n d ',: , 

WIS'"LlLi! i!1 :c'"E!:!1!.!!.:1:.!!  'JtimiHliiLnt in i:his isandy i m:isr t Idal sir is i n  . The si i isi i ' rarijiH 
i; i.i|;j[; is:; t::' i h si t t hiis; s:e s. pus i: .i men s; h si d been r iss c r i. i t ed mci r is t luan ,si !' is in i: biis> fa r is 
.•laiinpl irijir. Li t tprina 111 tor&& and I l|i'ana.!>!><), pbsoi.el,a i, i:::i;i also abundanl. un [hue 
1 Lai. f ind ma rs i h  , ii::a liiiiii:i:i:Mii',':, ve r t  s i:oimiion i.n this' liigai'l:111 HI . 

]., ike ciii: other inii-liairh'Cir wet land1!!, much ol: i:l:i: uncorisuilida led l: idmil M.al. iit 
!•, ite !i !i uppo r l: us d llj.va -il.l!./!•i: ii: • lilniivuns' lo I: hi:; i s i l  e l: h c u|i hi was i:his |:n i: e.sien;: is c  f 
Fun: i.t s; :i. n tine s: o in t hie nn arisii Ij.suuisiridi <!^hi ,(><'!'[! !> iins'ire i:il>!M!]:'i'is>d simoni! tli<s>.s;e 
iii.1 |ra«!. L.iS'vel of: PC1EI:;; i ^s i r i i i ! ! vi ihir i tins i s i i l e  , h u  t i:an Ibis nearly -M; hi|i;h ,s is i 
niii.iui:!Si r I- c o rded sit Wis i l Land 1 , 

ft ccmpar i S ion ol l he bis n I hi t: c c iniiiun i I i is: s bis (veen I/ is t I and 1 HIM: We 1.1 si nd 1: i .s; 
1romp.I ical issd by phys; i c n .1 di flifsrisnce.1; ; of tihi; Vip I L si nd s as dif!1!1;!1:!: .ibed in !• is i: t i on <s 

4. 2 I , • (  . ' »  , 1 iii.nd 4, 'i, !! . I'lo s; l s 11: i k i nj;; si r is t he d :i. Ii f is i en ::e Si :i n is'ed iuniiis n t 
deleriiiin.ini!; i::hariii: t i -Mf i !:i:ii:!> .suniciiii! the ,•;! a i:n:ni!: i( 'r,sil) l is <i , I )  , of i t isn <SIL iisi Ji n i 

lat:i:i:r in s;|)iii:.hsi!:: d).iitribul ion . Thus' , - i r rsMi of .siediinriisni pari:n lis'i! resiiii!i|)is'niied 
l:iy l: h is .local cui n-snl. >:< \t'.i'.l'\ al. s;o ( l i t t e r  . liiiisi-'ii on i:lii- tel.al.n n!:Kip ol: pint t i':.l.<6! 



!> i:: i: and t: u r r is n l: :; peed I II j in 1!; 111: om 19 3 - I ) , s; n d i iiiis'ri t pa r I. n. t: 1is !, ii t Ve I Land 1! 
mi> i i ! iu  r ing IK<•><:> than <i. ii nun, ii : .lea!-I 98,'; o  f thus !:i.u: lac:e s; is dim nut:;; a I -ill 
:> 1. ii l: i on,;; e x c e p  t ! :T I  , could his i: is !• iii; pended I;;1 th is is1:; t iinal ed 0 ,  1 K. ajnrireiril: i ipn'isi 
I :nil: 1988)  , C u r i: is n t ,;;peeds; iii: U is 1.1 and 1  , e s; 1.1 mi! t ed at 0,1! I! i !>];;:;, iWIIEI ) couidi 
p o i e in t i a I 1 y l. nimspoit t pa r I. i t: ill is ii inisiiiiM.it ing les is ; thiiirt 1 .  4 nun, in iii.ru average I!1!;!! 
0 I' ii ill ill :; ii f I a t: e i; K ii i mien t,;;, 'i n ti i: In is i: po t en l ii si 1, ii ill t hi oui|!,;h un l e s; it is t l  , ii i I I'® ire n t: is 
mi,s;bi: bis d i ITerencii!. in oonCsiiiiiniiii] t . l iS'Vi- ' l .s; be i: if IMS n the tv  o 111:1: lurid is , . lie 1:1 si nil 
1 i s ; 11: i: u t <s;d j u s i i  . ii i: vri!; t reaiin l i r t in  n thus PCB ho I s;pirt!i in the licuiihuiineit Rh'er I !il!!i 
I9< : I7 )  , i i h i l  e Vei.liinil '.I h; Local:ml inon:i:' than b Icini fi:oin t h i s  ; s i re i i iln adld)l:ii.on 
f i n  e |! r ii i nedl .siedn. in is in ti; lermi l.o biiuii ii higher si Ii f. i n i t y for i::oni:iiini:iniarnt3 lib.sin 

c. O.SIL r s; e (> i: ii i ned siecli irnisii i t!; lio. ,1 e i: ill ii in ill I t idal, o r  e is II: i; t isi t i on s; e it h11) i t ed a 
higher pi: 13 pot t ion :;i: f i r m s  ' girai ned :;i;ii.i merit.;; c.onparis i l to the si.sinis hual) i I a I on 
We t land i! , !; ugge s; l :i n (> ii ip isia I e r poi:iiin i; ial li:nr t ioni t i i ranr imnt con::enti:iii t ion ,sil 
W e t l a n  d 1 A:; i nd n t: si t is ill in ,'iiec 1.11. o n \l *'< , PCB Lei'el;; 11111:1-' !;:ub s; l. si 1: i»ill il y higher on 
iii rid ,1 roun d W e  t land 1 thnsm Wet lan d i!, 

Ther  e ve r  e niiiikedl d n I: f: is i: is mi: is1:;; in i n I:ii uni» betveen i: id ill i: i : is>eks; on Ii1 is til and,;; 1. 
iind .'•. , D'tiiriuriunt ;;pe:::i. isii on We I Land 1 i i is ' ice .;; i in i I. si r t t : those dominii t:iri|i; the 
inniiiiin low i i i i t isn: :si:ine neiii: thus1 sal.l. insiriiihi .in ]ianipl:on lliii:boi: , Mew Iliiiraipiihi re IN'ili 
1 'J 1:1':>1 . Nan" of the l,a,)tu at Wet,Land 1 Msias: surliace di;posit heedeni and 
hi 1.11:11:1:11.'ing di>pi:iii i t lieedens UTiisi doiiiiiniint ta:<:a 101._i,j|itn;h.;«. liij.jji i '•::!!]!jJiJ-JLli! -'P1 i 
i; i. r is'b I o ;;j[i 11. o in is ned 11:. l i ) ii r is |rene EM L1. i1 t: u H !i .1 lie red i o ii is n ppo r t un 11. s: it 11: , t is: s: i s; i. si n 1: 
i.c po i iul.sini:ii (G i:a.s:.;;Le iintl Gita!;1;;, l.e 1.ill'ii.l i:iiver:!11:y i, 11:; li:iv, ).nd:ka! ive ol: si 
s; 1. r is;;:; (='d en c i r oninis'ii l , si s; is ii t uia.i: i e.;; ge n e i: ii ill ill y .si ire I II b ti :i til !• i s 1 1 a 1.. 1!!'' 1 :11 , The 
s; b i! il I f i ,;;h lisiuinii , loo, us i s ; dispaupeiral e in li'ist.land 1. l: id ill c reeks;, Druily Ivo 
ssp i i i : us1;; veire nspiti-'^enl ed, 

T b e r i - vere l:bn>i: time.;; s i s ; niiiny i nil animal i ip isc iis;;; in i:be i: it iS'isik.s: on II1 is t il and '.. 
l b si n iii t Ue I. II. si nd '1 (Ta b l/e 'i <i I , ',' i t In (i,sn r i::. c u ill an: d i I: lie r e n c iS' is i in pa 1»c hi ae t is>i;; oiind 
b ii n ii ill MS'!; . A11: In i: u |rhi de pass ill: f li'is'dien;; S!l:i 11 pi'iMS'iioiuinal.ed, many ,•! pet: insi 
en::oon t i - ' ce  d sii: ii1 is t land '<• sir is i; uii; ]:iieni,;; i on I: is is ill is 11::; . Resiiusipisndied siediiniisnt!; a  t 
Vei. 1 iimil '.'. ,sure 1 i lnsity t  o be c n i i K i - e  t , ,sind riiinniiii in in s;us;pein!; ion lor a ii hoi: t isi r 
pe r :i:: d o f I ii me 1. hi HI n :;;ed Line n it ii iii t Ue I Land ill 'I'll i.;, ;; i l: u si l: 11 on vou II. d In is 
adi'sintiiireou.'S! l.o f i l t e  r lieedei:!; ii.ii chance1!; foi: clogging fiiltei: appcini'tii!: w i t  h 
Mini!1 piiii: t ic l.e s; ucu ' l  d be det:r i>i ! ! ;ed (!:ianderii I'^iilii;, 

/L g r e ii t is i: va ir i e i: y of mo 1.1. u s; Ik s; (Table 4 . ! )  ) c e e m t i e  d sii. II is l: il and i! l.biin iii t 
Uel 1. ;ind 'I. Ntiisi: i: I: (lie b ii v si 1" is !• occurninj! in tlii,;; hiSilhi tii t at V e 1.1 ii n ill 1; bul 
nn:>l IJ e 1:1 u nd 1 sins f i l l e  r I: e e d is i: !• , aga i in siiiijUMS!; t ing i bsn  t ill i f ferent iei ; in 
111 r b i tl 11: y or Sied i inn is n t t e:>i: I. LI r e ii :E .E ISM: t ed si p e i: i is !• i:.oiinpo s; i it :i 1:1 n . 

The ;;,»e Ciii:<:a doiniinii t lni|i; I id si 1 ci:eek Lsiuna ill: 1/iS't Land 1. usite ,;il. 11:1 ni]iinis'irii::al. 
ilioininani. ii t  n the rnuid huank.s;, !S is MSI: a 1 am phi pi: ill :; ]:w. ie s; it is i: is i:i.l.;;o in ti ti is it i; t *•> I y 
ij bund,-! n i: i n t he m md I: n nk:;:. T b is ii is j; pis;c i e s; ;; is n is i: a 1 1 y b,s i» i  s n ;; t rori|! ii ii ii oc i a I i on 
t . t t l i l be inniiiii: !;,l'i g r si s: ii is i; , e i l b e  r SM; diet ri I. n'ons;; 01: girsti:en; o  f mi c:rotn:|nii.ni:s;in:;; 
ii r:: or i a i e tl v i t h l b e pil i: n t,;: I D si 11; is i: 198 i!). 

!:pi:i:ieii ::cmpO!: i t i :in in Wetland 2 mud banks; iMii:ied I'lraiJ] it hut oil:is;enn;tl D t 
liiitl.iind 1 Like Midiiill c t e e k u  , mini bank.-! on li'iit'land '<.'. e s i i h i b i t e  d b i j; h is i: 
:i i vI- r ;,i i ) '  , pu it t i :: 1.11 ii r .1 y among pti 1y c hae t & s ;  , hi ^ u I vre,;; a nd ii iinph i pen:! s; . Tins' h i gibe r 



p r o p o r t i o  n i: 1: o rg.-i ri i c niiii ( e ir i .ii 1. iinill f i n  e i;rii:iini:'i:l ;;ed:i mun it;; a I HetLimi i" m.Eii' 
o f  f ci: .in tin In <ii in: ed h,iibii:ai( value foi: iietpO!i:i i: Ei-ii'iieri; anil del ri l:iwi:ii;is;!i, over 
lie 1:1 HI mi 1  . In addi i. :i. (in , li'evenil f i l t e  r I! eK A i: 1\- nol p r i; !M- n I on II i; C I ami ! J»M! 
p r ii !> ii ri t Wei. 1 inn:! ,? . 

Mud I: n nl(..:; cm ine i I her ui» C !l and •;'.! |: |: 1:1: : .1 v l de iinnsy of mo 1 1 usk.!! . Iln» doiiiinani: 
l:n niil vii' , Geukiini i ia d e in i \; !• a , i <; iMipi-i: ial l.y a d a p t e d ! t  o fiiii!. tence in urn: near dhu; 
iipa r l: ina alieni I j jxinj mme by ] i : « i m b i l i l  y i.o "u l i  : |;;an<i:" ( Da i be r 1'llil!!). 
'•\ i r •• i! iii p i rijt; i nn:i:ea:i:e!; I: hi! i;> I I I c. i us ncy oil aeri ill in-'i-ipl fill: 11:11 . Th). <\ i, in; (he on]. )  ' 
;:>•!:::. ii :; coll HI: ted1 in !! u f f 1 o I en I niiiiiiriibeiJi, I ci ";il;i; i: omipa r i licmiii ol: :;:. ;:ii 
ii i >; r r :. bu it 1 cm :i f IMI.S 1 b 1. e , I t i > u n 1 :. Ii i> I y I ha \: :; .1 :: e d i I: f K i: i: m: e,i; e i: :. :; t ed i in 
Geuktiiiiii i a po p 111 ] iii t ion.!! on the Ivo in; t .land !; . 

'['In:1 h :i. |i; hi i: i: d i n e r s  - i t  y .;il 11 l i t Hand i! c o  m pa ted I. o li'i; t land 1 !!ij|r|!'i!!i;;l. >:, i: Ii lit (he 
Bu,>, !:ard !; Bay n ii r !• h p iroc :i. d is s; a mcirii cumiuc i VK i - r i v  i ronmniiinii: E o  t tie'ntlhuc liiun,-i 
than i. hi; /^cu.iihne t l«. i'L'eir s i i t i i  . A.i: i n il 1 1: ;• ( i»d in tin-' resaili:!; i-u'dion inrii:! 
i: i: (iced i n$ ii i .•; ::u,!,;,!i :i on , ;;«! v u i: al cliar a i: 1 111: I !•> ( i ::.:; t; u in. t :r ilbu I, iu i: i; 1 1'iniij.iie tl i i t& ten c, an . 
In; t land i! is :< Ii i b :i it i; ill i; g insi -i t in: '< ' i 3 i r i e< : )  ' i>'E sutisii. riitis'i! Ian i!!i>:iiili!'rn::ed in intijiin 
in;; I-' ,'.;i!. n i:;; I Ih.iin li'U'it land 1 Thi;; [) r i: ».i IMI:.;; g r K ii 1: inr Ofiptiritiiin i I lei; 1:1:1: !• pec i in >.; 
uhin:]i an; !• iS'd i inirn 1: •• ii pt-'t i I:i i: FlilB-! -irii c on:!: i de r ii 1: 1 y lowe r n i: We i L-imd !! . 
iJetland i'. i!> .siutijttc't to .si nmijej: current!! and IIIIOIM? wave i-i«:i::!on. 

d !:i . I! l̂ lll.!!!;!!!]1!:-:....!1:.! .....i!..!....:!1!.!....:!1!.! .....'i....!!!!!!...!:1! 

Tl'l!! (|U.il 1 I iltlM:' .:llrl(l llf 1.1 111.11 t 1 I .-1 1: 1 » I: !:ljn'«S'!i C Dl'ldll :: I. Iii (I Ol'l the I!i:il!illl1li!l lll'M-i: jixll. I 

iii.ii r \- I'll-'!: .it rid Ii i:1 1 Land i! I ii Bu i: ;: ;i r til ' :•. B.-i i1 [: r i>v i i:h-' ,;i •i; ;i n:; I o r n <•> i; i:':;;:;: i ng 
e. t: :i 1 15 |r i i:.a 1 » in 1 uii' o I: t Ii !:•!• i-1 V<K 1. 1 ii null ;• , P ii r t D f I he K i: u !l DI;; i c.-i 1 » iii '.[ uii! o I: II ii 1 1 and,:: 
1 ii n ii / de r i " i- :; I iron i: liii> .ii r<i!!.ii 1 i> ;< t I-TII I o I: t l'i ii':- ii> in<ii r i; h !:•:; . I! n ii ill dl i ( i on , IM: t hi 
i ncluiilii' ,:i vii i: :i ii> ( ],r ol: i in t ii' r I i d.ii 1 Imibi lal-;; i, Ividi ::on i: r i bu t e r  o i:liii' po i: n n ': :i i! :i 
pi r ;i. n ii r y and ii i> i: ond.:i ir y ( Ji nve r I K Ib r ii t u> I p rod in i: t i oi'i . II !i I nd i c:.ii i: i> dl I n «s,iii r 1 1 is i: 
.•,ec:i::i. 1:11;; , ii{ini: o  f I he b io.l og i t: -i 1 ill I 1 1 e r i» ni: i: ;; in I he i; i :e;;: inouL: l:»;i ,;i ii ;: r i hmi'ij 
to phy i i ka l  . di f 1 1:' rein t: (i !i in the ss i ' t i i i  : • ® , \ \ , 'local ion in or out ol I he 

1I-',;: I ij.ii i'!' , ii!X(io!:i]i:i:' lo hiijh ii'i'Mi! i ,;;;;1 liiv/ i ronnent , and i:hni> !• i-'ii i men i: H i: y i-nrn'i. ronitiiii'iiil . 

Tlni* :;:.;:ii ol l.lhe iiii;..:-,;;:i iind abiLtnuiiincii' and >:l: HIM':; i ly ol: fiinina i::i:ii]ll>ii)ne h:; i ndiciii hi" 
i: li.i l U ii t !l and i! hi: !• I he p n t uii t i <EI II. Ii i: r c on I r :i. Is u C i ri|i; .ii h i |rh I ii"ir«i!s 1 u:E ;• nitcond ii ry 
|:i'j:odu::i:ion lo i:lii- ii'co!!y!!i:i;in. Al. 1:lin]U|rli d i VK r i; i t y i :; |; r ii ii t I y riiiducii'ii a I iiliiii:liiirn:l 
1 , dn.i E! i: c !:iii>d i ni! n t clna r it c i: i; :: i :•: I i c: i; i: on I .;ini :. n ;i n t :; .iind i: in i: :: i-'in I r (! \\ :i mi:' , I :\>->. :; :. :: ii 
i" i! !• pe t: i ii 1 1 y 1. 1 nii ii i: d i i! I. n n c i- o i! in.-i r is In •• open uii 1: ii r i n I e r Ii ii i: ii I and ii I ii 'ra t ««i:l 
;i I:i. ncl.ii/i :: i:i; ol' .ii ::IM.' (.-uca !;i;|!|n!',;: I i:b;r: in'/erl libru te p r  o dun: it ion on '.\'.\:\, vel. liiiiill 
:: c u 1 d in.ii I; i> ;•. ••• LI b >:, t ii n t i a 1. c :: in C :i: i tin I. :. n n t o I he :; ;; :; t em . 

il !• L !l and !i 'i und ii iirii bolh iiinriiii.il I ' r j n||:iri|i' mariihii:!; a.ii iioci ji i:i:'i:l v l i :  h 'Miry ;iol:i. mud 
f 1 ii i: :; , El i b bed nui s; <:, i; !1 !• .n r K p r om i mm I. :E i- a t u ire ii c :E bo I h s: 1 1: ii1!; . lil e i: ] in mi ii 
n l! f i: ,r ii'd ;t i; r i->a t e r » i > ] : i e i  y of iriic.toih.iilii t  u (.;; ldetin:mini!! V.y j r i raln iiiiiii I tha n 
iJe'ilii.nd it, iiiiii ::oii!!iiiii|Ui:!nl ly jsupporl (id a |,r rea l. (i r vai:iel:s' w f ijiiiiel1. 1 fish, No 
:;hi!.l 1 1 i ;;h !;|:MM: iei! in 1:1- obiienni'd on II (it In mi Ii i:lnii: w e r e n '  t iiiUio 
•Id .L HI mi.-! ] iiricl 



Wei. lei rid 'i is Loca ted on a grave;! biMich. ALl :h()U(; i i i i: i bbed iini,!;!!el!i and 
peril/in Ides vert! abundant , l:he JJKIMM?! subs lira I:e :i!i not especial ly conducl:).\n\ 
I'o i1 ben i: h k. i.nliaunii , Coup Led u it Hi :i::;: sinal.ll. ;;:. ;:i: the blolLoji i j i i nil and physii c a ! 
i::harai: ti»r i s I. i. c : s i of th i is si l :e |> r o " i ill i? 1 i M. l.e 1: !!ii:l :i i:.|r habil:al: f o i lilieiiiersaL I::. !iii 
and lit t i le Li. keliliooiil ol: expon: «:E pi: imairy and !i«M:ondary prod in t ion. 

'•Iceland 3 exihiljitiiil i-txt reiuieI.y low .inviiirlehraidi! picoiiucl ion and visry Low 
i:lii»is;i::;:i t  y ol: s;hi; 11:1: i:;;li i;:onpai:i>d! to Wei Lands; 1 aniil 2  . Al. i ihouijh (liis inar!;lh is 
L a r d m  ,  i t lions!!; no t provi.de jjoodl ii?eding Irialtitiii: ior specie!; feeding on bentb i i 
mar :i.ne i riverl:ebi: ii t es . 
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F ' ! : ;  h |K: | :IJ hi t i o n < ; ,n'.vc !• amp led HI inn d i M J i n m e i : l i l t 1 ••!!(] J u l  y I a t s i i i t 
•;al. 1 m i l l  . !• he.;:  i n i l h i : / ' c u i i h n e l E ! : i " i i  r l i i - t u a t  y ; ; l L i d j  ' a r i - i i ( V e l L a i n d ! ; I I , '.I, ) , 
'•> , !) a rid 9 i I" i |i; u i- i; 1 ••1! ) . :!,aiip 1 1 ii(! u ;• :; cond n :: I (i d i, 1 1 !i bea t: h ii i; :i nei; and 

i i i ; r m r i  , t ' : . : . ic i : :  i n 1 .u l i i l c i r e e K ; ; i i n d ii!lon|i, t h e 6 ' d p s . i i i : ' E the s;al. i m!i i : !-he!:  in 
• i r t l c r to del e run in <; the k i n d i i and M; li-i t i v<e ru imn «?]•!•: of i i s h e  s in i: i 'I i ;; i ng 
i h f ! ;; is 1 1 ma r ;: h b a  b i t i i t , and i. n i: h t ii 1 n ,;:|:iec:i n i i f i n i ; 1:1: be anal. i ' i i e  d E D I : gui 
;- n n r i: n t :? and i i n r concern r -it: i n n i; of I'CB;; i i n d h i t i i vy metal.!1;. 

" ;j mini : r e ia l . l j » ii  < - ii '.\ ab 1 e i n n n n r i  . rc i - ip . i i |1 i ' t \ - i n c l me: ;h; v e r e b a i t e  d and s i i i l n  t 
l !n ;m t h r e e 1:i: "une ! : i l i i ! ! i i i ' : i s u c  h o l I l'ie s : : i i ! i:..; t :: I'M:' ;; i •. i : i : i : i i ' l o l !!'» s; i: » t i on:1 i 
l : i j ! i j c e i  . : i-]l . i:h'ou|!;h : i - - i b ) li.iin:l 'i t i a c i u n s i ;;IM: f o  e i v o ; : : ) r i ! i i - c u t iv« i. u l i i l i : y i : l e  . 
1. 1: r i-i I o I. -i 1 t: :E app t o K 1 111 a i: a ill y '.I t Inon r ii , 

K a;; condui: I eci w i t  h I,' II- int: l ' i m«!>li lx?ai:h 5!eine!i i » ' i t  h 
c ' / ( = t all cl i tin I- n ;• i on •; o l : !:() by i:> I eel or !!!: h> 4 I eel  l :n jm t i n rue t i : i : l | i ; h t 
p f i i m  p haul!; vi?r(? i - i k e n n t f i v  e ol: l:hi! inx mar1!1; her;, riii: pending on tin? 
( V - e r a l 1 . !s:u!i; o f e-i::h m i i K i i h  . i le i mi. n|| u i t e i  - v l i h i  n i - i i c  h i i ia ru l i \IKYK 
cl i .; I r i b u i: c. ill ;i t ire p r K :; i; n t is t i Ye 1. o :: :i i: :i i; n !• ( F' i gu r e s: I: •• II , !:> • ?. , '.) •• !1 , !ii •• !'!' , and 
! i i - n )  . h l i t hud ol ' cl (i[:1 1: y ini- ' i i t .-ind c lnnc i : o l ne l i i i i i i ; ^i-u: led d e p i i i n i l hi|i; on 
[ I n : 1 c : o n > i : i : i s in I •; o l : t i n - i md i / i d u a 1 i : i l e o l .-i h a i j l C l i - tner - i l l ! ' , the l.a rj;i; K r 
nal ./a,;,; ui-iiid alon^ tin;, edge ol: a raiiits-h '.fl'ieri thi-n,! wa.,i, a J j u f f it ient. l.y 
v i d t  ! a i i - i j t o v :n 'k i n  , 'ITie >;ni n 1 1 1: r net vas; u i j i i i l  i n re i: I r 1 1: i: i- ill  in l e  i >.; a n i l 
l i d a !  . i. reek.!;, iin v e t  y .Kinall HI:«II!-:  in '-forae CHKI : ! - : the i l i i - f c o t se ine H H  K 
:; h o r i. i -ned by r o l  l iri | r pan. ol: i t up on I. he: p c i i  - a i t one end The i . i!ai i i l 
niei ' : lh! '( : of" d e p l o y i m - n  t var. t:o i l i r ld l one end a1: the .shore; u h i l e the o t: h i? i: 
en: l L ;::; l - i au lcd i : u t I ronn i ; t i : : i ' i : IUM:. I hen a muni:! in ,iin an: l>i in : l ( . t  o i : h i > 
: ; i : : : : - i ; . In i i o i r n i ; cai-ie.i; -i !. ;n:|Mi:: iiirei-i i i i - i i i i i innip. led by b a u l i n i i ; bo I.In !!1:1:1; in 
;i p s s i r a l l .i»l d 1 1: ii c t i on T o  r < ; i M n i > d  i • ; ! an : : e i b i - i o i e h a u l i n s j the nel t i p u n t  o l ine 
' i i h rn ; . Tl ' i is: i - i l l o r ! v - i s ; d :i. i: ii c t i-sd , - t l  > ; :i IT|j :i n |i a /.-i r :i e; '• \> o f loc.:ii. i i i n i i iii:; 
(,:f iec 1 1 i 'i»l j) a.,;- po.ii ,•; i. b 1 « i: a. t hie t Unaii main ta in ing a, r i n I d l,y uni |:I,;I,MI 

( • « : e a : h i i i i i n i - ot i m  p !>amp I e w a s : ::i:llec t ed , ! be i u -h '.'ere :i. d i i  n t i f led ;md 
c o u i n i e d i n the I I E : ] , d Up to ISO ;; \: i- c i miiin.;; per s s p i i 1 : ie.-: h r o n i ( i n c  h I ? - h o u  r Ui - ip 
i i i - i i n p l  e and 1)1) .;:pe;::i. i r r i i i r i i : per <; p e:: 11;;; f ' t o  m ea: :b ':•(-. MK; h a u l u i i i : i i p re <;e r » i  > d in 
I 'o rni a L i  n isncl t e I u r n ii d :o the '. i i l :n: i ! t o r y l o  r '.. i - n j ! :h and u ii i |rh t n i e a s i u r i i i r a i i i r i t : ; . 
L e n g i  b i . i i i ; mea •; LI r s: d i:.:; t o t a l  , l e n g t  h t  o I be ni:in:e::. ' m i l l l i m i - t e r  , u e i j; h t i-i.:; '.'el 

r^ . ( i ' i j ; ; b i t c t in-! n e - i r i i ! : L C l . I g r ;i tin 

id o i i i s i i:li c on I e ril!; i H i t e an,ii]l. j ' i i i i d l f o  r i h e lid: Ii (;•;,• ;;pe:::i. (!!• , miiiiiin i t: b t: n (IF'unclii 11| '.'< 
h i E ' i e r c c 1 i tu.'-i) a n d v i n h e s r lllouiriclniit ( PS'eitidpp.lii 'ijirone'i:.leii i i imer i t icinu;; I . A l o l t i  l c 'E 
i en t u i  l . ; : i " i i i inacl i ! ; were e i i i i n i r i ed I o r ' e ; i i : i n i -pec ie : ; , i ipec imei r i i ! ; i i E inui i i i i i i i ::ho|;!; ' E c i : 
c ; u l con ten l. si a n ».!>•;; i •; n e i : i i !• ii I (»c I ed Ii 1:13 in iii n u m b e r i:i cl i I I . e r i i i n t !• amp l.e :i 1:1: 
p r H v i cl ii' re p r i: !i i- n t ,11 i >'e s; i; f :• eve ira 1 d i :E :E ii i I-TI t 1 o i: a 11 on:; arid ;; i i! ii ' i ; . I!' o r ii i n t ei 
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TABLE .5..6,, ANALYSIS OF GUT CONTENTS OF FUWDULU5 HETEROCLITLIS IN

THE ACUSHMET RJVER ESTUAJR1 AMD BUZZABD'S BAY SALT

MASHES. MEW BEDFORD WETLANDS STUDY.


SPEC: MEW PREY COUNT PREY SPECIES BIOMASS ( grains ) 

Palaemoner.es pugio 0..04 
4 Eggs (anchovy) <0.01 

2 i 
L 

Hi at el la sp. 
Gemma gemma 

0.08 

J Nematoda < 0 . 0  l 
I Fimdiulus sp. 0.11 
L Tuurbellaria <() , , ( ) L 

,3 L P'alaemonetes sp,, 0 .0? 
L Molgula sp. < 0 . 0 l 

,'4 1 Fundulus sp. 0.21 
7 My a arenarla 0.21. 
P Seed pod. ; plan 1: oa ': er i al 

5 1 
1. Decapodla ( crab) 
P Plain: material 0.14 

6 P Plam: material 0.02 

7 L Pala«on«tes sp. 0.03 

8 13 My,EI a::pi:!i:ii-L:ri.i:L 0.25 
1 Hyde obi a to t t en i 

9 1 Palaemonetes sp., 0.02 

10 1. Car idea 0.01 

P == present: In gut (inon.quantifla'bl«)


-99




F sieud'O p.[ euronec t e>si atmer | ^EJIIUs 

Analysis ci. the contents of the guts we ME- performed on ten fish collected in th

Nev Bedford Harbor area (Table i).'') A l l the fish analyzed wen? between 50

and 60 mm in length and were caught on the beach at Vet land 'i (Eu;s;;arc!s Bay I

A 1.1 ten stomachs eieamined contained food.


Only tvo groups oE invertebrates were found frequently in the guts oE these

f i sh I'-opods and polychaetes . I sopods the most numerous , comprised 6].3g of

the t o t a  l number <:>.E organisms, but only accounted for 2III of the tota.l biomass.

Pol venae tes, which accounted for only :>]..!)'! o.! the total number of organism.;;,

made .ip the greater portion of the biomass at ''31. The cn.lv other prey catiggor

present .in these ten stomachs was ainphipods, accounting for 'i. 3!t oi! the total

number and (:!! of t h  e biomass.


:i.:j DISCUSsiow 

!).!!.][ Characte'riical iom of Sa.l Imarii ih I9':isiki 

Spe::it!<i composi I : :LOIH f o  r t. he ricushne.1 ] E t ] . v i > i : e i i tuary is c cmipa ra b 1e i to tha i uri 
o t h e r H S t u a i c i i E - s in Che general ai:ea ( C u r ley (?t al . 1971, 1974; N i x o n and O v i a f  t 
L 9 / : i )  . D i E E e renc e s in coinpo<;ii::ion can he a t t i : ibuied to the igxient olE sampLurig. 
In the n t  h in: e s t u a r i e s , samphis wi>>i :e takeiri tlnroughout t h e year, uh i l i ; ;• amp 1. i :ri,:; 
f o  r t h i  s s tudy was t :om.Eined to r w  o days a I the end of J u l y  . Ho re species are 
c: a u g h  t w i t  . h year • round sampl ing he cause of ca r ious species o E m i g r a t i n g ,E Ish 
» / h : i t : h arm's; at d i f f e r e n  t t nixes of the year. T h e dominant spec ie.s :.n the 
A c u s h n e  t R i v e  r e s tuary I ' M l e n i i_d i & aeni cha , Funclu L us he t eroc L 1 1 u s , and 
Fundu lu ' i majhEiLis ) were Ei lso ijlominani in tine o the r es tuar ies of sou th 
eas i s i rn M a s s a c h u s e t t s . These species are characfenst ic of the shore z:one and 
can he ex pec ted to c o m p r i s e a .laicge p o r t i o n of an)' I j i j i i c h seine 01: minnow I. rap 
c a t c h . M_ merudjij „ the most abundant species col. Let: t ed , accountet i .for 76.81! 
c  E the i .oiaL cai eh in the Aeuahnet River estuary. This peiccent UEI..S s imi la r 1.0 
t h a  t ME; per ted by Cur ley et al . (I1!1'?  A ) for the Taunt on Rive i : and M o u n  t Hope Ela)' 
e s tua ry w h e r  e {'[<Rn.KJ.iji made up bb (;!! of the to ta .1 catch. !-.ii.n f o rd E t: o 1 op I c.a 1 
Service.:, (1. [ ! f3 ' ' ) l i s t e  d ei|;;ht l:i.sh species c:oimoo.ly found in the Acu.sh.met R ive r 
e s t u a r y . T h o s e species <<rere rare or absent in i t b i s wet la rnis s t udy he cause 
t h e y ate demersa l .species l i k e l y to be found :>:n tbe bo t l o n g 'in the deep<ei: 
chann«>.l areas r a t h e r than .in the s!h,allov shorelin<e and marsh ai:eas. 

The f c j u  r dlom i nan t species in the beach seines ( Menijdj! a meirn.id^ii , j:iunduj.u s 
he terqcl i cus , riiiridu.lus jjiajalis, and Alosa saj:iicti. ssiDna ) vere c a u t g h t at all 
bFrr-tn^dirTtTiblirTTirr" ;i;h'fs"Ts consiJt'eTt i!Tnr'i:icli"ig"h' s ( 1967) class!  f i eai:: i(ini, 
of. E i . E i h e s based on t h e i r estu.ar . inie digpendence: the f n : s t t h r e  e specie.s are 
cons ide red to be genei:a.l e s t U i E i r i m e residents , whi le f i losa s<:i£i. cliss [ma is an 
E i n a d r o m o u s spec ies ( o n  e vhich passes th rough the ie.sl:u,ary to reach i! i: eslwa t e r 
spaianng a r e a s )  . JtELLElii! !!!!::!1L:!.!:.I! ilii!; ''""" 1110!;1: "^"-""'dan t spec ies in beach 
s e i n e s at each o E t i p ie"f ive vet Lands sampled. I'̂ nid.!.:-! '^'ntei: the shiallovs' and 
t i d a  l creelcs of the u p p e r es tuary 1.0 feed and breed. The length 



T A B L E 5.7. fl.MLYS:iS OF GUT CONTENTS OF PSEUDOPLE1JRONECTES AMERICAN'S 
IN THE ACUSHNET RIVER ESTUAR! AND BUZZARDS BAY SALT 
MflJlSHES. NEW BEDFORD WETLANDS STUDY. 

S P E C I M E  N P'REY COUNT PREY SPECIES BIEJM1ASS (grams) 

]. P Pol ychae l:a i:i: a (f men t s 0 . 02 
2 Edotea t. ri. loba < 0.01 

2 1 Sp:io setosa 
2 Polydora liirni 0.01 
P Mere is s p  . i: i: aifmen t s 

3 2 Edotea t r i l oba < O . O  I 
2 Mere i s s p . 0.10 
P Plant mate r ia l <0.01 

it 1 Polydora liyin 0.01 
1 Edotea t r i loba <0.01 

5 4 Polydora liynd 0.01 
1 Edotea t r i loba <0.01 

b 2 Polydora l iyni <0.01 
'I Gamma rus inuicronia t:u.Ei 0.01 

7 P Mere i. ,s sp . fragments 0 .02 
'I Polydora liy,n.i" 

12 Edotea t i r i loba 0.06 
1 1. so po«la 

Ei IF' Po Ly clhae t a :i ragmen t s C O . O l 
3 Edo tea ': r:i '.loba <o.o: 
! I so poda 
1. Claua i: ui:; inijii:::roiria t u ;; 0 , 01 

9 5 Edotea i t r i loba 0 , 01 
1. Nereis; succLnea 0 „ 0'^ 

10 2 Edotea triloba <0.01 
1. P o l y d o r a ligni. <».o. 

P :: Present in the gut (nonquain t i i: i able) 



TABLE 5.8. CATCH PER UNIT EFFORT FOR FISH CAUGHT BY MINNOW TRAPS,

28-30 JULY 1987. MEW BEDFORD WETLANDS STUDY. (Average

catch per trap by species and wetland..)


WETLAND F. HETEROCLITUS F. MAJALIS M.. MENIDIA fl,,. SAPID! SSI HA


1. 104 <1 <1 0 

2 68 1.0 <1 0 

3 34 0 <1 0 

4 140 o o <:i 

!J 62 0 <1 0 

9 86 9 O 0 



f r e q u e n c y d i s t r i b u t i o  n o t Menicha a t W e t l a n d 2 ( F i g u r e : > - 7 ) e i ( h . i b i t e d a 
b i moda l p a t t e r n i n d . i c a t i ng ihe p r e sence o f two d i s t i n c  t . s ize groups . 
We I l a n d 9 in t h e m i d d l e e s tua r j ' also had f i s  h of the larger si K B group, 
but t h e s e were o n l y i i s o l a t e d i n d i v i d u a l s and t h e r e were not enough da ta 
( t o r n 1) e t .I and 9 f o r a v a l i d compar i son w i t  h t h e o t h e r area.s. In the 
upper es tuary ( W e t l a n d s 1 , 3, !i) the .larger si::e g roup va.s not present . 
T h i s m i g h t b e i n d i c a t i v e o f o n e o f t w o t h i n g s : e i t h e r t h e L a r g e r f i s  h 
had a l r e a d y spawned and moved out o f the upper e s t u a r y , o t they had not 
> e t m o w e d i n t o t h e es tuary t o s p a w n 

Pe cc en 1 c oiripos i 1 1 on o f F_. he t e r o c1 1 t u s was h i $ he r a t I<r(? 1 1 and 1 t han & t an y 
o t h e r w e t l a n d and e x h i b i t e d " .a~ig¥neTaI~(iec rease B l o w i n g down t h e e s tua ry t o w a r d 
a m a r i n e e n v i r o n m e n t This m i g h t i n d i c a t  e a p r e f e r e n c e of F . he tercel. i j u s 1 .0 
a more b r a c k i s h e n v i r o n m e n t . As w a s the case w i t  h Men id i a the l e n g t h 
f r e q u e n c i e s o t ][_._ IhejrejrcicJJjjas c a u g h t w i t  h beach seine!- e x h i b i t e d a bi modal 
d i s t r i b u t i o  n ( F i g u r e 5-J3 ) i nd ica t ing t h e presence o f t w o d i s t i n c  t s i z e g r o u p s 
However u n 1.1 lie MejTjjha^ both s i z  e g r o u p s we re p r e s e n t at all. we t l ands , not. 
j u s t one or t w o . P e r c e n t c o m p o s i t i o n o E F . raa ja jLis was h ighes t a  t W e t La rid '.I 
a n d decreased w i t  h i n c r e a s i n g d i s t a n c e u p i h e e s t u a r y , i n d i c a t i n g a p o s s i b l e 
p r e f e r e n c e for a m o r e m a r i n e e n v i r o n m e n t . A 1. t h o u g h on ly a few specimens of 
' larger f i s h were c a u g h t , there a re a lso i n d i c a t i o n s o f a bi.m o d a l d i s t r i b u t i o n 
in the L e n g t h f r e q u e n c i e s of [ ' . in a ;i a l l s ( F i g u r e ! : • • ' » ) . A L q s E t sap id i i s s^ ina and 

M u j j f i l ce j jhal j j s , borh m i g r a t o r y s p e c i e s , appeared to be more abundant in the 
upper e s t u a r y ( W e t Lands '\ , :l, : > ) . T h e s e t w o spec ies u t i l i z  e e s t u a r i e s d u r ' i n g 
s p a w n i n g on g r a t ions or as nursery a r e a s , in t h i s case the L a t t e r i s L i k e l y 
based on the si.se of the f i s h caugh t Length r a n g e s f o  r these two species 
(Table ! > . < » ) i n d i c a t e t h a t these specimens vere a l l young-of- t he-year . Ajjjsl_t£8 
y u a d r a c i i s was r e s t r i c t e d a.lmo,st e n t i r e l y t o Vet. l a n d I  , w i t  h o n l y th ree 
spec imens caught at De t l and ? . (L gjjjjjhacus has a lso been categ'ori 'Eed as an 

!;'E!;:!:i!^!: i:! vaE: ' - n u n t 'e s t u a r i n e r e s i d e n t . fE'JEi!1!0.!!!! s  on ly at H e t lands 1. and 2  , 
o c c u r r i n g in comparab l e numbers in those ivo a r e a s . T h i s species, a lop 
p r e d a t o r , u s u a l l y en te r s e s t u a r i e s in p u r s u i t o f m i g r a t o r y p l a n k t ivo res such 
as A. s ap id i s s ima and M  . c jsglna Lu s . Cari inx lfii.£jjos and Ps<eudt)|]!l eujrpjiect.es 

Pi: i"iari M'!! ™!LL! !::;E!UJ: »  m a r i n e s p e c i e s , were o n L w caught along the shore of 
' la y (We ( L a n d 2 )  . 

T h e r e were only f o u r species of f i s h caught w i t h m i n n o w t r a p s in the A c us line t 
R -L v (? ir e s t: u a iry ( Tab L e 15 3 ) . 0 f t h e s e s pe c i e s o n 1 y t wo , [_._ hjejjsjc^cjjj^is a nd F_._ 
J i a j a l i s , w e r e caught in any c o n c e n t r a t i o n s . T h e o t h e r t w o  , H . meirddjijj and A_._ 

ssiiina , s w i m and feed in the m i d d l e to u p p e r areas of the w a t e r column. 
f f i 'e i r p resence in t h e minnow t r a p s , which we re s e t on t he h o t torn s e d i m e n t , i  s 
probably o n l y a chance occur rence As was the case in the beach seines, F_._ 
h e t e r p c L i . t u s was p r e s e n t a t a L L wet lands and was more a b u n d a n t in the e s tua ry 
i:¥i!"ir ai" ireTl and ? i n Bustards Bay Length f r e q u e n c i e s f r o m minnow t raps showed 
a b i modal, d i s t r i b u t i o n  , though less d i s t i n c t l  y than in the beach seine da t a 
I A p p e n d i > : I able 10). 1: . ma jaLis u a s caught, at only t h r e e w e t l a n d s (1, 2, and 
:  w e t l a n d i  the  m i d d l e e s t u a r i e s each and the  'in Buzzards ) I , one n  upper and  one
B a y  . The number of spec i men.s increased m o v i n g c loser to the open coast . s i m i L a r 
to observa t ions in the beach s e i n e c o l l e c t i o n s . 
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Areas of hig-h PCS and heavy me till concent ran. on were iden t i f i ed by S a n f o r d 
i i co log i sal Services (11W) in t.he uppei: Acushnt't lUver e s t u a r y vhere 'Met lands 
3 and !> Eire located. They reported hig'h concentrations not o n l y in l.he 
;> e d .i men I. s h u  t also in the w a t e r c o l u m n , pr i m a r i ly bound to p a r t i c i p a t e m a t t e r . 
]"h( j average number of Fujiidji.jjjs ][!£!:«'.!;."<: -[.I EH1-' caught by minnow t r a p s d i d not 
d i f f e : : . s u b s t a n t i a l . Ly among the .six" uecliuitis (Table 5 . B )  , showing t h a t 
::offipai:abl.e c o n c e n t r a t i o n s of t h i  s species are p re sent .in sui t ab le h a b i t a t 
I h rouig t iou t t he estuary r eg a nil ess of. l eve l o f contaa ina t ion i.:i the s ed i men I. s. 
The hi (flier I he c o n t a m i n a t i o n .in a we I. L a n d  , the greater Che toi .al amoun t of 
c o i r i t a m n n a t ion is l:il(.el.y to be .in the f i s h biomas.E; i.:n tha t area. 
he l e roc l i tu.s w o u l d come i n to c o n t a c t w i t  h c o n t a m i n a n t s a s s oc i a I ed w i t  h 
paV t i eli 1a t e m a t t e  r .in the w a t e r column as w e l l as l.he sediment.,;; s i n c e they 
tend l.o bun: row i.n the s o f  t mud to over-wj. r i t e r (Chides t e c H M O ) . F. 

al-so 1:en'l t o 5ta)' ln ' tn<?
. . .  same gi^era.! area throughout" the year, 

m o v i n g v e r y l i t t l  e H i t h . i n an e s t u a r y (Lot r i c h :19'?5). FjimhLkiJs inalialijs would 
e x h i b i  t i. hi! same geirxeriil behavior as F. hie te roc 11 tu s , bui: F . majaLi. s is a 
smal ler component of the .! ish fauna :in the areas o;E h igh c o n t a m i n a t i o n , The 
p i L i i n k t o n t:e>e<dini!' species Hjsn id i a ^'[i'nidia and <(|losu sa^iidissiu mighf come i n t  o 
c o n t a c t v i t . h the con (.ami [Hunts Bound tc the p a r t i c u l a t e m a t t e r in the w a t e r 
column e i t h e r through ingest .ion or physica.1 coin t a c t  . 

':» .').!! : 'c)d Cha i ni 

The d ie t of £™dulus he_^£ro£Hjtus_ in the Acushnet Rivei: estuary consist.!: of 
( 1 ) bent h i e organisms vhicli l i ve e i t h e  r on 01: i n the b o t t o m E i e d i m e n t , ( Z ) 
dec.apod.s Ei.nd o drier crustaceaiiji d'hich can l ive on tine b o t t o m or in the water 
column, Eind (3] plan.': mate r ia l which is e i ther at tached to the b o t t o m or i,s 
f r e e f loa t ing ' . Comparison of the d i e t s befween E ' i sh caug'ht in line A^cushnet 
estuary arid o t h e r estuarJes shows l l t t L  e or no var ia t ion in the c o m p o s i t i o n of 
t h e i i c d i e t s , , There is a d l I: lie pence however, in the p e r c e n t occur nence o! 
car ious g roups in their d i e t s . _Fj]ndjjLlu» liej^ocjljhjjs usual ly consume prey 
i t e m s in p r o p o r t i o n to t h e i x occur re nice in the 'environment (Fraser 1 5 ) 7 3 ) . 
C o n c e n t r a t i o n s o:E FCBs in the (.issues o:E F. he t erocl i I us »ere appro R innately 
four t imes higher in the middle estuary ( We t. Laifi d " Ti" Ti wi t h e y veins in the :E ish 
caught a  t Bu.i:i:.ards Bay (''He t land 2 }  . The upper estuary (Wet l iund l !:i) had 
c o n c e n t r a t i o n s approximately l!:lve times higher thajn the midd le estuary. There 
vas a p p r o i c i m a t e l y twenty tines as much PCB contain mat ion in the E ' i sh f r o m the 
upper estuary compared Co the f i sh f r o m Binzards Bay . Concentrat ions of two 
heavy me ta l s ( coppe r and Lead) f rom the f i s h in the upper es tuary were h i g h e r 
than the concentra t ions in f i s h f rom ]Elui:::ardi!- Bay. F. hej^^clijtus , because 
of i t  s d ie t p re fe rences , , would be susceptible to E'C'E! and heavy neta.1 
c:o nit ami na t ion ! roin p rey l iv ing in or on the c o n t a m i n a t e d s e d i m e n t s . 
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The diet: oi: PseudpjpLsurojnecte.s amer:i cianus consists of: organisms which live

either in or on the bottom sediments. All of 'the fish analysed however,, were

caught at: Buzsanis Bay (Wetland 2) which presumably has little or no

contamination. Analysis oi: tissue from P., afnericanus liron Zetland 2 showed

much lover concentrations oi: copper, lead, and zinc than the concent rat ions

Hound in F. heterpclitus i:roim the upper ('Hetland !1 ) and middle {Wetland 4)

estuary. Concentrations from P. airiericairnis and F. heteroclitus caught at

Wetland 2 were almost identical. As previously mentioned' P'CB concentrations

for F,, heterocli tus at Wetland 2. veins 51 oi! the concentrations found in fish

from Zetland L. Analysis oi: tissue from P. americajius caught at Wetland 2

showed roughly half the concentration ol: PCBs in if. heterocli tus caught at the

same wetland. If the high levels of PCBs and metals in j;.iinduius in the

upper estuary are a result of its diet, then Psisudopleuroniectes would

also be expected to contain higher contaminant levels than in the Irish

sampled from Bustards Bay.
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6.0 VEGETATION


6. 1 WETLAND ¥EGETATION i^BAMCTERIMTION


6. I,, 1 Desc£ljgj:jU>nj9:Ej3oi|uiunil:j Ty;|>es


The commuiri ry-types defined .and delineated Cor the1 cover maps of Line project

area wetlands primarily ret'Led: the hydro Logic regime and vegetative species

composition which dominate within each wet.Land. l\.s outlined in Table 6.1,, the

i nitial classification relates to the water regime o:E the wetland as defined by

Coward in e't al. (1979). AIL 'wetland portions oil the study area, are considered

t i da 1., wi th d i.s t i n t: t io ns made a s f. o 11o ws :


-- irregularly exposed (Land surface is exposed by tides less oil ten

t nan da ily'),


- regularly Hooded ('tidal water alternately floods and exposes the

surface at least oirice daily); or


- irregularly flooded (tidal water f Loads the land surface Less o lit en

than daily).,


The dominant vegetative species within the regularly flooded and irregularly

flooded ;:ones have been delineated. Contiguous seasonalLy-flooded freshwater

vet Land h,a.bitats have also been delineated. Elrief descriptions of: the

various community-types delineated on the cover maps and Listed :in Table 6.1 are

provided below:


6.1. L. 1 IrregiLila i: ly Exposed lEIabi t ats:


These are areas where the land is exposed by tides less often than daily,, and

include Tidal Water (TO), which is represented by tidal creeks and some (larger)

mosquito ditches, Bocky Beaches (.RJJ), and mud flats (MF) which lie be Low mean low

water (ML'U') . The U« !>.,G. S. topographic maps were frequently used to supplement

the delineation of mudflats, .since they designate such areas; for the most part,

however, the delineations were based upon tonal pattern.!; on the photographs

which appeared to differentiate deepwater areas from irregularly exposed

hahi tat.


6,1.1.2 Regular ly Flooded lEIa b i tat s:


Areas delineated within this zone are excLusively dominated by SjpjarjJLjw

a/l tern if lor a (saltwater cordgrass), and comprise the traditional "low salt

iiniarsh™"oil i;h® northeast coast. These areas are delineated as ""SAT" on the cover

maps, distinguishing the tall form of S. (aJJ|j{j:nijQojrja (> 1m) from less

frequently flooded shorter forms., Soils within the Low marshes of the project

area typically consist of highly decomposed (sapric) organic soils formed from

the remains of precious salt: marsh vegetation and mineral alluvial sediment.

Less sheltered areas often have more of a mucky si.Lt substrate.




Table 6.1.. Wetland Community Types Delineated Within the Study Area.,.


I r r ejfular ly Exposed Hab i t a t s 

MF: Mud Flat (in part:)

RB: Bock Beach (i.n part)

TV: Tidal Water


a : s 

Gil;: Gravel Beach

MFs Mud Flat (in pact)

RB : Rock Beach ( in par I )

SAT: Spartina alterni flora, tall, form (> Lin) dominates

SB:: Sand Beach (in part)


IF: Iva frutescens dominates


PH: Fhcapni (:<»::; am;itralis doni:iiiiate:5

SAS: Spancina aiterni flora,, short form (< 1m) dominates

SB: Sand Beach (in part.)

SP : Spartina pa tens d!om:i.nate.s


SP-I : Spartina pa tens /Iva :f:riite.scens co-dominates


SeasonalIj; FLxKJed_l:'j:•isshwa ter

O'H:: Open Ua t er 
SS: !:i.i:n.ii-) .Ei'U'aaipi 
UH r Wet Meadov 
l > f S  : Il'ooiiigd !i'»'Ei.[[i|:i 

UP: Upland 

 [|ab:i. |:ia_t s 
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6. 1 . L .il ][ rregularly Flooded la h il:a it s


These habitats are typically at: or slightly above the elevation of mean high

t i d e , such that tidal water floods the land Less often than daily. This zone

encompasses the traditional "high salt marsh"" most often domiiriatifii by Spjsirtina

pjuens (sii.ltmeadow cord grass). Much of this community type within t he~p"rojeci:

area has been ditched extensive].}' in the past...
.


i t hin the irregularly flooded high salt marsh portions of: the study area,

following cover or dominance types have been delineated:


SP: These are areas of: the high marsh where !•. . pa_t.ens clearly comprises a

major proportion of the vegetative cover, such that it is considered

to dominate the area, This dominance type is by far the most

extensive within the high marsh portions of the project areas, In.

some of the sfudy area wetlands, however, co-dominates do occur within

this cover type; the most common associates are Distich'Lis spicata

(spikegrass) and ..[un_c_ys gerarcli. (black rush).


SAG: These are portions of the irregularly flooded salt marsh where the

short form of S. alterniflpra is dominant.. For the purposes of this

report,, such areas are vhere the cordgrass is predominantly less than

Ira tall.. '.In t.he project area wetlands this community is dominated by

cordgrass which is,, typically, Less than ,30cm in height. However,

since cover type mapping was conducted in June,, when the short and

commonly recognized medium height forms (,30 - (IDcm) cannot yet be

differentiated, all areas that were dominated by irregularly flooded

cordgrass were designated as the short, form, iluch areas are typically

associated with sl.ight.ly Lower elevaLions than the S. jjajcjsnis dominance

type, and where surface draina,ge is impeded:; in (.he project area

wetlands, this community is commonly found lining the banks of:

mosquito ditches which bisect the high marsh. This common:! fy- type has

been associated with higher interstitial salinities and more reduced

soil conditions than regularly flooded zones of S. ajLtenri D-oriEi (Teal

1 <> 8 6 i Me i. r1ng and War ren 19 BO ; N i. xon 1 !) 8 1! ) ,


: : !
•'F: !;."!!• []['H!;es!S[!:! ('"̂ rsh elder or high -tide bush) is a woody shrub,,

normally" 1 , 0 •• 1.5m tall,, most often found at. the highest: elevations

of the sail: marsh edges or on spoil, mounds along nosqiui to ditches.

This community-type is restricted to the marsh /'up land edge in all of

the project area wet Lands except for wetland site !1 , where extensive

][va dominant communities occur mixed within more typical high marsh

communities, and at wetland site :! where a .sparse stand occurs within

a S. patens dominant community.


MV: One non-vegetated area was delineated within the project area wetlands

which, until recently, was occupied by auto salvage. No vegetation

colonised this area during the period encompassed by this

investigation.




In addition 1:0 the true .salt marsh habitats of the irregularly flooded zone,

some units dial. ineated are comprised ol: non-halophy tea which are subject t:o tidal

inundation on an irregular basis... These areas were dominated by Phrajfmjl tes

aus trial is (reedgrass) and are designated as "PI3™.


IK 1. 1.4 Seasonally Flooded freshwater lEIabitaits


Occasionally border i tig the vet lands vhich were irregularly flooded by tidal

•water!-: are freshwater wetland habitats dominated by herbaceous or woody

vegetation. Thesis areas are classified as vet meadow (WM) where the vegetation

is predomiinan i:ly herbaceous, shrub swamp (SS) where the vegetation is

predominantLy woody and less than 20 l i t  . tall, and wooded swamp (US) where it is

taller than ,20 lit,.


li . 1 . 2 ffeearLoni 

Table 6.. 2 presents the acreages of the various community cover -types for the 6

wetland sites which were characterized during this .study. The cover .-type

composition for each wetland is briefly described below,,


'Wetland Site 1 (38.1 acres): Situated on the east side oli the Acushnet River

Es'tua'ry Jo si: north oli the Coggesha.1.1 Street Bridge, site 1 is nearly 7/8 of: mile

in length and 600 ft. 'Hide at, Its widest point (Figure 6-1). This site is

dominated by two cover types;, S. jgatens, and .Eva |jrj£teseen£i, vhich cover BOX ol:

the vegetated wetland (Figure 6-2). These communities occur in large,, near

monotypic stands, and as 11 result, ::o;nation is distinct. The high marsh

cover- type, 8. £a_tens, covers 481 oli the vegetated wetland and occurs in large

patches throughout 'the interior of this site; DijstjUihlis s£i£aj:a. is often

co-dominant In this community,. Ivia 1: rute sc eiis occuirs; in b.r*oa<rbiuiids 'Hi thin or

adjacent to high marsh grass coiomuni ttes "ajiifcovers 32!t: of liie vegiKtiiitiEid

wetland. Diversity and density of understory plaints in this community are low

due to the height lunti shading elifect ol: the Iva. The tall l:o» of S.

a
.\ l!:l™ L!:J:£!Li!: COV(Krs IBS' (:i:'- tihe weffetated veitiand land grovs ,i.in =i narirov (<5C)m;i

band along the entire marsh/river border. In. this low marsh «>ne,, S,.

$.3- HE!!:L!-:!:0. !i£ STOWS in pure s


Several factors have apparently contributed to the widespread distribution and

dominance ol: the 'S. jgatenĵ  luid ilva f̂njijjBscens cover types,, neither oli vhich

typically grow in areas innuutdateci daily by tidal waters. Parallel,, evenly

spaced mosquito ditches occurring at intervals olE 200 lit., increase the drainage

rate ol: tidal water, reducing salinity levels and hydroperiod ; freshwater

run-ol:l: 1: rom upland areas can penetrate throughout this relatively narrow

wetland thereby reducing interstitial salinity levels; high marsh communities

have colonised areas of the wetland that have been raised slightly by filling,

increasing the total area ol: high marsh,,


'He t land Site 2 (121 acres): The only site situated outside oli the New Bedford

Hurricane Dike and exposed to .Buzsards Day,, site 2 lies east oli New Bedford

Harbor and Fort Phoenix: State Reservation in Fairhaven (Figure (>••!,). Although
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seasonally flooded freshwater habi. t:ai:s are contiguous wi t.h the estuarine

wetlands on the north and east sides, estuarine wetlands comprise 70.8 acres oil

the total area (Figure 6-3).. Due to the widespread distribution olE tidal creeks

and mosquito ditches at: site 2, which carry tidal water throughout the marsh,

:sonation patterns are complex.. Cover types are patchily distributed and, with

the exception of the regularly flooded low marsh zone, high marsh coniiirunities

are co-dominated and often contain a variety of species.


The estuarine wetland at site 2 is dominated (33!!') by the high marsh cover type,

S« patens. Pure stands of tail S. ,ajljtjsrn.j._El££a cover 31 of the vegetated

vetfancTand occur along the marsJfi/bay edge. A miicture of: the tall and .short

forms of S. ajLteirnit'lora occur in approximately 1m wide strips adjacent to

tidal creeks and mosquito ditches. The short: form also occurs in the

.irregularly flooded high marsh adjacent to more typical high marsh communities

(e.g.,, S. patens,, p.. sjgieata)., Stands of Phragmites aus trill is, which are

limited to t.he marsh/upland' edge in the main section of the wetland, but:

dominate the wetland sections north of the floodgate, cover 231 of the vegetated

wetland.


'Wetland Site 3 (7.1. acres): Situated in a cove on the east side of the Acushnet

irfiver Estuary between 'wetland site 1 and the Wood Street Bridge ('Figiice 6-1), a

variety ol: species occur at this site, but: community size is limited by the

narrow width and small siae of the wetland. Tall !|i. a.ljrejrnijflojra, S. <p_ajjsiis

high marsh communities, .and Phnigjidj:<!£ 'stands .sire the dominant cover-types, all

occupying 301 of the vegetated wetland,. A sparse stand of lya frutescens,, S,,

pa_t:eiri.s,. and t'ocbs such as Aster tenufolia (salt: marsh aster) covers iii oii the

!; t ud'y a r ea (F Lguce 6-A}.


Wetland Site <* (9.3 acres): .Situated on the east side of the Acushnet River

Estuary just south of route 1.9.3 (Figure 6-1),, this site has been altered

considerably and as a result, Phra^mites now covers 34% of the wetland (Figure

6-3).. A narrow band of tall S. al it erni flora covering 9,'X lines the edge of the

wetland. .Short S. alterniflora covering 31 and S, p/atens covering 21 occur in

small patches.


Wetland Site 5 Q.5 acres):: This site is located across from site 1 on the west:

bank oil the Acushnet River Estuary (Figure 6-1.). Steep banks support only a

narrow band of tall S. ajlterniflora cowering 681 of the wetland, S. Jgiatens

covering 26!K, and small patches of Iva and Phragmî .s (Figure 6--6J. Old

foundations and various types of fill occupy parts oii both the regularly and

irregularly flooded aones.


v.?l-ta!]Ui ?_it'ji 91 (1.7 acres): The smallest of the project area wetlands in this

study, site 9 occurs as a pocket marsh on the east: side of the Acushnet River

Estuary just south of wetland site 4 (Figure 6-1). This site is dominated (.53,'!')

by S. patens (Figure 6-7),, A small pa'ten of tall S. alterniflora occurs on the

gravel beach and patches O'f Iva and Phrairmites occur at the marsirt/upland edge.
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6.2 VEGETATION .PRODIJICTIFITr 

(i ,. 2 .1 End 1 reel Iind i ces of Pfod'iic t i vi ty 

6 ..2..:i .1 

In order t:o assess productivity and characterise the composition of plaint:

communities oi: the project area wetlands,, indirect indices of vegetation

productivity were measured i!or wetland sites I, 2, 3, S, and 9 between 20 July

and 31 August: L987,. Vegetation was sampled along evenly spaced (lOOo intervisi Is)

transects established perpendicular l:o the river and randomly at: each sice. One

hundred and f.lfty ([150) sample pilots were distributed proportionately among the

!: sites according to the size oi! each wetland. All conuuni ties bisected by

transects were sampled at least cm CUM comini|n it i es. which were bisected l!or more

than 50 lit. were sampled twice. Sample 1m'' [iloi::; vi thin coounun:! ties \IK\:K

estabil ished ranidomly. Tercent: cover and height u'ere measured for all species

encountered which covered greater than 51 ol: each pilot:. ,, En addition, mean stem

density was measured for all species occurring in a D.lm''' (O1..2 in x 0.5 IB)

sub-plot located in the northeast: corner o:f the main plot.


6.2. 1,2 Result!!


Tables 6.3 through 6.T present the results of the vegetat ion sampling; for each

•we t land site; percent cover, height and stem density and the standard error oi:

thi* mean are given lini: each. En addition, the frequency vlth vhich a species

occurs at: each site as veil as the distribution of each species relative (.0 all

species encountered is given. Since the sampling methodology was conimuni t:y

biased {sample plot:;;; vere based on community changes rathei: than 'by regular

interval or random designation) measures ol: percent cover,, mean height,, and mean

stem density character! ;;e the compos it ion of the communities in which the

species were ilound rather than characteristics oi! all marsh vegetation

inclusive. Briel! descriptions o:f the compositional characteristics ol: the

species which mak.i? up the salt marsh commijini ties are given below.


li,2.:i...:! (I'ellmmd iililte 1


Siicty- three (63) saaple plots vere d i s t r ibu ted among 10 transects in the salt 
marsh habitats at: site II (Figure (:•-!•'  ) . Sample-plot data for this s i te correspond 
well vi l:h the dala obtained i:ron the cover-type mapping. Analysis of 
sample-plot data reflects a marsh dominated by the high marsh grasses S. 
p<aten_s, which occurred in 50.81 oi! the plots,, iund 13. .frgjljiajta which occurred in 
49. It of the p lo ts (Tab IB 6 .3) . For plots in vhlch i. i: occurred, the mean ,( 
percent cover oi! S. £ist«na was 77.6 and the mean stem densi ty 259.1 stems/0. l.m''. 
The pe rcen t cover of D. "sjdcajjji, w i t  h a mean oi! 54.4$, var ied considerably; mean 
' i tem dens i ty for plois in ¥h.:[ch this species occurred was 72.8 s terns /'O,, 1m" . lya 

 was l:lh'e
.  *hlrd most abundant species at this site,, occurring in 28.iii'i

t:i: the 'plots; mean stem density in this community was 2B.6 stems/0. Lm'"., Table

6.3 presents complete results of the saJDiple-plot measures.
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6.,2..:i,.4 We l: land Site 2


Fifty-one (51.) sample plots were distributed among- the 6 transects which 'Here

esta ill i shed in the <?s marine vet lands at. site 2 (Figure 6-9). Seventeen (17)

species veins encountered during sampling efforts,, which was the highest number

of species recorded in all of the project areas. Span, ma patens had the

highest (SIX) frequency of occurrence; the mean percent cover in S.^iatens

communities was 63., 9 and the mean stein density was 2 44. A s terns/0.1.m't."

Distiohlis s£icata, which occurred in 47X of the plots, was often co-dominaijt

in the high marsh communities and had a mean stem density of 59',. 5 stems /'()., 1m'" „

Five (S) species occurred in more than 2 OX of the plots at this site making

community composition :i airly complex. The short form of S. alterni:flo_:ra,

occurring- :in 43.1."! of the plots,, had the highest [pan percent cover (79.5,'!') and

a relatively high site HI density of 91.4 s terns /'()., in'" . LlinmoniLUin nashi i. (seaside

lavender) occurred in 23. SX of the plots and had a typically low percent cover

of 1.7"!. Juncus jgerairdi occurred in 2.1. 6X of the plots and had a mean percent

cover of ii2.i:iX; although stem densities for this species varied considerably,

the mean siem density :Eor plots in which this species occurred was 264

srems/0.. lin'". The tall form of S. alteirni flora occurred in only 7.BX of the

plots, but had the highest, mean percent cover (BG'E). Table 6,. 4 presents

complete results oi: the sample- plot diat.a collected at this site.


6.2. 1..5 Wetland Silite 3


Fifteen (IS) sample plots were distributed among 4 transects at this site

(Figure (j-KI). Tall S. â Û rjn̂ JijUiTa, (|nean height == 126.7cm) occurred in 53. 3X

of the plots and was the sole inhabitant of the low marsh zone. For plots in

which this species occurred the nean percent cover was 94. 3 and mean stem

density 31.1 s terns /O,. 1m". High marsh communities veins co--do>minat.ed by up to 5

species,, a complexity in community composition that could not be delineated in

the coven-type mapping;. Juncus .gexiirdi occurred in 401 oi: itljie plots;, its mean

percent cover was 66.7 and"iSie'an sic em density III!,,'' s t ems /'()., 1m'' . SoHdajtjj

sjsmjoeryinsns (seaside goldenrod) also occurred in 40X of the plpts, inii: had an

expected "Tciv percent cover (26,!!) and. stem density (7 steas/0.1in't).

spica_l:a and Iva f ruicesasnis both occurred in 33,31 of the plots.
_ '' "
at. ens,, whici'i' occur reni" in 20% oi: the plojtjs had a relat ively high percent cover 
(T5irr"«ind stem dens i ty ( 2 7 4 . 5 sic ems/0. 1m1'') . See table 6 . 5 for complete results 
of sample-- plot da ta , , 

6.2. 1...6 Wetland Site S 

Twelve (12) sample -plots were distr ibuted among; 9 transects along the narrov 
we t l and band at. s i t e S (F igure 6 - l l )  . Tall S. aJljjejrnjJEJljj^a dominates this low 
marsh wet land and occurred in B 3.3ft of the sample p l o t s . The 
at this site wa,:j the densest (mean percent cover := 96.5:; mean .stem density ==

32.3 stems/0. l.m'') and tallest (mean height -.-. ISOcm) found in all of the project

areas. The four other species encountered in the sample plots, which included
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: v s
.Li!.!! l!!J LIE:::L:-H!::i" !:'"t!!!H Y L!:!SLL!!.:L!:.!i:=' (seaside eye), A.|j['i ][>!•«[ BILlSi-L:3!: (orach)

Salicpirnja e>uro[>aea (glasswori:),, all occurred in only 13. 1'! of" the plots,,

Sample-plot re'suits substantiate the cover-types delineated for this vet land,.

See Table 6.6 for complete results of sample-plot data.


6.2.1.7 Vet land SiLe 9


Two (2) transects and 14 sample-plots vert: established at this site in order to

characterise the composition of vegetation communities (Figure 6-1,2). This s i t  e

is predominantly high marsh;; the three most frequently encountered species were

D. spica_ta, S,, pat ens, and .)„ [j;e.rard_ i.. Distichlis sjueata occurred in the

greatest number o:E plots (!)()!!'), but had a,,relatively Low mean percent cover

(>0,.78;) and stern density (7f;,,l stems/0. Lin' when compared to JSpjartina |»a_tens,

which occurred in 42.8!!! of the sample-pLot and fyad a mean, percent cover of

66,"'!!' and mean stem d(E!in.sity of 2.37.8 .stems/'O.I in", and June.us gerardi, which

occurred in 21..48; of the, plots and had the highest: percent cover (I(i,,7) and stem

density (330 stems/0. Lin'1') of all species encountered at this site. Iva

frutescens, which lines the marsh/up Land edge, occurred in 21. AX oi! the plots

and had a mean percent: cover of 27.3. Table 6.7 gives complete results o:f the

,sa in p 11?-p1o t data :E or this site.


6.2 .2 Abqye-Girpuncl Primacy j'rpductivitj|


6. ,2 ,.2.1 Methods


Above-ground primary productivity was measured at: vet land sites 1, 2, 5 and 'Sj

during September 1987 by collecting all above-ground vegetation within 0.1. m''

p lats. Three (3) samples were taken i,n all ot: the major estuarine wetland

vejfetation communi tes mapped at the wetland sites: 12 samples were taken tirona

four communities at: .sites 1, and 2; nine samples were taken from three

communities at site 9;, and three samples were taken from one coninuni ty at site !>

for a total of 36 samples collected from the four wetlands. All vegetation was

c u t . to within !l" of: the substrate. Ten (!IO) percent o:t" each sample was dried at

LOS1"1 C for <i<ii hours to tietermine dry weight.


fi..2.2.2 Reiuiults


Estimates of net marsh productivity derived .solely from above-ground plant

harvesting are known to underestimate the total energy within a marsh system

(Nixon 1.982:; Teal 1986):; leaf flail,, grazing, and exudation of organic material

all contribute to Loss of blomass,, and research has shown that more than halt of:

all S. aLternitlqriEi biomass is found in below-ground roots and rhi Mines (Teal

19B6). "However, net above-ground productivity values for S,. alterjnjjyiora have

been correlated with below-ground production (Nixon 1.982; Teal T9i:!6) providing

comparative diata l:or studies in which only above-ground data has been collected.

Teal (1.986) reports ratios of: above/below - ground productivity in Massachusetts

of 2.3 for stands of tall S. a].tei:niflorja and B.3 for .stands of: .short S.

alterniflora. Nixon (1982) reports a ratio of 4.0 for high marsh communities in

ii Mas s a:: h u. R e 11 IE; ma r s h,


... ] 3 3...
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Table 6.8 gives the estimates of above-ground primary productivity for the

project areas in which this data was collected and comparison values from other

studies conducted in southern Mew England. Values for tall S, alterniflora

corres]>ond veil with both data, from Teal (1'986) and with the indirect indices

da tii llected in this study, In the tour project areas where samples of tall

£• :[!.:Ll! •£!!!:.!:.!:£!:.!!. w'ere Collected, above-ground primary productivity value!; ranged

iirom 1023 g dry wt./m'Vyr (site 1) to i.8QO,,g (iv,'m'Vyr (site 5). In comparison,

Teal (1986) reports a value of 1320 g dv/inVyr for tail S., aljjsrajf lo£a

communi t.:i.es i:n the Great Sippewisset. t marsh in Falmouth,, M.A.. The high


' te : e
productivity value for tall S,, '^tejrnijilorei at s:  ••' can '' exPected based on

the height and density values obtained in the collection of indirect indices

data (see Table 6,4). These values may be due, in part,, to the high degree of

tidal flush ing this community receives (Teal 1.986); tall S,. al terni flora at: site

5 occurs in a very narrow (< 5 in) band along steep banks 'which are conpiet.ely

flooded and exposed twice daily, thus facilitating constant nutrient exchange

and oxidation of soils.


On t he .j, high marsh productivity valijes for S... gat ens communities ranged from 935

g dv/'rn'Vyr (site 2.) to 1.040 g d,v/ra't/yr (si us 9")"" In comparison, Hi icon (198,2)

reports a value of 1100 g d'w/rn'"/yr for a Massachusetts marsh, and a value of 430

g d'w/m"/yr for a Rhode Lsland marsh (Table 6.8). 'Using the ratios given Teal

(19fJ6) for below-ground productivity of S. alt erni flora communities, and that

given by Nixon (1982) for below-ground productivity of high marsh communities.,

estimates of total marsh productivity for those communities range from 2537 g

dv/m"/yr (site 1) to 4500 g dy/m^yr (site 5) for tall S.

communities,, and from 2fl74 g dw/m'S'yr (site 2) to 4220 g dw7m'"/yr"(sii:e 9) for

high, marsh communities (includes S. natens, short 8. alterni flora, and high

marsh mix eommuni ties)..


6,.3i DISCTSSIDW


The salt: marsh communities v:i thin the project area are quite typical of salt

marshes a Long the southern Mew England coast. The plant: species composition of

the vegetated marshes (Tables 6-3 to 6-7) are representative of those found in

the region,, as referenced in the 'community profiles of the regularly flooded

marshes (Teal. 1986) and high salt marshes (Nixon. 1982) of New England,. The most

unusual feature with respect to vegetative composition is the relative abundance

of Ivia £ nit es certs throughout much of wetland 1; this is probably related to the

hydrologic 'regime 'which has developed along this stretch subsequent to the

installation of the hurricane barrier.


There are no obvious indications of damage or stress to salt marsh raacrophytes

which might be related to chemical, contamination. There are no .signs of

abnormal rates of plant mortality or stress as might be reflected in chlorosis

01: other color or morphological aberrations,, The above- ground standing crop

data (Table 6-8) suggest, that vascular plant productivity of the marshes is veil

within the range of reported values for other salt marshes in southern Mev

England.
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The highest bl.oma.<;j> of herbaceous vegetation was recorded tor tall S£artJina

l:'h'K
!:LLil::r[!L!:.:L0Ji!t :'-n  '"'sgularly flooded zone of 'wetland 5; this wretland~Ts


relatively close 1:0 a principal source of contamination, yet no indication of

reductions In plant productivity are observed as a result: of this proximity..


There is little available data on what, levels of contaminants such as heavy

metal:; or PCBs are damaging to salt marshes (Teal 1986). Existing studies: are

limited to examining; the effects of long-ten (12 years) experimental

application ol: sewage sludge containing heavy metals at levels nine times higher

chain those normally used in upland sludge disposal (Gilblin 19132), or the impacts

.from a major oil spill on a marsh in Buzzards Bay (Hampson and Houl 197B) .

While the latter found reductions in biomass, height: and density of vegetation,

the former research has revealed no indication that: the marsh ecosystem has been

damaged by the long-barm sewage sludge application, and no clearly detrimental

effects of the sludge oiri marsh plants were demonstrated in spite of the heavy

metal:; In the sludge {Teal 19B6). Observable effects of elevated metal

concentrations in the New Bedford marshes would not be expected given these

findings. Since PCBs are not known to accumulate in 8j3jj£lj.na tissues, it: may

not be surprising that: no visible impacts to the vegetation of the Mew Bedford

salt marshes are evident.




•7..D SALT MAE Si INSECTS


7. 1 FIELD OBSERVimONS


Incidental observations of: insects in the project area wetlands vere recorded

while performing other study tasks. Due to the greater e Client involved in

performing project tasks at wetland site s L and 2 the majority of insect

observations vere taken from the in? vet Lands.


The most common insects Hound in all of line salt marsh habitats include the

salt marsh mosquito (Aedes_j»o1 ic 1 tans) and the green-headed fly (ChLoropidae).

The salt marsh m o s q u i t o was observed' from early June (.hough mid September,,

w i t h population eruptions occurring wit.hi.iri EI few days ol: heavy rains or

flooding of the marsh by spring tidies. The green-headed illy vas not observed

until mid July and vas most prevalent at. site 2. Ot.her in sects commonly

observed on the high marsh include crickets,, grasshopers,, and praying mantids.

S piders, ma inly jumping spiders and volt" spiders,, vere also commonly observed

in the high marsh habitats.


Additional insect occurrences reported by SES (1987) for the project area

we 1.lands include katydids (Tettigoni idae), casebearers (tolifopjjara sp,,'),

man 11 d s {Tenod era ar i d i fro I ia) and m i r i d s (M ir idae).




ELO WILDLIFE 

8.1 all! FAUNA


8.1. 1. Cf'iHliJJliLlI?!-̂ 1!!'!!'!?-!!?!!'!!'


To document the abundance and diversity oE b i n d s resident during the breeding

season, surveys were conducted ,al I. he A cuts line! R i v e r Estuary (wetland s i t e 1)

and Pope Beach ( we 1 Land site !?) (Figure I 3 - - I ) on 1.0 dates between ') June 1987

and ,?0 July 1987. All surveys were begun w i t h i n ] hour a f t e r sunrise, a

period of increased a c t i v i t y (e.g. singing, I o raging') especially among

t (• r i: e.s I r i a 1 „ t eic c i Iori a 1 b i it ds .


Three habitats wen? c: ens used at eac:h site, tidal. open water, salt marsh and

s a l  t ma r sh / up.l and edge. Only birds observed using the habitat being1 surveyed

uere incLuded in the analysis; use in eluded fo raging,, resting, preening, and

cour tshi p display.


All conf i rimed and .suspected breeding species were noted; breed ing s t a t u s 'Mas

confirmed by finding a nest, or observing one or more o'E the follow Ing

b e h a viors: copulation, parent with food in bill., and parent feed. Ing newly

fledged young ,


To avoid possible .sources o'E variability, surveys were not conducted during

r a i n on flood tides when the marsh was not easily accessible. Both sil.es 1

and 2 were in the f l i g h t path of the New Bedford Airport, and low flying

a i r c i: a f t .


fti. the Acushnet River Estuary (wet. Land s i t e 1), surveys of the open water

h a b i t a  t were conducted from two points on the edge of the salt urs.h (E'igure

8-2). These points offered! unobstructed views of the survey area which

included all t i d a l open water, mudflat, and .shore h a b i t a t s between the

Cogges shall and Wood street bridges; the tidal, creek extending into wetland 3

was not surveyed. Birds were enumerated in the open water habitat by scanning

p r e - f! s t ab 1.1 s h e d segmen t s o f t he s I ucl y a r ea and r E: c o r d i rig i nd iv id us. Is and / o r

groups a.s encountered.


The area encompassed in the open -water surveys of Pope Beach (wetland site 2)

include the shoreline e »t end ing easi. from Pope Beach to Silver Shell Beach,

swinging out .into Buzzards Bay to Little Egg Island, and then to the eastern

erui of For I: Phoenix State Reservation (Figure E1--3'). All. tidal open -water,

m u d f l a t , and shore habitats were surveyed from the parking lot at Pope Beach

•nth the aid of a ,?0 K 60 spotting scope (Figure !i--l).


8 .1.2 T nEUUei: t Me J h o d K J U  N


The s a l  t marsh and marsh /upland edge habitats were c en.su sed using the

v EI ri a b 1 e •s t ri p me t hod , Eal en (1 9 7 1) „ whereby an obser ve r w a 1k s an e s t a hi .1 s hed

tra.i.l (transect) and records a 1.1 individual birds observed and the distance,

p e r pend i cu 1 a r t o t he t r a ns ec t , a I. w h .1 c h i nd i v id u a .1 b i rd s w e i: e i i r s t. d e t ec t ed .
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Near complete detection of all birds within this basal strip (the first 15m on

both sides oii the transect) is assumed. A, ratio is derived from the

proportion of the total number of a specie?:; observed 'within the basal strip to

that observed outside the basal strip, and is used to extrapolate the density

of a species for a given area,.


The positioning of the salt marsh and marsh/ upland edge transects follows

those used by SES (1987) (Figures 8-2, 8-4), except at site 2 vine re no

transect, was established on the north side of the hurricane dike. This highly

disturbed portion of the marsh is dominated by Phriagraites, and offered little

value in terms o:E habi. tat /species comparison with site 1.,


Transects were staked at 100m intervals, allowing the observer to concentrate

on detecting birds:, rather than on trying to follow the same path traversed in

previous census efforts.


At site 1, a continuous transect of BOOna was established on the salt marsh,

and a 900m transect, split in 2. sections, was established in the marsh /up land

edge (Figure 8-4)., At site 2, an 800m transect was established i:n three

sections on the salt marsh,, and a single transect 800m in length vas

established on the marsh/upland edge (Figure 8-4).


8., 1.3 AvlanJJsagejidJ^


8.. 1..3..1 Open ¥,ater Habitat


Differences in several aspects of the open water habitats at wetland sites 1.

and 2 warrant careful interpretation of the open water counts. The sliiie and

exposure of both sites differ markedly, vith site 1. abutting protected,

relatively shallow estuary,, whereas site 2 abuts deep water marine habitats

lying outside the Mew Bedford hurricane barrier. 'Inter tidal Elicits are

virtually absent at site 2,, whereas at: site 1 there is an extensive area of

mud flats just south of the Wood Street bridge and adjacent to wetland site :!,,

which are exposed during most low tides,. Wetland site 2. is adjacent to

fisheries traffic of New Bedford and Fairhaven; the development patterns along

its shoreline vary from dense residential developments to relatively

undeveloped beach, sail: marsh,, and forest,, The eastern shoreline of wetland

site 1 is dominated by salt marsh and shrub communities, whereas Its western

side Is heavily Industrialized.


Accurate comparisons of 'use by species and groups at these dissimilar sites

requires a combination of quantitative measures and knowledge of how site

differences might affect bird use. Thus, in addition to presenting avian

denstltles at: each site, the total number of a species observed,, and the

frequency in which a species occurred at each site are also given (Table 8,. 1).


A total of 16 species vas observed in the tidal open water habitat, at wetland

site 1, for a total density of 13.0 birds/lOOacres,, and 24 species at wetland

site 2, for a total density of 12.8 birds/100 acres (Table 8..1),. Five species

were common (observed >.i)0'!' of the time) to both sites including:: Herring
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Table 8.1,, Total Counts (no.,) and Percent Frequency of Occurrence

(ft) of Birds Observed Within Open Water and Mud/sandflat

Habitats Censused between 9 June and 20 July 1987.


Acushnet Silver Estuary Pope Beach

Site 1 ' Site 2


Species no. * no. :::


Horned Grebe - ... 7 70 

Doub 1 e-cres ted Cormoran t 7 60 186 100 

Great Blue Heron ... 3 10 

G r (=! pnbacke d Heron - ''I 30 

B la <: k -crowned Nigh 1: Hei: on 2 20 -

Great Eg;ret 2 20 - -

Snovy Egret .3 30 6 50 

American Black Duck 5 20 12 40 

Mallard Duck 28 60 '',''; 70 

Mute Svan 13 40 - -

Os prey ... ... 1 1.0 

American Kestrel ... ... '!. 10 

K.illdeer I 10 U 60 

Lesser Yellcwlegs - ... 1 • 10 
Grea t: er "fia.Ll.ovlegs ... ... 1 1.0 

Spotted Sandpiper ... ... 6 30 

Peep sp. ... ... 3 10 

Herring Gull 134 100 412 90 

Great Black- backed Gull 31 90 17 ao 
Ring- billed Gull 5 30 1.0 30 

Laughing Gull ... ... 1. 10 

Gull sp. 4 20 57 50 

Least Tern 2 1.0 

Common Tern ... ... 13 80 

Rock Dove 15 60 55 70 

Mourning Dove 2 10 1. 10 



Table 8.1.. Birds Observed Within Open 'Hater and Mud/sand flat

ifiabitats Censused between 9 June and 20 July 19B7.


Acushime't River Estuary Pope 11 each

Site 1. Site I


Species no.. % no . Z 

American Crow 1 10 K 60 

European Starling 1 10 4 30 

Common Crackle .. -i. 20 

To i<j.l : B iniis Enumerate<i 254 B65


Specie!; 16 ;><•

Densi\:y 13.0/40 ha 12.B/40 ha


(' LOO acres) (100 acres)




Gull, Double-crested Cormorant, Mallard Duck,, Great: Black-backed Gull and Rock

Dove. Four species 'were: 'unique to site 1. and these included: Mute Swan,

if! Lack--crowned Wight He iron, Great Egret, and Least Tern. Thus Least Tern is a

species of: special concern of the Massachusetts Watural Heritage .Program.

This species nests primarily on mainland beaches in variable sized colonies

and Heeds on minnows in shallow water,, Observed on one occasion during; the

study period, Least Terns were observed incidentally .foraging; in the waters

adjacent to wetland site 1 throughout August and early September.


Tvelve species 'were unique to wetland site I?, including: Horned. Grebe,, Great

Blue Heron,, Green-backed Heron, Lesser Xellowlegs,, Spotted Sandpiper, peep sp.

(one or more o.f the small ca lid rid sandpipers including Che Least and

Semi-palmated Sandpipers), Laughing Gull,, Common Tern, Common Grackle, Osprey,

and American Kestrel,, Both the Osprey and Common Tern are special concern

species of: the Massachusetts Natural Heritage Program,,


Wetland sites 1 and ,2 received the greatest use by gulls,. O.f this group, the

Herring Gull was the most: abundant and most frequently observed. The greater

number of Herring Gulls observed at site 2 reflects the greater si as of the

study area as well as its proximity to fisheries traffic; gulls often were

observed following fishing vessels at site 2. Although this group was

frequently observed, greater abundance may be expected at both sites in the

fall/vintei: (SES 19'iJV") when post-breeding; gulls come inshore,. Although not

abundant during the study period!, Common Terns were observed frequently at

site 2, and were observed incidentally throughout August: at sites 1. and 2.


Shorebird numbers were low and reflect: trends observed throughout Che region

(Lloyd Center 1986) during this part o.f the year when the vast majority of

shorebirds are on their breeding ground to the north. Except for the

Ki 1.Ldeer, a confirmed breeder at site 2, and Spotted Sandpiper,, a suspected

breeder at site 2, Che few shorebirds observed were recorded at site 2 near

the end of Che census period and probably represented the first migrants of

the fall,, These early migrants included Che Lesser Yellowlegs, Greater

Yellow Legs., and peep sp. The ICilldeer was the only shorebird observed at: site

1 during the study period. However, an incidental sighting on 18 August of 10

Greater Yellowlegs foraging on the exposed flats adjacent to wetland site 3,

and subsequent incidental sightings throughout: August and September of

Yellowlegs,, Spotted Sandpipers,, and peep sp., suggest that the tidal open

water habitat of the Acushnel: River Estuary receive increased use by

shorebirds a,s fall migration progresses.


The Mallard Duck was common at: wetland sites !l and 2,, and was a confirmed

breeder at site 2; 10 juveniles (ca,, 3 weeks old) with a hen Mallard were

observed in the open water at site 2 on 9 June,. The American Black Duck was

less common at: both sites,, but was a suspected breeder in the marsh at: wetland

site 3. Incidental sightings of up to 25 Black Ducks were recorded throughout

August: and September in the upper reaches of the tidal creek at: wetland site '.]




Although nio't abundant,, herons and egrets were observed 'throughout the study

period. This Snowy Egret was the most liirequently observed wader at both sites.

Incidental sightings at site 1 throughout August and September show a much

greater abundance of this group, especially immature birds, in the

post-breeding season which foraged in the shallow 'water adjacent to wetland

site 3.


One other incidental .sighting should be noted. On '9 July a Least Bittern was

observed £01:aging at: the edge of a Phragini tes community just north of the Wood

Street bridge (wetland site 3). The~TeasT~Blltern is currently listed as a

threatened species by the Mass. Natural Heritage prog ram,,


The doves and passerines observed at both sites used the int.erti.dal habitat

for :E or aging,,


SES (1987) also censused the open water/mud flat habitats from Tar Id. in Hill

Road to the estuary mouth during late 'winter/early spiring of 1.985 and late

summer of: L'986 (Table 8., 2). Based on trends reported by the Lloyd Center

(19f3>6) and SES (1987), the abundance of the various bird groups reported in

this study are within the expected range for this region during the

.spring/summer,. Although SES (1987) did not conduct surveys during June, data

for their April and May surveys show a decrease in the numbers of bird species

and densities as summer approaches, a trend confirmed in this study.


Heron, egret,, and tern numbers at both sites were Lower than those reported by

the Lloyd Center (1986). However, this is most likely due to the proximity of

the study areas under investigation here,, to breeding grounds. Both the

Common and Least Tern are lunovn to 'breed in the Plymouth County region of

Buzzards Bay (east of the study sites) and to the 'west at Aliens Pond (Lloyd

Center 1986), Furthermore,, the broad,, shallow lagoon, along with the

undeveloped and undisturbed, shoreline characteristic of the Lloyd Center

(19B6) study site, offers favorable foraging and resting areas £01: long-Legged

waders and terns, and nesting habitat for the latter group. This, alone, may

account for the overall greater abundance of these groups reported, by the

Lloyd Center (1986).


Although species diversity was greater at site 2, densities between sites 1

arid 2 were nearly equal. Differences in the abundance of certain species

between project area Locations can be expected 'based on site locations.

Wetland site 2 is more centrally located with respect to nesting grounds of

colonial nesters such as terns and Long-legged waders. Greater use of site 2

by these groups can be expected, as birds commuting to and fron coastal

foraging areas are more likely to encounter wetland site 2 than wetland site

]..


Trends observed at wetland site I in August, and September suggest that the

tidal open 'water habitat at this site become more important during fledgling

dispersion and migration,, when terns and long-Legged waders are not restricted

in their foraging range,, and when shorebirds pass through the region on their

journey south,,




Table G.2.. RESULTS OF SES (I!987)

Open Water/'Mud if la t Bird Censuses-Acushnet River Estuary


La i: i!

Late W i n t e  r -' Early Spring ( 1.9113) Summer (1986) 

22 OB 1.4 04 L9 L8,19 
FEB .APR APR HAY MAY SEPT 

Don b 1 e-cres l: ed Cormo ran it ;: i Ei 9 3 

•[Great Egret 1. 

6 4 ;r IM u t  e S'wan 6 
Canada Goose 

6 
2
2 2 2 

A m e r i c a  n Black Duck 24 11 
Mallard 22 j 

23 ,(jAmerican 'Hig'eon 
Canvasback 4 
Grea ter Scaup 10 5 119 
Common Goldeneye 'I 

A 

Rut" t' behead 14 60 1 3 2 

P l!> r (=M7 r" i np> l"*Pi ) i"f)iri 11 11. J. '..]B| L JL iN C. J. 43L.I. '..W JLJ JL 

B 1 ack-lbe 1 1 i ed P Lev ei: ......... ...... .. ......... 2 ..

Ki l l dear y 

Greater Yellowlegs 2 :i 3 6 
S p o t t e  d Sandpiper 1 1 

Laughing Gull. •) 25 tm 

]lCommon Blaick-he aded Gu 1 1 
Ring- bi l led gull 266 8 53 36 42 2 
Her ring Gull 295 14 11 .20 2 9 
Iceland Gull 1 
G i: e.a t IE! La t: k-baacked Gull 40 :IO 16 9 33 

......... .. .•_ ... j^J
Least Tern 
9


.>Rock Dove 3 2 10 
Mourning dove 2 

Tree Swallow ;; ......... ..... ..

Arneri can Robin 1. 
European Stair L ing 7 B 

;>Song Sparrov 
Co'mmon Crackle 
H o u s  e Sparrov Ei 

2
\ 
B


.i t*i1** r"id EI tl 1"L 1 i i i i» H (3>r'rn"i <.i i 'c. >ci  u.1. 'Li'c: 11 K.J. I.N L 

!"iriimn; Riynol' R 

- I S O 



Table E i , 2 RESULTS O F SES ( 1987) 
c o n t i n u e  d Open W a t e r / M u d t l.at B i rd Censuses - A c: us line t R i v e r Es tuary 

22 08 14 04 19 18 , 1.9

FIB APR APR MAY MAS' SEPT


Lessee S'eLloiu'legs 6 
F13 Y!: t <:!  f ' 5 T B E 111 1 

B e l t e  d K i i n g l l i s h e i c 1 

TOTALS It 849 533 24L 122 127 78«• 

SPECIES 1.3 12 L 3 15 1..5 14 



(3 . I .3. 2 &B.L t Marsh Eahllal: 

Tab I e 8 . 3 p r e s e n t s species dens i t i es recorded in it hi? sal. I m a r s h h a b i t a t s at 
s i t e  s 1 and 2 Twelve (12) species f.or. & t o t a l d e n s i t  y of 276 b i r d s ''100 a c r e s 
were recorded In the salt marsh ha ibn ta t a  t s i t e 1. 1:1 1 gh t eeiri (!!!) species l:or 
a  i n t a l d e n s i t y o E :tO!».'i b i r d s / 100 ac res were recorded in the sa l t marsh 
hab i t : EI t at sin: 2  . The dens : i t les are w i t h i  n t y p i c a l l y r epor t ed values for 
soul h e r n New England sal. v in,arshes (Re iner t and K i 1. pa t r :l <: l( 1986; R e . i n e r t el -il. 
1 98 1. ) . 

I hi: A m e r i c a n Black Duck was un ique to . s i t e 1,, iiiiid was suspec ted br e e d :i iiff in 
Uie n o r t h e r n end ol: site I  . Seven (V) species were un ique to s i t e 2, however, 
o n l y '.I, line Clapper ifl ,Ei:Ll and S p o t t e d Sandpiper , had densit ies greater i:han 1 .9 
b i r t h ; / 1 00 a c r e s . The Clapper R a i l w a s a con 111. rime ti n e s t i n g species al: s i te '.I 

l!  l:^'!w i t h i  n a creeks.idie stairid of t a l  l Sparcii i i j : !•!'"!" I! ::!--[!:i!:'![  'n  sou theaKi : \:ar.i 
ol i h e s t u d y area ; an adult i n c u b a t i n g ID i-'|i;|i;.s VEI;: dis cove red on 16 Jwrie, iindl 
b o t h p a r e n t s were observed n e a r the nest w i t  h a I l eas t I? young (1-2 days o ld I 
en 8 J u l y The n e s t was p l a c e d in a s t a n d o! shore (' <: <i Ocm ) EJJUI r t :[ na 

^ r o m a'!•[ E !" HI ! !• 3L£1" i! ''"'  "o-squito d i t c h  . Th<e Spotted Sandpiper was suspected to 
t ie n e s t i n g iit s i t  e 2 , and was m n s t E r e q i L i e n t l y observed o  n the ei iposedi b o t t o m ! ! 
o f nos'qui 1.0 d i t c h e  s and t i d a l , c r e e k s . 

The S E i . l t marsh hab i ta l . at s i t e s 1 and 7. received the greates t u.se by 
parser . Lines ( l ,  e perching b:lrds; s p a r r o w s , l )Lackb: l rds , s t a r l i n j i ; , e t c ) 
Passerine densi t ies were vary s i m i l a r (231 b i r d s / ' ID ha, s i te 1| 236 .3 b:h:dsMO 
ha, s i te 2 )  , but use of tht> salt marsh h a b i t a  t between si tes dLEEered 
considerably. S.alt mar.E:h u,se a  t s i t e 1 was doinin.ated by b i rds nesting in the 
n a r s ' h ^ u p l a n i d edge t h a t commuted out t o the marsh i.o iioirage. Th:is use va.s nc>st 
evident by Red -winged Blackbirds which were c o n f i r m e d breeders in the 
marsh, ' up land edge h,ali:i tats and iioini; Sparrows which were conf i rmed nes'ting in 
] v a :E ru t IES.S c e ns , Inu v o n 1y oni!> S<EI 1 1 tEiai: sh o b 1i ;; a t i ve •• t b<e !:.hnii:rp- C E I :. 1 ed Spa r row 
- w a s recorded at t h i s s: l te . The ilharp-- t a i l e d was a continued nestini)!' species 
and had a dens i t y of 2 2 . 6 b.l:n:L:;''1.0G acres •• lo» compared tc s i t  e 2 H h i c h i had a 
Sharp - t a i l density of i'i!!.D bird.:; /LOO acres. Ihe (preater d ivers i fy Ei.nd more 
h i g h l y in t e r s p e r s e d nal iure <:>:E the cove r types at s i t e 2 may c o n t r i b u t e to the 
In i ghe r d e ins i t i e s t here. 

t\" s i t  e 2, s a l t m a r s h use w,as d o m i n a t e d l iy ai.n oh l iga t ive .salt marsh nester , , 
I. he Sharp - tai led [j p.H i: i: o v (Tab le ( 3 . 2 )  . T h i s species w a s abundant and 
d i s t r i b u t e d throughout the marsh as  i l was found on al l 3 sections oE the sa l t 
marsh tran.sect. Red-Minted B Lack hi nils, lEkiroipeuiri Starling's , and !ioiii|;' Sparrows 
nes t ing , in Lhe marsh/ u p l a n d edge h a b i t a t  s also commuted o u t t o th<e marsh 10 
E o r a g e , , but i o a lesser dec ree t h a  n i:ec circled at s i t  e I. 

Bo th s i tes I and 2 r ece ived irregular use by toeirican K e s t r e l s , and 
s i m i l a  r use by Mo in: n ing D o v e s and aer ial Insecti votes ( e . g Chimney 
B a r n .Swallows, and Ti:ee .Swa l lows) . Shorebhnis ohsei:ved at s i t e .? ( K i l l deer 
and Sported Sandpiper) were resident' and suspected breeders. Prior to the 
beginning of census e f f o r t  s ( M a y )  , Greater Yel low legs and Black bellied 
P l o v e r s w e r e obse rved o n t h e m a r s h a t s i t e 2  , 



Table 8,.3. Species Densities (birds/40 ha, 1.00 acres) of Birds

Using Salt Harsh Habitat between 9 June and 20 July


1987.


Acushne t 11:i ver Est ua ry Pope Beat:hi 
Site 1 Site I! 

American Black Duck 1 2.1. Snowy Eg re l: I,,!)1 

American Kestrel 1.4 American Kestrel 2..B 

Mourning1 Dove 7.5 Clapper Rail *1 19 .4 

Chimney Swift: 9.4 Killdeer 1.4 

Barn Swallow 9.4 Spotted Sandpiper 1 4,3 

Tree Swallow 1.5.2 Mourning Dove ''••«' 

American, Crow 1.9 Chimney Swift 111. 5 

Europ e an S t a r 1i in g 74 . 7 Barn Swallow :II5.9 

Red -vin (fed Blackbird 1 1.0.3.6 Tree Shallow 1.4 

Common Crackle L..4 American Crow 3.8 

Song Sparrow *L 4.0 Nor the rn Modcingb i rd 0. 9 

Sha r. p1 a i 1 ed S pai: row * 1. 22 . 6 European Starling 52.5 

Sparrow Sp. I 2,,B Common Yellow throat 0.9 

Red-winged Blackbird 1 29.8 

Common Graclcle 4.2 

Brown-headed Cowbinl ()„ 9 

Song Sparrow 1 0 ., 3 

Sharp- tailed Sparrow *l 14 3, .0 

Total: Species 12 18


Densi. ty 276.0/40 ha 305.4/40 ha


(' 100 acres! (100 acres


confirmed nest:ing


for .suspected and confirmed nesting species, a correction factor of

1.5 was applied to compensate for the inactivity of nesting

individuals (Emlen 1971).
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Numbers of specie1!! using .salt marsh habitats re ported by SES (1987) arcs

si mi. LEU: to chose found in this study, but bird densities reported by SHIS arm

much Lover (TabLe ii,4.) and reflect the timing of their census ing efforts,

which were begun & month before most estuarine breed!:!,;; species ar five in this

region (Lloyd Center :i 91:16). The trends recorded :in Che salt marsh habitat at

wetland .sites 1 and 2 reflect: d inferences liri habitat features:. Site 1 is


s c
dominated by bi|i;h marsh grasses (Sjjar tina Jgate!!!iS» P:!! ii!M!: !l:l?:!ci!i!;a.' ••!i!!!!:!ii!i>

and the shrub Iw'a fruteseens.. The widespread distribution ol: these


communi t :ies i:n combination wit few 'natural cidal i: reeks and steep-sided

mosquito ditches leave the habitat: largely unsui table for obi illative nesting

marsh birds, However, Sharp- tailed Sparrows and Song Sparrows do find nesting

site;:; on the marsh,, and a few Red-winged Blaclcbi rds were suspected nescing on

the marsh. The narrow width of site 1. allows marsh/upland nesting species

easy access to foraging areas in the S£a_rj:ina alte:mi flora habitat lining; Che

shore, and these sites also provide sui Cable foraging area,:; for the

Sharp- Cai Led Sparrow. Access to these escuarine foraging areas ma;)', in part,

allow for the relatively dense association ol: nesting species found in (the

ma f sh/ upland edge ( see se c t i on I:! . 1. 1 .. 3) ,


The vegetation communities at site 2 are much more heterogeneous providing

different habitats for foraging,, nesting,, and mating activities of marsh

nesting birds. This is most evident in the abundance of nesting Sharp- tailed

Sparrows and the Clapper Rail vhich find suitable nest cover in Sj>art:j.n.a_

*!]:e£n:L!L!-'ELF* habitat, and foraging areas along sloped, par'tiallŷ fiTIed"

mosquito ditches and natural tidal creeks. Other suspected, nesting species as

veil as birds nesting in the marsh /upland edge habi taris were also recorded

using these foraging areas,


Winter 19135 and fall 1986 observations of bird use at s:i Ces 1 and 2 were

conducted by SES CL987)>; results are provided in Table 8.5.


B .. 1 . 3. .3 .HLarslx'llplaDd! Edge lEIabil tint: 

The [Harsh/upland edge habi Cat: at site 1 is dominated by Iva t'rut'BSCjen!; and

?'=!'[! i?!™ vlfl'!!.!• !£5 on l:n'e Bll!iris':i side,, and by tall (>1.3m) shrubs «!!:««! T'i th

ciiE'ciuciuouis: iiiirici eveirĵ reen trctes on the upland side,, Shrub conimuni ties up to

75m vide form a broad transition zone between the salt: marsh and t:ore,sted

upland habi Cat;; this transition :z:one supported the highest density of birds

(531.0 birds/1001 acres) found on any of the transects in this study.


Table 8.6 presents species densities recorded in the marsh/upland, edge habitat

at sites L and. 2. Twenty-seven (2.7) species vere recorded at site 1. Five

(.!>) species vere con f i nned breeding v:i th 1.7 addi cional species suspected

breeding; (Table 8.6). The 5 dominant species at this site - Red-winded

Blackbird, European Starling;, Northern Mockingbird, Song Sparrow, and. American

Robin - account for 661 of the total density of birds recorded in this

habitat; their relatively high densities reflect the heterogeneity of .

vegetation communities in this transect,, for the Red-winged Blackbird and Song

Sparrow are commonly found in, wetland edge habitats,, whereas the European
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T a b l e 8 . < »  . SES ( 1 9 8 7 ) D a t a on Sal.I:marsh B i rd Densi t ies (11/40 ha) recorded 
din: ing Early Spiring 1.985 T r a n s e c t s 

A c u s h n e t R i ve r E s ttu, a rv Pope Beach 

S i t e 1 Elite 2 

A me r i can E) 1 a c It Duck 1 . 4 Great B L u « Heron 0 , 5 
A m e i : lean Kes t r e l 0 3 Ame r i can D1 a c l(. Duck 0 .4 
K i l l deer 0 .6 Hal. Lard 0.5 
G r e a t e  r S'ellowlegs 0 . 9 Amer ica i r i Kestrel 1 .1 
M u u i: n i ng Do w e 0.. 3 K i L L d e e r 1 .4 
Tree SwaLLow 0.3, Grea ter Sellovlegs 0 . 4 
A m e r ican Crow 1,."' R i n g - b i l l e d Gull" 0 . 2 
Savannah S p a r r o w
So ng1 Sparrow

 (),.6 
 < • „ 0 

He r r iirig (! u 11
Mounni.iri (g Dove

 1 .4 
 0 . 2 

S p a r r o w sp. 0, .3> Ame r i can C i: ov 1 .3 
C o m m o n C r a c k l e 0..6 Savannah Sparrow 0.4 
E a !i t«? r n M e nd o i<-1 ;j. i: k !),. 6 Song Spanrov 4 .3 

Mo r t.he r n M ock. i ngb i. r d 0 . 2 
Sparrow sp . 0.4 

T O T A L : 1.3 species 12.2/40 ha TOTAL: 15 species 12.9'40 ha 



Table 8,,5. Winter and Fall Bird Sightings of Sail: Marsh Habitat: at the

Acushnet and Pope Beach Sites..


A c us line t River Pope Beach 
Site 1. Si.l:e 2 

Feb ruary September September 
1985 19186 1986 

Great Blue fleron 
Green-backed Huron 1. 

Black Duck 4 

Red-tailed Hawk 
Peregrine Falcon 
Merlin 
Osprey 
American Kestrel 

Laughing Gull 12 13 
Herring Gull 1 

Rock Dove 

Belted Kingfisher 
Northern Flicker 
Tree Swallow 
Barn Swallow 
Blue Jay I 
American Crow 5 
Nor therm Mockingbi nl 1 
Gray Catbird 
European Starling 80 
House Finch 
Savannah Sparrow k 
Song Sparrow 5 
Red-winged Blackbird 

Total It individuals 12 111


Species 'number 9


1 56


33 



 I Table 8., (5,. Species Densities (birds/

Marsh/Dp land Edge Ha bi tai:


Aeushnet River Estuary

Site 1 

American Kestrel L 5.6 

Mourning Dove 1 9.9 

Chimney Sviit 6.2 

Common Flicker 1 3.7 

Grea(.-crested Flycatcbei:2 2.5


Barn Swallow 8.2


Tree Swallow 7.4


Blue Jay 1 7.5


American Crew 6,.2


Nor them Mockingbird *2 52.2


Gray Catbird 1 11.2


American Robin. *1 41. !l


Cedar Waxving 2.5


European Starling *1 8t>.9


Yellow Warbler 2 !IB,.2:


Common Yellowthroat 2 29.7


Red-winged Blackbird *L 11(>.9


Common Crackle 1 20,,&


Brown-headed Cowbird 1 2,,!:>


Northern Oriole 1 1.9


Northern Cardinal 2 1.6


House Pinch 1. 15.0


Americ an Gold i: i rich fi „ 2


Rufous-sided Towhee 2 2,.5


Song Sparrow *1 ,!J2,,9


Sharp-tailed Sparrow 1 1,,2


l-Vield Sparrow 2 '6..<S


Sparrow sp. 1. 2,,5


40ha, 100 acres) of Birds

between 9June and 20 July


Pope Beach

Site 2 

American Black Duck 

Mallard Duck * 

American Kestrel 1 

Clapper Rail 1 

K:il.ldeer 1. 2, 

Mourning Dove 1 2, 

Chimney Swift .5. 

Common Flicker 1 ].„ 

Barn Swallow 1,5 „ 

Tree Swallow .5., 

Blue .Jay 

American Crow 1,, 

Black-capped Chi ckadeel 2


Tufted Titmouse 1 2


Bouse Wren 2 LIB


Northern Mockingbird 2 1.1


Gray Catbird 1 2.5


American Robin 1 .21


European IS tar ling *1 29


White-eyed Vireo 2 .5


'ifellow Warbler 2 28


Common Tellovthroat 2 .54


Bo'Uije Sparrow 1 1


Red ~w:i nged B la ckbi rd*l 8:1


Common Grackle 1 IS)


Brovn-headed Cowbird 1. fi


Northern Oriole *1 1'i


Northern Cardinal 2 5


American Go Id i: inch 1


Rufous-sided Tovhee 2 2




Table B.6. Marsh-'upland Bird Densities1 (bi rds/'iOha, 1.00 acres)

(Continued)


Acuishne t R ive r Es tuary Pope Beach 
S i t e I. Si te 2 

Song Sparrov *1 . < » 9 , , 6 

,Sha r p» t a:i led S pa irrov* 1. 3<i , . 9 

Sparrow sp. 1. 2 .5 

Total;: Species: 27 3,2 

Densi ty 531.0/40 ha 484. k/''ID ha 

( 1.00 acres) ('100 acres) 

rt
 confirmed nesting species


1 for suspected and eon Hi rimed nesting species, ;i correction factor of

1.5 was applied to compensate for the inactivity of nesting

individuals1 (Era lien 1971).


2 for species in which the male's song 'was the only detection cue

used, a correction factor of 2»0 was applied to compensate for the

inactivity of nesting individuals1 (Eralen 197]).




Starling, Northern Mockingbird,, and American Robin ana more often found in

upland habitats:. Red-winged Blackbirds, European Starlings,, and Song Sparrows

nesting .in the edge habitats were observed making frequent trips to the salt

marsh 'to forage.


At site 2, the marsh/up Land edge habitat is dominated by P'hrajjmi les austral is

which occurs in narrow ( CiiOm) strips. Shrub communities are" sparseLy

distributed and the transition from sail: marsh to oak-hickory forest is

abrupt ; in some places scrub oak defines the marsh/up Land border. The

influence oi: forest associated species (e.g.. Black-capped Chickadee, Tufted

Titmouse, House Wren, and ii'hite-eyed Vi. reo) at this site contributed to the,

overall, highest species diversity (32 species) recorded during this study.

These species were observed singing and foraging at: the wetland edge and made

up f>% of the total density found in this habitat.


The dominant species (Red-winged Blackbird, Common X el low throat,, Song

Span ov, and [European Starling) made up 50£ of the total species density; all,


the European Starling, are commonly found nesting in vet land or wetland

edge habitat. Dominance by this group of primarily wetland associated species

indicates a greater homogeneity of habitat at site 2. Other wetland species

including the Mallard Duck, a confirmed nesting species, the Killdeer, a

suspected nesting species,, the American Black Duck and the Clapper Rail were

recorded in this habitat.


Differences in the species composition and relative densities between sites 1

and 2 can be attributed,, in part, to the composition, abundance, and

distribution of the vegetation communities found within the marsh/upland edge

transects. The relatively high density of both wetland associated and upland

associated species at site 1 reflect the heterogeneity of the vegetation

communities as veil as the proximity of this habitat to vet land foraging

areas. Broad shrub aones mixed with forested habitat provide cover for a

variety of nesting species, while the S]:>a.r_tj.na ajhjsrnj..f.Lo.ra habitat lining the

shore of wetland 1 provides additional, and, for some species (e.g. led-winged

Blackbird), primary foraging habitat.


The edge habitat at site 2 is much narrower,, bordered on the marsh side by

Phri-ygmites with few shrub communities, and on the upland side by forested

habitat. As a result, the dominant species in this habitat were wetland

associated species that nested in Phragj]]ites or adjacent shrub communities.

Species more often associated with forested habitat: were observed at the

wetland edge and contributed to the high species diversity recorded on this

transect,


The number and relative abundance of species found in this study are similar

to those reported by SES (19(17.) during early spring 1985 (Table (1.7).

However, marsh/upland edge bird densities found in this study are higher than

those reported by SES and reflect the close timing of this study with the

breeding season of estuarine wetland birds. SES results from census ing bird

use along the salt marsh edges during winter L985 and late summer 1986 are

presented in Table 8.8.
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labile 8 .7 . Mai:sh/UpLand Edge Bird D e n s i t i e  s C f f / 4  0 ha) Recorded During Early 
Spring; L985 Transects ( lie on SES 1.987) 

Acushnet River Pope Beach 
s i t e i 

American Kesitre.1 0.4 Rock Dove (), 2

Rock Dove A.9 Downy Ifo<odpecker 4.7

Mourning' Dove 2 .0 northern Flicker 6.4

Downy Woodpecker 0.13 Tr Swallow 0.9

Hai ry Hoodpecltiec 0. (j Blue Jay I .  0 
Noi: them Flicker 3- '• /iaerican Crcru 6.1:1 
Blue Jay L2.8 E! 1 a <: It.-- i:.i=i|:i]:ied C'h i c.l(.acl<E>e 1 it . 0 
American Crow 2.9 T u f t e d T.i tmou.se 9 ,  2 
BLack-capped Chickadee 1.0 Carolina Wren '»,. 1 
Tut'ted Tl t mouse 2 .9 American Robin L i i .  9 
CaroLina Wren 6.2 Gray Catbird 7 .  3 
Airierlean Robin 33.11 Northern Mloddngbi.rd 4.1 
Northern Hock ingbird L7.6 II,uro peairi S t a. r il i rig 1.5. 1. 
E! u r opean 8 i: a.i:il.i ng 44.6 X e il il ow- mumped Warb Le r ] lit. 6 
S'ellow-ruinp«d WanbLer 1.0.5 Nor 1C hern Cardinal 7.5 
No r i; hern Ca rd :l nui.l. (i. .5 Field Sparrow 0.6 
Amer i <: an T ree Sparrow 3.2 Savannah Sparrow 0 ,7 
FieLd Sparrow 3.6 Song Sparrow 27..8> 
Savannah Sparrow 0.7 Swamp Sparrow 2 .  1 
Song Sparrow 35,.9 Whi ( <E>- t:.h r on it ed Spiei r r ow 1. :l. 1 
Swamp Sparrow 1, 'i Red-winged Illackb 1.rd 6.5 
U'hi te~throated Sparrow 1.4. 5 lOouion {jrnc.k.le 5.1. 
.R t> d -- w.i nged Blackbird 1.3. L E) r own- headed 'Cowbi ircl !:i. 3 
Common Crackle 40.8 House Finch lil.:! 
B rown - headed Cowb i rd 3. .3 Anns; r ]i c aju Gold I:i n t: h 2 i) . !l 
Hou.se Finch S.2 blouse Sparrow 1 „ <• 
American Gold I: Inch <i. :i

House Sparrow !5,,<i


TOTAL: 2 8 L . 4 A D ha 211 .6 /40 ha 
28 26 species 



Table 8.8. Salt Marsh/Upland Edge - Bird Data from the Winter ('February 1985;

and Late Summer (September 1986) survey (From SES 1.987),,


Acushnet Study Area Reference S:i te


February September September

1.985 1986 19B6


Osprey present

Northern Harrier ... present: 

American Kestrel 1. present: 1

Sharp-shinned Hawk 1 ... 


Rock. Dove ... present: •+

Mourning Dove 5 present: 


Blue Jay ... present: 5

Common Crow 2 present: -

Bla ck - capped Ch i ckadee ... present: 1

Tufted Titmouse 1 ... 5

House 'Wren -- present: 1

Carolina Wren -- present 2

Northern Mockingbird. 1 present 3

Gray Catbird - present 11

American Robin - present :i

European Starling - present 

Tennessee WarbLer - present 

Bay-breas:t ed Warb1er - present. 

Black poll Warbler - present i

Connec ti cut Warbler - present 

Yellow -njLtnped War b1er 3 .. 

Common Yellowthroat - present 3

American Redstart - .. 2

Nor them Cardinal - present ti

Rose-breas t ed Grosbeak - present 

Song Spar 1:0v 11 present 4

Common Crackle - present 

House Finch - present. 

American Goldfinch - present, 4


Red-eyed Vireo - .. 1


'U'hi te-eyed Vlreo .. .. 1


Soli tary Vireo - •- 1


Total # individuals 25 doaens of 334 
individuals of

each species


Species number 21 



&„:!' MAMMALS 

[],'}. .'\ Majnials! Otose r yed D:[ irec I. ly ami By Signs 

Each oiE the wet land s i tes (111 , 2, "I, < • , !i , and 9} wen; v i s i t ed on several 
occasions to c o n d u c  t a q u a l i t a t i v e w i l d l i f  e assessment o:E inauuna L 1 a n use of the 
w e t l a n d s '.[n ad d :L t .i on , each a;: the wetland;; were v i. s i 1: e d in a ssoc ia t ion w i t  h 
o t h e r p r o j e c t lasl::;,, such a.;; d u i: :i nig1 b i r d censuses, vege t a it .i on sampling . e t c . , 
a n d a r ecord was kept o,E a l l . Inc iden ta l w i l d l i f  e obse rva i: i onus at each MM .land. 
M a m m a l use uas documented by d i r e c t observation or. f rom signs o f A c t i v i t y such 
as tracks, scat , sera pes,, nests, dens,, burrows, and signs ol: foi: aging a c t i v i t y  . 

A ;;e::ond task involved a 1 1: c a c t .i rig mauuiui .1 :> 'to so en I: p o u t s so Cna t ' t h e i r 
occurrences could be documented and quant i f ied. This; work was conduc ted on 
four days; in Sepl embei: 1987. Scent posts w h i c h consisted of ' hard H nod posts 
me a suit ing approximately 3cm x 3::.an, » '130cm M«>i:e estabLi. shed at 300 y a r d 
i n t e r v a l  s along1 the wet land/ up Land boundary on wetlands 1,, ?. , A, i>, and (!' . 
A p p r o » . i m a t e L y 100 cm oi: tbe post Ma,s; i l e .E t protiradinj; ' abo^t> thi> ground 

On v IE> t Ian ds 5 and 9 vhere there was ].E>,S;!> than E)OQ yards ol: ava i lab le eel,;;!!,, a 
m i n i m u m c:i at 1-ea.sii: two scent piosts '.'ere used a I a p 1 ucemen I. of less than !i()0 
yards a paint . 

The met hodo lc>(;y used i«ii.:i to clear an area oi: bare g round at the ba.!ie o:E the 
s c e n t post so that tracks amd sign could be readily observed. The posit vas 
scented vi t .h a commercially' available Fox Urine scent and the posts rev:i<;i ted 
w i t h i  n 2 days to observe any a c t i v i t  y around the posts. The use of FOK ur ine 
was considered to be ideal, for a t t r a c t i ng all carnivores which may be l:oumd on 
the s i t e  , Vhi le fo'od baits; appeal to noa.ituuls onl.y w h « > n they are hungry, the 
<;em<;e o(: soel.1, w h i c h .Is acute im itiammaLs, will ol:t.en appeal, to a mamma 1. ' s s;ex 
i n t e r e s t  , amtaij-onisin,, or i t '  s cur ios .I t y . Because maiiunaJLs use scent to 
coinnuinicai.e t e r r i t o r i e s axid sexuial readiness;, scent should be an a t t ract ion a I. 
all. tiriiies while :Eood bait may only be an a t t r a c t i o n occasionally (Tabwr and 
Cowan 1969). The scent posts were used to m i m i  c the inauuna 1 i an behai'ior <:>:E 
marking the i r honi!1 ranges u i t h urine, feces, or gla.ndlu.l.ar sec r e t . Ions. 

Ei .. 2 . 1 . 1. !! pecles .tuiiid Mumltier,!! iDbisieirt'ed 

The species observed f r o m both i. nci dental, and seen I post observations on rhe 
scuds' area vet lands are presented in Table 8 , 9  , Table E 9 . 1 0 L i s t s ; those 
i-peci.es which DeGraaf and lludis (1. :)'Ei6.> report as occurri. ng .in salt nar'S'h 
hab i r a t s w i t h i  n this region . The occurrence of domes f i t : mammals ( 'dogs and 
c a t : - ] was documented ats these animals w e r e thought to be of importance fiiven 
the n a t u r  e oiE the contaminants on the s i te and the p o t e n t i a  l movement: of 
c o n t a m i n a n t s v.la these mammal.!;, In Apri . 1,, 1905 f i e ld personnel .Erom .Sanford 
Ecological. Services placed 206 snap-- 1 raps randomly along1 the eastern edge of 
wet Land s i t  e 1 as part of the e f f o r  t to collect small HutLmals for 
b i o a c c u r n u l a t ion s t u d i e s  . Traps were placed along- the salt marsh upland border 
o  E grass and s h r u b s . The 2 06 t rap n i g - h t e f f o r  t yielded the f o l l o w i n g ; House 
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Table 8.9.


Site 1.

Eas tern Cottontail

U'oodchuck

Meadow Vole

Muskrat:

Dog

Cat

Raccoon


Eastern Cottontail

Muskrat

Dog

Cat

Raccoon


Site 3

East (>rni Cottontail

Muskrat

Red Fox:

Dog


Site 4

Eastern Cot:ton tail

Woodchuc.lt

House House

Dog

Raccoon


!i:i t:e .5

lias tern Cot Con tail

Norway Ei,at


Sit.;:! 9

Eastern Cottontail


Occurrence of: Mammals: On Project Area Wetlands.,


line ide.ni tally Seen tpo s t

Observed Sampling


I.D.


visual

burrow

nest:

scat

visual

visual

t racks


scat

scat

visual

visual

tracks


scat

visual

den

scat


visual

visual

v isuail

visual


scat

visual


scat

Gray Squirrel visual

Dog visual


a Scat: liound 10m from scent post.


Habitat I,D. Habitat 

high marsh scat high, marsh 
I.. Jrrutescens 
jj . £at isns ..
nigh marsh 
all -
In igh marsh -
man-vegetated -

high marsh ..
creek-bank ..
all ..
high marsh -
S. alt end flora 

high marsh scat1' high marsh 
tidal creek 
upland scat'1 high marsh 
high nars'h -

Ammophila. -
upland" edge -
Phrafjmites 
all -

tracks Fhrajjjmtites 

upland edge 
S. altern,iflora 

high marsh -
high marsh -
all -



Tab IE; 8.10 Mammalian


DIDELPEODAE

V:i rginia Opossum


Masked Shrev

Short-tailed Shrew

Star-nosed Mole


_

iTi:"i:Tiir"Bro'wn Myo t: is

Keen '' s Myo t i s

Silver-haired Bat

Eastern Pip. is t re lie

Big Brown Bat:

Red Bat

Hoary Bat


New England Cot tonta i l

CR]:CET:[:DAE 
White -footed Mouse


'eacow umping Mouse


Mus lelidae.

Long- tailed Weasel

Wink

S 11: i ped Skunk


 Species Found in Sail: Man? hi Habitats in This Region.


Did (=!1 ph i. s v 11:g :i ni ana


Sorux cinereua

BLarina brevi t:audia

Sealopus cris tata


Myotis lucifugus

Myotis keenii

Lasinyc t eiri s noc I: ivagans 
P i pi s t: r L1 us su bf 1av u s 
Eptes t icus fuscus 
La.:; :iurU;E; boKuali;-; 
Lasiurus cineireus 

 Sy 1v 11 aipus t ransi t ional is 

Peromyscus leucopus 

Zapus hiLiclsonius 

Mustela t 'renata 
Mustela vison 
M e p h i t i s mephi t is 



mouse (Mus musculus) 3, Norway Rat: (Rattus norvegicus) 1 and 'White-Footed

Mouse (Pfipmyscus JLeuicpiinis) 1.3. The trapping success'for small mammals was 9.2

percent (i9/206). liaised on the above success, data collected inoidentially,

wetland si'te characteristics which include abundant upland islands and fill

areas 'within or adjacent to the wetland study areas,, and literature sources

(e.g., DeGraaf and iRudis, 11986), it is likely that small mammals are the most:

abundant resident, vertebrates found on these wetlands.


6..2.1.2 Location and iHia.bit.at Type


Direct observations and signs of mammal use were observed in all the habitat

types represented on the study area wetlands. Dogs, cats and rabbits

comprised the majority of direct observations,, while scat,, tracks, small

mammal nests and clippings,, burrows and dens of medium sized mammals were the

most frequently observed signs on the salt marsh and marsh/upland edge

habitats. Brief descriptions of the mammal observations recorded for each

site are given below:


WetL-mcl Site 1 - At wetland site 1 the eastern cottontail, was the only

mammal,, besides dogs and cats, that was observed directly. Cottontail scat,

however,, was found throughout the high marsh habitats. Two (I!) apparently

active wo>odchuck 'burrows; were found in the extensive area o.f _Iva fjrutescenjs at

the northern end of the wetland, a meadow vole nest and system of runways 'was

found in S» patens, muskrat scat: was found on the high marsh,, and raccoon

tracks were observed in the non-vegetated portion of the vet:Land that: is

adjacent: to the auto salvage yard. SES (1987) wildlife observations in this

site included eastern cottontail, skunk,, meadow vole,, and white-footed mice.


'Wetland Site '.I - Dogs and cats, which roamed throughout this entire system,

•were the only mammals observed directly at this site., Raccoon tracks and

muskrat. scat were found in, the regularly flooded zone,, and eastern cottontail.

scat was found on the high marsh. SES (1987') observed use of the wooded swamp

in the northeast part: of site 2 by gray squirrels, opposuin, and eastern

eh i pmunlts.


Vet:land Site 3 - A muskrat was observed swimming in the main tidal creek at:

this site on 9 July. A large fox compound with at: Least 10 burrows,, some of

which were active, was found on. an upland knoll directly adjacent to the

estuarine wetlands at this site; on 25 September I:O:K scat was found

approximately LOm from a scent post placed in, the high marsh. Cottontail and

dog scat were found in the high marsh.


iJ'etLand Site 4 - Eastern cottontails were observed foraging in AininpjjJnJLa

breviiijgulata habitats, a woodchuck was observed at. the upland edge,, a-house

mouse was observed in ]?'hragm.i tes,, and dogs were observed regularly in all

habitats. Raccoon tracks were present at: a scent post placed, adjacent to a

stand, of: .Phraptii tes.




Wet land S.i he 1J -• A no may rat was observed for aging in the tail S. 
aiheTiniTETprii Iia'bitat and coi:tont.ai.L sca t was L i t t e red throughout- the 
upland"/ed'ge portions of: this s i t e  . 

Uetlajid S i te 9 - Dogs1 were observed throughout this iretland, a gray squirrel 
•was observed foraging on the high marsh and c o t t o n t a i l scat was found on the 
high marsh. 

8.2., 'i Results of Scent Post Observations tor |||>lijoid Edges of SaltKjrsh 
Bab jJl aits 

Scent post samp Ling yielded only 3 additional observations to sightings and/or

sign observed .incidentally ('Table 8.9). At s:i l.e L rabbit scat (.'as found at a

post placed in S. |>atenis, and at site A raccoon and dog" tracks were found at a

post adjacent to a stand of Phraginites. At site 3, however, fox and rabbit

scat were found approximately LOm from a post placed in S. patens..


8.2.3 EIab:i Cat: Description!.!)


Differences in the siae and compos.! tianal characteristics of the project area

wetland habitats will affect mammal diversity and abundance among the wetland

si.tes., Because t.he majority ol! mammal use of salt marshes is foraging by

animals living in marsh edge or upland habitats, the 'wetland sites containing

large transition zones from marsh to upland are expected to have the greatest

diversity and abundance of small and medium sized mammal;;,


'Wetland sites 1. and 3 are connected and form an uninterrupted wet. Land/'upland

system with a variety of marsh,, mar sh/'up land edge, and upland habitats, The

extensive area o.f salt marsh habitats in the project areas provides suitable

habitat .for the Meadow Vole, whic.h builds its nest: in Spartina pat ens

(sometimes in SparLina alteriiiflora) and feeds exclusively on salt marsh

plants,, as we 1.1 as foraging areas for larger mammals such as: the Eastern

Cottontail, Muskrat , Raccoon, Opossum,, Skunk, 'Weasel, and Red Fox which live

in upland areas hut feed on vegetation,, insects, marine invertebrates, bird

eggs and small mammaIs found in the marsh, In addition, the extensive

transition zone from marsh to upland and upland islands that occur within this

wet Land system provide s.uit.abLe habitat: for burrowing mamma Ls such as the

Masked and .Short-tai.Led Shrew, 'Woodchuck, and ior seed eaters such as the

White-footed and Meadow Jumping Mouse which build nests in oLd logs or tufts

of grass..


Although wetland site 2 has less transitional marsh/up Land edge habitat,

adjacent shrub and forested areas provide suitable habitat for small mammals

such a;- shrews and 'White-footed Mice, and larger mammals such as Weasels,

Mink, Skunk, Oppossum, and. Raccoon. The extensive area of: salt marsh at this

site having high :int.erspers:ion of cover types provide:; rich foraging areas for

the species living- in adjacent upland areas, as well EIS ior wetland nesting

species such as the Muskrat and Meadow Vole.
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The small area of. sail marsh at: wetland situs <i is probably not: inhabi rated by

mammals,, rather it: is most likely used by mammals living; in Che adjacent stand


:
'•'•'• £hjraj[]ni_tj|!S air"' 'upland areas. Mammals that might: occupy these areas include

seed" eaters such as the Wlvi te--footed Mouse, herbivores such as the Eastern

Cottontail, and omnivotes such as the Raccoon, Oppossum., and Skunk,,


There is little habitable salt: marsh at wetland site 5 since this wetland is

dominated by the inter tidal form of Spartina alte on flora. As a result,

mammal density and diversity is expected to be low in it he wetland proper.

However, adjacent: upland areas contain much fill and rubble providing habitat:

for t.he Norway Rat: and House House, both of which vi.ll exclude habitation of

the area by other'small mammals.


The small. si::e of wetland site 9 and its proximity to dense development

precludes extensive use of this wetland by mammals; mammal use of this

wetland is expected by some small mammals such as the Meadow Vole and

'White-footed Mouse, and by domestic dogs and cats.


8..I!,.3 0iscu.9J*:l on - HiEiininal (fee of the Wetlands


Signs of mammal activity or direct observation of mammals were observed on all

of the project: area wetlands,, Despite the lack of: results from scent post

sampling, over 35 days of incidental observations provided extensive data on

mammal species occurrences in tidal water, salt marsh and marsh/upland edge

habitats. Domes tic dog,*; and cats, and cottontail rabbits were the most

frequently observed mammals. He<i:ium-si:zed mammals such as the woodchuck,

musikrat, and raccoon were found at the larger we (.lands and based on the

discovery of: a Large system of burrows in a relatively undisturbed portion of

wetland site 3,, it apears that red fox have inhabited this area for some time.

Although few small mammals were observed directly, the diversity of habitat:

types,, both natural and human created, and observation of small mammal sign

suggest that this group of mammals is abundant on all of the project area

wetlands, Small mammal diversity and abundance is probably the lowest on the

marsh proper where only the meadow vole, and occasionally., the white-footed

mouse are known to nest. In the marsh/upland edge, however, one would expect:

to find a much greater abundance and diversity of species including the masked

shrew, short-tailed shrew, star-nosed mole,, house mouse and meadow jumping

mouse (Table 8.5).. In addition., species from the mustelid family (e.g.,

weasel,, mink, skunk.) are also expected to frequent: the wetlands in some of the

larger and relatively more remote sites.


Many dogs were observed traveling through study area wetlands and were

observed within ditches and other contaminated, areas. The potential for

migration of PCB contaminated substrate on the fur of dogs into the living

rooms of adjacent residents is,, potentially,, quite high., While domestic cats

may also transfer contaminated materials into homes, cats were most often

observed in the high marsh and marsh/upland edge habitats and are not as

likely as dogs to become covered with contaminated muck.,.




9.0 BABE Mm ENDANGERED1 SPECIES


9.1 SPECIES AND LOCATION


No species listed as endangered or threatened by the U.S. Fish and Wildlife

Service '(Department of: the Interior') were observed during the study period,, ft

peregrine falcon, however,, was observed in the vicinity of 'wetland site 1 on

22 February 1985 (SES 1.987),. In addition,, the Massachusetts Natural Heritage

Program (MNHP) has no records of any rare or endangered fauna or flora in the

study area wist lands.


Specie.:; listed as threatened or of special concern by the MNHP 'were observed

throughout the study period. On 9 July a least bittern, which is listed as

threatened by the MNHP, was observed foraging adjacent to a stand of

Phragmites on the east side of the Aeushnet: liver Estuary just north of: the

Wood" Street Bridge, This sighting was subsequently reported to the MNHP.

Least terns, listed as a species of special concern, were observed throughout

August and early September foraging in the waters adjacent to wetland sites 1

and 3. These were also 'Observed in May of 1985 {SES 1987); SES observations

also included a single sharp-shinned (special concern species) hawk, in

February 19'85. Both the osprey and common tern, Listed as species of special.

concern,, vere observed at wetland site 2 in July and during July and August

for the latter s peci es„




ICl.O BIOACOJOTLATIOM


10.1 COLLECTION AND AMU SIS HETBODOLOGEES


Tc determine the bioaeeumularion of PCB's, copper, chromium, mercury, lead,

;::inc, cadmium, and aromatic hydrocarbons (PHC's), the ribbed mussel ( Geultens ia

djiilLssa) 'were collected during mid-April from five stations at wetland" if "and two

(2) station!! at 3,4,5), and 9. A 1.1. mussels were collected a  t random locations

along a LiJm transect Located w i t h i n the salt marsh cord,gra.ss { Spajrj: i n_a


.':! n( !i
illJ.!:LEILL!:l£!-.!i '° - 'a-ri'd placed in hexane rinsed glass jars. Tiie.se "specimens

wen? transported back to the .Lab oin ice,. llep.Licat.es from one (1.) station at

each wetland were analyzed. The remainder wens archived (frozen) lioi: future

use. On the remaining mussels whole wet weight, shell weight, meat wet weight

and length were measured. Shells were scrubbed clean of any debris before

weighing, Shell. Length was measured. Heats were placed on filter paper Cor 2

minutes before weighing, V i l h i n each station, sufficient tissue weight were

pooled to form three replicate samples according to the methods outlined in the

SOU .


10. L . 2 Girj|tffl!£j5h£t«|J 

Grass shrimp ot one species ( False nonet es Jgujgio) were collected from the salt

marsh sediments of the project area wetlands (1,2 ,3,4,5,9) during mid -late

summer foic body burden analysis, Thesis spec linens were collected from randomly

generated! locations, Sufficient biomass was obtained to coinduc t three replicate

analyses for each constituent to be measured (copper, chromium, lead, zinc,

cadmium, iron, mercury, and PCIJ). Standard EPA, analysis methods (Appendix 'I O.I)

were used to determine coin cent rat ions.


1L0..1..3 FLjsh


10.1.3.1 Plah Sampling


Fish specimens were collected and analyzed for body burdens of: PCIJ,, copper,

chromium, mercury, Lead, zinc, and cadmium, Muinmichoys and v inter flounder were

collected in sufficient: quantities for site specific (3 sites: site 1. ==

wetlands 1. ,3,, S  i s i t e 2 = wetlands 4 and 9; s i t e 3 == wetland 2) pooled analysis

of 3 replicates per site and each specie;- was analysed separately to establish

i river telo rate- fish food chain, taioaccumulat ion Links, for a total ot 1.8

replicates. Tissue collected Ln excess ot that required Cor this analysis was

Eire hived for possible future analysis. Standard EPA methods (Appendix 10.1) tor

PCIJ and metals analysis were used to measure concentrations,


10. 'I. 3. 2 lie-suits of Visual Ln,s|»ec.'t:ion l:or Neoplasms or Tumors in P'is'h Livers


The Livers of wi inter flounder (Pseudj^gLeuronjcte.!; iaraeĵ ca_nus_ ) were collected and

visually surveyed for neoplasms., Flounder were collected only at: Site 2.

Individuals obtained from that site and intended for PCD analyses (placed in




aluminum foil) were dissected and examined In Che Laboratory for liver neoplasms

and minors. (Examinations were not: performed! on Illouiruler intended for metal

analyse!; since dissection with, metal utensils could have contaminated the

samples), A total of 13 IILounder vere examined for neoplasms and tumors.

ISx am i. in a i: ion occur: red on September 14, 1.9187, Mo neoplasms or tumor.!! wire

observed on livers of the examined. f:ish. During the course of Che internal

examination, remain!; of small, cmstaceans were occasionally noted in the stomach

of the C is In,.


Neoplasms h,ave been found in so lit shell clams i: 1:0111 New Bedford Harbor Oleinisch

<et al. 1984),, Cell *i»: it races from the tumors .showed detectable levels of PCB

conveners which suggest an ai.ssociation between the high prevalence ol: diseased

tissue {1.0-!K)!!') and the presence oil contaminated sedlmerit. In another study

(Brovn et al.. 1977) so fit shell claim neoplasms were common (12.. I)!) in New England

sites w:il:h varying degrees1 of hydrocarbon contamination. Hydrocarbon Levels in

clara tissue were related to sediment hydrocarbon concentrations,,


10.2 DISCUSSION OP PREVIOUS AND PRESENT STUDIES


10. 2.,'[


Fish and other aquatic organisms accumulate PCBs and metals 'both by direct water

intake and absorption through gills (SES,, 1987) and the ingestion of other

aquatic organisms lower in their food chain (Swart::: and Lee, L980). Because

PCBs and some other chemicals are persistent :in the body tissues of both the

food source and the organisms,, magni:t:lcatio<n occurs in organisms which are

higher in the food chain, and can result: in contauninant concentrations one :>r

several orders of: magnitude higher than concentrations in the water or sediment:.

Larger flish,, bottom feeders, and carnivores tend to accuoulaCe (bionairnify)

higher levels of contaidnants (Swart::: and Lee,, 1980). Humans exposed to

contaminated materials from the Acushnet: estuary, as from ingestion of

contaminated shellfish,, flnfish and shorebirds,, could accumulate body burdens oil

metals and PCBs.


Many other studies have documented the presence of contaminated materials in the

Acu.sh.net estuary <NUS, 1984; Battelle, 1985; SES, 1987; Reinisch et. al, 1984;

Gene.st and Hatch, 1983.),. Many oil the fish and shellfish in the estuary exceed

Che Er"DA limit of 2 ppm PCBs in the edible portion, while several others have

concentrations near that limit (NI1S,, 1984). Species residing in or feeding in

those areas noted for their elevated PCB content (the upper estuary wet Lands and

open channel bent hie areas) can be expected to accumulate metals and PCI!>s,, As

massive volumes of sediment contaminated with PCB occur in the upper estuary,

normal biological and abiotic forces (Eisenreich,, 1980) wiLL continue to make a

portion of the PCBs and metals in the sediment: sink availabLe for

bioaccumulation. Even as normal sedimentation in the estuary would eventually

isolate some contaminated benthic areas with layers of non-contaminated material

(NIJS, 1.984), the Length oil time required for this to occur is likely not to be

acceptable as a treatment alternative.


...; 7,[)...




Studies vein-! completed by SES (1.987) to determine the levels of PCB and metals

in various organisms in. the Acushinet estuary and to determine whether there was

evidence of bio coin cent nation within two specific food chains (ribbed mussel 

sail: marsh snail - ring- billed gull.;, arthropods, seeds., nuts - 'white-footed

mice) within the estuary. A number of ribbed mussels (Geukensia dewissa) were

collected from Wetlands 1 and 3 and analysed for contaminant::;;, alolig i?i th

sample.:! of the salt marsh snail (Me]Lanpus bidentatiis), and the anphipod


girillus). Individuals of the ring-billed gull (Larus

were also collected. This set ol: samples was intended to be representative ol:

t.he ring- billed gull food chain, Ring-billed gulls exhibit: strong site tenacity

and seldom, 11: ever, feed at: nearby landfills. Thus., the likelihood of PCB

contamination in gulls from other sources was minimised lay .selecting this

species „


A second set: ol: samples were collected to approximate the food chain of: a small

mammal known to use the wetlands,, the white footed mouse ( [''ei'owy.scus leocojjus).,

Food items from the varied diet of the mouse,, including vegei:ative""iiiatt:er""i!rotB

bayberry, acorns,, horse briar,, black grass shoots, insects, isopods aincl

mi. Ll.iped.es, vere similarly sampled and analyzed.


Elevated levels ol! P'CBs were found in nearly all samples,, indicating an uptake

ol: this contaminant at all the trophic levels in the wetland system. Ac colors

1242 and 1254 'were detected in all of the ribbed mussel.,, anphipod, and snail

samples which comprise the lower trophic level, of Che mussel ••• ring- billed gull

Hood chain, as well as in selected fruit, composite animal food samples, and the

aimphipod and snail which comprise Che base of the arthropod, nut:, fruit - white

footed mice food, chain. The highest: Levels of PCBs were found in fat samples

from ring billed gulls, and a single sample of a white footed mouse. In

general, the data show a gradual increase :in the order of magnitude of the PCB

concentration,, from vegetative matter to herbivore/filter feeder to the gull.

The data do not support a comparison between different wetland sites for

different: PCB uptake rates. Data from the metals analyses are Less indicative

of biomagnif ication (SES,, 1987'), although elevated Levels of metals were found in

most samples.


These data clearly indicate a PCB bioaccumulat: ion /biomagnif ication trend in the

.Acushnet estuary. Other situdies have documented the occurrence of

hioaccumuLation in similar species in similar environments. Although PCBs are

not known to accumulate in live >>£«!!' tina alt:er:riif lora tissue, they have been

sh.ovn to accumulate in decomposing S» al Cernii: lora tissue (Marinucci, 1981)..

PCB concentrations 'were three to four times higher in decomposing cordgrass;

detritus than in the sediment. This has obvious implications for detritivore

based food chains. Lobsters have been shown to accumulate PCBs from the

ingest: ion of contaminated mussels, and hard shelled clams have been shown to

accumulate amounts of PCBs from contaminated sediment: (Battelle, 1.984),,

Bioaccuraulat ion of PCBs by sandworms , grass shrimp and hard clams -was

demonstrated in four sites in New York Harbor (Rubinstein, et al. ,, 1983') .

Up Cake was highest for Che sandworms and 'was affected by the organic concent of

the substrate, with higher tissue concentrations occurring in Low organic

sediment. These results stress that: sediment concentration alone does not:




reflect bloavai. lability, and thai: b:i assays and field monitoring are necessary

for estimating bioac cumulation potential of sediment -bound con t: amiin an ts ',.


Mon» com: rolled laboratory studies were conducted to determine the uptake and

depuration of various metals i.iri winter flounder,, lobster,. sandworms and hardl

clams, Appendix 1.0,2. These data !;:how a rapid uptake of lead.., copper,, and

cadmium ower a forty -it wo day period followed by a depuration, period. The rates

of depuration varied between specie!; and metal, Since the organisms sampled in

slices in the Acushnet lUver estuary are living at equilibrium with the

environmental conditions present and continue to show elevated levels oi: metals

(i.e., depuration i.s not occurring),, a continued availability of metals is

indicated.


Other studies (Black et al , 1987) have been conducted to determine it' the

accumulation of PCBs has an effect on the growth and survival of the 'Hiritei:

flounder (I'seudoisleuronecte!? americanus). Eggs oi! the winter flounder taken

from New Bed" ford Baribor contained significantly higher levels of PCBs than

reference populations, a:rid larvae hatched from these eggs were significantly

smaller 'Chain reference larvae.. The ultimate impact of these physiological

responses to future population trends is difficult to predict,, as subsequent

(eight weeks) growth of these smaller larvae was such to eliminate the

differences between New Bedford and control fish. Although this particular

study demonstrated no -significant differences between embryo survival, larval

survival or percent metamorphosis, other studies have demonst rated the

detrimental impacts of PCBs on these biological attributes in other fish

species. Appendix 110.3 contains annotated bibliographies ot: a number of other

studies demonst rating bioac cumulation rates in various estuarine species.


10 .2 . 2 , K«suJJCJ5jDjE^^ 

The data collected for the present (IE?) sampling effort were geared, to

(let ermine if similai: bioaccuiinilation/bioconcentration patterns are indicated in

food, chain;; between detri. tal sediments ••• {grass: shrimp (Palaempnetes P.U|j[io) •••

mumimlchog (Fundulus hiejtjBrocllni£),, ami between these lower 'trophic levels and

winter flounder or other spori: finfish. Additional data on metal and. PCB levels

in the ribbed mussel were also obtained.


Date) from the metals a.nd. FOB bioac cumulation portion of this study are shown in

Tables 10. L-10.. 3. Detailed statistical analyses cannot be done on these data due

to the insufficient number of samples and subsamples. Evaluation of the

concentrations of metals and FCBs taken from samples of the grass shrimp

(Pialaempnetes raujr:i.<:>) show a continuation of the trend demonstrated in the

sediment samples. Metal concentrations from shrimp taken near the upper, more

contaminated wetlands are more elevated than Wetland 9 or 2. Using a

qualitative ranking of averages, shrimp from wetland 1. exhibited the highest

levels for chromium, copper, and iron,. The highest PCS values were found in

shrimp taken near Wetland 3> (25.3 ing/ kg), the northernmost wetland in the study:

Shrimp PCB values were 7,O mg/kg from Wetland 1, Shrimp taken near wetland 2,,

the SEiJ reference wetland (SES, 1.987), ranked last with the least average

concentrations for chromium., copper, PCB and iron,. No clear ranking was evident




Table 10.1.. Metal and ?CB Concenua t ions (n ig /kg) Found in the Grass Shrimp 
( P a 1 a einoniE! t.es pug i  o ) 

VETLANO/REFLIC&TE Cd Cr Cu Pb Hg :!,n PCB ¥& 

[ - - ! ND 0 . 97 42 0 , Bl ND 20 9.2 73 
1-2 m 1.1 43 0,91 ND 20 6 . 9 '73 
1-3 ND 0.83 47 0.91 ND 21 6 . El 71 

Ave rag K .... 0.97 44 0 . 90 20.3 7 . 6  3 7 2  . 3 
Rank 1 1 2 2 1 

2 - 1 ND MD 32 0.85 ND 19 0 . 4  5 38 
2 - 2 
2 -.3 

Average 

ND 
ND 
.... 

MD 
MD 

33 
34 
33 

1 . 2 
0 . 50 

. 85 

ND 
ND 
.... 

21 
20 
20 

0.23 
[),:n 

.. 3 '1 

46 
40 
4 1 . 3 

Rank 
3-- 1 
3- 2 

TO 
ND 

6 
0.53 
ND 

fj 
'.1 
<*:i 

3 
0.80 
0 .92 

ND 
MD 

20 
20 

(j 
20 
33 

5 
42 
39 

3-3 ND 0 .54 313 0 . 7 6 KID 20 23 43 
Average 
Rank 

. 36 
4 

'10 
2 

.83 
4 

20 2 5 .  3 
1 

41. 
ii 

3 

4- 1. ND 0 .50 :n ND MD L5 2 .7 a!) 
4-2 
4-3 

KID 
KID 

ND 
ND 

35 
33 

ND 
0 . 6 6 

MD 
Mi:> 

I f j 
15 

2 .6 
1 .9 

50 
51 

A v e i: au<? . 50 35 . 66 15.3 2 . 4 50 
Bank 3 5 5 4 3 

3-1 m 0 . BO 36 1,1 MD 20 3.8 7* 
3-2 MD 0 .79 35 1 . 2 MD 20 3 .  5 78 
3-3 ND O.B5 31:1 1 ,, 2 ND 20 3 .5 ''(= 

Average .B l 36.3 1.17 20 3 .  6 76 
Rank 2 4 1 3 2 

9-1 MD ND 38 0 . 62 ND 17 1 .2 42 
9-2 MD ND 37 0 . 59 ND 17 1 .. B 46 
9-3 MD KID 41. 0 . 65 ND 18 2 , 0 41 

Average 
Rank 6 

38 . 7 
3 

.61 
6 

.... 1 7 . 3 ! , - > 
i; 

43 
4 



Table 1 0 . 2 . M e t a l s - a n d FOB Concent r a t i o n s ( i n g / k g ) Found in due Ribbed M u s s e l 
(GeuktE!iri.s i a <i em.i ssa) 

VETLAND/REPLJCATE Cd Cr Cu Pb 13! > i!.n PCB Pe 

2-3 0.29 MD 3 .. B 0.40 0.01.0 (i . 7 0. 38 9., 
2-3. DUP 0.2(1 ND 3 . 9 0.6.2 0 . 0094 f) / 0. 50 12 
2-3 Trip 
2-5 

0.2El 
0.3.4 

MD 
0. 55 

3 .
6.

 El 
9 

0. 44 
0. 60 

0.0087 
0.0079 

V «' A 

'! .-fi 
0. '310 
0.47 

1.1 
33 

2-5 DUP 0.36 0.59 6 . fi 0. 59 0.0075 B . 0 0.77 3L 
2-5 Trip 0.37 0. 58 7.7 0.73 0.0079 7 . 9 0. BO 31 

Average 0.32 0 . 57 5  ii 0.56 „ 0086 7.L7 . 64 21. 
Bank 3 4 1. 4. 4 

3-1. 

3-3

Average

Rank


4 •• 1 0.26 0.67 5 . 1 0.91 ND 9 . 6 1.0 94

4-2 DUP 0.22 0.63 << . :i 0.85 MD 9 . 2 1.0' <.:i

4-3 Trip 0.29 0.56 5 . 3 0.85 MD 9 . 3 1.1. lid


Average .26 . 62 4 . B .87 9 . 4 1.0.3 72

Rank 4 3 2 2 2 2


5-2 i). 34 ( 1 . 64 2 ., 13 11.78 MD El . 9 14 65

5-2 DUP 0.31 (1.67 2. 9 (1.76 ND 11 16 74

5-3 0.33 (1.69 2. 7 0.84 MD 9. 7 12 72


Average .33 . 67 2 ..El . 79 .... 9.9 14 71

Bank 2 2 3 3 1 1 1.


9-2 1. 1. 0.80 2. 2 1,0 .O.OOB4 6 ., 4 2. 7 15

9-2 DUP 1 . 1 0.87 2. 2 0. 92 0.0096 6..E! 1 . 7 1.3

9-2 Trip: 0.92 0.78 1. . 9 O.B3 0, 0087 6.5 2 . 2 1.2


Average 1.04 . B2 2. 1. , 92 . OOB9 6.6 2.2 1.3

Rank :i i 4 1 3


- I 74



Table 10,,:i. MetiaLs and FOB Concentrations (ing/kg) Found :in the Hummichog

(Fund ul us: heteroclit'us) and Winter Flounder (Piseudopleuronectes

americanus )


TOTUUro/REPLUMrE Cd Ci: Cu Pb Hfl 'i PCB 

Muimmiehog 

Site 1 ND 0.85 4.3 0., 90 0.0099 32 
SitH 1 DUP ND 0,86 4.3 1.1 0.OQ'99 ,ii .«t 
Site 1 Trip 

Average 
ND 0.92

0. 88
 4.4
 4 .3

 1.. 
1 . 
2 
:i 

0. 
0. 
0099 
3099 

3!' 
34 

Rank 1. 1 .3 2 
Site 2 ND ND .2 , !) 0 .30 0.020 29 
Site 2 DUP ND ND 2.4 ND 0.017 31 
Site 2 Trip ND MD 2.0 ' ND 0.01B 29 

Average 2.5 0.01 8 30 
Rank 3 2 3 

Site 4 ND ND 2,, 7 0.40 0.016 38 
Site 4 DUP ND ND 3.2 0.29 0.016 ,34 
Site 4 Trip MD ND 2.7 0. 35 0,(115 38 

2.9 0. 35 0.016 37 
Flounder 2 2 1 1 
Site 2 ND ND I . 7 0 .32 0.0036 26 
!,:ite 2 DUP ND ND I . 8 0 .33 0.0061 33 
!l:i tie 2 Trip ND ND I..6 0.31 0.0051 34 

1.7 0.32 0.0056 31 

Mummlc:ho[j;


Si. I:«: 2 2. !
!
Site 2 DUP 2. 4

Site 2 Trip 3 . 6


Average 3.0


Site 5 33

Site 5 DUP 51

Site 5 Trip 48


Average 44


Site 9 2. 3

Site 9 DUP 12

Site. 9 Trip LO


Average 8. 1


Flounder


Site 2 DUP i . 2

S:i t.e 2 Tirip 1.5


Average 1.4
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for concentrations ol! :r:lnc: no detectable amounts, of cadmium or mercury wen*

found in any of the shrimp samples.. The ranking Is most: evident with PCBs,, with

a tvo order of magnitude drop between the highest FCB content from shrimp taken

near Wetland 3 (25.3 ing/kg) and that from Wetland 2 (0.33 mgAkg),.


Mussels were taken near Wetlands 2, :),,'»„!> and 9. Metal and FCB concentrations

(iron, mussel tissue taken near Wetland !i were generally higher than other

stations, .toLloved by decreasing concentrations troin Wetlands 4,,9 to 2. The

i?CB, total aromatic hydrocarbons and .sine concentrations were highest in tissue

from 'Zetland .5. Copper and mercury concentrations 'were high from tissue trom

Wetland 2,, and cadmium was highest at: Vet land 2.


Samples ol! rriuimnichog (Fundulus heterpclitus) were taken using beach seines just

off the beaches at Wetlands 1,2 and 4. .Flounder was only taken ofi! of Wetland

2,, making comparisons with this species impossible. 'With the exception of

chromium and lead concentrations found in ilish tissue lironn Vet.land ].,, there are

no real major differences between contaminant values trom the various wetland

stations. PCB analyses were performed on fish taken olii: of wetlands 2,,'j and 9.

Fi.sh samples taken tron Wetland .!> exhibited PCM values an order ol: wigiutude

higher (44 ing/kg) than all other stations. PCB concentrations at Wetlands 9 and

2 were B.I ing/'kg and 3.0 ing/kg respectively. Studies by Batelle (1987) have

shown a general decrease in tissue Levels of PCBs in flounder from the upper

estuary south to IJuMsrd's Bay; all (B) fish sampled in the upper estuary

exceeded the FDA limit ol:2 ppm PCB. The levels in flounder off wetland 2

determined during this study are all Ibelov this limit (Table 10,,3).


10.3 FOOD CBAIH IMPLICATIONS OF PRESENT MUD PAST STUDIES


PCBs enter the aquatic environment primarily by deposition from aerial sources

or from contaminated effluent: disposal. Movement of PCBs and metals through the

various tood chains (vebs) in the New Bedford estuary is accomplished via direct

uptake across dermal and pll tissues, ingestion of cent,ami mated sediment: or

consumption of contaminated, food items, ingestion of sediment can toe direct,

through grazing or filter feeding,, or indirect,, Ingest: ion of food items coated

with sediment., Food web transfer through the trophic Levels occurs primarily

from direct ingestion oi: contaminated prey (Swart:: and Lee,, 1980).


The SE!> study sampled various members of the New Bedford liood chain I',;;), as

described in Section 10.2., Their data clearly suggest, the movement ol: PCBs

through two food chains (sediment mussels snails--ring billed gull and

vegetative matter--whl te (looted mice); metal movement is Less defined

(Tables 10,,i, 10..5).. Additional food chain studies with sea lettuce (IJlya,

lactuca) and the black duck (Anas !fujb:rijj«s) need to be undertaken.


The SI-IS FCB, data indicate that PCB materials are incorporated into the tissue of

the selected organisms from all trophic Levels. Concentrations of Aroclor 1254

e»Ec:eeded FDA levels in mussel meat, ring billed gull muscles, the salt marsh

snail and the white footed! mouse,, indicating that "''.,„ blomagni l:ioatlon ol: P'CBs


_ i 7 6 _




Table 10.4. PCBs in Plant: and Animal Tissues (From SES 1.987)


PCS .ft i: odors 
e Designation FCB i:2.42 PCB 1.2 5 4 

lCoTTec7ed"L5T~197 20, 29 April 1985) (ug'/g; vet. wt) '(ug/g vet wt) 

•billed G u 1 :i s tl Muscles BDL 2. 00 
•b i l l ed GuTls « Muscles BDL 1. . 00 

Ring--
R i ng-
Ring--
Ring

. l:i i 1 Led 
•b i l l ed 
. •b i l led 
• b i l l e d 
••billed 

Gulls 
Gulls 
Gulls 
Gulls 
Gulls 

t3 Muscles 
#4 Muscles 
#5 Muscles 
#6 Must Les 
#7 Musi Les 

BDL 
BDL 
BDL 
BDL 
BDL 

9. 30 
4. 60 

1.2. ,00 
0 „ % 
25.00* 

Ring" 
R i rig-
Ring-

•hi Lied 
-bi l led 
- ta i l Led 

Gul Is 
Gulls 
Gulls 

#8 Musi Le:s 
#9 Muse IKS 
ttLO Muscles 

BDL 
BDL 
BDL 

27,00* 
20 .00 
3B.OO 

Ring-bi l ied Gulls Compos i t e t'l.-5 f ia t BDL BB.OO 
Ring-bi l led Gulls Composi te *6-7 t'at BDL 33.00 
Ring-billed Gulls Composite #8-1.0 l:at BDL 340. 00 

Mussel Meat Stn 1.-M Rep,1 14, .00 7. 60

Mussel Heat St.n L-'M Rep. 2 20 . 00 10.00

Mussel Meat Sin 2-M Rep. 1 21.00+ 1 1. . 00*

Mussel Heat Stn 2-M Rep. 2 20.00* 9.00*

Mussel dea 'I Stn 3-M Rep. 1 24.00 8.10

Mussel Meat Stn 3-M Rep. 2 17.00 6 . 20

Mussel Heat Stn <t-M Rep. 1 18.00 5 ., 70

Mussel Mea t. Stn 4-K Rep. 2 24. 00 a . 40

Mussel Mea t. Stii 4a-M Rep. 1. 69.00 23 .00

Mussel Mea I. Sl::n 4a-H Rep. ,2 38. 00 17 .00


Amph i phods Or che s t i a Composi 1: e ttl A-5A 17.00 29.00


Melampus Stn 1(4 2 • W1 3 . 20


yhite-footed Mice St.n 2-'UTHI Composite oi: 3 BDL 17.00

'White-footed Hlce Sin 3-'U'PMl Composite of <1 BDL 1 1 . 00+

'White-footed Kice Stn 4-UF'H Composite of 6 .BDL 5 . 30

'White-footed Mice Stn 5 Single Individual BDL 56.00


Mouse Food Bay berry Fruits, Sin R2 0 . 08 0.05

Mouse Food Bayberry Fruits Stn R4 o . 25 0. 08

Mouse Food acorns Srn III! BDL BDL

Mouse Food Smi lax Fruits Sin #2 BDL 0. 05

Mouse Food Black Grass Stn #4 BDL 'BDL

Mouse Food Composite of Isopods,,


M.i.Llipede:s, Weevil, Hemjpteran Stn #2 BDL 1 . 90

House Food Composite of 10 Orthfl'p'teiran


and tsopods Stn tt4 1. . 40 4. 40


* ••-.: Avei:ag;e ol: duplicale vaues (See Appendix F).
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labile 1.0. 4., PCBs in Plant and Ami ma 3 Tissues (From SES 1987), (Continued)


Sample Designation


131. ack Du dc (' bre a.s t mu :sc Le )

Black Duck. (.sub cutaneous fat)

Black Duck. ( Liver)


Mussel. Keat Stn 111 A

Mussel. Meat Stn (till

Mussel. Meat Stn #2A

Mussel Meat Stn #2B

Mussel Meat Stn #3A

Mussel Meat Stn -#3B

Mussel Meat Stn #4A


Meat Stn S4B

Musse Heat i>tn

Mussel Heal: Stn f5B


Sea Lettuce Stn 11-1.

I lea Lettuce Stn 1U-2

lea Lettuce Stn JI1--3

a Lettuce Stn 1(2-1


Sea Lettuce Stn #2-2

Sea Lettuce Stn #3-1

Sea Lettuce Stn IKi-2

Sea. Lettuce Stn #4-1 
Sea. Lettuce Stn #4a-!l 
Sea. Lettuce Stn #4-2 
Sea. Lettuce Stn #5-1


PCD Aroclocs

PCB 1242 PCB 1254 

( ug/g1 vet wt) ( ug /'jg we t v t ) 

0.58 1.00 ..00 
42 .00 5000. 00 
5.10 420 . 00 

10 .00 5.50

7. 30 3 . 80

7 .20 4. 20

5. BO 3. 70


1 7. 00 9.. 50

21. .,00 1 >'4 . 00

28. 00 10.00

3.90 1 . 50


40. 00 :i 4 . oo

47.00 1 7. 00


1. . 90 0. 8 1.

2. 20 1 . 00

1. . 20 0. 51.

0. 76 0. 35

0. 93 0 . 43

1 . 70 0.68

2 . 10 0..94

0 , 44 0.24

2.10 1 ., 00

2.20 0.70

ft 0.00 a., HO




Table 10.5. Metals in Plant and ftniraal Tissues ( F r o  m SES 1987) 

F i e l d - d e n t i f i e : anon Chromium Copper Lead 2i.inc: 
( C o l l e c t e d 15,  L 9 2C , 29 Ap in UK''R w e t ve i i rh l 

R i n g - b i lied Gul ls 111 Muscles ].. L t, .1. 0 8 24 
R i n g » b . i Lied Gu 1. 1 s 112 Muscles 3, L i) .6 1. 3 86 
R i n g - b i l ied Gu 1 1 s113 Muscles i, 1 i) . 2 0 6 2(5 
]R i n g - Is i .1 1 ed Gulls II 'i Muscles 3, 1 ;> . <» 3 0 78 
R i n g - b i ' l led G u l l s 115 Muscles 2 !! 1) .9 0 8 20 
R i ng - Is i 1 Led Gulls 416 Kuscl.es 2. (] 1).0 0 i!) 26 
R i n g - b i Lied G u l l s in Muscles 2.0 b ( 7 1. 2 22 
R i n g - - b i l ied G u1 1 s ilB Mu.scl.es I .5 6.3 L. 7 20 
R i n g - b i Lied G u l l s i(9 Muscles 1.•; 6 0. c) 68 

^
R i n g - b i Lied G u l l s 'HO Mu s c: 1e 2 5 ;i ,0 5.0 42 

R l n i g ' - - b i Lied  G u s Composii:e M l - 5 Eat 2 9 i .0 2. 9 1 .30 
R i m g - b i lied  G u s Composure ||6»'7 !at I 8 \ .3 1. 1 60 
iling-bi lied &u s Composite illi- 10 Cat 4 0 ] .5 1. '.] 1 1.0 

Mussel. Meal: S'tn 1 - M R e p . 1 31. 7 B .8 1 9 24 
Mussel. Meai: S t n 1 --M Rep. 2 :?. 1. 6.0 1 1 1 AO 
Mussel. Me a ic S t n ,?--M ' R e p , 1 3. I) !s .3 1. 1 36 
Mussel. Me a t S t n :?--M Rep , , 2 2. 2 6.3 0 9 1. 30 
Mussel. M e a t S tn 3-M R e p , 1 2. 1) 5.8 1. 1 1.1.0 
Mussel. M e a t S tn 3-M  R e p i , 2 4. 1 6.8 1 0 25 
Mussel. M e a t S t n 4 ~ M  R e p i . 'I 2. 7 5.8 1 7 60 
Mus,sel. M e a t Stn 4-M R e p i . 2 2. 3 .!> .8 1. 1 52 
Mussel M e u C i t  n 4 a » M Rep. I 2. 6 A .9 0 6 22 
Mu.ssel Mea t > l  n fca-H Rep. 2 2. ii 6.0 1. 1. 23 

Ainph i pods Orche s i: i a Compos i te It 1ft- 5A 2. B 36 .0 I . 3 140 

2. i;
M e l a m p u s Sla t : i .on \\<\ 25 .c 9 0 1:30 

W h i t e - footed M i c e S tn 2--WFM 
C c m p o s i te oil 3 2.l E! .4 2. 1 91 

' W h i t e - footed M i c e S t n : i -WFM 
Compos! te oil '1 3. 1 (• .9 3 <5 49 

W h i t e - f o o t e d M i c e S t n 4 - H F  M 
Compos i te oil (: 2 ':> 8.3 i .5 33 

H h i t e - f o o t e d Mice S i n li 
Ind i v i d u a l 3 0 5..1) i .5 56 

-3| 5
Mouse food D a y berry F r u i t  s S t n ft 2 2. L, 1 .4 42 
Mouse E'ood Acorns iilnri IK! 3. !) I I . 1) i 8 40 
Mouse Food Black Grass S'tn $A 2. ;; 6.3 0. 7 37 



T a b l e I 0 . ! > . M e t a l . - ; i i r i P l a n  t a n d A n i m a  l T i s s u e ! ) ( F r o m S3ESJ 1987}, ( C o n t i n u e d  ) 

F i e l d I dentil! I c a t ion Chromium Copper Lead Z i n  c 
( Co 1 1 e c t ed 20, 23 March 19 i n 'UK/[! vi»t w e i g h t 

B l a c k
B l a c k

 Duck 
 Duck 

(
(
 b r e a a  t
 1 1. v e i: ) 

 muscle) 0 . 2 
i ) . ; : 

5 .  7 
2 .  3 

0 . ') 
0 . 7 

0 
::> 

Mussel
Mussel
Mussel

 Mleat 
MI eat 

 M e a t 

SI. in
;i.m

. I t i r i

 111 A 
II IB 
II 2 i\ 

i ) . <• 
o.:i 
i ) . ^ 

3 .  B 
.'.2 

4 .  B 

1.1 
1.5 
1 .  7 

1 
.? 
9 

Mussel Mea t S in 11213 0 . 3 k. 1 1 .  2 1 
Mussel. Mea t S i n IKirt 0 . 3 3 . 5 1 .  2 5 
Mussel M e a  t S t n (HE! 0 . 2 2. 9 0 . 7 .1 

Mussel M <ea it S t n IM»'A 0 . 3 3 . 5 1 .0 .=, 
MlussHsl. Mea t : S t n R4 El 0 . 2 2 . 9 0.8 2 
Musse l Heal: S t n N!>,A 0 . 3 3 .  L 0 .9 1 
M u s s e l Heal: S t n H b  B 0 . 3 4.0 0 .9 3 

S e a Le 1 1 u c e S t n M - l .!.!> i A .  O 18.0 B'? 
S e a
Sea
Sea

 Le 1 1 u c e 
 Let t u c e 
 Let tuce 

S t n
Stn
Stn

 11-2 
 M - 3 

l*? - l 

.1 . ' i 
1.0 
! .4 

2 l:i . 0 
1 7 . 0 
7 . 1:1 

2 i . o
n .0 
6. 1 

:110 
(30 
;n 

Sea
Sea
Sea
Sea

 Let tuce 
 Let tuce 
 Le t tuce 
 Let tuce 

Stn 12-2 
S t n t:l--l 
S i t n HO -2 
Stn *4-l 

3 ..1 
M .  2 
3 .  7 
3 . .i 

18.0 
20.0 
16.0 
2 • > . < : > 

9 . 3 
n .o 
11.0 
12 .0 

28 
<( 

[ ) 
23 
45 

Sea Le t tuce S3l:n f'ia-1 1 ,1 3 .  2 5 . 3 37 
Sea Le t tuce S3l:n « 4 - 2 '. 5 21 .0 1 < 4 .  0 '># 
Sea Le t t uce S t n K 5 - 1 '. (5 10,0 10 0 :ia 

- 1 &0 



may be dak ing1 place within the mussel-ring billed gull food chain." (SES,, 19157)-

The dat:a for the vegetation and mouse system "...suggest that blomagnification

of PCBs may be taking place within this food chain as 'Hell."


Biomagiiiiiicat :ion of: metals in the New Bedford food chain (a.) is Less well

defined. This present inability to document metal biomagniflcatlon may be due

l.o a 'number of factors:: the ubiquitous and chronic nature of metals

contamination in the region leading to constant: elevated leveLs oil metals in

water and sediment;; differential metal uptake rates in the various; biological

systems sampled;, lack of statistical power to mathematically describe uptake

trends between the various trophic levels.


The I El? data contained in this report: continues to support the suggested trend

of bioaccunnilation within the Mew Bedford estuary. The recent IEIP data indicate

that movement of PCBs through food chains other than the tvo examined by SES is

also occurring,. Elevated levels of PCBs in sediments (Section 2.0) appear to be

reflected in elevated levels: in grass shrimp, with concentrations in both

decreasing north to south through the estuary. The grass shrimp is generally a

deposit feeder, ingesting; the substrate over which it moves along with detrital

matter 'with their mlcrofoial populations as well as small invertebrates (Oaiber,,

1982; Whitlach, L982).


Similarly, PCB concentrations in nuramichogs from the upper estuary (wetland 5)

were five times higher than levels in the middle estuary (vetland 9) and 20

times higher than those in Bus sard's Bay ('wetland 2}. The nmmrnichag is

omnivorous, feeding on detrital material, eel grass, diatoms, forams,, shrimp,

small crustaceans, molluscs,, and fish fry;; the muminichog appears to be

preferentially an active predator, however, having to ingest sizeable amounts of

food to meet metabolic needs (Dalher, 1W.I-, Whitlach,, 19152). PCB and metal

ingest:ion by muimiiichogs,, therefore, is probably related more to its predation on

consumer organisms such as shrimp. The muminichog,, in turn, serves as a tiood

source for several species of larger finfish as well as predatory wading birds.

PCB transfer to these trophic levels is therefore likely. The winter flounder

is also omnivorous;, feeding on isopods, copepod.s, amphipods,i shrimp, crabs,

worms, molluscs,, and some seaweed (Whitlach,, 1981'.); PCB Ingestion through any

of these sources is possible.. liioaccumulation of PCBs through these food chains

is indicated by the data, and there are definite trends shoving the gradual

decrease in concentrations of PCBs from the northern 'wetlands to the southern

wetlands. The data lack the power to discriminate statistically significant:

differences between species, trophic levels, or locations, or interpret linear

(or nonlinear) relationships between the above.


10.4 GENERAL CONCLUSIONS ON VETUWD VALUES MUD B10ACOIM1U1ATION


1. Sediments in the Northern end of the Acu.shn.et PLiver estuary, between, the

Tarklin Hill bridge and Popes Island, are contaminated v:i th PCB's and. heavy

metals which include chromium, zinc, mercury, lead,, cadmium and copper.




2. The most contaminated portions of l:he wetlands art! generally those where

sediment deposition (accretion) continues to occur; . these include the mud

f:lal:,!>r tidal c reeks, and Low salt marsh habitat, although high marsh area:;;

:in prescind fy l:o these areas may also foe significantly contaminated.

Elevated levels ol: PCBs and \w.tals in these sediments appears Co tie

i:efleei:I'd :in deliritivDriiis, 'which ti:hrect:.l.y ingest the ;s«d:lmentis and

contaminated deerI tal rail. tier. !!:. n:il;j.r crend.:; are indicated for con.<;uine]:'s of

due detritivores and higher level biota.


3. Eilonagni t'ication oil ,PCB''s :ls apparent in several of the iiood chains

im>est:igat:<E!d and, suggest!! a widespread condit:i.on throughout the Achushnt't

Rivei: est:uary and. Buzzards Bay. The treind being one of decreased levels

(:fom the sour::!!:; in t:he estuary t:o more dislant: areas in the bay.


4,. Despite very heavy levels ol: conttaminants as well as evidence of

bioaccunuilalion, the project area wetlands continue to funcCioiri as effective

systeas and! have high value:!;. The wetlands continue to supporl: and produce

biota representative of estuaries in southeastern Mew England. Plant

biomass, benthic and fish community composition and structure, and avian and

mammal use are all typical of: estuarine wetlands of the region, although

elements oi: the benthic communi.ty indicate the influence of pollutants. The

ovei:all eliliect of lite PCB a.nd metal contamination and bioa.cuiuiulation on the

biological systems in the estuary is mot readily apparent.




11.0 BIOLOGICAL EFFECTS OF PROJECT ALTERNATIVES


Tin;: various alternatives presently being considered within the Acushnet River

estuary have been summarized in Section l.,3:i they include:: !l ) no action;

2) dredgiiriig vith in-harbor disposal and containment within either Confined

Disposal Facilities (COf) or through a Confined Aquatic Disposal (CAD) method;

and 3) a hydraulic-control and capping option, In this section, the short-

and long-term effects of the various alternatives are characterized, vith

particular emphasis placed upon the biological effects on the wetland

communities described through the course of this report.,


:i:i..:i. NO ACTION ALTERNATIVE


The New Bedford Harbor estuary has a unique physical and hydro logical

environment which exists in spite of: numerous man-made alterations to the

environment,. The estuary has proved to be a viable buffer to episodic events

such as flooding and 'would, (.ontinue to do so under the no-action alternative.

Erosion is not clearly evidi int, and the general area may be considered

slightly deposi t.ional with •(aspect to bottom sediment,. Since the construction

of the hurricane barrier accretion rates in the upper Acushnet Mver estuary

have ranged from 1 .7 on - 4 cm/year (OTIS 198A). Based on these raxes of?"

accretion,, in ten years 17 cm (0.6 lit).- 40 cm .(.1 ..... 3 ft) of: sediment would „.

accumulate on the tot torn o£ 'the estuary barring any -major storm-driven-,

ei:oj5,k>Mi,.L fconrces. Biologically induced sediment mixing (bioturbation) has the

potential to modify the chemical properties of: surflclad sediments and

re-expose contaminated sediments to the soil/water Interface, This zone of

bioturbation is primarily within the top 9 cm although sediment turnover to a

depth of 20 cm has been reported ('H'hltlach 1982),, Therefore,, l.n ten years.,-

..LuiuuiKMi'fr o;E: the con t ami mated bottom sediments could potentially be


Isolated., It. is not knovn to what e:i!temt tne contaminated

sediments mix with cleaner sediments during deposition. Some o:E the nevly

accreted cleaner sediments could be colonized and stabilized by encroaching

salt marsh vegetation, although the present salt marshes do not appear to be

rapidly accreting,.


The salt marsh and reed marsh sediments are also contaminated with PCBs and.

heavy metals C5ES,, 1987) and there is evidence of bioaccumulat ion of: these

contaminants amongst the various trophic levels using the wetlands (Section

1.0). The net accumulation of sediment, in a Massachusetts salt marsh was ?A

cm/100 yrs fior the low marsh and 2-8 cm/100 ;yrs in the high, marsh (Chapman

I960),, however the average accretion rate for salt marshes in the northeast, is

45 cm/ 100 yrs (Nix:cm and Lee,, 1986'). ,;rhes|si||sĵ ^

substantially Lower than iior the adjaeeat bottom. of: the estuary*. It would

take on the order of one hundred years to partially isolate the contaminated

surf icial marsh sediments from biotic activity. If: the roots of: salt marsh

vegetation are vith in contaminated sediments the plants can accumulate some

heavy m& tcils f^lly, Harwell and Giblin 3.982) and excrete them along with

salts from tneir leaves (Kraus, Ueis and Crow 1986),, Rain or tidal waters


the metals :i::om the leaves and return them to the waters or sediments of

estuary. Tnt transformation o.f: PCBs is promoted under anaerobic




'Cms ••( Ef fr-H 91:1 :l > -•» ML c-b •|M;iî ii.U.».u...!i.i)L.Lt. nuu* sh« s . .Howe we iv 
9!: PCIls may ]L is ant ;l,u;:s t.( ui more -toxic compounds- pnt-or -to -degnxb.!:! <»n 1.0 
i n n o c u o u s clbe'imca-ls". ' The" r a t  e of PCD m o b i l i z a t i o  n by v e g e t a t i v e u p t a k e , 
t r a n s . l o c a l i o n , and r e l ease i  s no t k n o w n H o w e v e r , under t h e no a c t i o n 
a l t e r n a t i v  e the con I am m a t e d m a r s h Land w o u l d c o n t i n u e to be a source oC 
f > o L1u t a n t E, f o r y e a r s t o c o m e . 

D u r i n g t h i s , p e r i o d , h o w e v e r , the wet. L a n d a ( p a r t i c u l a r l y areas 1 and 3) w i l l 
c o n v i n u e t o s u p p o r t & d i v e r s i t  y o f b i o l o g i c a l o r g a n i s m s a n d p r o v i d e a w i d e 
a r r a y o f E u n c t i o n a a n d v a l u e s . W i t  h t h e e x i s t i n  g d a t a  ,  i t i s d i f f i c u l  t t o 
assess the s i g n i f i c a n c e of the apparent h t o a c c u m u l a t i o n to Local b i o t a , arid i t 
r=, no t p o s s i b l e a t present- t o r e l a t e t . h e e f f e c t s  ; i n term;: o f e s t u a r i n e and 

o f  f s n o r e d y n a m i c s on a l o n g - t e r m basis . A number o f s t u d i e s ha we I n d i c a t e d o r 
d e m o n s t r a t e d a d e c r e a s e in r e p r o d u c t i v e success in h i g h e r - l eve l b i o t  a exposed 
to e x c e s s i v e l e v e l s o E PCBs ( e . g .  , L i n z e y 1 9 B 7 : w h i t e - f o o t e d m i c e ! KovaL et 
a l . 1987 m o u r n i n g dove; Ha t t r i e r e t aL . l ' ) B < i : avi. an species ; E i s n e r 1986: 
E i s  h and i r i . l d l i t ' e ; in: en el a l , 1%'! : in i n k  I , Linz:ey (1'W) found I m p a i r e d 
r e p r o d u c t i v e success in whi te- l!o '0ted m i c e (Pe r.om;»;;scus •^'ucopus) exposed to 
Eood t r e a t e d at a r a t e of 1 .0 ppm (ug. 'g); SES ( i 9 8 7 ) ' d a t a f r o m Pjejjjmyjsjiuffi a t 
w e t l a n d til iEound conparabLe L e w els (S.3-1.7 p p m ) , whi. Le one1 sample f r o m we ( L a n d 
f l .3 r e g i s t e r e d a L e w el of .36.0 p p n , T h i s s u g g e s t s that concent, r a t i ons of PC 3s 
•in h i g h e r - l e v e l b i o t a i n t h e f t c u s h n e t R i v e r w e t l a n d s n a y b e s u f f i c i e n t t o 
a f E e c  l r e p r o d u c t i v e success, arid c o u l d e v e n t u a l l y d i s r u p t t h e papu l a t i o n 
s t r u c t u r e o f suscept ible species, The b e n t h o s da ta p r e s e n t e d in E j e c t i o n 4 .0 
o f t h i s r e p o r t no I. ed g eneira 1. Ly f e wer t axa a n d 1 ove r d i w e i: s i t y o f b «> n t h i c 
s p e c i e s a t w e t l a n d 1 ( h i g h in the e s t u a r y ) t h a n a t wet . land 2 ( i  n B u z z a r d ' s 
B a y )  , a 1 . c h o u g h  i t is c a u t i o n e d t h a t numerous physical , a n d chemical f a c t o r s m a y 
c o n t r i b u t  e to such d i f f e r e n c e s . Ihe d o m i n a n t tax'a a t we t l and 1 ( O l i g o c h a e t a , 
cap i t e l . La sp . , $ l r e b ios p i p be.n_«d i c t :i ) are g e n e r a l l y cons idered to Ene 
o p p o r t u n i s t i c and" r e s i s t a n t to p o l l u t a n t s , f u r t h e r suggestive of an i n f l u e n c e 
f r o m c o n t a m i n a t i o n . N o such o b v i o u s e f f e c t s t o f i s h , v e g e t a t i o n , b i r d s , o r 
no an imals in the estuary e ic is t s . As d iscussed in S e c t i o n 10,, however, '"'""[ 
a d d i t i o n a l , s t u d i e s a re necessary to d e r i v e d,ata s u E E i c i e n  t to al. Low mode l ing J 
of the f o o d c h a i n t o h « t t e r assess P'CB c y c l i n g , b ioaccumii laf ion, and the •' 
e f f e c t 1 - on the b i o l o g i c a l sys tems in the New B e d f o r d e s t ua ry and a s s o c i a t e d 
a r e a : = . •<H 

11.2 DKKDGLNG VriTH EH-MRBOR DESPOSill. 

The two o p t i o n s f o r d redg - in i j ! p t h e c o n t a m i n a t e d s e d i m e n t s . n t h d i sposa l a n d 
c o n t a i n m e n t in t h e e s t . n a r y vein? descr ibed i n S e c t i o n 1 . 3 ; F igu re s 1-3 a n d 1 - 4 
in a w ing the L o c a t i o n s of the c o n t a i n m e n t areas w h . i c h could be used under each 
o p 111] n , Bo I b a \:> t i cms p r e s e n t -, i m i L a r po t en t i a L s f or jBTio r r -1 e r m- wa I e r t] ua 1 i t y 
d IE; :; r a d a '. i on r e s u 1 t i rig i" r o r i n c : e a s s :1 t u r b i d i t y a n ti c o n t am i n a n t m o b i L i:: a t i o n 
d u r . n g c : e d g i n g and m o v s n e n : o E »ed m e r i t s . S e d i m e n t c o n t r o l and me 1 h o d s EOT 
i r s i ' . . r j : e f f l u e n  t f r o m : i e w a : e ! : m g processe . : i w o u l d need t o h e c a r e f u l l y 
a n a l y z e d . T h e p o t e n t i a l t e m p o r a r y e f f e c t  s e x t e n d f r o m w a t e r d e g r a d a t i o n a n d 
: on1 a " . r a n t mob i ' L i ; ; a t i o r i to s r n o t n e r i n g o E bent, b i t : or (ran i s m s and the d e p a r t u r e 
o: v j rp m m : j e f i s h and •/;. I d l i i *  . !U?-cc Ion i sat ion o E the hen c h i c c o m m u n i t y 



will depend upon the sediment, 'water quality, and hydrologic characteristics

which, develop as well as available recruitment populations (Rhoads et al 3.97EJ;

'Whitlach 1.987)..


Both op Lions: 'will result in the direct. EiLLing of salt, marsh and mud t'Lai:

habitat.. The CDF opt.ion 'would eliminate wetlands tyA and 3,, and either I:ill 01:

completely isolate wet Land (19 from the River. This would amount t.o a loss of

approximately 6.0 acres of vegetated salt marsh as well as B.O acres of

Fhrajjmite.s habitat. The CAD option wouLd result in the filling of: wetland #5

(3.':> acres) and could potentially impact 'wetlands 13 and 4 depending upon

final design con figurations: of the CADs., Both options offer considerably less

direct wetland impacts than did previous alternatives 'which entailed creating

a permanent containment site over all oi! wetland *|;S and the northern one-half:

of wetland d (SES 1987). Of: the two present: options, the CAD method appears

to have less direct wetland impact and has the potential of: ma in tain ing the

existing amount oi: tidal flats, versus the CDF method which will eliminate (by

deepening) most intert:idill filats, The concerns noted in the previous section

regarding bioaccuraulation within salt marsh biota apply equally to the

dredging options, since most of the salt: marsh area will be preserved.


The CDF alternative will result in t.he deepening of the upper estuary by

approximately two feet. This has the potential, of inducing minor changes in

'water circulation patterns in the estuary and could have a small affect on

tides in New Bedford inner harbor. In addition, dredging along the edges of:

the salt marshes to a final, depth two-feet below existing grades could

increase currents and 'wave action at the '.-•ill marsh face. il:U;i;u£i.i)mH ,.iuit:

slumping of- this -sal-t -iimirshr-peair̂ miiid -tir'acceleratea1' tint 31 a new equilibrium

is established. Concern would then exi-st for-mobBias.t ion oi: cojaLatminants,^

.jarey iouaJXi ads?mafc»Bd-''tn:-̂  ::we"i:liEiifi?r;S¥n'!3!. Mo r e d e t al. led da t a

would he required to assess the hydraulic changes induced by CDF option,

including bathymetry of the lower estuary, water current: and pressure

measurements at key locations,, and modeling of tidal response for dififerent

geometric configurations in relation to potential. CDFs (SES 1967'). The CAD

option would be expected to have less hydraulic effects, since only the main

channel of: the upper estuary would be deepened by two feet while depths in

other areas 'will be largely unchanged. Nevertheless, hydraulic changes

induced by the channel deepening requires more assessment.


Assessing the biological effects of: the alternatives also requires referencing

data generated on the sediment, benthos, fish, vegetation, and wildlife

composition of each wetland which could be impacted,, Both the CDF and CAD

options will directly impact, only the relatively small, disjunct areas of

marsh in the upper estuary. Wetlands 4 and .3 would be tilled by either

option,, while wetlands 9 and 3 will be .aEEected by the CDF and CAD options,

respectively. Wetlands 3 and 3 have high levels of PCS and metals in the

sediments (Section 2.0; SES, 1987), and availal.be data indicate that benthos

and fish populations also reflect this contamination. 'Uetlands 4 and 9 show

less, but. still significant levels of: con t anil nation. For example,, FOB

concentrations in mummichog' at wetland 9 'were four tines, higher than the fish

at wetland 2 (Buzzard's 'Bay), but liive times lower than the fish caught at




wetland 5. Despite this, vegetative composition airicl productivity, as veil as

wildlife use, do not appear to reflect excessive contamination. Tor example,

above-ground bi.oma.ss of call S3 parti nil a_.Lterni flora was greatest at wetland 5,

exceeding the recorded values from vet..Land" 2. i/ildlife uae of the 'wetlands

appears to be more a function of habitat: variables than contamination levels.

Thus, the small, disjunct vet lands <«,, 5, and 9 with lover diversity and

iruerspersion of cover types appear to have Less habitat value than the

larger, more diverse wetlands (1., 2,, and 3). Although elevated levels of PC Us

and metals were recorded in higher-level biota (ring-billed gull and

white-footed mice;; SES, 1987), (.here is no obvious effect on the populations

of: the birds and mammals using the wetlands.


Given the consi.derations discussed above, biological impacts associated vi th

the Loss of vet:lands 4, 5, and 9 are indicated to be minimal, and the

likelihood of mitigating for the impacts is good,. Biological impacts

resulting from filling at wetland 3 vary; while the wetland offers good

habitat (or a number oil wildlife species;, contamination levels in the mud

(flat,, creek, and lov salt marsh portions are excessive and generate concern

for long-term transfer through the food chain. The CAD option will cover the

more contaminated portions with fill; impacts to the unfilled marsh portions

are uncertain, but it could encourage the invasion of Phrajijiii. tes already

apparent along the north side.


Overall, the CDF and CAD options offer minimal direct: biological impacts due

to filling of vet land habitats, and will remove most of the more contaminated

sediments from the biologically active irone.


LI. :i HTDBAlULIC-COimtOL MUD CAPPIBG ALTEKMATTra


As described in SJection L.3r this option requires that the freshwater flows of

the Acush.net: River be carried through the upper estuary within an flO-:E:oot wide

channel bounded by tvo 8-.cool: high embankments„ Contaminated sediment in the

area of! the channel and embankment:; vould be covered by a sand layer,

Contaminated sediments located outside of the channel would be covered vith a

!i to A foot layer of clean sediments,, Figure 1-5 shows the conceptual plan

view of this nethod.


Short-term impacts associated vi t.h the capping alternative are similar to

those previously cited .for the dredging options, and include water quality

degradation (turbidity, contaminant' suspension and mobility) during

construction of the channel and the initial stages ol: capping. Again, the

details of the sediment dispersal control method, would need. t.o be established

to assess this.


Tidal currents in the proposed channel vould be much less than presently exist:

in the estuary due to the reduced volume of water that, would flov into the

channel. The river discharge into the proposed channel would be t.he same,,

and, thus the lower salinity gradients i>etveen the river water and harbor

vater would move southward, decreasing the salinity in, the area near the

Coggeshall Street Bridge. The local wind-driven circulation and vaves would
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be greatly reduced duns to the reduction in surface areas of the exposed water

in the estuary.. It :is also important t.o note that, by changing the geometry

oi: the Acushnel: River estuary, the tidal currents and elevations in the inner

New Bedford Harbor are also expected to change,. Whether the effect would be

to increase the tidal range and currents, or to reduce them in the inner

harbor, is not known without a predictive physical model, but the amplitude

change is expected to be less than 0.5 feet oi: elevation. The tidal currents

i.n the immediate vicinity of: the Coggesha.1.1. Street Bridge 'would be reduced,

These reduced currents would create a deposit.tional environment for suspended

sediments transported by the Acushnet River (SES 1987).


Although vegetated wetlands would not be directly filled by the capping

option, it would appear that the 8-foot high embankments along the channel and

the resulting altered hydraulics would severely curtail, or eliminate the

present: tidal flushing. The existing vegetative characteristics oli 'wetland

itl, with an unusually extensive cover oi: marsh elder, indicates that the

hydrologic regime of the wetland is presently near the upper range or limit

for salt: marshes of the region (i.e., marsh elder grows at the upper

elevations of salt, marshes),, Additional constricted tidal, inundation from the

embankments nay accelerate vegetative changes; the Likely change would be

toward a Phragirni tes marsh., In any event,, decreased coupling between the

marshes and the estuary is probable, inferring a loss (import and/or export)

of exchange between these resources; it is noted,', however, that there'is

debate in the scientific community concerning the significance of such

exchanges (Nixon 1980).. In the present case, reduced interaction may be

desirable considering the levels of contamination. Nevertheless,, it is Likely

that: the present: salt marshes will change considerably in character.


The capping option will fill roughly 72 acres ol: tidal flat habitat and 1.30

acres of sub tidal habitat (SES 1.987),, What is established in their place

depends upon numerous factors, including: 1) final elevations of the fill;

2} the nicrotopography of the (fill;; '.]) the physical properties of the fill;

and 4) the freshwater/saltwater balance. The proposed thickness of fill (3-4

feet) will apparently bring final grades to between 1-5 feet above ML'W, These

elevations could support habitats ranging from tidal flats to Phragmites

marsh,, It is likely that: flats and. Phrajgrnit'es habitat will be the iiiosi: common

condition which will develop without careful design considerations, proper

construction, and active management. This is discussed in more detail in

Section 12.


Additional biological effects of the capping option relate to direct habitat

changes in the area of filling., Benthic fauna,, fish (including migratory

alewives and blue-back herring), and avian use of the open water subtidal and

inter tidal habitat would be virtually eliminated on at least, a temporary

basis. The long--term impacts to these communities will depend upon the

conditions which are created in the upper estuary. 'While the potential exists

for some creative habitat development and management,, the risks associated

with the uncertainties of this type of endeavor are substantial, and the

potential of establishing a monotypic Phrairmi. t:es stand is high,




11 ,,4. EVAimnON Of REMEDIAL ACTION! PROJECT AJJOOIHATIVKS 'HITH RESPECT TO 
VI.IIM.IFE IN THE UPPER ESTUARr 

U i . t h respect to vi ldl .Lt 'e , , |>ro;jecl a l te rna t ives should be evaluated from the 
s t a n d p o i n t , o t ! radium:!zing h a b i t a t a l t e r a t i o n . Pr imary biological e f :Eec l s in 
the upper es tuary tha t could impact the e s tua rLne vet land habi ta t s include 
d e s t r u c t i o  n oi: the wetland h a b i t a t s  , levering ol: s a l in i ty Levels,, changes in 
the t idal ampl i tude , and changes in current velocities,, 

DesEJ111? the Levels of contamination i.iri the upper estuary veil.t.and.:; by PCB's , a 
d i v e r s e bird and mammal community exist:; in vet lands 1 a,n;d 3. As documented iiri 
earliei: is ec t. i ons ( 4 . 0  , S .O) lower , support ing trophic levels in these vet.Lands 
are r e p r e s e n t a t i v e of es tuar ies of the area and! c o n t r i b u t e to t:h<E! p r o d u c t I v i . t y 
o f the b i r d and mammal components . ProjhEi'Ct a!lte::nai:iv!!!; should tH! a imed at. 
m a i n t a i . n i n i f f or lE'niianicing t:hiE> s t r u c t u r e ol: th ie marsh and marsh/iip].a.nd edge 
habit-in;  im these w.Elands. 

As ide I:mm removijrig the vet:.Lands a l together , the most: del:i::lmenial [urinary 
e:Efeci: ' w i t h respect t o > vild.1.i.Ce h a b i t a t , would be a .Lowering of sa l in i ty levels 
which wou ld undoubtedly lead 1:0 t:o!Lon:i;!:ai:l.on oil any remain!mi;; wetland by 
!!!.!!!££!![!!!L!i*!:•:• Encroachmwrat by !Ph£a^n:ljtes would i:e|>i:(sj-;en>: a severe degcadai t : ion 
t:i! vildi.iiie habi ta t : . The potential 'lor t:his to occur is hi;;'h under the 
h y d r a u l i c tMirnrol altei:ma't:ive sirici! 'tidal tilo'M ii'ould be reduced considerably. 
There appear!! to be l i t t l e potent ia l for f'hriagii t ess encroachment under the CAD 
a l t e rna t ive , , and SOIIKE; [>o>itent:ia.l. undei: the CH) alteraative il! freshwaCer i r u n o f f 
is Increased., 

Changes in t idal a m p l i t u d e could also impact: vet l and habi ta t and are 
ide t i t i t ied he^ lov based on 3 possible condi t . ions: 1) tidal a m p l i t u d e remains 
unchanged •• If. the t idal amplitude remains unchanged then the s t ructure :ii: due 
pi:Client wel:la.ndi; should aliio remain the same in the short, term. However,! 
deepening ot: the upper estuary wl 1.1 r e s u l t in an increased t idal prism and 
h igher current velocities (SES 1987) vhich could ir ihi ibi t fiurthei: [yrovlh ol: 
in ten tidal '[>2<£i i: t.i.na &ll£ c]nnij!L>ra habi ta ts <und possibly lead to erosion; 2) 
t idal ampl i t ude decreases •• ii> decrease in, tidal ampl i tude would nesull in a 
d<E!crE>i i se .in intei:tidal .Sigacjtjljniiji aiLj^ennjiJi^jJira Lin areas t h a t are no longer 
exposed dally, li ' i th respect to the E i i o t i c community this would be undesirable 

;f o r i n t e r t ida l !j [•;!!'[•! !'|:-i •;!!:!: i!!'!! :i •••!•!•'T ^ p rovides f lo rag in iy h a b i t a t l!o>i: 
t e r r e s t r i a l and esicuarlne an i Dials, serves as a nursery :Eor m a r i n e organisms, 
and is though): to play a majo>i: i:ole in the d e t r i t u s ba:;ed escuar:.ne :Eood weh; 
'.]>} t idal ampl i tude increases - A.n increase in the t idal range in the upper 
es tuary could lead to an increase in the Ei i rea o f : in ter t idal Sjgarjiijw 
i!:Ii!:L!I!L!:i££:!t a;s IIIOI:K| t idal f l a t is exposed on a daily bas is . 

:i 1.5 SECTION >W4 ( to) < 1 )i GUIDELINES 

The Sec t ion 404 ( ' b ) O ) guidelines under the Clean Water Act essentially 
mandate t h a t no discharge ol: H i l l ma te r i a l nay occur ' w i t h i n wa te r s ( including 
wetlands) of the Uni t ed ! Slates u h e n there is a p rac t i cab le , Less damaging 
a l t e r n a t i v e , and r e q u i r e that: al l p rac t i cab le steps to o n i i n i m i z e : .npacts are 



taken, and finally that steps are taken to mitigate for unavoidable impacts.

An initial criterion in the process of: .sat is living the guidelines i..s

establishing the need foe the project. The need for remedial action in the

Acushnet iliver to mitigate if or PCB and heavy metal contamination has been

known and documented for years (NUS J.984; Batelle 1.985;; Genest and Hatch 1981;

Reinisch et al 1.984;; i>ES :1987>-


The available data strongly Indicate that bioaccumulation and biomagnification

is occurring through the trophic levels vhich exist in the estuary (Section

1.0..0). The potential health and environmental risks to the aquatic food chain

(Iron continued exposure of the biological systems in the estuary to PCBs and

metals: have been discussed in most of the reports cited above; these risks,, as

•well as those to humans are outlined :in Section 10 of this report. A more

definitive assessment of the short- and long-terra food chain impacts from

taking no action (as veil, as from the various alternatives) is being generated

through development of a food chain mathematical model.


Given the need for remedial action, the three alternatives proposed in this

report: have reduced direct wetland impacts considerably over previously

proposed options (WHS 19'84; SES 1.987),, All three proposals have attempted to

minimize direct filling olf vegetated wetlands to the extent practicable; one

result of this is the potential for continued contaminant availability and

cycling within the wetlands.


Of the three alternatives, the CDF option entails the greatest direct impacts

to vegetated 'wetlands, and it is likely that much of the estuary will be too

deep to support tidal flat habitat in the near future. The more valuable salt

marsh areas from bird and mammal habitat perspectives ('wetlands 1 and 3),

however,will be least impacted by the CDF option.


The capping option offers potentially extreme indirect impacts to these two

wetlands (Section 1.1..3), although the direct filling is largely eliminated.

It would also appear that contaminant mobility out of the marshes into the

estuary would be minimised by the capping option. The net: impact to tidal

flat habitat: is unknown, being dependent, upon the conditions described in

Section 111.3.


The CAD option entails less direct salt marsh filling than the CDF method (il.5

v.s 6.0 acres),, and has the potential to replace all tidal flat habitat in a

much shorter time frame. As with the CDF option, however, contaminant

.availability and cycling between vetland and open water will continue under

the CAD option..


In summary,, the three options are an attempt to compromise between the goals

of maintaining viable wetland habitat in the estuary while minimising the

contaminant availability and cycling., The CDF and CAD options appear to Tore

strongly favor the former goal, 'while the capping option more strongly mem::;

the Latter goal. The third component of the 40<4 (b)('l.) guidelines, mitigation

for unavoidable impacts, is most critical for successful implementation of the

capping option; this is discussed in Section 12.




12.0 MITIGATION


I.:!!., 1 FUNCTIONAL ATTRIBUTES OF PROJECT AREA TOTLATOS


In order to supplement the understanding; of wel:Land functions i.n this estuary,

a published wetland evaluation method has been employed, which assesses

relative wetland significance for IS functions. The Wetland Evaluation

Technique (WET) developed by the Corps of Engineers (1987), in operational

computerized draft, has been 'employed for this purpose.


The WET method assumes that wetland characteristics in combination coin tribute1


certain function:;., and therefore rating those characteristics can provide a.

relative assessment, of: how 'well a particular wetland functions for certain

interests. The evaluation method is not intended to provide definitive

answers to the questions of wetland significance. It is intended to provide a

documented,, standardized means of assessment which requires an inventory of

wetland characteristics and an understanding; of how those characteristics may

contribute to function.. The assessment nay also provide a basis for judging

the degree of mitigation necessary to compensate lior unavoidable impacts.


WET is based on the premise that the functions and values of a 'wetland can be

identified and evaluated in terms of social sigm.ific.iuce, effectiveness, and

opportunity. The social significance evaluation assesses whether the wet Land

has important natural features or economic value,, The effectiveness

evaluation assesses the potential capability of a. wetland to perform a

function or value because of its physical, chemical, or biological attributes.

The opportunity evaluation assesses the potential opportunity a wetland has to

perform a .function or value because of its location in the watershed or other

fac t ors that i nf 1 uence oppor t uni t y.


WET evaluates functions and values by characterizing the wetland in terms of

its physical,, chemical,, and biological processes or attributes. This

characterization is accomplished by asking a series of questions concerning

predictors., Predictors ai:e simple, or integrated, variables that reflect the

physical,, chemical, and biological processes or attributes of the wetland and

its surroundings. Responses to the characterization questions are interpreted

in a series of ""keys" that define the relationship between predictors and

wetland functions and values. The relationships defined in the interpretation

keys are based on the technical literature. The interpretation results in, a

qualitative probability ratings of IHGH, MODERATE, or LOW being assigned to

functions and value!: in terras of social significance, effectiveness, and

opportunity.


Table 12.1 presents the compiled results of the VET assessment: for the six

project area 'wetlands. Tables 12.2 through 1.2.7 present the individual

results for each wetland,, showing the ratings for social significances,

effecti.viene.ss, and opportunity of each area as well as probable use

assessments foi: H waterfowl groups.




Table 1 2 . 1 , Func t iona l S i g n i f i c a n c e Ra t ings  o f P r o j e c t Area 'Wetlands 

UetlaLiud Area 

Pjuncjtjkm 1. 2 :i 4 5 9 

Ground Water Recharge L I L L L L 

Ground U'ateir Discharge M L M M !'[ H 

Flood I: low A.It e r,a 11on L L L L ]., L 

Sediment Stab.il izauom H H 1:1 M Ei B 

Sediment /Toxic Retention H ][ B B B fl 

Nutrient Removal/Trains. |[ M B B IFI H 

Production Export M M M M H 1"! 

Aquatic Diversity/Abundance HH B H Id 1:1 ]•[ 

General. Fish Habitat El H H 1:1 II B 

General 'HildLlt'e Habitat B H B I! BI El 

Hi Id Li Ee ID/ft Breeding L L L L, L L 

Wildlife D/,ft Migration ]•[ HI B B e H 

Wildlife D/A Hintering M B B M M M 

Uniqueness/Heritage. 1! B 19 Id H H 

A c t i v e Recreation L L L L L ]., 

flsderived from Wetland Evaluation Tech.rn.tjue (WET), April. 1987

0 pera. ti ona1 Dra Ft:, U, S . Army Cor ps o f lElngi neers.


L == Low M == Moderate H = High




Table 12., 2,. Evaluation Summary - Wetland Area 1


Si gnl I: icaince Ef fee t: i. vene s s Oppor tun i 1: y Comb ined


it L
Ground Water Recharge M L

Ground Water Discharge M M * M

Flood flow Alteration M L L L

Sediment Stabilisation H :B K M

Sed i men t /Toxic Be i: en t i on 'B .B [1 E

Mu 11:1 en t Remova 1 /Trans . B L El, El

Product ion Export rt M. M.

Aq ua i: i c Dive r,s ity I Abundance M E E


M * E
General Fish Habitat K

General Wildlife Habitat E * * El!


*
'Hi Id life D/A Breed ing *

*
Wildlife D/A Migration *

•»r
Wildlife D/A Wintering * M


•k •Ir
Uni queness /Heri t age E

•k •*r
Active Recreation L


W == potentially High if watershed change!:, I ••- potentially high if improved


P r obahle ll:se Asse s sment s


Uarmwater Fish M

Cold'watei: Fish L

CoLd'Hater Riverine Fish L

Northern Lake Fish :B


'Waterfowl

'Hat erf owl

'Hat erf owl

Waterfowl.

'Waterfowl

Waterfowl

Water fiovl

Wat. erf: owl

Water fowl

Waterfowl

Waterfowl

Waterfowl

Waterfowl

Waterfowl


Group 1

Group 2

Group 3

Group 4

Group 5

Group 6

Group 7

Group H

Group 'I

Group 10

Group 11

Group 12

Group 13

Group 14


Breeding

].,

L


L

L

L

L

L

L

M

L

L

L
 l 

L
L
L
L
L
L
L
L
L
L
L
H
L 
E

iM
L
13 
M
L 

'L
H
L
L
L 
M
L
L 
M 

.igration Winter ing 



')Table 12. L Evaluation Summary - He t -Land Area 

Si(fii i f i caince Effect iveness 0 ppor t un i. ty Comb i. ined 

Ground W a t e r Hecharge M L A-

Ground U'a , te r Discharge M •K L 
Flood f l o w A l t e r a t i o n M L L L 
Sediment S t a b i l i z a t i o n M I! 
Sedi men t/Tox i c Ret en t i on M IFI i-:i 
Mu t r ien t ilemovaL/'Ti:amis. M M 
P r o d u c t i o n Export * M 
Aqua t i c Di v ers i ty /1\ bondance M L L 
General F i sh Habi t a t H M H 
General 'Hi Id Li fe H a b i t a t Ei •i- B 
U i l d l i t ' e D/'A. Breeding * 1., 
U i l d l  i Ce D / A Migra t ion * El 
W i l d l i fe D / ' A W i n t e r i n g * H 
J in iqua nes s / Fi e r i t age IFI El 
A:: i: i v e Rec rea t i on L L 

W == po tent L a L l y H.igh if waitisrshed charades, I == p o t e n t i a l l y high if improved 

Prolba b 1 e Use A.s se s s men t s 

Uarmvatei: Fish M 
Coldwatei: Fish L 
Coldwatei: Riverine Fish L 
Northern Lake Fish H 

E! reeding M i g r a t i o n W i n t e r i n g 
W a t e r ( fowl L L L 
U'a ter fowl L L L 
W a i t e r ( fowl G l oup L L 
U a ter fowl G ] oup L L 
I) EI i: er f ow I Gi oup L L 
'H £i t e r i ow I G r o u p L L L 
V a t H i : : E o w l G r o u p 7 L L L 

G r o u p 8 L L L 
Waterfowl G r o u p 9 L 
Waterfowl G r o u p 1C L 
Wat erf cw'l G r o u p M 
W a t e r f o w  l G r o u p 12 L L 
V a t e r i : o ( « l G r o u p 13 L L 
V a t e r f o i < l Group L L 



Table 12 .4 . iEvaluat ion Summary - Uet land Area 3 

S i. gin i. i: i c a n <: (? E I: f: e c t i v e n e K s 0 p po r t u n :i t y C o m b i n e <i 

G r o u n d W a t e r ' R e c h a r g e M L 
Ik G r o u n d W a t e r D i scha rge M M 

L 
M 

F l o o d f l o w A l t e r a t i o n M I., L L 
S e d i m e n t Stab i l ia at ion Ei \\ ik Ei 
S e d i men t >To.K i t: Re't en t i on lil I., lit Ei 

:i-:
P r o d u c t ion EJ.it per t * M M 
A q u a t i c D i ve r <s i1y I Abundain c: e M H H 
General . F i sh E i a b i t a t M M 1-1 
General Wild l i fe Habi t.al: H I! 
W i l d l i f e D / A Breeding * L 
W i l d l i t 'e D/A Kigra t ion + 
W i l d Li l ie D/A, W i n t e r ing + HI H 
Un i quenes s / H e r i t age H •I- 1-1 
Ac t ive Ren:eat ion I. 

V ». potentially High il! watershed change;:, 1 •== potentially high ii: improved


P i: O'bable Use l\s <;<e s <s one'in ts 

Warmwater Fish M 
Cold 'wate i : F i s h L 
Co 1 d H a t (•' r R i ve r i n e F i s h L 
N o r t h e r n Lake Fish El 

B r e e d i n g i [p: a t i on ' i n t e r ing 
W a t e r fowl G r o u p 1 L L L 
W s i t e r f o w l . G r o u p 2 1-1 L 
W a t e r f o w l . G r o u p 3 L L 
W a t e r ' f o w l G r o u p 4 L L 
W a t e r f o w l G r o u p 5 L L L 
W a i t e r .fowl Group 6 L M L 
U a ' t e r E o w L G r o u p 7 L L L, 
W a t e r f o w l G r o u p 13 L M I, 

N u t r i e n t Removal /Trans . HI EilL,


r 9 
10


L M 1, 
L M L


W  a t er flow L Gi oup 
W a t e r f o w l Gi oup 
W a t e r f o w l G i o u p 1 1 L M M 
W a t e r f o w l Group 1 2 L Ei H 
W a t e r f o w l Group 13 L L 
W a t e r f o w l Group 1 4 L H 



Table Evaluation Summary - Wetland Area 4


S ign ifi cance EJE fee t i venei Opportui.nlty Combined


Ground 'Water Recharge Ml L L

Ground Water Discharge Mi M Mi

F1 oodflow Ail t era t: ion M L L L

Sediment Stabilization El 't, Fl

Sed i men t/To ici <:. Re ten t it on H E El

Nu t i:i en t: Removal/Trans „ H 1-1 F!

Product:!on Export * M M

Aq uat ic Divers i't y/Abiuidance M Hi •Ir f!

General Fish Eafoi Cat: M Ml * H

General Wildlife Habitat 13 * H

Wildlife D/A Breeding * I., * L

Wildlife D/A Migration * E * H

Wildlife D/A Wintering * M * M

Uniqueness/Heri Cage 13 * Irl

Active Recreation. L * L


V :=• potent ially .Ell(;;h if watershed changes:, I « potentially high 11: improved


Probable Us e Assessmentt s


U'armwater F'ish

CoIdwater Fish L

Coldwater Riverine Fish L

Northern Lake Fish E


Breeding Migration 'inter ing

¥a t erf owl Group 1. L L

'Hat erf owl Group 2 L ]•[

Waterfowl Group 3 L L

Waterfowl Group 4 L L L

Waterfowl Group 5 L L L

Waterfowl Group 6 L M L

Waterfowl. Group 7 L L L

Water fowl Group 8 L L

Waterfowl. Group 9 M L

Waterfowl. Group 10 M L

Waterfowl. Group 11 M L L

Waterfowl Group 12 L !•] El

Waterfowl Group 13 L M L

Waterfowl Group 14 L L H




Table 12..6. Evaluation Summary - Wetland Area 3


Signi f. 1 cance EI: £ec t1 veiwss Oppoi:t uni t:y Combined 

Ground Water Recharge 
Ground Water Discharge 
Floodflow ,A 11:ei:at :i on 
Sed i men l: EJi:a I: :i 11 :>:a t: i on 

M 
M 

L 
M 

* 
* 
]., 
* 

L 
M 
L 
!•] 

Sedi ment/Toxic Re t.ent: ion L 11 H 
[d utr i. en t: R enov ;n 1/Tr an s. 
Production Export: 
Aqua t: i. c Di w eirsi t.y/Abundance 
General Fish Habitat 

M 
I'l 

L 
M 
H 
M 

11 
* 
* 
* 

E 
M 
1:1 
1:1 

General 'Wildlife Habitat 
Wildlife DM Breeding 
Wildlife D/A Migration 

]•[ 
* 
* 

L 
H 

* 
* 
•(r 

ll 
L 
H 

Wild Li. lie D/A Wintering •(r M * M 
Lin i. queries s/' Her i. tage •(r H 
Active Recreation •ft L 

W = [)otent.:i.ally High :i:E: watershed changes, I -~ potentially high :i:E: improved


Probable 'Use Assessments


'Harmwater Fish Mi

Coldwater Fish

Coldva ter Rive rim (2 Fish

Northern Lafce Fish


Breeding Migration Wintering

Water E owl Group 1 L L

Waterfowl Group 2 M L

Water liowl Group 3 L L L

Waterfowl Group A L L L

Waterfowl Group .5 L L L

Waterfowl Group 6 L L

Waterfowl, Group 7 L L

Waterfowl, Group <Ei L L, L

Waterfowl. Group 9 L M L

Wat erfowl Group 10 L, M L

Waterf ovl Group 11 L L

W, at erf ovl Group 12 M H


Group 13 L L

1Wa ter fowl Group 14 L li,


-IS6




Table 12.7. Evaluation Summary - Wetland Area 9


S ignifi canoe Eifec t: iveness Oppor it uini. t:y Combined 

Ground 'Hater Recharge Mi

Ground Water Discharge MI


L
M


it 

it M

F'loodflow Alteration M

Sediment: Stabilization El


L
H


L 
t, 

L
K 
H
Sed i men t/To id c Re ten t i on ,H E 

Nil t r i en t: Removal/Trans« iEl

Production Export: 'r


H 
•k 

l

l 

E
M
E

.
Aquatic Diversity/Abundance M

General Fish Babi t.at: M

General Wildlife Habitat 13

Wildlife D/A Breeding *


l
t 

i 

B 
M
i
L
E

•k

•k .H 
•k

•k

! 

H
H 
IP

Wi. LdlilSe D/A Migration *

Wi Id Li lie D/A Wintering *

lln iquenes s/l-ler i tage 1:1

Active Recreation L


\!


L


~ potentially High if watershed changes, I * potentially high if improved


P i: obable


'Harinvater Fish ;M 
Co Idwater Fish L 
Coldwater Riwerine Fish 
Northern Lake Fish 

Breeding Migration Wintering 
Waterfowl Group L 
Waterfowl Group L 
Waterfowl Group L 
Waterfowl Group <i L L L 
Waterfowl Group !i L L L 
Waterfowl Group 6 L M! L, 
Waterfowl Group 7 L 
Waterfowl Group 8 M 
Waterfowl Group 9 L, M L 
'Haterfowl Group 1.0 L M L 
Waterfowl Group .1.1. M L L 
Waterfowl Group 12 L H H 
Waterfowl Group 13 L M 
Water fowl Group L 



Overall, the wetlands were rated quite similarly for (.he functions: evaluated,,

This demonstrates t.he importance of sect: ing (physiographic,, hydro logic,

juxtaposition,, etc.) in influencing value, at least as perceived by this

assessment method. The functions generally rated as most strongly provided by

the project area wetlands include sed Linen t stabilization,, sed:iinent:/to.>[i<:

re Cent ion, niutrieni: removal or trans format ion, and biological habitat and

diversity,. The Lowest rated functions were for ground water recharge,, flood

flow alteration, and as breeding areas for designated waterfowl.


The inability of ¥ET to distinguish differences in functional values between

most of the six 'wetlands underscores questions pertaining to the sensitivity

of such evaluation techniques. Intuitively, the larger size and more

diversity of vegetative types 'within Wetland 2 infers greater potential to

provide a wider array of functions: to a degree which has more local

significance than the smaller,, less diverse marshes (wetland sites 4, ,!>,, and

9). Similarly,, Wetlands 1 and, 3, which may be considered together due to

their proximity and undeveloped shoreline and upland habitat in between,, offer

a relatively large area (56 acres) of a diversity of coastal wetland t:over

types. Lri contrast, 'Wetlands 4, 5, and 9 are relatively small, disjunct

marshes., In looking at the distribution of certain cover type, particularly

the regularly flooded tall 'SgartLna alternl flora marsh (which is often

considered the most productive coastal wetland type),, it should be noted that

Wetlands 1 and .3 provide the greatest area (.8.9 at: res) of this habitat type.

The tall S. alternlf lora_ cover in Wetlands 1 and 3 also have considerable

areas of adjacent mud fiats, often considered to be the principal site for the

conversion of plant production into animal biomass (Whltlatch 1982). Wetland

3,, despite its'1 small size (3.,5 acres), is predominantly (691) tall S.


the exit ensive Wetland 2 has slightly less cover of tall

Alternatively, Wetland 4 Is predominantly (7S!K)


cover; i!'ro»i a wildlife habitat perspective this cover is probably the least

valuable of those occurring in the project area wetlands,, In considering the

range of factors which,, in combination,, determine overall wetland value, the

following ranking of the project area wetlands (from highest to lowest) is

suggested: 2, 1, 3,, 5, 4, 9. The first three areas would be logically grouped

together in a "higher value'"1 asses snient versus the latter three In a ""lower

value" category., «,galn, this ranking is Intended only to provide guidance In

determining the level of mitigation which may be appropriate in the eventual.

disturbance of the various 'wetland areas.


12, 2. MiinlyiBiiiiij, Rect jurying ,, Ĵ omjgenaat: ing


In line with the del: in it ions used by the Council on Environmental Quality

(40 CFR 130fl..20), mitigation includes::


•• avoiding adverse Impacts to wetlands altogether by not taking a

certain action ;


• minimi :; ing impacts by limiting the degree or magnitude of action;




• i:ectif,) ' :iny the impact : by repairing,, rehab i 1. i t a t l n g , or res tor ing; the 
;i..E fee ted environment; 

" r e d u c i n  g or e l i m i n a t i n g the Impact: on wetlands by preservation ami 
ma 1 in t enance a pei: a t i ons du i: i n y t he 1. i. l:e o 1! 't he p ro.j e t: t ; and 

• compensa t ing for the vet Land losses by. replacing or p r o v i d i n g 
subst i tute resources or envi. ronments . "" 

The aspects of: avo id ing taking r emed ia l . ad::: on steps in the Acushne t: River 
e s tua ry , as ve.l. 1. as those of: in in mining d i rec t wetland i m p a c t s by m o d i f y i n g 
the proposed locat ions of cori t :a i r in<eni t areas, h a v e been discussed i n Sect ion 
11.0. Tab IK 12 .8 .sumna i: :l :>. es the probable unavoidable impacts associated w i t h 
Che three PEW; dial action ail ternat ives and oui:l.in«>s potencial mii t i gat: ion 
. s t ra teg ies v:h:. cli iriighl: t)<E> coins iden-sd to < > f : E s e t t:i^!i inpacts . 

For all three pEiinedial act: ion ail ternat:iv«i!Si, erosion and sediment : c o > n i t r o l . 
!!iea.:;un!S are consicleKed an imp io in t an t i n i t i a l component 1:0 in:l t igat:« ( n i n i i m i : s i E > ) 
b i o Logical impact::!. 

line principal strat:<E>|E;y 1:0 m i t i g a t t ! l:oi: the dirtid: !loss of. vi>(;;etat:iE!d 
unde r bot:h i:hi: CDF and CAD op t ions is the potential for lEi is tabl ishing 
salt: marsh areas at several locations wi th . in the estuary. This vould 
necessi t a t  e usinf;1 clean siediments l:o ra ise the « Le v a t i on of: in ter t idal lllats 
or Eiubtidal hab i ta t to grades which will support: regularly fiLooded1 lov salt 
marsh. Plugs oil !j[>|)>ftina a].te;:niiflora would be p Lain ted in fhe deposited 
sediments, Heasures to reduce suii::Eace water f lov velocities would be required 
dur ing the period :if. vegefacion es tabl i shment to prevent sediment: e ros ion and 
loss ot: p la in t plugs. This technique has been inplemenCed in, numerous 
instances by the Corps otf Engineers throughout tin? easf coast under tlbeii: 
Dirediged Mate r i a l Research Program (DIMCR.P) . The f i n a l locations for such areas 
vouldi require a d d i t i o n a l assessment: oi: exist ing and proposed cond i t i ons . The 
actual need l:or such mi t iga t ion is al.so questionable, , considering thaf the 
d i r e c t v e t . Land looses are coinlEined l:o the three VIE- t Land areas indicated to 
have lower value in the estuary, Given the scarcity oi! vegetated wetland in 
the e s t u a r y , however , any e i i i i o r t s to m a i n t a i t n or increase the e x t e n t o:E 
ve t Land ma y |:M;I wa r r a n t ed . 

The loss oi: tidal iilat habitat : under the CDF opt ion {as much as 72 acres lost 
b y excavau o n j vould he eictremeLy dil!lEi<:.ul( to compensate lien: in the neai: 
i l i i t u i r e . The volume oi l sed iment necessary to re-establish g rades necessary to 
:>•»•:: »e in t e r t ] . da l f lat is cons ide rab le . Natura l , d e p o s i t i o n w o u l d , over t ine 
( t ens oiE years) likely accomplish t h i s , decolonizat ion is dependen t 
p r i n c i p a l l  y upon subs t ra te c o n d i t i o n s and pirosdmi t :y /ava: l labi L i t y of 
cecrui t o n e n t areas. The d i s t u rbance of: a m u c h sma.Ll.er area ("1.0 ac re s ) of: 
t i d a l , f l a t under the CAD opt ion , w i t h a r t i f i c ia l re-establishment o£ grades 
and substrate s u i t a b l e for inter t idal f l a t s , g'ireatly reduces rhe i m p a c t s over 
the CDF o p t i o n . 

... | 9 c> .. 
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The h y d i:;; u 1 i c - c: n n i: i: o.l v i I h c EI [3 p.I nig- a.l. I e rna t: :i v e, vh i Le e a s en t i & 1. L y e 1 .i in i na t i rig 
d i rec t impact.5 to vegetated wetlands, w i l l require placement of 1:111 over (he 
e n t i r  e 12 acres oi: i::ida.l f l a t and has polent iaLly major i n d i r e c t e f i: e c i ts on 
adjacent w e C .1 and $ ( S u c t i o  n 1.1.). rim? ac tua l el!lEec is on the ad jacen t sa l t 
marshes are d 1 L Hi. cu l t to pired i. c t,, being dependent pr imar i ly upon (he 
h y d r o log! t: f l u s h i n g w h i c  h rema i ins a J S t e r cons t ruc t i on of the embankments . LE 
tine ! I u.slh i ng .1:; s ig i r i i . J i i c i i .n t ly d im! r i lshed, there is a high probabLl i t y ol: 
expanded P h r a f r r a i tes g r o w t h in the ti:.,f[h :;a..lt iiuiU'Eiih ciireas. l!t i!i u n . l i k e l y dunt 
the h igh mar sh vouLd E ; u c c i > e > d to upland, , g-lven l.he o i r y i m i c soils, , phy i s iog rap lnc 
s<E>ti::Liii |i;, and c:I:irnat(•: ol: th«> <n:eai. 

The th:icl(.nes.s ol: ]E:lL'l ( 3 - A i i e e i t ) proposed 1:0 be placed over su to t ic la i l (open 
valer) and intertniiiil habitat:; betvigen the channel, embankment:;; and i:he sal.I. 
marshes in LI appa r t ' n t i l y b r i n g U l n a . I grades in 'these a r e E i s to between 1-5 feel: 
above M L I) . These e l e v a t Ions could <;upporl: habLta t s rang! nig' f r o m t i d E i l Ei lat . ; : 
to ]?hr.-igm:Li:e'S mar sh . There is, thei :e.Eore, EI p Q it en t i a.l. oi: c K e a t i n g d i v e r s e 
wet land and up.land h a b i t a t s which uy m i t i g a t  e Jioi: the i.iii;i,Eicit!; of p l a c e n e n t of 
JiiLI associEitedl vi th the capping. A:; rioted earliei:, i t. wil l requ i re del ta Lied 
design measure!;, proper cams t ruction, , and possibly a c t i v  e nan»yeiiusn t to 
E ' s t a l x t i s h h a b i t a  t o the r the in shal low ci[>i;>n w a t e r / l i l a i ts and Ph ca [j-m.1 t es c o v g i : , 
Iv nay be feasible, however,, to create a d.I verse incsa.lc. ol: siifialTov"vat:ei:, 
f l a t s , , bi:acki.sh marsh, and upland islands vhich could a t t r a c t E i m d support a 
number olE v i ld l i l ie !;pe.ci.e:<!. Impacts t:o sheLLElsh and tmar.ine ilistneries would 
not be in :L t :l ga t ed by t h i s p rope s a i l , however. Designin,;; such h a b i t a t vi L1. 
require d e t a i l e d understanding of the. hydrolo(!':lc regime wh:lch w i l l develop 
a . E t e r the embankine'ni:s and capping <i.re completeti, knowledge of Che sediment 
charact:erist.ics t.o be used in the capping, probabl le water c h e m i s t r y (of 
pa rame te r s Likely to i influence p l a n t c o m p o s i t i o n , e .g . , piEi and s a l i n i t y )  , and 
b e t t e r understanding en: f:inal. grade,s :in re la ti. on to valer leve.ls. 
I d e n t i f i cat i n n oE cert a i m targeted H i l d i l 1 fe species may also be w a r r a n t e d to 
d i r e c  t the t y p e of hab i t a t vhich is designed tior. 



13.0 COORDINATION WITH LOCAL, STAIE AND FEDERAL AGENCIES


MB. l-'arali Courtney 2/25/fiS

M.EiE;ii.Ei[:tiui;«! ttu Coastal. Zone Management

(617) ;> a:i-"lo 98 

KOI: I.H.. 

Mr. Richard Qua I: man 2/2.5/SB 
Hi;.i! sac hu sett si Audubon !:ot: iety 
( . ( S I ? ) 28:i-0.59'a 

Ho .longer works tor MAS,, No i.nfomuiI:i.on. on current work: addre i i su 

Mr, Jeit .Benoil: 2/25/88 
MaissacfauiEie 1:1:0 Co,aiil:al Zone. 
C ( j . ! 7 . ) 72 /-9 530 

Not LU. 

Ma, Susan Moore 2 / 2 5 / 8  B 
HasEiachiLiaiE»l: l :n Coastal. '.'..o:nt>. MaKJCL\nsanKnt 
(617.) 9'%-9'/28 

ForwardiE'd techniical rfiport: complaited in '\9K> and nu^giKiitiid thai: Judy Peterson 
be ::o [i I: ELc I: c (i „ 

Mr. Jan Smith 2/25/815 
H&a Ha ::h uij,iM: i:,u Coas t: a 1. 'La UK Kii.i:iii i^Eimem t: 
( 6 1 . 7 ) /27-9530 

Could not comment: oti '(leu B'edJiord product and nu|j,geisted thai: Suiwn Moort; ':i« 
con.I: a c.1: ud, 

M.B. Judy ]Pet<eman 2 /25/88 
M a.i; is a. o hi u .Eie t: t:s (- o.a a l: a.1 <'. o ne I'l.si :na ;;; KW<K u I: 
( . ( ) I7 ) /' 2. 7 -9530 

Offered to Bend l:e<:b.nic.El r«>porl: completed in 19!3 '!> : l Iml: c t i u l  d iicl: c:oiniiu>nt OTI 
project pro po a a.I a c, 

Mr, H,V1. Ifiuamaini 2 . /2 .5 /B8 
Has Bachua«t:t:a Division of !!' i. « ti i; i: 1 1- « & Wi/ ldL i fe 
(6:17.) :: 

Not in.i 
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Mi:, . Jay Cope hand 2 / 2 S / 8 I  S 
Man isfl.chi.i8et til Natura l Her i tage- and Endangered Species P r o g r a  m 
Ui;') )'27-9.IW 

R.iK|ueiM: ed thai: u. locus map foe torwarded t:c this MHHES'P oi:i:;i.cfi so thai: reoordij, 
of species occurrence)! could be re fe renced uiare accui ra te 17<> Map f o r w a r d e d on 
Eiaine date* 

Mr, Chris Manz a r lift 3/30/158 
Mal:i.oinai Marine Finl ier ies Servi.ce 
(6.1.7) 2 8 J. •-•3600 

Needed Co s«e proponed plans before h.:i.» aji;ency coiuld coinvnl: on aoy cur rent: 
or proponed work. Siug|;eiil:ed Cb.sit: Su.«! MeHo at: Woodii K.ol« and EU1 Reiner at: 
be coiil:at:t:ed,, 

M u . Sue MeJJLo 3/30/Bfl 
National M a r i n e FisherLe« Eiervicis 
( 6 1 7 J 548-5123 

Cone e med that: dredging i E: bei. ng confide red wiKhoutt: adiErcimite dat:a ont 
reauspension. t;amiot: comment: unt i l reuu l . t :n oi: the pilot: dxedging pray,ram aire 
avai lable , but wi.lil i:crrHrard coi»iDi«>niit:i; giveia J.;Q pain: and Eiii.ggeiM:ed thu.1: a'he be 
coiit:a[:t:ed after review of t:boii<E> caintniai:.:s. 

Mr. H .W. , Eeuijinann 3/31. /8» 
Has!)acbiiiiiE>1:ti3 Di.vi.SM. on oi: F:i..=il:i'E>ri. (Mi and Wi.l.dl. ille 
(6.1.7.) .366-44/0 

data bas bei'xi co l lec t ed on '»i liter ing waterfawl , but: 1) an no ispecil: i<: 
data on wal:erl:oH'l in l::tif! Acushnet: Et.r»ei: l^isituary i:y i: I: em,, SiLiggfi i iCed t:hat: W a r d 
Stone of tl'ew York Deparl:»i<i!ut ol: EnviroiiooieDta!!. ConixEinMiition b« contacl: <ed tlor 
inj: ormal:i.oti oti. bio-acciLimulation ot F C I I ' t i and heavy «>l:alis i.n duckii wintering 
on co 

Mr,, Ward Stone 3/3L' iS« 
Il<:v Ti:>rlc I)'S![j,SLiM::5oiiM:l: of Environmental. Coniservii tion 
( 518) 4.:i'i 

Not in,, 

Mr. Rocky Guyer 3/.31/88 
Woods; 'Elole Oceanogrupbic InstLt :n . t ;e 
(6.1,7.) 548-1400 

Wot in. 

Mr,, LiEiiE! Bridgf 'E! 
M!aiisachuEiet:t:Ei Division oi: Marine Fi 
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(6.17.) 72.7-.31 93 

Does not Have Jr irul : hand k n o w l e d g e of project i , but o f fe red t  o make ava i l ab le 
extensive data on FCB contaminat ion in the Acu 11 tin«l: River Estuary,, which s t a f f 
from liia agency have been collecting since . 1 9 7 7 , , Data may be obta ined , from 
Jack Schwairts! at the MEMF 8a].em Lab.. 

MB., Sue Morrison 3/31/88 
Ha a sachusetts Department of Environmental Quial ity Engineer ing 
( 6 1 7 ) 935-2160 

E'oeiJ not: work for DEQE any Longer „ and DEQE, at: the moment,, liaii no she'l I i i j uh 

Mr. 'Frank. Gemano 3/3L'88 
M,Et,Eii! ,ac 'h 'LiHiE>tl : i i D.i.vi.£i.i.on o:t: 
(61.7) 1188-404.3 

ISo t: i. I! ,, 

Mr. Mike Hie key 3/31/88 
Maaaachuisiett isi .D:.vi. lii.o'ti ol: KLarine Ti.si!:i£!ri. en 

888-4043 

Wot in. 

Mir ,. Randal 1 F a i d> auks 3 / 31 / 138 
Mas uachuiiett!! Diviu ion of Marine; 
(6.1.7.) 7 2 7 -3 1. 93 

I;=i no i: liamiliar with s'p<»ci.i:ic.o of project and did not ]:«'! i.t would lie 
app rop r i a t e iior f ie ld pernQundL to be contacted aince this-y are already over
loaded with work, 'flow ever,, I: lie KDMF BoEi tun o f f i c e doeii; have iiiifonatioia oin 
sport tliiiiheries i.n ttuE! ,[k:iialiiiet River Eiituary which would be made available to 
OH1., The director,, Ftoilip Con. tea, should 'b« contacted f i r s t and wade aware 
that this has been cleared by Mr, Fairbaukii.. 

M». Farah Courtney 3/3L'8« 
Has =iac::iu tie t: I: u Coa,in:,al ;!.one Mami t; ne nt 
(6.17.) 283-0391} 

Suggested that Richard Quateinan of ICT Inc. be contacted,. 

Mr. R i c h a r d (Juateman 3/31/88 
IGF toe. 
(617) 72J-3J360 

Mr. Qimtissnan coordinatee community reiationu in his new pea it ion.. 'He 'has 
not had time to review project alter native «, and Cher ef err e could not: ccinment,. 



H s- !> U,E; j> i! !i l: i?d t hi Ei I. El tl !i i! ]. up it :i t. I la e I; I11\ li e c o a t. si:: t « il 

Mr. Ed Hej ine i mil B B 
EPA W e t:Lu a (i a D i v i 5, l o a 
( h i ? ) ;>6 :>••:! :i4 7 

Not i n . 

Mr, Roc: Icy Guyer 4 /1/88 
Vlo o d » Ho 1 1:1 Oc IE> Giirio {> r a pi". L <: 1 n EI 1: :. I: u I: e 
( b ! 7  ; 548-1400 

F l e  w i i i weAln. in die uppex ei* it ua ry dim to the corns I: r ic i : i o  n ai: i:be 
St . . E S r i c l j g e , w h i c  h he bel ieves CEiuaed » <:li5'c:n?a(ie oiE ,SL ! pv i. DC he is in l.kiE! 

•sicEt p 1 i. Cm ci e of the up [Mir eiM: i;.jj ry • ^u « sen u I t  . , t:bi!i:e isih.ould tie L i c t l  e 
(ri(?gl i gi.bli! ) ch,sin(;;5! i.n be th t.he l:i c l u l pi: i ism aind iimp'l L i:»de i.f l:tn> (iiHlua 
cieiE'peiaecl b» up to t:wo I s : 1=1:.. A d r EIIII u I: i. c: ch.smge ui t. be t i d a  l sun p L ;L I: u do v o u l t  l 
r u i i u l t  , b o w m e x , £ rcnii :l r u m: .L c c h a n g E '  U i:i: \ib& Ei l t ior i i l .Lnt! clnncact &r:ia t L C I S I , or i. f 
l: tic nydraml ILC: ccnititol sil l :eri iat .Lve VEIS i. np 1 tanen t EK! . OcepanLng oE l:ln;> upper 
t> !i I: ua •:•>•• ur om 1 cl r i: !i u I C i in EI n IL u c: r o a sied f 1 u 11 ti L u g i: at 1C K EI a ci , pn » 19 1b ]. j' , ti :. j! I: n :c 
u EI 1 i iu <: i es E 11 r l:ii e. :: up t hi e t> EI t. u u ry ; t In IL EI, :L n I: u i: n , in IL ;; Ei I: <> l: E <; c i: in :ig r s \: or y E usih 
l: t i£ii : re<]ur:e b r a c k L i;ih c o n d L C i o n n „ A:Ei:er c lEMipeninji , t:i\K c is l: UH Ty , l:lt iE> 

ci iMicome :lepoii.u::Lonal EIS i.t. moni»<I t owi irc i H t] u L "I i.b r i tun ,. 

Mr. Eel RiMiier 
lillPA !rf c l. J. a n ciD D i v i. E; i. o n 
0 :17) 

No C i.itt . 

Mi: , F r a n k Guntiaino < i /  I / EIE! 
M a  n isi8<:huEii?t:t:!i D i v i s i o  n :>t' .'Uirine Fi. slti<erieii 
( b l '  M 

(lo l: L  n. 

M r . M i k  e Hn:k<?y  4 / 1/88 
M a B i i a c b u a e i : t is l) i v i. is i o n o:: Ha n. tic P . i a l J e : c i e s i 
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Most significant: resource in the estuary /'bay are shel Uriah , which cannot 
be taken now,, Anything that: causes r e s u s pens ion of. contamina ted sediment:!; 
would pose a. major problem tor she], HE' iah in the outer harbor i which are 
already plagued by problem* w i t h c ol ill oirn. Proignosis i:or the h e a l t h oi: the 
she). liiish xu th.e out. er harbor i ooka jicciil, and any t:h ing, that will, contanii 
conCi in i iRELCt id is eiii merit: wi.ll. tu:l. p t ibe l l l i i iE i l t i resources tr isnnisndou«].y« 'E 'CB' t ; . do 
no I: pose tt. problla tor Ethel. Ijiiii 'h,. Shell If Lsh ptirg'e tliemiHell VISEI ye,arL y during 
spawning,. , a,nd then PCS Leve.].« may build back up to 1 part per mil lit)'n dur ing 
t:ht! i: (:!(>!: of the year . 
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Massachusetts 

Program 
'----' 

18 Apra 1988 

'Mr Dennis Lowry 
IEP. Inc 
b Maple Street 
P 0 Box 780 
North borough., MA 01532 

Re Acushriei: River Wetlands 
Mew Bedf or d, Fair have n, 
Acushnet 

Dear Mr Lowry: 

Thank you for contacting the Massachusetts Natural Heritage 
Program regarding; rare species and ecologically significant natural 
communities in the vicinity of the Acu.sh.net River 'Wetlands -shown 
on 'the map contained in your 3 iviarch 1988 letter. 

At this time, we are not aware of any rare plants; or animals or 
natural communities m the area of these wetlands. 

If your .project plans change, or if additional fie Id work arid, research 
results in. an update of our database, this evaluation may require 
reconsideration. 

Sincerely,, •> / 
' '' 

ay Copeland 
viro n.m<-: nt.a 1 Re views r 

/ jc :ER/New Bedford , et a.l/ L owry 

cc: New ISeclford. tov/n file, chrono file, , notes in Fairhaven and 
Acush.net town files 

Divis ion of Fisheries and Wi ld l i f e 1.00 Cambr idge Street , Boston., Mass. 0220;! (617) 72:"~9].94,-315 

- 2 01 



14.0 REFERENCES


Battelle Ocean Sciences.. 1967. Final report on ratios of edible tissue t.o

whole body PCB concentrations in lilounder and Lobster from New Bedford

Harbor. Report to U.S.E.P.A. under Contract: No., 68-0:1-3319


Bert ness, M.D. 19fl4,. Ribbed mussels and Sgar ti na <!:i[J J£nJ J[lora production in

a Mev England salt marsh. Ecol. 65(6}7f7%"""ll07™


Big'elow, Irl.'El., „ and W.C. Schroeder. 1.953. Fishes of the Gulf of Maine., Pish.

Bull. Fish Wildl. Serv.. 5:1(74'): 1-577.,


Black, ][)„£„„ Phelps, ID., IK ind Lapan, R. L,, 1907. The Effect, ol: Inherited

Contamination on Egg and Larval 'H inter Flounder. EPA Environmental

Besearch Laboratory,, Marragan.sett,, ill .


Brousseiau, D.J. ,, 197B. Population dynamic of: the so'E't-shell clam Mya_

axenaria. Mai:.. Eiol. 50:63-7:1,.


Ch.idest.iar, F., 1920. The behavior of Funduliis1 hetiaroclitu,s on Che .salt

marshes of New Jersey. Amer. Mat. 5isSSl-557.


Condike, B., 1986. New Bedford Harbor Superfund Site,, Acushnel: River Estuary

Study,, U.S. Army Corps of Engineers, Water Quality Lab, Bar ire- Palls,

Massachusetts.


Cur ley,, J.R., R., !'„ Law ton, J.M.. !l,ic.l(.ey, and J.,D., Piske. 1.971,, A study

of the marin.e resources of the Waquoi.t Bay-Eel Pond estuary.

Honogr. Sei:,. Mo. 9. Mass,, D:lv. Mar. Fish.. 40 p.


Cur ley, J.R R.P. La'Hton,, D.L. Chadwick,, K.. Reback, and J.M. Hicfcey „

197A. A study ol: the marine resources of the Taunt on River Ei.nnl

Mount Hope Bay. (lomo|i;r. Ser. No,, IS. Mass. Div,. Mar. Fish,, 37 p.


Dai'bec, P.C. 1982,, Animals ol: the Salt Marsh., Van Hostname! Reinhold Co.., MY

422 p.


DeGraaf, R.M. „ and D.D. Hud is.. 1.986. New England Wildlife: habitat, natural

history and distribution,.. Tech. Report ME--108 Northeast: Forest

Experiment Station.


Eisenreieh, S.J., G.J., Hiollod, andl.C,, Johnson. 1980. PCB and other

micctjcontaininant-sediment interactions in Lake Superior,, pp. 67-9'» in;

K..A,, Baker (eel.,). Contaminants and Sediment!;, Ann Arboi: Science.,


EPA., 1983. Aerovox PCB disposal site, Acushinet River and New Bedford

Harbor, MA - tidal cycle and PCB mass transport study, January 10-1.2,

1.983.


-20C--




REFERENCES {Con t iinuied}


Fraser,, A. 1.973. Foraging strategies :in three species oi: Fwiduluis .

M,,S, thesis., Univ. Maryland. College Park,, Md, 34 p.,


Frey, I,, H', and Hasan, P.B. ,, 1978. Coastal Sail: Mars hiss. ID:: Coastal

Sedimentary Environments, Davis, R.A., ed . Springer Verlag, MY, MY, pp

L01-165.


Gooch, J.L ..... B.S. .Smith and D. Kruipp. 1.972,, Regional survey oi: gene

freqencies in the mud snail Na.ssari.us obsoletus. Biol. Bull,, !l 42 : 36--4.fi „


Grassle, J..F., and J.P. Girassle. Opportunistic life histories and genetic

systems in marine bent hie polychaistes. ..I. Hair. Res, 32',: 253-284.,


Hampson.., G.R. & E..T. MouL.. 19713. No .,2 fuel oil spill in Bourne, MA:

.Lined i ate asssessmenl: of. the effects on marine invertebrates and a

three-year .study of growth and recovery of: ,a salt marsh, Canada Fish 

Res. Board J. :)!:i:;73:i.-744,


Eiioff, et al ,. , 1973. A biological assessment of the Acushnet River Esfuary.

Unpublished report by University ot" Southeastern Massachusetts.


Lot rich, V.A, 1975. Summer home range and movements oii FundjLjl'us

h;-!t:erqclitus ('Pisces:: Cyprinodont idae) in a tidal creelc. Ecology


~


MacDonald, K.iEl. 1969a. Mollusean faunas of Pacific coast salt marshes, and

tidal creeks, Veliger 11,: 399-40,5,


19691),, Quantitative studies oi' salt marsh faunas from the Worth

American Pacific coast. Ecol. Manage., 39(1): .33-60,


Marinucci.,, A,C. 1981., PCB and TCB plasticiaers: impact on microbial

processes in the saltmarsh and soil ecosystem. Ph., D. Dissertation, Rutgers

University,


McHugh, J.J. 1967. Estuarine nekton, p. 381-620 in G.H,, Lauff (ed,,)

Estuaries, Airier. Ass., Advance. Sci . , Washington, D,,C,


Mi tsch and Gosselink, 1.91:16. Wetlands,, VanNostrand Reinhold Company,

NY, NY, 539 p.


Nixon, S.'H'.,, and C.A., Oviatt. 1973. Ecology of: a M<?v England salt:

marsh „ Ecol. iMoraogr. 43: '<63-498.




REFERENCES (ConIimied)


Nixon,, S.V. 1.980. Between coastal mai:slies and coastal vaters-a review of

twenty years of speculation and research on the role of: salt marshes in

estuarine productivity and water chemistry, p., W--523 in P,, Hamilton and

K. .11, Macdonalti (eds). Es marine and wel:Land p>roc.esses with emphasis on

model ing. Plenum Publishing,. Mew York, N.X.,


NAI. 19B5. Seabrook Environmental Studies, 19B4. A Characterisation oil

Baseline Conditions in the Hampton-Sea brook. Area, 1.975--19B4. A

Preoperational Study llor Seabrook Scat!on, Tech. Rep Jlt/II-H. Public

Service Co,, of New Hampshire.


1987. Beverly,'Salem Bridge Street Bypass,, Inter tidal 'Mud Flat

Impact „ Environmental Assessment:. Prepared Eor Massachusetts Department

of: Public Works.


NUS Corporation, 1984.. Draft feasibility study of remedial action

alternatives, Acushnet River Estuary. EPA 'Work. Assignment 2B-1L43.


Odum, U,,E., J.S. Fishier, and J.C. P:ick.ral. 1.979. Factors controlling the flux

of partlculate organic carbon from estuarine wetlands, pg,. 69-80 in B,. J,.

Livingston, ed,, Ecological processes in coastal and marine systems.

Plenum Press,, M.Y.


Bhoads, D.C. ,, P.. L .and J.Y. Xingst. 1978. Disturbance and production on the

estuarine seafloor. l\m,, Sci . 66:577-58(5.


Rubinstein,, N.I., E. Lores, and M.R. Gregory. 1.983. Accumulation of PCBs,

mercury and cadinima by Nereis yirens, Wjsrceniaria ne]:<:.enari.a, and

PiEilaemonetj-is jgigio from contaminated harbor sediments. Aqmat,, Toxicol
''


Sander:;,, ILL. 1.938,, Bent hie studies in Buzzard's Bay. I. Animal-sediment

relationships. Limnol. Oceanop , 3:243-2 58,.


San ford Ecological Services, (SE&) 1987. Acushet River 'Estuary, Mew Bedford,

iSuperfund Project . Draft U'etland report for U.S. Army Corps of Engineers.


Summer hayes, C..P. , Ellis, J,,P,, and Stoffer,, P., 1975. Estuaries as sinks

for sediment and industrial waste - a case history from the

Massachusetts Coast. Ins Contributions to Sedinventology, Fuchtbauer,

ed . , E. Schvei zerbart ' sche Ve r Lag sbuc hand lung, S t u t t g a r t , Germanvi pp

1-45.


Swartz, ;R.,C« and H. Lee,, 1980. Biological processes aEEecting1 the

distribution of pollutants in marine sediments, pp. 533-606, in: R..A.

Baker (ed.), Contaminants and Sediments. .Ann Arbor Science.




18EFEKEHCES ((Con1C :i nued)


labei: , R.D. and McT. Cowan. 1.96'!)., Capturing and marking wild animals. In

Wildlife Management Techniques. Ann Arbor,, MI.


Teal, J.M. 1986.. The ecology of regularly flooded sail: marshes oi: Nev

England. U..S..D.J. Fish and Wildlife Service Biological Report, pg. 85

(7.4).


Teeter,, 1987. Suspended material transport at: New Bedford, M!A,


Thomas, M.. 1978. Comparison of oiled and unoiled inter tidal communities1 in

Chisel bu c it o Bay, Nova Scotia,, Canada. F'ish. Res. Board J. 35(5.)! 707-716.


Tsai, C-F. ,, J,. Welch,, K--Y. Chang, J. iSehaeifer and L..E,. Cronin; 1979.

B:ioas.s,Eiy of Baltimore Harbor Sediment:,*;., Estuaries 2(3): 1431-153.


USACE-liTSS, 1. W . Memorandum: baseline conditions for contaminajit and

sediment migration,, New Bedford Harbor, IMA,, 26 January 1987.


1JSDA,, Soil Conservation Service, 1.981,, Soil Survey of Bristol County.,


Valiela,, et. al. ,, 1978. Nutrient: and pairticulate fluxes in a, salt marsh

ecosystem: tidal exchanges and inputs by precipitation and ground

water,, LiranoL, Oceanogr., 2.3 (A). pp 798-81.2.


U'illiams, J..R. and Taslcer, G.D., ,, 1978. 'Hater resources of the coastal

drainage basins of southeastern Massachusetts, .northwest shore of

Buzzards Bay, Hydrologic Investigations Atlas #HA-560, LISGS.,


Yaraada, S.B., 1987. Geographic variation in the growth rates oi: Lit: torina

Liftorea and L. sa.>iat His. Mar, Biol. 5)6:52:9-534.




APPENDICES 



4.1 FISHERIES
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APPENDIX TABLE 1 . NUMBERS OF FISH CAUGHT IN BEACH SEINES,

29-30 JULY :i9B7, NEV BEDFORD VETLANDS STUDY.


STATIONS 

1.51. 1.5,2 1.5:1 ISA IS 5 3LS6 2S31 2S2 2 S3 2S<1 2 S3 

M eiii id iii. in @ nidi ii 12 1:100 378 6078 1.5 1. 2 287 65 A 3! IE! 15 0 

F u n d u l u  s 
h e t e r o e l i t u  s 1070 0 33 :i:ie 189 5329 0 1:1 0 6 1. 

FunduLus inajal is '.{) f! 1 0 1 0 :i 13 0 13 1 

Alosa sap i.dl ;!;::; ima 6 0 31 2 31 (3i 1 0 0 (31 :i 0 

Ape3l. t es quadracus .5 0 'Si 9 0 0 31 0 0 0 0 0 

Hu,(ji!l cephalus 3 0 0 0 0 2 0 0 0 0 0 

PomatQau  s 
s a l t a t r i i  ! 0 0 11 0 0 0 ]. 3: 0 0 (3i 

Tau toga on i t i  s 0 (3i 1 0 (31 (31 0 0 0 0 0 

Caranx hippos 0 0 0 !3i 0 0 (31 1 0 0 0 

P s eu <i o p 1 isur onec t: es 
a merit: anus 0 0 0 0 ()' 0 0 0 0 0 (31 

A l o s  a 
0 0 0 0 0 0 0 (3' 0 0 0 

(continued)




A P P E N D I X T/UILE 1.. ( cnt i t ) 

STATIONS 

2Sf 2S7 :»!»« 3S1 3S2 3,S:> SSI SS2. 5 S3. 9S1. 9S2 9 S3 

Men i c i a men.! d i & 16" 55 C 3B9 208 : 1954 52 65 855 316 718 

I'undulus 
he t«rocL i. t:us 0 2 34 !13'' 06 07 0 03 160 (i 2 6 

FunduLus inajaLLs 36 5 57 1 0 0 0 0 6 17 SI 3 

A Los a sap id i. 5,5 ima !. 0 0 0 29 0 0 3 !:> 0 1 0 

A oel tes ciuadirEicvLi, ' ; 0 0 :l 0 0 0 0 0 0 0 0 0 

M u g i l c n p l i a l u s 0 0 0 0 0 C 23 0 0 1. 0 0 

::iic 6 D 0 0 0 C) 0 0 0 0 0 0 

ontiris 0 0 0 0 0 0 0 0 0 0 0 0 

Caranx hippos 0 0 0 0 0 0 0 0 0 0 0 0 

Pseudopleuronect es 
ainerlcanus 0 0 I 0 0 0 0 0 0 0 0 0 

ALosa pseudo
narengiis 0 0 C 0 0 0 0 1 0 0 0 0 



APPENDIX TAB].,]-: 2. NUMBERS 0]?' FISH CAUGHT IN MIMMOV TRAPS, 28-.30 .JULY 1987,

KIEV BEDFORD VETLANDS STUDY. DAY TOTALS FOR STATION 2T4

AM COMB! Mat TOTALS FOR MIGHT AMD DAY.


P. hei:»nH:l:ii:u.s Mi,, menidia A . sa p:i<i:i sffi ma


STATION NIGHT Mi.' NIGHT DAY NIGHT DAY MIGHT DAY


171 7 105 0 0 0 0 0 0

172 6 25 0 0 0 0 ;> u


rr:i 0 71 0 0 0 0 0 0

174 46 :ioe 0 0 0 0 0 n

175 23 94 0 0 3 0 0 0

176 29 93 0 0 1 0 0 0

117 20 9'0 0 0 0 0 0 0


n
1.T8 38 60 !: 0 0 0 0
:l
1T9 29 87 0 0 0 0 0


271 ,30 19 C 9 0 0 0 0

2T2 94 11 7 1 0 0 0 0

".!'.] 36 7 3 0 1 0 0 0

27. t> M/A 21 N/A 0 IN/,A 0 M/A 0


1 J 0
 iL
275 32 57 52 0 0

276 45 1:16 0 0 0 0 0 0

277 31 92 0 A 0 0 0 0

,278 7 2.1 0 3 0 0 0 0

279 26 0 0 5 1 0 0 0


371 29 54 0 0 0 3 0 c

372 19 58 c 0 0 0 0 C)


7 *..!; 0 0 2 0 0 0
•.-' A ..I


3T4 59 40 0 0 1 0 0 0

3T5 19 97 0 0 0 0 0 0

3T6 22 58 0 0 0 0 0 0


AT:: 71 46 r< 0 o n 0 0

472 1:19 44 0 c 0 C 0 0

AT3 B3 87 0 0 0 c; :l 0


371 2 63 0 0 <t. 0 c: 0

372 7 44 0 0 0 0 0 0

573 2 52 0 0 0 0 0 0

574 17 61 0 0 1 0 0 0


971 0 54 0 ;: 0 0 0 0

972 58 18 2 1 0 0 0 0

97'! 101 2€ 23 0 :i 0 0 0


0- V




rtPPE.N'DIX T,AJBL£ 3. FREQUENCY IHSTlUfilJ'nON O F LENGTH AND VEKiHT DATA 
MENTDIA MEMIMAFOll COLLECTED IN B'EACH SEINES, NEW 
BEDFORD UETLAMD!:, STUDY,  2 ( ) -30 JULS: 1.987. 



APPENDIX TABLE :>. FREQUENCY D I S T R I B U T I O N OF' LENGTH AND VEX GUT D A T  A 
MEM1M A M E N I D L f t F Q  R COLLECTED IN BEACH SEX W E S  , NEW 
BEDFORD U E T L A N D S STUDY, , ? 9 - B  O JULY 198? . 

TOTAL LENGTH WETLAND 
( mm ) ]. 2 i 5 <) 

2 0-2 a 2 0 0 0 0 
25-29 0 1 0 0 0 
30-34 4 1.3 0 1 2 
35 i -39 7 4 :? i.; 2 
AC) -AA U 1.1. 8 29 3 
A5>-A9 2 7 32 16 .3.8 9 
.5)0- 5)A 11 4 3 17 20 'hi 
.:i5-59 18 69 15 '19 1 1 
60-64 . 1 1 47 23 16 1 J
6 5 -la9 16 9 16 Li ? 

i'i-70-- 7A 8 0 5 :i 
75-79 5 0 'I 0 0 
80- 8A 1 0 0 0 0 
85-89 0 2 ( i 0 0 
90- 94 0 •j, ( i 0 0 
<!!;... 9 9 0 •j, ( i 0 1 

1 00- 1 04 0 4 ( i 0 1 
1 05-1 09 0 1! 0 0 0 
no- i:u 0 B 0 0 0 
:L is-i :i<) 0 2 0 0 0 
1 2 G » 1 2 <  4 0 2 0 0 1 
130-134 0 1 0 0 0 

[ co n't :inui?d 

A-b




APPENDIX TABLE 3  , (Com: 

VET re:: GET 
: E  > 

<0 . 5 
0 . 5-0 .9 
1.0-1. A 
!..:>- 1.9 
2.0-2.4 
2.5-2.9 

VETLAND 
:i 

19 
2b 
29 
21 

6 
2 

i;t 9 

33 4 
62 1.9 
25 17 
20 16 
12 ii 
0 3 

1 I! 

:IK 2 C 
54 59 
15 106 
59 40 
14 (> 
5 0 

3.0-3.4 
3. 5- -3. 9 
4 . 0-4 . .4 

7 
2 
0


0 0 0 0 
:i 0 0 
i 0 ( 1 

(4 . 5-4 .9 1 ) 5 0 1 
1 0 (1 :i5 . 0-5 . 4 I ) 

5 . 5-5 . 'El 0 
6.0-6.4 0 
6. 5-6.9 0 
7. ,0-7. . <. i ) 
7 . 5 - 7 .  9 0 
E) „ (Ml „ <. 0 
B . 5 - B .  9 0 
< ) „ ( ) • • < ) , . 4 0 
9 „!>•• 9, .9 0 

:i :i ,. o- :i :i . 4 0 

13.0-13.4 0 
:i:i. !:>••• 1:1.9 0 

3 
2 
.i 
6 
3 
4 
]. 
2 
0 

1 

:i 
:i 

0 
0 
1)
1)
1 ) 
0 
0 
0 
0 

0 

0 
0 

0 
0 
( }
1 )
1 ) 
0 
0 
0 
0 

0 

0 
t: 

0 
i
i t 
n 
0 
0 
0 
0 
1 

0 

0 
[} 

.,<;'•- 7 

0 
0 
0 



APPEND:!! TMJLE FR.EO'Uri:;»n IHGTRIBUTIOMS OF LENGTH AMD I/E] GUT DATA 
FOR FUNDUUJS HETEROCLiri lS COLLECTED IN BEACH 1SEIMES, 
N'Fii BEDFORD HETLMD8 STUDY, 2!)-30 JULY liJ' 

TOT/ML LENGTH UITLANC 
t. ( mm ; 1. j 5 9 

.,,.,..,,, 1 0 Z 0 0 
2!i"2!i | 1.5 0 2 0 0 
30 "3'* 76 28 J 9 0 
35 -3  9 'j;j i.:: 39 9 3 
i»()..<i'i M;J i 45 8 1. 
<* 3 - 'i 9 11: 0 :i !:> .I 1 
50-5* 2 0 0 0 0 

.4 55-59 i; '1 I; 1 D 
14 60 -64 16 12 !i 0 

i:63-69 13 I: 10 11" 
70...;% l i (  » 0 2 '* :i1. 

• ! ! > . . • 7 9 5 0 tl 1'. o 
1.Bl i-84 4 0 5 i 

E ! '-B1!1 ?> 1. 1 1 0 
|9 lO-- ' i 4 I 0 1 0 0 

0 •i 
,L i) 5 -!)'!» ;? 0 

100-10'* i 0 0o o 0 

'JET i,rc D:;HT WETLAND 
•i 5 9i 2 

<0,5 i. 30 28 12 1!: :i 
0 , 3-0 . 9 9  2 13 !)<i 11 •i
1 ,0-1 ,4 1.1:1 I. !I3 3 •i. 
i , :;.- 1 , '<» 1 0 it 0 0 
! 0- 2 , 4 ? i I. 0 0 

r;! , 5 •• ! '? o .1 0 
! ,0- i M '" 10 t. C 
1 , 5 - !  , 9 9 i 5 !> I. 

•14 . 0 •• it , it l> 1 3 f 1 

A , 5 -4 , si 1: 2 1 1 1 ]
•;3 . 0 - 5 . 4 t( c '; 1. 

5 .3 • 3 . 9 1) 0 i 1.: 0 

( c o  n : inuiec1 



in OLE: i(, i com. 

UI:T VETLAHD 

!! : 
I! ! 
"I 

CM! 



A E ' E ' E I N D I i  ; T «l.l! LI !i ( ) l : LI'lCTlf l).WI) lii ' liJGIT 
Kil l I;[]ITOIII.|J!; Hi.l!.l!!!.I!; C O I . I . l i C T I T D Ili l HUM! CHI !;ii,IWIi,!i, 

TOTAL LENGTH UETUJMI! 
( nun ] 1 i! !l !> !l 

i!!1: •• ! ! '>  > 1 CI CI CI 0 
iHXi'i 0 6 CI 1. 0 
!i !: •• ii '!' '4 i i1 CI ? CI 
| | ( )»M M l!:i 61 1 ? 7 
iili-n'! .]?. \.l 0 1 I 1 
ii (I-!)'! ,i 1 Cl 0 ':» 
!)! i--!i! l '.1 I) 0 CI 4 
tiCMid 0 0 0 0 1 

ci,;i..cu, () :l o o 0 
9 :• -99 !) 11 0 1) 0 

1 1 0- 1 1 4 El 1 0 1) 0 

1 .li:i» 1 .14 CI 1 0 (3 0 

!.ri: T lirl:,I CHIT
cm i ?

 Irl'CT LWI) 
:i ii 11 

0!) !:
C )  , !i»0 '1
] . : ) •  • i , n
i , ii •• i , «i
?. . ci •• ;» , <i
?. . ii •• ;: , 9

 ;!
 'H1:
 :i :i
 ii

 i)
d

 .:
 6H
 'i :
 :!

 o
 i)

 H

 1 1
 n

 n
 n

 I 
3 
? 
n 

n 
n 

0 
:i 

1 1)
ii 

<i!i 

?. 

i o , ci- 1.0 , (> i: i i ' n CI 

1 .:l . 5- 1 31 . 9 0 1 0 0 Cl 

: ! ( ) , ! : > • • :  ! 0 .  9 0 3. (3 P 0 



UlJIII li 6. FlilECl'llEllC: I' (ILiiTRlBUTLOWS OF LEHGTH AMD IJ'EIGET DATA 
roil ll l .CHiA i i A E ' l l i n i ' i l M A COLLECTED I Ml BEACI2 l - . l i . IWI! , ! - , , 
Hl!'ll I!i!DI'OBJ[!' Wri'LAMD"!; !iTUi:iY, . J ' J - . JD JULY I I W  , 

10 1 111. USING IB wmAici 
l[ (IUD 1 1 :i .;> on 

'• 

,,, 11 n G 0 II 
3'i 0 0 G G II 

11 0 1 1. II 
3lj 11 0 0 1 

1 111i j•i. 1 ) 

313 1 (j 1 0 
1 ]39 0 :i [i 

M.ill) 0 11 0 1 
1<: I ll 11 i 0 

4;! 1 ( 1 H i! 0 
•'i 3 0 ( I ;: 11 0 
44 1 ( 1 :> o n 
4.!i 2 II •i 0 0 
46 D II 1) 0 0 
-i 7 ,2 II i n 0 
48 1 II :i n I.I 
4!i 0 II ,i n 0 
M 1 II i 0 
111 G II i u I.I 

Sill 0 II I ii 0 

is;' 1 0 G U III 

iin: in; i cm: IIITLWIIJ 

OiO 1 ill. 11 i 9 

o , ;> 1 (j 0 (' \ 
o :i ;! 0 0 0 [ 
0 . •< •[ 0 '< 1 c 
0 , !i 1: 0 n L 0 
0 , 1; 1 : 1 
f'll ( "  L

(
I'l

rlU ' ')' U \I '1 

0 , 1: II iii 0 
0 , '? 4 n ; i o 
1 .0 1 J i G 
1 . 1 G II 1 G 
i . ; G 1 ) G [) 

1:1 i . j 1 ) ] c 

i . :> 1. i:: i:: [• 

....)' // 



'iI'l'BIDD! iiC FREQUENCY DISTRIBUTIONS OF LENGTH AMD WEIGHT DATA 
];() l! i» P'ELTEIi OUADRACUS COLLECTED I hi BEACH SEINE,!; , 
IN Hi I'lEDFOlU) Irt'TLfWDS i iTUDK , I ! 1 ) - i l l ) JULY I 9 I : I /  . 
HONE 'iii:iu: oujMtT I » T i < ' 

TOTAL LENGTH UCTUllID 
C mm 1 1 i


: a 
6


10

I

I


VET VT; n:;j;iT in; T LAND 
( « : ) i :' 

16 0 
:'i9 0 



I I I d i l RltlEHOa [ I I . S T E I I I I L I T I O N S OF 1 LENGTH AMD Will Girt1 l ) i > T i > 
Rid HW:;I:L c i ;PHALLI! ! COLLECTED . IH BI-IACH: i i . i i i iwi : , ! ; , wiu 
ill: DRIED HIITUMli; !i'n.lDT, ? 9 - i  O JULY I W  , WDIWI: I . ' IM 
C MIGHT lit limAlNDr. ? OR ?i . 

T O I 111. l . l i l t l lCTi ! 
I nun I 

in; i iil'ET [..Mill 

: ( ' - • : ii 11 ] ( 

: .-: , 'i1 !' ) ! 
,i i.. , <i 0 ) c 
i , '? 11 ) C 

,i i.. , «) 1) ) C
i 9 0 ) t 

, ,i i... , .1 0 ! ! 
i i i.. i , '} D i ( 

.i i.. , •; o 1 ' 
, ] >.. , '? n i (

i .i i»i , .< n i (
i i > •  • i , 9 0 

' r 3 \rJ

i . 9 U ) 1* ' 1 i 1 r iiii , ( '••i  \ i . " L' 1 \ 

i ,! >-\ . ? 1 1 i i i 
1 : n i "i t >,... 



ni i;,om;;Mn i:u IJTIU mm OHI;. OF LI-IHGTU AMI:I WE.I C:HT D/VPA 
POP I'OIWTOKIJ!; Si» LTATRIX COLLECTED TW BEACH SEJ WES , 

:Mill 1U:IDH)I1I) lirl: T'l i>IMI)'  !;TIJi:»'i[ „ I'1!!..'1!!) J lJI . ' f '191s!'! ,
Noiiii: you; (Mi IK;[IT ,l!I !«ri;,Il..i!.M'ID,!; '.] , !! „ Oil '!' . 

TOTAL LENGTH HITUIMI! 
{ mm ) 1 ? 

10 !!••]()!!' 1 0 
no -nil C :i 
I.!.!)- 1.19 1 0 
120 -•].;: 4 i 0 
1 ,?.':> •• I 19 I ii 
1 .10-- 1 :W. 0 

• > '1 :;!:».• 139 i l t. 

siinr in: i en i uri::Ti.Ahii;i 
;;I B ) 11 

U . O - L 2 .  4 1 0 
I :• . :':i.. i ,? . (;i 0 [] 

•[ :;. , o- 1 3 . 4 1 0 
:i :i , :>•• :i :ii , 9 1 1 
1 M 0" 1 it . '< 0 i;i 
i ii , is - :i i. .i) 1 0 

;;l i i . O - l l i  , ' . 0 
1. !> . !i •• 1 ii , 9 11 11 
16.0 ••1.6. it 1 !' 
1 6 . .':> •• 1 6 . 9 0 1 
i " , I)- 1, 7 ."i 0 C 
I ' l . ! > •  • 17 .  9 0 1 
!l! . O - I I B . ' i 1 0 
If! l i - l l l , 1 ) 1 1 
I i )  , I) -19 n 1 0 

!'! 1.. 0 •-1! I I . . 



FREQUENCY nanEuuirnoNii or LENGTH AMD WEIGHT DATA 
FIJI ' FiJWDiJUJ!;  f i li'i Eliot: i. IT H i ; COLLECTED I:M M I . N M C I W TRAPS, 
WE!,1 BEDFiDIU) IJI iTLlLHDii l i T l K J I f  , 28-V.} ..HIL'i" 198?. 

TOTAL 1..E 'ICniTI UETLAND 
( iiiiii I 11 I! :i !i ii 9 

31 1-- 39 ;>li !!!!' l.!i I. 3 4 

';ill"'!'9 liMii iii: hi ;r i.;: i. :t 

(ill.. 69 '?:? iio ]'.} ;!9 d?. ia 
'i 1 1- 1 9 9:i 'Mi '!! IS! dO ilfl 
811- 89 30 I!1? !il !' El 9 
91 1- 99 M 'ii ii'ii n i. :i 

1 01 1- 1 0> 1 'I •' i: :i !! 
1 III- 1 1 ;» o o :i o o o 

WET WE:I :;]:IT IJ'ETLlVWI) 

(s) i :; 3 .. lii <! 

<"' i iE>4 ; ; 30 ii i 'ii i" 
z .o ••1 ,  9 61. 30 9 M 9 11 

:lj ri j , 9 94 S;l A ;r |  4iei ;j ', 
b , 0 - ' , il iiti ii 1. 60ir 1 ,? .2 ? ,2 1 
E I . O - 1 ,  9 ;t;r ?.ii :i;  ? 1 .2 B 

1.0, 0 .1 .  9 9 10 11:1 ? ? ? 

1. 1! , C i •• . :i , 9 7 9 i. :i ?. i ii 
1.'., E I  - . !i , 9 !i ii i! 1 1 I 
11 1! ( i •• 1 7 ii n i :i i i. o 
Hi ,(u I'll "t 11 I! :l . li. Cl 
!0 0- ii 'i i :i ii o o i 
!!! I)- !!! (J 0 I! I! (1 I! 0 
!u ,0" iiii '!' 0 0 C) C! 0 0 

,!l:i,(J.. n 9 o o i o o 0 

/I •/.!!'




i;,Mi:a> 4K. FREQUENCY o i <;TR I:IIUT I.ON ;; or I.E:NCTEI IUTO H E I G H  T mit\ 
FOR F'UhlKIUUrii M A J A U i ; COLLCCT'IEI) I'N MI ' iNNfl l i l 'HUi l 'S i , Ni l ! I I 
BI;:I:IFOKI:I VETLAW]:IS -ITUDY, ?a -10 J I I L I  ' \m?. N O N E : iii 11:111: 
CAUGHT AT VETLAMi:iS :t, A OK 3. 

TOT ft I. LB'IIGIH l,''l-TLi!JMD 
I iiiiiii) 

iO 
!: - M «J 4 

VE1r WE.I I:;HT 11 !! 1 1JLffl) 
'1I. 

'1 0) !: 0 
) 1: 0 16 o 
:, ;> i i . ; 1 
1 , i! 1 i: 1 

i ,1 . 9 0 n 1 
. 0 0 i] II 

1). i ci :i 
. .1 (i i 

rji •I> j•\i i11 .1. 
. ii 0 0 

!: 1 0 1 
L (i .1 0 3 
. . '  ! 1 0 0 
. . II I) 0 .?! 

. i;l 1 0 0 

. 0 0 0 
n 11[. 11 l" ..l ( ' 

. .; i:i 0 0 
1 j)' . .3 0 0 



/ > P P mm X « < ] . ,  . N i l i O I J I i l M I C  Y D I l i l R I I i I J T E t l i N i ; ( I f LENGTH AND WE I OUT DATA 
FOI! MI:JWI 1)11! Ill I! B I  D 11! DCIU.ECTED I'M M I N N O  W THAI'S,, 
Ml:"1!,'1 IS'li'lDFOIU) HTTLftllllii STUDI, Mil--Xl JULY 19871, 

TOTAL LH.MGTI'I II:TLAND 
( l inn I 11 !i :i i !i 9 

:>u.. w 0 i ) 0 1 n 
!ii! > • • !':i9 :> 11 0 1 n 
61 1-iM. '1 11 ) 0 1 U 
6! >-69 1 0 0 :i n 
; ' l l . . - / ' 4 0 o :1 0 o o 

VET WE i <:;HT i«u» 
: ,;; ) I 5 

0 . 9 I 1 n i i 0 11 0 
1. .0 U n i i 0 1) 0 
]. . ] U n i i 0 0 0 
i. . ;: : n i 1 1) 1) 0 
]. . !l U i 1  I I 1  I I 
1 . d U I I 1  I I 
1 . !> 0 n i 1  I I I I  I I 
1 . h 1 n i 1  I I I I  I I 
i , ;' t) i ) i 1  I I I I  I I 
11 1! 0 0 i 1  I I I I  I I 

11 !!' 11 0 i I I n n 
! (1 ( 1 '1 1  1 ) n n 
! 11 ! 0 ) 0 n o 

1] ] if l"l in i 1) il'l: : U U U U 

I . i 0 d C! o n 
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,"F'(>i:m:i[< IWII.E i. AISUM[WIII:E nun /us; \ wii) :;wn:w!i: o E V I C T I O  N or I IE»L K W E S I 
Of H I - I J t H l  C IHFl iLIHA COl I KCf E;i 111 () 00*' CORK!; NEW ilCDFORII UI:TI.AN[I IITUOl , I'llJV. 

JUNIi. 

i.l I'll 11 DIN 

1 1 ! i i; ; rn Ill*; 11 MS i 1 Ml: 

IIIIIAM ! i.TI) ! Oil ! i,™ ! »i: .n, ! : ! Mil : Hi. ! M II 1 "»: 5, 10 

MIHIEI. i »i :; i! i NCI;. in 0 ,0  ! 0 , 0  ! c c 1 C 0! 11 13 ! I) 13! II  C ! 0 13! 0  C ! 0 15! 0  C ! CUI 
I'll'IPH 1 POD* 

«I1I= [ 1 Mill ISA E 

0.0! 

0 . Cl 

0.0! 

13 . :i i 
c c 
o .  c 

!

!

 C 0! 

0 , C, ! 

C

C

 0! 

0! 

i)
C

 on 
0! 

!')

I)

 13! 

 0! 

[) 15! 

ii on 
0

11

 15! 

0! 

I) 15! 

II 15! 

0 C! 

0 15! 

0

0

 (1 1 

13 ! 
/'Uil'lHCIMA 

AIIABO.I.A IFtl COLOR 

O . C  I 

0 . II 

0 . Cl 
Cl.CI 

13 . C 

0 . C, 
! 0,0! 

o.cn 
0 , C'i ! 

0,0! 

11,0! 

O . O  ! 

11,0! 

11,0! 

11

C

 13! 

 0! 

i)
1)

 on 
0! 

II 15! 

I) 0! 

!!

I)

 15! 

15! 

II 15! 

ii on 
AiABIll. IDE! , (;i:i.ll.All'i 0.0 0.0 O . C  I 0 . Cl 0 .Ci 15 .0  ! 15 .0  ! 0 .0 C 0! C , C ! C 0! 11 0! 
i nvMi 'L  A 1X0 1X0 C l .C  I C l .C  I O . C  I o . c  n o .c  n 0.0! 0 ,0  ! C . O  ! C 0! C 0! 
I'GWDIIWNK 1 A (lli,«C 1 1.1 II 1X0 1X0 x  o 0.0 O . C  I O . C  I 0 . Cl 0 .Ci o . c  n 0.0! 0.0! o.cn 
an. ;:iri'U!;«i IX!)!! CU)1 1X0 1X0 0.0 C ' . t l  1 C l .C  I i3 . Cl 0 . Cl o . c  n o . c  n o . c  n 
BUI;.;: i HUH y CUI Cl !)!, IX!) IX (I 1X0 1X0 Cl.ll! Cl.O 0.0 Cl.O O . C  I o.cn 
:AMI'«UIJLAFU D/>' i 0 C ! 0 11'! IX!) !! CUI! IX!) 1X0 1X0 1X0 0.0 0.0 Cl .C  I o . c  n 
:AI>;TIIU.A si> •<WO ' ! !  < ?B7 1!! ! •'•: I! ', ' , 'I !! I"1 ,','.', CUll 1X0 .'JOE'.,', 1 l i l i i ' : > . i > ! <  . i 1&. fl !V46.(I ' , 

C il'Id-LLA !il' I) 0! I) 0! 0 C ! 0 C  ! 0 C! 0 11! 0,11! CUI! CUI! IXO! IX 01 IXO 

CAI'irELI. lO'U: !! 0! 11 13! !l 0 ! II 0! 0 0  ! 0 11! 0 11! 0 C 0  C ! CUI! CUll IXO 

CMll. i.EP.]l'll.J> :•('. 13 C 0! 11 0! 11 0 ! 11 0! I) 0! I) 0! 0 13! 0 C ! 0 C! 0 11! 0,11! CUI 
;:i:IW.':li:>lli:itl'lfi> If'l IWIJLAVlltl C 0! C . O  ! 11 0 ! 1) 0! (1 01 11 0! II 13! 11 0! II 13 ! 0 13! 0 13 ! 0 ,111 

;::i Hi!," i Lii.i iv E 13.0! o . c  n C .  O ! C . O  ! C 0! 11 0! 11 0! 11 0! 11 0! 11 15! II 13! II 13 ! 

COHOP'H] 111' IN'MlllliyiLIH o.cn o.cn 13 . ? ! 15. i3i| C . O  ! C .O  ! 13.0! C .O  ! C 0! C . O  ! C 0! 11.15! 

Ctl'llDP'Hl Ut'l S F  1 . O . C I  1 o . c  n O . C  i i o i .cn o . c  n oi. cm 13.0! 0 . CU 0.0! 0 .0  ! 12.0! 15.0! 

cii/iiNic.oii iiEF'ii-i'iii'iNii!!* 0 . Cl C l . C  I 13 . Cl 0 . Cl o . c  n o . c  n I 3 . C I  ! 0 . Cl o . c  n i 5 . c  n o i .cn o . c  n 
<:HEF'1IIUI.A lOlillllCAU'i 0.0 0.0! C l . C  I C l . C  I 0 . Cl 0 . Cl C l .C  I 0.0 0 . Cl 0 .  0 15 .1 :  1 o .cn, 
O H E F ' I I U J L  A i.l' 0.0 1X0 0.0 0.0 0.0 iX  O 0.0 ' X  O 0.0 0.0 0.0 C l . C  I 

MNAIHIIM F'LIH] LA Cl.ll! CUll 1X0 CUI 1X0 1X0 0.0 0.0 1X0 0.01 0.0 0.0 
l:iXH'l:A IP.llllliA 11.111 CUI! C l . l  l !! CUll C l . l  l CUI CUll CUI CUI C l . l l .'!, 1 .  1 ,M . ;; 
EILASICPllii, I.IIVI1:, 0  C ! 0  C ! 0. 11 ! 0 C ! CUI! CUI1! C l . ! !  1 ! cui: CUll CUI! CUll CUI 

E 1 IICTliA I'J I.ISSA 0 0! 0 13! 0 C ! 0 C ! 0 11! 0 11 ! 0 11! 0 11 0 11! 0 ll{ 0 C! 0. 11 il 

i:vi:<snE ni:Ti:i<oF'ci(w I) 13! II 0! 0 0 ! 0 13 ! o on o 0! 0 0! 0  C ! o  C ! 0  C ! 0  C ! 0  C ! 

iTIIC'NE M1 11 0! 11 0! I) 0 1 II 0! 11 0! 11 0! 11 0! 11 01 i,' l ! 71 ,!•! i,,l 1! 71 I'i! 

i:U!li:Hi»] DM 131 i.l'Wi C i3! C 13  1 11 0 1 C 0! 11 0! 11 13 ! 11 0! 11 0! 1) 13 ! 11 0! ii o: 11 13 ! 

KUIlliNOR] Ul'

i:Ui:i|i!NDIf(l U'M

 IIUICiOlilJM 

 '•»'". 

0 .0 ! 

o .cn 
0 .0 ! 

oi.cn 
r i'i 
13. 'C, 

!
!

 o on 
 13 .Ci ! 

0 , 0! 

o.cn 
o on 
o.cn 

c on 
(3.0! 

r on 
oi.cn 

15.0! 

0.0! 

0 .Cl ! 
o.cn 

0 .0  ! 
i3.cn 

C . O  ! 
0.0! 

i:ui'i!i>'. SMiCiLiniiB o . c  n o . c  n 0 . Cli o . c  n o . c  n O . C  I O . C  I 0 . Cl o . c  n o . c  n o . c  n o . c  n 
nii'iiioin :;AB!:I.I.A C l . C  I '3 . II 0 . Cl 0 . Cl hW.<, V 1 . i! , '•V 5 . (, '"?,; ' ./• lO'jiiiM'i 5:51:1. r I ' IS . i !  1 Lii:!i.ii! 
liAi'ihi'iiicii!; i»i,Ln::fiOiw I i,i!. c .n 1X0 1X0 1X0 1X0 X  O 1X0 1X0 1X0 1X0 IXO 0.0 

liAMMMIUi!

CAJHHAIIIJii

 PM.lIiiTIJI !, 

5 F1 . 

CUI 

CUll 

IX!) 

CU) 

CUI 

IX 11 1

IX!) 

 IX!) 

IX!) 

CU) 

IX!) 

CU11 

'ii'''!..'.! 

iW 7'! 

(61!.. !! 

Ci'iiiii :'i 
CUI 

'!i ' 11 1 

CUI 

n ;:: 
'! 1 . 1 

K. ;: i 
M.;I 

K,i'! '. 

iy,'i i iiui'ijDA 0 C1 ! 0 C ! 0 C ! 0 C ! 0  C ! 0  C ! 0  C ! II 13 II 15! I) 15! !) 15! II 15! 

i;ii.l"IIIW liEHIHif'i 

CiELIIIIIINJl'i 1)1:11 1'ii.l'i 

II 13! 

I) 0! 

II 13! 

11 01 

II C 

11 0 
!
!
 I) 13! 
 11 0! 

I)

I)

 13! 

 0! 

!) 13 ! 

(1 0! 
.ii;; ;: 

i;!2 ,!! 

iii,;! ', 
;ri:'> 6 

1)
','i

 0! 
 l! 

I) 15 ! 

r, !\ 
n on 

' . i  n 
11 15 ! 

7 ' 1 , 2  ! 
Hi:ri:i!i»w.nj':> if luiwiiii C 01 C 0! (1 ,  0 1 1 1 , 1 3  ! C , 0 ! C 0! C . O  ! c , o 11,0! 0 .0  ! 0 .0 ! 0.0! 
HIM' 1:1. II A !il> 11.01 o.cn o.c 1 0.0! 0 , 0 ! 13.0! 0.0! I) . Cl o.cn o.cn o.cn 15 . Cl 



«,PCIIM>|l '1 A I S L  E  ' , ."E'lUHWNCi ' U Q . i t f f  . NlEAIMU.10 i.TAIiWRIi) |J*V 1 , " I I5N 01' II E D U C A T  E 5 1 

I'IF iii:ii run: INF'I,I.IIIA IYIII :c'n:n '.n ci nniniH? con 1 =  5 (Mil.1 lEiiii'innin irri.j'UNIO STunr V!l!7 . 

,JLIMI: 

, .,T«, CUM 1 
1 

in ,  T i III"!1: : 1 1'tlfl 1 
1 

HEM 1 ITI5 ] '« ii'ro MEAN in P MEAN ; i o i ; i o i •Ili'll! ] :,ro ! 

! HM'POVHCiA HVAI. IN/, 1) 15] 11  0 ] C 0! is. cm 15.0! Cl . 0 0.0! 0.0! 0.0 IX!) i 0. 1) i 0.11! 

I H Y A L  E CI.IJI'-IClS.A 0 1 5  ] 11 Cl] 11 Cl] (5 01 1 5 . 0  ! 15 . 0 Cl .0 i5 .0 0.0 0.0 0 .  0 O . l ) ,  i 

] HYDROEI] l\ "lOITIil'fl i;i!5 :i] 'V!  6 ] '!,., „! 1 i.Ii •( 1 H;I ?! 3"l.?! 1111: '! .1 1 11(57. B a,?.;: ! •«,? .<„ W.I ':*;:.;'! 
!nri>/»Nii:i i./n FUIKIIJA 0  H i 0 1 5  ] 1) 15! 11 1 5  1 c en i:.':] ( 5 . 0  ! C l .  O Cl .0 Cl .0 0.0 O. I  ) 

] n Y/WISH i5BS.oi.nui. 0 (1 o  c : 0 1 5  ] 1) 15! 1! 15! C 01 n; i .? i 1 : . ( ,  ! ' . i . i •t i . ;' IM.i, i,;;.[, 
] JiM;ll/« 1'IAIiJ.I'ib" 0.11 0 11,! o i; ] 0 15 ! 1) 15! i:  0 ] C ' 5 '  1 1 5 . 0  ! 15 . Ci ! C l . O  , 15 .0 0.0 

! ILACUW VI IIC IA 0.0 0.11! 0 1) i o  c : 0 15 ! 1! 1 5  1 C 01 C . O  ! ( 5 .0  ! c i . o  ; C I .  O 0.0 

il. inCiHIH'i 1. IIIOI!l!/» 0.0 0.!,)!! 0,1,1,! 0 1,1] o i:i 1) 1,5! 1,1 01 1,1 0! C.O! 0.0! 0,0! 0 . 0 
H'lCOMI* EHM.TU 1 CA 0.0 0.0 0 , ! )  ! 0 , 1 1  1 0 11! 0 1 5  1 11 1 5  1 il d! I! 0! 1 5 . 0  ! 1 5 . 0  ! C I . O  , 

wfiiiitXAMMAiiij1; :;i> Ci . 0 0 .0  ] X  O 0.11! 0,11 0  C l 1) 15! 11 15! 11 0! (5.0! 15 .0  ] 15 .0 ! 

MEDIOM,/* ' : ILIi; /'M"!6l iil-Ti* 15 . 0 Ci .0 0.0 1X0 C l . l l  ! 0  H i 0 15 ! 11 15 ! (1 15! (1 0! C . C I  ! C Cl! 
l'l":I.AIHf'l.i:; Ell lll:NI,i,,ni!i C  . X 15 , 0 Cl .0 X  O 0.0 0 11,! ', ', 1 ! n ,i! 11 15! 11 Cl! C 0! Il ci! 
Mill. II A ' . i f  . C Ci ! 15 . :i Ci .0 0 . 0  ] 0 .0  ! 0.11! 0 11 0  H i 1) 15 ! II 15! 1) Cl! 11 15 1 

!in:i. niimJi 11 Cl] i;  o ] 13 . 0 C i .  O 0.0 1X0 0 1) ! ! 0 , 1 1  1 0 1 5  ] 0 15 ! II 15! 11 15! 
!iin:i!oi:ii:ijTOF'i.i!; ^NOHAUJ.! 
i in | I'lJorinj'Topii1; 'ii: 

11

1)

 1 5  ] 

1 5  ] 
11

11

 0! 

1 5  ! 

C . O  ! 

1) 0! 

15 .0 

15 , Ci ! 

C l .  O 

13 . 0 

0.0 

Cl .0 

1X0! 

0.0 

Cl . l l , ! 

0 .11 ! 

CUli 

0,11! 

0,13! 

0,11! 
I! 15! 

0 15! 

11

1)

 15! 

15 ! 

]l'|]'i:HOPH,l'H/UI"IU!i SP. 0 15] 11 15] 11 Cl] 15.0! 0.0 0.0! 1X01 0,1!!! 0,11! 0 0! 0 13! 

! HI aiOP'ROYCiFUSi !il> 0  C i 1) 1 5  ] 11 15! 11 01 13 ,0  ! 1 5 .  0 0.0 0.0 0 , 0  1 0 , 0  ! 0 Hi 0 11! 

IHi'A «'O,iAii!,«, O.l'll 0 15] 1) 15] 11 0! 11,0! 15.0! 0.0 0.0 IM.i.] 1ftfi.il! 0,11!! 0 Hi 
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NEw::i:i PI:I.IM;II:A 0 .0  ! 0 .  0 0.11! 0 15! 1) 15! 11 Ci! i: o! 15. C i  ! C i .  O 0.0 0.0 0.0 

lli'EFti:]!! 5,11'. Cl . Cl 0.0 O. l l  l 0 , 1 1  ] 0 13! 1) 15! (1 0! C 01 I5 .C H C l .  O 0.0 0.0 

!,NERi:.l!i SLICCIMEA 15 .0 0.0! 0.0 0.1,1! O .C  ! 0 1,5! ,»;: ,i! 1 1,:: <; 1 C.01 1,5,0! 1,5.0 Cl.O 

mjan.M paiiui'V 15. X 0 .0 0.0 0.0 O. I  ) 0 13! 1) 15! 11 15! C 0! 13,0! 1 5 . 0  ! 15 .0 
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C . O  ! 
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13 . 0 
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!(Jlli:HBTI,< GillJI. 1.1.5 C , '31 ! 1 5 . 0  ! Cl .0 0.0 IX!) 0.11,1 (I  C ! 0 15! I! 15! 11 0! H , C  ! 
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IE!, I' :l: i;:  c11:;; ci II: env i r o nniti n i:. ;n 1 c 1:1 in i: .;iiu i n aril: s o in :;; nia p p i. ncj t ui.r t:..1<»:;: o I: a 
t: i tin 1. '.rfi;;i:. ][ and 

,'^ l.b'i: r;. , P 1-1 , ; S.i leo , I., , Mu.Lhiiirn , E : > . M  . 

i.J :i! rw,;; , t' a i: u.x Kn t ki i 1 cl 1. . i:l ii' i; . C n; n t: . , ;:. a u.r i i > 1 , MD 2 0'! 0 8 , U !:,A 

MFK7F- . CNVIJICDW. COI'l'TAM . TOXICO!. . , VOL . l.!:i , WO. '.. , pp : i ' J - - 4 9  , 19 06 

To cl {•'l: ii! run i ri i;; i: I'uii e!: t' ec: 1:. s: o:l: env i i 'o nnim;; n l: ,;i .1 cone. ami. nant:. s- on ,11 
r -si !•. i ci ii! n l »'«i t. .1 ii n d :; |3 EH:: i e ii , ii n 'App .i i

r
i i;i t. u r t. 1. is- .8 i S îfi..!..̂ !.!jJ iiiJitLEJiULLLCLA! 

..''£! r i:1 c o i 1. (•"" t. eel i r c:m ,.i b r ,-t c: k i s- ,n - ,. ,;i t e [' an d n i=! i» r .1 \> i t' iss !:,J"i w a t: <•: r ii r ii! u 
11" i: J"i us c o n I: am :i. n a t: e. cl H  , i c: I; ii! n •: ,11 c: I: icin-i 1-11 clcs 1.1.1 i-i.nd.:; o f NKV 31-1 r 31» y and art 

1u.n c  o n t. am i n ;i t. i-id ! r <•! in Iv«, 1 1 : E: f :! r !:':! 1 .I'll M.i! .f V 1 (ilJICl . l i iJ l i i l |:ip i MO 11,1 [' 1:. .1 E: iii 
t r ci m t h si l:i r <- i  c 1 1( i.:;; fi ••w a t: ! K i l l i:'€ ( i l l"l.:! Cl i - I . I 'L 1.1.11111 iii LL.il 1.1 V 1 0 u' 1. .1 p I. Cl C Cl I'l C V. I'l C 
::M- boclv t ( - i t : and r e d n  c i t:l < ; i ; : c 1-11: l"i co m pa r i-'d I: c i: 1.1 T t: 1. ii! s> t r ci in t. I'l (•' 

w ii it. ii' r a r > ! i:l i; 1 I'! I'l li"«. .1 E: f !:. E:V :U'I id I'l i:ll I' V .1 .il.l'l tl . D li! '.: ]". i t: <:! I: l"l Iii S: i:J I' '1 C I.I !:> 
:ne ; t . , ; i .1 :: on' : .ami in, 1 1-1 ac)i;ii! n.:i; ac k ] ( / [ i i iadcii . . r . l . i-incl!-. , 1: ti(» met a. I 
•:'::i]'n: t^r: c i k i c:ll:n iii y s; and l i E; r !-. f r om Wiii i«' J i = i r :;i li'V t: '•' "' i: 1 ® !i '•' d ^ 1 o'« and 
1 1 :: c. "i f ii! ii t. 1 y cl .1 1: 1 1-> r 'ii n t: i r c: 1 1 t. h at. o r I: J'i ii! I'l a r y 1 -i.ri cl ':. u. r i:. .1 ;• us , 
n r i j i i - i t i c c f i i o  r :i. n i i 1 ]::n>!: c. i :: : clt-1 t • :>n i:1 en t r ,ii 11 c n s; i n a t. 6 ir i i> i;i i;i nn;; ir A i i y 
1 o'.< [ii t. a.1.1. ::!'n: EH;: :: t.i.idv an ! iii..;; . Po 1 y :: J'i 1. o r i ri,-i i: E; cl h i pJ'i i;; ny 1. 1;, i P C'B .;; )

1c1 o n c  (•' n 1.1' ;i t. i ci n!-, i n I .;i i: »i iii r i s J'i i :;rl']i (is ii t: i .ri m.ii 1. E; i: L;I r t: i i;: s;, f ro in l: ;•! ii! IM'iii i < > 
J i ;> [• s f i ' \> b r ,;i c' li i : ; , In ••w i-i t. ii' r .-i r e. 

Tiiiiiinpi:! ];• al 'war i at :L ims o :l! I'lea1.'1^' iitteit: iiiiJLi,! :i n llIlfiliK.iiiiJMl.lsii BBlI.ii.GllIILiitil.iil 

i i i i s l i n i i i ' i i i W  . .1 , Di.iiiid,;! 1 1  , I , id 

i:)c:iiii!i.nci"i r  . !:C':i, . D : I  V , [ i i r c i o L h a M i i i i i M a t :  . [.niiJb. , U p i i c n  , M'51 

; . ::OW!:,E:.:I L. , VOL.. j : »  , M O  . : i , pp :;.i«i-;:,;::;., .1 -18.1 

iii i iT i i . i . i i: an 6io us - a.n,;i 1 y;; ii! ii CM: C ticii.ng «i iii :. n dry body w e :i. i;i I'l l: ivei.iivy 
[iieta! coricsint:. ration;;, , and tot:.ill . body burden of hiii.iivy innisi:.ii 1.s i.n 
li'Si.I.^.Si.lliil.i;..]..!! i. rid i. c1 a t: i-sd i:. lv-i i:. t: i-snipci i: ,ii 1. M a i: i iii i: i o n.ii :i. n irnii! c. a 1 .1 & v ii' .1 .i; '"'«:: :f i:1 

1 0 1 Q ij| 'I i" , : 1 . 1 ]" l"Ci I" fi! ii i i i Hi! ii O l! l:Jj li! C I' »l .il.l'l 1 .ii til C!']"! lil.l'KJ 'ii iii 1 I'l 
I'll P::> , ii.ncl Cu l. e i ' i :  i n lian::l clams wer  e i'e.lai:.ed i:o i:he i-pavin i M':;I 
c' y c l . f i  ' win 1. f;> ("cl ,  C' r  , and i ln 1. i-rsn-! .1. i; i.niMni! n o t :  . Tlniii i n iMi ' r p r s - ' t i i i i : i on c  i ' 
i .[ ii <:• t: i.:i ,;i t: i o n ii i n me t. a .1 C :>n c1 Ein t:. r .ii t:. i o n ii may bi» ITU i. K> 1 ii! iidl i. ri';; i.m 1 ii! K> K 
coTJS.ide:: 6?d v i t:..ti rs.speci:. t.ci ,s e as ci na .1. v a i: i. a I: ia ns in .bendy s.ie :i. <;i l'i l: . 



> i i i h.;i v i o r o I: 'hiea vy in i-s1: a 1. ;• i n t. i:'a.n sp I. a.n± ed h iii i: d c1.1 am.!-. „ lil&l.siUisxiiiLLl.iil 

DUIi!d.:l !. I , .i . i'i . 

EC o i-i y . - I , ( " ' : r  . , M.-i r i r; <•: B i o l o  g 1., aJ::i. , hoods 1-1 o. I e; MA 

.}. coM!i,.E::i L . , \,'QL : i 9  , M O  . .: pp. ;: ::.!••;; :.o , .1 'Hi.i 

».:'] iii r iii iii :. n C-if i;i a t: ! .1:: 1.11: n B,;II y , N'i' u h :i c h h.a s .biii liuti c: .1 <:>.•! issd t. o 
::; h ' E i  1 1 : : i s ill i n g on it: he ba  s i. s o  f c o .111 ' o r in Iba c i: n;; r i a s i: a.n ni l a r cl s wis 
s lie win t  o I ' l i i i i i ' n i i e .hi! v a t. ii! cl 1. l i ' M i i i i i ; 01: heavy i n e c a l  . s i. n hard c:.I a i m s  , 
r!l&i.;::£:i:i.iii.i;.ii;i....in!i!i:.t;ji.i:i.fll..l..iii > 'H.ntd >\ e. cl i mi-i n t: . • ; , c.iains lirora thi.;; a r e  a i « i i i r  e 
i: ran;;]:: l antedl in to t h  e cent r-i l per i: i o  n o  f i:hii! E a  y , a.n area u H i . c  n 
.1.,;; open t. o .;> h e i 1.11 ,•; ri .11 n i;i '['Jn-i h <;: iii \<y

:
 m*;tii . l concent, rai: i. on.ii i  n the 

t: r a ri.i; p .1 a.n t: E- cl c 1 ain.i; uf a,-; p f i nn.ii T i l y ;i. |  :f s-'i:: 1:. ti'd b y 1. o.n i;i •• I:a- r itn it: r e rid:;; 
::i a !•.€ cl ::i n !• 'ii c-i s; a n iii .1 t' l u c: i: i.:i a i: i o n s; i n t. li« o r «;i AJ\ i.;; itii \\. WI'i i .1 € t Itn-i iii i;t 
c l a m  s ' . ' ( » ] • •? ; b e i n  t j dii 'puri: i , i t : i i! i : l 0.1: 1:: ;ic t. i;i r i a , no d i-i p u r ,;i i: i o n e I' an;,' 
1 1 (i1 ii v v i"i iii i: a 1. ii n a I  > ' ;: eel ( :: d , C : :• , C' u IM i , P!::i, an cl i: n I '•) a iii n o i: e cl :: v i-s r 
•: fn:! i: L; •• ::l iii v :lu r a t: i. o n o £ t h i  s E; t. i.idy . 

TraciE; i;t i amen i:. <» n r i c: hmc; n i: .i; in [lecicimpci!;, i n< j I. .i l:.t ii! r of .[i'Biiu^LiliA 
dill..li.!iLJEi:lII.L.Ii.,liJiii!JLiil 

B r e t e 1 iii r , R . . I . ; '" ' lisal , J . M .  , C i. b .1 i. n , A . i ; : .  , Va .11 e 1. a , :i , 

l:iat. i:. e 11. e Mev Enq 1. an cl Mar Res . l.a.l:i, , ii1:!"' W . - n - i l i i n g c c  n i!t . , Di.i.iil3i.ir> , 

".QUAT. BOT ; V O L  . . 1 1  , MUG .'. , pp. i 1 1. •• 1 i! D , 1 9 !! 1. 

Con cent r it .ions e  l m e r c u r  Y , copp i s i r  , .;::inc, c h r o m i u m  , . i r o n  , a.nd 
]Tli:l.nii:;,:l.['l'E:::ili' W !:' I' i ninii <;i !:> LI ir ii!d i n I;!., li;..!.̂ .!!!.!;:!!,!..̂ .!.!;!.!!;:̂  d 1.1 r i. n ;;i cl .1 :E I: 

iiirpe s i t: i on . S amp .1 n-; s -/iii r & c:o 11 i-ic t: ii! cl r r lorn < i i i , i .11: in a r.;; h 
1 1: ii» a t: E; cl '•/ i. i:.ii i inn;! c. in 1 - c: e n i: ,;i .i n i. rig si-'v.-igt-1 s.luclge iii.nd :M:om • o.rvt. r o ill 
n i a r i - i t i i i u : i E : i i i , i nib s i: .an i: i a .1 i nc r iii a.-! i-s s; wen;! liei.unid. i  n t. hue c !n t: r a t: i. o ni.<: 
01: 1-1 i;j , Ci.i , l i ' i - ! arid Z n i n A .11 t:Ji i;> ^.g.\u::LUl& -I. i 'it: t. i;i r s iiiiinp .1 
Tl'i ii! t: .f ac iii -."irii-i 1:. • -I- f:''n -f i :: lumen t: i. n i:: h e cl ec a y i n i;i .;•.];;.iiLiLLJ^iJinii, g r  , 
best: (is x.p 1. ii :i. n ed by tlVE! ad s o r p i: i o n o:t' inn;! i: , i> 1 -enr. ichiisd. oi rg ..n:ic siLbst:. ance-; 
cil 1.1 ]• i n g t i cl.ii 1 1: 1. ood .1 run b ': t: h i-s iria r,;i h ;; 1.1 :i" :l: a c: »•' . 



Retention and fat us  o f e:>t pe r i nn-i nI: ,;i .1. .1 *\> added IIKE: re: u ry in .;i M.iii;. •s.iic.hi.i'i.e1.1:. •; 
!:..;ii 1 I: mar •:; h I:, r e a I: e cl <.. i til s ew age ;: 1 i.id<:| i;> 

B I' H! I: 'I! 1ii: C , 1:! , .1 . ; T (i! a .1. , .1 . W , , (/,:! I 1 Hi .1. ill. , I 

ill :i '':. 1: •• 1 .1 e INfe.-' £ ngi i and I'l-i r . Rii ' i i. Lab , :I7 (% ,1 <; h .i nx; to n !-.t. ., F  G . 
Dr.iu-'E'f A.M , Dux bur  y , HA 0.:::! ill , U!!iA 

MMI ]::.W\/:[IE;OIM. RI:..:;., V O L  . si , JMIG. :i , ]•:•:> .;• 1 1. 

i:i •; i nip I if- , r . i ip id, pnsci. SE; and r e p r o d in:: .1 b 1in prociiisdun: e- i s ; i:l (•'.•: c r :bed 
i: o r '.i <;iJTip 1 i; |:> r H: p a r A i::. o n , ii K t. r iii c: i:. i c: n .-i.nd liiiiTieni: o:1: tota.L 
[[Mi- r:: L: ry i ti p€,iil: y sedl i meni . ii , plant.;-., and an iITI.-I!. t. i iisi.ie.i;. 
[;iiii uti.' 't.u it..: k,' .1. k.i i  I.I..IL ,;t c; n i;  >.|i i;; :, ,h  .1 i.i dg «ii .. i,j I i I, i;i i UL j. I I'.ji  h e.ii vj]r/ ILIIH;;  t. a 1.;; n '.; <i.ifi.s;.•iLHTiGLi.nl:.!; o:E clr ij  i;«d :•; !•"•« .;ii g s- .1 1.1 I.T.JM;;  ::o n I:,;i i n i. ngi i ic: KI '*  tiniii i,, I.IL ,ik <.)  './Hi

pa pi" 1 :i i=! c:l •: : :» us >< ],;: 1=1 r n. in !i>n t. a .1 11.111:11:. s; t r\ a n issw li::inn;i I. an d .=; ii 11. m.;i if <•  l i . T h i:;; 
i: real, ms-'iit r i;> !• 1 .111: i-: cl in E- 1.1 s li'di i:. i <:i n c:f in i-s r i" i.i r v 1 Hi v<: 1!•. i. n t. hs- su r  ! acus 
!:i cm ol: i:. lie sic i 1 , D i i-.c in s pane ].(•!!: in i:.h(» bul.li cleniM t. y cl ' 

p:., iii cl i rniii [•[ t.::; c o r r i;> !• po nn::l i;> cl w i i: l i i n 1:. (•> r p a r 11 c: 1 f-> :•; pa c K-.-I an d cl i:i I: r 11: u ;•; / m i nef a. 
•• :s t. i c;:; in t. hiii' psi'i-it. m.n i: r i. :<: M<:i!-i!; balanci-s c:.-i .1 c: i.i i a 11c:n >.\ :•; lie w eel t:.';,-ii: 
»'6it. 1 :int:i;; t:c:v(i>n;!d w i i:h c. i i l . l !;ij:!!iLi:.!;..l,.i:!Jii....iii.i:t;.!i!.!;.![LL.i.i.!;!.i;.iil -icii it: in e r i:1 u r y 
c:>n!;, iderably I 'ai-t. i-T t.han higher nii-ii:,•>l'i loc.iiticnsi wIn.c:ft f•• ' t :«; i .1 :nus:i 
vi n: u.:i 1.1.',' .-11. .1 i i i f- ' fcur v add eel. 

roci-irbnn poll. 1. ILL it. ion i-iuicl ciriiiis prevnJenciE! ol: niiiiinp I. ia,:;. ii. a in NIISW 
E.I-KJ I. a.r:i i:l ,-; 1:1 1: it. - u in us .1 1 c:1 1 .iaii.:; 

Hi i: own R o . ; idol, let - R . l i : ,  ; B r 0 ..nn , C . M , li.,-1 :i Lii , i i i .B . 

l:!.hodi;' I s - l a t i  d t / n i v  . , Oi-sp is.ni.tn F at ho 1. , C Ifmii in d. 0 r s; an ex- r K. i n tj •; t. on , 
1:! I 0 2 i! 51 1 , [J,!: i>. 

i: YTIIPO !i I I.UTIl On R :! t I'lC }'.', l O l C K J  Y ®f 1&T1V 1 I1 Cl Ilinii! lilt i:l 1 FOl 1. lit: i-llllt: !:! ' !i..D i tll.il1. 

Modal.!: and w i .1 d 1. 1 1: i-s - j .- i Me n 1 1. o r .•; , ,!• t. o r r si , "T (U!-!A) , 1 '•!" ' ' 

AMJiMAJ !i AS MOW i TOE.:;; cur i;:i!;rv iKONMnjTM, I;M;:JI.IJ[JTA.WT::;. SYMPOsi cm ON 

w.i: I.,DL i ir E h:;; MOW i: TOIFI  s , ]:: p, <i i - !• i, i «i 7 i)i 

Nf A TIG MA;., ACADDTH oi" sc i: rac: ii:,!i., WAI-IE ndTGiJ, IDG MJI-IAI 
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t. he i ::.i::ii:.i::ipi:!i: i:.o be l:!cn.iri':l i: ::i r i i ac rc j ino . l«c i i .  L i - s s ; w i t :  h mi:i .1 «; c: i.i i <:i r '« i-s :i <: j h t: » 
G t b ci , c;o o , .1 ;; , o o o , ,:i nci " i ;> c:o . 
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r.ns: l.d :iit: ucl i i ? < - ": t in t . s?Xin]m]Lru?d ii t:oi:.;i 1. c t' 'I , O'ii :l '.iot't: - shE? l Led 
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i  n S Dut h e r n Nei.' E i r r j l and c.iam po pu. 1.:i i: i o n i; arici t:.lii;j pri- 'Vi.-i 1 enci-' 
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;:• !=• i" t. r n 1.1c: n s o:: ::.n Mn, Cu , a.ncl Ccl in '<• hole ,rna l.e iii.nd I enria.l'E: 
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Geoei rcii pli ic j a r.- 1 abi i i i: !/• i  n trace e 1. einie n I: lev us . I si i  n liijHJMiJLllii! 

D [' i J: mi;; y e r , ,.' E: . ; ,:! i;1 :id IE!1' , 

Present: i vs- Hi - ' -c l . ft c t :i. v 1 1: y , Lett's; rm an i^nny ("led. " e n t .  , P re ;• :i. d i ::i , Sari 
franc i <;co , CA <!4 1 ;; :! , U' i 'A 

;•:i-iTUAi;. COA :•'!:. ;; 1-1 ii:i.,r sc.i , V O L  . i : i , no 6  , pp. ,:: o •!•••" 1 6  , : .9 i3 i 

i": i g:n i .£:i. c a.n t I" • 0 . 0 5 ) d 11" f e r enc: e s; . . ' s -re cbse irvedl .i.n H.n !'"e , 
CLJ I!;;, arid Mi 1. &\r® 1 <: i  n 1.1 </e !••., iliLiiLLluJLl.SlLiil f rom «n. ;<: ma r <• l"i e«.; a .long 
i: .he s; a .11 n 11: y g r ad i en t  : of the Y o r  k Ei i ver e.:;tu.:!.ry Le1 i;i.l.;; oi: t hes i s 

1ITIUM: a .Ls i:J i ::1 no t : ::' :> r r i-1.1. ,-i i:. i;-  :;. i: r a n  g ly '•• I i:l:i i: |"M;; !:.;i l..i.n 1 1 : y a:E i;; i i:/:i;;r 
r i V I E ; r o r i i i - f d i i n i - s n t : pon;; '».-i i: e r  . C a tK is; n t: r a t : i on:-: oi: t: .hn; 1-11-' in i;11: «;i 1: ;  i n 

r:;t iind i nq ::h=;i:id :;; iii.l.!;.!ii..;:.[i.;..,t..i:;!.i.iii i' roni t tie s!:' s i . i : marshes « ers-1 

.: i "i n i £ i c a.n t. .1 )' l'i :i. < : j h !•' r ': fian . L e v t - l  s in l:] 'ii; ' ]. i !<•«! p i an l:.;; bin. ::!'i. cl n o t  : 
:;ho'» '.- : ':.e spec i f i c cl i :£ n;>r E?nct:".: . ,'i! i :;nn i .£ i c sun t [ F • 0 , 005 * cl i :l: 1 er en ties 
w a r  e :: c: i-irid beti/eeri ! i- d i:: fei-ent marshi:)!,;, along LJ'ie iM: ,11 an i::. c Coa.st , 
i n t I ' l l :- i:'e , C i . i , i:n , l::ut: n o t  . M.n , ::ont: e-rn: o.t 1 i v® !L i;ilJ;.!;!rj;]Jj..,[.!;;.j;:.iili 

Oirgancich L o r LIKE; r&ts idimas i:i.naly:z;ed urn. :invi:!rtii!tiri3i:.e!:i ol: l;.!t!Li;; Dutch 
.!ii;!i;i. l:rir two met: hods 

E d e r  , C . ; E r n s t :  , W , Goer l ie , H . ; Di.n i n k e r  , J . C .  ; H;. 1..1 el':; rand , M ' . T .  J 

1 r i i - t . . Mleen;';; !' or.;; chung , fam I-I a.n cl (•> J ,•; h a 1: i-s n \..'.\ , 2 l i ' : iD Bremerh,;!' ..... i-sn i"'FiC; 

M K  H J ;;;ia R : E : : : ; , , V O L  . ..5, n  o  i , p p  , v i i - a "  , . i i » a . i 

T"ii'c i i i .boratoiir i e.-i &:i a .1 y ;: i;; d 1.2 crc janoch. lor i tie ::i::inpcM.i.ndsi i  n i: tie 
!• ,:IJIMf:' .-Uld1 p,-l T iil. II. 1. 1? 1 S :il.inp .1 € S O f '.}. \ IIVI:! 1!' I: IE! b I' <H It. (:" !:i |p'l!:"C .1 li:",':i ( !ii.!i}Ijiliii.li.!;!!!l!i!.l!!IIli:l 

ilii.ilU.ilii , l!l:i:jL...ilJ;.!i!JWiLj;.ijil - ;;:.i;.!ill,i:i:g.!;;i.i:i....:;;.I.iilJl!;].!;,!i] ) o trt.a :i. n i-scl ,f i:-o in I: in i;; '...... e s i: e r n 
Di . i t :ch W i - i d l c J i i i t i :!ii:i;n i  n I T ' S  , Tlie i:.'«/c d i .!' :li e r e:n t an a .1 y t :ic .11 1 iT i i - sc .hx jc l s i 
used ]• ins ill ".ed i:n | r i - ! r  y ;j i rti 1 1. ii r inei-i.n r e s i d u  e 1. eve .1 i; . The lie .1E; v e J. ;•; 
cl I-!'!-' i a i: e cl :. n o n .11 y ; out : of Mi cas ies Joy mar t - tiia.n i i O ' l  , Tin?. KB 

r
1. !:''»'(•! I !: p I' i« do 111 1 n<:l C. I d  u i t h ?.D to 100 ni;i / i ;! , arid we; re h i g h e  r t:.h,an 

1:. ho s e o f t. tie1 ;• ,-uu e s pec i e«; :E r c in t: Pi e \>i e s; e r e s i: 1:1 a ry, '.'j® r man y T lie 
oiJ'ier compounds r -in g E; d :.] e,n er a 1 ]y be Low ii I ' lg /c ; , 



T r . i i co 111 el: .-I I r i i i s ; i clue 3 j n s; l'i i-s 1 I. .1 i3 hi f r o  m M a r y l a n  d i « i a t : e i r s ; „ .1 '!7 Ii i •• 1.9110 

li: i i; ii! n.::i iii r .;j , M  . ; T o pi:: i n <;; , .1 . .1 . 

H: n v i r r: n , F r c q i: -LIU , M a r y 1 an cl D i;s p. H »!i a i t. h and Me n t :  . I--I y q ;: :i 1 W  , 
P r e::, t: c: n :i t. B.ii 1.1: i. in o r e , Mil i! .1 ;: 0 1 , 1.1 !• ft 

J ov :i R O  M : i ;c i : . H E A L T H , PART i ; < , V O L  . :i.9B \ f c  .  ; r , p p , l i - i - i - i i " ; : 

III! <i re 1.!: O  J S S I M I I M '  L h l - ' i i v  y I l l l l i ' t  : ,il .1 f !:' !i i. dU I:!Si - i f  ! & n 11::, c .-I dm: i.i.m , c hi ir ::>m i. I.UTI 
;:' :>p p s- r , 1 e -id , mil! r c 1.1 r y , and ;: .1 :n c: ' «us i: € me: n .1. t. ::i r us  11 i n 3 amp I ei .;> o i: t: h.e 
<!>iTK!i r -i. c an o y ••> t $ r (';;.j;:.iiLiLii.;;!.ii.:i;,.i;.jii.i;! ><..i..i;.!;!..i jii.<;;.iiL J , t. h K < c i' i: 3 iiui-i 1. .1 c: 1 am (!'!l:,!.i-i 
slLiiLlliiLL.!..;;!,'' , t. l"i (!' l'i a r d s; l'i f - s 1 1. c 1. am •1 ,1 and t . h i i  s 
b I u ii! c r a.t:i (!;;.,;LL1i.Q:ii-.!;:.!;.;ii;.!ii ii.iii.i.;!.],.!:! .ui.ii 1 ii. .H.HI p J. e s; ..- e r i 1:. iiiJ; (is n I ' ro  m i:he 

.-ii r  y .land sec t io  n c i t :h  e ( ! l\e 3 ape a)! I:! ,Ei iii y (ilACl 11. S i:. r 1.1:> u it: a r1e K, o \> i-s r , IL 
f i v i i> y ii! ••!. r pe r i c: d i 1 ' H '  ' 1-1 • • ! !  ( i i . 'ITi :i ,-i s; t: 1.1 dy .. , - i ! - , i.uidl i-s r t. a li. i n t: ci p r o v :i. d i;s 
es i t . i r rui i 1 : ed b,-i3el i n.ii- i /  n . c: t' it: f ac: ii! .l'i i;; avy in e it: a .1 , ; ; . A J  . so , t h  e c i y s ; t . i ; s  r , 
a i'i o n •• moj t j i .1 e :: i. 1 1 : e f f e ed e i: , p r ci v i. d e.i; i ri.[ o f m.-i t1c n r csci..f d l n q t:h ii1 

E; v i i  > ] o:t met. a A ' e •; i :iu c; s; i  n 1 1 : - s envi t 'c ini ini iTit M. ia t i i s r and :;«; ci i me n t: i , 
b 'E-cau . - i i : ! J ' l i i s i i i v  y in l i s t : , i l l u  p i: .nk (I1 i i; r e l . i i i^ i id t. o t. I'M!: s u r r o u i v  l i nq met.-i.l 
" o n c E - n i :  . r  . -it i o n s ; .  : i ( i ! ! iu 1 i:  s; : : > ! t : l ' i i i  s - s t ud  y .iirs: t : c n  s 
J: r o r« ]:: ]• E;"^ i o u :;, y e -a r i:, c si t: a t: i. :;; l: i. C' ::i. 1 1. y

:
 ;;, i q n i i .1. c: i-un t. y i iii r •• t o •• y ii! ii r 

i. rend.:; ' . .Hiirs- ob.:!i : i rvo:J cn/er t. he | :neir i : )d : : > l   t : l ' ie i rv.M-s s; 1. 1 :;i 

T r .11 ic e met: a .11 - b :i irmd .1 n q pr o I: e A n 3 i n ma r L ne mo L .1 u 3 li:.ii and c: :nj.s:>t a cui! i!i.insi 

liLn q ii' J. , D. W  , , Eili f 0 u w ii! r M. 

MMl"!-i , MOM , l- .oi . i i : he as: t. i" i. 3h. C e n t : .  , !ii e au.! c r l: L a b .  , Iii e.ii 1.1 :£ o r i: , MC' 
:: i! ' :• .1 d •• 9"; : . ; : , u :-,& 

" i: l'i I n t e r n s 1.1 :>n a .1 ii: s; t. u a r i ne Re 3 e.ii if:: l'i C ci n i: i-; i: e n c: e , \i i i: «;i i rt i ,ii E i i < i i .ii c h i , 
VA ( [Jo i\ l , 

iAH . .E:.MV i: i=! 'M. r i i i : : ; . . , \ / C I L  . .1 : i , NO • >  , pp . i  ; p i ; • • i i .9 !> 

•ioniiE; ma if i n e .. iw«i r i :el :n: . i i te .s ; , -s i . ic l l ' i a.i; t:l ' ie i:i,me r i c: an o y i s t i i s  r 
S.i; liuiii,];)j.jillj.iiii, .ii.n c:l 

t hiiii  !\miii i: i c: an .1 o l:i s;. t. ii! r lianijiiLLllii iii,C[l!ii.;i;:.;i.!;;.iii,|[]!,l.:;!, c o n t: e 111: r a t: e t: r a o e 
HI et iii .1;; i n i:.Jj e i r i: i:;; i-,u e s ;  . Tl'i i;1 ex: c: 1.11: r e nc: ii! o f in et:i 1 o l: hi i o:n<-; i n , a 1. ov 
tnci J.ii! t: ui 1. a r ..'« i gi:':., ::;u 1!' 11 r - c: c n I: e i ni i. n g , me i:. ii. 1. •• J::i i ncl. ni;i p r c i t ' E  - i.n , ha s ; 

n c:ci r v e .1 ,ii t. ed ,> r 11. h & .1 e'/ a i: ed 1. ev i-s .1.;; o l: t:i1 ac e ins ii: a 1. s; i n t. h e •; e 
! i-i.il :i. !-s m . s i  . 11 : h a ii be; e n h ypo i: hi e s; i. z ti'd t: !-i ,-L t: , \, h 111s iiriiis i: ,ii 1. lo t: h 10 n i i> :i. n;;, 

i n v o .  L vi-'d ,i,r t: he ••equiiis; t r a i t  : i on o i l e J. iis si'.-i i: E; cl  l i s '/.iii 1. i i i o i t. .f ac e me t a 1s , 
t Ifu i;, ' p.f .1 m,;i i: :i. l y ( an c t: i o n i ti :f tw] u .1 .-i t :i n i:[ n 1:1 r in a A me i. a J. me t. a.bc 1. .1 s; in . 
Tin au t he f ii cl e ; c1 r :  . 1:: e f ec e n t. :l: :i. (is .1 cil an d 1 aJDCi ir ii t. o r y € x p«; r i me n i: •; 
de. : i qrned to eit. LID 11" ii! h ci i.' o y.is t (!' r s , l:i .1 n e c r ab!-. a rucil 11:: l:i;;, t:e':: s; in iin.-i i:[ (•' 
,;i::c:iiniu l.at:e::l c'adm i . u n  , copper and ;: i nc . The pen; s; i b l  e r  o 1en 01: 
met. c - i . i lot:.!'! i one i r :  , :is i» i i ; 11 a.;; !:!'ie t: i s; ;;i.ie d i,;; i:. r i bur:, i o  n o !: m e t a l . - ;  , ii re 
eniph a:; i : ; , s- c l  , 

'ii 



Heavy met a .1 .'•; in Me.i.s;:.eii.iiu;..l,.il...l!!M;!.i;.!;;.!iU:tfl.r...i..a and sed i merit:.!-: from the Me i

Eiiiid 1:1:1 rd I-I a r l:io r Re<:i ion oi: Buz :r.arcl" .!> Bay , Ma.s.'ii.iicliusett!;! 

('; e.ne s t: i:' ]•: • K-ii t: e Ii « I 

Dept B i o l . .  , South 'E-.- istern WA l.inrv , Mortt i D a r t m o u t h  , MA 

Eiu.i L [.,. I-:MV :i ROM c: C:IIMT wi. TO !': i c:o L, . , vo i.. .:: ii , IMO . ,n , pp. .i:;: 4 •• i :i o , i '•» ii i. 

The p [' Ii!!: ii: I'l C' o:l: in ciLii 1.1 :l: iic't: ur i rn;i :l:,iic::i 1 i I: ici!-; «:i"njisii:|ii!d i n t.hiii u !•.(:' 
c: if h (i! .I >ry me t -ii. 1 !•; ornJDi nif-'ci r j ic . l i i:.tnii) IMI i.:;.i:enc«i oiE .-i 1 ot:1 ;i I. i :i.:;:herv 
.;; i.ig i;i i;i s; t. e d t. tie i .nij >or t:a nc e c t' i; t. i.id y i n<;) t:J"i ii! d i.s t:. r i but. i on and ac c: i.ninui 1. a t: i o.n 
o :l: ni ii11: a 1 ;; i n l:i .1 \r, 1 i('i!i!i. i. n t. he hls;"<. B€'i:lfon:l , Hijsi.iiiii^.h 
'"Pi 1. !•• iit. LllCly fi 111 p.1 C ] eel on iii <:: r t:he m i:l i .b 1. 1-' ci.iii.in!;;, l!l!i!.i;.!;;.!i!. 
( L 1 , ,:!!-, •! n :. n d i c, i: c r IM.. [f!!iij;:j;;.j;;.!liiu;..Liii arid ,;>ii!d:i. mem.;;; f ron  t i: tie Mew 
b e d i c r  d n - ' i j i o  n <«M r  e anal ,':•. e  d :Ecr c a d m i u m  , c o p p e r  , .1. ro r  i , I E ; ad  , an  d 

L t :  e ! iom<: of i: fie r  e 1. at: i ori .- ih.ips bei: .>'«!en i-i n < • ' :i. r o rim i» n t: i-i .1 
ii n t:l c1," ::i ,;i.n .1 •; in a ,1. ! 

!.lptiii.li:iiii a.nn:l .11:1 !•;,!: e i;; o  f hii iav'y me i:,,iii. II. s n. n ii ewa»:| ii! !i I ud<;i ii! .by ;i. hliiini 
Illni;! I iU'ind .iniiiJI t; Jt(ii.iii..ir ;•; Iti 

G i l:i 1 i n , A E: . ; Va l i i i ' l a  , 1 . ; Tea l .  , J . J M  . ; Bonn;!, / '  . 

i'i'i-n:) r I n:;; i: , MA , ;. c;i li 0 

NTI:::;, OPE; FMCF:! I::I.D , VA 

1i!i!i par :, o  f an i. rive,;,;!: igai; i. on on t hs;1 po ten  t i. a.I o:E ,:,;a.lt: rnan-iliia 
t. o ac t: a '.•> n A i: u r a ,L »'as 11; t: r e a t; mem:, i; y s tems „ ':, h« :; i' c 1 :i ni;i o I; lui; a '.''j'' 
iiiiis i: a 1. i; i. n G re a t o i ppe w ;i. s si" 11: lr! ar s Ii , M a.;; s ac ]'i iiis e 1;, i;,.;,: i.'a.a s t: ud ;i. e d  , 
For i: He iasi; seven y e a. r & , v a r y i n  g doses ol: i I-TLI l iiier cciii:.aini,i'!i;i 
sewige ;;, j ucKj e Itia'.1!;' titi'eri added t:o i-; :•; p*;; r L mental p 1 o c. ,:•-. Clhajiqejj in 
metal Lev el a in Ltie sedinu-iirit , 9 :r a.,i> s e;• an.i:l an .1 JTI.-I 1. s, ha!/e be iii n 
nicri i t: c ;•• ed . '!' lies (i1 ;. ii1 j'e .1 ii a r iii g i v en :i n t:..h. i. s r iii po r i: . 

I' "/' V1,.,'" 



'The f jit. iii erf me i. a I s: i ni t : nxii.icecl in i :  o a hlew l:!n<:|.la.nd salt iiiiai:,;;h 

<" i b 1 .  1 n , ,\. li:. , \, a  11 e 1. :;i 1 . , T e a 1, ,.l .  M . 

hooch:, H o l  e Gc:ean:>:; i r  . i n s - t .  . , Moods; H o l e  ,  M A o ; : : i ' i : i  , i,J:i!A 

h'iVI'];: P A Hi ii.O.l L P U L  L LIT. , V O L  .  ; : 0 ,  M U  I , pp . i l l  . • • : ! , : ; , l ' 3 i i : i 

/>:;; p a r t  ,  o f i.  : : ; i : i . j c l  y t.o i rn/e s i: i g ;rt. e t.he e i i l ' e c  t  o l c h r o n i  c 
eu t  : roph i ca i  : 1.0 n on i . id i t nna r ;• he s ; , si s s -wi iq  e :; 1. i.idi;[e I en:. 1 1  1 ;> i ; ; r ;ji 

.>: p ii1 r i tiieri t -ii 1. p 1. o t: s :i. n C r e,;i t. ii i ppew i.:;; s; e i:.!: M a i r : 
M:A , :,:. n c: e 17  4 . "ITi (•' C(•' r t. .11 i z 6- ir c. ci [i i: .-I i rii-i si uli ii i:. an 11 <;i 1. aiiicH.i.n t: , 

rh e - i v  y m e t i i i . l  . d i me n i: s; i r o ni l: e r t. :i 1 i. :;.e cl p 1. o t::;, c o rvt: a i n t; 1 i;s s- ,11. (i'Cil I E:'.' I:' .1. S 

o l! C u. .: d . t'l.n , C  r , .-irid Pl:>. The iLbcn-'e- .;md l:i«; 1 ovi -gn: 1.1 lid 
p o r  t i o n s ; o:: i: he do m i  n , i n t: g r a >.-. i ;  , .!;.i::.iiu:.i;,.i,[;i.i;! ii.J,.!;.!ii.;i;:j[i.i,j[:.l!;;.;i;:.iii., 1 1 [i 
.:; i y n i I i :: a.n t: 1. y l'i :j hi-!]' . l i ' iHi ! I •; o i l Cd , C r ,  Cm , ani:l i ln \»\-\ : o in p i .r d-d 
•• c;i corn: r o 1 ]:: lo t : Ttli i rnu!-, •; H! I , Mg.siLi.iiLLu.ii il!ii.!!U.,ii.:ii.U,ii , I 'r : i» r t: 
p 101: :: r::irn: ;; i iis; f i c:l 1 e « i ii! 1 is o l: C L: , C cl , and :: r . T In;; :l: : cl i:l 1 1 

, c o a t :  , 1 1 .n i;; mo r s; &r\ cl C cl t. h an :: o n t: r o .1 .iin. i. ma 1 : 
L O  M iriai: • ; ] ' ) s s e t i imcn t . : :nt.::,, Il in r t: i .1:..;:edi :Eor il y e - a r , ; ; ri-n:.;;i i.ned l i i ' S , C c l  , . 
'.'."<",  Mn , :!!:l3' ;!,.n, • ! : > ' ! , C r  , 1-':»'!; C ' L I , ,ii.nd i i » ! ) ! - o r' I: lie E! l : i i.n the f e r  ' . .1 1 i ::,e r . 
P . i o i : ; ; » ' h i : :  h li,;iic! "m l y rece ive ' '  ! C e r t  i 1 i ;;,er i :or one yei i r ret a i  m s cl a 
]•] . iq l-i f; r per cen t  : age ; o.t •:. h« nn£;i : .als l:je<;;n ,;i[:ldi;;cl 
cl i f f e n;in t. i ;i 1. i io I ul:: i l :. ;:at: i on ol: m«; t .a ls f r o  m c l r i i - ! f & v t \ .1 i. :!:er ::i.'p] : e ;i r 
•:.o kni; one i:.;i[:i:a:' i n:t l i . ieric: : i ,n(;[ m e i : < ; i l  . re t:€ n i: i o n on i:. tie p l o t : ; ; a l t h o u g  h 
c: lian :;M-! ::.  i n :•; edl i m:• n i:. c h i;in 1 1; t: r y clun;; t:c nan:, i: i i-ui t: ad i:! 1 1. i on are :il.!-.o A 
C ac 1:. :> ir . 

!ii i;!<;i iiion i-i .1 .-nidi i-'irii '.' i r o rime n I:,;i .1. v a r i. a I: i.cm i .n Mn , i"e , C n , aim:! !!,n c o n I:e n l: 

C! I <i;; i-i ;; o i'i , W , L , , [Ii [• i :£ me y«; r , J li: ; I!, IL eni.;i.n , J C 

U n i  v 01: '.' :i. r :j i n i is D«p t  : . ol: liln v i r o rime n t:a .1 i - i c : i.e rices; , :: l'i B r l o t: t: e '.•>'» i I  le , 
vi'k .;: ;: ;i D :i 

ACOiTI C HiOTAlili , " I K  , 3 ii !:. - i! 9 ii. , D*ji:' 19":! 

ne ! » « ; , i ' ' ; ;  , C u  , ,;i.rii:il !!,;i :i:n [;>.,......iiii.!..!̂ !;.!!;!..!;.!.!;:.!;.!-; .-ihoci:. t. i !-, s; u e s; w e r  e 
,;i n,;i 1 y ;: lisd f o r 1 ;;e a s; o n a J. i: rend s and r e 1 .;i I: :i. o n,;; h :ips t:o dry ma t t i i ' i 1 

.;> i: ;i.n cl :. n :;i :: r o p , T'« 1 1 b.r ac ,k :i ;: l'i irn,;i r ;; h »;: ;; .1 .n. '/ 1 :r g :i. n :n ,;i u'n;; :r f- ' i-i amp .1 ed ;: c u i: 
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1:0 i :lent: i .E )'  E = pec: :. i t c p -it t: <;: r 11:; ..' f tu i i i - iw  y met. =1 :. c: o n t. iii n t: f ..' r ' ' <.-
;:l if i ;= r i=' n t ;: a/up 1. (:' /; i t n; r 



Spat, i til/1:empo.nil pat. term;. oit in . - i c roben tJh io i f i  , ,=;nsdimen11;; and ]:x:il 11.1 i:.an t:. s; 
i n R .11 r 1.1. an iBa y •• .1 owe r HI . Y H ay 

Wi.:i 1.1: (:' f  , ] • ! . : : ; . , :; t. a 1n k en , '::. l"l , "lc c: o r in i : : .k , , . l  . I ' l , 

!",-! i;: .1. e .1 gh D11; li i n ;• c n J n .1 v. , Ma d i j;1; ::> in IMJ , U Sft 

b t. h ]•! i en.n .1 ,11 1. i: n I:«; r n •> t. i on a .1 I".;;, 1:1.1a r i n i" l:i in <• n: a i: c h C o n i! n: r e.n c: i n , G I e n i;>cLe n 
E i l d i a o  n , OR I 1.1 !:,& I , 1 •• :> Mov 1 ill:1!.! 

ESTUAiU:!::.!;. ,, VOL. 4  , IMO !i , p  . i l l ) ; : ,  , -Ml'll.l 

ii Hi ii !• o n iii. 1. ! •«» i : l i in li!n t: ;:. :i.m p .1 i. n :j ,nt E! , ; i •; •;. ii t: i ::i in.;; i : / j ro 'u< ; i r iou  t [;.<•! r:i t : .n  n 
E !• t. i.i a r y vi-! y s AI:\ .n I \>;: nsd t o r ma c: r obi-! ni t: l'i o ;• s-1;: : ni •• i;i ::• aci i ; i , in i;> i: i l.!i, .iirici l - ic . 
D.i. ,-; i : inct: al Lopiiii: i1 i;:' conununit..1 e.:> oi: <:• 1 am.!; Ijsi:.],.,],.!,!;!!;! iiL!l!.,L.,li.l.! «i»n<:l 
[liii.j;:.;;.Jii.]li;ii.!:..l,.iii....!!l!i:.i;.!;;.!i!.!i!ii.i:.,i..;i > « ' ei f ii1 <:l i-s .1 ;i. n i;> a:. e til s ho w i rv;i s- «• .=i !•. c n a .1 ; p -ii t. i :-i. J. 
•:':.si: r  i but  . i o  n . [isij:.;;:̂ :!].!;!.!;..!.!;! d i i i r i s - i . i : .  y w a s  - 1.0'«i:!i: t ha  n e . - i r ln ; ! ' i: t. l.ld 1 d''.: . 

F ; <  » !ii u J.':.;: ci:£ t. li€ mac1 r  e i a u n i i L . l : : ; i : i . j i : iy do rici: i. n d i c: a t: <» - i i i n  y m.;i i or c:.haiK;i:i 
in end 1 q u a l i e  y ;> i - i :"n! p-n v i r o mini:! n i: i  n t. h<« la. i i i : b ye i-i r s ;» . Cii'l 1 y :i 0 v 

<:: t i ; t .a t : i ::>n.;; i i howi i i  d in im:i!!iit: 1.y i.. i i n i t d i  r /,;;[:ir i.rn:;i j ' /  u r i 1.1: i ::i ri.i; i r 
•; i .1 c. / c: J. i-i y • :• t: a.b :i. 1 . 1 ; : «;i cl -sarid ;:i..ncl JTIUI:! i j f d i a . i i . . p « i rd i ci in 1 i. rn 11: cs cl M o i i i i : 
in I-11: .-i .1 R r:l :L .'•; p .1 .-i y t-'d I .•) .r g E-

: 
i n t. r a.i; t. ii t: i o n :•; i: n t. .1 s; t. i c: 3 1. «a r i i-i.l:i .1 .1 i i: y 1:: u t: 

o n l  y C r  , C u i  , hi , Mn , E  b  , ,=i.nd Za i-ihowiiid w e l l  , dunf ini-id .iidia.iioha 1 
'/ -a r i a.l::i i 1 :i. t. y  . 



Co r n;: I lit i on ot: body bi.in:ilii!ini of hi;>,;ivy met a .1 :•: w i t  h pil ' iyi-, ;i. o.lo<:| i CMI 1. ,<; t. re:;; :;, 
i i'!i <:t :i e a I: a r s i rt PI. YllJ.A.yii ..... !?.!;l!,l..l.l.in «=i.ncl MY.I-I .....Mliia'il.O.!1;! « « po s ed to h i?,:i vy in ei: a .1. ;; 
.i in I: ll'i ii! !: i !•! 1 i:l 

P . : i t : f e , D , : ; I G: l . : E :L 1..1 .in , .il . !• . ; H a/i !ii on , :• . "i, .  , l-l a i: h ami , J . R .  , F'o !ii t: E- r , 
.1 . :i: , :• it. ecM-iiiiian , .1 . .1 ( sid , 

I3oi>'do i n C: : i l . .1 , ['la r. i : i i ; i i i . . Lab Bowdie i n !:::>! I , E:i r uin :•; w i. c Ii , ME 0 4 0 . 1 1 .  , 

pi inol i 1 1 1: <•; Y. ru-n: i ci n a i ;:>  snn pe iii 1 1.1.111 en I F i i - s s s p o r L - i i i ! ! : ;:•!: M,;i r i i i IK On:; am inni; to 
Po i l u i  : ;i.ni: < i , Rood..;; He l.e , W\ l U l i i A ) , i! 7 • • ; : « ? A p  r .1 i i i l l i 

r ' R C X l l i l i i l D I M C  S OF THIil . i i l i lCONID [ WIl OUWI'I (MA.L STMIi 'O. i i l l t JH Oh! Ei.E!i!PON!i.El,S 01" 
TO POLL LIT WIT:;; HI;:L,D r AT WOODS H O L  E ociiMiooRAPf-ric 

.:> iv:: 1-1 u ii, E: TT.:; , u :;IA, ;: ;  • • ; : 'ii AF R i: L i.9 n : i , p . ;> o i; .1 !> a 4 

E: i..:;, E: ',' i E: i^ i ;>.i:i PL :i !-:i:i ::,c i HIIMIC i:: :;: UBII. i i- i-i i::ii : • ; , n. OWIDON L \i K i 

KM- . UWI .F! ON. RE1.S , , ','01. , 1 •! , MO . 1 •••! 

I ]•] o [•i:l f i 1 f i: o (•' (i ( - 1 1 L:I ,;i i: E; pei;;; !•, i l:i .1«; me t ii .1. i n p u c. !•, i n t: o t: h i;1 E: i ;• c A t: u c| i.i ii 
rF! i i.'ii: f i f - !•. t: LI (ji r y , -^ <:i-r» I"1 1 ':' -= ::> i: ': '•• o t) i '< ,:i 1. V'E! me 1. .1 1.1 :•; li..-; , li^ji ..... I-LI;.! i.IliiiUIl.l.iil, «ii-ni:S 

w  (J!l!i!.!;..:..,l..̂ .ii .....;;:!;i.!,l.,i..;,.l;! ,  (i1 1' :i t: ,;i to E: n I: t' om a n uiinb «•' r a I: !• ,:i.tn p 1. .1 .n <;i Ji i cat . i oni-i in 
t. h if- ' i ;> <\ 1 1.1 in [•y e v I-' r i: •„ o qi f ::i',,i i IK! s , e a i;,o n 11, . Tl'i (•> !•; ;ii.inp 1 1 i ariii i  l y ; 
i :oi : P  b , "'r , Cu , A:J , l i .n , -i.nd C: ^.t. t : h n i  ' :ii iiiLiiiiii! t. i i r n i p«:'c: i :l: 11: 
n e t  : :i. '.MI t. i e.-i ':> I: !:'.. a e- n ::, ym i-i s- ,  , I*. : i i[ i.ii r t: ,ii t e ,-1.1:11 :i. n ot: r an !i, i: i i.nd i;i l u i  : 
iii - pj'i o !• pii in. t. ii! <:1 li! t'liv i:l i: c i;i ii' n .ii !:,«; , '« i-i i rilHIii iii !i,U r li'Cll , TlKlii I ' I s !-,u 1.1:. s; [:l{:'man.!itr;rt.i;! 
,;i i; i i;i ti 1.1' 'i i:: ant: clei :=; ii1 / f ii' ss ];: o n:;; «•' r i:11 .ii I: i. o n.s: h :n p be tve i-s n pjp:i y •-, :i. o .1 OH;; i : : .ii 1 . 1 »  ' 
i; i t;i "i i :E :. c: ;;u"i t. v. n:;, i / ' im ii' .:;y ss t. I-SITIS ii.n<:l t. :i !i :•; w, me. t a 1 c: e nc iii n:: r a t: i. ::> in.;;. 



On !;j:;»ii.!;.l;.ij[]!i!ii iiiLll.:L'!;!.i;iLL;Ll!;!.i;:,a 1 J. 't. t e ir and it. he 1r ac:e me t ;n. I. b i o g eo c: hem i s; it. ry 
e f ,;i s.a 11 ma i: .s: h 

P e? J. 1 e n.l:: a r i;i, 1:(. !•:. 

Coiiibu.:;i: i c  n and f 1.1 e J...; IEi , r ane l'i , Hietn D . . i «  . , Code i: 1 il.i! , M a w  . R e s  . 
iLib , U i n , i : r i : i : r i i ; i i : o r i , DC ; :o : t " i ; i i i , USA 

!:.,:; TUMI COAST SHELF i ; t : : i , , ^ G L  . . 1  1 \ , no. . 1 , pp . :i :i .1 •• :i-ni . M i a 4 

Title t r a c  e met. . H I ? ; copper , n i c . k e . L  , ; i i r i c  , itiHiiLnganese , and i r o n  , 
a:;; :i.;; so c: i ;;i t. ed w i t: l'i i: .h e -i cj ne o u s; s 1.1 r :f ;> c: e in i t: r 1 :11 ay e i: r e t .si i me d cii'i :l: a 11 en 
;i.lii.iLi:.::...;.Il!il cLl..!:,.S;j:.i:i.I.l;.i.;;!.i;.i:l L i t t e r  , w e r  e s; t ud i ed i  n spat : i a] and si, EL i i ! i ;DT3 . i i . I 

r«:• o ir\ c. e « t  . s Ln i: we D«- l. a .. a r e sail:. ma i - sMi i - i s 1 ; , JTIU-I ]o r spa t ia l , and s; e a s; c: n a1 
var ia,lDi l,;i t:y in me t. a l i: s- Lent ion by the l i t t e  r v.as observed. This 
;:, SMI s::>n .:i I .a t:1 c: u.m u 1 .si i: i e n i::; J::n i o l o g :i. c: a 1 1 y iniad i .si i: is; ci &:; su 1 p Ilia 1.e r edu c: i: i e n 
i n a n c x i  c tn .nMi . t i s e d i m e n t s ; r e J. e a.si e s; M i  n it. he spr i. r ig . ' su jT imei : .and 

.£ a; . l '["he re IE-.-use cui H' ' decreases; re t: en I: i ::i n o:li met ,a 1. s , e s; pe c i a 1 . 1 y 
. r o  n , by 1: tie r  e e i.mu:: e n i l .1 .1 .1 For be i:. Ii mar . ; ; he;; , d u r : i n i ; i :s J. 1 s ; ea s ; ens ;

1 r . u d  : e c : L , i: he l :.t1: E; r exh.Lb  1 1ed t:l ' ie f t:i .1 1 ::i'w n. n g r imi:| 1=1 ;• i  n t : o i : - i !  . irnii':. a J. 
• on t en t  : ( d r  y w e i g h  t b.a:;, i ; ;  l r e  p p e r - 0 , 'ii •• L 1 ppm; ti:. c Ic e J.: 2 •-.! J. ppm; 
; : j | - i : : : . 1! • I: :i ppm ; m i a n q . a n e - . - i  e 4 C •• 3 ii Cl ppm; .and i r e n  : l . i i i ( ) 0 - 8 . l O  O p]::m 
'"Tie e x i s t e n c  e o  £ t .» ' :> d.i :;t i nci : oh«;m ic . a 1 and pl ' iy.s; i c: a 1. types ; o:1: 
in i c: ra I - lyer i n. the s a 1.1: m . - i r -;h i s irepo ri: s-d . 

iiij;!-!;!!..!:.!;..!.!:!.'!;!....!!:!,!,!;.!!:!.!!:;!!;!...!;..!.:!;;'!:.!;! 1 i t:it: 'e i: i n !na 1 it: nia.r situ gei>c.iieiii .i ,:;,it: ry 

I : I E - !. I f: ri.b a [• i;i , l:! , E: . ; .:• i g l eo , > \  . C : Ha t tor i , i!> . I etLsi . I 

c; o nib u :•; i: and rue I s ; I:! r an :: h , i;:cide d l. 80 , C'J'ie itn D : I ' H  . , M l a < , r , l:! ( • ' .» . [.,.11.1:1 
wNii !•, ti i n g t: o n , DC .;:() !! 7!: , I.!!-,A 

en Mar ine and lilst. ua r i rui! ^'Ejocheini.iitin; , I n i:. & r n a i: :. 1:1 n •> 1 C o n  
: ::; r i:1 s; ,i; ::> l: i '.ii c1 1 l  i c: Ii! a !• i. n ,;• o:: 1 1-' t: i ii' <\ , H e n o 1 u .1 i.:i , IH i: ( US !!> i , .t b - 2 i D K>C .1 'i1 El 4 

KM. I! N !•: iVIMI) li:.i: T'l.CiM-l .[ UT. C E.OCH EN I'. STB y , p p , J, 0 ':i ...... .: 1 4 , 1. 9 lil 'ii 

LI:W:I::. :;!I.IBI.:I !:,H i;:i;,:! , C M ii:i,.:i I::A , IH.I: I U S A  J 
rAJ;i :i o t .1 c .1 nt e r a c 11o n.:; be t u e en Sj?.iLI!.LJiJJL(3 

ri:.he . . f .aters ,a.nd sedi .mer i t s ; o i l a sii.lt niarsi.J ' i i w e r  e e x a m i . n e c i i  .
i c .a pa.l:i .1 e o 1: !-.i:: .a'.' en i;i :i n g t l''i e a c|i.i eo u s;. . 
n:ed it. raee metal, i;. f r o  m tiiar !•> Ii t ida l . '«. 11e r s 

ii U ::' ti 1 J. It. 1 . e r -v.a t. e r i tit. s r ,a c t: i ci in.;; ::,a.n lead i:o .an e i g h  t •• l io Id i n c r e a s  e 
• ;: i tic: c: o n t: E- n t 

:. ri l: e r:: J'i .a.t M;I e s;> w «i! r e a i: f ( c t. (?d b i' r«; d O.K p r e c t? s s i:! ?; i n r. I'M:: iiiniei x :i'" 
sedi .meri ts o:E ':.l'ie t n a r s  h w tu . c t i seasonal ly rel.easi;1 cl i ; ; . s ;o 1 < /ed , reduced 

1: he r e d u c e  d : r::»n ,,as e x i d l i ; ! . e d -sit t:J"na s; e d.. me n t s u r f a c e  , 
and r s; t. a i n H'cll i n, p ii r t. n . = > :i ::o .a t: i n t j e n l i i; t: e i "  , o t.h e::' in e t: a 1. s ;;u c: .hi a:; 
copper and z i nc w e r  e ern: i died :. ri the l i t t e  r ]::y c: o p re c :i p 11: n t i :>:n . 

;: 8 



;:l t: he aquiiisou!;; i i i . i r ' l iaoii i ni i c: n:;i L ay ii! r 
in i: he !:iait mar:;; hi 

F ii! .1 1 (i! n.:: a r <:| , R !•: 

11. i i ' . \ i a < / ; i 1. Oceanograph i c Gi : l: i ::c , C h s - m i «t . ry Lal:i. , ^ i . n : : i l i . , DC ::o:i 7 ii 

;: liiTii WE; i ME: MTO <::C)A.:;TM. M;M;I :i WE iicmin:., h i ; ; ) , :. a 'i •• i. 9 ; > , F c - i b . .n; r i: 

". 1 i cfi.i c;i t:!-, c t ;i.i;:.iLi:.l,.;[.J:i!il liiL.iJl.Jii.I.Q.LLiai.iil 1- -i t: t. e r u'n-i r e cl ep 1. oy ii! d i ni C iii.n < i i r y 
•k M .1 [• .•; I't [>ii 1. ai.i .;i r e , t :ci i n t:. e; r t: e ]:: t:. t iMice ine ta . l .u c: .-i n: i. i-stl a;; 
j o i v d ' d iii..rn:l par 1 . 1 ::u 1.aci-i burdiiin.!! i n i : l i i i ! ' . M - i c n - i r and as; pan:, c I' t :he 

in i c: • o.1 ,:iyi;; r c a r r i e  d on i:,hii! m a r s s  h i«1:i t : .«i n;,, I. i i: i t : i - s r contact: i .ni; i t r i  e 
w ii i: i !.;• co . lu/nn o n l  y w s a - j e n r i c h e  d li.oine I  .  i i i: i ine.iJ . in Ci.i ami:! i!n ;ind 1 , ii 
t. I ITU i;:. i  n I"!!1 i:i..:> t :cnip, i i n-'d i . ' i th 1. 11: t e r . l-IO'«i 
c o n t. i:i :: t. i n <;i t. hsi1 i i i s : c . a  l r i c  h  m i c r o . i - l y i i ' i ' »MI!;J «-rn: ;. ("I t infM:! .-i.n .I ' e r .-I ::»•• ol: 

-I i: i in i-' \\ i n ;:,;j iiJ"i i:l F (» »i 1 !-io , t: hi i-s pi ) t: € n t: :i. a .1 
i o r !;.i;>i;s.i:..! ..LEliil t:c n;; 1 e,:i!•;(•' h u m i t : , ' I ' u l v a  c n, 11.1:1 si,ti-mc:!:!!: i« ' i : i . . :> M urn i n i;>di

 -
:i n 

t. h I-- 1 :i l : i ; : » i ,;i i: o r v b y ;:' :;iin|:: ii r i nig I: h i-i I l:i •• p i-ic t. r ,-i o I: c: !fi l.ci r o f c: i;! :<.t: r AG ".. '.
G f f ]' E: (•'. '.I f. ci r i t-'d m i ::• r G 1.Ay us i: in A l; i-i r :i. ,:i .1 , ^jjULLLUjil » ' • ) '•:i (:' i i ; • i nidi iiq 1.1 i!'«::i 1.1 !•. 
1 ii' :!l (" n II t. (:' 1 :E n:um •: fiuii !-c 1. n:Js . !;LEi!iil.i;..l;.i.[]!i;li, A p\:: ii n-i n t. 1. y r e 11;> ••L;J i 

]:: li-'C: t:. r ,;i s: i. in i 1 ,;i i: t. o t. ho s i - > !' i"ci in I: l'i !•> in i G :r o 1 a yv. T , < undl i i io I 
i i;:L:i. T he r c 1. o :E !;Li;i:iiLi;:.!;,;i,i:ijiii c! iec orapci si i n«;i i:. o r e l i iii ii (ii ITMi! t:. i l l 

<:: h {•'.. a t: o r: »' l"i i t:1 l"i '.-,€ criinii i-i i: Ei.f d i !• iJ o .1 v iiid ':. KMI  i : e in e t: a .1 i; 
t. I'l!:']'! Tl I q ! nrii 11: r o .1 ( i i iy e r for e i ' i t : rapnri i i isrui : by iiiEiii.i;.];.. ..Qjii l i t t e  r 

rm ;i c: r c 1. ay <;: r ii! n r i cJ"i i;> t:l 1. .11: t. (•> r u c 1.1.1 d y 11 i .1 cl 
it. :;• iic: i;> •• m iii i: a .1 •• r i c h d! t : r i i : u s  . l i i u c h .;i iTuinc'J'ihii.nii&m may acxount: i  n ];:art 

f o  r i rvt.roclue i rig I: r . L c:<E: rue t. ii 1 .•; t: ci t: h e l:i .1 c t. a o :E ':. tie i; .ii 1.1: in a r,;; h , 



Tr iic: if! inn! it. a 1 par t:. :i it: i cm n. rig i n t. he agu iisou s ,;; 1.1 r l: A t: e m i c: r o i a y {•' r o I: a 
.:; iii .1 1 ma .[• sli 

P e; !. !e "i l:i e r oj , i:l . 

il'sv i r c  n .iic: i . D : . v  , , Code 'I J . 1C! , :JRL , I .iih D . C  . 

TtJMi.IAn-: , COA.iiTM, AM) SKELP S C :: EIMCE V O L  . I ! !  , I M C ) 1. , pp. 1 ! .1- '.. 1 " , 
II .1. 

The i; race met: a 1, ;: capper , c a eta i UJTI , lead, . i r o n  , and nine: vers-' 
,:;i: ud i i:id i n  . ':. lie m :i. i:: r o 1 a y (• r : : > r a i:i e 1a »' ;ii re salt rna r !• h . J r t - 'e . i i i - ' -d i CM ed 
in 1 1:: r o .1 .;i y e r s am p .1 e s .J'e r i:1 us :<. t: r ac t: i-id w i it: l'i o r tj.ii.n :i c !-,o 1 '/ i:i!r:i t. !-, c I" :1 1. !" f s r i rv;j 
po i a r: \ it. y '['he nia ;i o r 1 1: y I ai"»p i:x)x 'i ra,-i i: e 1 y :i !b 'J, , (i>.K <:: .1 i.;n:l .1 .rn:| c:1 ad.ni .1 i,:i.in I o f 
1:. r ,-! i" (!' mi!!!:.-! L S I i  n ch i ; 1 m i c r o . l i - i y t i ' i  ' e c u  . Id i ' i : :» t . bdi e>; t r .;i c1 1: & d UM. th -my c  f 
i: he o r i;i an i c .;; o .1 '» e n i: •> i i i i e d  , arid are pn;> ;• mini: d a.-ii-ioc: i at: eel '» i t r  i t. he 
i .n o r g.-i n .1 c p h .;i !•; e.':> o i: f. he m:i. c:ro i a v"<:i :t' l:>|:3 r c r gan .1 c •• !•.':> 1 ',' e.n t. •• i1" &c o v s?r ab 1 e 
meta l . ; ; , ,:i i:1 e t: o rn;; e ;< i: rac t. H'cl ".he I •) rcjt- ,;; i:. pr::ipor t: i o/i 01: t tics in me i: s a l  s 
PC: ::' i: i o h s; o :': ':. CUE- w o r >: r <•! pc» r i: ed lie r ii1 .;; i: r c: riqi 1. y ;; i.i :;i i;j e i; it: I: t'L-i t. 1'i.u.in .1 <:: •• 1 .1. k i;i 
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