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INTRODUCTION
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storm drains, marinas" runoff, groundwater, septic systems and
..:I~_ , ... ..:I~ __1o.____ T_ ...10._ __.... .; .... .........- ... _..._... _, .._........_..... _...... ' ..............
increase due to continued population growth in the watershed
surrounding Barnegat Bay, as well as from increased recreational

~.'- ... t. '- ... ... t. 1 ....
......... ...... ..44... U'" Y 4J ..... U ...........""...... U'" Y ........ ... "''-111'"

of eutrophication such as summer algal blooms and reported
1 l' -'II' " .. ' .t. 1 ...
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• ~. ~ ~. ."1

............................... v... '.. v."J, "' 11

approximately 20% of Barnegat Bay being closed to shellfishing (W.
- • "I _ • • ~ ......... _, ~..... ••

• u ... v ...... ...0:0.... ...... •........... 10:0 Ia. "'0:0.I. . ,." . .. ... . _", ...... . .
, ......a. .........u auy. All...... .r ......... , 1"''='" i:t • ......uuu. J • _ _ __ • ...au

also decrease seagrass (Zostera and Ruppia) areas, which provide
I~n':"" T I~ :r"",l'O ""'0 v""r'Olll'O 'n lS A r-

~nese errec't:.s or excess nU~L;'_en't:.s can uJ.'t:.1ma't:.eJ.y J.eaa ~o a
decrease in both the commercial and recreational uses of Barnegat

-.. l7 '1",., ..... ,'" -.. 1.7"., I "0c>

';I ';I I:'
....... ~ ....._ ._ ,... ., ..... "'.4'4' ...... ~- .. :.. .~, ,

there is little information on historic or current conditions in
",_.. -- ......." -- ... , ......" ....~ ~-- ~ ...._ ....- _...._~-_ ..
--~ , -- --- -- - -_... -- - ,--- - -.: _ __ '.- .... .: T _ _ ~ ;.: ... .:__ : ,_....... .._........_..... '.. . .... , - .....

about the nutrient dynamics (including the relationship between
... "'-
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METHODS

study Areas

During late July and early August 1988 a preliminary survey
of sediment type and extent of vegetated sediments was carried out
in Barnegat Bay. Grab samples were taken at 15 locations
throughout the Bay ranging from near the Mantoloking Bridge in
northern Barnegat Bay to south of Barnegat Inlet. Samples were
visually inspected for sediment grain size and presence/absence of
vascular and non-vascular vegetation. Based on the results of
this survey we chose two sandy vegetated and one silt-clay
unvegetated stUdy sites north and west of NW Point in the northern
end of the Bay (Fig. la). Long Quay was chosen as the marina
study site to coordinate with additional studies planned by NJDEP
ase and Dr. Ken Able of Rutgers University. Benthic flux
measurements were made at a location ·near the mouth of the marina
(Fig. Jb), near the location used for clam/bacteria studies
carried out by NJOEP DSR during 1988.

Field Measurements

Sediment-Water Nutrient Fluxes

Measurements of the net flux of ammonia, nitrate plus
nitrite, phosphate, and oxygen between sediments and overlying
water were made' during 20-29 September at each of the four study
sites. A series of six chambers (Fig. 2), inclUding two light,
two dark, and two single-screened (approximately sot light
transmittance) were placed over the bottom sediments . for
approximately· 6 h at each location. Chambers were carefully
deployed by divers using SCUBA gear at the three Bay locations and
from an inflatable boat at the marina so that bottom sediments
remained as undisturbed as possible. Incubation times ranged from
approximatelY 5 to-7.5 h, and were determined based on the rate of
oxygen consumption by the sediments. Oxygen levels were monitored
using a YSI field oxygen meter and probe. Incuba~ion and sampling
times were chosen to prevent oxygen levels within the chambers
from dropping below 4 mg 02 per liter. An expansion glove inside

chamber before each sample was taken.

In addition to chamber incubations, a series of light, dark,
and single-screened glass bottles was filled with Sax water from

changes in nutrient and oxygen concentrations in the chamber water

6
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; .............N; "'i- ..... 'P ., ... ""... i-"" i-lo. ..... lJ..i-_~ ........~ T... ...~ ~""_
'J. -r,'"

Academy of Natural Sc~ences (vegetated site 1) or filtered on
;1"'l '" i- 1",h .".c.+-_" ... ;",,,,.c.N;,,,i-.c.1u "'4>i- ........ ,..""11 ..... ,..i-;""1"'l (",11

'J. or -J., \

'h.c. f'; .""',,,... .c.." TJO"'O "'1"'lN ",i-.c..,.. "'1"'l'" 'U''70N
• --JI;'"" ••• ."" •

by the NJOEP Bureau of Mar~ne Water Class~f~cat~on and Analys~s

" .
uUL"ing an

Lt:!i Wd .t:!i,

,r ,.
. d .u, ,t:!i dIU.

,~ll1CIII.oS weL"e lUciUS
." ,

:::id ,L V J I~C::

... _.' -" "', , ,..._.
,... ' ·wa ...c.L llUI.o.&..J.l::ll ... , allY VAy'-,tCll .&..J.UACi:t wc.&.c

..3: • ~ _,-' ~Vll I.o1.lC ... .J.11I'l:' .&.Cll.o'l:' v. _.11 ,...... QI.o.VII v ... II..............II ...~ .......
oxygen inside the chambers after correcting for concentration

."- ' " .. " ... " .I:: ,,' -'.11 ,v......"'" , "'U'l:"" ""' ........"" ""'. .. ......."". ........
chamber, and the surface area of sediment as follows:

I A'"-- "

Flux (umole m-~h-.l.) = -------------------
A

Where C and c are the t~me rates or Change ~n concentrat~on In
the chamber water (C) or control (c) bottles calculated from

nmo A I

-
., -4

equa.l.s cnalllDer wal;er VO.l.ume .l.n .l..l.l;.eL"S, A

area of chamber in m2 •

Based on these calculations. rates of'oxyqen consumption in
the dark chambers are a measure of benthic organic matter

'.....VII \ • ............... J • ..,......-_ .....

in the light chambers are a measure of net
benthic algae and macrophytes (e.g.• , Zostera).

-~J.':7"'" ~ .. _------ ..

photosynthesis by
The sum of oxygen
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Sed1ment Trap COllectl.Ons
:,

'l"'h.,. t"n'''''''~;~U' ,...t: """,,..~;,..,, "'~.,. ~ ", ... rt 0 .;~.,.rt ; ... ~l'l.,. C!.,.rt;",,,,, ... ~,,,.,.
• ,~:.~ ...,. :;""A~",.,....~ C!""A~~~ ...~ h",'u"" h""""... "~",,A•c....... ---

,,,,~·u.,.',~ ~,... ","""''''",...,. ~h.,. '~""';'~;"''''1 F1"v ,...F ""~;~;,..,,1"'~.,. .,...~ ..
'h.,. 1'1\"'-;""'" "",..,...1'\ .,.1'1\ ; '" ~t\A 1'"I"'C!~ t.rl ~t\ ~t\A 11 C!A ,... f" C!At1 t 1ftA"'~ ; ...

'J .. .. ' .
estuar1es 1S tnat tney COllect not onlY neWlY aeposl.tea mater1al
but alSO resuspenaea materl.a.l. i<esUSpens10n O1:ten grea't'..ly exceeas
~I"I'" "'A' U rAn '"',6 .

T", ,...,..r1.,.,.. ~,... rh.,. , 1'"A"''' ;1"'" 1'"Irnh1A1'I\ t.rA iC!n1JllrcrI. .
CO.lUmnS 01: wa't'.er rrom resuspens10n Or c01:.1:.om seal.men1:.S ror snor1:.
per10as 01: t1me. 'l'ne sea1mem:1ng ma't'.er1a.l was CO.l.lec't'.ea 1n a
<:::crlClQ ,. <:::C,"I mCT ("ICT IV"''' T ~A- nCT nrllQ rlVC1'" '" ICT 1 nn. . . , . . .

mi'l ~F! V .\ ~ li'lVS nB ve ~ne Wi'l<::%
to i-C!'"n1 ~t~ a ~,;, 11m", of t.rJllrAr from :;nn of ..
s~diments 10na .'- to measure new decosition of ornJll",i,.. P and. , . .
1'1 , (lila CL: .1.e1:.!;Y .. ~

~o avu.1.U ~aD.1.Y .a.1. ~eL:.1.n~ • ,-ne net. ~UL:a.1.. ..
La \..t:: UL. _ ... ~ . \..Cl\...LUll. J.ut:: ,.. ' ... LUIl WCl;::j \..UCl'- \..Ilt:: L:Cl';-t::.
OJ: 01: lew.!. v .~ea (nOt; .C. . .
llld L ."'l lIS .I.l"'l l"'l ,IS .1 L"'l ISd111"'l dIS ld le

enclosures if the crimarv croduction rates are similar in both.
These sediment tracs and enclosures underwent considerable. . . . .

- I'" .1.11 DaL:u'='':f Q \.. Day UUL.LIlY - .,- ClUU 'J:' .
_. . . ,,- . .~ . . ~ . '- . -.I.1Ll'='I&"'~ W'" "'J VQJ. ...vu~ ,-,VI L~"'J. lLlQ '-'='J. .I.Q"'~ ' .... - -- .
.L1l'"l l:tULLCl,-,t:: . \...LUIl ""U IJI."V,",I&'" WQV'=''''' l.LU.

breakina over the toc. crocedures for fill ina the enclosures with
a column of water. methods for anchorina the enclosure. methods- . ~ . . . . . ,
V.L 1.lt::I-'.LVY ~IlY C:UJU L~\..L.Lt::V.LU~ \..ut:: .- --.. , . '='1""1& '-"" V J.. . ,
'-u'=' .a; C::':f ... IUC::, ... Q~I~ VJ. I-' J. .L!1lCl",: l' .. I:' J. V I.lU '-' "".:~Jl

~ . .'- ~ ...
• .I. "'\0411 '- I. QUU. v,=,u. W,",J.C:: '-'QJ. .LlI:Y VU'-. L'l;

c~ ., . ... . , ... .... ...' L c, ... ... L> c,.."" QI.'=' ... y ......Q ... .... "1 -1.11 .'-'='1. J QUU. lLlQU.'=' VI. .
6-mil plastic sheetinq with hoop supports at approximatelY O.S-m
intervals (Fia. 3L The tubes are anchored at the bottom with a
.", ' .. , """ ..:II ...... ..:II L .... . ... -"

, ~,-"'''':f ..... 'do "'<0&"" , ~-=............., ...&&... '":...... <0&,'" ....~..._ ...-to', YU_
L>, .L>. , , ,
I. ......Q ... Q'" "'&1,", ""U...... Q ........ .n. - ." ...... -.- ............ :1 co V...... QJJ... V '='..... .", ... .: ......... ... '..:II ............. .......- _............. _........-....... -.............................. .- !>,"'''''" ..........
~--- --""--~--

",,"" ____ 1 ••___ ~~1'_..:a
•••••__... ~ __ 11 •• __11 ___ ~ ___... _... .......~. _..- -.....-... - ... ._... ---the enclosure, floatinq it at the surface and then slowly

allowing the bottom to sink to the sediments. Inside the
............., ......... _ .. 100 _ ... _ ............. , .....__ ,..~ ~'loo....... _ ... , ......... ,; ... ,.., . - .- _..- - - .._, - _. :~--: - .~-- '- c - ."",-", -
T.' "" '" """,,,,1"1 .. "" .,:" ...... h"" .... "" t: ....,...", '"'''''; ........ ... A" .... ~ ...... -",,-_.:- ',," T.•h; , ...... ... , , ""T"~ ""',. ..." ...... ~"" ..... '" ... ;:.. .~ '-;1

al.ttuse trom tne seal.ments to tne wa't'.er COlumn. CYll.narJ.ca.l traps
w1tn a nel.gnt-to-dl.ameter rat10 or J were usea to ml.n1m1Ze, ,...... , ... "1"1'" '1'"'" U.,.,...,. ",t.r;lll '-J ,.r,"\m T"I"IC'. -.. -.. ',6

t.r", I C! ""T" rl"lA .,."',.. I '" m", 'A V rl"lc ,. I'".. . ..
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, -, , .,3 '-'1 ... ., ~ .
,,= • . a LJo:t wo;: ... o;: g.o::>"" y ...... ....u_ ... ... "" ...

comDarison.

.... ... -" ~ ........ . . ,_ .... _-
, • _,- ~o;:ro;:~.'-~"" , ..."" "" ... ...u~ .: ~:..~':...:.l r'- ..._ ...--.... , "'" - .: .... .:_- - -"

\ ....~... .;- -_......~'"'- .... ~.- :~-" . - •••-. ''''''''1 , ...... ':'u ... ............ , -~~- ""I>-Z ~_••, ...... .: -"- ........ - ---, .._-- ---"- -".._.:_-....... .."
_..... ...._.._..._- ....... ....... -.......... _.......... -_......"::1

, -'I '"'" .,3 ~ . .,
n ....~ ....o::>'- .......... . "" ... ""' ... "'" ...""''''' ... '''''............. ...
deployment periods of up to 10 days. Visual observations of the
rate of dye dispersion inside and outside the enclosures were made

.,3 . .,3' ... .,3 ...... ... ... "
. '.,3 ..lI , .... '.,3 ...'"......... ......... ...u_ ... ...~~- ...~ .... ....- ............. .....---, . ..._- _.:_.:,---- -- - .

"",4' """"... ; ....... .., .. .. ;"".., _..... ""... ...""_.............. "" ..." ... ;.., ...
';I

September at the vegetated study sl.te uSl.ng the water column.
enClosures Wl.tn seCll.ment traps as descrl.bed above. We alSO

""..,... ..."""" 1"\'''""", .,
"" ........ ""_ ,..1"\ " .... .., ""..,,..

..... "k"" ... ~ 1.. _,..1 ... ,. -......... ~ .. "" . ..
"k"" ... · ........~ ....1H ~ 1::. __~ ...

... """""" ,...""n :1"\ 1 ~:':1'I'I ... """""" ""... ......,""
.- -- -.r'r'- .... , - -,of

"'k""' ........... -" ""~~""..- ..- .,
strong wl.nd condl.tl.ons ana stormy weatner l.n late September
aamagea tne enClosure ana tnus we were not able to obtal.n

'T' 1"\1"1 1'1'1",,"" ;liT' T'n;llT' 1"\'1'" ;lI""'T""'l"I;l11 II"\"'''''~'''''''''''' """".-
"\ T IQ ,T QI T.r q VQ"''I'" n;:ac::, r';:a " T'tJl"\ ,

l'"~~U1t'.Ad in' :it'.ion hAinrJ ........... • ~t'. nn 1v nnA 1n;';:ai-; nn
,

- -
~.lan.K't:onl.C ~rl.mary ~roauc't:l.On

'" IK '.nl nr m",r nn ;:aT 1"1 'l"'Qc::n 'I"';:a rlr- - ,.."" 1,..,,1 ;"'""n ':;""c::;'n . .. ..
inWAl'"A nn

nl1nl;("O;i\t~ 300-ml Bon hni-i-1Al: ; .. -'I in !=: ft'.;) {two init'.i~l
DOl:;;l:;;J.es, l:;;WO r:l.naJ. aarK DOl:l:J.es, l:WO r:l.na.l ..l.l.gn't: DOl:'t:.leS} •
t::>ampJ.es were l.nCUDal:;;ea al:;; ,ju-cm aepl:;;n r:rom approxl.mal:e..l.Y ..l.UUU n l:O
.4 Il rlnq WAre 1"1 A" ~v W1nK Al'". . -.

'i'I I :i'lT'T i'I 1"1 'T l"Innl loT 11:.1' "\ N 'n, rlq '" 'Q
" All !C:~mn1AC:: werA'ti ..lI in dunl;("O;lIi-"" of 1"11;l1l"11t'T'",nic

nrimarv nroductibn were calculated as th~ sum of. . . .,("'..loon .loJ1'-'L .lon J..lognl:;; DOl;;.l:;;J.es pJ.us ',of ':I ..
.l.Il uaL'A. .

Samnle Analvsis

- , .... , ... .! ..... .'- ~ ... ~

~""."',."."'"
... o;: .... "",,-.vo;:

~"""i;:IIl"'''~...'-O;:.... ' \ •• , ....- '-'-'.:...... ... 0;: ... -:...... 0;:..... '-"" go::>.. .. ... .. .... ...- . .. ;/ g ..w ......... ~'-"'" l"'~"'i;:II ...... '-....... '-"'" \ ••""' ... 0;: ....... '-""'... ... ""' ... ""' ...... ""'w '-"" go::>.. ~ - ., ., , ...~. ......................._, , ... ... u ............. ...u ........ __ ........ .:- #, .•••
_....

.'- .._-- ---, .._--" lo.•• ........- '1' __-"_
\"\_.1_ ....-.,................ ...... _1>-

_........
_ •• - ... .1 ......... - ........ ........... ............

Laboratory. Phosphate concentrations were measured by the-- .......-"-_..- ......- ''1' __ -''_ n_'::_. .a..,nn\ ---" -~ .... __ ..-
_ ........ .1 -.......... ' ._.............- \ .-.....- ,,---, _..... .._-----

~_ ....... "'u ' ..- ~ ....... fT ........~ ... 'D",,~ ....~, 4~n,\- ',z - ~ .......... .: ~ ~ ~"
.. ,

....._... '" -- -- ,-, ...._- ~ ..._-, .... "'1_ ...." ... ......._- .......~.... _.. -.. ..... ---- ........-.1 -_.. • -,of --- -.......... 1,•., ........ ~""'- .... ~ ~_ .... ~.... ""- ..... ,L .... "',p +Ok"" T---"- 'D... ~ ....~ T ... •
',z --- . - .- -- ',of , .z

Turbl.dl.ty blanks for Barnegat Bay samples taken durl.ngYear II of

1<1
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1"1"l1~ ~ L.lUY we:::.e::: c::llCl.1.Yil:ie:::U. av t: Ie ~ 0' -Na1"'l' r;ll I Sl""i

• ,L ..
N' .1.enl. ,"''''',.y. ne::: \".ILc1l;;. l;;.U ~a ;]. ,t:,V to1~""c... ' ... ~, '- .................. ."".... .. ........ a ...... ' "'u'" we:::.e::: Q ;:j \". • or, ___lo._

.." ... '- _.
;:j Qlllt-'....... ................. ................ ... ...... J:o'U""~t-'1 Q ... e:::. J.l1U;:j, \".11e::: • • 't.e
concentrations reported in Year I are likely overestimates of the
absolute phosphate concentrations~. However, this should not
affect calculated concentration changes from the benthic flux
-'- .,. .. ..1 .. "'..... •.•_ •• ,..lI __.. -~~- ,. , ......- ..",

' .._- . ......... ... .......... ""' ... ........... "".11. ..........A .a ......~
~1 .... ~_.. "" ~ ...._- .."'" '-__"lo.~_ ~, .:I • r,., ,... ' , , ...,- --_•.. _..- .........1>- "..... ""'..... .., , .......... ..........

" _.. \, ... ""~"" ... ..1"",...-1 ... "" .. ..1 "" .... ~,,_ ... ..._-- ___ , ••__ ..lI
•• ~ .. lo. ---'- -_. ..", --- ........... , _...... .......... ........... .......... .......

.. .,._.....""0' I", ,...-1 ,.. ; ...... "" ,.."" ......... ..1 ~,.. ....- t\ 'I':: .• u .. _ , .:: .U'.- - _.- _.
~ .... ,.. '~ ;linn n '11' 11M 1"n ? 'A "M Fn,.. ... ;..- ..

,
'"' :Ja ,",rIO! N a ~c narT ,,, ;IIl:.A ... C:;IImTl Cel. to1j:lr~,

ana vzea 1,; Ie I'IU .Ler.l;;. ,C: v at: Ie ' .... d Ira. . ,. IUlc::l.1.Y::i.1.:::; 01: c1.1..1. .. wa:::; ~Cl.c.c.1.ea OU"l:. I,,ung 't.o
our standard laboratory protocols. Ammonia concentrations in water
samples collected from the benthic flux chambers were determined
by the phenol hypochlorite method of Solorzano (1969). Turbidity, .. , ....." , - ~ , . ,

.......... u...a .... .l'~ .......... ""......a .... u . .... QtJ illa ...e::: • .La ... WQ;:j
.." ., ... , ........... 1:1 ..... ., ..,,' '- .." , , .....................- \ JVV '-J ':t .... u. ...... ............... ................ ~ <... 11.4,

~" .. ~
, _..

u ... .... .... " ... .... .:I ... '-
~...... .......... 1:""'. , .......' ........... ....... ...... .. ........ '-':t

#_ .. " ~.:_-_ ... .:_- ~- .- u __.. ~_ __ ..lI ,- , "' .... , - ...
t"' ......... - ......... - ... --_.. ~ -- ........ ........ ........ , ... ."", ........-- --~

............. -. ............... _ ......'h_ _# u .. __'h....._~ n • _.. I' t'l.:: ~,_.. - ._- --- '..- ...__..- -- •• ' '-r .•~ _ •• - •._--~ ,- -, .
n ... ,..~ ......" "" ..... 1\1 ••,"""" ............ _ .. _ ....... h •• fO""~",,, ............. ""~ .......... fO .... ......,....... h ••

',z ". J 'J.

......... 1 .... ,..''''01''',..',... "' ... '" "'... , ... ....~ ... , ,,, ... , ....... 1"'t'l"", ,..."".-t"",,,,,, ,,.. ....
-,z J

,..."',., <4-'-, A "''''1'IITlI0el. ",n", U70n '''',.. '" 'n' ;'II, ..
.N ana 't.o't.al. J:' were anal.yzea ~n aupl.~ca"l:.e. ::sampl.e "l:.UrD~Q~'t.Y

blanks were analyzed for each NH4+ sample. Turbidity blanks for
ammonia were significant. Distilled water blanks (reagent blanks)
and standards (at least four different concentrations) were, , , ,
a la vzec 1,;,1: .1: :::a c;e w ea~n :::;el. I J: . a,. --

:JL , ~c l;;.a N ana t'" we.ce ,eu. \".\,1 .e- . .. ~ ..... ,a '-""v .........u \"'11t:: L QUI.! t:: UJ.- . , . -.LU \".11'== .
-"- - , , , ..

The proposed study as outlined in the Schedule of Project
Ta~ks was scheduled to begin with methods development in May with
actual measurements beginning in July' and continuing through
August. However, because the funding did not begin until mid-July
1"'t'l0 ""1"11"""'0 .-tOUOI ",nn T A n '"'IT-
<::".n mAn1"'-W;IIT".'P' n T'P' An TI '" It' ~@t' 'I ]"

,
w'"'s ~ V LWU . ,:::.

, . . . .
.L II!! .L L.l.lt:: :::>\".U.... v .

- ~ L , .. , .~

UU....u .... ""U.I. ~u... ve:::y V.I. IJV""'VW ",y..,... ;;;o .... u uu. ... u ... '4u. ... u ... ...... ... ...""'..............
, .L ."- .. , ... ' , ., ... __ ..lI~

......... u. ... ...... ............V ................ u UOi&Y ........U ............. ""' ...... ...41 ,
~. .:I ..ll

,._.:1 __ ..lI~ # __ .."'_ .. _..lI~_..........
....~.......... .......... ........ ........... J' ............, .................- --- _..-

water nutrient flux measurements. The sandy unvegetated areas
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.., ... ...u .......~ ':1 -- ... - .....................':' .................... -- _...............
J:: ,.. ... _..2 ...... ...2~&&~_." ..... _~ .1' .... ~ __ • .._~ ~""'t~'"""... .... ...~ ......... ........ ...._ ... ... ;Z -... -..-

divers, we made bhe decision to proceed with sedl.ment-water'-_... &1 ......
_..... .... .."' ..... 1 ___ "'~ ... _ ..... ; ,.... •..,. ... -,..... ....--... _......- --_.. -- -.._- ------_.. ,._.._~ -~ .....

mlo._ .. - ..."' ...
__ _ ... _.011 ..- .."' ... ... ....011._............- J -.. _..- ----.z ... -- -,. -

.1 ~ .. ~-- - ... 1\._,.1 ..... ~ ... ,..4:- .. lo._ ~_...... ..,.. ~,.to ...
'';-

___ A

- .~ - -..- --- '-=>-=>

that we have successfully developed a method to measure, tor the
-F~ ....""'to to ~ ........ l~'" ..:I l~to~ ...........""to ... "'" ~ ... ""' .. ""ll ....tJ AC!toll::l1"'~OC!, .. - this

.
enclosuresAs outll.ned above, method uses water column (or

resuspended Sedl.ment excIOSUreS). As part ot tne metnods
~0..... 1 ....... """"'0 t.t... h",,~ ....... ~1"f~ ... ""11U' ..... 1 • to.... ...."" lI'... .... ... ""... ..

production - ' .. ~

compositionof prl.mary rates, phytoplankton and
nu~rl.en~ concen~ra~l.ons l.nSl.ae ana OU~Sl.ae ~ne enClosures ~o cneCK
.pnr n;.p- ; n ;t"! -";nn tJA ;=ll1!'::n h::lln.- . . .

replicateplanned to test varl.abl.ll.ty between traps. However,
agal.n oecause or: ~l.me cons~ral.n~s we naa ~o CU-c oaCK on some or:
~hA ;=lln;=ll1v!'::A!':: tJA ... ton 'A nn • nrr .....

production inside
' - ..- J

of primary rates and outsl.de the enclosures as
~ne ces~ measure OJ: organl.C ma~~er proauc~l.on ra~es l.n co~n areas.
WA a.lsc ma.dA scmA '!':: cf N' ;:lind P :r;:ll~ ~ ....nC! ~ nC!; r:lo

and outside the e.nclosures. We were preparing to add measurements, .
ex~ens~ve nu~rien~OJ: pnY~O~l.anK~On com"os~~~on, more

ticn .~' a.nd tc v;:llr~::lIh~1~tv

traps when the weather conditions - end fieldforced an to the- . -. "'= ~.l.CUl \,.\,1 .l.U Ilt:lX\. yeCl~ :::i ~ ...v~ ...-CllU.
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IT'.._-
The sediments at all four sites examined during the late

summer/earlv fall in Barn~N;l\t Ba" ;::a l"~ ;::at"'i-iVA !=:;t-~c: Tf"Il'". . . -
. ~.1.O, 0 oJ ..... Cl, .1.\.,; Ill, . ~t:: as nv rnA lnn. . - -- -

.La,,"e~ UC1I:J\. : 1" r~ 4a "1 a ba la· at: rn~

-" L" . .
1::111.4 VJ. ""11.1.>:> >:>t::\";~.1.VJlJ. Cl .t::::> nT n T"n~. _1, . .
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September 1988. The line connecting triangles

4b. Measured (top) and measured and predicted (bottom)Figure

and 3 in text.

dark chambers based on the measured 02 uptake in the
dark and an O:N ratio of 17.25 (atoms), see eqs. 1
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column enclosures. Rates are calculated from liuht/dark horrle
,a,;ion ;J , DOLLl.eS wece inCUDaLeu In SI..£U at: JU em below water

-

nilt:~ Total
primarr Date Water Net 02 pro~uctlon, ,

T~~~"~~~ nonlnuoti ,;;, \ Do,..;nti nllr",;tio T~-~"'~

"'~ ..~ , 0''>' '00 o',>n'oo ~ c:; ~n'ln_~J1')n h c:;nn A'"7r=

9/01/88 8/30/88 1000-1410 h 500 425

;::', ::::',:::::: ;:',:: '::',:::::: ::-~;:;: ::-~;:;: ~. ::::::: -"--
9/16/88 9/13/88 1000-1345 h 400 475

.. .. .- .~~ ~ ~ .~~~ ''"7~~ ~ ~r=~.

'" MarIna :>ILe "::I/~o/oo u.o ~U.L,,-.L""U U .. UU

- !':ite 2 9/29/88 1.2 1100-1500 h 250
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'rable 4. Measul: ed pal: t iculate N aud P depos ition rates and N: P
ratio at vegetated site 1; data are fl:om sediment trap
collections in water column euclosures. Particulate C
deposition rates were calculated assuming a C:N ratio
of 106:16 (Redfield 1934). See text for a deta~Ied

description of ~ethods.

(ug-at m-2h-1 ) nunol m- 2d-1

Date N P C N P C N:P

09701788 94 8 623 2.3 0.19 15 12

09/02/88 196. 12 1299 4.7 0.29 31 16

09/16/88 125 4 828 3.0 0.1 20 31

09/20/88 97 4.5 643 2.3 0.11 15 22

09/22/88 383 20 2537 9.2 0.48 61 19

10703788 158 5 1047 3.8 0.12 25 32

Average 176 8.9 1163 4.2 0.21 28 22

Avg. w/o 134 6.7 888 3.2 0.16 21
09/22/88
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DISCUSSION

External inputs of inorganic nitrogen (ammonia' and nitrate)

inputs of nitrogen and phosphorus to most estuaries and other near

product} on. The organip matter thus produced is consumed b
phytoplankton and/or benthic algae and seagrasses during primar~

organisms results in the release of inorganic Nand P (recycling

and phosphorus (phosphate) to estuaries are assimilated by

which can be used again for primary production. External ('new')

organisms in the food web. Metabolism of organic matter b~

in situ recycling of nitrogen and phosphorus from organic matter
nutrients needed to support annual primary production rates: rapid
shore marine systems are usually not sufficient to supply the

the algae and aquatic vegetation (Nixon 1981: Boynton et al .
decomposition supplies a major portion of the nutrients used by

. 1982). Both the water column (Harrison 1978, Gaperon et al. 1979:
Glibert 1982) and the sediments (Rowe et ale 1975: Nixon et al.
1976: Blackburn and Henriksen 1983) are important sites for
organic matter decomposition, and thus, nitrogen and phosphorus
recycling. As outlined in the Introduction, the sediments can
also be important in removing Nand P through permanent burial
and/or denitrification.

The major objective of the present study was to begin to
assess the importance of the sediments in Barnegat Bay as a source
or sink (remo....al site) for nutrients. (N and P). To that end,
sediment-water fluxes of nutrients were measured at four locations
and compared to predicted flux rates based on rates of organic
matter decomposition (measured as dark 02 consumption; see

decomposition in the sediments were compared to rates of organic
matter deposition to the sediments from the water column
(combination of dead and dying phytoplankton, zooplankton faecal
pellets, detritus, etc.). Rates of organic matter deposition were
compared to -organic matter production in the water (primary
production rates). Finally, phytoplankton nutrient requirements
were compared to the recycling of nutrients from the sediments.

During the decomposition of organic matter in the presence of
dissolved oxygen, ammonia (and nitrate) and phosphate are released
and oxygen is consumed. According to Richards (1965) the
decomposition of typical organic matter can be described
stoichiometrically by the following equation:

( CH20 ) 106 ( NH3) 16H3 P04 + 10602 = 106C02 + 16NH3 + H3 P04 +~06H20
(Eq. 1 from Introduct10n).

Accolding to this equation 106 moles (212 atoms) of oxygen are
consumed and 16 moles of nitrogen and 1 mole of phosphate are
released for every mole of organic matter consumed reSUlting in a
ratio of C:O:N:·P of 106:212:16:1 by atoms. This ratio is referred
to as the Redfield ratio for the decomposition of organic matter
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(Redfield 1934).
environment, this
the average C:N:P
in estuaries.

Although there is some var~ation in the
ratio has been shown to be a good estimate of
ratio of planktonic and sediment organic matter

bacteria according to,the equation:

CEq. 3).

Using equations 1 and 3, and knowing the amount of oxygen
consumed, one can est i mate the amount of organ i c matter consnmed
and the amount of nitrogen (ammonia plus nitrate) and phosphate
released in a system. In addition, if there is photosynthesis
occurring in a system, the amount of nitrogen and phosphorus
assimilated for production of new organic matter can be estimated
from the oxygen production rate according -to the equation for
photosynthesis:

-(ECl. 2 from Introduct~on).

In shallow coastal lagoons, such as Barnegat Bay, not only is
photosynthesis occurring in the water column, but where sufficient
light reaches the surface sediments, benthic algae and rooted
macrophytes (e.g., Zostera) can also contribute to photosynthetic
production of organic matter. In sediments. such as those, oxygen
consumption in the dark is a measure of organic matte I
decomposition. In the light, t.he sediment-water oxygen flux is
the sum of the consumption of oxygen during decomposition and the
production of origen during photosynthesis.

The measurements of benthic oxygen consumption rates in the
dark at t.he four locations in Barnegat. Bay demonst.rat.ed that
significant amounts of organic matter are being decomposed at all
locations sampled (Table 1). While there is considerable
uncertainty in drawing conclusions about differences between sites
based on only one sampling period, oxygen consumption rates appear
to be higher at the two vegetated sites than at the silt-clay or
marina sites. Rates of sediment oxygen consumption in Barnegat
Bay are within the range of rates reported for other estuarine
sediments at similar times of the year (Table 5).

Benthic photosynthesis was active at two locations, the
vegetated site 1 and the marina (Figs. 4a and 6a; Table 1). At
both locations, there was net photosynthesis in the light
chambers, as illustrated by a net increase in oxygen in the light

respectively. These rates are considerably less than the measured
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Table 5. sed~ment-wa~er 0x.ygen and ~utr~ent fluxes (ug-at m 2h-1 ) measured under dark
conditions J:n "arJ:ous estuarJ:es

Location Sediment Type Date °2 NH4 + N03+2 P04 Reference

Potter Pond, RI mud and sand annual -749 42 0.6 Nowicki and
(coastal lagoon) average Nixon 1985b

mud summer 400 40 Now~ck~ and
Nixon 1985b

.sand summer 50 5 Nowicki and
Nixon 1985b

Absecon Bay, NJ mud fj/20/H 515 NH4 only DUland 1984
:j::- 10/18179 334 Nil 4 only Durand 1984
0

South River silt-clay 9/77-12/78 -:3540 114 6 25 Fisher et
Estuary, NC a) • 1982

Neuse River silt clav 9/.'J-12/l0 -)OJO 227 14.0 Fisher et
Estuary, NC al. 1982

Ochlockonee Bay, silt clay 6/84 1083 82 <1 Seitzinger
FL 1987

Narragansett Bay, silt-clay 9/72 -3125 190 10 Nixon et al.
RI 1976, 1980

Barnegat Bay, vegetated, silty 9120/88 -3660 <4 <2 tb~s study
~ ,

NJ saud 9/28/88 2270 <4 ~4 th1s stUdy
silt clay 9/22/88 740 <4 <J this study

sandy-silt (marina) 9/26/88 -1015 <4 <2 this study
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can not rule out denitrification as a sink for N released durinq
'- ...- ... .... , ........ ,........ .....,.... ......, ...... ,,-.A .... ,
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Table 6. Water column nutrient concentrations (uM) in Barnegat,
U"" .. c:"""" ~ .... ...,~ "" ... .-t li';,... , ...."" • t' ,,.. C! .", I nne.
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sources to the Bay are needed.

the Toms River Bridge provide a different historical picture of
nutrient concentrations' in the Bay. Ammonia concentrations
rang~ng ,from 0.84 to 1.2 ppm NH4 (47-67 UK), no detectable nitrate
or nltrlte, and ertho-phosphate concentrations ranging from O. 06
te Q. 18 ppm (0.6-1.9 uH or 1.9-5.8 uH depending on whether the
units were ppm P04 or ppm P) were reported for the September 1972
sample period (Makai 1973). It is somewhat diffiCUlt to interpret
the data reported by Makai at this point because the report in
hand is an incomplete copy and details of the analytical procedure
have not been located. We at e currently trying to locate this
information.

The N:P ratio of inorganic nutrients in the Bay in September
1988 was low, 3.3:1 or less (Table 6) relative to the 16:1 ratio
considered to be required for phytoplankton production. The N:P
ratio of inorganic nutrients is often used to infer which nutrient
is most limiting for algal production (e.g. if the N:P ratio is
considerably less than 16: 1, nitrogen is considered to be most
limiting). Based on the limited data available at this time,
nitrogen appears to be the nutrient limiting phytoplankton
production in the Bay. Plankton Nand/or P nutrient enrichment
studies would be useful to clarify th~s point.

The data from this study were used to develop a preliminary
evaluation of nutrient processes in the Bay. To that end, a
preliminaly bUdget of C, Nand P was constructed for the vegetated
site 1, based on the planktonic and benthic primary production
data, partiCUlate Nand P deposition rates, and benthic metabolism
data from this stUdy (Table 7). Construction of budgets at this
time is useful for checking internal consistency or reasonableness
of data, for quidinq future research, as we~l as for beginning to
provide insights into the processes controlling nutrient dynamics
and possibly eutrophication in the Bay. However, it MUST be kept
in mind that this is a prel iminary bUdget as only data from one
point in time (September 1988) were used. Once data are available
over an annual cycle, a more accurate picture can be constructed.
Assumptions used in the construction of these budgets are ] i sted
l.n Table 7.

The budgets presented in Table 7 suggest the following: The
measured deposition of organic Nand P to the sediments is
approximately 20'-25' of the rate of organic matter production by
phytoplankton. This implies that approximately 20-25% of
phytoplankton production is deposited to the sediments for use by
benthic organisms (as dead algae, zooplankton, faecal pellets,
detritus, etc.). The amount of organic matter eC, Nand P) being
decomposed in the sediments is about twice as great as the amount
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