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Eutrophication in Bameeat Bav: Year II
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. SUMMARY

Biological and chemical data collected in Bay, NJ. during 1989 indicate that
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production rates are greater in Barnegat Bay thanin Narragansett Bayt Ddaware Bay,
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coastal lagoon). Chlorophyll aconcentrations are also high mBarnegatBay comparec:l
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YR IV and will be presented in the YR IV Final Report.
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The sediments in Barnegat Bay appear to be an efficient trap for nutrients (nitrogen,
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where almost all of the phosphate and approximately half of the ammonia produced
.. ..._._ ..,.,.. .- .' .. .. .
LII Llle [[] Inc waLeI L£ IS. lalu~n 0 all!UI1 DV-- - .

• 1 ne emClent nUmen~ uap m .Dal1legal Day aoes nOt appear to DC aue

aemtritteation m the sedtments (not measured m current Stuc1y).
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relatively high, rates of benthic photosynthesis were substantial and no ammonia was
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controlling sediment-water nutrient fiuxes at our study SIteS as patterns ot N and P
,......... "..~ ..I..... _.. "..~ ~ A '1 \

'".. n. !I
, .. . , , .

...... IULl;;
.• CU6~ CUll;; • -c ••••

Ul
'':'

·WClu;;il. . .. . . . .
UiUil WCLL W . .
wano 01 ITom me

":'. .
311'31 ...[~ Wr!Tr! nurn or 10111 1VI0TP.

'.L'I. .t.

-01

- . - -mecnanlsms lOVOIVea 10 seOlment-warer pnospnate oynamtCS, InClUOlDg pnOSpnate
1'10. 10." ,. ,..,.,. It",", I'n.

or -J

wave action or boating actiVity, and benthic algal mteraetions, were conducted dunng
~ J1 ....A ...;11 'h... ~ ....h ... VD TIT C ....1- _..- ,- -- ... _.- --- -- ---
.....t. ., ........? .In' ..L •• '..a. ...........
:.."'" .. •• ~_ U. ~ .. CUI"'. ~ ~II "'1": .t. _ - .i ,t.- "';' ..- u~ ~~ cu:v
.&'" J.UJ. Ul UIII;; UClY allu UIWl WIll;;
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biomass, and thus, water column turbidity: If water column turbidities increase to
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increase in phytoplankton biomass and production, and eutrophication in the Bay.
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deeper estuaries such as Narragansett Bay, Delaware Bay and Chesapeake Bay. In
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Eutrophicationl is a potential threat to the ecological health ofBarnegat Bay and other
"'auC! 1h..",Lo 100...... ....... ..to..... l.ftA ..toA

-01 ,..~ -... .,

Jersey coast. Nutrients (mtrogen, N and phosphorus, P) enter these shallow bays4:.__ _ _I: • __ ..i __ e ..... ~_. ...:I ..... •

........ .. ~~ .... r ~ \""'0" &&y........ -- , ...",.a .......--....,

runoff, atmospheric deposition, broken sewer pipes, marinas and boating activity,
. _.' ... ..... ". - -... ,-y...... _ _.y yu._. _. B.y....., ..... ... gal

are exDeCted to increase in the future due to continued noDulation I!rowth in the Bav
•• _n' --;- ....• _ • •
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Gauging the·effects of increased development on eutrophication in Barnegat Bay is
,n_~ nn ,nr

In addition~ little is known about nutrient dynamics (mcluding the relationship between
,ftl'\,uc! an" ... u .... ,...........
'-~ -~ ... .~ .~ -- ._- , '-0' -~

productive bays. Previous studies ofeutrophication and nutrientdynamics in estuaries......... __ .lI__. _. 'ft. _

.... ,- _.. -01 WI' .."''''1&..... Ai'-u.~, - _ ~

and Chesapeake Bay (D'Elia et ala 1986; Boynton et al. 1982; Nixon 1981). The
..._ ....._ ••_ •••1.:_10. ~- .- • -~ • _ L .I ... .,.

• - • UI _~ ~. 101"" owu ~ "

effects of nutrient inDuts to shallow bavs such as Barne2at Bav is unknown.

- . .. .
JI1 vcucr W U:sc:liS 111 twV a~ well a!l rne

on the Bay of increased development, the cu;ent sttJdy was conducted. The major
• i nr tne C!hll'lU~ 1\ !leC!_C! th.. .....~ C!"...ti..l
~ - -, .~. ..

of water quality in Barnegat Bay, and 2) begin to quantify the important processes
f'h...... __ ...I .........."'" •• ••.:.....:_ &.L_ 'D_... • • ~t... ~

-~ _.- ........ ......... ".v -J' ....~
magnitude of the sediments as a source or removal site for nutrients.

To achieve these objectives the followinl! measurements were conducted:

'I'" .~. •
AI ,u.~~~

. ..
UIU:Ji

phosphate), chlorophyll a concentrations (New Jersey Department ofEnvironmen-

1 Eutrophication results from biah rates of nutrient (N and P) inputs to aquatic systems aDd can lead
ID • variecv or C<II1OIoons 'iiTiJil I .....t..... en)"rnn : in __

composition, and eventually to a depletion ofoxygen in the water•
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Eutrophication in Barnegat Bay: Year II INTRODUcnONIBACKGROUND

.. . . .
-... ... All... , , -J, _....
production rates (NJDEPE) were measured over an annual cycle at four stations- -DCLY.

~} ;)e<llment·water nutrient excnanges ana oxygen Iluxes were m~lY.o.I"t,.. Anti rnll At twn citp.c in thP. hiohtv· • •... .. & &

....1' W<lIU
-J

3) Deposition of new organic matter to the sediments was measured at the two benthic
• J:'I. • -'.' ..I _,. £.11
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H .... t. • _'I ~"'T -' .... ... . d • .
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nutrient flux sites.

. . . ~ . . . . . . ...
ft l""'U~ un .. wu AI. . . ,
as presenu=u in OCW,! in me ui~ion, VIC XIOimenlS in many
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&.
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Understanding the magmtude of nutrient supply anc1lor removal m the sec1lments IS,

therefore. necessary to understanding factors that control algal production m the Bay.

(,:jeneral UISCUSSIOn OT Nutrient l,;ycllng In I:stuarles
_. . . ~ . - . .. . .

C IU: [TUITl a Ivel.. - &

oircct QlScnarges, Storm Qrams, runon, aunospnenc aeposmon, oroKell sewer plpes,
mannas ana ooaung acuvlty, grouoawater ana sepuc systems. once m me estuary
th,.. N' !lind 'P "I'll! 1I-tt hv th,.. '"l~!lI'" fm. • tit... innnto. nF •

-.. .... .... 'C

tn !lI,.... nnt tn th. n-too ...f' ..l ..!lI.... nf'
-rr-J -D' 'J -ClI

nutrtents Within the water column and between the benthic sediments and water is a
major source of N and P supporting algal production in estuaries (Boynton et aI. 1982;

.1Il.T:_ tno,\.
....&no...... ""'01"1'

... . . I . -
into- bv .

,
.~u & • &alaae ~:~Ul:i w mc --\~i:rcnxc:u. . .

,. - - -
1~ rnp.n hv 'hC!h...

mveneorates, etc., 10 tne water column or sediments; eventually most IS baCk
to the water column 10 the form of morganlC nutrients which can be used agam by
th. ~1"1jI_ ..nd Tt ;., -" ...... • ',.~ • • .........-....

th~t N !lI...tt v ........ h ... ,... w..-......h ... ,
thus decreaslOg the supply of nutnents for phytoplankton production and affecting the
degree of eutrophlcation resulting from a given rate of external nutrient input to the

.
lone 01 ~
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(conSUined, oxidized) in the bottom sediments by benthic organisms and bacteria.. ,.. - .,. ~~ .
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According to Richards (1965), the decomposition of typical-organic matter (carbohy-
"'toQt., ....1.».... h .. hu th. .-, 'J - ...

I •••• ,1t.r'U..nn .. tlW'M •fW"n.. • 1jliiNR''I • U ..'Pn. • - tT:n t \-
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mnt.1I! n~"· !Jl:'~ 1 ",n1. n( • ~l"P
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ratio for the decomposition of organic matter (Redfield 1934; 1958). The rate of
• s.." • • • ....... s................I ..... • _.OL... _....--_.-.. _ft •••_11 _ft ..10._

_ ..__e
... # • - ,...I ..-

6 I"" ............ ...... . •.o ....- .... .... , _ ..... ~ • lNi: ...,
the water column from the sediments due to or2anic matter decomoosition lXon........ Yr ....,.",. -- . ~ .............
~7g.L. _IOU n.~11 U .L:70J. _IU .L:7O••J.

The cauation for Dhotosvnthesis is essentiallv the reverse of the one for 'sition'

106C02 + 16NH, + H,PO, +106820 = (CH20h06(NH:3)16H3PO, + 10602 lEa. 2)

.... ~- ....,. .. -~ .lI' .. .. . . .. . . .
.LIIU~, .LVI ,",Y"'ly .LVV 'UVJ~ VI Uli:LL ,VI ilLII!4I:; iIIlU

seagrasses fix into organic matter during photosynthesis, 16 moles of ammonia and
I 1 mole of ohomhate are • and 106 mnl~ n12 I df are .. ,'- .

I 1'10 ~n nf" l'li:fOn TI nf" 'nT ~nn

to supPort measured rates of photosynthesis (rates of oxygen prod~etion). -. The
..." 1ft --. C' C -~

_A

be exanuned trom a companson of measured benthic N and! P effluxes and calculated
phytoplankton N and P requirements.
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Water colutnn concentrations of ammoniat nitrate plus nitrite, and phosphate were
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develooed northern end of the Bav (Fie. 1) from Anril 1989 to AorilI990. Nutrient
. . - .

. ., were • aeom. at t ml(,l ana ncar.• __-;:.r:,- ••• _
lJV UI~ ..I~~ WI'lTe [10 ICC 0 UlC wtJ,x. lUI' 11.
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glassware'through p;e-rinsed glass-microfiber tilters (Whatman 934-AH) and frozen
~_ 1..+..... . 4;........ • 10"'7"7. .....A 'D~1..... 10";;:."
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by the NJDEPE at the same locations. but at less frCQuent intervals. Primary. . . .- _. . --- --_. .. . . .
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in the lil!ht or in the dark for 4 h at . Iv 150 uEinsteins m-2 s-1 in a lil!ht
box. 02 concentrations were determined by Winkler titration (Carpenter 1965). Daily

- "

... ,.. - .., ........ fCn ':l\,- ~. -,

where Dl is the depth of the 1% light level and HrsRS is the number of hours between
• ~ .... ., T. T .li'., , T.· ~ .. .1. t·.t-
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intensity at the surface and at the deoth of the 1% lieht level resoectivelv, and K is
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as K = 1.710.. !Parsons et aI. 1977}.
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-' ._. . ... .... ~ --;;;;...... . . .. --:;:
~LUU" anu "'7ll'7 J. \OU..~ W~~ UI~.. .... , ".~..... .. --;

UIIUCI lI~nL ano III ilIIl •

In addition in situ and laboratorv methods were comnared as discussed below.

Nutrient and Oxygen Flux Measurements
• __ ._ •• t ~ .....'\. t..

...v ....... ,'6 vnr J • ''''1 ""11 ....- ....1 ............ "VT

SCUBA-equipped divers using plastic coring tubes for benthic nutrient and oxygen
flux measurements. Care was taken duriD1! corinl! toavoid disturbanceofthe sediment'" ..L· .1'" _.. •

• rl.L U"" UUI~ U.I. J WiLloC:r .. CIllO
••.'11.. ..,.". ...... .. I ., -_.. ... ..

115111... • _ 10;,)} at we were, anu wcu.c:r
W~ I£UIlJ. J:2( n • in np. ronrp.'Ili UlP.rP.

."
• _ water ,at amOlent Day water temperamre aunng traIIspoR to me ry.

'l'ne oxygen m me water over the cores was mamtatnec1 at near concentrations
Ulun rn~ II~P. nr nI'llto.. 'I'll tl'l. th. ~""_ll! ............
mamlameCl at ambIent bay water temperature m a temperature and light controlled
environmental room. The water over all cores was continuously aerated and mixed
1.. 1_ ~ ..:.. ~_~ 1: ..1.._ 1:1.

The sediment-water exchan2es ofammonia. nitrite Dlus nitrate. Dhomhate and oxvllen... - .. ..

. cores. were ~ .~ "\ .\ nv_ III!l1i"h ,.......~. ,--..-..--,

W~lw. • _ . ~II .. • : cores~~ c:acn SI~ \SlX per SIte m JUIlC ana I\.U~t; rour
per :UloC W _, ali __, \~el l~lHa,D). ApproXimately 4lS n aner the

_ wun wafer COllecteGl'fomlife site of sediment collection. The cores were
aerated until approximately Tlfl)efore the first nutrient samples were collected or

iC. __ ..lI • "A L .L..._- . '" "', v...... ...................... \oll~

water was changed, samples of the overlying water were collected for nutrient
analysis, after manually stirrin2 the water with a small oaddlte. Oxv2en concentrations. . . ----.... w,... .....ca..........~.~ ~u U:tlllll:; iL I 03.1 u:ruoc. .1 lie

meter were calibrated prior to the first series of samples and the calibration was
• - ' •••: ..1.. __L .:-.. • - •.• .' ,. •• •

'AWL _.. 'cu. '~V~li3 W~l~ KIlL
•••L__.L • ".. •
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Eutrophication in Barnept Bay: Year n MEtHoDS

incubated at ambient field light conditions and two in the clark. In addition to chamber
June and August expt;iments. During the October measurements, two cores were

incubations, a series of light, medium and dark beakers was filled with bay water
from the site of sediment collection and used as controls for assessing changes in
nutrient concentrations in me water over me sediments due to water column pnXZSSCS.
These controls were sampled at the same time intervals, using the same methods, as
thOse specified abOve fOr the chamberS.

Ammonia samples were analyzed unmediatcly after collection (Solorzano 1969).
Nitrate plus nitrite and phosphate samples were filtered immediately after collection
with acid-eleaned glassware and prerinsed glass microfiber filters (Whatman 934--AH)
and frozen for later analysis (modified from Teehnicon 1977; Murphy and Riley
1962).

Sediment-water nutrient and oxygen fluxes were calculated based on the time rate of
cbange in tbe concentration of nutrients or oxygen jn the water overlying the cores
after correcting for concentration changes in control bottles, the volume ofwater over
the cores, ana the surfaCe area of sediment as fOllOWs:

A

.where C and c are the time rates of change in concentration in the water over the
corq (C) or in control (cl bottles calculated from linear regression analysis of the

cross-sectional area of chamber in m2•
data in units of I4mollL/h, V equals volume of water over cores in liters, A equals

Sediment-water oxygen fluxes in cores incubated in the light and dark were used to
calculate rates of benthic organic matter decomposition and benthic photosynthesis as
fOllows:

Organic miner decomposition rate =dark 02 consumption rate (Eq. S)

Net benthic photosynthesis - light 02 produCtiOn (Eq. 6)

Gross (tota1) benthic photosynthesis .. light 02 production + dart 02 consumption(Eq. 7)

The calCulated net benthiC primary prodUCtiOn is the net prOduction Of new organic
matter 10 Die se(hments (net due to aIgaI production and aIgal and animal respiration).
The gross or total bentbic photosynthesis is·tbe sum oftbe net benthic photosynthesis
plus the amount of oxygen that is being consumed in the light by algal and animal
respiration (dark 02 consumption).

In June, laboratory measurements of benthic nutrient and oxygen fluxes were
compared with in situ measurements at the sandy vegetated site. In situ measurements
were made the same day the cores were collected for the .laboratory measurements.
For the in situ incubations six chambers (12.5 cm diameter), including three light and
three dark chambers, were placed over the bottom sediments for approximately 6 h.

The Academy of Natural Sciences
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(not resuspended) organic matter inside the enclosures is the same as that outside the
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in Barnegat Bay during 1988; further testing was conducted in 1989.

The water column enclosures are cylindrical (l.0 m diameter). closed at the bottom.
and made of clear. 10- to 12-ml reinforced oolvethvlene olastic sheetim! with hOOD

A~ . ..-, ... ' .. .~ -,- L'. .L'_ L' .'-
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_as. Tn rne In ne ne ,HIli! Wi:LlIi
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Eutrophication in BantP Bay: Year n METHODS

simultaneously depressed below the surface of the water to allow the water to enleE
over the top. Cylindrical sediment traps with a height-tooodiallleter ratio of 5 wele
useD m minimize resuspension in the traps (:Bloesch and Bums 1980; Hargrave and
Bums 1979). The traps were located away from the walts of the enclosure and as
ClOse to tile bOttom pf the enclOsure as possible to capture tbe organic matter which
would have reached the sediment

Last year the enclosures were open but anchored on the bottom (Seitzinger and Pilling
1990). There was concern that there might be some exchange ofwater either through
the sediments or the bottom of the enclosure. To test this, we performed dye

added to the bag. Dye concentrations decreased with time indicating that either the
experiments using rose bengal. Time series samples werc~ taken after the dye was

bag Jemked or that the dye was sorbing onto organic particles within the water colunm
wlUch were ramog out ofsuspension. we thereforeperfOl'lllfXl further tests with NaCl
to differentiate between sorption and leakage. Tests carried out on two separate
occasions demonstrated that there was miXing of water inSide and outside the bag,
presumably through the sediments. As a resUlt of those tests the bag was closed off
at the bottom with a drawstring and anchored to the bay bottom. Salinity experiments
were again carried out and demonstrated that the salinity temained constant. For the
1989 field season, the water column enclosures were closed off at the bottom with a
drawstring to prevent possible contamination of sediment tr3P samples.

The frequency and location or water column enclosure deployments were: 10 July
and 1 AuguSl t two enclosnres at the vegetated site; 8 and 11 August, one enclosure
at the sandy site and one at the siR-clay site; 28 August, one enclosure at the SUt.ocJay
site; 5 September, two enclosures at each site; 14 September, fOur enclosures at tbe
saAdY site; 18 arid 25 September, two enclOsures at: eaCh Sire.

At least 48 h after enclosure deployment, sediment n:aPs were deployed inside and
outside the enclosures. Approximately 24 h after trap deployment the sediment trap
samples were retrieved from inside and outside the enclosures. The entire contents
of each sediment trap sample were decanted into a plastic bottle and stored in the dark
on ice. Sediment trap samples were processed by filtering a known volume of sample
tIU'OUgh prennsed and precombusted Wnatman glass fibre filters (934-AH). The
filters were dried (mOC) and frozen fOr later anaLySiS Of eatbOil (C) ana nitrogen (N)
using a carlo Erba MOdel 1106 CHN analyzer. Replicate filters were analyzed for
total particulate phosphorus (P) by persulfate digestion (Martin and Knauer 1973)
followed by colorimetric analysis (Murphy and Riley 1962). Nand P deposition rates
were calculated based on the total Nor P in the sediment trap (,.Lmol), the surface
area. of the trap (A), and the trap deployment interval (HR) as:

Deposition (pmol m-2tt-1) - ",mol/(A*HR) (Eq.8)

Primary production rates, phytoplankton species and abundances, and nutrient
concentrations inside and outside the two enclosures were compared during the 10
July deployment. Phytoplankton samples (whole water samples, SOO ml) were
collected 48 h after enclosure deployment - O.S m below the surface of the water
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generally low at all four stations in the Bay from April through November 1989 (Figs.
'''!I-l'!\ thP. WP,.P. nnlv At am:... .. ..

wkin. Ammoma concentrations were generally less than 2.:) I'M and showea
...... ............. • i'C~... "1..\ _... • •.,.............+...,. ..... tutn

•- - '-"D ,. -D' .,.
occasions at the northern-most site (Mantoloking) and once at a mw-Bay station
.(Waretown). Nitrate plus 'nitrite concentrations (hereafter referred to as nitrate) were

• oLL . '" .... ~! ........ . ... .
w: ... .l~~ 1..IIGU I. "'1."'& \~'l5' JU}. , lUU&'I;; Q.lIU 1I1.5"~

tions were noted freauently at Mantolokin2 in fall thrOu2h winter and occasionally at
-' . . ." - -- -- ... .

uwer Werelc:s3~ .
There was a weak seasonal pattern at all stations of lower concentrations in spring

" . .-
m1n_ 1n I',. _ 1'1" l!;lrp! ~nl'

d~ concentrations again in late fall (Fig. 3c).

-Chlorophyll concentrations were lowest 10 April, lOcreased steadily to 20-28 mgtm"
..... T."1c~ ....~ ......... .•• ...... 1....... •.....:1 -- i'C'~ A.,- --J, _.- ..._.. " .... .,

. (NJDEPE Leed's Point Laboratory, unpubl. data). Concentrations were generally
lowest at Waretown, the station closest to the ocean inlet.

Secchi disk deoths were 2enerally smallest (turbiditv hi2hesO in July at all four
" . seccni aislC

":.. .
ns V·lg. ~). '" ... .... ... ..

at waretown, hlgnest turDIQlty at aWJan, ana 10 late turOlQlty at _.-
1....1n..·,. ....iii U ...lh 0..90,,"

-'"
........... .............

".I '.1 ., '0' -, W'

mtensltles (FIg. 6a) did not show as strong a seasonal pattern as ChlorophYll a
" rc:....iI\ D........ .......... ........ • .........90... '_LI

,- -D' "'

phyll a concentrations were often highest; rates were generally lowest at Waretown
............... •• .... " ......_ ...Ao......
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A more accurate calculation of in situ phytoplankton production rates requires direct
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et al. (1981) alaorithm in Barne2at Bav,

Sediment-Water Nutrient and Oxvaen Fluxes
1'0 ••

_ut'!St,.t' -AI1YAa nF • '!SC! .. - . n" ltlYht •
. . -.. .., -g'.,

strated that the sediments in Barnegat Bay are active sites for decomposition oforganic
matter and, at times, active sites for benthIC photosynthesis (Table 1; Appenalx A,
~: A 1 A... ... L...... n .... ,_ .~ • !_ ..L_ ..:II__~_ -' • •
""1&"' • .n,-- .. ",. ....... ~. _I' .J.'OI._ v .. -u.- ""'"~

metabolism (organic matter decomposition) CEq. 5). Rates of benthic metabolism
· • Y. .. .L ... ... ~t, • t . ~ .. 1, 'W"'! __ ... 0... n.

....~..~ _ .........., ...L UVUI UI~ iXl.uUl .....u .............." i»",,~ \ Jj,a.u_ .L, ... ·..6"'. , 'u/. --

were aooroximatelv twice as hi2h at the sandv. site relative to the silt-elav site in June
(Fig. 9). Rates decreased by August and were similar at both sites; rates in October

· .
were to [nose

uross (total) benthiC photosynthesis IS the sum ot net pnolOsyn'ln'eslSToxygen nux in
tto.. lifth.l ........ tn••~.... _ .................... I1'!ll...,

•0.°1 I' • • • -" ...

consumption) (Eqs. 5-7). Gross benthic photosynthesis lcltes at ambient IlUd-day
bottom light intensities (150 I'E m-~ sec-I) were high (6675 I'mol 0 m-~ h-I) at the
___ ...... : ..~ l_ T •• __ • __ • __ •• ,___ :_ A. •• _ •• _ .. _.:.... • • :_,,;.,. •

......u .................... , a ........ ...... '" a... ........ ....
(3090 amol 0 m-2 h-1) to aDoroximatelv half those measured in June (Table 1; Fig,..... .. .. . · - . . -. -:;- . .tt
IU}., nL LUIii. -J ;ULIii, Ul\.C;~ UI 5ru~~ __c ._':~ Wliillii lUW ,au. . . -- ',; ... _.-.......
urree 1:RJ lD lUln arnOl U II n '1 I I II.

as were light intensities (:S:20 IlE m-2 sec-l) (Table 1).
-

- .•• -AnY........F • UlD.... ft....
. .- , Frnrn n {It .n M\ ~t ..;th,..... · .. '"

the sanay or sllt-elay site aunng any Of the three samplIng penoas, unaer any ugm
-r..hl... . A. .... ft.. A. IV .... Jl_~V'\ h ...._,.n .h..

nF- '. ., ..
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natf'!.1Z

(Eq. 5) and Redfield stoIchiometry (Eq. 1), a considerable amount ofphosphate ShOUlQ...."....._..' ._.t.. 1. A .. A C:ft.. A ,1'0 ..... A _~1lI\ ..:... .......... .nF
- ..., •• '·0' • ",

phosphate release from the sediments in the dark ranged from 7 to 30 I'mol P m-2 h-1
t'",._.........,.
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EutroDhieation in Bam_at Bay: Year II RESULTS

, ££......~ V£ W~I'V lIUI. UUlIl U au ·U. .....

either samolin£ location crable 1: ADoendix A. Fills. A-ID to A-6Dl. Small fluxes
(:s ± 10 pmol m-2 hal) of nitrate were noted on only two occasions at each site.

- .Ammoma flUXes were s~u pmol m-'" n- I at tile S3I1(ly SIre m~une an01JCtODer; m
1"1..." n.1"- - ......

-/0 to l~U pmol N m-'" n- l (fable 1; AppendiX A, Figs. A-Ie, A-3C and A-;)l;). At
.h... .a... n A :_ T••_ A_...r ....
_.- "A•• ---J --, _._.- ,- - .... ~ -0' _.-

no measurable flux in October (Table 1; Appendix A, Figs. A-2C, A-4c and A-6C).

A com . oflaboratorv and in situ measured fluxes ofnutrients and OXV2en under
..I.' -' •• _.. •• • ••.• • • • ~ ~ A ...
"4IA GliU."!i"".. ... . ~ Ul~ iXU1Ul _... • .03IIM III~~~~ _ u~".u~~

IIi Ul~ .IlQU iUlU ,Y ~ ..DUUI iIIlU In oJUN

ammonium data demonstrated no release ofammonium from the sediments (Appendix
A ...tllS" A-lcanOA-/LI noll 'anrriw.
flUXes were negUJlble (AppenalX A. filgS. A-HS, A-lD',X-~an(f1\-7DJ.

Oxygen fluxes in the light were also similar in the water overlying both the field and
• .,A ..&. n:__... .. __ .I ... ,., A. ...

'1 ..-A' .-a, £, "':',", .--.'~ ~.

of oxygen consumption in the dark indicate that rates were similar althouJdl somewhat
••• • L'L •• .L' .L L"' _. -' , -".... .. .

"~5.I:~ ~I I.lI~ .'Y UIGII III~~(#.U(#l~ 'A .~~ n, ~1503. ~-.a.n GlIU ---:'.; .--.~. ~.:w

U.l UIIC n~ IIC.lU lUlL ~ UIC I.l:liC U.l UIC

flux chamber for the in situ fluxes. The chamber has a thin plastic disposable glove
, . _. .. . ...

m mil! S.IOII! [() 3J ow water m III mil! s.oaCll! Ins.tOIl! mil! WDClI

samples are withdrawn without contaminating the chamber water. Oxygen could
th,", ainu,", 1ft Inw,",p ~ nll'P'l.

In addition, thereis some leabge of outsid;water into th; in situ ch~bers when
.h..... ...... ......k .... +h... .ha
-'-J -- -"... &' A'"
be loosened to turn the stirrer.

water COlumn EnClosures and 5edlment
..
- -r - - I"'UII I

l;onaltions lDSIGe ana outsiae me enClosures were oemonstrated to De Slmuar oascu
..... .. • ,..~ - ,..# I~ft"'+ • • ..._. .- ~ ....~A.. !InA
- -J -CJ'

outside the enclosures (FIg. 11). Phytoplankton Species composition and abunaances
- ',"\ ....~ .. . _...... :....:~_ ....~ . . ,+...... rT''JIh.1..-, _.- ...
3) were similar, measured 48 h after enclosure deployment. In addition. there were
_ •• ...... • •• __oJ"· - .:. ~.lI.
...., ...., _au... _... • ...A __

and outside the enclosures (Table 4). The results described above indicate that
• • • • ....JI ....I. • L.... . .

- . .. .. ~. .. ".
_... me:~ yCi1£:5 :51.uuy. me: WI:lI.Cr wgc;- _" ~1H;;AYl

weather and vandalism' unfortunately. 1989 was no exceotion. Some or all of the
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sites on all dates examined

expected since the two sites are within approximately 1km ofeach other and the water. '" . . .. .

measurements.

33:1, which is approximately two times greater than the theoretical Redfield ratio of. . . . .

but rather is depleted in both nitrogen and phosphorus relative to carbon.

The P and N contents of the sediments at the sand v etated site showed no consistent
increase or decrease with depth (Figs. 15 and 16). Total P concentrations ranged. .

variability.) In contrast to P, over 90% of the total N in the sediments at the sandy.. .. . '",
ammonia (Fig. 16). Concentrations of total N ranged from approximately 0.2 mg

You are Viewing an Archived Copy from the New Jersey State Library



Eutroohication in Bammat Bav: Year II RESlJ(~1'S

-- - - .
N/I!:QSU: L.~ ~. I nf'! mml N 7'I'nTn- - .... -"
., anll' mann rnf'! rnral ... ""f'! nau,,", nn n, r'I"I"T n

th;C!· ;t ,,"'!aU h. A... tn. • • innntc! ~n."; th. t"lV'\to <I..A •• ..... -~

". -" -r

A ••100.. ..; .... l) ....A lJ • ..;.100 A_.k

"--- .."'- '!. .....:..- .... . A ..... ~ .._ I'r!:_~'r ,,,,-__ .... 10~ ...._ ..... 1 'D
.......-0&& W&... ...v'r.. IoU ..., ." .....& \......~...... _ .... "'VI· .&.' -. . .. . 1.' .1. •~ &L ~. . ':i" ..:.-.-

W"I.I;; ......_ .., 'U);II __ UI'" .XLUU.Y ....v .... ... ... .- .... ~-
..1>._ .... _. .. .. . .

V.~ W V .....} IUa::: I: '~U;) wlUI OU7IJ VI IIIVII;; VI UIIW r- UI UIIW lvnu VI

P Total N concentrations were two to three times 2reater than at the sandv site and
ranged from approximately 0.8 to 1.4 mg N/gds. Extractableammoniaconcentrations.. ..... ...... ..UI"'''''' ar rn,a II .un 111 anll lIIun nll'!l'1In .lC!i;li

.h.... n M'7 ml~ 'M/~Ao f1:'~ 1Sl\ anrrw,.;;" • lil"Cc. th!llln 1nll. :'f I 'N'.... "CJ' '"" ...... -" ~

A ........a ..-iOl....., ..; ........... _. n.t 137("11 • • !t ftIIO!lllt- nltnAApM m ~
•~ r 137 r. • ...

unpubl. data). Based on the Cs data, maximum net sedunent accumulation rates
were estimated to be approximately 0.1 cmly (R. Bopp, pers. comm:}. lii1lie surtace
A....?_ • L"'W'\ nn~. ! ..1. •• ' .._ "\"! ..L"'~ II.......
V-'" "'III - DIW WG:ll CIi2 UI7 .l.77 'III'" ......y. IoU......... -r'"

at 2-4 em m. Bono, unoubl. data). Radioisotooe lXofiles were not measured on cores
nom me sanQY~

Based on a net sediment accumulation rate at the silt-clay site of0.11 cmlyt an average-.. . -
measured sedIment denSIty or 1.J goSlcm" wet secument, ana me average toW n iIIlU

'D ; ................ A "'.... -"t·· 1'lttl"4i! nf n,at N' !Jlntl P hllri!:ll w,.,.,.· • In- ' ..
be 135 mmol N m-Z 'fl and 18 mmol P m-~ 'fl, respectively, at the silt-clay sue.
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....." . . , .J! ..L .J .. , l' ____.__.--.:L_ __-::2 __
' .1
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processes that control nutrient availability and thus eutrophication within the Bay,.. . ~ -_. .' .. . - .
DC UI IDC lISa "UT ~ .

Temporal and Spatial Variability of Water Quality

Chlorophyll concentrations, phytoplankton production rates and water column tur-
bidities indicate that Bar,negat Bay is currently lit a moderately eutrophic state.
_. • . • • ._..__ • T ••____•.1 - ___ .•••

~ .....""~, ................ , .......
higher than rates in many other East Coast estuaries, including Narragansett Bay,
- ... - ... I. ..... .. 9_1... • - - ft.

DAY 41IU rVIIU'A ~IU ...-r,
and Great South Bay, Ll, also a coastal lagoon (Fig. 19). All of these estuaries receive. . -:. .

N anll ... rrnm

,
I .........,.. n ..,n in w..v rn nrrua1'

with high" nutrient loading rates and~ similar k, G~t South Bay, U (Fig. 20).
T:_'L.. -_..I .........._.__ _.....

in:&6"· , ....-....... ...~...... -'D_....._____•• _ ...__ . rc:.- ",'\ "1'•••_- ,....... ,
.........1' ........................... \& ..~ • ....I· .. ....

to water column turbidity are phytoplankton biomass and suspended sediment. Both
"'.1 ' • -... ...... 1'_" • __ • ___.I

AI.'l;; ~.lY III .D4Y • .I.IIIW Uaul ' .....-
bigh chlorophyll concentrations indicate high phytoplankton biomass in the water. .. -. . - , .... ... ,.

wmcr u~mam l1~r m ·Vl

the shallow water column, winds and probably heavy boating activity result in
nt' '1ntnthp~ "'Wl'ffIjiii rnp~p

is sufficient light for the phytoplankton to be able to use essentially all of the ';~trients
,1'\ ~n. UI"~_" tn. n,an ...",t... n", ... . ,

1ft.. thA . -v,,.~ ,- ....II • • • -:'la... ~n ;~., ~v
""Ill' .."

Htt1. Haht ... . thA' ,.~ - l:l.." ~n th......;11. tn l~tP, -0 -J

summer, even 10 areas only I to 1.5 m deep (Table 1). These low light levels result
:_ •__•• 1_ __._. _&. .. .. ... ..... __.I ~ •• _1_ ; ...
••• '.... ...... '" ......_ v' ... ....- a'
mid- to late summer, even at the shallow sandy study site, and low rates throughout
...._. ....... :1.' _ ... ,... _! .._ ---I.' 1.--ro,_ 1'1., Y_ .1:-_.. •••L:1_-...~ ........... ~.., '-, ~"""'J ~.,.. ", .. '''Eo- """J' .&I, .........,

"'L .. • # ...._a._ _..._._-
.~

You are Viewing an Archived Copy from the New Jersey State Library



....AIA • T • iIo _ .JL .... • • ..1.

_~ • y ~ .t. ~ • •

VA • _". "Ullwauu '0 • CLio UIIl;; ~IUJ.... _-, 11_.1

in Dart reflect the low abundance ofZostera and/or RUDDia f< 10% cover) in Awrust. .., . --- . . . -; ..
IoU U~ -L..J711 UJYC£ n. .lillie. _a~

is considered to be a maior factor leadin2 to • • - in beds in
orner KSlIV 'er ~I ''''"IX' I Irm Ann l"lIlIIi1

A ~.. ..

TDese seagrass Deas are an Important naDUat and nursery ground for finfisn ana

• • L. .. L 1...1. ....1 _! _,_ _~..&.__

y .. u ...... 'J ..... UV..II ~...IIU'J CU,"'" "' -J ~A&.W~ .......A ....
.....1....~ .......

• . •. ~ Iw~~ u'a:& IA~ VI 1:'''.1 '.~ .... t •• III. .~. D4J. .a.:~1

lClU;;;l WICall;; UiIl:ICU UU-UU:< 1lll:.UI.. . .. ..... .. - .... ... -. -- - _... .;;_.. ,.
~ " iIll';' . .. / ~. '.1~Ol: .1, rIB.~,~~. . _... ~~ ~1.

U41.l Y III .I ulle aL ne :!IOiUIU Y :'liII.C
__ • _ .'" _to • • • •• _ • ., ._ ~ •

~v mmUI \,.. m ·u 'J, wmcn IS _..-..- lour um~~ieSli man Y.J _..-

• •• ftIt~ in thP. ~v in Tn",.. t1.4O mmnl r m·"",·l. l:icr ~, "Tn Clr.tnber

rates or aauy Dentnlc prImary proaucuon at tne sanay Slte were apprOXImatelY IV

mmol C m-2d-1 compared to phytoplankton primary production rates ofapproximately
lon .........."'1 I ....-~-l v .. t ..... "'~ ......... hA '.lit ",,""a..

• ." ..- ".I ....

locations in Barnegat Bay where there is a higher biomass of SAVs. While our
~.. ....1 .• ...1 • ••• •• • ~__~ ~ . .&..'T...

• t. -~ U.lU nu.. • .•• ..~ w • • _. .• •• ~ ..- • u ...... .., ".. ' ...

• _ ~1I~.1. ~Ull;; ~ CU5~' -: • -J r __ la.u;;~. •

wncn ~~ Y ~ 711 "'1"110'11 WiIl:I t.I UIlC iU :5iI1IUY ;»&Uiil.

- -.. :., ,""UII \1- .. . ..
II: : .. JI ;;1'11 ••1 I ••

........!!- _..&. .. - -_-II

.... _.- ...".....
estuaries include external inputs (e.g., rivers, runoff, groundwater) and internal

• • ••. • ••••• ..:... ft .... • •

UI lUll;; Wi:l~ CUIU III • VI.

from sediments to t4e water column following decomposition oforganic matter in the
sediments often ~1Unnlies between 25" and 50" or more of the nitr02en and. . ---
pnospnorus reqwremems or r 'J '.0; \NlXOn l~lfI,~.~, -J

'JIftti v .....ft 1QQ~\ , -- , ,..,. .• • '. iill....a 1lI'JIva~n "''.lOti""
'-r"I -,

pnmanly 10 estuarIes 10 Which the average water depth IS greater than the 1~ ngnt

.. \'O;QU..... VJ• .0;.... V" ~ ................._-

in shallow coastal lagoons where there is sufficient light penetration for substantial'
• _1 __1 • • __ .a ..T: 1no~_ .." T__••_L. _11 _.-a,- ''"' .'"'uno..... ,", .. v.,..,,,,~.........va. ,-- ,.

of the nutrients mineralized in the sediments may be assimilated at the sediment surface
.... • .•• _1__-
.., -!!t"'.....

"ft ~ ... •••

u~ VII IIlw .lCnWo1l VI.. ...
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Eutrophication in Barnegat Bay: Year n DISCUSSION

amounts ofboth N and P should be released from the sediments (Table 1). However,
none of the P and only some of the N released during the decompositiOn of organic
matter in the Bay sediments is recycled to the water columln by diffUSive flux. The
amount of N and P that appears not to be returned to the water colUmn ii eqUivateilt
to betWeen 20" and 50" Of the estimated phytoplankton Nand P reqUirements.

In Barnegat Bay, Nl, benthic algal production is important in controlling the flux of
nutrients, particularly nitrogen, out of dIe sediments. There was 110 measurable flux
ofammonia out of the sediments at either the sandy or silt~y site when gross daytime

in the light were incubated in the dark for periods of 6 to 24 h, no ammonia was

and silt Clay sites), the flux of ammonia out of the a_menU was similii to that
predicted from Redfield stoichiometry (Fig. 23; Table 1). light intensity is an
important factor controlling rates of benthic photosynthesis in Barnegat Bay (and thus
the amount of ammonia recycled from the sediments to the overlying water), based
on the linear relationship between light intensity and benthic photosynthesis (Fig. 22).
Low light levels at the sediment surface during mid-summer Quly-August) resulted
in low rateS of benthic primary production, while higher rates of benthic primary
production were measured in early summer (J'une) and fall (October) when bottom
liglit ICVdS were highet. SUbmergid aquatic vegetation (SAV) does not appe2I' to be
a major faCtor controlling sediment-water nutrient fluxes at our study SItes, as patterns
ofNand P release were silriilai regardless ofthe presence or absence ofSAVs. Further
experiments confirming the importaflce ofbenthic algae in controlling sediment-water
ammonia fluxes were carried out during YR ill and will be included in the YR m
Final Report.

Durand (1984) found significant release ofNH4 from coastal lagoon sediments in
Absecon Bay, NI. However, it is difficult to compare his results directly with our
Barnegat Bay data beCause Durand did not report ambient bOttOm light intensities and
measurements were made in the darlC.

The lack of measurable sediment-water fluxes of nitrate at either station in Barnegat
Bay at any time suggests that sediment nitrification rates were low. It also could be
due to very efficient denitrification ofany nitrate produced in the sediments (Seitzinger
1987b). Denitrification can be a significant sink for nitrogen in estuaries, removing
as much as 50% of the external N loading (Seitzinger 1988). Measurements of
denitrification were ~ot made in the current study. In addition to denitrification,
permanent burial in the sediments can be a sink- for N in estuaries. However, rates
oiN burial in the sediments were small (l3S mmol N m-2 }""1 translated into units of

relative to the difference between the measured and predicted release of N from the
sediments (Table 1).
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fluxes, the data indicate that factors in addition to benthic aloe control phosohate
a ..•.__ ..... .- ._- .~ ~ A . '.'
..& ......~. ... ••..,...... .......... U.& .&.&UIII UIIW , en
0" ~. • 1 _. . .. ... . . ... •• .
U&~ ~AUUY U.& ~""' ·u.&· : i:U~iU ' rl:Lu:::i W ....& ..... .. . .. . .. .. . . . .. ... .. . . - ....

IU5II U.i .&UW, U.i wen:: III WC 111nl or WC uant .l.J.- .. ... . . . . _.
Duncu Ul uun Dan .1 ~

in freshwater sediments 19R5). However. the innraanic nhomhnntg content
of sediments at both the sandy and silt-clay sites was relative1y"Io~ (FIgS. 15 and 172
!:II"''' n ..r n,n'1lU n' ., In rn.. UI'!loC! .......... I X ...._,.. U "",."" 11""& = -'I ..""1'1.. rn-'"... -- --,.
h-I.\ tn th. th... .....11 ",F II t'rnm,
th... .........- ....~ th... ; ....-.Iii.- . ...

-~ -.. . . - .
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....... ,
sion of bottom sediments, such as may occur due to wave action or boating activity,
the C:N:P ratio of decomposing organic matter, and benthic algal interactions, were. ... ..- - . .... . . . .. .. ..- - _. .-

1 A Ul l:LIIU Wlll UC lllule~ .
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inputs. While phytoplankton production rates in Barnegat Bay are already consider':'
. L' . ~.. . . . . . . .0- ~ co_..
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from either external sources or from the sediments. woulld be CX1JCCted to further
increase phytoplankton production, and thus increase eutrophication. (Studies of.. ...... . .. -' .......-
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sediment surface. Currentlv. both N and P are bein2 retained/removed efficiently in.. . . . . ~ . . . .. - ..
we , UlU~ Ule _ :Ul

• &.
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the sediment surface which are assimilating the nutrientsreg~ in the sediments.
1..1gnt IS a major ulnlDng 13.Cror ror oenuuc pnmary .&'

. n in me lSay, as' .
hv-t"" "1nc",, •• •• 1iaht . '. f1nll • .. . .' . . (FiR:
-" -v -" ... " ...
10) and benthiC pnmary production IS Important m controlling N (Fig. 22), ana alSO
HJ,...l .. 'D +1......... f'oo....... th... y....,""t..... ~ftft'''~

that-benthic algal production is no longer sufficient to assimilate N and Preg~
in the sedIments, then the nux of N and P from the sedIments to the water COlumn• ,-_ .. ...... . ft_'" ...... ~ .. .. •...."'.......... :... •-- -.. .- -,.- ,- ._.- .. ..
estuaries, where bottom light intensities are not sufficient for significant benthic algal.
a .
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sediments in coastal lagoons are more efficient at removing P than N (Seitzinger
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Barnegat Bay, as well as data we are collecting in the Delaware Inland Bays.
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Eutrophication in Barnegat Bay: Year n APPENDIX A
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Figure A-1. At Oxygen, Bt phosphate, C) ammonia and 0) nitrate plus nitrite concentration
versus time in water overlying laboratory-incubated sediment cores from the sandy
vegetated site in Barnegat Bay, June 1989. Cores were incubated at ambient Bay
bottom light intensity (light), 50% of bottom light intensity (medium), or in the
dark (dark). The dashed line is the predicted phosphatl', ammonia or nitrate plus
nitrite concentration in the overlying water of dark incubated Cales based on the
average dark oxygen uptake rate and an O:P ratio of 212: 'I, O:NH4 ratio of 13.25:1,
or an O:N03 ratio Of 17,25'1 (see textl
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Eutrophication in Barnegat Bay: Year II APPENJilXA
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versus time in water overlying laboratory-incubated sediment cores from the
silt/clay site in Barnegat Bay, August 1989. Cores were incubated at ambient Bay
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