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Eutrophication in Bmlegnt Bay: Year II ~ SUMMARY
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Biological and chemical data collected in Barnegat Bay, NJ, during 1989 indicate that
the Bay is in a moderately eutrophic condition. Phytoplankton production rates are
considerably higher than rates in many other East Coast estuaries that receive
substantial amounts of nutrient loading from pollutant sources. Phytoplankton
production rates are greater in Barnegat Bay than in Narragansett Bay, Delaware Bay,
Charleston Pond (a Rhode Island coastal lagoon), and Great South Bay, LI (a eutrophic

coastal hovmn\ Chloronhvll 2 concentrations are alen hich in Rarneeoat Rav comnared
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to many estuaries including Upper Chesapeake Bay, Narragansett Bay and coastal
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South Bay, LI. Light attenuation coefficients, and thus water column turbidities, are
higher in Barnegat Bay than many other coastal lagoons. Detailed studies of factors
controlling phytoplankton production in Barnegat Bay were not a part of the current
study, but were investigated with nutrient enrichment studies using mesocosms during
YR IV and will be presented in the YR IV Final Report.

The sediments in Barnegat Bay appear to be an efficient trap for nutrients (nitrogen,
N and phosphorus P) which are produced during decomposition of organic matter
in the sediments. None of the phosphorus, and only a portion of the nitrogen, are
recycled to the water column by diffusive flux. This contrasts with deeper estuaries
where almost all of the pnospnale and approxxmawly half of the ammonia proauceu
in the sediments, diffuses into the overlying water where it is taken up again by
phytoplankton. The efficient nutrient trap in Barnegat Bay does not appear to be due
to permanent burial in the sediments. Some of the nitrogen may be removed by

denitrification in the sediments (not measured in current cmrlu\
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Measurements of sediment-water nutrient fluxes and benthic primary production rates,
as a function of light intensity in Barnegat Bay, suggest that benthic algae on the
sediment surface are controlling the release of N from the sediments by assimilating
ammonia as it diffuses across the sediment-water interface. In early summer and fall,
when water column turbidity is lower and light levels at the sediment surface are
relatively high, rates of benthic pnowsynmcsls were substantial and no ammonia was
released from the sediments. However, in mid-summer (July-August), when light
levels were iow at the sediment surface due to high water column turbidity, benthic
photosynthesis was negligible and there was a substantial flux of ammonia out of the
sediments. (Submerged aquatic vegetation, SAV, does not appear to be a major factor

The Academy of Natural Sciences i
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controlling sediment-water nutrient fluxes at our study sites as patterns of N and P
release were similar regardless of the presence or absence of SAV.)
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data indicate that factors in addition to benthic algae control phosphate fluxes. There
was no measurable release of phosphate from the sediments regardiess of whether
benthic algal production rates were high or low. More extensive investigations of the
mechanisms mvolved in sediment-water phospnate dynamxcs, mcludmg phosphate

wave acuon or boatmg acuvzty, and benthxc algal mtcracnons, were conducted dunng
YR I and will be included in the YR III Final Report.
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P available for phytoplankton in the Bay and thus decreamng the apparent magmtude
Ol' CUII'OPHICH.UOH IOI U’IB pI'CSBl’l[ raie Ol' ezm:mal numcm mpu:s nowever, an lIlCI'Cdbc
in external N and P inputs to the Bay would be expected to increase phytoplankton
biomass, and thus, water column turbidity. If water column turbidities increase to
the point that benthic algal production is no longer sufficient to assimilate N and P
regenerated in the sediments, then the flux of N and P from the sediments to the water
column would be expected to increase, leading to a further (and possibly non-linear)
increase in phytoplankton biomass and production, and eutrophication in the Bay.

FO

‘The efficient removal of P and N in the sediments contrasts markedly with data from
deeper estuaries such as Narraganseit Bay, Delaware Bay and Chesapeake Bay. In
those estuaries, considerable amounts of N and P are recycled from the sediments to
the water column. The findings of the current study suggest that models of nutrient
control based on the relationship between nutrient inputs and eutrophication developed
for deeper estuaries need to be modified for estuaries such as Barnegat Bay and likely
for other shallow back bay estuaries or coastal lagoons.

The Academy of Natural Sciences i
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INTRODUCTION/BACKGROUND

Eutrophication! is a potential threat to the ecological health of Barnegat Bay and other
shallow bays behind barrier islands (back bays or coastal lagoons) that line the New
Jersey coast. Nutrients (nitrogen, N and phosphorus P) enter these shallow bays
from a variety of non-point and point sources (e. g rivers and streams, storm drains,

runoff, atmospheric deposition, broken sewer pipes, marinas and boating activity,
groundwater, septic systems and direct discharge). Nutrient inputs to Barnegat Bay
are expected to increase in the future due to continued population growth in the Bay
watershed, as well as increased recreational use of the Bay by boaters.

uaugmg the effects of increased aevexopment on eutropmc.anon in uamegat bay is

In aadmon, nttle is known about nutrient dyna.mlcs (including the relauonslup between
nutrient inputs and eutrophication) in Barnegat Bay or any of these shallow, highly
productive bays. Previous studies of eutrophication and nutrient dynamics in estuaries
have focussed on relatively deep estuaries such as Delaware Bay, Narragansett Bay
and Chesapeake Bay (D’Elia et al. 1986; Boynton et al. 1982; Nixon 1981). The
extent to which results from studies of deeper estuaries can be used to predict the
effects of nutrient inputs to shallow bays such as Barnegat Bay is unknown.

In order to assess current conditions in Barnegat Bay, as well as the possible effects
on the Bay of increased development, the current study was conducted. The major
objectives of the current study were to: 1) assess the temporal and spatial variability

. of water quality in Barnegat Bay, and 2) begin to quantify the important processes
that control nutrient availability and thus eutrophication within the Bay, including the
magnitude of the sediments as a source or removal site for nutrients.

To achieve these objectives the following measurements were conducted:

1) Water column inorganic nutrient concentrations (ammoma, nitrate plus nitrite,

| PP TP TRY Yo coimcale P DU S Y

pnospnaic), uuuwpnyu a concentrations (New Jersey Depariment of Environmen-

1 Eutrophication results from high rates of nutrient (N and P) inputs to aquatic systems and can lead
toa v-.nety of conditions mclndmg algnl blooms, increased water column turbidity, changes in species

P e e e T sl mnsaindunsl e = Ao b_at o AR

composition, and sventually to a aepieqon of oxygen in the water.

The Academy of Natural Sciences 1
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ta1 rIoIeClion anda cncergy,; u.luurn), turbidi :v \ JULJ.'D), and pnyuwopiaiision
production rates (NJDEPE) were measured over an annual cycle at four stations
throughout Barnegat Bay.

2) Sediment-water nutrient exchanges and oxygen fluxes were measured in early
summer, late summer and fail at two sites in the highly developed northern portion
of Barnegat Bay.

3) Deposition of new organic matter to the sediments was measured at the two benthic
nutrient flux sites during summer and early fall.

A substantial focus on nutrient dynamics was directed at benthic processes because,
as presented in detaii in the Discussion, the sedimenis in many (deeper) estuaries have
been shown to be an 1mportant source of recycled nutnents supportmg phytoplankton

'I'Tnflprchnd:na fhp maamhulp nf mtrient cunnlu anrllnr mmnvnl in thp epthmpnh ic
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therefore, necessary to understanding factors that control algal production in the Bay.

Nutrients enter estuaries from a variety of external sources including river inputs,

direct discharges, storm drains, runoff, atmospheric deposition, broken sewer pipes,

inbiieht Dby’ Shininhdaliaid ettt Sadadaadeinteind F wia' diadnd

marinas and boating activity, groundwater and septic systems. Once in the estuary
the N and P are used by the algae for growth; however, the external inputs of nutrients
to estuaries are generally not sufficient to supply the needs of algae. Recycling of

nnhﬂpntc unﬂnn tha water nnlnmn and I\Ahnnﬂn tha hanthir cadimante and water m a
ol Bk BARR BARWs WEALLE GLIENG iAW UNWAAMILAAW DWARAILLWALLGY fAl NS

major source of N and P supporting algal production in estuaries (Boynton et al. 1982;
‘Nixon 1981).

s A £

Inorganic nutrient (ammonia, nitrate and phosphate) inputs to the estuary are fixed
into organic matter by phytoplankton, benthic algae and seagrasses. This organic
matter is then consumed (metabolized) by microbes, zooplankton fish, benthic

mvggt,;dgra_ggs etc., in the water column or sediments: eventuallvy most is released back

Bvwa FWwawrasai Wi Swwirisuiivsg WY waivMtase ] ARRW NS AW

to the water column in the form of inorganic nutrients which can be used again by
the algae and seagrasses. It is during the decomposition of organic matter in the
sediments that N and P can be removed temporarily or permanently from the estuary,

thus decreacing the suﬂn‘v of nutriente for nhutnnlanlton nradustinn and affacting tha
SRS WS W A WS A Il -l 8 a S AWNSE yl.) wkllillu\wll P‘ Wl W AW/ G NS mlwulle L2 24 =4

degree of eutrophxcanon resultmg from a given rate of external nutrient input to the
estuary. '

g
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Measurements

In estuaries and other shallow marine systems, a considerable amount of the organic
matter produced by phytoplankton or by benthic photosynthesis is decomposed
(consumed, oxidized) in the bottom sediments by benthic organisms and bacteria.
During the oxidation of organic matter in the presence of free oxygen, oxygen is
consumed and carbon dioxide, ammonia or nitrate, and phosphate are released.
According to Richards (1965), the decomposition of typical organic matter (carbohy-
drate) can be described stoichiometrically by the following equation:

(CH20)106(NH3)16H3PO4 + 10602 = 106CO2 + 16NH3 + H3PO4 +106H20 (Eq. 1)

According 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 consu . 1sratioof C: V)

ratio for the decomposition of orgamc matter (Redﬁeld 1934; 1958). The rate of
oxygen consumption by benthic sediments can be used to estimate organic carbon
decomposition, as well as the expected rate of release of ammonia and phosphate to
the water column from the sediments due to organic matter decomposition (Nixon
1981; Boynton and Kemp 1985; Hopkinson and Wetzel 1982).

The equation for photosynthesis is essentially the reverse of the one for decomposition:

CO2 + 16NH3 + H3PQO4 +106H20 = (CH20)106(NH3)16H3P0s + 10602 (Eq. 2)
Thus, for every 106 moles of carbon dioxide that phytoplankton or benthic algae and
seagrasses fix into organic maiter during photosynihesis, 16 moles of ammonia and
1 mole of phosphate are consumed and 106 moles (212 atoms) of oxygen are produced.
This equation can be used to estimate the amount of ammonia and phosphate required
to support measured rates of photosynthesis (rates of oxygen production). The
importance of benthic processes in supplying phytoplankton nutrient requirements can
be examined from a comparison of measured benthic N and P effluxes and calculated

phytoplankton N and P requirements.

The Academy of Natural Sciences 3
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METHODS

Water Column Nutrient Concentrations and
Primary Production Rates

ntae ~nl Mmoo bt men Al [, | Lo nnontenba

ywailvl \,uuuuu conceniwrations o1 an "‘Oum., uxuau: pxus lllu u.c, auu puuapuaw weIe
measured at four locations extending from the less developed southern to the highly
developed northern end of the Bay (Fig. 1) from April 1989 to April 1990. Nutrient
samples were composite depth samples collected at surface, mid and near bottom
depthis by the NJDEPE DSR. Samples were stored on ice in the dark for transport to
the Academy of Naturai Sciences of Philadeiphia (ANSP) where they were processed
and then analyzed by ANSP. Ammonia samples were analyzed immediately (Solor-

zano 1969). Nitrate plus nitrite and phosphate samples were filtered with acid-cleaned
glassware through pre-nnsed glass mlcroﬁber ﬁlters (Whatman 934~AH) and ﬁ'ozen

- L rpn ] 191

producuon rates chlorophyll a concentranons and secchr dlSk depths were m&sured

Theaes cum v uve o

U] UIC l‘JUDl’D at UIC samc lU\vduUllb, Ul.ll. at u:aa ucqucut UIWlleb ruaunaly

production rates were calculated from O2 changes in 250-ml BOD bottles incubated
in the light or in the dark for 4 h at approximately 150 yEinsteins m2 51 in a light
box. Oz concentrations were determined by Winkier titration (Carpenter 1965). Daily
phytoplankton production rates (DPP) were calculated according to Keefe et al. (1981)

as:
DPP mmol C m2d! = mmol O2 m3h-! x (0.5 x D1) x 0.8 x Hrsks  (Eq. 3)

whara T4 ie tha danth Aftha 107 licht laval and Teana 10 tha mimhae Af hanre haturasn
Wilwiw L7] 10 Ulw UU!JUI Vi Ui 1 /0 usul. AWVl AliU L1 I.B Wiv 11Ul Jl AIUUIQ USL YW WAL

sunrise and sunset. D] was calculated as lp = Ire'KZ, where Ip and Iz are the hght
intensity at the surface and at the depth of the 1% light level, respectively, and K is
the light extinction coefficient calculated from the measured secchi disk depth (Ds)
as K = 1.7/Ds (Parsons et al. 1977).

The Academy of Natural Sciences 4
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Sedimeht-Water Nutrient Fluxes

Study Areas

Sediments amnz the eastern marner mancn nomon of the nav are Dnmaruv sanuv.
with finer gramed silt-clay sediments in the deeper portions of the Bay and along the
mainland side. Sediment-water nutrient and oxygen fluxes were measured in June,
August and October 1989 at two locations in the highly developed northern end of
Bamegat Bay one ﬁne gramed s11t-clay sedlment area ( ~2m water depth) and one

m water depth) (Flg 1). Both of these s1tes were mcluded in the prevmus yeur s
study (Seltzmger and lelmg 1989) Field-collected cores were incubated in the

PR S, PR s PO PR, P RGN, Ry

‘uuoralor Y under ammem nem uzm and Icmueratures in an environmental chamber.

In addition, in situ and laboratory methods were compared as discussed below.

~~

utrient and Oxygen Fiux Measurements

SCUBA-equipped divers using plastic eermg tubes for benthic nutrient and oxygen

flux measurements. Care was taken during coring to avoid disturbance of the sediment
surface. At the time of sediment collection, water temperature (thermometer) and
light intensity (LiCorr Model 185) at the sediment surface were measured, and water
was collected from each location in carboys. The cores were maintained with

overlying water at ambient bay water temperature during transport to the laboratory.

LFil-A1L L0 atl WA PeIall L TR =Ry L i L adntena B K4

The oxygen in the water over the cores was maintained at near saturated concentrations

with the use of portable aerators. Once in the laboratory, the sediment cores were
maintained at ambient hav watar temnaratiira in a tamnaratura and liocht santrnllad

srraan iAo AT Mesawrawrs. ST WY TTHNwA W WA RIWAY AL @ WA GLUWL Y U gt VVIIW VLIVAL

environmental room. The water over all cores was continuously aerated and mixed
by a gentle stream of air up until the time of the flux measurements.

The sediment-water exchanges of ammonia, nitrite plus nitrate, phosphate and oxygen
were measured on replicate cores from each site (six per site in June and August; four

St LAl

per site in October) as follows (Seitzinger 1987a,b). Approximately 48 h after the
sediment cores were collected, the water (approximately 2.5 L) over each core was
changed with water collected from the site of sediment collection. The cores were

aerated until approximately 1 h before the first nutrient samples were collected or
oxygen measurements made. Approximately 1, 3, 6 and occasionally 24 h after the

water was changed, samples of the overlying water were collected for nutrient

analysls after manually stirring the water with a small paddle. Oxygen concentrations
in the overlying water were also measured usmg a YSI oxygen probe The probe and

atar wara nalihentard seetae ¢ Lend mawtao camsr=lac ~ o PR

meler were caiioratea PIior w the first ICTICS 01 Sampics and the czuwrauon was
verified with each sample interval. Oxygen levels were monitored frequently, and
when necessary, the water was reaerated to prevent oxygen levels in the overlying

warmbme Faom .

waict irom uluppxug below 4 mg lIz L ‘

Two cores were maintained at ambient light levels (at the sediment surface at mid-day

_____

in the field), two at 50% ammem mm—aay ugnt levels, and two in the dark, for the
The Academy of Natural Sciences 5
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June and August experiments During the October measurements, two cores were
incubated at ambient field light conditions and iwo in the dark. In addition to chamber
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 assessmg changes in
nutrient concentrations in the water over the sediments due to water column processes.

These controls were sampled at the same time intervals, using the same methods as
those specified above for the chambers.

Ammoma samples were analyzed 1mmed1atc1y after collecuon (Solorzano 1969)

thh acxd-cl&ned glassware and prermsed glass mxcroﬁber ﬁlters (Whatman 934~AH)
and frozen for later analysis (modified from Technicon 1977; Murphy and Riley

cnange in the concentration of nutnents or oxygen in the water OVCl'lVlHQ the cores

a.ftcr correcting for concentration changes in control bottles, the volume of water over
the cores, and the surface area of sediment as follows:

Flux (zmole m—2h—1) = -(—Q;AEL’SX (Eq. 4)

‘where C and c are the time rates of change in concentration in the water over the

cores (C) or in control (c) bottles calculated from linear regression analysis of the
data in units of umol/L/h, V equals volume of water over cores in liters, A equalis
cross-sectional area of chamber in m2,

-Sediment-water oxygen fluxes in cores incubated in the light and dark were used to

calculate rates of benthic organic matter decomposition and bentluc photosynthesis as
follows:

Organic matter decomposition rate = dark Oz consumption rate (Eq. 5)
Net benthic photosynthesis = light Oz production (Eq. 6)
Gross (total) benthic photosynthesis = light O2 production + dark O2 consumption(Eq. 7)

The calculated net benthic primary production is the net production of new organic

matter in the sediments (m:t due to nlnnl production and aleal and animal respiration)
r 6 %A GALLARAIGAR wyuuuvnl’.

The gross or total benthxc photosynthesw is the sum of the net benthic photosynthesis
plus the amount of oxygen that is being consumed in the light by algal and animal

sacniratinn fdarls MNa Annonismnds
l“yu“u\’ll \Mal b g Wllaulllyuull’

In June, laboratory measurements of benthic nutrient and oxygen fluxes were
compared with in siiu measurements at the sandy vegetated site. In sifu measurements
were made the same day the cores were collected for the laboratory measurements.

For the in situ incubations six chambers (12.5 ¢m diameter), including three light and

slawenn dmwmle mbesceeleman exomaece —To o ot o sl Lo_aa o 2% __a L % ___a Y L
UIIGE Udl h VilalliuGls, WEIT piaCtd OVET UIC DOLIOIM SCALMEnLS 10r approximaicly o n.
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Liamocrs were wumuuy ucpxujcu uy divers uui’is SCUBA gear SO that bottom
sediments remained as undisturbed as possible. Time series samples for nutrients
were taken at approximately 1, 3 and 6 h. Oxygen levels were monitored using a
YSI field oxygen meter and probe. An expansion giove inside the chamber allowed
water samples for nutrient analysis to be withdrawn from the sealed chambers without

admitting surrounding bay water or sediment pore waters (Seitzinger and Pilling

1990). The water inside the chambers was careﬁxlly and thoiroughly stirred manually
with a small paddle stirrer located inside each chamber before each sample was taken.

In ﬁddlhnn to chambar mcubaannc thraa lioght and threa daslr hattlae wawa Gllad unrln
MAS BAASWNAVAWES VWS i WAld gy WA WA ueu‘ GRIAE WAL WA WM & UVLLLIWAY TV WA W ALAAVWAS

bay water and were incubated on the bottom near the chambers and served as controls
for assessing changes in nutrient concentrations due to water column processes.

Samples were kept in the dark on ice during transport to the laboratory and were
analyzed according to procedures described above for laboratory benthic flux
measurements. '

Organic Matter Deposition Measurements

The quantity of o rganic N and P deposited in the sediments was measured using
semment ﬂ'aDS Sediment trans have been used extenswelv to measure the vertical

flux of parhculate matter. A number of studies have evaluated the efficiency of
various designs (Hargrave and Burns 1979; Bloesch and Burns 1980; Gardner 1980).

maior ﬂrnhlerp with the use of sadiment fmpe in estiaries i that thpu eollect not

'!.'he saséa
I A NP A

only newly dep031ted material but also resuspended material. Resuspensmn often
greatly exceeds the newly deposited material. (Hargrave and Taguchi 1978; Oviatt
and Nixon 1975).

In order to overcome the resuspension problem, we isolated columns of water from
resuspension for short periods of time and deployed sediment traps inside these

enclosures. The objective of the enclosures is to isolate a column of water from further
ernnenqmn of hnﬁnm sediments lnm'r Eﬂﬂll!!h t0 measure new denosmon 01’ orzamc

SNSRIV B0 PRSLAVAE S5RAARNSste AR S v SSSEIRERRe LIEY e vt %

P and N, and briefly enough to avoid measurably altering the natural rate of organic
sedimentation. The assumption is that the rate of sedimentation of newly deposited
(not resuspended) organic matter inside the enclosures is the same as that outside the
enclosures, if the primary production rate and phytoplankton species and abundances
are similar in both. These sediment traps and enclosures underwent preliminary testing
in Barnegat Bay during 1988; further testing was conducted in 1989.

and made of clear, 10— to 12-ml remforced polyethylene plasuc sheetmg w1th hoop
supports at 0.5-m intervals (Fig. 2). A collar extends 15 cm above the surface of the
water to prevent ouiside water from entering. The enclosures were filled by vertically
collapsing the enclosure at the surface and then slowly lowering the anchor which

was attached to the enclosure bottom to the sediment surface. The floatation ring was

The Academy of Natural Sciences 7
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simultaneously depressed below the surface of the water to allow the water to enter
over the top. Cylmdncal sediment traps with a height-to-diameter ratio of 5 were
used to minimize resuspension in the traps (Bloesch and Burns 1980; Hargrave and
Burns 1979). The traps were located away from the walils of the enciosure and as
close to the bottom of the enclosure as possible to capture the organic matter which

*
would have reached the sediment.

Last t year the enclosures were open but anchored on the bottom (Seitzinger and Pilling
177\.!). There was concern that there uusus be some ca“.uauy,w of water either J‘ufﬁﬂgh
the sediments or the bottom of the enclosure. To test this, we performed dye
experiments using rose bengal. Time series samples were taken after the dye was
added to the bag. Dye concentrations decreased with time indicating that either the
bag leaked or that the dye was sorbing onto organic particles within the water column

which were falling out of suspension. We therefore performed further tests with NaCl
to dxffercnhate betwecn sorptlon and lealcage. Tests camea out on two se.pame

presumably thrcugh the sedameats. As a result of thcse tests t.h.e bag was clo@d.... eff

at the bottom with a drawstring and anchored to the bay bottom. Sahmty experiments
were again carried out and demonstrated that the salinity remained constant. For the
100N £ oo om e crmdme maliianie mmmladzieas sraen alacad Aff né tha hattame wurth ~

1y0> 1IC1A 3€ason, the water column enclosures were closed off at the bottom with a
drawstring to prevent possible contamination of sediment trap samples.

The frequency and iocation of water coiumn enciosure depioyments were: 10 July
and 1 August, two enclosures at the vegetated site; 8 and 11 August, one enclosure
at the sandy site and one at the eﬂt.c!av site; 28 August, one enclosure at the inlt-cla\r

site; 5 September, two enclosures at mh site; 14 September four enclosures at the
sandy site; 18 and 25 September, two enclosures at each site.

At least 48 h after enclosure deployment, sediment traps were deployed inside and
outside the enclosures. Approxlmately 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
through prerinsed and precombusted Whatman glass fibre fiiters (934-AH). The
filters were dried (60°C) and frozen for later analysis of carbon (C) and nitrogen (N)

using a Carlo Erba Model 1106 CHN analvzer. Renlicate filters were analvzed for

BaLLE @ AV Asd UG AVAVMGA 4 AUV (wrdiAN Gl yitws o ANWi/iiwiates MMM YV WA W dRLidesy avra

total particulate phosphorus (P) by persulfate digestion (Martin and Knauer 1973)
followed by colorimetric analysis (Murphy and Riley 1962). Nand P deposition rates

wrama anlanlatad hoaoad ~w tha tatal AT e D jn tha sadimeant tear £..0ma a anefana

foon
WEIU LAlVULAIGAL UadtTU VIl UG VWAL 1V UL I 11 Ui BWIIIIUIIL uap ULIIIUL[, I.hv Suriacc

area of the trap (A), and the trap deployment interval (HR) as

i
d
r
(]
[

| PSRRI IS. T S | N e ~11 -
Licposiiion (umol mi™n"") = pmov{ATHR {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, 500 ml) were
collected 48 h after enclosure deployment ~0.5 m below the surface of the water

The Academy of Natural Sciences 8
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inside each enclosure and outside the enclosures. aampxes WEre preservea and stained
with acid Lugols solution and stored in the dark on ice. Phytoplankton samples were
processed by sedimentation and centrifugation (final concentration was approximately

50; X). Rﬁresenmnve Qamnles of phytonlankton cells were counted and identified

LGatlilatl SEIEIp oY KL PRy TR paae IRl Whald AW wwwisieas S ers ASE A AR

using a Palmer-Maloney nannoplankton counting cell with a compound microscope

(aﬂnrgvumatelv 400y maanification) Watar camnlac wara alen anllantad incida and
Tnaas e J T IR IIALAVGNIVIAS . TYQRwA SOULLAWS TYriw QLW WASLVAYLWAL LRSI Gl

outside the enclosures for nutrient analysis. Nutrient samples were analyzed as

Aacsvihad al\nu. frne hanthia flivw atvedian
WwoWwl AVWE AUV Y LIVL ULV LIUA JLUUIGD.

N and P Burial in Sediments

Sediment cores (7 cm diameter; approx. 1 m deep) were collected from the eam_iy and
silt-clay sites on 18 July 1990 by SCUBA-equlpped divers. Cores were sectioned at
0.5-cm inter ...ls. for the first § cm, 1-cm intervals for the next 5 ¢cm, and at 2-cm
intervals for the remainder of the core. Inorganic phosphorous content of the

adimante wnn Aatavminad heoad An tha Aicenluad nhranhata annsantentinne 1n
DUUIIIIFIILD Wad Uwlil IIIIIIGU vaseu vil I.IIU ULOJVIVWA PIIUDVIIGW VWIILVGALM ALV 11

subsamples (0.3 g dry wt.) extracted overmght with 1 NHCL (Froehch et al. 1988).

[ PP | P A, R S e aa cam et el ne el o mmceloiidad nd ASNOIN

10141 l’ content was uc[ermmcu on semmcm SUDSAMPICS COUIDUSIECU dl 40U
overmght to release orgamcaily bound phosphorus and then extracted with 1 N HCL
(Froelich etal. 1988). Organically bound phosphorus was caiculated as the difference
between total and inorganic P. Total N content of the sediments was determined

following semi-micro Kjeldahl digestion (APHA, AWWA and WPCF 1989). Sedi-

ment deantV was calcuiated for each denth interval based on wet and (ll'V weight
measurements of a known volume of sediment. Vertical profiles of 137Cs and 7Be

were mnuenrnd hu Dr. Richard Ronn on rpnhmfn cores nn“mfﬂt‘l with a hﬂnt"-’hﬂl(‘
- 111 L SAviiain SVpE W

corer operated from the boat at the sﬂt—clay sxte and used to calculate net sediment
Muxuulauuu ldm d.l lhal- DALG

Net burial of N and P in the sediments was calculated based on th et
sediment accumulation rate (cm/y), the measured sediment density, and e Nand P
content of the sediment (mg N or P/g dry sediment).

The Academy of Natural Sciences 9
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Water column concentrations of ammonia, nitrate plus nitrite, and phosphate were
generaily Iow at ali four stations in the Bay from April through November 1989 (Figs.
3a-c). During the winter months samples were only collected at Mantoloking and
Manahawkin. Ammonia concentrations were generally less than 2.5 4M and showed
no strong seasonal pattern (Fig. 3a). Higher concentrations were noted on two

occasions at the northern-most site (Mantoloking) and once at a mid-Bay station

‘(Waretown). Nitrate plus nitrite concentrations (hereafter referred to as nitrate) were
generally less than 2 M (Fig. 3b). However, more variable and higher concentra-
tions were noted frequently at Mantoloking in fall through winter and occasionally at
other locations. Phosphate concentrations were less than 0.50 xM at all locations.
There was a weak seasonal pattern at ail stations of lower concentrations in spring
through mid-summer, increased concentrations in mid- to late summer and then

decreased concentrations again in late fall (Fig. 3c).

(‘hlna-nnhull oncentrations wera lowast in Anril increased etmr]ﬂv fn 20-28 mo/m3

NrdlAVA T AR vvluwnllsﬂuvlla YV Wi W A1 sajpraaay Allv

by July, and then decreased throughout the late summer until November (Flg 4)

* 2
(NIDEPE Leed’s Point Laboratory, unpubl. data). Concentrations were generally

lowest at Waretown, the station closest to the ocean inlet.

Secchi disk depths were generally smallest (turbidity highest) in July at all four
locations (Fig. 5). Lowest turbidity (deepest secchi disk depths) generally occurred
at Waretown, highest turbidity at Manahawkin, ana intermediate turbidity at Manto-
loking and Holly Park.

Phytoplankton primary production rates (gross) measured at near saturated light
intensities (Fig. 6a) did not show as strong a seasonal pattern as chlorophyll 2
concentrations (Fig. 4). Rates were generally highest at Manahawkin where chloro-
ph}’l‘ a concentrations were often hchnct' rates were gpnpr'.allv lowest at Waretown
where chlorophyll a concentrations were often lowest.

The Academy of Natural Sciences 10
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Light intensity is an important variable affecting photosynthesis rates in estuaries
(Parsons et al. 1977). Rates of dailv in situ nh\rfnnlanhnn oroduction ratas were

= SeSwRie we @2 7 ANRIWG Vi Nddly 16 Usews il WALV PAVUMMWLLUE Jdtwe TYwiw

calculated according to the algorithm deveIOped by Keefe et al. (1981) for each station
in Barnegat Bay using secchi disk depths and photosynthesis rates measured at
saturated light intensity. Rates of in situ daily phytoplankton production were similar
at all four stations in Barnegat Bay (Fig. 6b). During one sampling date (August)
there was some indication that rates were higher at Manahawkin, relative io the other
three stations. \

A more accurate calculation of ir sifu phytoplankton production rates requires direct
measurements of photosynthesis as a function of light intensity. While such measure-
ments were not made by NIDEPE during 1989, they were made during the 1990 field

esacan Thaca ﬂafg un" hn nenrl to no.\'lnn]nbn 100N nhvutanlanbtan nradnstian ratac "\
FeasOn. s wide AoV piyWpadlilln piTiulaln Iaws

a later report, and will provide additional insight into the accuracy of using the Keefe
et al. (1981) algorithm in Barnegat Bay.

Sediment-water fluxes of oxygen, measured as a function of light intensity, demon-
strated that the sediments in Barnegat Bay are active sites for decomposition of organic

mattar and at Hmes active citac for hanthis nhotosvnthasic (Tahle 1: Annendix A
AACALLWA ml“ “ab ulllvl’, Bl YW Jidwy AWVA WVwiitiidw y;lvsva]nu.uv-&a \auwa\- 4y &2 rvll-lﬂ any

Figs. A-1A to A-6A) Rates of oxygen consumption in the dark reflect benthic

mantnlaniiome faesnmia avnttas Jasammamanitian) A ) Dnatan nf hanthisa matahnliom
IIIGIAUUHBHI \Ul.sd.lub 1Hialtivl uwuulpualuuu) \A.Ai P ). ANGQLLD ULl ULLIULIY 11 LGUULLIILL
> '

were approxlmately thce as hxgh at the sandy sue relauve to the sﬂt—clay site in J une
™o e S wt and ciaca cremilas as PRy [ g Y W, ey

(Fig. 9). Rates decreased by August and were similar at both sites; rates in October
were similar to those in August.:

Gross (total) benthic nhntnwnthecn is the sum of net photosvnthesis (oxygen flux in

e wSd \Fwras) PVELwiLY peivsvwegisl=ivata I3 5SS 28228 %2 Foone YRitAleaia WAt &

the hght) plus the rate of benthxc respiration (determmed from rates of dark oxygen

consumption) (Eqgs. 5-7). Gross benthic photosynthesis rates at ambient mid-day

hattam lioht intaneitiae 7180 B m-2 sac" 1\ wara hioh (AR78 amnl N m'2 h‘l\ at th
UV llslll- HUNCNSIUCS (1JV o T WEIS aigil (VU /o gl & i

sandy site in June; rates were greatly reduced in August and increased in October
(3090 xmol O m2 h'l) to approximately half those measured in June (Table 1; Fig.
10). At the silt-clay site, rates of gross benthic photosynthesis were low during all
three sampling periods (range approximately 150 to 1085 umol O m2 h-1) (Table 1),
as were light intensities (<20 xE m2 sec’}) (Tabie 1).

Benthic fluxes of phosphate were not statistically different from 0 (p =0.05) at either
the sandy or silt-clay site during any of the three sampling periods, under any light
regime (Table 1; Appendix A, Figs. A-1B to A-6B). However, based on the amount
of organic matter decomposed in the sediments, calculated from O2 consumption rates
(Eq. 5) and Redfield crmnhmmnf-ry (Eq. 1), a considerable amount of phosphate should
have been released (Table 1; Appendlx A Figs. A-1B to A-6B). Predxcted rates of
phosphate release from the sedlments in the dark ranged from 7 to 30 gmol P m2 h-1
(Table 1).
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Benthic fluxes of nitrate generally were not statistically different from 0 (0 =0.05) at
either samplmg locahon ('I'able 1; Appendix A, Fxgs A-1D to A—6D) Small fluxes

_ I_\ t el

\S + 10 pmox m=un-) of niiraie were noted on omy two occasions at each siie.

Ammonia fluxes were <20 umol m™ h-! at the sandy site in June and October; in
August there was a considerable flux of ammonia out of the sediments ranging from
70 to 150 pmol N m"- hi (Table 1 Appendlx A Flgs. A-l( A—3C and A-SC) At

no mmsurable ﬂux in October (Table 1 Appendlx A Fxgs -2C A-4c and A—6C)

A comparison of laboratory and in situ measured fluxes of nutrients and oxygen under
dark and light conditions at the sandy vegetated site in June demonstrated that fluxes
measured in the field and laboratory are similar. Both laboratory and in sim

_ oAb A% . fA . .. A%

ammonium daia demonstrated no release of ammonium from the sedimenis (Appendix
A, Figs. A-1Cand A-7C). Similarly, both laboratory and in situ nitrate and phosphate
fluxes were negligibie (Appendix A, Figs. A-1B, A-1D, A-7B and A-7D).

Oxygen fluxes in the light were also similar in the water overlying both the field and
laboratory incubated sediments (Appendix A, Figs. A-1A and A-7A). Measurements
of oxygen consumption in the dark indicate that rates were similar although somewhat
higher in the laboratory than in the field (Appendix A, Figs. A-1A and A-7A). One
of the differences between the field and laboratory technique:. is the use of the benthic
flux chamber for the in situ fluxes. The chamber has a thin plastic disposable glove
attached to the side to allow outside water to fill the space inside the chamber when
samples are withdrawn without contaminating the chamber water. Oxygen could
diffuse across the glove resulting in lower apparent field oxygen consumption rates.
In addition, there is some leakage of outside water into the in situ chambers when
they are stirred before each oxygen sample, as the stopper holding the stirrer must
be loosened to turn the stirrer. '

Water Column Enclosures and Sediment
Deposition Rates
Conditions inside and outside the enclosures were demonstrated to be similar based

on a variety of measurements. Profiles of light mtensxty were similar inside and

outside the enclosures (Fig. 11) 'thtnn!an'ldnn gneciae comnacition and abundances

W ULI IS 8B Awra MAWS \& LG 4 age PRSI Sl WA WSV IL WAL MALS TR WA saRL S s

(Table 2) and phytoplankton productlon rates inside and outside the enclosures (Table

2} wara cimilar mancnrad AQ e re
3) were similar, measured 48 h after enclosure deployment. In addition, there were

no measurable differences in ammonium, nitrate and phosphate concentrations inside
and outside the enclosures (Table 4). The results described above indicate that
conditions inside and outside the enclosures were similar,

During the previous year’s study, the water column enclosures were subject to heavy
weather and vandalism; unfortunately, 1989 was no exception. Some or all of the

=
L &
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heavy weather or vandahsm (Table 5)

There were measurable rates of particulate P, N and C deposition at the two study
s1tes on all dates examined (Table §; Flgs. 12-14) At the sandy vegetated site, rates

L g aa Ao = -1_.

UI. l." ’ l‘l d.l’l(.l \.o acposiuon appeareu ﬂlgﬂﬂl’ m WIY Auguu lkas wcu as m éany Jluy
when only P data are available) compared to the early to mid-September measure-
ments; however, because of the small number of sampling dates, we cannot reliably
infer that this apparent trend was real. Measurements of particulate P, N and C

deposiﬁNLmom;LavmhhlehLSeptembeLamemMLsuebecausenﬂose of

enclosures in August due to heavy weather or vandalism (Table 5). Rates of P, N

and C denocition at the silt-¢clav cite on 1 and 8 Sentember were similar to those

{ el ot ] A SLLTwARy GaAw Vi 4 i O W waes Sassansina Seans e

measured at the sandy vegetated site in early September (Table 5), as would be
expected since the two sxtes are wrthm approxnnately 1 km of ezch other and the water

P, N and C deposmon were hxgher on 29 September relatxve to the early September
measuremenis. T ne average {Ib D. ) l", Nand C GCPOSIUOI'I raies measured in l;l'lls
study at the sandy vegetated site are 24 (14) umol P m2 h-l, 462 (146) umol N m2
hl, and 5113 (13‘74) pmol C m2 ! (Table 5) At the sllt-clay site average (£S.D.)
deposmon rates are 30 (29) umol P m2 h-l, 485 (226) umol N m2 h-}, and 5347
(2261) umol C m'2 h-1 (Table 5). The C deposition rates are approxlmately 80% of
the average summer phytoplankton production rate (6740 umol C m~2h-1),

The ratios of N:P, C:N and C:P of the sediment trap material were not statistically
different at the two sites (Table 5). The C:P ratio (392:1) was almost four times greater
than the theoretical ratio of 106:1. The C:N ratio (aver. 111 1) was approximately
two times greater than the theoretical ratio of 6.625:1, and the N:P ratio averaged
33:1, which is approximately two times greater than the theoreiical Redfield ratio of
16:1. Together, these data indicate that the organic matter deposited to the sediments
from the water column in Barnegat Bay is not typical "Redfield type" organic matter,

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

and P Burial in Sediments

The P and N contents of the sediments at the sandy vegetated site showed no consistent
increase or decrease with depth (Figs. 15 and 16). Total P concentrations ranged
from approximately 0.1 to 0.24 mg P/gds (gram dry sediment). Approximately 90%
or more of the total P was in the form of inorganic P, except in the top 1 cm where
inorganic P accounted for approximately 70% of the total P (Fig. 15). Organic P

generally accounted for less than 10% of total P, except in the top I cm where it
accounted for approximately 30% of the total P content (Fig. 15); this likely refiects

rpppn_ﬂv deposited organic matter which has not vet been metabolized. (At times the

siva )] Wwirwoivwee Vigtes resimewa SV VY Jwe wwws Siiaw wasdwnes (4 AW wmesiwe Al

inorganic P content appears slightly higher than the total P which is due to analytical

wastnahilitey Y Tn snanteact ta D auvar QNG ~F tha tntnl N in tha eadimante at tha candu
vmwu“, " AM WL QIL W & ] WVl VAV VUL WiV WWAL AW 1k WUiWw VALLIIIWINIG Gt WM w.ul

vegetated site was in the form of organic N, with less than 10% as inorganic extractable
ammonia (Fig. 16). Concentrations of total N ranged from approximately 0.2 mg
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N/gds to 0.9 mg N/gds. The total N content increased approximately 2 fold between
3 and 5 cm, and the total P increased slightly. We have no direct evidence to explain

this; it may be due to increased inputs from the roots and rhizomes of seagrasses.

At the silt-clay site profiles of both P and N content with depth gradually decreased
from the surface down to approximately 4 to 5 cm (Figs. 17 and 18). Total P

R PN MArre MrAna arnme~uvimentalis feian na oh ar at tha camder atta ned enn

CGIIDGIIUGUUIIB wule appxu;uumwxy LWILL a3 1u5u ad> al uiv Mll\l]' Sii€ anG ldllsw ﬁclll
approximately 0.3 to 0.45 mg P/gds with 80% or more of the P in the form of inorganic
P. Total N concentrations were two to three times greater than at the sandy site and
ranged from approximateiy 0.8 to i.4 mg N/gds. Extractabie ammonia concentrations
were highest at the surface (0.06 mg N/gds) and decreased rapidly with depth to less
than 0.007 mg N/gds (Fig. 18), and were always less than 10% of organic N.

unpubl data) Based on the 137 Cs data maximum net sedlment accumulatxon rates

were estimated to be approximately 0.1 emly y (R. Bopp, pers. comm.). In the surface

0-2 cm "Be was measured as 679 £99 dpm with activity det.rmsmg to 23 +£75 dpm
at 2-4 cm (R. Bopp, unpubl. data). Radioisotope proﬁles were not measured on cores
from the sandy site.

Based on a net sediment accumulation rate at the silt-ciay site of 0.11 cm/y, an average
measurad sediment rlprmtv of 15 ndqlcm3 wet sediment, and the average total N and

P content in the top 4 cm ot' scdlment rates of net N and P burial were calculated to

ba 135 mmol N _“-Z w1 and I mmol Pr m" \rl rpthvelw at the silt-clay site.
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DISCUSSION

‘The m um.J\u ubjﬁcti'veS of the cu rrent Sl.ud_y were (6. 1.) assess the wau_p\.ual and ‘SF"a""‘
variability of water quahty in Barnegat Bay, and 2) begin to quannfy the 1mportant

processes that control nutrient av aﬂauxuly and thus eutrophication within the Bay,
including the magnitude of the sediments as a source or removal site for nutrients.

Chlorophyll concentrations, phytoplankton prodixction rates and water column tur-

|
bidities indicate that Barnegat Bay is currently in a moderately eutrophic state.

Phytoplankton productxon rates, measured between June and October are markedly

2ateme A mabas fs sesoemes hnw Eact MNannt actinesan ~las wwnorancatt Rav
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Delaware Bay and Charleston Pond (a Rhode Island coastal lagoon), Chwapake Bay,

and Great South Bay, LI, also a coastal lagoon (Fig. 19). All of these estuaries receiv
substantial amounts of N and P loading from anthropogenic sources.

Chlorophyll concentrations are also high in Barnegat Bay compared to other estuaries
with high nutrient loading rates and are similar to Great South Bay, LI (Fig. 20).
Light attenuation coefficients, and thus water column turbidities, are higher in
Barnegat Bay than many other coastal lagoons (Fig. 21). Two factors that contribute

rmtac mamliicsece trimhidliter nva mhutanmlanltan hismane and ancnandad cadimant DRath
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are hkely 1mportant in Barnegat Bay. The hxgh phytoplankton producuon rates and
high chlorophyil concentrations indicate high phytoplankton biomass in the water
column which absorbs light and decreases light penetration. In addition, because of
the shallow water column, winds and probably heavy boating activity result in
considerable resuspension of bottom sediments into the water. While currently there
is sufficient light for the phytoplankton to be able to use essentially all of the nutrients
available in the water column, the high water column turbidity has important
implications for the continued occurrence of seagrasses and benthic algae in the Bay.

Currently, little light is reaching the bottom of Barnegat Bay in the mid- to late

ou".mvr’ even in areas nn‘\l 1itolSmd Ann {"I"ah‘ln 1\ These low huhr levale result

in very low rates of benthxc primary productlon by seagrasses and benthlc algae in

mid- to late s summer, even at the shallow ’-)c.l""d"y' St"’ly S'te, and low rates ﬂ“"‘“g‘"‘"'

the summer at the deeper silt-clay study site (Table 1; Fig. 10). In fact, while Zostera
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location later in the summer, and by August it was absent. The large decrease in rates

Uf bcuuuu yuuwayuulcau UGI.WWII Juuc dll(.l nuguat d.l. UIC :dnuy vcgcutwu Nw, llld.y
in part reflect the low abundance of Zostera and/or Ruppia (< 10% cover) in August,
compared to their abundance (~25% cover) in June. Increased water column turbidity
is considered to be a major factor leading to dramatic decreases in seagrass beds in
other estuaries including Chesapeake Bay (Bayley et al. 1978; Orth and Moore 1983).

These seagrass beds are an lmportant habitat and nursery ground for finfish and
shellfish.

Rates of benthic primary production at both the sandy and silt-clay sites were
considerably less than rates of phytoplankton production in Barnegat Bay. Daily
benthic photosynthesis rates were estimated based on the relationship between light
intensity and benthic primary production (T: udon: 1; Fig. 22; Eq. 2). Highest rates of
daily benthic primary production occurred in June at the sandy site (approximately
30 mmol C m'2d-1), which is approximately four times less than phytoplankton
primary production rates in the Bay in June (140 mmol C m"Zd-1; Fig. 6b). In October,

rates of dallV benthic nrlmarv nmductmn at the sanclv site were annronmatelv 10

mmol C m-2d-1 ompared to phytoplankton primary productton rates of approxxmately
100 mmol C m-2d-1. Rates of benthic primary production may be higher at other
locations in Barnegat Bay where there is a higher biomass of SAVs. While our
methodology did not permit us to distinguish benthic primary production due to SAVs

e |
VErsius lHdl uuc 10 ucnum, d.lgdl:, mguc:u ucnum, Pllllld.ly pJLUUU\.'uUll rates occurred

when SAV abundance (approximately 25% cover) was greatest (June at sandy site).

Factors Controlling Nutrient Availability and
Eutrophication

Sources of nutrients suppomng phytoplankton production and thus eutrophication in
estuaries include external i inputs {e.g., rivers, runoff, groundwater) and internal
: recychng in the water column and in benthic sediments. The flux of i morgamc nutnents
* from sediments to the water column following decomposition of organic matter i in the
sediments often supphes between 25% and 50% or more of the nitrogen and
phosphorus requirements of phytoplankton (Nixon 1981; Kemp et al. 1982; Boynton
and Kemp 1985).. However, measurements of benthic nutrient fluxes have been made

orimarily in estuaries in which the average water dmfh ig oreater than the 1% hoht
rl ‘.l.ul‘ wAAW ub e.p

compensation depth resulting in no or low benthic algal and seagrass primary
production (Table 6). Few measurements of benthic nutrient fluxes have been made
in shallow coastal lagoons where there is sufficient light penetration for substantial
benthic algal production (Nowicki and Nixon 1985a,b). In such systems, all or some

af tha nutriante minaralizad jn tha cadimante mav ha accimilatad ot tha cadiment enrface
Vi Wi IV L LW GLLEAAL L Ui SOVASILIWILLY M4 ) UV GO9liISRAL G Wil DWALLIIIwitE Jiel St

by benthic algae.

Based on the rates of benthic metabolism measured in Barnegat Bay sediments and a
Redfield stoichiometry for organic matter decomposition (Eq. 1), considerable

-~y
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Eutrophication in Barnegat Bay: Year II DISCUSSION

amounts of both N and P should be released from the sediments (Table 1). However,
none of the P and only some of the N released durmg the decomposition of organic

matter in the Bay sedxments is recycled to the water columm by dxffuswe ﬂux. The

amount of N and P that appears not to be returned to the water column is equivalent
ta hatweaan 209, and SO% Af tha actimatad nhiitanlanttan N and D raniiremant

Q
BV VWETY Wil oW IV RIS VIV WA VAW WOLANIAWAS yu]wymnnwu AV CAliNd A lwm&ll“lu.

In Barnegat Bay, NJ, benthic algal production is important in controlling the flux of
nutrients, pafﬁcuiaﬂy nitrogen, out of the sediments. There was no measurable flux
of ammonia out of the sediments at either the sandy or silt-clay site when gross daytime
benthic photosynthesxs rates were approximately 900 umol O m-2 h! or greater g,Fxg

.23). Even when cores which had benthic pnotosyntnesxs rates 2900 umol O m™< h™*

in the light were incubated in the dark for periods of 6 to 24 h, no ammonia was
released (Table 1). However, when ambient field benthic photosynthesis rates were
low (approximately 450 umol mZ h-! or less; June silt-clay site and August sandy
and silt clay sites), the flux of ammonia out of the sediments was similar to that

nradintad fram Dadfald ctnishinmateu Mie 2. Tahla 1) Y ioht intancityv e an
PLWLUM AAWUIH ANVALIIVIG aI.Ul\'IuUluGu] \‘. 15 oy AQGVIW ll uslu ulMlDll} A9 ik

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 ihe linear relationship between light intensity and benthic phoiosynthesis (Fig. 22).
Low light levels at the sediment surface during mid-summer (July-August) resulted

production were measured in early summer (June) and fall (October) when bottom
light levels were higher. Submerged aquatic vegetation (SAV) does not appear to be

a maior factor controlline sediment-water nutrient fluxas at our stndv giteg  ag mﬂ'ﬁmc
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of N and P release were similar regardless of the presence or absencc of SAVs. ‘Further
experiments confirming the importance of benthic algae in controlling sediment-water

——————— £Tas ad ¢ Ay vD TIT nnl‘ will ha inslndad in tha VYD ITT
‘llllllulll“ lll.lAGa WGI.G Wllcu Uul uulllls d IN M QllN Wil Vv LLIviUuuWd 13 ulv A AN AAd
Final Report.
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Durand (1984) found s1gnmcant reiease of NHs from coasial lagoon sediments in
Absecon Bay, NJ. 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 dark. '

Tha laal Af mansiirahla cadimant ar fliswas Af nitenta at aithar etntinn in Rarnacat
1 1€ 1aCK O Mcasurac:C DWIIIIGIAL'WGWL NUXSS O MIdawe g Lluiel Swawvil i LS 1 S e

Bay at any time suggests that sediment nitrification rates were low. It also could be
due to very efficient denitrification of any nitrate produoed 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 not made in the current study. In addition to denitrification,

- permanent burial in the sediments can be a sink for N in estuaries. However, rates

of N burial in the sediments were small (135 mmol N m-2 y*! translated into units of
pmol m2 h! for comparison with benthic nutrient flux data is 15 pgmol N m2 h-l)

relanve to the dltterence between the measured and predicted release of N from the
sediments (Table 1).

{
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While benthic algae appear to be important in controlling sediment-water ammonia
fluxes, the data indicate that factors in addition to benthic algae control phosphate
fluxes. There was no measurable release of phosphate from the sediments at either
the sandy or silt—clay site regardless of whether benthic algal production rates were
high or low, or whether sediments were incubated in the light or the dark (Table 1).
Burial of iron phosphate complexes is an important mechanism of phosphate retention
in freshwater sediments (Wetzel 1985) However, the i morgamc phosphorus content
of sediments at both the sandy and silt-clay sites was relatively low (Figs. 15 and 17)
and net burial of P in the sediments was small (18 mmol Pm2 y-! = 2 umol P m-2

h-1) relative to the difference between the measured and predicted release of P from

the sediments. More extensive investigations of the mechanisms involved in sedi-

ment-water phosphate dynamics including phosphate sorption to sediments, resuspen-
sion of bottom sediments, such as may occur due to wave action or boating activity,

alam £ PPy I PP UpRpry. SR, audlein alanl Sonbasmn
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conducted during YR III and will be included in the YR III Final Report.

Implications. for Eutrophication in Barnegat Bay

Nutrient concentrations are currently relatively low in Barnegat Bay, in part, because
there is sufficient light for the phytoplankton to assimilate the current rate of nutrient

inputs. While phytcplankmn prcd'ucucn rates in Bamegat Bay are already consider-

ably higher than in many estuaries, an increase in nutrient inputs to Barnegat Bay,
from either external sources or from the sedlments, would be expected to further
increase pnyloplamcmn prouucuon, and thus increase cuuuplumuuu. \otuuwa of
factors controlling phytoplankton production in Barnegat Bay were not a part of the
current study but were investigated with nutrient enrichment studies using mesocosms
during YR IV. A strong response of phytoplankton production to increased nutrient

loadmg was found; the results will be presented in full in the YR IV Final Report.)

An increase in external N and P inputs to the Bay would increase phytoplankton

biomass in the water, increasing water column turbidity, thus decreasmg hght tothe
sediment surface. Currently, both N and P are being retained/removed efficiently in
the sediments, thus decreasing the magnitude of eutrophication in the Bay at the present
rate of external nutrient input. This appears to be, in part, due to benthic algae on
the sediment surface which are assimilating the nutrients regmeraxeu in the sediments.
Light ig a major limiting factor for benthic primary production in the Bay, as indicated
by the close relanonshlp between hght mtensnty and benthic primary productxon (Fig.
10) and benthic primary production is important in controlling N (Fig. 22), and also
likely P fluxes from the sediments. If water column turbidities increase to the point
that benthic algal production is no longer sufficient to assimilate N and P regenerated

in the sadiments, then the flux of N and P from the sediments to the water column

AL WiW SRSAIlAWAAVy WAAWa AAVS/A WA AN Easine AZNFREE WEIW BwussisewESM Fw wes &Swa /ARt

would be expected to increase and to follow patterns similar to those in deeper
estuaries, where bottom light intensities are not sufficient for significant benthic algal
production.

The Academy of Natural Sciences 18



You are Viewing an Archived Copy from the New Jersey State Library
Eutrophication in Barnegat Bay: Year II DISCUSSION

The more efficient removal of P relative to N in the sediments (as well as the overall

high efficiency of removal of both N and P relative to deeper estuaries) demonstrates
that nutrient processes in Barnegat Bay differ quite dramatically from nutrient
processing in deeper estuaries. No P is released from the sediments in Barnegat Bay,
while at times some N (as NHg4) is returned to the water column. Such a high efficiency

of P or N reamoval in the sediments hae never been renorted in other ectaries,

RSA AN Aweraws v ias BEAW UWLILIWILWS AN AW Y WA VWil AW WA VW LiZ WiMewa

Evidence is beginning to accumulate from other shallow estuaries suggesting that
sediments in coastal lagoons are more efficient at removing P than N (Seitzinger
unpubl. data; Nowicki and Nixon 1985). This differs from deeper estuaries where
N is generally removed more efficiently than P (Nixon 1981).

The findings of this study have important implications for management decisions
regarding future control of nutrient inputs to Barnegat Bay, as models of nutrient
control based on the relanonsth bctween nutnent mputs and eutrophmuon deveIOped

back bay estuanes We are workmg currentiy with the U S. Army Corps of Engmeers

{Waterwavs Exneriment Station) in mnrl:ﬁnnu the {"hnenmal’n Rau K hudfnrlu.
‘ TV GANWA "“J yv“lllvll‘ Um“vl. A48 lll\l\lll A% s SA

namic/water quality model for application to coasml lagoom., based on our data from
Barnegat Bay, as well as data we are collecting in the Delaware Inland Bays.

. The Academy of Natural Sciences f9
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Figure 23.

Sediment-water flux of ammonia vs. gross benthic photosynthesis at two locations in Barnegat Bay.
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Tabie 1. Sediment-water fiuxes (ymoi m-2n-1j of oxygen, ammonia, nitrite + nitraie and phosphate measured
=]l at a sanay vegetateu site and a sut-cnay site in uarnegat Bay, NJ, as a function of i ugm mtensnty uu: |§
s m-2 s-1} and mid- day {gross} benthic primary production {umoi O m2 ). P ea cted NH4 and PO4 ]
g fiuxes are based on O2 fiux and Redfieid stoichiometry {Egs. 1 and 2j. {n.s. =fiux not mgnmcanuy 4
§ greater than O at p=0.05; L= 100% and M =50% of ambient bottom iight inte s ity, and D =dark.} |§
= Mid-day Gross IS
[=] B Iy - lii-
> Temp. Salinity Light Measured Benthic Primary Predicted I3
£ Date Core  (C) (%) Intensity 020 NHs NO2+NO3  POs ___ Production NH: _ POs g
: B
8 Sandy Vegetated Site
= ¢r21/9 25 1 6675 g
g. L1 150 380 n.s. 7 n.s. <29 -2
g L2 150 130 ns. n.s. n.s. -10 -1 g
8 M1 75 -2350 n.s. -9 n.s. 177 11 E
< M2 75 -1%40 i0 fi.5. .S, 146 S vt
DI 0 6380 n.s. n.s. n.s. 482 30 g
D2 0 -6460 n.s. n.s. n.s. 488 30 |E
8/22/89 25 HY 0
L1 15 -1810 125 n.s. n.s. 137 9
L2 15 -1730 70 n.s. n.s. 131 8
M1 7 2300 75 5.5 ns. 174 11
o M2 7 2420 140 B-5- n.s- 183 H
e D1 0 -1850 115 n.s. n.s. 140 9
D2 0 -2000 150 n.s. ns. 158 10
10/4/89 18.5 12 N 3090 B ]
1 60 1060 n.s. n.s. n.s. -80 .
L2 60 1510 20 ne. n.s. -114 -7
D1 0 -1460 n.s. n.s. n.s. 110 T
D2 (1] =2150 n.s. 1.8, n.s. 102 10
Silt-cgy Site
6/28/ 25 11 395
L1 20 -1980 95 n.s. n.s. 149 9
L2 20 -2060 70 n.s. n.s. 155 10
M1 10 -0 8 oas 137 9
MZ i0 -1350 40 n.s. n.s. 102 6
D1 ] -2240 175 n.s. n.s. 169 11
N D2 0 2590 140 n.s. n.s. 195 12
8/15/85 25 8 i56
L1 20 -1420 85 -5 n.s. 107 7
L 20 -1380 160 n.s. n.s. - 104 7
Mi 10 -1420 80 n.s. n.s. 107 7 -
M2 10 -1690 165 2 n.s. 128 8 >
D1 0 -1630 150 n.s. n.s. 123 8 2
D2z o -1470 120 n.s. n.s. i 7 13
10/4/89 18.5 12 1085
L1 15 n.s n.s n.s. 73 5
i2 15 £30 n.s. n.s. 6.8, 48 3
D1 0 -1830 n.s. n.s n.s. 138 9
D2 0 -1940 n.s. n.s n.s. 146 9
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Toluda A
1diIU 4.

Phytoplankton sampies colliected from inside and outside water
column enclosures at the sandy vegetated site in Barnegat Bay, 12
July 1989. Numbers are cells/ml. \
Outside Bags Bag #1 Bag #2
A B A B A B
Diatoms ~

Nitzschia closterium 66 100 133 66 166 66
Coscinodiscus sp. (large >50um) 0 33 0 0 33
centric diatom (small < 10 um) 2780 3851 4914 4947 4250 4482
nther pennate diatoms 1527 1726 1029 797 1959 2125
u;pumeu‘ sp. 66 33 33 0 133 33
Amphora sp. 133 166 232 199 365 232
Nitzschia tryblionella 465 531 332 166 232 166
N. szzmozaea 33 U LY 33 U 1w
Pleurosigma sp. 33 0 0 0 66 33
Amphipleura sp. 0 0 33 0
ssiosera sp. (small) 531 797 896 598 398 730
Bacillaria paradoxa 0 0 0 0 133 0
ycomonas Sp 1959 1527 2125 1793 1228 1594
etemuned mxcroﬂagellates 7702 8765 5876 5478 5113 5910
Dinoflagellates o . »
Gymnodimum sp. 133 133 465 199 166 66
Ebna tripartia 66 0 66 33 0 33
Dictyocha fibula 2390 1826 1926 2008 28Z2 2336
Schizothrix calcicola/filament 100 66 100 33 66 33
Agmenellum quadruplicatum/16 cells 0 100 0 33 33 0
Total Cells/ml 17961 19621 18160 16466 17130 18192
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Table 3. Rates of mid-day (gross) phytoplankton production {mg 02 m2 h)
inside and outside water coiumn enciosures which were used for
organic matter depaosition (sediment trap) studies. SV =sandy vege-

AL 119 | L Lia SLLEIS 2. =852

tated site; SC =silt-clay site.

DATE LOCATION OUTSIDE INSIDE

3-Aug-89 sv : 320 280
SV 270 270

9-Aug-89 Sv 380 380
31-Aug-89 SC 350 300
1-Sep-59 SC 290 390
8-Sep-89 SV 290 230
8-Sep-89 SC \ 230 260
28-Sep-89 SV 270 250
29-Sep-8S SV 250 320

Table 4. Comparison of conditions inside and outside water column enclosures
approximately three days after enclosure deployment.

Parameter Outside Inside
Nutrient Concentration
NHs*, uM <0.25 <0.25
NO3", uM 0.44 0.42
PO4™, M 0.15 0.11
Phytoplankto
Total Cells mi™! 18,791 (+1,173) 17,488 (+840)

Phytoplankton Production
mg C m>h! 247 26 (+6)

N
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able 5. Rates (umoi m-2 h-1) of deposition of particuiate nitrogen, phosphorus
and carbon to Barnegat Bay sediments. B1, B2 refer to replicate
enclosures; two B1 or B2 on same day at same site refer to replicate

sediment traps in an enclosure,

Date Comments N P C N:P C:N C:P
Sandy Vegetated Site
12-Jul-89 Bl 25
12-Jul-89 Bl 40
12-Jul-89 §2 41

3-Aug-85 Bl 656 23 6350 25 10 276
3-Aug-89 B2* ,
4-Aug-89 Bl 637 25 6680 25 10 267
10-Aug-89 B1*

13-Aug-89  BI*

8-Sep-89 Bl 390 13 5090 30 13 392
8-Sep-80 B2 342 15 4015 23 12 268
14-Sep-89  BI*
14-Sep89 B2+
14-Sep-89  B3*
14-Sep-80  B4*
22-Sep-89 Bl 278 5 3115 56 11 623
-J —1 -»‘5“—39 ..I E-J
29-Sep-89 Bl 333 18 3680 19 11 204
29-Sep-89 B2 498 49 5510 10 11 112
29-Sep-89 B2 558 8 6460 70 12 808

AVERAGE 462 24 5113 33 11 369
S.D. 146 14 1374 20 1 233
Silt-Clay Site
10-Aug-89  Bl1*
13-Aug-8%  Bl*
1-Sep-89 Bl 311 16 3745 19 12 234
8-Sep-89 Bl 237 10 2930 24 12 293
B2 361 25 3665 14 10 147
22-Sep89  BI*
22-Sep89  B2*
29.5ep89 Bl 636 36 7420 18 12 206
' B2 838 85 8475 10 10 100
B2 528 10 5845 53 11 585
AVERAGE 485 30 5347 23 11 261
S.D. 226 29 2261 15 1 172

*Enclosure or sediment trap lost due to weather or vandalism.
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=] Table 6. Sediment-water oxygen and nutrient fluxes (umo! m-2 h-1) in various estuaries. Ig;
L] -
> 2
] NHs + s
§- Location Sediment Type Date 02-0 NO3+2 PO4 Reference |§
< Potter Pond, RI silt-clay and sandy  annual 749 42 0.6 Nowicki and Nixon 1985a,b |§
= {coactal lagoon) : average ; oy
z siltclay (D) summer 6250 to -10,950 60-440 8-50 Nowicki and Nixon 1985a,b I’
% sandy (D) summer -1550 to 4700 0-50% 0-19 Nowicki and Nixzon !935=.‘- lg
bed
£ Absecon Bay, NJ silt-Clay Sept-Cct Sis* Durand 1984
@ 334+ Durand 1984 [2
é South River Estuary, NC silt-clay annual -3540 114 - 6.25 Fisher et al, 1982 E
Neuse River Estuary, NC silt-clay annual -3020 27 14.0 Fisher et al. 1982 !g
Ochlockonee Bay, FL silt-clay summer -1083 82 <1 Seitzinger 1987 =
Narragansett Bay, RI silt-clay summer 4700 200 30-50 Nixon et al. 1976, 1980
2 Chesapeske Bay
U A -4166 138* -4-2 Boynton and Kemp 1985
Mid ::"y - uust 8073 S63+ 15-40 Bgfv:g-.-z-. and Kemn 1085
Lower Bay _ -3906 263+ 10 Boynton and Kemp 1985
. Georgia Bight, USA sandy summer -7552 175 37 Hopkinson and Wetzel 1982
La Jolla Bight, CA sandy summer 40 6 Hartwig 1976
" Four League Bay, LA silt-clay annual -3063 110 -8 Teague et al. 1988
Bowling Green Bay Reef —silt-clay — August — 330 1 Ullman and Sandstrom 1987
Lagoon, Australia sandy ___ -29 -17 Ullman and Sandstrom 1987
B t Bay, d J 205 <10 n.s. this
amegat Bay, NJ ::: 3%) !g -6420 n.s, n.s, thig etudy
sllt-clly (D) June -2420 160 n.s. this
sandy{D August -1970 130 n.5. this study
silt-clay (D) August -1550 135 n.s. this study -
*NHy only &
*+L =at ambieni mid-day botiom iighi intensity; D=dark 7]

n.s. =not significantly greater than 0
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APPENDIX A

OXYGEN CONCENTRATION vs TIME

JUNE 1989 - SANDY VEGETATED SITE
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Figure A-1. A} Oxygen, B) phosphate, C) ammaonia and D) nitrate plus nitrite concentration
versus time in water overiying iaboratory-incubated sediment cores from the sandy
vegatatad site in Barmegat Bay, June 1989, Cores were incubatsd at ambisnt Bay
bottom light intensity (light), 50% of bottom light intensity (medium), or in the
dark (dark). The dashed line is the predicted phosphate, ammonia or nitrate plus
nitrite concentration in the overlying water of dark incubated cores based on the
average dark oxygen uptake rate and an O:P ratio of 212:1, O:NH4 ratio of 13.25:1,
or an O:NO3 ratio of 17.25:1 (see text).
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AMMONIA CONCENTRATION vs TIME
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Figure A-1 (continued). A} Oxygen, B} phosphate, C) ammonia and D) nitrate plus nitrite

concentration versus time

in water overlying laboratory-incubated sediment cores

from the sandy vegetated site in Barnagat 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 iine is the predicted phosphate, ammonia or nitrate
plus nitrite concentration in the overlying water of dark incubated cores based on
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13.25:1, or an O:NO3 ratio
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untake rate and an Q:P ratic of 212:1. 0O:NHa ratio of
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of 17.25:1 (see text).
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TRATION vs TIM

A JUNE 1989 - SILT/CLAY SITE
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Figure A-2. A) Oxygen, B) phosphate, C) ammonia and D} nitrate plus nitrite concentration
versus time in water overlying laboratory-incubated sediment cores from the
silt/clay 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 phosphate, ammonia or nitrate plus
nitrite concentration in the overlying water of dark incubated cores based on the
average dark oxygen uptake rate and an O:P ratio of 212:1, O:NH4 ratio of 13.25:1,
or an O:NO3 ratio of 17.25:1 (see text).

The Academy of Natural Sciences 57



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

Eutrophication in Barneeat Bay: Year 11 APPENDIX A
AMMONIA CONCENTRATION vs TIME
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Figure A-2 (continued). A) Oxygen, B) phosphate, C) ammonia and D} nitrate plus nitrite

concentration versus time in water overlyma laboratory-mcubatea sediment cores
from the silt/clay 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 linae is the predicted nhasphate, ammania ar nitrate plus

= LSS SR L= LA als

nitrite concentration in the ovarlymg water of dark mcubated cores based on the
average dark oxygen uptake rate and an O:P ratio of 212:1, O:NHa4 ratio of 13.25:1,
or an O:NOa ratio of 17.25:1 (cee text),
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PHOSPHATE CONCENTRATION vs TIME
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versus time in water overlying laboratory-incubated sediment cores from the sandy
vegetated site in Barnegat Bay, August 1989, Cores were incubated at ambient
Bay bottom light intensity (light}), 50% of bottom light intensity (mediuml, or in
the dark (dark). The dashed line is the predicted phosphate, ammonia or nitrate
plus nitrite concentration in the overlying water of dark incubated cores based on
the average dark oxygen uptake rate and an O:P ratio of 212:1, O:NH4 ratio of
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AMMONIA CONCENTRATION VS TIME
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Figure A-3 (continued). A) Oxygen, B) phosphate, C) ammonia and D) nitrate plus nitrite
concentration versus time in water ovearlying laboratory-incubated sediment cores
from the sandy vegetated site in Barnaegat Bav. Aunust 1989 Cores were incubated
at ambient Bay bottom light intensity {light), 50% of bottom light inteﬁShy {madium),
or in the dark (dark). The dashed line is the predicted phosphate, ammonia or nitrate
plus nitrite concentration in the overlying water of dark incubated cores based on
the average dark oxygen uptake rate and an O:P ratio of 212:1, O:NHg4 ratio of
13.25:1, or an O:NO3 ratio of 17.25:1 (see text).
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B) phosphate, C) ammonia and D) nitrate plus nitrite concentration

versus time in water overlying laboratory-incubated sediment coras from the
silt/clay site in Barnegat Bay, August 1989. Cores were incubated at ambient Bay
bottom light intensity (light), 50% of bottom light intensity (medium), or in the
dark {dark}. Tha dashed line is the predicted phosphate, ammonia or nitrate plus
nitrite concentration in the overlying water of dark incubated cores based on the
average dark oxygen uptake rate and an O:P ratio of 212:1, O:NH4 ratio of 13.25:1,
or an O:NO3 ratio of 17.25:1 (see text).

The Academy of Natural Sciences

61



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

Eutrophication in Barn phication in Barnegat Bay: Year IT

APPENDIX A

C

AMMONIA-CONCENTRATION VS TIME
AUGUST 1989 - SILT/CLAY SITE
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Figure A-4 (continued). A} Oxygen, B) phosphate, C) ammonia and D) nitrate plus nitrite
concentration varsus time in water overlying laboratory-incubated sediment cores
from the silt/clay site in Barnegat Bay, August 1989. Coras wera 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 phosphate, ammonia or nitrate
plus nitrite concentration in the overlying water of dark incubated cores based on
the average dark oxygen uptake rate and an O:P ratio of 212:1, O:NHg4 ratio of

13.25:1,

or an O:NO3 ratio of 17.25:1 {see text).
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OXYGEN CONCENTRATION vs TIME
OCTOBER 1989 - SANDY VEGETATED SITE
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Figure A-5. A} Oxygen, B) phosphate, C) ammonia and D) nitrate plus nitrite concentration
versus time in water overlying laboratory-incubated sediment cores from the sandy
vegetated site in Barnegat Bay, October 1989. Cores were incubated at ambient
Bay bottom light intensity (light) or in the dark (dark). The dashed line is the
predicted phosphate, ammonia or nitrate plus nitrite concentration in the overlying
water of dark incubated cores based on the average dark oxygen uptake rate and
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AMMONIA CONCENTRATION VS TIME
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Figure A-5 (continued). A) Oxygen, B) phosphate, C) ammonia and D} nitrate plus nitrite

concentration versus time in water nunrlunnn I:hnrnfnm.nnnnhnfnd gadimant corag
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from the sandy vagetated site in Barnegat Bay, October 1989 Cores were incubated
at ambient Bay bottom light intensity {light} or in the dark (dark). The dashed line
is the predicted phosphate, ammonia or nitrate plus nitrite concentration in the
overlying water of dark incubated cores based on the average dark oxygen uptake
rate and an O:P ratio of 212:1, O:NiH4 ratio of 13.25:1, or an O:NO3 ratio of 17.25:1
{see taxt).
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Figure A-6. A} Oxygen, B) phosphate, C) ammonia and D) nitrate plus nitrite concentration
versus time in water overlying laboratory-incubated sediment cores from the
silt/clay site in Barnegat Bay, October 1989, Coras were incubatad at ambient Bay
bottom light intensity {light), or in the dark {dark). The dashed line is the predicted
phosphate, ammonia or nitrate plus nitrite concentration in the overlying water of
dark incubated cores based on the average dark oxygen uptake rate and an O:P
ratio of 212:1, O:NHa4 ratio of 13.25:1, or an O:NOa ratio of 17.25:1 (see text).
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Figure A-6 (continued). A) Oxygen, B} phosphate, C) ammonia and D) nitrate plus nitrite

concentration versus time in watar overlving laboratary-incubated sediment cores

TYSsLiwE: LY L elelp-pne LLLELEITE ST LI e

from the silt/clay site in Barnegat Bay, October 1989 Cores were incubated at
ambient Bay bottom light intensity (light), or in the dark (dark). The dashed line is
the predicted phosphate, ammonia or nitrate plus nitrite concentration in the
overlying water of dark mcubated cores based on the average dark oxygen uptake

ratear‘u] an U l"faIlDOl' ‘IL l U Nl’l4la“°0|' IJ ‘D I or an U NU3 I_'aflﬁ ﬁf I-l' 25 1
{see text}.
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Figure A-7. A) Oxygen, B) phosphate, C} ammonia and D) nitrate plus nitrite concentration
versus time in water overlying sediments in in situ benthic chambers at the sandy
vegetatad sita in Barnegat Bay, June 1989. Cores were incubated at ambient Bay
bottom light intensity {iightj, or in the dark {darkj.
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AMMONIA CONCENTRATION VS TIME
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Figure A-7 (continued). A) Oxygen, B} phosphate, C) ammonia and D} nitrate pius nitrite

con‘centraﬁon varsus time in water overlying sediments in /n situ benthic chambers
at the sandy vegetated site in Barnegat Bay, June 1989. Cores were incubated at
ambient Bay bottom light intensity {light), or in the dark (dark).
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