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ABSTRACT

The effects of spraying chlorinated secondarily treated sewage
on a Delaware River freshwater tidal wetliznd for th%ee years was studied,
Macrophyte net primary production was siznificantly lower in the experimental
sites fﬁneiving seﬁage than in the no treatment controls im 1975 but not in 1975
or 1977. Diversity of annuals was reducad in the experimental sites largely
due to the elimination of annuals, Although percent N and P were generally
high in the vegetation of experimental sites, there was 1itt1§ difference

in Total N and Total P between treatments and controls, Macrophyte de=-

composition rates were little affected by sewage aﬁplication. Substrate

N and P were not significantiy different between sites, but surface litter

. of the expérimental sites accumulated N and P, Epibenthic algae may con-
tribute to this accumulation, Water quality studies ~showed the high maxrsh
to be metabolically active., Tide cycle flux studies indicated that up to
407 of the N added to the wetland was assimilated during the late spring -
early summer period. Conversely, there was a net loss of P from the wetland,

These results are compared with those of similar studies in other

‘wetlands. It is concluded that the strongly pulsed tidal regimes of the
wetland, the low organic content substrate, and the eutrophic nature of

Delaware River waters contribute to the inabllity of the wetland to efficiently

assinmilate nutrients from sewage.
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1. INTRCDUCTION

This study was proposed after results of our initilal work in the
Hamilton Marshes (Whigham and Simpson 1974, 1975, 1976a; Simpson et al.,
1978) showed that the wetlands were highly productive and that there
were very pronounced sessonal patterns of selected water quality para-
meters. For example, Water quality data showed that concentrations éf
"nitrogen and phosphorus were high in flood tides water and were very
low in water that ebbed from the wetland. Grant and Patrick (1970) had
reported similar findings from their studies of the Tinicum Marshes
near Philadelphia. Based on our earlier work, it seemed that the wet-
land was an efficient trap for nutrients, especially during thé growing
season, which were stored in wetland vegetation, sediments and/or in litter.

" This report details results of a ;hree year study designed to con—
sider the potential for using the Hamilton Marshes, a freshwater tidal
wetland, faf the reméval of nitrogen and phosphorus from secondarily
treated municipal wastewater. Additional details of our_earlier studies
of the wetland can be found in Whigham and Simpson(19765, 1977). Aspects
of this study have been published in Whigham and Simpson (1976b, 1978),
Simpson, et al.k(l978) and Whigham et al. (1978). Other studies related
to the Hamiltbn Marshes include Whigham énd Simpson {(1979), Simpson et
al. (1979), Leck and Graveline (1979), Bonasera et al. (1979) and Whighan

et al. (1979).

2. WETLAND MODEL

The research was designed around the models shown in Fig. 1. In

its simplest terms the wetland represents an integrated ecosystem uith.
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Diagrammatic representation of wetland ecosystems. The upper
diagram represents a mass balance approach to the study of

nutrient dynamics.,

The lower diagram includes mass balance

studies but it depicts the major compartments through which
nutrients move and in which they are stored.




yuiﬁntiﬁlly definable inputs and outputs. If the wetland ecosystem has
the potential to provide advanced treatment of municipal wastewater, we
- would expect that additional inputs (i.é., sewage effluent) would be
assimilated and stored within thg wetland oxr convertedvtm another form
and released immediately. A’detailéd analysis of the inputs and outputs
shown in Part A of Fig. 1 would provide answers to the following questions:
1. jggfnittogen and phosphorus stored within the wetland?
2. Does the wetland change the quality of wastewater?
We attempted to answer those questions by performing several types of
experiments. During single tide cyclaé, we monitored the form and
quantity of nitrogen (N) and phosphorus (P) that was applied to treat-
© ment areas as effluent and the amount that entered with tidal water.
We then measured N and P that was removed during the ebb tide., The
data were used to calculate tide cycle input-output budgets for the
treatment areas as well as detgrmine whether or not there were changes
in water quality parameters. For one year we alsc monitored water quali-
ty parameteis in the watershed where the effluent study was located. |
What 1s the fate of nitrogen and phosphorus that‘égistored in the
wetland? Part B of Fig. 1 shows the approach that we used to assess
that question., All inputs of N and P were categorized as nutrients
that could follow several pathways. Some of the N and P would péss
quickly through the wetland and be removed as tidal or atmospheric losses.
Nutrients could also be stored in the litter, sediment and plant bio-
mass compartments. Accordingly, standihg stocks of N and P in the élant,‘
litter and sediment compartments were measured throughout the study.

Based on our earlier work (Whigham and Simpson 1975, 1976a), we be~

lieved that much of the nitrogen and phosphorus that would be stored in




by

the“ﬁétlﬁmd during the growing season would be ralaasad into tidal waters
during decomposition of littex fdllowing senescence of the vascular plants.
’we, therefore, performed studles on the effect that the application of
wastewater had on decomposition, rate and the temporal patterns of N and
P in the litter compartment.

In our earlier work (Whigham and Simpson 1976b) we noted that algae
seemed to be important components of the wetland system and that they
might play an important role in nutrient cycling.’ As part of the present
s;udy, we performed studies of seasonal patterns of chloropﬁyll standing
stocks in the treated areas, a qualitative analysis of the algae species,
except diatoms, present in the treatment areas and a series of field and
laboratory'experiﬁents designed to determine how daﬁinant algae species

responded to nutrient addition.

3. STUDY SITE

The study site was located in the Hamilton Maréhes, (Fig. 2) a 500
ha freshwater tidal wetland connectiﬁg with the Delaware River estuary
near Trenton, N.J. (Whigham and Simpson 1976a, Simpson et al. 1978). The
sewage spray irrigation studies were conducted on a high marsh site chosen
becausexit was yepresentative of the most widespraaﬁ habitat in the wet-
land. The site was located neaf the Hamilton fowns&ip Sewage Treatment
Plant which, during the study period, discharged aggroximately‘Y.S miilion
gallons of secondaiily treated effluent daily into Crosswicks Creek which

‘is the major stream in the wetland.
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4, DESIGN OF THE EXPERIMENTAL ENCLOSUREER
AND EFPFLUENT DELIVERY SYSTEM

h
Ciarinated szcondarily treated effluent was obtained from the near-

by Hamllton Township Sewage Treatment Plant. The effliuvent was screened
to rema?g large suspended particles and pumped te the wetland where it
was sprayed into 12 three-sided enclosures, The enclosures
were 20m x 10m and the sides were constructed of wood frames which were
covered with fainfoiced polyethylene. The sides of the enclosures were
pushed into the wetland so thaﬁ we could minimize lateral exchange of
water between the experimental areas. The open sidés of each enclow
sure faced an adjacent stream channel so that tidal waters would be
able to flow freely into and out of the enclosutes.‘ The enélosures wére
constructed in the spring of 1975 and spraying began im early June of tﬁe
same year.

Four enclosures were irrigated with effluent continuously, four
during 2 three hour perieds coinciding with the high tide and 4 during
2 nine hour periads coinciding with the draﬁdown pexried of each tide
cycle. Two enclosures from each set received 5 em of 2ffluent daily
and the other two received 12.5 cm daily. Two enciommres from each set
received tap water continuously at 12.5 cm per-day and two enclosures
received no treatment. The treatment regimes are summarized in Table 1.

The amount of effluent applied to the.enclosureﬁtmms controlled by
varying the orfice of Rain—Bifd sprinklers, Application of effluent to
the high and low tide enclosures was accomplished withk an electronically

timed switching mechanism that was synchronized to a tide level

indicator that was located in an adjacent stream chanmel,




'TABLE 1. Treatment regimes used during the study.

made in duplicate.

A1l treatments wers

Quantity
Treatment (em/day) Site

Effluent applicaﬁion when tidal 5 1
water covered the high marsh
(2-three hour applications per day) 12 2
Effluent application when tidal 5 3
water did not cover the high marsh
(2-nine hour applications per day) 12
Effluent application continuous 5 6

12 5
Tap water control - application 12 7
continuous
No treatment control 0 8




Effluent was applied continuously throughout the 1975 and 1976
growing 3ea§ons except duxing‘the winter when the wetland was frozen
and on occasgions when the system did not operate because ¢f vandalisam
or eguipment malfunction. In 1976 we added flow meters to the system
so that we could mors precisely measure the amounts of effluent that
were added to each enclesure. In 1977, wastewater was applied only to

the enclosures that received effluent continuously.

5. ABOVEGROUND VEGETATION

The most salient feature of freshwater tidal’wetland ecosystens is
the changing bhysiognomic aspect of the emergent macrophytes (Whighanm
. et al. 1978). The response of aboveground portions of that ecosystem
component to application of sewage effluent was monitored for the three
vears of the study. For each Site we determined aSoveground biomass
on several occasions during each growing season, estimated yearly annual
" net abovéground priméry production for each site, determined the con-
centrations and total amounts of nitrogen and phosphorus in the above-
ground vegetation at e#ch sampling date during the first two years of
the study, estimated the aboveground and total amounts of phosphorus
and nitrogen that was associated with the net production estimate, and

calculated Shannon-Weiner diversity for each Site for each of the three

years.

Methods

Biomass was determined and primary production estimated for the

1975, 1976, and 1977 growing seasons by periodically harvesting the




aboveground bilomass. During each sampling event, six 50cm x 50cm quad-
rants were harvested from each Site for a total of 12 replicates per
treatment. Vegetation was cut at the wetland surface and returned To
the laboratory where the plants were separated by species and dried at
80°C, weighed, ground in a Wiley Mill, and analyzed fer‘nitrageﬁ using
micro-kjeldahl techniques (Amer. Soc. Agr., 1965) and phosphoras using
a tube digestion technique (Sommers and Nelson, 1972).

All data were analyzed by both one-way and two-way analysis of vari-
ance to determine if there were any differences between Sites. Statisti-
cal comparisons between Sites were performed for each year on the following
data: 1) Total biomass for each sampling aata, 2) Nitrogen concentrétioﬁS-
in plant tissue for each sampling date, 3) Phosphorus concentrations in
plant tissues for each sampling date, 4) Total nitrogen (TGTAL N) in stand-
ing vegetatioﬁ for each sampling date, 5) Total phosphorus (TOTAL P) in
standing #egetatien in each treatment for each sampling date, &) Estimated
total net annual primary production for each Site calculated following

- Whigham, et al. (1978) using the following formula:
n

P =L (maximum aboveground biomass of species 1 for year) where
1=3

Pn is net primary production.

7) Estimated net accumulation of nitrogen (NTOT) associated with the ?n

estimate where NTOT = g (¥ in maxiﬁum aboveground biomass of species 1

for year), 8)vEstimat:§1net accumulation of phosphorus (PTOT) associated “fjh

the P estimate for each site where PTOT = ; (P in maxﬁmum aboveground
-

biomass of species i for year), 9) Shannoniwzinez index of diyarsity for

each Site for each year. The index valuéﬁﬁilculated according to the f .

formula in Peet (1975) where H = X Py log Py. We used biomass data as
a measure of the relative contributions (Pi) of each species.
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Results

Aboveground Biomass, %N, TOTAL N, %P, TOTAL P

1975 - YEARDAY 157

Data for biomass, ZN, TOTAL N, ZP and TOTAL P on yearday 157 are
shown in Table 2. Aboveground biomass ranged from 679.8 % 65.9 gfm2
at control Site 8 to 499.4 * 71.7 g/mz at Site 6 where effluent was
sprayed continually. There were no significant differences betwegn

any of the means (a = .41). Neither were there any significant differ-

ences in nitrogen (a = .33) which ranged from 18.9 £ 3.9 to 14.2 * 2.4 g/m?

or ZN in the aboveground tissues (o = fl9) which ranged from 3.Q7 + 0.21
ZN at Site 5 to 2.49 % 0.16 7N at’Site 3. Similarly, there were no
differences in phosphorus (a = ,63) or ZP (o = .98).. Ranges for the
latter were 1.17 % 073 g/m? to 2.5 = 0;6 g/m? ané 0.31 i 03003 ZP to
0.35 % 0,02 AP respectively;

1975 - YEARDAY 181

There were no significant differences when Site comparisons were
made for ZN, ZP and TOTAL P in the aBoveground vegeﬁazion (Table 3).
Aboveground biomass at Site 7 (796.5 * 108.0 g/m?) énd Site 8 (720.9
76.7 g/m?) was significantly (at least a = ,05) greater than‘at’Sites 4
(407.1 % 126.1 g/a?), 5 (493,1 + 105.6 g/m?) and 6 (410.5 % 71.3 g/m?).
Significantly less aboveground biomass was at Sites 4 and 6 than at
Site 1 (675.8 * 100.6 g/m2), Site 2 (688.3 * 106.ngfm2) and Site 3
(668.8 + 123.56 g/mz). Significant differences in TOTAL N (Table 3)

were due to less TOTAL N at Site 5 (10.6 % 1.8 g/m?) and Site 4 (10.7

I+

3.5 g/m?).

1975 - YEARDAY 191

There were no significant differences in the total aboveground




biomass (& = ,39), TOTAL N (a = ,59) and TOTAL P (o = .52} in the above-
ground vagetation (fabla 4). Significant differences (a = .01) in ZN
were due to lower N concentrations at Site 7 (2.31 % §.30%Z) which is
the tap water contréi site, than at Site 6 (2.89 £ 0.13Z}, Site & (2.85
+ 0.14%) and Site 2 (2.84 % 0.30%). The contrel that received no water
(site 8) did not, however, differ significantly from.any other Site
(Table A)} |

Tissue phosphorus concentrations at Site 7 (0.22 % 0.01%) were signi-
ficantly less than at all other Sites (o = .01 at all Sites except Site 1
which was a = ,05). Vegetation at Site 8 (0.26 * 0.03%) had significant-
ly lower (o = .01) ZP than vegetatioﬁ@gite 6 (0.33 £ 0.01%2) and Site &
(0.36 * 0.02%Z). Comparing Sites thét received sewage, ZP in vegetation
at Site 4 was significantly higher than all other areas except Site 6.
Site 6 vegetation had higher tissue P concentrations than vegetation at
all areas except Site 1.

1975 -~ YEARDAY 218

Significant differences were found for all variables except TOTAL N
in aboveground vegetation. Bio#ass‘at Site 7 (629.1 * 75.0 g/m?) and
Site 8 (952.3 * 94.7 g/m?) was significantly greater (a = .01) than bio-
mass at all other sites (Table 5). Comparisons of treated arzas showed
that average biomass at Site 5 (309.3 * 48.0 g/m?) was significantly

less than at Site 3 (a = ,10). The TOTAL P stock at Site 8 (2.3 % 0.2

g/m?) was significantly greater than at all other Sites (at least @& = .05)

even though 7P at Site 8 (0.24 * 0.02%) was significantly less than all ‘,~'»
areas (at least a = .03) except Sites 2 (0.28 * 0.01Z) and 7 (0.25 # &
TOTAL P at tap water control Site 7 was significantly more than TOTAL

at Site 1 (0.29 * 0.02%) and 2 (a = .10) but was similar to Si;efl~
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{(Table 3). There were no significant differences in TOTAL P when com-
parisons were made between sewage treated Sites. Vagetation at Sites 7
and 8 had significantly lower aitrogen concentrations (@ = .01} than
all other Sites and Site 7 (1.8 % .01l%) was signifiaaﬁtly greater (g =
-10) than Site 8 (1.6 * 0.1%). Site 5 vegetation had significantly
higher concentrations of N (3.1 % 0.22) than all treated areas except
Site 6 (2.9 * 0.2%). Site 6 7N was similar to Sites & (2{8 + 0.12)
and 2 (2.7 * 0.1%Z) but greater than (at least & = .05) Site 1 (2.5 #
0.1%).
Phosphorus concentrations were least at the two control sites but

those values were only significantly (at least @ = .05) less than XP

| at Sites 3-6. Percaﬁtage P of Site 7 (0.25 * 0.027%) vegetation was
not significantly iess than Site 1 (0.29 * 0.02%Z) oxr 2 (0.28 + 0.01%)
while Site 8 (0.24 + 0.02%) %P was significantly less than Site i {a =
.10) but not different from Site 2. Within the treated Sites, Site 5
(0.40 £ 0,02%) had the highest %P concentration (Table 5) which was
significantly greater (¢ = .01) than Sites 2, 1 and 3.

1975 - YEARDAY 252

There were no significant differences in TOTAL N (g = :13) and

TOTAL P (s = .13) of aboveground vegetation (Table 6). Site § above-
ground biomass (1021.7 + 137.6 g/mz) was significantly greater than
biomass at Sites 5 (¢ = .10), 2 (@ = ,05), 1 (o = .01}, & (o =.01) and
6 (o = ,01). Site 7 aboveground biomass (794.6 £ 113.2 g/m2) was only
greater than the biomass at Sites i (a = ,05), 4 (@ = .05) and 6 (o =.01).
Sites 4 and 6 (313.4 * 30.5 g/m?) biomass was significantly less than

| all other sites (¢ = ,01). Site 5 (733.2 *+ 70.2 g/m?) had the largest

amount of aboveground biomass of the treated Sites {Table 6) and that
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mean was significantly more than all Sites except the biomass at Site 3
(944.0 + 169.3 g/m?). Site 3 aboveground biomass was also significantly
‘larger than all Sites except the controls and Site 5.

Nitrogen concentrations of vegetation at Site 8 (1.7 + 0.1%) was
significantly less than the means of all other Sites (a = .01). Site 7
(2.4 & 0.1%) 7N was significantly iess (at least « = ,05) than all other
sites except Site 1 (2.6 # 0.1%Z). Site 6 (3.4 * 0.2%) plants had the
highest ZN which was significantly greater than all Sites (at least a =
.05) except Site 4 (3.3 % 0.17%7). Vegetation at Sites 3 and 5 (3.0%)
had significantly higher ZN than vegetation at Site 1 (a = .05) while
the nean ~N of vegetation at Site 4 was significantly greater than at
Sites 2 (a = .05) and 1 (a = .01).

Phosphorus conceatrations (Table 6) at Sites 7 (0.24 % 0.02%) and
8 (0.26 % 0.03%) was significantly less than ZP at all other Sites (aﬁ
least g = .10), Site 4 (0.43 * 0.02%) vegetation had significantly greater
%P concentration than all other Sites (at least a = .10) while Site 1
(0.32 + 0.02%) ZP was significantly less (at leasﬁ o = ,10) than ZP at
the other treatment Sites.

1976 - YEARDAY 161

There were no 5ignificant‘diffarencas between Sites for sboveground
biomass, TOTAL N or TOTAL P (Table 7). The %N of vegetation of Sites 7
(2.6 +0.,1%) and 8 (2.8 * 0.1%) was significantly less than all other Sites
(a= .01). The %N of vegetation at the treated Site was similar except
that Sites 6 (4.1 * 0.2%) aﬁd 5 (4.2 *0.3%) were significantly greater
than at Site 1 (3.5 % 0.2%7) at the .10 significance level.

Mean %P at Site 2 (0.34 * 0.02%) was significantly (o = .05) greater

than Site 8 (0.27 * 0.02%) and significantly less than %P at Sites 2-6




[, Y.

(o = .01). Site 8 %P was significantly less than all other Sites (at
least at the .05 level of significance)., Sites & (0.41 % 0.02%), 3
(0,41 T 0.03%) and 2 (0.42 ¥ 0.02%) %P was significantly greater (& =
.05) than Site 1 (0.34 * 0,02%). Site 4 ZP (0.44 £ 0.02%) was signi-
ficantly greater than Site 5 (0.38'1 0.03%) at the .05 significance
level and Site 1 at the .01 significance level.

1976 - YEARDAY 191

Similar to yearday 161,>thé only significant differences were in
2P (a = ,008) and ZN (a = ,01) of the abovegroﬁnd vegaﬁation. The mean
%#N at Site 7 (1.5 * 0.3%) was significantly less»than at all other
sites (at least o = ,05) except Sites 8 (Table 8). Site 8 7N (2.6 %
0.27) was less than all sites (at least o = ,Q5) exéept Sites 7 and 1
(2.8 £ 0.2%). fhe %#N of Site 4 vegetation was 3.4 * 0.17 which was signi-
ficantly greater than 7ZN at Sites 1 (a = .01) and 2 (3.0 : 0.1%) (a = ,10).
Mean ZN at the other sites was similar except that ZN at Sites 3 (3.1 %
0.1%2), 5 (3.2 + 0.1%) and 6 (3.2 * 0.1%Z) was greater than the ZN at Site 1.
Mean 7P at Sites 7 (0.28 % 0.02%) and 8 (0.27 % 0.02Z) was significantly |
less fhan %P at all other sites (at least a = .10). Sites 3 (0.41 % o.oaz),
4 (0,40 * 0.02%) and 5 (0.43 % 0.03%) %P was significantly greater than

4P at Sites 1 (o = ,10) and 6 (a = ,10).

1976 -~ YEARDAY 222

Aboveground biomass and %N were the only variables for which the
means were significantly different (Table 9).k Site 8 aboveground biomass
(449.3 * 55.2 g/mz) was signifiéantly more thén biomass at Sites 6 (293.4
* 42.9 g/mz) and 5 (275.3 % 36.6 g/m?) at the .10 significance level and
less (a = ,10) than the aboveground biomass at Site 2 (643.8 % 87.8 g/m?).

Site 7 aboveground biomass (410.5 % 43.1 g/m?) was also less than the
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biomass at Site 2 (o= ,10), Sites & and 5 biomass was the least and
the means were less than those for Sites 4 (489.2 £ 95.4 g/m?), 3 (457.5
% 60.9 g/n?) at the .10 significance level and Sites 2 and 1 at the .01
significance level. Diomass at Site 2 (643.8 * 8?.3,gfm2} Wés signifi-
cantly greater than all Sites except Site 1. Site 1 biomass, however,
was only significantly greater than Sites 5 and 6 (o = .10).

Nitrogen concentrations of plants at Site 8 (2.1 * 0.2%) was signi-
ficantly less than all other Sites (at least at the .05 significance
level). Site 7 ZN (2.4 % 0,1%) was similar to Sites 1 (2.5 = 0.1%), 2
(2.4 * 0,1%) and 4 (2.7 * 0.2%) but significantly less (a = ,10) than
Sites 3 (2.8 * 0.1%), 5 (a = ,01) and 6 (o = ,01). Sites 5 (3.1 * 0;1%)
and 6 (3.1+ 0.1%) vegetation had the highest %N concentrations {Table 9)
and they were greater than all Sites gxcept Site 3.

1976 - YEARDAY 253

’ Percentage nitrogen in aboveground vegetation was the only wariable
for which there were significant differences between Sites (Table 10).
Both control Sites.had the lowest mean %N and those values were signifi-
cantly less than the means at the other 6 sites (all significant at a =
.01 except Site 2 where the significance-leﬁel between it and Site 8 was
a = ,10), Nitrogen concentrations ranged ffomVB,S * 0.2%7 at Site 1 to
2 2.1 £0.1%7 at Site 1,

1977
In 1977 only Sites 5 and 6 were irrigated with sewage effluent. 1In
addition vegetation was not analyzed for N or P. Biomass data, ;berefora,
represent recovery following irrééation for Sites 1-4. Table 11 lists
wek &

biomass data for the 3 dates sampled in 1977. There was no significant

differences between mean aboveground vegetation at any of the samplingkéf




TABLE 2 1975 YBARDAY 157. Data for aboveground biomass (g/m?), nitrogen (g/m?)
and phosphorus (g/m?)
also presented.

the number of replicates shown (N).

different.

For each category, the values are means X1 standard error for

on yearday 157.

-] b

None of the means are significantly

SITE N ABOVEGROUND
Biomass Total N Total P 7 N ip
1 12 534.7+83.0 14.8+2.4  1.8+0.3  2,8%0.1  0.34%0.02
2 12 653.84129.9  18.6%3.6  2.24¢0.5  2,9:0.1  0,32:0,02
3 12 740.7:129,9  18.9$3.9  2.580.6  2.5:0.2 0.31£0.03
4 12 535.1+100.,0 15,7+3.2 1.8%20.3 2,9+0.2 0.3420.01
5 12 542.6565.2 17.3:2.9  2.0£0.3 - 3.120.2  0.35:0.02
6 12 499.4¢71.7  14.252.4  1.760.3  2.8%0.1  0.3320.02
7 12 629.6%57.9 16.5:1.7  1.980.2  2.6:0.1  0.32%0.02
8 12 679.8£65.9  16.2:1.4  2.2:0.3  2.5:0.2  ©0.32+0.03

Mean %N and %P of the plant tissues ar

o i s
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TABLE 3.>1975 YEARDAY 181. Data for aboveground biomass~{g/m2), nitrogen
(g/m2) and phosphorus (g/m2) on yearday 181. Mean %N and %P of the
plant tissues are also presented. For each category, the valuesAare means
+1 gtandard error for the number of replicates shown (N). Means th@t are

significantly different are described in the text.

STTE . ABOVEGROUND
Biomass Total N Total P In ZP
1 12 675.8% 100.6  16.1% 2.3 1.9% 0.4 2.4% 0.2  0.26% 0.01
2 12 688.3 £106.0  17.0+ 3.0 2.0% 0.3 2.5: 0.1  0.30: 0.03
3 12 668.8 £123.6  17.8+ 3.4 2.0% 0.4 2.7t 0.2  0.30% 0.02
4 12 407.1% 126.1  10.7+ 3.5  1.3% 0.4 2.4% 0.3  0.32¢ 0.02
5 12 493.1% 105.6  10.6% 1.8 1.6+ 0.4 2.3% 0.2  0.29¢ 0.0}
6 12 410.5 $71.3 - 11.4% 1.9 1.2+ 8.2 2.8: 6.1  0.30% 0.0l
7 12 796.5+ 109.0  17.1: 2.7 2.1% 0.4 2.22 0.2  0.26% 0.82

8 12 - 720.9 276.7 17.4% 3.2 2.0+ 0.2 2.3% 0.2 0.28% 0.01
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TABLE L. 1975 YEARDAY 191. Data for aboveground biomass (g/m2), nitrogen
(g/mz} ©  and phosphorus (g/m2§ on yearday 191. Mean %N ané %P of the
plant tissues are also presented. For each category, the values are means

¥1 standard error for the number of replicates shown (N). Means that are

significantly different are described in the text.

SITE N )  ABOVEGROUND
Blomass Total N Total P 7ZN Zp

1 12 938.2 £147.9  18.8+ 1.9 2.6% 0.4 2.2+ 0.2  0.20+ 0.02

2 12 863.5% 126.1  25.12 5.3 2.8+ 0.5 2.8+ 0.3  0.31% 0.02

3 12 641.6 £102.1  16.6+ 2.8  2.0% 0.4 2.6: 0.1  0.30¢ 0.02
412 645.22 112.4  18.6% 3.7 2.2+ 0.4 2.9% 0.1  0.36+ 0,02

5 12 479.6 $65.8  11.4% 1.7 1.4 0.2 2.4% 0.3  0.30% 0.01

6 12 367.8 236.5 10.55 1.1 1.2+ 0.1 2.9+ 0.1  0.33% 0.01

712 721.9 +77.8 1661% 2.6 1.6% 0.1 2.3% 0.3  0.22% 0.01

8 12 6446.9% 129.5  17.8 #5.1 1.7% 0.5 2.5% 0.2  0.26% 0.03
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D4BIE 5. 1975 YEARDAY 218, Data for zboveground biomass (g/ma), nitrogen

(2/m%)

plant tissues are also presented.

I1 standard error for the number of replicates shown (X).

and phosphorus (g/mz)

on yearday 218.

For each category, the

significantly different are described in the text.

Mean %N and %F of the
values are means

Means thait are

STTE N ABOVEGROUND
Biomass Total N Total P 2N zp
1 12 436.9 +72.2  10.7+ 1.7 1.2+ 0.1 2.5¢ 0.1 0.29% 0.02
2 12 397.7 $47.1  10.5¢ 1.1 1.1% 0.2 2.7% 0.1 0.28% 0.01
3 12 482.6 £79.8  11.9+ 2.1 1.4+ 0.3 2.5t 0.1 0.30% 0,01
4 12 413.7 +62.1  11.8+ 1.8 1.5% 0.2 2.8+ 0.1 0.39: 0,02
5 12 309.3 +49.0 9.3 +1.1 1.2+ 0.2 3.1 0.1 | 0.40% 0.01
6 12 354.6 +48.0  10.1: 1.1 1.3+ 0.1 2.9+ 0.2 0.37% 0.02
7 12 629.1 $75.0  11.3 #1.8 1.5¢ 0.2 1.8+ 0.1 0.25% 0,02
8 12 952.3 £94.7  14.3+ 1.2 2.3+ 0.2 1.6+ 0.1 0.24% 0.02
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TABLE 6. 1975 YEARDAY 252. Data for aboveground vlozess (gfmz), nitrogen

Voot

'

(g/mz)' and phosphorus@gﬁmz} on yearday 252, zr1 %7 and %P of the

plant tissues are also presented. For each czategory, the values are

means X 1 standard error for the number of replicates shown (N). Means that

are significantly different are described in the text.

SITE N ' ABOVEGROUND

Biomass Total N Total P N ZP
1 12 491.0 $82.3 12,9+ 2.3 1.7+ 0.5 2.6+ 0.1 0,32+ 0.02
2 12 . 706.3 481.8  20.8+ 3.2 2.4 0.3 2.8+ 0.1 0,34* 0.02
3 12 944.0 $169.3  28.7+ 5.2  3.3% 0.6 3.0+ 0.2  0.37+ 0.03
4 12 465.7 356.6  15.0+ 1.6 2.0% 0.2 3.32 0.1 0.43: 0.02
5 12 733.2 70,2 21.9+ 1.4 2.8+ 0.2 3.0+ 0.1 0.37+ 0.01
6 12 313.4 $#30.5  10.4 #0.9 1.2+ 0.1 3.4% 0.2  0.33+ 0.02

7 i2 794.6 *113.2 18.1 ¥2,2 1.9+ 0.3 2.4 0.1 0.24% 0,02

i+

8 12 1021.7 $137.6 17.3 #2.3 2.4+ 0.3 1.7+ 0.1 0,26+ 0.03




TABLE 7. 1976 YEARDAY 161. Data for aboveground biomass (g/mg}, nitrogen

(g/m?)

plant tissues are algo presented, For each category, the values are means

and phosphorus (g/m?)

on yearday 161. Mean %N and %P of the

#1 standard error for the number of replicates shown (N). Means that are

 significantly different are described in the text.

N ABOVEGROUND
Biomass Total N Tofal P N ip

1 12 532.3:66.8  18.5(1.6  1.80.2  3.8t0.2  0.3l%0.02

2 12 363.6£63.6  13.5t1,5  1.5t0,3  4.0:0.2  0.42:0.02

3 12 370,1:75.5  14.02.8  1.5%0.3  3.8%0.1  0.41%0.03

4 12 484.8:106.1 18,2%4.0  2.1#0.4  3.850.1  0,34%0.02

s 12 387.5:85.3  14.6+3.1  1.4%0.3  4.2%0,3  0.38%0.03
6 12 313.1407.4  12.2¢3.7  1.20.3  4.1%0.2  0.41£0.02
7 12 578.3:97.9  13.4%3.,1  2.0:0.4  2.620.1  0.3l0.02
8 12 560,5:72.7  16.2¢2.7  1.680.2  2.880.1  0.27%0.02
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TABLE 8. 1976 YEARDAY 191. Data for aboveground biomass (g/mz), nitrogen
(g/m®y  and phosphorus (g/u®)  on yearday 191. Mean %V and %P of +the

plant tissues are also presented. For each caﬁegory, the values are means
11 standard error for the number of replicates shown (N). Means that are

significantly different are described in the text.

ABOVEGROUND

SITE o Biomass Total N Total P %N Zp

1 12 424 ,1 78,1 11.9 #2,1 1.5 0.3 2.8 #0.2 0.35 %0.02

2 12 357.1 9.9 10.7 *1.6 1.4 $0,2 3.0 #0.1 0,38+ 0,02

3 12 541.8 #122.2 17.3 #4.,6 2.4 0.8 3.1»&0.1 0.41 +0,.03
4 12 336.9 %53.0 11.3 #2.0 1.4 #0.3 3.4 £0.1  0.40 20,02
5 12 379.4 %92.2 11.5 £2.3 1.7 $0.4 3.2 $0.1  0.43 $0.03
6 12 331.8 +44.6 10.6 #1.5 1.1 #0.1 3.2 20.1 0,34 20.02
7 12 615.5 #68.0 ‘12,4 +1.8 1.5 20.3 2.4 #0.1 0.28% 0.02

8 12 483.5 86,9 12,8 #2.6 1.3 £0.2 2.6 0.2 0.27 $0.02
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TABLE 9. 1976 YEARDAY 222, Data for aboveground biomass {g/m?), nitrogen

(z/m?) and phosphorus (g/m?)  on yearday 222. lVean %N and %P of the
plant tissues are also presented. For each category, the walues are means
1 standard error for the number of replicates shown (N). Means that are

significantly different are described in the text.

ABOVEGROUND
SITE N Biomass | Total N Total P ZH ip
112 519.3 £79.0 12.7 22,0 1.3 #0.2 2.5 $0.1  0.27 $0,02
2 12 643.8 £37.8 15.7 42.3 2.0 0.3 2.4 0.1  0.32 zo.o;z
3 12 £67.5 60.9 12.0 $1.6 1.5 £0.2 2.8 £0.1  0.35 £0.03
4 12 489.2 395.4 12,9 2.5 1.6 $0.2 2.7 20,2  0.36 20.03 |
5 12 275.3 +36.6 8.4 1.1 0.8 20,1 3.1 #0.1  0.29 #0.02 :
6 12 293.4 +42.9 8.7 #1.2 1.0 #0.1 3.1 20.1 0.37 %0.02
7 12 410.5 #43.1 10.2 #1.4 1.1 +0.1 2.4* 0.1 0.25 20,02

8 12 449.3 155.2 8.9 #1.1 1.2 #0,2 2.1 #0.2 0.26 $0.03
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TABLE 10, 1976 YEARDAY 253. Data for aboveground biomzss (z/m°), nitrogen
(g/my  and phosphorus (g/m2)  on yeardsy 253. Mean 7 and #P of the
plant tissues are also presented. Fox each oategory, the values zre means
71 standard error for the number of replicates shovn (NW). HMeans that are

significantly different are described in the text.

ABOVEGROUND
SITE N . Biomass Total N Total P 7ZN 7P

1 12 708.0 £55.6  25.0 42.9 2.6 $0.2 3.5 0.2 0.37% 0.03
2 12 640.5 60.3  18.1 42.5 2.2 30.3 2.8 $0.2  0.3%% 0,02
3 12 455.5 351.4  13.6 #1.4 1.6 20.2 3.2 0.1  0.3% 0.02
1 616.5 +52.8 19,9 1.7 2.4 $0.2 3.3 £0.2 0,39+ 0.01
5 12 642.8 $129.3  18.7 4.2 2.1 #0.4 3. 0.2  0.33% 0.01
6 12 530.9 $48.9  17.8 #1.6 2.0 £0.2 3.4 :0.1  0,38% 0.02
712 472.6 4.6 11.7 £1.5 1.5 $0.1 2.4 0.2  0.30% 0.02

a8 i2 753.3 +83.0 15.9 ¥2.1 1.9 0.2 2.1 #0,1 0.25%




TABLE 11 - 1977. Data for aboveground biomass (g/mz) are shown for the three
yeardays sampled in 1977. All values are means F1 gtandard error for the
number of replicates shown (N). Means that are significantly different are
described in the text.

SITE N ABOVEGROUND
YEARDAY YEARDAY TEARDAY
196l 1962 YN
1 12  376.4 31.0 1 890,1 $124.0 463.3 +86.8
2 12 381.8 94,2 655.3 £92.7 484.7 £25.5
3 12 382.0 £75.3  805.4% 119.9 704.8 £142.0
4 12 398.2 366.0 842.3 +179.6 . 619.6 £80.2
5 12 327.6 166.4 701.2 $109.9 901.6 +125.2
6 12 439.4 $101.6 693.5 $133.2 755.6 *113.7
712 651.2 +116.7 670.0 +73.2 833.4% 103.3

8 12 522,1 +55.7 687.9 *134.6 856.0*% 68.1
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Net Primary Production and Associated N and P Standing Stocks

Using techniques described by Whigham et al. (1978), we estimated
net primary production (Pn) and the amount of ¥ (NTOT) and P (PTOT)
associated with those levels of net production (see page 9 for descrip-
tion of nalculati@ns}.

Estimated Pn values for each Site for the 3 years of the study are
shown in Table 12. In 1975, there were significant differences in Pn
(¢ = .02), NTOT (a = .07) and PTOT {a = .09). The maximum estimated 0
was at Site 8 (2387.4 + 177.3 g/mn?) wherebthe mean was significantly
greater (a = ,01) thén all areas except Site 7 (1995.6 + 143.4 g/m )

vhere the significance level was o = .10 and Site 3 (2170.8 # 192.7 g/n?)

| which was not significantly less. Site 7 estimated P, was significantly
greater (a = .01) than Sites 6 (1089.0 + 96.2 g/m?), 5 (1620.4 * 129.2 g/m?)
and 4 (1328.0 % 126.2 g/mz).’ Comparing treaﬁed areas, Site 3 Pn was
significantly greater than’all cther sites (a = .10). P, at the 6ther»
‘Sites were not significantly différent except for Site 6 where P, was
significantly less than Site 5 (a = .05), Site 3 (o = .01), Site 2 (a = .01)
and Site 1 (a = .01).
The amount of N (NTOT) associated with the P, at the two control

Sites was similar to the trgated areas with the following exceptions
(Table 12): Site 8 (35.9 % 3/5 g/m?) was signifiCantly greater (o = ,05)
than Site 6 (33.1 % 4.2 g/m?). Site 7 (45.3 £ 4.0 g/m?) was greater

than Site 6 (a = .10) but less (o = .10) than Site‘3 (58.2 + 7.3 gfmz).
NTOT at Site 6 was significantly less (a = .10) than‘Site 5 (45.1 = 9.3
g/m?), site 3 (¢ = .0l) and Site 2 (49.8 * 6.1 g/m?). Site 5 and &4 N

were also less than Site 3 (a = .10).
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TABLE 12. Yearly estimate
uptake (NTOT) and maximum

jae

A1l values (g/m?) are means *1 standard error.
e described in the text.

significantly different zr

w7 -

net primary production (Pn) maximum N
uptake (PTOT) for the 8 study sites.
Means that are

1975
SITE . Pa NTOT PTOT
1 1745.26210.4 40.3£3.3 5.4%0,7
2 ' 1763.9%170.3 49.8%6.1 5.8%0.7
3 2170,8£192.7 58.27,3 7.4%0.8
4 11328.0£126,2 40.0%3.7 4.7%0.4
5 1620,4£129.2 45.1t4.3' 5.8%0,5
6 1089.0£96. 2 31.682.7 3.7£0,3
7 1995.6£143.4 25.314.0 5.1%0.4
8 2387.4£177.3 49.8%6.7 6.3£0.5
1976 :
1 1371,9£91,3 42.7+2.8 4,5:0.3
2 1139.7+98,1 32,8:3.7 4.1£0.4
3 | 1242,0:122.2 38.5:4.5 4.920.8
4 1303.9+102.1 43.3£3.6 5.120.4
5 1090,7121,9 33.5:3,8 3.9:0.4
6 973.5:107.8 33.1:4,2 3.4:0.3
7 1270.4$109.0 32.9:3.4 3.940.4
8 | 1525,2101.8 35.9+3.5 4.130.3
1977
1 1307.3+113.3
2 1082,0495,2
3 1540.9+141.3 p
4 1310.14180.6 |
5 1268.4£194.3
6 1516.0£214.6
7 1560.0+176.4

8 | 1635.7£135,6
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Phosphorus assimilated (PTOT) in the P was similar at the two
control sites. Site 8 P (6.3 % 0.5 g/mz) was greater than Site 6
(3.7 £ 0.3 g/m?) and Site 4 (4.7 * 0.4 g/mz} while Site 7 P was greater
than Site 6 (o = .10) and less than (a = .01) Site 3 (7.4 % 0.8 gfn?).
Site 6 P was significantly less than all areas (at least @ = ,03) ex-
cept Site 4,

Net primary production, nitrogen and phosphorus for 1976 are shown
on Table 12, There were no significant'differeuces between any of the
Sites. In 1977, there were no diffefehcés in P, when comparisons were

made between sites (Table 12).

Shannon - Weiner Diversity

To determine what types of changes, if any, were occurring in the
diversity of the wetland vegetation, biomass data were used to calculate
Shannon-Weiner.(ﬁ) diversity values for each site (Table 13). There
were no significant differences between Sites after ihe first year of
irrigation., The mean H value for the treated Sites was 1.99 compared
to a mean of 2.18 for the two controls. After 1976, there were differ-
ences between Sites. All Sites that received water, e§egkthe tap water
control (Site 7), had lower H values whilé'the value for Site 8 (2.34)
remained the same. The mean H value for the tfeated Sites was 1.76 com-
pared to 2.09 for the two control Sites.

Diversity values in 1977 followed a pattern similar to that in 1976.
The average H values fdr the contrel Siteszggigi.GZ and 2.07 for the two

controls,
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TABLE 13. Shamnon-Weiner diversity values for the treatment and control
Sites for the 3 years of the study. See text for explanation
of data and to calculate H. '

SITE 1975 1976 1977
1 2.01 1.79 1.59
2 2.01 1.71 1.79
3 | 1.85 1.83 1.65
6 1.97 1.79 1.59
5 2.13 RS 1.41
6 1,99 1.78 | 1.71
7 2,06 1.84 1.86

8 2,31 2.34 2.28
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6. EPIBENTHIC ALGAE

Farlier studies showed the presence of epibanfhia algae through~
out the vear, although algal peak standing crop was estimated to be
< 2% that of the macrophyte in the wetland (Simpson and Whigham, 1973
Whigham and Simpson, (1976a) Observations during 1975 sugg&stéd that
the additlon of effluent enhanced the growth of epibémthic algae, espe-

cially in enclosures receiving continuous effluent application. To

evéluate this response, we determined for each treatment the composi-

tion of the epibenthic algae exclusive of the diatomé, sediment chlorophyll
levels (see Section 8), and the effects of shading by macrophyteé on
colonization and growth of epibenthic algae. In addition, represeantative
species weré cultured in the laboratory to investigate the interaction

of light, temperature and effluent on growth.

Methods -

Soil samples were collected biweekly during June, July and August,
1976 and monthly from September, 1976 to May, 1977. One sémple,was
collected from each of the 16 enclosures. A sample was composed of 5
subsampies cbllected from the same quadrant of the enclosﬁré; Approxi-
mately 5 g of soil from each of the 8 sets of duplicate samples were
inéculated aseptically into 16 125 ml flasks containing 100 ml of auto-
claved Bold's Bésal Medium with thrée—fold nitrogen (3N BBH} (Bischoff
and Bold, 1964). The flasks were incubated for two weeks under standard
conditions of 20 :1°c, 5000 iSOO lux provided by a bank of 40-w cool-white
fluorescent lamps set on a 12 hour light, 12 hour dark cycle. The algae

grown by this enrichment culture method were identified and characterized
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using routine phycological methods (Lse and Bold, 1975).

In the summer of 1977 duplicate 1 m? plots were cleared of macro-
phytes by clipping of the marsh surface. The plants surrounding these
plots were clipped to a height of approximately 0.5 m. All plots were
reclipped weekly, Clean glass microsaoéic slides were placed on the
wetland surface in clipped plots and unclipped plots. Single slides
from each plot were recovered one, two and three weeks after‘the initial
clipping on 14 June. 1In the laborétory the slides were dipped gently
into sterile distilled water to remove loose mud particles. A gentle
stream of sterile distilled water was used to dislodge any obvious
nonalgal matérial from the glass slides. The algae were then scraped
‘from the slides‘with clean slides and rinsed twice with 5 ml of sterile
distilléd water. One ml of 37 formaldehyde Qas added (to this 10 ml
suspension) to preserve the algae., The soil algae were identified
mlcroscopically and counted using a Spencer Bright Line Hemacytometef.
Densities were expressed as number of algae per mm? standard counting
chamber,

Soil samples were collected from the clipped plots and control
areas in the enclosures at the time of clipping and 2 and 4 weeksv
thereafter. Each soil sample was mixed thowroughly and 6.5 emd of soil
was added to 20 ml of sterile distilled water. The suspension was
mixed thoroughly and placed under an incandescent lamp for‘2~5 min while
the soil settled. Cell counts were made using a standard counting
chamber and expressed as numbef of soil algae per em3. P

For the laboratory experiments, algae from the soil samples were
isolated and axenified using the methods of Brown and Bishoff (1962),
Wiedeman et al, (1964) and Hoshaw and Rosowski (1973). Stock cultutgg‘

were maintained in 3N BBM under standard conditions. Growth experiments 




ugsed axenic cultures of three representative green algae, Actinastrum -
sp. (culture designatlon: HM 0681), a 408 celled colonial alga;

Monoraphidium sp. (HM 0611}, a unicellular alga; and Scenedesmus

dimorphus (7) (H& 0141), a 4=~celled colonial alga. The stocks were
rransferred every two weeks to prcvide actively growing‘culturas for
the experiments,

Crowth was studied in five media: ~distilled water,ytap watér,'
Hamilton Marsh water (collected on October 14, 1976), 100%Z sewage from
the Hamilton Townshipwsewage treatment plant, and a 1l:1 mixture of sewage
and marsh water. The marsh water and sewage effluent were’filtered
through Whitman No. 1 filter baper, One ml of a 2-week-old culture was
inoculated into 100 ml of media in 125 ml flask producing an initial
concentration of 2.5x10% cells/ml per flask. Inoculated flasks were
incubated under standard conditions and cell counts were made at days
0, 3, 5, 10 and 15. 1In a second experiment, an initial concentration
of 8.3x103 cells was used.

The 2ffect of temperature and 1ighi 1ntensity on algal growth was
investigated with a cross-gradients apparatus originally described by
Halldal and French (1956, 1958) and later used by Edwards and Van Baalen
(1970), and Yarish {1976). The imprgve& model of cross-gradients apparaQ
tus (Fig. 3) used in this investigation consisted of 3 aluminum alloy
plates (53.34‘cm x 53.34 cm x 2.54 cﬁ) set on and surrounded by poly-
styrene for insulation. -The plates were connected in series with all the
connecting pipes insulated with polystyrene or neoprene rubber. The
temperature giadient was produced by a cooling circulator (Model KT 33,
Haake, Inc.) and a heating circulator (Model FE, Haake, Inc.). Anti-

freeze was used as the circulating fluid, A light intensity gradient
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Fig. 3. Schematic representation of the-cross—gradient apparatus,
Cy cooling unit; H, heating unit; L, cool-white fluorescent
light bank; 1 « 3, aluminum plates,




perpendicular to the temperature gradlent was provided by a bank of cool-
white fluorescent lamps suspended above cne end of each aluminum plate.
For all experiments conducted, 25 dishes (100 x 80 mm) containing 100 ml
of 3N BBM were arranged on each aluminum plate in 5 rows’of 5 dishes each.
The 25 combinations of temperature and light intensity employed are

shown in Fig. 6.

The inocula for the cross-gradients plate experiments was prepared
by mixing and sonication of actively growing, 2-week old stock cultures.
One ml of the homogeneous stock suspension was inoculated into 100 ml
of 3N BBM in each of the 25 dishes of each cross-gradients plate. The
first 2 weeks represented a preconditioning period for the algae at each
of the 25 combinations of temperature and light intemsity. After this
2-week preconditioning period, a dish-to~-dish transfer was made, using
1 ml of preconditioned culture as stock culture inoculated into 100 ml
of fresh 3N BBM in each correspoﬁding dish (the second set of dishes)
on each cross-gradients plate, The cultureé»were incubated for 4 addi-
tional weeks.

The stock cultures were studied and cellycounts {190 cells/ml) were
made before inoculation, Results were observed at‘the:end of the 2-week
precondition period (designated as 2-weeks), at 2 weeks after the dish-
to-dish transfer (designated as 2+2 weeks) and at & weeks (designated
as 2+4 weeks)., Visual observations rated the growth’as excel}ent (E),
good (G), fair (F), trace (T) and none (N). Cell coﬁnts were performed
with a Spencer Bright'Line Hemacytometer. The growth rate in terms of
doublingé per day (k) for each of the three 2-week periods was calculated
according to the following equation (Guillard, 1973):

Ly =ty t; - %
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where N, and Ny are cell concentrations at time t, and ty» respectively.
For the colonial algae Actinastrum sp. and Scenedesmus sp., calculations
were prepaved with single-cell equivalents, i.e., using unieells as basic

units, not colonies,

Results

e e i

The observations of the soil samples collected from June 1976
through May 1977 revealéd a total of 84 species exclusive of the diatoms
(Table 14). Thesé included 10 Cyanophyceae, 3 Euglenophyceae, 65
Chlorophyceae, 5 Xanthéphyceae and 1 Chrysophyceae. The total number

of algal species exclusive of the diatoms observed in each Sites from

June 1976 through May 1977 is summarized in Table 15. Chlorococcum Sp.,.
collected in every sample, was the most common alga. The next most common
algae, in order of frequency, were Chloxrella sp., Characium sp., Stigeo-

clonium sp., Monoraphidium convolutum, Scenedesmus quadricauda, Tri-

bonema sp., Scenedesmus obliquus, Selenastrum westii and Anabaena sp.

There were two peaks in algél diversity, one in September after
macrophyte dieback began and the sécond in April‘just pfior to the
macrophyte growing season. The lowest algal diversity occurred in
June and July when the‘macrophytes formed a dense canopy. Low algal
diversity also occurred in mid-winter when the marsh surface was cover-
ed with ice and snow.

Results of the algal colonization experiments are summarized in
Table 16. The density of the algae colonizing glass slides in unclipped
control areas was low, ranging from 5 x 103 organisms/mm? at'Site 8 (no

treatment control) at one week to 1.66 x 105 organisms/mm? at Site 5,
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TABLE 14. List of algae (excluding diatoms) observed in the soils of
Hamilton Marsh from June, 1976 to May, 1977.

Cyanophyceae (10)* Pediastrum biradiatum
Anabaena sp. P. boryanum
Chroococcus sp. P. duplex clathratum
Glaucocystis nostochinearum P. integrum o
Gloeocapsa sp. P. obtusum
Lyngbya martensiana P. tetras
Merismopedia sp. ' Planktosphaeria sp.
Microcystis sp. : Pleurastrum sp.
- Oscillatoria agardhid Scenedesmus sbundans
0. sp. S. acuminatus
Phormidium sp. $S. dimorphus
S. obliquus
Euglenophyceae (3) S. quadricauda
Euglena sp. , S. longus
Phacus nordstedtii S. sp.
P. s8p. Schizomeris sp.
Chlorophyceae (65) Schroederia sp.
Actinastrum sp. Selenastrum westii
Ankistrodesmus falcatus S. sp. L
A. sp. Sphaerocystis schroeteri .
Arthrodesmus sp. Spirogyra porticalis !
Characium sp. ’ S. sp. 3
Chlamydomonas sp. Staurastrum'sp, 5
Chlorella sp. : Stigeoclonium attenuatum
Chlorococcum sp. S. pachydermum
Chlorosarcinopsis sp. S. sp.
Chodatella sp. Tetracystis sp.
Closterium sp. Tetraedron caudatum
Cosmarium sp. T. xegulare
Crucigenia sp. T. sp.
Dysmorphococcus sp. Ulothrix sp.
Eudorina sp. Uronema sp.
Gloeocystis ampla - Zygnema Sp.
Golenkinia radiata
Gonium pectorale Xanthophyceae (5) :
Kirchneriella obesa Botyvdiopsis sp. i
K. sp. : Botrydium granulatum ]
Klebsormidium sp. ' ' Tribonema bombvcinum
Micrasterias foliacea T. sp.
M. sp. Vaucheria sp.
Microthamnion sp. .
Monoraphidium aciculare Cbrysophyceae (1)
M. convolutum ' Ochromonas sp.
M. sp. . #

Mougeotia sp.
Netrium sp.

Oedogonium sp.
Palmodictyon sp.
Pandorina sp-

* Number of species observed in the family.
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Table 15. Total number of algal species, exclusive of diatoms, observed
at each Site from June 1976 through May 1977.

Date/Site 1 2 3 4 5 6 7 8
June 7 10 8 9 '8 10 10 - 10
1976 : :

July 9 13 1m 11 11 10 14 15
August 20 13 16 18 17 15 a7 21
September 25 19 20 16 23 24 19 26
October 23 13 17 16 17 21 9 23
November .17 18 20 19 19 17 22 26
December 17 12 19 13 8 16 15 19
January 17 9 14 13 17 1w 0n 15
1977

February 17 13 11 17 14 11 16 16
March 18, 16 - 12 13 17 - 16 16 16
April 23 17 25 25 sl 20 23 20
May 25 21 18 20 18 15 17 25
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also at one week, Algal density for slides placed in the clipped plots
varied from low of 1.5 x 10" organisms/mm® at Site 8 at one week to
2.465 x 108 erganisms/mmz at Site 5 at 3 weeks., The density of Cyvano-
phyceae, Chlorophyceae and Bacillariophyceae increased during the three
week period in the clipped plots, but not in the unciipped plots.

The results of the direct observation and cell counts of the
algae in the soil samples collected from the clipped and unclipped
plots are summarized in Tablevl7. Algal densiﬁy of soil samples
collected in the unclipped control areas was low, ranging from 3.4
x 10% to 3.8 x 10° organisms/cm? of soil. The lowest densities oécurred
in Sites 7 and 8, gggﬂﬁeeks after removal of the macrophytes algal
density had increaséd from 467% (Site 8) to 7807 (Site 5).

The results of the cross gradients plate growth studies are given
in Tables 18 and 19;for all three aigae, growth increased markedly
in 1007 sewage and in the 1:1 mixture of sewage and marsh water.
Excellent growth also occurred in marsh water (Table 18). Actinastrum
showed liftle growth in distilled water (4.1 x 10° cells/ml at 15 days)

and best growth in the sewage/marsh water mixture (3.45 x 10% cells/ml

at 15 days). Monoraphidium also grew best in the 1:1 mixture of marsh

water and sewage, but unlike the other two species it grew well in
distilled water (1.535 x 10° cells/ml at 15 days). Scenedesmus grew
best in 100% sewage (4.425 x 10% cells/ml at 15 days), but its growth
was only slightly less in the éewage/marsh water mixture.

Similar growth pétterns were cobserved when the experiment was re-
peated with mixed popuiations of the three algae (Table 19). Community
growth was greatest in the sewage/marsh mixture (3.49 x 106‘unicells/ml

at 15 days), soﬁewhat lower for 100% sewage (2.599 x 108 unicells/ml)




-0

s slides placed in clipped

Tsble 16, Density (103 organisms/m? ) of algae on glzss slid
1y 2 2nd 3 wveeks.

and unclipped plots, 14 June 1977 after

Site 1 2 3 4 5 6 7
Cyanophyceae
wk 1: s8 1,77 1.61 0.48 20.58 8.85  25.09 1.45
cb 148,60 8.20 44,87 87.48 o 42.13 2.41
wk 2: 5 0.64 1.37 17.93 0.56 0.76  2.01  0.72
c  41.01 13.99  167.41 33.77 116.75 6.43  22.19
wk 3: s 1.93 3.94 2.33 2,49  0.97 1.05 1.13
C  245.57 67.22  114.83 169.34  627.8%4  45.35  10.77
Chlorophyceae
wk 1: 5 2,41 2.57 . 14.96 9.82  49.86  7.24 . 2.41
€t 51.79 2.41  11085.85 24,77 601.78  53.55 9,33
wk 2: s 4,02  4.82 6.43 3,30 15.20  2.98 1.53
¢ 37.31 58.86 841.57 52.27 1729.12  84.43  63.22
wk 3: S 3.22 1.93 1.44 2.01  35.30 - 2.8% 2.33
C  505.22 84.59 215.49  461.71 1723.98 54.03  26.29 .
Bacillariophyceae
wk 1: S 6.59 5.79 6.60 82.50 107.42  4.98  18.98
€ 65.13 9.00 345,41 121.74 23.16 47.28 4.82
wk 2: S 3.78 14.47 32.81 7.72  20.99  5.79 7.32
c  25.57 28.47 218.07 32.00 175.65  4.36 41,0
wk 3: S 9.08 22.43 5.23 8.53 7.5  3.62 6.59
€ 261.98 65.61 128.65  140.88  113.22  9.33  15.20
Total® o o ’ :
wk 1: S  11.09 9.97 22.04 112,90 © 166.13 . 37.31  22.84
C  265.52 19.61  1476.13  233.99 = 625.94 143.44  16.56
wk 2: S 8.52 20.66 57.17 11.58 3%.95 10.78 9,57
: ¢  103.89 101,32  1227.05 118.52  207%.48  95.20 126.42
wk 3: S  14.23  28.30 9.00 13.03  §3.77  7.56  10.05
C 1012.77 217.42 458.97  771.93  2465.04 108.71  52.36

a. Unclipped
b. Clipped

¢. Includes other photosynthetic algae
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TABLE 17. Algal density (103 organisms/em3) in soil collected from clipped
and unclipped plots freom 1L June to 12 July, 1977
 site 1 2 3 4 5 6 7 8
Cyanophyceae : L
vk 0: 13.25 5.12 67.52 14.95 3.43 15.37 1.72 8.56
wk 2: sé 0 17.08 14.49 8.52 11.97 7.69 2.55 4,28
.cP 51.26 34.18 106.83 308.55 . 34.18 168.37 33.32 39.32
wk 4t S 17,11 11.97  4.28 11.97 4.29 3.45 0 0
c 39.32 254.71 - 34.18 254.71 401.69 223.%4 32.46 31.63
Chlorophyceae :
wk 0: 93.17 214.54 . 76.53 206.82 129.92 50.85 31.19 87.16
wk 2: S 66.74 75.2 217 .94 23.94 76.92 68.37 11.08 7.72
Cc 251.29 100.89 300.03 " . '256.40  528.25 164,98 85.54 47.83
wk 4 S 67.57 82,06 45.32 82.09 59.85 39.32 32.49 12.80
: 410,28 543,69 299.26 543.60 364.15 140.18 98.31 83.78
Bacillariophyceae
wk 0: 20.53 17.%4 76.91 158.11 41.88 33.35 8.55 - 22.22
wk 2: S 44,43 73.51 106.83  104.28 100.86 58.12 35.88 22.22
c 69.26 114.52 399.03 641.05 288.03 . 322.25 130.77 93.48
wk 43 S 109.38 181.20 105.11 181.20 176.89 57.26 48.71 46,68
Cc - 368.37 252,98 - 302.58 252.98 548.68 259.82 129.08 72,65
Total® .
wk O: 126,95 238.03 220.96 379.88 175.23 100.00 42,74 ~117.5L
wk 2: S 111.17 172.62 341.81 136.74 192.30 134.18 49.51 34.22
Cc 375.23 252.14 800.89 1206.00 851.32 660.74 ‘249.63 180.68
wk 43 S 194.06 275.23 154.71 275.26 240.02 3100.03 81.20 59.48
¥ B19 6% 1051,38 636.02 1051.29 1336.74 627 .34 263,26 188,92

a. Unclipped

b. Clipped

¢. Includes other photosynthetic algae




TABLE 18. Density 103 unicells/ml) of Actinastrum, Monoraphidium and Scenedesmis grown in 5 Media for 15 days.

Medium ‘ HM0681 (Actinastrum) , HMO611 (Monoraphidium) HMO0141 (Scenedesmus)

Days: 0 3 5 10 15 o 3 s 1015 o 3 5 10 15
Distilled Water 25 27 82 215 410 25 75 150 625 1535 25 160 205 800 687
Tap Water " 25 127 380 1230 1540 25 60 . 155 640 1225 25 195 450 1530 1667 &
Marsh Water 25 67 130 900 1207 25 70 106 1007 1805 25 142 445 1170 2070 i
Sevage 100% 25 105 205 1930 3060 25 12 176 930  .2060 - 25 92 428 2715 4425
| Sevage/Marsh Water 25 177 365 2020 3450 25 40 260 1880 3577 25 107 440 2220 3600

(1:1)
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TABLE 19. Density (103 unicells/ml) of Actinastrum, Monoraphidium
and Scenedesmus grown in mixed cultures for 15 days.

Medium Organism Days .
0 3 5 10 15
Distilled Actinastzum i8-3 22 60 420 500
Water Monoraphidium 8.3 12 42 72 120
Scenedesmus ‘8.3 35 62 330 440
Total 25 69 164 822 1060
Tap Water Actinastrum 8.3 55 130 172 100
v Monoraphidium 8.3 32 47 47 180
Scenedesmms 8.3 60 137 327 700
Total 25 147 314 546 580
Marsh Actinastrum 8.3 30 37 282 200
Water Monoraphidium 8.3 12 25 257 610
Scenedesmus 8.3 22 75 515 1435
TotaJ} 25 64 137 1054 2245
Sewage 100% Actinastrum 8.3 60 190 770 623
Monoraphidium 8.3 12 27 90 106
Scenedesmus 8.3 32 130 705 1870
Total | 25 104 347 1565 2599
Sewage /Marsh | §
Water (1:1) Actinastrum 8.3 22 110 480 770
Monoraphidium 8.3 20 90 162 160
Scenedesmus 8.3 25 105 1072 2560
25 67 305 1714 3490

Total

P
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and marsh water (2.245 x 10% unicells/ml) and lowest in distilled water
(1.06 x ¥0® unicells/ml) and tap water (9.9 x 10% unicells/ml). Scene—
desmus was the dominant species accounting for 657 of the cells in
marsh water, 72% in the sewage and 737 in the sewage/marsh mixture at

15 days of incubation. Monoraphidium, in contrast, accounted for only

47 of the total community population in 1007 $ewage and 5% In the sewage/
marsh water mixture at 15 days incubation. n |

The growth rates (k) or doublings/day of the three ;é&ii'indivi*
dually and in mixed culture wére calculated for intervals 0-3 days,

3-5 days, 5-10 days and 10-15 days (Figs. 5-8.). The effects of treat-
ment was varlable, but all growth rates decreased to 0.25 doublings/day
or less at 15 days of incubation, suggesting exhaustion of the nutrient
supply in the media. Nutrieﬁt carry-over effects of the inocula, either
as residual nutrilents in the medium of thé incculum or stored nutrieuﬁs
in the cells transferred to the new media, likely account for the high
growth rates observed in distilled‘water and tap water.

The grerh fesponse of Actinastrum to crossed~gradients of light
intensity and temperature is summarized in Fig. 9. éggiggggggg grew
best at 30C/5500 lx (5/E). Excellent but slightly less growth occurred
at 53/D, 4/0 and 4/E, Good or fair g%owth cecurred at 2 4+ 4 wesks arp
5/B-C, 4/B~C and 3/D-E. Growth was poor at the other 14 cémbinaticns;

The growth rate following the 2-week preconditioning periocd
exceeded 0.7 doublings per day at 4-~5/C~E and 3/D~E and 0.5 doubliﬁgs
per day at 4~5/B and 3/C. At 2 + 2 weeks, the growth rate was .448
. doublings per day or higher at 4-5/B-E, 2-3/D-E. A very low growth rate
of 0.181 doubliﬁgs per day was found for 3/C. No growth was observed

‘at all the other combinations of cross-gradients. After 2 + 4 weeks,
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the gxawth‘rate of Actinaggﬁgg at the optimal crossed-gradients combina-
tions dropped markedly indicatimg'tha alga was at the stationary phase.
However, it increased to 0,443 doublings per day at 3/C. Growth of
Actinastrum - ceased at 14C at all light intensitcies at 18%C with
less than 4500 1x, at 22°C with less that 2250 1x, and at 26°C with
less than 1250 1x (i.e., 1/A-E, 2/A-C, 3/A-B, 4/4).

The growth responses of Monoraphidium to crossed-gradlents of tem-

perature and light inteﬁsity are summarized in Fig. 10. Optimal growth

(over 9x10°% cells/ml) of Monoraphidium occurred at 3-5/C-E at 2 + 4 weeks,

good growth (7-8%10% cells/ml) occurred at 4-5/B and 2/C-E and fair
growth occurred in all other combinbations of cross—gradients after

2 + 4 weeks., The growth rate of Monoraphidium - varied from 0.423

(1/A) to 0.741 (2/E)‘doublings per day at 2 weeks, 0.466 (2/E), to 0.62f
(2/8) doublings per day at 2 + 2 weeks, and 0.063 (3/B) to o.zo:’.ﬂxllfx)
at 2 + 4 weeks. |

The growth responses of Scenedesmus to cross—gradients of tempera-
ture and light intensity are summarized in Fig. 11. At 2 + 4 weeks op-
timum - growth éf Scenedesmus occurred at‘22~300/5300 1, (3-5/E) with
cell densities over 3 x 10% cells/ml, good growth (2 x 108 cellsfml)
occurred at 2/E and 2-5/C-D, fair growth {5.5 x 10% ro 1.8 x 10%)cells/ml)
occurred at 1/B-E and 2-5/B, and trace growth (1.5 x 10° cells/ml)
occurred at 1-5/A. The growth rate following thg Z-sraek precenditioning
period was highest (0.723 doublings/day) at 5/E. High growth rates
(0.5 doublings/day) were.also observed at 1-5/E and 2-3/B-D. Tthiéwest
growth rate‘(0.284 doublings/day) was observed with the lowest tempera-
ture and light intensity (1A). As with the other two isolates, the
growth rates of Scenedesmus were much lower at (2+2) and (2+4) weeks of

incubation.
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7. DECOMPOSITION STUDIES

The rate at which nitrogen and phosphorus are storad within or
released from the wetland is, in part, controlled by the rates of litter
production and litter decomposition. Our earlier water quality studies
(Whigham and Simpson 1§76a, Simpson et al., 1978) suggested that nutrients
were being assimilared during the vascular plant growing season. The
patterns seemed to reverse in the fall after the vascular plants
were killed by frosts and then begén to decompose. - We had performed
litter decomposition studies at the same time that we were doing our
initial water quality studies. The purpose of our initial decomposi-
tion studies (Whigham et al. in prep;‘Whigham and Simpson, 1975; 1976a)
was to determine if there were diffefenées in decomposition rates be;
tween species and between sites, Results of those experiments, in part,
determined the types of decomposition experiments that were performed
as part of the present study.- Litter decomposition studies were per-~
formed in 1975 and 1976. The specific questions addressed were
how does the application of secon&arily treated effluent affect:

a. Rates of litter decomposition?

b. Patterns of nitrogen and phosphorus movement into

and éut of the litﬁer compartment?

c. Metabollic rates of the litter decomposer microorganisms?

et

Litter bag studies (1975)

Fresh leaf and petiole material of Peltandra virginica and leaf

and stem material of Bidens laevis was collected and dried at 80°C.
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Ten grams of dried material wes placed into 2 mm mesh litter bags which
were placed én the wetland surface in October in the two control en-—
closures and in the treatment enclosures that recelved 12.3% ¢n of
effluent per day.  Duplicate lltter bags were then retrieved at 7, 15
and 30 days and monthly thereafter for 9 months. In the léb@rataxy
the litter bags wevre washed free of debris before the plant material
was removed and dried at 80°C., Dried samples were weighfed and’ground
in a Wiley Mill prior to analysis for Kjeldahl N and Totai P using
microkjeldahl (Amer. Soc. Agr. 1965) and tube digestion techniques
(Sommers and Nelson, 1972) respectively.

Litter bag studies (1976)

Preliminary analysis of the 1975 data showed that leaf material

decomposed much faster than more resistent stem material. In 1976 the
litter bag experiments were repeated using only leaf material. The
study was also expanded to include the 3 additional species: Tearthumb

(Polygonum arifolium), arrowhead (Sagittaria latifolis and sweet flag

(Acorus calamus)., Duplicate litter bags were collected after 3, 7, 14,

30, 60, 90 and 120 days and analyzed as previously described. In addi-
tion, leaf litter samples were collected from Sites 2, 6 and 8 and
returned to the laboratory where metabolism rates of the detritus community
were measured using a Warburg respirometer. Measurements were made fol-
lowing a 1 hour period of acclimation at ambient marsﬁ water temparatures
that had been measured in the field with a YSI telethermometer and‘
thermister probe. Water temperature in the Warburg respirometer water
bath was then raised to 24°C and metabolism measurements were.made

again after an additional period of acclimation.
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Results

The results of the 1575 decomposition study are given in Figures
12 and 13. For both Peltandra and Bidens actual initial w&igﬁt losses
veccurred at a faster rate than predicted but that the pattern had re-
versed after approximately 120 days. DBidens decomposed at a slower
rate than Peltandra and also had lower concentrations of nitrogen,
phosphorus and contained less tdtal nitrogen than did Peltandya litter.

Summary statistics for both species are shown in Table 20. Log weight
transformations provided a better fit of the weight loss data and are
presented rather than actual weight data, Transformed weight data were
fitted to the exponential model of the form Nt/N0 = e~Kt (Olson 1963)
where Nt and NO are, respectively, the amount of material present at
time t and initially. The instantaneous rate of decay is K or the

decomposition ccefficient.

One way analysis of variance showed that Peltandra and Bidens.

litter differed in instantaneous rates of decompositicn (¢ = .001),

%N (o = ,0001), Total N (a = .0001), %P (e = .001) but not Total P.

Only %P (¢ = ,001) and Total P (a = .Oi) showed significantly different
sitg responses. A two-way analysis of variaﬁce produced the same re-
sults as the one~way analysis by species which indicates that diiferences

between Peltandra and Bidens were more important than were differences

due to site,

Results of the 1976 studies were very similar to those obtained in
1975 except decomposition of leaf material occurred at a faster raﬁ%
(Figs. 14-18). Predicted weights were greater than observed rates during
initial decomposition of the leaf tissue. Predicted and observed value
were rather similar by day 90 while observed ﬁeights were greater than

predicted weights thereafter.
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TABLE 20. Summary statistics for 1975 litter decomposition experiments.

Means that are not significantly different, at least at the

0.01 significance level, are indicated by an asterisk (*).

All other meéns are significantly different at the .0001

significance level,

Lidens

Mean

Loy weight (g) 0.65

% i . 2.12
Total 1 {g) - 0.10
% P ' 0.19

Total P (ng)  8.74% |

Standard Error
0.19
0.07
0.005
0.009
0.50

Peltandra

Mean

0.45

£.17
0.14
0.26
9.07%/

Standard Error
0.03
0.09
0.006
0.03

0.76
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Polygonum grifolium 1976
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There were again signlficant specles differences for all varlables
measured (Table 21) while litter percentage phosphorus was the only
variable that wvaried significantly (o = ,00053) between sites. A two-
way analysis of variance produced results similar to the spacles one-
way ANOVA which again showed that species differences were more important
than site differences. There §§i§ no significant species site interaction
for any of the variableﬁ«

Table 22 shows results of comparing means for litter of each species
in the treatment areas with means from the two control enclosures. Per-
cent N of Bidens and Peltandra and %P of §g§§s£§§i§'and Peltandra
leaves was higher iﬁ treatment enclosures. Sagittaria leaves exposed
to effluent weighed significantly less than leaves exposed to tap water.

Decay coefficients for leaf material only were greater than those

for leaf and stem or leaf and petiole material (Table 23).

? ’ Respiration of the detritus community

Resulgs of the metabolism studies are shown in Table 24, With one

exception, maximum metabolism rates were measured on the third and
seventh days for litter in the enclosures exposed té sewage effluent.
Within control Site 8, metabolism peaked on day 14 for all species
except Polygonum which reached maximum rates on day 7. Bidens was

the only species that had litter metabolism rates that were significant-

1y higher in the two treatment areas. Saggitaria and Polygonum litter

had higher metabolism rates in the control enclosures while Peltandra

litter metabolism was maximum in the enclosure (Site 6) that received

effluent continuously., Metabolism rates increased very little when

temperatures in the respirometer were raised to 24°C (Table 25).




TABLE 21, Descriptive statistics for species used in the 1976 litter decomposition studies. ‘

All means are significantly different at the .01 level of significance.

I

log wt ()
At
Total W (g)

ot
o P

Totel P (mg)

Bidens Peltandra Polygonum
X Six X SEx X SEx
0.47 0.04 0.52 0.04 0.74  0.02
3,91 0.1 4,28 0.14 4,39 0.12
0.15 0.01 0.15  0.009 0.24  0.006
6.21 0.009 0.27 0.0 0.2 0.0
0.79 11.35 1

4,07

.26 16.46

Acorus

oo st

3

0.79
2.16
0.13
0.22

14.03

SEx

0.004
0.008
0.65

e

X

(]

12.

agittaria

Lol agey
Sty

¢.03
¢.07

c.ol

!
o
i

i
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TARLE 22, Results—simultaneous comparisons between 1976 litter in the

treated areas and material in the control bins (7-8).
indicztes a non significant difference.
signifcance levels are indicated.

no significant differences.

NS

For all other cases
Acorus and Polygonum showed

bTns 2,4,0-0  2.1.67 2-3-6 7-8
% i .05 05 NS NS
Total N NS NS NS NS
% P NS NS NS NS
Total P s us NS NS
log wt S NS .07 NS
% i s s NS NS |
Total N NS NS Cns NS
% P NS .01 : NS RS
Total P NS ns NS NS
Tog wit NS .01 - NS NS
%2 N NS 01 HS HS
Total N HS NS HS NS |
% P .05 05 Ms NS
Total P NS NS KS NS
Log wt NS NS NS .01




TABLE 23,

Mean decay coefficients (k) for plants during 1975 and 1976 studies.
Site locations for each species are, in descending order, 2, 4, 6,

7, and 8.

Peltandra -

1.139
1.035
0.686
0,909
1.055

Bidens

1.399
2.774
2.395
2.439

1.659

Peltandra

Polyconum arifoliun

Saaittaria

1.720
2.794

0.

0.995

4
i

2.178
1.685
1.452
1.385
1.133
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TABLE 2L, Litter Metsobolism rates (mg GOg/gm/hr) at amblient wetland surface
temperatures following one hour acclimation in Warburg respiro-
neter (¥ one S.E.)
Site Species :
3 7 1l 30 60
2 B. laevis .040.8  81.7F 3.2  30.3%1.6 10.410.8 2.6%0.9
S. latifolia 7.5%1.5  26.7+13.6 15.0%2.L  L.9%1.6  3.9t0.7
P. virginica L7.2%1.5 Lo.7+ 0.8 37.970.8 12.8%1.7 L.1f2.5
P. arifolium  75.6X2.L4  L45.6%f 0,7 2L.2%1.6 19.3%1.6 5.8#2.5
6  B. laevis 12.281.5  L7.2% 3.1 28.8t.2  9.2%0.8 2.5%1.3
S. latifolia 3.141.3  31.5% 2.3 . 31.5%2.3  11.7E.7 6.5%1.7
P. virginica 207.9%6.2 21L.6% 0.2 22L.3%1.9  22.9#2.8 1.720.0
P. artifolium 179.3%7.9 199.4413.3 22.541.1  5.8#1.8 2.5%1.0
8  B. laevis 18.2%3.1 35.0% 2.7  L6.1E2.l 16.6%1.2  B8.0%3.3
S. latifolia  3.970.8  33.L+ 1.5 LL.3*2.7  17.220.5 2.130.8
P. virginica L.0¥1.5  127.1% 3.L 143.238.8  19.8%1.L  9.823.3
P, arifoliwn  86.137.2 225.2+ 3.2 1L7.0¥1.3  17.82.3  3.231.6
Ambient Temperature 19 17 n 7 6

)
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TABLE 25. Litter metabolism rates (mg COz/gm samplq/hr) at 2L,°C following
: ambient temperazture metabolism determinations.

Site Species 3 7 14 30 60
2  B. laevis .9 8L.7 27.6 12.1 2.0
S. latifolia 7.1 27.9 - 18.L 3.h4 3.5
P, virginica . L7.0 49.5 L3.3 1.7 5.6
P. arifolium 78.5 L9.2 24.8 21.1 - L9
6 B. laevis 13.1 57.5 32.7 104 2.6
5. latifolia 7.5 31.4 35.2 1h.2 6.9
P. virginica 203.L 216.2 231.5 26.3 2.9
P. arifolium .180.0 192. 1 23.1 5.4 2.8
8 B. laevis 18.3 3h.2 L7.7 16.9 8.7
S. latifolia s.L 36.4 Lh.2 19.2 3L
P. virginica = 5.L 134. 3 1.8 18.1 1.5

P. arifolium . 86.8 226.0 151.1 17.9 3.1
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8. SURFACE LITTER STUDIES

The wetland surface is an area of intense biological atti?ity
with the interaction ofbthe microflora, litter, and soils in large
measure determining whether nitrogen and phosphorus wiil be retained
by the wetland or released. Litter bag studies give a good estimate
of the changes in nutrient composition of litter as it decomposes,
hut they do not give information on the incorporation of nitrogen and
phosphorus into the upper layer of wetland soil. Studies of uncon-
fined surface litter .amd were performed during 1976 and 19?? to deter-
mine if the application of secondarily treated effluent influenced

oF o
the incorporation, nitrogen and phosphorus into the wetland substrate,.

Methods

Five 5 cm? samples of unconfined litter consisting of all the wetland
lying on the wetland surface plus the n?per 2 cm of soil were coilected
from each enclosure on 1l dates frqm April 1976 to May 1977. The samples
were dried at 60°C, waighed, and ground in a’ﬁiley*miil. Each sample
wasvanalyzed for chlorophyll and phaeophytin using the techniques out-
lined by Golterman (1969), nitrate and ammonia nitrogen using microdif-
fusion techniques (Stanford, et al,, 1973), total nitrogen using micro-
Kjeldahl techniﬁues {Amer, Séc. Agr., 1965), and phosphorus using tube

digestion techniques (Sommers and Nelson, 1972).

Results

Results‘of the unconfined litter studies are summarized in Tables

26~36, Chlorophyll levels ranged from 0,03 to 6.43 mg mw™2 and phaeophytin




Chlorophyil, phaeophytin, N and P in the unconfined surface litter on 2 April 1976.

Table 26.
Site  Chlorophyll Phaeophytin N Total N N03 NH3 Zp Total P
mg m—-2 mg m-z gm m--2 mg m- mg m_ gm m_Z
1 2.48 + 0.37  4.59 + 0.73 1.39 + 0.20 48.91 + 7.28 100.6%48,7 617.9%125.3 0.46 + 0.17  16.20 + 6.08
2 1.50 + 0.32 5.82 + 1.03 1.81 + 0.24 63.68 + 7.46 104.9%¥29.7 587.5 59.9 0.53 + 0.01  19.28 + 5.37
3 4.73 + 3,26 7.39 + 0.26 1.86 + 0.24 73.12 + 10.43  76.6£26.3  583.9%52.3 0.51 + 0.05 20.01 + 2.38 1
| ¥
4 3.24 + 1.00 8.51 + 1.90 2,29 + 0.02  96.25 + 0.87 76.3%*3l.1  634.1278.7 0.67 + 0.17  28.18 + 7.53
5 3.62 + 1.29  5.16 + 0.16 1.79 + 0.10 71.26 + 8.9z [31.3%81.1 689.4%74.1 0.61 + 0.00 24.19 + 1.74
6 3.12 4 0.07 5.53 + 0.86 1.85 + 0.25 63.48 + 4.90 77.9%2.9 546,6%17,0 0.49 + 0.12  17.01 + 3.12
7 1.48 + 0.66  3.82 + 0,23  1.76 + 0.33 57,84 + 29.47 62,0%44,6 474,2%234,9 0.60 + 0.16  18.21 + 1.23
8 183+ 113 4,32 % 1,46 1.69 # 0,03 60.91 % 6.62 85.328.3  568,6£15,5 0.43 + 0,15  15.51 + 4.35




Table 27.

Chlorophyll, phaeophytin, N and P in the unconfined surface litter on 30 April 1976.

Site

Chlorophyll

Phaeophytin

NO

%P

"Total N 3 NH3 Total P

mg m"2 mg m”2 gm m-2 mg ﬁ—z mg m . gm moZ
1 1.31 + 0.22  5.68 + 1.00 1.63 + 0.28 58.75 + 3.70 50.8%36,9  413.1%59.6 0.38 + 0.11  13.71 + 2.68
2 2.05 + 1.66  7.51 + 4,05 2.21 + 0.21  78.43 + 2.63 90.6%54.8  480.6%62.2 0.54 + 0.02  19.49 + 1.59
3 2.70 + 0.46  5.29 + 4,16 2.15 + 0.06 64.17 + 10.39 6!.7%44.6 432.0#96.9 0.56 + 0.0L  16.63 + 1.62
4 3.47 £ 0,22 9,27 £0.69  2.10 * 0.37 67.52 + 8.42 ?9-2%'-5 485.378.7 0.59 + 0.02 19.16 + 1.85
5 2.11 + 0.56 7.22 + 1.20 1.70 + 0.01  66.50 + 8.25 80:5%¥47.1  493.2296.9 0.49 + 0.05  19.48 + 4,71
6 2.62+0.38 5.5 % 0.71  2.03 + 0.01 6370 + 6.50 91.39.8 603.64.5 0.46 + 0.12  21.24 + 4.34
7 1.15 4+ 0.39  4.54 + 0.33  1.77 + 0.03 65.85 £ 1,07 36.8245.4.  337.4%54.2 0.45 + 0.01  15.54 + 0.1?
8 '0.33 +0.42  3.64 +2.18 1.78 +0.27 66.13 + 5.70 38.4%1.75  306.2236.8 0.28 + 0.03  10.61 + 1.88

—




Table 28,

Chlorophyll, phaecophytin, N and P in the unconfined surface litter on 24 May 1976.

Site

Chlorophyll  Phaeophytin 2N ( Total N NO, NH, %P Total P
mg m 2 ng w2 gu o2 mg n~2 mg m g n~?
1 3.38 + 2,86 4,02 + 1.12  1.40 + 0.20 © 48.93 + 0.14 25.7%1.9 540.2%53.0 0.38 + 0.05  13.39 + 0.01
2 3.33 + 0.42  7.19 + 0.85 1.69 + 0.36 60.12 + 5.29 11.2%0.3 493.2%96.7 0.57 + 0.04  20.46 + 1.06
3 3.38 + 1.42  8.19 + 1.24 1.83 +0.07 67.52 + 2.28 27.6%52.2 651.1%164.0 0.61 + 0.04 22.58 + 1.78
4 3.31 + 1.42 9,80 + 1,91 2.15 + 0.33 78,09 + 18.45 46,9%39.3 650,96%224.4  0.61 + 0.12 zé.:ss + 6.24
5 2,85 %0.43 8,73+ 1,38 1.93%0.25 7444+ 2.38 16,0%1, 1 571.,5%14,1 0.48 + 0.13  19.34 + 8.44
6 3.07 3; 0.14 Mé + 2,80 2,00 +0,27 78,59 * 1.86 34,9%16,6 649?7»’1'-77.’4 0.50 + 0,17  19.39 + 3.7@
7 1.24 + 1,17 4.oor_-_+_ 0.41 1.59 + d.;ﬁ 60,82 + 17,28  11.2%9,4 311.4%227,6 0.43 + 0.12  16.12 + 1.65
8 2,16 + 1.63 3.44 #0.06  1.46 +0.15  59.11  16.95 14.2220.1 466.4%151,7 0.28 +0.07 11.72 + 4.93

ngiw




Table 29, Chlofophyll, phaeophytin, N and P in the unconfined surface litter on 10 June 1976.

Site Chlorophyll = Phacophytin s ‘Total N NO, NH3 | %P Total P
-2 -2 - - -2 -2
mg m mg m gm m mg m mg m _gnm
1 1.08+ 0.04  6.77 + 1.64 1.75 + 0.26 61.72 + 4.85 72.1%44.2  449,3t4].9 0.54 + 0.0L  19.59 + 4.85
2 1.55 + 0.12  8.40 + 2.16 = 1.46 + 0.01  57.03 + 4.60 100,660,5 469.9¢124.9 0.56 + 0.11  21.88 + 2.57
3 1.97 + 0.17  12.19 + 0.08 2.12 + 0.07 58.66 + 1.23 95.6£36.0  429.8429,3 0.76 + 0.03  21.08 + 0.68 ,
‘ : 1
4 2,76 + 0.92  10.52 + 0.13  2.14 + 0.14  73.45 + 10.24 168,2#90,1  689,8£265.5 0.70 + 0.27  24.30 + 11.01
5 1.59 + 0.22  18.76 + 2.14 3.05 + 0.77  87.68 + 33.66 100,9%6.3  438,5t7,0 0.78 + 0.17  22.41 + 8,02 .
6 2,25 4 0,32 6.78 + 1.96 2.24 + 0.43  75.36 + 11.76 62,7420.0  438,6:32.6 0.45 + 0.11  15.44 + 3.36
7 0.53+0.01  5.25 + 1.31 1.76 + 0.35 49,03 + 11.53 40.6%3,5  297,5%4,2 0.50 + 0.13  13.53 + 0,07
8 0.31 £ 0.06 4.3 + 1.12  1.85 + 0.24 51.64 + 5.90 43.5:1,3  258,2:4,0 0.29 + 0.01  8.24 + 0.36




Chlorophyll, phaeophytin, N and P in the unconfined surface litter on 12 July 1976

Table 30,
Site  Chlorophyll Phaeophytin Al Total N NO, NH, %P Total P
-2 -2 ' -2 -2 - | -2
mg m ng m gm m mg m mg m o . gmm
1 1.53 + 0.44  6.39 + 2,06 1.85 + 0.17  68.20 + 17.19  29.7¢22,0 468,820, 1 0.41 + 0.16  14.54 + 3.52
2 1:84 + 0.16  6.45 + 2.86  1.95 + 0.97  66.08 + 15.46  (7.2:7.0  476.169.7 0.42 + 0.17  14.63 + 0.06
3 3.07 + 1.33  5.68 + 1.48 2.22 + 0.12 61.35 + 10.79  47.1436.8  415.8:71.2 0.42 + 0.17  12.03 + 6.29
) ) S F
4 3.42 + 0.98  7.68 + 1.03 2.22 + 0.12 56.09 + 8.09  71,0£100,5 384,5:210,3 0.59 + 0.10  15.32 + 5.73
5 2.71 + 0.53  8.08 + 1.23 1,99 + 0.36  55.00 + 1.63 49,634 478,1%26,5 ° 0.57 + 0.04  16.20 + 3.64
6 2.69 + 0,53 7.24 % 1.60 2.10 + 0.31 57.25 + 1.08 59.2%¢1.7 = 479.5%123.8 0.51 + 0.04  14.29 + 3.57
7 1.74 + 0.74  4.15 + 0.73 1.87 + 0,03  43.93 + 0.86 41,4133  277.6£26.3 0.45 + 0,08 10.60 + 2.08
8 0.85 + 0.27 3.63 + 0.58 1.89 + 0.35 55.33 + 3.86 54.122.7 386, 1£92.1 0.25 + 0.02  7.45 + 1.60




Table 31,

Chlorophyll, phaeophytin, N and P in the unconfined surface litter on 17 August 1976.

Chlorophyll

-2
mg m

Phacophytin

7N

Total N

-2
. gmm

NH
3

mg

Total P

-2
gm m

~3

0.78 + 0.71
C.59 + 0.34
1.15 + 0.14
0.27 + 0.19
1 0.54 + 0.22
0.57 + 0.12
0.27 + 0.24

0.17 + 0.24

.77 + 0.52

1

.16 + 0.35
L34 + 0.37
31+ 0.18
14 + 0.34
.01 + 0.15
.85 + 0.12

54 £ 0.23

+

38.74 + 15.91

4.03

3.87

3.23

0.13,

0.59

12.52

- 0.17

53.7:43.0
43,7420, 7
46.1418.2
71.5456. 3

76.4+26,8

52.1%17.0

305.5+124, 1

333.7:78.3

305.6+88.7

300.6+88,9

436,.3+26.0

460,9%13,2

277,2%55.7

395,016, |

.48

.53

0.36

0.28

[+

I+

t+

i+

i+

i+

1+

I+

8.63 + 0.28

12.63 + 2.45

11.81 + 4.35

8.85 + 5.07

12.59 + 1.27

16.41 + 1,50

8.77 + 0.91

9.37 + 1.45

“GL~



Table 32,

Chlorophyll, phaeophytin, N and P in the unconfined surface litter on 18 September 1976.

Phaeophytin

Chlorophyll‘ AN Total N NO3 NH3 %P Total P

mg m mg m gm n 2 mg m mg m gm m
1 0.20 + 0.18 4.96 + 2.07 2.38 £ 0.50 38.44 + 1.48 31.6%0.9 176.6%52,8 0.48 + 0.09 5.88 + 0.24
2 0.03 £ 0.04  5.23 + 1.74 2.25 + 0.28 54.46 + 6.06 25,5%12,3 269,7%15.8 0.50 + 0.15 12.28 j_3.48»
3 ~ 0.65 + 0.11 ’3.02‘i.0.32 1.68 + 0.02 56.47 + 4.05  22.9:22.8 364,6+64.8 0.41 £ 0.09  14.06 * 3.95
4 - 0.83 + 0.43 3.42 + 0.82 2.64 + 0.21 40,23 + 0.38 17.8:9.3 133.1£24.5 0.63 + 0.01 9.66 + 0.44
5 0.26 + 0.14 4,26 + 1.09 1.95 + 0.66 59.68 + 3.47 37-'f!8-2 375.2%139,.1 0.49 i_O.lf lS.ZZli 1.02
6 0.64 + 0.32 4.77 £ 0.09  2.39 +0.56 72,15 + 9.84 49;0it.9 362.913957A 0.53 + 0.07 16.08 + 0.55
7 0,49 + 0.53 2,10 +0.56 2,07 £ 0.04 47,23 + 0.41 31.2+21.8 207.2&39.8 0.29 + 0.01 6.79 + 0,27
8 0.46 + 0,26 1,65 * 0.49 1,85 + 0.01  54.54 * 12.26 10.4514.7  257.6:48.8 0.24 + 0.01 - 7.29 + 1.93




able 33,

P
R G A i

Chlorophyll, phaeophytin, N and P in the unconfined surface litter on 21 October 1976.

Chlorophyll

%N

mgL-

iite Phaeophytin (Total N I\IO3 'NHB yAY Total P
ag m 2 ng m - gn m mg m mg W gmm
1 5.15 + 2.59  4.90 + 5.25  2.47 + 0.16  36.14 + ,2.02‘ 56,0+25,9 261.6£21.7 0.32 + 0.04 4,76 + 0.65
2 1.62 + 0.4-2 3.48 £ 1.77 2.07 £ 1.11 53.37 + 9.44  37,1x0.8 472,3+318.8 0.37 + 0.10 13.053'_ 11.53
3 1.29 + 0.79  5.08 + 2.34 2.24 + 0.83 54.27 + 1.28 78.6x8.8 447,8+77.4 0.54 + 0.06 13.84 + 3.33
4 1.15 + 0.54  6.69 + 1.36 2.71 * 0.12 48.62 + 9.15  118.0%79.8 &10.6i145.l“ 0.45 + 0.21 8.59 + 5.70
5 1.09 + 0.01 ?.12 +0.69 2,17 £ 0.18 59.46 + 10.63> 78,0+£2.0 447,8£30.8 | 0.35 + 0.11 9.56 + 2.28
6 2.42 $ 2,07 5.21 % 2.90 2.52 + 0.03 66.29 + 2,77 lSé.ﬁtéé.Z | Sl?.8:72.9 0.47 + 0.04 12,43 + 0.31
7 . 0.62 + é.SS 3.36 + 0.14 1.77 i»O;lS 51.68 + 2.61 66,5£16,2 407.5#24.9 0.37 + 0.03 10.79 + 0.45
8 0.‘35 +0.01  4.31 +#1.56 1.77 * 0.04 45,32 + 10.58 62,4+34,5 414,9+48.6 0.27 + 0.06 6.85 + 0,20




Table 34.

Chlorophyll, phéeophytin,

N and P in the unconfined surface litter on 29 November 1976.

Site Chlotophyll' Phaeophytinr #N ‘fotal N NO3 'NHB yAY Total P

mg m.-2 mg m—Z gm m-2 mg m mg m _gm m
1 3.42%1.35 4.08+1.92 2.76 +0.31 63.15 +17.83  72.2%4.2 438.5t92,2 0.54 + 0.02 12.26 + 1.61
2 3.65 + 2.59  4.62 + 0.63 2.55 + 0.20 64.07 & 4.75 52.5:14.4  452.6463.5 0.54 + 0.08 13.47 + 0.09
3 1.34 +1.13  9.19 + 0.80 2.80 + 0.04 59'.46 +15.02  75,1#18.3  491.4:17.1 0.67 + 0.11  14.03 + 0.87
4 1.29 + 0.61 10.52 +4.92  3.08 + 0;96 68.99 + 11.64  78.8%79,56  519,3%268.9 0.67 + 0.03  16.59 + 8.43
5 0.67 +0.45 6.08 + 0.14 2,20 + 0,20 81,71 + 5.60 76.617.3 713.7+13.6 0.52 + 0.10  19.54 * 4.33
6 1.25 + 0.09 5.45 + 0.20 3.00 + 0.42 87.58 + 2.07  68,8£12,1 638.3%101.3 0.63 + 0.11 18.35 + 1.06
7 1.60 + 1.92  2.77 + 1.33 1.90 + 0.01  55.23 + 6.17  33,9%3.2 466.3%60.9 0.48 + 0.04  14.05 + 0.44
8 0.66 + 0.07 3.37 + 0.56 1.45 + 0.50 48.67 # 17.15 59.7#25.2  602.0%59.8




Chlorophyll, phaeophytin, N and P in the unconfined surface litter on 5 March 1977

fable 35.
site Chlorophyll — Phaeophytin yay Total N N0, NH, 7P Total P
meg m - mg m gm ‘m“ mg, m_z mg .m _gm m
1 2.74 + 0.14  7.14 + 2,12 2.26 + 0.03  58.61 + 2.62  48.1£9.1  353,8:25.0 0.47 + 0.07  12.32 + 1.52
2 1.06 + 0.07  6.79 + 2.29  2.07 £0.04  67.06% 2.32  45.1#13.8  353.7¢16.2 0.55 + 0;13_ 17.76 + 4.25
3 2.19 + 0.70 7.67 + 0.01 2.12 + 0.38  76.87 + 21.55 65.1842.7  409.8%144.2 0.59 £ 0.19  21.62 % 9.14 &
| _ | :
4 2.46 + 0.46‘ 7.79 £ 2.53 2,47 + 0.55 80.49 + 14.18  114.0%67.4 502.7%77.1 0.58 + 0.19  19.01 + 5.47
5 2.68 +1.37  7.23 + 2,06 2.07 + 0.07 §1.89 £ 6.07  47.6527.6  476.6,24.9 0.42 + 0.02  16.80 + 2.90
6 6,43 + 5.72 | 7.59 £ 0,42 2.72 %012 87.36 & 12,23 56.3451.9  488.7:214.1 0.41 + 0.04 13,12 + 0.89
7 3.33 £ 0,71 3.08 + 2.44 1.71 % 0.04 49.16 * 8.63 21.650.2  262.3+100.6 0.24 + 0.02 6.9 + 0.73
8 3.38 £ 0.09 2.99 + 3.61 1.92 % 0.12 51f01'i 3,79 29.1:7.89 ‘247.6:31,1 0.25 + 0.03  6.62 + 0.04




Table 36. Chlorophyll, phaeophytiﬁ, N and P in‘.k the unconfined surface litter on 3 May 1977.
‘Sit:e '~ Chlorophyll  Phzeophytin ZN " Total N ' NO3 NH3 A Total P
ng n 2 mg n 2  gm n 2 mg n 2 ng :g" gm n 2
1 1.31 + 0.61  5.67 +1.16 1.80 + 0.01 62.53 + 2.83 54.1¥16.5  420.4%11.8 0.75 +.0.06  26.00 + 1.20
2 1.10 +0.22 ‘5.93’5_%_ 2.93 2,03 +0.37  66.07 +12.56 73.7¢55.0  418.0¢138.2  0.51 #0.01 17.14 * 5.81
1.32 + 0.24  5.06 + 1.67 2.33 + 0.14  79.12 + 2,30 45.9%24.6  266,7%65.1 0.63 + 0.11  20.98 + 1.87 - b
: §
4 1.86 + 0.61 6.8‘4’;%-_ 1.36 2.63 + 0.06 80.61 + 10.57 64.1,30.0  315.9212.4 | 0.44 + 0.04 13.55 + 0.88
0,59 + 0.49 .3.99 +0.21  1.36 £ 0.28 75.74 = 8.13  49,2:7.5 349,1£30.3 0.42 + 0.26 22,04 + 7.53
6 1.35 + 0.08 7.71 + 3.57 2.29 + 0.46 92,39 + 11.54  53.9:0.2 330.2i94.7v 0.35 + 0.19 13.91 + 6.80
7 1.71 + 2,62 4,37 + 0.20 1.92 + 0.24  66.73 + 11.43  30,0%21.3 210.3£94.2 0.44 + 0.09 15.‘25 + 1.33
1.56 + 0.09 49,45 + 6.97 18.6226.4  293.1218,1 0.24 + d.oo 7.74 * 0.46

0.52 + 0.44  4.93 + 2.79

8




levels ranged from 1.65 to 18.76 mg m™% with levels of both generally

lower in August and September than at other times. One way analysis

of variance showed chlorophyll levels to be significantly different

on two dates, 30 April (o = 0.03) and 10 June (e = 0.001). Phaeophytin
levels were significantly different on four dates, 2 April {a = 0.02),

24 May (o = 0.01), 10 June (a =0.001), and 29 November (a = 0.03).

Nitrate N levels ranged from 10.4 to 154.4 mg o2, NH3-N ranged from

133.1 to 713 mg m~2, and Total N ranged from 36.14 to 96.25 gm m~2,

Total N, NH3~N and NOa—N levels were depressed from July through Oétober.
One way analysis of variance showed significant site differences for
Total N on four dates, 30 April (o = 0.01), 19 September (a = 0.01), 3
March (a = 0,04), and 5 May (a = 0.03). No differences in NO3~N and NH3-N
-were found.

~ Total P levels ranged from 4.76 to 28.18 gmfz and were‘lowegt from
July through October, Significant site differences were found on four
dates, 30 April (a = 0.05), 19 September (a = 0.01), 3 March (o = 0,05),
5 May (a = 0.04),
Mean values of N and P of the uncoafinedvlitter on the eleven détes

sampled are presented in Table 37. When data for the high and low dosages
are combined, both %P and Total P were significantly higher {(a « Q*OS)

in the treatment sites than either éontrol. Percent N was significantly
higher (o §VO.01) at all treatment sites when compared with the no treat-
ment control and significantly higher (a = 0.01) at Sites 3 and 4 énd

5 and 6 than the tap water control. Total N was significantly higher

(o = 0,01) at Sites 3 §& & and‘S & 6 than at either control, but Si:es.

1 & 2 did not differ from control values. Nitrate N and NH3-N were

significantly different (o < 0.05) from the tap water control at all sites,



Table 37.

Mean N and P of the unconfined litter sampled from April 1976 to May 1977. Treatments
significantly different from the tapwater control are indicated by * (o = (.05) and #%
(¢ = 0,01), Treatments significantly different from the no water control are indicaied

by + (¢ = 0,05) and ++ (o = 0.01).

Site IN Total N NO NH %p Total P
-2 3.2 3 2 -2
gm m mg m mg m gm m ¢
162 1.97+ 57.9 53, 4% 419, 5%% 0. 49%kk 15. 1+
384 2,29 %4+ 654 2 fkd+ 71, L&+ 446 , 6k 0.57%++ 17. bwseqe
566 2. 16%%++ 73, 3kk++ 67. 9%+ 499 , 4kt 0.49%++ 17.0% %4t
7 1.81 53.1 37.5 320.7 0.42 12.4
8 1.73 54,8 39,7 381.4 0.29 9.4

mggm



w8l

. ‘ i{ﬁ a7
but N63~N was only significantly higher (a < 0.05) #hes the no treat-

ment control at Sites 3 & 4 and 5 & 6 while NH3-N was significantly

different (o = 0.01) from the no treatment at Site 5 & 6.

9, SUBSTRATE

In the previous section, consideration was given to incorporation
of nitrogen and phosphorus in surface litter and the upper 2 cm of
; £ il
substrate. We also monitored nitrogen and phosphoﬁxs changes within

the first 50 cm of substrate at each of the treatment and control sites.

Methods

Two cores (4 per treatment) were collected from randomly chosen
locations within each site at approximately monthly intervals during
'an annual cycleythat was initiated in October, 1975, Samples ware
collected with a WILDCO light duty gravity core sampier. After ve-
moving surface litter, the sampler had been pushad'to a depth‘of 20 cm.
A measurement of compaction was then made by inserting a meter stick in-
to the sampler and measuring the distance between the top of the uhit
andthe sample that was in the corer. By compariﬁg the recorded wvalue with
the overall length of the sampler, we were able to determine how much
compaction had occurred. The sampler was then inserted to a depth of
50 cm and a second compaction measurement made. Substrate samples were
returned to the laboratory and, using the compaction data, were cut
into 0 ~ 20 c¢m and 20 - 50 cm depth intervals. Samples vere ai:‘dried

and then ground to pass through a 2 mm sieve. Samples were analyzed for

total nitrogen (TOTAL N) using micro-kjeldahlvtechniques (Amer. Soc. Agr.

1975), nitrate (NO,-N) and ammonia (NH3-H) by microdiffusion (Standford et.



1973), and total phosphorus (TOTAL P) by a tube digestien technique
Py

(Sommers and Nelson 1972). Data were subjectato analysis of vari-

ance tests to determine whether there were site, depth., and time

effects as well as depth x site and site x time Interaction effects.

Results

Substrate data are shown in Tables 38-51. There were nog sité ef-
fects for TOTAL N, TOTAL P, percent nitrogen (/N), percent phosphorus
(%ZP), and NO3-N. ‘There was a significant (¢ = ,003) site effect for NHB-ﬁ

with less NH3~N in the substrate at control Sites 7 and 8 compared
to sites that receivéd sewage effluent., There were no significant dif-
ferences between sites recelving effluent although the two areas that
received effluent during low tides had the highest NH -N values (1.46
* 0.06 gm? for Site 3 and 1.36 * 0.05 gm® for Site 4).

The only significant depth response was for TOTAL N and ZN where the
upper 20 em of substrate had significantly higher (o = .001) 7N (1.24
0.01%) than substrate samples frém the 20 - 50 cm depth interval (0.85
* 0,01%). Total nitrogen was also significantly greater (a0 = .02) in
the upper 20 cm (311.8 & 3.8g/m“2)than in the 20 - 50 cm depth interval
(295.0 + 4.5 g/m~?),

There‘were significant time effects for TOIAL N (a = .0001), NO g-N
(a = ,001), NH3~H {(a = ,0001), and %N (a = ,0002). Closer analysis of
each factor, however, did not reveal any clear temporal patterné.

The significant time effect for TOTAL N was caused by a very high value
on Yearday 65 (Table 41) and a low value on Yearday 176 (Table 45).
In genéral, #N values were higher during the intervals Mafch-ﬂay and‘

July-September. Significant time effects for NO ;=N were due to high




Tab?e,38.

Nitrogen

and phospherus content of marsh substrate for two depth intervals on yearday 298 in 1975.

A1l values ave means = 1 standard ervor of the pean.

SITE DEPTH - SAMPLE %N Total ® NC, M, Total P
(cm)- am Wl gmom g m an 7
1 ‘0 - 20 4 1.20 £+ 0.08 323.6 £11.0 0.06 %0.02 0.65 = 0.03 0.21 = 00 58.7 =+ 4.1
20 - 50 4 0.92 # 0.04 262.5 +15.9 0.06 £0.01  0.72 = 0.03 0.13 £ 0.01 38.0 * 3.1
2 0-20 4 1.57 £0.07 387.0 £32.5 0.11 £0.01  0.82 % 0.02 0.27 * 0.02 65.8 * 6.4
20 - 50 4 0.92 +0.03 384.2 £18.3 0.14 £0.04 1.20 = 0.05 0.15 * 0.02 64.5 * 7.5
3 0-20 4 118 £ 0.03 341.1 £21.5 0.20 £0.02 0.95 £ 0.12 0.16 * 0.09 49.3 & 28.4
0-50 4 0.87 +0.12 280.0 £27.7 0.1 £0.02 0.86 + 0.24 0.14 + 0.02 45.7 % 8.7
4 0~ 2n 4 1.18 x 0.01 388.5 =z 12.5 0.22 +0.07 0.96 + 0.09 0.33 = 0.01 110.1 i‘0.1 %
o -0 & 0.82 £0.07 331.7 £28.5 0.13 £0.03  0.66 & 0.07 0.11 £ 0.01 45.9 =+ 3.2
6-20 4 1.9 £0.01 359.3 £25.0 0.09 £0.01  0.98 + 0.14 0.25 - 0.05 79.9 & 25.0
26 -5t 0.76 £ 0.03 312.4 %9.0  0.16 £0.04 1.31 + 0.63 0.14 = 0.02 56.7 = 5.7
6 Nazn 4 1.23 :0.02 235.3 3.1  0.07 £0.01 074+ 0.07 0.24 £ 0.02 459 x 3.1
0 .50 4 0.88 50,02 309.4 »17.2 0.13 £0.03  0.74 x 0,04 0.15  0.02 50.8 = 5.6
: 0-00 4 1.2 4+ 0.07 313.9 +54.1 0.06 £0.03  0.50 & 0.11 0.22 = 0.06 62.9 x 21.9
o0 - 50 4 0.63 ,0.00 281.5 ,27.1 0.12 ,0.03 0.72 , 0.04 0.1 ; 0.02 50.9 6.3
5 0.7 4 160, 0.10 393.7 ,22.6 0.07 30.01 0.3 5 0.04 0.21 . 0.04 50.1 + 9.3
20 - 50 4 0.76 0,11 332.9 6.1  0.16 £0.01 £ 0,08 0.12 *0.02 51.2 * 3.0



Table 39. Nitrogen and phosphorus content of marsh substrate for two depth intervals on yearday 326 in 1975.
A1l values are means *+ 1 standard error of the mean.

SITE  DEPTH  SAMPLE %N Total N NO A

INTERVAL  SIZE 3 3 P fotal 7
(em) . gn we o <gmvm72»-~ - ogm me : gm n 2
1 0-20 4 1.09 + 0.00 366.3 +21.0 0.11 £0.04 0.93 + 0.09 0.30 * 0.03 98.0 = 2.3
20 - 50 4 0.83 +0.07 298.2 +7.1  0.22 £0.07 1.43 % 0.44 0.22 * 0.03 77.6 * 4.4
2 0 - 20 4 '1.23 £0.10 306.2 £32.9 0.21 *+0.06 0,99 * 0.18 0.19 * 0.02 52,6 * 13.8
20 - 50 4 0.76 £ 0.06  223.9 +1.54 0.17 £0.04  0.88 £ 0.15 0.16 * 0.01 47.3 * 6.5
3 0- 20 4 1.14 £ 0.01  362.1 £9.2  0.17 £0.06  1.54 * 0.29 0.37 * 0.05 119.6 & 18.7
20 - 50 4 0.90 +0.02 290.3 £7,3 0.09 £0.03  0.95 £ 0.07 0.17 % 0.00 53.2 * 1.04 ;
4 0-20 4 1.14 £0.05 352.3 £13.9 0.20 ¥0.02 1.33 ¥ 0.06 0.27 *0.03 81.9 * 3.6 7
20 - 50 4 0.77 £0.05 313.3 ¥51.7 0,19 £0.05 1.04 * 0.21 0.14 *0.01 57.5 *10.1
5 0 - 20 & 1.30 £0.02 265.0 *8.,1 0.08 ¥0.00 0.97 * 0.07 0.18 *0.03 327.0 " 7.7
20 - 50 4 0.81 £0.00 303.7 £#9.5 0.12 ¥0.03 1.00 * 0.11 0.14 *0.02 52.1 F7.2
6 0-20 4 1.3 £0.01 269.4 £18.4 0.16 %0.05 0.87 * 0.02 0.25 0.0 52.5 *11.8
20 - 50 4 0.73 0,02 181.8 £13.4 0.10 0,01  0.69 * 0.09 0.16 *0.01 41.1 *6.7
7 0-20 4 1,30 £0.08  253.2 £34,0 0,03 0,01  0.57 *# 0.07 0.15 *0.00 27.1 %2.6
20 - 50 . 4 0.86 £0.03 259,0 %16.4 0.08 0,03 0.82 % 0,12 0.11 * 0,00 32.3 *3.9
&  0-20 4  1.34 £0.03 300.4 £14.5 0,10 £0.02 0.71 #0.09 0.22 *0.01 48.0 *0.6
20 - 50 4~ 0.60 £0.13 318.7 £28.2 0.14 £0.04 1,06 * 0.08 0,13 #0,0] 72.0 *7.2




Table 40. Nitrogen and phosphorus content of marsh substrate for two depth intervals on yearday 25 in 1976.

A1l values are means = 1 standard error of the mean.
SITE DEPTH  SAMPLE IN Total N NO, NH %P Total P
INTERVAL ~ SIZE S 3
(cm) o 'gm m;2 I gn e g 2. ‘ an m?
1 0- 20 4 0.83 + 0.00 261.6 £0.00 0.52 £0.01 1.77 * 0.04 0.33 £ 0.00 104.0 * 0.00
20 - 50 4 0.67£0.00 161.8 £0.00 0.25 £0.08 0.28 * 0.03 0.13 * 0.00 30.9 * 0.00
2 0 - 20 4 1.05 + 0.00 397.8 £0.00 0.60 +0.01 2.12 * 0.11 0.37 * 0.00 140.2 * 0.00
20 - 50 4 0.88 + 0.00 290.4 +0.00 0.31 £+0.01  1.06 £ 0.37 0.22 * 0.00 104.0 * 0.00
3 0-20 4 1.03 £ 0.00 387.6 +0.00 0.22 £0.01 1.19 * 0.18 0.24 = 0.00 90.7 * 0.00
20 - 50 4 0.76 £0.00 275.2 £0.00 0.10 £0.00  0.85 * 0.01 0.17 * 0.00 61.6 * 0.00 ‘
4 0 - 20 4 1.14 £ 0.00 217.1 io.do 0.16 £0.01  0.72 * 0.08 0.25 ¥ 0.00 47.6 * 0.00 ;g
20 - 50 4 0.90 £ 0.00 133.8 ¥0.00 0.00 ¥0.00 0.37 * 0.04 0.10 * 0.00 15.3 * 0.00
5 0 - 20 4 1.26 £0.00 374.7 £0.00 0.21 ¥0.04 1.29 ¥ 0.04 0.28 * 0.00 82.7 * 0.00
20-50 4 0,94 £0.00 179.5 £0,00 0.08 £0.00 0.45 £ 0.00 0.15 * 0.00 29.2 * 0.00
6 0-20 4 136 £ 0.00 331.8 £0.00 0.37 £0.16  1.65 * 0.00 0.33 £ 0.00 81.5 ¥ 0.00
Vzo - 50 4 0.80 0,00 388.2 £0.00 0,26 *0.06 1.10 * 0,30 0,12 * 0.00 8.9 * 0.00
7 0-20 4 1.31 £0.00 273.5 £0,00 0,20 *0.04 1,15 % 0,07 0.14 * 0.00 29.4 * 0.00
20 - 50 4 0.83 % 0.00 408.3 £0.00 0.00 £0.00 0,96 % 0,07 0.10 * 0.00 51.2 ¢ 0.00
8  0-20 4 1.39 # 0.00 | 284.6 +0.00 0.24 £0.05 .22 % 0.02 0,19 % 0.00 39.1 # 0.00
20 -50 4 0.94 + 0.00 350.4 £0.00 0.01 £0.01  0.73 * 0,70 0.12 % 0.00 45.9 # 0.00




TabTle 41. Nitrogen and phosphorus content of marsh substrate for two depth intervals on yearday 65 in 1976.

A1l values are means + 1 standard error of the mean.

SITE Iﬁgggvm‘ szsu?r;és %N Total N NOg N %P Total P
(em) o mwd T gt g m“~2; S g m2
1 0 - 20 4 1.40 + 0.76  463.4 +38.7 0.26 +0.07 0.89 + 0.07 0.15 &+ 0.00 50.2 &+ 1.7
20 - 50 4 0.94 + 0.01 433.9 +31.2 0.42 £0.17 0.75 & 0.06 0.09 + 0.01 38.4 + 1.7
2 0-20 4 1.00 + 0.10  253.7 +13.8 0.09 +0.03 1.21 & 0.07 0.19 4 0.02 49.4 . 6.8
20 - 50 4 0.85 + 0.08 230.9 &+ 16.0 0.04 +0.02 1.21 4 0.06 0.17 4 0.02 46.8 4 6.0
3 0 - 20 4 1.32 4 0.54 357.2 £ 0.7  0.09 +0.05 1.43  0.04 0.27 . 0.02 73.2 , 8.9
20 -5 4 0.93 + 0.00 419.2 +27.8 0.00 +0.00 2.40 ; 0.22 0.16 , 0.00 70.8 , 3.3
4 0 =20 4 1.35 + 0.07 409.4 + 27.7 0.06 +0.03 1.24 + 0.34 0.24 % 0.02 72.9 + 8.2
20 - 50 4 0.81 £ 0.03 465.8 3.4 0.19 £0.02 1.56 + 0.06 0.10 = 0.01 53.7 # 5.6
5 0 - 20 4 1.36 £ 0,03 381.3 £5.4 0.12 0,02 1.28 + 0.05 0.16 = 0.01 41.4 + 16.5
20 -50 4 1.03 = 0.17 485.1 52,3 0.02 £0.02 1.18 £ 0.26 0.09 & 0.01 43.2 x 0.00
6  0-20 4 1.43 + 0.01 415.8 £2.1  0.09 £0.05  0.90 £ 0.04 0.15 # 0.01 42.0 & 3.8
20 -50 4 0.66 + 0.04 317.9 £7.62 0.04 £0,02 1.44 £ 0.20 0.08 & 0.01 38.0 £ 2.5
7 0-2 4 1.39 % 0.04 372.1 £10.7 0.00 £0.00 0.71 & 0.06 0.12 % 0.01 30.9 = 2.3
20 - 50 - 4 0.78 5 0.01 401.1 #12.2 0.26 £0.12  1.13 + 0.19 0.07 & 0.00 35.4 & 1.2
8 0-20 4 1.33 + 0.03 390.9 2.8 0.14 £0.08 0.65 x 0.06 0.12 % 0.02 35.7 = 5.7
4  0.74+0.09 215.9 ‘ | + 0.06 0.09 & 0.00 27.1 x 2.3

8.2 0.19 + 0.08 0.53

-v=68-



Table 42. Nitrogen and phosphorus content of marsh substrate for two depth intervals on yearday 125 in 1976.

A1l values are means + ] standard error of the mean.

SITE DEPTH  SAMPLE N Total N NO

INTERVAL  SIZE | 3 i3 - fotal P
(em) | @t gt g | , am m™°
. 0-20 4 1.35 £ 0.06 295.4 +18.8 0.15 £0.06  0.91 & 0.12 0.30 £ 0.00 64.9 & 1.04
. 20-5 4 0.90 £0.03 339.7 £66.7 0.1 £0.05 0.94 * 0.08 0.14 * 0.00 54.4 * 10.6
2 02 | i 1.28 £0.16  311.0 £29.6 0.22 £0.05 1.40 * 0.03 0.3  0.13 77.4 * 5.9
20 - 50 4 0.78 £ 0.19 252.8 £62.6 0.20 £0.03  1.30 + 0.03 0.14 * 0.00 50.1 # 0.2
3 0-20 4 1.21 £0.01 308.9 +11.3 0.41 £0.05 1.64 * 0.23 0.28 + 0.04 73.7 = 13.9
- 20i50 4 0.94 £0.05 423.9 £12.1 0.3 £0.05  1.82 = 0.11 0.14 = 0.01 63.6 = 2.3 y
4 020 & 1.6 £0.20 410.6 +48.5 0.47 £0.08 1.43 £ 0.21 0.17 £ 0.01 43.0 * 12.7 ¢
 20-50 4 1.07 £0.01 412.2 £25.3 0.41 ¥0.10 1.3 ¥ 0.13 0.14 F0.04 53.1 1.1
5 0-20 4 1,31 *+0.04 260.3 i38;4 0.26 *0.03 1.51 * 0.05 0.30 * 0.03 62.1 * 13.4
20-50 4 1,08 £0.05 309.9 £2.4 0.02 £0.02 1.22 * 0,19 0,18 * 0.03 51.2 *6.7
6 0-20 4 1.5 £0.13 280.6 £15.2 0.36 £0.01 1.64 * 0.15 0.39 * 0.06 69.6 * 12.0
20 - 50 4 118 £0.09 363.7 £25.8 0.20 £0.02  1.37  0.09 0.15 £ 0.01 45.4 * 3.2
7 0-20 4 .31 £0.08 323.4 £22.4 0.09 £0.02 0.40 * 0.03 0.22 *0.02 53.1 ¥ 2.4
C20-5 4 0.77 £0.09 351.0 £12.7 0.20 *0.04  0.94 * 0.08 0.10 * 0.01 47.4 *94.4
8 0-20 4  1.48 +0.03 362.2 £10.4 0.16 £0.01  0.57 % 0.07 0.21 #* 0.01 50.5 * 2.6
07 0.18 +0.03 73.2 % 19.1

- 20 - 50 4 . 0.81 £0.05 310.2 £19.2 0.16 +0.02 0.78

H#
o



Table 43. Nitrogen and phosphorus content of marsh substrate for two depth interva\svgn‘yeavday 1

Woin 1976 .

A1l values are means = 1 standard error of the mean.

SITE DEPTH  SAUPLE %N Total N NO, fH 4P Total P
(Cm) N bgm mgz SR .gmAmfz R an m_z_. oo gm m_g
1 0-20 4 1.33£0.00 417.4 +20.8 0.64 £0.03 2.02 + 0.23 0.34 = 0.03 111.9 = 22.2
20 - 50 4 0.88 + 0.06 350.1 £3.6  0.48 £0.04 1.48 + 0.08 0.7 % 0.09 67.9 * 7.05
2 0-20 4 1,22 +0.03 3325 £25.4 0.36 £0.06 1.62 * 0.20 0.28 * 0.01 76.7 * 5.0
©20-50 4 0.73£0.06 251.7 £20.9 0.22 £0.10 1.30 £ 0.06 0.2 * 0.03 77.0 * 11.4
3 0-20 4  1.18%0.06 253.3 £38.6 0.36 £0.05 1.48 * 0.24 0.27 £ 0.01 57.4 % 7.7
© 20-50 4 0.86:0.01 233.9 £15.0 0.22 £0.01  1.18 * 0.05 0.19 * 0.02 54.3 * 9.4 %
W 0e20 4 1.20£0.02 234.6 £26.2 0.3 £0.10 1.42 £ 0.31 0.28 £ 0.02 56.7 1.3 7
20 - 50 4  0.82 5004 251.9 £68.6 0.28 £0.06 1.01 £ 0.26 0,14 * 0,01 45,5 *12.2
5 0 -_20‘ 4 1,25 £0.03 241.3 30.5 0.24 £0,05 0.9 % 0.05 0.28 * 0,03 51.9 * 0.14
© 20-50 4 0.90 £0.09 371.6 £40.2 0.59 £0.19 1,58 * 0,20 0,18 *0.02 75.3 * 7.5
6 0 - 20 4 1,38 £ 0,02 254.6 %46.7 0.34 £0.70 1.12 *0.28 0.32
20-85 4 1.02 £0.20 196.9 ¥6.70 0.22 ¥0.07  0.89 ¥ 0.03 0.1
7 0-20 4 1,37 £0.07 333.2 ¥14.8 0.31 ¥0.02 0.80 ¥ 0,02 0.25
20-50 4 0,79 £0.01 377.3 £30.0 0.37 ¥0.03 1,62 * 0.06 0.12
8  0-20 & 1.3 +0.03 236.2 4.4 0.9 $0.04 0.6 * 0.03 0.30
| 4 £ 0.19 0,14

. 20-50 0.64 £0.11 226.8 £7.7  0.45 *0.16  1.05




Table 44. Nitrogen and phosphorus content of marsh substrate for two depth intervals on yearday 162 in 1976.

A1l values are means + 1 standard error of the wmean.

SITE DEPTH  SAMPLE %N Total N | NO, H | %p Total P
INTERVAL ~ SIZE
(cm) A - . gm m'2 A gm.m'z", T gm ml gm me
] 0-20 4 1.25 £ 0.00 436.7 £0.00 0.20 £0.02  2.00 * 0.07 0.20 * 0.00 69.9 * 0.00
20 - 50 4 0.84 + 0.00 160.8 +£0.00 0.19 £0.00  0.68 * 0.06 0.12 % 0.00 23.0 * 0.00
2 0 - 20 4 1.05 £0.00 162.6 *0.00 0.21 *0.00 ,]“20 £ 0.04 0.29 *0.00 44.9 * 0.04
20 - 50 4 0.62 £0.00 137.7 £0.00 0.09 *0.01 0.70 * 0.02 0.12 * 0.00 26.6 * 0.0
3 0-20 4  1.05 £0.06 292.9 £19.2  0.33 £0.12  1.37 * 0.44  0.47 * 0.01 129.5 * 4.11
| 20 - 50 4 0.75 £0.03 331.7 *¥23.6 0.56 £0.19 2.08 * 0.52 0.14 ¥ 0.01 62.3 *10.8 :
4 0= 20 4 1.04 +0.03 212.6 £#45.8 0.22 #0.15 1,19 * 0.39 44 0,02 95,1 F 26,0 ;3
2'0 - 50 4 1.07 +0.10 311.3 #42.3 0.21 #0.08 1.09 * 0.12 0.16 *0.00 48.6 - 11.4
5 0-20 4 1.36 £0.08 443,9 *44,3 0.39 *0.11 1.76 * 0.26 0.44 * 0.01 142.8 * 4.3
20-5 4 0.77 £0.02 299.4 %26.9 0.23 %0.04 1.02 * 0.09 0.5 *0.00 56.3 *4.6
6 0~ 20 4 1.32 £0.01 289.9 47,6 0.10 *0.02 1.10 *0.26 0.29 *0.01 63.9 '*-:1,9‘
| 20-50 4 0.70 £0.01 265.5 £12.3 0.48 %0.29 2,40 * 0.36 0.14 %0.00 55.4 4.6
7 0-20 4 1,13 £0,03  321.7 %39.4 0.18 £0.06 0.29 0,03 79.4 2.0
20 -50 4 0.67 £0.01 287.7 %39.4 0.19 *911 0.13 fo.00 53.4 T4
8 0-20 | 4 1.08 +0.13 308.9 io,é 0,05 :t 0,19 0.21 £0.03 57.8 *2.2
20-5 4 0,64 £0,92 306,8 *3,3 0.06 * $0.,03 64.6 *1.7

0.25 0,13



Table 45.

Nitrogen and phosphorus content of marsh substrate for two depth intervals on yearday 176 in 1976.

A171 values are means = 1 standard error of the mean.

SITE IREEESAL. SApLE %N Total N N0, o, %p Total P
(cm) ' -gm m;z' P Agﬁ_mfZ,*"‘" am m"z;, ' am m—2
] 0 - 20 4 0.96 + 0.04 254.8 +9.47 0.13 £0.06  1.40 * 0.19 0.35 * 0.06 93.1 * 16.5
20 - 50 4 0.79 +0.01 222.8 £19.8 0.17 £0.07 1.36 * 0.17 0.20 * 0.01 55.1 * 1.0
2 0 - 20 4 1.14 £0.06 154.2 £13.9 0.03 *0.02  0.50 * 0.15 0.44 * 0.06 57.7 * 5.9
20 - 50 4 1.03 £0-01 172.9 £4.2 0.08 £0.05 0.74 * 0.16 0.22 * 0.05 37.‘5 7.2
3 0-20 4 0.97 £0.06 267.6 £20.7 0.07 £0.02 1.20 * 0.10 0.34 £0.03 93.4 £7.7
20 - 50 4 0.94 +0.05 199.9 +12.8 0.04 £0.01 0.89 * 0.13 0.22 * 0.05 5.06 * 15.4
4 0=-20 4 1.00 £0.03 281.2 £5.6 0.01 £0.01  1.16 # 0.08 0.30 % 0.01 85.6 * 4.9
20 - 50 4 0.67 £0.14 102.1 +5.7 0.04 +£0.02 1.03 % 0.16 0.14 = 0.01 22.0 * 1.6
5 0-20 4 1.12 +0.17 312.0 £4.8  0.03 £0.08 1.09 % 0.08 0.25 % 0.00 69.8 * 0.4
20 - 50 4 0.75 +0.01 233.3 #10.6 0.08 £0.03  1.34 = 0.08 0.12 + 0,01 37.9 # 2.2
6 0-20 & ‘1.31‘ £0.30 217.3 £16.8  0.02 £0.02  0.70 = 0.11 0.34  0.03 59.2 + 12.0
20 - 50 4 1.22 +0.10 291.8 +22.2 0.08 £0.08 0.62 « 0.15 0.19 =+ 0.02 46.3 L 7.4
7 0-20 4 0.99 +0.13 168.7 £24.3 0.05 +0.03  0.65 x 0.08 0.28 x 0.05 481 1 65.0
20-50 -4 078 40,08 227.6 529.3 0.3 50.07 1.61 & 0.37 012 x0.01 361 £5.2
8 0 - 20 4 1.03 +0.19 225.9 422.8 0.00 »0.00 0.82 % 0.17 0.35 & 0.07 845 = 24.3
| 4 0.73 + 0.16 157.6 x15.2 0.05 +0.02  0.88 & 0.14 0.12 £ 0,01 27.0 & 1.6

Mgém



Table -46. Nitrogen and phosphorus content of marsh substrate for two dépth intervals on yearday 197 in 1976.

© SAMPLE

A11 values are means = 1 standard error of the mean,

SITE  DEPTH AN Total N NO NH %P Total P
INTERVAL ~ SIZE 3 : 3
(cm) ol gim® . gl -
1 0 - 20 4 .18 £ 0.09 372.8 + 20.6 0.18 * 0.00 .82 + 0.06 0.29 + 0.00 93.8 * 0.8
20 - 50 4 .94+ 0.05 270.1 £ 12.3 0.08 £ 0.03 .18 £ 0.06  0.14 = 0.01  42.1 = 2.1
2 0-20 4 22 0.1 361.3 1.3 0.31 £ 0.07 .01 * 0.20 0.26 ¥ 0.00 78.4 * 5.9
20 -5 4 .85 % 0,08 179.7 ¥ 17.5 0.08 *0.03  1.00 * 0.10 0.14 * 0.01 30.0 * 1.0
3 0-20 4 .16 £ 0.06 308.5 % 14.5 0.21 % 0.04 00 % 0.08 0.28 ¥ 0.00 74.9 * 0.8
20 - 50 4 .82 % 0.02 263.4 £19.6 0.18 *0.04 81 % 011 0.14 * 0.01 444 2.0 ’
4 0=2 4 .27 £ 0,03 352.1£1.9 0.27 £0.06 2.13 * 0.10 0.30 £ 0.01 83.8 * 4.6 £
20 - 50 4 92 % 0,03 390.7 £47.3 0.14 *0.06 79 £ 0.16 0.12 ¥ 0.00 53.0 ¥ 6.5
5 0-20 4 35 %011 338.8%7.7 0.24%0.10 1.88 ¥ 0.04 0.21 * 0.02 53.5 * 2.2
20 - 50 4 .99 + 0.02 284.4 £ 5.0  0.09 *0.05 .39 % 0.08 0.13 £ 0.01 37.2 * 3.0
6 0-20 4 19 £ 0.05 2461 £15.2  0.09 % 0.03 10 £ 0.50  0.23 £ 0.01  48.5 * 14.5
20 - 50 75 £ 0.08  196.8 £ 2.7  0.13 *0.02 27 % 0.15 0.16 * 0.02 45.5 * 9.7
7 0 - 20 4 17 0,08 235.1 £32.17  0.07 *0.0] .82 % 0.12 0.23 * 0.01 46.8 * 5.9
20 - 50 4 77 £ 0.05 296.9 7.5  0.07 £0.04 40 £ 0.13 0.12 £ 0.01 469 * 1.9
8 0 - 20 4 .31 £ 0.12 334.2 £5.9 0.19 0.05 04 £ 0.18 0.20 * 0.01 53.3 % 6.9
20 - 50 4 .85 + 0,16  251.7 £ 41.6 0.10 £0.06 .53 £ 0.51 0.10 % 0.01 35.8 % 10.]




Table 47.

SITE

A1l values are means = 1 standard error of the mean.

DEPTH SAMPLE

Nitrogen and phosphorus content of marsh substrate for two depth intervals on yearday 206 in 1976.

346.3 %7.8

DEPTH - SAMPL N Total N NO, m3 %p ol 7
(cm) gm w2 g gnml an m°
1 0 - 20 4 1.26 £ 0.07 350.9 £31.0 0.14 £0.07 1.30 * 0.09 0.22 * 0.00 61.9 * 0.9
20 -~ 50 4 0.90 £ 0.01 284.4 £16.1 0.06 £0.03  0.87 * 0.07 0.14 * 0.01 42.5 * 0.1
2 0-20 4 1.15 £ 0.06  314.5 £30.5 0.23 £0.14 1.8 £ 0.16 0.25 £ 0.02 72.6 * 15.1
20 -50 4 1.00 £0.06  412.2 £55.7  0.00 £0.00  1.69 * 0.36 0.15 % 0.01 62.1 * 7.7
3 0-20 4 1.21 £0.08 273.1 £21.7 0.02 £0.02 1.5 £ 0.22 0.36 * 0.03 0.2 * 4.8
20 - 50 4 1.03 £0.11  412.1 +#35.4 0.09 +0.09  1.68 * 0.32 0.15 * 0.01 62.5 * 7.7 \g’
4 0= 20 4 1.21 £0.04 335.5 £1.6  0.09 £0.04 1.79 % 0.06 0.32 * 0.03 88.3 * 11.3 i
zoi.. 50 4 0.79 £0.05 402.9 £46.9 0.08 £0.08 1.82 * 0.04 0.13 * 0.00 68.5 * 5.1
5 0 - 20 4 1.38 #0.05 296.1 #£13.4 0.15 £0.09  1.38 * 0.09 0.30 * 0.02 64.2 * 0.07
20 - 50 4 0.84 £0.02 315.3 #57,4 0.00 £0.00 1.82 # 0.53 0.14 £ 0.00 51.6 * 9.5
6 0 - 20 4 1,28 £ 0,06 215.5 £4.7  0.02 £0.02  1.14 * 0.21 0.26 £ 0.03 42.7 * 4.2
20 = 50 4 0.97 +0.09 369.4 +6,8 0.00 £0.00 1.88 % 0.30 0.14 % 0.02 53.7 7.0
7 020 4 1.4 xO"OS 245,3 #12.4 0.00 £0.00 1.11 % 0.06 0.17 * 0.00 °30.3 = 2.4
20 - 50 ' A 1.22 £0.05 393.1 £74.4 0.66 £0.25  1.40 * 0.29 0.11 * 0.01 36.1 6.1
8 0 - 20 4 1.14 £0.00 243.3 *48.6 0.09 *0.03  0.64 * 0.13 0.22 *0.44 47.7 0.6
20 - 50 4 0.95 #0.04 0.16 *0.02  0.99 * 0.20 0.13 % 0.00 48.7 * 3.0



Table 48. Nitrogen and phosphorus content of marsh subétrate for two depth intervals on yearday 228 in 1970.

SITE

DEPTH

SAMPLE

%N

Total N

A1l values are means + 1 standard error of the mean.

INTERVAL  SIZE NOs g %P Total P
(cm) gm m*z‘ v.gm.m—2 L gm m-Z';» ’ gn m-2
] 0 - 20 4 1.12 £ 0.00 363.6 + 11.4 0.31 £0.03  1.33 + 0.06 0.28 # 0.00 92.4 + 2.8
20 - 50 4 0.94 = 0.12 241.6 £47.2 0,15 £0.02 0.84 * 0.03 0.12 * 0.00 30.9 * 1.9
2 0-20 4 1.10 £ 0.11  315.4 + 41,7 0.24 £0.01  1.07 + 0.09 0.20 = 0.01 57.7 = 5.7
20 - 50 4 0.80 = 0.00 244.8 +20.5 0.19 +0.00  1.17 = 0.21 0.16 = 0.02 49.6 = 9.0
3 0-20 4 1.30 £ 0.04 365.7 +4.0 0.15 +0.06 1.69 * 0.56 0.26 * 0.00 73.8 * 1.8
20 - 50 4 0.85 * 0.00 266.4 £ 23.6 0.24 +0.10  1.35 * 0.04 0.12 £ 0.01 38.2 % 15.3
4 0= 20 4 1.56 = 0.03 362.2 +3.1  0.04 £0.01  1.40 * 0.21 0.25 * 0.01 58.8 * 0.3
20 - 50 4 0.78 + 0.01 304.8 £ 68.3 0.22 £0.12 1.74 % 0.29 0.24 * 0.08 73.4 * 8.6
5 0~ 20 4 1,45 + 0,07 332.7 £0.3  0.14 £0.07 1.35 * 0.18 0.24 * 0.01 55.5 * 3.8
20 - 50 4 0.73 : 0.01 225.4 +34.5 0.14 £0.04 1.22 * 0.26 0.15 * 0.01 43.9 * 1.7
6 0 - 20 4 1.47 £ 0.01 386.1 £17.5 0.21 £0.05  1.75 £ 0.07 0.22 * 0.04 51.4 * 6.4
20 - 50 4 0.78 +0.00 177.0 £0.5 0.4 to.cd 1.07 £ 0.17 0.14 % 0.00 31.5 * 1.0
7 0-20 4 1.33 £ 0.06 269.6 #4.1  0.02 £0.01  0.55 £ 0.05 0.20 * 0.01 47.1 = 3.9
20 - 50 4 0.94 +0.00 241.9 £9.7  0.07 £0.05 0.89 + 0.15 0.12  0.01 31.0 £ 3.0
8 0 - 20 4 1.50 + 0.03 381.1 £ 13.2 0.20 £0.05 0.66 * 0.06 0.21 * 0.00 52.5 * 3.8
20 - 50 4 0.73 + 0.14 254.8 +38.1 0.17 £0.06  0.98 * 0.05 0.12 % 0.0] 3+ 2.8




Table 4¢. Nitrogen and phosphorus content of marsh substrate for twokdepth intervals on yearday 259 ini\§§6.ywmm

A1l values are means + 1 standard error of the nmean.

SITE DEPTH | SAMPLE %N  Total N NO

INTERVAL  SIZE 3 R o foral P
(cm) . . gm w2 ugm~m72»3f"' gm me.l gm 2
1 0 - 20 4 1.28 £ 0.07 427.1 i72‘_.4 0.25 £0.01" 1.46 * 0.08 0.21 * 0.00 68.9 * 9.7
20 - 50 4 0.83 £+ 0.09 236.8 *12.6 0.18 £0.02 0.77 * 0.06 0.13 ¥ 0.00 37.5 * 1.7
2 0-20 4 1.48 £ 0.01 342.4 2.3 0.22 ¥0.02 1.00 ¥ 0.04 0.23 * 0.00 53.8 * 0.1
20 - 50 4 0.98 £ 0.05 285.8 £16.0 0.19 £0.02 1.1 * 0.10 0.14 * 0.01 42.2 * 5.8
3 0-20 4 1.27 £ 0.01 - 354.6 £3.9  0.35 t'o.04 1.71 * 0.11  0.25 * 0.01 70.5 * 1.9
20 - 50 4 0.90 + 0.05 436.2 *52.3 0.32 £0.05 1.59 * 0.02 0.12 * 0.00 57.4 * 3.1 i
4 0-20 & 1.15 £0.06 289.3 7.1  0.26 £0.03 1.69 * 0.16 0.25 * 0.02 63.2 * 6.4 3
20 - 50 4 0.81 +0.05 261.3 £19.6 0.06 £0.03  0.07 * 0.04 0.15 * 0.01  48.2 * 2.1
5 0 - 20 4 1.16 + 0.05 270.9 £6.5  0.23 £0.04 1.46 % 0.19 0.23 * 0.01 54.2 * 5.4
20 - 50 4 0.75 £0.14 312.2 £45.6 0.28 £0.04  1.20 £ 0,11 0.10 ¥ 0.01 41.3 *3.8
6 é- 20 A 1.21 £0.08 258.9 £13.3 0.25 £0.02  1.48 % 0.25 0.20 % 0.00 43.8 £0.2
20 - 50 4 0.88 + 0,03 289.4 3.1 0,26 +£0.07 1.50 % 0,07 0.13 * 0.00 41.5 % 0.07
7 0 - 20 4 1.42 £ 0,07 307.8 £47.8 0.12 £0.05 0,56 * 0,13 0.20 * 0,01 41.1 % 1.6
20-5 4 0.94 +0.10 311.7 £42.2 0.18 £0.02  0.75 * 0.19 0,70 * 0.07 33.1 * 4.8
8 0 - 20 4 1.43 '&0.1]  354.6 £14.3 0,18 £0.02 0.40 * 0.03 0,19 * 0.01 47.6 * 32.4
20-5 4 . 0.78 £0.18 2\.’94.7'$68.6 0.15 £0.05 0.76 * 0.08 0.10 # 0.00 38.9 *40.9




Table 50. Nitrogen and phosphorus content of marsh substrate for two depth intervals on yearday 268 in 1976.

SITE

DEPTH

 SAMPLE

© A11 values are means + 1 standard error of the mean.

%N Total N NOB. HH., %P Total P
INTERVAL  SIZE | ‘
(cm) gm m’? T gmem” gm r_n'~2- . am 2
1 0-20 4 1.14 £ 0.02 3945 £37.8 0.17 £0.04 0.96 * 0.18 0.23 * 0.03 76.9 * 3.5
20 - 50 4 0.86 = 0.03 333.6 £11.7 0.1 £0.04  0.90 + 0.10 0.17 * 003 63.6 * 9.0
2 0 - 20 4 1.08 + 0.00 364.8 £24.4 0,13 £0.03  0.78 * 0.05 0.20 * 0.04 67.1 * 8.3
20 - 50 4 0.76 = 0.01 316.2 +14.5 0.11 £0.03  0.91 * 0.04 0.21 # 0.02 8.6 * 12.0
3 0 - 20 4 1.06 +0.03 297.9 +17.0 0.12 £0.03  0.78 * 0.03 0.35 * 0.07 99.7 * 3.4
20 - 50 4 0.97 £0.05 368.0 £32.7 0.15 £0.02 0.79 ¥ 0.03 0.33 £ 0.11 129.9* 46.4
0:90 4 1125002 208.8 £40.6 0.07 30.01 0.97 £ 019 0.31 £0.10 69.4 £ 14.7
20 - 50 A 0.90 +0.08 398.2 £0.,9 0,13 £0.02 0.93 % 0,03 0.11 % 0.03 48.5 * 9.8
5 0-20 4 1.36 + 0.05 364.3 +28.9 0.12 £0.01  0.89 # 0.07 0.43 * 0.12 110.2 * 27.]1
20 - 50 4 0.86 = 0.01° 300,2 =23.3 -O,H +0.01 0.87 + 0.06 0.14 = 0,01 50.0 £ 1.6
6 0~ 20 4 1.49 +0.01 274.8 ¢15.2 0.11 £0.0] 1.06 + 0.10 0.23 # 0,03 41.4 + 3.6
50 - 50 4 0.86 +0.01 278.1 +27.0 0.1 £0.03 0,89 = 0.07 0.17 % 0.03 50.5 = 0.5
7 0-20 4 1.41 £0.13 397.7 £13.8 0.15 £0.03  0.70 * 0,04 0,30 * 0.02 85.4 * 0.04
20 -5 4 0.60 £0.02 389.0 £2.2 0,20 £0.03  2.08 * 0.93 0.26 ¥ 0.08 131.6 % 40.5
8§ 0-20 4 143 £0.05 121.4 £34.7 0.08 £0.03  0.54 * 0.03 0.20 * 0.03 42.2 * 2.6
20 - 50 4 0.78 * 0.04 260.7 £19.8 0.14 £0,04 0.25 * 0,13 0.13 ¥ 0.02 47.3 = 13.5




Table 51. Nitrogen and phosphorus content of marsh substrate for two depth intervals on yearday 289 in 1976.

A1l values are means + 1 standard error of the mean.

SITE  DEPTH  SAWPLE %N © Total N A %P Total P
INTERVAL  SIZE .
(em) , - . -2 o .gm-m’.z T -2 - 2
1 0 - 20 4 0.79 + 0.03 190.8 +51.6 0.15 +0.01  1.16 + 0.26 0.22 + 0.88 55.2 = 17.4
20 - 50 4 0.82 £ 0.03 269.4 £14.7 0.06 £0.02 1.54 * 0.27 0.16 * 0.00 54.5 * 4.6
2 0 - 20 4 1.05 iAO.OZ 303.4 i‘33,6‘ 0.22 *0.01 ].90‘ t0.24 0.24 * 0.01 69.1 * 5.2
20 - 50 4 0.61 +0.04 146.7 £30.1 0.15 £0.06 1.17 * 0.22 0.17 * 0.02 41.8 * 10.5
3 0 - 20 4 1.06 + 0[]3- 272.2- +19.7 0.35 £0.04 1.72 £ 0.18 0.28 * 0.02 72.8 * 0.8
20 - 50 4 0.79 +0.03  362.2 +102.9 0.3¢ £0.14  1.86 £ 0.30 0.15 * 0.02 60.1 * 9.7 f
. 0-20 4 1.08 +0.00 355.0 £37.9 0.41 £0.01 2.17 + 0.05 0.26 * 0.04 81.3 * 3.3 ¢
20 -50 & 0.85 +0.02 302.2 £21.4 0.22 0.06 2.41  0.39 0.16 *0.00 56.0 * 1.3
: 0-20 4 0.76 +0.07 170.6 £19.1 0.25 £0.04  1.53 + 0.38 0.19 * 0.01 46.9 * 12.1
20 - 50 4 0.90 £0.15 270.6 *46.0 0.31 %£0.12 2,26 ¥ 0,37 0.19 *0.01 57.1 = 3.8
6 0-20 4  1.10 £0.10 207.1 £5.7  0.17 £0.02  1.40 % 0.39 0.17 *0.00 33.3 * 3.8
20 - 50 4 1.13 50.08  248.2 £51.9 0.20 £0.06  1.67 * 0.10 0.17 *0.00 359 *5.7
, 0-20 4 1.27 £0.09 216.1 £2.6  0.08 £0.01 051 0.12 0.24 £0.03 422 *7.]
20-50 4 0.3 £012 229.4 %52 0.9 £0.07  0.92 £0.20 014 £0.00 3.6 4]
8 0-20 4 1,97 £0,03 295.8 ®32.7 0,16 *0.04 1,07 #0,17 0.23 £0.01 605 *9.7
20 - 50 4 £0.39° 0.18 #0.03 68.3 %4.5

0.99 #0.01 3707 £29.3 0,26 #0.05 1.4
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values on Yeavdays 125 (0.24 * 0.02 z/m~2) and 162 (0.24 £ 0.G3 2/m~2) and
a low value on Yearday 176 (0.06 % 0.01 g/w" ). Significant differences

N

in NHy-N were due to high values on Yeardays 162 {(1.57 = 0.10 g/m?)

289 (1.3% % 0.09 g/n “2), and 197 (1.51 + 0.07 gfémz) and low values on Year
day 298 (0.82 % 0.05 Lg/mfz), 326 (0.99 = 0.05 g/m™%) and 263 {0.92 % 0.7 g/m
Although there were significant site'x'time interactions for TOTAL N

(¢ = ,0015) and NO,~N (a = .04), there were no clear patterns. The
significant interaction effects for N03—N were primarily due to high

values between Yeardays 25 and 144 (Tables 40 and 43), but there were no
clear patterns when treatment sites were compared to controls. Most of

the signifiéant differences in TOTAL N were due ﬁo several high wvalues

on Yeardays 65 and 125 but no clear site differences occurred at those

times and high values occurred in at least one replicate of each of the

treatment sites and controls.

Significant depth x site interactions occurred for NH3-N (a = ,05).
In general, nitrate levels were almost always highest in the upper 20 cm
of substrate at all sites except the two controls where nitrate levels

were greatest in the 20 - 50 cm depth interval between Yeardays 125

~and 259 (Tables 43 and 49).

10. WATER QUALITY STUDIES

Our‘initial studies of the Hamilton Marshes (thgham and Simpson,
1975, 1976a; Siméson, et al., 1978) and earlier work om the Tinicum
Marsh by Grant and Patrick (1970) shbwed ebb tide waters of freshwater
tidal wetlands to be lower in nutrients than fiocd tide waters. This
effect appeared to be season#l in the tributary channels of the high

marsh with the differential between flood and ebb tide levels of N and
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P being greatest during the late spring and summer corresponding with
the growth of macrophytes in the wetland, In the study, we addressed
three basic questions related to water qualicy:

1. How was the quality of water entering Crosswicks Creek

from the study site affected by sewage application?

2. How was the quality of water on the high marsh surface

affected by sewage application?

3. How were late spring-summer tide cycle nutrieant balances,

on the high marsh affected by sewage application?

Methods
Water was sampled at high and low slack water at eight sites in the
watershed where the effluent study was conducted (see Fig. 19 for loca-
tion of sites) at approximately monthly intervals from June 1975 through
October 1376. On the same dates, water was collected from the surface
of one of each set of experimental enclosures and controls. Effluent
was being applied on all dates sampled except 19‘February and 24 March 1976.
Input-output tide cycle studies were conducted in June and July 1977.
Water was collected at the low point of each enclosure beginning when
flood tide g:éiﬁreached the surface of the high marsih and continued
hourly until the next flood tide reached the marsh surface. Simultaneous
samples of effluent and water in the stream channel immediately down=
stream from the study area were also collected. For the purpose of
developing nutrient budgets, the effluent entering each experimental
enclosure was metered and each enclosure was mapped so that the volume

of water entering with the flood tide could be accurately determined.

It was assumed that the volume of water in an enclosure at high slack
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watey plus the volume of effluent applied to that enclosure during the
study peviod equalled the rotal ocutput from an enclosure in a tide

cycle. This assumption seemed justified because there was little lateral

movement of water through enclosures and the wetland surface drained
campletely during each tide cyle. Mean nutrient concentrations of
effluent applied during the study period and mean concentrations of
stream flood #ide water during the period between when the high marsh
was first flooded and high slack water were used to calculate input
budgets. Output budgets were based on mean nutrient concentrations of
water leaving the enclosures between high slack water and when the marsh
was reflooded.

Samples were analyzed for reactive nitrate (N03-N), reactive nitrite
(NO N}, ammonia plus amino acids (NH 5~N) ahd reactive phosphate (POy~P) -
following Strickland and Parsons (1968). Total P was determined using a
persulfate digestion technique described by Menzel and Corwin (1965).
Total N‘and Total P for mass balance studieé were determined using a
single sample wet digestion procedure outlined by Golterman (1969). Dis-
- solved oxygen was determined titrametrically (APHA, 1971) or electro-
metrically (¥YSI Model 57 Dissolved Oxygen Meter), carbon dioxide and al-
kalinity were measured titrametically (APHA, 1971) and pH was determined

electrometrically.

Results

Watershed Studies'

The results of the watershed studies are presented in Tables 52 to 65.
Dissolved oxygen levels followed seasonal patterns and were consistently
higher at high slack water (hsw) than at low slack water (1gy), with

downstream Sites 11, 12, and 12A typically having 1-3 mg L™! more oxygen




rable 52, Dissolved oxygen, €0y, pH, alkalinity, inorganic N and P at stream channel Sites shown in Fig.19
Values are for morning high slack water (HSVW) and afterncon low slack water (LSW).

on June 1975,

Site  Tide D.0. cozv pH  Alkalinity NO, - NO,-N NMi,-N  Reactive P Total P
mg Lml mg L-1 mg CaCO3 L—l ug.at N Lml ug.at N Lfl ug.at N L”l ug.at P L“l ug.at P L"l
CHSW 6.65 4.0 6.20 46 52.60 1.43 24,12 3.43 . 6.80
. LSW 5.30 22.5 6.10 58 45.65 3.27 20.39 12.72 26,53
HSW 6.80 5.0  6.50 45 63.93 1.49 39.70 3.26 9.25
12 |
LSW 7.20  18.5 6.35 66 52.10 4.98 46.28 14.38 23.41
HSW 6.05 4.5 6.65 43 55.27 1.87 8.44 4.65 11.93 *;}j
A LSW 4,50 33.0 6.50 71 3.44 b .66 13.55 23,41
HSW 4.85 7.0 6.95 41 57.26 2.48 ©13.38 8.35 17.17
= LSW 315 30.0 6.50 83 46.88 5.99 153.42 16.70 31.22
' nsw 5,40 7.0 6.90 4o 68.57 2.63 32.80 8.41 17.73
'1€ | LSW 2.80 33,5 6.60 79 49,85 5.77 147.23 19.20 36.264
HSW 5.05 8.0 6.90 38 89.15 2,9 26.73 10.78 21.07
A oLsw 2.95 35.5 6,70 124 53.88 5,55 435.31 12,11 19,62
HSW 5.30 8,0 6,90 38 78.67 2.74 46,63 9,90 21.30
M 2,70 35.0 6.5 83 41,12 7.50  275.% 20.68 34,57
Wy 5.5 8.0 6,90 36 94.,60 2,92 49.68 10,67 20,18
15 | » |
154 2.65 30.0 6.70 64 ' 60.25 1.49 0 12.22 21,41




Table 53. Dissolved oxygen, CO,, pli, alkalinity, inorganic N and P at stream channel Sites shown in Fig. 19
on 10 July 1975, Values are for morning high slack water (HSW) and afternoon low slack water (LSW).

Site Tide D.O. CO2 pH ‘ Alkalinity | ~ NOB-N ‘ NOZ-—N NHB-N ~ Reactive P Total P
mg L'—l mg L”l -mg CaCO3 L-l ‘ug.at N L_l ug.at N L-l ug.at N L'—1 ug.at P L-l ug.at P L_l
HSW 6.25 4.0 6.35 52 80.96 2.31 2.20 2.70 8.56
o LSW 6.65 18.0 6.80 66 43.56 4.53 13’.67 10.15 19.44
HSW 6.35 5.5 6.60 50 89.98 2.20 0 2.65 8.23
e LSW 5.60 17.5 6.80 65 41.55 10.43 364.43 8.45 18.82
L HSW 4,60 7.5 6.30 47 47.68 3.08 0 4.56 13.57 %
g LSW 4.05 28.0 6.70 74 10.80 1.31 15.25 9.63 17.68
HSW 5.05 9.0 6.45 47 92.80 2.96 0 4,32 12.01
s LSW 3.05 27.5 6.65 74 47 .41 5,08 210,04 19.97 37.22
| HSW 4,90 9.0 6.00 47 98.07 3.62 7.89 7.21 16.57
H LSHW 2.90 22.5 6.70 63 45.14 4.16 87.50 14,44 27.06
. HSW 4,70 9.0 6.60 45 58.46 3.41 0 6.23 15.34
Ha LW 2.75 27.5 6.65 113 4.2 7.12 252.38 5.62 17.78
HSW 4.65 8.0 6.60 46 94.28 3.60 4.77 6.46 15.12
M e 2.70 30.0 6.70 87 85.37 11.40 267 .64 23.93 85.82
HSW 4,72 8.5 6.40 51 91.51 3.24 .86 1 5.95 13.79
> LSW 2.60 24.0 6.80 60 41,01 2.11 17.29 11.80 17.37




Table 54. Dissolved oxygen, COy, pH, alkalinity, inorganic N and P at stream channel Sites shown in Fig., 19
on 11 August 1975, Values are for morning high slack water (HSW) and afterncon low slack water (LSW).

Site  Tide D.0o. €0,  pH  Alkalinity NO,-N NO,-N NH,-N Reactive P Total P
mg LY mg LTt mg CaCo, vt ugeat 8L ugeat NL7TV wgeat W LT ugear P U ugeat P LR
| HSW - 6.45 8.0 6.50 51 . 136.25 2.63 1.51 5.14 13.62
= LSW 4.95 13.0 - 58 69.52 2.98 0 C12.41 o 27.97
HSW 6.65 8.0 6.90 52 115.24 2.42 2.22 6.00 13.62
'12 LSW 5,80 17.0 - 69 59.45 6.25 0 12.25 2581
HSW 6.05 6.0 6.80 52 116.66 3.67 0 7.97 17.62 %
. LSW 415 22.0 - n 5.93 47 0 15.29 29,14
HSW 5,55 8.0 - 49 118.02 . 3.00 0 11.40 22.42
s LSW 3,95 25.0 - 84 86.18 4.27 75.25 13.56 27.31
HSW 5.15 10.0 - 49 . 121.44 2.91 0 10,28 ©20.83
H LSW 3.20 23.0 - 69 53.55 1.73 0 13.40 24,.98
Hsw 475 11,0 630 46 151.38 3,19 5.41 12,43 27.23
HA LSW 2,40 29.0 - 140 92,59 110.31 365,37 11,01 22.48
HSW 5.15 9.0 - 48 113.15 2,75 1,80 10.54 22,42
R 2.30 28,0 - 88 49,87 5.59 08,55 22,03 44,29
HSW- 4,90 14,0 6.3 46 121.30 © 3,05 0 12,26 76.80
15

LSW 2.05 36.0 - 68 66.52 1.43 0 12.33 24,31




Table 55. Dissolved oxygen, COo, pH, alkalinity, inorganic N and P at stream channel Sites shown in Fig.19
on 9 October 1975, Values are for morning high slack water (HSW) and afternoon low slack water (LSW).

Site Tide D.O,_l’ coz—l pH Alkélinitzl NOB-N o NOZ-N o NHS—N o Reactive Fl Total»P
: mg L mg L ° mg CaCO3 L ug.at N L ug.at N L ug.at N L ~ ug.at P L ug.at P L"l
" HSW 12.45 5.0 6.50 50  85.19 2.17 56.66 3.30 6.18
LSV 5.80  17.5 6.80 57 65.76 ©2.08 33.27 7.76 10.26
5 HSW - 12.10 5.0 6.60 50 1103.53 2.26 46.57. 3.95 8.93
LSW 5.60  18.0 6.80 63 - 97.26 372 54.31 6.89 101
HSW 11.40 5.0 6.25 51 89.89 2.34 37.76 3.76 6.70 §
P e 5.65  19.0 6.84 57 16.95 .23 9.03 6.01 9.45
HSW 11.15 5.0 . 6.67 44 100.26 2.70 48.02 5.55 9.52
" LSW 4,00  21.0 6.81 60  115.48 3.81 11.34 9.55 15.03
HSW 7.60 13,0 6.0 42 112.18 2.57  52.49 5.88 9.82
o LSW 4.20 20.0 6.84 55 - 77.9 2,10 . 35.01 9.04 16.14
HSW 9.50  11.0 6.70 39 . 13101 3.56 26.40 6.70 11.76
- 18w 3.5 18.0 6.75 67 163.46 10.69 231.87 3.5 7.96
Cwsw 1185 8.5 670 42 11999 279 28.69 6.10 10.27
B8V o Bn80. . 2840 608
‘wsw  11.0 9.0 6 6 9., - A 6t
P e 3,40 22.0 6.80 49  46.09 .99 1411 5.00




Table 56. Dissolved oxygen, CO,, PH, alkalinity, inorganic N and P at stream channel Sites shown in Fig., 19

on 9 November 1975, Valucs are for morning high slack water (HSW) and afternoon low glack water (LSW).

Site  Tide D.0.. co, pH  Alkalinity NO,-N NO,-N NH3-N Reactive P Total P
| mg LT mg 1t mg CaCo, Lt ug.at N Ll ougiat W1l ug.at N LY upeat P LY ug.at P LT
HSW 8.10 6.0  7.60 b 111.21 2.63 6424 6.18 14.61
H LSW 4.80 15.0  7.40 43 98.27 2.88 40.70 8.65 16.89
HSW 7.50 7.0 7.59 41 116.59 2.52  52.58 6.97 15.34
o LSW 4,75 18,0 7.37 70 74.36 4,06 67.22 9.59 17.80
LsW 7.20 8.0  7.57 39 122.72 2.46 53.81 7.86 15.79 %
- LS 6.35 16,0 7.40 59 17.37 .88 14.42 7.13 11.87
HSW 5,90 10.5 7.53 36 129.64 2.77 66.41 9.22 17.62
S LS 3.80 19.0  7.33 67 97.15 4,43 147.28 8.75 14.88
HSW 5,75 10.5  7.53 38 123.42 2.83 56.12 11.16 19.81
H LSW 5.20 18,5  7.40 56 39,26 1.85 24,33 8.65 14.79
HSW 5,00 11,0 7.45 39 127,27 3,01 83.33 9.32 17.35
M LSW 3.80 18,0  7.30 3 168,50 10.78 368,43 4,77 9.40
HSW 5.25 11.0  7.45 36 140,48 2,61 52,51 10,48 18,53
e LW 3,75 20,0 7.40 68 2%.46 3,36 197.59 15.72 25,11
HSW 5.00 1.0 7.43 42 114,69 3.01 90.17  10.48 18,08
» LSW 3.75 22,5 7.40 54 39,31 1.21 18,46 7.66 12,96




Table 57. Dissolved oxygen, €Oy, pH; alkalinity, inorganic N and P at stream channel Sites shown in Fig. 19
' on 9 December 1975. “Values are for morning high slack water (HSW) and afternoon low slack water (LSW).

Site Tide D.O. co

2 pH Alkalinity NO3~N NOz—N NH3—N Reactive P Total P
_l - - - - - — -
mng L mg L 1 , mg CaCO3 L 1 ug.at N Lvl ug.at N L 1 ug.at N L = ug.at P L 1 ug.at P L 1
HSW 12.10 2.0 7.75 | : ‘
N | » _ 35 78.63 1.70 25.88 5.28 " 10.58
LSW 9.65 9.0 7.50 45 118.08 1.88 33.96 7.41 14.11
HSW ©11.70 4.0 7.72 ' - . N
. | 35 84,75 1.52 20.75 6.20 12.35
LSW 8.35 11.0 7.45 37 112.98
) ) 2.23 36.50 6.78 d
| . 13.23 =
: HSW 11.25 4.0 7.70 33 90.90 1.54 v
- | | ) .5 19.10 7.11 14.46
ng 8.05 12.0 7.60 40 40,05 .80 9.28 k3 48 | 6.09
| HSW 11.20 3.0 7.70 - '
L _ 34 - 96.31 1.76 23,70 13,31 19.67
LSW 7.15 13.0 7.45 45 121.51 3.39 71.47 10.02 18.52
HSW 10.90 L0 7.70 - - |
N ‘ 70 34 94,84 1.84 17.91 10.55 , 20.46
LSW 7.65 15.0 7.60 38 77.39 2.33 36.43 8.81 15.79
HSW 11.00 4,0 7.75 2
" 3 109.07 1.74 13.87 8.13 15.70
LSW , Z.zs 12.0 | 7.60 51 156,45 3,41 98,53 3.00 6.09
HSW 10.95 4,0 .7
14B 7.75 33 158.02 1.76 17.30 10,02 19,23
LSW 6.30 , 20.0 7.50 58 147.93 7.27 249,26 40.32 79.38
HSW 10,75 4,0 7.75 |
s 30 60,00 “1.72 19.63 8.47 16.23
LSW 6.55 18.0 36 2.80 1,64




Tab}e 58, Dissovled oxygen, €Oy, pH, alkaliniry, inorganic N-and P at stream channet éites gshown in Fig. 19

on 16 February 1976, Values are for morning high slack water (HSW) and afternoon low slack water (LSW).

Site  Tide p.O. €O,  pPH  Alkalinity NO,-N NO,-N NH,-N Reactive P Total P
mg L'l, mg LT mg Caco, Lt ug.at N LT ug.at N Lt ug.at N Lt ug.at » LT ug.at P LT
HSW - - - - - - - - -
11 |
LSW - - - - - - - - -
HSW 11.85 3.5  6.45 28 - 56.14 .63 6.93 1.36 5.59
12 » |
LSW - - - - - - - - - ,
o
HSW - - - - - - - - - 2
12A | | . |
LSW - - - - - - - - -
HSW 11.65 3.0 6.48 25 '55.20 .59 11.52 1.36 6.45
13 | : , A
LSW 8.50 8.0  6.37 20 85.48 2.10 39,78 1.68 12.37
HSW 11.55 3.0 6.50 26 59,62 .55 6.28 1.50 5.91
14 - ‘ . _
- LSW 7.95 4.5  6.37 20 77.43 1.91 13.05 1.73 5.59
HSW 11.80 3.0 6.48 27 58,99 .68 9.70. 1.68 5.91
14A - '
LSW 6,90 13.5  6.40 50 166.90 3.95 98.17 2,28 4,62
HSW 11.20 3.0 6.48 26 | 60,30 .89 18,68 2,28 7.74
143 . |
LSW 6,75 9.5 6.38 25 . 63.91 | 1.18 11.81 2,60 - 4,48
HSW 11.80 3.0 6,47 28 86,36 64 10,95 (1.82 5,91
15 | |

LSW 8.33 8.0 6.37 20 76.14 1.85 25,03 2,18 4.84




Table 59. Dissolved oxygen, CO

23 P, alkalinity, inorganic N and P at stream channel Sites shown in Fig, 1y
on 24 March 1976,

Values are for morning high slack water (HSW) and afternoon low slack water (LSW).

Site  Tide : D.O. CO2 pH Alkalinityv NOS—N v NOZ—N NH3—N Reactive P Total P
mg LY mg LT mg CaCo, L’l ug.at N 17T ug.at NL' ug.at N LT ug.at P Ll oug.atrp 1t
HSW 12.00 2.6  7.10 37  61.76 1.13 - 49.42 3.90 9.19
o LSW 10.50 6.0  7.10 35 122.09 2.58 © 58.60  8.25 14.81
HSW 11.40 3.0 7.10 33 64.20 1.18  50.54 4,74 10.11
12 LSW 10.00 | 8.0 7.10 29 126.79 . 2.82 45.35 5.63 11.54 .
HSW 12.85 3.4 7.10 34 | 103.41 1.42 44 .41 5.63 12.67 =
A e 8.25 12,0 7.10 30 50.3  1.37 32.70 5.28 13.86
HSW 11,40 6.0  7.15 30 114.97 1.84 41.22 8.35 17.06
B 7,80 9.0 7.00 12 90.38 3.22 59,50 3.26 6.64
HSW 11.00 5.3 7.15 30 ’ 115.86 1.77 50.12 7.95 15.94
H LsW 6.50 12.0  7.10 29 89.67 .90 32.46 2.96 6.54
HSW 9.80 3.8 7.15 28 132,00 1.94 62,13 8.15 17.68
A Lsw 5.60 13.0  6.90 55 269,91 .80 155.59 2.47 5.62
HSW 9.40 5.8 7.15 30 ‘123.21 o L.87 51.59 ?.40 16.4;
18 LSW 5.80 . 12.0  7.10 47 77.81 A7 24,37 2.76 5.62
HSW 9.10 5.2 7.20 28 107.62 1.68 51.73 8.25 16.14
15

LSW 6.90 10.0 7.10 23 . 108.00 1.27 31.23 2.96 5.72




Tablg 60, Dissolved oxygen, C0y, pH, alkalinity, inorganic N and p at stream channel Sit'es shown in Fig., 19
' - on 23 April 1976, Values are for morning high slack water (HSW) and afternoon low slack water (LSW).

Site Tide D.O. 'COZ pH Alkalinity NOS-N _ NOZ—N NHB—N Reactive P Total P
' ng Lt mg L"l ‘ mg CaCOy Lt ug.at N1 ¢ ug.at N L"l,_ ug.at N L°F ug.at P LT ug.at P L_l‘
HSW 8.90 | 1.0 " 7.52 46 | 58.37 4.71 24.85 3.77 11.77
. LsW 8.50 a b - o 69.88 7.15 130,94 6.79 22.01
. HsW 9.20 3.0 7.50 41 57.18 4.53 23.79 3.95 12.43
2 8,60 5.0 - 71323 8.73 39.26 8.34 19.81
HSW 9.20 1o 7.45 47 - 55.56 465 " 36.11 4.39 1hosh L
2 Lsw 6.00 21,1 - 50 18.77  1.08 18.40 5.14 14.31 ¥
HSW 9.00 1.0 742 46 58.68 4.92 35.36  4.74 17.39
- . LSW 5.80 10.0 | - 56 65.58 11.47 92.73 10.51 23.55
HSW 8.90 1.5 7.0 45 64.77 4,80 - 29.75 5.08 14.97
. LSW 6.00: 9.0 - 58 . 54.68 9.78 93.21 11.99 24.76
HSW 8,70 1.5 -1.40 43 - 69.49 5,31 34.36 - 6.68 16.18
HeA LSW . 4.20' - 115 | - 77 ‘ 90.16 10.57 78,23 4,28 - 1122
HSW 8,70 z.g, 7.40 45 67,59 4,62 33,43 4,85 13.64
B s00 1.0 - 10 196 13.83 489.43 26,45 39.29
HSW 8.50 2.0 | 7,40 44 | 63.13 474 37.13 5.25 S 17.72
15

LSW 6.40 11.0 - 39 ' 36.88 . 5,04 7.35 . 5,88 11.77




alkalinity, inorganic N and P at stream channel Sites shown in Fig. 19

d afternoon low slack water (LSW).

Table 61, Dissolved oxygen, CO,, PH,
on 20 May 1976. Values are for morning high slack water (HSW) an
Site Tide " D.O. ' CO2 PH Alkalinity NO3-N NOZ—N NH3~N Reactive P Total P
-1 -1 -1 -1 -1 -1 - -1
mg L mg L ng CaCO3 L ug.at N L ug.at N L ug.at NL " ug.at P L ug.at P L
. HSW 9.00 2.0 7.30 30 61.71 2.02 2.56 3.53 8.24
' LSW . 7.70 9.5 7.33 41 93.36 4.68 59.83 12.49 25.54
HSW 7.90 2.0 7.40 - 32 68.53 2.51 3.84 3.64 7.62
H LSW 5.97 15.5 7.25 52 98.27 7.63 49.81 11.41 23.17
HSW 7.90 6.0 7.33 32 76.67 2.36 0 ' 4.23 - 10.19 %
A LSW 6.60 13.5 7.30 58 10.67 1.37 26,16  8.04 13.69
, HSW 8,20 6.0 7.23 32 '87.81 3.39 10.10 7.77 16.27
. LsSW 5.70 15.5 7.20 64 132.43 11.58 118.30 15,32 26.67
HSW 8.70 5.0 7.27 32 87.78 3.54 11.98 8.69 19.26
. LSW 5.75 15.5 7.26 54 103.68 9.71 104.42 17.11 30.07
HSW 8.40 6.0 7.30 31 92.50 3.37 6.49 10.92 21.32
HA LSW 4.30 17.5 ' 7.10 82 154.69 13.26 164.14 7.28 16.06
HSW . ngO 7.0 7.25 31 91.23 3.41 11.17 10.10 18.23
e - Lsw 4.60 22.5 7.18 92 204;33 30.72 173.63 40.32 81.26
HSW 8.70 7.0 7.29’ 31 102.53 3.65 12.99 16.48 19.57
v 5.25 14.5 7.32 45 73.79 2,53 27.52 5.70 ' 6.18

LSW




Table 62. Dissolved oxygen, €0y, pH, alkalinity, inorganic N and P at stream channel Sites shown in Fig. 19
on 16 June 1976, Values are for worning high slack water (HSW) and afternocon low slack water (Lsw) .

Site Tide - D.O. C02 pH Alkalinity NOS'—N NOZ—N NHB'-N ’ Reactive P | Total P
mng L-l‘ ng L-l ' - mg CaCO3 L-l ug.at N L.'l ug.at N L~l ug.at N L'_l ug.at P L-1 ug.at P L-l
. HSW 6.55 6.0 - 64 77.90 1.93 0 1.62 3.95
" LSW 3.48 . 18.0 - 56 74.80 7.4 173.36  11.82 31.04
HSW 6.43 45 - 53 77.25 2.13 0 1.56 7.22
S 3.90 17.0 = 61 73.76 2.94 31,73 12.39 30.18
: HSW  6.25 4.0 - 57 83.12 217 0 1.93 559 B
124 A ' _ i
LSW 4.25 27,0 - 69 7.65  7.44 39.49 8.01 23.13
HSW 4.38 10.0 - 53 - 96.98 5.15 10.83 5.93  1l.1p
B LSW 3,13 23.5 - 76 51.59 7.87 79.90  19.84 39.46
1SW 4.38 26,0 -~ 108 91.25 3.40 0 4.68 11.18
H LSH 3.00 19.5 = 83 53,09 3.63 26,62  21.83 42.92
HSW o 4.18 9.5 - TR 101.52 4.72 3.78 5.18 11,99
Mo 3,35 3%.0 - 100 66.82 . 8.12 142,87 8,41 44,77
CHESW 4,30 8.5 = s 75.20 4,29 43,06 4,68 10. 90
H LSy 2,58 30,5 - 102 76,97 12,00 191.97  25.81 79.41
HSW | 3.90 11,0 - 47 99,57 " 5,33 0 5.50 12,81
15

LSW 2.95 23.0 - 91 45,23 . 1,90 0 9.15 25,60




alkalinity, inorganic N and P at stream channel Sites shown in Fig. 19

Table 63, Disolved oxygen, €0y, pH,
on 14 July 1976, Values are for morning high slack water (HSW) and afterncon low slack water (LSW).
Site  Tide n.o..l 002“1 pH Alkalinitzl NO,-N . NO, =N . NﬁB—N B Reactive P Total "
mg L mg L . mng CaCO3 L ug.at N L gg.at NL ug.at N L ug.at P L ug.at P L
HSW 6.70 6.5 6.50 29 70.20 2.26 7.29 2.30 4.79
T e 6.10  21.0  6.80 55 62.40 5.38 0 8.21 24.02
HSW 6.10 Y 6.45 39 70.34 2.50 10.81 3.21 6.39
SR 5.45 13.0  6.70 55 60.14 6.98 0 8.94 24.52
B 6.40 6.5 6.45 40 71.74 3.75 0 4.27 9.73 I
124 . T
LSW 6.20 16.0 6.75 63 13.88 1.04 2.63 8.71 19.16
HSW 5.70 7.0 6.40 39 80,10 4.30 21.49. 6.02 13,59
a LSW 4,20 20.0 6,70 67 50.85 4.65 0 14.14 37.46
usw 5,20 7.0 6.40 40 83,12 4,91 6.05 6.43 13,59
H LSW 4,28 20.0 6.70 64 43,46 3.43 .35 14.55 37.96
HSW 5.15 7.0 6.40 38 86.50 5.73 21.41 7.43 19.19
HA LSW 2.80 27.0 6.45 106 64.57 7.9 0 5.93 15.43
HSW “5.40 8.5 6.45 ‘84.91, 5.90 33.91 8.31 22.26
He LSW 3.60 25.0 6.60 47.77 6.16 90.05 26.09 113.89
HSW o4 9.0 6.45 91.34 5.90 32.32 B3l $17.73
" LSW - 20.0 6.65 42,15 1.89 2.04 5.83 15.80




Table 64, Dissolved oxygen, CO,, pH, alkalinity, inorganic N and P at stream channel Sites shown in Fig. 19

on 26 September 1976, Values are for morning high slack water (HSW) and afterncon low slack water (LSW).

1

-911~

Site  Tide  D.O. co, PH  Alkalinity NO,-N NO,-N NH,-N Reactive P Total P
mg LT mg 17t mg Caco, L™l ug.at N 11 ug.at N Lt ug.at N L™ ug.at P LY ug.ac P LT

HSW 7.20 .0 - 47 95 .44 3.66 0 3.90 9.88
o LW 5.70 10.5 89 93.46 3.30 13,41 7.75 16.70
HSW 7.10 4.0 - 45 96.02 3.81 0 4.08 11.88

H LSW 5.40 6.0 146 95.54 4.31 27.95 4,40 16.20
HSW 7.00 5.0 - 44 97.86 4.08 0 4.63 12.76

124 | | |

. 1sw 5.30 14.5 141 25.54 .08 0 4.95 20.64
HSW 5.80 7.0 - " 45 107.53 4.70 1.06 6.42 15.76
Ay 3.52 16.0 134 01.93 4.60 33.80  10.60 20.70
HSW 5.20 8.0 = 44 115.73 4.79 0 7.20 16.54
ot LSW 3.65° 14,5 175 59.54 2.64 4,44 9.73 18.80
HSW 4,60 7.0 = 45 121.54 5,30 0 7.29 16.88
v LSW 3,70 12,5 15 9,54 4,51 59.75 4,59 10,40
HSW 5.00 5.0 = 46 111.00 4,85 0 7.10 71,90

M e 2.52 4.0 . 7% 144,85 7.39 97.43  27.40 82.76
HSW ~ 9.0 - 39 124.76 5.43 4,42 §.8l 18,76
* LSW 2.90 17.5 7i | 46,90 1.46 0 4,22 8,90




Table 65. Dissovled oxygen, €0,, pH, alkaiinity, inorganic N and P at stream channel Sites shown in Fig., 19
Values are for morning high slack water (HSW) and afternoen low slack water (LSW).

on 29 October 1976,

-

Site

D.O.

Tide 002 v Alkalinity NOB-N NOZ—N NHB—N Reactive P Total P
’ mg 1 mg L~l - mg CaCo ug.at N L .at N L—l ug.at N ug.at P L—l ug.at P Lfl
HSW - 5.0 22 71.31 1.70 44.95 5.35 13.52

= LSW 11.00 11.0 32 104,78 2.29 5.95 8.67 17.06

~ HSW - 0.0 25 70.33 2.47 5.04 5.97 14.96

H LSW 11.00 12.0 39 102.10 3.10 22.59 9.80 18.08
HSW - 5.0 25 85.07 1.84 5.48 6.68 14.80 %

12A
LSW 7.80 15.0 39 27.86 .87 .17 3.83 8.88
HSW 12.00 6.0 26 78.85 1.80 8.38 7.06 16.80

s LSW 6.80 15.0 66 96.73 5,03 158.40 13.76 22.84
Hsw 12.50 5.0 27 77.52 1.88 -35.70 8.57 17.44

H Ast 7.00 14.0 50 72,64 3.24 55.09 14.02 21.90
HSW 12.00 6.0 25 79.06 1.92 15.07 8.05 18.56

s LSW 6.80 16.0 106 134,72 6.04 431.21 2.60 6.26
HSW zé.oo 5.0 36 78.88 ' 1.86 33,11 8.24 19.66

HE LSW 5.45 14.0 68 178,81 1.70 244,17 31,08 32.76
"HSW - 5.0 26 82,20 2.19 38,36 8,38 20.72

" LSW 5:95 15.0 44 42,86 1.90 1.53 3.55 7.22
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than upstream sites near the effluent study area. Differences between
hsw and lsw levels were generally 2-3 mg L1 durlung the summer, but
increased to as much as § mg 174 in the early fall when the macrophytes
were rapidly deconposing. |

Carbon dioxide levels also followed expected seasonal patterns.
They were consistently 2=4 time higher at lsw then at hsw, with the
highest values occurring during the summer monthgs when oxygen levels
were at their lowest levels. Sites 11 and 12 generally had the lowest
€O, levels, but Site 13, immediately downstream from the study site,
had values comparable to Site 12A that drained a section of marsh
not receiving sewage.

pH ranged from 6.10 to 7.75 with winter and spring values being
generally higher than summer and fall values. On a givgn sample date,
pH levels at hsw and lsw were similar and site differences wérev
negligible, Total alkalinity ranged from 30-80 mg CaCOj L™! and
rarely exceeded 100 mg CaC04 -1 except at Site 14A which receivad
seepage from a nearby sludge lagoon,

Nitrate ~ N was consistently higher at hsw than at lsw during the
éummer with especially dramatic differences appearing.at Site 12A,
The picture at othe? timés of the yvear was more mixed with Sites i3,
144, and 14B, the latter draining directly‘from the effluent study area,
often having more NOg-N at lsw than at hsw, In all cases,‘hawavar,

lsw NO;-N levels were considerably reduced by the time they reached Sites

11 and 12 some distance downstream from the study site. Nitrite -N values

were generally less than 10 pjg. at N L’l, with lsw values usually‘highef
than lsw values, especially downstream from the study site. Values were

usually low except at Sites 13, 14, 14A, and 14B where summer levels
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g YAt t M‘),' s - -
in »200 pge at N L7 were found on several occasions at lsw,
Panospherus levels at all Sites were consistently higher at

lsw than hsw. Site 1l had the lowest values while Sites 13, 144,

. P . oy oy e ¥
148 usually exceedsd all other sites by 5-10 pge at P L™ ¢ aexcept

in February 1976 when effluent application was suspended for the

winter,

Enclosure studies

Results of water quality studies in the experimental enclosures
are given in Tables 66~79. At hsw the high marsh was typically covered
with 10 to 30 cm of water while at lsw the surfacé was completely drain-
ed except for isolated pockets of water.‘ On three dates, 9 Octobexr 1975
9 November 1975 ard 16 June 1976, flood tide waters did not cover the
high marsh surface in the study area. |

| Hsw dissolved oxygen levels followed the same seasonal patterns

found for stream waters, but were always 2-4 ug L~! lower than dissolved
- oxXygen levels at Site 14 in the sﬁream channel immediately downstream
from the study area. Lsw surface dissolved oxygen values were almost
always lower than hsw values with sumﬁer and fall values generally two
to five fo}d lower. On several dates in the summer, dissolved oxygen
was not dszzable at the wetland surface at lsw.

Carbon dioxide leﬁels at hsw were generally less than 20ug L41

when the wetland surface was inundated and almost always lower than

at lsw. The most dramatic differences between hsw and lsw values occurred

at Sites 1 and 2 which received effluent only when the high marsh was

TR

flooded. 1In these enclosures, summer carbon dioxide levels in excess

-

of 60 pg'L_1 were recorded at lsw. Comparison of tide cycle curves for




Table 66, Dissolved oxygen, €0y, pll, alkalinity, inorganic N and P in treatment ares on 27 June
%i;gs Values are for morning high slack water (HSW) and afternocon low slack water

Site Tide D.O.ml " €O . - pH | Alkalinitzl‘ NOS—N ;1 - NO,-N . NH, =N Reactive P = Total P :
mg L mg L mg CaCO, L. ug.at N LF ug.at N LY ug.at N LT ug.at P Ll ougaarp Ll
HSW 4,50 9.5  7.00 42 93.31 5.20 56.13 18.91 37.80
' LSW 1.0 40.0 6.70 107 0 3.38 137.68  26.32 57.76
W 4,10  10.0 6.95 45 - 9L.4s 1 9.23 142.37 28,64 83.51
: LSW .70 67.0 6.60 115 0 1.54 206.31 38,99 130.46
| HSW 4.30 10.5 7.00 39 73.14 6.84  39.90 15.93 42.81 %
’ LSW .90 26.0 7,10 128 104,32 24.76 . 299.86 61.72 162.86
wsw o 3.90 10.5 7.00 39  88.76 6.90 59.83 20,96 44.04
* LSW 1.15 22.5 . 7.00 116 60.93 17.49 646.55 49.00 136.03
HSW 1360 10.0 6.90 W 10258 9.43 139.80  28.04 57.42
’ LSW 1.90 33.0 6.90 131 27.99 13.78  514.95 35.56 98.12
HSW 3,60 11.0 7.00 45 8675 9,00 130.57 20.24 56.75
‘ LSW .50 4445 6.65 132 0- 12,03 503,97 44,41 133,80
HSW 3,35 13,0 6,90 56 102.88 13.89 197,67 29.70 83,40
’ LW 135 4LS 6.50 56 0 14 12,34 27.10 56,86
' HSW 3.30 10.5  7.00 42 "100.76 8,09 97,54 24,83 54,75
o |

LSW .65 35.0 6.50 77 0 4T 26,06 25.49 51,29




Table 67. Dissolved oxygen, COp, pH, alkalinity, inorganic N and P in treatment areas on 10 July

%3755 Values are for morning high slack water (HSW) and afternoon low slack water
SW) .

Site  Tide D.o._l Coz-l pH Alkalinitzl NO,-N . N02~N N NH,-N i Reactive 31 Total P "
mg L mg L mg CaCO3 L ug.at N L ug.at N L ug.at N L 7 ug.at P L ug.at P L
HSW 4,10 11.0 6.65 46 84.36 3.13 176.90 7.67 22.68
' LSW .20 47.0 6.80 119 75.00 12.96 138.74 24.83 80.65
HSW 3.60 14,0 6.70 57 94.31 5.76 | 201.16 29.30 ~ 85.62
* LSW .08 55,0 6.50 130 16.44 6.32 186.85 26.76 99.25
HSW 3.85 110.5 6.65 46 | 87.27 6.60 26.67 14.51 28.80 %E
’ LSW ~ .35 32.5 7.10 130 91.89 18.83 433.73 £0.95 146.25
HSW 4.10 10,5 6.60 47 - 61.94 5.65 39.16 14.04 29.80
) LSW 55 31,5 7,60 131 51.94 39.42 454,10 70.09 124.10
HSW 3.90 10.0 6.70 48 64.97 6.19 100.00 22.74 50.70
’ LSW .25 28,0 6.80 129 19.70  10.43 462,22 30,63 81.70
HSW 3.95 11.5 6.70 50 55.92 6.09 160.92 20,06 69. 94
¢ LSW _-50 37.0 6.80 115 46.63 8.48 347.07 70.30 128.20
HSW 3.20 15.5 6.70 54 100.04 © 8.48 98.39 30.00" 88,63
! LSW .33 23.5 6.55 64 2.87 2.44 36.54 17.79  45.50
. HsH 3.20 16.0 6.20 52 106.40 8.53 254.87  30.23 88.74
8 _

LsSW .18 46.5 6.70 83 7.25 1.77 14,93 23.60 78.58




Table 68.. Diésolved oxygen, CO,, PH, alkalinity, inorganic N and P in tregtment areas on 11 August
1975, Values are for moruing high slack water (HSW) and afternoon low slack water

(LSW) «
Site  Tide D.0. co, pH  Alkalinity . NO,N No,-N  NH-N  Reactive P " Total ?
mg LY mg 1Y - mg CaCO, 1 ugeat N1t ug.at N v ygiae W 17h ugiat @ y~l ug.at P LT
o HSW 3.30 15,0 - 5 173.33 5.61 33.32 45.85 76.90
' LW 0 62.0 - 108 .75 .16 130.29 57.38 133.20
| HSW 3.25 150 - 57 196.78 - 7.73 67.24 63.42 120.15
’ 1sw | 0 630 - 115 1.57 2.70 219.83 97.90 189.81
HSW 2.75 15.0 - 51 163.42 6.03 - 83.33 43.11 80.10 g
’ LsW .10 0.0 - 106 ,‘ 12.87 4.11 170.38 74.80 163.17
HSW 2,40 4.0 - 53 102.07 5.68 23.05 36.42 66.16
) Lsw 0 ©os0.0 - 117 483  2.63 76,40  76.04 138.20
HSW 3.35 14.0 - 50 126.13 4,98 24.45 37.71 61,20
’ LSW 1.0 42.0 - 1 6,79  3.92 183.55 63.79 116.55
WY 2.65 %o - 5 16031 7.5 39.43 50.99 80.10
6 |
LSW .65 36.0 = 106 66.00 12,19 220.61 138.07 249,75
W 2.45 16.0 = 51 83.80 4,91 .10 33,42 68.09
’ LW 1.25 17.5 = 69 13.32 0 .37 26,14 60.27
HSW .35 18.0 = 48 136.79 . 4.41 19,76 23,82 4293
8

sy 1.85 45,0 = 48 3,53 16 0 20,96 47.12




Table 69. Dissolved oxygen, €Oy, pi, alkalinity,

inorganic N and P 1 -
1975. Values are foo moraing high g n the treatment areas on 9 Qcinber

slack water (HSW) and afternoon low slack water (L8W).

Site Tide D.O. CO2 pH Alkalinity NOB—N NOZ-N NH3~N Reactive P Total P
mg 1t gt mg CaCO, L ougeat NLU ugeat N LTV ugeat N LY ug.at P LY ugeae P LT
nsw 8.10 1.0 6.90 45 271.72 7,79 108.38 23.41 53.57
' LSW .65 40.0  6.70 55 117.24 4.95 254.86 26.35 55.80
HSW 7,40 15.0  6.90 59 325.24 14.23 289.23 33.92 69.19
i LSW 30 39.5  6.75 115 29.92 2.39 409,90 49.66 96.72
HSW 9.20 ~ 34.0  6.85 100 160.68  7.70 381.37 31.26 66. 22 gg
’ LSW .55 44,0 6.75 130 116.32 7.30 403.54 39.47 £ 70.68
HSW 15 22,5 6.90 71 120860 7.84 369.59 36.86 64.73
‘ LS .25 23.5  6.82 88 402.43 12.83 385.08 48,56 78.12
HSW 7.00 145 6,92 45 200,65 7.47 134.88 20,66 50.59
5 e .20 34.5  6.84 111 97.94 . 5.95 404.48  31.67 58.03
HSW 5.50 21.5  6.90 87 352.44 12.16 344.68 47.92 81.84
‘ LSW .85 20,5 6.84 s 595.29 14.85 364.69 48.29 81.84
e HSW 6.10 19.5  6.90 50 156.16 5.09 62.11 12.71 20.46
! LsW 1.90 ©23.0 6.90 46 9.29 .19 25.84 6.65 14.36
i HSW .65 1m0 6 35 149.64 5.76 53.32 10.10 17.26

LSW 1.40 24,0 6.86 49 14.18 1.27 - 55.87 13.77 24,55




Table 70. Dissolved oxygen, C02, pH,‘alkaliniﬁy, inarganic'N'and‘P in the treatment areas on 9 November
1975, Values are for morning high slack water (HSW) and afternoon low slack water (LSW).

kSite Tide D.O. CO2 pH Alk?.linity NOB'-N NOz—N -NH3-N Reacti\fe P Total P
ng L-; mg L~l . mg CaCO3 L—l ug.at N L~l gg.at N L-1 ug.at N L"l ug.at P th ug.at P L~1

HSW 1.70  40.0  7.40 100 21.95 4.63 406.91  35.00 91.30

b LSW 110 300 7.52 100 19.28 2,41 395.31 40,40 86.74
HSW 4,00 28.0  7.40 126 70.74 14.73 562.19 46.74 134.21

’ LSW 30 37.0  7.60 130 0 3.11 . 498.56 46.22 130.56
HSW 45 51.0  7.23 130 27.65 3.71 373.33 43.33 118.69 "‘;’;

’ ©LsW 75 290 7.60 120 40.62 6.36 496.28 47.43 94, 04
W 2.00 20.0 7.3 107 " 48.29 6.00  539.25  4L.55 102.26

y LSW .90 225 7.60 104 46,74 8.31 510.29 42.29 111.39
Wsw 35 15.0  7.46 90 68.47 8.68 451.93 36.16 86.74

’ LW k2,75 21.5 7,55 103 106,23 17.92 452,30 46.74 125.19
HSW  2.50 22.0  7.46 97 221.49 11,29 535,55 47,79 114.13

6 Lsw - 1.65 22,0  7.52 96 228.67 14.37 571,00 46.37 112,30
wsW 1.90 9.0 7.50 . 56 13.20 2,44 126,46 15,35 28,03

’ L8W 3.05 93.0 152 62 6.47 1.43 115,20 26,20 52,77
HSW 1.15 . 51.0  7.36 . 95 o 1.55 0 ' 162.35 18.86 46.56

8 |

LSW 75 30.0  7.44 - 82 .97 ,60 119,20 26.99 55.69




Table 71. Dissolved oxygen, C0y, pH, alkalinity, inorganic N and P in the tfeatment areas on 9 December
1975. Values are for morning high slack water (HSW) and afterncon low slack water (LSUW).

Site Tide D.C. CO2 pH Alkalinity NOS—Nv ‘ NOZ-N NH3-N_ Reactive P Total P
mg L"l - mg L'_l mg CaCO3 L—l ug.at N L*l ug.at N Lﬁl ug.at N L’l ug.at P L'_l ug.at P L”l
HSW | '8.10  10.0 7.55 83 367.17 13.58 400.74 77.92 128.77
' LSW 6.60 9.0 7.75 60 191.42 9.17 302.08 33.40 80.26
HSW 7.45  10.0 7.75 59 ©205.25 8.78 272.82 56.24 79.38
’ LSW 6.0  16.0 7.70 99 264,23 11.09 422,17 73.57 143.77
HSW 5.0  10.0  7.75 79 264.29 6.97 408.64 80.88 127.89 ¢
’ LSW 6.30  24.0 7.70 118 232.82 12.21 500.16 68. 24 140.24
HSW 4.25  10.0 7.85 74 249.85 5,84 409.44 76.52 123.48
» ) LSW | 2.40  18.0 7.70 122 292,67 17.81 491.44 96,32 179.05
HSW 8.05  10.0 7.82 63 263.16 5.97 340.42 61.56 102.31
g LSW 5.10 13,0 7.60 110 1215.00 16,13 505.62 87.12 163.17
6 s 4,40 10,0 7.75 88 262.68 5.15 409.92 78,02 127,89
LSW 4,40 13,0 7.70 114 275.76 11.56 546,56 90,56 163.17
Hsw 845 8.0 7.80 42 140,34 3.25 137.20 35.43 66.15
; LW, .95 17.0  7.40 45 29,13 1,99 . 65.88 15,00 23.64
"sa~é~4;«33?iifi;,L ~.10.00 6.0 7.75 33 97.23 2.39 25.89 28.65 41,45

Lsw 2,55 19.0 7,40 50 18.16 1.05 56.69 11.76 18.52




Table 72, Dissolved oxygen, CO3, pH, alkalinity, inorganic N and P in the treatment areas on 16 Febfuat?
: 1976. Values are for morning high slack water (HSW) and afternocon low slack water (LSW).

Site Tide D.O. C02 PH Alkalinity NOS-N NOZ'-'N . NHB"N Reactiv.e P Total T
ng L7t mg Lt - mg CaCO3 Lt ug.at N Lt ug.at N Lt ug.at N L7t ug.at P Lt ug.at P Lt
HSW 11.55 b6 6.52 27 62.08 el 15.37 1.82 6.67
’ LsW 7.25 105  6.40 40 :L s .52 69.15 1.9 33.90
HSW 11.52 4.9 6.49 28 61.68 .76 20.53 2.05 6.99
’ LSW 4,30 10.5 6.3 - 40 9.71 'v 1.52 104.26 22.71 55.96
HSW ' 10.15 5.0 6.46 25 85.28  1.18 . 24.62 3.83 11.30 E;E
. | Lsw 3,05 13.0 636 36 14.85 2.12 114.37 27.46 97.93
 HsW 10.85 b8 6.45 26 72,41 1.01 16.49° 2.62 8.60
A 1.65  18.0 6.3 56 9.5 .86 120.52 25.91 69.95
wsw 11.00 5.0 6.47 24 80,11 .95 18.99 2.60 9,14
R 2.95 20,0 6,32 63 1505 .63 180.37 39,73 96.85
wsw o 9.5 4 642 20 7833 1.0L 18.60 3.10 12.91
* 180 185 633 75 5.57 .86 227.61L  82.93 206.63
HSW 11.35 3.9 6.43 2% 73.27 .76 14,03 1.82 6.99
! LS 1,75 135 6.37 33 19,78 1,14 34.30 7.57 . 17.21
HSW 11.50 . 3.6 6.43 27 64.65 .70 21.44 1.82 6.45
8 . .

LSW 7.05 15.5 6.37 27 14,74 ~ 1.33 40,31 6.93 19.90




Table 73. Dissolved oxygen, CO,, pli, alkalinity, inorganic N and P in the treatment areas on 24 March
‘1976. Values are for morning high slack water (HSW) and afternoon low slack water (LSW).

Site  Tide ~ p.o. co, pH  Alkalinity NO,-N NO,-N NH,-N  Reactive P Total P
mg L-'l mng L"l mg CaCO3 L“l ug.at N L‘l ug{at N Ln1 ug.at N L“l ug.at P L~1 ug.at P Lml
HSW 10.60 5.1 7.05 27 | 13134 1.94  169.10 9.48  23.40
Y L 4,10 0.0 7.00 48 20.94 1.41 66.71 21.64 47.21
HSW 11.60 5.0 7.05 26 129.28 2.06 135.16 9.48 24.11
i LSW 4,30 17.0  6.90 65 15.71 2.25 99.04 42.99 89.73 .
HSW’ 11.60 5.9 7.05 29 128.21 2.21 101.95 10.57 22.27 %i
’ LSW 3.55 13.0  7.00 42 26415 99 66.06 49.42 106,90
~ usW 10.70 6.1  7.05 24 132.00 1.94 110.42  10.22 25.14
f LSW 1.75 18.0  6.95 62 17.35 7L 72.61 42,20 94.12
HSW 10.60 4.9  7.05 26 141.48 2.06 88.79 10,22 21.87
> e 4.00 19.0  7.00 37 15.54 .90 55.16 29.55 . 69.29
HSW 11,50 41 7.05 28 105,54 1229 120.37 11.31  23.40
¢ LW 5.70 7.0 6.80 . 86 21,39 1,51 169.40  109.61 245,28
it O 11.65 6.0  7.05 26 85.56  2.34 91.67 9.29 19.41
7 LSW 3.80  17.0  6.90 40 17.54 .33 48.44 22.83 34,95
a ’-ué§‘<‘ 12.80 5.0 7.05 30 138.26 2.32 91.11 9.29 21.15

LSW 2.70 18.0  6.95 30 18.80 .56 25.76  9.53 20,33




Table 74, Dissolved oxygen, COz, pll, alkalinity, inorganic N and P in the treatment areué on 23 April
1976, Values are for morning high slack water (HSW) and afternoon low slack water (LSW).

ot 14 g

Site  Tide D.0. co., pH  Alkalinity NO,-N N0, N NN Reactive P Total P
| ng L—; ng L ‘mg CaCo ug.at N L-l ug.at N L"l ug.at N L—l ug.at P LfL ug.at P L"1
| nSH 8.70 3.8 7.50 44 79.25 5.91 138.96 14.68 33.57
' LS 8.10  14.0 . 129 o 22.37 380.55 40.39 62.19
HSW 8.80 5.2 7.60 56 96.63 9.36 275.41 41.48 s4.gl
: LSW 7.95  19.5 - 46.67 36.75 646,07 54.34 140.68
~ HsW 12,00 1.8 7.60 67 153.55 53.63 567.31 47.54 © 101.38
3 oW 6.20  16.5 - 188 70.67 53.36 771.64 66.85 142.33
Hsw 10.20 4.2 7.45 56 "103.49 21.71 297.49 40.16 56.03
. LSW 6.45 11.8 . 195 116.52 69.00 764.35 81.48 17744
- 9.60 5.0 7.45 53 101.54  17.78 236.16 33.71 46,23
’ LSW 3.75  19.2 - uwe 130,02 62.99 569.98 50.62 114,15
sy 8,80 4.0 7.45 50 88,42 13.68 157,42 35.14 51,62
s LSW 2,40  19.5 - 17 109,14 20.17 581,51 57,54 147.17
HEW 8.80 45 7,40 52 103.59  8.39 191,64 33,59 47,55
! LSH 2.95  25.0 - 74 5.31 1.08 47,49 26.68 44,69
HSW 8.80 5.5 7,40 35 90.72 9.36 136.55 . 14.05 36.10 .
s LSW 4.30 28,0 - 65 IR .87 16.18 20.39 39,29




Table 75. Dissolved oxygen, CO,, pH, alkalinity, inorganic N and P in the treatment areas on 20 May
1976. Values are for morning high slack water (HSW) and afternocon low slack water (LSW) .

. v e v e e N -y

Site. Tide D.O. CO2 pH Alkalinity NOB-—N NOZ—N NH3-N Reactive P Total P
-1 -1 -1 -1 -1 -1 -1 -1
mg L ° . mg L ng CaCO3 L ug.at N L ug.at N L ug.at N L 7 ug.at P L ug.at P L
HSW ~4.60 13.0 7.35 83 169.78 20.05 72.40 74,.88 143.89
. LSW 2.20 26.0 7.30 107 8.10 6.40 324,84 54.55 12276
. HSW 9.00 . 11.0 7.40 117 233.56 22.36 71.51 70.47 162.74
LSW 1.65 27.0 7.30 134 1.69 6.10 301.54 73.84 179.11
HSW 7.50 16.0 7.26 08 171.21 55.49 31.14 - 76.07 146.98 %
’ LSW 6.10 13.5 7.35° 137 174.61 45.92 333.89 ©90.09 179.11
HSW 7.40 20.0 7.30 116 '198.73 20.42 84,98 55.02 118.34
) LSW 5,70 12.5 7.3 107 221.14 57.39 313.42 82.65 156.35
HSW 3,60 29.0 7.35 160 18.42 16.29 7937 68.57 196.21
’ LSV 7.90 15.5 7.30 111 154.08 74.45 289.32 88.46 179.11
HSW 5.50 24.0 7.40 115 106.32 - 39.02 59.85 66.94 128.64
‘ LSW 1.60 27.5 7.30 170 11.13 10.21 410.61 87.10 221.14
HSW 4,40 25.0 7.40 40 | 72.68 6.10 0 13.25 18.33
’ LSW 1.90  32.0 7.35 51 1.97 2.36 28,89 14.23 33.26
. HSW 2.55 36.0 7.45 30 . 3.51 4.02 1.16 16.41 131,20

LSW , 2.15 51.5 7.30 L6 1,41 2.36 34.33 26,19 69.83




Table 76, Dissolved oxygen, COy, PH, alkalinity, inorganic N and P in the treatment areas on 16 June
1976, Values are for morning high slack water (HSW) and afternocon low slack water (LSW).

‘Site Tide ~ D.O. CO2 pH Alkalinity N03~N N02~N , NH3~N Reactivé P Total P
‘ ' mg L-l mg I..‘r'l mg CaCO3 L"l ug.at N L'l ‘ug.at N L”l Vug.at N L—l ug.at P L~1 ug.at P L~1
HSW .30 26.5 = 106 230.41 7.51 201.09 16.81 46.22
TR e .28 57.0 - 137 R 4.92 95.23 58.17 117.51
HSW 3.53  27.0 - 115 - 17.44  211.86 16.81. 68.86
* LSW 0 54,0 - 135 0 10.71 157.41 40.88 150.91
- HSW 1.40 17,5 - 125 127.28 18.79 . 22.00 18.25 62.45 é
’ LS .55 18.0 = 129 145.41 24,46 214,04 42.59 l60.61
HSW 3.38 19.5 - 111 "154.32 24,18 134.36 22.62 72.40
o LSW 20 52.5 - 154 51.21 16.10 187.99 26.84 ©199.15
HSW 2,15 9.0 - 88 126.34 11.81 149.84 13.25 42.95
K LS 3.45 5.5 = - 108.50 36.72 0 28,20 195.44
Wy .55 305 = 153 C57.35 4.52 317.68 21,18 42,95
¢ LSW 1.80 30.0 - 152 bt .62 11.60 50.20  43.93  ©  175.68
. HuswW ' 2.13 18.5 - 76 153,68 10,21  117.15 8.25 . 39.81
! LSW 0 I 131 2,01 .38 58.06 25,93 112,56
HSW 3.15 22.5 - 62 97.19  7.67 .  89.22 '5,50 17.99
8 .

LSW .35 36.0 = 100 3.39 .60 28.74 28.37  79.16




Table 77.

Dissolved oxygen, C0,, pH, alkalinity, inorganic N and P in the treatment areas on 14 July

1976, Values are for morning high slack water (HSW) and afternoon low slack water (LSW).

Site Tide D.O.-l C02-l pH Alkalinitzl NOB—N B NOZ—N . , NH3~N ) Reactive €1 Total P .
mg L mg L ng CaCO3 L ug.at N L ug.at N L ug.at N L ug.at P L ug.at P L
HSW 4.50 9.5 6.90 42 80.34 5.55 47.27 11.12 22.53
' LSW 1.00 66.0  6.35 36 16.43 1.62 364.08 45.07 241.36
HSW $3.80 14.5 6.30 54 96.29 9.71 134.75 28.15 79.19
i LSV 1.15 58.0 6.35 | 55 22.79 5.26 606.04 50.45 262.77
HSW 3.80 11.5 6.45 43 85.91 ' 8.14 59.86 21.24 51.59 %
g LSW 2.55 28.0 6.45 47 99.02 18.97 688.68 49.49 241.36
HSW 3.95 12.5 6,40 41 83.76 8.26 48.75 16.38 38.39
) LSW 2.40 28,0 6.70 46 ’102.84 19.00 688.68 69.20 249.83
HsW 3.40 13,0 6.40 42 102.51 9.98 66.54 22,47 53.06
> LSW 1.80 47.5 6.65 58 25.00 4,97 590.62 48.31 249.83
HSW 3.00 10.0 6.30 61 136}02 13.03 198.61 40,67 75.72
‘ LSW 1.95 28.0 6.65 46 64.43 7.15 620.35 47.35 218.58
HSH 3.10 13.0 6.45 43 125.83 13.21 74.39 23,29 53.06
’ LSW 1.90 44,5 6.95 85 6.59 .69 1.04 21.39 108.92
HSW 2.50 16.5 6.50 43 117.14 11.75 85.22 18.67 37.86
° LSV 1.05 85.0 6.70 57 6.99 2.64 29.39 22.90 120.62




Table 78, Dissolved oxygen, CO,, pH, alkalinity, inorganic N and P in the

] treatment areas on 26 September
1976, Values are for moruing high slack water (HSW) and afterno

on low slack water (LSW),

site  Tide D.O. - co, PH  Alkalinity NO,-N NO,-N NH, =N Reactive P Total P
' mg L~% mg Lt mg CaCo, L"l ug.at N L7t ug.at N Lt ug.at N L0 ug.at P LT ug.at P 17T
HSW  4.50 9.5 - 46 122.22 5.98 0 13.54 29.44
' LW 1.55 26.5 - 52 261.56 8.41 0 42.41 109.00
| HSW 3.80 9.5 - 47 183.31 811 65.70 23.73 63.88
* LSW 115 63.0 - s 21.30 1.17 547 50.85 159.00
HSW 3.30 1.0 - | &7 142,74 6.90 . 35.82 20.98 4400 §§
’ LsW 7.50 10.0 - 49 170.14  19.65 0 45,30 149.00
"HSW 3.50 12.0 - 52 ' 160.67 8.00 52,477 25.57 67.76
o LSW 100 20.0 - 57 99.77 7.09 o 52.87 166.00
HSW 2.45 13.5 - 59 | 145.57 7.56 110.62 27.36 83.76
. LSW 1,22 | 45,0 - 49 23,99 2,25 0 54,52 18400
HSW 2,65 16'5» - B 206,63 10,37 227,47 39,75 117.76
s Lo 7.0 - 66 189.85 14,39 0o 50.58 150.00
HsW 2.70 15.0 - 100,71 7.32 36,73 27.86 62.10
’ Lsy 1.55 210 - 62 : 21.40 2.36 0 28.96 58,70
 msw 2.50 - - 48 160,64 6.77 0 14,18 31,76
8 _ : '

LSwW 1.25 22.0 - 47 12.60 39 0 21,38 62.80




Table 79, Dissolved oxygen, C0,, pH, alkalinity, inorganic N and P in the treatment areas on 29 October
1976. Values are for morning high slack water (HSW) and afternoon low slack water (LSW).

Site Tide D.0 . co2~l pH Al}:alinit;:l NO,-N . NO,-N . NH,-N 4 Reactive 1:1 Total P .
mg L g L ng CaCO3 L ug.at N L ug.at N L ug.at NL 7 ug.at P L ug.at P L
THSW 12.30 18.0 - 89 383.39 13.66 535. 40 49.85 55.20
' LSW 3.25 27.0 - 94 76.99 4.20 294.31 34.83 96.02
: HSW 12.10 12.0 - 9% 139.43 8.76 520.59 46.86 86.40
- LSW 2.82 13.0 - 120 43.62 7.10 560.85 48,19 11189
HSW - 15.0 - 117 | 77.68 8.72 520.60 45.16 92.80 &
> L 7.95 9.0 - 117 168.67 9.0 311.79  52.93 116.49
~ HOW - 6.0 - 132 131.99 14.85 654.51 34.73 147.20
) LSW 6.80 10.0 - 126 153.41 16.19 757.87 32.93 111.88
HSW - 20.0 - w7 32.90 1.86 441.96 29.23 80.80
R 9.40 7.0 - 133 250,13 41.35 - 43.78 130.14
sy - 16.0 - 137 172.01 12.42 724,01 50.28 84.80
‘ LSW 5.10 14.0 - 142 90.02 13.39 62.84 42.31 142,64
HSW - 20.0 - 50 15,21 .83 72.68 24,69 49,60
7 LSW 3.90 17.0 - 53 ©8.59 1.01 54,04 24,59 53.16
HSW - 41,0 - 75 - 9.66 .79 138,94 35.02 54,40
’ L5W 5.20 36.0 66,13 34,07 87.28
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carbon dioxide and dissolved oxygen (Figure 20) shows that carbon dioxide
levels increased gradually to a maximum immediately before flood tide
water inundated the high wmarsh while dissolved oxﬁgen declined rapidly

to very low levels immediately after ebb tide waters vetreated from the
wetland surface.

pH values in the‘experimental eaclﬁsaras closely paralle%{%d those
found for the watershed. As with watershed values, pH was similar at
hsw and 1lsw and site differences were negligible., Total alkalinity
values at hsw were also similar to watershéd values, Values at lsw
were often two to four fold higher at Sites 1~6 receiving effluent,
especilally during the summer months.

Nitrate N showed very different responses depending’on the treat-
ment.regime. “Both the’tapwatér control (Site 7) and the no treatment
control (Site 8) had hsw NOa—N levels at or above those found at Site
14 immediately downstream from the study area. Lsw levels at these sites
were markedly lower, often approaching zero. The pattern of these |
changes through a tide cycle closely followed changes in dissolved
oxygen (Figure 20). On most dates Sites 1 and 2 which received sewage
only when the wetland was inundated showed NOs—N pattetns very similar
to the contyol sites. In contrast, Sitesb3, 4, 5, and 6'were variable
in their response with lsw NOj-N levels at timeskbeing higher than hsw
levels, The general trend, however, was for lower KO3~N values at
lsw during the summer months. In February and March when effluent was
not being applied NO;-N values were remarkably similar at all sités
with hsw values being four to eight fold higher than lsw values.

Nitrite N levels were generally <10 pgeat N L“i at hsw. Lsw

NO;~N values were always lower at control Sites 7 and 8, but often
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higher at the eltes vecelving sewage, Values ai lsw were especially
elevated prior to the ma%ﬁaghyte growing season {(April and May 1978
when NOp-d levels >40 ugrat N L7! were noted at several treatment
sites, During February and March 1976 when sewage was not being
applied NOp-N levels weare <2.50 wugeat N 1=l and were virtually
identical to watershed values. e
Ammonia N was quite variable ranging from undectable to >700
pgrat N L=!, Summer control valﬁes (Sites 7 and 8) were generally
five to ten fold lower than those for sites receiving effluent. During
the summer and fall hsw values were usually lower than lsw values at
sites receiving sewage, but higher at the control sites.
Reactive P and TOTAL P values werevalmost always higher at lsw
than hsw, The greatest differences between hsw and lsw phosphorus levelé
appeared at Sites 3, 4, 5, and 6 which received sewage for nine or
more hours during each tide cycle. Unlike nitrogen, lsw phosphorué

levels remained high during February and March when effluent was not

being applied to the wetland.

Flux Studies

Results of the tide cycle nutrient budget studies are presented-
in Tables 80-82. Except for NO,~N, nutrient flux patterns were
basically the same for the two experimental sites receiving sewage and
the no treatment control. The input of NH3=N_  NO;-N and TOTAL N was
greater than the outputs, while PO, ~P and TOTAL P were the opposite ,
with a net flux from all sites. These patterns held even thfough the
high flow experimental site received almost twice as much water as

the other experimental site and from ten to 100 fold more water than
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Hours From High Slack Water

‘,\Fig.TZO. Changes in dissolved 6%?2&&; carbon dioxide and nitrate
. during one complete tide cycle beginning with high slack
water for two wetland sites.

COq ~mg/L




Table 80,

Alt vatues are In grams.

Input
Effluent
Tide water

Output

Net fiux

Input
Effluent
Tide water

Output

Net flux

Input
Effluent
Tide water

Output

Net flux

Input
Effluent
Tide water

Cutput

Net flux

input
Effluent
Tide water

Cutout

Net Fiux

Input
Effluent
Tide water

Qutput

- Net flux

Effluent
- Tide water

{37~

Flux of N and P tor Site 5 (continuous spray application
at 12,5 cm day~!) during complete tide cycles on five dates in 1977,
Paranthesis around tlux values indicate a
net loss from the enclosure during the study intervatl,

7 Jdune 21 June 22 June 5 duly & July
NH3~N
30.309 27.295 17.820 20.743 25.042
10,007 0 2.675 3,208 4,967
32,256 40.470 14,425 16.649 19.497
(~1.940) (~13.075) 6.070 7,402 10.512
0.265 0.157 0.152 0.124 0.108
0.047 0.0867 0.048 0.082 0.065
0.373 0.787 0.671 0.959 0.701
(-0,061) (~0.563) (-0.471) (-0.753) (-0,.528)
: NOz=N
6.172 6.654 6.509 2,914 2.292
0.633 lo 151 0.769 1,018 0.754
4,955 7.310 7.141 6.489 5.937
| .850 0.495 0.237 (=2,557) (-2,.861)
TOTAL N
520,096 637,553 575.488 647.472 746,306
12,828 17.702 15,153 18.898 §8.089
531.655 724,161 566,898 549,842 643,448
|.269 (~638,906) 23,743 116.528 §10,943
, FO4-P
5.074 5.577 5.598 4,994 6.085
0.053 0.109 0.088 0. 410 0.189
1,745 7,698 ' 6.438 7.175 7.608
3,382 (~2,012) {~0.752) (~2.071) {~1.334)
TOTAL P
80,215 100,673 112,269 96.564 - 107,346
2,231 5.338 3.427 5.673 4,224
83.323 144,523 130,631 134,598 130.054
(~0.877) (-38.512) (~14.935) (~32.361) (~15,483)
Water entering the enclosure (m>) ¢
19,3149 24.7200 24.8182 23,2853 22,7706
13,8300 9,.2625 12,6075 9.,2625

6.1975
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Tabte 81, Fluxot N and P for Site 6 (continuous spray appiication
of 5.0 cm day™!) during complete tide cycles on five dates in 1977,
All values are In grams. Parenthesis around flux values indicate

a net loss from the enclosurée during the study interval.

7 June 2t Juna 22 June 5 July & July
NH z~=N
Input . , 3 _
Effluent 19,992 - 18.674 12,610 14,099 17.537
Tide water 0.002 0 0.998 0.386 1.011
Output 16.460 . 26,899 12,623 9.312 12.850
Net flux 3.534 (~8,225) 0.985 5.173 5.698
: NO,=N
Input . : : o
Effluent 0.174 0.107 0.107 0.085 - 0.075
Tide water 0.014 0,051 0.018 0,010 0.013
Output 0.095 - 0.191 0,142 0.269 0.269
Net flux 0.093 (~0.033) (-0.017) (~0.174) {(-0.181)
NC’3~N ‘
Input ‘
- Effluent - 4,072 2.862 4.606 1.980 1.605
Tide water 0,193 0.885 0.287 0.122 C. 153
Output 0.918 - 1,054 0.911 1,061 . 151
Net flux 3,347 2,493 3.982 1.041 0,607
, TOTAL N
input
Effluent 343,058 434,598 406,007 440,029 552.636.
Tide water 3.901 13,609 5.656 2,274 - 3,681
Output 317.632 490,714 401,308 307.512 407.032
Net #lux 29,327 (=-42,507) 10,355 134,791 119,285
PO4-P '
Input ; :
Effluent 3,347 3.802 3,961 3.3%94 4,262
Tide water 0.016 0,084 0.033 0.013 0.024
Output 1,069 5,791 4,713 3.821 4,969
Net flux 2,294 (~1,905) (~0,719) (~0.414) (-0.683)
: ' TOTAL P
Input
Effluent 52.910 68.616 79.434 66.308 75.170
Tide water 0.678 4,104 1.279 0.682 0.859
Output 48,696 109 699 95.9857 69,682 - 86,553
Net flux 4,892 (~326,979) (-15.244) (~3.374) (-10.524)
Water entering the enclosure {(m3)
Effluent 12,7403 16.8508 17.5624 15.8250 13,9462

Tide water - 1.8850 10,6325 3.4575 15175 1.8850
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{no treatment controll} during
All valuss are Inmiiti-
toss from thes

Tebte 82, Flux of N and P for Site 8
completa tide cycles on five dates in 1977,
grams. Parenthasis around flux values indicate a net
anclosure during the study interval.

7 Junz 21 June 22 June 5 July & July
NH3-N

fnput

Effiuent - - - - -

Tide water 0.733 . 0 ' 319,902 26.355 6.702
Qutput 0,129 0,725 76.873 7.678 2.092
Net flux (-0,604) (0,725} 249,029 12,677 4,610

NOp=N

Input

Effluent - - - - -

Tide water 0.898 15,419 5.745 0.518 0.088
OQutput 0,363 5.638 2.118 0.124 0.028
Net #lux 0,535 9,78l 3,627 0. 394 0,080

N03~N '

Input
. Effluent - - - ' - -

Tide water 12.004 266,800 92,038 6.457 ooy
OQutput 3.699 48.318 2,073 f.258 0.213
Net fiux 8,688 218,482 89,965 5,119 0,804

TOTAL N A

Input

Effluent - - - - -

Tide water 243,255 4102.400 1811.870 189,920 24,412
Output 141,979 3620.,047 1303, 749 83,216 25.782
Net flux 101,246 482,353 508. 121 36,704 (~1,369)

PO4~P '
Input

Effluent - : - - - -

Tide water {013 25,335 10.550 0.695 0.160
Qutput 1.099 . 37.593 13.574 {038 0,293
Net flux {(~5.086) (~-12.258) (~3.024) {~0,343) (~0.133)

TOTAL P
Input :

Effiuent - - - - -

Tide water 42.3 1237.130 409,775 36.000 5,700
Output 37.6 {415,808 522.659 33.549 - 10,221
Net flux 4.7 (-178,678) (~112.884) {~3.549) (-4,521)

Water entering the enclosure (m3)
Effluent - - - - -
Tide water 0.1175 23,2050 [.1075 0.0800 0.0i25
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the untreated control. While the daily net fluxes were quite variable,
‘it does appear that the wetland may assimilate up to 487 of the TOTAL
N and, ét times, well over half of the NO3=N it received. Ia contrast,
thie high marsh appears to export up to 504 wore phosphorus than
received durdng a given tide cvcle during the late spring and eavly

SUENET .

11, DISCUSSION

It has been demonstrated that natural and man-méée wetlands are
capable of performing some tertiary treatment functions (Tourbier and
Pierson 19f6, Ewel and Odum 1978), Tilton and Kadlec 1979, Whigham
and Bayigy 1979, Zolfek et al. 1979, Farnham‘1974, Fetter et al. 1978,
Sloey et al. 1979, Stanlick 1976, Valiela et al. 1975, Boyt et al, 19?75.
In instances where successful wastewatér renovation seems possible, the
wetlands are characterized by the presence of a thick, primarily peat,
organic substrate (Whigham and Bayley 1979). This implies that the
most active aésimilatory component of most wetlands is the substrate
where nutrients are either biologically processed or E@rbed. Thé
addition of wastewater often produces aﬁ@'incteasé in primary pro-
duction but the vegetation does not appear to be as significant in
removing and storing nutrients as is the substrate (Zeltek et al. 1979,
Tilton and Kadlec 1979, Ewel and Odum 1978, Richardson et al; 1978).

The proximate factors that are responsible for removal of nutfients
within the substrate are not’weli known (Kadlec 1979}, but most of :hek
biological activity seems to be due to heterotrophic amctivity of

microorganisms (Zoltek et al. 1979). Wetlands seem to be particularly




well sulted for removing nitrogen from wastewater. Denitrification
iz dmportant in waterlogged wetland substrates and seems to account

for most of the nitrogen losses (Patrick et al. 1976, Zoltek et al.

il
K
i
i
i

1979). Denitrification results iﬁ losses to the agmﬁépherég of
Noy andf/or gaseous oxides of nitrogen. The fate of ph@3§h§xus in
wetlands’is less clear and there seems to be more variation

(Fetter et al. 1978) in the ability of different  types of wetlands i:
to assimilate phosphorus., Because there is no atmospheric component

to the phosphorus cycle its removal would seem to be restricted to

biological assimilation, sorption, or chemical precipitation. Zoltek

et al. (1979) found that phosphorus removal was very efficient in

a peat based Florida wetland and their mass balance studies indicated
that most of the phosphorus was sorbed in the peat substrate with a

smaller fraction being assimilated in plant blomass., They actually 3

had difficulty, however, locating the phosphorus in the substrate.
Ewel and Odum (1978), studying Florida Cypress Dome wetlands; had
similar difficulties and could not account for all of the phosphorus
that was added to the wetland. Only a small'percentage was sorbed

in the peat substrate and plant biomass. They were able to sample
another Cypress wetland that had been‘receiving wéstewater and found
that as much as 437 of the phosphorus was stored in Cypress root
tissﬁes, Other authors (Klopatek 1975, 1978, Prentki et al. 1978,
Kitchens et al. 1975) have suggested that macrophytés could account
for significant amounts of phosphorus immobilization in wetlands. éln
most instances, thé substrate seems to be the primary‘comparcment in
which phosphorus is stored.

When temporal factors are considered, some wetlands may be capable
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of long~term storage of phosphorus (Kadlec 1979, Bovt et al. 1977,

Odum and Ewel 1978, Tilton and Kadlec 1279). This seems to be

and that occur in aveas where the climate is not characterized by harsh
win:ﬁrAaﬁnditions when the entire wetland would be frozen. Wete
lands that are located in areas wherve winters‘are severe seem to be
able to store phosphorus for part of the year with stroag seasonal
pulses of phosphorus release, especially in the spring after the
wetland thaws (Fetter et al. 1978). The short-term storage and then
release of phosphorﬁs, therefore, seens to’be a normal characteristic
of certain types of wetlaﬁds (Sloey et al. 1978). Wetlands with
predominantly inorganic substrates also seem less capable of storing
phosphorus (Whigham and Bayley 1979). In wetlands, such as the
Hamilton Marshes, where decomposition rates are very high (Odum 1978,
Odum and Heywood 1978, Simpson et al. 1978, Whigham ét al, in review)
the flushing may occur at the end of the growing season rather than
in the spring‘after the wetlands thaws.

Although poorly understood, hydrologic characteristics of wetlands
are undoubtedly very important in regulating functional processes
and efficient processing of wastewater will onl& be possible when the
nutrient uptake and hydraulic capacity of the wetlands are not
exceeded (Kadlec 1979, Gosselink and Turner 1978, Sloey et al. 1978).
HYdrologically, Delaware River freshwater tidai wetlands are in
high energy environments (Odum et al. 1974) thac,ére characterized
by a large tidal amplitude (@ 2~3 meters) that results in an almost
complete twice daily flushing of the wetland. The wetland surface is

drained for approximately 18 hours daily yet, because of the consistently
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large tidal amplitude, zhe surféc& is flooded by almost every flcod
ride {(Whigham and Simpson, perscnal obsevvatlon). Because of these
hydrologic characteristics, there are substantial differences betwean
the Hamilton Marshes and other freshwatey wetlands where wastewater
application has been studied; We believe the vesultz that will now
be discussed and compared can be explained by three factérs, the
hydrologic characteristics of the Hamilton Marshes, the presence of
substrates thét are primarily inorganic except for a thin organic
surface littér layer, and the fact that the wetland receives water
from a very eutrophic riverine system,

Standing érop biomass and estimated macrophyte net primary
production did not increase as a result of applying secondarily
treated wastewater (Tables 2-12). These results contrast with those
of other researchers who have found significant increases in primary
production (Zoltek et al, 1979, Ewel and Odum 1978, Boyt et al, 1977,
Tilton aﬁd Kadlec 1979, Richardéon et al. 1978, Chapin et al, 1975,
Fetter et al. 1978). Most of‘the cited studies were condacted in
wetlands with peat substrates and most of the wetlands received
water from oligotrophic sources. In contrast, the Hamllton Marshes
are located in a portion of tﬁe Delaware River that 1s characterized
by .water that receives a large organic and inorganic nutrient load
from diffuse and point sources (Walton and Patrick 1973, Whigham and
Simpson 1976a)., The Hamilton Maréhes, consequently, have had a long
exposure to water with elevated hutrient leQels and the vegetation is
prqbably not nutrient limited. We have found‘(Whigham et al, 1978,
Whigham and Simpson 1977) that these wetlands are among the most

productive along the east coast. If this assumption is correct, then
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it seems likely that the addition of wastewaZer would cause only minor
changes in rates of primary productien.

Kadlee (1979) and Odum and Ewel (1978) have suggested that speecies
ahangas could be expected as a result of nutrisnt lsading in wetlaunds.
The most significant treatment effects on vegetation of the 5amilton
Marshes were decreases in species diversity (Table 13) and increased

4 .
concétration of N and P in tissues of plants in the treated areas
(Tables 2-10)., The decreasé in speciés diversity was due to elimina-
tion of annual species that, most likely, were killed by prolonged
exposure to chlorinated effluent (Whigham and Simpson 1975). - Chlorina-
tion was required by the State of New Jersey and, although we did not

perform experiments on the effects of chlorine, our conclusions seem

justified for several reasons. There was a differential reépunse in

the treated areas and only one species (Impatiens capensis) was elimina~
ted from the areas (Sites 1 and 2) that were sprayed for two 3 hour
periods daily. Atbthe opposite extreme, all annuals except Polygonum
arifolium were killed in the aveas (Sites 5 and 6) that were continually
sprayed. Similar results occurred in Sites 3 and 4 that were sprayed
for 9 hours out of each tide cycle for an overall daily exposure time
of 13 hours. The responsg was not simply due to addition of water
because no species were removed from control Site 7 that receiwvad 12.5
cm of tap water daily. The net effect of species removal was that
the areas sprayed with effluent almost always had less standing crop
biomass than the control sites (Tables 2-11), Because the N and P/
content of plants in the treated areas was significantly higher
(Tables 2-10), there were few differences in total standing crops

of N and P when comparisons were made between the treatment and
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control sites. Increased N and P concentrations have heen found in
all instances where wastewater had bsen added to wgzlaﬂds {Ewel and
Odum 1975, Tilton émd Kadlec 1979, Zoltek et al. 1979, Sioey =t al.
1978}, An argument could be developed that increased production
rates would have occurred had the chlorine been removed prior to
application. However, because of the eutrophic nature of Delaware
River water and because we héve documented that the Hamilton Marshes
are among the most productive wetlands on the east coast, we doubt
that additional studies would produce significantly different results.
Although there were no significant changes in primary production,
there were interesting seasonal response patterns for biomass and
nutrient standing stocks. Figures 21-23 show seasonal trends of ; i

biomass, TOTAL N, and TOTAL P for selected sites for 2 years of the

study., Site 2 (Fig. 21) received wasterwater for 2 daily periads of ' 3
3 houfs of application each at a rate of approximately 12.5 cm per day. M
There was a sharp decline in biomass, TOTAL N, and TOTAL P after the
third sampling date. This response wa§ due to suppression of annual

. specles at the site and elimination of one species, Impatiens capensis.

Biomass and TOTAL N remained significantly lower throughout the re-
mainder of the gzawing season wnile TOTAL P in the wegetation was not
significantly less than at the control sites. In.1976, the dramatic
early season decline in biomass did not eoccur and TOTAL N and TOTAL P
were not significantly less than the control sites. ‘Although species
diversity at Site 2 was lower in 1976 (Table 13), biomass and standing

stocks of nutrients remained high because the perennials (primarily

Peltandra virginica, Acorus calamus, and Sagittaria latifolia) did not

experience the mid-summer die-back that we have observed to occur
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21. Seasonal patterns of standing crop biomass, TOTAL N, and TOTAL P for Site 2
which received 12.4 cm of wastewater daily during two 3 hour spray periods.
Data for control Site 8 are shown for comparison. A1l values are means
+ 1 standard error of the mean. - '
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ABOVEGROUND BIOMASS (GM 2 +18E)

Fig. 22. Seasonal patterns of standing crop biomass, TOTAL N, and TOTAL P for Site 4

which received 12.5 cm of wastewater daily during two 9 hour spray periods.

Data for control Site 8 are shown for comparison. A1l values are means
+ 1 standard error of the mean.
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Fig. 23. Seasonal patterns of standing crop biomass, TOTAL N,

which received 12.5 cm of wastewater daily d
Data for control Site 8 are sho
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yearly in the Hamilton Marshes (Whigham et al. 1978).

Figure 2% shows the yearly seasonal parameters for the same
“ariableg at Site 4, Thelsama sharp decline in biemass occurred
afrer the third sampling daﬁe in 1975, Biomass recovered by the
and of the growing season with most of the biomass being found in

the perennials cited above and one annual, Polygonum arifolium.

TOTAL N and TOTAL P also recovered by the end of the 1975 growing
season., Seasonal patterns of biomass and nutrient étanding stocks
accumulation at this site were similar to those déscribed for Site 2
in 1977 with ;he éxception that biomass was slightly less at the end
of the growing season,

,‘Figure 23 shows biomass and nutrient patterns at Site 6 which
received wasfewater continuousiy. The patterns are almost identical
to those described for Site 4 with distinct seasonal variations,
compared to the control sites in 1975 and very little wariation in
1976. At all 3 sites, we interprét the 1976 patterns to be due to
responses of the plant communtty, Aithough there were fewer species
in the treatment sites, the remaining individuals produced more per
capita biomass than did individuals at the control sites where plant
densities were much higher,

We did not consider belowground biomass during this study. There
have been very few studies of belowground biomass in freshwater wet-
lands (Barko and Smart 1978, Prentki et al. 1978, Klopatek et al.
1978, Whigham and Simpsén 1978) but there is evidence {Ewel and Odum
1978) that significant increases in belowground storage of nutrients
may follow the application of wastewater. We beliewve that there were

no changes in belowground storage of nutrients in the treated areas



because, as stated elsewhere, we believe that Hamilron Marsh vege-
tation seems to be producing bilomass at about the maxinmum possible
rata.

Surface litter and the first 2 ¢m of substrate were the most
active cowmponents of this Qetlamd system, There wers significant
increases Iin N and P councemtrations of both confined and unconfined
litter as well as increases in ébsolute amounts of total nitrogen,
nitrate, ammonia, and total phosphorus (Tables 20-22 and 26=26).
Richardson et al. (1978), working in akpeat based wetland, also found
that littér was an important component in the immobilization of nutrients
in ﬁetlands. There are few comparative data from studles of wetlands
with a relatively thin surface litter layér and an underlying sub-
strate that is primarily inorganic. Brinson (1977) found immobili-
zation of N and P in the litter layer of a North Carclina swamp ’
forest whilé Fetter et al. (1978) found significant’rgtention of nutrients
in a Wiscbnsin‘wetland.’ In the latter study, they did not détermine
how much phosphorus waskimmabilized within the wetland but did find
large concentrations of phos?horus_in stréam sédiéénts.

The importance of litter in the Hamilton Marshes was also docu-
mented by the tide ¢ycle nuirient budget studies {T&bies 80-82). Inputs
of NHq~H, NO,~N, and TOTAL N were greater thén outputs and those
patterns held for sites that received either 5 cm or 12.5 cm of effluent
daily or no.water (Site 8). Most of cﬁe’wastewater thiat was applied
seemed to have a short retention time on the wetland surface. We saw
no evidence that effluent infiltrated into the substrate which was al-
ways waterlogged just below the litter layer. Because most of the

tidal water and wastewater runoff was direct overland flow, reductions




in nutrieants would m@st‘likaly be the result of interactions beltween
the watey and the surface litter. Hunt and Lee (1976} found similar
vesults for overland flow situations, The fact that nuirient con~
centrations did not increase in the substrate would alsoe indicate

that most of the nutrient removal occurved in the litter zone. fhe
experimental work with epibenthic algae (Section 6) shows that those
organisms respond very rapidly to the addition of wastewater and their
increased growth would certainly be responsible for assimilation of
some nutrients within the litter zone.

Retention of nutrients in the litter would not provide long-term
storage in freshwater tidal wetlands. Our studies of unconfined
litter (Tables 26~36), litter in litter bags (Tables 20-22; also see
Odum and Heywood 1978), litter metabolism studies (Tables 24 and 25)
and water quality studies (Tables 52-79 and Simpson et al, 1978) all
indicate that nutrients in litter are quickly released at the end of
the growing season, Our earlier water quality studies (Simpson et al.
1978) clearly showed sharp increases in nutrient concantrations in
ebbing tidal water after the first killing freosts. There were also
associated increases in dissolved carbon dioxide which indicates an
increase in heterotrophic activities throughout the wetland. Nutrients
are released by leaching of soluble materials and also by heteiotrophic
décomposition of the litter (Whigham et al., in review).

Unlike many of the peat based systéms that have been treagad with
wastewater (Tilton and Kadlec 1979, Zoltek et al. 1979, Ewel and Odum’
1978), nutrient concentrations and standing stocks did not change in the
first 50 cm of substrate as a result of wastewater applications in the

Hamilton Marhses, We believe that this is primarily due to the fact
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that the substrate has been expesed for a long tims to water from the
Delaware River that has been quite high in nutrients., Also, the
zubstrate in the portion of the wetland where this study was conducted,

f the entive wetland, is low in organic matter (20.7 % 2.57).
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Whigham and Bavley (1979} found that nutrient retention seems to be
restricted primarily te wetlands with substrates that contain larger
amounts of organic matter. This has been docunmented in recent papers

by Tilton and Kadlec (1979), Zoltek et al, (1979), and Ewel and Odum

(1973).

- 12, CONCLUSIONS

In summary, results of this study indicate that Delaware River
freshwater tidal wetlands do noﬁ accunmulate ﬁ ané P in the vegétatian
or sediments, but do accumulate, on a short-=term basis, nutrients in
the litter., Four factors seemed to be most important in describing
results of this study. First, the effluent that was applied was
chlorinated as required by the State of New Jersey. The vegetation
Qas stressed by contact with the chlorine and the degree of damage
to the vegetation was related to the length of tiﬁe that the plants,
primarily annuals, were exposed to the chlerine, Even in areas where
the stress was severe, there were significant‘uverall community responses
so that there were few differences between the treated and control
sites even though there were differences in the floristics. Second,
litter decompositibn rates for macrophytes is very high in freshwater

tidal wetlands (Whigham et al., in review, Odum and Heywood 1978) and

nutrients that would be stored in vascular plants are rapidly leached

following senescence of perennials and death of annuals., For most

species, decomposition is essentially complete before the onset of




the next growing season. Thus, although the litter is an active site
for nutrient immobillization, it does not provide for long-term

nutrient storags. Third, the wetland that we studied was a2 pulsed
system and the high marsh was flooded and drained twice daily. While
flood and ebb tide water seemed to move over the wetland surface as
sheet flow, the flows were substantialiy greater {Whigham and Simpson
1975) than thoSé that normally occur in most other types of freshwater
wetlands. This, combined with tﬁe high rate at which wevapplied waste-
water, meant that the wastewatef was not in contact with the high
marsh surface for 1ong-periods of time. Sloey et al. {1978) have
suggested that the most efficient systems of wastewater treatment
would require that contact periods be as prolonged as much as possible.

Fourth, it seems likely that vegetation in this wetland is not nutrient

limited -due to the eutrophic nature of Delaware River water. Consequently,

it seems unlikely that any of the biclogical components would show

enhanced growth and/or nutrient retention once wastewater was added,
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