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PREF ACE

This document contains two reports that were completed for the
Maryland Department of Agriculture and Maryland Departmé.nt of Natural
Resources (Tidewater Administration). Part I is a summary of results
obtained during.the first.two years of a study to detemmine the ecolog-
ical impacts of ditéhing on irzegularly --*_f;f!_;éoded btackishiwetlandsiion the
Deal Island Wildlife Management Area (Maryland). Part II contains results
of years 3 and 4 of the same study. Most of the work reported in Part II

was obtained during the summer of 1981.




PART T



EXECUTIVE SUMMARY

A two year study was conducted to determine the effeets of ditching on the
ecology of irregularly flc;oded Chesapeake Bay wetlands. Three sites on the Deal
Island Wildlife Management Area were ditched in 1979. One area (Open Site)
received standard Open Water Marsh Management treatment and was coupled to
the adjacent estuary to permit complete tidal exchange. Water control structures

were used at a seeond site (Water Control Site) to permit partial tidal coupling.

The thirdditehed area (Closed'Site) was not coupled to the estuary. Twounditched.

areas served as control sites.
Changes in vegetation composition were still ongoing at all sites after two

years. Distichlis spicata (Salt grass) and Spartina patens (Saltmeadow cordgrass)

were co-dominant species of the wetlands prior to diteching. After one year D.
spicata was the dominant species at the Open and Water Control Sites. By the

second year Iva fruteseens (Marsh elder) and Baccharis halimifolia (Sea-myrtle)

were abundant at the Open Site and by 1981 were also abundant at the Water
Control Site. 8. patens became the dominant species at the Closed Site where
there has been no invasion by I. frutescens or B. halimifolia. Nitrogen and
phosphorus concentrations have been higher in plant tissues and decomposition
rates of litter have decreased at the three treated sites. Changes in vegetation
composition, nutrient conecentrations and decomposition rates are attributed to
lowering of the water tables at the three treated sites.

No major changes in water quality parameters occurred at any of the sites,
and intra-site differences (e.g., shallow .ponds versus ditches) in water quality
parameters were greater than inter-site differences. Résults of tidal cycle studies
conducted at the Open Site suggest, compared to the Control Site, that there would
be a continuous export of nutrients whenever ditched areas are completely coupled

to the estuary.




It is recommended that open sites be avoided and that, where possible, closed
systems or water control systems be used for controlling mosquitoes on irregularly
flooded wetlands. If .it is necessary to permit partial coupling between ditched
areas and the estuary, exchange should be minimal so that natural water tables are
maintained and shrubby speecies are- discouraged from becoming dominant in the

wetlands.
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I. INTRODUCTION

It is generally accepted that mosquito control is desirable because of the
pestiferous nature of many species as well as their potential as veetors of diseases
(e.g., malaria, yellow fever, and encephalitis) to humans and domestic animals. In
recent years many mosquito management programs have been based on the use of
larvacides or adulticides which, in addition to having negative impacts on nontarget
species (Ward énd Howe‘s 1974, Ward and Busch 1976, Ward and Ludwig 1976,
Fitzpatrick and Sutherland 1978), may have long-térm adverse envitoninental
impaets. Insecticide use also produces resistance in the target species and in
recent years it has been shown that the use of chemicals is not as cost effective for
abatement as methods that control mosquito populations by managing water levels
(Provost 1977, Shisler et al. 1979). In the United States-there has been a renewed
interest in the use of water management te_c_hni'qu'es_ which control mosquitoes,
reduce the need for i-nseét’icides, and :do not SLgmflcantly alter the ecology of the
managed wetlands,

The most widely jprac_tice_d mosquitq control marsh management technique has
been ditching. Smith (19-_04) recommended ditching as a technique for controlling

Aedes sollicitans in salt marshes by draining surface water from the marsh so that

larvae could not complete development to adulthood (ea. 7-10 days after egg
eclosion). Ditching was begun on a small scale in New Jersey in 1906 and by 1912
New Jersey law provided for .expansion of a program (Headlee 1945) that consisted
of the establishment of ditehes that were constructed parallel ic one another at a
spacing distance of 150~200 feet. Parallel ditching became the principle means of
salt marsh mosquito control and its application reached a peak during the
Depression when people were employed by state and federal agencies fo dig the

ditehes. It is estimated that by 1938 ninety percent of the tidewater marshes
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between Maine and Virginia had been ditehed (Bourn and Cottam 1950) with little or
no consideration having been given to the ecological consequences. Cottam et al.
(1938) were first to disagree with the notion of parallel ditching. At about the same
time Urner (1935) and Bradbury (1938) reported that many waterfowl and shorebirds
were adversely affected by mosquito control projects. Bourn and Cottam (1850) and
Cottam and Bourn (1952) advised that parallel ditching caused a decline in the
abundance and diversity of salt marsh invertebrates and also caused undesirable
changes ‘in the salt marsh plant community structure. Stearns et al. (1940) found
parallel ditching to be deleterious to muskrat production due to the elimination of
choice food plants. Although its effectiveness in reducing mosquito production has
also b_ee-nM challenged {LaSalle and Krﬁght 1973), other authors have suggested that
parallel ditching does not always cause the serious ecological consequences
attributed to it {Kuenzler and Marshall 1973, Lesser 1976). |

A more recent ditching technique, Open Marsh Water Management (OMWM),
has been used to control mosquito production {Ferrigno and Jobbins 1968), Burger
1980). In OMWM, a network of ditches 1s econstructed to connect- all mosquito
breeding sites. The ditch network is coupled to the estuary to enhance tidal
circulation and bring larvivorous fish to mosquito _breed-i.ﬁg areas of ;:he_ wetland.
Modification of standard OMWM have also been proposed (Meredith and Saveikis
1980).

Previous experience with OMWM, primarily in New Jersey, has shown that
mosquitoes can be controlled and the use of insecticides can be eliminated or
greatly reduced. Ecological effeets of various OMWM procedures are not well
known. In some instances densities of fiddler crabs (Uea sp.) increased while snail
populations (Melampus sp.) declined {Ferrigno 1970, Shisler and Jobbins 1977b).

Burger and Shisler (1378} have also shown that OMWM treated areas may no longer



be used as breeding sites by gulls. In some instances wetland vegétation changed
following OMWM application. Primary production was shown to inerease (Shisler
and Jobbins 1977a} following OMWM, but undesirable shrubby species such as Iva

fr‘ut_esc_ens and Baccharis halimifolia may replace herbaceous dominants when the

managed areas are coupled to the.estuary. In other instances, vegetation of coastal
wetlands may not change following OMWM (Robert Berry, Maryland Dept.
Agriculture, personal communication) and, in managed systems that are not coupled

to the estuatry, vegetation-changesimay not be significant (Burger and Shisler 1978).

With the exception of a study of carbon transport in OMWM tireated wetlands in

New Jersey (Shisler and Jobbins 1977a), there are no data on the impaets of OMWM
on nutrient export-import dynamies, water quality parameters, and decomposition
processes.

The Deal Island Study

The OMWM-" techniques that were designed in New Jersey are now being used

or modified for use in other states. In addition to the many ecological questions

that remain unanswered, it still must be determined whether or not OMWM, or -

other modifications, will eontrol mosquitoes in other areas. For example, in the
Chesapeake Bay, tidal regimes, salinity patterns and wetland vegetation are
different from those in New Jersey where OMWM was designed. Particularly
striking are differences in the tidal amplitudes. Most of the brackish wetlands in
the Maryland portion of Chés‘apeake Bay are irregularly flooded and the average

tidal range is much less than those found in Delaware Bay.

In 1979 a joint project between the Maryland Department of Agriculture and.

the Smithsonian Institution was initiated to determine the management and
ecological effects of OMWM and modifications of OMWM on typical irregularly

flooded wetlands of the Chesapeake Bay. The research was conducted on the 10,000
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acre Deal Island Wildlife Management Area in Somerset County, Maryland (Fig. 1).

Wetlands in that area, dominated primarily by Spartina patens and/or Distichlis

spicata, contain many potholes that are used by mosquitos as breeding sites.

Four areas were located and three were treated as follows (Fig. 1).

|

2.

3.

Open Site — A 20.23 hectare area was ditched and coupled to the
adjacent estuary to provide tidal circulation throughout. This site
would be standard OMWM as deseribed by Bruder (1980).

Water Control Site — An approximately 10.12 hectare site was ditched
and water level control structures were used to permit some tidal water
to flood and ebb from the area. A more detailed description of these
structures is in Lesser {1982).

Closed Site — A 12.14 hectare area was ditched but the site was not
eonnected to the adjacent estuary so that tidal waters exchanged only

during spring and/or storm tides.

. .A 8.09 hectare Control Site was also established. This site proved to be

topographiecally lower than the ditched sites and, consequently, was much wetter

than desirable. After 1 year, a second 4.05 hectare Control Site was chosen that

was more typical of the ditched sites. The locations of 2 Control Sites are shown in

Fig. L

Ditches and ponds were excavated with an amphibious rotary ditcher that

broadeast a thin layer of spoil for 10 to 15 meters. Ditches were about 0.76 meters

wide and from 0.60 to §.50 meters deep. In addition to the ditches, at least one

large shallow pond with pond radials was created in the Open and Water Control

sites. Additional details of the ditching procedure are found in Lesser (1982).




II. HYDROLOGY

A major objective of OMWM is to eliminate mosquito breeding sites by
removing water from the wetland surface. Although standard OMWM proecedures
may provide for efficient mosquito control, potential negative impacts may result
if the water table is lowered. In particular, there was concern that water {ables
would be lowered if irregularly flooded Chesapeake Bay wetlands were managed
using standard OMWM procedures and that undesirable changes would oecur in
wetland vegetation. In addition, few data were available to assess the effects that
standard OMWM would have on nutrient eyeling within the wetlands and on nutrient
exchange processes between the wetlands and adjacent estuarine areas. "The
experimental design used in this study was, consequently, chosen to previde varying
degrees of water table manipulations. To monitor water level fluetuations in
ditehes and to assess the degree and depth of surface flooding at each tf_eated site
and in a natural pothole at the Control S_ités, Stevens type F water level recorders
were used. These instruments provided data on water level fluctuations and data
on the frequency and depth of surface flooding that occurred at each site. In
addition, personnel of the Maryland Department of Agriculture installed shallow
ground watér wells and monitored ground water levels throughout the study (Lesser
1982).

The Open Site produced the most dramatic decline in the ground water table
and daily (tidal) fluctuations in the ditches were most pronounced at that site (Fig.
2). As an example, water level fluetuations in the ditches at the Open Site
averaged 38.6 cm (standard error = 1.9 em) during the week shown in Fig. 2. Water
tables were maintained near the surface at the Closed Site and water level
fluetuations typically averaged less than 0.7 c¢m (st-andérd error = .l em) per tidal

event during periods of time when the wetland was not flooded (Fig. 2). Water
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Figure 2. Range (em) in water level fluctuations in a ditech at each of the 3
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compiled from water level records during the week of May 28 — June 3,
1980. There was no precipitation nor surface tidal flooding during that
time period. The range for each tidal cyele is the maximum water level

minus the minimum water level,




level fluctuations in the pothole at the Control Site were very similar f:o those at
the Closed Site and averaged only 0.8 em per tidal event.

Data from the water level recorders showed that the treated sites were
irregularly flooded during the two year study period (Fig. 3). Flooding events were
more numerous in 1979 with the majority of floods occurring between August and
November {Fig. 3). After examining water-level, vegetation, and mosquito data for
1979, it was apparent that an atypical control site had been chosen. The site was
consistently wetter and produced very few mosquitoes (Lesser 1982). Accordingly,
we decided to move the Control Site to another area (Fig; D in-19_80. Comparing
the sites in 1980, very few flooding events occurred at all due to a prolonged
drought (Lesser 1982). The Closed Site flooded more often than the other treated
areas in both 1979 and 1980, indicating that, relative to the other treated sites, it
may have been tcpographically lower. In addition, the Closed Site was closer to the
Manokin River (Fig. 1) and may have been I_ﬁ_ore prone to inundation during strong
winds and/or storms.

Data for surface flooding events are summarized in Table 1. The data were
compiled from water level recordings which were examined to determine when
flooding events occurred and the depth of tidal waters on the wetland surface.
Exeept for September and Oectober 1979, surface flooding usually oceurred only
during cne of the two daily tidal cyeles and inundation averaged less than 10 em at
all sites indicating that the flood waters were usually shallower than the litter zone
which averaged between 10 and 20 em. It is clear that these wetlands do not flood
often and that they are not deeply flooded when those events oecur., One could
speculate, therefore, that the managed wetlands in that pbr‘tion of the Chesapeake
Bay would only irregularly have contact with the adjacent estuary. Since there

were no noticeable differences in flooding frequency or depth at the treated sites,
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Table . Summary of hydrologic data for the three treated and two control sites. ND represents malfunction of the water level
recorder but the chart trace indicated that at least one flooding event occurred. NS indicates that the site was not
sampled. A dash indicates that no or only one flooding event(s) oceurred thus mean, maximum, and/or minimum values
could not be calculated. Flooding depth is in em.

Number of Number of Flooding Depths
Floods Days with
Floods _ Mean Maximum . Minimum
1979 1980 1979 1980 1979 1980 1979 1980 : 1979 1980
OPEN
April NS 2 NS 1 NS 3.2 NS 3.4 NS 3.1
May 2 0 2 0 2.8 - 3.1 - 2.4 -
June 1 0 1 0 0.6 - - - - -
July 0 0 0 ND ‘ - - - - - -
August 2 0 2 0 6.6 - 11.0 - 2.1 -
September 4 ND 3 ND 3.0 ND 5.8 ND 0.3 ND
October 6 ND 5. ND 5.6 ND 20.4 ND 0.9 ND
November ND 0 ND NS ND NS ND NS ND NS
December 0 0 0 NS - NS - NS - NS
CLOSED
April NS 10 NS 6 N3 3.0 - NS 7.3 NS 0.3
May 3 1 . 3 1 4.9 3.1 6.7 - 2.4 -
June 5 0 4 0 2.3 - 4.9 - 0.3 -
July 0 0 0 0 - - - - - -
August 4 5 4 6.5 7.2 16.8 13.4 2.3 1.5
September 12 1 7 1 8.2 10.3 36.6 - 0.6 -
QOctober 11 2 6 2 3.1 10.5 29.0 18.6 3.1 2.4
November 5 0 4 NS 5.7 NS 14.3 NS 2.1 NS
December 0 0 0 NS - NS - NS - NS



Table 1. {(econtinued)

Number of Number of 'Flooding Depths
Floods Days with _
Floods Mean Maximum Minimum
1979 1980 1979 1980 1979 1980 1979 1980 1979 1980
WATER CONTROL
April NS 1 NS 1 NS 9.6 NS - NS -
May 3 0 3 0 6.0 - 7.3 - 3.4 -
June 1 0 1 0 2.7 - - - - -
July 0 0 0 0 - - - - - -
August 4 0 4 0 5.7 - 14.0 - 1.2 -
September 6 ND 4 ND 6.3 ND 16.2 ND 2.1 ND
October 8 1 5 1 6.6 1.5 20.4 - 1.5 -
November 3 N§& 3 NS 2.2 NS 5.3 NS 0.6 . NS
December 0 N& 0 NS - NS - NS - NS
CONTROL
April NS ND NS ND - ND NS ND NS ND
May 0 8 0 5.0 - 10.4 - 0.6 -
- June 0 6 0 3.6 - 7.6 - 0.9 -
- July 0 2 0 2.3 - 4.0 - 0.6 -
August 13 0 10 0 4.0 - 17.4 - 0.6 -
September 9 ND ND 8.0 ND 17.4 ND 1.5 ND
October 11 1 1 9.4 23.5 26.0 - 0.9 -
November 12 N§ 11 NS. 3.2 NS 7.3 NS 0.0 NS
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it appears that ditching does not increase the frequeney or intensity of surface
flooding.
IMI. VEGETATION |

A. - METHODS

1. Biomass and nutrients

Vegetation was sampled monthly, except during winter months when the
wetland was frozen, at the three treatment sites and control sités between May of
1979 and Oectober 1980. The sampling design included harvesting all vegetation in 50
x 50 em quadrates that were locatéd at 0, 5, 10, 15, and 20 meters along each of 3
randomly located transeets. The design thus provided for triplicate quadrates that
were harvested monthly for each distance. In addition, five randomly chosen
quadrates were sarhple_d within each sife in areas that were not im-pacted by spoil
deposition during the initial management process.

In the ‘laboratory, vegetation was divided into live and dead components with
the live biomass being further subdivided by species. Dead biomass ineluded all
litter on the wetland surface. All plant materials were dried at 70° C, weighed,
and ground in a Wiley Mill prior to analysis for nitrogen using Maecro-Kjeldahl
techniques (APHA 1976) and phosphorus usiﬂg an acid digestion technique (Fiske and
Subbarow 1925, King 1932).

Factorial analysis of variance was conducted to tes—t‘the biomass and nutrient
data for significant main effects and interactions among sites (4 levels), distaﬁces
{5 levels) and times for each variable. The Statistical Analysis System (Helwig and
Council 1979) was used in data analysis. The Vfollowing variables were analyzed:

L Live Biomass of each species combined (LB) and S. patens (LBS) and D.

spicata (I.BD) separately. |

2.  Dead Biomass (DB) which includes all standing (upright) dead shoot

material and all other surface litter.

12



3.  Total Biomass (TB) where TB = LB + DB.

4,  Average nitrogen concentrations of all live biomass (NPL).

5.  Nitrogen in live biomass (NLB) where NLB = NPL x L.B of D. spicata, S.

patens and all species eombined. |

8.  Average phosphorus concentrations of.all live biomass {PPL).

7.  Phosphorus in live biomass (PLB) where PLB = PPL x LB of D. spicata,

S. patens and all species combined.

8. Nitrogen concentrations of dead biomass (NPD).

9.  Nitrogen in dead biomass (NDB) where NDB = NPD x DB,

10. Phosphorus concentrations of dead biomass (PPD).

1.  Phosphorus in dead biomass (PDB = PPD x DB).

12. Total nitrogen in biomass {NT = NLB + NDB).

13.  Total phosphorus in biomass (PT = PLB + PDB).

When main effeets were significant, Duncan's multiple range tests (Duﬁcan,
1955) were used to analyze for specifiec differences among sites, distanees, and
times. Interaction effects, however, were so few (Appendix A) that all possible
interaction effects were not analyzed separately.

Another objective of the design was to determine: (1) whether there were any
overall affects of manipulation in areas of each site that had not been affected by
spoil and (2) within each site, were there any differences between the 0-20 meter
distances and areas of the site that were not affected by sboil. To answer these
questions, 5 random plots (50 em x 50 em) were sampled at each site in areas thaf
had not been affected by s_pbil during the ditching procedure. Those plots were
harvested con the same days t’flat the 0, 5, 10, 15, and 20 m distances were harvested.
Analysis of variance tests were made on the biomass and nutrient data from the

random plots: (1) to test for inter-site differences among the random plots, one-

13




way ANOVA tests were performed for each variable and the means eompared using
Duncan's multiple range tests; (2) to test for intra-site differences, one-way
ANOVA tests were performed on data from- the random plots and data from the 5
distances. Dunean's multiple range tests were made {o compare means when the

ANOVA's tests showed significant effects.

2. Aboveground primary production

Biomass and nutrient data were also used fo estimate aboveground primary.
production and its associated nutrients using three methods (Linthurst and Reimold
1978):

Method 1 — Peak standing crop. Primary production for each site x distance
combination was assumed to be equal to the peak live biomass standing crop value
for the growing season. Peak standing crop data for each site x distance
combination were then used to test for site, distance, and site x distance
interactions using factorial ANOVA as deseribed above.

Method 2 — Net abo{ieground primary production. This methed, based on
Milner and Hughes (1968), assumes that net produection is equal to the sum of all
positive increases in live biomass during the study period. Similar to Method 1, net
aboveground primary production was calculated for each site x distance
combination and the data tested using factorial ANOVA. |

Method 3 — Smalley method. This method (Smalley 1959) is similar to Method
2 but includes data for both live and dead biomaés. Statistical anaiyses were
similar to those used for Methods 1 and 2.

3. Decomposition

Shoots of D. spicata and S. Qatens were collected at the end of the 1979

growing season and air dried for use in decomposition studies. The air dried
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material was divided into shoot tops and bases and 2.5 g subsamples prepared. The
2.5 g subsamples were then placed into 2 mm mesh nylon litter bags. Each bag
thus contained 10 g of material: (1) 2.5 g S. patens shoot tops, (2) 2.5 g S. patens
shoot bases, (3) 2.5 g D. spicata shoot tops, (4) 2.5 g D. spieata shoot bases. Litter
bags (512) were placed in the field on 18 April, 1979. Within each site, equal
numbers of litter bags were placed on top of spoil that had been created during the
ditching and in a nearby area where spoil had not been deposited during the ditching
process. Duplicate litter bags were collected monthly {four per site) and returned
to the 1a‘b01_'atory for processing.

Because we were conecerned about nutrient changes in the litter, surface
materials were removed by gently washing the samples prior to drying at 70° C.
Dried samples were then weighed, ground, and analyzed for N and P. During the
first few months of the study the original 2.5 g subsamplés were ground and
analyzed individually. Once 'S_hoot tops and bases had d'e_éomposed to the point
where they could not be differentiated, the two subsamples for each species were
combined for nutrient analyses.

Weight and nutrient concentration data were used to calculate the total
amounts of N and P in the litter samples. Weight and nutrient data, both
coneentrations and totals, were tested by factorial ANOVA to determine if there
were any site or subsite (spoil or nonspoil) effects. Means were compared using
Duncan's multiple range tests. Decay coefficients were caleulated from the weight
data using a negative exponential model (Olson 1963) of the form -k = In (X/XG) t,
where XO is the dry weight initially present and X the dry weight remaining at time
t. The k values (e.g., rates of decomposition) were tested for site, location and site
x location effects interaction using factorial ANOVA. Means were compared using

Dunecan's muitiple range tests.
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4. Density, height, and reproductive phenology

Densities of reproductive and vegetative shoots were monitored throughout
the study in permanently marked study p‘iots, Triplicate permanently marked plots
were established within each site at 0, 5, 10, 15, and 20 m from the same ditches
that were used for biomass studies. The plots, 0.25 x 0.25 m, were sampled
monthly and counts made of the number of aerial shoots of each species. The
number of reproductive (e.g., ﬂqwering or fruiting) shoots was also counted, When
suitable numbers of shoots were present, the length (hereafter referred to as
height) of five randomly cﬁhoéen non-reproductive shoots of D. spicata and S. patens
were measured to the nearest tenth of a centimeter. Density and height data for
D. spicata and S. patens were tested by factorial ANOVA to determine if there
were site, distance, and site x distance interaction effects. Means were compared
using Duncan's multiple range tests.

5. Submersed vegetation

Submersed plants in ponds and ditches were censused in 1979 by randomly
walking over the sites and estimating percent cover in 25 potholes and 25 ditches.
In 1980, wooden stakes were placed at 25 pond and diteh sites and the areas
surveyed several times during the year. Percent cover estimates for the ponds
were for the entire pond area which was variable while cover estimates for the

ditches were for 2 m linear segments.

B. RESULTS
L Biomass
Live biomass ranged from an average of 88.8 ~ 180.0 g of plant biomass per
m? (hereafter referred to as g m-z) in 1979 and was significantly less at the Control

Site (Table 2). We believe that the differences were due to the faet that Control
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Table 2.  Results of Duncan's Multiple Range Tests for site effects on the fifteen variables listed. Means, read vertieally, that are not
significantly different at the 0.05 level of significance share the same superseript. N = nitrogen and P = phosphorus.
Total live D. spicata live S. patens live Total dead Total biomass
biomass biomass biomass biomass
-9 -2 -9 9 -9

Site 1979 1980 1979 1980 1979 1980 1979 1980 1979 1980
OPEN i80.0% 152.4P 15248  42.4B 25.6C  67.2C  205.2% s66.8%  385.2%  719.28B
CLOSED 154,05 210.0% 3398 24.8° 1184 183.2% 10362 462.08  347.62P 67208
WATER CONTROL 164.4°B 140.88  144.48%  99.08 9.67  24.8°  116.08 375.6C  280.0C  s518.8C
CONTROL 88.8C 187.2%  16.8® 76,4  46.4®  110.8%  237.2% 580.6%  326.0BC 774.84

N in live biomass % N in live biomass P in live biomass % P iri“ live biomass N in dead biomass
| g m2 % g m2 % g m2
Site 1979 1980 1979 1980 1979 1980 1979 1980 1979 1980
OPEN 1.68%  1.488B  1.14% 10588 0.1 0.1312B 011 0.10R 1.128 3.998
CLOSED 1.04B  1.528B  0.88C  0.73C 0.122  0.146%  0.08®  0.08P 1.00P¢  2.56B
WATER CONTROL  1.52%  1.40B 1.18% 118 0.16%  0.1278B o112 0112 0.80°  2.79B
CONTROL 0.76°  1.728 1.0 0.98P 0.08¢  0.121B 0.08%  0.08P 1.48% 4,048

% N in _dead biomass P in dead biomass % P in dead biomass Total nitrogen Total phosphorus

% g m™2 % g m™ g m 2

Site 1979 1980 1979 1980 1979 1980 1979 1980 1979 1980
OPEN 0.61%  0.mA 0.082B .48 0.041%  0.024®  2.80% 5.36B 0.24%  0.362
CLOSED 0.50°5  0.56° 0.082B  g.16P 0.0368C 0.035¢  2.04®  4.08€ 0.18BC  0.32B
WATER CONTROL  0.64% 0.72%  0.04®  0.16®  o0.047®  0.046® 2,28  4.12°  0.20%%  0.26"
CONTROL 0.62%  g.708 0.00%  p.248 0.032C  0.0398 2,248 5,908 0.16°  0.362
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Site 1 was much wetter than the other areas because it was more frequently flooded
(Fig. 3 and Table 1). The almost continuous presence of standing water may have
lowered overall productivity and caused a shortened 1979 growing season at the
Control Site. Because of the apparent disparity between the Control and the
treated sites, a more comparable control area was used in 1980 {Control Site 2 -
Fig. 1). When comparing the ditehed sites only, there was significantly less live
biomass (LB) at the Closed Site (154.0 g m'z) than at the Open Site (180.0 g m-z) in
1979. After the first'growing season following ditching, most of the live biomass at
the Open and Water Control Sites was D. spicata v-vhereas‘ most of the live biomass
at the Closed and Control Sites (Table 2) coﬁsisted of 8. patens shoots.

The decrease in live biomass from 1979 to 1980 at the Open and Water Control
sites may have been due to drought conditions in 1980 (Lesser 1982). Live biomass

at the Open and Water Control Sites in 1980 was significantly less than live biomass

at the Control Site {Table 2). In addition, live biomass at the Closed Site increased

in 1980 compared to 1979 and most of the increase was in S. patens biomass which

increased from an average of 118.4 g m_2

to183.2 g m 2. S. patens live biomass
was greater at all sites in 1980 compared to. 1979 while D. spicata décre_ased at the
three treated sites. It is unclear at this time whether the decline in D. spicata was
due to the drought or simply due to postmanagement changes that are still ongoing.

Average total dead biomass (litter) was greater at all sites in 1980 than in
1979 (Tsbles 2), although litter biomass near the ditehes continued to be less with
litter biomass at O m (382 ¢ m_z) and 5 m (444.4 g m'_z) being significantly less
than at the other distances in 1980 (Table 3). The increase in total biomass (Table
2) between 1979 and 1980 is, therefore, due to inereases in total dead biomass and
not any significant increase in aboveground live biomass at the treated sites. In
1989, total live biomass and D. spicata live biomass were significantly greater at ¢

m (Tabie 3).
18
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Table 3.  Resuits of Duncan's Multiple Range Tests for distance effects on the fifteen variables listed. Means, read vertically, that
are not significantly different at the 0.05 level of significance share the same superscript. N = nitrogen and P =
phosphorus. -

Total live D. spicata live S. patens live Total dead Total biomass
biomass biomass biomass biomass
o m2 ¢ m2 ¢ m2 ¢ m2 ¢ m2
Distance 1979 1980 1979 1980 1979 1980 9179 1980 1979 1980
0 153.6%  201.6% 92.8%  102.08 52.4°B 10124 110.0B  382.08  263.6®  578.4B
5 141.2% 172,08 94.0%  72.0B 37.2B © 97.64%  126.8%  444.4B  268.08  616.48
10 156.04  163.60 92.4%  60.8° 18.0%8  8g.8®  108.48 549.6% 35448 113,98
15 140.8%  156.4P 78.4%  54.8B 56.0%  96.0%  255.2% 570.4%  306.0%  726.82
20 142.0%  170.4° 76.8>  60.8° 56.8%  103.6%  249.6® s545.6%  301.8%  728.82
N in live bhiomass 9% N in live biomass P in live biomass % P in live biomass N in dead biomass
g m™~ % g m2 % g m™2
Distance 1979 1980 1979 1980 1979 1980 1979 1980 1979 1980
0 1.32%  1.848 1.05%  1.018 0.12%  o0.164 0.10%  o.08" 0.685  2.68°
5 1.24%  1.488 1.10%  o0.972 0.12% 0.1 0.10%  0.008%  0.72B  3.08BC
10 1.28%  1.44B 1.03%  0.992 0.12%  o0.12% 0.00% .10 1.16%  3.688
15 1.20% .1.28B 1.05%  0.934 0.12%  o0.128 0.10%  0.00%%  1.48%  3.342
20 1.20%  1.59° 1.00%  p.942 0.12%  p.128 0.10%  0.00%B 1,448 3 4gAB
% N in dead biomass P in dead biomass. % P in dead biomass Total nitrogen Total phosphorus
% | g m2 % g m~2 g m2
Distance 1979 1980 1979 1980  _ 1979 1980 1979 1980 1979 1980
0 0.55%  0.69" 0.038° 0.148°  0.04®  0.038%  1.96®  4.48B 0.15°  0.289C
5 0.55%  0.608 0.048€ 0.184B  0.04%  0.0412B 1,06  4.56%B  0.6PC  0.311BC
10 0.61%  o0.68" 0.075% 0.236%  0.04%  0.0m® 24?5128 0.20%8  ¢.3s92
15 0.63%  0.692 0.106% o0.241%  0.04®  0.0422B  9.68%  5.168 0.24%  0.3622
20 0.60%  0.66%  0.008%B 0.218%F  g.048  .020AB  g.ed  5.04%  0.24% 03520



2. Nutrients

The total standing stock of nitrogen and phosphorus in live and dead biomass
inereased at all sites between 1979 and 1980 (Table 2). Total nitrogen values
ranged from 2.04 - 2.80 g m_2 at the Closed and Open Sites in 1979 and 4.08 - 5.36 g

m—2 at the same sites in 1980. Total phosphorus standing stocks incereased from 0.16

2 in 1979 t0 0.28 - 0.36 g m 2 in 1980.

-0.24gm

The inereases in total nitrogen and total phosphorus were due to changes in
total biomass rather than any significant changes in nutrient concentrations.
Concentrations of nitrogen in live biomass were significantly higher a;c _thé Open
and Water Control Sites in both 1979 and 1980 although there was a slight decrease
at all sites in 1980 (Table 2). Phosphorus econcentrations in live biomass were also
higher at the Opén and Water Control Sites during both years but, unlike nitrogen,
there were no differences between yedrs (Table 2).

Conecentrations of nitrogen in dead biomass increased at all sites in 1980 and
ranged frbm 0.56 - 0.72% in 1980 compared to a range in 1979 of 0.50 - 0.62% (Table
2). Contributions of plant material produced in 1979 that were high in nitrogen to
the 1980 dead biomass compartment may have caused this increase. Phosphorus
coneentrations in dead biomass did not show the same trend, although phosphorus in
dead biomass inereased from 0.04 - 0.09 g m“2 in 1379 to 0.16 - 0.24 g m-2 in 19890
because of the overall increase in dead biomass.

Differences in nutrient standing stoek as a function of distance from ditches
were striking in 1979 and present but not as marked in 1980 (Table 3). There were
very few differences in any of the phosphorus variables except that total
phosphorus continued to be significantly less at 0 and 5 meters because there was
still less dead b_iomass at those distances. Total nitrogen at 0 m (1.96 g mnz) and

5 m (.96 g m_z) was also lower than at the other distances beeause the dead
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biomass compartment had not fully recovered to _predisturbance levels by the end
of the second growing season.

There was a general trend for nitrogen and phosphorus concentrations in live
biomass to vary seasonally with the highest values occurring in the early part of the
growing season (Table 4). Because the two Control Sites were so different, we
removed data from those sites and then made additional time x site comparisons
for the three treated areas {Table 5). The high N énd P concentrations in live
biomass in May of 1979 (Table 5) did not occur in 1980 when the three treated sites
were compared. Tissue phosphorus concentrations were highest early in the
growing season in both 1979 and 1980 (Table 5).

Additional site comparisons for live biomass, live biomass of D. spieata, and
live biomass of S. patens during similar months in 1979 and 1980 are shown in Table
6. A decline in total live biomass oecurred between August and September in 19?:0

and the decrease was particularly striking at the Open and Water Control Sites

where the mean values declined 36.3% and 18.7% respeetively. Distichlis spicata
live biomass was less in August of 1980 at all sites as compared to the previous

month and compared to September 1979 values. Spartina patens increased at all

sites in 1980 until August which was followed by a sharp decline at the Open Site.
The overail deecrease in D. spicata biomass and increase in S. patens biomass in 1980
may be due to postdisturbance successional changes at the sites or to species
responses to the drought conditions that year. Several years of data gathered under
different climatological regimes would be required before the causes for those
types of 'changes coﬂd be understood.

3. Aboveground _prirnary production

As already noted, site differences in live biomass between 1979 and 1980 were,

due primarily to changes in speecies composition rather than to any overall

21

E——




A

Table 4. Results of Duncan's Multiple Range Tests for time effects for the fifteen variables listed. Means, read vertically, that are
not significantly different at the 0.05 level of significance share the same superseript.
Live biomass D. spicata live S. patens live Dead biomass Total biomass
biomass biomass
gm gm 2 gm™2 gm™? g m 2
Month 1979 1980 1979 1980 1979 1980 197 1980 1979 1980
MAR 31.2F 4.0 20,47 669.62 700.82B
APR 29,95 9.6C 19.2P 354,40 383.6C
MAY 37.20  1905.6C 18.88  66.08 15.2% © 126.4B 268.4%B 536.0B  305.68C  732.0AB
JUN 87.6C 218.4C 54.00 115.2% 32.0PE  102.4BC  113.9%  424.0EP  201.2C0 642.4B
JuL 140.4%  255.25 82.0C 119.2% 518D 132.4%  101.6F  431.6C0  242.4C7 486,848
AUG 912.8%  313.2%  117.68B 113.64 81,28 178.4%  126.8DF 385.60  339.6B  698.8AB
SEP 226.4%  256.45  138.8% 100.4%  66.0%B 128.0B  204.8BC 516.4BC 43124 772,84
OCT 155.65 96.88C 44.4CP 183.6CD 339.9B
NOV 167.2P 100.05C 60.0BC 317.28 484.48
DEC 80.0" 98.8C 69.6° 670.0° 756.48
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Table 4. (Continued)

N in live biomass

g m2
Month 1979 1980
MAR 0.28"
APR 0.32°
MAY 0.680  2.12BC
JUN 1.12°  1.80°
JUL 1.368  1.92BC
AUG 1.64% 2,888
SEP 1.88%  2.24B
OCT 1.04°
NOV 1.04

DEC 0.56

% N in live biomass

| %
1979 1980
0.79PE
1.46%
1.76%  1.14B
1.458  0.ggCP
1.06¢  0.83CPE
0.80°  0.94C
0.850 .94
0.710
0.720
0.76"

P in live biomass

gm

1979 1980
0.040
0.04P

0.¢75%  0.20°

0.096°B  0.16C

0.1188  0.16C

0.165%  0.24%

0.154%  0.16C

0.1178

0.096°P
0.04"

% P in live biomass

%
1979 1980
0.084C
0.1792
0.196% 0.104B
0.1148  0.078°0
0.088C .07 PE
0.077P 0.079°P
0.066° 0.076P
0.076°C
0.065°
0.063"

N in dead biomass

gm 2
1979 1980
4.208
2.12F
1.12B  3,44CP
0.72C0 9. 52EF
0.600  2.84DPE
0.80°0 3,160
1.488  3.64BC
1.088C
1.884
4,028
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Table 4. (Continued)

% N in dead biomass

- %

Month 1979 1980
MAR 0.64°
APR 0.60"
MAY 0.41°  0.66°0
JUN 0.605C  0.61°
JUL 0.4¢80  0.66CP
AUG 0.682B  0.g2?
SEP 0.77® 0.72BC
OCT 0.59%
NOV . 0.58%

B

DEC 0.74

P in dead biomass

gm

1979 1980

0.227

0.135
0.12%  0.205
0.04C  0.150
0.04°  0.169
0,04  0.193
0.08%  0.184
0.082
0.122

0.345

-
E

B
DE
CDE

CD

,CD

% P in dead biomass

%
1979 1980

0.048

0.04B
0.0448B 74P
0.031°D  0.04B
0.025°  0.04B
0.0432B g 052
0.046*  0.04P
0.0472
0.0375C

0.05%

Total nitrogen

gm®
1979 1980
4.488
2.47¢
1.80¢  s5.554
1.84C 4348
1.968¢ 4,758
2.40B  6.048
3.36%  5.88%

2.12BC

2,998
5,482

Total phosphorus

gm

1979 1980

0.28"

0.16F
0.20B  0.40AB
0.12%  0.320P
0.16%  0.32C0
0.208  0.448
0.24B  0.368C
0.20°
0.20°

0.404AB




Table 5. Percent nifrogen and phosphorus of live biomass for the three treated

sites. All values (%) are means of fifteen samples.

NPL ~ PPL
Site Month 1979 1980 1979 1980
OPEN MAR 6.57 0.09
APR 1.66 0.18
MAY 2.14 0.95 0.18 0.11
JUN 1.51 S 1.11 0.16 0.09
JUL 0.99 1.03 0.10 0.09
AUG. 0.89 1.02 0.10 0.07
SEP 1.04 1.05 0.07 0.11
oCT 0.78 0.08
NOV 0.60 0.05
___________________ DEC ... 0.98 0.8
CLOSED MAR 0.56 0.06
APR 6.87 0.13
MAY 1.62 0.98 0.20 0.10
JUN 1,18 .55 0.09 0.08
JUL 0.83 .59 0.07 0.66
AUG 0.73 0.90 0.07 8.07
SEP 0.63 0.77 0.07 0.06
oCT 0.65 0.06
NOV 0.49 0.06
____________________ DEC 0.8l 005
WATER CONTROL MAR 0.92 0.07
APR 1.58 0.19
MAY 1.51 1.15 0.20 0.08
JUN 1.29 0.99 0.06 0.06
JUL .98 0.85 0.07 0.07
AUG 0.62 0.93 0.05 0.08
SEP 0.84 6.79 0.05 0.06
oCcT 0.71 0.07
NOV 1.08 0.09
DEC .62 .05
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Table 6.  Total plant live biomass and biomass of 8. patens and D. spicata between
May and September in 1979 and 1980. All values are g m -
OPEN CLOSED WATER CONTROL
Month 1979 1980 1979 1980 1979 1980
Total live biomass
MAY 44.0 292.4 41.6  236.4 15.2 142.4
JUN 1100 203.6 81.2 234.8 81.2 173.2
JUL 175.2 228.0 160.0 338.8 113.2 217.6
AUG 260.8 288.4 206.8 339.6 201.2 288.4
SEP 222.7 183.6 257.2 322.8 330.4 234.4
Distichlis live biomass N
MAY 25.2 61.6 21.2 26.0 9.6 128.4
JUN 93.2 176.0 28.0 30.0 78.4 ~160.0
JUL 142.4 134.0 31.2 63.6 108.4 200.0
AUG 224.4 98.4 31.2 22.4 196.8 185.2
SEP 212.8 112.4 68.4 41.6 268.8 82.8
Spartina live biomass
MAY 18.8 159.6 19.2 210.4 2.0 3.2
JUN 16.0 27.2 50.8 204.0 2.0 12.4
JUL 30.8 90.4 126.0 275.2 0.0 6.8
AUG 35.2 180.0 175.6 306.0 3.8 40.4
SEP 8.0 27.6 184.4 274.0 37.6 91.2
26



ecommunity change in aboveground primary production. Even though 1980 was a
very dry year, aboveground primary production was higher at almost all sites and
distances in 1980 (Tables 7 and 8). For both years there were no differences
between the treated sites for any of the production estimates and values in 1980
ranged from a low of 376.8 g m_’2 for the peak standing crop (Method 1) production
estimate at the Water Control Site to 1360.0 g m > for the Smalley (Method 3)
estimate of production at the Open Site. For comparison, production estimates in
1979 ranged from 225.2 g m 2 (Method 1 at the Closed Site) to 898.8 g m 2
(Method 3 at the Open Site}. Similar to results of the biomass émd ﬁutrient
analyses, several years of additional data would be required to determine if the
yearly differences in production estimates were due to climatological variations or

to temporal recovery responses following ditehing.

4,  Inter- and intra-site biomass and nutrient comparisons

As noted earlier, we believe that many of the responses were caused by
overall changes within the site rather than changes that occurred only near the
d-i'-tc_hes.. As deseribed in part 1 of the METHODS section, two methods were used to
test these assumptions. Comparisons were made between data collected from the
random plots at each of the .treated sites with data from the Control Site. Since
the random plots were not affected by spoil deposition, any differences between
them and the Control Site would be due to overall site responses. A second set of
comparisons were made to determine if the changes that occurred between 0-20

[ | 1 -
1

meters from ditches also occurred in tite random plots.. These comparisons could
provide insight into intra-site variation. |

Results of inter-site compari's’ons of 1980 data from the random plots are
shown in Tables 9 and 10). Data from 1979 are not given because, as already stated,

we found that the Control Site used that year was very different from the treated

27
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Table 7.  Aboveground primary production and nutrient uptake estimates for the 4 study sites in 1979 and 1980.

Means, read vertically, that are not significantly different at the, 0.05 level of significant share the

same superseript. Production estimates and nutrient data are g m

Primary
Site Production Nitrogen Phosphorus
- 1979 1980 1979 1980 1979 1980
PEAK STANDING CROP (METHOD 1)
OPEN 353.62 408.04 3,082 3,802 0.328 0.328
CLOSED 313.82 426.02 1.888 3,448 0.208 0.322
WATER CONTROL 364,08 376.88 3,248 3.88% 0.328 0.362
CONTROL 295,98 420.0% 1.648 4.908 0.16° 0.328
| NET ABOVEGROUND PRIMARY PRODUCTION (METHOD 2)
OPEN 121.6°B  s02.8% 3.12B 4.888 0.368 0.43652B
CLOSED 362.85 479.28 1.762 4.602 0.202 0.3542B
A A c A A A
WATER CONTROL 498.4 453.9 4.56 4.84 0.36 0.452
CONTROL 233.2C 496.44 1.60% 4.645 0.12° 0.3495
SMALLEY (METHOD 3)

OPEN 893.82  1350.42 5.198 11.084 0.448 0.848
CLOSED 881.2%  1360.0% 4.202 10.048 0.40AB 0.762
WATER CONTROL 859.2%  1063.2B 7.248 9.84% 0.52% 0.80"
CONTROL 599.65 1078.45 4,798 8.964 0.288 0.728



Table 8. Results of Duncan's Multiple Range Tests for aboveground primary production and nutrient uptake
estimates for the five distances sampled. Means, read vertically, that ar_eznot significantly different
at the 0.05 significant level share the same superseript. All values are g m “. '

- 8%

Primary
Distance Production _ Nitrogen Phosphorus
1979 1980 1979 1980 1979 1980
PEAK STANDING CROP (METHOD 1)
0 320.0" a18.84 2.68" 4,402 0.242B 0.3258B
5 201.2%  424.44 2.362 4.00% 0.208 0.3288
10 334.8%  416.4% 9.40% 3,928 0.288 0.362
15 995,28 373,24 2.328 2.99B 0.24AB 6.2858
20 330,42 405,94 2,602 3,962 0,282 0.398B
NET ABOVEGROUND PRIMARY PRODUCTION (METHOD 2)

379.62 458.44 9.962P 5.282 0.288B 0.404

319.2% 48568 2.604P 4.88B 0.245 0.40%
10 387.62 539,28 2.6478 5,245 0.288B 0.482
15 377.6° 438 .42 2,288 3.885 0.244B 0.36"
20 131.2% 20367 3.328P 4.404B 0.328 0.36%

SMALLEY (METHOD 3)

0 692.45 876.0C 4.762B 8.402 0.342B 0.60°
5 608.8%  1083.25C 4.32° 10.00% 0.32P 0.76%B
10 088.8%  1408.42 5.762B 10.922 0,488 0.888
15 888.8%B  1420.4% 5.36A8 11,282 0.444B 0.842
20 870.0°B  1278.0%B 6.42% 9.204 0.4428  0.80%B

[
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Table 9. Results of Duncan's Multiple Range Tests for comparison of 1980 data for
random plots at the 3 treated sites and the Control Site. All biomass and
nutrient standing stock data are in g m-z. Percent (%) N and P in live
and dead biomass are as indicated. Means, read horizontally, that are

not significantly different at the 0.05 level of significance share the

same superseript.

._ | WATER
VARIABLE OPEN CLOSED CONTROL CONTROL
Total biomass 982.42 920.02 840.42 598.4°
Live biomass 214,02 260.42 244,88 144,48
Dead biomass 768.0% 659.628 595.65 456.4°
% N in live 0.708 0.74B 0.76P 0.98A

biomass
% N in dead 0.635 0.54% 0.675B 6,728
biomass
N in live biomass 1.408B 1.808B 1.998 1.28B
N in dead biomass 4,928 3.60° 4.120B 3.285
Total nitrogen 6.322 5.40°B 6.04% 4.565
% P in live 0.082 0.082 0.08% - 0.082
biomass
% P in dead 0.042 0.033 0.042 0.034
biomass
P in live biomass 0.128 0.162 0.162 0.08B
P in dead biomass  0.32% 0.248 0.245 0.16C
Total phosphorus 0.482 0.402 0.40 0.245
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Table 10. Results of Duncan's Multiple Range Tests for intra-site eomparisons for biomass and nutrient variables. All values
are g m™2 except for % N and P in live and dead biomass. Means, read vertically, that are not significantly
different at the 0.05 level of significance share the same superseript. R = random plots.

DISTANCES Total Live Dead % N in % N in Total
biomass biomass biomass live dead
. _ biomass bionmass
OPEN 0 " 603.6° 194.4%8  408.8C i.184 0.782 5.16%
5 647,28 162.088  481.2"B 1.08% 0.738B 5.002
10 787.258 154.4%8 532,488 0.97AB 0.684B 5.60%
15 783.65 130.08 653,258 1.108 0.692B 5.768
20 774.08 120.8B 653.28B 0.92 0.66° 5.242
R 982,42 214,48 768.0° 0.708 0.638 6.328
CLOSED 0 488.8° 226.84% 261.6° 0.71% 0.52% 3.00°
553.2° 227.28 326.0° 0.73% 0,56 3.32BC
10 747.6° 193.24 554,42 0.89% 0.538 4,362
15 760.85 196.48 564.44 0.712 0.60% 4,728
20  8og.0”B 205,22 602,44 0.792 0.56% 4.848
R 920.02 260,44 663.6% 0.742 0.542 5,405
WATER CONTROL 0 466.0° 159,25 306.85 1.124B 0.702 3,767
5 474.8% 126.4B 348.0P 1.094B 0.692B 3,800
10 555.25 136.08 118,85 1.20% 0.75% 4.56°
15 551,60 130.4B 421.38 0.998 0,728 4.088
20 546.85 152.48 382,48 1.048 0.738 4,288
R ga2. 42 244,48 593.65 0.76° 0.672 6.045
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Table 10. (Continued)

DISTANCES N in live N in dead % P in % P in P in live P in dead Total
biomass  biomass live dead biomass biomass phosphorus
_ biomass biomass
OPEN 0 2.04%  3.12B 0.098 0.042 0.128 0.16° 0.325
5 1.562B  3.40P 0.10% 0.04% 0.128 0.20°B  o.368
10 1.368B 4 94AB 0.102 0.042 0.124 0.242BC ¢ 3B
15 1.2488 4 4888 0.112 0.04% 0.122 0.244BC g 36B
20 1.088  4.164B 0.09% 0.042 0.082 0.28%B  ¢.36P
R 1.408B 4 998 0.082 0.043 0.128 0.328 0,482
CLOSED 0 1.60%  1.362 0.064 0.034 0.128 0.08°  0.20°
5 1.60%  1.798 0.072 0.038 0.128 0.08°B  ,248C
10 1.36%  3.00% 0.084 0.034 0.128 0.20% 0.324B
15 1.36%  3.360 0.08" 0.03% 0.128 0.208 0.36%
20 1.60%  3.248 0.08% 0.034 0.124 0.1628  0.328B
R 1.80%  3.60% 0.082 0.048 0.16% 0,248 0.402
WATER CONTROL 0 1.56% 2,125 0.1088  g.04% 0.12% 0.125 0.247
5 1.28%  2.52P 0.104B 0.042 0.08% 0.12P 0.248
10 1.48%  3.04B 0.104B 0.052 0.128 0.208B  0.362B
15 1.12%  2.96B 0.108B 0,042 0.082 0.1628 g, 2B
20 1.40%  2.76P 0.112 0.042 0.082 0.16%%  0.26P
R 1.92% 4,128 0.083" 0.042 0.162 0.248 0.402



sites. In 1980, total biomass, live biomass, and dead biomass were significantly
greater in the random plots at the three treated sites compared to the Control Site
(Table 9). Nutrient standing stocks for nitrogen and phosphorus in live, dead, and
total biomass showed similar patterns (Table 9). Nitrogen eoncentrations of live
and dead biomass, in contrast, were significantly higher at the Control Site.

A comparison of nitrogen conecentration in live and dead biomass between the
random plots and 0-20 meter distances within each site showed higher nitrogen
concentrations in the spoil area (Table 10). These results suggest that the overall
site mahagementr caused tissue N levels to be less in areas that were removed far
enough from ditches so that they were not affected by spoil. Very little spoil was
deposited at 20m yet N levels in live biomass were significantly higher at this
distance in the Open and Water Control Sites as ecompared to % N in live biomass in
the random plots. There is a distinet trend of inereasingly higher tissue nutrient
levels towards the ditches (Table 10). Further away, in areas not impacted by spoil,
the data suggest that tissue N concentrations may even be suppressed (Table 10).
Although phosphorus concentrations in live and dead biomass weré less in the
random plots, the differences were not significant (Table 10).

There were no differences between the random plots and any of the 5
distances for live biomass, % N, and % P in live and dead biomass at the Closed
Site (Table 10). Differences in total bidomass, total N and total P were due to the
presence of less dead biomass near the ditches.

These data in Table 10 clearly show that biomass, both live and dead, have not
yet reached premanagement levels. Live biomass recovery seems to be greatest
near the ditches while dead (litter) biomass will not return to premanagement

levels for at least one more year.
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Aboveground primary production was significantly greater in random plots at
the treated sites in 1980 (Table 11} and, in most instances, the amounts of N and P
followed the same pattern (Table 11). There were very feW significant intra-site
differences in aboveground primary production (Table 12) although estimated
production was greatest in the random plots at all sites. There were few intra-site
differences and no overall pattern in estimated N or P uptske in aboveground

production (Table 12)

5. De_cofr_l.position
Tabies 13 and 14 contain results of the Duncan's multiple range tests for site
and location effects on weight loss and nutrient eontent of deecomposing D. spicata
and S. patens shoots after 525 days. Average weights of D. spicata shoots

remaining in the litter bags was significantly greater at the Open,Closed and

Water Control Sites (Table 13). S. patens showed a similar pattern for shoot tops,

but not shoot bases nor tops and bottoms combined (Table 14). The data, therefore,
in‘d_icate that decomposition occeurs more slowly m ditched areas.

Exeept for phosphorus remaining in S. patens tops and bottoms combined
(Table 14), litter samples at the Open and Water Control sites eontained more
nitrogen and phosphorus than samples from Closed and Control sites. Higher
nitrogen values in litter af the Open and Water Control Sites (Tables 13 and 14) were
due to slower rates of weight losses (i .e., higher average concentration values of
weight remaining after 525 days) and not higher N concentrations of the litter.

i —

Litter nitrogen concentration averaged 0.73% and 0.68% for D. spicata and S.

| patens at the Control Site as compared to a range at the other sites of 0.55 - 0.69%

for D. spicata and 0.58 - 0.64% for S. patens.
With the exception of total phosphorus in S. patens shoots {(Table 14), there

were no loeation effects for any of the variables tested nor were there any
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Table 1l

Results of Duncan's Multiple Range Tests of 1980 production estimates and
associated nutrient assimilation for random plots at the 3 treated sites and
All values are g m 2.

Control Site. Means, read horizontally, that are not

significantly different at the 0.05 level of significance share the same

superseript.
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WATER
OPEN CLOSED  CONTROL  CONTROL
Peak Standing Crop 455.95B 515.2° 529.2°% 314.85
N in Peak Standing Crop Estimate  3.48" 3.52% 4.80% 3.12%
P in Peak Standing Crop Estimate  0.36> 0.322B 0.40% 0.24B
Net Aboveground Primary 552,428 667.2% 553.20E 372.0°
Production Estimate
N in Net Aboveground Primary 3,962 4.80% 5.608 3.484
Production Estimate -
P in Net Aboveground Primary 0.44A 0.44A 0.48A 0.2‘4B
Produection Estimate
| B
Smalley Method 1367.22 1547.2%  1129.24B 808.8
N in Smalley Estimate 6.445B 9.5288 11,602 6.685
P in Smalley Estimate 0.848 0.924 0.842 0.525
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Table 12. Results of Duncan's multiple range tests of intra-site comparisons for produetion related variables. All values are g m™2

and means, read vertically, that are not significantly different at the 0.05 level of significance share the same superseript.

R represents random plots, N = nitrogen, P = phosphorus.

Peak N in PSC P in PSC - Net N in NAPP P in NAPP Smalley N in NPS N in NPS
standing estimate  estimate aboveground estimate  estimate Method estimate estimate
(PSC) primary (NPS)
DIS- production
TANCE | (NAPP)

OPEN 0  434.0% 4.88% 0.36% s51.2%  5.80% 0.44% 942.4%  g.04® 0.64%
5 409.6% 4.36% 0.36% 445.6% 4,928 0.402 986.8°  10.60% 0.722B

10 470.8% 3.28% 0.32% 578.0" 4.642 0.402 1168.08  8.964 0.645

15 385.62 3,288 0.328 468 .42 4.682 0,442 2036.4%  17.24% 1.082
20  338.84 3.244 0,288 470.82 4,328 0.448 1614.8%8  10.44% 1.002B
R 455.28 3,488 0.402 552.8% 3.96% 0,442 1367.28  9.80% 0.8428

CLOSED ¢ . 420.8° 4.20% 0.28% 412.0° 5.402 0.328 908.8C 528 0.44B
5 49962 3.968 0.324 535.658 5,008 0.324 1186.0CB  g.g4A 0.607B
10 386.4° 3.368BC g 308 502,088 4,642 0.408 1781.6%  11.3284 1.044B
15 398.8° 2.56° 0.284 407.65 3.728 0.328 1262.88C  10.16% 0.802B
20 424.85 3.165C  g.32% 538.088 4 96t 0.36% 1661.288 11,242 0.808B

R 515.28 3.528B  g.368 667.25 4.808 0.448 1547.288 g 508 0.924

WATER 0 359.65 3.6088  .32B 398.04 4.284B g 36B 720.08  8.00B 1.00P
CONTROL 5  368.6° 4.082B  .28BC 521,28 5.843 0.482B 069.6%8  10.76AB 0.762B

10 427688 5.248 0.60% 515.2% 6.16% 0.64% 1402.0%  12.964 1.048

15 35445 2.80° 0.24° 400.0% 3.328 0.328 1270.02B  .274B 0.762P

20  373.2B 37288 0.28BC 434.84 4.4488 .37 954.84B g 90B 0.804B

R 520.6" 4.80% 0.448 553,28 5.602 0.48%B 1120288 11.608B 0.924B
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Table 13. Results of Duncan's Multiple Range Tests for sites and location effects on decomposing D. spicata litter.

Data are means (g) for the 525 day study Eeriod. Means, read vertically, that are not significantly different

at the 0.05 level of significance share the same superseript.

SITE EFFECTS

Total Shoot Weight of Weight of Total nitrogen Total nitrogen
weight shoot tops shoot bases in shoots in shoots
only only
OPEN 3,954 1,888 2.07% L0278 L0015
CLOSED 3.938 1.90% 2,032 .022B 00117
WATER CONTROL 4.082 1.964 2.108 L0264 ,0012C
CONTROL 3.585 1.678 1.91B .024B ,00108
LOCATION EFFECTS
SPOIL 3.994 1.92% 2.07% L0258 .00134
NONSPOIL 3.872 1,842  9.028 0242 00122
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Table 14. Results of Duncan's Multiple Range Tests for site and location effects on decomposing 8. patens litter. Data
are means {g) for the 525 day study period. Means, read vertically, that are not significantly different at the

0.05 level of significance share the same superseript.

SITE EFFECTS

Total shoot Weight of - Weight of Total nitrogen Total phosphorus
weight shoot tops shoot bases in shoots in shoots
only _ only
OPEN 3.59° 1.65% 1.86° L0234 00152
CLOSED . 3.56AB 1.734 1.844 .0208 .00148
WATER CONTROL 3.760 1.794 1.978 L0248 .0014B
CONTROL 3.29% 1.518 1.774 .019B .0009°

LOCATION EFFECTS

A

g

SPOIL 3.62 1.72 1.90 022

NONSPOIL 3,538 1.672 1.858 021

0014

e

.0013



significant site location interactions. This indicates that differences in
decomposition were due to overall site effects.

Figures 4 and 5 compare weight loss data for D. spicata and 8. patens at all
sites. As can be seen, litter lost weight faster for both species at the Control Site
compared to the treated sites. Litter weight data were also used to calculate
instantaneous rates of decomposition (Olson 1963). The decomposition rates (k)
were then analyzed using two-way factorial analyses of variance to determine if
there were site and/or location effeets. There were no location and site x location
interactions for k but there were significant site effeets for both species. The
decomposition rate of D. spicata at the Control Site (k=-0.052% day_;) was greater
than at the treated sites (k=-0.038% day'I at Open Site, -0.031% day-_1 at the Closed
Site, and -0.036% day-1 at the Water Control Site). There were no significant
differences between the treated sites when k values were compared using Duncarn's

multiple range tests. Spartina patens decomposition occurred fastest at the Open

{(-0.069% dayml) and Control Sites (~0.061 dayml) but the only significant site
differences were between the Open Site and the Closed (k= -0.052% day—l) and
Water Control (k=-0.049% day ) Sites.

6. Density, height, and reproductive phenology

A. Density
Monthly sampling of shoot densities in permanen‘t.'plots clearly demonstrates
that the vegetation is still undergoing changes. Density of all species ranged from
714 - 1990 plants m 2 in 1979 to 1321 - 3986 plants rn_2 in 1980 (Tables 15 and 16).
Average density of both dominants increased in 1980 (Table 15) , but increases in S.
patens were particularly striking. Average S. patens shoot density increased from
36 to 122 plants per m2 (339%) at the Open Site, from 19 to 97 plants per m?2 (510%)

at the Water Control Site and from 1445 to 3401 plants per m2 (235%) at the Closed
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samples for shoot tops and losses combined.
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Table 15. Results of Duncan's Multiple Range Tests for site effects on shoot density (plants mﬂz) of all plahts, D.
spicata, and §. patens in permanent plots at the three treated sites and two control sites. Means, read

vertically, that are not significantly different at the 0.05 level of significance share the same

superseript.
Site Density of Density of Density of
all plants D. spicata S. patens
1979 1980 1979 1980 1979 1980
OPEN 10538 1321P 1016 11938 36C 122€
CLOSED 19902 39862 5445 583C 14458 34018
WATER CONTROL 10858 1743 1064 18358 ' 19€ g7C
CONTROL 714¢  2166P a06P 451° 3038 17128



Table 16. Results of Duncan's Multiple Range Tests for distance effects on shoot density (plants m"2) of all plants,
D. spicata, and 8. patens in permanent plots. Means, read vertieally, that are not significantly different

at the 0.05 level of significance share the same superseript.

Distance Density of Density of Density of
all plants D. spicata S. patens
1979 1980 1979 1980 1979 1980
B B AB A 3660 10358
0 1159 2103 791 1062 ]

5 14154 26938 920% 11174 47488 g5708

T 11798 24294B 726D 972/ABC 45288 14502
15 1138 21618 6835 869BC 45148 12g74B
20 11635 B 6498  806C 51188 132448

2134



Site. Comparing densities between 0 and 20 meters, D. spicata shoot densities
were significantly higher near the ditches (Table 16) while S. patens showed the
opposite trend. Yearly differences were also obvious at all distances (Table 16),
with large inereases in overall shoot density at all distances and particularly large
increases in S. patens at all distances.

Because the Control Site was changed after the first year, density data were
examined for the three treated sites for 1980 only (Tabie 17). Density of both

species in the permanent plots increased at almost all distances at the three sites,

“but the increases were most striking for S. patens, especially at the Closed Site

(Table 17). D. spicata changes were not as pronounced (Table 17) and it would
appear that D. spicata was affected by the dry conditions that existed in 1980
(Table 18). Particularly noteworthy was a sharp decrease in D. spicata densities at
all sites between August and September after a summer kof very l_ittle precipitation
and almost no surface flooding events.
B. Height

D. spicata and S. patens shoots were significantly longer at each of the
treated sites in 1979 and the response persisted in 1980 (Table 19). D. spicata plants
averaged 21.4 cm at the Control Site in 1979 which was significantly less than the
range of 24.4 - 25.9 em fbr plants at the three treated sites. Plants were also
taller at the treated sites in 1980 and rangéd from 27.2 - 30.3 em at the treated
sites compared to 24.1 em at the Control Site.

S. patens shoot lengths at the treated sites were not very different between

|

years, but the average shoot length in both 1979 and 1980 was significantly greater

at the treated compared to the Control Sites.
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Table 17.

Density of D. spicata and 8. patens shoots between 0 and 20

are average number of plants per mz.

D. spicata
Site OPEN CLOSED WATER
CONTROL

Distance 1979 1980 - 1879 1980 1979 1980
0 798 1123 592 540 1086 1517
-5 1283 1310 571 496 1211 2203
10 895 958 562 802 1373 17986
15 1157 1218 391 550 984 1427
20 664

951 1294 605 523

1153

meters at the three treated sites in 1980. All values

S. patens

OPEN CLOSED WATER
CONTROL

1979 1980 1979 1980 1979 1980
43 147 1171 2897 0 0
50 228 1633 3638 0 0
57 155 1624 3942 0 0
27 51 1288 3474 1 4
2 31 1512 3054 95 480

i imtgsiisid
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Table 18. Average monthly shoot density of D. spicata and 8. patens at the three treated sites. All values are number of

plants per mz.

Site | OPEN CLOSED WATER OPEN CLOSED WATER

‘ CONTROL CONTROL
Month 1979 ° 1980 1979 1980 1979 | 1980 1979 1980 1979 1980 1975 1980
APR ' 943 283 1330 63 1801 93
MAY 946 1678 757 | 689 701 2453 4 108 1315 3143 - 1 106
JUN 972 1409 | 585 721 778 1844 12 81 1113 3407 9 70
JUL 1084 1345 543 727 969 1502 20 199 1248 ~ 3839 0 38
AUG 871 1150 491 622 943 1725 33 119 815 4089 ' 20 156
SEP 1413 629 662 450 ~ 1886 955 82 165 2300 4128 45 117

oCT 1117 460 1215 64 1737 - 25

NOV 713 310 957 34 1590 35



Table 19. Results of Duncan's Multiple Range Tests for site and distance effects

on the length (em) of S. patens and D. spicata shoots measured in

permanent plots. Means, read vertically, that are not significantly

different at the 0.05 level of significance share the same superseript.

Site D. spicata S. patens
1979 1980 1979 1980
OPEN - 25.98 27.2B 3.848 32.14
CLOSED 25.38B  g7.4B 30.44 33.04
WATER CONTROL 2445 30.34 33.08 3414
CONTROL 21.4° 24.1C 23.6B 28.0P
Distanece (m)
0 24.1% 25.9C 27.14 31.548
5 23.8" 28.0AB 28.88 30.64B
10 24.18 27,608 31.0° 30.3B
15 24.9% 28.48 28.5% 31.1AB
20 24.6% 26.95C 27.38 31.82

[




C. Reproductive phenology

Permanent plots were sampled monthly to monitor the density of
reproductive shoots of D. spicata and S. patens. No attempt was made to
determine whether or not seeds were produced and the data can only be interpreted
as a erude measure of overall reproductive effort.

S. patens did not produce flowering shoots at the Water Control and Control
Sites in 1979 and reproductive activity was very low in permanent plots at the Open
Site (Table 20). There were two peaks in reproductive aétiyity at the Closed Site
(August and September) in 1979. Spartina reproductive activity in 1980 was similar
to that of 1979 but the large range of values measured did not permit any yearly
comparisons. | _

D. spicata flowered later than S. %ﬁs at all sites and reproductive shoots
were present for a shorter period of time. D. spicata flowered at each of the
treated sites during both years and the greatest number of reproduective shoots
oceurred at the Ope'n and Water Control sites where D. spicata ﬁras the dominant
species. The large range in numbers of reproductive shoots did not permit any
statistical analysis of site effects.

7. Submersed vegetatibn

Submersed vegetation, primarily Ruppia, has invaded ditches and pothole
ponds at all sites (Table 21). There are no intra-site differences between ditehes
and ponds but inter-site comparisons show that more areas have been invaded at
the Closed and Water Control Sites. This suggests that invasion will ceeur faster in -
managed areas that do not experience frequent and dramatic changes in water

levels.
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Table 20. Number of reproductive shoots per m2 (+ standard error) of 8. patens and D. égicata in permanent plots.

Plots were sampled monthly throughout the study but data are presented for only those dates during

which reproduective shoots were present in at least 1 plot. Values in parentheses are ranges.

1979 1980
Site 14 JUN 12 JUL 7 AUG 12 SEP 19 JUN 16 JUL 26 AUG 2 OCT
S. patens
OPEN 0 3+ 2 0 2+ 1 0 10 + 10 11 + 11 0
o (0 - 32) (0 - 16) (0-- 144) (0 - 96)
CLOSED 19+ 10 59 +30 19 + 13 56 + 22 3+ 2  26+10 21+ 11 0
(0 -128) (0 -272) (0 -160) (O - 256) (0 - 16) (0 -16) (0 - 77)
WATER CONTROL 0 0 0 0 0 0 0 0
CONTROL 0 0 0 0 16 + 10 50 + 22 0 0
(0 - 77) (0 -288)
D. spicata
OPEN 0 0 24+ 16 206 + 62 0 0 124 + 30 0
(0 -224) (0 -704) (0 -368)
CLOSED 0 0 0 53+ 22 0 0 18 + 10) 0
(0 - 192) (0 - 144)
WATER CONTROL 0 0 0 78+ 29 0 0 94 +32) 54+16
(0 ~336) (0 -432) (0 -192)
CONTROL 0 0 0 0 0 0 37 + 16 0

(0 ~ 192)




Table 21. Frequency data for submersed vegetation in diteches and
‘ potholes. All 'valués are mean percentages for 25 ditches
and 25 potholes that were sampled at each site. There

were no ditehes at the Control Site and this is indicated

¢ with a dash (-). Species (R = Ruppia, C = Chara, E =

Eleocharis) are shown in parenthesis.

Site Ditches Ponds

Open . 16% (R) 16% (R) 8% (E)
Closed . 52% (R) 59% (R)

Water Control 92% (R) - 56% (R)

Control - 84% (R) 8% (C)
2
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Iv. WATER QUALITY STUDIES
A. METHODS

L Inter- and intra-site comparisons

Mornthly é‘rab samples were collected for a sixteen month period between
April f979 and October 1980 from one pond and diteh at each site. The samples
were collected just below the water surface in acid washed polyethylene bottles,
acidified immediately, and placed on ice prior to being returned to the laboratory
where they were analyzed for nitrate, ammonia, total and dissolved Kjeldahl
nitrogen and total and dissolved phosphorus. Phosphorus and nitrogen parameters

were analyzed with standard procedures found in APHA (1976), King (1932),

Striekland and Parsons (1965), and Richards and Kletsch (1964).

2.  Tidal eyele studies

"'_.I‘welve tidal eycle studies were conducted at the Open Site between May 1979
and October 1980 to monitor nutrient congentrafions -and patterns of exchange
betwe.én that manipulated site and the adjacent estuary. Five tidal cycle studies
were aiso conducted at the Control Site between April and October 1980, Water
samp%es and flow data were taken from a diteh that connected the Open Site to
the estuary. At the Control Site a wooden flume was construeted to fit into the
creek so tﬁat a cross-sectional area of constant dimension could be used.
Preliminary studies‘were conduct_ed to determine how often it was necessary to
colleet water samples and to determine how frequently, and where to take flow
measurements that would represent the average flow rate through the two sample
sites. As a result of those studies, water was collected every two hours and flow
data hourly. Sampling was initiated at either morning high slack or low slack tide
and continued until the next high slack or low slack tide occurred. Analysis of the

water samples was similar to that -stated above for water quality samples. Flow
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measurements were made with an electromagnetic flow meter. Hourly flow data

{m sec-l) were combined with water level {m) and eross-sectional (mz) data to

- ealeulate total hourly water flux (m3) through the sample sites. Water quality data

were then combined with flux data to estimate total amounts of material

transported for each time interval, and for each ebb and flood tide.

B. RESULTS

L. Inter- and Intra-site comparisons

Complete listings of the water quality data are found in Appendices B, C, D,
and E and only selected data are used in this section of the report to demonstrate
typical patterns. Water quality data were analyzed for temporal trends as well as
inter- and intra-site ecmparisons. When comparisons were made between ponds and
ditches in the Control Site to similar areas in the treated sites, there were no
major differences in water quality parameters monitored between April 1979 and
October 1980._ At all sites, ineluding control areas, concentrations of all nutrients
were generally higher in the ponds and ditehes than in the édjacent estuary. Figure
6, as an example, shows temporal patterns for con(;entration of total Kjeldahl
nitrogen and ammonia in ditches at the 3 treated sites with concentrations in the
estuary and in ecreeks at the Control Sites. Comparihg the treated sites,
concentrations of ammonia and total Kjeldahl nitrogen were higher at the Water
Control Site during much of 1979. This may have been a response to the
management activity since that site was ditched last and water sampling began
almost immediately upon (;ompletion of the ditching operation. In contrast, Open
and Closed Sites had been recovering for longer periods of time before sampling
began and, for ammonia, there were no noticeable differences betweén those 2

sites and the Control Sites. Lowest concentrations of both forms of nitrogen
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oceurred in the estuary throughout the study.

Ditchés at the Water Control and Closed Sites, in general usually had higher
coneentrations of total Kjeldahl nitrogen thar'l the Open Site (Fig. 6). Thbugh both
the Open and Control Sites had free tidal exchange with the estuary, the Open Site
almost always had lower concentrations of Kjeldahl nitrogen (Fig. 6). Although it is
only speculative, this difference could be due to the lack of an established benthie
communi;cy within the ditches at the Open Site. The Control Site, in comparison,
had a greater density of snails and the stream banks contained numerous animal
burrows. —

Comparing ponds to ditches, corice_mtrations of all forms of nitrogen were
usually higher in the ponds (Fig. 7), and especially for ammonia (Fig. 8) were almost
always more variable in ponds than in the ditches. Higher concentrations of
nutrients and greater variability would be expected to oceur in the ponds which are
shéllow (Lesser 1982) and more susceptible to bioturbation and other forms of
agitation (e.g., wind). Aneother example -is shown in Fig. 9 whiech is a comparison of
total and dissolved Kjeldahl nitrogen eoncentration in the ditch and pond at the
Open Site. Concentrations of both nutrients were higher in ponds excépt between
September and November, 1975.

Unlike nitrogen, total and dissolved phosphorus concentrations did not differ
significantly between sites nor within sites. As an example, Fig. 10 shows
phosphorus data for the pond and ditech at the Open Site. Dissolved phosphorus
concentrations were almost always less than 0.05 mg/¢ and differences between
sample sites were minims;l. For total phosphorus, there were no within site
differences in 1979 and concentrations were slighfly lower in the ponds in 1980.

2.. Tidal eyele studies

Nutrient concentration data for the tidal eyele studies are in Appendix C and
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are summarized in Table 22 and Fig. 11. Tidal cycles were categorized into one of
the following four general patterns for each nutrient (Fig. I): (A) eoncentrations
change very little during the tidal eycle, (B) concentrations greater at low tide than
high tide, (C) concentrations greater at high tide than low tide, (D) conecentrations
barelyjdetectable during the tidal eycle. Only patterns A and B were detected for
ammonia, total, and dissolved Kjeldahl nitrogen. Eight of t_he 13 tidal cycles were
of type A for ammonia while type B tidal cycles were most common for total and
dissolved Kjeldahl nitrogén. Eight of 13 tidal eycles were categorized as type B for
total Kjeldahl nitrogen ana I of 13 were type B for dissolved Kjeldahl nitrogen.
Types A, C, and D patterns were observed for nitrate. On 3 occasions, nitrate was
barely detectable (Type D) while 6 type C and 4 type A tidal cycles. Phosphorus
exhibited all four patterns although one type of tidal cycle was most ecommon for
both total and dissolved forms. Nine of the 13 tidal cycles were type A for total
phosphorus and 8 were type A for total phosphorus. There were two type 2 tidal
eycles for each form of phosphorus. Two type C tidal cyeles oceurred to total
phosphorus, while the remaining two tidal eyecles for dissolved phosphorus we;-e type
C and D. Nutrient concentration changes were not very large during tidal eycles
and although the ranges, in some instances, were rather large, standard errors for
mean tidal eycle concentrations were small (Table 22). Except for nitrate-nitrite”
coneentrations of most elements were greatest at low tide (Fig. 11) and the overall
patterns were not as variable' as has been reported for other areas in the
Chesapeake Bay (Axelréd et al, 1976, Heinle and Flemer 1976, Stevenson et al. 1976,
Jordan, personal communication).

The range of ammonia eoncentrations meaéured during tidal eycles was
almost always greater than the range of nitrate concentrations but, for both forms

of nitrogen, the standard errors were very small compared to the range (Table 22).
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Table 22. Summary concentration data (mg ¢ _1) for tide cyele studies at the Open Site in

1979 and 1980 and Control Site in 1980. The ranges (max and min) are reported

as well as the means and standard errors. Raw data are provided in Appendix C.

" L oPENSITE
NITRATE AMMONIA
DATE MAX MIN X +SE MAX MIN X +SE
1979
APR 0.10 0.05 0.07 + 0.01 0.29 6.07 - 0.19 + 0.03
MAY 0.02 0.00 0.01 + 0.003 0.13 0.07 0.11 + 0.01
JUN 0.02 0.01 0.01 + 0.002  0.11 0.00 0.06 + 0.02
JUL 0 - 0 0.13 0.04 -0.08 + 0.01
AUG 0 - 0 0.06 0.03  0.05 + 0.004
SE‘P 0.01 0.01 0.01 + 0.000 0.11 0.06 0.09 + 0.006
NOV 0.03 0.01 0.02 + 0.003 0.10 0.56 0.57 + 0.004
DEC 0.14 0.01 0.06 + 0.02 0.13 0.05 0.11 + 0.01
1980

MAR 0.19 0.07 0.11 + 0.02 G.08 0.05 0.07 + 0.004
APR 0.16 0.07 0.11 + 0.01 0.11 0.05 0.08 + 0.008
MAY 0.04 1 0.01 0.03 + 0.004 0.19 6.11 0.16 + 0.013
JUN 0 - | - 0.04 .00 0.01 + 0.005
AUG - 0 - - 0.1'1 6.06 (.08 + 0.006
oCT 0.06 0.00 0.02 + 0.08 0.07 0.0 0.04 + 06.008



Table 22 {Continued)

.

TOTAL KJELDAHL NITROGEN

DISSOLVED KJELDAHL NITROGEN
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DATE =~ MAX MIN X +SE MAX MIN X + SE
1979
APR 1.20 0.70 0.92 + 0.09 1.00 0.33  0.63 + 0.11
‘MAY 1.20 0.58 1.01 + 0.11 0.92 0.46  0.76 + 0.06
JUN 1.30 0.80 1.02 + 0.0.8 1.12 0.60 0.88 + 0.08
- JUL 1.02 0.81 0.90 + 0.03 0.75 0.47 0.61 + 0.04
AUG 1.44 0.90 1.09 + 0.08 1.05 0.47  0.72 + 0.08
SEP 1.29 0.94 1.11 + 0.04 0.97 0.61 0.76 + 0.05
NOV 1.13 0.06 0.83 + 0.07 0.77 0.50 0.58 + 0.04
DEC 1.19 0.60 0.95 + 0.10 0.96 0.45 0.78 + 0.09
1980
MAR 0.86 0.50 0.70 + 0.05 0.74 0.36 0.53 + 0.005
APR 1.30 0.64 1.00 + 0.08 0.86 0.33  0.59 + 0.08
MAY 0.83 0.72 0.79 + 0.01 0.76 0.60 0.65 + 0.02 -
JUN 0.83 0.56 0.71 + 0.04 0.71 0.28 0.48 + 0.05
AUG 1.50 1.1 1.19 + 0.06 1.39 0.68 0.94 + 0.09
OCT 1.08 0.75 0.94 + 0.04 1.11 0.53 0.68 + 0.08



Table 22 (Continued)

TOTAL PHOSPHORUS DISSOLVED PHOSPHORUS
DATE MAX MIN X +SE MAX MIN X+SE
1979
APR  0.08 0.01 0.05 + 0.01 0.03 0.01 0.02 + 0.004
MAY 0.25 0.04 0.12 + 0.41 0.01 0.00 0.01 + 0.002
JUN 0.14 0.10 0.12 + 0.004 .0.08 0.06 0.07 + 0.006
JUL 0.08 0.06 0.07 + 0.003 0.01 0.00  0.004+ 0.002
AUG 0.08 0.07 0.08 + 0.002 0.06 0.04 0.05 + 0.002
SEP 0.08 0.01 0.05 + 0.009 0.01 0.00  0.004+ 0.002
NOV 10.07 0.02 0.04 + 0.005 0.02 0.00 0.02 + 0.003
DEC 0.07 0.03 0.04 + 0.004  0.04 0.01 0.02 + 0.004
1980
MAR 0.08 0.04 0.07 + 0.005 0.03 0.01 0.02 _ 0.003
APR 0.11  0.04 0.08 + 0.007 0.03 0.01 0.02 + 0.003
MAY - 0.12 0.06 0.08 + 0.007 0.04 0.01 0.02 + 0.003
JUN 0.07 0.05 0.06 + 0.004 0.03 0.00 0.01 + 0.003
AUG 0.08 0.01 . 0.05 +0.01 0.08 0.01 0.05 + 0.01
OCT 0.10 0.03 0.07 + 0.008 0.03 0.02 0.02 + 0.002
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Table 22. (Continued)

-

II. CONTROL SITE

H

Date - 'MAX MIN % + SE MAX MIN £+ SE
NITRATE AMMONIA
APR 0.15 0.02 0.08 + 0.02 0.06  0.02  0.09 + 0.02
MAY - 0.03 0.00  0.01 + 0.005 0.31  0.17  0.23 + 0.02
- JUN . 0.00  0.00 0.00 0.14  0.00  0.05 + 0.02
AUG 0.00 0.00 0.00 0.27  0.13  0.22 + 0.01
oCT © 0.005 0.001 0.003 + 0.001 0.04 0.00  0.02 + 0.005
TOTAL KJELDAHL NITROGEN  TOTAL KJELDAHL NITROGEN
APR 2.57 0.63 1.29 + 0.31 1.08  0.35  0.59 + 0.11
MAY- 1.55 0.67 0.88 + 0.10 100 0.51  0.69 + 0.06
JUN 2.68 0.62 1.11 + 0.28 1.11  0.37  0.64 + 0.11
AUG 7.54 1.13 3.18 + 1.05 | 3.28  0.72 _ 1.40 + 0.34
OCT 1.31 0.88 1.03 + 0.06 0.83  0.55  0.63 + 0.04
TOTAL PHOSPHORUS DISSOLVED PHOSPHORUS
'APR 0.26 0.07 0.14 + 0.03 0.06  0.005 0.02 + 0.007
MAY 0.08 0.03 . 0.06 + 0.006 0.03  0.02  0.02 + 0.001
JUN 0.14 0.03 0.06 + 0.01 0.008 0.00  0.01 + 0.001
AUG  0.57 0.11 0.32 + 0.07 0.35  0.02  0.10 + 0.05

oCT 0.10 6.06 0.08 + 0.004 0.04 0.01 0.02 + 0.004
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This was most likely due to differences in nutrient concentrations of water in Broad
Creek at high tide rather than changes in water that ebbed from the Open Site.
Nitrate concentrations showed a strong seasonal pattern with maximum values and
highest average values occurring in the colder spring months (Table 22). Nitrate
values ivere very low between May and November and nitrate was not detected
between June and August, Similar patterns were observed at the Control Site.

Most of the Kjeldahi nitrogen was in the dissolved form and aceounted for
between 59 - 86% of the total Kjeldahl nitrogen (X = 72.9 + 7.5%) at the Open Site
and 45.7 - 92.2% (X=67.3 +18.4%]) at the Control Site.

During most of the tidal eyele studies, concentrations of total (TP) and
-dissolved (DP) phosphorus changed very little (Fig. 11, Table 22). There was a
-te_ndency for the average concentrations of TP and DP to decline during the
summer months and similar to nitrogen, the data indicate that there were ho
dramatic changes following management. Unlike nitrogen, particulate phdsphorus
was the dominant form and there were no differences between the Open and
Control Sites. Ratios of dissolved phosphorus to total phosphorus averaged 33.2 +
11.7% at the Control Site and 34.1 + 26.1% at the Open Site.

Results of the tidal flux studies are shown in Figures 12-14 and complete data
are provided in Appendix E. There was almost always a net flux of nitrogen and
phosphorus from the Open Site to the estuary and the magnitudes of the ﬂuxés
were greatest in 1979. Particularly striking were large fluxes of particulate N and
P in 1979 which proﬁably reflects the transport of parﬁculate materials from the
newly cut ditehes. The decline in transport of particulates in 1980 probably is a
reflection of ditch stabilization. Ammonia flux was almost always greater than 50 g
per tidal eycle whereas nitrate fluxes were very small (less than 25 g) except for

larger fluxes in March 1979 and October 1980 (Fig. 12). The highest nitrate flux
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values were measured between Mareh and May, while ammonia fluxes occurred
throughout most of the year.

The efflux of total Kjeldahl nitrogen was usually between 560 g and 1000 g in
1979 and between 250 g and 500 g in 1980 (Fig. 13). The higher total Kjeldahl values
in 1979 were due to an efflux of particulate nitrogen from the Open Site because
dissolved Kjeldahl nitrogen fluxes were sma;ller in magnitude and not as variable.

Most of the flux of phosphorus in 1979 was also due to the loss of particulate
material (Fig. 14). Dissolved P fluxes were small compared to total phésph.orus and
the former were not as variable with a range of +13.2 mg to -40.6 mg compared to a
range of +42.6 mg to - 165. 4 mg for particulate phosphorus in 1979. The range for
both forms of phosphorus were much less in 1980. Dissolved phosphorus flux ranged
from -0.6 mg to -35.3 mg in 1980 while the range of total phosphorus was -12.7 mg
to -121.7 mg.

Tidal eycle studies were conduected in the creek that entered the second
Conirol Site between April and October 1980. Because of the difficulty in measur-
ing cross-_-sectionalr area of that creek, a wooden flume was construéted and
installed so that all water was foreed through a known cross-sectional area. This
permitted more accurate determination of water movement into and out of the
site. |

For all nutrients, flux patterns were more variable and of smaller magnitude
than those measured at the Open Site (Figs. 12-14). It would have been desirable to
compare the flux data on an area basis (e.g., amount exported per unit area) but
that was not possible becausé we could not determine the amount of area flooded
with each tide at the Control Site. In addition, area comparisons would not be
suitable because none of the wetland surface flooded during tidal studies at the

Open Site and net fluxes were only measurements of exchanges between incoming
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tidal waters and the network of ditches. On the contrary, net fluxes at the Control
Site were measurements of exchange between incoming water, vegetated and

unvegetated areas of the creek bank, and some portion of the wetland surface.

Another procedure for comparing sites is to examine concentrations of
materials in ebb and flood water. Figure 15 shows data for nitrate, total Kjeldahl
N, diésolved Kjeldahl N, and total phosphorus for one representative tidal cycle
(April 1980). Clearly, there were differences in concentrations and the
concentrations were of greater magnitude at the Control Site. This indicates that
the larger fluxes from the Open Site (Figs. 12-14) were due to a greater hydrologic
flux rather than higher concentrations of materials in ebbing water.

This type of analysis still does not deal with the problem of tidal assymetry
{Boon 1980, Kjerfve and McKellar 1980) which makes it difficult to compare ebb and
flood tides that have different volumes of water. We attempted to deal with that
problem by examining flux patterns over a relatively long period of time and by
sampling tidébbeginning and ending with high slack tide and tides that began and
ended at low slack tide.

Given the inherent variability in seasonal patterns of water flux and
variability in the types of tides sampled, the overall pattern was quite consistent.
We believe that this lends strong support to our conclusion that ditched Open
systems will continuously export materials to the estuary. This is caused by
- allowing large amounts of water into the ditech network and the transport of

particulate and dissolved materials from the diteh network to the adjacent estuary.

4
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V. DISCUSSION

The purpose of this study was to determine the impacts that selected ditching
procedures would have on the ecology of irregularly flooded Chesapeake Bay
wetlands. Specifically, the research was designed to determine whether wetland
alterations wouid affect (1) the structure and productionrof wetland vegetation, (2)
the nutrient status of wetland vegetation, (3) rates of decomposition of wetland
vegetation, (4) concentrations of selected nutrients in water, and (5) nutrient
import-export characteristiecs of altered wetlands. These objectives will be
considered individually in the following discussion.

Structures and production of wetland vegetation

The most obvious management impact of OMWM is the deposition of spoil
within a zone of approximately 20 meters from each diteh. Although spoil is broad-
cast in a rather thin i.ayer_,_ it is deep enough to cover almost all pre-existing
vegetation within a zone of 10-15 meters. How fast does vegetation recover?
Vegetation recovery was rapid at all sites and within one growing season live
aboveground biomass had returned to levels that were almost equal to live
aboveground biomass at the Control Site (Table 2) and areas within each site that
were unaffected by spoil deposition (Table 3) during the management procedure.
After two growing seasons, live aboveground biomass was almost equal to or
greafer than live aboveground biomass measured at the Control Site and in areas
unaffected by spoil.

Dead biomass (litter), on the other hand, had not returned to pre-exisiting
levels after 1 growing seas;m, particularly near the ditches where spoil deposition -
was thickest (Table 3). By the end of the second growing season (Table 3) recovery

of litter biomass was almost complete except at 0 and 5 meters.

72



Further comparisons, however, showed that recovery was effected through
different mechanisms at the treated site. At the Open and Water Control sites,
where water levels fluctuations were greatest (Fig. 2), D. spicata became the
dominant species after one growing season (Table 2); while 8. patens became the
dominarit species at the Closed Site. After two growing seasons, changes were still
ongoing and S. M appeared to be inereasing in density relative to D. spicata
(Tables 15-18) at all sites. We are not sure, however, whether this response was part
of the recovery process follpwing disturbance or whether D. spicata populations
were negatively affected by drought conditions that prevailed in 1980. Only
additional monitoring of the permanent plots will enable us to determine the long-
term recovery patterns.

The short- and long-term effects of altering wetland hydrology have rarely
been studied and few quantative data are available on vegetation changes following
| OMWM. Roman (1978) found that restriction of tidal flushing in Connecticut
resulted in long-term increases in D. spicata and declines in S. patens. In one New
Jersey wetland, vegetation of a short form 8. alterniflora wetlands did not change
following implementation of Open Marsh Water Management (Shisler and Jobbins
1977b) while‘ other New Jersey wetlands, ditched areas were invaded by Iva and
Baccharis when the sites were coupled to the estuary, while no significant changes
resulted when wetlands in the same area were not connected to the estuary (Burger
and Shisler 1978).

The proximate factors that cause shifts in vegetation are unknown but
changes in the water table are undoubtedly very important. When water tables are
lowered or nutrients added, problems associated with anaerobosis are eliminated or
reduced (Linthurst 1980, Gallagher 1975, Linthurst and Seneca 1980a and b,

Mendelssohn 1979a and b, Mendelssohn and Seneca 1980, Smart and Barko 1978,
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Sullivan and Daiber 1974, Valiela and Teal 1974, Valiela et al. 1975, Valiela et al.
1976, Buresh et al. i980) and vegetation growth is enhaneed.

In almost every study cited above, addition of nutrients or decreasing the
water logging conditions caused 8. alterniflora production to inerease. Few studies,
however, provide insight into the types of changes that would resuit from altering
water levels in irregularly flooded brackish wetlands. Gleason and Zieman (1981)
examined internal. oxygen supply to 5. patens and their data suggest that that
species would do best under conditions where the substrate was not waterlogged. In
the current study, data show the opposite response (Tables 15-18). Smart and Barko
(1978) furtl‘xer suggested that D. spicata would do better thap S. patens under
conditions of high salinity which would most likely oceur in areas that are not
frequently flushed such as the Open and Water Control sites. Lesser {personal
communieation) found no significant differeﬁces in interstitial salinity in this study
and we can not conclude that salinity differences between sites can account for the
observed differences in species composition. It seems clear, however, that D.
spicata ‘initially would become more important when irregularly flooded
Chesapeake Bay wetlands are ditched and coupled completely (Open Site) or
partially (Water Control Site) to the estuary, Our data suggest that S, patens will
dominate sites that are closed and may, over the long-term, become inereasingly
important in all types of ditched wetlands.

A secondary treatment affect was the invasion of two areas by Iva frutescens
and Baccharis halimifolia. It has long been known that these semi-shrubs rapidly

A}

invade spoil piles that were elevated more than a few centimeters above the wet-

land surface. In New Jersey, semi-shrubs invaded some OMWM ditched wetlands
but not others (Burger and Shisler 1978). In Maryland (Robert Berry, personal

eommunication), very little invasion has oceurred on coastal wetlands that have
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been ditched using standard OMWM procedures. Those coastal wetlands, however,
are exposed to a much wider tidal amplitude than are Chesapeake Bay brackish
wetlands. 7

When it became apparent that semi-shrubs were becoming important, we
rea]izedf that our permanent plots {0.25 x.0.25 m) were not large enough to sample
the semi-shrubs adequately. In 1980, we established additional permanent plots (4 m
X 4 m) at all sites and determined the density of Iva and Baccharis as well as
estimated the cover of seedlings. There were distinct site differences in densities
of Iva and Baccharis aftér two growing seasons (Table 23). Iva was the dominant
species at the Open Site while Baccharis was most common at the Water Control
Site. Density of thesé species at the Closed Site is still less than 1 plant per 16 mz.
Estimates of segdling cover also suggest that there are many young plants at the
Open and Water Control sites compared to the Closed Site. These results suggest
negative impacts associated with the establishment of Open and Water Control
sites in irregularly flooded Chesapeake Bay wetlands. It is, however, not possible
to make a general prediction that semi-shrubs will invade all Open and Water
Control sites, because their establishment may depend on other site factors than
depth to the water table. Because nothing is known about the specifie germination
requirements of Iva and Baccharis, it is suggested that the most appropriate course
of aetion would be to conduct studies on the germination and establishment
requirements of both species. The goal of that work should be to determine how
germination and establishment are affected by substrate quality (e:g., peat versus
clay substrates) and moisture content of the substrate. Only after this information
is available will it be possible to prediet, with reasonable accuracy, how much the
water table could be lowered on any specific marsh that is to be ditehed. Based on

our data, wetlands that are comparatively young (such as Deal Island wetlands) will
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Table 23. Density of Iva and Baccharis in June 1981. All values are numbers per

16 mz. Seedling coverage was estimated as % of total 16m2 area.

7 IVA BACCHARIS SEEDLING
el P

Site Density Density COVER
Open 3.7 + 1.7, 0.4 + 0.3 33.3 + 9.2
Closed 0.2 + 0.2 0 3.3+ 1.1
Water Control 0.3 + 0.2 6.9 + 3.8 21.4 + 7.0
Control o 0 8.4 + 1.9

* (Iva, Baccharis, and Pluchea)
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produce spoil with large amounts of inorganic matter mixed with the peat. In these
situations, semi-shrub invasion will occur if the water table is lowered more than 5-
10 em.

Biomass data were used to estimate aboveground primary production using
three cgmputational methods. No significant statistical site differences occurred
for either the peak standing crop or net aboveground primary production estimates
of net production in 1980 (Table 7). Neither were there any distance effects on
production when the two methods were compared although using the Smalley
method of ealculating production, production was significanﬂy less‘ at 0 and 5
meters (Table 8). There were also significant site differences when the Smalley
method caleulations were compared {Table 7). These results, however, do }10t
represent any real differences in net production because unlike the other 2
methods, the Smalley method uses lifter biomass as part of tlie computation and it
was shown elsewhere that there were signficant site and distance differences in the
amounts of dead biomass.

Although we don't believe that aboveground production was different for any
of the treated sites, there may have been an overall site effect. Production was, in
general, greater in the ‘random piots at the three treé,ted sites as compared to the
Control Site in 1980 (Table 11). The random plots, as stated, were not impaected by
the original site manipulations (e.g., not impacted by spoil deposition) but would
have been affected by changes in site hydrology. The slight incfease in production
may have been due to slight lowering of the water table whieh, as has been shown
for S. alterniflora (Linthurst'1980, Linthurst and Seneeca 1980b), may cause increased
production. When intra—site production eomparisons were made (Table 12), the
random plots were almost always more productive than any of the 0 to 20 meter

distances. The reasons for this are unknown, but the differences may be due to the
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faet that plant populations within 0 - 20 meters have not yet fully recovered.
Production estimates for Deal wetlands are near the lower end of the range

of values reported for other Chesapeake Bay S. patens/D. spicata dominated wet~

lands when peak standing crop estimates are compared (Table 24), Our estimates
using the Smalley computational method (248 - 1,360 g m—z) is similar to the 572 g
m2 value reported by Mendelssohn and Mareellus (1976).

In summary, the most important changes that resulted from the site

manipulations were changes in the dominance pattern of the treated areas and

invasion of two sites by Iva and Baccharis. The only significant changes in primary

production were higher values measured in the random plots. This suggests that

once recovery is eomplete, that the treated areas may be slightly more productive

than natural wetlands. There were, however, no differences in production when

Open, Water Control and Closed systems are compared.

Nutrient status of wetland vegetation

Although differences in biomass and‘ primary production were minimal,there
were significant changes in the nutrient content of live shoots. The pattern was
particularly dramatic for nitrogen which has been shown to be a critical nutrient in
estuariﬂe wetlands (Linthurst 1980, Mendelssohn‘IBTQa, Mendelssohn and Seneca
1980, Buresh et al. 1980, Patrick and DeLaune 1976, Valiela et al. 1975 and 1976.

The patterns of nutrient changes are clearly shown in Tables 2 and 3.
Nitrogen concentrations were significantly higher in live shoots at the Open and
Water Control Sites and tI:1e pattern persisted for both years of the study. This
suggests that the response was not ephemeral and not simply due to the deposition
of nutrient rich oxidized substrate material on the wetland surface. Nitrogen
eoncentrations in live shoots were significantly less at the Closed Site when

compared to the Control Site during both years of the study (Table 2). The data
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Table 24. Production estimates for several Chesapeake Bay Spartina patens/

Distiehlis spicta dominated wetlands. Method 1 = Peak Standing Crop,

Method 2 = Summation technique, Method 3 = Smalley, Method 4 =

infrared gas analysis.

All values are g mz.

Data compiled from: 1

(Whigham et al. 1978) and 2 (Drake and Read (1981).

This study

MeCormick
Heinle

Flemer et al.
McCormick et al.

Mendelssohn and
Marcellus

Drake X

Drake and Read

Method 1
Method 2
Method 3
Method 1
Method 1
Method 1
Method 1

Method 3

Method 1

Method 4

426 - 225 -

502 - 233
1360 - 248
1123

449
1209 - 680
1525

572

445

737

79

(Range) Source
(Range)
(Range)
1
1
(Range) 1
.
1,
1
2



. clearly suggest that lowering the water table would cause changes in tissue nutrient
coneentrations and that these changes could be minimized by maintaining the water
table near the wetland surface.

Inereases in tissue nitrogen concentrations were most likely due to alterations
of .the waterlogging conditions that are characteristic of irregularly flooded
wetlands (Mendelssohn and Seneca 1980). It has been shown that nitrogen can be a
limiting nutrient for plant growth in wetlands with saturated substrates (Buresh et
al. 1980), and that growth and nitrogen uptake can be enhanced by raising the level
of the substrate relative to the water table (Linthurst 1980), or by lowering the
water table (Wiegert et al. 1980). Most oi‘ the research on this topié has been
conducted with S. alterniflora and a large number of variables have been shown to
be related to growth of that species. The interactions are complex and not yet
clearly understood (Linthurst 1980). Aeration of sediments has been shown to
increase production {(Mendelssohn and Seneca 1980-‘) because of changes in redox
potehtial. If drainage is extensive and tidal inundation infrequent, however,
substrates dry (Linthurst 1980) and production may even be reduced because pH
decreases to less than 6 which is suboptimal for S. alterniflora. In one study,
Linthurst and Seneca (1980b) showed that pH declined significantly and production
was less when pots with S. alterniflora were elevated to 10 em above the wetland
surface. Since the water table changes in this study were, on average, less than 10
cm, the increase in N concentrations may have been due to increases in redox
potential but the substrate may not have dried enough to decrease substrate pH to
values below 6. An ine::ease in redox potential would account for increased
nitrogen uptake due to elimination of the need for "energetically expensive
metabolic adjustments" (Linthurst 1980). The decline in tissue N concehtrations at

the Closed Site may have been due to increased waterlogging because the reservoir
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of water in the ditches would provide enough water supply to maintain the ground
water level near the wetland surface. This was seen in another study in 1981 (Table
25), when we determined substrate moisture content between 11 June and 12 August.
Clearly the Open Site substrates were drier, particularly at 0 meters. The Closed
Site, at§20 meters, was almost always equal to or greater in moisture content than
was the Control Site. In addition, muskrats created small openings between the
Closed Site and the eéstuary that permitted some water to enter at high tide which
may have helped in maintaining the water table near the wetland surface.’

The effect of lowering the water-' table on tissue N concentrations can aléo be
.seen when intra-site comparisons are made between random plots and samples
collected from the 0 - 20 meter distances. Nitrogen concentrations were highest
near the ditches and deeclined with increasing distances from the ditehes (Fig. 1_6) at
.the Open and Water Control sites, At the Closed Site, water tables were not
lowered (Fig. 2) and there were no differences between any of the distances.

I_n summary, there were significantly higher concentrations of nitrogen in live

shoots at two of the sites and slightly lower concentrations at the Closed Site.

Higher N concentrations at the Open and Water Control sites were most likely due

to a lessening of waterlogging conditions and resultant increase in uptake. Similar

or slightly lower values at the Closed Site may be due to increases in waterlogging

conditions.

Decomposition of wetland vegetation

The purpose of this portion of the study was to determine if there would be
any changes in decomposition rates and whether or not decomposition rates would
change if litter was lying on spoil deposits.

There was an overall site response for decomposition of D. spieata litter
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;Table 25. Percent moisture of substrates at 3 of the Deal Island sites between 11 June and 12 August
1981, All values are means of 5 samples + 1 standard error.

‘Site Distafice Date

(m)  1UJUN 19 JUN 25 JUN 2 JUL 25 JUL 12 AUG
CONTROL 501 + 1 403 + 10 396 + 29 365 + 29 395 + 17 484 + 52
'OPEN 0 14T+ 9 153 + 37 114 + 26 144 + 32 193 + 29 160 + 15
‘ 20 444 + 27 356 + 92 380 + 16 365 + 35 318 + 44 180 + 18
/CLOSED 0 330 + 32 464 + 35 335 + 25 400 + 16 412 + 31 405 + 16
' 20 281 + 18 406 + 8 434 + 8 436 + 15 452 + 31 366 + 26
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whieh lost weight more slowly at the three treated sites (Table 13). Results were
not as clear for S. patens when site comparisons were made (Table 14) although
there was a tendency for all weight components to be greater at the treated sites
even though variation was high enough so that significant differences were only
associated with shoot tips, There were no differences between spoil and nonspoil
locations for D. spicata (Table 13) or 8. patens (Table 14).

It is known that brackish wetland plants decompose more slowly than
freshwater wetland plants (Odum and Heywood 1978). In addition, moisture content
of the litter is important and any process that causes water tables to be lowered or
causes the surface to be elevated si_ightly would be expected to cause lower litter
moisture content and resultant decreases in decomposition rates.

The ecosystem level effects of lower deecomposition rates are unknown, but
clearly more biomass will remain in the wetland surface. In addition, the
aécumulated litter would lprobably have higher nitrogen concentrations because of
inereased N levels in live biomass. The long-term effects of increased litter
biomass and increased nutrient content are unknown but they would provide
additional fuel for fires that are frequently set in these wetlands. Hotter fires
could mean a deeper burn into the peat of wetlands with lowered ﬁater tables
which may, in turn, kill shallow rooted plants such as S. patens. Obviously, these
possibilities are only speculative but it does suggest one of the potential dangers
associated with lowering water water tables on irregularly flooded wetlands.

In summary, litter decomposition rates are lower on wetlands that were

spoil.

Water quality parameters

The purpose of this portion of the study was to determine if management
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procedures would produce signifiecant change in water quality parameters. Com-
parisons of water quality parameters in ditches in the three treated areas with data
from the Control Site and adjacent estuary, clearly demonstrate that no significant
changes occurred (Figs. 6-10). If changes do oceur, they will be noticed shortly
after a;;d during ditehing. Ammonia and total Kjeldahl N data from the Water
Control Site (the last to be ditched) showed that concentrations may be elevated
initially but that background levels (compared to the Control Site creek) are
reached within six months (Fig. 6). In fact, for most forms of nitrogen (Figs. 7 and
9) concentration are often higher in ponds as compared to ditches and
concentration at the Control Site ereek were usually higher than in ditches at the
treated sites (Fig. 8). There were no patterns for phosphorus when inter- and intra-
site comparisons were made (Fig. 10).

Additional comparisons of water quality parameters were made by measuring
nutrient eoncentrations during tidal eyele studies at the Open and Control Sites.
Figure 12 contains representative data from one tidal eycle study and demonstrate
that nutrient concentrations were, in faect, usually less in water that ebbs from the
Open Site as compared to water samples from the Control Site creek.

In summary, no significant changes in selected water qﬁality parameters

occurred as a result of management. Any increases in nutrient concentrations that

do occur following OMWM management Will probably return to background levels

after six months. -

Import and export studies

The tidal cyele studies were conducted to assess the impaet that OMWM
might have ‘on the flux of selected nutrients into or from managed wetlands. The
impetus for the work was based on concern that coupling irregularly flooded

wetlands to the estuary might result in the export of materials to the estuary
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whieh, if they occured on a large scale, might cause eutrophication problems.
These concerns were based on previous research (Stevenson et al, 1976, Heinle and
Flemer 1976, Axelrad et al. 1976, Bender and Correll 1974) which had shown that
Chesapeake Bay wetlands, in most instances, export materials to the estuary more
often than they import nutrients.

Tidal eyele studies were conducted at the Open Site between May 1979 and
October 1980 and at the Control Site between April 1980 and October 1980 (Figs. 12-
14). It was not possible to conduet tidal eyele studies in 1979 at the Control Site
because of manpower Tlimitations. The studies were conducted either from high
slack tide to high slack tide or low slack tide to low slack tide. Detailed data from
each study are provided in Appendices C, D, and E.

Examination of Figures 12-14 show that materials were exported from the
Open Site during almpst all tidal cyeles. ;mgort——export patterns were more
variable at the Control Site and the quantity of flux material from or into the
Control Site was almost always less than the amounts measured at the Open Site.
Patterns measured at the Control Site were variable which is similar to results
previously reported by Stevenson et al. (1976), Heinle and Flemer (1976), and
Axelrad et al. (1976). The seasonal import of nitrate and nitrite (Fig. 12) suggests
that these managed wetlands responded very much like the Eastern Shore wetlands
studied by Stevenson et al. (1976).

Why were exports large at the Open Site compared to the Control Site? As
Nixon (1980} has described, there are many problems associated with the
measurement of nutrient flux from wetlands. These issues and result of our studies
are presented in the RESULTS section and will only be summarized here: (1)
coupling diteched systems to the estuary produced no significant inereases in the

concentrations of nutrients in ebbing tidal waters. In most instances, nutrient
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concentrations during tidal cycles were equal to or less than those measured at the
Control Site (Table 22), (2) increased coneentrations, therefore, did not account for
the larger flux of materials from the Open Site. Sinee concentration differences
did not account for the observed pattern, the increased flux from the Open Site was
most Hiely due to the larger influx and efflux of water that we measured.
Creating an extensive ditch system, with a large storage capacfty, will cause larger
"amounts of water to enter an Open system than will enter a natural tidal creek of
equal size. The long~term consequences of this process are not known. Others
(Shisler and Jobbins 1977a) have suggested that bpen systems enhance estuarine
systems through increases in wetland produection, increase the diversity of estuarine
organisms that utilize the wetland, and inerease food sources for wetland-estuarine
organisms. These benefits must, of course, be balanced by any changes that might
produce undersirable changes. None of these conclusions have, however, been
documented adequately.

In summary, Open systems will export nutrients to the estuary whereas the

pattern is more variable for non-ditched wetlands. Ditched wetlands allow more

water to enter than would a similar sized non-ditched wetland and, consequently,

larger amounts of material will flux from the wetland. The long-term

consequences of this aré not known.
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VI.

1.

3.

CONCLUSIONS

Hydrologic differences between the treated sites produced different
responses within the wetlands.

Lowering of the water table produced, at the Open and Water Control Sites,
vegetation with significantly higher tissue N and P concentrations.

If elevated nutrient levels persist, it can be expected that the litter layer will
also become nutrient enriched. |

It is not expected that the enriched litter layer would be more rapidly
decomposed because lowering the water table produced lower decompo_sition
rates at all sites. Consequently, it can be expected that litter biomass will
ultimately be greater on managed wetlands.

Changes in species composition occurred. The two sites {(Open and Water
Control) with regulai' tidal exchange became dominated by D..spicata during
the first year and 8. patens became dominant in the Closed Site. Changes,
however, are still ongoing and the Open and Water Control Sites are becoming
invaded by Iva and Baccharis,

No significant changes in concentrations of selected water quality resulted
from the management. However, the tidal eyecle studies indicated that the
nutrients measured are exported from the Open Site compared to more
variable import-export patterns measured at the Control Site.

Ditches and ponds have been invaded by submersed plants primarily Ruppia

and it is expected that their aerial coverage will continue to increase.
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VII. RECOMMENDATION

Although standard OMWM procedures provide effective mosquito control
(Lesser, 1982) on irregularly flooded wetlands in the Chesapeake Bay, negative
impacts may result. To minimize detrimental effeets, it is recommended that only
Closed $ystems or Water Control systems be used where possible, If some tidal
exchange is required to control mosquito populations, water control systems can be
used but every effort should be made to keep tidal exchange to a minimum and to

maintain natural water table,
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APPENDIX A: Tables 26 -~ 30. Summary tsables for amalysis of variance tests
performed on biomass, plant nutrient, production, density and

plant height data.
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Table 26, Summary results from analysis of variance tests for plant nutrient and biomass parameters. Significance levels are A > .05, B >.0], C z .001. ns indicates non signifi-

cance. Df = degrees of freedom. F values are shown when there were significant effeets.

Effects Df. Live Live Live Dead Total Nin %Nin Pin %Pin Nin % Nin Pin % Pin  Total Total
source biomass blomass biomass biomass biomass live live live live dead dead dead dead nitrogen  phosphorus
of 8. of D. biomass biomass biomass biomass blomass biomass biomass biomass
patens spicata -
079 =
Main
Total 414
Site {S) 3 26.13° 8497 112.61C  8.79C  4.80® 89.16C  9.24C 35.95€ 7.45C 7.7  6.52C s 9.47°  6.105  8.47C
Distance (D) 4 ns ns ns 12.11°  8.44€ s ns ns ns 11.46° ns 11.58° s 6.16C  6.18¢
time (1) 6 41.41C 10.07C 20.23¢ 12.74€ 14.04C 21.35C 40.44C 12.13C 53.25C 10.87% 13.43C 11714 0.26C 12.1C  5.46°
Interaction
SxD 12 ns ns ns 2.QSC 2.G5C ns ns ns ns ’ 2.448 ns ns ns 2.4OB ns
SxT 18 6.12° 6.13% 778 ms 2.13%  5.32° 2.58° 5.7  2.51° ns 2.63% s 1.98%  1.69®  3.53C
DxT 24 ns ns ns ns ns i.84B ns ns ns ns . ns ns ns ns I..'i'lA
1980
Total 477
M:ain
© site (3) 3 12.01° 65.72C 23.03C 20.02C 22.18° s 35.61° " ns 27.66° 31.72 28.5:1C 11.64° 17.39C 20.08C  7.43C
© Distance (D)} 4  3.07% s 6.53C 10.86°C 6.82C 3.08® s ns ns 7.75¢ s 9.60° 2.51% 2.43%  5.40C
Time (T) 7 78.34C 24.47° 28.10° 15.18% 14,04% 62.53C 23.45° 52.31C s6.81C 17.714C 12.54C 18.86C 15.835C 22.57C  18.12C
Interaction
8xD 12 ns ns 2.1:11B 2.00A ns ns 1.95A ns ns ns ns ns ns ns ns
SxT 2 ns 4.81°  4.25C 2.4 2.3 ns 2.22° 1.m?*  5.35%  2.08° 458 2.47°  3.06C  3.08C  2.88C

DxT 28 ns ns ns ns. ns ns ns ns ns ns ns : ns ng ns ns




001

Table 27. Summary results from analysis of variance tests for production and associated nutrient parameters., F values are shown
where there were significant effects. Significance levels are A > .05, B > .01, C > .001, NS indicates no

significance. Df = degrees of freedom.

Effects Df Peak N in P in Net N in P in Smalley N in P in
standing PSC  PSC above-  NAPP NAPP Method NPS NPS
crop ground (NPS)
(PSC) primary
production
(NAPP)
1979
Total 59 i
Main
Site (S) 3 11.21¢  34.62° 23.36C 11.64€ 25.81€  23.90C  2.872 5.108  5.358
Distance (D) 4 NS NS 2,965 NS NS NS 2,778 NS NS
Interaction
SXD 12 NS NS - 2.59B NS ‘NS 2.27%  Ns NS NS
1980
Total 59
Main
Site (S) 3 NS NS NS " NS NS NS 3.178 NS NS
Distance (D) 4 NS NS NS NS NS NS 5.060 NS 2,902
Interaction

S XD 12 NS NS NS NS NS NS NS NS NS



Table 28. Summary results from analysis of variance tests for plant nutrient, biomass, and
production parameters comparing data from the Control Site with data from
random plots at the 3 treated sites. F values are shown when there were
zig’nificant effects. Significance levels are A =.05, B=.0l, C >.00L ns indicates
no significance. Total degrees of freedom were 273 for biomass parameters and 34

for production parameters.

1. Biomass and nutrients ' II. Production

Variable Test result_ Variable Test result
Live biomass 8.76C Peak standing crop {PSC) . 3.98%
Dead biomass 14.'}'3c

Total biomass 21.90¢

N in live biomass 2.67% N in PSC ns

% n in live biomass 9.SOC P in PSC ns

P in live biomass 8.74C Net aboveground production 3.57A

(NAPP)

% P in live biomass ns N in NAPP ' ns

N in dead biomass 5.365 P in NAPP 5.48°
% N in déad biomass 1[).41C Smalley Method (NPS) a.118
P in dead biomass 12.38° N in NPS ns

% P in dead biomass ns P in NPS 4778
Total nitrogen 5.93C

Totai phosphorus 2{]\.08C

101



0t

Table 24

Effects

Summary analysis of variance results for vegetation biomass and nutrient parameters for intra-site comparisons. F values are shown

where there were significant effects, Significance levels are A > .05, B > .01, C > .00l, ns indicates not significance, Df = degrees

of freedom.

Df  Live

biomass

% N in P in % Pin Nin

Total
phos-
phorus

Total

Distance

Distance

" Distance

159

5 2.92

live live live dead
biomass biomass
OPEN SITE
5.59C ns ns  2.30°

CLOSED SITE

ns - ns ns 6 .GSC
WATER CONTROL SITE
6. 3SC ns ns 3. 85B

2.75

6.19

4.47
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Table 30. Summary test results from analysis of variance for D. spicata and 8. patens density and stem height data. F values are

given where there were significant effeets. Significance levels are A 2 .05, B Z .01, C > .00l. NS indicates no

significance. Df = degrees of freedom.

Effects

Df Height of Df Height of Df Density of Df Density of <« Df Density of
S. patens D. spicata D. spicata S. patens All Plants
1979
Main
Total 1018 1906 419 419 419
Sites (S) 3 65.08C 3 34.52C 44.80C 290.39C 84.14C
Distance (D) 4 4.338 4° NS 4.308 NS 4 3.014
Time (T) 6 68.68C 6 87.99C 5.08C 7.58C 12.13°
Interactions
S X D 9 2.91B 12 19.12° 12 3.03C 12 2.43P 12 3.64C
c c o c c
SXT 17 6.15 18 21.80 18 3.39 18 4.83 18 3.16
D XT 24 2.40P 24 2.56C 94 NS 24 NS 94 NS
1980
Main
Total 1104 1175 359 359 359
Sites (S) 3 34.49C 3 54.08° 73.01C 3 199.09C 3 89.95C
Distance (D) 4 NS 4 5.91° 3,935 A 2.598 4 5.35P
. C C C C C
Time (T) 5  223.26 5 322.75 11.10 5 7.38 5 8.52
Interactions C C c
S X D 9 9.64 12 5.45 12 4.45 12 NS 12 NS
c c B - B c
S X T 15 4.62 15 4.52 15 2.19 15 2.63 15 3.78
DXT 20 1.89P 20 NS 20 NS 20 NS 20 NS



APPENDIX B:

Tables 31 - 36. Nutrient coneentration data for ponds and ditches
at the three treated sites, control, Broad Creek, and Geangawkin
Creek. Sampling of Geangawkin Creek was terminated in
December 1979. All values are mg® . and a dash indicates that no

sample was analyzed.
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AMMONIA DATA (mg &~

1y

DATE OF COLLECTION

SITE-LOCATION 5-31 6-19 7~;7 gﬁi 9-18 11-9 12-11 1-23 2-28 3-25 4-{1]?380 -08 6-11 8-07 10-02
OPEN-CHANNEL 0.10 0.08 D.'07 0.03 .0.10 0.07 0.11 0.06 0.06 0.07 0.08 0.23 0.01 0.08 0.03
OPEN-POND 0.40 0.40 0.20 0.04 0.12 0.19 0.40 0.20 0.30 0.20 0.06 0.52 06.22 06.04 0.02
BROAD CREEK ¢.08 0.03 0.05 0.03 0.07 0.07 0.08 0.07 0.08 0.06 - - 0.00 0.08 0.01
CLOSED-CHANNEL 0.12 0.02 0.06 0.04 0.12 0.06 0 24 0.08 0.23 0.17 0.06 0.36 0,13 0.07 0.02
CLOSED-POND 0.16 0.07 0.07 0.03 0.09 0.06 0.24 0,08 0.25 0.20 0.06 0.23 0.06 0.07 0.02
WATER CONT.-CHAN. 0.20 0.11 0.15 0.04 0.15 0.09 0.16 0.15 0.10 06.07 0.09 0.18 0,04 0.07 0.02
WATER CONT.-POND 0.23 0.33 0.26 0.03 0.14 0.28 0.37 0 20 0.53 0.18 0.27 0.23 0.16 0.46 0.14
GE:ANG'AWKIN CREEK - 0.10 0.09 0.05 o0.07 0.07 0.07 0.08 0.08 - - - - - -

CONTROL-CHANNEL 0.13 0.09 0.04 0.05 0.16 0.08 0.19 0.07 - 0.08 0.09 0.19 0.05 0.22 0.02
CONTROL-POND 0.09 0.02 0.18 0.04 0.10 0.08 0.29 0.05 0.54 0.06 0.09 0.04 0.14 0.35 0.03
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NITRATE-NITRITE DATA (mgﬁbml)

DATE OF COLLECTION

SITE-LOCATION 5-31 6-19 7-17 }5?’;3 9-18 11-9 12-23 1-23 2-28 3-25 4'—0189805—08 6-11 8-07 10-02
OPEN-CHANNEL 0.01 0.02 0.00 0.00 0.01 0.02 0.07 0.09 0,16 0,11 0.11 0©0.03 0.00 0.00 0.02
OPEN-POND - 0.01 0.06 0.01 0.01 0.01 0©.02 0.07 0.13 0.05 0.00 0.00 0.00 0.00 0.01
BROAD CREEK 0'.[;0 0.01 0.00¢ 0.00 0.0 0.03 0.11 0,07 @¢.12 0.21 - - 0.00 0.00 0.00
CLOSED—CHANNEL" 0,00 0,01 o0.00 0.00 0.01 O0.,00 0,00 o0.08 0,05 0.03 0.00 0.00 06.05 O.OUV (.00
CLOSED-POND 0.02 o0.02 0.00 0.00 0.01 0.01 0.00 0.08 0.07 0.01 0.00 0.00 0.00 0.60 0.00
WATER CONT.-CHAN. 0.01 0.01 ©0.00 0.01 0.01 0.00 0.01 0.07 0O.01 0.00 0.00 0.00 0.00 0.00 0.01
WATER CONT.-POND 0.03 0.01 0.01 0.00 0.01 0.05 0.08 0.09 0.11 0.07 0.07 0.05 0.01 0.00 0.02
- GEANGAWKIN CREEK 0.01 0.02 0.00 0.00 0.01 0.05 0.11 - - - - - - - -
CONTROL-CHANNEL 0.12 0.03 0.00 0.00 0.01 0.01 0.05 0.09 - 0.08 0.08 0.02 0.00 0.00 90,00
CONTROL-POND 0.02 0.01 0.00 0.0:r 0:.01 0.,0r 0.00 0.05 0.01 0.01 0.00 0.00 0.00 0.00 0.00
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TOTAL KJELDAHL NITROGEN DATA (mg & ')

DATE OF COLLECTION

2.50

SITE-LOCATION 5-31 6-18 7-17 15%71%1 9-18 11-9 12-23 1-23 2-28_ 3-25 '4-013805-'08 6-11 8-07 10-02
OPEN-CHANNEL 1.24 0.99 0.87 0.87 1.11 1.13 1.06 0.68 - 0.74 0.82 0.84 0.80 1.20 0.94
OPEN-POND 2.24 1.56 0.97 1.14 0.97 0.81 1.57 0.98 1.38 0.93 1.5%1 1.91 1.23 1.36 1.01
BROAD CREEK 0.68 0.81 0.91 0.89 0.74 0.59 0.62 0.62 0.45 0.71 - - 0.60 1.22 0.986
CLOSED—CI;ANNEL 1.41 1.26 0.93 1.23 1.15 0.94 1.29 0.82 1.29 1.44 1.29 1.57 1.42 1.25 1.01
CLOSED-POND 1.35 1.68 1.03 1.06 1.20 1.06 1.89 0.89 1.40 1.790 2.45 1.45 1.44 2.61 1.20
WATER CONT.-CHAN. 2.00 1.60 1.00 1.03 1.08 1.00 1.79 1.25 .93 1.16 1.41 1.07 0.75 1.78 1.55
WATER CONT.-POND 0.98 1.36 1.27 0.98 1.05 0.92 1.28 0.61 l.ﬁé 1.47 1.23 1.16 1.04 2.22 1.35
.GEANGAWKIN CREEK 0.82 1.12 0.80 0.82 1.02 0.72 0.79 - - - - - - -

CONTROL-CHANNEL 6.95 1.55 0.94 1.03{{}'1.71 1.20 0.97 0.61 - 1.89 0.88 0.97 0.81 1.67 1.03
CONTROL~-POND 1.05 1.11 1.42 1.09 1.31 1.11 0.56 2.64 1.17 1.07 1.16 2.10 1.21
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DISSOLVED KJELDAHL NITROGEN (mg g~

1)

DATE OF COLLECTION

SITE-LOCATION 5-31 6-19 7-17 é?fjl) 9-18 11-9 12-11 1-23 2-28 3-25 4—0%982-08 6-11 8-07 10-02
OPEN-CHANNEL 0.76 '0.88 0.61 0.70 0.75 0.57 0.78 0.49 0.35 0.53 0.63 0.64 0.47 0.94 0.68
OPEN-POND 1.50 1.28 0.83 0.79 0.70 0.70 1.35 0.8 1.11 0.71 0.49 1.53 0.93 1.05 0.80
BROAD CREEK 0.44 0.53 0.56 0.56 0.43 0.47 0.46 0.55 0.38 0.37 - - 0.35 0.85 0.62
CLOSED-CHANNEL 1.18 1.12 0.64 0.81 0.27 0.70 1.62 0.70 1.08 1.16 0.93 1.53 0.96 0.95 0.90
CLOSED-POND 1.25 1.23 0.8 0.70 0©.31 0.8 1.43 0.73 1.23 1.24 0.91 1.33 1.03 1.45 1.01
WATER CONT.-CHAN. 2.00 1.00 0.82 0.64 1.00 0.62 1.66 1.22 0.8 0.81 1.29 0.76 0.53 1.02 0.91
WATER CONT.-POND 0.85 0.98 0.94 0.56 0.76 0.97 1.13 0.61 1.53 1.17 0.91 1.11 0.98 1.78 1.05
GEANGAWKIN CREEK 0.72 0.75 0.51 0.54 0.48 0.75 0.51 0.46 - - - - - - -

CONTROL-CHANNEL 0.75 1.02 0.68 0.71 1.31 1.08 0.82 0.55 -~ 0.51 1.07 0.76 0.63 1.09 0.53
CONTROL-POND 0.88 1.09 1.08 0.91 0.92 b.49 1.99 0.52 2.58 0.82 0.88 0.98 1.68 2.64 0.96
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TOTAL PHOSPHORUS DATA (mgs

1

DATE OF COLLECTION

SITE-L.OCATION 5-31 6-19 7-17 égig 9-18 11-9 12-11 1-23 2-28 3-25 4—0213982—08 6-11 8-07 10-02
OPEN-CHANNEL 0.04 0.12 0.06 0.05 0.01 0.03 0.03 0.08 0.05 0.08 b.07 0.06 b.O? 0.05 0.06
OPEN-POND 0.08 0.13 0.03 0.06 0.02 0.03 0.02 0.04 0.04 0.05 0.07 0.07 0.03 0.03 0.06
BROAD CREEK 0.05 0.11 0.04 0.06 0.04 0.04 0.04 0.06 0.04 0.06 - - - 0.04 0.07 0.08
CLOSED~-CHANNEL 0.08 0.11 0.08 0.06 0.02 0.04 0.05 0.04 0.05 0.05 0.06 0.96 0.03 0,14 0.04
CLOSED~-POND 0.05 0.07 0.03 0.04 0.02 0.06 0.05 0.04 0.06 0.06 0.18 0.07 0.07 0.22 0.03
WATER CONT.-CHAN. 0.07 0.12 0.08 0.08 0.07 0.04 0.04 0.05 0,05 0.05 0.04 0.05 0.03 0.12 0.10
WATER CONT.-POND 0.04 0.09 0.06 0.04 0.03 0.04 0.02 0.05 0.04 0.03 9.08 0.04 0.02 0.04 0.03
GEANGAWKIN CREEK 0.04 b.lﬂ 0.07 0.06 0.04 0.06 6.02 0.04 - - - - - - -

CONTROL-CHANNEL 0.13 0.17 0.04 0.06 0.10 0.06 0.03 0.06 - 0.15 0.16 0.07 0.¢4 0.32 0.08
CONTROL~POND 0.03 0.07 0.07 0.04 0.01 0.05 0.09 0.05 0.06 0.06 0.04 0.17 0.06 0.04

0.05
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DISSOLVED PHOSPHORUS DATA (mgs ~1)

DATE OF COLLECTION

SITE-LOCATION 5-31 6-19 7-17. gﬂ?} 9-18 11-9 12-11 1-23 2-28 3-25 4-—051398%—08 6-11 8-07 10-02
OPEN-CHANNEL 0.00 0.06 0.01 0.01 0.01 0.02 0.01L 0.01 0.01 0.02 0.01 0.02 0.03 0.01 0.02
OPEN-POND - 0.06 ¢.01 0,01 0.00 0.00 0.00 6.01 0.01 0.02 0.02 0.02 0.00 0.00 0.02
BROAD CREEK 0.00 0.04 0.03 0.01 0.00 0.01 0.01 6.02 0.00 0.01 - - 0.00 0.01 0.0t
CLOSED-CHANNEL 0.01 0.01 0.04 o¢.01 0.00 0.01 0.03 0.02 0.01 0.01 0.01 ©0.02 0.00 0.00 0.02
CLOSED-POND 0.02 0.07 0.02 0.01 0.00 o0.01 0.02 0.02 o0.01 0.02 0.02 0.01 0.01 0,02 0.03
WATER CONT.-CHAN.0.03 0.06 0.02 0.05 0.00 O.bl 0.01 0.03 0.01 0.02 0.04 0.02 0.00 0.04 0.01
WATER CONT.-POND 0.01 0.06 06.02 0.03 0.00 0.02 0.02 0.02 0.061 0.02 0.01 0.02 0.00 0.01 0.02
L GEANGAWKIN CREEK 0.01 0.09 0.01 0.04 0.01 0.01 0.01 0.01 0.02 - - - - - -
CONTROL~-CHANNEL 0.01 0.07 0.060 0.01 001 0.01 0.03 0.01 - 0.04 0.01 0.02 0.01 0,06 0.03
CONTROL-POND 0.01 0.07 0.02 0.00 0.01 0.02 0.05 0.02 0.02 0.02 0.02 0.01 0.01 0.03 0.03



APPENDIX C:

Nutrient concentration data for tidal cycle studies at the Open

(Tables 37 - 42) and Control (Tables 43 - 48) Sites., All values are

mg £ _,1' An H indicates high slack tide and L indicates low slack

tide.



CHANGES IN NUTRIENT CONCENTRATIONS (mg 2_1) DURING TIDE CYCLES - OPEN SITE

04-03- 7%
(mg ¢
TIME

05-31-7
(mg 2 7)
TIME

06-19- ZP
{mg 2
TIME

07-17
(mg‘JLIg
TIME

08-14-17
(mgﬂ,Ig
TIME

09-18-
{mg % f
TIME

11-09-7
(mg 2~
TIME

12-11-7
(mg 2 7)
TIME

03-25-
(mg 2 8P
TIME

04-08-
(mg 2 )
TIME

05-08-¢
(mg ¢ )
TIME

06- 11_§0
{mg 2
TIME

08-07-
(mg ¢ gP
TIME

10-02-
(mg % SP
TIME

0.10
5:15(H)

0.09
7:08 (H)

0.08
8:30(H)

0.06
6:45(H)

0.19
3:49(L)

0.02
9:15(L)

0.11
8:00(L)

0.04
9:40(H)

0.13
8:30

0.17
12:38

0.04
11:10(H)

9:50

0.05
8:30(H)

0.11
11:30(H)

0.00
11:15

0.06
10:00

0.04
11:40

AMMONIA
0.18 0.20
10:45 12:45
0.11 0.12
14:45(L) 16:15
0.09 0.11
13:05 15:05
0.07 0.07
11:50 13:50(L)
0.04 0.06
10:30 12:30
0.10 0.09
13:30 15:30
0.08 0.07
9:15 11:15
0.13 0.12
11:00 13:00
0.06 0.05
12:30 14:30
0.08 0.11
11:10 12:45
0.19 0.19
8:02 8:33(H)
0.00 0.01
13:15(H) 15:20
0.07 0.08
11:47(H) 14:00
0.06 0.07
13:40 15:47

n2

n.24
14:45

0.07
18:15

0.11
17:00(L)

0.08
15:50

0.05
14:30

0.10
17:30

0.07
12:17

0.14
14:45(1)

0.08
16:30

0.11
14:00{1)

0.16
10:35

0.01
17:15

0.07
16:00

0.03
16:40{(1)

0.29
16:45

0.13

20.00(H)

0.00
19:04

0.05
17:40

0.06
16:30(L)

0.08
19:30(L)

0.06
13:05(L)

0.13
15:00

0.05
17:54(L)

0.08
15:55

0.11
12:25

.02
19:15

0.08
18:00

0.01
17:50

0.05
B:45

0.04
19:50

0.03
18:20

0.06
21:30

0.06
16:15

0.07
17:05

0.07
19:50

0.08
18:00

0.11
14:30

0.04
20:53(L)

0.08
19:24(L)

0.01
19:43

0.07
17:37(H)

0.05
18:53(H)

0.07
21:40(H)

0.07
19:15(H)

0.14
16:20(L)

0.02
22:25(H)



CHANGES IN NUTRIENT CONCENTRATIONS (mgﬂ,_l) DURING TIDE CYCLES - OPEN SITE

04-03-7
{mg % Ig
TIME

05-31-T
{(mg 2 19
TIME

06-19- 79
(mg ¥ )
TIME

07-17-17
(mg 2 P
TIME

08-14-79
(mg v77)
TIME

$9-18-
(mg 2 Iq
TIME

11-09-79
(mg £ )
TIME

12-11-
(mg £ Ig
TIME

03-25-

(mg 2™ ")
TIME

04-08-
(mg 2 SP
TIME

05-08-
(mg % SP
TIME

06~ 118P

{(mg £
TIME

08-07-¢
(mg e )
TIME

10- OZBP

(mg £
TIME

c.G3
5:15(H)

0.13
7:08(H)

0.19
8:30(H)

0.16
6:45(H)

0.01
3:49(L)

4.00
9:15(L)

0.00
8:00(L)

0.01
9:40(H_)

0.01
12:38

0.01
11:10(H)

0.00
9:50

0.00
8:30({H)

0.01
11:30(H)

0.03
6:01

0.00

11:15

G.00
10:00

0.02
11:40

NITRATE-NITRITE

0.10

o 10:45

0.02
14:45(L)

0.01
13:05

0.00
11:50

0.01
10:30

0.01
13:30

0.00
13:15(H)

0.00
11:47(H)

0.65
13:40

0.05
12:45

0.01
16:15

0.02
15:05

0.00
13:50(L)

0.00
12:30

0.01
15:30

0.01
11:15

0.01
13:00

0.11
14:30

0.08
12:45

0.04
8:33(H)

0.00
15:20

0.00
14:00

0.06
15:47

13

0.05
14:45

0.00
18:15

0.02
17:00(L)

0.00
15:59

G.00
14:30

0.01
17:30

0.01
12:17

0.01

14:45(L)

0.09
16:30

0.07
14:00(L)

0.04
10:35

0.00
17:15

0.00
16:00

0.00
16:40(L)

0.05
16:45

0.01

20:00(H)

0.01
19:04

0.00
17:40

0.00
16:30(L)

0.01
19:30(L)

0.02
13:05(L)

0.01
15:00

0.07
17:54(1L)

0.10
15:55

0.04
12:25

0.00
19:15

0.00
18:00

.00
17:50

G.01

- 20:45

0.00
19:50

0.00
18:20

0.01
21:30

0.63
16:15

0.13
17:05

0.07
19:50

0.14
18:00

0.03
14:30

0.00
20:53(L)

0.00
19:25(L)

0.00
19:43

0.03
17:37(H)

0.14

18:53(H) -

.08
21:40(H)

0.13
19:15(H)

0.03
16:20(L)

0.01
22:25(H)

H



CHANGES IN NUTRIENT CONCENTRATIONS (mg 2_1) DURING TIDE CYCLES - OPEN SITE

04-03-T
(mg 2 P
TIME

05-31-7
(mg % P
TIME

06-19-1
{mg £ 7)
TIME

07-17-1
(mg2 )
TIME

08-14-79
(mg 2 7)
TIME

09-18- ZP
(mgt )
TIME

11-09-19
(mg ¢ ™)
TIME

12-11-7
(mg % f
TIME

03-25-¢
{(mg? )
TIME

(04-08-
(mgﬁﬁg
TIME

05-08-
(mg1 SP
TIME

06-11-
(mgﬁs'{J
TIME

08-07-
{mg ¢ @
TIME

10-02-¢
{(mg? )
TIME

0.72
5:15(H)

0.60

7:08(H)

0.62
8:30(H)

0.64

6;45(H)

0.80
3:49(L)

0.72
9:15(L)

-

1.11
8:00(L)

0.75
9:40(H)

TOTAL KJELDAHL NITROGEN

8:30

1.15
12:38

.99
11:10(H)

0.87
9:50

0.87 -
8:30(H)

1.11 .

11:30(H)

1.13
7:15

3.74
10:30

0.97
8:45

0.82
6:01

.80
11:15

1.02
10:00

.91
11:40

0.70
10:45

0.82
14:45(L)

1.18
13:05

§.87
11:50

1.00
10:30

1.17
13:30

0.92
9:15

1.16
11:00

0.69
12:30

0.62
13:15(H)

1.33
11:47(H)

0.93
13:40

0.87
12:45

1.28
16:15

1.30
15:05

0.94
13:50(L)

1.01
12:30

1.29
15:30

1.06
11:15

1.14
13:00

0.78
14:30

1.12
12:45

0.72
8:33(H)

0.72
15:20

1.13
14:00

1.03
15:47

n4

1.20
14:45

0.58
18:15

1.27
17:00(L)

1.02
15:50

1.14
14:30

1.11
17:30

0.34
12:17

1.19
14:45(L)

0.83
16:30

1.30
14:00(L)

0.78
10:35

0.56
17:15

1.15
16:00

1.08

16:40(L)

1.16
16:45

1.24

20:00(H)

0.80
19:04

0.96
17:40

1.14
16:30(L)

1.12
19:30(L)

0.78
13:05(L)

1.19
15:00

(.86
17:54(L)

1.1%
15:55

0.81
12:25

0.69
19:15

1.50
18:00

1.00
17:50

0.80
20:45

0.84
19:50

0.94

18:20

0.94
21:39

0.60
16:15

0.64
17:05

0.50
19:50

0.98
18:00

0.82
14:30°

0.83

20:53(L)

1.13 -
19:25(L)

0.90

. 19:43

0.57
17:37(H)

0.62
18:53(H)

0.52
21:40(H)

0.69
19:15(H)

0.83
16:20(L)

0.88
22:25(H)



CHANGES IN NUTRIENT CONCENTRATIONS (mg J?._l) DURING TIDE CYCLES - OPEN SITE

© 04-03-73
(mg £ )
TIME

05-31-79
(mg 2 )
TIME

06-19-79
{mg & )
TIME

07-17-79
(mg ¢ )
TIME

(mg 2~
. TIME

08-14—%%

09-18-79
(mg ¢ 7)
TIME

{(mg 2
TIME

11—09"%%

(mg 2
TIME
03-25-¢
{mg 2 8‘P)
TIME
04*08ﬁ§P
)

(mg 2
TIME

12—11-719)

05-08-¢
(mg ¢ )
TIME

06-11-8
(mg & %)
TIME

08-07-80
(mg %)
TIME

10~-20-89

(mg 2 1
TIME

0.33
6:435

0.50
5:15{H)

0.55
7:08 (H)

0.48

8:30(H)

0.34
6:45(H)

0.66
3:49(L)

0.56
9:15(L)

0.96
8:00(L)

D.62
9:40(H)

DISSOLVED KJELDAHL NITROGEN -

0.38
8:30

0.78
12:38

0.86

11:10{H)

0054
9:50

0.63

8:30(H)

0.70

11:3¢(H)

0.37
11:15

0.68 ~

10:00

0.59
11:40

0.55
10:45

0.78
14:45(L)

0.96
13:05

0.63
11:50

0.64
10:30

0.68
13:30

0.54
9:15

0.99
11:00

0.53
12:30

0.75
11:10

0.28

13:15(H)

0.75
11:47(H)

1.11
13:40

0.65
12:45

0.92
16:15

1.12
15:05

0.75
13:50(L)

0.79
12:30

0.97
15:30

0.74
11:15

0.96
13:00

0.57
14:30

0.84
12:45

8:33(H)

.44
15:20

0.86
14:00

.85
15:47

s

0.91
14:45

18:15 -

1.11
17:00(L}

0.75
15:50

0.98
14:30

0.85
17:30

0.77
12:17

0.96
14:45(1L)

0.74
16:30

0.86
14:00(L)

0.62
10:35

0.40
17:15

0.99
16:00

0.59
16:40(L)

1.00
16:45

0.85

20:00(H)

0.65
19:04

0.64
17:40

1.05
16:30(L:)

0.86
19:30(L)

0.38
13:05(L)

0.94
15:00

0.67
17:54(L)

0.66
15:35

0.64
12:25

0.57
19:13

1.39
18:00

.53
17:50

0.60
20:45

0.47
19:50

0.47
18:20

0.562
21:30

0.50
16:15

0.45
17:05

0.36
19:50

0.33
18:00

0.68
14:30

0.71
20:53(L)

094
19:25(H)

0.56
19:43

0.54
17:34(H)

0.48
18:53(H)

0.40
21:40(H)

0.42
19:15(H)

0.75
16:20({L)

0.58
22:25(H)



CHANGES IN NUTRIENT CONCENTRATIONS (mg 2_1) DURING TIDE CYCLES - OPEN SITE

04-03-7
(mg 2 P
TIME

05-31-7
(ngL19
TIME

$6-19- f
{(mg 2 )
TIME

07-17-79
(mg ¢ )
TIME

08-14- 7I9
(mg 2
TIME

09-18- ZP
{mg 2
. TIME

11-09-7
(mgzlg
TIME

12-11-7
(mgLIq
TIME

03-25-¢
(mg 2 8P)
TIME

04-08~
{(mg 2 8]9
TIME

05-08-¢
(mg 2 )
TIME

06-11-¢
(mg 2 )
TIME

08-07-8
{mg 2 )
TIME

10-02-¢
(mg 27 )
- TIME

0.04

5:15(H)

0.03
7:08(H)

0.08
8:30(H)

0.04
6:45(H)

0.06

- 3:49(1)

0.07
9:15(L)

0.01
8:00(L)

0.06
9:40 (H)

0.07
8:30

0.07
12:38

0.13 -
11:10(H)

0.06

. 9:50

0.08
8:30(H)

0.05
11:30(H)

0.07
11:15

0.04
10:00

0.08
11:40

0.08
10:45

0.25
14:45(L)

0.14
13:05

0.08
11:50

0.08
10:30

0.05
13:30

0.05
13:15(H)

0.87
11:47(H)

¢.04
13:40

TOTAL PHOSPHORUS

0.08
12:45

0.18
16:15

0.13
15:05

0.08
13:50(L)

0.08
12:30

0.08
15:30

0.04
11:15

0.07
13:00

0.07
14:30

0.09
12:45

0.08
8:33(H)

0.07,
15:20

0.08
14:00

0.05
15:47

116

0.01
14:45

0.04
18:15

0.13
17:00(L)

0.07
15:50

0.07
14:30

0.07
17:30

0.02
12:17

0.04
14:45(L)

¢.07
16230

0.08
14:00(L)

0.10
10:35

0.06
17:15

0.08
16:00

0.10
16:40(L)

0.01
16:45

0.10
20:00(H)

0.12
19:04

0.086
17:40

0.07
16:30(L)

0.05
19:30(L)

0.07
13:05{L)

0.04
15:00

0.06
17:54(L)

0.10
15:55

0.12
12:25

0.05
19:15

0.06
18:00

0.03
17:50

0.10
20:45

0.07
19:50

0.07
18:20

0.07
21:30

0.04
16:15

0.04
17:05

0.04
19:50

0.10
18:00

0.09
14:30

0.05
20:53(1)

0.03
19:25(L)

06.08
19:43

0.04
17:37(H)

0.04
18:53(H)

0.08
21:40(H)

0.07
19:15(H)

0.06
16:20(L)

0.08
22:25(H)




CHANGES IN NUTRIENT CONCENTRATIONS {mg &

- 04-03-T7
(mg 2 P
TIME

05-31-17
{mg 2 P
TIME

06-19-7
(mgﬂ_%
TIME

07-17-7
(mg & f
TIME

08-14-79
(mg 2 )
TIME

09-18-7
(mg-L P
TIME

11-09- 7
(mg 2
TIME

12-11~-7
(mg 2 P
TIME

03-25-
{mg? gP
TIME

04-08-
(mg2 gP
TIME

05-08-¢
(mgse )
TIME

06-11-¢
(mgt 7}
TIME

08—07—§P

(mg o

TIME

14-02-¢
(mgg%%
TIME

-0.02

8:30(H)

0.01
6:45(H)

0.02
3:49(L)

0.03
9:15(L)

0.01
8:00(L)

0.03
9:40(H)

8:30

0.01
12:38

0.06
11:10(H)

9:50

0.02
8:30(H)

0.00
11:30(H)

DISSOLVED PHOSPHORUS

0.01
10:45

0.01
14:45(1L)

0.08
13:05

0.00
11:50

0.02
10:30

0.00
13:30

0.01
13:15(H)

0.07
11:47(H)

0.03
13:40

0.02
12:45

0.01
16:15

0.10
15:05

0.00
13:50(L)

0.02
12:30

0.01
15:30

0.01
11:15

0.02
13:00

0.03
14:30

0.02
12:45

0.02
8:33(H)

0.01
15:20

0.08
14:00

0.03
135:47

ur

0.02
14:45

0.00
18:15

0.08
17:00(L)

0.00
15:50

0.01
14:30

0.00
17:30

0.00
12:17

0.04

14:45(L)

0.03
16:30

0.02
14:00(L)

0.02
10:35

0.01
17:15

0.08
16:00

0.02
16:40(1)

0.03
16:45

0.01
20:00(H)

0.07
19:04

6.01
17:40

0.02
16:30(L)

0.00
19:30(L)

0.00
13:05(L)

0.03
15:00

0.03
17:54(L)

0.03
15:55

0.03
12:25

0.01
19:15

0.06
18:00

0.02
17:50

0.06
20:45

0.01
19:50

0.01
18:20

0.01
21:30

0.01
16:15

0.02
17:05

0.03
19:50

0.01
18:00

0.03
14:30

0.01
20:53(L)

0.03
19:25(L)

0.02 .
19:43

1) DURING TIDE CYCLES - OPEN SITE

. 0.00

17:37(H)

0.01

18:53(H)

0.01
21:40(H)

0.01
19:15(H)

0.04
16:20(L)

0.02
22:25(H)



CHANGES IN NUTRIENT CONCENTRATIONS (mg 2"1) DURING TIDE CYCLES - CONTROL SITE

AMMONIA
04-08-80  ~
(mg % ) 0.06 0.08 0.06 0.18 0.17 0.06 0.05
TIME 6:50(H) 8:55 10:50 13:10 14:57(L)  17:00 19:05(H)
05-08-80 ] ,,
(mg 2 ™) 0.31 0.28 0.17 0.18 0.19 0.20 0.23 0.25
TIME 2:53(L) 3:59 6:11 8:11(H) 10:25 12:15 14:40 16:23(L)
06-sf1—8_9
(mg'2 ) 0.05 0.00 0.02 0.00 0.05 0.09 0.14
TIME 9:30(L)  11:30 12:30(H) 14:30 16:25 18:30 21:00(L)
08-07-89 ,
(mg 2 )" 0.11 0.06 0.07 0.08  0.07 0.08 0.08
TIME 8:00(L)  10:00 11:57(H) 14:00 16:00 18:00 19:25(L)
10-02-89 - '
(mg2 ) 0.02 0.01 0.00 0.02 0.03 0.04 0.00
TIME 9:45(H)  11:50 13:49 15:50(L) 17:42 19:55 22:13(H)

18



‘CHANGESHINUﬂHENTCONCENTRAﬂDNS(mg2_%DURHK?HDECYCLES—CONTROLSHE

04-08- 89
{mg %
TIME
05-08- 8?
(mg %
TIME

06- 11-8?

(mg ¢ )

TIME

08-07- 8?
{mg 2
TIME

10-02-89

- {mg %
- TIME

)

0.02
6:50 (H)

0.00
2:53(L)

0.00
9:30(L)

0.00
8:00(L)

0.00
9:45(H)

NITRATE - NITRITE

0.10 0.07 0.02
8:55 10:50 13:10
0.00 0.01 0.03
3:59 6:11 8:11(H)
0.00 0.00 0.00
11:30 12:30(H) 14:30
0.00 0.00 0.00
10:00 11:57(H)  14:00
0.01 0.00 0.00

11:50 13:49 15:50(L)

ne

0.02
14:57(L)

0.03
10:25

0.00
16:25

0.00
16:00

0.00
17:42

0.10
17:00

0.03
12:15

0.00
18:30

.00
18:00

g.01
19:55

0.15
19:05{(H)

.01
14:490

0.00
21:00(L)

0.00
19:25(L)

0.01
22:13(H)

0.01
16:23(L)




CHANGES IN NUTRIENT CONCENTRATIONS (mg £ _]') DURING TIDE CYCLES - CONTROL SITE

04-08-8
(mg * ) 0.88
TIME 6.50(H)

05-08-80

(mg %
- TIME 2:53(L)

06-11-8¢
(mg £ ")} 0.81
TIME 9:30(L)

{mg? 7) 0.11
TIME 8:00(L)

16-02-81
(mg £ ) 1.10
TIME  9:45(H)

TOTAL KJELDAHL NITROGEN

0.74 1.09 2.57
8:55 10:50 13:10
0.97 0.74 0.72
3:59 6:11 8:11(H)
0.63 0.66 0.62
11:30 12:30(H) 14:30
1.02 1.33 1.13
10:00 11:57(H) 14:00
0.91 1.10 .1.31
11:50 13:49 15:50{L)

120

2.33
14:57(L)

(.66
10:25

1.06
16:25

1.15
16:00

1.01
17:42

0.78
1700

0.79

12:15

1.29

18:30

1.50
18:00

0.88
19:55

0.62
19:05(H)

0.73
14:40

2,68
21:00(L)

1.13
19:25(L)

0.88
22:13(H)

0.79
16:23(L)



-CHANGES IN NUTRIENT CONCENTRATIONS (mg & 1) DURING TIDE CYCLES - CONTROL SITE

04-08-~ 8?
(mg 2
TIME

05-08-89
{(mg 2
TIME

06-11- 8
{mg £
TIME

08-07- 8?
(mg %
TIME

10-02- 8?
{mg %
TIME .

)

0.50
6:50(H)

1.00
2:53(L)

0.63
9:30(L)

0.96
8:00(L)

.58
9:45(H)

DISSOLVED KJELDAHL NITROGEN

0.37
11:30

0.68
10:00

0.60
11:50

0.44
10:50

0.51
§:11

0.38
12:30{H)

0.75
11:57(H)

0.65
13:49

1.08
13:10

0.51
8:11(H)

0.41
14:30

0.86
14:00

0.83
15:50(L)

121

0.96
14:57(L)

0.57
10:25

0.65
16:25

0.99
16:00

0.58
17:42

0.35
17:00

0.59
12:15

1.11
18:30

1.39
18:00

0.60
19:55

0.41
19:05(H)

0.73
14:45

0.96
21:00(L)

0.94
19:25(1L)

0.55
22:13(H)

0.76
16:23(L)}

[A—



CHANGES IN NUTRIENT CONCENTRATIONS (mg g -1) DURING TIDE CYCLES - CONTROL SITE

04-08-8
{mg 2 ) 0.07
TIME 6:50(H)

05-08-80 . _
(mg 2 7) 0.08
TIME 2:53(L)

06-11-
(mg % §1.3 0.04
TIME 9:30(L)

08-07-8
(mg £ ) 0.36
TIME 8:00(L)

10~-02-
(mg 2 _@f; 0.08

" TIME 9:45(H)

0.06
11:30

0.14
10:00

0.08
11:50

TOTAL PHOSPHORUS

0.11
10:50

o2
[

0.04
12:30

0.11
11:57(H)

0.08
13:49

0.25
13:10

0.07
8:11(H)

0.05
14:30

0.12
14:00

0.07
15:50(L)

122

0.26
14:57(L)

0.04
10:25

0.05
16:25

0.44
16:00

0.10
17:42

0.11
17:00

0.06
12:15

0.05
18:30

0.51
18:00

0.07

19:55

0.10
19:05(H)

0.04
14:40

0.14
21:00(L)

0.57
19:25(L)

0.06
22:13(H)

0.03
16:23(L)



CHANGES IN NUTRIENT CONCENTRATIONS (mg % _1) DURING TIDE CYCLES - CONTROL SITE
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APPENDIX D:

Data from APPENDIX C are plotted to graphieally show nutrient
concentration patterns during tidal cycle studies at the Open and
Control Sites. The X axis is hours after initiation of each study.
The Y axis are nutrient concentration data in mg* 1, High and

low slack tides are indicated respectively with H and L.

Group Nutrients Site Figure Pages
Numbers
1 Nitrate Open 17 - 23 126 - 132
2 Nitrate Control 24 - 26 .134‘ - 136
3 Ammonia Open . | 27 - 33 138 - 144
4 Ammonia Control 34 - 36 146 - 148
5 Dissolved Kjeldahl Open 37 - 43 150 - 156
6 Dissolved Kjeldahl Control 44 - 46 158 - 160
7 Total Kjeldahl Open 47 - 53 162 - 168
8 Total Kjeldahl Control 54 - 56 170 - 172
g Dissolved Phosphorus  Open 57 - 63 174 - 180
10 Dissolved Phosph()rus Control . 64 - 66 182 - 184
11 Total Phosphorus . Open 87 - 73 186 - 192
12 Total Phosphorus Ceéntrol 74 - 76 194 ~ 196
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2. NITRATE - CONTROL SITE
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3. AMMONIA - OPEN SITE
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4. AMMONIA - CONTROL SITE
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5.

DISSOLVED KJELDAHL NITROGEN - OPEN SITE
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6. DISSOLVED KJELDAHL NITROGEN -~ CONTROL SITE
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7. TOTAL KJELDAHL NITROGEN - OPEN SITE
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8. TOTAL KJELDAHL NITROGEN - CONTROL SITE
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9. DISSOLVED PHOSPHORUS - OPEN SITE
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Figure 55
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Figure 56
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10. DISSOLVED PHOSPHORUS - CONTROL SITE
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11. TOTAL PHOSPHORUS - OPEN SITE

185



ME/L.

TOTHL RHOSPHORLS

2231

C OBEFH

_B.B8Y

.25y

e,

p.jat
B.i5¢
RS
2. 18
B B84

B.B5%

Figure 61

OPEN CHRANNEL_ TIDE CYCLE

APR 1973

B.2y

‘ B3

8.208%
B 18
BJ5}
B.13¢

a.18¢

B.2Et

H.837

2.8}
y.am
6.

+

SLACK LOW

LR

2.k,

MAY 1979

2.8y
‘I.MJ[
')

HOURS
186

.80

1d. ndr

ii'.ﬂl‘lJ*'



ME/L

TOTBL PHOSPHORLS

¥

B.257

B.23t

B.ZRy

B.10
 p.EEt
B85

B.A37

OPEN_CHANNEL TIDE (YCLE

SLEC Hied
+

Figure 62

SLACKLON

diN 1575

8.297

A.28¢

Bas

B, 154
.13
B.lg

8.881

a.mat

2.0
y.BB}

E.BR
8.

SLRCK LOW

+

il
i2.B8

2.8
., B

. A
8. afh

HOURS
187

W
2.8



TOTRL PHOSPHORLS

B/L

M

“Figure 63

B.Zy OPEN CHRNNEL TIDE CY(LE -
.7
H.15¢
BIH:
SLHC_IE—HIEH + + n
4 ‘ SLACK LON ;
BB + _f_
B. B , _ : -
oFp NS79
#.257
B.28§ -
B.I15t
0.1 . |
+ N |
SLACK HIGH | SLACK LOKW -+
4- |
= N > s pr = o
HOURS
188



ME/L

TOTAL PHOSPHIORUS

.25,

Figure 84

HPEN CHRNNEL TIDE CYCLE

189

NOV 1B79
- B.2Bt
B.iS%
B 184
SLACK LOK
.:‘l_
B.BS+ +
.0 B = ] ] T &
wa n T wn o2 = _ [t
DEC 197T
B.2Sy )
8. £k
. B.IGY
a.18+
4- |
2,854 SLACK LOK
+ + +  + + +
g + " . .
! g B =] = B B
= o = ul o = o
HOURS




TOTAL PHOSPHORLG HE/L

TOTAL PHOSPHORUS MB/L

OFEN CUENNEL TIDE CYCLE

Figure 85

- MAR 1980
g.243¢
E.15%
B. 1N N
i+ +
+ + + +
255} SLACK LW
e LI L i g L i 4
APR 1380
B.Xe
B2
B.15¢
2.8 + +
+
+
H.HC:- LON -+
2.5
I
% 8§ §  § § § &
' HOURS h - -

180



Figure 66
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12. TOTAL PHOSPHORUS - CONTROL SITE
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Figure 69
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APPENDIX E.

Nutrient flux data are plotted graphically to show patterns of

influx on efflux during tidal eyele studies at the Open and Control

Sites. The X axis is expressed as hours since slack tide. The Y axis

is grams of material that entered (+) or was removed (-) from the

site during 2 hour time intervals.

Group Nutrients Site Figure Pages
Numbers
1 Nitrate and ammonia Open 77 - 88 199 - 210
2 Nitrate and ammonia Control 89 - 91 212 - 214
3 Total and dissolved Kjeldahl N Open 92 - 103 216 - 227
4 Total and dissolved Kjeldahl N Cont;ol 104 - 106 229 - 231
5 Total and dissolved phosphorus Open 107 - 118 233 - 244
6 Total and dissolved phosphorus Control 119 - 121 246 - 248

197



1. NITRATE AND AMMONIA - OPEN SITE

198



AMMONIR-N  BHS
. E
8 &
01-

8
B

~ | BE .RE+

-15K.

ty

Figure 71

NUTRIENT FLOK DPEN SITE HRY 1978

-SB.BE{

2.0

4.4

G208

B.R
18, B
2.0
.t

NITRATE~HITRITE BHS
]
R
-1-

2.0

§

K

&

=

IE. Rty
12. 0K
i

HOURS SINCE SLACK TIDE

199



Figure 72

ISH. BBy
B2, By

'SE.BB-- +

NUTRIENT FLON DPEN SITE JUN 1879

ANMONNIR-N  GHS

~| B8 Bfr

q

o
.5
4.
B.M8

B

8.0
.1
2.}
.l

NITRATE-NITRITE GMS
F
B
+
_H

=TS B4

~18=,

]

i

2,85
4.8

B

1B, BB
2.8
.

HOURS SINCE SLACK TIDE

200



-

Figure 73

RUTRIENT FLOW DPEN SITE RUS {879~

I5H.R8Y +
198, ¥84
SE.UR 4 4
£
X 4 -+
- :
> =4
=
2 v
=
128, BH L
+
T B & E & B & &
125
.t
il
&
-
E £t e oy == o sk
=
3 o
=
i
bl
"Ry = g g & ] ] 3

HOURS SINCE SLRCK TIDE

201



AMKON IR-N  BHS

| —lﬂ.ﬂﬂé

NITRATESNITRITE EMS

B.BH

-9 284

o+

g ppum

Figure 74:

RUTRIENT FLDOR

OPEN SITE BEP 1979

2.0

ql&.

6.1
B.em¢

12.80

LR

2.k

Y. %%

g ;]

HOURS SINCE SLACK TIDE

202

N

12.08%

el



Figure 73

LY

NUTRIENT FLOK DOFEN SITE NOV 18737

{59, K.
;g.éz--
¥
L -+
5 +
BB == 4+ +-|-..__
& +
= -+
E-mm T+
o
-1B2 Bt
mise- Py # ] ] 5 ] B P
188 . By
Ta.BEy *
Ly
in =Py
& +
Lad
E et = + Fop
= + + - ' |
T =
—
&
= -oB.B%
=
e
"I ] i B g # ] B

HOURS S1NCE SLRCKTIDE
203



ANKONIA-N  BHS

NITRATE-NITRITE ENS

[sX .5y

}éﬂ_ﬂ..

.

—SH. PRt

-] R, Pid

-~|EH.

Figure 76

RUTRIENT FLOW DOPEN SITE DEC 1572

.0

o, B

6. 08¢
8.8

18,8t

12,

L

2.8

E8:

z g
o m

HOURS SINCE SLACK TIDE
204

BB

2.8

.zt



JEB.EEY

RMMONIR-N GHS

-1BZ. 234

Figure 77

RUTRIENT FLOR DOPEN SITE MBR 1388

R

NITRATE - NITRITE BMS

-CH . B3t

2.5

4.1

.00

B2
182
2y |
ty gl

2.

i

=

HOURS SINCE SLRCK TIDE

205

)
=

1.3
12. 1

A



158, By

&
B

2
B

-ga. B

Figure 78

NUTRIENT FLOR OFEN SITE RPR [8B8

ANHONIR-N GMS
[
L
T

—!SB.EE

NITRATE-NITRITE BMS

2.8

4.3

6.1
8.5k
1R~
F Ry
.8

.84

LR

HOURS SINCE SLACK TIDE

8.
1y
(4.2

206



REMONIA-N  BRS

. NITRATE-HITRITE BMS

I5E. 00

-8 i}

Figure 79

NUTRIENT FLON DPEN SIiTE MRY 1588

-SE.0B4

=-T5.82¢

.8

4. BH
&.mr
8.7

+

in., K
2.4
LN

-l!ﬁ.ﬂl’a

PR

oy

5 &

13
L] (-

207

It
13,5
142

HOURS SINCE SLRCK TIDE



(—

AMKINIR-N EHS
m
;]

ISB. 2ty

H
B

IO Y S S

Figure 80

NUTRIENT FLON DPEN SITE JUN

158H

b
g

~1ER. B2t

-

2.8
LR

"ISB.%#
B

|52 . Py

Rt ek et ek —

- NITRATE~NITRITE BMS

5.08¢

8.1

T Ry

12.08¢

14t

-182.

2.0
Y.k

] 5

HOURS RINCEBLRCK TIDE

208

{0,653t

12,08

M.



BNS

“EHMON IR

LR

NITRATE-NITRITE EN&

158 03y
188.B
e

g.u3)-
~Sd.25

- |08 B

Figure 81 NUTRIEHT FLON [DPEN SITE RUB 1580

{28 By
g
5885

=.8e

n.az--i-‘

2.8y
N

Y

BB

.82
0.8
12.05
.

frmm ot + + e —

a.%8r

& &

HOURS SINCE SLRCK TIBE
209

4.
19,1
(2.
4.5



AMNONIR-E  BMS

KITRATE-NITRITE GHS

LR -

.o

g

Figure 82

NUTRIENT FLON

OPEN . SITE 0CT 1288

- -

.-

- p

um

5Bt
.5}
Inet

.

na

i 5

HOURS SEHCERLRCK TIDE

L

210

TEE

IR -



2. NITRATE AND AMMONIA - CONTROL SITE
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3. TOTAL AND DISSOLVED KJELDAHL N - OPEN SITE
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Figure 87
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Figure gg
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Figure 91
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4. TOTAL AND DISSOLVED KJELDAHL N - CONTROL SITE

228



TOTRAL KJELDAHL NITROGEN BMS

DISSOLVED KUELDAHL NITROBEN BHS

. B.7%%

.78 XiBt 3
l_g.-
%.75¢

2.5%

Figure 98

-] . 28F

NUTRIENT FLON CONTROL SITE  JUN 1889

4 et

- B

-Ie'l%

1.75']' Rigs 3 _

1.25%

2,68t

Y, mir

B.B&

B.Hf
18,05

rR
. mp

=+

B ;]
w m

HEURS SINCE SLACK TIRE

I"E..
V.

229

e
R o



" DISSILVED KUELDRHL NITROBEN EHSA
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5. TOTAL AND DISSOLVED PHOSPHORUS - OPEN SITE
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PART II






INTRODUCTICN

§

This report is an extension of Part I of this document and contains
data gathered during the summer of 1981 and fall of 1982. The purpose
of the research was to continue the monitoring of plant communities and
nutrients in plants at the Deal Island sites during the third and fourth‘

vears following management. The project had the following objectives:

1 Measure plant density in permanent plots during the 3rd and 4th
years following management.

2)  Measure plant biomass éfte’r three growing seasons following
management,

3}  Measure nutrient ‘c-oncentrations in plant tissues after three
growing seasons.

4)  Determine the response of D. spicata and S. patens shoot nitrogen
concentrations to the addition of nitrogen fertilizer in both
managed and eontrol areas.

Before presenting results of the work it would be useful to summarize the
origihal experimental desigr\l and results from vege-tation studies thaﬁ are present-

ed in Part I.

Experimental Design — Three areas were extensively ditched in 1978 and

early 1979 using a rotary ditcher. Details of the procedures can be
found in Lesser (1982). One area {Open Site) was coupled to the

adjacent estuary to permit flushing during each tidal eycie. A second



area (Water Control Site) was similar to the Open Site except that the
area was only partially coupled to the estuary. The purpose of this
treatment, using water control struetures, was to permit some tidal
flushing while also maintaining water in the ditehes. The third ditched
area (Closed Site) wés not coupled to the estuary and only received
water from precipitation and during .flooding events associated with
high spring tides and/or storm tides. Two Control Sites were used. The
original Control Site, used in 1979, was abandoned in 1980 because it was
hydrologically very dissimilar to the three ditched areas. A more
appropriate Control Site was selected in 1980 and used throughout the
remainder of the study.

Vegetation Sampling — At each site, permanent plots were established along

three randomly chosen transects'(Fig. 1). The transects were oriented
perpendicular to the ditches and permanently marked plots (25 em x 25
em) established at 0, 5, 10, 15, and 20 meters. Figure 1 is drawn to
demonstrate that spoil, from the ditching, was always encountered
between 0 and 15 meters and was found as far as 20 meters. Vegetation
in the permanent plots was sampled monthly in 1979 and 1980._

In 1979 and 1980, we also conducted monthly harvests of aboveground
tissues of plants and collected plant litter at each site. The sampling
design was similar to that shown in Fig. 1 except that three new
transects were randomly selected at each site on each harvest date. On
each sampling date, all live and dead plant material was removed from
triplicate quadrats (50 em x 50 em) at @, 5, 10, 15, and 20 meters from
the ditch. In the laboratory, the samples were separated into live and

dead components. Each component weas weighed after drying and then



DITCH

v A

NO SPOIL

Figure 1. Diagrammatic representation of sampling design used at each site.
Three randomly located transects, each 20 meters long, were
eétablished perpendiecular to a ditech made by the rotary ditcher.
Permanent plots were established at 0, 5, 10, 15, and 20 meters for
density studies. Spoil, shown as hatched areas, was rather uniform
between 0 and 15 meters but was found as far as 20 meters from

ditches.



analyzed for nitrogen and phosphorus. This procedure enabled us to
monitor recovery of the vegetation as well as determine whether there
were any changes in nutrient concentra‘cioﬁs due to the different
management procedures.

Additional studies condueted in 197% and 1980 included measure-
ments of litter decomposition and water quality analysés. Details of
those studies are not reviewed in this report since they were terminated

after the 1980 growing season and results presented in Part I.



SUMMARY OF RESULTS — 1979 and 1980.

1y

2y

3)

4)

5)

Net aboveground primary production did net differ significantly when

the 3 treated sites were compared to the Control.

Live biomass had, on the average, returned to pre-treatment levels at

all sites by the end of the second growing season. Near the ditches,

however, biomass was still signifieantly less than at distaneces of 5, 10,

15, and 20 meter-s._

Litter biomass had not returned to pre-treatment levels at any sites by

the end of the second (1980) growing season.

The two sites (Open and Water Control) that were coupled to the

estuary were still undergoing changes in vegetation by the end of the

second year. |

a) The Open and Water Control sites were dominated by Distichlis
spicata by the end of the first growing season. Pluchea

purpurascens, Iva frutescens, and Baccharis halimifolia began to

colonize both sites during the first year and expanded their
coverage during the second year.

b) The Closed Site was dominated by Spartina patens after the first

year following management and there were no major shifts in
Species composition in 1980.
Nitrogén and phosphorus concentrations of plant shoots increased
significantly at \aJl three treated sites and there were significant
differences between sites.

a) Concentrations of both nitrogen and phosphorus were highest at

the Open and Water Control Sites, intermediate at the Closed Site



and lowest at the Control Site.
b)  Elevated levels of nitrogen and phosphorus continued during the
second year suggesting that the response would be long-term or
4 permanent.  Additional data suggested that the changes in
nutrients were caused by lowering the water table at the Open and
.Water Control Sites.
¢) By the end of the second growing season, nitrogen concentrations
of litter had significantly inereased. This response was due to live
shoots; which were high in N and P, ultimately becoming
incorporated into the litter compartment.
Clearly, two of the managed areas were still undergoing changes after two

years and it seemed desirable to continue to monitor the sites.



METHODS - 1981 and 1982

Plant densities in permanent plots.

Permanent plots, initially established in 1979, were monitored again in
1981 and 1982. Similar to previous years, the number of live shoots of all
species were counted in the 15 plots (25 em x 25 em) at each site. Triplicate
plots were located at 0, 5, 15, and 20 meters from ditehes at each site (Fig. 1).

Because seedlings of P. purpuraseens, L frutescens and B. halimifolia were so

numerous in 1981 at the Open and Water Control site, aerial coverage (%) was,

at times, esfimated rather than counting individuals. In 1982, the number of

stems of each species was counted.

Plant Biomass

Live vegetation and litter was harvested in August 1981 from 9 quadrats
at each site. Triplicate samples were collected at 0, 10 -and 20 meters from
ditches. In the laboratory, D. spicata and S. patens shoots were separated and
dry weights determined for each species. After drying at 60° C the dry
weights of all live biomass was determined by summing dry weight values for

D. spicata, S. patens, and all other species. Litter was analyzed separately

and dry weights determined. Nitrogen concentrations of D. spieata and S.

patens shoots were then determined using procedures described in Part T.

Nutrient enrichment study
Several investigators have suggested that primary produection and

nutrient assimilation by plants in estuarine wetlands is limited by nitrogen



even though interstitial water is very rich in ammonia (Valiela et al. 1982,
Mendelssohn et al. 1982, Morris 1980, Mendelssohn and Seneca 1980). Mendelssohn
et al. 1982) have recently reviewed the literature on this topic and suggested that
nitrogén (ammonium) uptake is inhibited because of physiological stresses
associated with waterlogged substrates. In particular, plants in anaerobic
environments must overcome anoxia and the presence of toxic chemiecals,
particularly sulfides. In drained substrates, which oceur near streams in natural
wetlands, investigators (King et al. 1982) have found that plant growth is more
vigorous and that there is more oxygen around the plant roots, Mendelssohn and
Postek (1982) have studied both streamside and high marsh forms of Spartina
alterniflora and found that sulfides are converted to non-toxie iron precipitates in
streamside habitats.

The presence of elevated nitrogen in live shoots at the Open and Water
Control Sites suggested that, following ditching, nitrogen was not as limiting to
plant growth at those sites. We hypothesized that plants were able to assimilate
more nitrogen because the substrates contained less moisture. Figure 2 shows
substrate moisturé data collected from the Open, Closed and Control Sites between
May and August 198l. Clearly there was less water in the substrate near the ditch
(0 m) at the Open Site and moisture content at 20 meters was at times also less
during the growing season. The differences between substrate moisture content at
the Closed Site and Open \Site persisted throughout that three month period. In
1980, information was obtained which suggested that plants at the Open Site were

more efficiently incorporating nitrogen into belowground tissues (Table 1).



Figure 2.
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Substrate moisture content at the Open, Closed, and Control Sites
between June and August, 1981. All values are means (% of wet

weight) # standard error of the mean.
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Table 1. Nitrogen concentrations (%) of belowground rhizomes. All values are
means of triplicate samples =1 standard error of the mean. Substrate
samples were collected in 1980. In the laboratory they were washed

d and all live and dead rhizome material removed. Live and dead
rhizomes were primarily S. patens and D. spicata.

SITE DEAD RHIZOMES LIVE RHIZOMES

OPEN 0.93 = 0.11 1.06 £ 0.02

CLOSED 0.69 * 0.04 0.98 £ 0.03

CONTROL -0.75 = 0.09 0.99 * 0.02



Dead and live rhizomes of D. spicata and 8. patens collected at the Open Site,
had higher econcentrations of nitrogen than rhizomes collected at the Closed
and Control Sites.

In 1981 an experiment was conducted to test the hypothesis that plants
atythe Open Site had elevated nitrogen levels because of increased substrate
drainage and, consequently, were able to more efficiently assimilate nitrogen.
Nitrate fertilizer was added to two randomly located exp;arimental plots at
the Open Site, two at the Closed Site, and one at the Control Site. Plot
dimensions were 5 m-x 10 m and, at the Open. and Closed sites, were
positioned with the long axis parallel to the diteh. The short axis of the plots
were positioned between 0 and 5 meters and 15 and 20 meters at the Open énd
Closed Sites. Control plots, no fertilizer added, were located 15 me;ce-rs away
from each fertilized blot. The fertilizer was purchased from Sudbury
Laboratory (Sudbury, Mass) and was mixed with estuarine water and applied
at a rate of 20 gN m™2 on June 11, 1981. Shoots of D. spieata and S. Eg_geﬁ
were collected from the fertilized and unfertilized plots after 7, 14, 28, 41,

and 53 days and analyzed for nitrogen content using procedures described

in Part I.
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RESULTS

Live Biomass

Shoot biomass data from the 1981 sampling are compared with data for 1979
and 1980§w in Table 2. There was a significant site affects (F = 10.818, df = 3, Sig;
level = 0.0001) in 1981 but no significant differences between Open, Closed and
Water Control Sites and all three sites had significantly less shoot biomass than
what was measured at the Control Site (Table 2). There is no obvious reason for
the high values at the Control Site although, by chance alone, the samples may .
have been collected in an area where net aboveground produeti-on was high. Since
biomass was only sampled on one date in 1981, compared to monthly sampling in
1979 and 1980, there would be a higher probability that, due to spatial heterogeneity
alone, one sampling site eould yield data that were higher. Although there were no
differences in total live biomass between treated sites, species differences noted in
1979 and 1980 (see Part I) persisted in 1981 (Table 2). There was a
significant site affeet on D. spicata shoot biomass (F = 5.463, df = 3, Sig. level =
0.005) with shoot biomass of D. spicata being significantly greater at the Open (97.1
g m™2) and Water Control (114.3 o m %) Sites (Table 2). There was no significant
difference between D. spicata at the Open and Water Control site compared to the
Control Site (179.6 g m™2). There was also a significant site affect on 8. patens
shoot biomass (F = 7.485, df = 3, Sig. level = 0.001). Similar to 1979 and 1980,
S.patens shoot biomass was significantly less at the Open (18.6 g m_z) and Water
Control (17.4 g m_z) Sites compared to the Closed (178.5 g m?) Site.

In 1981, there were no significant distance effects for total shoot biomass (F =
0.692, df = 2, Sig. level = 0.692), shoot biomass of D. spicata (F = 1.436, df = 2, Sig.

level = 0.258) or S. patens shoot biomass (F = 0.17], df = 2, Sig. level = 0.894).
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Site and distance effects on total shoot biomass, biomass of D. spicata shoots, and biomass

Table 2.

of S. patens shoots. Statistical analyses of 1981 data were made using SPSS Two-way (site,

distance) analysis of variance.” Means were compared using Duncan's Multiple Range Tests.

Values that share the same superseript are not different at the 0.05 level of significance.

Data for 1979 and 1980 are deseribed in Part I. All values are g m™2 and

comparisons between sites or distances are read vertically.

SITE EFFECTS
SITE TOTAL BIOMASS D. SPICATA BIOMASS S. PATENS BIOMASS
1979 1980 1981 1979 1980 1981 1979 1980 1981
OPEN 180.0%  152.4°  145.48 152.4%  42.8® 9718 25.6°  67.2C  18.6°
CLOSED 154.08  210.0%  191.6 33.2B  24.8C  7.3B 118.4% 183124 17858
WATER 164.428  140.8%  159.92 144.48%  99.28  114.38 9.60 24.80  17.4B
CONTROL
CONTROL 8s.8*  187.2%  435.9B 16.88  76.4% 179,62 16.4%  110.8%  255.7%
DISTANCE EFFECTS

DISTANCE 1979 1980 1981 1979. 1980 1981 1979 1980 1981
0 METERS 153.6%  201.6%  245.92 92.8% 102.0% 130.4% 52.42B  101.2%  99.84
10 METERS 156,0%  163.65 24598 92,48 72,0 10112 48088 gg.gf  198.88
20 METERS 142.92%  170.4B  207.82 76.8%  54.88  g7.38 56.8%  103.6% 12418
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Average shoot biomass (all species combined) was very similar at 0 meters (245.9 g
m~2) and 10 meters (245.9 g m %) in 1981 and only slightly, but not significantly
(Table 2), less at 20 meters (207.8 g m”2).

Table 2 only demonstrates that interyear variation was high. At this point,
we do not know whether the yearly differences were due to sampling, yearly

variation in abiotic parameters (salinity, precipitation, frequeney of flooding, ete.),

recovery from management, or affeets due to competition between species.

Litter Biomass

‘Litter biomass data for 1979-1981 are given in Table 3. The trend toward a
yearly increase in li_tter biomass continued and there were no significant site (F =
0.800, df = 3, Sig. level = 0.506) or distance (F = 1.872, df = 2, Sig. level = 0.176)
effects by 1981. Litter biomass averaged 605.9 g m—2 for all sites. In 1979 and 1980
litter biomass at 0 meters was significantly less than at 10 and 20 meters (Table 3).
In 1981 there was still slightly less litter at 0 meters (502.9 g m-z) but that value
was not significantly greater than at 10 meters (648.7 g m—z) or 20 meters (666.2 g

_2)

Shoot Density

Throughout the study, there have been large inter- and intrasite differences

in shoot density. Spartina patens dominated the Closed Site since 1979 and D.
spicata was the dominant .at the Open and Water Control Sites (Figure 3).

Distichlis spicata continued to dominate the Open Site in 1981 and 1982 even though

. . -2
the average shoot density has changed dramatically to a range of 821-181 shoots m

in 1982 compared to 2203-304 shoots m"2 in 1981 (Table 4).
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Table 3. Site and distance effects on litter biomass. Statistical analysis of
1981 data were made using SPSS wa—way (site, distanee) analysis of
variance. Means (g m_z) were compared using Duncan's Multiple

Range Tests. Values that share the same superscript, read vertically,
are not different at the 0.05 level of significance. Data for 1979 and

1980 are described in Part T.

SITE EFFECTS

SITE 1979 1980 1981
OPEN 205.2% 566.8% 681.62
CLOSED 193.62 462.0° 630.14
B e C A
WATER CONTROL 116.0 375.6 520.9
CONTROL 237,22 589.62 591.28
DISTANCE EFFECTS
DISTANCE 1979 1980 1981
(METERS)
0 110.08 382.0B 502.92
10 198.48 54968 648.78
20 249.6% 545.6% 666.2"



Figure 3.
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Shoot density data for S. patens, D. spicata, and L. frutescens at the

Open and Closed Sites. Values for 1979 and 1980 are from Part I of

this report.
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Table 4. Density data for all distances at the three treated sites and Control Site in 1881 anfi 1982, All values are means +1 standard error of the mean.
In 1981, percentage cover estimates were made‘ for seedling in several plots. Those are indicated with a % sign.
. DISTANCE (M) 0 5 © 10 i5 20
SPECIES YEAR 1981 1982 1981 1982 1981 1982 1981 1982 1981 - 1982
CONTROL SITE
Distichlis spicata 1024 + 459 1760% 597 117+ 69 g4t 102 352% 107 362+ 267 369370 197+ 43 ‘1064 162

122+ 72

Spartina patens 178721500 1429+ 719 15841 956 21543 283 2645315 344011192 1899+ 689 1179% 246 1883+ 246 18823 682
Pluchea purpurascens 5% 3% 1%t 1% 5%+t 5% T%E 7%
Secdling? 16 £16 4t 4 . 11t 11
OPEN SITE 'h
Distichlis spicata 220341017 8211611 304+ 215  265%100 699+ 240  181% 141 949+ 145 2674 162 954+ 66 309+ 285
Spartina patens 4851302 2981154 288+ 147 410+ 120 107+ 107 98 181 27+ 27 101 72
Baccharis halimifolia - 21+ 21 11211
Iva frutescens 1074107 75 + 44 213+198  261% 261 15% 8%  208% 74 3%t 2% 53 + 27 5 5 5% 1
Solidago sp. W21 5t 5 11t i1 11t 1 5% 5 i1 11% 13
Pluchea purpurascens 339 +28% | 20%  15%
WATER CONTROL SITE
Distichlis spicata B21+384 107 84 347243 5% 5 1179% 423 213% 160 970* 825  203* 11 474+ 227  28% 19
Spartina patens 55 272+ 197 2514 139
Baecharis halimifolia 58 +104 59 44 30+ 48 32+ 16
Iva frutescens 40% £27% 267+ 267 280% 7C¢  50% 125 21+ 11 240+ 240 128+ 24 754 51 104+ 189 12 18
Pluchea purpurascens 5% 5% 20% 15% 8%+ 8% 8%t 8%
’ CLOSED SITE
Distichlis spicata 203 £ 84 46 37 20359 22414 485 £230 168 +201 448 195 110 + 53 379+108  314%129
Spartina patens 2107+ 300 3987+ 73 1976+ 384 2587 £409 3856% 955  3621% 250 3205+ 1159 2459% 267  3045% 206 2987% 285
Iva frutescens 48+ 48 1411 8¢ 5 8t 5 5t 5 6% 6

Pluchea purpurascens

2084208
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Spartina patens continued to dominate the Closed Site in 1981 and 1982 (Fig. 3)

and D. spicata also has continued to decline at all distances at the Closed Site
(Table 4). Coineident with the decline in D. spicata and S patens at the Open Site
has beeg an inerease in the density of Iva frutescens. Iva was present at the Open
and Water Control Sites in 1979, but did not appear in the permanent plots until
1980 (Fig. 3). By 1982, L frutesc_ens density had increased to 261 shoots per m2 in
one quadrat and an overall average of almost 80 plants m_2 at the Open Site. Iva
frutescens seedling's were found in the permanent plots at the Closed Site in 1982

but there is no indication that it will become widespread. Baccharis halimifolia has

become common at the Water Control Site {Table 4).

Tissue Nitrogen Concentrations

As noted earlier, nitrogen eoncentrations in shoots were significantly higher
at the Open and Water Control Sites and significantly less at the Closed Site in 1979
and 1380. In 1981, that pattern continued as there were significant differences
between the Open and Ciosed Sites for S. patens (F = 15.394, df =1, Sig. level =
0.004) and D. spicata (F = 5.093, df =1, Sig. level = 0.054). In 1981 there were also
significant distance effects on S. patens (F = 10.963, df = 1, Sig. level = 0.011), and D.
spicata (F = 21.373, df =1, Sig. level = 0.002).

Distichlis spicata and S. patens shoots had significnatly higher tissue nitrogen

concentrations near the ditches (0 meters) compared to 20 meters (Table 5). There
were no significant differenees for either species when data from the Control Site
(Table 5) were compared with 20 meters at either the Open (F = 6.89, df = 1, Sig.
level = 0.253) or Closed (F = 2.30, df = 1, Sig, level = 0.606) Sites. Both species had

significantly higher tissue nitrogen concentrations at the Open Site.
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Table 5. Site and distance affects on the nitrogen concentrations (%) of D.
spicata and S. patens in 198l. Means, read vertically, that are not
significantly different share the same superscript. Significance levels
are, at least, at the 0.05 level. Site and distance affects for the Open

¢ and Closed Sites were compared using SPSS Two-way analysis of
variance for site (Open and Closed) and distance (0 and 20 meters)
effects. Data from all site and distance combinations were compared

to means for the Control Site using one-way analysis of variance and

T-tests.
SITE EFFECTS
SITE D. SPICATA S. PATENS |
OPEN , 1.02 1.02
CLOSED 0.84 0.67
DISTANCE EFFECTS
SITE DISTANCE D. SPICATA S. PATENS
(METERS)

OPEN 0 1.21 1.62

20 0.838 0.412
CLOSED 0 1.01 " 0.99

20 0.682 0.362

CONTROL 0.72 0.29
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Nitrogen Fertilization Study

1. Spartina patens

There were significant site, distance, fertilization and time effects on the

4

nitrogen concentrations of S. patens shoots when the Open and Closed Sites were
compared (Table 6). Mean shoot nitrogen concentrations at the Open Site (L.34%)
were signifieantly higﬁer (Table 6) than at the Closed Site (1.03%). Nitrogen
concentrations were also significantly higher-at 0 meters (1.23%) than at 20 meters
(1.13%) and concentrations at the fertilized sites were significantly greater (1.29%)
- than the mean of 1.07% at the non-fertilized sites. The significant yeardaj effects
wére due to higher concentrations (1.35%) on yearday 90 (28 days after fertilizer
added) comparedl to very similar values on yearday 169 (L.16%), 176 (1.17%), 203
(L.16%), and 2.5 (1.09%).

There were significant 2-way interactions for 3 combinations (Table 6).
Nitrogen concentrations were higher in shoots collected from the fertilized plots at
both the Open and Closed Sites (Table 7). Significant site x time interaetions Were
due to consistently higher nitrogen concentrations at the Open Site and higher
values on yearday 190 at both sites (Table 8). Shoot nitrogen concentrations were
also high on yearday 203 at the Open Site (1.42%) but on the same yearday had
returned to lower values {0.90%) at the Closed Site. The significant fertilization x
time interaction (Table 8) was due to higher nitrogen concentrations, with only one
exception, in shoots at the fertilized site and the higher values measured on
yearday 190 (1.50%) at the fertilized site and yeardays 190 (1.169%) and 203 (1.28%) at
the unfertilized site. There were no significant 3 or 4 way interactions (Table 6).

Table 9 compares shoot nitrogen concentrations at the fertilized and

unfertilized Control Site with concentrations at the two ditehed sites. With only 3
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Table 6. Results of analysis of variance on the nitrogen concentrations of S. patens
shoots.
Sum of Mean Significance
Source of Variation Squares DF Square F Level
Main Effects 5.324 7 0.761 17.900 0.001
Site (S) 2.921 1 2.921 68.758 0.001
Distance (D) 0.231 1 0.231 5.435 0.0220
Fertilization (F) 1.208 1 1.208 28.427 0.001
Time (T) 0.833 4 0.208 4.901 0.001
2-Way Interactions 2.714 15 0.181 4.266 0.001
SxD ' 0.005 1 0.005 0.127 0.723
SxF 0.224 1 0.244 5.753 0.019
SxT 0.445 4 0.111 2.615 0.041
DxF 0.603 1 0.003 0.070 0.793
DxT 0.254 4 0.064 1.496 0.212
FxT 1.754 4 0.439 10.321 0.001
3-Way Interactions 1.293 _ 13 0.099 2.341 0.011
SxDxF 0.114 1 0.114 2.686 0.105
. 8SxDxT 0.307 4 0.077 1.805 0.136
SxFxT 0.313 4 0.078 1.841 0.129
DxFxT 0.263 4 0.066 1.545 0.197
4-Way Interaction 0.245 3 0.820 1.925 0.132
SxDxFxT 0.245 3 0.820 1.925 0.132
Explained Variance 9.581 38 0.252 5.934 0.001
Residual Variance 3.314 78 0.042

Total ' 12.896 116 0.111
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Table 7. Comparison of site x fertilization and distance x site x fertilization
effects on the nitrogen concentrations (%) of S. patens and D. spicata
shoots. F is the symbol for fertilized and NF for unfertilized plots.

¢ Values are mean concentrations I standard error of the mean.
SITE x FERTILIZATION EFFECTS
TREATMENT OPEN CLOSED CONTROL
S. PATENS
1.25 + 0.04 1.08+ 0.086 1.07+ 0.05
NF 1.18+ 0.06 0.97+ 0.02 0.95% 0.03
D. SPICATA
1.54+ 0.07 1.42+ 0.06 1.53+ 0.11
NF 1.31+ 0.06 1.26+ 0.05 1.29 0.07
DISTANCE x SITE x FERTILIZATION EFFECTS
CLOSED
0 METERS 20 METERS 0 METERS . 20 METERS
S. PATENS
F 1.49+ 0.09 1.49+ 0.06 1.17+ 0.06 1.00% 0.09
NF 1.27 = 0.09 1.06 = 0.07 ¢.99% 0.03 0.94% 0.04
D. SPICATA
F 1.64+ 0.11 1.53+ 0.07 1.39% 0.10 1.45% 0.06
NF 1.33 £ 0.08 1.29+ 0.08 1.33+ 0.08 1.18% 0.05
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Table 8. Mean nitrogen conecentrations(%) for S.patens shoots for site x time and
fertilizer x time interactions.
TIME
SITE YEARDAY i69 176 190 203 215
OPEN 1.29 1.25 1.60 1.42 1.22
CLOSED 1.04 1.09 1.17 0.90 0.96
TIME
TREATMENT YEARDAY 169 176 190 203 215
FERTILIZED 1.30 1.41 1.50 1.04 1.19
UNFERTILIZED 1.03 0.93 1.16 1.28 0.99



Nitrogen concentrations (%) in 8. patens shoots in fertilized (F) and unfertilized (NF) plots at the two
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Table 9,
treaiment Sites and Control Site., All values are means *1 standard error of the mean. Results of statistical
tests (T-tests) for each yearday are also provided for within treatment comparisons. All values, read
vertically, with a superseript A are not signifieantly different from the fertilized Control Site and values with
superseript B are not different from the unfertilized Control Site.
YEARDAY 169 176 190 203 215
DAYS SINCE START 7 14 28 41 ' 53
SITE DISTANCE TREATMENT
(M)
OPEN 0 F 1.65+ 0.06 1.59% 0.06 1.82% 0.24 1.77% 0.11 1.22% 0,08
NF 1.19% 0.09 0.99+ O.OBB 1.45% 0.06 1.17% 0.18 0.95* 0.05B
OPEN 20 F 1.35+ 0.02 1.68+ 0.05 1.51+0.11 1.45% 0.26 1.47% 0.11
NF 0.96 £ 0.03 0.75+0.02 No Data 1.31+ 0.08 1.25% 0.12
CLOSED 0 F 1.13 i [l.ll]A 1.29 % 0.01A 1.41t0.11 ~ (.88 t0.14 1.15%0.03
NF 1,10 £ 0,04 1.05% G.OGB 1.17 £ 0.04 1.08 £ O.OGB 0.89 % U.B3B
CLOSED 20 F 1.07 £ 0.45A 1.09+ 0.05‘ 1.24 % 0.22A 0.66 % 0.11A 0.93% O.OZA
NF 0.85+0.025  0.910.05 0.84%0.02°5  0.97%0.02%  0.84%0.08°
CONTROL F 1.23£0.09%  1.30%0.03%  1.06:0.00%  0.830.07%  0.93%0.08"
NF 0.82£0.025  1.07+0.04®  0.89%0.06®  1.07%0.0t®  0.80 *0.065
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exceptions, shoot nitrogen concentrations were significantly higher at both 0 and 20
meters at the Open Site compared to fertilized and unfertilized plots at the
Control Site. With only two exceptions (0 meters on yearday 203 and 20 meters on
yearday 215), eoncentrations were also higher in fertilized plots at the Closed Site
but on ‘onIy two instances (yearday 176) were concentrations significantly higher

than those measured at the Control Site.

2. Distichlis spicata

All main effects were significantly different when D. spicata nitrogen
concentrations were compared at the Open and Closed Sites (Table 10) and the
patterns were similar to those described for S. patens. Nitrogen concentrations at
the Open Site (1.49%) were higher than those measured at the Closed Site (1.34%).
Nitrogen concentrations were higher near the ditches (1.45% at 0 meters) than at 26
meters (1.37%) and shooi:s at fertilized sites had higher nitrogen concentrations
(1.53%) than sho_ots- coliected from unfertilized plots (1.28%).

Two, 3- and 4-way interactions were much more complex and all but four
were significant at the 0.05 level of significance. Shoots at the fertilized plots
were higher in nitrogen at both the Open and Closed Sites (Table 1) but shoot
concentrations at the unfertilized Closed Site (1.32%) were not very different from
those measured at the fertilized Closed Site (l.42%l). Site x time and fertilizer x
time interaections are similar to those described for S. patens as both fertilized and
non-fertilized plots at both sites had higher econcentrations measured on yeardays
190 and/or 203 (Table 1), A similar pattern was seen when distance x time
comparisons were made (Table 11). Shoot nitrogen concentrations were higher at
yearday 190 at both 0 and 20 meters and, in most instance_s, concentrations were

higher at 0 meters.
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Table 10. Results of analysis of variance on the nitrogen concentrations of D spicata

shoots.
Sum of Mean Significance
Source of Variation Squares DF Square F Level
Main Effects 4.204 7 0.601 28.980 0.001
Sites (S) ' 0.656 1 0.656 31.659 0.001
Distance (D) 0.176 1 0.176 8.503 0.005
Fertilization (F) 1.613 1 1.613 77.855 0.001
Time (T) 1.586 4 0.396 19.131 0.001
2-Way Interactions 6.444 15 0.430 20.733 0.000
~ SxD 0.081 1 0.081 3.889 0.052
SxF 0.245 1 0.245 11.826 0.001
SxT 0.524 4 0.131 6.325 - 0.001
DxF 0.005 1 0.005 - 0.255 0.615
DxT 1.234 4 0.308 14.882 0.001
FxT 4.418 4 1.105 53.302 0.00L
3-Way Interactions 1.075 13 0.083 3.992 0.001
SxDxF 0.255 1 0.255 12.317 0.001
SxDxT 0.466 4 0.117 5.622 0.001
SxFxT- 0.197 4 0.049 2.379 0.059
DxFxT 0.140 4 0.035 1.690 0.161
4-Way Interaction 0.416 3 0.139 6.96 0.000
SxDxFxT 0.416 3 0.139 6.96 0.000
Explained Variance 12,140 38 0.319 15.417
Residual Variance 1.616 78 0.021

Total 13.756 116 0.119
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Table 11 Two-way interactions for nitrogen concentrations(%)of D spicata

shoots.

I. Site x Fertilization Interaction

Fertilized Unfertilized
Open 1.64 1.32

Closed 1.42 1.26

[I. Site x Time Interaction

YEARDAY 169 176 180 203 215
Open _ 1.50 1.41 1.92 1.52 1.20
Closed 1.34 1.33 1.43 1.29 1.31

III. Distance x Time Interaction

YEARDAY 169 176 190 203 215
0 Meters 1.41 1.47 1.76 1.49 1.14
20 Meters 1.44 1.26 1.47 1.32 1.37

Iv. Fertilization x Time Interaction

YEARDAY 169 176 190 203 215

Fertilized 1.47 1.64 1.92 1.20 1.43

Unfertilized 1.38 1.09 1.25 1.61 1.08
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Table 12 compares D. spicata shoot nitrogen coneentrations at the Control
Site with nitrogen data from the two ditched sites, Although there was a tendency
for nitrogen concentrations to be elevated in the fertilized plots, in only 5
instancés were the values significantly higher than those measured at the fertilized
Control Site. Three of the higher values oceurred at 0 meters at the Open Site and
one at 0 meters and one at 20 meters at the Closed Site. There were also very few
significant differences when the fertilized plots at the two ditched sites were
compared to the unfertilized Control plot. | In only three instances were
concentrations higher at the Open Site (two at 0 meters and one at 20 meters) and

only two instances (one each at 0 and 20 meters) at the Closed Site.
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Table 12. Nitrogen concentrations (%) of D. spicata shoots in fertilized (F} and unfertilized (NF) plots at the two
treatment Sites and Control Site. All values are means + 1 standard error. Results of statistical tests (T-tests)
for each yearday are also provided for within treatment comparisons. All values with superscript A are not
significantly different from the fertilized Control Site and values, read vertically, with superseript B are not
different from the unfertilized Control Site.

YEARDAY 169 176 190 203 215
DAYS SINCE START T 14 28 41 53
SITE DISTANCE TREATMENT
(M)
OPEN 0 F 1.78 + 0.03 1.89+0.05%  2.39+0.05 1.61£0.12%  1.11:0.03
NF 1.39 % 0.03B 1.07 £ 0.06 1.58 + 0.06 1.71 % 0.11B 0.91* 0;04B
OPEN 20 F 1.38+0.08%  1.69:0.07®  1.78:0.01% 1.a3:t0.03®  1.65%0.008
NF 1.44 + 0.08 0.97 £ 0.04 1.63 % O.OSB 1.12 % 0.11B
CLOSED 0 F 1.13 £ 0.07 1.66 0.04A 1.89 = O.UIA 0.92= (}.ISA 1.41% 0.01A
NF 1.44%0.2¢8%  1.27:0.068  1.19%0.08 1.71%0.055  1.13%0.10P
A g tnacA in nel L a A
CLOSED 20 F 1.58 £0.13 1.3320.09 1.64 0,06 1.13 20.06 1.56 = 0.01
NF 1.33£0.06°  1.05%0.05 0.99%0.07%  1.40%0.04®  1.15%0.08P
CONTROL F 1.39£0.08%  1.78%0.07®  1oto.1®  0.94%0.30%  1.56 *0.062
NF 11230055  1.43%0.00%  121%0.00®  18a%010" B

1.07 $0.09
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DISCUSSION

Years 1979 - 1982

Live biomass and litter standing crop, although variable from year to year,
have re}:curned to pretreatment levels at the three ditched sites (Figs. 4 and 5).
With the exception of the very large value for total live biomass at the Control Site
in 1981, there were no site differences when treated sites were compared. Given
that there is intrasite spatial Variability in shoot biomass, it seems likely that the
high value from the Control Site was probably, by chance alone, due to the fact
that we sampled only once in 1981 compéred to monthly during 1979 and 1980.

Differences, first noted in 1979, in species composition persisted through 1982.

Spartina patens is clearly the dominant species at the Closed Site (Fig. 3) a@nd there

is no evidence that it will be supplanted by either 1. frutescens or B. halimifolig.

Distichlis spicata dominated the Open and Water Control Sites between 1879 and

1981 but.by 1982 shoot density data from the permanent plots (Fig. 3 and Table 4)
demonstrate that it and S. patens have declined at the Open Site. Similar changes
are ongding at the Water Control Site (Table 4). At the Open and Water Control
Sites, I. frutescens has become more abundant and B. halimifplié has become
established and is widespread at the Water Control Site. If this trend continues, it
seems likely that both D. spicata and § patens will become subordinate species at
the Open and Water Control Sites.

Litter biomass returned to pretreatment levels at a slower rate than live
shoot biomass and only reached pretreatment levels in 1981 (Fig. 5). Within each
site, recovery of the litter compartrﬁent was slowest near the ditches, particularly
within the first meter (Fig. 6). From our earlier work on decomposition rates

(see Part 1) it was shown that litter decomposed slower at the ditehed
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Control Site. Data are taken from Table 2. Values that share the
same superscript, read vertically within each year, are not sign'ifi-:

cantly difl‘ereﬁt.



32

> 7007 4 _oreN
® -CLOSED

O -WATER CONTROL
m -CONTROL gA 7 /" A

LITTER BIOMASS (Gm?2)

1979 1980 198

Figure 5. Mean litter biomass at the three treated sites and Control Site from
1979 to 198l. Values are taken from Table 3. Means that share the
same superscript, read vertieally within each year, are not signifi-

cantly different.




33

- T00-
o-0OM A
{ o-l0m L
O-20M /
600- Z CONTROL
o
- A
£
e
wn
7))
<
=
=
m
o
i
=
l._
|
1979 1980 198
Figure 6. Mean litter biomass at 0, 10, and 20 meters, for the three treated

sites eombined, from 1979 to 198l Values are taken from Table 3.
Means read vertically, within each year, that share the same
superseript are not significnatly different. Average litter biomass

from the Control Site is plotted for comparison.



34

sites. This lead us to speculate that the size of the litter compartment would
ultimately reach a level that would be greater than pretreatment levels. Several
years of additional data would be needed to test this hypothesis but we believe that
it is an important issue because these wetlands are often burned. If the litter layer
~ is thicker, the fires might be hotter and the resultant burn might be deeper into the
peat, especially in sites where the water table has been lowered. This aspeet ’on
the study wiil be discussed further in the Summary and Recommendations section.
In 1579 and 1980, we had deteérmined that there were signifieantly higher
. concentrations of nitrogen in live shoots at the Open and Water Control Sites
Was that pattern of long-term duration or only temporary?
To answer this question would require several more years of data but our 1981
measurements suggest that the pattern is long-term. Reasons for this are discussed
further in the next section. Nitrogen concentrations were still significantly higher

at the Open Site (1.02%) and lower at the Closed Site (0.78) in 1981.

Fertilization Study

The hypothesis tested was that plants at the Open Site would have
higher shoot mitrogen concentrations following fertilization than plants
at rhe Closed and Control Sites because the substrate moisture content
had been lowered enough to make nitrogen more available.

Our prediction was that plants in the fertilized plot at the Open
Site would have significantly higher shoot nitrogen concentrations than

plants at either the Closed or Control Sites. In addition, because the
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the water table is lower nearer the ditches (see Part I) and the substrate
contains less water (Fig. 2) we predicted that there would be a distance
effect and that plants in fertilized plots near the ditches would have
higher tissue nitrogen concentratians than plants located in fertilized
plots 20 meters from the ditch. The following sequence was predicted in

shoot nitrogen concentration in fertilized and unfertilized plots.

(Open, 0 meters) > (Open, 20 meters) > (Closed,
0 meters) > (Closed, 20 meters) = (Control)
With very few exceptions the predicted and observed results matched.
Figures 7-10 are compilations of data for the 5 sample dates and
demonstrate the changes that occurred in fertilized and unfertilized plots. In each
diagram, points to the left of the center line indicate that nitrog'en concentrations
at the ditehed sites were higher than at th.e Control Site. Values to the right of the
centef line represent nitrogen concentrations that were lower at the ditched sites,
In each figure, an * appears next to the symbol when the mean for that site and

sample date combination were significantly different from the Control Site.

1. Spartina patens

In the unfertilized plots, the highest shoot nitrogen concentrations were at
the Open Site at 0 meters (Fig. 7). Four of the five values plotted are to the left of
the center line and each was significantly greater than data from the Control Site.
In the fertilized plots, the array of data points for 0 meters at the Open Site was
further from the eenter line {Fig. 8) and all values measured at the fertilized plot
were significantly greater than coneentrations measured at the Control Site. Shoot
nitrogen concentrations increased an average of 40.9 + 0.07% when fertilized
and unfertilized plots were compared for the O meter distance at the Open

Site.
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Figure 8. Comparison of nitrogen concentrations (%) of S. patens in fertilized
plots in the Open and Closed Sites with fertilized plots in the Control
Site. Significant differences between the ditched Sites and the

Control Site are indicated with a *.
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The same response occurred for S. patens at 20 meters at the Open Site. In
the unfertilized plots, four of the data points were to the left of the center line
(Fig. 7) but only on two sample dates were the values significantly greater than
those measured at the Control Site. TFollowing fertilization, shoot nitrogen
eoncentrations were always significantly greater (Fig. 8) and the average increase
was 48.5 + 26.0%.

In only one instanee were shoot concentrations of S. patens in the unfertilized
plot at the Closed Site significantly greater than shoot concentrations at the
Control Site (Fig. 7). In the fertilized plots at the Closed Site, shoot
concentrations of S. patens were significantly greater on three sampling dates at 0
meters {Fig. 8). At no time were nitrogen concentrations at 20 meters greater
than those measured at the fertilized Control Site. The average increase, when
fertilized and unfertilized blots were compared, was 11.4 £ 8.6 and 14.2 + 13.1% at
the Closed Site which was similar to the response measured at the Control Site

(14.5 + 1.8%).

2. Distichlis spicata

The response of D. spicata was more variable (Figs. 9 and 10). An increase in
nitrogen concentration, as predicted, occurred at {0 meters at the Open Site but the
differences were only significantly different from the fertilized Control Site on
two sampling dates. In the unfertilized plots there was no pattern
when shoot nitrogen concentrations of D. spicata at 0 meters at the Open Site were
compared to data from the unfertilized Control Site. Similarly, there was no
positive significant response to fertilization for D. gpi(_:é_tg at 20 meters at the

Open Site or 0 and 20 meters at the Closed Site.




39

Figure 9. Comparison of nitrogen concentrations (%) of D. spicata in unfertilized

DISTICHLIS SPICATA — UNFERTILIZED

plots in the Open and Closed Sites with unfertilized plots in the Control
Site. Significant differences between the ditched Sites and the Control

Site are indicated with a *.
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Figure 10. Cdmparison of nitrogen concentrations (%) of D. spicata in fertilized
plots in the Open and Closed Sites with fertilized plots in the Control
Site. Significant differences between the ditched Sites and the

Contrbl Site are indicated with a *,
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Why was the responses of D. spicata so different from that of S. patens?

Spartina patens has a much shallower root/rhizome system than D. spicata. In

1981, as part of another study (Whigham personal observation) we ecollected
substiate cores at the Open, Closed and Control Sites. The cores, collected near
the plots used in this study, were washed and the rhizome biomass determined for
D. spieata and S. patens in 0-5, 5-10, 10-15, and 15-20 cm depth intervals. Figure 11
shows some results of that study. At all sites, the rhizomes of S. patens are found
near the surface whereas D. spiecata rhizomes oceur throughout the profile.
Barber (personal communication) has also shown that § patens has a small
rhizome and a very dense root mat near the surface. Since the plots were only'
fertilized once, it seems likely that most of the fertilizer was absorbed in the
surface layers of the peat substrate where the roots and rhizomes of S. patens were
concentrated. The lack of any clear response of D, spicata may have been also due
to inereased moisture content in the deepgr_substrate where nitrogen fertilizer may
not have reached or méy not have been available due to anoxie (;onditions
(Mendelssohn 1979, Valiela et al. 1978). What is clear from the stud’y is tha-t there
was a distinet site response with fertilization affects being greatest at the Open
Site. These data suport the hypothesis that nitrogen assimilation is primarily

controlled by substrate moisture conditions.
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Figure 11. D. spieata and S. patens distribution (%) of rhizome biomass in substrate
cores collected at the Open, Closed and Control Sites. Data are means

of 9 samples for each depth interval shown.
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SUMMARY AND RECOMMENDATIONS

It is clear that the ditched areas have all recovered from the management
activities. What is uneclear, however, are several issues related to the long-term
effeets: Our evidence shows clearly that the two sites that are directly coupled to
the estuary aré still undergoing changes in- vegetation composition. It now appears
that the Open and Water Control Sites will become almost completely dominated
by L frutescens and B. halimifolia. Our data also indicate that shoot nitrogen
"eoncentrations will eontinue to be elevated at those sites. The litter compartment
has completely recovered to pretreatment levels at all sites and the data from 1979
and 1980 demonstrate that litter may become enriched in nitrogen and that the
litter horizon will be thicker due to lower rates of decomposition.

The two questions that seem to be of primary importance are-:‘ 1) Can
vegetation changes at the Open and Water Control Site be reversed? This may be a
very important question because if other areas begin to change following ditching,
ean the process be stopped and/or reversed so that the ditched.areas remain open
(dominated by marsh grasses) and more suitable for waterfowl and muskrat use; and
2) If the trend toward increased litter biomass continues, is this a possible threat
because the wetlands are frequently burned and a hotter fire (from a greater fuel
load) can lead to a deeper peat burn and killing of the plants, particularly the

shallow rooted Spartina patens?

Like most studies, this one has provided answers to some questions and has
cregted others. 1 recommend that several other studies, all small in scale and low
in cost, should be conducted. The questions presented above need to be addressed

and a framework for the research would be as follows:
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2)

3)
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Can the invasion of 1. frutescens and B. halimifolia be reversed?

A. Procedure: Convert 1/3 of the Open Site at Deal Island into a
Closed Site and 1/3 into a Water Control Site. Establish
permanent plots in each area and monitor vegetation in the plots
each year for a period of 3-5 years. Once the manipulations would
be completed, the study would only require 2 workdays per year to
sample the plots. At the same time, plant tissues of the dominant

| species could be collected and analyzed for nitrogen content for
very little cost,

Will the litter layer continue to increase in size and will a deeper burn '

result in areas where ditched wetlands are coupled to the estuary?
This would require a more detailed study but useful data could be

compiled by ceontinuing to sample the 1itt_er- layer at the 3 Deal Island
sites. This project would require 1 day of additional field work and
several days of laboratory work. Shouid it be found, with another year
or two of data, that litter is still accumulating, then the issue of

possible impaect of fires eould be addressed.

-Why does 1. frutescens and B. halimifolia invade some areas and not

others? It would be important to know the germination requirements of
both species. I believe it is particularly important to know the type of
substrate that provides optimum germination sites {peat, clay, ete.) and
what the moisture content needs to be in order for seedlings to become
established. This information would be useful in making decisions about
how far the water table can be lowered given the type(s) of substrates

found in areas where ditching will be done.
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This project would require both field and laboratory experiments.
It could be a student project and might take 2 years. Cost would be
minimal if funds could be obtained to employ a student from one of the
Universities or the local Community College. Laboratory studies on
germination ecology could be conducted in the winfer and field studies

during the spring and summer.
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