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Abstract: The impact of two coastal Louisiana marsh management plans on water and materials flux, short- 
term sedimentation, and several soil parameters was evaluated between May 1989 and January 1990. The 
study was carried out in the Fina-Laterre Marsh Management Area and the Rockefeller State Wildlife Refuge 
in managed and unmanaged areas. Water and material flux was measured each two hours during twelve 48 
h flux studies, and net fluxes per m 2 of drainage area were calculated for water, total suspended sediments, 
salinity, N03+NO2, PO4, and N H  4. Short-term sedimentation was measured as the weight of material 
deposited over 2--4 week intervals on petri dishes placed on the marsh surface. The managed sites experienced 
considerable reductions in total water exchange, leading to reductions in net material exchanges. When 
expressed on a per m 2 basis, the managed wetlands are much less tightly coupled to the surrounding estuary 
compared to tmmanaged areas. Within the context of a general decrease of exchange, the two managed areas 
on average export materials to the estuary. In the managed areas, the results suggest that management can 
lead to reduced salinity and a loss of sediments and nutrients. Short-term sedimentation was less at the 
managed areas; expressed as g m-2d ~, total sedimentation rates were 0.57 for Fina managed, 1.02 for Fina 
unmanaged, 1.68 for Rockefeller managed, and 3.82 for Rockefeller unmanaged. Soil P was lower and soil 
organic matter was higher at the managed areas. Organic matter in the soil was low compared with recently 
deposited material, suggesting that most organic matter deposited on the surface of the marsh is lost through 
decomposition. Reduction of flooding during storm events is the likely mechanism leading to reduced 
sedimentation on the marsh surface in the managed areas. 
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I N T R O D U C T I O N  

For over  three decades, one o f  the most  intensively 
studied topics in coastal ecology has been the inter- 
action between tidal wetlands and adjacent estuarine 
waters (Odum and de la Cruz  1967, Gardner  and 
Kitchens 1977, Odum et al. 1979, Kjerfve and McKellar 
1980, Nixon 1980, Dame et al. 1986, Stevenson et al. 
1988, Day et al. 1989). There has been considerable 
controversy and discussion over the exact role o f  coast- 
al wetlands, but there are large and important  exchang- 
es of  water, suspended sediments, inorganic nutrients, 
organic matter,  and living organisms between wetlands 
and estuafine waters. It has been shown, for example,  
that some coastal marshes export organic mat ter  and 
provide habitat  for estuarine nekton (Nixon 1980, Day 
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et al. 1989). In coastal Louisiana, input o f  suspended 
sediment to wetlands is important  in offsetting the rel- 
ative sea-level rise (Baumann et al. 1984). An impor-  
tant concern for coastal managers, therefore, is the 
impact of  management  practices on such interactions 
between coastal wetlands and waters. 

A practice widely used in the Louisiana coastal zone 
is marsh management.  As used in Louisiana, marsh 
management  refers to the use o f  low dikes and water- 
control structures to create impoundments  in order to 
manipulate hydrology inside the impoundment .  Such 
marsh management  has been practiced for decades in 
Louisiana to improve marshes for waterfowl and fur 
bearers. More  recently, marsh management  has been 
promoted  as a way o f  combating the high rates o f  coast- 
al wetland loss (Cahoon and Groat  1990) based on the 
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belief that salinity intrusion and tidal scour are the 
most important agent leading to land loss (Gagliano 
and Wicker 1989). Water-control structures used in 
marsh management have mainly been fixed-crest wiers 
used to maintain a minimal water level in the managed 
area. This is termed passive management. Recently, 
more complex structures have been used that include 
variable crest wiers and f~ap gates to allow a greater 
control over hydrology. A pr ima~  objective of this 
active management is to draw down water levels to 
promote the growth of emergent vegetation (Cahoon 
and Groat 1990). At present, managed impoundments 
account for 17% of the Louisiana coastal zone (Day et 
al. 1990). 

Recently, questions have been raised about marsh 
management concerning both the assumptions under- 
lying justification of their use (i.e., the role &saltwater 
intrusion and tidal scour in wetland loss) and the im- 
pact of  marsh management on estuarine processes such 
as flux of materials and sediment and access by estu- 
arine-dependant species (Cowan et al. 1988, Day and 
Templet 1989, Cahoon and Groat 1990, Herke et al. 
1992, Cahoon 1994). Our objectives in this study were 
to measure the effects of two marsh management plans 
on water and materials fluxes, short-term sedimenta- 
tion, and soil parameters under different weather, tidal, 
and management conditions. 

STUDY SITE 

This study was part of  a larger, comprehensive eval- 
uation of marsh management practices in the Louisi- 
ana coastal zone (Caboon and Groat 1990). As part of 
the larger study, 16 areas were selected for the analysis 
of habitat change from the mid- l 950s to the mid- 1980s 
using aerial imagery by a steering committee composed 
of landowners, state and federal agency representa- 
tives, marsh managers, and scientists. Each area in- 
cluded an operational marsh management plan typical 
of coastal Louisiana and a nearby non-managed area 
of similar size, marsh type, degree of  hydrologic alter- 
ation, and degree of wetland deterioration. The 16 
management plans included both actively and pas- 
sively managed marshes. We report on two of the 16 
areas, Rockefeller State Wildlife Refuge (Rockefeller) 
and the Fina-Laterre Marsh Management Area (Fina), 
which were chosen by the steering committee as rep- 
resentative of actively managed areas for more inten- 
sive study of the effects of  management on hydrology, 
materials flux, vegetation ecology, soil parameters, wa- 

ter chemistry., accretion, and nekton (Boumans and 
Day 1990, Cahoon and Groat 1990). 

Fina and Rockefeller are in two geomorphologically 
different areas of the Louisiana coastal zone: the deltaic 
plain and the Chenier plain (see Figure 1- for a more 
complete description of the area see Cahoon and Groat 
1990). The deltaic plain was formed in an area of  pleis- 
tocene erosion followed by direct deposition of  Mis- 
sissippi River sediments. In contrast, the Chenier plain 
has not been eroded and was formed by reworking of  
sediments carried to the area by westward littoral drift 
and deposited in the nearshore zone. In each area, 
measurements were carried out in a managed area and 
a nearby unmanaged area (Figure 1). 

The deltaic plain managed area is the Fina site (2768 
ha), which is located about 40 km from the coast (Fig- 
ure 1). The goals of  the management plan, which was 
begun in 1985, are to reverse wetland loss, increase 
freshwater and sediment input, decrease salinity, sta- 
bilize water levels, increase marsh production, and al- 
low for immigration of marine fishery species. The area 
is surrounded by natural ridges or low dikes about one 
meter above mean high water. Four fixed-crest weirs 
on the northern boundary and one active structure on 
the southern boundary are used to control water levels. 
The southern structure consists of  two adjacent open- 
ings each 2.8-m wide with individual flap-gates and 
variable-crest weirs. The openings in the structures are 
referred to as bays. and this terminology will be used 
throughout the text. The vegetation ranges from fresh- 
water marsh in the north to a brackish Spartina patens 
(Ait.) Muhl. dominated wetland in the south. The un- 
managed site (692 ha) is located south of the managed 
site across Falgout canal. Water flow is restricted by 
spoil banks, but four openings along Falgout Canal 
allow water exchange between Falgout Canal and the 
unmanaged area. The dominant vegetation is Spartina 
patens. 

The Chenier plain managed site (2084 ha) is the 
Rockefeller area (Figure 1), which is located about 5 
km from the coast. Since the state acquired the refuge 
in 1920, a program has been undertaken to counteract 
the effects of  saltwater intrusion and altered hydrologic 
regimes. Improving waterfowl habitat and enhancing 
estuarine fisheries are the primairy management ob- 
jectives. Like Fina, this managed area is bordered on 
all sides by low dikes about three meters above mean 
high water. The main water-control structure in the 
southwest corner has seven bays with flap-gated, vari- 
able-crest weirs. There is a second structure in the 

Figure 1. Map showing locations of the study sites. The managed and unmanaged areas at Rockefeller are located 15 km 
apart in the chenier plain. The managed and unmanaged areas at Fina are adjacent in the deltaic plain. Note that Rockefeller 
is located closer to the coast than Fina, 
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eastern part of  the area with five double flap gates. The 
unmanaged marsh (1604 ha) is 15 km east of  the man- 
aged area and borders East Little Constance Bayou. 
This bayou has direct hydrologic exchange with the 
Gulf of Mexico about 5 km south of  the study stations. 
The northern border is formed by a canal spoil bank 
with a variable-crest flap-gated culvert, which drains 
the wetlands north of  the study site. 

The marsh vegetation in the managed as well as in 
the unmanaged stations is dominated by Spartina pat- 
ens, an indicator species for brackish marsh. Spartina 
alterniflora Loisel. also occurs in both areas. In the 
fresher, northern part of  the managed area, fresher veg- 
etation such as Typha latifolia (L.) and Bacopa mon- 
nieri (L.) Penn. occurs. Soils in both the managed and 
unmanaged areas are classified as Haplaquolls-Hydra- 
quents association. Further descriptions of  the two ar- 
eas are given by Cahoon and Groat (1990), Rogers et 
al. (1992), and Cahoon (1994). 

STRUCTURE OPERATION 

The operation of  water-control structures has a 
marked effect on the functioning of  active marsh man- 
agement projects. Variable-crest weirs with flap-gates 
like those at Rockefeller and Fina can be operated in 
a variety of  ways. The flap-gates can be locked closed 
to prevent all water movement, held open to allow 
bidirectional flow, or operated in a down but unlocked 
position to allow water flow in one direction only. The 
structures are often operated in a two-phase, water- 
management schedule (Clark and Hartman 1990, Ca- 
hoon 1994). The The drawdown phase occurs in the 
late winter and spring by positioning the flap-gate to 
flap outward only. This allows outflow when water 
levels are lower outside the structure but prevents in- 
flow when water levels outside are higher. Drawdown 
is most effective during cold fronts when coastal water 
levels are depressed and the head difference between 
the inside and outside of  the management area is great- 
est. Structures for drawdowns are located on the south 
side of impoundments, and the north winds increase 
water levels in the southern part of impoundments, 
thus increasing the head difference and the efficiency 
of  drawdown. 

Drawdown is done to encourage the growth of veg- 
etation for waterfowl or fur animals and to lower sa- 
linities. The flooding phase usually occurs from mid- 
summer through mid-winter when impoundments are 
flooded to provide shallowwater habitat for waterfowl. 
The gates are held open and the crest of  the weir is 
increased to hold water in the impoundment. 

During our study, both Rockefeller and Fina used 
the two-phase water management approach (draw- 
down-flood). This is implemented each year at Fina 

and each three to four years at Rockefeller. At Fina, 
drawdown was from mid-February to mid-July. The 
weir crest was set at approximately 60 cm below marsh 
level, and the gates were set down but allowed to flap 
out so that water could flow outof but not into the 
impoundment. The gates were closed during the pas- 
sage of  Hurricane Gilbert in early October 1992. Dur- 
ing the flooding phase from mid-July 1989 to February 
1990, the gates were held open and the weir crest was 
set at 15 cm below marsh level. Thus, the May flux 
study was during a drawdown period, and the Septem- 
ber and October sample periods were during the flood- 
ing phase. At Rockefeller, drawdown lasted from mid- 
February until mid-June when the weir crest was set 
at approximately 45 cm below marsh level and the 
gates were set down and flapping out. Some gates were 
opened during high tide on several occasions to allow 
acces of  shrimp larvae (May 17-18, 22-26 and June 
2, 15-19). During the sampling period of May 31-June 
2, the gates were locked closed with the exception of  
the two-hour period at the end of  the flux measure- 
ments when several gates were opened to allow water 
to flow in. From mid-July to mid-February 1990, the 
weir crest was set at 15 cm below marsh level and the 
gates were set down and flapping out. This was the 
condition during the September and October sample 
periods. A detailed description of  pond structure and 
operation is given by Cahoon (1994), 

METHODS 

Flux Studies 

Measurements of  material flux were carried out at 
the two study areas. Field sampling was conducted on 
the following dates in 1989 to account for variation in 
climate, mean sea level, and operation of the struc- 
tures: Rockefeller-May 31-June 2, September 21-23 
and November 2--4; Fina-May 22-24, September 28- 
30 and October 26-28. At Rockefeller, measurements 
were carried out at the control structures in the south 
west comer of management unit 4 and in East Little 
Constance Bayou just above Little Constance Lake in 
te unmanaged site (Figure 1). At Fina, measurements 
were made at the main control structure just north of  
Falgout Canal and at the four inlets to the unmanaged 
area to the south of  the Falgout Canal (Figure 1). Mea- 
surements of  water and materials flux were made each 
two hours for the duration of  each field trip at the 
control structures, East Little Constance Bayou, and 
at the largest channel into the Fina unmanaged area. 
At the four smaller channels at Fina unmanaged, water 
flux was measured approximately each two hours dur- 
ing daylight to estimate total water exchange between 
the unmanaged area and Falgout Canal. The cross see- 
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tional areas ofthe channels and control structures were 
measured. During each sampling period, field notes 
were made of weather conditions, structure operation, 
and other factors that might prove useful in analysis 
and interpretation of the data. 

During each sampling period, water level and cur- 
rent velocity and direction were measured, and sam- 
ples were taken for the determination of material con- 
centrations at two h intervals for 48-50 hours (2 tidal 
cycles). At the unmanaged areas, samples were col- 
lected in the center of  the channels at 30-4t3 cm, or if 
shallower at one half of  total depth. Five channels (2.4-- 
13 m wide, 0.2-1.2 m deep) connect the unmanaged 
area at Fina to Falgout Canal. Only one channel (25 
m wide and 2-3 m deep) connects the unmanaged area 
at Rockefeller to the estuary. The channels at Fina are 
not typical tidal channels but connections that have 
eroded through a spoil bank that initially was contin- 
uous along the south side of Falgout canal. There is 
presently free tidal flow in all of the channels in the 
unmanaged sites. An earlier study of  flux in a similar 
channel in coastal Louisiana showed that a single sam- 
ple was sufficient to characterize flux in such channels 
(Stem et al. 1986, 1991). At Fina unmanaged, 2-h 
water samples were taken at the largest and most dom- 
inant channel. In addition, water samples were col- 
lected with an auto-sampler at one additional channel 
for the analysis of  total suspended solids (TSS) only. 
For the managed areas, current measurements were 
made and water samples collected from the water flow- 
ing through the structures. At Fina, routine measure- 
ments were in the south bay of  the structure. At several 
times during each trip, a number of  additional current 
measurements were made in the north bay as well as 
in the approach channel on each side of the structure 
to ensure that measurements in the south bay were 
sufficient to characterize water flux. At Rockefeller, 
routine measurements were made at the main water- 
control structure in the center of  bays 2, 4, and 6. 
Several times during each trip, current measurements 
were made in each of the seven bays so that total water 
flux could be calculated. 

Water samples were collected for analysis of nitrate 
plus nitrite (NO3+NO2), ammonium (NH4), soluble 
reactive phosphate (SRP), total suspended solids (TSS), 
and salinity. Samples for NO3 +NO2, SRP, and NH4 
were filtered through 1.2 ~m GF/C filters and frozen 
on dry ice in plastic autoanalyzer vials. All nutrient 
concentrations were determined according to EPA 
(1979). TSS were determined gravimetrically (Banse 
et al. 1963), and salinity was measured with a chloridity 
meter, 

Current velocity was measured using a hand-held 
electromagnatic current meter, Water levels were read 
from staffgauges. The gauges were placed in the chan- 

nels at the unmanaged areas and inside and outside of  
the structures at the managed areas. Instantaneous 
fluxes were calculated from each velocity, cross-sec- 
tional area, and concentration value. Changing cross- 
sectional area due to changing water level was account- 
ed for (Stem et al. 1986). These calculations reflect the 
total amount of water and materials flowing through 
the structures at Rockefeller and Fina and at the two 
unmanaged areas. The net fluxes reported are the av- 
erage of  algebraic sums of instantaneous fluxes for each 
sampling period for each particular experimental area 
(Spurrier and Kjerfve 1988). Net fluxes were calculated 
per unit area of  watershed (or experimental area). For 
both instantaneous and net fluxes, negative values refer 
to transport out of the study area, while positive values 
refer to transport into the study. Material concentra- 
tions and fluxes from unmanaged and managed areas 
were compared to determine possible effects of  man- 
agement. 

Short-Term Sedimentation 

Short-term sedimentation was measured at two- to 
four-week intervals between August 1989 and January 
1990 as deposition on petri dishes placed in the marsh 
at the managed and unmanaged sites. Petri dishe col- 
lectors were constructed by drilling a hole in a 25 x 
25 cm cedar board slightly larger than a 98-mm-di- 
ameter glass petri dish. The surface of  the board was 
placed level with the marsh surface. Four galvanized 
wires about 35-cm long were then pushed through small 
holes drilled in each comer of  the board and into the 
marsh soil to anchor the board in place. The petri dish 
was then placed bottom up in the hole in the center of 
the board over an aluminum wire bent to hold the dish 
in place as well as to help remove the dish when sam- 
pling. At each sampling site, 10 petri dishes were set 
out in two transects of 5 dishes each for a total of  40 
dishes (Figure 1). Each transect consisted of  dishes set 
out in the marsh at 5, 10, 15, 20, and 25 m from the 
water's edge. The petri dish technique is a modification 
of a technique used by Reed (1989, 1992), who mea- 
sured short-term sedimentation on paper filters wired 
to the top of  plastic petri dishes. 

All material that had collected on the surface of  a 
dish collector was placed in a plastic bag. Grass stems 
and other larger material were picked out by hand, and 
a razor knife was used to cut grass pieces, so that only 
material that was over the area of  the petri dish was 
sampled. The petri dish was then carefully removed 
and placed over a funnel. Fine material accumulated 
on the dish was scraped off with the razor knife and 
washed into the plastic bag, which was then placed on 
ice and returned to the lab. In the laboratory, water 
and collected materials in each bag were placed in a 
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crucible, and the water was evaporated at 60 °C. The 
crucible was then weighed, heated at 400 °C for 16 h, 
and re-weighed. The mass of material after combustion 
was considered mineral matter, and the loss on ignition 
was organic matter. The data were calculated on a g 
m -2 d -t  basis. 

Soil Analyses 

Sediment samples were taken with a 2.5-cm stainless 
steel corer at 16 randomly chosen stations in the south- 
ern part of the Fina managed area and in the Fina 
unmanaged area and at 20 randomly chosen stations 
in each of  the Rockefeller sites. The upper 15 cm of 
each sample was homogenized for analysis of total 
phosphorus, Na ÷, and % organic matter. Results are 
reported as the average of  duplicate analyses that are 
within a 10% confidence interval. The results are based 
on oven dry mass (Soil Survey Staff 1972). 

Statistical Analysis 

Data for short-term sedimentation, soil parameters, 
and water parameters during the flux study were sta- 
tistically analyzed as a random block design with a 
2-by-2 factors treatments arrangement. We tested for 
differences between management (managed vs unman- 
aged), location within the coastal plain (Rockefeller vs 
Fina), and also among all individual cells. Where we 
determined a statistical difference among individual 
sites, we used Tukey's multiple comparison test. For 
these tests, we only used the water parameters when 
the water was flowing out to ensure that we were com- 
paring water masses specific to the studied marsh areas. 

RESULTS AND DISCUSSION 

Water Level Variations During Flux Studies 

In contrast to the impoundments, the outside of the 
managed areas, for both the Rockefeller and Fina sites, 
showed the clear tidal signals dominated by diurnal 
tides that are typical of the northern Gulf of Mexico. 
At Rockefeller, for example, a mixed tide was recorded 
with both diurnal and semi-diurnal components on 
September 21-23, while there was a diurnal tide on 
November 2-4 (Figure 2). The tide range varied from 
16 to 38 cm at Rockefeller and from 12 to 14 cm at 
Fina. This was the expected pattern because tidal am- 
plitude decreases with increased distances from the 
coast (Baumann 1987). Inside the managed areas, the 
water-level change was suppressed over the 48-h du- 
ration of the flux studies, especially at Rockefeller (Ta- 
ble 1, Figure 2). The variable water-level fluctuations 
at Fina on October 26-28 were not strongly effected 

by the tide. Strong and variable local winds at that 
time probably caused the water in the impoundment 
to slosh back and forth. 

The tide range in the canal outside Unit 4 at Rocke- 
feller was amplified because an extensive network of 
dikes prevented the water entering on the rising tide 
from spreading out over the marsh (Figure 2). Most of 
the area in the western part of the refuge is surrounded 
by levees, in contrast to the unmanaged area where 
flow is not restricted to channels and water spreads out 
over the marsh on the rising tide. The tidal range in 
the canal during the three tidal cycle studies ranged 
from 74 to 79 cm as compared to 16 to 38 em in the 
unmanaged area (Table 1). At the Fina site, we did not 
measure any such amplification of the tidal range (Fig- 
ure 2, Table 1). This is likely due to the greater distance 
from the coast and a much larger unrestricted tidal 
plain at Fina than in the western part of Rockefeller. 

The amplified high tide at Rockefeller results in less 
time per tidal cycle that the main control structure can 
drain Unit 4. If the tidal range was not amplified, the 
water level would stay below the marsh surface for 
more than half of  the time. Because the water level in 
the Humble and Union canals was more often higher 
than the water inside Unit 4, water would have flowed 
into the managed area for more time than it would 
have flowed out if the structure were left open at all 
times. When the water level outside the structure is 
below the inside levels, drainage was slow because of 
the limiting size of the structure openings. 

Instantaneous Water Fluxes 

The water flux measurements show a considerable 
reduction in total water exchange at the managed sites 
when compared with the unmanaged sites (Figure 3, 
Table 2). Instantaneous water flux at the unmanaged 
sites followed the tidal signal with significant inflows 
and outflows occurring. Control structures retarded 
water exchanges in both directions. Inflow was ob- 
structed by the flapgates while outflow was retarded by 
the limited flow capacity of the struclure and, at Rocke- 
feller, by high water in the canal outside of the managed 
a r e a .  

At Rockefeller, peak fluxes ranged between 4 and 6 
m 3 s-I for the unmanaged site and between 1 and 2 
m 3 s-~ for the managed site (Figure 3). The tidal cycle 
measurements at the end of  May and early June oc- 
curred during a period of low winds, and thus, water 
fluxes were mainly tidally driven. At the unmanaged 
site, the water flux pattern reflected the mixed tide with 
a considerable flow in and out, but the net flux was 
relatively low. At the managed site, the structure was 
closed for the entire sampling period except during the 
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Figure 2. Water levels measured at the unmanaged and managed sites during the three tidal exchange studies. A. Rockefeller 
Managed out refers to water levels in the canal outside of the water control structure. The water-level scale is relative to an 
arbitrary datum. Water levels in and out of the managed area are absolute to each other. The curve for the unmanaged area 
is plotted such that low water coincides with low water for the canal. B. Fina, During the May study, water levels were measured 
both inside and outside of the water-control structure: During the September and October studies, the control structure was 
open, and water levels inside and outside the managed area were the same. The water-level scale is relative to an arbitrary 
datum, but the different curves are absolute to one another. 

final hour,  when it was opened for a short  t ime to allow 
postlarval  shr imp to enter the managemen t  unit. This  
resulted in the strong pulse o f  inflow at about  1700 
(hour 48) on June 2. The  measurements  at Rockefeller 
in September  occurred during a period of  brisk north 
winds and  low tidal range (16 cm). At the unmanaged  

site, this resulted in a net flow out o f  East Little Con-  
stance Bayou, where flow out totaled 22-h and flow in 
8-h. By comparison,  the outflow at the managed area 
totaled only 14-h due to high water  outside the struc- 
ture. The  N o v e m b e r  sampling also occurred during a 
period o f  strong nor th  winds, with a strong net outflow 
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Table 1. Tidal range during the three flux studies for each 
of the study sites. 

Measurement Tidal 
Range (cm) 

Late 
Study site Spring Fall Fall 

Fina LaTerre 

Rockefeller 

Managed a 5 8 13 
Managed b 17 
Unmanaged 12 12 14 
Managed a 5 5 3 
Managed b 76 79 74 
Unmanaged 38 16 27 

. "Managed a" refers to measurements taken within the water-control 
structure; "'Managed b" levels were measured outside the water- 
control structure; Unmanaged refers to water levels in the main 
channel [inking the unmanaged marsh to the estuary. 

at the unmanaged area. Water  flowed out  o f  the bayou  
for 38-h and in for 8-h. At  the managed  site, outflow 
was only for 18-h. These results indicate that the am-  
plified high tide in the channal adjacent to the managed  
site resulted in a reduction in the t ime the managed  
area drained as compared  with the unmanaged  sffe. 

Table 2. Net fluxes per m ~ of drainage basin for the three tidal 
while positive values indicate fluxes entering the basin. 

Water  fluxes at the Fina unmanaged  site showed the 
effects o f  the ebb and flood o f  the tide, but the peak 
fluxes were smaller  than at Rockefeller (Figure 3). Peak 
fluxes were between 1.5 and 2.5 m 3 s -  t. By comparison,  
peak  fluxes at the managed  site were less than 0.5 m 3 
s - t .  The May  flux data for the unmanaged  site, with 
a regular pat tern o f  inflow and outflow, reflect the tidal 
signal and lack of  strong winds. The  managed area only 
had  outflow for 8-h and and no inflow, as flap gates 
were closed by hydrostat ic  pressure. In September,  the 
flap gates were posi t ioned up and, therefore, inflow 
was not prevented  The tidal range was again 12 cm 
but  was influenced stongly by  winds with variable 
speeds and  shifting directions. This  resulted in a some-  
what  irregular pat tern o f  water  flux without  a clear 
diurnal tidal signal. The managed and unmanaged  site 
both  had inflows and outflows, with the larger flows at  
the unmanaged  site. In October,  the regular tidal signal 
resulted in a normal  pat tern o f  water  flux at the un- 
managed  site. At the managed  site, the flapgates were 
not  posi t ioned up, but water  fluxes were low due to 
small differences in water  levels inside and  outside the 
structure. Overall ,  the unmanaged  site had a slight net 
inflow for each of  the three sampling trips. 

flux studies. Negative values are materials leaving the basin 

Water NaCI NH4 
(L m -2 d- ' )  (umol m 2 d ') (g m -2 d -i) 

Study Site Month Unm Man Unm Man Unm M ~  

Fina 

Rockefeller 

May 6.02 -0 .10  
Sep 5.07 -0.41 
Oct 14.86 0.22 
Aver 8.65 -0.25 
StE 3.11 0.09 
May 1.21 0.42 
Sep -4 .50  -1.31 
Oct -7.61 -2.03 
Aver -3.63 -0.97 
StE 2.58 0.73 

NOJNO~ 
(~mol  rn 2 d ~) 

0.55 -0 .20 35.62 -0 .12  
11.05 - 3.85 30.46 3.80 
11.76 -0.53 129 -0.21 
7.79 - 1.53 65.04 1.16 
3.63 1.16 32.03 1.32 

11.26 2.35 26.32 3.18 
-45.10 -9.65 -1 .92  -0 .16  
-29.30 - 57.30 -20.40 - 3.17 
-21.10 -21.50 1.34 -0.05 

16.78 18.21 13.58 1.83 

PO, TSS 
(vtmol m ~ d i) (g m 2 d-i)  

Unto Man Unm Man Unm Man 

Fina 

Rockefeller 

May 117 -0.71 
Sep 48 1.70 
Oct 550 - 1.55 
Aver 239 - 0.19 
StE 157 0.98 
May -5 .89 9.25 
Sep -4.41 -0 .72 
Oct -12.80 -2 .35 
Aver - 7.70 2.06 
StE 2.59 3.63 

0.42 -0.03 0.35 0 
1.57 0.07 0.26 -0.01 

12.24 -0 .04 0.78 -0.01 
4.74 -0.046 0.46 -0.01 
3.76 0.035 OA6 0.002 
0.81 0.76 0.16 0.14 

-5 ,58 -0.79 -0.41 -0.27 
-6 ,40  - 1.01 -0.23 -0.25 
-3 .72  -0 .34 -0.16 -0.12 

2.28 0.56 0.17 0.13 
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Figure 3. Instantaneous water fluxes per m 2 drainage area measured each two hours for three tids. Positive values indicate 
flux into the area, and negative values are flux out of the area. A. Rockefeller. Water flux for the managed area was measured 
at the control structure in the southwestern comer of Unit 4. Water flux for the unmanaged area is for water exchange in East 
Little Constance Bayou north of East Constance Lake. B. Fina. Water flux for the managed area was measured at the control 
structure north of Falgout Canal. The water flux for the unmanaged area is for water exchange at 5 points with Falgout Canal. 

Net  Material  Fluxes and  Material  
Concentrat ions 

The  data on instantaneous water  fluxes and material  
concentrat ions were used to calculate net fluxes, which 
were then corrected for area o f  watershed to obtain 
total net material  fluxes per  m 2 o f  drainage area during 
each sampling period (Figure. 4). This allowed com-  
parisons between the respective managed  and unman-  

aged areas tbr  similar forcings o f  tide and  climate. The 
compar isons  are for total net water  and materials  fluxes 
at the structures and  channels measured.  There  is one 
additional structure at Rockefeller and several fixed 
crest weirs at Fina, but observat ions in the field and 
discussions with managemen t  staff indicate that  the 
structures where measurements  were carried out are 
responsible for mos t  water  flow. At Rockefeller un- 
managed,  there could have been some cross-marsh flow 
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Figure 4. A comparison of net material fluxes per m z of the study area for the managed and unmanaged areas for each 48 h 
sampling period. The net fluxes for the unmanaged areas are on the horizontal axis and for the managed areas are on the 
vertical axis. Each circle compares the net flux between managed and unmanaged areas for a particular constituent (water, 
salt, suspended sediments, ammonium, phosphate, and nitrate plus nitrite) for an individual sampling trip. Positive values 
indicate flux into the area and negative values are flux out of the area. R and F stand for Rockefeller and Fina, respectively, 
and 1, 2, and 3 are for the first, second, and third trips. 

between East Little Constance Bayou and bayous 
draining adjacent marsh areas. Corrections for these 
differences would be small compared  to the large dif- 
ferences between managed and unmanaged areas (Ta- 
ble 2, Figure 4) and would not  substantially change 
our  conclusions. 

In general, the magnitude of  the net fluxes were much 
greater for the unmanaged areas, due mainly to the 

greater water transport.  (Figure 4, Table 2). The un- 
managed areas had a net material impor t  on some trips 
and a net export  on others, as would be expected for 
individual tidal cycles in un impounded  coastal marsh- 
es (Kjerve and Proehl 1979). The managed area at 
Rockefeller had a small import  in May, while fluxes 
in September and November  were generally near zero 
or exports. The import  during May was a result o f  
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Table 3. Mean and standard error of short term sedimentation rates, soil parameters, and concentrations of materials measured 
during flux studies for each of the study sites. (Tot Seal = total sedimentation, In Sed ~- inorganic sedimentation, Org Sed=  
organic sedimentation, % OM = % organic matter of deposited material.) 

Rockefeller Fina 

Parametcr Managed Unmanaged Managed Unmanaged p Value 

Short-term sedimentation 
Tot Sed (g m -" d - ' )  0.6 +_ 0.8 1 _+ 0.7 1.7 __+ 0.6 3.8 _+ 0.7 0.21 
Min Sed (g m 2 d ') 0.1 + 0.3 0.1 _+ 0,2 0.4 ___ 0.2 1.6 + 0.2 0,02 
Org Sed (g m -' d ~) 0.5 -+ 0.6 0.9 _+ 0.5 1.3 + 0.5 2.3 +_ 0.4 0.59 
% OM 85 + 3.5 82 + 3.2 79 _+ 3.1 51 _+ 3 0.01 

Medium-term sedimentation (Cahoon 1990) 
% OM after 1 y 59 ___ 3 26 +_ I 28 _+ 5 53 +_ 8 

Soil parameters 
Phos(mgKg t) 101 ___ 7.5 118+ 7.7 111 + 8.3 232 + 7.8 0.01 
Na (g Kg- ')  86 + 1.5 6.5 +_ 1.5 7,6 _+ 1.6 9 _+ 1.5 0.25 
% OM 87 +__ 0.2 7.2 +_ 0.2 5.6 ___ 0.2 5.8 ___ 13.2 0.01 

Material concentrations during flux studies 
Sus Sed (mg 1-') 28 --- 5 26 _+ 11 160 _ 9 63 • 7 0.01 
Salinity (ppt) 2.3 _ 0.3 0.4 + 0.6 9 + 0.5 6.5 _ 0.3 0.50 
NH4 (~M) 3.1 --+ 0.4 3.7 _+ 0.8 5.4 + 0.7 4.3 _ 0.5 0.19 
NO2/NO3 ~M)  6.9 --+ 0.8 8.8 _+ 1.8 1.6 _+ 1.4 2 ___ 1 0.57 
P04 (~M) 1.3 +_ 1.1 1.5 +_ 1.1 0.2 ___ 0.1 0.7 _+ 13.1 0.24 

management  when the gate was opened for a br ief  
period at the end of  the measu remen t  per iod to allow 
the only water flow for the  48 hour  period. 

Water  Fluxes 

The net water  fluxes per m 2 o f  drainage basin were 
12 to 75 t imes higher for the unmanaged  than the 
managed  at Fina and 3 oto 4 t imes higher at  Rockfeller 
unmanaged  than managed  (Table 2). The  strong net 
export  o f  water  in September  and N o v e m b e r  at Rocke-  
feller managed and unmanaged  resulted f rom the north 
winds during the sampling trips. There was a slight net 
impor t  during the May  trip. The Fina unmanaged  area 
had a net impor t  of  water  at the unmanaged  site for 
all three trips, while the managed area had  a small  net 
export  o f  water  for each trip. The  net water t ransport  
patterns were the ma in  driving forces affecting mate-  
rials transport .  

Total  Suspended Solids 

The mos t  striking result o f  TSS transport  is the strong 
net export  f rom both  managed and unmanaged  areas 
at Rockefeller during September  and N o v e m b e r  (Table 
2). In contrast  to the other  measured  parameters  where 
net fluxes in the unmanaged  areas were much  greater 
than in the managed areas, TSS net fluxes per m 2 o f  
drainage area at Rockefeller managed  and unmanaged  
were similar. During all three trips, Fina had a net 

impor t  o f  suspended solids into the unmanaged  area 
and a slight export  f rom the managed area. TSS were 
significantly higher in the managed  areas (p<0.001)  
and higher at Rockefeller (p<0 .001 ,  Tables 2 and 3). 
These differences result f rom the high TSS concentra-  
tions at Rockefeller during the two trips with strong 
north winds. These results suggest that  the c o m m o n  
management  practice o f d r a w d o w n  by draining during 
strong north winds may  result in considerable sedi- 
men t  export  f rom managed  areas. This  happens  when 
bo t tom sediments  are resuspended by wind waves and 
the suspended material  flows out with the water  (Tables 
2 and 3). 

Salt 

The direction o f  the net flux o f  salt followed net water 
flux because salinity behaves conservatively in the short 
term and can be used as a tracer of  water  masses  (Day 
et al. 1989). The Rockefeller managed and unmanaged  
areas had  considerable net exports  o f  salt in September  
and N o v e m b e r  and  impor t s  in May. The Fina un- 
managed  area had a net impor ts  o f  salt on all trips, but  
the managed area always exported salt. These results 
suggest that  when there is an net export  o f  water f rom 
an area, there will be a corresonding net export  o f  salt. 
Salinity levels during the flux studies were higher in 
the managed  areas (p<0.001)  and at Rockefeller 
(p<0.001,  Tables  2 and 3). These data on salt flux and 
concentrat ions are reflective only of  the per iod of  the 
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flux studies and not necessarily of  longer term trends. 
For example, Rogers et al. (1992) reported that salinity 
was significantly higher in the Fina managed area dur- 
ing the drawdown period, a finding that is in agreement 
with our results. Flynn et al. (1990), however, reported 
lower average annual soil salinities in the Rockefeller 
managed area compared to the managed area. 

Nitrogen and Phosphorus 

The Fina unmanaged area showed a net import of 
NH4, NOa+NO2, and PO4 during all three trips. The 
Fina managed areas showed small net fluxes of  these 
materials when compared to the unmanaged area. The 
net fluxes of NO3+NO2 at both Rockefeller unman- 
aged and managed sites were small on all three trips 
compared to Fina unmanaged area, reflecting the low 
NO3 +NO:  concentrations during these periods. When 
expressed on a m 2 basis, the net nutrient fluxes at the 
managed areas of  both sites were generally much lower 
than those at the unmanaged areas. In Fina, net fluxes 
per m E for NH4, NO3+NO~0 and PO4 were from 16 to 
several hundred times greater for the unmanaged areas 
than the managed areas. In contrast to the conservative 
behavior of  salt where net flux always followed the 
direction of  net water flux, net inorganic nutrient fluxes 
were sometimes the opposite of net water flux. For 
example, during the May trip at Rockefeller, there was 
a net water import but a net export of  NO3+NO2. 
Likewise, at the Fina managed site in September, there 
was a net export of water but a net import of NO3 + NO2. 
There was also a strong net uptake of  NO3+NO2 at 
the Fina unmanaged area on all three trips. These re- 
suits show that there were active nutrient transfor- 
mations taking place in both managed and unmanged 
areas (Table 2). Both NO3+NO2 and PO, concentra- 
tions were higher at Rockefeller (p<0.001), but NH,  
levels were higher at Fina (13<0.001, Table 3). PO4 
levels were higher at the unmanaged areas (p<0.005, 
Table 3). 

Flux studies have been used to calculate material 
budgets for different wetlands (e.g., Woodwell et al. 
1977, Dame et al. 1986) and to characterize the inter- 
action between wetlands and adjacent waters under 
varying conditions of  such forcing as tide range, river 
flow, temperature, and storm events (Childers and Day 
1990a, b, Stern et al. 1991). We stress that it was not 
our objective to use the flux results to calculate a long- 
term budget. Rather, we wanted to get an idea of the 
behavior of the system under different conditions of  
physical forcing (tides and weather events) and struc- 
ture operation. 

Tidal exchange coupled with winds affected the di- 
rection and magnitude of flux at the unmanaged areas. 
Strong north winds (as in September and November 

at Rockefeller) caused strong net exports of  water and 
materials. When water exchange was mainly tidally 
driven, net fluxes were much smaller. Net fluxes over 
a single tidal cycle can be very different from day to 
day and during different seasons (Kjerfve and Proehl 
1979, Stem et al. 1991) depending on local climatic 
and hydrologic conditions. Thus, during the September 
and November trips at Rockefeller, north winds caused 
considerable net export of  water, TSS, salt, ammoni- 
um, and phosphate from both the managed and un- 
managed sites. The TSS loss resulted from resuspen- 
sion of  bottom sediments in shallow ponds and 
waterways and subsequent export with water flowing 
out of  the areas. By contrast, the Fina unmanaged area 
had a net import of water and TSS on all three trips. 
Export of  TSS has also been related 1o strong rain- 
storms at low tide (Settlemyre and Gardner 1975, Ward 
1981, Childers and Day 1990a). Net uptake of TSS, 
such as we measured for the unmanaged area at Fina 
for all three trips, has also been reported (Wolaver et 
al. 1988). 

Net fluxes per m 2 of  drainage area were much lower 
at the managed areas. For the 72 individual net flux 
calculations (6 parameters, 4 sampling locations, and 
3 sampling times), the net flux for the unmanaged areas 
was, on average, about 40 times greater than that for 
the managed areas. Net water fluxes were always great- 
er at the unmanaged areas, and this was the primary 
reason for the greater net fluxes for the other constit- 
uents at the unmanaged areas. Even when flapgates 
were locked open, the structures in Fina and Rocke- 
feller unit 4 carried less water than the natural channels 
in the unmanaged areas, especially when expressed on 
a unit area of  the drainage basin basis (Figure 4). There 
were only two instances where the net flux of  a param- 
eter for a managed area was greater than the corre- 
sponding unmanaged area. Both of  these were at 
Rockefeller, where the net flux of  salt was 1.96 times 
greater during the November trip and the net flux of  
NO3 +NO~ was 1.56 times greater during the May trip. 
In both cases, this was due to higher concentrations of  
salt and NO3 + NO2, respectively, in the managed area. 
The results also indicate that the structures at Rocke- 
feller are much more hydrologically effective than those 
at Fina. The net aerial water fluxes at Rockefeller un- 
managed were 3 to 4 times higher than the managed 
area, while at Fina, the unmanaged net aerial fluxes 
were 12 to 75 times higher than the managed fluxes. 
Thus, during the periods we studied, management sub- 
stantially lowered interactions between the managed 
wetlands and estuarine waters. When expressed on a 
per unit area basis, these results show that the managed 
wetlands when compared to the unmanaged areas are 
largely uncoupled from the surrounding estuary. A sec- 
ond affect of management during the periods we mea- 
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sured was to convert the managed systems, depending 
on wind and water-level conditions, from slightly to 
strongly exporting systems. Only at Rockefeller during 
the May trip was there a net input of  water to the 
managed area. This happened because the structure 
remained closed for most of  the trip and was opened 
only once to allowwater to flow in. These results also 
show that management generally led to an export of 
salt from the managed areas during the periods we 
measured. 

Short-Term Sedimentation 

Short-term sedimentation was higher at the unman- 
aged sites compared to the managed sites and was high- 
er at Rockefeller compared to Finn (Table 3 and Figure 
5). Total sedimentation rates were significantly higher 
at Rockefeller than at Fina (p<0.006) and were higher 
in the unmanaged areas for both sites (p<0.07, Table 
3). Deposition of  mineral sediment was significantly 
higher at Rockefeller (p<0.0003) and at the unman- 
aged areas (p<0.009). Organic matter deposition was 
significantly higher at Rockefeller (10<0.029) than at 
Fina. The percent organic matter of deposited material 
was significantly higher at the managed sites compared 
to unmanaged sites (p < 0.0001) and at Fina compared 
to Rockefeller (p < 0.0001). Streamside sedimentation 
was significantly higher than inland sedimentation only 
for the Rockefeller unmanaged site (Figure 5). 

Total sediment deposition for the different sampling 
periods at Fina ranged from 0 to 2.3 g m -2 d -1 and 0 
to 1.32 g re - :d- l ;  mineral sediment deposition ranged 
from 0 to 0.26 g m-2d -~ and from 0 to 0.38 g m-2d -~ 
for the unmanaged and managed site, respectively. The 
organic fraction of the deposited material ranged from 
26-100% for the unmanaged area and from 55 to 100% 
for the managed area. Total sediment deposition at 
Rockefeller ranged from 0 to 11.9 g m 2d ~ and 0 to 
3.6 g m-2d -1, and mineral deposition ranged from 0 
to 4.22 g m--'d -1 and from 0 to 1.08 g m ~ d ~ for the 
unmanaged and managed sites, respectively. The or- 
ganic fraction values ranged from 9 to 74% for the 
unmanaged area and from 15 to 100% for the managed 
area. Reed (1989, 1992) reported short-term sedimen- 
tation rates from near zero to 40 g m -z d - '  for a number 
marsh sites in the Louisiana coastal zone. Our findings 
of higher sedimentation rates at Rockefeller than Fina 
agrees with Reed (1989, 1992) who reported higher 
sedimentation rates nearer the coast. 

Short-term sedimentation ofallocthonous materials 
was less on the marsh surface in the managed areas 
than in the unmanaged areas. Reed (1992) reported 
lower short-term sedimentation at a number of marsh 
sites in coastal Louisiana that had fixed-crest weirs. In 
the same overall study, Cahoon (1994) found that vet- 
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tical accretion over marker horizons was from 5 to 10 
times lower in the managed areas. The material ac- 
cumulated over marker horizons includes both alloc- 
thonous materials and root production. Thus, this sug- 
gests that areas with low short-term sedimentation rates 
will also have lower longer term accretion rates. This 
difference in sedimentation will likely affect the ability 
of marshes to maintain elevation against rising water 
levels. 

Sedimentation was high after the passage of Hurri- 
cane Gilbert in all areas except Rockefeller managed. 
The importance of storm-dominated depositional pat- 
terns, especially by hurricanes, has been reported by a 
number of authors for both Louisiana and other coastal 
areas. ( Baumann et al. 1984, Meeder 1987, Rejmanek 
et al. 1988, Reed 1989, Cahoon et al. 1994). Increased 
deposition of sediments in Louisiana coastal marshes 
occurs during storm events, and the greatest amount 
occurs during hurricanes when large amounts of sed- 
iments are mobilized through resuspension and moved 
onto the marsh during high tides. This deposition is 
important to maintaining marsh surface elevation. The 
reduction of sedimentation at Rockefeller managed but 
not at Fina managed during Hurricane Gilbert was a 
result of the height of the dikes. The lower dikes at 
Fina were overtopped while those at Rockefeller were 
not, thus allowing sediment deposition. Overtopping 
and high sedimentation occurred again at Fina during 
the passage of  Hurricane Andrew in 1992 (pers. comm., 
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D. McNally, Coastal Ecology Institute, Louisiana State 
University). These results indicate that complete ex- 
clusion of hurricane flood waters from marsh man- 
agement areas will block an important mechanism of 
sediment delivery. 

Soil Parameters 

The percentage organic matter (OM) in sediments 
deposited on petri dishes was higher than either the 
materail accumulated in one year over marker hori- 
zons or soil samples from the upper 15 cm. The average 
fraction of OM on the petri dishes ranged from 85% 
at Fina managed to 51% at Rockefeller unmanaged 
(Table 3). The percent OM of materials accumulated 
over marker horizons ranged from 25 to 67% (Cahoon 
1994). The amount of OM in soil samples, which ranged 
from 5.6 to 8.7%, was about 10% of the organic level 
of sediments found on the perti dishes (Tables 3 and 
4). Thus, the percent OM decreases rapidly with depth; 
this suggests that very little of initially organic material 
is incorporated into the soil and that most soil OM is 
from in situ root production. Deposited organic ma- 
terial is mainly lost via decomposition and has little 
significance to maintenance of elevation (Nyman et al. 
1990). The results of soil analyses showed that phos- 
phorus was significantly higher in the unmanaged com- 
pared to managed areas (p<0.001) and significantly 
higher at Rockefeller compared to Fina (p < 0.01). We 
did not find significant differences for soil sodium 
among the different sites. 

Studies on plant productivity and nekton dynamics 
carried out at the same time also showed differences 
among the areas. Flynn et al. (1990) studied produc- 
tivity of Spartina patens at the two sites. They reported 
that productivity was higher at Rockefeller managed 
but lower at Fina managed as compared to the un- 
managed sites. They concluded that the higher pro- 
ductivity at Rockefeller managed was due to an effec- 
tive drawdown that led to greater soil oxidation and 
higher Eh values. The opposite was true at Fina man- 
aged where soils were more waterlogged and reduced 
than in the unmanaged area. Rogers et al. (1992) stud- 
ied the effects of management on fishery communities. 
At Fina, more grass shrimp and resident minnows (least 
killifish, western mosquitofish, and golden top min- 
now) were collected in the managed area, while more 
marine-transient organisms (gulf menhaden, blue crab, 
and striped mullet) were collected in the unmanaged 
al"ea. 

CONCLUSIONS 

Marsh management significantly reduced water and 
materials exchange at both Rockefeller and Fina during 

the periods of study. Short-term sedimentation was 
generally higher in the unmanaged areas at both sites 
and at Rockefeller. There were also significant differ- 
ences in soil organic matter and soil P between man- 
aged and unmanaged sites and between Rockefeller 
and Fina. The reduced sediment input to the managed 
areas and reduced short-term sedimentation are re- 
flected in longer term accretion rates (Cahoon 1994). 

During the periods of  our measurements of  flux, the 
managed areas were net exporting systems. One of the 
goals of management is to lower salinity, and we mea- 
sured net export of  salt at both Fina and Rockefeller. 
Our results suggest a number of  implications for marsh 
management. Drawdown, one of the most important 
management operations, is most effective when carried 
out during north winds when coastal water levels are 
low, which can lead to a net export of sediments and 
nutrients. Management may lead to freshening, a pro- 
gressive sediment deficit, and a loss of fertility. It must 
be remembered, however, that these measurements 
were carried out at only two areas and during draw- 
down operation. Further study should be carried out 
for a wider variety of  marsh management plans under 
different operational phases before broad generaliza- 
tions can be made concerning structural marsh man- 
agement. 
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