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ABSTRACT
Large-scale and localized alterations of processes affecting deltaic coastal wetlands have
caused the complete loss of some coastal wetland forests and reduced the productivity and
vigor of many areas in coastal Louisiana. This loss and degradation threatens ecosystem
functions and the services they provide. This paper summarizes ecological relationships
controlled by hydrological processes in coastal wetland forests of the Mississippi River
delta and presents two case studies that illustrate the complexity of assessing hydrological
control on swamp forest establishment and growth. Productivity of overstory trees has been
affected by these changes, but the first case study illustrates that the relationship between
flooding and growth may be site-specific. An important effect of increased flooding has
been to reduce regeneration of swamp forest trees. The second case study is an outline of the
lund of hydrological analysis required to assess probability of regeneration success.
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31.1.

INTRODUCTION

Wetland hydrology and vegetation are closely linked, and most wetland functions rely on
their interaction. However, understanding how hydrology controls wetland ecosystems is
often hampered by the complex nature of this interaction and sparse data (NRC, 1995).
Interactions between hydrological processes and ecosystems are critically important in
coastal wetlands of Louisiana, where extensive hydrological engineering works coincide
with globally significant wetlands composed of diverse ecosystems vulnerable to loss by
coastal erosion, land subsidence, sea-level rise, and saltwater intrusion (Day et al., 2000).
Of these coastal ecosystems, coastal marshes have received the most attention because it is
there that land loss is prominent. However, the same processes place coastal wetland forest
ecosystems at risk of loss or conversion to other ecosystems (Conner and Brody, 1989;
Conner and Toliver, 1990).
Louisiana's coastal wetland forests are of tremendous economic, ecological, cultural,
and recreational value. Large-scale and localized alterations of processes affecting coastal
wetlands have caused the complete loss of some coastal wetland forests and reduced the
productivity and vigor of remaining areas. This loss and degradation threatens ecosystem
functions and the services they provide. An example of the societal importance of coastal
wetland forests is the commission by the Governor of Louisiana of an ad hoc group of
scientists, the Coastal Wetland Forest Conservation and Use Science Working Group
(SWG), to assess management issues in coastal forests (Chambers et al., 2005). This paper
builds upon the results of that collaborative effort.
In the deltaic plain of the Mississippi River, coastal forested swamp wetlands occupy an
ecotone topographically below the bottomland hardwoods that occupy natural levees of
distributary channels, and topographically above treeless freshwater and saltwater marshes
that are at sea level. Of the 800,000 ha of forested wetlands throughout Louisiana, over half
are in the coastal parishes (Figure 1). Both swamps and bottomland hardwoods are formally
classified as palustrine wetlands in the Cowardin classification of the National Wetlands
Inventory (Cowardin et al., 1979), but swamps are flooded for most if not all of the growing
season and are dominated by baldcypress, pondcypress and water tupelo (Conner and
Buford, 1998). Bottomland hardwoods are seasonally inundated for varying lengths of time
and contain as many as 70 commercial tree species depending on the hydroperiod (Hodges,
1997). The SWG concentrated on swamps in the deltaic plain, and referred to them as
"coastal wetland forests".
The objectives of this paper are to (1) summarize ecological relationships controlled by
hydrological processes in coastal wetland forests of the Mississippi River delta, and (2)
compare hydrological regimes of two pairs of typical sites to illustrate the complexity of
assessing hydrological control on swamp forest establishment and growth.
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Fig. 1.

Wetland forests of the delta of the Mississippi River and coastal Louisiana.
The white line indicates the approximate ecological boundary between
riverine-dominated forests to the north and deltaic, coastal forests to the
south, although deltaic geological processes encompass all of the Atchafalaya
Basin.

3 1.2.

HYDROLOGICAL CHANGES

The geological processes controlling the physical development of the Mississippi River
delta are aggradational (accumulation of riverine sediment) and degradational
(consolidation of freshly deposited sediments). Aggradational processes in the Mississippi
River delta have been on balance larger than degradational processes over the past 5,000
years, with the result being seaward growth of the deltaic plain as delta lobes were
progressively formed and abandoned (Roberts, 1997; Coleman et al., 1998). Net growth of
the delta occurs where the local rate of accretion is greater than consolidation, but
subsidence can result in land loss where local additions are less than consolidation rates.
Management of the wetlands and the river has altered the stochastic patterns of
sediment accumulation and contributed to subsidence land loss. The foremost cause is the
flood-control levees along the Mississippi River that eliminated diffuse riverine input to
most of the delta and contributed to wetland loss. Hydrological disruption via control of
rivers has reduced freshwater and sediment inputs, while canal construction has led to much
greater saltwater intrusion into coastal wetlands (Turner, 1997; Day et al., 2000). Increasing
water levels resulting from eustatic sea-level rise and subsidence are also major degradation
factors. Without the annual flood of new sediments, subsidence exceeds sedimentation in
many areas (Baumann et al., 1984), and most of coastal Louisiana is presently experiencing
an apparent water level rise of up to 1 m per century (Gagliano, 1998). Large-scale
processes have been exacerbated by management practices and societal infrastructure that
have also altered and degraded ecosystems. Local alterations to hydrological patterns
include impoundments by highways, railroads, and dredge spoil; river diversions; and water
level stabilizations by flood control structures.
Evidence of long-term, slow changes in hydrological processes can be found in water
level records maintained by the USGS and US Army Corps of Engineers. For example,
subsidence and diversion of Mississippi River water into the Atchafalaya River have
combined to raise the average water level in Morgan City, Louisiana, by nearly 1 m from
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1936-2004 (Figure 2). These gauge records can be extrapolated to infer historical water
levels in wetland forests. Doing this, Conner and Day (1988) found that one swamp forest
changed fiom being flooded about half the year to being flooded nearly continuously in the
1970s. Another swamp forest changed from infrequent inundation to flooding for more than
half of the year, and a nearby hardwood ridge became flooded for up to 250 days per year
(Figure 3). Since the 1950s, flood water levels in the swamps of the Pontchartrain Basin
have doubled (Thomson et al., 2002).

Fig. 2.

365-day moving mean water level on the Atchafalaya River in Morgan City,
Louisiana, from 1936-2004. The dashed line is the best-fit 68-year linear
trend.
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Fig. 3.

The number of days flooded per year in the Barataria and Verret swamp
forests (Conner and Day, 1988). Reprinted by permission from Allen Press.
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31.3.

ECOLOGICAL CONSEQUENCES

As water levels continue to rise, coastal forests will be subjected to more prolonged and
deeper flood events. Even though many of the forest species growing in these areas are
adapted to prolonged inundation (Kozlowski, 1984), extended flooding during the growing
season can cause mortality of these tree species. Already, many of the trees in these areas
are showing evidence of severe stress (Conner et al., 1981). Even baldcypress and water
tupelo, two of the dominant species in Louisiana's coastal forests, slowly die when exposed
to prolonged, deep flooding (Harms et al., 1980; Brown, 1981).
Pre-settlement baldcypress-water tupelo swamps in the delta, which may have
exceeded 1,000,000 ha in extent, were mostly clearcut from about 1890-1930 and
subsequently either converted to agriculture or other land uses or naturally regenerated to
second-growth, even-aged stands (Conner and Toliver, 1990). Some data to assess
historical growth of these stands comes fiom the US Forest Service Forest Inventory and
Analysis (FIA) program, which has measured tree growth on permanent plots since the
1930s. Total volume of baldcypress in the region has not increased since the 1974 FIA
measurement (Figure 4), but diameter of the average-sized tree increased fiom 22.3 cm in
1974 to 28.1 cm in 2003. The fact that baldcypress trees are continuing to grow in diameter
but little additional wood volume is accumulating indicates environmental stresses are
causing mortality.

Fig. 4. Baldcypress growing stock volume in Louisiana from US Forest Service data.
Another important factor to be considered in these coastal forests is the recruitment of
new individuals into the forest. Baldcypress and water tupelo must have dry periods for the
seed to germinate and establish (DeBell and Naylor, 1972; Hook, 1984; Kozlowski, 1997).
In many cases, dry periods have not been sufficient for seedling establishment (Conner et
al., 1986) and if water levels continue to rise, coastal forested areas will eventually be
replaced by scrub-shrub stands, marsh, or open water. Young seedlings in a wetland
environment must grow rapidly to reduce the risk of canopy submersion by future floods
during the growing season (Conner et al., 1986). Baldcypress seedlings can withstand
complete inundation for up to 45 days in the laboratory (Souther and Shaffer, 2000), but
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long-term flooding above the foliage results in high mortality and longevity in turbid water
is likely less. Natural regeneration of swamplands after the widespread logging of 1 8 9 C
1930 occurred when hydrological conditions were less affected by levees and subsidence.
The SWG developed a hydrological classification for coastal wetland forests to reflect
the hydrological conditions controlling tree regeneration (Chambers et al., 2005). Class I
(best) sites have seasonal flooding with sufficient dry-down during the growing season for
seedlings to grow tall enough to withstand flooding during the next growing season. Class
I1 (artificial regeneration only) sites experience sufficient flooding during the growing
season to prevent establishment of seedlings, but are not too deeply flooded (maximum of
about 0.6 m) to prevent artificial regeneration during the winter months. Class I11 (no
regeneration) sites experience sufficient flooding during the growing season to prevent
establishment of seedlings, and are too deeply flooded to allow practical artificial '
regeneration.
Changes to ecological structure affect wildlife habitat in important ways. Songbirds,
wading birds, waterfowl, raptors, reptiles, amphibians, mammals, crawfish, and fish are all
common inhabitants of Louisiana's coastal forests. Millions of songbirds migrate through
Louisiana's coastal forests, including virtually all of the eastern landbird species in the
United States and numerous species from the western United States (Lowery, 1974; Barrow
et al., 2005). While several dozen songbird species breed in Louisiana's coastal forests,
Zoller (2004) found that the number of species of breeding migrant songbirds was less in
forests degraded by hydrologic changes than in relatively undegraded or moderately
degraded forests. Louisiana's coastal forests are also important habitat for two bat species
listed as federal species of concern (the southeastern bat and Rafinesque's big-eared bat)
and the threatened Louisiana black bear. Bats utilize hollow trees for roost and hibernation
sites (Gooding and Langford, 2004), and black bears commonly use tree dens in frequently
flooded areas (Alt, 1984; White et al., 2001; Hightower et al., 2002). Though other tree
species are used, Rafmesque's big-eared bat fiequently uses hollow water tupelo trees > 90
cm dbh that are characteristic of older baldcypress-water tupelo forests (Lance et al., 2001;
Gooding and Langford, 2004). The U.S. Fish and Wildlife Service listing rule for the
Louisiana black bear defines candidate den trees as baldcypress or water tupelo > 91 cm
dbh with a visible cavity, occurring along rivers, lakes, streams, bayous, sloughs, or other
water bodies. Thus, forest structure is critical for the maintenance of wildlife populations in
these forests.

31.3.1.

Case Study I: Inundation and Productivity

To better understand how hydrological changes are affecting the coastal forest ecosystem,
Amos et al. (2005) used dendrochronology of baldcypress at two contrasting sites to
compare the historical relationship of hydrology and productivity of overstory trees. Both
sites are adjacent to long-term records of water levels, and are in similar topographic
positions near lakes in backswamps of the historical Atchafalaya River distributary basin,
but have strongly contrasting hydrological conditions. The first site is near Grand Lake,
where diversion of Mississippi River water into the Atchafalaya Basin Floodway has
drastically increased flooding and sediment and nutrient additions. The second site is near
Lake Verret, where flood control levees have eliminated seasonal riverine flooding but
inundation has increased because of subsidence, impeded drainage, and backwater flooding
from the outlet of the Atchafalaya Basin.
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Growth rates of overstory baldcypress trees in the two stands have decreased over the
past 30 years (Figure 5). Qualitatively, the growth decrease coincides with increased
flooding, especially at the Lake Verret (non-riverine) site (Figure 6). A principle component
ordination of stage variables resulted in significant correlation between the first PCA axis
and growth at each site. At the Grand Lake (riverine) site, the first axis was positively
correlated with annual growth (r = 0.77), and was most related to average annual stage in
the current and previous years. This suggests that deeper flooding in the riverine wetland
may increase growth. At the Lake Verret (non-riverine) site, the first axis was negatively
correlated with annual growth (r = -0.56), and was most related to 5- and 10-year average
stage. This suggests that long-term increases in flooding in the non-riverine wetland may
decrease growth. At both sites, the flooding variables were much more correlated to growth
rates than were climate variables such as temperature and precipitation.
The mechanisms by which flooding affects growth rates in these two stands are not
clear; two possible explanations are that (1) flooding in the riverine site brings nutrients that
increase growth, whereas flooding in the non-riverine site only produces hypoxia and
stresses trees; or (2) the reduction in growth at the non-riverine site may be caused by the
change in hydrological conditions, which has been more severe than in the riverine site. We
are adding new plots to the analysis to determine whether the differences in these sites are
consistent.
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Fig. 5. Tree ring growth indices (normalized to remove biological trends) for two
baldcypress stands in contrasting hydrological conditions in Louisiana.
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31.3.2.

Inundation histories for two baldcypress stands with contrasting hydrological
conditions in Louisiana. Yearly average stage (symbolshines) was obtained
from a nearby, hydrologically connected water level gauge, and number of
days flooded per year (bars) were estimated from site elevations.

Case Study 11: Inundation and Regeneration

Complexity of hydrological interactions with regeneration arises because seasonality and
timing of inundation are not easily quantifiable in ecological terms. Here we attempt to
classify two swamps into the SWG hydrological condition classes (Chambers et al., 2005).
The sites are both in the Atchafalaya Basin Floodway (ABF), Louisiana, and both are in the
same swamp bounded on the north by Bayou Pigeon. One site is near the upper topographic
limit of baldcypress-tupelo forest, near the natural levee of the brownwater Bayou Pigeon.
The other site is lower, and occupies the low natural levee of the blackwater Bayou Mallet
about 5.7 km south of the Bayou Pigeon site. Tree growth and response to thinning at these
sites have been previously reported by Dicke and Toliver (1988, 1990). The annual
hydrograph of the ABF mostly follows that of the Mississippi River, because most ABF
flow originates as diverted river water. Thus, seasonally high flows in the spring following
snowmelt often last into the summer, and are followed by low flows in the fall.
To obtain flooding variables relevant to regeneration, we used the US Army Corps of
Engineers water level gauge at Bayou Sorrell, which is 6.3 km north of the Bayou Pigeon
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site. This gauge has a daily record beginning in 1955, and shows no long-term changes in
mean water level. Thus, it is a good candidate for analysis of flooding probabilities. Field
experience is that water levels in the area do not vary appreciably in space in this part of the
ABF, so we assumed historical water depth at the sites would be fully recoverable from the
gauge record by simple subtraction based on spot field observations of water depth at the
sites. Based on these assumptions, Bayou Pigeon floods at stage 1.6 m MSL, and Bayou
Mallet floods at stage 0.8 m MSL. We assumed the limiting hydrological factor for
regeneration is consecutive unflooded days during the growing season (April 1 - October
3 1: 214 days), in which time a seedling must grow tall enough to withstand flooding during
the next growing season.
The average length of seedling growing time at Bayou Pigeon is 116 days, 25% of
years have at least 137 days, and 75% of years have at least 97 days (Figure 7). The average
%

A

Fig. 7.

4Bayou Pigeon

4Bayou Mallet

Maximum consecutive non-inundated days during the growing season at two
sites in the Atchafalaya Basin Floodway, Louisiana.

length of seedling growing time at Bayou Mallet is 35 days, 25% of years have at least 54
days, and 75% of years have at least 6 days. Assuming a bqldcypress seedling is able to
germinate on the first dry day and grow at maximum rate of 0.9 m yr-l (Williston et al.,
1980; Keeland and Conner, 1999), these flooding regimes dictate that seedlings can grow to
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be 49 cm in an average year at Bayou Pigeon, but just 15 cm at Bayou Mallet. In dry years
(25% probability), seedlings can grow 58 cm at Bayou Pigeon and 23 cm at Bayou Mallet.
In wet years (75% probability), seedlings can grow 41 cm at Bayou Pigeon and 3 cm at
Bayou Mallet.
These estimates clearly indicate that Bayou Mallet cannot be classified as Class I (best),
because seedlings 15-23 cm tall are unlikely to withstand the summer flooding of the next
year, and regeneration will likely be successful only in extraordinary circumstances outside
the range of the observed flooding. In contrast, the expected seedling height of about 50 cm
at Bayou Pigeon may be sufficient to withstand flooding the next year. More information is
needed about the specifics of seedling flood tolerance to confidently classify Bayou Pigeon
as Class I (best). For example, is the early-growing-season flooding that is typical of these
sites more tolerable than late season flooding?
The operational possibility of artificial regeneration at the two ABF sites is defined by
dormant-season flooding of less than 0.6 m. Bayou Pigeon is flooded to this depth on
average 28% of the dormant season and Bayou Mallet is flooded to this depth on average
66% of the dormant season (Figure 8). Although it might be difficult to schedule a planting
I5O
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Fig. 8.
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Number of days flooded to depth >0.6 m during the dormant, planting season
at two sites in the Atchafalaya Basin Floodway, Louisiana.
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time at Bayou Mallet, it would not likely be impossible, and planting at Bayou Pigeon
would usually not be a problem. Thus, neither site seems to warrant status as Class I11 (no
regeneration), with the main caveat being that seedlings would need to be large enough to
withstand flooding the next few years.

31.4.

CONCLUSIONS

Widespread changes have been made to hydrological and delta-building processes in the
Mississippi River delta. These changes have mainly exacerbated subsidence and increased
flooding. Productivity of coastal wetland forests has been reduced by this increased
flooding, but the mechanisms responsible for changes in site-specific productivity are not
clear. Regeneration of coastal wetland forest tree species has also been reduced by the
increased flooding. The Coastal Wetland Forest Conservation and Use Science Working
Group, convened by the Governor of Louisiana, has developed a hydrological classification
to aid in assessing sustainability of coastal wetland forests based on their potential to
regenerate. A detailed analysis of the hydrologically-mediated regeneration capacity of two
sites in the Atchafalaya Basin Floodway illustrates that more research is needed before
confident assessment of wetland forest sustainability can be made.
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