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CONSERVATION, PROTECTION AND UTILIZATION OF LOUISIANA’S 
COASTAL WETLAND FORESTS 

 
EXECUTIVE SUMMARY 

 
Louisiana’s coastal wetland forests are of tremendous economic, ecological, 

cultural, and recreational value to residents of Louisiana, the people of the United 
States, and the world. Although some two million acres of forested wetland occur 
throughout Louisiana, over half are in the coastal parishes. 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. 

In response to the continuing loss and adverse impacts to Louisiana’s coastal 
wetland forests, the Governor commissioned the formation of the Coastal Wetland 
Forest Conservation and Use Science Working Group (hereafter referred to as SWG). 
The mission of the SWG was to provide information and guidelines for the long-term 
utilization, conservation, and protection of Louisiana’s coastal wetland forest 
ecosystem, from both environmental and economic perspectives. To accomplish this 
mission the following objectives were developed: 

1) Gather and synthesize scientific information available on regeneration, 
growth, and potential harvesting effects on coastal wetland forests.  

2) Gather and summarize field information on general characteristics of 
previously harvested baldcypress and tupelo forest stands to evaluate their 
potential to regenerate, become established, and remain vigorous.  

3) Review existing laws, regulations, policy, and guidelines affecting coastal 
forestry activities (and current forest conditions). 

4) Develop science-based, interim guidelines for the conservation and utilization 
of coastal wetland forests. 

5) Identify critical areas of priority research needed to refine these interim 
guidelines.  

The SWG developed this report to address these objectives. To emphasize the 
most important points of the report, the SWG developed a set of Findings and 
Recommendations. These are presented here with a summary of supporting 
information from the body of the report. 

 
 



Findings 
 
1) Louisiana’s coastal wetland forests are of tremendous economic, ecological, 
cultural, and recreational value to residents of Louisiana and the people of the 
United States and the world; and include: 

• wildlife habitat (including migratory songbirds/waterfowl, threatened and 
endangered species),  

• flood protection, water quality improvement (including nitrate removal), and 
storm protection, 

• carbon storage and soil stabilization, 
• economic benefits of fishing, crawfishing, hunting, timber production, and 

ecotourism 
 
The importance of these forests is derived in part from the unusual deltaic 

landscape they occupy. Most coastal wetland forests in Louisiana are a product of the 
Mississippi River and therefore experience natural development and degradation 
cycles as do most coastal marshes. The delta cycle can be seen as a balance between 
the forces that lead to formation and maintenance of wetlands (mainly riverine input) 
and the forces that lead to loss (subsidence and saltwater intrusion). This contributes 
to their global significance and adds to the impetus to develop appropriate 
management strategies.  

Wetland functions are the physical, chemical, and biological processes that 
sustain the wetland ecosystem, irrespective of any interaction with humans, and can 
be broadly grouped into biotic, hydrologic, and biogeochemical functions. The most 
important functions of coastal wetland forests are biogeochemical nutrient 
transformations (wetlands are uniquely suited to mitigate the negative impacts of 
nonpoint source pollution), flood storage, and maintenance of characteristic plant 
communities for wildlife habitat and timber production. The important fish and 
wildlife habitat functions include habitat for threatened species (e.g., Louisiana black 
bear, bald eagle) and economically important species (e.g., crawfish and waterfowl). 
Millions of landbirds, including virtually all of the eastern neotropical migrant 
landbird species in the United States and numerous species from the western United 
States, migrate through the coastal forests of Louisiana during spring and fall 
migration. Dozens of wading bird rookeries and over one hundred bald eagle nests are 
located in Louisiana’s coastal forests. In addition, two of three subpopulations of the 
Louisiana black bear use these forests. It is generally understood that the actual value 
of any particular tract is dependent upon the animal species of interest and numerous 
forest characteristics, including geographic location and size of the forest stand, 
connectivity to the adjacent forest stands and habitats, landscape composition, 
hydroperiod, vertical structure, tree sizes and species composition. Direct forest loss as 
a result of conversion of forest to open water or marsh would obviously be highly 
detrimental to species dependent upon coastal wetland forests. More subtle habitat 
changes, such as alterations in forest structure and composition and increased flood 
depth and duration, are also significant threats to many wildlife species.  

The landscape position and biogeochemical properties of coastal wetland forests 
give them both the opportunity and mechanisms to alter pollutant loadings to aquatic 
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ecosystems. While nutrient loading can have detrimental effects on natural wetlands, 
Louisiana’s coastal wetland forests are sediment and nutrient deprived as a result of 
the Mississippi River levee system and are experiencing significant habitat loss. 
Under these conditions, the addition of nutrients and sediments is the only way for 
these ecosystems to maintain their surface elevation relative to sea-level rise. 

Ecosystem services are the benefits that humans and society derive from the 
functions of an ecosystem and the value of these services can be quantified. There are 
few data on the value of the specific ecosystem services provided by coastal wetland 
forests and it is beyond the scope of this effort to develop accurate estimates 
specifically for these wetlands. We can derive a rough estimate from the scientific 
literature of $7,927 per acre per year for swamps and floodplains multiplied by the 
estimated 845,692 acre of swamp forest area for a total value of $6.7 billion per year. 
Based on current stumpage volume and price, the value of the standing cypress-tupelo 
timber in the area delineated by the SWG has been estimated by the Louisiana 
Department of Agriculture and Forestry to be $3.3 billion.  
 
2) The functions and ecosystem services of Louisiana’s coastal wetland forests are 
threatened by both large- and small-scale hydrologic and geomorphic alterations 
and by conversion of these forests to other uses.  

• Subsidence, sea-level rise, and levee construction are the large-scale 
hydrologic and geomorphic alterations responsible for the loss of Louisiana’s 
coastal wetland ecosystems including coastal wetland forests. Since 
Louisiana’s coastal wetland forests are nutrient deprived as a result of the 
Mississippi River levee system, addition of nutrients and sediments is the 
only way for these ecosystems to maintain their surface elevation relative to 
sea-level rise. 

• The cumulative effects of small-scale or local factors can be of equal or 
greater importance in coastal wetland forest loss and degradation than 
large-scale alterations. These factors include increased depth and duration of 
flooding, saltwater intrusion, nutrient and sediment deprivation, herbivory, 
invasive species, and direct loss due to conversion. Causal agents include 
highways, railroads, channelization, navigation canals, oil and gas 
exploration canals, flood control structures, conversion of forests to urban 
and agricultural land, and non-sustainable forest practices.  

• Under less severe impacts, many of the important functions and ecosystem 
services are lost or degraded even though the trees may be intact and the 
forest may appear unaffected. 

• Without appropriate human intervention to alleviate the factors causing 
degradation, most of coastal Louisiana will inevitably experience the loss of 
coastal wetland forest functions and ecosystem services through conversion 
to open water, marsh, or other land uses. 

 
A number of factors have led to the massive loss of coastal wetlands in 

Louisiana. Foremost among these are flood-control levees along the Mississippi 
River that resulted in the elimination of riverine input to most of the delta and 
contributed to wetland loss. Hydrological disruption via control of rivers has 
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reduced freshwater and sediment inputs, while canal construction has led to much 
greater saltwater intrusion into coastal wetlands. 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, and most of coastal Louisiana is presently experiencing an apparent 
water level rise of about 3.3 feet per century. These detrimental, large-scale 
processes have been seriously increased by management practices and societal 
infrastructure that have also altered and degraded ecosystems. 

As water levels continue to rise, the 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, 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. Even baldcypress and water 
tupelo, two of the dominant species in Louisiana's coastal forests, slowly die when 
exposed to prolonged, deep flooding of longer than normal duration and 
regeneration of new trees cannot occur under flooded conditions. Together, these 
impacts are so substantial that total loss of wetland forests is nearly assured in 
most of coastal Louisiana without active measures to ameliorate problems.  

The Barataria, Lake Verret, and Lake Pontchartrain basins, located in south 
central and southeastern Louisiana, contain extensive freshwater wetland forests. 
There are approximately 242,000 acres of seasonally (mostly permanently) flooded 
forests and wooded swamps in the Barataria Basin, 101,000 acres in the Verret 
Basin, and 213,000 acres in the Pontchartrain Basin. All of these watersheds were 
once overflow basins of the Mississippi or Atchafalaya rivers. With the construction 
of the flood protection levees along these rivers in the 1920-1940s, the only source 
of freshwater presently is rainfall or backwater flooding. When these areas received 
riverine input, sediment deposition served to offset apparent water level rise due to 
land subsidence. With the cessation of sediment input, regional subsidence is 
leading to increased flooding of these areas. Water levels in the Barataria, Lake 
Verret, and Pontchartrain basins historically followed a seasonal pattern of 
flooding and drying with the extent of flooding depending on the elevation of the 
site and seasonal water budget. Barataria and Verret basins have experienced 
significant increases in the total number of days flooded per year. In Barataria 
Basin, the swamps have always been flooded to some extent, but forests are now 
flooded almost year round. Even during dry periods such as 1981 and 1985-1986, 
these forests were rarely free of standing water. Since the 1950s, flood water levels 
in the swamps of the Pontchartrain Basin have doubled. If water levels continue to 
rise, coastal forested areas will eventually be replaced by scrub-shrub stands, 
marsh, or open water. 
 
3) Regeneration is a critical process of specific concern in maintaining coastal 
wetland forest resources. Successful natural regeneration of this resource in the 
1920s was due to fortuitous conditions existing at that time. Currently, there is a 
lack of regeneration in coastal cypress-tupelo forests that is a direct result of 
factors identified above and their interactions with regeneration processes. 
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Baldcypress and water tupelo are the primary tree species in the coastal 
swamp forests of Louisiana. Consistent mast crops do not occur in either species 
until trees are about 30 years old. Baldcypress trees will generally produce seed 
every year, but larger seed crops occur every three to five years. However, 
baldcypress seeds cannot germinate in standing water, and seedlings must grow 
tall enough during short drawdown periods for their crowns to extend above the 
water surface to survive flooding during the growing season. Baldcypress seedlings 
can withstand complete inundation for up to 45 days, but long-term flooding above 
the foliage results in high mortality. Baldcypress is exacting in its needs, but 
regenerates well in swamps where there is ample sunlight and the seedbed is moist 
but not flooded during the time period of seed germination and seedling 
establishment.  

Changes in hydrology have reduced regeneration in many stands even 
though overstory trees may still be thriving. Ultimately, the lack of regeneration 
will eliminate forest cover. When favorable conditions for germination and seedling 
growth do not immediately precede or follow a regeneration harvest, stand 
regeneration can only occur through artificial regeneration. In places where 
flooding is sufficiently persistent and deep, even artificial regeneration is not 
possible. For example, natural regeneration of baldcypress was poor to non-existent 
in south Louisiana swamps following logging operations in the 1980s, mainly 
because the land remained flooded for much of the year. 

Herbivory is another problem that has long existed in Louisiana’s swamps, and 
directly affects regeneration. One of the most important agents of this problem is the 
nutria, which has become firmly established throughout the coast since the 1950s. 
Nutria often clip or uproot newly planted baldcypress seedlings before the root 
systems are fully established, thus destroying the whole seedling. Several alternatives 
have been proposed to prevent nutria from eating newly planted baldcypress 
seedlings. Reducing nutria is one alternative to the problem, but this method is 
expensive. 

The strict requirement for seedling establishment and pervasive seedling 
herbivory together dictate that management of coastal wetland forests hinges in 
large part on ensuring regeneration. Managing forested wetlands for timber 
production is generally difficult because of the periodic to continuously flooded 
nature of these sites. Although there is some knowledge regarding silvicultural 
practices for the drier end of the forested wetlands continuum (e.g., wet pine flats 
and moderately well drained to poorly drained bottomland hardwoods), there has 
been little research into optimum silvicultural practices for wet sites. It has been 
suggested that baldcypress and tupelo stands should be managed on an even-aged 
basis because of the characteristics of the species, the nature of the existing stands, 
and the sites they inhabit. The most common regeneration method used for this 
purpose with other species is clearcutting when stems reach the desired size. 
Residual stems should be removed or deadened to limit competition on natural or 
planted seedlings. 
 
4) In those areas where flooding prevents or limits the natural regeneration of the 
cypress-tupelo forest, artificial regeneration through tree planting is the only 
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currently viable mechanism to regenerate the forest. Some swamps are altered to 
such a significant extent that even artificial regeneration is not possible. Coppice or 
stump sprouting does not provide sufficient numbers of viable trees to reliably 
regenerate the forest, even under optimum conditions. 

 
Because of the exacting requirements for germination and establishment 

and the variable success of stump sprouting, planting of baldcypress and water 
tupelo is likely necessary in many areas to ensure adequate stocking of future 
stands. Innovative planting methods are often required for forested wetland sites 
because of standing water, unconsolidated or organic substrates, and herbivory. 
Habitats planted have ranged from standing, stagnant water to flowing water in 
coastal to inland sites of Louisiana and South Carolina. Bareroot seedlings of 
baldcypress and water tupelo have been successfully planted under flooded 
conditions. 

 
5) Conditions affecting the potential for forest regeneration and establishment are 
recognizable based upon existing biological and physical factors. The SWG has 
developed a set of condition classes for the dominant wetland forest type, in 
Louisiana’s coastal cypress-tupelo forests. All references to flooding depths or 
durations assume average rainfall conditions, not extreme or unusual events. 
Sediment input is generally beneficial, but in localized situations, excessive levels 
can prevent or prohibit natural or artificial regeneration under SWG Condition 
Classes I and II. The SWG Cypress-Tupelo Coastal Wetland Forest Regeneration 
Condition Classes are: 

 
SWG Condition Class I: Sites with Potential for Natural Regeneration 

These sites are generally connected to a source of fresh surface or 
ground water and are flooded or ponded periodically on an annual 
basis (pulsing). They must have seasonal flooding and dry cycles 
(regular flushing with freshwater), usually have both sediment and 
nutrient inputs, and sites in the best condition are not subsiding. 
These sites have some level of positive tree growth, thereby providing 
increasing or stable biomass production, organic input, and experience 
re-charge of water table after drought periods. Sites in this category 
that are subject to increasing flood frequency, increased flood 
duration, or increasing flood water depths may eventually move into 
the next lower category unless action is taken to remedy these 
detrimental conditions.  

 
SWG Condition Class II: Sites with Potential for Artificial Regeneration 
Only  

These sites may have overstory trees with full crowns and few signs of 
canopy deterioration, but are either permanently flooded (which 
prevents seed germination and seedling establishment in the case of 
baldcypress and tupelo) or are flooded deeply enough that when 
natural regeneration does occur during low water, seedlings cannot 
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grow tall enough between flood events for at least 50% of their crown 
to remain above the high water level during the growing season. 
These conditions require artificial regeneration, (i.e., planting of tree 
seedlings). Water depth for sites in this category is restricted to a 
maximum of two feet for practical reasons related to planting of tree 
seedlings. Planted seedlings should have at least 12 inches of crown 
(length of main stem with branches and foliage present) and must be 
tall enough for at least 50% of the crown to remain above the high 
water level during the growing season. Sites with a negative 
trajectory (increasing average annual water depth) may eventually 
move into SWG Condition Class III unless action is taken to remedy 
this detrimental condition.  

 
SWG Condition Class III: Sites with No Potential for either Natural or 

Artificial Regeneration  
These sites are either flooded for periods long enough to prevent 
natural regeneration and practical artificial regeneration, or are 
subject to saltwater intrusion with salinity levels that are toxic to 
cypress-tupelo forests. Two trajectories are possible for these two 
conditions: 1) freshwater forests transitioning to either floating marsh 
or open fresh water, or 2) forested areas with saltwater intrusion that 
are transitioning to open brackish or saltwater (marsh may be an 
intermediate condition). SWG Category III sites are placed in specific 
subcategories relative to stress conditions as listed below. They may 
differ in the types of recommendations made or actions that should be 
taken relative to the particular stressing agent.  

A. Forests with saltwater intrusion or high soil salinity:  
1. Chronic (semi-permanent) saltwater intrusion (e.g., 

coastal areas with high rates of subsidence). These 
are sites where saltwater intrusion is of a long-term 
nature and requires correction. 

a. For baldcypress, chronic levels of soil salinity of 
four ppt or greater increases mortality of 
seedlings and makes the likelihood of 
regeneration unreliable.  

b.  For tupelo, chronic levels of salinity greater 
than two ppt increases mortality.  

2. Acute (temporary) flooding with saline waters such as 
from storm surges. These conditions are temporary 
and tolerance can be much higher. 

B. Forests with water levels exceeding two feet at time of 
planting makes artificial regeneration impractical.  

 
6) Physical and biological processes link coastal forests and coastal marshes. The 
current Louisiana Coastal Zone Boundary does not accurately reflect the full extent of 
Louisiana’s coastal wetland forests. The lack of focus on large scale restoration and 
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protection activities outside the Louisiana Coastal Zone Boundary makes them more 
vulnerable to loss and degradation from detrimental impacts. 
 

Louisiana’s coastal wetland forests have been shaped by the sediments, water, 
and energy of the Mississippi River as natural deltas have been formed and 
abandoned over the last 5,000 years. During the regressive or constructional phase of 
the delta cycle, the system is dominated by freshwater riverine inputs with the 
formation of corresponding freshwater marshes and swamps, which then deteriorate 
during the marine-dominated transgressive phase. The largest areas of Louisiana’s 
coastal wetland forests are swamps in the deteriorating transgressive phase of the 
Deltaic Plain. Deterioration of the delta in areas currently occupied by forested 
wetlands will result in hydrological conditions unsuitable for forest cover and result in 
conversion to marsh or open water. As in coastal marshes, where local deterioration is 
accelerated by neighboring marsh conversion to open water, the condition of forested 
wetlands depends in part on neighboring forests and marshes. In particular, saltwater 
intrusion into forested wetlands is often increased when neighboring marshes 
deteriorate. 
 
7) Spatially explicit data of coastal wetland forest conditions necessary to guide 
restoration, regulatory, and management efforts are scarce. USDA Forest Service 
Forest Inventory and Analysis (FIA) data are inadequate for these purposes. 
 

The condition of coastal wetland forests and the stressing factors are known to 
vary across the coastal zone; however, existing data are insufficient to guide 
restoration, regulatory, and management efforts in most areas.  

The most complete data available on the area of forest types in Louisiana come 
from FIA, currently collected by the Louisiana Department of Agriculture and 
Forestry in cooperation with the USDA Forest Service. Cypress-tupelo forests of the 
region in 1974 were dominated by relatively small trees, but 29 years of growth has 
seen the size structure change to be dominated by larger trees. However, FIA data and 
other scientific information suggest coastal cypress-tupelo forests are not currently 
growing vigorously, if at all, and suggest environmental stresses may be playing a part 
in stand development. Systematically collected field-based and remotely-sensed data 
are needed but are currently lacking. 
 
 
Recommendations 

 
Based on these findings, the SWG recommends that the Louisiana Governor’s 

Office: 
 

 1. Adopt the following statement of mission and intent regarding coastal 
wetland forest ecosystem policy: The State of Louisiana will place priority on 
conserving, restoring, and managing coastal wetland forests, including 
collaborative efforts among public and private entities, to ensure that their 
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functions and ecosystem services will be available to present and future 
citizens of Louisiana and the United States. 

 
 2. Recognize the regeneration condition classes (Finding 5) for cypress-tupelo 

forests developed by the Science Working Group (SWG) and use them to 
classify existing coastal forest site conditions for management, restoration, 
protection, and use purposes.  

 
 3. Place priority on maintaining hydrologic conditions on SWG Regeneration 

Condition Class I lands.  
 
 4. Delay timber harvesting on Condition Class III lands because these lands 

will not regenerate to forests. The goal is to allow time for hydrologic 
restoration and improvement of stand conditions to Class I or Class II lands. 
Place an interim moratorium on harvesting on state-owned Condition Class 
III lands. Develop mechanisms to delay timber harvesting on privately 
owned Condition Class III lands.  

 
 5. Before harvesting SWG Condition Class I and II sites, a written forest 

management plan with specific plans for regeneration must be reviewed by a 
state-approved entity so appropriate practices can be suggested based on 
local site conditions. The intent is to ensure that cypress-tupelo regeneration 
and long-term establishment take place and that species or wetland type 
conversion does not occur. 

 
 6. Develop spatially explicit data regarding SWG Condition Classes, existing 

hydrologic and geomorphic conditions, and current and future threats to 
coastal wetland forests. These data should be collected, evaluated, and 
updated by a consortium of state, local and federal agencies, universities and 
non-governmental organizations and made available to all entities. Adding 
remotely-sensed data to this data set should be aggressively pursued. Such 
data are critical to wisely manage and care for the coastal forest wetland 
ecosystem of Louisiana. 

 
 7. Establish and maintain a system of long-term monitoring of coastal wetland 

forest conditions, supplemental to FIA and Coastal Reference Monitoring 
System (CRMS) datasets, expanded to include the entire SWG coastal 
wetland forest area (see Figure 1). Additionally, monitoring of restoration 
should occur, and include measures to evaluate success. This may entail 
some long-term efforts because forests may take 25 years to establish 
functioning stands.  

 
 8. Coastal forests extend beyond the current Coastal Zone Boundary. 

Therefore, the target area for large scale restoration should be expanded to 
include coastal wetland forests as defined by the SWG (Figure 1), especially 
those in major river bottoms draining to the coast (e.g., Atchafalaya and 
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INTRODUCTION 
 
Wetland forest regeneration and sustainability may not be receiving adequate 

consideration in coastal Louisiana. Although coastal Louisiana forests are addressed 
to some extent in the Louisiana Coastal Area (LCA) Restoration Study (November 
2004), their loss and rapidly deteriorating condition, interest in managing and 
restoring this natural resource, and the paucity of information available to accomplish 
these goals all point to a need to place increased emphasis on their conservation, 
protection, and study. Wetland forests influencing and protecting coastal areas also 
exist outside the Louisiana Coastal Zone, as defined by the State, and these forests are 
not addressed in that document. Despite the extensive evidence of the important role 
wetland forests play in providing critical habitat for many wildlife species and in 
maintaining water quality and coastal integrity, coastal forested wetland systems are 
rapidly disappearing. 

In 1989, the Louisiana Legislature passed the Louisiana Coastal Wetlands 
Conservation, Restoration and Management Act (Act 6) providing an administrative 
structure for coastal restoration. Among other things, the Act established the 
Wetlands Conservation and Restoration Authority that develops an annual “Wetlands 
Conservation and Restoration Plan.” Act 6 also established the Governor’s Office of 
Coastal Activities and the Office of Coastal Restoration Management within the 
Department of Natural Resources to coordinate and manage components of 
Louisiana’s coastal restoration program.  

The 1998 Coast 2050 report entitled “Toward a Sustainable Coastal Louisiana” 
was a foundation for the May 1999 LCA section 905(b) Reconnaissance Report. The 
report recommended the implementation of feasibility studies. In the spring of 2002, 
the U.S. Army Corps of Engineers held public scoping hearings, soliciting input from 
interested parties. This set the stage for seeking programmatic authorization for 
funding under WRDA to implement strategies from the Coast 2050 Plan through the 
Louisiana Coastal Area (LCA) Feasibility Study designed to foster restoration and 
protection of Louisiana’s coastal ecosystem. In November 2004, the LCA Ecosystem 
Restoration Study was published providing priorities and a framework for near-term 
restoration of selected coastal wetlands in Louisiana.  

Renewed interest in the forested wetland resource, especially baldcypress, by 
the forest industry and private loggers now target the second-growth cypress in areas 
logged 80-100 years ago where natural regeneration was able to establish new forests. 
This renewed interest in harvesting coastal forests has raised questions about 
environmental issues and the ability of some of these forests to regenerate.  

A comprehensive assessment of current scientific knowledge and condition of 
Louisiana’s coastal wetland forests is therefore critical. Therefore, the Governor’s 
Office initiated the formation of a Science Working Group (SWG) on Coastal Wetland 
Forest Conservation and Use. An Advisory Panel was also established by the 
Governor’s Office to advise and assist the SWG. The mission of the SWG is to provide 
information and guidelines for the long-term utilization, conservation, and protection 
of Louisiana’s coastal wetland forest ecosystem, from both environmental and 
economic perspectives. The following objectives were developed: 
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1) Gather and synthesize scientific information available on regeneration, 
growth, and potential harvesting effects on coastal wetland forests.  

2) Gather and summarize field information on general characteristics of 
previously harvested baldcypress and tupelo forest stands to evaluate their 
potential to regenerate, become established, and remain vigorous.  

3) Review existing laws, regulations, policy, and guidelines affecting coastal 
forestry activities (and current forest conditions). 

4) Develop science-based, interim guidelines for the conservation and utilization 
of coastal wetland forests. 

5) Identify critical areas of priority research needed to refine these interim 
guidelines.  

The SWG developed the following report to address these objectives. To 
emphasize the most important points of the report, the SWG developed a set of 
Findings and Recommendations to the Governor’s office as to appropriate actions that 
should be taken to ensure the long-term utilization, conservation, and protection of 
Louisiana’s coastal wetland forest ecosystem. 

With the SWG’s mission in mind and to meet the objectives stated above, the 
forest area to be considered needed to be defined. Large areas of coastal wetland 
forests extend beyond the Louisiana Coastal Zone Boundary, especially in major river 
bottoms draining to the coast (e.g., Atchafalaya and Pearl River Basins) and those 
with extensive areas of coastal wetland forests (e.g., Lake Maurepas). One useful 
boundary that does encompass these areas is defined by two USDA Forest Service 
inventory regions that together comprise 31 parishes of southern Louisiana (Figure 1). 
For these reasons, the SWG adopted these combined regions as the area of interest for 
assessing coastal wetland forests. Although there are extensive areas that are not 
coastal wetland forest in this area, it does encompass all areas of interest.  
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Figure 1. Louisiana Coastal Wetland Forest Area established by the Governor’s Science Working Group 
on Coastal Wetland Forest Conservation and Use; (upper) USDA Forest Service forest inventory regions 
composing the SWG Coastal Wetland Forest Area; (lower) forested wetlands within the SWG Coastal 
Wetland Forest Area compared to Louisiana Coastal Zone Boundary.

Conservation, Protection and Utilization of Louisiana’s Coastal Wetland Forests 3

LOUISIANA COASTAL WETLAND FORESTS: STRUCTURE, FUNCTIONS, AND 
ECOSYSTEM SERVICES 
 

Forested wetlands are freshwater ecosystems dominated by trees or shrubs and 
can be divided into two general categories in Louisiana: swamps or bottomland 
hardwood forests. While both wetland types are formally classified as palustrine 
wetlands in the Cowardin classification of the National Wetlands Inventory (Cowardin 
et al., 1979), swamps are flooded for most if not all of the growing season and 
dominated by baldcypress, pondcypress and water tupelo (Penfound, 1952; Mitsch and 
Gosselink, 2000a). Bottomland hardwoods are seasonally inundated for varying 
lengths of time with as many as 70 commercial tree species depending on the 
hydroperiod (Putnam et al., 1960; Hodges, 1997).  

The natural ecosystems of coastal Louisiana are dominated by the underlying 
geomorphic processes responsible for their formation. The majority of Louisiana’s 
wetland forests are found in the Lower Mississippi River Alluvial Valley (LMV) and 
the Deltaic Plain. The southern extent of the LMV and the beginning of the Deltaic 
Plain is geographically defined by the Donaldsonville-Franklin line; however, the true 
geologic boundary extends to the head of the Atchafalaya River (Saucier, 1994). This 
geologic boundary better correlates with the geographic boundaries of the South Delta 
Forest covered in this report.  

Coastal wetland forests in the Deltaic Plain have been shaped by the sediments, 
water, and energy of the Mississippi River as natural deltas have been formed and 
abandoned over the last 5,000 years (Coleman et al., 1998). During the regressive or 
constructional phase of the delta cycle, the system is dominated by freshwater riverine 
inputs with the formation of corresponding freshwater marshes and swamps, which 
then deteriorate during the marine-dominated transgressive phase (Roberts, 1997). 
The largest areas of Louisiana’s coastal wetland forests are swamps in the 
deteriorating transgressive phase of the Deltaic Plain.  

Historically, wetland forests in both the LMV and the Deltaic Plain were 
intimately connected to the Mississippi River and its tributaries and distributaries. 
Annual pulses of freshwater, sediments, and nutrients collected from the 1.2 million 
square mile Mississippi River drainage basin were dispersed during flood events 
creating a mosaic of soil types and plant communities throughout the LMV and the 
Deltaic Plain. The fine-grained alluvial deposits in the LMV are not prone to 
compaction and, thus, subsidence is not a factor in this area. However, the cumulative 
effects of eustatic (actual) sea-level rise, crustal sinking, tectonic activity, and 
sediment consolidation result in high rates of subsidence that dominate the surface 
elevation and geomorphology of the Deltaic Plain (Saucier, 1994; DeLaune et al., 
2004). Subsidence rates for large areas of the Deltaic Plain range from 1.0 to 3.5 feet 
per century (Figure 2). Relative (eustatic + subsidence) sea-level rise in the Deltaic 
Plain is predicted to range from 20 to 40 inches over the next 100 years (Twilley et al., 
2001). Titus and Narayanan (1995) predict a one foot rise along the Gulf Coast by 
2050.  

While coastal wetlands can maintain their surface elevation despite sea-level 
rise with sediment inputs and organic accumulation from high primary productivity 
(Baumann et al., 1984; DeLaune et al., 2004), the construction and maintenance of 
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flood-protection levees has isolated south Louisiana from Mississippi River sediments, 
nutrients, and freshwater, which are critical to the long-term survival of coastal 
wetland forests (Kesel, 1989; Boesch et al., 1994; Day et al., 2000). The area of swamps 
in the Deltaic Plain is projected to decrease by 231,890 acres by the year 2050 even 
with current restoration efforts (Table 1). This represents 42% of the existing wetland 
forest and three of the nine basins will lose between 30% to 55% of their remaining 
swamps. Adding sediments and nutrients to these degraded coastal wetland forests 
through river diversions (Day et al., 2003), municipal wastewater (Day et al., 1999), or 
stormwater diversions (Woods, 2004) is an essential component of sustaining this 
ecosystem.  
 
 

 
Figure 2. Estimated subsidence rates in Louisiana’s Deltaic Plain (Gagliano, 1998).  
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Table 1. Projections of marsh and swamp forest losses in the Louisiana Deltaic Plain (Louisiana Coastal 
Wetlands Conservation and Restoration Task Force, 1998).  
 
    Acres of Net acres of  Acres of 
   Acres of marsh marsh lost swamp lost 
   marsh lost preserved by by 2050 at by 2050 at 
  Acres of by 2050 the Breaux current  Acres of current  
  marsh in  without Act and restoration swamp in restoration 
Region Basin 1990 restoration diversions levels 1990 levels 
1 Pontchartrain  253,000  50,330  4,720  45,610  213,570  105,100  

2 Breton Sound 171,100  44,480  17,900  26,580  0  0  

2 Mississippi Delta 64,100  24,730  18,340  6,390  0  0  

2 Barataria  423,500  134,990  42,420  92,570  146,360  80,090  

3 Terrebonne 488,800  145,250  5,170  140,080  152,400  46,700  

3 Atchafalaya 48,800  (30,030)* 8,080  (38,110)* 12,600  0  

3 Teche/Vermilion 234,300  32,160  3,360  28,800  18,390  0  

4 Mermentau 441,000  61,710  2,600  59,110  370  0  

4 Calcasieu/ Sabine 317,100  50,840  12,440  38,400  170  0  

  Total 2,441,700  514,460  115,030  399,430  543,860  231,890  

*Due to delta building, acres will be gained in the Atchafalaya Basin 
 
 

Wetland Functions  
 

Wetland functions are the physical, chemical, and biological processes that 
sustain the wetland ecosystem, irrespective of any interaction with humans, and can 
be broadly grouped into biotic, hydrologic, and biogeochemical functions (Brinson, 
1993; Smith et al., 1995). Examples of generalized wetland functions include surface 
water storage (hydrologic), maintaining plant and animal communities (biotic), and 
nutrient cycling (biogeochemical) (Table 2). The fish and wildlife functions (biotic) are 
covered in detail later in this chapter. Like other wetlands nationwide, any specific 
coastal wetland forest in Louisiana may or may not perform all of the functions listed 
in Table 2. Functions of a specific wetland will vary in terms of functional capacity or 
the degree to which they are performed depending on the health of the wetland and 
the landscape setting (Mitsch and Gosselink, 2000a). Among the most important 
functions of coastal wetland forests are biogeochemical nutrient transformations, flood 
storage, and maintenance of characteristic plant communities.  

 
Biogeochemical Nutrient Transformations  

 
Wetlands are uniquely suited to mitigate the negative impacts of nonpoint 

source pollution. Their landscape position and biogeochemical properties give them 
both the opportunity and mechanisms to alter pollutant loadings to aquatic 
ecosystems (Johnston, 1991). However, quantifying these capabilities for a specific 
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wetland or class of wetlands requires a more detailed understanding of both the 
wetland and the chemistry of the pollutant. For example, nitrogen and phosphorus 
have different chemical characteristics and different controls of their fate and 
transport. The reduction of inorganic nitrate to nitrogen or nitrous oxide gas provides 
a pathway to remove a detrimental nutrient responsible for coastal eutrophication and 
hypoxia (Rabalais and Turner, 1996). There is a wide range of denitrification rates 
across wetland systems indicating a differential ability specific to the wetland (Mitsch 
et al., 2001). However, natural forested wetlands generally have a high denitrification 
capability (Ambus and Lowrance, 1991; Groffman et al., 1992; Ullah et al., in press). 
Not all restored wetlands have denitrification rates as high as their natural 
counterparts due to inadequate hydrology, little available carbon, or lowered microbial 
activity (Hunter and Faulkner, 2001). Research results suggest loading rates below 
178 pounds of nitrate per acre per year will maintain >70% removal (Faulkner and 
Richardson, 1989; Mitsch et al., 2001; Lane et al., 2003). 

In contrast to nitrogen, phosphorus has no gaseous outflow and, therefore, will 
accumulate in wetlands, primarily in the soil compartment (Faulkner and Richardson, 
1989). In wetlands with mineral soils, phosphorus retention can be predicted by 
amorphous iron and aluminum oxides (Richardson, 1985). These oxides have a high 
surface area and are chemically reactive as evidenced by their ready dissolution in 
ammonium oxalate (hence the term, oxalate-extractable iron and aluminum). 
Phosphate coming into the wetland is adsorbed by these oxides and retained in the 
wetland soil. In wetlands with organic soils and little oxalate-extractable iron and 
aluminum, phosphate is taken up by plants and converted to the organic form. 

In these wetlands, phosphorus is retained by the build up of soil organic matter, 
effectively burying the organic phosphorus with the organic matter (Craft and 
Richardson, 1998). While initial phosphorus retention by organic accumulation or 
oxalate-extractable iron and aluminum can be as high as 89.2 pounds per acre per 
year, this rate is not sustainable since these mechanisms have a finite capacity and, 
once filled, phosphorus will flow out of the wetland to downstream ecosystems 
(Richardson et al., 1997). Analysis of outflow phosphorus concentrations as a function 
of mass loading rate for 126 natural and constructed wetlands across the U.S. 
indicates a change threshold at a loading rate of 8.9 pounds of phosphorus per acre per 
year (Richardson and Qian, 1999). Below this rate, outflow phosphorus concentrations 
are low and relatively constant while, above this value, outflow phosphorus 
concentrations increase significantly with increases in loading rate. Data from a 
eutrophication gradient in the Florida Everglades supports this hypothesis. In areas 
where phosphorus loading exceeded 8.9 pounds per acre per year, there were 
significant changes in dominant plant species from sawgrass to cattail with higher 
plant productivity, macroinvertebrate diversity, and carbon mineralization rates 
(Richardson et al., 1997; Richardson and Qian, 1999).  
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Table 2. General wetland functions, related effects, and corresponding ecosystem services (adapted from 
National Research Council, 1995). 

 
Function Effects Ecosystem Service 

Hydrologic

Short-term surface water 
storage 

Reduced downstream flood 
peaks 

Reduced damage from 
floodwaters 

Long-term surface water 
storage 

Maintenance of base flows, 
seasonal flow distribution 

Provides fish habitat during 
dry periods 

Maintenance of high water 
table 

Maintenance of hydrophytic 
community 

Plant and animal biodiversity

Biogeochemical

Transformation, cycling of 
elements 

Maintenance of nutrient stocks 
within wetland 

Timber production 

Retention, removal of 
nutrients, pollutants 

Reduced transport of nutrients 
downstream 

Maintenance of water quality 

Accumulation of peat Retention of nutrients, metals, 
carbon 

Maintenance of water quality, 
carbon sequestration 

Accumulation of inorganic 
sediments 

Retention of sediments, some 
nutrients 

Maintenance of water quality 

Biotic

Maintenance of characteristic 
plant communities 

Habitat for animals and plants Biodiversity, recreation, 
commercial harvests 

Maintenance of characteristic 
energy flow 

Food web support Biodiversity, coastal fisheries 

 
Forest systems change over longer time scales, so there are few data available 

to evaluate these effects on coastal wetland forests. While nutrient loading can have 
detrimental effects on natural wetlands, many areas of Louisiana’s coastal wetland 
forests are sediment and nutrient deficient as a result of the Mississippi River levee 
system. Under these conditions, the addition of nutrients and sediments is the only 
way for these ecosystems to maintain their surface elevation relative to sea-level rise 
(Day et al., 2003). Rybczyk et al. (2002) found that wastewater additions to a forested 
wetland near Thibodaux, LA significantly increased accretion rates (0.43 inches per 
year) compared with an untreated control (0.06 inches per year). Most of the nitrate 
input is removed through the denitrification process (Boustany et al., 1997; Lane et 
al., 2003) and is lost to the system. 

 
Flood Storage  
 

Given their low-elevation landscape position and the high flood-tolerance of the 
cypress-tupelo forest, coastal wetland forests have both the capacity and opportunity 
to store floodwater. However, resources were not sufficient to estimate the magnitude 
of this function. 
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Fish and Wildlife Habitat 
 

Coastal wetland forests provide important fish and wildlife habitat functions. 
Songbirds, wading birds, waterfowl, raptors, reptiles, amphibians, mammals, 
crawfish, and fish are all common inhabitants of Louisiana’s coastal forests. 
Louisiana’s coastal forests support up to six threatened and endangered wildlife and 
fish species (Table 3), although one of these species (Bachman’s warbler) is believed to 
be extirpated from Louisiana and three other species (Gulf sturgeon, pallid sturgeon, 
Peregrine falcon) use coastal forests as incidental habitat, if at all (i.e., Gulf and pallid 
sturgeons). Few research studies have actually quantified habitat functions and values 
of Louisiana’s coastal forests and research is desperately needed. However, from the 
few Louisiana studies and studies in other forested wetland systems, it is generally 
understood that the actual value of any particular tract is dependent upon the animal 
species of interest and numerous forest characteristics including geographic location 
and size of the forest stand, connectivity of the adjacent forest stands and habitats, 
landscape composition, hydroperiod, vertical structure, tree sizes and species 
composition (Merrell, 1977; Brody et al., 1989; Mitchell and Lancia, 1990; Skelly, 1995; 
Schneider and Frost, 1996; Brokaw and Lent, 1999; Haila, 1999; Bodie and Semlitsch, 
2000; Semlitsch, 2000; Barrow et al., in press). It is beyond the scope of this report to 
review the life-history characteristics and habitat needs of all fish and wildlife species 
using Louisiana coastal forests, however, a few representative species or groups of 
species are discussed to illustrate some of the major structural characteristics and 
abiotic processes that are important components in determining habitat functions of 
Louisiana’s coastal forests. 

 
Table 3. Threatened and Endangered fish and wildlife species of Louisiana’s coastal forests. Data are 
from the Louisiana Natural Heritage Program’s website. 
 

Common Name State Status (year listed) Federal Status (year listed) 
Bachman’s warbler1 Endangered (1989)  Endangered (1967; 1970) 

Bald eagle Endangered (1989) Threatened (1995) 
Louisiana black bear Threatened (1992) Threatened (1992) 

Gulf sturgeon2 Threatened (1992) Threatened (1991) 
Pallid sturgeon2 Endangered (1992) Endangered (1990) 
Peregrine falcon2 Threatened/Endangered (1989) Delisted (1999) 

1 Believed to be extirpated from Louisiana. 
2 Uses coastal forests incidentally. 
 

The geographic location of Louisiana’s coastal forests positions them within a 
major migration corridor for migrating North American landbirds and the majority of 
the following is summarized from Barrow et al. (in press). Each year millions of 
landbirds migrate across or near the Gulf of Mexico during their winter and spring 
migration. Virtually all of the eastern landbird species in the United States and 
numerous species from the western United States migrate through the coastal forests 
of Louisiana (Lowery, 1974a; Barrow et al., in press). These forests are the last, or 
first, vestiges of land for many species prior to, or after, crossing the Gulf of Mexico, 
respectively. Thus, these sites provide important food and cover resources for 
songbirds that are either preparing for the trans-Gulf flight or that are recovering 
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from the flight. Coastal forested wetlands are important to many species, partly 
because these forests are often the largest remaining tracts of forests left along the 
Gulf Coast. While these sites are critically important, they do not provide habitat for 
all species. Species that rely on the understory and the forest floor for food resources 
are often not found in the most frequently flooded forests because of poor understory 
development. Thus, additional increases in flooding as a result of global climate 
change or hydrologic alterations, can degrade less frequently flooded forests and 
reduce their habitat quality for migrating songbirds.  

 While bottomland hardwood forests often support a high vertical and horizontal 
diversity, many cypress-tupelo forests naturally have low horizontal and vertical 
diversity because of frequent flooding and episodic periods of regeneration success. 
Even so, cypress-tupelo forests often support species that are not found in higher 
elevation plant communities (Wakely and Roberts, 1996). The number of species, 
however, is affected by forest conditions. Zoller (2004) found that the number of 
species of breeding migrant songbirds was less in forest degraded by hydrologic 
changes than in relatively undegraded or moderately degraded forests. The reduction 
in species was believed to be a result of a reduction in vertical structure as the forest 
declined. 

The prothonotary warbler is typically associated with cypress-tupelo stands and 
because of the dramatic loss of these wetlands nationwide, the prothonotary warbler is 
listed as a Tier 1 priority species by Partners in Flight (http://www.rmbo.org/pif/pifdb. 
html). Thus, the extensive cypress-tupelo forests in Louisiana are extremely important 
for the long-term survival of this species. The prothonotary warbler is only one 
example of many songbirds that use Louisiana’s coastal wetland forests for breeding 
and/or wintering habitat (Lowery, 1974a). The Atchafalaya Basin represents the single 
largest tract of wetland forests left in the Lower Mississippi River Alluvial Valley, and 
it is a critical component of songbird conservation efforts spearheaded by the Lower 
Mississippi River Valley Joint Venture Office. Although scientists are becoming 
increasingly aware of the impacts of hydrologic alterations on forest species 
composition, forest structure, and forest productivity, it is still unknown as to what 
impact these hydrologic alterations will mean to long-term avian productivity and 
community structure. 

Two birds of prey, the swallow-tailed kite and the bald eagle, are also of interest 
in Louisiana’s Coastal Wetland Forests. The swallow-tailed kite is listed as a Species 
of Special Concern by the State of Louisiana and is given the top priority by The 
Nature Conservancy among locally threatened birds (Coulson and Sherry 2004). The 
northern population of swallow-tailed kites, which includes Louisiana, has been slow 
to recover from declines observed at the turn of the 20th century (Bent, 1937; Cely, 
1979). Swallow-tailed kites use tall (> 69 ft) and/or super-emergent trees for nesting. 
From 2002-2004, a total of 42 nests, old nests, and nest starts were found on and near 
Pearl River and Sherburne Wildlife Management Areas as well as in the region of the 
Joyce and Manchac Wildlife Management Areas (Coulson and Sherry, 2004). Swallow-
tailed kites were observed on several wildlife management areas and surrounding 
private lands. Although nesting swallow-tailed kites are fairly tolerant of disturbance, 
they are sensitive to forest management activities. Thus, the Louisiana Department of 
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Wildlife and Fisheries has developed draft forest management guidelines for swallow-
tailed kites (Coulson and Sherry, 2004). 

Bald eagles, listed as Federally Threatened, commonly nest in Louisiana’s 
coastal forests. In 2003-2004, there were 234 active bald eagle nests in Louisiana and 
an additional 84 inactive nests (George Melancon, Louisiana Department of Wildlife 
and Fisheries, personal communication). Parishes supporting coastal forests tended to 
have the highest densities of bald eagle nests. Terrebone (60), St. Mary (26), 
Assumption (25), St. Martin (25), St. Charles (19), and Lafourche (19) parishes 
supported the largest number of active nests; all other parishes had < 5 nests each. 
Bald eagles are particularly susceptible to disturbance during nesting, and the U.S. 
Fish and Wildlife Service Region 4 has guidelines governing activities, including forest 
management activities, around eagle nests. 

Louisiana’s coastal forests also provide important wading bird habitat 
(Kushlan, 1997; Michot et al., 2003). White ibis, roseate spoonbills, wood storks, and a 
variety of herons, egrets, and other wading birds utilize Louisiana’s coastal forests on 
a permanent or seasonal basis (Lowery, 1974a). Wading birds establish rookeries in 
coastal forests and marshes and use flooded forests, marshes, and/or aquaculture 
ponds as foraging areas for breeding adults or young. The quantity and quality of 
foraging habitat around rookeries are important in determining the presence, size, and 
success of a given rookery (Kushlan, 1978; Hafner, 2000). Water depth, food types, 
amount of cover, and concentration of food resources are among many factors 
determining the quality of foraging habitat for wading birds (Kushlan, 2000). Water 
depths that exceed the leg lengths of a specific wading bird species relegate those 
habitats as unsuitable. Drawdowns, or a drying out of the swamp, can concentrate 
food resources in drying pools and increase the quality of foraging habitat. In addition, 
this drawdown stimulates vegetative productivity which then stimulates productivity 
of invertebrates and vertebrate food resources.  

Surveys of wading bird rookeries in South Louisiana in 2001, found 198 active 
wading bird colonies of which 78 were in saline marsh, 48 in fresh marsh, and 44 in 
forested wetlands (Michot et al., 2003). Six bird species had declined since the 1990 
survey, and Michot et al. (2003) suggested that habitat change in the study area 
should be evaluated as one possible explanation. These results should be viewed with 
caution as they explain the weaknesses of their approach and design, but their work is 
the best available to date.  

Waterfowl also heavily utilize Louisiana’s coastal forests. Wood ducks, mallards, 
hooded mergansers, gadwall, and other waterfowl utilize Louisiana’s coastal forests on 
a permanent or seasonal basis for foraging and/or roosting habitat, thermal cover, or 
for reproductive activities such as pairing and brood rearing (Lowery, 1974a). As with 
wading birds, water depths are an important determinant of foraging habitat quality 
as are productivity of plant and invertebrate communities (Baldassarre and Bolen, 
1994). Drawdowns stimulate the production of annual moist-soil plants that typically 
have high seed production (Fredrickson and Taylor, 1982). These seeds are used 
extensively during fall migration and early winter (Fredrickson and Heitmeyer, 1988). 
During spring, as waterfowl begin to shift into their breeding cycle, invertebrates 
become more important to females because of the high protein requirements necessary 
for egg production (Drobney and Fredrickson, 1979; Bellrose and Holm, 1994; 
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Demarest et al., 1997). It is well documented that seasonally flooded wetlands support 
greater diversity of invertebrates and invertebrate densities are greater on vegetated 
sites (Batzer et al., 1999; Wissinger, 1999). Thus, seasonal drawdowns can directly 
influence the diversity of invertebrates available as food for waterfowl, and indirectly 
influence abundance by affecting vegetation densities.  

More recently, extensive areas of Louisiana’s coastal forests have been impacted 
by common salvinia. Common salvinia, a native of South America, is an aggressive 
floating plant that prevents sunlight from reaching the water column and thus 
reduces aquatic and wetland plant productivity and presumably negatively impacts 
invertebrate communities. Common salvinia has dramatically reduced habitat quality 
for waterfowl in Louisiana’s coastal forests. According to Robert Helm (waterfowl 
program leader, Louisiana Department of Wildlife and Fisheries), the Lake Maurepas 
basin was historically one of the most important basins for wintering waterfowl. In 
recent years, however, common salvinia has reduced wintering waterfowl numbers to 
< 20% of historic numbers. Several other forested wetland basins are also affected by 
this plant and by other invasive aquatic plants.  

Louisiana’s coastal forests are also important habitat for a variety of mammals 
including gray squirrel, nutria, otter, beaver, a number of bats, and the threatened 
Louisiana black bear. Several species of bats, including two species listed as federal 
species of concern (the southeastern bat and Rafinesque’s big-eared bat (Martin et al., 
2002)), utilize hollow trees for roost sites (Hoffman, 1999; Cochran, 1999; Gooding and 
Langford, 2004). Rafinesque’s big-eared bat frequently uses hollow water tupelo trees 
that are characteristic of older cypress-tupelo forests (Mirowsky, 1998; Cochran, 1999; 
Hoffman, 1999; Gooding and Langford, 2004). Although other species of trees, 
including baldcypress, may be used as roost trees, water tupelo and black gum appear 
to be most important to this species (Cochran, 1999; Lance et al., 2001; Gooding and 
Langford, 2004). Gooding and Langford (2004) found that the average size of water 
tupelo trees used as roosts in Northeast Louisiana was 47 inches while Cochran (1999) 
found roost trees in the Mississippi River Valley in Arkansas to average 61 inches. 
Rafinesque’s big-eared bats in several studies were associated with mature bottomland 
hardwood forest, abundant roost trees, and relatively close proximity to permanent 
water (Cochran, 1999; Lance et al., 2001, Gooding and Langford, 2004). These results 
suggest that protection of existing roost trees, regeneration of water tupelo and black 
gum for future roost trees, and management for mature bottomland hardwood forests 
are important for this species (Gooding and Langford, 2004). It is worth noting, 
however, that Menzel et al. (2001) found Rafinesque’s big-eared bats roosting in 
abandoned structures in upland habitats, and males commonly foraged among sapling 
stage pines. Thus, our understanding of habitat needs and the short- and long-term 
effects of forest management on this species is incomplete.  

The threatened Louisiana black bear has received extensive attention and is a 
major component of habitat restoration efforts in the Lower Mississippi River Alluvial 
Valley. The Louisiana black bear has three populations in Louisiana: 1) Tensas, 2) 
inland, and 3) coastal. Louisiana black bear within the latter two populations rely 
extensively on coastal forested wetlands for dens, food, cover, and travel lanes.  

The coastal population of bears typically uses ground dens made from brush 
piles and vegetation (Hightower et al., 2002). This is common of coastal populations of 
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black bears in other parts of the U.S. (Hellgren and Vaughan, 1989; Wooding and 
Hardisky, 1992), presumably because the milder climate does not necessitate tree 
dens. The interior population, however, uses tree dens and ground dens equally 
(Hightower et al., 2002). Most bears in the inland population are located in commercial 
forests which may have limited availability of den trees (Hightower et al., 2002). Den 
trees are important to black bears in frequently flooded environments as it reduces 
reproductive failure (Alt, 1984). In the absence of adequate tree dens, black bears may 
use ground nests in frequently flooded areas; however, the risk of cub mortality is 
higher and population growth may be limited (White et al., 2001). Hightower et al. 
(2002) noted that black bears from the inland population could (and did) reproduce 
successfully in ground dens as long as flooding and human disturbance are minimized. 
Although den trees did not appear to be limiting to either the coastal or inland 
population, Hightower et al. (2002) recommended the protection of large den trees 
because a large proportion of the population occurs in the Morganza floodway and 
operation of the floodway would kill cubs in ground dens.  

Large, hollow baldcypress trees are often used by denning black bears in 
Louisiana (Taylor, 1971; Weaver et al., 1990). In other areas of the Mississippi River 
Valley, dens in other species of trees, such as overcup oak are also used (Oli et al., 
1997), thus, the frequency of use of baldcypress trees as dens may be partially a result 
of their size and abundance relative to those of other species. In fact, Hightower et al. 
(2002) observed bear dens in oaks, American elm, sweetgum, and water hickory. The 
U.S. Fish and Wildlife Service listing rule for the Louisiana black bear (U.S. Fish and 
Wildlife Service 1992) defines candidate den trees as baldcypress or water tupelo > 36 
in dbh with a visible cavity, occurring along rivers, lakes, streams, bayous, sloughs, or 
other water bodies. Hightower et al. (2002) suggested that this should be expanded to 
include all tree species meeting the size and cavity criteria, regardless of location 
relative to water bodies. Oli et al. (1997) suggested that den trees should be protected, 
but management practices should also aim at increasing abundance of large trees that 
can be suitable den trees in the future. Although their study was conducted in 
Arkansas, the recommendations seem prudent for the Louisiana black bear as well.  

Coastal forests are also important for black bear food and cover (Weaver et al., 
1990). In the Tensas Basin, black bears fed in openings created by forest management, 
some bears used logging slash as den sites, and thick cover, often a result of forest 
management in the past one to five years, was used extensively. Higher elevation 
ridges and bank tops were used as travel corridors (Weaver et al., 1990). As flooding 
increases, the density of understory vegetation decreases and food and cover values 
begin to decline (Nyland and Pace, 1997). Furthermore, if den sites are limited, the 
risk of cub mortality can increase (Alt, 1984; White et al., 2001). Forest management is 
an important component of black bear management (Weaver et al., 1990), but specific 
practices should be implemented to maintain the vital requisites at the appropriate 
scale for the Louisiana black bear.  

A variety of turtles, frogs, snakes, alligators, and amphibians use Louisiana’s 
coastal forests (Dundee and Rossman, 1989). Reptiles and amphibians have 
experienced dramatic worldwide declines, with many of the declines related to habitat 
loss and degradation (Wake, 1998; Alford and Richards, 1999; Gibbons et al., 2000). 
The U.S. Fish and Wildlife Service listed 70 species of reptiles as endangered and 
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another 18 species as threatened (Gibbons et al., 2000). A total of 17 species of 
amphibians were listed as endangered and nine species were listed as threatened. 
Ernst et al. (1994) suggested that if current trends continue, all turtle species in North 
America will be threatened with extinction in the 21st century.  

Habitat use of coastal forests by reptiles and amphibians varies among species, 
sex, age, and season (Hebrard and Mushinsky, 1978; Kofron, 1978; Dundee and 
Rossman, 1989; Petranka, 1998). While many reptiles and amphibians are considered 
aquatic, they often require terrestrial habitats for hibernation, dispersal, basking, 
and/or reproduction (Gibbons, 1970). Bodie and Semlitsch (2000) found that habitat 
use of false map turtles and slider turtles differed among seasons, gender, and age, but 
a diversity of habitats, including uplands, were heavily used. Alligator snapping 
turtles in northeast Louisiana used flooded baldcypress forests almost exclusively 
during post-breeding (Harrel et al., 1996), but alligator snapping turtles (as do all 
Louisiana turtles) require elevated areas free from flooding for successful nesting to 
occur (Ernst et al., 1994). 

The actual species composition found within a given area will depend upon 
landscape structure, vegetation structure and composition, hydroperiod, and other 
factors. Some species of amphibians require drawdowns (e.g., American toad) for 
successful reproduction, whereas others (e.g., bullfrog) require permanent water. 
Turtles and alligators typically require access to higher elevation lands so that eggs 
can be laid without flooding. If these higher elevation sites are small isolated strips of 
land, predation by raccoons and other nest predators can be excessively high. Thus, 
the integration of wetland habitat types and associated higher elevation sites is 
important for the reproduction of many reptile and amphibian species. 

Fisheries production in coastal forests is highly variable, in part, because of 
spatial and seasonal variability in water quality and vegetative characteristics of 
these habitats that can greatly impact fish distribution and abundance. Annual 
inundations of river-floodplains that make up a large component of coastal forests in 
Louisiana, such as the Atchafalaya and Pearl river basins, are important regulators of 
energy exchanges between permanent lotic and seasonally flooded areas (Junk et al., 
1989, Sparks et al., 1990). The seasonal predictability of flood pulses over time have 
led to adaptations and strategies of fishes that allow efficient utilization of many 
habitats and resources created in coastal forests (Junk et al., 1989). Spawning, for 
many fishes, occurs in association with spring floods, with fishes migrating into 
inundated areas for feeding and shelter (Bayley, 1983; Holland et al., 1983; 
Welcomme, 1985). Post-spawning, coastal forests may serve as nursery habitat for 
many larval and juvenile fishes (Scott and Nielsen, 1989; Brown and Coon, 1994; 
Bayley, 1995; Sparks, 1995), providing nutrients for growth and survival.  

While inundated coastal areas provide many benefits to fish production, 
changes in water quality associated with the flood pulse can negatively impact fish 
growth and survival. When rising floodwaters stabilize, microbial respiration 
overtakes primary production due to decomposition of large quantities of organic 
matter in seasonally flooded areas (Junk et al., 1989; Bayley, 1995). In the 
Atchafalaya River Basin, this condition creates periods of environmental hypoxia 
(Fontenot et al., 2001) where dissolved oxygen levels often drop below 2.0 ppm (Bryan 
and Sabins, 1979; Davidson et al., 1998; Rutherford et al., 2001). When floodwaters 
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recede, hypoxic water drains from adjacent forested floodplains and mixes with the 
normoxic (> 5.0 ppm) water found in connecting bayous, canals, and lakes. Although 
adults of some fish species are able to efficiently extract oxygen or use alternative 
modes of oxygen uptake in hypoxic areas (Kramer, 1987), these hypoxic conditions can 
have a deleterious effect on fisheries production in backwater areas due to decreased 
availability of dissolved oxygen necessary for fish growth and survival (Aday et al., 
2000). While there is little direct evidence of historic changes in Atchafalaya River 
Basin water quality, anecdotal evidence from studies in the 1960s and 1970s (Bryan 
and Sabins, 1979; Holland et al., 1983; Lambou, 1990) indicate that the spatial and 
temporal magnitude of hypoxia has increased in recent decades. 

The invasions of exotic aquatic macrophytes such as common salvinia, hydrilla, 
and water hyacinth have also been shown to affect fisheries production in many 
coastal forest habitats. Aquatic macrophytes provide important habitat for shelter, 
breeding sites, and cover for numerous prey species (Balciunas and Minno, 1985) and 
often increase production, abundance, and species richness of resident fish 
assemblages (Killgore et al., 1989). However, exotic macrophyte introductions displace 
native macrophytes such as Carolina fanwort and coontail, creating declines in 
submergent and emergent macrophyte diversity and abundance (Colle and Shireman, 
1980; Keast, 1984) and altering the distribution and diversity of fish and invertebrate 
assemblages (Chilton, 1990; Chick and McIvor, 1994). Exotic macrophytes create 
dense homogenous beds in littoral areas of water bodies in the Atchafalaya River 
Basin, which may result in reduced access and foraging ability for littoral fishes 
(Savino and Stein, 1982) and cause additional reductions in water quality (Colle and 
Shireman, 1980; Langeland, 1996). Dense beds of aquatic macrophytes have been 
shown to alter vertical gradients of light, temperature, dissolved oxygen, and pH 
(Carpenter and Lodge, 1986; Madsen, 1997). Daytime dissolved oxygen concentrations 
near the bottom of hydrilla beds are frequently hypoxic while dissolved oxygen 
concentrations in the hydrilla canopy are normoxic. However, nighttime canopy 
dissolved oxygen concentrations often fall to hypoxic levels. The constantly fluctuating 
dissolved oxygen concentrations in hydrilla beds reduce the number of invertebrate 
prey and fishes that can survive in both canopy and sub-canopy habitats. 

As noted above, aquatic and wetland invertebrates are a major link in the food 
chain of Louisiana’s coastal forests. Differences in invertebrate composition and 
distribution among wetland types are driven by hydrologic regimes and vegetation 
structure (Murkin et al., 1992). Wetland and aquatic invertebrate productivity is 
critical for maintenance of wildlife populations, as well as fish populations. Stagnant 
water, low dissolved oxygen, high water temperatures, and permanent flooding can 
reduce invertebrate productivity and/or diversity (Batzer et al., 1999) and negatively 
affect fish and wildlife populations dependent upon invertebrates for a food resource. 

The most economically important aquatic invertebrates in Louisiana are, the 
red swamp crawfish and the white river crawfish. As of 1991, Louisiana accounted for 
90% of the North American harvest of crawfish (Huner and Barr, 1991), with the vast 
majority of wild crawfish captured in the Atchafalaya Basin. In the cypress-tupelo 
swamps of the Atchafalaya Basin that experience frequent overbank flooding (and 
presumably periodic drawdowns), over 2,000 lbs per acre of crawfish can be harvested 
in a given year. Studies in natural habitats in other areas of Louisiana indicate that 
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quantities of harvest do not exceed 20 lbs per acre. This is partially a result of the fact 
that many of the formerly productive areas outside of the Atchafalaya Basin have been 
lost or hydrologically modified (Huner and Barr, 1991). It is also worth noting, that 
despite its tremendous economic and cultural importance to the state of Louisiana, our 
understanding of abiotic and biotic processes that affect wild crawfish production in 
Louisiana are poorly understood and they have received little attention. 

Louisiana’s coastal wetland forests provide important habitat for a wide range 
of fish and wildlife species and continued degradation will negatively impact most fish 
and wildlife species that are dependent on these forests. 
 
 
Wetland Ecosystem Services 
 

Ecosystem services are the benefits that humans and society derive from the 
functions of an ecosystem and the value of these services can be quantified. Costanza 
et al. (1997) estimated the value of ecosystem services worldwide and determined that 
swamps and floodplains had the second highest economic value ($7,927 per acre per 
year), second only to coastal estuaries ($9,248 per acre per year). Forested wetlands 
provide a variety of ecosystem services including timber production, commercial fish, 
fur, and alligator harvests, recreation, flood storage, water quality maintenance and 
carbon storage (Messina and Conner, 1998). While there are no data specific to coastal 
wetland forests, the following information was derived from published data for coastal 
Louisiana that includes wetland forests.  

 
Timber Production 

 
Based on current stumpage volume and price, the value of the cypress-tupelo 

timber in the area delineated by the Science Working Group is $3.3 billion (Paul Frey, 
personal communication). 

 
Commercial Fisheries, Fur, Alligator 

 
The total value of freshwater fisheries and wildlife commodities in Louisiana in 

2002 was $278,053,689 (Table 4). While this value is not exclusive to the area of 
coastal forested wetlands, many of these resources rely on the benefits provided by 
this ecosystem. 

 
Recreation 

 
Wildlife-associated recreation expenditures totaled $1.2 billion in Louisiana in 

2001 (U.S. Department of Interior, Fish and Wildlife Service, 2001). While this value 
is not exclusive to the area of coastal forested wetlands, many of these resources rely 
on the benefits provided by this ecosystem. One growth industry in the state, and 
especially southern Louisiana, is ecotourism. Efforts to promote ecotourism in 
Louisiana have been undertaken by the office of the Lieutenant Governor and the 
Department of Culture, Recreation, and Tourism. Prominent among ecotourism 
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businesses are swamp tours, where visitors are taken by boats through bayous and 
swamps. This industry is showing growth and is dependent on coastal forests for it’s 
existence. As with recreation, no studies have been conducted to date to quantify the 
impact of this industry, but the importance of coastal forests to its development is 
evident. 

In addition to swamp tours, bird watching (or birding) is a multimillion dollar 
industry in Texas and is growing in Mississippi. Efforts are underway to develop 
birding as an ecotourism industry in Louisiana, and coastal forests are integral in not 
only providing destinations for this activity, but for providing the habitat necessary for 
birds to survive and thrive. 

 
Flood Storage/Storm Surge Protection 

 
No economic data available. 
 

Water Quality Maintenance 
 
The biogeochemical functions of coastal wetland forests maintain/improve water 

quality by transforming and retaining nutrients and pollutants (Faulkner and 
Richardson, 1989; Lockaby and Walbridge, 1998), a potentially important ecosystem 
service in coastal Louisiana. The anaerobic conditions in the wetland drive the 
microbial conversion of nitrate (NO3-) to N2 or N2O, effectively removing NO3- from the 
system. Phosphorus and metals are generally attached to suspended particles and 
retained through wetland sedimentation processes (Faulkner and Richardson, 1989; 
Lockaby and Walbridge, 1998). At the watershed scale, this ecosystem service links 
coastal wetland forests to surrounding upland ecosystems (pollution sources) and 
protects downstream aquatic ecosystems through hydrologic pathways that extend 
beyond the wetland perimeter. Compared with conventional treatment facilities, 
estimated cost savings range from $500,000 to $1.9 million per wetland (Breaux et al., 
1995; Cardoch et al., 2000). 

 
Carbon  

 
Although wetlands only comprise approximately four percent of the Earth’s land 

area, they store almost 33% of the soil organic matter worldwide, constituting the 
largest global soil carbon reservoir (Eswaran et al., 1993). High net primary 
production in wetlands combined with slowed decomposition of organic matter under 
anaerobic conditions results in soil carbon densities of 201 tons per acre for wetland 
forests compared with 40 tons per acre for upland forests (Trettin and Jurgensen, 
2003). This disproportionate amount of carbon storage and the biogeochemistry of 
organic carbon cycling make wetlands an important component in global climate 
change, greenhouse gases, and carbon sequestration.  

Carbon dioxide and methane account for 80% of the global warming potential of 
all greenhouse gases (IPCC, 1996), therefore, the release of these two gases from 
wetlands can have significant impacts on global climate change. When wetlands are 
drained and soil processes switch from anaerobic to aerobic, organic carbon is more 
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rapidly oxidized to carbon dioxide and the basic function of the wetland changes from 
being a carbon sink to a carbon source. 
 
Table 4. Values of fisheries and wildlife commodities in Louisiana, 2002 (LSU Agricultural Center, 
2004). 
 

Commodity Gross Farm Income Value Added Total Value
Aquaculture 123,715,104 80,414,818 204,129,922 
Freshwater Fisheries 10,530,247 8,950,710 19,480,957
Marine Fisheries 161,313,290 153,247,626  314,560,916 
Fur Animals   208,984 47,648 256,632 
Alligators (wild)   5,426,685  2,713,343 8,140,028
Hunting Lease Ent.  40,407,546  2,020,377 42,427,923 
Honey 3,618,228 — 3,618,228
Total  $345,220,084 $247,394,521  $592,614,605

 
Wetlands also release methane as an end product of methanogenesis and are 

responsible for 20% to 40% of the annual global atmospheric methane flux (Bartlett 
and Harriss, 1993). Methane is a powerful greenhouse gas with 20 times the warming 
potential of carbon dioxide, however, methane flux varies among wetland types. 
Tropical wetlands, with warm soil temperatures augmenting high microbial activity 
year-round, account for 51% of the total wetland flux while the lowest emissions come 
from temperate wetlands (10%) (Bartlett and Harriss, 1993). Many temperate 
wetlands are seasonally inundated during periods of lower soil temperature with lower 
water tables and aerobic soils in the upper part during warmer months. These 
conditions not only reduce gross methane production, but also allow for significant 
oxidation, which lowers the net methane emission (Updegraff et al., 2001). 

Predicted sea-level rise will inundate coastal wetland forests and convert them 
to open water, forever losing land area that currently sequesters carbon. The role of 
coastal wetland forests in the global carbon cycle and their close proximity to rivers 
and oceans make them an important component of any future climate change.  

 
Economic Valuation 

 
There are few data on the value of the specific ecosystem services provided by 

coastal wetland forests and it is beyond the scope of this effort to develop accurate 
estimates specifically for these wetlands. We can derive a rough estimate using 
Costanza et al’s (1997) value of $7,927 acre per year for swamps and floodplains 
multiplied by the estimated 845,692 acres of swamp forest area from USDA Forest 
Service data (see Historic and Current Conditions of Cypress-Tupelo Forests in 
Louisiana) for a total value of $6.7 billion per year. Based on the rate of swamp forest 
loss from Table 1 (232,067 acres) annualized over 50 years (4,641 acre per year) this 
yields an estimated value of $36,777,290 per year or about $1.8 billion in lost 
ecosystem services over 50 years. 
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Effects of Hydrologic and Salinity Changes on Structure, Functions, and Services 
 

The dominant species in Louisiana’s coastal wetland forests, baldcypress and 
water tupelo, are adapted to deep and prolonged flooding during the growing season 
which gives them a competitive advantage over the less flood-tolerant species. If the 
hydroperiod is reduced enough to allow the less flood-tolerant species to become 
established, then those species will take over the site. It is much more likely that 
increased inundation (both depth and duration) and soil saturation associated with 
subsidence and sea-level rise will occur in coastal Louisiana.  

The structure and function of Louisiana’s coastal forests will be significantly 
affected by increased inundation. Plant community composition, ecosystem 
productivity, carbon cycling, and greenhouse gas production are all strongly influenced 
by hydrologic and redox processes in these forests. Species with morphological or 
physiological adaptations to flooding dominate lower elevation positions with flood-
intolerant species relegated to the higher elevation ridges (Hodges, 1997). Despite 
these adaptations, flooding is a stress that significantly lowers aboveground net 
primary productivity (NPP) of southeastern floodplain forests and this impact is 
magnified in areas undergoing rapid hydrologic transformation (Megonigal et al., 
1997). In addition, baldcypress seeds require a bare, moist seedbed and will not 
germinate under water (Matton, 1915; DuBarry, 1963). The increased flooding depths 
and durations in south Louisiana’s coastal wetland forests may be a factor in the poor 
baldcypress regeneration. 

Impoundments have been shown to have detrimental effects on adult trees 
through reduced growth, crown dieback, increased susceptibility to insects and 
pathogens, decreased root mass and increased tree mortality (Conner et al., 1981; 
King, 1995; Keeland et al., 1997). The hydrologic changes produced by impoundment 
are rapid in comparison to those due to subsidence and sea-level rise and effects on 
forest productivity and turnover rates may differ between natural sites and artificial 
impoundments. Despite the prevalence of coastal forests in the southeastern United 
States and their critical location at the interface of aquatic and terrestrial systems, 
our specific understanding of their current ecosystem functions and responses to 
global climate change is, unfortunately, limited.  

With increased subsidence and sea-level rise, saltwater intrusion into coastal 
wetland forests reduces productivity and can kill baldcypress and water tupelo (Allen 
1992, Krauss et al., 2000, Pezeshki et al., 1990). Baldcypress appears to tolerate 
salinity to 8 ppt, but productivity and survival decline with salinity above 4 ppt 
(Pezeshki et al., 1990; Conner and Askew, 1992; Conner, 1994; Pezeshki et al., 1995; 
Allen et al., 1996; Conner and Ozalp, 2002).  
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DEVELOPMENT OF LOUISIANA’S COASTAL WETLANDS 
 

During the 20th century there was a massive loss of coastal wetlands, mostly 
marshes, in the Mississippi deltaic plain region of Louisiana. At present, planning for 
large-scale efforts to restore the delta, including forested wetlands, is occurring. In 
order to do this, it is necessary to understand both the processes that formed the delta 
as well as the forces that led to its deterioration. Natural processes and human 
activity over the past 100 years have reduced the area of coastal wetland forests in 
Louisiana. Natural loss processes are related to the delta lobe cycle of the Mississippi 
River, while human-induced losses result from directly converting forested wetlands to 
urban areas, suburban areas, agricultural areas, canals, and spoil banks. Analyses of 
topographic maps and aerial photographs have led to accurate estimates of marsh loss 
since the 1930s (Gagliano et al., 1981; Britsch and Kemp; 1991, Barras et al., 1994). 
Unfortunately, estimates of coastal wetland forest loss based upon comprehensive 
analyses of aerial photographs and satellite imagery are not yet available. It is 
possible, and recommended, that future researchers will use aerial photographs and 
satellite imagery to quantify the area of coastal wetland forests lost since the 1930s. It 
is not possible to accurately estimate wetland loss rates prior to the 1930s because 
there are no aerial photographs prior to the 1930s, and older maps lack the necessary 
accuracy. 

Most coastal wetland forests in Louisiana are a product of the Mississippi River 
and therefore experience natural development and degradation cycles as do most 
coastal marshes. Although wetland loss is a natural process in southeastern 
Louisiana, the Mississippi River began creating wetlands about 7,000 years ago 
(Figure 3) and until the early 1900s, always created more wetlands than were lost 
(Stanley and Warne, 1994; Roberts, 1997). For example, extensive marshes filled 
Breton and Chandelier Sounds whereas extensive bays filled the Terrebonne and 
Barataria areas several thousand years ago but not when Europeans arrived in the 
1600s (Coleman, 1988). While wetlands in Breton and Chandelier Sound were 
converting to a shallow bay, the Mississippi River deposited sediments in shallow bays 
that created new wetlands in the Terrebonne and Barataria areas. However, wetland 
creation was not a simple, gradual process. Instead, the river rapidly built wetlands 
and then gradually stopped flowing through them in favor of less obstructed paths to 
the bays. For centuries after they were deposited by the river, the sediments continued 
to compact, which caused the surface to subside (i.e., sink lower and lower). Despite 
ongoing subsidence, most wetlands persisted for centuries before flooding increased so 
much that vegetation drowned and the wetland converted to shallow open water. 

A number of factors served to enhance the growth of the delta and retard its 
deterioration. With the exception of the first delta lobe (Maringouin), significant parts 
of all subsequent delta lobes have been incorporated into the current delta as a system 
of overlapping and interwoven distributary systems. Overbank flooding, crevasse 
splays, and reworking of sands have formed a skeletal framework of these natural 
levee ridges and barrier islands within which the deltaic plain formed (Kesel, 1989; 
Kesel et al., 1992). Ecosystem functioning and sustainability of the delta is controlled 
by interactions of the Mississippi River and marine processes (Day et al., 1997). The 
skeletal framework protected wetlands of the deltaic plain from erosion and salinity 
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intrusion and slowed interactions between fresh-water and salt-water parts of the 
delta. Until modified by human activity, many of the distributaries continued 
functioning, delivering freshwater, sediments, and nutrients to large areas of the delta 
plain.  

Freshwater forms a buffer against salinity intrusion, and provides mineral 
sediments, nutrients, and other materials, such as iron, that sustain healthier more 
productive wetlands. The distributary network was very efficient in sediment 
retention and about 25% of sediment flux was retained in the delta (Kesel, 1988). 
Because of the widespread freshwater input and the protection afforded by the 
skeletal network, floating marsh developed into a common marsh type. Riverine input 
was important for coastal forested wetlands for several reasons. Freshwater input was 
a buffer against saltwater intrusion, nutrients increased productivity, mineral 
sediments strengthened soils and helped build up the elevation of the land, and iron 
detoxified sulfide.  

A very important mechanism in the formation and maintenance of the delta was 
the formation of crevasses (Davis, 2000). Crevasse splays occur where overbank flow 
becomes concentrated in a well-defined channel with enough scour capacity to erode 
permanent or semipermanent breaks in the levee. Deposition of both coarse and fine-
grained sediments occurred in crevasse splays. Davis (2000) has documented hundreds 
of crevasses since European colonization began and it is clear that crevasses were an 
important element in the evolution of the delta. Forested wetlands often occur on 
crevasse areas that have subsided. 

 

 
Figure 3. Delta lobe changes over time. The delta cycle is a natural cycle of building and disappearance 
of land. The river has built a new delta lobe about every 1,000 years since the end of the last ice-age, 
about 7,000 years ago. The “Modern” delta lobe started about 1,000 years ago. The previous one, Bayou 
Lafourche, started about 0 A.D. The delta lobe before that built most of St. Bernard Parish beginning 
about 1,000 B.C. Around 2,000 B.C., the river ran through the area now occupied by Bayou Teche. 
Natural wetland maintenance processes allowed the wetlands to persist for centuries after they were 
initially created despite ever-present subsidence of the delta lobes.  

 
It is important to understand that there were large gains and losses of land as 

new channels were occupied and then abandoned, but there was a net overall gain of 
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wetlands. Thus, the delta cycle can be seen as a balance between the forces that lead 
to formation and maintenance of wetlands (the supply side) and the forces that lead to 
loss (the receding system). 

An understanding of the causes of land loss is important not only for a scientific 
comprehension of the mechanisms involved, but also so that effective management 
plans can be developed to restore Louisiana’s deteriorating wetland areas (see Boesch 
et al., 1994 and Day et al., 2000 for a review of these issues). In essence, human 
activity led to a reduction in the forces that led to delta growth and an enhancement of 
forces that lead to delta deterioration. A number of factors led to the massive loss of 
wetlands. Foremost among these are flood-control levees along the Mississippi River 
that resulted in the elimination of riverine input to most of the delta (Boesch et al., 
1994; Day et al., 2000). In addition to the flood-control levees, most active 
distributaries were closed, crevasses have been mostly eliminated, and the river 
mouth was made more efficient for navigation. This has resulted in the loss of most 
river sediments directly to deep waters of the Gulf of Mexico. There has also been a 
reduction of the suspended sediment load in the Mississippi River caused by dam 
construction in the Upper Mississippi River (Kesel, 1988, 1989).  

Within Louisiana’s coastal area, pervasive altered wetland hydrology, mostly 
caused by canals, is another important factor contributing to wetland loss. Canals, 
originally dredged for drainage and navigation, are now overwhelmingly linked to the 
petroleum industry. Drilling access canals, pipeline canals, and deep-draft navigation 
channels have left a dense network of about 932 miles of canals in the coastal 
wetlands. Although canals are estimated to comprise about 2.5 percent of the total 
coastal surface area, their destructive impact has been much greater (Turner et al., 
1982). Spoil banks, composed of the material dredged from the canals, interrupt sheet 
flow, impound water, and cause deterioration of marshes. Long, deep navigation 
canals that connect saline and freshwater areas tend to lessen freshwater retention 
time, and allow greater inland penetration of saltwater. 

In summary, there is a broad consensus that wetland loss is a complex 
interaction of a number of factors acting at different spatial and temporal scales (e.g., 
Turner and Cahoon, 1987; Day and Templet, 1989; Boesch et al., 1994; Day et al., 
1995, 1997). Day et al. (2000) concluded that isolation of the delta from the river by 
levees was perhaps the most important factor. 

For coastal wetland forests, taking the broader framework of the Mississippi 
delta brings into focus the factors responsible for their deterioration. The forces that 
led to the formation and maintenance of these forces have been reduced or eliminated 
in most areas of the delta. Overbank flooding has been mostly eliminated. With the 
exception of the bird’s foot delta, crevasse formation has been stopped, and most 
distributaries have been closed. Thus, river input of freshwater, nutrients, and 
sediments have been eliminated for most coastal forested wetlands. Since subsidence 
continues unabated, forested wetlands have become continually more flooded. 

Within the deltaic plain, the forces that lead to delta deterioration have been 
enhanced. Foremost of these with respect to forested wetlands is saltwater intrusion. 
Hydrological disruption via control of the river has reduced freshwater input, while 
canal construction has led to much greater saltwater intrusion into coastal wetlands. 
There are a number of examples where saltwater intrusion has caused mortality in 
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forested wetlands. Perhaps the most notable case is the Mississippi River Gulf Outlet 
(MRGO) where large areas of coastal forests were killed by high salinity due to this 
major navigation canal. To a lesser extent, opening up of the coast exposes coastal 
forests to higher wave energy, and some forests are being lost along exposed shores. 
 
 
Characteristics of Major Tree Species Growing in Louisiana’s Swamp Forests 
 

Baldcypress and water tupelo are the primary tree species in the coastal swamp 
forests of Louisiana. Sites where these species grow usually hold water for most of the 
year. In non-alluvial swamps, swamp tupelo is often the chief associate of baldcypress, 
but both tupelo species may be present. Baldcypress and water tupelo typically grow 
in more or less pure stands with black willow, red maple, water locust, overcup oak, 
water hickory, green ash, pumpkin ash, pondcypress, and red bay being common 
associates. Both baldcypress and water tupelo are extremely tolerant of flooding. 
Baldcypress is moderately tolerant of shade, while water tupelo is intolerant. Even 
though baldcypress and water tupelo grow in mixtures with other species, they do not 
tolerate heavy shade. Baldcypress that develop in heavy shade do not usually develop 
into large trees (Conner et al., 1986a). 

Baldcypress wood has traditionally been favored because of its decay resistance 
properties (Mattoon, 1915; Brown and Montz, 1986), although second-growth timber 
lacks the resistance of old-growth trees (Campbell and Clark, 1960; Choong et al., 
1986). Water tupelo has been valued because of its white color, lack of odor or taste, 
and good staining quality (Kennedy, 1982). Key to the management and conservation 
of these coastal forests is an understanding of the reproductive biology of these 
important tree species.  
 
Flowering 
 

Baldcypress, being a gymnosperm, does not produce flowers, but development 
and maturation of the microsporangiate (pollen-bearing) and ovulate cones will be 
generally referred to as flowering in the following. Baldcypress is monoecious-bearing 
microsporangiate and ovulate cones on the same tree. The microsporangiate cones, 
which are typically 3-5 inches long (Vines, 1960), initiate growth in mid- to late-
summer, and complete development the following spring (Brown and Montz, 1986). 
Ovulate cones, which develop near the apex of twigs in the fall, complete maturation 
the following growing season (Brown and Montz, 1986). 

Microsporangiate cones may begin shedding pollen as early as December, but 
typically release pollen in March and April (Vines, 1960; Brown and Montz, 1986). 
Wind carries pollen to the immature ovulate cone, which is typically 0.2 inches in 
diameter with 18 to 20 scales (Brown and Montz, 1986). Ovulate cones develop rapidly 
after pollination, producing a 1-1.5 inch subglobose cone with two ovules at the base of 
each scale (Vines, 1960). The maturation process for ovulate cones is generally 
completed in October through December (Wilhite and Toliver, 1990). 

Water tupelo is a dioecious or sometimes polygamo-dioecious angiosperm 
(Vines, 1960), flowering in March through April (Bonner, in press a). Staminate 
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flowers are clustered while pistillate flowers are solitary on 1-2 inch peduncles (Vines, 
1960; Radford et al., 1987). Pollen is carried by wind and insects to pistillate flowers 
(Johnson 1990). Following pollination, the ovary and ovule develop into a 1-inch long 
drupe with a ridged stone maturing in September to October (Vines, 1960, Radford et 
al., 1987). 
 
Seed Production 
 

Three-year old baldcypress saplings and water tupelo sprouts as young as two 
years old have been reported to produce viable seed (Priester, 1979; Brown and Montz, 
1986). Though vigorous saplings and sprouts are capable of seed production, consistent 
mast crops do not occur in either species until trees grow appreciably larger, i.e. about 
30 years old or 8 inches dbh for water tupelo (Johnson, 1990). Wilhite and Toliver 
(1990) noted that baldcypress trees will generally produce seed every year, but larger 
seed crops occur every three to five years. In contrast, water tupelo trees may 
consistently produce large seed crops on an annual basis (Johnson, 1990). 

Ovulate cones of baldcypress sampled in Louisiana, Mississippi, Texas, 
Arkansas, and Illinois produced on average 14 to 17 seeds (Faulkner and Toliver, 
1983). In poor cone production years, cones also tend to produce fewer seed (Faulkner 
and Toliver, 1983). Additionally, Bonner (in press b) noted that a large percentage 
(over 50%) of baldcypress seed will usually be unviable, because the seed lacks an 
embryo. Studies on water tupelo indicate that about 80% or more of mature seed are 
typically viable (Bonner and Kennedy, 1973, Bonner, in press a). Because practical 
techniques to predict seed crops and seed viability are not available, managers should 
routinely monitor cone and fruit production as well as seed development and 
maturation in stands designated to receive a regeneration harvest. 
 
Seed Dispersal and Longevity in the Seed Bank 

 
As mentioned above, ovulate cones of baldcypress complete maturation as early 

as October. Beginning at this time and continuing for several months, seed is released 
as cones break apart on the twig (Brown and Montz, 1986). Some cones fall from the 
tree whole, and these cones also eventually shatter and release seed (Brown and 
Montz, 1986). Fruit abscission in water tupelo occurs in October through December 
(Bonner, in press a). 

Baldcypress and water tupelo seeds are primarily dispersed by water or 
hydrochory (Johnson, 1990; Wilhite and Toliver, 1990). Each species produces seed or 
fruit that will float for extended periods (Schneider and Sharitz, 1988), and seed that 
will remain viable under prolonged anaerobiosis (Applequist, 1959; Wilhite and 
Toliver, 1990). Schneider and Sharitz (1988) indicated that baldcypress cones or scale 
clusters floated for an average of 18 days, baldcypress seed floated on average 42 days, 
and water tupelo fruit floated on average 85 days. Seed of both species are dispersed 
non-randomly (Schneider and Sharitz, 1988), and this dispersal is driven by the 
timing, magnitude and flow direction of floodwater (Schneider and Sharitz, 1988; 
Middleton, 2000). 
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In addition to hydrochory, water tupelo seed could potentially be dispersed by 
animals. Several vertebrates are known to eat ripe water tupelo fruit, including 
raccoon, white-tailed deer, squirrels, wood ducks, and other birds (Halls, 1977; Leopold 
et al., 1998), but these reports do not indicate if the stone is digested or voided. 
Baldcypress seed is not consumed as readily as water tupelo, but is a dietary 
component for squirrels, wild turkey, and occasionally ducks (Brunswig et al., 1983). 
Additionally, evening grosbeak feeds on the seed when winter migratory patterns 
bring them into southern swamps (Brunswig et al., 1983). Documentation of 
baldcypress seed dispersion by animals is not readily available in the literature. 

Investigations indicate that baldcypress and water tupelo seeds that have been 
distributed by hydrochory tend to accumulate near emergent substrates such as logs 
and tree bases (Schneider and Sharitz, 1988). Seed viability for these species can 
decline relatively quickly in the seed bank if favorable environmental conditions are 
not present. Middleton (2000) reported that 58 % of baldcypress seed placed on the soil 
surface in an Illinois swamp were viable after 100 days, and about 6 % remained 
viable after a year. In contrast, Demaree (1932) demonstrated that some baldcypress 
seed can remain viable for as long as 30 months when submerged under water. 
Likewise, work conducted on water tupelo confirmed that seed could remain viable for 
up to 14 months when stored under water (Applequist, 1959). Nevertheless, 
baldcypress and water tupelo seed crops that have been in the seed bank for more 
than a year should probably not be considered reliable for producing a seedling cohort 
following a regeneration harvest.  
 
Seed Germination and Seedling Establishment 
 

While little silvicultural research has been conducted in cypress-tupelo forests, 
there has been some research on regeneration and successional patterns following 
disturbance. Natural regeneration of baldcypress was poor to non-existent in south 
Louisiana swamps following logging operations in the 1980s (Conner et al., 1986a), 
mainly because the swamps remained flooded for much of the year. Baldcypress seeds 
cannot germinate in standing water (Demaree, 1932) or do not grow tall enough 
during short drawdown periods to survive subsequent flooding. In the Okefenokee 
Swamp, Georgia, over 90% of the pondcypress has been removed by logging, and there 
has been a shift of large pondcypress areas to mixed or bay swamps because of poor 
pondcypress regeneration (Hamilton, 1984). Limited regeneration of baldcypress 
occurred in logged or burned swamp forests in south Florida, but no regeneration was 
found in logged and burned sites (Gunderson, 1984). While surface fires may enhance 
cypress regeneration by reducing competition, severe or frequent fires generally result 
in conversion of cypress forests to prairie (Hamilton, 1984) or willow stands 
(Gunderson 1984). In swamps that have not received impacts to the hydrologic regime, 
natural regeneration can occur if favorable environmental conditions exist (Gardiner 
et al., 2000).  

Upon dispersal in the fall, seeds of baldcypress and water tupelo will typically 
exhibit dormancy. Seed dormancy for both species is broken by stratification in a cold, 
moist environment that softens the seed coat (Murphy and Stanley, 1975; Bonner, in 
press a and b), and the germination process is initiated when favorable environmental 
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conditions prevail in the seed bank. Germination by both species is epigeal - meaning 
that after the primary root emerges from the seed into the soil, cotyledons are pulled 
above ground by the hypocotyl (Maisenhelder, 1969; Raven et al., 1999; Bonner, in 
press a and b). Though these plants thrive on anaerobic soil, the germination process 
is only initiated under aerobic conditions (DuBarry, 1963), such that the primary root 
avoids saturated soil and expanding cotyledons avoid overtopping by floodwater. 
Studies in controlled laboratory chambers indicate that a majority of stratified 
baldcypress and water tupelo seeds will germinate within 2 - 2.5 weeks of exposure to 
a favorable environment (Bonner, in press a and b). 

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., 
1986a). Baldcypress is site exacting but regenerates well in swamps where the 
seedbed is moist during the time period of seed germination and seedling 
establishment. Baldcypress seedlings can withstand complete inundation for up to 45 
days (Souther and Shaffer, 2000), but long-term flooding above the foliage results in 
high mortality. Flooding below the canopy of the developing seedlings will help reduce 
or eliminate competitors. As a result, baldcypress stands are usually made up of 
several even-aged classes that reflect isolated periods when a good seed crop was 
followed by low water (Mattoon, 1915). Once established, young seedlings grow 
rapidly, often reaching heights of 8-14 inches the first growing season and 16-24 
inches the second season (Mattoon, 1915).  

Few studies have documented the early survival and growth rates of 
baldcypress and water tupelo during natural regeneration. Keeland and Conner (1999) 
found successful regeneration of baldcypress along some shore edges of Lake Chicot 
when it was drawn down during 1986-1987 for dike repair. Baldcypress density 
averaged nearly two seedlings per yd2 at the end of one growing season and 
throughout 11 growing seasons. Height of baldcypress seedlings averaged 30 inches, 
124 inches, and 187 inches in 1987, 1992, and 1996, respectively. Water tupelo 
seedlings established in the Mobile Delta of Alabama averaged about 10 inches tall 
after 1 growing season, and developed to about 39 inches tall by the end of three 
growing seasons (Gardiner et al., 2000). Baldcypress seedlings raised under the ideal 
conditions of a nursery bed grow 30-40 inches tall in a growing season (Williston et al., 
1980). However, height growth realized in the field by either species will ultimately be 
determined by several factors including germination date, growing season length, and 
various site factors such as substrate type, light level, water table depth, and amount 
of competition. When favorable conditions for germination and seedling growth do not 
immediately proceed a regeneration harvest, stand regeneration can only occur 
through coppice or artificial regeneration practices. 
 
Fruit and Seed Pests 

 
There are relatively few damaging agents reported for developing cones of 

baldcypress and developing flowers and fruit of water tupelo. The baldcypress 
coneworm can be a destructive pest, as the larvae tunnel into the ovulate cone and 
feed on the seed (Merkel, 1982). Two other species, the southern pine coneworm and 
the south coastal coneworm, have been collected on baldcypress cones, but the extent 
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of their damage has not been determined (Merkel, 1982). Small galls containing larvae 
are formed in ovulate cones by the baldcypress seed midge and Faulkner and Toliver 
(1983) speculated that seed viability may be reduced as a result of larval feeding. 
Bonner and Kennedy (1973) noted that the forest tent caterpillar occasionally 
defoliates water tupelo stands, and in doing so destroys flowers. In his review of water 
tupelo seed, Bonner (in press a) did not document any insect pathogens on water 
tupelo fruit or seed. 
 
Vegetative Reproduction 
 

Vegetative reproduction by baldcypress and water tupelo is limited to sprouting 
of established stools. Following a disturbance that removes or kills the bole, sprouts of 
both species will originate over the remaining above-ground portion of the stem. Water 
tupelo sprouts originate from both latent and adventitious buds, with adventitious 
buds occurring most frequently near the ground-line (Hook and DeBell, 1970). It is not 
known if baldcypress sprouts originate from latent or adventitious buds, however, it is 
probable that the species produces both bud types. 

Several factors may determine the coppicing ability of baldcypress and water 
tupelo stumps. In general, it is believed that sprouting for both species is most prolific 
on young stumps from stems that were harvested during the dormant season. For 
example, Williston et al. (1980) indicated that baldcypress stumps 10-14 inches in 
diameter reliably sprout when boles are harvested in the fall or winter. Mattoon (1915) 
reported that stumps of vigorous stock up to 60 years old can generally be counted on 
to send up healthy sprouts. Since the majority of Louisiana's virgin baldcypress was 
logged during 1890-1925, the second growth trees now being harvested are 
approximately 80-115 years old and may have passed the age of maximum sprouting 
potential. In addition to age and season of harvest, stump height, felling method, and 
harvesting level can influence the viability of stumps and vigor of sprouts (Ewel, 1996; 
Gardiner et al., 2000; Hook and DeBell, 1970; Kennedy, 1982). 

Though baldcypress and water tupelo apparently stump sprout readily, some 
investigators have observed poor vigor and high mortality rates of stump sprouts, 
decreasing the reliability of vegetative reproduction for these species on some sites. 
For example, Conner et al. (1986a), who studied stump sprouting of baldcypress 
following timber harvests in Louisiana in the 1980s, reported that 80% of all of stumps 
sprouted initially after logging, but fewer than 25% retained live sprouts four years 
after harvest. Conner (1988) included data from a number of studies in Louisiana with 
results of stump sprouting following partial harvesting. Stump sprouting was variable, 
but generally low to unacceptable (Table 5). Similarly, Ewel (1996) reported only 17% 
survival of pondcypress stump sprouts a few years after harvests in Florida swamps. 
Prenger (1985) noted that the amount of overstory removal in a Louisiana second-
growth cypress-tupelo forest affected the number of live sprouts found three years 
after harvest. Stump sprouting was less successful in dense stands. It is not clear from 
this work, how many stumps were evaluated, but they did indicate that survival was 
very poor just three years after harvest, and the sprouts were not expected to develop 
into quality trees because of frequent and prolonged flooding. 
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Table 5. Survival of coppice regeneration on eight sites in south Louisiana following logging operations 
(Conner, 1988).  
 

Area Year 
harvested 

Percent stump sprouts alive in 1987 Size of Area 
(acres) 

1a 1980 6 618 = 1a and b 
combined 

1b 1980 0  
2 1981 9 618 
3 1982 11 32 
4 1983 21 1850 
5 1983 3 to 14  
6 1983 17 to 23  
7 1983 3 to 8  

 
Gardiner et al. (2000) studied regeneration after clearcutting in the Mobile-

Tensas River Delta of Alabama. Harvesting was done in the winter (often reported by 
others to enhance sprouting) and was followed by a relatively dry summer (often 
reported to also enhance regeneration). The original stands consisted of 61% 
baldcypress. Seedling regeneration in this case was high (due to the dry summer), but 
stump sprouts represented only 7% of the first year regeneration. No long-term 
measurements were reported, but stump sprout survival would be expected to decline 
over time. 

Spencer et al. (2001) conducted a study of 20 sites ranging from 3-17 years after 
harvest, but only two sites contained substantial number of baldcypress as overstory 
trees and three sites contained substantial numbers as understory trees. They found 
baldcypress was characterized by a low percentage of stems originating from stump 
sprouts. They also indicated that only small trees impacted by beavers sprouted well. 
Their data could easily be misinterpreted as they often combined all bottomland 
species when reporting sprouting. 

Reliability of water tupelo stump sprouting is equally as questionable. Hook et 
al. (1967) described prolific stump sprouting of water tupelo stumps in South Carolina 
swamps, and Aust et al. (1997) indicated that stump sprouts were the source of over 
80% of the overstory on a study site in the Mobile Delta, Alabama. Likewise, Gardiner 
et al. (2000) reported sufficient water tupelo stump sprouting to regenerate a Mobile 
Delta swamp. Kennedy (1982), however, observed substantial stump rotting and 
sprout mortality that led to a regeneration failure of water tupelo in the Atchafalaya 
Basin of Louisiana. Because of the variability in stump sprouting of baldcypress and 
water tupelo observed across the region, managers implementing regeneration 
harvests should familiarize themselves with the long-term coppicing potential of local 
stands prior to implementing regeneration harvests. 

Most evidence suggests that stumps commonly sprout in large numbers, but 
most sprouts die within a few years. Use of early sprouting results, often highly 
inflates actual long-term regeneration estimates and probably leads to unreliable 
predictions of success and the final contribution of coppice regeneration to new stand 
establishment. We know of no studies that have followed coppice regeneration of 
baldcypress for more than five to eight years. Anecdotal evidence from those spending 
many years in the swamps suggests that some sprouts survive to older ages, but that 
the frequency of such trees may be low. It seems few studies of long-term stump 
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sprouting as a form of regeneration in baldcypress have been conducted. A current 
survey of long-term stump sprout success is described in another section of this report. 
 
 
Silvicultural Practices in Coastal Forested Wetlands  
 

Managing forested wetlands for timber production is a difficult job because of 
the periodic to continuously flooded nature of these sites. Furthermore, management 
of these stands is made more difficult because hundreds of thousands of acres in the 
southern United States have been subjected to continual high-grading or harvesting of 
the better quality trees and leaving poor quality trees (Hanna, 1981). An additional 
current management problem was created by canal construction practices in previous 
centuries. During the late 1800s and early 1900s, logging methods in wet areas 
included construction of canals and railway lines for access and transport of logs as 
well as the construction of levees to keep forests flooded to float out logs (Davis, 1975). 
In addition, flood control canals, oil and gas canals, and road construction through 
wetland areas resulted in major changes to the natural hydrologic regime of much of 
coastal Louisiana (Conner et al., 1981).  

Although there is a considerable body of knowledge regarding silvicultural 
practices for the drier end of the forested wetlands continuum (e.g., wet pine flats), 
and a limited amount of silvicultural research regarding moderately well drained to 
poorly drained bottomland hardwoods, there has been little research into optimum 
silvicultural practices for the wetter portion of the forested wetlands continuum (e.g., 
swamp sites). Lacking long-term research information, management recommendations 
must be based on limited studies and general experience. 

The majority of the virgin wetland forests were cut over during the late 1800s 
and early 1900s. Although there has been a general trend of land loss of these forested 
wetlands during the past 100 years (Frayer et al., 1983; Dahl et al., 1991), there are 
still vast areas of second-growth timber existing today (Williston et al., 1980; Kennedy, 
1982), and standing crop volumes have continued to increase since the 1950s (Brandt 
and Ewel, 1989; Conner and Toliver, 1990). Over 75% of the cypress growing stock is 
located in Florida, Louisiana, and Georgia (Table 6). Tupelo growing stock is more 
widespread among the southern states, and there is nearly twice as much of it as 
compared to baldcypress. 
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Table 6. Growing stock volume of cypress and tupelo by state1. 
_____________________________________________________________________________ 

State Cypress2 Tupelo3

_____________________________________________________________________________ 
 ------------------- million cubic feet -----------------  
Alabama 160.0 1039.1 
Arkansas 247.2 464.6 
Florida 2328.8 1484.3 
Georgia 800.3 1932.3 
Louisiana 1462.5 1146.5 
Mississippi 214.8 732.5 
North Carolina 408.5 1571.3 
South Carolina 522.8 1535.6 
Tennessee 81.4 274.6 
Texas4 109.4 247.7 
Virginia 50.2 459.0 
_____________________________________________________________________________ 
1From the most recent published U.S. Forest Service survey data available 
2Includes baldcypress and pond cypress 
3Includes both blackgum and other gums/tupelos 
4East Texas only 
 
 
Silvicultural Systems 
 

Baldcypress trees should have annual growth rate of 0.2-0.3 inches in diameter 
and two feet in height during their first 50 years (Johnson and Shropshire, 1983). 
Water tupelo generally grows faster than baldcypress but does not live as long or 
reach as great a size on similar sites. Average annual growth of water tupelo should be 
0.3 inches in diameter and two feet in height (Putnam et al., 1960). Baldcypress can 
live for hundreds of years (Stahle et al., 1988), but height growth generally ceases at 
about 200 years. It is common practice to harvest baldcypress and water tupelo before 
they reach 100 years in age (Hodges, 1994). 

It has been suggested that baldcypress and tupelo stands should be managed on 
an even-aged basis because of the silvical characteristics of the species, the nature of 
the existing stands, and the sites they inhabit (Putnam et al., 1960; Stubbs, 1973; 
Smith and Linnartz, 1980; Johnson and Shropshire, 1983). The most common 
regeneration method used is clearcutting when stems reach the desired size (Stubbs, 
1973; McKnight and Johnson, 1975; Johnson and Shropshire, 1983). Residual stems 
should be removed or deadened to limit competition (Williston et al., 1980). 

Advance reproduction is usually sparse in these swamps because of the 
extremely dense nature of the stands allowing little sunlight to reach the forest floor 
and the standing water that is often present (Meadows and Stanturf, 1997). If the 
stand is very dense, a light thinning to reduce basal area to 130-150 square feet per 
acre may be necessary during a dry cycle to allow sufficient sunlight to the forest floor 
to encourage establishment and development of advance regeneration (Meadows and 
Stanturf, 1997). McKnight and Johnson (1975) recommend a series of periodic cuts 
beginning with a commercial thinning (removal of smaller trees of poorer quality) 
when dominant trees reach 8-10 inches in diameter. A second thinning should be done 
when dominant trees average 14-16 inches in diameter and a third cut when they 
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average 20-22 inches. This is not easy to do in areas where standing water for most or 
all of the year is common. 

Baldcypress tends to grow well at high densities (Wilhite and Toliver, 1990). 
Basal areas of 250-350 square feet per acre are common in cypress-tupelo stands. 
There is evidence that thinning enhances diameter growth in baldcypress (Table 7). 
The goal of thinning should be 100-110 square feet per acre or less. For economic 
reasons, it may be desirable to cut heavier amounts, but Williston et al. (1980) 
recommend leaving at least 70 square feet per acre. Crown thinning in baldcypress 
forests to 50% of original basal area increases diameter growth by 2.5 to 2.75 times 
that of unthinned stands (McGarity, 1977; Dicke and Toliver, 1988). Thinning to that 
level, however, may produce an abundance of epicormic branches (increase from <1% 
of trees in unthinned stand to 28% in thinned stand) which may lower timber value in 
the future. Dicke and Toliver (1988) recommended removing approximately 40% of the 
original basal area in closed canopy stands as the best alternative since this level 
produced good growth with fewer epicormic branches. 

 
Table 7. Effect of thinning on diameter growth of baldcypress. Thinning treatment represents percent 
reduction in basal area. 

 
Location Thinning 

Treatment 
Diameter Growth (in/yr) 

Louisiana 
(Dicke and Toliver, 1990) 

Unthinned 
18% 

0.06 
0.09 

 36% 0.10 
 54% 0.15 

Florida 
(McGarity, 1977) 

Unthinned 
38% 

0.06 
0.15 

 57% 0.16 
 76% 0.24 

 
The results of thinning in tupelo stands are mixed. While McGarity (1977) 

reported that thinning increased growth of residual tupelo trees, Kennedy (1983) 
reported that thinning intensity had no significant effect on tupelo diameter and 
height growth. Defoliation of trees in the latter study by the forest tent caterpillar may 
be one explanation of the difference in response. Many tupelo forests along the Gulf of 
Mexico are defoliated annually and, while the trees do not usually die, their growth is 
retarded (Morris, 1975). See also the information on defoliation effects on growth in 
latter sections of this report. 

Jackson and Stokes (1991) indicated that standard harvesting practices, consist 
of using rubber-tired feller bunchers and skidders but that other operations are 
sometimes practiced on wet sites in order to minimize harvesting impacts. These 
include the use of wider, high flotation tires for skidders and feller bunchers, wide-
tracked feller bunchers, portable mats, tracked excavator-type machines, cable 
operations, and/or helicopter removal systems (Willingham, 1989; Aust et al., 1990; 
DeCosmo et al., 1990; Stokes and Schilling, 1997). In general these types of systems 
are used in order to minimize site disturbance and ensure the flow of wood from wet 
sites. Impacts of some of these logging techniques on forested wetland functions have 
been studied to a limited degree (Aust, 1989; Mader, 1990). 
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The impact of logging operations on productivity has only recently been studied. 
The clearcut method of regeneration is probably the best approach for harvesting and 
regenerating these swamp forests (Stubbs, 1973; McKnight and Johnson, 1975). 
Mader (1990) reported rapid recovery of aboveground primary production of water 
tupelo, ash, and baldcypress following clearcutting of water tupelo-baldcypress forest 
in a red river bottom in Alabama (Table 8). In addition, Mader found no significant 
difference in the response of the forest to helicopter or skidder logging operations, and 
he predicted that it would take only a few years for the disturbed sites to be as 
productive as the undisturbed forest. Gellerstedt and Aust (2004) remeasured this 
research project after 16 years and found that both the helicopter and skidder 
harvested sites were well stocked with baldcypress (90 and 93 stems per acre, 
respectively) and tupelo (543 and 676 stems acre, respectively). Both harvest methods 
had impressive timber volume at 16 years of age. The helicopter harvested sites 
averaged 42.4 tons per acre and the skidder harvested areas averaged 49.1 tons per 
acre. An important factor to remember when considering these studies is that both 
were conducted in areas with rapid natural reproduction and no major change 
occurred in site conditions. If hydrologic conditions have been changed, natural 
regeneration may be hampered and recovery rates may be much slower or even 
nonexistent (Sharitz and Lee, 1985; Conner et al., 1986a). 
 
Table 8. Aboveground net primary productivity (tons per acre per year) in a cypress-tupelo forest in 
Alabama following logging in 1986 (Mader, 1990). 
 
Treatment 1987 1988 
Control (no logging) 5.3 5.9 
Helicopter logged 2.3 4.1 
Skidder logged 3.4 4.2 

 
Artificial Regeneration and Restoration 
 

Because of the exacting requirements for germination and establishment 
(Stubbs, 1973; Brandt and Ewel, 1989) and the variable success of stump sprouting 
(Hook et al., 1967; Kennedy, 1982; Conner, 1988), planting of baldcypress and water 
tupelo is likely necessary in many areas to ensure adequate stocking of future stands 
(Bull, 1949; Conner et al., 1986a). While there has been little success in planting water 
tupelo (Silker, 1948; DeBell et al., 1982), much better results have been obtained with 
baldcypress. Planting one-year-old baldcypress seedlings at least 3.3 feet tall and with 
root collar diameters larger than 0.5 inches improves early survival and growth 
(Faulkner et al., 1985). An 8 x 8 foot spacing has been generally recommended, 
although regular spacing may not be possible unless the area was clearcut (Mattoon, 
1915; Williston et al., 1980). Even when planted in permanent standing water, height 
growth can average 8-12 inches per year when there are no herbivory problems 
(Conner, 1988; Conner and Flynn, 1989). Planting in areas that have not been clearcut 
can lead to poor establishment success if competition from other species is severe. 
Even in clearcut areas, competition from remaining understory tree and shrub species 
may lead to failure of regeneration to establish a new stand. 
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While data are limited, it seems that plantation-grown baldcypress grow 
quicker than natural stands and may even grow more rapid than some hardwood 
species (Krinard and Johnson, 1987). Planted baldcypress grew over 6.6 feet in height 
in five years in a Louisiana crayfish pond (Conner et al., 1993a). In Mississippi, a 
plantation established on an abandoned agricultural field resulted in baldcypress trees 
up to 69 foot tall at age 41 years (Williston et al., 1980). Another Mississippi 
baldcypress plantation contained trees 70 foot tall and 14 inches in diameter after 31 
years (Krinard and Johnson, 1987). In comparison, Mattoon (1915) reported height 
growth of 42-52 foot by age 40 for naturally established second-growth baldcypress in 
Maryland and Louisiana. 
 
Plantings Outside of Louisiana 
 

Tennessee. The Tennessee Valley Authority was responsible for large-scale 
plantings of baldcypress in the 1930s and 1940s. Several hundred thousand 
baldcypress were planted along the margins of fluctuating reservoirs. Survival rates of 
95% and height growths of 30 foot in 11 years were reported (Bull, 1949). Plantings by 
TVA personnel in 1970 and 1972 had survival rates of 95 to 100% after six years 
(Bates et al., 1979). Beaver and competition from herbaceous species were the major 
limitations to operational scale plantings in TVA plantings. 

Ohio. The Ohio state forestry groups also encouraged the planting of 
baldcypress. Mattoon (1915) reported that over 75,000 seedlings were planted in Ohio 
before 1915. The only record that exists for those trees, however, is that they made 
satisfactory growth (Mattoon, 1915). 

Mississippi. Krinard and Johnson (1976) reported that plantation-grown 
baldcypress grow as well as, or better, than hardwood species growing on loess soils in 
small, unthinned plantings. After four years, 62% of the baldcypress seedlings planted 
on a 6 x 10 foot spacing were still alive and averaged 7 foot tall. After 21 years, 41% of 
the trees were still alive, and the average diameter was 6 inches.  

South Carolina. In South Carolina, DeBell et al. (1982) conducted a study of the 
growth of five species on drained lowland areas. They planted seedlings on a 2 x 2 foot 
spacing and remeasured the trees after five and twenty years. Baldcypress survival 
averaged 83% after five years, and the mean height was 4.6 feet. After 20 years, 
survival was still good, but growth had stagnated in the dense plantings.  

One hundred root-pruned baldcypress seedlings were planted on February 25, 
2002 on Hobcaw Barony, near Georgetown, South Carolina to demonstrate how the 
site could be reforested. The site was a 15 acre saw-grass marsh in the central portion 
of a drainage with mature baldcypress growing on the southern and western margins. 
Hydrology in the area was stabilized years ago with construction of a downstream 
pond, but does fluctuate some depending upon rainfall events. The site has very poorly 
drained, moderately permeable soils formed in organic deposits of the remains of 
herbaceous and woody plants. These very nearly level organic soils are covered by 
water most of the year. The marsh was burned during winter 2001 to remove the dead 
saw-grass material. All seedlings were enclosed in tree shelters because of the 
competition expected from the saw-grass. Survival was 100% after two years. The saw-
grass grew back quickly after burning, but the seedlings continued to survive and 
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grow. Height growth during the first year was only four inches, but increased to 16 
inches the second year. 

Two hundred and fifty root-pruned baldcypress seedlings were planted on April 
2, 2002 as a demonstration for the Natural Resources Conservation Service in the 
Pocotaligo Swamp near Sumter, South Carolina. Prior to 1950, the Pocotaligo Swamp 
was noted as a river-swamp system with many well-defined flowing streams, and 
dominated by a dense community of water tupelo and baldcypress. In the 1950s and 
early 1960s, most of the trees were harvested from the swamp north of U.S. Highway 
301. Clear-cut logging operations left access roads (over 35 of them) across the swamp 
which blocked stream channels and obstructed the natural water flow within the 
swamp. Water levels in the swamp increased, which suppressed and prevented 
natural tree regeneration. This shallow, permanent flooding provided ideal conditions 
for aquatic weeds to grow. These aquatic weeds further reduced water flow and 
increased flood levels. Tree shelters were placed on all seedlings to protect them from 
beaver. Seedlings grew 21 inches the first year and 22 inches the second year with a 
98% survival rate after two years. In other parts of the Pocotaligo Swamp, height 
growth of 17-20 inches has been reported (Conner et al., 1998). Reasons for the 
excellent growth of seedlings in this swamp include the open canopy allowing plenty of 
light to reach the forest floor. In addition, the swamp has been a receiving basin of 
water from a sewage treatment plant on the northern end of the swamp for many 
years, and the site is probably nutrient rich. 

Restoration of bottomland and swamp sites on two stream systems on the 
Savannah River Site (SRS) has been occurring for the past 14 years. These sites were 
disturbed by effluents from nuclear production reactors that raised the water 
temperature and water depth. It was essential to replant these sites as they had been 
chronically disturbed for 40 years and no sprouting activity was possible from the 
long-dead, previously existing forests. A supplemental issue of Ecological Engineering 
(Vol. 15, Suppl. 1; 2000) summarized the results up to 1996. Baldcypress restoration is 
specifically discussed in articles by Conner et al. (2000), Dulohery et al. (2000), and 
McLeod (2000). These planting trials involved different planting stock types, habitats, 
tree shelters, root pruning, and competition controls. Baldcypress was easily the most 
successfully regenerated species in all of these trials, regardless of the planting 
situation. 

The species trials planted in Fourmile Branch were resurveyed in 2002/03. 
Since 1996, baldcypress survival has changed very little, regardless of whether the 
trees were planted as root-pruned bareroot seedlings or large balled-and-burlapped 
saplings. The trees have grown tremendously, with baldcypress saplings now over 35 
feet tall, with abundant seed production. These surviving and prospering individuals 
are now affecting the abiotic environment through shading. Subsequent forest 
succession will likely see additional species naturally invade the delta as a result of 
these changes. In addition, these larger individuals are now producing seed to 
potentially recolonize the habitat. 

In one experimental trial, baldcypress were planted in fairly close proximity to a 
beaver lodge. Baldcypress not protected by tree shelters were repeatedly grazed by 
beaver, yet continued to resprout. Long-term detailed growth records on these 
resprouts are not readily available, yet they persist. In addition, when the stream 
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delta flooded due to flooding of the Savannah River, beaver cut the saplings above the 
tree shelters. These saplings also readily resprouted.  

Natural seedling establishment of baldcypress is also occurring in disturbed 
areas adjacent to undisturbed forests in both Fourmile Branch and Pen Branch. Rates 
of natural baldcypress establishment decrease with distance from the undisturbed 
forests. 

North Carolina. In North Carolina, two plantings of baldcypress were done as 
demonstration sites. At White Oak River, survival was 96% the first year and 89% at 
the end of the second year (Conner, 2003). Height growth increased from 8 inches the 
first year to 12 inches the second year, resulting in seedlings with an average height of 
47 inches by the end of the two years. This area had an overstory of mainly swamp 
blackgum, red maple, and ash. Even though there were many gaps in the canopy, the 
seedlings did not receive full sunlight. The second planting consisted of two 0.6 acre 
plots in a former agricultural field. Four hundred bareroot seedlings (half root-pruned 
and half with roots) were planted in each plot on January 31, 2002. The sites grew up 
quickly in dog fennel, which completely covered the planting sites, and towered above 
the tree shelters. Even under these conditions, 91% of the seedlings survived to the 
end of the second year. Height growth was 13 inches during the first year and 22 
inches during second year. There was no difference in survival or height growth 
between the root-pruned and non-pruned seedlings. 
 
Louisiana Planting Efforts 
 

After the 1890-1925 logging of Louisiana's swamps, there were many areas in 
which baldcypress seedlings did not establish (Mattoon, 1915). Personnel of the 
Rathborne Lumber Company, Harvey, Louisiana, recognized that most of their cutover 
lands had little or no baldcypress regeneration, and without water level controls, 
natural reproduction could not be relied upon to restock the land (Bull, 1949). 
Therefore, nearly one million baldcypress seedlings were planted on company land. 
Ninety percent of the seedlings planted in 1949 and 1950 survived into 1951 and grew 
12-18 inches in height by the end of the 1950 growing season. An additional 141,262 
seedlings were planted in early 1951 and survival was 80 to 95 percent (Rathborne, 
1951). Brown and Montz (1986) reported that many of the planted seedlings were 
killed later by animal browsing, and the project was abandoned. 

The Rathborne planting inspired one landowner and the Soil Conservation 
Service to plant a flooded area in north Louisiana with baldcypress seedlings (Peters 
and Holcombe, 1951). Eighty-five hundred seedlings were planted during January to 
March 1951 in water 6-20 inches deep. When the seedlings were rechecked in April 
1951, nearly 95% of them were growing vigorously and had increased in height an 
average of three inches. 

Faulkner (1985) planted baldcypress seedlings in an old soybean field and in a 
commercial crawfish farm. In both areas, animal damage was high. On the soybean 
site, deer damaged 47% of the seedlings, but survival was still 98% at the end of two 
growing seasons. In the crawfish farm, crawfish girdled 78% of the seedlings (52% 
were completely girdled), but 95% of the seedlings or their sprouts were still alive after 
two growing seasons. In both cases height and diameter growth were negatively 
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associated with animal damage. Smaller seedlings had higher damage rates than did 
larger seedlings, indicating that the planting of larger seedlings might reduce the 
incidence of animal damage in this case. 

Plantings by Conner (1988) in south Louisiana grew well if nutria were not a 
factor. Baldcypress seedlings averaged over 12 inches of height growth per year on 
Melodia Plantation near Thibodaux. Average seedling height after two growing 
seasons was 40 inches. Seedlings planted in a crayfish pond near Henderson, 
Louisiana during 1983-84 (Conner et al., 1993a) had variable results. Seedlings 
planted in February 1983 averaged 12 inches more growth after one growing season 
than seedlings planted in July 1983 and continued to outgrow the July 1983 seedlings 
for five years. Growth of seedlings planted in July of 1983 and 1984 and February of 
1984 was similar throughout the study. Five year height of February 1983 planted 
seedlings was 122 inches versus 81 inches for summer planted and February 1984 
seedlings. 

In 1991-96, approximately 10,000 baldcypress seedlings were planted on the 
Manchac landbridge, which lies between Lakes Pontchartrain and Maurepas in 
southeast Louisiana. These seedlings had 78% overall survival in 1998, when 
protected from nutria herbivory, but nearly 100% mortality if not protected from 
herbivores (Myers et al., 1995). However, survival of protected trees fell to nearly zero 
during the 1999-2000 drought when saltwater intrusion events brought up to 9 ppt to 
the area (Shaffer et al., 2003). In 1999, two baldcypress mitigation banks were 
established in the swamps of Lake Maurepas, one on the eastern side of the Lake 
(owned by Southeastern Louisiana University) and the other on the southwestern 
portion (owned by Glen Martin). Due to saltwater intrusion and nutria herbivory, 
survival has been poor at the eastern site, but up to 80% have survived at the 
southwestern site. Seedlings received plastic tree shelters and time-released fertilizer 
at both sites. 
 
Current Methods Used in Planting 
 

Innovative planting methods are often required for forested wetland sites 
because of standing water and unconsolidated sediments. One method of planting that 
has been tested extensively in the southern U.S. by Clemson University and 
University of Georgia researchers is to heavily root prune seedlings so that they may 
be planted by grasping the seedling at the root collar and simply inserting them into 
the soil or sediment, without digging a hole (Brantly and Conner, 1997; Conner, 1988, 
1993; Conner and Flynn, 1989; Reed and McLeod, 1994; Hesse et al., 1996). Habitats 
planted have ranged from standing water (backwater) to flowing water (stream); 
coastal to inland; and Louisiana and South Carolina. Bareroot seedlings of baldcypress 
and water tupelo have been successfully planted using this technique. 

Pruned baldcypress seedlings have been planted in a number of sites 
throughout the southern United States with survival rates ranging from 0% to 100% 
depending upon herbivory. Use of plastic tree shelters is essential to reduce animal 
damage in many wetland areas. While 12-inch-tall shelters are generally sufficient to 
prevent clipping by rabbits or nutria, taller shelters are necessary to prevent excessive 
browsing by deer. Tree shelters have increased survival rates for baldcypress, water 
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tupelo, and green ash in areas subject to herbivory (Conner, 1988, 1993; Reed and 
McLeod, 1994; Myers et al., 1995; Schweitzer et al., 1999). 
 
 
Factors Affecting Regeneration and Growth of Baldcypress and Water Tupelo 
 
Altered Hydrology 
 

 Hydrological patterns in the swamps of Louisiana have been altered 
tremendously during the last two centuries. During the original logging of Louisiana’s 
swamps many logging companies maintained their own dredges to prevent delays in 
digging access canals (Davis, 1975). Average canal size was 10-40 feet wide and 8-10 
feet deep, resulting in partial drainage of many swamps (Mancil, 1969, 1980). With the 
use of pullboat barges, trees could be pulled in from as far as 5,000 feet from the canal 
through runs spaced about 150 feet apart in a fan-shaped pattern. Runs were cleared 
of all trees and stumps and logs pulled to the canal. This skidding of timber across the 
swamp floor damaged and destroyed much young growth, and continual use of a run 
resulted in a mud-and-water-filled ditch 6-8 feet deep for the length of the run (Mancil, 
1980). This operation left a distinctive wagon wheel-shaped pattern in the swamp 
forest that can still be seen on aerial photographs taken today. In other areas, railway 
lines were constructed. Railroad mileage in Louisiana between 1880 and 1910 
increased from 650 miles to 5,553 miles. By 1920 however, the mileage began to 
decrease because of the abandonment of logging operations in cutover areas (Mancil, 
1969). 

More so than logging operations, oil and gas, flood control, navigation, road 
construction, and agricultural activities have done much to alter the original overland 
water flow patterns of the swamp. Large areas of swamp forest are now constantly 
flooded due to spoil banks associated with various activities that have occurred in the 
swamp (Conner et al., 1981). 

 
Apparent Water Level Rise 

 
Another important factor that needs to be considered in Louisiana's coastal 

wetlands is increasing water levels resulting from eustatic sea-level rise (Gornitz et 
al., 1982) and subsidence (Gosselink, 1984). Recent projections by the U.S. 
Environmental Protection Agency (Hoffman et al., 1983) suggest that there will be a 
rise in sea level of 20-80 inches by the year 2100. The impacts of sea-level rise on 
coastal marshes has been detailed by a number of authors (Baumann et al., 1984; 
Boesch, 1982; Hackney and Cleary, 1987; Salinas et al., 1986; Stevenson et al., 1986; 
Orson et al., 1985; Kana et al., 1986; Thomson et al., 2002), but very little attention 
has been placed on the impact that rising water levels might have on the more inland 
coastal forests. Clark (1986) studied tide gauge records of sea-level rise in New York 
and discussed the importance for long-term change in forest population with rising sea 
level. Sea-level rise in the New York coastal forest has averaged 0.12 inches per year 
since 1930 (Clark, 1986). In Louisiana, however, water levels are rising rapidly 
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(DeLaune et al., 1985), and it has been suggested that this will affect seedling survival 
(Conner et al., 1986b; Salinas et al., 1986). 

Wetlands of Louisiana have historically been flooded by sediment-laden waters 
of the Mississippi and Atchafalaya rivers. Flood control levees along these rivers now 
reduce or prevent the flooding and sediment recharge of many wetland areas within 
the state. New sediments being deposited in many coastal wetlands now come only 
from erosion of local agricultural fields (Soil Conservation Service, 1978) or 
resuspended bottom sediments (Baumann et al., 1984) rather than the entire 
Mississippi River drainage. Without the annual flood of new sediments, subsidence 
exceeds sedimentation in many areas, and most of coastal Louisiana is presently 
experiencing an apparent water level rise of about 3.3 feet per century (Salinas et al., 
1986).  

The Barataria, Lake Verret, and Lake Pontchartrain basins, located in south 
central and southeastern Louisiana, contain extensive freshwater wetland forests. 
There are approximately 242,000 acres (98,000 ha) of seasonally (mostly permanently) 
flooded forests and wooded swamps in the Barataria Basin, 101,000 acres in the 
Verret Basin, and 213,000 acres in the Pontchartrain Basin. All of these watersheds 
were once overflow basins of the Mississippi or Atchafalaya rivers. With the 
construction of the flood protection levees along these rivers in the 1920-1940s, the 
only source of freshwater presently is rainfall or backwater flooding (Conner and Day, 
1976; Conner et al., 1986a). When these areas received riverine input, sediment 
deposition served to offset apparent water level rise due to land subsidence. With the 
cessation of sediment input, regional subsidence is leading to increased flooding of 
these areas. 

Water levels in the Barataria, Lake Verret, and Pontchartrain basins 
historically followed a seasonal pattern of flooding and drying with the extent of 
flooding depending on the elevation of the site and seasonal water budget. In the 
Barataria and Pontchartrain basins, the swamp is very near sea level and is flooded 
almost year round with a short dry period generally during late July-early August, a 
time when rainfall is low and evapotranspiration is high (Conner et al., 1986a). In the 
Lake Verret basin, bottomland hardwood forests are approximately 8-12 inches higher 
than the surrounding swamp forest areas. Flooding occurs during the winter and early 
spring, but for most of the growing season, the forest floor on the bottomland ridges is 
dry. Lower cypress-tupelo forests are flooded for most or all of the year. Conner and 
Day (1988, 1991) found that vertical accretion averaged 0.5 inch per year and 0.4 inch 
per year in cypress-tupelo forests of Barataria Basin and Verret Basin, respectively. 
They also used long-term tide gauge data to calculate relative sea-level rise, which was 
0.3 and 0.5 inches per year for Barataria Basin and Verret Basin, respectively, and 
concluded that the Barataria and Verret basin swamps had accretion deficits of 0.1 
and 0.2 inches per year, respectively. Relative sea-level rise is lower in the 
Pontchartrain Basin, estimated at 0.22 inches per year (Thomson et al., 2002).  

Barataria and Verret basins have experienced significant increases in water 
levels (Figure 4) and the total number of days flooded per year (Figure 5). The Verret 
Basin bottomland ridge did not experience any major flooding until the 1970s but 
since then has experienced a steady increase in the number of days flooded per year. 
Before 1970, the bottomland ridge was at an elevation to keep the forest floor from 
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flooding. However, the lack of sedimentation in the area combined with apparent 
water level rise has resulted in the ridge now being at an elevation where flooding 
occurs frequently. 
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Figure 4. Average yearly water level for U.S. Army Corps of Engineer gauges at Chegby (Barataria 
Basin) and Attakapas (Verret Basin) in Louisiana. 
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Figure 5. The number of days flooded per year in the Barataria and Verret swamp forests (Conner and 
Day, 1988). 
 

In Barataria Basin, the swamps have always been flooded to some extent, but 
flooding has increased to where the forests are flooded almost year round. Even during 
dry periods such as 1981 and 1985-86, these forests were rarely free of standing water 
although the total days flooded decreased during these years. The history of flooding in 
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the Verret Basin swamp is similar to the bottomland ridge site except that increased 
flooding is evident by the late 1960s. The high flood years 1973-75 on the Atchafalaya 
and Mississippi rivers are evident more in the Verret Basin because the area is 
affected by backwater flooding from the Atchafalaya River more than the Barataria 
Basin is by Mississippi floodwaters. Since the 1950s, flood water levels in the swamps 
of the Pontchartrain Basin have doubled (Thomson et al., 2002). 

As water levels continue to rise, the 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 (Hall et al., 1946). 
Already many of the trees in these areas are showing evidence of severe stress (Conner 
and Day, 1987; Conner et al., 1981; Conner et al., 1986b; Shaffer et al., 2003). Even 
baldcypress and water tupelo, two of the dominant species in Louisiana's coastal 
forests (Conner and Sasser, 1985), slowly die when exposed to prolonged, deep flooding 
(Brown, 1981; Harms et al., 1980; Penfound, 1949; Eggler and Moore, 1961; Shaffer et 
al., 2003). 

Another important factor to be considered in these coastal forests is the 
recruitment of new individuals into the forest. Buttonbush, black willow, cottonwood, 
and elm can germinate in standing water, while 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, this is not happening (Conner et al., 
1986a) and if water levels continue to rise, coastal forested areas will eventually be 
replaced by scrub-shrub stands, marsh, or open water. 

As water levels rise, one would expect that there would be a migration of the 
forest up the elevation gradient (Clark, 1986). In many areas, however, coastal forests 
are confined by man-made obstacles like flood-protection levees or occur on low ridges 
where the elevation gradient is truncated. Range extensions or shifts in forest areas as 
Clark (1986) suggested are not generally possible. Therefore, many of the coastal 
forests in Louisiana may be facing possible elimination or great reductions in area. 
The majority of swamps in the Lake Maurepas portion of the Pontchartrain Basin 
have been classified as “relic swamp” (Figure 6). If logged, these swamps are unlikely 
to regenerate, either naturally or artificially. 
 
Salinity 

 
Sea level rise will result in a gradual increase in flooding and/or salinity in 

coastal forested wetlands. Previous studies have shown that baldcypress is one of the 
most tolerant species of long flood durations and relatively deep flooding (Hook, 1984; 
Souther and Shaffer, 2000). Recent studies have shown that the species is also 
tolerant to flooding with water of low salinity (Allen et al., 1994, 1997; Conner, 1994; 
McLeod et al., 1996; Conner et al., 1997). There also seems to be some intraspecific 
variation in salinity tolerance at the seedling stage (Allen et al., 1994; Souther-Effler, 
2004) and at the germination stage (Krauss et al. 1998, Souther, 2000). Rapid or large 
pulses of saltwater during storms are more likely to cause rapid and dramatic impacts, 
even for tolerant species like baldcypress. 
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Figure 6. Preliminary classification of wetlands types in the Lake Maurepas swamp. Red areas indicate 
marsh, most of which was swamp in the mid 1950s. Yellow areas are classified as relic swamp in that 
the probability of regeneration following logging is low. Light green areas indicate swamp that will 
likely regenerate if properly harvested. Dark green areas indicate bottomland hardwood forest or pine. 
(Jason Zoller and Gary Shaffer, unpublished) 

 
A recently completed study in the Lake Maurepas swamps (Souther-Effler, 

2004) has produced several findings that may help predict future interactions of biotic 
and abiotic factors affecting forests throughout the coastal zone. Firstly, from a 
controlled study utilizing 2-4 year old water tupelo saplings exposed to flooding, low-
level (3 ppt) salinity and insect herbivory, it was ascertained that defoliation reduced 
sapling productivity except when salt stress was an over-riding factor. Salinity alone, 
in excess of three ppt over a prolonged period was most detrimental, and when coupled 
with permanent flooding resulted in high rates of sapling mortality. Secondly, the 
presence of nutrient enhancement, as one would find in a river diversion scenario, 
ameliorated the effects of baldcypress leafroller defoliation on baldcypress sapling 
growth. Water tupelo growth, even with forest tent caterpillar defoliation, also was 
higher at nutrient-rich sites as long as the trees were not severely degraded by abiotic 
factors (salinity). Thus, it appears that insects will continue to act in concert with 
other stress factors to enhance the degradation of many forested wetlands unless 
depth and duration of flooding is reduced, and river diversions are implemented to 
provide an influx of nutrient-rich sediments.  

The combination of salinity and flooding stress has greater effects than either 
alone and the negative impacts increase with increasing salinity (Conner, 1994; Allen 
et al., 1996). There is substantial intraspecific variability in salt tolerance within 
baldcypress species suggesting that more salt-tolerant strains can be developed (Allen, 
1994; Allen et al., 1994; Krauss et al., 1998; Pezeshki et al., 1995; Krauss et al., 2000).  
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Nutria  
 
Animal herbivory is a problem that has long existed in the swamps. The nutria 

is a native of South America that was introduced in California as early as 1899 
(Willner, 1982), and is commonly found in low marshy places. Substantial populations 
today occur from Texas to Alabama, North Carolina to Maryland, and Oregon to 
Washington. Feral populations occur in 15-18 states (Adams, 1956; Willner, 1982), and 
sightings have been confirmed for all 48 lower states (Furcy Zeringue, USACOE, 
personal communication). 

In Louisiana, nutria were first imported and released near Covington in 1933, 
but a population of animals failed to develop (Kays, 1956). Thirteen nutria were 
released in Iberia Parish in 1937 and several animals were released into the St. 
Bernard and Orleans Parish marshes several times prior to this without establishing a 
breeding population (O'Neil, 1949). Twelve nutria were imported to Avery Island in 
1937 for experiments in pen raising for fur (Kays, 1956; Lowery, 1974b). In 1939 
approximately 12 pair of the Avery Island animals escaped into the surrounding 
marshes. A hurricane in 1940 released another 150 animals. After this occurrence, 
landowners began releasing breeding stock into their marshes for fur and weed 
control. Two hundred and fifty nutria were released to the Mississippi River delta in 
1951 and the population increased so rapidly that the marsh in the delta area was 
completely torn apart by 1957. By 1955-59, the nutria population in Louisiana was 
over 20 million animals (Lowery, 1974b). Nutria were firmly established in the 
freshwater area between the Atchafalaya River and the Texas state line by 1950 
(Atwood, 1950) and north to the Red River by 1960 (Blair and Langlinais, 1960).  

Nutria often clip or uproot newly planted baldcypress seedlings before the root 
systems are fully established, thus destroying the whole seedling. Nearly 1 million 
baldcypress seedlings were planted in 1949-51 in the swamp near Lac des Allemands 
by the Rathborne Lumber Company (Bull, 1949). Ninety percent of the seedlings 
planted in 1949 and 1950 survived into 1951. An additional 141,262 seedlings were 
planted in early 1951 and survival was 80-95% (Rathborne, 1951). Plans called for an 
additional 600,000 seedlings to be planted in 1951, but there is no record of what 
happened to those seedlings, although Brown and Montz (1986) reported that many of 
the seedlings were killed by animal browsing (nutria and rabbit) and the project was 
abandoned. During 1956-57, the Soil Conservation Service planted baldcypress 
seedlings in a cut-over swamp in south central Louisiana. After four months, 90% of 
the seedlings had been destroyed, and nutria were suspected as the cause. The Soil 
Conservation Service subsequently recommended that the planting of baldcypress be 
suspended until some means of nutria control were perfected (Blair and Langlinais, 
1960). 

Several alternatives have been proposed to prevent nutria from eating newly 
planted baldcypress seedlings. Reducing nutria populations is one alternative to the 
problem, but this method is expensive and would require expanding the current nutria 
harvest incentive program from coastal marshes to coastal forests. A harvest incentive 
program is currently in place in Louisiana and over 300,000 nutria were reported 
killed in 2003. In small scale studies in Louisiana, chickenwire fencing kept nutria out 
of planted areas, but in other parts of the country it has been shown to be costly and 

Conservation, Protection and Utilization of Louisiana’s Coastal Wetland Forests 42



aesthetically displeasing (Jones and Longhurst, 1958; Mealy, 1969). It is often easier 
to protect seedlings by using a repellent rather than control the animal itself (Besser 
and Welch, 1959; Blair and Langlinais, 1960). However, chemical repellents are 
usually limited by their short-term persistence (Anthony 1982), and research into 
nutria repellents is non-existent. 

Use of "Vexar" plastic seedling protectors provided excellent results for 
protecting conifer species from predation by animals in the northwestern United 
States. These relatively inexpensive, lightweight, photodegradable polypropylene 
plastic tubes have been tested and used to prevent damage by deer, rabbits, elk, and 
pocket gophers (Anthony et al., 1978; Campbell and Evans, 1975; Anthony, 1982; 
DeYoe and Schaap, 1982). 

During the 1980s, baldcypress seedlings were underplanted in five flooded 
stands typical of cypress-tupelo stands in southeastern Louisiana (Conner and Toliver, 
1987). One-year-old bare-rooted baldcypress seedlings were planted in each stand. 
One-half of the seedlings were enclosed in "Vexar" photodegradable seedling protectors 
(available from Forest Protection Products Co., Inc., Coos Bay, OR). After three 
months, 86% of the seedlings had been clipped, uprooted, and destroyed (Table 9). 
Nutria seemed to have very little trouble getting into the Vexar tubes. They chewed a 
hole through the plastic netting at water level, clipped the seedling, and then pulled 
the tap root through the hole. In nearly every case, the stem of the seedling was left in 
the tube or adjacent to the tube. Rarely was anything except the bark of the tap root 
and root collar eaten. 

In another Louisiana study (Conner and Toliver, 1988) baldcypress seedlings 
were planted in unlogged and logged areas of the Barataria Basin and underneath an 
existing canopy in the Verret basin. Of the unprotected seedlings planted in the Verret 
Basin, all were destroyed by the end of two months. Nutria were not known to be 
abundant in this area, but they obviously were a problem. Inside of chickenwire 
fences, there was little problem with nutria predation, survival ranged from 88-94% 
the first year but dropped to 64-70% the second year. On drier sites there was evidence 
of deer browsing. Deer have been identified as a problem with baldcypress seedlings 
planted in other areas (Faulkner, 1985). 
 
Table 9. Characteristics of Louisiana cypress-tupelo stands and survival of planted baldcypress 
seedlings after three months (Conner, 1988). 
 
 Overstory  % Survival 
Sites # Trees/ac BA (ft2/ac) # Seedlings 

Planted 
Guarded1 Unguarded 

1 161 88.9 600  8 10 
2 179 115.9 400 16 5 
3 179 192.5 300 96 87 
4 219 110.6 150  0 0 
5 156 100.6 150  0 0 
1 Guarded by "Vexar" plastic mesh seedling protector 
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Canopy Insect Herbivory 
 
Forested wetlands in the coastal zone of Louisiana are affected by insect 

herbivory during spring months, depending on location and year. Though there are no 
known consistent populations of tree-killing beetles, borers, or diseases, both 
baldcypress and water tupelo are defoliated frequently by caterpillars. For decades, 
baldcypress was renowned for its lack of serious insect and disease problems (Brown 
and Montz, 1986). However, since the first recorded outbreak of the baldcypress 
leafroller (BCLR) in 1983, baldcypress has experienced significant, often repeated, 
springtime defoliation (Goyer and Lenhard, 1988; Goyer and Chambers, 1997). 
Although all sizes and maturity levels of trees are affected, pole-size trees, trees 
growing along edges of open water, and understory saplings appear most heavily and 
frequently defoliated by the immature stages of this insect. 

Water tupelo, the other dominant wetland swamp species, has been defoliated 
regularly by the forest tent caterpillar (FTC) for decades, with regular outbreaks 
recorded since 1948 (Nachod and Kucera, 1971). In Louisiana, widespread, complete 
canopy defoliation by this insect has occurred over as much as 500,000 acres during a 
single season (Nachod, 1977). 

Often, defoliation of water tupelo and baldcypress co-exists, and swamplands 
take on an appearance of winter-like dormancy prior to refoliation in late spring. A 
record of annual defoliation by FTC and BCLR detected by aerial surveys is depicted 
in Figure 7. It should be noted that even though water tupelo defoliation in the 
Calcasieu, Mermentau, and Pearl River basins occurs occasionally, it is not included in 
these data. 
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Figure 7. Defoliation by forest tent caterpillar (FTC) and baldcypress leafroller (BCLR) in Louisiana. 
 

Baldcypress. Early descriptions of the vast, primarily pure stands of virgin 
baldcypress claim the species was mostly immune to serious insect and disease 
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problems, and include no pest descriptions until the 1950s, after much of the virgin 
stands had been cut (Mancil, 1972; Brown and Montz, 1986; Conner and Day, 1976). 
The cypress looper defoliated significant areas in Florida in the early 1980s, but has 
made little impact in Louisiana (Drooz et al., 1981). The bagworm defoliated an area of 
baldcypress covering approximately 6,000 acres in the southern Atchafalaya Basin in 
1994-1995 (Goyer, 2002), but it is not clear if this species will become a recurring pest. 
The most serious, consistent, economic insect pest reported to date is the BCLR. The 
BCLR was first reported in 1983 in the southern Atchafalaya Basin and watersheds to 
the east and south (Goyer, 2002). The larval stage of the leafroller feeds solely on 
baldcypress foliage, and since first discovery, populations have spread eastward from 
the epicenter near Bayou Pigeon, Louisiana, with the highest numbers primarily in 
the Atchafalaya River Basin south of Interstate 10, the nearby Lake Verret-Grassy 
Lake-Lake Palourde drainage system, and the Lake Maurepas-Pass Manchac-Lake 
Pontchartrain system (Goyer, 2002). 

Impact caused by BCLR defoliation is of two main types – diameter growth 
reduction and dieback of canopy (followed in isolated cases by mortality). Since 
swamps often are stressed by both abiotic and biotic factors, determining the precise 
impact due to insect defoliation is difficult. A direct, linear relationship between the 
degree of defoliation of baldcypress and mean annual growth has been reported 
(Figure 8). Growth reduction caused by defoliation is often exacerbated by duration 
and depth of flooding and or saltwater intrusion (Goyer and Chambers, 1997; Allen et 
al., 1998; Souther-Effler, 2004). The recognition of potential impacts is compounded by 
the somewhat small size and the cryptic leafrolling habit of BCLR. Until defoliation 
and desiccation of partially consumed needles becomes apparent (as red needles) in 
areas of epidemic populations, land managers often fail to notice early-season 
herbivory (see Braun et al., 1990; Goyer and Lenhard, 1988; Allen et al., 1998). 
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Figure 8. Regression of basal area growth versus percent baldcypress leafroller defoliation (n=80 trees 
over 10 years). 
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Baldcypress leafrollers often congregate on smaller trees, saplings and edge 
trees with pyramid-shaped, or conical, crowns. Thus, damage is often concentrated on 
understory saplings, resulting in their dieback and occasional death (Table 10) (see 
also Allen et al., 1998). The future impact and extent of BCLR defoliation is uncertain. 
There appears to be an expansion of the long-lasting infestation into the upper reaches 
of the Pontchartrain Basin. However, little westward movement (beyond the 
Atchafalaya Basin) has been noted. In some areas of the Lake Verret Basin, 
defoliation by BCLR is less severe than it was 10 years ago, due in part to a build up of 
naturally occurring parasites and predators. 
 
Table 10. Annual dieback (%) of understory baldcypress saplings (< 4 inches dbh) in open patches, 
Southern Louisiana.* 
 

Year 1992 1993 1994 1995 1997 Change in % 
Mean % (n=50) 31.0 39.9 46.0 55.4** 65.5** 34.3** 

No. Dead 0 0 2 4 13 28.3 
* Each year all saplings were 80-100% defoliated by BCLR 
** Dead trees removed from calculations 

 
Water Tupelo. Defoliation by the FTC appears to reduce radial growth of tupelo. 

Abrahamson and Harper (1973) report growth reductions of 40-60% (average 45%) 
when water tupelo trees had in excess of 60% of their leaf surface area removed by 
FTC herbivory. This is supported by findings in the coastal zone of Louisiana. Smith 
and Goyer (1986) found that FTC population levels, and hence defoliation, were tied 
closely to permanently flooded areas, due in part to the absence of naturally occurring 
parasites, predators, and diseases. Souther-Effler (2004) reported that nutrient inputs, 
as might occur from river diversions or agricultural run-off, led to shorter development 
times and larger FTC pupae indicating the potential for higher herbivory potential. 
However, insect herbivory impacts may be offset by increased tree growth in response 
to the same nutrient inputs, potentially balancing water tupelo productivity. 
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SURVEY OF BALDCYPRESS AND TUPELO REGENERATION 
AND ESTABLISHMENT ON HARVESTED SITES 

 
Regeneration of wetland forests is of particular concern because of the exacting 

environmental requirements for successful establishment of seedlings to perpetuate 
the forest. Investigations of regeneration processes of baldcypress and tupelo have 
yielded insights into many of the mechanisms controlling regeneration success (see 
report chapter “Silvicultural Characteristics of Major Tree Species Growing in 
Louisiana’s Swamp Forests”). However, because formal forest management in 
cypress–tupelo forests is less common than in many other forest types, there have 
been few published reports of natural regeneration after operational harvest activities.  

Previous investigations of regeneration after harvesting cypress–tupelo forests 
have concluded that natural establishment of seedlings is closely tied to hydrological 
and light conditions (Meadows and Stanturf, 1997), and herbivory (especially nutria) 
(Blair and Langlinais, 1960; Conner and Toliver, 1987, 1988). Natural regeneration 
therefore may be absent for decades in places where deep flooding is permanent or 
nutria populations are large. Regeneration of wetland forest after harvesting on sites 
with excessive flooding or high nutria populations is not likely (Conner and Toliver, 
1990), unless regeneration from stump sprouting (coppice) is strong.  

Studies of coppice regeneration after harvest of baldcypress and water tupelo 
stands have resulted in mixed conclusions. Although stump sprouting is common in 
the first year after harvest, survival of sprouts decreases with time (Conner et al., 
1986). Also, age, season of harvest, stump height, felling method, and harvesting level 
can influence the viability of stumps and vigor of sprouts (Mattoon, 1915; Hook and 
DeBell, 1970; Williston et al., 1980; Kennedy, 1982; Ewel, 1996; Gardiner et al., 2000). 
However, we know of no studies that have followed coppice regeneration of 
baldcypress for more than five to eight years. Therefore, one objective of the SWG was 
to gather empirical data on regeneration in coastal forests harvested ten to fifty years 
ago to evaluate whether such sites have regenerated, become established (long-term 
survival of desired tree species), and remained cypress–tupelo stands. 

 
 

Methods 
 

Eighteen coastal forest sites dominated by baldcypress and tupelo and with 
documented harvest activity between ten and fifty years ago were selected for study 
(Figure 9). At all but one site, baldcypress was the predominant species harvested and 
it was usually the only species harvested. We attempted to survey sites throughout the 
coastal forest area, but the distribution of study sites did not include all possible site 
conditions within the SWG identified coastal forest area. 

The sampling system was targeted to provide information relevant to long-term 
establishment of regeneration by stump sprouting and natural regeneration, but was 
not designed to assess the general condition of the forest after harvesting. Data 
collection at each site used a series of transects 40 feet wide by 100 feet long to survey 
areas of previous harvest activity, as identified by the presence of stumps. Landowners 
or land managers furnished information as to age and flood water regimes. At least 
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five transects were used at each site, but measurements were continued on additional 
transects as required to capture data from a minimum of 30 baldcypress stumps when 
possible (there were three sites where 30 total stumps could not be located within the 
sample area; study-wide minimum was 22 stumps, except on the St. Tammany water 
tupelo study site).  

 
Figure 9. Site locations for coastal baldcypress–tupelo regeneration survey. The bold line indicates 
the SWG coastal wetland forest area. 
 

Transect measurements included data from all stumps, seedlings, and standing 
trees. Data collected for each stump included stump height and diameter, depth of 
water adjacent to the stump, number of live sprouts, diameter and height of the 
largest sprout, and distance from the stump to the nearest–neighbor canopy tree. Data 
collected for each standing tree included diameter and species, and each was 
categorized as a tree, sapling, or seedling. Trees were ≥ 4 inches diameter at 4.5 feet 
height (dbh), saplings were > 4.5 feet tall but < 4 inches dbh, and seedlings were < 4.5 
feet tall. Cores were collected from several baldcypress with an increment borer to 
determine ages and historical growth of trees, saplings, and stump sprouts. All trees 
were assumed to be three years old at dbh and all stumps were cored near the base 
within the assumed first year’s growth. 
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Basal area (BA), the cross-sectional area of the tree stem, was calculated for all 
trees. The relative basal area of each species on an area was calculated as a measure 
of species dominance, using: 
 Relative basal area (percent) = (BA of a species/BA of all species) X 100.  

 
 

Results 
 

Across the sites, relative basal area of standing baldcypress ranged from 6.7 to 
97.5 percent, and from zero to 93.2 percent for tupelo (Table 11). Baldcypress and 
tupelo together represented 66 to 100 percent of the stand BA and exceeded 75 percent 
on fifteen of the eighteen sites. Other important species in the overstory included the 
ashes, including green, pumpkin, and Carolina ash, red maple and swamp red maple, 
several oaks and other bottomland hardwood species.  

 
Table 11. Estimated pre-harvest site characteristics for trees and current aquatic vegetation for 
surveyed sites. 
 

Location, Parish 
(harvest type-age)1

Tree 
basal 
area 

(ft2/acre) 

Trees 
/acre 

Cypress 
RBA2 (%)

Tupelo 
RBA (%) 

Cypress 
and 

Tupelo 
RBA (%) 

Aquatic 
vegetation3

Assumption 1 (I-20) 236.5 134 90.6 9.0 99.6 Scattered 
Assumption 2 (P-20) 300.3 207 93.9 4.3 98.1 Heavy 
Assumption 3 (P-19)  218.6 186 68.4 31.0 99.5 Light to 

moderate 
Assumption 4 (P-18) 323.9 232 87.7 9.9 97.6 Heavy 
Iberville (P-24) 408.2 432 97.5 2.5 100.0 n/a 
Livingston 1 (C-11) 208.5 234 75.3 24.4 99.8 Heavy 
Livingston 2 (P-11) 209.3 295 62.1 36.8 98.9 Heavy 
Livingston 3 (P-10) 115.5 224 56.7 9.4 66.2 Scattered 
Pointe Coupee (P-10)  230.2 215 67.4 4.1 71.5 n/a 
St. Charles (P-24) 191.4 185 59.4 37.4 96.8 Light to 

moderate 
St. John (P-17) 274.7 345 78.7 1.5 80.1 n/a 
St. Landry (P-9) 127.1 208 66.2 0.0 66.2 n/a 
St Martin 1 (P-8) 252.1 170 78.4 0.0 78.4 n/a 
St. Martin 2 (P-11) 352.0 281 87.3 0.0 87.3 n/a 
St. Martin 3 (P-8) 287.5 215 82.9 1.0 83.9 n/a 
St. Tammany1 (C-18) 425.0 353 6.7 93.2 99.8 n/a 
St. Tammany2 (P-22) 221.6 273 15.5 84.5 100.0 n/a 
Terrebonne (P-41) 254.7 310 55.9 23.9 79.8 n/a 

1 Harvest treatment and years since harvest where: I =Improvement cut; P = Partial cut (generally 
based on smallest diameter to be cut); C = Clearcut (removal of all commercial baldcypress and tupelo) 
2 Relative Basal Area (RBA) = Cross sectional stem of specified species per acre divided by cross-
sectional stem area of trees of all species x 100. 
3 Submerged, emergent, and floating aquatic vegetation 

 
Density of saplings ranged from zero to 2,921 saplings per acre, with a median 

density of 391 saplings per acre (Table 12). Median density was 11 saplings per acre 
for baldcypress and about two saplings per acre for tupelo. Although the canopy at all 
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sites was dominated by baldcypress and tupelo, other species represented 41 to 89 
percent of the saplings on sites with heavy understory (six sites had little understory). 
The dominant understory tree species likely to become canopy dominants were red 
maple and swamp red maple or the ashes. Species in the understory that will not 
become canopy trees because of their growth form, but represented competition for 
saplings of potential canopy species, included waxmyrtle, swamp privet, swamp and 
roughleaf dogwood, buttonbush, and Virginia-willow.  

 
Table 12. Sapling density and relative density for selected species on surveyed sites. 

Location, Parish  
(harvest type-age)1

Tupelo 
saplings/acre

Baldcypress 
saplings/acre 

All species 
saplings/acre

Relative 
density1

of tupelo (%) 

Relative 
density of 

baldcypress 
(%)2

Assumption 1 (I-20) 0 11 11 0.0 100.0
Assumption 2 (P-20) 0 11 11 0.0 100.0
Assumption 3 (P-19)  22 10 103 21.9 9.4
Assumption 4 (P-18) 25 18 112 22.0 16.0
Iberville (P-24) 0 7 11 0.0 60.0
Livingston 1 (C-11) 52 38 391 13.2 9.8
Livingston 2 (P-11) 61 0 351 17.3 0.0
Livingston 3 (P-10) 0 14 1281 0.0 1.1
Pointe Coupee (P-10)  2 2 482 0.5 0.5
St. Charles (P-24) 7 56 1231 0.5 4.6
St. John (P-17) 15 6 950 1.6 0.6
St. Landry (P-9) 0 0 0 n/a n/a
St Martin 1 (P-8) 0 130 1254 0.0 10.4
St. Martin 2 (P-11) 0 49 2921 0.0 1.7
St. Martin 3 (P-8) 1 63 498 0.2 12.7
St. Tammany 1 (C-18) 2 0 54 4.2 0.0
St. Tammany 2 (P-22) 28 0 39 71.4 0.0
Terrebonne (P-41) 3 16 483 0.7 3.3

1 Harvest treatment and years since harvest where: I =Improvement cut; P = Partial cut (generally 
based on smallest diameter to be cut); C = Clearcut (removal of all commercial baldcypress and tupelo) 
2 Cross sectional stem of specified species per acre divided by cross-sectional stem area of trees of all 
species x 100. 

 
Surveyed sites covered a range of site conditions from moist unflooded sites to 

permanently flooded areas. Baldcypress seedlings were rare in the surveyed areas; 
they only occurred on four of the 18 sites with density of 16, 44, 108, and 386 seedlings 
per acre (Table 13). There was no obvious common factor responsible for seedling 
presence or absence at these sites. Root systems of seedlings at the two sites with the 
greatest numbers of seedlings were suspended in a slurry of organic matter and 
unconsolidated sediments, and were not rooted in the mineral soil substrate. 
According to the landowner, these seedlings are ephemeral in nature on these sites.  

Emergent aquatic vegetation and floating aquatic plants, both native and non-
native, were absent on seasonally flooded sites, low on some, but covered large areas of 
others (Table 11).  
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For the sites where baldcypress was the primary tree harvested, stumps with 
live sprouts ranged from zero to 72 percent (median 10 percent; Table 14). However, 
only two of the 16 sites had more than 20 percent of the baldcypress stumps with live 
sprouts. On four sites, no stumps had live sprouts. The stumps, that sprouted, 
averaged 2.5 live sprouts per stump at time of measurement. The age of stump sprouts 
varied from 10 to 41 years based on harvest dates and ages obtained from cores. 

The condition of the live sprouts was highly variable (Figure 10). However most 
sprouts were present on stumps with poor callus tissue formation (wound-covering 
tissue) and many had advanced decay. In many instances, decay was observed in the 
base of the sprouts themselves. The hollow nature of some sprouts, the narrow band of 
living tissue on the stump near the sprout, and the position of sprout-stump interface 
(36 to 45 inches above the ground) suggested that these sprouts would not likely 
survive to be mature trees. In some cases, almost the entire stump had callused over 
and despite minor decay the sprouts appeared to have a good chance of surviving to 
become mature trees (Figure 10 d). Correlation analysis did not reveal any significant, 
meaningful relationship between stump sprout survival or size and water depth or 
other site factors. Most of the stumps were at least 18 inches in diameter.  

 

A

C

B

D   
 

Figure 10. Typical stump sprout variety found on surveyed sites. 
 
On only two (adjacent) sites were tupelo stump sprouts extant. At all other 

sites, we found very few identifiable tupelo stumps with sprouts, including sites where 
landowners indicated that tupelo had been cut. Apparently, decay of tupelo stumps 
was rapid after death of any early sprouts. We therefore lack the basis for calculating 
proportion of tupelo stumps with successful sprouts, but assume it is very low. 
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Table 13. Seedling numbers on surveyed sites. 
 

Location, Parish (harvest type-age)1 Tupelo 
seedlings/acre 

Baldcypress seedlings/acre

Assumption 1 (I-20) 0 386 
Assumption 2 (P-20) 0 108 
Assumption 3 (P-19)  0 0 
Assumption 4 (P-18) 0 0 
Iberville (P-24) 0 0 
Livingston 1 (C-11) 0 0 
Livingston 2 (P-11) 0 0 
Livingston 3 (P-10) 0 0 
Pointe Coupee (P-10)  0 0 
St. Charles (P-24) 0 16 
St. John (P-17) 0 0 
St. Landry (P-9) 0 44 
St Martin 1 (P-8) 0 0 
St. Martin 2 (P-11) 0 0 
St. Martin 3 (P-8) 0 0 
St. Tammany 1 (C-18) 18 22 
St. Tammany 2 (P-22) 48 11 
Terrebonne (P-41) 0 0 

1 Harvest treatment and years since harvest where: I =Improvement cut; P = Partial cut (generally 
based on smallest diameter to be cut); C = Clearcut (removal of all commercial baldcypress and tupelo) 
2 Cross sectional stem of specified species per acre divided by cross-sectional stem area of trees of all 
species x 100. 
 

The average diameter of the largest live sprout per stump across all sites was 
four inches, while average height was 22.3 feet. Accounting for varying sprout ages, 
site-average mean diameter growth ranged from 0.07 to 0.39 inches per year, and site-
average mean height growth ranged from 0.5 to 2.7 feet per year. Stump sprout 
growth was moderately correlated to survival (R2 = 0.56 for height and 0.49 for 
diameter) (Figure 11a). Sprout growth was also negatively correlated with age (R2 = 
0.37 for height and 0.27 for diameter) (Figure 11b).  

Annual growth, calculated using tree rings, reveals that basal area growth of 
sprouts greatly exceeded that of trees from the study sites at similar ages (Figure 12). 
Mean basal area of sprouts, at age 10, was equal to mean basal area of trees currently 
in the overstory at age 28. Mean basal area of sprouts, at age 10, was also larger than 
mean basal area that current understory trees are likely to achieve before at least age 
80 (Figure 13). However, it is important to remember that most of the largest trees 
were removed from the sites in diameter-limit cuts. Estimates of tree growth from 
current overstory trees are likely underestimates of seed-origin trees in open-grown 
stands. 
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Table 14. Baldcypress and tupelo stump sprout characteristics. 
 

Location, Parish 
(harvest type-age) 1

Number 
of 

stumps 

Number 
of 

stumps 
with 

sprouts 

Number 
of sprouts 
per stump 

Percent 
of 

stumps 
with 

sprouts 

Mean diameter 
of largest sprout 

(in) 

Mean 
height of 
largest 

sprout (ft) 

Assumption 1 (I-20) 29 2 1 6.9 3.6 10.7
Assumption 2 (S-20) 30 5 2.8 16.7 4.6 32.8
Assumption 3 (S-19)  31 6 2.7 19.4 5 28.9
Assumption 4 (S-18) 35 6 2.7 17.1 6.5 31.2
Iberville (S-24) 64 3 3.7 4.7 1.6 12.1
Livingston 1 (C-11) 33 24 5.7 72.7 4.3 26.9
Livingston 2 (S-11) 22 14 4.1 63.6 4.3 29.5
Livingston 3 (S-10) 25 0 0 0 n/a n/a
Pointe Coupee (S-10)  36 1 1 2.8 2.8 16.4
St. Charles (S-24) 32 2 4.5 6.2 3.7 26.2
St. John (S-17) 30 3 2 10 5.4 33.5
St. Landry (S-9) 30 3 2.7 10 1.4 10.8
St Martin 1 (S-8) 31 4 3 12.9 2.2 14.8
St. Martin 2 (S-11) 36 0 0 0 n/a n/a
St. Martin 3 (S-8) 30 0 0 0 n/a n/a
St. Tammany 1 (C-18) 106 87 2.1 82.1 5.3 39.7
St. Tammany 2 (S-22) 7 7 2.7 100 4.2 28.2
Terrebonne (S-41) 30 0 0 0 n/a n/a

1 Harvest treatment and years since harvest where: I =Improvement cut; P = Partial cut (generally 
based on smallest diameter to be cut); C = Clearcut (removal of all commercial baldcypress and tupelo) 
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Figure 11. Relationship of baldcypress stump sprout growth (mean annual increment: MAI) to stump 
sprout occurrence (a) and age (b). 
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Figure 12. Growth of stump sprouts (brown line), overstory trees (black line) and understory trees (blue 
line) determined from tree ring analyses.  
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Figure 13. Annual growth of stump sprouts (brown line), overstory trees (black line) and understory 
trees (blue line) determined from tree ring analyses.  

 
Discussion 

 
The lack of seedlings and poor coppice regeneration for baldcypress and tupelo 

across the sites is evidence that successional processes will probably move species 
composition on many of the surveyed stands away from domination by baldcypress 
and tupelo. If the sites are not excessively flooded during the growing season they will 
likely become dominated by shade tolerant species. For example, red maple and ash 
appear poised to dominate the overstory of these somewhat drier survey sites, but with 
poor quality trees. Preferential harvesting of baldcypress or tupelo (selective 
harvesting) without specific provisions for baldcypress or tupelo regeneration will 
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likely accelerate this species conversion. Properly designed forest management plans, 
specific to the site conditions, can help avert species conversion by providing for 
regeneration of desired species. 

Harvesting of permanently flooded sites will eventually lead to major changes in 
species composition, lower productivity, and conversion to marsh or open water 
without aggressive artificial regeneration. On sites permanently flooded with deep 
water, conversion to non-forest conditions is almost certain because baldcypress and 
tupelo cannot regenerate under these conditions and artificial regeneration is either 
impractical or impossible. 

Based on information from the surveyed sites, stump sprouts cannot generally 
be considered sufficient to establish a new stand of trees or effectively enhance 
regeneration under the conditions on the surveyed stands. Interpretation of the survey 
data as to the effectiveness of stump sprouts as a means of regeneration has several 
limitations. First, most of the surveyed sites were dominated by baldcypress, which 
were selectively cut from the stand. This harvesting treatment is probably not suited 
to produce regeneration of baldcypress or tupelo because light levels often remain 
relatively low. Second, the trees cut were primarily sawtimber-sized baldcypress trees 
with relatively large diameters, which have been found elsewhere to be less successful 
at generating vigorous stump sprouts compared to smaller stumps. Additionally, the 
partial cutting resulted in lower amounts of sunlight reaching the stump sprouts than 
in clearcuts or seed-tree cuts. Diameter-limit, partial cuts are common in wetland 
forests, so the study sites represented typical post-harvest conditions. Natural 
regeneration would likely improve if more light were available, provided hydrological 
conditions are suitable for regeneration, and competition and herbivory are not severe. 
However, these conditions are not common in much of the coastal forest of Louisiana. 
 
 
Conclusions 

 
The surveyed sites generally are not regenerating to cypress–tupelo forest. This 

situation is probably at least partially because a relatively dense overstory remained 
after cutting at some sites, which reduced light levels below those necessary for 
consistent regeneration from either seeds or stump sprouting. However, flooding 
appeared to be responsible for eliminating all regeneration from seedlings at many 
sites. Regeneration from stump sprouting was not sufficient to regenerate surveyed 
stands on its own. Although stump sprouts were locally vigorous, they were spatially 
not consistent and we found nothing to explain variation in stump sprout survival or 
vigor. Overall, the data from the survey were consistent with previous research that 
has found natural seedling regeneration to be lacking in Louisiana coastal forests, and 
suggested stump sprout regeneration will not be sufficient to compensate. 
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HISTORIC AND CURRENT CONDITIONS OF CYPRESS-TUPELO FORESTS IN 
LOUISIANA 

 
Swamp forests represent a unique and important ecosystem in the southeastern 

United States. These forests are dominated by baldcypress and pondcypress, but 
pondcypress is of minor importance in Louisiana (Sternitzke, 1972). The natural 
geographical range of baldcypress begins in Delaware, extends along the Atlantic 
Coastal Plain to Florida and westward along the Gulf of Mexico to Texas, and extends 
up the Mississippi River floodplain as far north as southern Illinois and southwestern 
Indiana (Fowells, 1965). Very little seed matures at the northern limits of its range, 
but planted baldcypress can survive as far north as Massachusetts (Bonner, 1974) and 
New Hampshire (personal observation). The term baldcypress will be used whenever 
this species is discussed for Louisiana. The term cypress will only be used when it 
refers to both baldcypress and pondcypress. 

Baldcypress-dominated ecosystems of coastal Louisiana have experienced 
widespread hydrological, biogeochemical, and biological changes over the past century, 
and declines in some populations have been apparent (Conner and Toliver, 1990). 
Little is known, however, about the present state of baldcypress ecosystems at the 
scale of the entire coastal Louisiana region. This knowledge gap has developed because 
of physical inaccessibility and lack of active forest management after a period of 
intense logging in the early 20th century. 

This report reviews accounts of baldcypress forests from historic times and 
compares them to the best estimates of current conditions from the USDA Forest 
Service Forest Inventory and Analysis (FIA) to assess the state of coastal baldcypress-
dominated forests in an historical context. 
 
 
Historic Conditions 
 

Baldcypress was a common and often dominant tree in the coastal plain of 
Louisiana when settlers first arrived in the state, prompting du Pratz to write in 1774 
"... there is the greatest plenty immediately to the westward of the mouth of the 
Mississippi" (Tregle, 1975). Nearly pure stands of baldcypress were found in the back 
swamps and deep swampy portions of the river floodplains (Mattoon, 1915). The 
baldcypress forests seemed inexhaustible to these early settlers (Louisiana 
Department of Conservation 1926) with nearly 15 billion board feet of baldcypress 
estimated in the delta swamps at the time of settlement (Kerr, 1981). Wherever it 
occurred, baldcypress was characteristically the predominant tree (Mattoon, 1915). 
Other important species include red maple, ashes, and water tupelo (Conner and Day, 
1976). 

To the early settlers, these swamplands were considered dangerous and 
forbidding (Bartram, 1791 in van Doren, 1928). However forbidding the swamp forests 
appeared, the value of baldcypress wood was recognized early, and it was easily 
obtainable because swamps were located behind nearly every plantation home (Moore, 
1967). Until the 1790s, baldcypress boards and timbers represented the main cash 
crop of the colonists in the state. Baldcypress remained a stable commodity of the 
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lumber industry into the 1800s because of its durability and workability (Mattoon, 
1915). Baldcypress was used extensively in house construction and was a preferred 
material for tanks used for water storage and by creameries, breweries, bakeries, 
dyeworks, distilleries, and soap and starch companies. It was also used for pumps, 
laundry appliances, caskets, and coffins. Baldcypress shingles were known to outlast 
all roofing materials except the best quality slate and tile (Mattoon, 1915). 

In Louisiana, the area of greatest commercial production included all of the 
alluvial floodplain of the Mississippi River but mainly was concentrated in the area 
south of Baton Rouge (Mattoon, 1915). Unfortunately, detailed area, volume, and 
logging data do not exist for many areas (Norgress, 1947, Mancil, 1972). There are 
scattered records of varying reliability on the total area of baldcypress swamp in the 
state (Table 15, Figure 14) and some parish by parish harvesting records (see Conner, 
1988 for parish details). Mattoon (1915), Norgress (1936, 1947), and Mancil (1972) 
have all described the history of baldcypress logging in Louisiana. 
 
Table 15. Various estimates of the area of swamp lands in Louisiana. 
 
 Year Land or forest    Area Source 
  type classification (million acres) 
 1848 swamp lands 2.27 Norgress 1947 
 1872 wooded swamps 2.74 Post 1969 
 1910 cypress and bottomland hardwood 2.89 Grace 1910 
 1915 permanent swamp 8.99 Mattoon 1915 
 1934 bottomland hardwood 7.46 U.S. For. Serv. 1955 
 1934 cypress and denuded cypress 1.65 Louisiana Dept of Conservation 1934 
 1935 cypress-tupelo 1.19a Winters 1939;Winters et al. 1938 
 1954 bottomland hardwood 6.59 U.S. For. Serv. 1955 
 1954 oak-gum-cypress 5.90 U.S. For. Serv. 1955 
 1954 tupelo-cypress 1.06a U.S. For. Serv. 1956 
 1964 oak-gum-cypress 5.83 Sternitzke 1965 
 1974 oak-gum-cypress 4.96 Earles 1975 
 1978 wooded swamp 1.63b MacDonald et al. 1979 
 1980-81 cypress-tupelo 0.35c Wicker et al. 1980, 1981 
 1984 oak-gum-cypress 3.93 Rosson and Bertleson 1985, 1986a-d 
 1991 oak-gum-cypress 4.35 Rosson 1995 
a Only includes those parts of the state classed as north and south delta. 
b Only includes the Mississippi River floodplain. 
c Only includes the Louisiana coastal zone. 
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Figure 14. Estimates of historical area of Louisiana swamps. Triangles are estimates from Table 13 and 
squares are Forest Service FIA data from the combined South East and South Delta regions of 
Louisiana (Figure 1). Circled triangles are estimates of swamp area that include cypress-tupelo swamps 
only. 
 

Baldcypress logging was originally limited to floating previously girdled trees 
out during high water periods, and was thus limited to areas near large rivers. During 
the 1890s, however, the pullboat, and later the overhead-cableway skidder, increased 
the range of the logger and the amount of timber that could be brought out of the 
forest. By the close of the 19th century, three billion board feet of baldcypress had 
been logged in Louisiana (Kerr, 1981). Extensive logging in the state led people to 
declare that the resource could not last for long. M. LePage du Pratz (Tregle ,1975) 
observed during the 18th century: 
 

"The cypresses were formerly very common in Louisiana; but 
they have wasted them so imprudently, that they are now 
somewhat rare. They felled them for the sake of their bark, 
with which they covered their houses, and they sawed the 
wood into planks which they exported at different places. 
The price of the wood is now three times as much as it was 
formerly." 

 
Du Pratz's comments were a little premature, however, as considerable 

quantities of baldcypress timber were cut during the mid-1800s for use in mills along 
the Mississippi River (Post, 1969), and baldcypress lumbering continued to thrive in 
Louisiana with the period of highest production occurring between 1890-1925. 
Baldcypress timber production peaked in 1913 (Table 16, Figure 15) with over 700 
million board feet being processed in 94 mills (Mattoon, 1915). Depletion of the vast 
virgin stands of baldcypress timber and the Great Depression caused most of the 
baldcypress mills to close (Burns, 1980). 
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Table 16. Volume of cypress cut in the state of Louisiana (Louisiana Department of Conservation, 1943; 
Steer, 1948; Louisiana Forestry Commission, 1957; Louisiana Forestry Commission Progress Reports, 
1956-76; Mistretta and Bylin, 1987). 
 
Year Timber harvested Year Timber harvested  
 106 bd ft 106 bd ft 
1869 7,000 1933 43,636 
1879 45,000 1934 34,703 
1889 100,000 1935 54,066 
1899 248,532 1936 69,619 
1904 432,233 1937 89,416 
1905 487,504 1938 73,734 
1906 573,096 1939 81,798 
1907 509,665 1940 70,568 
1908 488,670 1941 57,821 
1909 608,854 1942 52,814 
1910 653,699 1943 48,963 
1911 682,867 1944 31,375 
1912 653,727 1945 24,461 
1913 744,581 1955 25,757 
1914 672,211 1956 19,437 
1915 560,751 1957 13,352 
1916 527,425 1959 15,954 
1917 509,659 1962 15,866 
1918 296,986 1963 15,468 
1919 308,139 1964 9,047 
1920 273,116 1965 9,462 
1921 348,568 1966 8,580 
1922 364,687 1967 8,219 
1923 307,283 1968 6,820 
1924 299,664 1969 7,836 
1925 274,040 1970 6,645 
1926 230,782 1971 5,115 
1927 185,543 1972 5,120 
1928 147,162 1973 3,157 
1929 111,739 1974 5,776 
1930 108,713 1975 3,017 
1931 52,060 1984 19,600 
1932 38,586 1985 24,882 
 
 

Conservation, Protection and Utilization of Louisiana’s Coastal Wetland Forests 59

0

100

200

300

400

500

600

700

800

1850 1900 1950 2000

M
ill

io
n 

Bo
ar

d 
Fe

et

 
Figure 15. Volume of cypress cut in the state of Louisiana. 

 
During the peak of the logging period, some landowners and loggers began to 

wonder about the future of their cutover lands. As early as 1872, Lockett (Post, 1969) 
thought that a great deal of the swamp land was reclaimable, but there was very little 
interest in the state at that time in trying to do anything. Mattoon (1915) considered 
that the cutover lands were mostly unproductive and were being held chiefly for their 
potential value for agriculture after draining and clearing. Mattoon also reported that 
very little serious consideration had been given to the question of the future use of 
logged baldcypress lands. He recognized that there was a strong tendency towards 
conversion and, as a result, many operators were in favor of taking every baldcypress 
tree of possible value and leaving none for future return. 

Sonderegger (1922) estimated that baldcypress forests would be depleted by 
1940. By 1924, the estimate had been revised to 1935 (Louisiana Department of 
Conservation, 1926), and this estimate held through 1931 (Maestri, 1931). A proposal 
was presented to the U. S. Department of the Interior to create a baldcypress swamp 
national monument in Louisiana before all the virgin timber was logged (King and 
Cahalane, 1939). However, no action was taken. 

Even in the 1940s, there was little regard for ensuring that cypress would be a 
renewable resource. Norgress (1947) reported there were 1,628,915 acres of cutover 
cypress swamp lands in Louisiana and that by logging, the first step had already been 
towards converting these areas to its true function – agriculture. 

Logging continued in the swamplands of Louisiana to some extent until the last 
baldcypress logging operation closed in 1956 at which point Mancil (1972) declared 
that the baldcypress industry was gone forever. He further stated these cutover stands 
were not likely to be regenerated because of the problems of reforestation and 
management of baldcypress. 

However, some hardwood mills continued to harvest limited quantities of 
baldcypress (Mancil, 1980). Paul Frey (State Forester, Louisiana Department of 
Agriculture and Forestry) estimated that 120 million cubic feet were cut from 1986 
through 2003, which would average roughly seven million cubic feet per year. It 
therefore appears that baldcypress harvest stabilized during the mid-1960s at 10-15% 
of the maximum harvests rates, which occurred almost 100 years ago. Growing stock 
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volume since the 1950s continued to increase in the state until the 1980s (Figure 16), 
but seemed to be leveling off. However, the recent announcement of the building of a 
new cypress sawmill north of Hammond, Louisiana, recent cypress logging in south 
Louisiana, the new market for cypress mulch, and the rise in prices for cypress 
stumpage and lumber indicate a revived interest in harvesting baldcypress. 
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Figure 16. Baldcypress growing stock volume in Louisiana. 
 

An accurate estimate of the area of baldcypress in the state of Louisiana is not 
available (Table 15, Figure 14) mainly because of the various ways the resource has 
been measured in the past. With the Swamp Land Act of 1849, 10 million acres of 
swamp lands were awarded to the state by the Federal government. Not all of these 
were baldcypress lands, however. Another estimate of swamp lands came from the 
Surveyor General's Office in 1848 which reported 2.3 million acres of swamp lands in 
the state, most of which was considered baldcypress (Norgress, 1947). Mattoon (1915) 
estimated that there were 9 million acres of permanent swamps in the state. Probably 
the most accurate estimate of baldcypress swamps in the state came from the 
Louisiana Department of Conservation (1934) which indicated that 22,356 acres of 
baldcypress were left in the state along with over 1.6 million acres of denuded 
baldcypress land. MacDonald et al. (1979) reported that there were 1.6 million acres of 
wooded swamp just in the Mississippi floodplain, but recent estimates by Wicker et al. 
(1980, 1981) indicate that only 345,911 acres of cypress-tupelo swamp exist in the 
state. Their estimate is low, since the area surveyed covers only the official coastal 
zone region of Louisiana, which does not include some baldcypress areas in the 
Barataria and Atchafalaya basins as well as in the northern and central parts of the 
state. Overall, it appears that that the area of baldcypress swamp land in Louisiana is 
declining. 
 
 
Current Conditions: Forest Inventory and Analysis (FIA) Data 
 

The most complete data available on the area of forest types in Louisiana comes 
from the U.S. Forest Service continuous forest inventory started in 1934. The 
program, now known as Forest Inventory and Analysis (FIA), has periodically 
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inventoried forests of the U.S. since 1930 by statistical extrapolation from periodically 
remeasured permanent plots. Routine reporting of these data by the Forest Service 
has historically consisted of state-level published summaries, with some data 
summarized by smaller subregions. Unfortunately, plot data older than 1974 were 
destroyed by routine purging of government documents, so it is not possible to analyze 
data by any criteria not reported in basic Forest Service summary publications for 
before that time.  

It is difficult to use FIA reports to estimate historical changes in baldcypress 
swamp before 1974. Baldcypress swamp has not always been a separate category in 
reports, and has often been included in the oak-gum-cypress category. From an 
estimated 7.4 million acres in 1934 (calculated from U.S. Forest Service 1955 
estimates of the amount of reduction in area between 1934 and 1954), the total area of 
oak-gum-cypress forest declined to 3.9 million acres in the mid-1980s (Rosson and 
Bertelson, 1985, 1986a-d) – nearly a 50% reduction in area in only 50 years. Turner 
and Craig (1980) noted that if the declining trend continued at the rate current at that 
time, the area of forested wetland in the state would be reduced by another 50% by the 
year 2000. However, much of the loss of oak-gum-cypress forest type in the state prior 
to the 1980s was by clearing of bottomland hardwoods for agriculture in the alluvial 
valley of the Mississippi River north of coastal wetlands (Shepard et al., 1998).  

To focus on coastal baldcypress swamps, we conducted new analyses of data 
from 1974, 1984, 1991 and 2003. Louisiana FIA surveys in 1991 and earlier (1934, 
1954, 1964, 1974, and 1984) were statewide measurements of plots on a 3-mile grid, 
repeated approximately once per decade. Subsequent surveys are based on a new 
system whereby 20% of all plots are measured at higher frequency (these 20% blocks 
of plots are termed “panels”). Also, the new system (adopted 1998) incorporates a new, 
nationally standard plot spacing on a hexagonal grid. Converting from the old square 
grid to the new hexagonal grid means that some pre-1998 plots are being abandoned 
and new plots established. Because the first survey under the new hexagonal system 
has not yet been completed, no precise data yet exist on how many pre-1998 plots will 
remain part of subsequent surveys. As of December 2004, FIA has published data from 
60% of new Louisiana plots measured through 2003. Of the first three panels to be 
measured and published, 826 are re-measured pre-1998 plots, 394 are new plots, and 
42 are replacement plots. 

Although the FIA data are extensive, the sampled proportion of land area is 
quite small. For the 30 parishes of the coastal area used in this report, there were 
1603 pre-1998 plots, of which less than half were forested (Table 17). Of the forested 
plots, about 20-30% (depending on year) were in cypress-tupelo forest.  
 
Table 17. Number of FIA plots in the SWG Coastal Wetland Forest Area of Louisiana 
Sample Year Total Plots Forested Plots Cypress-tupelo Plots 
1974 1603 735 147 
1984 1603 687 170 
1991 1603 683 150 
2003 (3 panels = ~60% of total) 1262 547 541

1Thirty-seven former cypress-tupelo plots now abandoned; classified hazardous or access denied 
 
Some parts of the coastal area have insufficient forest cover for surveying by 

FIA. Parishes that were never surveyed before 2003 are Cameron, Jefferson, Orleans, 
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Plaquemines, and St. Bernard. Thus, FIA does not include information on baldcypress 
ecosystems over a portion of the edge of its range. Parishes that were surveyed but 
included very small numbers of forested plots are Lafayette (1 forested plot of 32 total) 
and Vermillion (2 forested plots of 78 total). The highest density of forested plots is in 
the Florida parishes, but forest cover is dominated by pine. The parishes with the most 
1991 plots in cypress-tupelo forest were St. Martin (20), Assumption (11), Terrebonne 
(11), Lafourche (10), and St. John the Baptist (10). Parishes with no plots in cypress-
tupelo forest in 1991 were E. Feliciana, Lafayette, Pointe Coupee, St. Helena, 
Vermillion, and W. Baton Rouge.  

The abandonment of pre-1998 plots and establishment of many new plots in the 
conversion to the panel system beginning with the 2003 data has reduced the strength 
of comparisons among survey periods, at least between the two most recent surveys. 
Historically, the same plots were remeasured in each successive survey, so although 
samples sizes were still relatively small compared to the extent of baldcypress forests 
in Louisiana, each plot was followed through time and provided a long-term record of a 
particular site. The new system does not allow for reliable comparisons among 2003 
(and future) surveys and past surveys because new plots have been established and 
some historic plots have been removed. Therefore, variability in baldcypress trends 
may partially be a result of the new sampling design rather than real changes in the 
forests. All interpretation of 2003 data should be considered preliminary and lacking 
in precision when making comparisons to previous surveys. Sample sizes in all years 
are too small for robust estimation of any summary data of baldcypress forests at the 
parish level or by geographical extent (e.g., Atchafalaya Basin, Lake Maurepas area) 
because FIA was not designed to allow monitoring of forest changes over spatial scales 
smaller than an entire state.  

 
 

Results of FIA Analysis 
 

Total forest cover in the study area decreased by 6% from 1974-2003, but area of 
baldcypress forest increased by 4% from 0.81 million acres to 0.85 million acres 
(Figure 17. The biggest changes in land area covered by cypress-tupelo forests 
occurred between 1974 and 1991, when about 125,000 acres were added from 1974-
1984 and about 112,000 acres lost from 1984-1991 (net gain about 14,000 acres). This 
period was marked by additions from reversion from agriculture (mainly in the 1974-
1984 period) and losses from agriculture and urbanization (1984-1991 period) of 11-
15% of the total area. The FIA data show essentially no change (2% gain) in total area 
covered by cypress-tupelo forests during the period 1991-2003. There are some 
technical barriers to precise assessment of the area of cypress-tupelo forest over time. 
Timber types in FIA are assigned based on computer algorithms sensitive to stocking 
of particular species. Addition or subtraction of one or two trees on some plots over 
time might have led the forest classification to change between cypress-tupelo and, for 
example, sweet bay-swamp maple-tupelo. Small sample sizes mean that the 
fluctuation of 100,000 acres in the inventory arose from the change in classification of 
just 20 plots. 

Conservation, Protection and Utilization of Louisiana’s Coastal Wetland Forests 63

In 1991, 84% of the volume of baldcypress growing stock was in the cypress-
tupelo forest type, and the remainder was mainly in bottomland hardwood 
associations. In 2003, this proportion remained stable at 85% of baldcypress volume in 
cypress-tupelo stands (data for 1974 and 1984 were not readily available). This means 
that FIA data on baldcypress volume and growth are dominated by baldcypress in its 
core habitat. 

Cubic foot volume of wood in baldcypress growing stock increased by 27% from 
1974 to 1984 (Figure 16). An additional 4% increase in volume occurred from 1984-
1991, but a 3% decrease occurred from 1991-2003. Essentially, the standing volume of 
baldcypress has remained nearly unchanged since the 1984 survey. Using the volume 
of baldcypress over the entire state as an index for growth in the coastal region, it 
appears that growth rates of 20-30 million cubic feet per year from the 1950s to 1980s 
(Figure 16) has essentially ceased.  
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Figure 17. Forest cover in the SWG Coastal Wetland Forest Area of Louisiana  

 
From 1974-2003, baldcypress has maintained or increased its relative 

dominance within cypress-tupelo forests (Figure 18). Basal area of baldcypress in 
cypress-tupelo stands has increased from an average of 56 square feet per acre in 1974 
to 64 square feet per acre in 2003. In contrast, non-baldcypress (mainly tupelo) showed 
decreases in basal area from 87 square feet per acre to 70 square feet per acre from 
1984 to 2003. Thus, while baldcypress is not growing quickly, it is at least maintaining 
its position in mixed stands. This decreasing non-baldcypress basal area also suggests 
that water tupelo may be in substantial decline. 
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Figure 18. Basal area of cypress-tupelo forests in the SWG Coastal Wetland Forest Area of Louisiana.  
 

Baldcypress forests of the region in 1974 were dominated by relatively small 
trees, but 29 years of growth has seen the size structure change to be dominated by 
larger trees (Figures 19 and 20). These trends follow classic patterns of stand 
development, and suggest that baldcypress is generally continuing to grow in the 
region. The fact that baldcypress trees are continuing to grow in diameter but little 
additional wood volume is accumulating (Figure 16) and basal area is increasing only 
slowly (Figure 18) indicates that most stands are either at high stocking or that 
environmental stresses are preventing stands from growing more dense. The stand 
densities of < 150 square feet per acre are below biological limits, suggesting that 
environmental stresses are suppressing stand growth. 
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Figure 19 Size-class structure of baldcypress trees in the SWG Coastal Wetland Forest Area of 
Louisiana for four survey periods. 
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Figure 20. Basal area contributions of baldcypress trees of varying diameters in the SWG Coastal 
Wetland Forest Area of Louisiana for four survey periods. 

 
 
Current Conditions: Summary 
 
The FIA data suggest that baldcypress forests are approximately stable in extent, 
growing and maintaining themselves in mixed cypress-tupelo stands at the regional 
scale. However, the data are not well suited for making precise statements about 
geographical differences in the status of baldcypress forests within the coastal region 
because sample sizes are low. Thus, the data are insufficient to determine whether 
baldcypress forests are declining/stable/expanding and/or growing in coastal wetland 
forests. There are large areas within the study region where baldcypress growth 
and/or survival are known to be low or non-existent but the FIA data are insufficient 
to tease out any such local trends. The same limitations on the data prevent 
determination of whether the environmental stresses reducing growth are widespread 
or are local. 
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POLICIES AND REGULATIONS  
 
 A review of state policies and regulations relating to best management practices 
(BMPs) for timber harvest focused on coastal states across the United States. In 
general, state BMPs are concerned with impacts on water quality. The following is a 
summary of federal and state regulations affecting timber harvest. 
 
 
Clean Water Act Section 404 and Silvicultural Exemptions 
 

Federal Water Pollution Control Act (33 U.S.C 1251 et seq., amended 1977, 
amended through P.L. 107 – 303, November 2002) and commonly referred to as the 
“Clean Water Act”; Section 404; Title 33 – Navigation and Navigable Waters; Chapter 
26 Water Pollution Prevention and Control; Subchapter IV – Permits and Licenses, 
Sec. 1344 – Permits for dredged or fill material. 

 
This section of the Clean Water Act is one of two federal acts that govern timber 

harvest in coastal and freshwater wetlands, and is primarily regulated by the U.S. 
Environmental Protection Agency (U.S. EPA). As Section 404 defines permitted 
actions in wetlands, actions affecting water quality, and defined state administration, 
all state BMPs were viewed as modeled on regulations put forth in this act. Section 
404 of the Clean Water Act (CWA) establishes a program to regulate the discharge of 
dredged or fill material into waters of the United States, including wetlands. Activities 
in waters of the United States regulated under this program include fill for 
development, water resource projects (such as dams and levees), infrastructure 
development (such as highways and airports), and mining projects. Section 404 
requires a permit before dredged or fill material may be discharged into waters of the 
United States, unless the activity is exempt from Section 404 regulation (e.g. certain 
farming and forestry activities).  

Activities regulated under Section 404 are reviewed through a three-part 
process, which entails avoidance, minimization, and compensation of adverse impacts 
to wetlands and other aquatic resources. This sequence requires that potential 
wetland impacts first be avoided and then minimized to the maximum extent 
practical. Compensatory mitigation is then required to offset unavoidable impacts, and 
is defined as the restoration, creation, enhancement, or (in exceptional circumstances) 
preservation of wetlands and/or other aquatic resources. This requirement allows for 
compensation for unavoidable adverse impacts that remain after all appropriate and 
practical avoidance and minimization has been achieved. Compensatory mitigation 
includes project-specific mitigation, mitigation banks, and in-lieu-fee mitigation. 

Under Clean Water Act Section 404(f), a permit is generally not required if 
discharges of dredged or fill material are associated with normal farming, ranching, 
and forestry activities such as plowing, cultivating, minor drainage, and harvesting for 
the production of food, fiber, and forest products. This exemption pertains to normal 
farming and harvesting activities that are part of an established (i.e., ongoing) 
farming or silvicultural operations. If an activity involving a discharge of dredged or 
fill material represents a new use of the wetland (e.g. conversion to upland), and the 
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activity would reduce reach or impair flow or circulation of regulated waters, including 
wetlands, the activity is not exempt. Both conditions must be met in order for the 
activity to be considered non-exempt. In general, any discharge of dredged or fill 
material associated with an activity that converts a wetland to upland is not exempt, 
and requires a Section 404 permit. Determination of whether logging activities in 
cypress/tupelo swamps in coastal Louisiana are exempt under Clean Water Act 
Section 404(f) is currently being done on a case-by-case basis, after taking into 
consideration information specific to each proposed logging operation. 

 
 
Rivers and Harbors Act of 1899 

 
Rivers and Harbors Act of 1899 (amended 1994) (33 U.S.C., Sec. 403, Chapter 9, 

Subchapter I – Codification from Ch. 425, Section 10 Rivers and Harbors Act of 1899). 
 
Section 10 of the Rivers and Harbors Act of 1899 (Section 10), prohibits the 

unauthorized obstruction or alteration of any navigable water of the United States, 
unless a Department of the Army (DA) permit has been issued by the U.S. Army Corps 
of Engineers (Corps). The Corps implementing regulations for Section 10 are found at 
33 CFR part 322, and states a DA permit (via the Corps) is required for the 
construction of any structure in, over, or under navigable waters, the excavation of 
material from navigable waters, the deposition of material into navigable waters, or 
any other work that affects the course, location, condition, or capacity of navigable 
waters. 

Navigable waters of the United States are defined at 33 CFR 329.4 as: “those 
waters that are subject to the ebb and flow of the tide and/or are presently used, or 
have been used in the past, or may be susceptible for use to transport interstate or 
foreign commerce.” In tidal waters, the shoreward limit of navigable waters extends to 
the line on the shore reached by the plane of the mean high water (see 33 CFR 
329.12(a)(2)). In bays and estuaries, Section 10 jurisdiction extends to the entire 
surface and bed of all bodies of water subject to tidal action (see 33 CFR 329.12(b)). In 
rivers and lakes, Section 10 jurisdiction extends laterally over the entire water surface 
and bed of a navigable waterbody, including all land and waters below the ordinary 
high water mark (OHWM), even though such waters may be extremely shallow or 
obstructed by shoals or vegetation (see 33 CFR 329.11(a)). Therefore, Section 10 
jurisdiction extends to marshes and forested wetlands that lie between the channel 
and mean high water line or OHWM. 

Unlike the Clean Water Act, there are no exemptions under Section 10 for 
regulated work within navigable waters of the United States. Examples of work 
associated with silvicultural activities that require Section 10 permits if they occur 
within navigable waters include: deposition or redistribution of fill material associated 
with logging roads, stream crossings, and staging areas; construction or placement of 
structures such as timber mats and loading/offloading ramps; stockpiling of timber; 
and excavating or dredging for any reason. 
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Existing State Regulations for Louisiana Coastal Forests 
 
Landowners conducting timber harvest operations on lands located within the 
Louisiana Coastal Zone need a Coastal Use Permit before commencing work if the U.S. 
Army Corps of Engineers (USACE) has determined their operations are not exempt 
under Section 404 of the Clean Water Act or Section 10 of the Rivers and Harbors Act. 
Whereas the Louisiana Coastal Resources Program typically provides an exemption 
from permitting for normal silvicultural activities on lands consistently used in the 
past for such activities (La. R.S. 49:214.34.A.3), this exemption does not apply to those 
components of proposed timber harvest operations that require a permit from the 
USACE under either Section 10 of the Rivers and Harbors Act or Section 404 of the 
Clean Water Act (Louisiana Administrative Code, Title 43, Part I, Chapter 7, Section 
723.B.7.a.ii). 
 
 
State Best Management Practices (BMPs) 
 

In general, the state BMPs reviewed followed the guidelines of Section 404 
regulations and were aimed primarily at controlling nonpoint source pollution, 
protecting wetlands, and promoting water quality. Only two states (Alaska and 
Florida) mentioned particular species – spruce and cypress, respectively – in their 
BMPs. States varied in the attention given regeneration following harvest. Virginia 
included several chapters devoted to regeneration, emphasizing conventional 
silvicultural techniques for site preparation. 
 

Louisiana: BMPs have specific guidelines for “normal silvicultural practices” 
that include defining normal silvicultural activities and established operations. 
Attention is given to operations in wetlands that would result in conversion 
from wetland to upland, but no mention is made of conversion of wetland to 
open water. Specific discussion is provided to determine activities that would 
result in a permit under Section 404.  

Forested wetlands are given special attention in Louisiana’s BMPs, with 
approximately one-third of the total BMPs guideline devoted to forested 
wetlands. These BMPs contain 15 mandatory practices for roads in 
jurisdictional wetlands, including water regime flow and vegetative disturbance 
resulting from road construction and maintenance, borrow and fill materials, 
and culverts. Mandatory BMPs also provide for protection of habitat for 
threatened and endangered species, breeding and nesting areas for waterfowl 
and spawning beds, and prohibitions for discharge in proximity of public water 
supplies, into concentrated shellfish populations, national wild and scenic river 
systems.  
 
Alabama: Alabama’s BMPs are found in a series of “Fact Sheets” detailing 
information on individual topics. Harvest, site treatments, and regeneration are 
focused primarily on pines. See http://www.forestry.state.al.us/ 
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Alaska: Forest management practices on state, municipal, and private lands in 
Alaska are covered under the Alaska Forest Resources and Practices Act (FRPA 
AS 41.17). Best Management Practices (11 AAC 95) were included to address 
timber activities in riparian zones, aimed primarily at ensuring water quality 
and follow closely those provisions of Section 404 of the Clean Water Act. Aside 
from Florida, Alaska was the only state to make specific mention of tree species 
(spruce, Picea sp.) in BMPs. See 
http://www.dnr.state.ak.us/forestry/forestpractices.htm#act 

 
Florida: Florida provides extensive BMP guidelines, with strong emphasis on 
protecting water quality. No specific mention is made of cypress harvests, 
however a separate document (Cypress Task Force Consolidated Report 1996-
2002) details what is known to date of requirements for sustaining cypress 
regeneration following harvest. For Florida’s BMP guidelines, see http://www.fl-
dof.com/forest_management/bmp/index.html  
 
Georgia: BMPs for Georgia were developed mainly to address impacts of timber 
harvest and management on water quality, specifically nonpoint source and 
thermal pollution. In 1999, Georgia’s Forest BMPs were combined with Wetland 
BMPs into one comprehensive document. See 
http://www.gfc.state.ga.us/Publications/RuralForestry/GeorgiaForestryBMPMa
nual.pdf 
 
Hawaii: Hawaiian state regulations regarding timber harvest and forest 
management center on the effects of activities on water quality. Particular 
mention is given to sediment control, use of pesticides and herbicides, road 
construction, and harvest on steep slopes. State regulations for Hawaii go 
beyond Section 404 provisions to recognize the high potential for erosion on 
steep slopes. Recommended reforestation guidelines are to follow generally 
accepted silviculture techniques. See 
http://www.state.hi.us/dlnr/dofaw/wmp/bmps.htm 

 
Maine: The primary focus of BMPs for Maine is water quality. All aspects of 
harvest are discussed in terms of reducing impact on isolated wetlands and 
riparian zones. Discussion of regeneration is aimed at reducing runoff and 
siltation, but does not mention regeneration of specific species. 
http://www.state.me.us/doc/mfs/pubs/bmp_manual.htm 
 
Maryland: Maryland emphasizes wetland protection in that state’s BMPs, and 
focuses discussion of timber harvest on controlling nonpoint source pollution 
and sedimentation. See 
http://www.dnr.state.md.us/forests/landplanning/bmp.html 
 
Mississippi: Mississippi BMPs emphasize road construction, site preparation, 
harvesting, revegetation, and riparian zone protection. Revegetation is 
primarily concerned with soil stabilization to prevent erosion, and refer to 
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USDA Forest Service recommendation for seeding density. See 
http://msucares.com/forestry/education/bmp.html 
 
North Carolina: The title of North Carolina’s BMPs, “Forest Practices 
Guidelines Related to Water Quality,” is descriptive of the content and focus of 
the document. Material related to timber harvest emphasizes water quality, 
with little discussion of regeneration aside from site treatment. See 
http://www.dfr.state.nc.us/water_quality/pdf/fpg.pdf 
 
Oregon: Oregon’s BMPs were codified in the Oregon Forest Practices Act of 
1971, the first of its kind in the U.S. Regulations are centered on protecting 
waterways from nonpoint source pollution, sedimentation, and temperature 
fluctuations. Also included are regulations preventing fire resulting from timber 
harvests. http://www.odf.state.or.us/ 
 
South Carolina: South Carolina follows other states in designing BMPs to target 
water quality, however specific mention is made to on-site activities that may 
not affect water quality, such as timber harvest activities during wet seasons 
that may result in soil compaction or puddling. There is no special mention of 
coastal activities or tree species of concern. Reforestation recommendations 
follow established silvicultural practices. See 
http://www.state.sc.us/forest/rbth.htm#osi 
 
Texas: BMPs for Texas are geared primarily toward silvicultural practices for 
timber harvest, with less emphasis on water quality as in other states. Little 
discussion of regeneration is provided beyond silvicultural practices for site 
stabilization following harvest. See 
http://texasforestservice.tamu.edu/pdf/forest/water/bmp_handbook2000b.pdf 
 
Virginia: Forest BMPs are found in “Virginia’s Forestry Best Management 
Practices for Water Quality.” Extensive discussion is given to reforestation and 
site treatments (chapter 6), with recommendations made to follow specific 
silvicultural treatments (e.g., windrows, disking, and prescribed burns). No 
separate mention is made regarding coastal forest harvests or species of 
particular concern. See http://www.dof.virginia.gov/wq/index-bmp-guide.shtml 
 
Washington: Forestry BMPs in Washington are designed to address the state’s 
role in controlling nonpoint source pollution, especially sedimentation and water 
temperature. These BMPs also give attention to timber harvest on steep slopes, 
riparian corridor protection, and turbidity. Washington has also entered into a 
cooperative agreement with the USDA Forest Service to ensure these same 
protections are afforded timber operations on national forests. See 
http://www.ecy.wa.gov/programs.html 

 
For a listing of all state BMPs on the internet see: 
http://www.stateforesters.org/reports/BMP/BMP_Library.html 
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Conservation Policies 
 

Several options exist to conserve coastal cypress forests, including conservation 
easements, set-aside programs, and mitigation. Each option is reviewed below. 
 
Conservation Easements  
 

These programs allow landowners to sell the rights to certain activities on their 
lands (for example building residential or commercial developments) while retaining 
other uses of the land not in conflict with the rights sold. Landowners could sell off the 
right to harvest timber and still use the land for agriculture, recreation, and other 
uses. The land is still transferable to descendents, however rights sold in easements 
remain with holder of easement. Conservation easements are typically held by land 
trusts or other private land conservation organizations. In the management of coastal 
cypress forests, conservation easements offer an alternative to harvesting while 
providing the landowner cash return from the timber. Another option is payment of 
taxes in exchange for easement on harvesting rights. Of all options to be considered for 
conserving private coastal cypress forests, conservation easements are most practical. 

More information and examples can be found at: 
http://www.lta.org/conserve/options.htm 
http://nature.org/aboutus/howwework/conservationmethods/privatelands/conservation
easements/ 
http://laws.fws.gov/lawsdigest/taxdedu.html 
 
Conservation Set-aside Programs  
 

Set-aside programs are different from conservation easements in that these 
programs are usually contractual agreements between state or federal agencies and 
the landowner. The most widely known are the Conservation Reserve Program (CRP) 
and Conservation Reserve Enhancement Program (CREP). Set-aside programs are 
contractual agreements that typically pay the landowner to forego certain activities on 
the land for a specified period of time. For example, CRP pays landowners up to $70 
per acre annually to keep land out of agricultural production, plant specific warm or 
cool weather grasses, and control erosion for a period of 10 or more years. Other 
activities, such as hunting, are permitted under the contract. 

Reference sites:  
http://www.fsa.usda.gov/dafp/cepd/crp.htm 
http://www.nrcs.usda.gov/programs/crp/ 
http://www.attra.org/guide/crp.htm 
http://www.fsa.usda.gov/dafp/cepd/crep.htm 
http://www.dcr.state.va.us/sw/crep.htm 
http://www.dnr.state.md.us/wildlife/milo.html 
http://www.nrcs.usda.gov/programs/ 
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Wetland Mitigation 
 

Mitigating wetlands is a complex, often controversial management tool whereby 
an artificial wetland is created to offset the loss of a natural wetland (usually marsh or 
brushy wetland) to be destroyed by development, road construction, or other activity. 
Wetlands are difficult to construct from uplands and survival rates, determined after 
five years, are less than 50% in most regions. Critics claim that created wetlands are 
often of lower quality and less productive than those destroyed. Proponents state that 
mitigation provides no net loss of wetland acreage on a landscape scale. If mitigation 
is considered for replacement of coastal cypress forests, careful consideration must be 
given to the time-frame used to determine success. The 5-year benchmark typical of 
determining success of non-woody herbaceous wetlands would not be appropriate for 
determining success of mitigated cypress forests, as these stands take more than five 
years to become established. In addition, monitoring of stand establishment would 
have to be made annually to repair loss of seedlings/saplings and to prevent potential 
loss of the stand.  

Reference sites: 
http://www.epa.gov/owow/wetlands/facts/fact16.html 
http://www.epa.gov/owow/wetlands/guidance/ 
http://www.usace.army.mil/inet/functions/cw/hot_topics/Mit_Action_Plan_24Dec02.pdf 
 
 
Public Involvement 
 

Public involvement is paramount if efforts to conserve Louisiana’s coastal 
forests are to succeed. Key stakeholders such as landowners, developers, 
recreationists, and members of conservation organizations must be engaged in the 
process to ensure concerns are addressed. Although conventional public involvement 
processes of public hearings (where attendees provide comments to agency officials 
without response) and public meetings (where there is a presentation, question, and 
answer process between the public and agency officials) are the minimum required by 
federal statute (NEPA, 1969), these efforts do not capture the extent of public 
attitudes toward the issue (Miller, 2000). The main shortcoming of the public 
hearing/meeting format is that public input is easily biased, leading agency officials to 
at times mistakenly conclude public perception lies in a certain direction. Moreover, 
attitudes toward projects and plans may not be completely represented at the 
meetings. It is incumbent upon state officials to determine the extent of attitudes 
toward Louisiana’s coastal forests. To ensure this need is met, it is necessary to 
conduct a quantitative scoping process including, but not limited to, surveying the 
attitudes of various stakeholders and the general public at large. 
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FINDINGS AND RECOMMENDATIONS 
 
 
Findings 
 
The SWG finds the following about Louisiana’s coastal wetland forests: 
 
1) Louisiana’s coastal wetland forests are of tremendous economic, ecological, 
cultural, and recreational value to residents of Louisiana and the people of the 
United States and the world; and include: 

• wildlife habitat (including migratory songbirds/waterfowl, threatened and 
endangered species),  

• flood protection, water quality improvement (including nitrate removal), and 
storm protection,  

• carbon storage and soil stabilization, 
• economic benefits of fishing, crawfishing, hunting, timber production, and 

ecotourism 
 

2) The functions and ecosystem services of Louisiana’s coastal wetland forests are 
threatened by both large- and small-scale hydrologic and geomorphic alterations 
and by conversion of these forests to other uses.  

• Subsidence, sea-level rise, and levee construction are the large-scale 
hydrologic and geomorphic alterations responsible for the loss of Louisiana’s 
coastal wetland ecosystems including coastal wetland forests. Since 
Louisiana’s coastal wetland forests are nutrient deprived as a result of the 
Mississippi River levee system, addition of nutrients and sediments is the 
only way for these ecosystems to maintain their surface elevation relative to 
sea-level rise. 

• The cumulative effects of small-scale or local factors can be of equal or 
greater importance in coastal wetland forest loss and degradation than 
large-scale alterations. These factors include increased depth and duration of 
flooding, saltwater intrusion, nutrient and sediment deprivation, herbivory, 
invasive species, and direct loss due to conversion. Causal agents include 
highways, railroads, channelization, navigation canals, oil and gas 
exploration canals, flood control structures, conversion of forests to urban 
and agricultural land, and non-sustainable forest practices.  

• Under less severe impacts, many of the important functions and ecosystem 
services are lost or degraded even though the trees may be intact and the 
forest may appear unaffected. 

• Without appropriate human intervention to alleviate the factors causing 
degradation, most of coastal Louisiana will inevitably experience the loss of 
coastal wetland forest functions and ecosystem services through conversion 
to open water, marsh, or other land uses.  
 

3) Regeneration is a critical process of specific concern in maintaining coastal 
wetland forest resources. Successful natural regeneration of this resource in the 
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1920s was due to fortuitous conditions existing at that time. Currently, there is a 
lack of regeneration in coastal cypress-tupelo forests that is a direct result of 
factors identified above and their interactions with regeneration processes. 
 
4) In those areas where flooding prevents or limits the natural regeneration of the 
cypress-tupelo forest, artificial regeneration through tree planting is the only 
currently viable mechanism to regenerate the forest. Some swamps are altered to 
such a significant extent that even artificial regeneration is not possible. Coppice or 
stump sprouting does not provide sufficient numbers of viable trees to reliably 
regenerate the forest, even under optimum conditions. 
 
5) Conditions affecting the potential for forest regeneration and establishment are 
recognizable based upon existing biological and physical factors. The SWG has 
developed a set of condition classes for the dominant wetland forest type in 
Louisiana’s coastal cypress-tupelo forests. All references to flooding depths or 
durations assume average rainfall conditions, not extreme or unusual events. 
Sediment input is generally beneficial, but in localized situations, excessive levels 
can prevent or prohibit natural or artificial regeneration under SWG Condition 
Classes I and II. The SWG cypress-tupelo Coastal Wetland Forest Regeneration 
Condition Classes are: 

 
SWG Condition Class I: Sites with Potential for Natural Regeneration 

These sites are generally connected to a source of fresh surface or 
ground water and are flooded or ponded periodically on an annual 
basis (pulsing). They must have seasonal flooding and dry cycles 
(regular flushing with freshwater), usually have both sediment and 
nutrient inputs, and sites in the best condition are not subsiding. 
These sites have some level of positive tree growth, thereby providing 
increasing or stable biomass production, organic input, and experience 
re-charge of water table after drought periods. Sites in this category 
that are subject to increasing flood frequency, increased flood 
duration, or increasing flood water depths may eventually move into 
the next lower category unless action is taken to remedy these 
detrimental conditions.  

 
SWG Condition Class II: Sites with Potential for Artificial Regeneration 
Only  

These sites may have overstory trees with full crowns and few signs of 
canopy deterioration, but are either permanently flooded (which 
prevents seed germination and seedling establishment in the case of 
baldcypress and tupelo) or are flooded deeply enough that when 
natural regeneration does occur during low water, seedlings cannot 
grow tall enough between flood events for at least 50% of their crown 
to remain above the high water level during the growing season. 
These conditions require artificial regeneration, (i.e., planting of tree 
seedlings). Water depth for sites in this category is restricted to a 
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maximum of two feet for practical reasons related to planting of tree 
seedlings. Planted seedlings should have at least 12 inches of crown 
(length of main stem with branches and foliage present) and must be 
tall enough for at least 50% of the crown to remain above the high 
water level during the growing season. Sites with a negative trajectory 
(increasing average annual water depth) may eventually move into 
SWG Condition Class III unless action is taken to remedy this 
detrimental condition.  

 
SWG Condition Class III: Sites with No Potential for either Natural or 

Artificial Regeneration  
These sites are either flooded for periods long enough to prevent 
natural regeneration and practical artificial regeneration, or are 
subject to saltwater intrusion with salinity levels that are toxic to 
cypress-tupelo forests. Two trajectories are possible for these two 
conditions: 1) freshwater forests transitioning to either floating marsh 
or open fresh water, or 2) forested areas with saltwater intrusion that 
are transitioning to open brackish or saltwater (marsh may be an 
intermediate condition). SWG Category III sites are placed in specific 
subcategories relative to stress conditions as listed below. They may 
differ in the types of recommendations made or actions that should be 
taken relative to the particular stressing agent.  

A. Forests with saltwater intrusion or high soil salinity:  
1. Chronic (semi-permanent) saltwater intrusion (e.g., 

coastal areas with high rates of subsidence). These 
are sites where saltwater intrusion is of a long-term 
nature and requires correction. 

a. For baldcypress, chronic levels of soil salinity of 
four ppt or greater increases mortality of 
seedlings and makes the likelihood of 
regeneration unreliable.  

b.  For tupelo, chronic levels of salinity greater 
than two ppt increases mortality.  

2. Acute (temporary) flooding with saline waters such as 
from storm surges. These conditions are temporary 
and tolerance can be much higher. 

B. Forests with water levels exceeding two feet at time of 
planting makes artificial regeneration impractical. 

 
6) Physical and biological processes link coastal forests and coastal marshes. The 
current Louisiana Coastal Zone Boundary does not accurately reflect the full extent 
of Louisiana’s coastal wetland forests. The lack of focus on large scale restoration 
and protection activities outside the Louisiana Coastal Zone Boundary makes them 
more vulnerable to loss and degradation from detrimental impacts. 
 

Conservation, Protection and Utilization of Louisiana’s Coastal Wetland Forests 76



7) Spatially explicit data of coastal wetland forest conditions necessary to guide 
restoration, regulatory, and management efforts are scarce. USDA Forest Service 
Forest Inventory and Analysis (FIA) data are inadequate for these purposes. 
 
 
Recommendations  
 
The SWG recommends that the Governor: 
 
 1. Adopt the following statement of mission and intent regarding coastal 

wetland forest ecosystem policy: The State of Louisiana will place priority on 
conserving, restoring, and managing coastal wetland forests, including 
collaborative efforts among public and private entities, to ensure that their 
functions and ecosystem services will be available to present and future 
citizens of Louisiana and the United States. 

 
 2. Recognize the regeneration condition classes (Finding 5) for cypress-tupelo 

forests developed by the Science Working Group (SWG) and use them to 
classify existing coastal forest site conditions for management, restoration, 
protection, and use purposes.  

 
 3. Place priority on maintaining hydrologic conditions on SWG Regeneration 

Condition Class I lands.  
 
 4. Delay timber harvesting on Condition Class III lands because these lands 

will not regenerate to forests. The goal is to allow time for hydrologic 
restoration and improvement of stand conditions to Class I or Class II lands. 
Place an interim moratorium on harvesting on state-owned Condition Class 
III lands. Develop mechanisms to delay timber harvesting on privately 
owned Condition Class III lands.  

 
 5. Before harvesting SWG Condition Class I and II sites, a written forest 

management plan with specific plans for regeneration must be reviewed by a 
state-approved entity so appropriate practices can be suggested based on 
local site conditions. The intent is to ensure that cypress-tupelo regeneration 
and long-term establishment take place and that species or wetland type 
conversion does not occur. 

 
 6. Develop spatially explicit data regarding SWG Condition Classes, existing 

hydrologic and geomorphic conditions, and current and future threats to 
coastal wetland forests. These data should be collected, evaluated, and 
updated by a consortium of state, local and federal agencies, universities and 
non-governmental organizations and made available to all entities. Adding 
remotely-sensed data to this data set should be aggressively pursued. Such 
data are critical to wisely manage and care for the coastal forest wetland 
ecosystem of Louisiana. 
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 7. Establish and maintain a system of long-term monitoring of coastal wetland 

forest conditions, supplemental to FIA and Coastal Reference Monitoring 
System (CRMS) datasets, expanded to include the entire SWG coastal 
wetland forest area (see Figure 1). Additionally, monitoring of restoration 
should occur, and include measures to evaluate success. This may entail 
some long-term efforts because forests may take 25 years to establish 
functioning stands.  

 
 8. Coastal forests extend beyond the current Coastal Zone Boundary. 

Therefore, the target area for large scale restoration should be expanded to 
include coastal wetland forests as defined by the SWG (Figure 1), especially 
those in major river bottoms draining to the coast (e.g., Atchafalaya and 
Pearl River Basins) and those with extensive areas of coastal wetland forests 
(e.g., Lake Maurepas). 

 
 9. Direct all state and local agencies to review, evaluate and coordinate their 

activities in coastal wetland forests and develop guidelines and practices to 
prevent the loss and degradation of habitat, functions, and ecosystem 
services through official actions. The Governor should also officially request 
that federal agencies do the same. 

 
 10. Review and modify current accepted practices for mitigation of impacts on 

coastal wetland forests. Given the uniqueness of Louisiana’s coastal wetland 
forests, all mitigation must be of the same forest type and occur within the 
same watershed where the impacts are located. 

 
 11. Encourage conservation and protection of coastal wetland forest areas by 

developing a Coastal Wetland Forest Reserve System.  
 
 12. Actively pursue restoration of degraded wetland forests, regardless of the 

SWG condition class. Encourage collaborative efforts between public and 
private entities including the development or modification of federal 
legislation to include degraded coastal wetland forests in landowner 
incentives programs. 

 
 13. Enhance wetland forest ecosystem functions and values as part of all 

hydrological management decisions, including management of point- and 
nonpoint-source inputs, floodways, creation of diversions, levee and highway 
construction, and coastal management.  

 
 14. Develop policies to ensure implementation of the above recommendations. 

Various incentive mechanisms should be explored as part of policy 
implementation. 
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Critical Research Needs 

1. Restoration and management techniques need to be developed and 
evaluated for Louisiana’s coastal wetland forests.  

• Establish and maintain a regeneration and tree improvement 
program focused on coastal wetland forests. Initial goals should be 
to identify and develop trees that are genetically resistant to salt 
stress in order to regenerate areas susceptible to saltwater 
intrusion.  

• Evaluate regeneration and establishment techniques as to their 
effectiveness and impacts in cypress-tupelo wetlands. Regeneration 
efforts should also focus on improving and expanding artificial 
regeneration methods in coastal wetland forests. 

• Evaluate the use of treated wastewater and stormwater runoff as a 
restoration technique to provide nutrients, reduce salinity stress, 
and promote tree growth and sediment accretion rates. 

• Explore herbivore (e.g., nutria, leaf roller, tent caterpillar) and 
invasive species control through wildlife management and insect, 
disease, and vegetation control research programs.  

• Develop a set of scientifically based Coastal Wetland Forest Best 
Management Practices (CWFBMPs) for each SWG Condition 
Class. This program might be modeled after the existing set of 
BMPs for upland forest management, but with the main difference 
that the stated goal of the CFBMPs is to foster continued 
productivity of the managed site itself (in contrast to existing 
BMPs that attempt to mitigate off-site effects). The BMPs should 
emphasize site evaluation, regeneration, pest management, and 
appropriate harvesting technology. 

• Require explicitly stated goals for restoration projects in degraded 
wetland forests and concurrent research to ensure efficacy and goal 
achievement. 

• Conduct research to reveal the relationship of soil types to 
regeneration condition classes and site productivity (forest health) 
in coastal wetland forests.  

• Hydrological studies are needed to understand ecosystem control of 
wetland forest water budgets. Attendant effects on forest 
composition and productivity may greatly affect restoration 
strategies. 

2. Quantify stakeholder concerns regarding coastal wetland forests 
activities as part of development of coastal wetland forests policies. Public 
meetings alone are insufficient for this purpose. 
 

3. Evaluate and quantify the habitat functions and values of Louisiana’s 
coastal forests. 
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4. Develop educational programs for the public, land owners, loggers, land 
managers, teachers, etc., to encourage conservation, restoration, and 
proper management of coastal wetland forests.  
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APPENDIX 1: GLOSSARY 
 

abscission – natural separation a leaf petiole from its twig caused by weather or stress 
abiotic processes – non-biological events or activities (e.g., deposition of sediments, flooding, and fire) 
advance reproduction – seedlings or saplings that develop or are present in the understory 
adventitious buds – buds arising at positions other than where leaves or stems ordinarily arise, such as 

on roots, at the base of trees, and often as a response to wounding 
alluvial – soil developed from river/stream material and accumulated in delta-like fans or on lands of 

river overflow 
anaerobic – the absence of oxygen 
anaerobiosis – living in the absence of molecular oxygen 
angiosperm – a plant producing flowers and bearing seeds in an ovary (fruit), such as broadleaf trees 
artificial regeneration – renewal of the forest by planting seeds/seedlings and establishing a new stand 

of trees by planting seeds or seedlings by hand or machine  
bareroot seedling – a tree seedling grown in a nursery bed - when large enough for transplanting, the 

seedling is lifted from the nursery bed, and the dirt is removed from the roots before packaging 
basal area – the cross section area of a tree stem commonly measured at breast height (4.5 feet above 

the ground) and inclusive of bark - the area is generally expressed as square units per unit area 
- tree basal area is used to determine percent stocking within a stand 

basin – an area drained by a river and its tributaries 
best management practices (BMPs) – guidelines developed for foresters and other land managers to use 

in protecting water quality 
biogeochemistry – interdisciplinary study of chemical reactions involving both biological and 

geochemical processes 
biogeochemical – An exchange of chemicals between biological organisms and the non-biological 

environment integrating physical, chemical and biological processes.  
biomass – all of the organic material on a given area 
board foot – unit of measure represented by a board one foot long, one foot wide, and one inch thick 
bole – a trunk or main stem of a tree 
bottomland hardwoods – a forest type, dominated by hardwood species, that occupies floodplains and 

normally receives seasonal flooding 
canopy – all the green leaves and branches formed by the tops of trees in a forest 
clear-cut harvest – a harvesting and regeneration method that removes all trees within a given area - 

clear-cutting is commonly used in pine and hardwood forests, which require full sunlight to 
regenerate and grow efficiently 

cohort – a group of trees developing after a single disturbance, commonly consisting of trees of the same 
age,  

conservation – protection, improvement, and wise use of natural resources according to principles that 
will assure long-term economic, ecological and social benefits 

constructed wetlands – wetlands built by humans primarily for treating polluted water 
coppice – method of renewing forest in which reproduction is by sprouting from the stumps of cut trees  
cotyledon – a primary leaf of the embryo 
crevasse splays – sediment deposited by water flowing through a break (crevasses) in a levee 
delta lobe cycle – periodic changes in location of delta accretion caused by changes in river course 
denitrification – the microbial conversion of nitrate (NO3) to nitrogen oxides (NO, N2O) or nitrogen gas 

(N2) 
dessication – the loss of internal moisture required to maintain survival  
diameter at breast height – (dbh) a common measurement of tree diameter that is defined as the 

outside bark diameter at 4.5 feet above the ground 
diameter classes – classification of trees based on dbh  
diameter-limit cut – removal of merchantable trees above a specified diameter 
dioecious – trees in which the male and female flowers are produced on different plants – i.e., bears 

imperfect flowers, with the staminate and pistillate flowers borne on different plants 
distributaries – (distributary) a river that flows out of another river 

Conservation, Protection and Utilization of Louisiana’s Coastal Wetland Forests 97

dominant trees – trees with crowns receiving full light from above and partly from the side; usually 
larger than the average trees in the stand with crowns that extend above the general level of the 
canopy and that are well developed  

dormancy – a condition of arrested growth in which the plant and such plant parts as buds and seeds do 
not begin to grow without special environmental cues 

drupe – a fleshy, indehiscent fruit with a stony endocarp surrounding a usually single seed 
easement – public acquisition by purchase or donation to acquire certain rights on private lands 
ecosystem services – the benefits that humans and society derive from the functions of an ecosystem 
embryo – the young plant within a seed 
environment – the interaction of climate, soil, topography, and other plants and animals in any given 

area - an organism's environment influences its form, behavior, and survival  
epigaeal – a seedling which has above-ground cotyledons 
eustatic – pertaining to global sea level 
eutrophication – nutrient enrichment of an area that often changes ecosystem structure or function and 

leads to decreased water quality - cultural eutrophication is sometimes used to connote human-
induced nutrient enrichment 

eutrophication gradient – an area where nutrient enrichment decreases with increasing distance from 
the source of the nutrients 

evapotranspiration – water movement into the atmosphere through evaporation from soil and 
transpiration from plants 

even-aged – applied to a stand of trees in which relatively small age differences exist among individual 
trees 

exotic – non-native plants or animals 
forest restoration – establishment of a forest and the ecosystem functions and values to a former 

natural state  
gall – an abnormal growth caused by insects 

germination – rupture of the seed coat and concurrent development of the rootlet (radicle) and leaves 
(hypocotyls) 

girdle (girdling) – a physical cutting or disruption of the cambial sap flow within a tree - girdling by 
humans, animals, or insects can result in mortality of the tree 

growing stock – all trees in a forest or in specified area within the forest that meet specific standards of 
size and quality  

gymnosperm – plants producing seeds which are not borne in an ovary (fruit), the seeds usually borne 
in cones 

habitat – an area in which a specific plant or animal can naturally live, grow, and reproduce - for 
wildlife, habitat is the combination of food, water, cover, and space 

hardwoods (deciduous trees) – trees with broad, flat leaves as opposed to coniferous or needled trees - 
wood hardness varies among the hardwood species, and some are actually softer than some 
softwoods 

high-grading – removal from the forest of only the highest quality trees, leaving lesser quality stems for 
future harvests and as a source of seed 

high-lead logging – cable system that involves accumulation of logs or trees in an area by means of a 
cable passing through a block at the top of the large tree 

horizontal structure – a measure of the diversity of diameter sizes of trees within a given forest 
hydrochory – seed dispersal by water 
hydroperiod – the timing, duration, and frequency of flooding at a particular site 
hydrophytic vegetation – plants typically adapted for life in saturated soil condition 
hypocotyls – the portion of the embryonic stem below the cotyledons 
hypoxia – oxygen-deficient (<2 milligrams per liter) condition in coastal waters resulting from the high 

oxygen demand associated with the decomposition of increased productivity in response to 
eutrophication of aquatic ecosystems 

increment core – a radial cylinder of wood extracted from a tree; often used to determine age and/or 
annual growth of the tree 

inundation – (inundate) - cover by water  
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impoundment – a body of water held back by a dam, dike, floodgate or any other barrier - all artificially 
ponded water, including natural bodies of water with artificially controlled water levels, except 
that captured directly as it falls from the atmosphere 

landscape – the variation of land uses and land features across an area of a size defined by the 
investigator or of the question of interest  

landscape composition – the types of land uses, plant communities, and natural features present in a 
particular landscape 

landscape connectivity – the degree to which a landscape hinders or assists movements of fish and 
wildlife species or other processes of interest (e.g., nutrient transport) 

latent buds (dormant bud) – buds which originally developed in a leaf axil and are connected to the pith 
by a bud trace 

levee – embankment, natural or manmade, to prevent flooding 
long-term establishment (forest or stand establishment) – the regeneration of a suitable number of trees 

(seedlings or coppice sprouts) that survive past the time when considerable mortality normally 
occurs 

lotic – non-moving waters, lake-like 
macrophyte – plants that are large enough to be apparent to the naked eye 
mast – fruits or nuts used as a food source by wildlife - soft mast includes most fruits with fleshy 

coverings, such as persimmon, dogwood seed, or black gum seed - hard mast refers to nuts such 
as acorns and beech, pecan, and hickory nuts 

methanogenesis – metabolic pathway where methanogens use carbon dioxide or organic compounds as 
terminal electron acceptors in anaerobic respiration producing methane 

methanogens – specialized group of obligate anaerobic bacteria that carry out methanogenesis 
microsporangiate – microspore (pollen) producing 
monoecious – bears imperfect flowers, with the staminate and pistillate flowers borne on the same plant 
natural stand (natural regeneration) – a stand of trees grown from natural seed fall or sprouting 
net annual growth – change in volume of trees during a specified year including new growth minus 

losses to death and decay 
net primary production – the amount of organic matter produced during the growth and reproduction of 

photosynthetic organisms minus the amount lost through respiration  
nonpoint source pollution (NPS) – pollution without a single, defined source unlike pollution from 

industrial and sewage treatment plants - pollution from many diffuse sources 
nutrients – elements necessary for growth and reproduction - primary plant nutrients are nitrogen, 

phosphorus, and potassium 
overstory – trees in a forest forming the uppermost canopy layer  
ovulate – producing ovules 
oxidation – a chemical process that involves the loss of electrons, e-

palustrine wetlands – all non-tidal wetlands dominated by trees, shrubs, persistent emergents, 
emergent mosses or lichens, and all wetlands where salinity due to ocean-derived salts is below 
0.5 ‰ that occur in tidal areas including open water wetlands or less than 20 acres 

pistil – the female reproductive organ of a flower 
pistillate – bearing a pistil or pistils, but lacking stamens 
polygamo-dioecious – mostly dioecious, but with some perfect flowers 
redox processes – processes involving the reduction (gain of electrons, e-) and oxidation (loss of electrons, 

of primarily iron, manganese, nitrogen, and carbon compounds 
reduction – a chemical process that involves the gain of electrons, e-

regeneration – establishment of young trees either artificially or naturally  
riparian zone – the terrestrial area adjacent to a waterbody such as a stream, river, lake or wetland 

that significantly influences and is influenced by the waterbody – area of variable width related 
to and in conjunction with a waterbody providing a terrestrial and aquatic ecosystem link  

rookery – a colony of breeding waterbirds, such as herons and egrets 
stream side management zone (SMZ) – area adjacent to a stream, lake or river where soils, organic 

matter and vegetation are managed to protect water quality 
sapling – a young tree; often defined as greater than 4.5 feet tall and less than five inches dbh 
shade tolerance – capacity of a tree to develop and grow in the shade of other trees 
silviculture – the practice and science of managing a forest 
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skidder – machine used to remove trees and/or logs from the forest by dragging them along the ground  
stamen – the male reproductive organ of a flower 
stocking – the amount of trees in a given area relative to a pre-established standard  
stand – a contiguous area of the forest with similar characteristics defined for the purposes of 

management or study  
stand density – density of trees per land area - normally quantified by number of trees per area, cubic 

volume of wood per area, or basal area 
stools – a living stump capable of producing sprouts 
stratification – the process of exposing seeds to low, high, and/or alternating temperatures for an 

extended period prior to germination to break seed dormancy -for most forest tree species in 
Louisiana, stratification consists of exposure to low temperatures for prolonged periods  

subglobose – almost spherical 
subsidence – lowering of land surface elevation 
substrate – the medium for plant growth - soil 
transpiration – the loss of water vapor by plant parts, such as foliage, into the atmosphere  
transgressive phase – The period of coastal land formation when the relative rise in sea level deposits 

marine sediments over previously deposited terrestrial or riverine sediments. 
understory – plants growing beneath the forest canopy 
vertical accretion – increase in land elevation by addition of organic or inorganic matter  
vertical structure – a measure of the distribution of plant heights in a forest - a forest with high levels of 

vertical structure has plants with a diversity of heights, whereas a forest with low levels has 
plants of only one or a few heights  

watershed – an area of land drained by a single stream or river 
wetland functions – the physical, chemical, and biological processes that sustain the wetland ecosystem, 

irrespective of any interaction with humans 
wetland structure – the physical attributes of the wetland such as soil and vegetation 
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APPENDIX 2: COMMON AND SCIENTIFIC NAMES OF PLANTS AND ANIMALS  
 

PLANTS 
 

American elm    Ulmus americana L. 
ash      Fraxinus L. 
 green     Fraxinus pennsylvanica Marsh  
 pumpkin   Fraxinus profunda Bush 
 Carolina    Fraxinus caroliniana Mill 
baldcypress    Taxodium distichum (L.) L. C. Rich. 
black willow    Salix nigra Marsh. 
buttonbush    Cephalanthus occidentalis L.
Carolina fanwort   Cabomba caroliniana Gray 
cattail      Typha domingensis Pers. 
common salvinia    Salvinia minima Baker 
coontail    Ceratophyllum demersum L.    
cottonwood    Populus deltoides or Populus heterophylla L. 
hydrilla      Hydrilla verticillata (L. f.) Royle  
overcup oak     Quercus lyrata Walt. 
pondcypress    Taxodium ascendens Brongn. 
red bay     Persea borbonia (L.) Spreng.  
red maple     Acer rubrum L.  
swamp dogwood (roughleaf dogwood) Cornus drummondii C.A. Mey. 
sawgrass    Cladium jamaicense Crantz 
swamp red maple    Acer rubrum var. drummondii (Hook. & Arn. ex Nutt.) Sarg. 
swamp privet     Forestiera acuminata (Michx.) Poir.  
sweetgum    Liquidambar styraciflua L. 
tupelo     Nyssa L.  

water tupelo   Nyssa aquatica L.  
swamp tupelo   Nyssa biflora Walt.  
blackgum   Nyssa sylvatica Marsh. 

Virginia-willow    Itea virginica L.
water hickory    Carya aquatica (Michx. F.) Nutt. 
water hyacinth    Eichormia crassipes (Mart.) Solms 
water locust    Gleditsia aquatica Marsh. 
waxmyrtle     Morella cerifera (L.) Small 
 
 
 
ANIMALS 
  
alligator    Alligator mississippiensis 
alligator snapping turtle  Macroclemys temminckii 
American toad     Bufo americanus   
Bachman’s warbler   Vermivora bachmanii 
bagworm    Thyridopteryx ephemeraeformis 
bald eagle     Haliaeetus leucocephalus 
baldcypress coneworm   Dioryctria pygmaeella Ragonot  
baldcypress leafroller   Archips goyerana Kruse 
bullfrog     Rana catesbeiana 
cypress looper    Anacamptodes pergracilis 
eastern gray squirrel   Sciurus carolinensis  
eastern wild turkey   Meleagris gallopavo silvestris 
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evening grosbeak   Coccothraustes vespertinus
false map turtle    Graptemys pseudogeographica  
forest tent caterpillar   Malacosoma disstria Hubner 
gadwall    Anas strepera
Gulf sturgeon     Acipenser oxyrhincus desotoi 
hooded merganser    Lophodytes cucullatus
leopard frog    Rana pipiens 
Louisiana black bear    Ursus americanus luteolus  
nutria     Myocastor coypus 
pallid sturgeon    Scaphirhynchus albus 
peregrine falcon    Falco peregrinus 
raccoon     Procyon lotor 
Rafinesque’s big-eared bat  Corynorhinus rafinesquii 
roseatte spoonbill   Ajaia ajaja
slider turtle    Trachemys scripta 
snapping turtles   Macroclemys temminckii  
south coastal coneworm  Dioryctria ebeli
southeastern bat    Myotis austroriparius    
southeastern myotis    Myotis austroriparius 
southern pine coneworm  Dioryctria amatella 
swamp crawfish, red swamp crawfish  Procambarus clarkii 
white ibis    Eudocimus albus
white river crawfish    Procambarus. zonangulus 
white-tailed deer   Odocoileus virginianus    
wood duck    Aix sponsa 
wood stork    Mycteria americana 
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Purpose 
 
The University of Wisconsin – Stevens Point (UWSP) Campus Tree Care Plan was developed to 
foster a healthy and sustained tree population.  This valued urban resource is vital to educate 
students as well as the public about quality tree care and sound urban forest management 
techniques.  The campus tree care plan delineates the creation of policies, procedures, and 
practices advocating for a healthy and sustained urban forest.  This plan follows the Arbor Day 
Foundation’s Tree Campus USA program which helps establish and maintain healthy 
community forests on campuses.  The five standards of the Tree Campus USA program are used 
to develop goals and objectives to help UWSP fulfill its urban forest mission.  The UWSP’s 
underlining mission in the creation of this plan is to maintain a safe and diverse urban tree 
population that is sustainable and a visual and ecological foundation that is an integral part of 
the campus infrastructure. 
 
Standard One: Campus Tree Advisory Committee 
 
A tree advisory group, board, or committee serves to provide direction and oversight for an 
urban tree population.  They ideally represent the interest of the human population that the urban 
forest serves.  This section depicts the role and committee members. 
 
Committee Role:  The purpose of the Campus Tree Advisory Committee (CTAC) is to guide 
and monitor this comprehensive tree care plan.  The CTAC will have a minimum of one meeting 
a year to review tree projects, determine if tree care policies and goals are being met, propose 
solutions to campus tree issues, and to support the Arbor Day observances as well as service 
learning projects.  The CTAC will be present at the Arbor Day observances and service learning 
projects as time allows. 
 
Committee Members:  The CTAC will comprise a representative collection of members that 
understand urban forest management principles and constraining factors of trees and other 
campus infrastructure.  The members may change over time to better meet the mission set 
forward in this plan.  These members are found in Table 1.  
 
Table 1. Members of the UWSP Tree Advisory Committee. 
 

UWSP Grounds Supervisor  
UWSP Grounds Student Intern 
UWSP Student Society of Arboriculture Officer/Member 
UWSP Urban Forestry Professor 
Community Professional (e.g., Stevens Point City Forester or Professional Arborist) 
UWSP Student at Large (Proposed) 
UWSP Representative to the Chancellor (Proposed) 

 
Committee members shall serve an annual term coinciding with the academic year.  There is no 
term limit for committee. The Grounds Department Supervisor will preside over the meeting in 
the absence of the committee chair.  The committee chair will be selected by the committee 
members by vote. 

University of Wisconsin – Stevens Point Tree Campus USA Proposal 
 

 

 

‒ 2 ‒ 

Standard Two: Campus Tree Care Plan 
 
The tree care plan presented below provides a means to maintain a campus tree population 
consistent with the mission of this plan.  This is a set of guidelines to help manage the urban 
forest.  They are not the end all for practices that may be needed to maintain the urban forest.  
The CTAC should regularly review and update this plan as needed so the best informed decision 
based on current scientific analysis is made.  These guidelines may be modified if there is a 
scientifically based alternate tree care practice that is superior. The following tree care policies 
and practices should not be overlooked since history has shown that poor tree care practices and 
the lack of planning has the potential for unnecessary risks to public safety and a greater cost to 
maintain or treat trees.  Common terms used throughout this plan are described in Appendix A.   
 
Responsible Authority:  The UWSP’s Campus Tree Advisory Committee, Grounds 
Department, Student Society of Arboriculture (SSA), and students in urban forestry courses are 
entrusted with the authority to implement the campus tree care plan.  When arboricultural work 
exceeds the capacity of those listed above to complete work safely and/or effectively, 
appropriately trained, qualified, and sufficiently insured contractors shall be used.   
 
1) Goals & Targets 
 
The UWSP was selected by the State of Wisconsin to become more sustainable through 
university actions in energy use, purchasing of supplies, and other actions. Reducing the campus 
reliance on non-renewable energy sources is one action.  The campus urban forest can contribute 
to this goal from the strategic placement of trees to reduce energy consumption and develop a 
more energy efficient campus.  While observing these expectations and adhering to UWSP’s 
mission there are three proposed goals that will help achieve these targets and provide state of 
the art education opportunities for students.   
  
Our first goal is to keep current the campus tree inventory we completed in 2010.  The inventory 
data was analyzed with the i-Tree v3.0 program.  One plan is for the SSA to keep this inventory 
current by having a SSA officer submit updates as trees are planted and removed.    
 
Our second goal is to maintain the current spatial data layer using GPS/GIS.  These maps will 
help us identify suitable tree planting sites and existing tree locations.  With this information we 
will be able to assess our current canopy coverage and identify areas where the campus is able to 
maintain a canopy coverage that is appropriate for the campus.  This layer can also be used in 
identifying where trees may be strategically planted to help reduce energy demands.  
 
A third goal is to maintain the existing tree population and plant replacement trees for removed 
trees and to meet canopy goals.  Safety is a priority and unsafe trees should be made safe or 
removed.  Maintenance of the existing tree populations should be given priority over tree 
planting when budgets are limited.  Tree planting is an important part of creating a visually and 
ecologically robust campus and an important part with the outdoor classroom for several college 
courses on campus. 
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2) Planting Process 
 
Tree Selection:  The CTAC will approve appropriate woody plants (trees, shrubs, and vines) to 
be planted on campus.  Ample consideration shall be given to the outdoor classroom and 
teaching needs of courses on campus.  For example, identification courses such as urban trees 
and shrubs, vascular plant taxonomy, and 
dendrology all benefit from a diverse 
urban tree and shrub population.  Plant 
selections should also be based on site 
characteristics (e.g., soil characteristics, 
microclimate, drainage, water availability, 
orientation, available sunlight, proximity 
to infrastructure, etc.), maintenance 
requirements, and desired landscape 
design goals which include maintaining 
tree species diversity and determining the 
overall functionality of the mature tree 
form.  
 
As much as possible, species diversity 
will follow a 30-20-10 rule. This means 
that the entire tree population will have 
less than 30 percent of individuals from a 
scientific family, 20 percent of individuals 
from a single genus, and 10 percent from 
a single species. When possible, unique 
species that can be established and 
marginally hardy plants to campus will be 
planted for educational purposes. 
 
Recommended/Prohibited Species:  The CTAC will develop and update as needed a 
recommended and prohibited tree species list.  The recommended tree species can either be a 
native or non-native species and should fit within the tree selection guidelines described in the 
above section.  Prohibited species include any species listed on the Wisconsin Department of 
Natural Resources terrestrial restricted species list (Appendix B).  Prohibited species may be 
planted on campus for educational purposes only as long as the species is sufficiently controlled.  
Trees that require excessive maintenance or significant pest problems should be minimized. 
 
Planting:  Tree planting specifications shall follow best management practices as prescribed by 
the International Society of Arboriculture, American Standards for Nursery Stock, and the 
Wisconsin Department of Natural Resources (Appendix C).  In general, these steps should be 
taken to: 

1) Locate the root collar of the tree and create a planting site hole that is no deeper than the 
root depth and ideally three times the diameter of the tree’s root ball. 

2) Remove any tags, tree wrap, plastic root ball containers, and/or the bottom half of the 
wire basket prior to placing in the planting hole. 

Figure 1. Hardiness zone map of Wisconsin. 
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3) Plant with the tree’s root collar at grade or one to two inches above the original grade of 
the site if root system is likely. 

4) Remove any remaining twine, burlap, and wire basket from the root ball. 
5) Remove any soil accumulations from the top of the root ball to expose the root collar if 

buried and remove any encircling roots or stem girdling roots. 
6) Adjust the tree from different sides so that it is sitting straight (vertical).  
7) Back fill the hole to the original soil grade, water to eliminate any air pockets, and ensure 

that the root collar is not buried. 
8) Stake as needed using a wide band for one growing season. 
9) Apply a three to four inches of mulch on top of the planting site leaving an area of bare 

soil one to two inches from the root collar. 
10) Follow-up with watering as needed until established. 

 
Establishment Period:  Water the tree sufficiently with one to two gallons of water per diameter 
inch of the stem (Appendix D).  In general, daily watering is needed after planting for several 
weeks.  Watering frequency decreases to several times per week for the next several months and 
eventually to weekly watering until established.  Only fertilize newly planted trees when a soil 
test requires it or based on landscape goals. Minimize any canopy pruning during the 
establishment period unless to prune broken or damaged branches. If pruning is to be done 
follow the proper pruning procedures below.  
 
3) Maintenance & Landscaping 
 
Tree Risk Assessment:  Tree risk assessments should be performed as resources allow.  Trees 
bordering high-use areas will receive more frequent inspection.  Less frequent inspection will 
occur with trees in areas that have less frequent human activity.  It is recommended that trees be 
inspected following significant weather loading events. The Grounds Department can decide 
whether or not to remove a high risk tree.  Although CTAC may provide guidance in cases that 
warrant a final authority for decision making.  Tree risk assessments will be scientifically based 
and use guidelines in the USDA Urban Tree Risk Management system (NA-TP-03-03) or any 
other approach that the CTAC deems sufficient.  
 
Removals:  Trees that are designated as hazardous to human or property and the hazard cannot 
be corrected will be removed.  Only qualified personnel should remove trees.  Once the tree and 
stump have been removed, the backfilled hole may be replanted as long as the replacement tree 
fits within the tree selection criteria as described in the previous section.  
 
Pruning:  The urban forest on campus will generally follow goal orientated pruning techniques 
that are based on a tree’s age.  The best time to prune will be determined by tree species, age, 
location, and the potential threat of pests. Trees within the vicinity of high-use areas such as 
walkways and roadways should be inspected for safety and clearance issues as resources allow.  
Recommended clearance heights of branches and foliage are eight feet above walkways and a 
minimum of 14 to 16 feet above roadways.  All pruning activities must follow ANSI safety 
standards and the ISA’s Best Management Practices - Tree Pruning Guide.  Pruning of campus 
trees will be coordinated through the Grounds Department, arboriculture classes, and the SSA.  
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While pruning campus trees there are some important pruning recommendations that should be 
highlighted.  Pruning should avoid damaging the branch collar (Figure 2).  Branches should be 
removed prior to the branch reaching a diameter greater than two inches to reduce wound size.  
All pruning will be done on a priority basis whereas safety takes precedence followed by 
establishing proper tree structure and lastly aesthetics. 
 
1) Young Trees:  It is recommended 
that young established trees up to seven 
years old go through a training and 
structural pruning technique on an 
annual basis or as needed.  The goal of 
the training technique is to establish and 
maintain a dominant central terminal 
leader and the lowest permanent 
scaffold limbs.  The goal of structural 
pruning is to establish a branch 
architecture that reduces the chance of 
future branch failure.  Structural 
pruning should maintain a live crown 
ratio of 60%, establish appropriate 
spacing between scaffold limbs, and 
remove any branches before they grow to reach half the diameter of where it is attached to the 
trunk. It is recommended that no more than 25% of the live crown of young trees shall be 
removed. 
 
2) Juvenile Trees: Trees seven to twenty years of age should continue to receive structural 
pruning every three to five years.  Similar to the young tree structural pruning technique a live 
crown ratio of 60% should be maintained, establish and maintain appropriate spacing between 
scaffold limbs, remove any branch before it grows to reach half the diameter of where it is 
attached to the trunk, and remove any temporary branch before it reaches two inches in diameter. 
 
3) Mature Trees:  Trees twenty years of age and older will use cleaning, thinning, raising, and 
reduction pruning techniques.  These pruning techniques are used to improve tree structure and 
to the reduce the risk of injury to humans and property damage.  The goal of cleaning is to 
remove dead, dying, diseased, sub-ordinate, and weakly attached branches.  The goal of thinning 
is to reduce the number of scaffold branches to increase light/wind penetration, all while 
retaining the natural crown shape.  The goal of raising is to remove lower branches and provide 
more clearance and to maintain at least a live crown ratio of 60%.  The goal of reduction pruning 
is to remove a part of a branch back to a lateral branch in an effort to slow the branch’s growth or 
redirect growth.  It is recommended that no pruning will remove more than ten percent of a 
mature tree’s live crown to minimize the wound surface area (wound diameter should not  
exceed one third of the trunk’s diameter at that location).   
 
Tree Health Care:  Tree health care actions will be approved on an individual tree/incident 
basis.  To help maintain the vitality of campus trees it is recommended that tree care personnel 
preform an ocular assessment of whether or not there is a pest infestation, nutrient deficiency, 

Figure 2. Pruning locations and terminology. 
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water stress, or any other unusual condition while preforming tree maintenance.  When a tree 
health issue is identified, appropriate treatment options will be made based on funding, priority, 
and likelihood of success. 
 
Catastrophic Events:  A catastrophic event in the urban forest can be described as anything that 
suddenly inflicts major tree damage or death in a defined area without notice.  Such events often 
include a major weather event or pest infestation.  A preplanned response and recovery plan will 
be developed as resources allow.   
 
A response portion of the plan typically develops a priority list of what areas need to be cleared 
of all safety hazards first.  That list usually identifies high-use areas as the top priority and 
decreases priority as usage decreases.  The recovery portion may establish protocols on how a 
landscape restoration project will be accomplished through priority based pruning and planting.  
In the event that this plan is implemented an incident manager may want to provide an evaluation 
of what happened, what the plan addressed correctly, and what areas of the plan needs 
improvement. 
 
Protection & Preservation:  All trees should be considered for retention or transplanting in 
construction areas.  Tree protection zones will be created prior to construction and a critical root 
zone established.  Construction activities shall not occur in the critical root zone unless 
specifically authorized. It is recommended that all trees that are identified as needing protection 
within the designated work area have a Council of Tree and Landscape Appraisers (CTLA) value 
calculated prior to the start of the project and after the project is complete.  When damage to a 
protected tree is identified the visiting project manager may be penalized based on the criteria 
described in the tree damage assessment section and as agreed to within a construction contract.  
Appendix E presents a proposed protection and preservation process. 
 
Prohibited Practices:  Vandalism or any tree care not authorized by the Grounds Department on 
campus is prohibited. This includes tree carving, attaching advertisements with the use of nails 
and staples, and removing parts of the tree or any other action that decreases the tree’s vitality.  
Any tree, shrub, or vine that is planted without the guidance/approval of the Grounds Department 
is prohibited.  Minor removal of tree parts for educational purposes is authorized. 
 
Communication Strategy:  The University of Wisconsin - Stevens Point Campus Tree Care 
Plan will be publicly displayed on the UWSP’s website on the Grounds Department page.  All 
related campus tree programs can be advertised to the student body by the campus e-mail 
distribution system, the official university website, and the weekly informational emailing to 
natural resource students and faculty. 
 
To effectively communicate the proper policies, procedures, and practices outlined in the campus 
tree care plan it is suggested that all potential contractors be notified during a project bidding 
process to ensure full cooperation.  UWSP may give a paper copy of the relevant campus tree 
care plan sections for a contractor to reference which helps eliminate any miscommunication 
prior to any work is to be initiated. UWSP may also want to provide a reference to the campus 
tree care plan for the student body in the student handbook, which is a handbook outlining all 
acceptable behavior. 
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Standard Three: Campus Tree Program with Dedicated Annual Expenditures 
 
Currently an annual tree care budget of $52,100 is spent with managing the UWSP urban forest.  
The annual budget divided by an approximate 9,200 full-time students equates to $5.66 spent per 
student.  This budget does not account for the value of present tree care equipment or the 
volunteer labor from the SSA, arboriculture classes, and service learning projects. 
 
Table 2. Current annual tree care expenditures at UWSP. 
  

Expense Area1 Cost ($) 
Annual Planting 8,000 

Annual Pruning 2,000 

Annual Tree and Stump Removal/Disposal 3,000 

Annual Pest and Disease Control 100 

Annual Establishment/Irrigation 3,000 

Annual Repair/Infrastructure Damage 12,000 

Annual Litter/Storm Clean-up 4,000 

Expenditure for Program Administration 10,000 

Other Annual Expenditures 10,000 
 
1From Forestry 333 Stratum Exercise: Parameter Input Data (2010) 
 
 
Standard Four: Arbor Day Observance 
 
An Arbor Day observance will be held on UWSP annually on the last Friday of April which is in 
accordance to the State of Wisconsin’s law.  Each Arbor Day celebration will be used as an 
opportunity to educate the campus community about the benefits of having trees in our 
community.  The Arbor Day observance will be held on campus with a public invitation to the 
surrounding community. On Arbor Day UWSP may want to host guest lectures about the 
importance of having trees in our community, or have a ceremonial tree planting on campus with 
a short memorial portraying the importance of Arbor Day. 
      
It is required by Tree Campus USA to record evidence of the annual Arbor Day observance.  
This evidence may be recorded in a log book that includes the date, time, location, and 
individuals participating in the event. Additional evidence that can easily be recorded is any 
media stories/advertisements by the student newspaper, city newspaper, county newspaper, and 
local news radio and television stations, or pictures and video recordings of the Arbor Day 
observance. 
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Standard Five: Service Learning Project 
 
UWSP inspires to share the importance that our campus’s tree resource has with students, staff 
and community through service learning projects.  Service learning is also important to the 
general education of students and is a current area being integrated into the general degree 
requirements for students at UWSP. Student organizations on campus including the SSA and 
Society of American Foresters have annual tree plantings that can easily be used to educate 
people on benefits trees provide.  Below is a list of the service learning projects (pre-existing and 
proposed) that can be implemented at UWSP.   
 
College Days for Kids (Pre-existing):  College Days for Kids is a program designed for high - 
ability sixth graders. Participating schools bring these sixth graders to UWSP for a couple days 
to experience enrichment classes taught by university faculty and academic staff. The objective 
of this program is to expose the sixth graders to all of the potential degrees offered at UWSP in 
hopes to spark an interest.  These students are exposed to the forestry programs by giving them 
hands-on activities and tree identification.  
 
Arbor Day and Earth Day Tree Plantings (Pre-existing):  UWSP has observed both Arbor 
Day and Earth Day by planting trees on campus. This event typically had an attendance 
composed of student and community volunteers, and campus officials. Volunteers are split into 
small groups and are typically assigned one SSA student to educate them on how to plant a tree 
correctly. Arbor Day and Earth Day tree plantings have been historically covered by many local 
media sources such as the Stevens Point Journal and by the campus newspaper.  
 
Student Society of Arboriculture (Pre-existing):  Campus pruning creates an opportunity for 
interested students to gain knowledge and experience in the field of arboriculture.  Campus 
pruning consists of a head-pruning officer who takes other students around campus and gives 
them hands-on experience in the basics of pruning trees.  The SSA has Experience Days that are 
another way to provide students with the chance to gain valuable work experience off campus. 
Another service is “Climbing for Kids” this program teaches children about careers as an arborist 
through climbing demonstrations.   
 
Planting Week (Proposed):  A proposed “UWSP Tree Care and Planting Week” (UWSP-
TCPW) project may serve as an outreach opportunity to portray the spirit of the Tree Campus 
USA designation for the university. The UWSP-TCPW will also serve as an opportunity to 
engage the campus population, local public, and schools within the communities to learn how to 
plant trees, shrubs, and other vegetation on campus grounds, along with performing various 
arboricultural demonstrations on campus trees, shrubs, and other vegetation. The UWSP-TCPW 
will be a great opportunity for the campus population to work and educate community members 
and school children alike. 
 
Lecture Series - Educating the Community in the Value of Trees (Proposed):  Students may 
be selected to host a free informal lecture on campus about the values of neighborhood trees. The 
goal is that community members walk away with a greater understanding, as well as a renewed 
appreciation of the urban forest environment while student lecturers gain valuable experience in 
public speaking. 
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Conclusion 
 
The University of Wisconsin - Stevens Point Campus Tree Care Plan was created to develop an 
initial set of proper policies, procedures, and practices advocating for a healthy and sustained 
urban forest.  This plan followed the five standards that the Arbor Day Foundation’s Tree 
Campus USA initiative to promote healthy community forests on campuses.  It is expect that this 
plan will be revisited on a periodic basis to see if current approaches work, if areas important to 
urban forest management are missing, and to modify this plan as needed.  This plan does not 
cover every possible aspect important to managing the urban forest.  Rather, it provides an 
important basis to move a written and orderly process forward. 
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Appendix A – Definitions of commonly used terms in the Campus Tree Care Plan. 
 
Definitions: Below is a list of terms used in urban forestry that are presented here to aid in 
clarity and understanding of this document. 
 
Branch Collar – The area where tree stem tissues and branch tissues overlap connecting the 
branch to the stem. 
Canopy Cover – The extent of the outer layer of leaves over the ground below.  It is the 
proportion of land that the canopy covers compared to the total land area. 
CTLA – Acronym for Council of Tree and Landscape Appraisers, which is a tree appraisal that 
estimates the replacement cost of a tree with another tree of the same species, condition, and 
size.  
DBH – Acronym for diameter at breast height which is the standard place of measurement, 4.5 
feet, for a tree’s stem diameter. 
Hardiness Zone – A geographically defined area in which plant life is capable of growing.  The 
United States is divided into 11 hardiness zones based on a plant’s ability to withstand the 
minimum temperatures of that zone. 
Internodal Pruning – Cuts made between branch unions or buds which may lead to branch 
dieback. 
Native Species – A naturally occurring species of plant/tree that is indigenous to an area or 
region. 
Pruning – The removal of any portion of a tree through the use of a cutting tool. 
Root Ball – The collection of soil and roots of a tree that has been packaged to aid in 
transportation of the tree. 
Topping – Internodal pruning at the top portion of a tree canopy. 
Temporary branch – Any branch below the lowest permanent scaffold limb or any branch that is 
targeted to be removed in the future. 
 
For more definitions see the “Techno Tree Biology Dictionary & Tree Care Information” website at: 
http://www.treedictionary.com/. This website has been provided by Keslick and Son Modern Arboriculture, 
Associates © 2009.  
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Appendix B – Wisconsin Department of Natural Resources - Terrestrial Restricted 
Species List 
 
Classification1 Common Name Scientific Name 
P/R Amur honeysuckle  Lonicera maackii 
  Amur maple (CV) Acer ginnala 
R Autumn olive  Elaeagnus umbellata 
R Bells honeysuckle  Lonicera x bella 
  buckthorn Rhamnus spp. 
  Burning bush (CV) Euonymus alata 
NR Callery pear Pyrus calleryana 
  Chinese elm Ulmus parvifolia 
R Common buckthorn  Rhamnus cathartica 
  English ivy Hedera helix 
  European barberry Berberis vulgaris 
  European mountain ash Sorbus acuparia 
R Glossy buckthorn (CV) Frangula alnus 
  honeysuckle Lonicera spp. 
  Japanese barberry (CV) Berberis thunbergii 
P Japanese honeysuckle  Lonicera japonica 
R Morrow's honeysuckle  Lonicera morrowii 
R Multiflora rose  Rosa multiflora 
  Norway maple (CV) Acer platanoides 
R Oriental bittersweet  Celastrus orbiculatus 
P Princess tree  Paulownia tomentosa 
R Russian olive  Elaeagnus angustifolia 
P Sawtooth oak  Quercus acutissima 
NR Scotch pine Pinus sylvestris 
  Siberian elm Ulmus pumila 
R Tartarian honeysuckle  Lonicera tatarica 
R Tree-of-heaven  Ailanthus altissima 
  Wayfaring tree Viburnum lantana 
  White mulberry Morus alba 
  White poplar Populus alba 
P Wineberry  Rubus phoenicolasius 

 
1Chapter NR 40 Classification Key: P=Prohibited; R=Restricted; C=Caution; NR=Non-restricted 
 
For an updated list of the current invasive species please visit this website and click on - A Field 
Guide to Terrestrial Invasive Plants in Wisconsin 
 http://dnr.wi.gov/invasives/  
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Appendix C – Wisconsin Department of Natural Resources –Tree Planting Guidelines. 
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Appendix D – Prescription or Dosage Based Watering 
 
Labor to water trees is sometimes given as a reason or excuse used for not adequately watering 
newly planted trees.  If the water requirements of newly transplanted trees cannot be met, 
planting smaller trees is recommended.  For example, 1- and 2-inch caliper trees have less root 
loss and recover faster than trees 2 to 3 inches in stem caliper.  Mulching trees to a 2- to 3-inch 
depth is recommended as it helps to reduce evaporation and conserve precious water.  
Incorporating the labor cost of watering trees within the tree planting budget should insure 
adequate watering occurs and trees establish successfully.  If tree planting is part of the contract 
process, consider including watering as an additional component in the bid.  Your community 
forestry program will be far better off if trees are adequately watered rather than continually 
replanting and not realizing the benefits that mature and established trees provide. 
 
Irrigation Guidelines for Quickly Establishing Trees (Well- drained sites during the 
growing season in the Midwest) 
 
 Less than 2-inch caliper planting stock: Water daily for 1 week; every other day for 1 to 2 

months; weekly until established 
 
 2- to 4-inch caliper planting stock: Water daily for 1 to 2 weeks; every other day for 2 

months; weekly until established 
 
 4-inch caliper planting stock: Water daily for 2 weeks; every other day for 3 months; 

weekly until established 
 
Notes: Modified from Gilman, E.F. 1997. Trees for Urban and Suburban Landscapes. Delmar 
Publishers. 662 pp. 
 Delete daily irrigation when planting in fall or early spring.  Little irrigation is needed when 

planting in winter. 
 Reduce frequency in cool, cloudy, wet weather if soil is poorly drained (soil drains less than 

3/4 inches per hour).  Eliminate daily irrigation in poorly drained soil.  Following a rainfall 
wait until all free moisture drains out of the soil. 

 Establishment takes 12 months per-inch-trunk caliper. 
 Minimum frequency for survival could be once each week. 
 Irrigation can cease once trees drop deciduous foliage in the fall. 
 At each irrigation, apply 1 to 2 gallons for each inch of trunk diameter to the root ball. 
 
Adapted from: Hauer, R.J. 2000.  Tree Establishment: Water you going to do! Minnesota Shade Tree Advocate. 
3(3):5-7 
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Appendix E – Protection & Preservation Process 
 
Selection of trees to retain shall occur before construction occurs.  The first step in this approach 
is to create or obtain a site map of the area that is designated for construction or renovation, 
including the buildings and their locations, the construction area(s), and the tree locations. While 
using this site map, identify all the trees whose root systems are likely to be impacted by the 
construction processes and all the trees whose branches may be damaged by construction 
equipment. These trees will then be considered to be potentially impacted. Once all of the 
potentially impacted trees are identified, they will then need to be prioritized or ranked. The 
potentially impacted trees will need to be ranked from high priority for preservation to low 
priority for preservation, and also ranked as not salvageable if necessary. High priority trees are 
those trees that are of medium to large size ranging from greater than 10-inches in diameter at 
breast height (DBH) to larger than 24-inches in DBH. High priority trees are also trees of 
desirable species that have good form and structure, are in good health, and have adequate room 
to continue growing. High priority trees should receive a high preservation and protection 
priority. In addition, large valuable trees should receive preservation consideration with 
construction alternatives allowing that the desired features and costs of the proposed buildings 
are maintained. Trees with a low priority for preservation are generally smaller trees with less 
than 10-inches in DBH. Trees that have a low priority ranking can also be those which have a 
relatively low landscape value, poor form and structure, species of relatively low landscape or 
educational value, and/or insufficient space for future growth. Trees that are deemed not 
salvageable from a construction or renovation area are those with characteristics such as 
undesirable species, very poor health, have a very low landscape or educational values, heavily 
diseased, heavily damaged, and have little chance of recovering their desirable form, structure, 
and function. 
 
Protection of retained trees shall occur during construction activities.  Once the areas containing 
high and low priority rankings for preserving trees are identified, these areas need to be zoned 
for protection. These tree protection zones need to be sheltered by tree protection fencing. The 
tree protection fencing must be installed around all groups of trees or individual trees designated 
as high or low priority rankings for preservation. The fencing must be installed at a distance from 
each tree or groups of trees of at least 1.25-feet per inch of trunk diameter, or 6-feet away, 
whichever distance is greater. The fencing must also be installed before any equipment arrives 
on the construction or renovation site. The area within the tree protection fencing zone must be 
mulched to a depth of 4-inches. The fencing must be maintained for the entire duration of the 
construction or renovation project and may be removed at the end of the project, provided that 
official permission has been granted by the committee. No activity shall occur within the tree 
protection fencing zone other than laying mulch. The project manager shall be held liable and 
will be penalized if events other than mulching occur within the tree protection fencing zone. 
(Please refer to the Tree Damage Assessment section for more information) The tree protection 
fencing must be 11.5-gauge, galvanized, chain-link fencing with a minimum of 1.625-inch 
outside diameter, tubular steel posts and top rails and a minimum height of 4-feet. Surface 
mounted fence panels may be used if approved by the Committee. Surface mounted fence panels 
must also be adequately braced to resist wind loading. 
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Georgia Tech Campus Tree Care Plan 
I.  The purposes of campus tree care plan are to: 

• Facilitate the achievement of 55% tree canopy on campus as recommended by the 2006 Campus 
Landscape Master Plan. 

• Facilitate the achievement of 22% woodlands coverage on campus as recommended by the 2006 
Campus Landscape Master Plan. 

• Protect and maintain the campus urban forest by managing the impact of development and 
constructions on campus trees. 

• Provide protection and to make sure that removal of all trees on campus are conducted with proper 
considerations and adequate replacement program, according to our approved 2006 Campus 
Landscape Master Plan. 

II.  The responsibility of the Campus Tree Care Plan rests with Georgia Tech Facilities Department. 
III.  The Campus Tree Advisory Committee is composed of: 

• Hyacinth Ide, Facilities Landscape Manager 
• Anne Boykin Smith, Master Planner, Capital Planning & Space Management 
• Jerry Young, Landscape Project Manager, Facilities Design & Construction 
• Lisa Jackson, Information Analysis III, Center for GIS, School of Architecture 
• Byron Amos, Vine City Neighborhood 
• Dr. Gerald Pullman, Professor, School of Biology 
• George Roberts, Construction Foreperson, Landscape Services 
• Michael Walsh, Horticulturist II, Certified Arborist, Landscape Services 
• Brett Testa, Horticulturist I, Certified Arborist, Landscape Services 
• Donna Chronic, Horticulturist II, Landscape Services 
• Ed Lanz, Project Superintendent, Georgia Certified Landscape Professional, Housing Department 
• Paul Thurner, Home Park Neighborhood 
• Marcia Kinstler, Director of Sustainability, Georgia Tech 
• Brent Beamon, Arborist from the City of Atlanta 
• Ritchie Brown, Senior Facilities Manager, Parking & Transportation, Georgia Tech 
• Drew Getty, Kristie Champion, Deanna Murphy, Jason Vargo, Rahn Austin, Joseph Staubes, Yi Lin Pei, 

Student representatives (during the academic year August 2008 – June 2009) 

Roles of Representatives 
The committee members will accept to serve for a period of one calendar year with a renewal option. Members 
shall appoint officials who will conduct the day to day business of the committee. Committee members are 
expected to actively participate and contribute in policy/guideline issues as well as research/information 
gathering that would aid in the campus tree care plan. 
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Georgia Tech Care Policies – Tree Planting 
Plant Selection 
Plant species used on Georgia Tech campus will come from the list of the Landscape Standards in the 2006 
Landscape Maser Plan. The list contains both native and exotic species that have been screened for adaptability 
to physical conditions and serviceability, to meeting planting needs based on site orientation, drainage, soil 
condition, use, etc. Where appropriate, the best plant shall be selected for a given site, which may or may not be 
a “native”. Trees to be used on campus must be preselected at the farm or nursery for good quality and tagged. 
Only trees of 2”‐2 ½” minimum caliper and maximum of 4”‐4 ½” caliper will be planted.  

Site Preparation 
The planting hole should be dug no deeper than the rootball when measured from the bottom of the rootball to 
the trunk flare. If the hole is deeper than the rootball, it often results in the settling of the plant above the trunk 
flare and structure roots which can result in the rootball being planted too deep. But the width of the hole 
should be at least 2 to 3 times the diameter of the rootball with sloping sides. 

Preventive Setting the Plant and Back Filling the Hole 
Plants must be set with trunk flare 1”‐2” above the existing grade. Once the plant is properly placed, all visible 
ropes and burlaps at the top one‐third should be cut away. The top 8”‐16” of the wire basket should be 
removed once the rootball is stable in the planting hole; backfill the planting hole with the existing soil. If the 
existing soil is of a poor quality, addition of soil amendment as recommended by the soil analysis should be 
used. The backfill soil should be tamped firm enough to remove large air pockets, but not too firm as to remove 
all fine air spaces needed for a well aerated soil for root development. Complete the backfill by making sure 
that the trunk flare is completely exposed, spread mulch at 2‐4” depth but not touching the trunk, water the 
rootball and the planting area deeply.  

 
Newly planted trees must receive adequate water weekly during the entire first growing season right up until 
dormancy in the fall, by irrigation or placement of ooze bag or hand watering. 

Transplanting 
Desirable trees in a development area or other construction sites shall be transplanted by staff if the tree caliper 
is between 2”‐4” where there is an acceptable location and during the planting season (October to March). Trees 
of larger caliper shall be contracted out using comparable tree spades. 
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Fertilizing 
Newly planted trees should not receive fertilization during the first growing season except in a situation where 
a soil test recommends its use. A slow release type of fertilizer should be used around the tree basin. Trees in 
poor condition should receive deep root fertilization of 5‐35‐10 plus micro nutrients, with repeat application if 
necessary. Also, when necessary, we shall use 10‐20‐10 for evergreen trees and 25‐10‐10 for general application. 
Routine tree fertilization is not recommended; however, campus trees receive adequate nutrients from turf, 
shrubs and groundcover routine application of fertilizers. 

Staking 
Staking of trees at planting is not required if the rootball is stable. If staking must be done, it will be done in 
accordance with ANSI most recent edition. 

Pruning 
After planting, only broken or damaged branches should be pruned. Tree wrapping is generally not 
recommended. 

Landscaping 
Landscaping on Georgia Tech campus must adhere to the five plant communities indicated in the 2006 
Landscape Master Plan. They are Woodland, Parkland, Meadowland, Ornamental and Lawn. All landscaping, 
new and old shall use the list of acceptable plants in the Campus Landscape Master Plan. The best plant 
materials should be chosen based on the site conditions, not based solely on the merit of its being native. The 
objectives are to increase campus tree canopy to a minimum of 55% and campus coverage by Woodlands to 
22%. 

 

Georgia Tech Care Policies – Tree Maintenance and Removal 
Preventive Maintenance Pruning 
The tree team systematically prunes trees annually through a preventive maintenance pruning program. 
Preventive maintenance pruning is conducted on an as needed basis at this time. All campus trees are 
periodically surveyed and rated based on their pruning needs to determine scheduling priorities. 

Service Requests 
The tree team typically prunes 300 trees annually by service request. Requests are made by customers around 
campus, which is then followed up by an inspection of the trees by the staff arborist who generates the 
evaluation and tree rating to determine the type of pruning to be performed by staff. See appendix A, routine 
inspections by staff provide most of our pruning needs.  

Fallen Limb Removal 
When limbs fall from trees on campus, members of the campus community can call in or make a service request 
(via web base) and by staff inspection to promptly clean up the debris. Every attempt will be made to clean up 
dropped limbs within the same day, depending on the severity of the storm and the extent of the tree damage 
(except in the Greek and religious properties). We do not maintain private properties on Georgia Tech Campus. 
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Hazard and Emergency Tree Removal 
From 2004‐2008, Georgia Tech Landscape Services and new construction has removed a yearly average of 111 
trees. During the same period, 428 trees were also planted annually. When a tree removal request is made, a 
certified arborist evaluates the tree in question and makes the determination for removal or not based, on the 
result. If the tree is considered a hazardous tree, it is then scheduled for removal. All hazardous trees have two 
things in common, a significant defect and a potential target for falling on a building, car or pedestrian. Most 
tree removals are done by staff or contractor. Very large trees needing a crane are contracted out. 

Stump Grinding 
After trees are removed the stumps are then scheduled for grinding, provided there is adequate access to the 
site. When the stump is ground out, the grindings are raked and left slightly mounded to allow for decay and 
settling to occur. 

Managing for Catastrophic Events 
In the event of severe weather conditions such as tornadoes or hurricanes, falling trees will be removed by 
Landscape Services staff or an outside tree removal company. Roads and streets shall be cleared first, then 
access to critical buildings, administration, buildings with critical labs, library, student center, etc. in that order. 
In the advance of severe weather conditions, all necessary equipment shall be checked for readiness and safety 
by staff. 

Protection and Preservation Policies and Procedures 
Tree protection zones shall be established and maintained for all trees to be preserved in a construction site. 
Construct a simple barrier for each tree or grouping to protect the trunk and root systems. This reduces damage 
from heavy equipment and trucks. Wood, plastic or chain link 4’ fencing would be suitable. Install the barrier 
fence for every inch diameter of that tree’s diameter breast height (DBH), provided that in no case shall the 
protection zone be less than a radius of 2.5 feet. No root raking shall be allowed within any tree protection zone 
at anytime during clearing, grading or construction of a project. No equipment or vehicle shall be parked or 
construction material stored, or substances poured or disposed of or placed within any tree protection zone at 
anytime during clearing or construction of a project. To the extent possible, all site work shall be planned and 
conducted in a manner that will minimize damage to protected trees from environmental changes such as 
altered site drainage or any other land disturbance within or immediately adjacent to the critical root zone of 
the tree. 

New Building or Facilities Construction 
Development activities shall be planned to the extent possible in order to preserve and protect trees on Georgia 
Tech Campus. Any tree on Georgia Tech campus that must be removed to accommodate development, damage 
during storm events, disease and water/sewer repairs must be shown on the site plan and a method of 
compensation shall apply as prescribed by the 2006 Campus Landscape Master Plan, on page 65. 

a) A 1” diameter tree shall be compensated with an equivalent monetary value. 

b) A 1” diameter tree shall cost  no less than $175.00 (2008 cost) 

c) The sum total of the diameter of replacement trees (inches) shall be multiplied by that year’s actual cost 
of the tree market value. 

d) An account shall be created to receive and manage the tree replacement program. This will allow for 
the flexibility of planting time or the issue of not having ready site or if the site has insufficient space for 
tree planting and payment shall be made to the tree planting and replacement account. The tree 
replacement or planting account shall be a separate account so that the funds can be used from year to 
year for the purpose of tree planting and replacement only. 
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Design Requirements 
Design of a new development or reconstruction shall include a green space plan in the proposal. Such plans 
shall include a tree protection, tree establishment and landscape plan. Such plan shall conform to the landscape 
standards as prescribed in the Campus Landscape Master Plan. 

Goals and Targets 
Develop an integrated, ecologically based landscape and open space system that will help Georgia Tech achieve 
its goal of environmental sustainability by 1) increasing campus tree canopy to a minimum of 55%, 2) increase 
campus coverage by Woodlands to 22% and 3) completion of a Campus Tree Inventory. In 2004, the campus 
tree inventory as indicated in the 2006 Campus Landscape Master Plan was 5000 trees and the tree canopy 
coverage was 15‐18%. In 2008, there are about 6,700 trees on Georgia Tech campus providing approximately 
33.8% of tree canopy. A GIS Tree Inventory is in progress to update the Campus Tree Inventory.  

Tree Damage Assessment 
All damaged trees on Georgia Tech campus shall be assessed by a Certified Arborists using the existing tree 
evaluation form. Results from the evaluation determines whether the tree should be removed, pruned or 
receive treatment such as fertilization, and insect/disease control, see appendix B. Removed trees are updated 
on the tree inventory list. Whenever it is determined that violation of this procedure has occurred, the Facilities 
representative or designee shall immediately issue written and oral notice to the person or company or 
department in violation, identifying the nature and location of the violation and specifying that remedial action 
is necessary to bring the violation into compliance. The person or company or department in violation shall 
immediately, conditions permitting, commence remedial action and shall have seven (7) working days after the 
receipt of the notice, or such longer times as may be specified in the notice, to complete the remedial actions 
required to bring the activity into compliance with this policy, 

Prohibited Practices 
Under no condition shall a tree be planted on Georgia Tech campus for dedication without pre‐approval from 
the office of the Executive Vice President for Administration & Finance through the office of Capital Planning & 
Space Management. 
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Definitions 
Caliper ‐ The diameter or thickness of the main stem of a young tree or sapling as measured at six (6”) inches above 
ground level. This measurement is used for nursery‐grown trees having a diameter of four inches or less. 

Canopy trees ‐ A tree that will grow to a mature height of at least 40 feet with a spread of at least 30 feet. 

Clearing ‐ The removal of trees or other vegetation of two inches DBH or greater. 

Critical Root Zone ‐ The minimum area surrounding a tree that is considered essential to support the viability of the 
tree and is equal to a radius of one foot per inch of trunk diameter (DBH). 

Development ‐ The act, process or state of erecting buildings or structures, or making improvements to a parcel or 
tract of land. 

Diameter, breast height (DBH) ‐ The diameter or width of the main stem of a tree as measured 4.5 feet above the 
natural grade at its base. Whenever a branch, limb, defect or abnormal swelling of the trunk occurs at this height, the 
DBH shall be measured at the nearest point above or below 4.5 feet at which a normal diameter occurs. 

Green space ‐ Any area retained as permeable unpaved ground and dedicated on the site plan to supporting 
vegetation. 

Green space plan ‐ A map and/or supporting documentation which describes for particular site where vegetation is 
to be retained or planted in compliance with these regulations. The green space plan shall include a tree establishment 
plan, or a tree protection plan, and a landscape plan. 

Impervious surface ‐ A solid base underlying a container that is nonporous, unable to absorb hazardous material, 
free or cracks or gaps and is sufficient to contain leaks, spills and accumulated precipitation until collected material is 
detected and removed. 

Landscape plan ‐ A map and supporting documentation which describes for a particular site where vegetation, is to 
be retained or provided in compliance with the requirements of this policy. The landscape plan shall include any 
required buffer elements. 

Native tree ‐ Any tree species which occurs naturally and is indigenous within the region. 

Tree establishment plan ‐ A map and supporting documentation which describes, for a particular site where existing 
trees are to be planted in compliance with the requirements of these regulations, the types of trees and their 
corresponding trees for reforestations. 

Tree protection plan ‐ A map and supporting documentation which describes for a particular site where existing 
trees are to be retained in compliance with the requirements of the regulations, the types of trees and their 
corresponding tree for reforestations. 

Tree protection zone ‐ The area surrounding a preserved or planted tree that is essential to the tree’s health and 
survival, and is protected within the guidelines of these regulations. 

Communication Strategy 
After the adoption of the Campus Tree Care Plan and Policies by the Advisory Committee and Georgia Tech 
Administration approval, an article on Georgia Tech’s participation in the Tree Campus USA shall be placed in 
the student’s newspaper “The Technique” and the staff news paper “The Whistle”. Also, the adoptions shall be 
sent to the Georgia Tech community via the electronics email distribution system and placed on the Georgia 
Tech Facilities Website. Additionally, a press release shall be made to the local media through the office of 
Institute Communication & Public Affairs. 
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Dedicate Annual Expenditures for Campus Tree Program 

Staff and Equipment 
Georgia Tech has dedicated two full time employees (a certified arborist & equipment operator) and 1/3 of 
Foreperson’s time totaling $138,518.39 for the tree program. On average, Georgia Tech Landscape Services 
spends $19,000.00 to purchase new trees per year. The following equipment is used in the maintenance and care 
of our campus trees. 

Chipper truck with 25’ bucket  $ 52,756.20 

Vermeer 1250 Chipper  $ 20,000.00 

Vermeer Stump Grinder  $ 11,542.90 

New Holland Ford Backhoe  $ 55,542.90 

Bobcat 863 Loader  $ 19,960.84 

Chainsaw (4)  $   3,600.00 

Pole saw  $      749.00 

Climbing Gears  $   1,122.75 

Subtotal (Equipment Invested)  $165,481.69 

Equipment Maintenance/yr  $    1,722.69 

Grand total on equipment  $167,215.38 

Annual Contract Labor Cost  $  18,590.00 

  
Tech Beautification Day 
The Georgia Tech Beautification Day and Earth Day held annually in April, account for over 500 students, 
faculty & staff volunteers. At 3 hours per volunteers x $18 equals $27,000.00 of volunteer labor per year. They 
participate in planting trees, shrubs, groundcover, flowers, laying sod, spreading pine straw and wood chips, 
pulling weeds, picking up trash, etc. on the Georgia Tech campus. Some Hands‐On‐Atlanta members also 
participate with the students, faculty and staff. 

Other associated costs of the campus tree management are: 

• Development of Georgia Tech Campus Landscape Master Plan in 2006 

• Three staff members are Certified Arborists of the International Society of Arboriculture with assorted 
fees of $2,500.00 

• Development of 5000 campus tree inventory in 2004 at $35,000.00 
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Summary 
Summary of the dollar value dedicated to the tree program by Georgia Tech are: 

Labor staff/yr  $138,518.39 

Labor contract/yr  $  18,590.00 

Labor volunteer/yr  $  27,000.00 

Tree purchase/yr  $  19,000.00 

Materials/yr  $    7,500.00   

Equipment investment  $195,481.69 

Equipment maintenance/yr  $    1,722.69 

Tree inventory cost  $   35,000.00 

Staff associations & training cost  $    2,500.00 

TOTAL  $445,312.77 

Georgia Tech’s full time student population is 19,410 x $3 annual expenditure requirement is $58,230.00. 
Therefore, Georgia Tech is well over the required amount of expenditures needed for Tree Campus USA 
participation. 
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http://treesandhurricanes.ifas.ufl.eduThe Urban Forest Hurricane Recovery Program

This chapter brings together the information 
and tools from previous chapters and changes 
the focus to the community rather than the 
homeowner, and from individual trees to the 
urban forest. The urban forest is the collective 
sum of all trees and vegetation in and around 
an urban area. Urban forests are an integral part 
of a community’s well-being, so a management 
plan for its urban forest is essential to a 
community. An urban forest management plan 
should consider public and private trees as 
part of the urban ecosystem. An urban forest 
management plan does not allow a community 
to tell each individual or homeowner how to 
manage their property, but it does allow a 
community to take trees on private property 
into account so that planners can look at the 
entire forest as a resource to manage.

Communities (e.g. neighborhoods, homeowner 
associations, towns, or cities) can manage their 
tree resources to meet common goals using a 
management plan. By working together rather 
than as individuals, communities can maintain 
or enhance their urban forests and improve their 

well-being. This chapter along with preceding 
chapters can be used as a guide for citizen 
and tree care professional participation in 
managing the community’s urban forest and for 
community leaders in developing a plan for their 
urban forest.

The process outlined in this chapter is dynamic 
and adaptable and can be used by any 
community, regardless of type or size. All the 
components of this process are related and 
are part of the overall objective of achieving a 
healthy, wind-resistant urban forest. A healthy 
urban forest is composed of trees that maximize 
ecosystem benefits and withstand natural and 
anthropogenic stresses and disturbances, such 
as wind from hurricanes and tropical storms, 
flooding, pollution, etc. Several urban forest 
management and street tree master plans 
were reviewed in preparation of this chapter. 
Additionally, conversations with urban foresters 
from across the Southeastern US and elsewhere 
were used to develop this outline to help a 
community start its own process.

Introduction
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Why Develop an Urban Forest 
Management Plan?
An effective urban forest management plan1 should 
be developed and implemented before damage from a 
windstorm or hurricane occurs. It also can be used as a 
blue print for post-hurricane response to damages after a 
storm. Developing a management plan can:

•  Create a safe and attractive environment.

•  Maintain or enhance public and private urban 
forest cover.

•  Provide ways of responding to the community’s 
needs and requests.

•  Maximize the well-being of residents and visitors.

•  Minimize the costs of managing your trees and 
hazards to life and property.

•  Improve coordination of management activities 
with other associations, neighborhoods, 
departments or offices.

•  Establish measurable and long-term goals and 
objectives.

1 An urban forest management plan outlines day to day management activities, or the 
who, what, when and how, that need to be accomplished to achieve a community’s goals 
and objectives regarding their public and private trees. This is different from a street tree 
master plan, which involves specific goals and objectives and management related to 
public trees along streets and public rights of way (Hubbard 2000).

How to Develop an Urban 
Forest Management 
Plan for Hurricane-Prone 
Communities?
In general, a community urban forest management plan 
for hurricane-prone communities needs to be viewed as 
a process and not a product (Figure 1).

Figure 1 outlines a process that will answer four basic 
questions using seven general approaches:

What does the community want from its urban 
forest?

•  Creating a vision (p. 2)

•  Setting visions, goals and objectives (p. 3)

•  Getting community participation (p. 3)

What is the community's urban forest resource?

•  Assessing the community’s tree, fiscal, and human 
resources (p. 5)

How can the community achieve the urban forest it 
wants?

•  Developing goals and objectives (p. 4)

•  Implementing a plan to meet the goals and 
objectives (p. 7)

Is the community achieving the urban forest it 
wants?

•  Monitoring and evaluating (p. 8)

Creating a Vision

At the beginning of this process, the community 
should identify a vision for its urban forest to achieve 
a functional management plan (Figure 1). A vision 
statement will help define the goals and objectives, 
which lay the framework for the management plan. A 
vision is the desired future condition of the urban forest, 
and it should be concise and meaningful (Hubbard 
2000). This vision needs to be created by and accepted 
by the community. Community consensus is critical 
in defining what goals are most important because the 
time and resources available to implement those goals 
are limited. For example, the vision of the Urban Forest 
Hurricane Recovery Program might be to promote a 
healthy and wind-resistant urban forest. It could be 
aimed at helping citizens and communities to restore an 
urban forest after storm damage and to set better urban 
forest management practices so that future storms are 
less devastating.

Figure q
The process of developing an urban forest management plan 
for hurricane-prone communities.

1 3

2

q



CHAPTER Developing an Urban Forest Management Plan for Hurricane-Prone Communities p. 3

Setting Visions, Goals and 
Objectives

Goals

Goals are the general statements about what your 
community is trying to accomplish. Each goal statement 
then has its own set of objectives. A goal for hurricane-
prone communities could be to maintain or increase tree 
cover, wind resistance, and tree diversity.

Objectives

Objectives are focused, measurable, result-oriented 
activities that support the completion of a goal and help 
the community meet its vision. Some example objectives 
for a wind-resistant urban forest might be to remove 
hazardous trees, initiate a pruning program, and plant 
wind-resistant trees of different ages and sizes in groups 
in appropriate locations.

Different goals do not have to be exclusive or 
independent of one another. They often can be linked 
to achieve multiple benefits. If other goals for a wind-
resistant urban forest are to reduce storm water runoff 
and energy use, specific objectives could be to 1) use 
porous surfaces in parking lots and 2) plant groups 
of wind-resistant trees for shade. These combined 
objectives could result in reduced storm water runoff 
and increased urban forest cover in your community. So, 
by selecting species that are wind-resistant and planting 
them in groups in appropriate areas to reduce storm 
water runoff, the community increases its tree canopy 
and shade, improves wind resistance, reduces energy 
and thereby achieves all three goals (Figure 2). In the 
following sections we will explain how this publication 
can be used to help you select some goals and objectives 
toward creating a more wind-resistant urban forest.

Community Participation

To be effective, the vision statement and well defined 
goals and objectives should be a community activity 
(Figure 1). Establish a broad-based community working 
group or team (Letson, 2001). A meeting facilitator 
is often needed to ensure that everyone is heard and 
that all concerns are identified. The group should meet 
periodically. For example, the working group could 
consist of:

•  Private citizens

•  Community and urban foresters

•  Tree care professionals

•   Parks and recreation, planning, zoning, and 
extension service representatives

•  Emergency management services

•  Media contacts

•  Public utility providers

•  Engineers

•  Local non-profit organizations, and

•   Other public entities depending on the 
characteristics of your community

An example of a working group was the one that helped 
develop Miami-Dade County’s Street Tree Master 
Plan which establishes the direction for planting and 
managing trees along streets and highways for beauty 
and environmental benefits. The group consisted of 
The Community Image Advisory Board, Department of 
Environmental Resources Management, Public Works, 
Planning and Zoning, Cooperative Extension, Office of 
Strategic Business Management, Parks and Recreation, 
Office of Emergency Management, among others 
(Miami-Dade County, 2007).

If the community has not participated in the 
development of the management plan from its 
outset, the plan should at least be presented to the 
community before it is implemented so that residents 

Figure w
Combining 
different species 
and surfaces to 
meet multiple 
objectives.

w
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and community planners can participate in the 
decision-making process and, if necessary, help develop 
alternative management options if initial proposals are 
not acceptable (Figure 1). Involving the community in 
the decision-making process will give the management 
plan a greater chance of acceptance and success:

•  The community can help identify and develop 
alternative management options.

•  The team can discover new information relevant 
to the community and urban forest.

•  The plan and its actions will demonstrate fairness 
for all the members of the community.

Some ways of increasing community participation 
include:

•  Discussing the plan with friends and neighbors.

•  Organizing outreach activities such as news 
releases and public meetings.

•  Developing educational programs for schools and 
other community groups.

•  Establishing your city as a Tree City USA.

Developing Goals and Objectives

It is important to narrow down: (1) who will be 
responsible for implementing the plan; and (2) what 
and how and when the plan’s activities will be carried 
out (establishing a timeline). The information, lessons, 
and strategies from previous chapters can be included 
directly as objectives in your plan. For example:

• An objective to reduce or prevent the number 
of tree wind failures can use information from 
Chapter 6—Urban Design for a Wind Resistant 
Urban Forest, which presents appropriate design 
and plan management strategies. This chapter and 
Chapter 5—Lessons Learned from Hurricanes also 
present urban design strategies for increased wind 
resistance, such as planting trees in groups rather 
than individually and giving trees enough rooting 
space for their size (Figure 3).

• Specific post-hurricane restoration objectives 
and activities in your plan can use information 
from Chapter 4—Restoring Trees after a Hurricane, 
which explains specific tree pruning activities 
necessary for restoring trees after hurricanes. 
Also Chapter 12—Developing a Preventive Pruning 
Program: Young Trees and Chapter 13—Developing 
a Preventive Pruning Program: Mature Trees outline 
preventative pruning programs for young and 
mature trees. These can be used as multi-year 
objectives that can reduce damage from future 
storms for new and existing trees.

• Use of wind-resistant tree species is one objective 
for achieving a wind-resistant urban forest. 
Chapter 8—Selecting Southeastern Coastal Plain 
Trees Species for Wind Resistance and Chapter 
9—Selecting Tropical and Subtropical Trees Species 
for Wind Resistance list tree species that have been 
determined to be wind resistant.

• Objectives can also incorporate lessons from 
past hurricanes. Chapter 5—Lessons Learned from 
Hurricanes for example mentions removing hazard 
trees before the wind does and being careful 
not to damage or cut main support roots during 
construction, since this will damage the tree’s 
anchoring system.

• After Hurricane Andrew, more trees were 
damaged as a result of hurricane debris clean 
up (Burban and Andersen 1994). By designating 
areas for debris storage and temporary housing, 
communities can avoid causing further damage to 
their urban forests.

• Additional goals and strategies to reduce your 
risk from tree damage can include maintaining 
diversity in your community by planting a mixture 
of species, ages, and layer tree and shrub canopies 
(Miller 1997).

Figure e
Aerial view of the effects of a hurricane. Would proper 
species selection and planting trees in groups have 
prevented this? 
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Using the example from northern cities, hurricane-prone 
communities could develop emergency management 
goals as part of their plan (Letson, 2001). The draft 
urban forest management plan for Pineville, Louisiana, 
for example, calls for developing "storm plan" objectives 
to be followed when a storm occurs (City of Pineville, 
2006). Although an objective like this might be complex 
for large metropolitan areas affected by the severe 2004-
2005 hurricane season, it might be simple for smaller 
communities.

The working group needs to determine which goals 
and objectives are the highest priority and which 
can be achieved within current fiscal and resource 
limitations and then develop action items and specific 
steps necessary to achieve every objective. In fact, 
most objectives in a management plan need alternative 
options because of changes in funding, personnel, and 
community concerns (Figure 1). Objectives can also be 
presented as alternatives or designed to accommodate 
several goals and contingencies. For example, three 
alternative objectives for removing hazard trees in order 
to achieve the goal of a wind-resistant urban forest are:

Objective 1

Remove all hazard trees at once

This represents an improved efficiency and lower cost 
since work crews need to visit a neighborhood only 
once to remove undesirable trees. On the other hand, a 
significant portion of the canopy would be removed and 
this might upset residents who value these trees.

Objective 2

Remove hazard trees and wind-prone species 
as opportunities become available

This gradual change to the canopy might be less 
disruptive to the community but it will be less efficient 
and cost more than Objective 1 because crews will need 
to visit a neighborhood several times to complete the 
objective before a hurricane affects the community.

Objective 3

Leave hazard trees in place

This objective will prove catastrophically costly and 
inefficient if a storm strikes, but it may nevertheless be 
the most appealing to the community if it does not have 
any resources to allocate to tree removal.

As with most things in life, there will be trade-offs 
and these need to be assessed by the more specialized 
members of the working group (e.g. tree care specialists) 
and reviewed and accepted by the community. If the 
team and the community review the trade-offs together, 
there will be a greater chance of finding a compromise 
or solution acceptable to most of the community.

Assessing the Community’s Tree, 
Fiscal, and Human Resources

Most communities will need some information to help 
develop the vision, goals and objectives. Some key 
questions this information should answer are:

•  What should the urban forest look like and provide 
for the community?

•  How much urban forest do we want and need now 
and in the future?

•  Why do we want to manage the urban forest?

•  How will we respond in case of a hurricane?

The information needed for your plan can come from 
several sources (Letson, 2001). Historical records, 
lessons learned from past hurricanes, library resources, 
and other community groups can have tree-related 

Developing Goals and 
Objectives Specific to 
Your Climate

Among its urban forest master plan 
objectives, Rochester NY determined to 
select trees with strong branch structure 
to minimize ice storm damage, prohibit 
the planting of ash trees to minimize 
damage from emerald ash borer, and 
establish a database to identify and 
separate street segments covered 
by Federal Highway Administration 
reimbursement from those covered 
by Federal Emergency Management 
Agency (City of Rochester 2005).  Other 
cities such as Urbana, Illinois have tree 
emergency response plans that closely 
follow their snow removal plan (Personal 
Communication, Mike Brunk, City 
Arborist). 
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information needed for developing your plan. Chapter 
4—Restoring Trees after a Hurricane and Chapter 
5—Lessons Learned from Hurricanes  in this series can be 
especially useful for this. A systematic inventory of trees 
in your community is particularly useful for assessing, 
establishing, and measuring your goals and objectives. 
Keep in mind that data collection is expensive; measure 
only what is needed. Chapters 7 through 10 in this 
series and Miller (1997) will provide you with ideas 
for selecting appropriate trees including tree species, 
size, condition, location, growing space, and site 
history (see http://orb.at.ufl.edu/FloridaTrees/ for more 
information).

The working group needs to identify what information 
is necessary to accomplish the goals and objectives. 
This will help to identify problems and issues. But once 
the team has had community input, specialists should 
begin to lead the process (Figure 1). An urban forester or 
arborist on the team can determine what data to collect 
during an inventory to meet management objectives. 
Remember, there is no right or wrong type of assessment 
or inventory; this will depend on your community’s 
vision, goals, objectives, and resources.

Information on current or past management practices 
(e.g., pruning history) and canopy characteristics is 
also useful for developing your objectives. For example, 
Chapter 3—Assessing Hurricane-Damaged Trees and 
Deciding What to Do indicates that species suffering high 
branch loss during hurricanes will need pruning and 
long-term monitoring. Reviewing current practices (such 
as tree planting, pruning and removal) and plans (such 
as street tree management, emergency response plans, 
ordinances, etc.) can also identify common goals and 
help to explore ways to integrate efforts (Letson, 2001). 
The urban forester or arborist in the working group can 
assess tree risk and pruning programs and prioritize 
areas for tree removal.

Figure r
Hurricane effects 
on palms in 
southern Florida: 
Hurricane 
Wilma (top) and 
Hurricane Andrew 
(bottom).

r

A Lesson Learned

Hurricane Andrew (Figure 4) revealed 
that unwise urban forest composition 
and planting practices resulted in 
extensive and unnecessary urban 
forest loss and associated damage to 
property (Burban and Andersen, 1994).  
Additionally, in many cases more trees 
were damaged as a result of hurricane 
clean up. Trees were used as brace posts 
to load debris and natural areas, and 
undamaged trees were bulldozed to 
make room for debris and temporary 
housing.  Lessons from past experiences 
such as these can be used to assess 
the history of your tree resources and 
provide your community with insights on 
what is likely to happen after a hurricane 
(Letson, 2001). Chapters 1 through 
3 in this series present tree-related 
hurricane response activities you might 
expect after a hurricane; some of these 
recommendations can be included in 
your plan as objectives.
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The team needs to assess the resources available—
people, funding, and time—to manage the urban 
forest. Unfortunately, many activities that need to be 
done to create a wind-resistant urban forest might 
not be feasible. For example, species listed in Chapter 
8—Selecting Southeastern Coastal Plain Tree Species for 
Wind Resistance and Chapter 9—Selecting Tropical and 
Subtropical Tree Species for Wind Resistance might not be 
available, or initiating preventative pruning programs 
from Chapter 12—Developing a Preventive Pruning 
Program in Your Community: Young Trees and Chapter 
13—Developing a Preventive Pruning Program in Your 
Community: Mature Trees might be limited by budgets. 
An assessment of your resources will identify what can 
and cannot be done, thus defining the scope of the plan 
and its timeline (Figure 1).

Resource assessment is a critical step because it 
identifies limitations as well as potential avenues to 
minimize those limitations. For example, if funding is a 
critical issue, the team may want to apply for an urban 
community forestry grant to help offset costs. Similarly, 
if personnel is a critical issue, the team may want to hire 
a consulting firm specializing in urban forestry to do 
the inventory and data synthesis. Planners and working 
group members with fiscal experience can help assess 
available fiscal and human resources.

The state and private forestry organization of the 
USDA Forest Service and State Forestry Agencies, in 
partnership with national and local organizations, 
provide financial and technical assistance to plan, 
protect, and manage trees. Most states have urban and 
community forestry grant programs that can be used to 
fund tree inventories, management plan development, 
and other activities. For more information see http://
www.arborday.org/programs/urbanforesters.cfm.

After assessing your urban forest and community 
resources, review the management plan’s goals and 
objectives to ensure that they are still relevant in light 
of the information generated by your assessment or 
inventory (Figure 1).

Implementing the Goals and 
Objectives of the Plan

Once the community has selected objectives, it’s time to 
carry them out to meet the agreed-upon goals.

Implementation is a continuing process in the long-
term care of the urban forest, and should not be seen 
as the "last step" of a finite project (Figure 1). All of the 
planning and building of consensus up to this point 

Figure t
Aerial view of an urban forest ecosystem.

An Ecosystem Approach 
to Assess Your Urban 
Forest

The city of Tampa, Florida assessed 
their entire urban forest ecosystem 
(public and private trees) rather than just 
focusing on trees in streets and parks.   
The information gained through this city-
wide assessment of Tampa's urban forest 
ecosystem will help the community 
develop a more comprehensive and 
effective management plan because 
public and private trees are included in 
the analysis (Figure 5). This ecosystem 
approach could also be used as baseline 
information for monitoring and assessing 
hurricane effects on trees and to provide 
information for emergency management 
agencies. Other cities such as Houston, 
Texas and Minneapolis, Minnesota have 
also used this approach for promoting 
and raising awareness of their urban 
forest (www.itreetools.org).

t
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will help to ensure that the plan runs as smoothly as 
possible. But you should expect implementation to be an 
ongoing learning experience, and anticipate the need for 
contingency planning.

Some objectives can be achieved within a certain 
timeline, but this process needs to be updated regularly 
because your community, environment, resources and 
urban forest will change. Information from Chapters 
4 through 13 of this publication series present several 
strategies that can be incorporated into your plan. 
In Florida, hurricane-prone areas are experiencing 
tremendous growth, and many new communities are 
being created every year. People and trees are constantly 
undergoing changes, and hurricanes will continue 
to strike Florida. It is essential for communities to 
plan as they grow to be in the best shape possible 
to withstand hurricanes. At this point in the urban 
forest management plan process, participation of team 
members representing emergency management services, 
public utilities, and municipal/county personnel is 
crucial.

Monitoring and Evaluating the Plan

During the implementation your plan, it will be 
necessary to establish procedures for monitoring and 
adapting your plan. A management plan should be 
viewed as a living document continually changing 
to reflect changes in resources and funding, and the 
needs of the community. In most existing urban forest 
management plans, monitoring is the most neglected 
step. Yet, it is one of the most critical elements of any 
plan because it will determine if the plan’s goals and 
objectives are being met.

Monitoring is the collection of information to determine 
if the plan’s goals and objectives are being met – in 
other words, is your plan effective? When monitoring 
the objectives and goals of your plan, the working group 
should ask the question “What are we doing to meet 
our goals and vision?” It is important to determine what 
your monitoring indicators or milestones will be. You 
can observe and collect information on many indicators. 
For instance, number of tree plantings, increases in tree 
cover, and number of trees pruned per year (use Chapters 
11 through 13 to help you select indicators). Select 
indicators that are easily measured and repeatable so that 
the community can measure progress. Avoid collecting 
too much data and focus instead on the objective’s 
relevancy to your goals. Make your monitoring efforts as 
explicit and simple as possible, and be sure they are clear 
to everybody on the team (Figure 6).

It’s Important to Adapt 
Your Plan

The city of Plantation, Florida developed 
its urban forest management plan in 
2003. A tree inventory of over 5,000 
trees served as the baseline information 
for developing their goals and objectives 
(City of Plantation, 2003). However, the 
2004-2005 hurricane seasons affected 
the city’s tree cover substantially. As 
a result, the inventory could no longer 
provide the information necessary for 
meeting the goals established in the plan.  
Rather than continuing with the original 
plan, the community will adapt their 
goals and objectives after conducting a 
new tree inventory.  This type of change 
is inevitable and the ability to adapt 
is necessary in any hurricane-prone 
community.

Figure y
Monitoring urban 
trees after and 
before a hurricane. y
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Monitoring allows you to evaluate how well your 
activities are achieving your plan’s objectives. Evaluate 
your monitoring information as a team, learn from other 
team members and modify or improve goals if necessary 
(Figure 1). Development of a management plan is a 
continual process and will not end with the writing of 
the plan. Monitoring will also provide feedback on how 
to improve your plan.

Every community is different, and the task of balancing 
community needs with urban forest and budget needs is 
complex. But the results of monitoring and evaluation 
can also provide reasons to celebrate. Change is 
inevitable and not always bad. It’s important to identify 
successes in your plan. When a milestone is met, this 
is reason to show the community the improvements to 
their environmental. Celebrate with press releases, arbor 
days, park openings and other publicity efforts to involve 
and educate the public. Keep in mind that a visible 
program results in more community support in both 
times of budget expansion and tightening.

Final Considerations
This publication series can provide you with a tool kit of 
information on how to develop and execute your urban 
forest management plan. Management is a continual 
process of learning and adapting to change (Figure 1). 
Reviewing the community management plan’s vision, 
goals, objectives, and activities should be an important 
and on-going component of any management plan. 
A plan and its vision should not have a shelf life of 
5, 7 or 10 years. If the ecological, economic or social 
assumptions that directed the initial plan change or 
become questionable, then the plan needs to be adjusted 
to meet the new realities.

In the aftermath of a hurricane, the health of a 
community's trees is about the last thing on anyone's 
mind. Urban forests will be secondary to ensuring 
public safety, mitigating hazards to property, cleaning 
debris, and restoring public services and utilities 
(Burban and Andersen 1994). In fair weather, however, 
urban forests should be a primary community concern. 
Careful planning for the allocation of resources to the 
urban forest will provide a community with a healthy, 
strong, wind-resistant forest that will help it withstand 
a hurricane. This fact should remind you of the need to 
consider hurricanes during your planning process and 
in fact, it makes considering hurricanes in your plans 
critical.

Evaluation May Mean 
Learning and Changing 
Your Plan 

As part of their urban forestry 
management plan, the city of Charleston, 
South Carolina monitored and evaluated 
its tree maintenance operations.  
Charleston’s urban forestry division’s 
tree maintenance activities were 
compared to those of six other municipal 
forestry departments from other parts 
of the United States to determine how 
effectively the Charleston division was 
fulfilling its objectives (City of Charleston, 
2000).  Although Charleston was highly 
responsive to its citizens, it did not have 
a proactive pruning program. Initiating a 
proactive pruning program will allow the 
city to care for a greater number of trees 
and keep them maintained, reducing the 
need for "repair work" as the trees grow, 
which should in turn reduce the number 
of citizen complaints. Chapter 12 and 13 
can be used to develop pruning program 
objectives in your plan.

The town of Leesburg, Virginia also 
evaluated its current tree management 
organization and determined that they 
needed to develop a clear urban forestry 
policy, improve the organizational 
structure and staffing levels, and provide 
adequate financial resources for urban 
forest management (Town of Leesburg, 
2006).
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Things to Remember:
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•  A clear vision, community participation, 
monitoring, and the ability to adapt your plan 
for an eventual hurricane or other event is good 
fiscal policy and ensures the sustainability of 
the urban forest and its services.

•  By considering the approaches and information 
presented in this chapter and integrating the 
tools from previous chapters, communities can 
develop objectives that will help prepare them 
to effectively respond to a hurricane.

•  The lessons learned from previous hurricanes 
and the tools in this series can be used to 
design objectives that will help communities 
develop pre-hurricane goals, objectives, and 
activities and restore their urban forests after 

hurricanes

•  Success of an urban forest management plan 
will require the members of a community to 
cooperate with each other. Include on your team 
anyone with a stake in maintaining a healthy 
urban forest: public agencies, businesses, 
institutional landowners, green industry 
contractors, and emergency management 
services. Cooperation will create a common 
vision that values the urban forest and a 
community that works together to restore itself 
after a hurricane.
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What is i-Tree? 
i-Tree is a state-of-the-art, peer-reviewed software suite from the USDA Forest Service that provides 
urban forestry analysis and benefits assessment tools. The i-Tree Tools help communities of all sizes 
to strengthen their urban forest management and advocacy efforts by quantifying the structure of 
community trees and the environmental services that trees provide. 

Since the initial release of the i-Tree Tools in August 2006, numerous communities, non-profit 
organizations, consultants, volunteers and students have used i-Tree to report on individual trees, 
parcels, neighborhoods, cities, and even entire states. By understanding the local, tangible ecosystem 
services that trees provide, i-Tree users can link urban forest management activities with 
environmental quality and community livability. Whether your interest is a single tree or an entire 
forest, i-Tree provides baseline data that you can use to demonstrate value and set priorities for more 
effective decision-making. 

i-Tree Tools are in the public domain and are freely accessible. We invite you to explore this site to 
learn more about how i-Tree can make a difference in your community. 

i-Tree 
Manuals & 
Workbook

s 
Resources 

Manuals & Workbooks 

Video Learning 

Archives 

Reports 

Project Profile 

Academic 

Presentations 

Workshops 

i-‐Tree	  User	  Manuals 

Why i-Tree? 

 

 

i-‐Tree	  Software	  Suite	  v5.0 

¥ i-Tree Eco V5.0 

¥ i-Tree Streets V5.0 

¥ i-Tree Vue V5.0 

i-‐Tree	  Software	  Suite	  v4.0 

¥ i-Tree Eco 

¥ i-Tree Streets 

¥ i-Tree Hydro 

¥ i-Tree Species 

¥ i-Tree Storm 

¥ i-Tree Vue 

i-‐Tree	   System	   Requirements	   (Hardware,	   Software	   &	   Data	   Collection	   Devices)	   &	   Basic	  
Installation	  Document	  for	  i-‐Tree	  v5.x 

¥ i-Tree v5.x system requirements and basic installation document 

i-‐Tree	  Pest	  Detection 

¥ i-Tree Pest Detection Protocol Manual 1.47MB 

¥ i-Tree Pest Detection Field Guide 38.7MB 

¥ i-Tree Pest Detection Field Guide - Printer Friendly Version 2.81MB 

¥ i-Tree Pest Detection Field Data Entry Tip Sheet 229KB 

¥ Pest Detection Tatum Guide 



i-‐Tree	  Workbooks 
Creating	  Random	  Plots	  for	  Eco	  using	  ArcGIS	  
Whether you choose purely random or pre-stratified random sample plots, we have a couple options 
to guide you in defining your i-Tree Eco project area. 

ArcGIS v10.x with the Spatial Analyst extension 

(These are generic instructions using most versions of ArcGIS. However, the basic concepts should 
apply to other GIS packages as well.) 

¥ Random Plot Workbook - No Stratification 

¥ Random Plot Workbook - Pre Stratification 

ArcGIS v9.3 

(These instructions are specific to ArcGIS 9.3 using the VBA tools contained within the now 
unsupported itree.mxd ArcGIS project file.) 

1. Download the Random Plot Workbook which is applicable to your i-Tree Eco project. 

o Random Plot Workbook - No Stratification (ArcGISv9.3) 

o Random Plot Workbook - Pre Stratification (ArcGISv9.3) 

2. Download and extract the iTree.mxd ArcMap project file from the archive below. The ArcMap 
file is common for both random plot applications and is to be used with one of the above 
workbooks and ArcGIS v9.3 only. 

o iTree.mxd ArcGIS Project File 

ArcView 3.x 

(The following is an unsupported UFORE/i-Tree Eco sample plot generator for ArcView 3.x See the 
README.doc after downloading and installing). 

¥ ArcView 3.x Plot Generator 

Random	  Street	  Segment	  Workbook	  for	  i-‐Tree	  Streets	  &	  i-‐Tree	  Storm 

The following workbook can be used to generate random street segments for an i-Tree Streets sample 
project or an i-Tree Storm project. The procedures outlined within the workbook should be compatible 
with most versions of ArcGIS. In some cases, some modifications may be required. 

¥ Random Streets Segment Workbook 
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Overview 

 

The goal of the i-Tree Academic Project is to integrate the i-
Tree software suite into university and technical school 
curriculum. We at the i-Tree Development Team feel that it is 
of the utmost importance to familiarize the next generation of 
Urban Foresters, Arborist, Urban Planners, Consultants, and 
Natural Resource Managers to the i-Tree software as to better 
prepare them for their professional endeavors. With your help 
we would like to bring i-Tree to our future community 
foresters. 

On our end, we are opening a line of communication between 
members of the academic community to facilitate the 
exchange of curriculum materials, thoughts, and ideas in 
regards to familiarizing students with i-Tree. 

It is only through the participation of the academic community 
though that this project will be successful. We strongly 
encourage you to download, use, and even modify the 
materials on this website to best suit your method of 
instruction. Furthermore, we request that if you develop your 
own materials or methods that you feel are useful then to 
please share your ideas with your colleagues by Submitting 
Material or posting your ideas on our Discussion Board. A small 
effort by many goes a long way! 

Meeting	  Information	  

i-Tree 
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It is our goal to offer you the resources needed to understand 
and utilize the i-Tree suite of software tools in your 
community. Below are links to training opportunities, 
presentations, reports, technical papers, research and other i-
Tree initiatives. 

Manuals	  &	  Workbooks 
Manuals for i-Tree applications and utilities can be accessed 
from the Manuals & Workbooks page. In addition, workbooks 
used for plot and street segment generation can be accessed 
from this page. 
Learn more > 

Video	  Learning 
Visit this page to access online learning content such as 
instructional videos and archived webinars on the i-Tree 
Tools. Content and links are periodically updated as new 
material becomes available. 
Learn more > 

i-‐Tree	   Methods,	   Technical	   Papers,	   &	   Archived	  
Resources 
Want to learn more about the research behind the i-Tree 
applications and utilities? Access technical documents & links 
related to the i-Tree software tools from this page. 

Learn more > 

i-‐Tree	  Reports 
Want to see how others have utilized the i-Tree tools to 
assess the benefits of their community tree resources? Check 
out i-Tree Reports to learn more. 
Learn more > 

i-‐Tree	  Project	  Profile 
See how communities, academic institutions, non-profit 
organizations, urban forestry coordinators and consultants are 
using thee i-Tree Tools to improve understanding and 
management of urban natural resources. 
Learn more > 

i-‐Tree	  Academic 
Learn how the i-Tree Academic Initiative is developing and 
integrating i-Tree related curriculum and exercises into 
university and technical courses to train future urban 
foresters. 
Learn more > 

i-‐Tree	  Presentations 
Want to see a presentation on i-Tree or download a past 
presentation? Visit i-tree presentations to learn more about 
the i-Tree tools. 
Learn more > 

i-‐Tree	  Workshops 
Want to participate in an upcoming i-Tree workshop? Please 
check the i-Tree Workshop page for upcoming opportunities. 
Past i-Tree workshops are also listed for reference or 
downloading materials. 
Learn more > 

Why	  i-‐Tree? 

Want to know how i-Tree software tools can make a 
difference in your community? Check out fact sheets 
describing how specific user groups and community types can 
use, or have used, the i-Tree suite of software tools to benefit 
their tree program. 
Learn more > 
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Why	  i-‐Tree? 

 

The i-Tree suite of software tools was developed to help users 
identify and manage the structure, function, and value of urban tree 
populations regardless of community size or technical capacity. i-
Tree allows you to promote effective urban forest management and 
sound arboricultural practices by providing information for advocacy 
& planning, baseline data for making informed decisions, and 
standardization for comparisons with other communities. It 
promotes a better understanding of the benefits and services 
provided by community trees, increases in investment in 
stewardship, operations, and maintenance. 

Explore the documents and video below to learn more about the i-
Tree suite of software tools and the importance of community trees. 

¥ i-Tree v5.0 Summary 

¥ A Guide to Assessing Urban Forests 

¥ i-Tree Design Fact Sheet  

¥ i-Tree Brochure 

¥ Community Trees: A Living Investment (video) 

 

	  



Tree Campus USA Program 

 

Tree Campus USA program recognizes college and university campuses that: 

¥ Effectively manage their campus trees. 
¥ Develop connectivity with the community beyond campus borders to foster healthy, urban forests. 
¥ Strive to engage their student population utilizing service learning opportunities centered on campus, 

and community, forestry efforts. 

Colleges and universities across the United States can be recognized as a Tree Campus USA college by meeting 
five standards developed to promote healthy trees and student involvement. 

 

Tree Campus USA Standards 
Standard	  1 — Campus	  Tree	  Advisory	  Committee	  

A Campus Tree Advisory Committee comprised of members representing the diverse audience of those with a 
stake in campus trees is established and meets regularly. 

This committee must include a representative from each of the following audience: 

¥ Student	  (undergraduate	  or	  graduate).	  
¥ Faculty.	  
¥ Facility	  Management.	  
¥ Community — for	  example — city	  forester,	  municipal	  arborist,	  community	  tree	  board	  member.	  

Each individual campus may also have other interested student organizations, alumni, faculty, or staff that could 
be represented such as administration, sustainability coordinator, professor emeritus, etc. 

While responsibility of the campus trees often ultimately lies with the campus forester, arborist, landscape 
architect, or designated facilities department, the Campus Tree Advisory Committee can assist in providing 
guidance for future planning, approval of a comprehensive campus tree plan, education of the campus 
population as to the benefits of the campus trees, and development of connectivity to the community. 

Standard	  2 — Campus	  Tree	  Care	  Plan	  

A Campus Tree Care Plan should be flexible enough to fit the needs and circumstances of the particular 
campus. The Tree Care Plan should be goal oriented and provide the opportunity to set good policy, like that 
listed in the ANSI A300 standards for tree care and management, and clear guidance for planting, maintaining, 
and removing trees. It also provides education to the campus community, citizens, contractors, and consultants 
about the importance of the campus forest and the protection and maintenance of trees as part of the growth and 
land development process. 

A Campus Tree Care Plan must include: 

1. Clearly	  stated	  purpose.	  
2. Responsible	  authority/department — who	  enforces	  the	  Campus	  Tree	  Care	  Plan.	  
3. Establishment	  of	  a	  Campus	  Tree	  Advisory	  Committee,	  terms	  of	  the	  representatives,	  and	  role	  committee	  plays.	  
4. Campus	  tree	  care	  policies	  for	  planting,	  landscaping,	  maintenance	  and	  removal	  including	  establishing	  and	  

updating	  a	  list	  of	  recommended	  and	  prohibited	  species;	  managing	  for	  catastrophic	  events.	  
5. Protection	  and	  Preservation	  policies	  and	  procedures — include	  process	  for	  implementing	  tree	  protection	  plan	  

including	  step-‐by-‐step	  process	  that	  every	  project	  must	  follow	  including	  construction	  and	  trenching.	  
6. Goals	  and	  Targets — develop	  at	  least	  one	  goal	  and	  target	  for	  your	  Campus	  Tree	  Plan.	  These	  could	  include	  (but	  

are	  not	  limited	  to)	  tree	  canopy	  target,	  development	  of	  a	  link	  between	  the	  Campus	  Tree	  Plan	  and	  other	  green	  
initiatives	  on	  campus	  or	  in	  the	  community;	  completion	  of	  a	  campus-‐wide	  tree	  inventory,	  etc.	  Include	  how	  the	  
goal	  will	  be	  measured.	  

7. Tree	  damage	  assessment — enforcement,	  penalties,	  and	  appeals.	  
8. Prohibited	  practices.	  
9. Definitions	  of	  terminology	  related	  to	  campus	  trees.	  
10. Communication	  strategy — how	  the	  campus	  tree	  care	  plan	  will	  be	  communicated	  to	  the	  college	  community	  and	  

contractors	  to	  heighten	  awareness	  about	  policies	  and	  procedures	  as	  well	  as	  the	  goals	  of	  the	  institution.	  

	  

Standard	  3 — Campus	  Tree	  Program	  with	  Dedicated	  Annual	  Expenditures	  

A college campus, to be designated a Tree Campus USA, must allocate finances for its annual campus tree 
program. Evidence should be shown that an annual work plan has been established and expenditures dedicated 
towards that work plan. 

It is suggested, but not mandatory, that campuses work towards an annual expenditure of $3 per full-time 
enrolled student. The national average among recognized Tree Campus USA colleges and universities is 
currently $9 - $11. Expenditures may take place on or off campus, like in the case of an urban campus that does 
not have room to plant or care for trees on their own campus but works with a nearby elementary school to plant 
and care for the trees there. 

Expenditures could include, but are not limited to: 

¥ Cost	  of	  trees	  purchased	  
¥ Labor,	  equipment	  and	  supplies	  for	  tree	  planting,	  maintenance	  (pruning,	  watering,	  fertilization,	  mulching,	  

competition	  control,	  etc.)	  and	  removal,	  if	  needed	  
¥ Value	  of	  volunteer	  labor	  (#	  of	  hours	  ×	  $22)	  and	  other	  contributions	  from	  student	  or	  civic	  organizations	  
¥ Staff	  time	  dedicated	  to	  campus	  forest	  planning,	  tree	  care	  contractors	  
¥ All	  associated	  costs	  of	  the	  campus	  tree	  management	  including:	  	  

o public	  education	  related	  to	  the	  campus	  forest;	  
o professional	  training;	  



o related	  association	  memberships	  (International	  Society	  of	  Arboriculture	  and	  local	  chapter,	  Society	  of	  
Municipal	  Arborists,	  state	  urban	  forest	  council,	  etc.);	  

o campus	  tree	  inventory	  

Standard	  4 — Arbor	  Day	  Observance	  

An Arbor Day observance provides a golden opportunity to educate the campus community to the benefits of 
the trees on their campus property and in the community. The Arbor Day observance can be on the campus or 
held in conjunction with the community where the campus is located. Your event may be held at an appropriate 
time for your campus. 

Evidence  —  recording of date observance was held with attachment that includes program of activities, news 
coverage, and/or pictures. 

Standard	  5 — Service	  Learning	  Project	  

The Service Learning Project should be an outreach of the spirit of the Tree Campus USA initiative. This 
project should provide an opportunity to engage the student population with projects related to trees and can be 
part of a campus or community initiative. The project must be done within the course of the year application is 
submitted. 

Project ideas include, but are not limited to: 

¥ Volunteer	  tree	  plantings	  or	  tree	  maintenance	  
¥ Tree	  inventory	  (campus	  or	  community)	  
¥ Establish	  a	  Nature	  Explore	  Classroom	  for	  young	  children	  at	  an	  early	  childhood	  development	  center	  on	  your	  

campus	  or	  in	  your	  community.	  	  
¥ Establishment	  of	  campus	  arboreta	  
¥ Student-‐led	  effort	  to	  have	  community	  designated	  a	  Tree	  City	  USA	  
¥ Coordinate	  internships	  with	  the	  urban	  forestry	  or	  parks	  department	  in	  your	  community	  
¥ Assist	  Project	  Learning	  Tree	  or	  other	  programs	  centered	  around	  trees	  in	  training	  teachers	  at	  schools	  near	  your	  

campus	  or	  organize	  training	  for	  your	  school’s	  College	  of	  Education	  
¥ Other	  tree-‐related	  service	  learning	  or	  educational	  programs	  for	  students	  
¥ Partnership	  with	  state	  forestry	  departments	  on	  regional	  projects	  

Why Should my School Participate? 

 

You know that trees benefit the environment. Trees provide shade, protect us from the wind, clean our air… 

But your campus can benefit as well: 

¥ A commitment to trees on your campus can, in turn, significantly reduce the amount of energy a 
campus, and community, needs to generate. 

¥ Planting, and maintaining, trees on your campus and in the community reduces carbon dioxide in the 
atmosphere  —  which is one of the important roles that trees play.  

¥ Green spaces give students and faculty the setting to relax with others, or on their own. What better way 
to study or take a break than by being outside. 

By meeting the annual standards and being recognized as a Tree Campus USA college, you will create a 
campus that not only benefits the environment but instills pride in the students, faculty, and community. 

 

Tree Campus USA colleges will receive recognition materials that can be showcased throughout the campus, as 
well as press releases to be distributed on campus and in the community. 

Southern University will strive to be part of Tree Campus USA Program and adhere to the guidelines 
and recommended practices for the care of the trees. 
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CHAPTER

3
SEDIMENT AND EROSION CONTROL

Soil erosion and sediment controls are measures w hich are used to reduce the amount of soil part ic les
that are carried off of a land area and deposited in a rece iv ing w ater.  Soil erosion and sediment
control is not a ne w  technology.  The USD A  Soil Conservat ion Serv ice and a number of State and
loca l agenc ies have been deve loping and promot ing the use of erosion and sediment control dev ices
for years.

This chapter prov ides a genera l descript ion of some of the most commonly used measures today and
a method to se lect the most appropriate measures for your project.  The descript ions conta ined in this
chapter are very simple and are intended to prov ide genera l understanding rather than spec if ic design
informat ion.  You are encouraged to consult  your State or loca l guidance books for sediment and
erosion control measure design standards.  You are a lso encouraged to consult  the design fact sheets
conta ined in Appendix B of this manua l.

3.1 SELECTION OF SOIL EROSION AND SEDIMENT CONTROL PRACTICES

Your selection of the best soil erosion and sediment controls for your site should be primarily based upon
the nature of the construction activity and the conditions which exist at the construction site.

The soil erosion and sediment control port ion of the Storm Water Pollut ion Prevent ion Plan should:

$ M inim ize the amount of disturbed soil

$ Prevent runoff from offsite areas from f lo w ing across disturbed areas

$ S lo w  do w n the runoff f lo w ing across the site

$ Remove sediment from onsite runoff before it  leaves the site

$ Meet or exceed loca l or State requirements for sediment and erosion control plans.

Your soil erosion and sediment control plan should meet each of the object ives listed above.  Ho w  you
meet these objectives depends primarily on the nature of the construction activ ity and the characteristics
of the site.  The follo w ing subsect ions are presented in a quest ion and answ er format.  The quest ions
concern certain characteristics of your construction site.  Your answer to each of these questions w ill help
you determine what sediment and erosion control practices are best suited for your construction project.

Appendix A  inc ludes an Erosion and Sediment Control Check list.  This check list can be used in your
rev ie w  of the erosion and sediment control port ion of your Pollut ion Prevent ion Plan to eva luate
compliance w ith typica l storm w ater construct ion perm it  requirements.  You should a lso rev ie w  your
projects.

3-1

The ma jor problem assoc iated w ith erosion at construct ion sites is the movement of soil off  the site
and its impact on w ater qua lity .  Construct ion site erosion is a source of sediments, tox icants, and
nutrients w hich pollute the rece iv ing w ater(s).  C learing, grading, or otherw ise a ltering prev iously
undisturbed land at a construct ion site increases the erosion rate by as much as 1 ,000 t imes the pre-
construct ion rate.  M illions of tons of sediment are generated annua lly by the construct ion industry in
the United States a lone, and erosion rates, typica lly 100 to 200 tons per acre, have been reported as
high as 5 0 0 tons per acre (State of North Carolina, 1 9 8 8).

Q. What is Erosion?

Erosion,  by the act ion of w ater, w ind, and ice, is a natura l process in w hich soil and rock materia l is
loosened and removed.  There are t w o ma jor c lassif icat ions of erosion:  (1) geologica l erosion, and (2)
man-made erosion.

Geologica l erosion, w hich inc ludes soil-form ing as w e ll as soil-remov ing, has contributed to the
format ion of soils and the ir distribut ion on the surface of the earth.  Man-made erosion, w hich can
great ly acce lerate the natura l erosion process, inc ludes the breakdo w n of soil aggregates and the
increased remova l of organic and m inera l part ic les; it  is caused by c learing, grading, or otherw ise
a ltering the land.  Erosion of soils that occurs at construction sites is man-made erosion.

Factors Influencing Erosion by Water

Erosion of the land surface may be caused by w ater, w ind, ice, or other geologica l agents.  Water
erosion,  w hich is the focus of this document, is the loosening and remova l of soil from the land by
running w ater, inc luding runoff from me lted sno w  and ice.  The ma jor factors affect ing soil erosion are
soil characterist ics, c limate, ra infa ll intensity  and durat ion, vegetat ion or other surface cover, and
topography.

Understanding the factors that effect erosion makes it  possible to predict the extent and
consequences of onsite erosion.

3-2



3.1.1 Minimize the Amount of Disturbed Soil

Why?

M inim iz ing the amount of disturbed soil on the construct ion site w ill decrease the amount of soil
w hich erodes from the site, and it  can decrease the amount of controls you have to construct to
remove the sediment from the runoff.

Q. How does disturbing soil cause erosion?

D isturbing soil can remove the vegetat ion.  Vegetat ion is the most effect ive w ay to control erosion. 
Vegetat ive covers reduce erosion by:  (1) shie lding the soil surface from the impact of fa lling ra in and
thus reduc ing runoff; (2) dispersing and decreasing the ve loc ity  of surface f lo w ; (3) physica lly
restra ining soil movement; (4) increasing inf iltrat ion rates by improv ing the soil's structure and
porosity through the incorporat ion of roots and plant residues; and (5) conducting transpirat ion, w hich
decreases soil moisture content and increases soil moisture storage capac ity .  F igure 3 .1  illustrates
some of the w ays that vegetat ion he lps control erosion.

Nonvegetat ive covers such as mulches and stone aggregates sim ilarly protect soils from erosion.  Like
vegetat ive covers, these ground covers shie ld the soil surface from the impact of fa lling ra in, reduce
f lo w  ve loc ity , and disperse f lo w .  Each of these types of cover prov ides a rough surface that slo ws
the runoff ve loc ity  and promotes inf iltrat ion and deposit ion of sediment.  The condit ion as w e ll as the
type of ground cover influences the rate and volume of runoff.  It  should be noted that a lthough
imperv ious surfaces (such as park ing lots) protect the covered area, they prevent inf iltrat ion and
consequent ly increase the peak f lo w  rate w hich increases the potent ia l for erosion at the discharge
area.

Q. Did you develop a site plan that does not require a significant amount of
grade changes?

A  construct ion project site should be se lected and la id out so that it  f its into ex ist ing land contours. 
When you try to signif icant ly change the grades in an area you can increase the amount of disturbed
soil w hich increases the amount of erosion w hich w ill occur.  S ignif icant regrading can also disturb
the natura l dra inage of an area, and can be more cost ly.

Q. Are there portions of the site which will not have to be cleared for
construction to proceed?

Only c lear and grub the port ions of the site w here it  is necessary for construct ion.  When less area is
disturbed for construct ion, there is less erosion of soil.   Natura l vegetat ion can a lso improve the
aesthet ics of the site.  See page 3-2 4  Preservat ion of Natura l Vegetat ion for further discussion on this
BMP.
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Q. Can the construction be performed in stages, so that the entire site does not
have to be cleared at one time?

If  your construct ion project w ill take place over a w ide spread area, consider staging the project so
that only a sma ll port ion of the site w ill be disturbed at any one t ime.  For example, if  you w ere
deve loping a 100-acre housing subdiv ision, rather than c lear the ent ire 100 acres at the start of
construct ion, only c lear a 20-acre parce l,  grade the area, insta ll the ut ilit ies, pave the roads, construct
the houses, landscape and seed the la w n areas, then move on to the next 20-acre parce l.   Phased
construct ion he lps to lessen the risk of erosion by minimiz ing the amount of disturbed soil that is
exposed at any one t ime.

Q. Are there portions of the site which will be disturbed then left alone for long
periods of time?

If  there are disturbed port ions of the site that w ill not be re-disturbed for a long period (check your
perm it  to see w hat the max imum t ime is), then these areas should be stabilized w ith Temporary
Seeding (see page 3-1 4) or Mulching (see page 3-16).  This w ill reduce the amount of erosion from
these areas unt il they are disturbed aga in.  For example, if  soil excavated from a temporary sediment
trap is stockpiled to be used later to backf ill the trap (w hen the area is stabilized) then the stockpile
should be stabilized w ith temporary seed.

Q. Do you stabilize all disturbed areas after construction is complete?

By permanent ly stabiliz ing the disturbed areas as soon as possible after construct ion is complete in
those areas, you can signif icant ly reduce the amount of sediment w hich should be trapped before it
leaves your site.  An area can be stabilized by Permanent Seeding and Plant ing (see page 3-2 0),
Mulching (see page 3-1 6),  Geotext iles (see page 3-1 7),  and  Sod Stabilizat ion (see page 3-2 6).

Q. Does snow prevent you from seeding an area?

If  sno w  cover prevents you from seeding a disturbed area or plant ing other types of vegetat ion, then
you should w a it  unt il the sno w  me lts before stabiliz ing the area.

Q. Is there not enough rainfall to allow vegetation to grow on your
construction site.

If  there is not enough ra infa ll on the area you have disturbed to a llo w  vegetat ion to gro w  then you
should;

$ Seed and irrigate the disturbed area (if  a llo w ed by your perm it-see non storm-w ater f lo ws) or,

$ Stabilize the disturbed areas by non-vegetat ive methods (See Mulching (page 3-1 6),  Geotext iles
(page 3-1 7), or Chem ica l Stabilizat ion (page 3-1 9).
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3.1.2 Prevent Runoff From Offsite Areas From Flowing Across Disturbed Areas

Why?

D ivert ing offsite runoff around a disturbed area reduces the amount of storm w ater w hich comes into
contact w ith the exposed soils.  If  there is less runoff com ing in contact w ith exposed soil,  then there
w ill be less erosion of the soil and less storm w ater w hich has to be treated to remove sediment.

Q. Does runoff from undisturbed uphill areas flow onto your construction site?

Overland f lo w  can be diverted around a construct ion site by insta lling an Earth D ike (see page 3-3 7),
an Interceptor D ike and S w a le (see page 3-4 1), or a Dra inage S w a le (see page 3-3 9).  Your choice of
diversion methods depends upon the size of the uphill area and the steepness of the slope the
diversion must go do w n.  Interceptor dikes and sw a les are effect ive in divert ing overland f lo w s from
sma ller areas (3  acres or less) do w n gent le slopes (1 0 percent or less).  A  temporary s w a le is most
effect ive divert ing runoff from concentrated channe ls and an earth dike is capable of divert ing both
sheet and concentrated f lo ws from larger areas do w n steeper slopes.  (See Appendix B for spec if ic
design informat ion regarding each of these diversion measures.)  These dev ices should be insta lled
from the uphill side of the site do w n to a point w here they can discharge to an undisturbed area on
the do w nhill side of the site.

Q. Will runoff flow down a steeply sloped, disturbed area on the site?

Steeply sloped areas are espec ia lly suscept ible to erosion.  If  there are steep areas on your site w hich
w ill be disturbed, then an Earth D ike (page 3-3 7) or Interceptor D ike and S w a le (page 3-4 1) may be
used to divert the runoff from the top of the slope to the inlet of a Pipe Slope Dra in (page 3-4 8) or to
a less steeply sloped area.  These measures w ill m inim ize the amount of runoff f lo w ing across the
face of a slope and decrease the erosion of that slope.

Q. Is there a swale or stream which runs through your construction site?

S w a les and streams w hich run through construction sites must be protected from erosion and
sediment because they can be signif icant ly damaged.  Streams and other w ater bodies should be
protected by Preservat ion of Natura l Vegetat ion (see page 3-2 4) or Buffer Zones (see page 3-2 2).  
Where possible, these techniques should a lso be used to protect sw a les or interm it tent streams. 

Where construct ion requires that the stream or sw a le be disturbed, then the amount of area and t ime
of disturbance should be kept at a m inimum.  A ll stream and channe l crossings should be made at
right angles to the stream, preferably at the most narro w  port ion of the channe l.   Once a stream or
sw a le is disturbed, construct ion should proceed as quick ly as possible in this area.  Once completed,
the stream banks should be stabilized w ith Stream Bank Stabilizat ion (see page 3-2 8),  Gabions. 
S w a les and interm it tent streams disturbed by construct ion should be seeded and stabilized w ith
Geotext iles (see page 3-17) as soon as possible.
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Q. Does construction traffic have to cross a drainage swale or stream?

If  it  is necessary to cross a sw a le or stream to get to a ll or parts of your construct ion site, then before
you begin w ork ing on the opposite side of the stream, you should construct a Temporary Stream
Crossing (see page 3-43).  Stream crossings can be e ither permanent or temporary depending upon
the need to cross the stream after construct ion is complete.
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3.1.3 Slow Down the Runoff Traveling Across the Site

Why?

The quant ity  and size of the soil part ic les that are loosened and removed increase w ith the ve loc ity  of
the runoff.  This is because high runoff ve loc it ies reduce inf iltrat ion into the soil (and therefore a lso
increase runoff volume) and exert greater forces on the soil part ic les causing them to detach.  It  is no
surprise, therefore, that high f lo w  ve loc it ies are assoc iated w ith severe rill and gully erosion.

Q. Is your site gently sloped?

When preparing the grading plan, try to make grades as gradua l as possible w ithout modify ing the
ex ist ing site condit ions signif icant ly.  Steeper slopes result  in faster mov ing runoff, w hich results in
greater erosion.  Erosion can occur on even the gent lest of slopes depending on soil and c limate
condit ions.  The State/loca l representat ive of the Soil Conservat ion Serv ice is a good source of area-
spec if ic considerat ions.  (The USD A  def ines slopes of 2  to 9  percent as gent ly sloping; slopes of 9  to
15 percent are considered moderate ly steep; slopes of 30 to 50 percent are considered to be steep
slopes; and slopes greater than 50 percent are considered very steep slopes.)

Q. Are there steeply sloped areas on your site?

Steeply sloped areas can be protected from erosion in a number of w ays.  Sect ion 3.1 .2  describes
ho w  f lo w  can be diverted a w ay from the face of the slope; ho w ever, this technique does not address
runoff from the slope itse lf .   Gradient Terraces (see page 3-70) should be used to break the slope and
slo w  the speed of the runoff f lo w ing do w n the hillside.  Surface Roughening (see page 3-6 7) can a lso
be used on sloped areas as a method to slo w  do w n overland f lo w  on a steep slope.

Q. Is your site stabilized with vegetation?

In addit ion to holding soil in place and shie lding it  from the impact of ra in drops, vegetat ive cover a lso
increases the roughness of the surface runoff flo ws over.  The rougher surface slo ws the runoff.  An
area can be stabilized by Permanent Seeding (see page 3-2 0),  Mulching (see page 3-1 6),  Geotext iles
(see page 3-1 7), and Sod Stabilizat ion (see page 3-2 6).

Q. Does runoff concentrate into drainage swales on your site?

Concentrated runoff can be more erosive than overland f lo w .  Runoff concentrated into s w a les or
channe ls can be slo w ed by reduc ing the slope and increasing the w idth of a channe l.   When site
condit ions prevent decreasing the slope and w idening a channe l,  then runoff can be slo w ed w ith
Check Dams (see page 3-6 5).  Runoff can a lso be slo w ed in channe ls by establishing a vegetat ive
cover.  Geotext iles (see page 3-1 7) are often used to hold the channe l soil in place w hile the grass is
gro w ing.
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3.1.4 Remove Sediment From Onsite Runoff Before it Leaves the Site

Why?

Despite the many advances in meteorology, it  is not possible to predict more than a fe w  days in
advance w hen it  w ill ra in.  It  takes severa l w eeks to establish a grass cover w hich can effect ive ly
control erosion, and, even if  there w ere advanced w arning of ra infa ll,  it  is not a l w ays possible to ha lt
construct ion act iv it ies in an area to a llo w  grass to gro w .  Therefore, it  is necessary on most
construct ion sites to insta ll measures w hich can remove sediment from runoff before it  f lo ws off of
the construct ion site.

Q. Does your construction disturb an area 10 acres or larger that drains to a
common location?

The sediment control dev ice w hich is most suitable for large disturbed areas is the Sediment Basin
(see page 3-60).  A  sediment basin should be insta lled at a ll locat ions w here there is an upstream
disturbed area of 10 acres or more.  Only if  a sediment basin is not atta inable should other sediment
controls be insta lled.  A  sediment basin may not be atta inable at a locat ion if :

$ Sha llo w  bedrock prevents excavat ion of a basin

$ Topography in the common dra inage locat ion prohibits the construct ion of a basin of adequate
storage volume

$ There is insuff ic ient space ava ilable at the common dra inage locat ion to construct a basin, due
to the presence of ex ist ing structures, pavement, or ut ilit ies w hich cannot be re located

$ The only common dra inage locat ion is beyond the property line or " right of w ay "  of the
construct ion act iv ity  and a temporary construct ion easement cannot be obta ined

$ State, loca l,  or other Federa l regulations prohibit  a basin or the construction of a basin in the
common dra inage locat ions.

Q. Does your construction disturb an area less than 10 acres that drains to a
common location?

D isturbed areas less than 10 acres in size have more variety in the measures w hich are suitable for
sediment control.   Severa l types of measures can be used for sediment control inc luding:  Sediment
Basins, Sediment Trap,  S ilt  Fence, and Grave l F ilter Berms.  The se lect ion among these measures
depends upon a number of criteria.  The follo w ing quest ions should he lp you determ ine w hich is the
most appropriate.
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Q. What if a sediment basin is not attainable on a site where there are 10 or
more disturbed acres which drain to a common location?

If  you cannot insta ll a sediment basin on your site, then you should insta ll Sediment Traps (see page
3-5 8),  S ilt  Fences (see page 3-52), or other equiva lent sediment control measures such as Grave l
F ilter Berms (see page 3-5 4).

Q. Does runoff leave the disturbed area as overland flow?

Sediment can be removed from overland f lo w  using f iltrat ion controls such as S ilt  Fences (see page
3-5 2) and Grave l F ilter Berms (see page 3-5 4).  These methods have lim itat ions (w hich are described
in Sect ion 3.2 .2) regarding the spec if ic condit ions in w hich they are effect ive.

Overland f lo w  runoff from a disturbed area can a lso be directed to a Sediment Trap (see page 3-5 8)
or a Temporary Sediment Basin (see page 3-60) using diversion dev ices such as an Earth D ike (see
page 3-3 7) or an Interceptor D ike and S w a le (see page 3-4 1).

Q. Is flow concentrated in channels as it leaves the disturbed area?

Sediment should be removed from concentrated runoff by e ither a Sediment Trap (see page 3-5 8) or a
Temporary Sediment Basin (see page 3-60) depending upon the disturbed area upstream.  F iltrat ion
measures are genera lly not effect ive w hen used in concentrated f lo w  because f lo w  w ill back-up
behind the f ilter unt il it  overtops it .

Q. Are structural controls located along the entire downhill perimeter of all
disturbed areas?

Runoff w hich passes over disturbed soil should pass through sediment controls before it  can be
a llo w ed to f lo w  off of the construct ion site.  Therefore the ent ire do w nslope and side slope borders of
the disturbed area should be lined w ith f iltrat ion dev ices, such as silt  fence, or w ith a diversion dev ice
w hich w ill carry the runoff to a sediment basin or sediment trap prior to discharging it  off site .

Q. Is there a piped storm drain system with inlets in a disturbed area?

If  there is a yard dra in or curb inlet w hich rece ives f lo w  from a disturbed area then a Sediment Basin,
Sediment Trap, or Inlet Protect ion should be constructed to remove the sediment from the runoff
before it  f lo ws into the inlet.
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3.1.5 Meet or Exceed Local/State Requirements for Erosion and Sediment Control

Why?

Many State and loca l authorit ies a lso have sediment and erosion control regulat ions in place.
It  is important that these requirements st ill be met.  The NPDES storm w ater perm it  your construct ion
project may be required to obta in for storm w ater is not intended to supersede State or loca l
requirements.  It  is intended to prov ide another means to regulate storm w ater.

Q. Does your State or local government require erosion and sediment control for
construction projects?

Consult  State or loca l authorit ies to determ ine w hat, if  any, requirements there are for sediment and
erosion control on construct ion projects.  Many State and loca l authorit ies prov ide the ir o w n design
manua ls or guidance to assist in preparing a plan w hich meets the ir requirements.  These State and
loca l requirements should be incorporated into the pollut ion prevent ion plan.

If  the State or loca l authority  requires rev ie w  and approva l of the sediment and erosion control plan,
then a rev ie w ed and approved copy of that plan should be inc luded in the pollut ion prevent ion plan.

Q. Does your State or local government have an erosion and sediment control
requirement which is different from the requirements of your NPDES storm
water permit?

A lthough most of the prov isions of the NPDES storm w ater permits for construct ion act iv it ies are
consistent w ith most State and loca l requirements, there may be dif ferences in the spec if ic
requirements for control measures.  When there is a dif ference in requirements, you should use the
more stringent one.  For example, your State may only require you to stabilize a disturbed area w ithin
30 days of the last disturbance; ho w ever, the your perm it  may require you to stabilize an area 14
days after the last disturbance.  Under this example, you w ould be required to stabilize after 14 days.
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3.2 SEDIMENT AND EROSION CONTROL PRACTICES

Any site w here soils are exposed to w ater, w ind or ice can have soil erosion and sedimentat ion
problems.  Erosion is a natura l process in w hich soil and rock materia l is loosened and removed. 
Sedimentat ion occurs w hen soil part ic les are suspended in surface runoff or w ind and are deposited in
streams and other w ater bodies.   

Human act iv it ies can acce lerate erosion by remov ing vegetat ion, compact ing or disturbing the soil,
changing natura l dra inage patterns, and by covering the ground w ith impermeable surfaces
(pavement, concrete, buildings).  When the land surface is deve loped or " hardened "  in this manner,
storm w ater and sno w me lt  can not seep into or " inf iltrate "  the ground.  This results in larger amounts
of w ater mov ing more quick ly across a site w hich can carry more sediment and other pollutants to
streams and rivers.

The follo w ing sect ions describe stabilizat ion pract ices and structura l pract ices for erosion and
sediment control.   Using the measures to control erosion and sedimentat ion is an important part of
storm w ater pollut ion prevent ion.  These measures are w e ll established and have been required by a
number of State and loca l agenc ies for years.

3.2.1 Stabilization Practices

Preserv ing ex ist ing vegetat ion or revegetat ing disturbed soil as soon as possible after construct ion is
the most effect ive w ay to control erosion.  A  vegetat ion cover reduces erosion potent ia l in four w ays:
 (1)  by shie lding the soil surface from the direct erosive impact of ra indrops; (2) by improv ing the
soil's w ater storage porosity  and capac ity  so more w ater can inf iltrate into the ground; (3) by slo w ing
the runoff and a llo w ing the sediment to drop out or deposit ;  and (4) by physica lly holding the soil in
place w ith plant roots.

Vegetat ive cover can be grass, trees, or shrubs.  Grasses are the most common type of cover used
for revegetat ion because they gro w  quick ly, prov iding erosion protect ion w ithin days.  O ther soil
stabilizat ion pract ices such as stra w  or mulch may be used during non-gro w ing seasons to prevent
erosion.  Ne w ly planted shrubs and trees establish root systems more slo w ly, so keeping ex ist ing ones
is a more effect ive pract ice.

Vegetat ive and other site stabilizat ion pract ices can be e ither temporary or permanent controls. 
Temporary controls prov ide a cover for exposed or disturbed areas for short periods of t ime or unt il
permanent erosion controls are put in place.  Permanent vegetat ive pract ices are used w hen act iv it ies
that disturb the soil are completed or w hen erosion is occurring on a site that is otherw ise stabilized.
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EPA BASELINE GENERAL PERMIT REQUIREMENTS

Stabilizat ion Requirements

Part IV .D.2 .a.(1).

Except as prov ided in paragraphs IV .D.2.(a).(1).(a), (b), and (c) be lo w , stabilizat ion measures sha ll
be init iated as soon as pract icable in port ions of the site w here construct ion act iv it ies have
temporarily or permanent ly ceased, but in no case more than 14 days after the construct ion act iv ity
in that port ion of the site has temporarily or permanent ly ceased.

(a).  Where the init iat ion of stabilizat ion measures by the 14th day after construct ion act iv ity
temporary or permanent ly cease is prec luded by sno w  cover, stabilizat ion measures sha ll be
init iated as soon as pract icable.

(b).  Where construct ion act iv ity  w ill resume on a port ion of the site w ithin 21 days from w hen
act iv it ies ceased, (e.g. the tota l t ime period that construct ion act iv ity  is temporarily ceased is less
than 21 days) then stabilizat ion measures do not have to be init iated on that port ion of site by the
14th day after construct ion act iv ity  temporarily ceased.

(c).  In arid areas (areas w ith an average annua l ra infa ll of 0-1 0 inches) and sem i-arid areas (areas
w ith an average annua l ra infa ll of 10-20 inches), w here the init iat ion of stabilizat ion measures by
the 14th day after construct ion act iv ity  has temporarily or permanent ly ceased is prec luded by
seasona l arid condit ions, stabilizat ion measures sha ll be init iated as soon as pract icable.

The rema inder of this sect ion describes the common vegetat ive pract ices listed be lo w :

$ Temporary Seeding

$ Mulching

$ Geotext iles

$ Chem ica l Stabilizat ion

$ Permanent Seeding and Plant ing

$ Buffer Zones

$ Preservat ion of Natura l Vegetat ion

$ Sod Stabilizat ion

$ Stream Bank Stabilizat ion

$ Soil Reta ining Measures

$ Dust Control.
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Temporary Seeding

What Is It

Temporary seeding means gro w ing a short-term vegetat ive cover (plants) on disturbed site areas that
may be in danger of erosion.  The purpose of temporary seeding is to reduce erosion and
sedimentat ion by stabiliz ing disturbed areas that w ill not be stabilized for long periods of t ime or
w here permanent plant gro w th is not necessary or appropriate.  This pract ice uses fast-gro w ing
grasses w hose root systems hold do w n the soils so that they are less apt to be carried offsite by
storm w ater runoff or w ind.  Temporary seeding a lso reduces the problems assoc iated w ith mud and
dust from bare soil surfaces during construction.

When and Where to Use It

Temporary seeding should be performed on areas w hich have been disturbed by construct ion and
w hich are like ly to be redisturbed, but not for severa l w eeks or more.  Typica l areas m ight inc lude
denuded areas, soil stockpiles, dikes, dams, sides of sediment basins, and temporary roadbanks.  
Temporary seeding should take place as soon as pract icable after the last land disturbing act iv ity  in an
area.  Check the requirements of your perm it  for the max imum amount of t ime a llo w ed bet w een the
last disturbance of an area and temporary stabilizat ion.  Temporary seeding may not be an effect ive
pract ice in arid and sem i-arid regions w here the c limate prevents fast plant gro w th, part icularly during
the dry seasons.  In those areas, mulching or chem ica l stabilizat ion may be better for the short-term
(see sect ions on Mulching, Geotext iles, and Chem ica l Stabilizat ion).
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What to Consider

Proper seed bed preparat ion and the use of high-qua lity  seed are needed to gro w  plants for effect ive
erosion control.   Soil that has been compacted by heavy traff ic or machinery may need to be
loosened.  Successful gro w th usua lly requires that the soil be t illed before the seed is applied. 
Topsoiling is not necessary for temporary seeding; ho w ever, it  may improve the chances of
establishing temporary  vegetat ion in an area.  Seed bed preparat ion may a lso require apply ing fert ilizer
and/or lime to the soil to make condit ions more suitable for plant gro w th.  Proper fert ilizer, seeding
m ixtures, and seeding rates vary depending on the locat ion of the site, soil types, slopes, and season.
 Loca l suppliers, State and loca l regulatory agenc ies, and the USD A  Soil Conservat ion Serv ice w ill
supply informat ion on the best seed m ixes and soil condit ioning methods.

Seeded areas should be covered w ith mulch to prov ide protect ion from the w eather.  Seeding on
slopes of 2 :1  or more, in adverse soil condit ions, during excessive ly hot or dry w eather, or w here
heavy ra in is expected should be follo w ed by spreading mulch (see sect ion on Mulching).  Frequent
inspect ions are necessary to check that condit ions for gro w th are good.  If  the plants do not gro w
quick ly or thick enough to prevent erosion, the area should be reseeded as soon as possible.  Seeded
areas should be kept adequate ly moist.  If  norma l ra infa ll w ill not be enough, mulching, matt ing, and
controlled w atering should be done.  If  seeded areas are w atered, w atering rates should be w atched
so that over-irrigat ion (w hich can cause erosion itse lf) does not occur.  

Advantages of Temporary Seeding

$ Is genera lly inexpensive and easy to do

$ Establishes plant cover fast w hen condit ions are good

$ Stabilizes soils w e ll,  is aesthet ic, and can prov ide sedimentat ion controls for other site areas

$ May he lp reduce costs of ma intenance on other erosion controls (e.g., sediment basins may
need to be c leaned out less often)

Disadvantages of Temporary Seeding

$ Depends heav ily on the season and ra infa ll rate for success

$ May require extensive fert iliz ing of plants gro w n on some soils, w hich can cause problems
w ith loca l w ater qua lity

$ Requires protect ion from heavy use, once seeded

$ May produce vegetat ion that requires irrigat ion and ma intenance
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Mulching

What Is It

Mulching is a temporary soil stabilizat ion or erosion control pract ice w here materia ls such as grass,
hay, w oodchips, w ood f ibers, stra w , or grave l are placed on the soil surface.  In addit ion to stabiliz ing
soils, mulching can reduce the speed of storm w ater runoff over an area.  When used together w ith
seeding or plant ing, mulching can a id in plant gro w th by holding the seeds, fert ilizers, and topsoil in
place, by he lping to reta in moisture, and by insulat ing aga inst extreme temperatures.

When and Where to Use It

Mulching is often used a lone in areas w here temporary seeding cannot be used because of the season
or c limate.  Mulching can prov ide immediate, effect ive, and inexpensive erosion control.   On steep
slopes and crit ica l areas such as w aterw ays, mulch matt ing is used w ith nett ing or anchoring to hold
it  in place.

Mulch seeded and planted areas w here slopes are steeper than 2:1 , w here runoff is f lo w ing across
the area, or w hen seedlings need protect ion from bad w eather.  

What to Consider

Use of mulch may or may not require a binder, nett ing, or the tack ing of mulch to the ground.  F ina l
grading is not necessary before mulching.  Mulched areas should be inspected often to f ind w here
mulched materia l has been loosened or removed.  Such areas should be reseeded (if  necessary) and
the mulch cover replaced immediate ly.  Mulch binders should be applied at rates recommended by the
manufacturer.

Advantages of Mulching

$ Prov ides immediate protect ion to soils that are exposed and that are subject to heavy erosion

$ Reta ins moisture, w hich may m inim ize the need for w atering

$ Requires no remova l because of natura l deteriorat ion of mulching and matt ing

Disadvantages of Mulching

$ May de lay germ inat ion of some seeds because cover reduces the soil surface temperature

$ Mulch can be easily blo w n or w ashed a w ay by runoff if  not secured

$ Some mulch materia ls such as w ood chips may absorb nutrients necessary for plant gro w th
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Geotextiles

What Are They

Geotext iles are porous fabrics kno w n in the construct ion industry as f ilter fabrics, road rugs, synthet ic
fabrics, construct ion fabrics, or simply fabrics.  Geotext iles are manufactured by w eav ing or bonding
f ibers made from synthet ic materia ls such as polyprope lene, polyester, polyethy lene, ny lon, polyv iny l
chloride, glass and various m ixtures of these.  As a synthet ic construct ion materia l,  geotext iles are
used for a variety of purposes in the United States and fore ign countries.  The uses of geotext iles
inc lude separators, re inforcement, f iltrat ion and dra inage, and erosion control.   We w ill discuss the use
of geotext iles in prevent ing erosion at construct ion sites in this sect ion.

Some geotext iles are a lso biodegradable materia ls such as mulch matt ing and nett ing.  Mulch
matt ings are materia ls (jute or other w ood f ibers) that have been formed into sheets of mulch that are
more stable than norma l mulch.  Nett ing is typica lly made from jute, other w ood f iber, plast ic, paper,
or cotton and can be used to hold the mulching and matting to the ground.  Netting can also be used
a lone to stabilize soils w hile the plants are gro w ing; ho w ever, it  does not reta in moisture or
temperature w e ll.   Mulch binders (e ither aspha lt  or synthet ic) are somet imes used instead of nett ing
to hold loose mulches together.

When and Where to Use Them

Geotext iles can be used for erosion control by using it  a lone.  Geotext iles, w hen used a lone, can be
used as matt ing.  Matt ings are used to stabilize the f lo w  on channe ls and sw a les.  A lso, matt ing is
used on recent ly planted slopes to protect seedlings unt il they become established.  A lso, matt ing
may be used on t ida l or stream banks w here mov ing w ater is like ly to w ash out ne w  plant ings.

Geotext iles are a lso used as separators.  An example of such a use is geotext ile as a separator
bet w een riprap and soil.   This " sand w iching "  prevents the soil from be ing eroded from beneath the
riprap and ma inta ining the riprap's base.

What to Consider

As stated above, the types of geotext iles ava ilable are vast, therefore, the se lected fabric should
match its purpose.  A lso, State or loca l requirements, design procedures, and any other applicable
requirements should a lso be consulted.  In the f ie ld, important concerns inc lude regular inspect ions to
determ ine if  cracks, tears, or breaches are present in the fabric and appropriate repa irs should be
made.

Effect ive nett ing and matt ing require f irm, cont inuous contact bet w een the materia ls and the soil.   If
there is no contact, the materia l w ill not hold the soil and erosion w ill occur underneath the materia l.
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Advantages of Geotextiles

$ Fabrics are re lat ive ly inexpensive for certa in applicat ions

$ Offer convenience to the insta ller

$ Design methodologies for the use of geotext iles are ava ilable

$ A  w ide variety of geotext iles to match spec if ic needs are ava ilable

$ Mulch matt ing and nett ing are biodegradable

Disadvantages of Geotextiles

$ If  the fabric is not properly se lected, designed, or insta lled, the effect iveness may be reduced
drast ica lly

$ Many synthet ic geotext iles are sensit ive to light and must be protected prior to insta llat ion
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Chemical Stabilization

What Is It

Chem ica l stabilizat ion pract ices, often referred to as a chem ica l mulch, soil binder, or soil pa lliat ive,
are temporary erosion control pract ices.  Materia ls made of v iny l,  aspha lt ,  or rubber are sprayed onto
the surface of the soil to hold the soil in place and protect aga inst erosion from storm w ater runoff
and w ind.  Many of the products used for chem ica l stabilizat ion are human-made, and many dif ferent
products are on the market.

When and Where to Use It

Chem ica l stabilizat ion can be used as an a lternat ive in areas w here temporary seeding pract ices
cannot be used because of the season or c limate.  It  can prov ide immediate, effect ive, and
inexpensive erosion control any w here erosion is occurring on a site.

What to Consider

The applicat ion rates and procedures recommended by the manufacturer of a chem ica l stabilizat ion
product should be follo w ed as close ly as possible to prevent the products from forming ponds and
from creat ing large areas w here moisture cannot get through.

Advantages of Chemical Stabilization

$ Is easily applied to the surface of the soil

$ Is effect ive in stabiliz ing areas w here plants w ill not gro w

$ Prov ides immediate protect ion to soils that are in danger of erosion

Disadvantages of Chemical Stabilization

$ Can create imperv ious surfaces (w here w ater cannot get through), w hich may in turn
increase the amount and speed of storm w ater runoff

$ May cause harmful effects on w ater qua lity  if  not used correct ly

$ Is usua lly more expensive than vegetat ive cover
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Permanent Seeding and Planting

What Is It

Permanent seeding of grass and plant ing trees and brush prov ides stabilizat ion to the soil by holding
soil part ic les in place.  Vegetat ion reduces sediments and runoff to do w nstream areas by slo w ing the
ve loc ity  of runoff and perm it t ing greater inf iltrat ion of the runoff.  Vegetat ion a lso f ilters sediments,
he lps the soil absorb w ater, improves w ildlife habitats, and enhances the aesthet ics of a site .

When and Where to Use It

Permanent seeding and plant ing is appropriate for any graded or c leared area w here long-lived plant
cover is desired.  Some areas w here permanent seeding is espec ia lly important are f ilter strips, buffer
areas, vegetated sw a les, steep slopes, and stream banks.  This pract ice is effect ive on areas w here
soils are unstable because of the ir texture, structure, a high w ater table, high w inds, or high slope.

What to Consider

For this pract ice to w ork, it  is important to se lect appropriate vegetat ion, prepare a good seedbed,
properly t ime plant ing, and to condit ion the soil.   Plant ing loca l plants during the ir regular gro w ing
season w ill increase the chances for success and may lessen the need for w atering.  Check seeded
areas frequent ly for proper w atering and gro w th condit ions.

When seeding in cold c limates during fa ll or w inter, cover the area w ith mulch to prov ide a protect ive
barrier aga inst cold w eather (see Mulching).  Seeding should a lso be mulched if  the seeded area
slopes 4 :1  or more, if  soil is sandy or c layey, or if  w eather is excessive ly hot or dry. 
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Plant w hen condit ions are most favorable for gro w th.  When possible, use lo w-ma intenance loca l
plant spec ies.

Topsoil should be used on areas w here topsoils have been removed, w here the soils are dense or
impermeable, or w here mulching and fert ilizers a lone cannot improve soil qua lity .  Topsoiling should
be coordinated w ith the seeding and plant ing pract ices and should not be planned w hile the ground is
frozen or too w et.  Topsoil layers should be at least 2  inches deep (or sim ilar to the ex ist ing topsoil
depth).

To m inim ize erosion and sedimentat ion, remove as lit t le ex ist ing topsoil as possible.  A ll site controls
should be in place before the topsoil is removed.  If  topsoils are brought in from another site, it  is
important that its texture is compat ible w ith the subsoils onsite; for example, sandy topsoils are not
compat ible w ith c lay subsoils.

Stockpiling of topsoils onsite requires good planning so soils w ill not obstruct other operations.  If  soil
is to be stockpiled, consider using temporary seeding, mulching, or silt  fenc ing to prevent or control
erosion.  Inspect the stockpiles frequent ly for erosion.  A fter topsoil has been spread, inspect it
regularly, and reseed or replace areas that have eroded.

Advantages of Permanent Seeding and Planting

$ Improves the aesthet ics of a site

$ Prov ides exce llent stabilizat ion

$ Prov ides f iltering of sediments

$ Prov ides w ildlife habitat

$ Is re lat ive ly inexpensive

Disadvantages of Permanent Seeding and Planting

$ May require irrigat ion to establish vegetat ion

$ Depends init ia lly on c limate and w eather for success
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Buffer Zones

What Are They

Buffer zones are vegetated strips of land used for temporary or permanent w ater qua lity  benef its. 
Buffer zones are used to decrease the ve loc ity  of storm w ater runoff, w hich in turn he lps to prevent
soil erosion.  Buffer zones are dif ferent from vegetated f ilter strips (see sect ion on Vegetated F ilter
Strips) because buffer zone effect iveness is not measured by its ability  to improve inf iltrat ion (a llo w
w ater to go into the ground).  The buffer zone can be an area of vegetat ion that is left undisturbed
during construct ion, or it  can be ne w ly planted.

When and Where to Use Them

Buffer zones technique can be used at any site that can support vegetat ion.  Buffer zones are
part icularly effect ive on f loodpla ins, next to w et lands, a long stream banks, and on steep, unstable
slopes. 

What to Consider

If  buffer zones are preserved, ex ist ing vegetat ion, good planning, and site management are needed to
protect aga inst disturbances such as grade changes, excavat ion, damage from equipment, and other
act iv it ies.  Establishing ne w  buffer strips requires the establishment of a good dense turf, trees, and
shrubs (see Permanent Seeding and Plant ing).  Careful ma intenance is important to ensure hea lthy
vegetat ion.  The need for rout ine ma intenance such as mo w ing, fert iliz ing, lim ing, irrigat ing, pruning,
and w eed and pest control w ill depend on the spec ies of plants and trees involved, soil types, and
c limat ic condit ions.  Ma inta ining planted areas may require debris remova l and protect ion aga inst
unintended uses or traff ic.  Many State/loca l storm w ater program or zoning agenc ies have regulat ions
w hich def ine required or a llo w able buffer zones espec ia lly near sensit ive areas such as w et lands. 
Contact the appropriate State/loca l agenc ies for the ir requirements.
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Advantages of Buffer Zones

$ Prov ide aesthet ic as w e ll as w ater qua lity  benef its
$ Prov ide areas for inf iltrat ion, w hich reduces amount and speed of storm w ater runoff

$ Prov ide areas for w ildlife habitat

$ Prov ide areas for recreat ion

$ Prov ide buffers and screens for onsite noise if  trees or large bushes are used

$ Lo w  ma intenance requirements

$ Lo w  cost w hen using ex ist ing vegetat ion

Disadvantages of Buffer Zones

$ May not be cost effect ive to use if  the cost of land is high

$ Are not feasible if  land is not ava ilable

$ Require plant gro w th before they are effect ive
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Preservation of Natural Vegetation

What Is It

The preservat ion of natura l vegetat ion (ex ist ing trees, v ines, brushes, and grasses) prov ides natura l
buffer zones.  By preserv ing stabilized areas, it  m inim izes erosion potent ia l,  protects w ater qua lity ,
and prov ides aesthet ic benef its.  This pract ice is used as a permanent control measure.

When and Where to Use It

This technique is applicable to a ll types of sites.  Areas w here preserv ing vegetat ion can be
part icularly benef ic ia l are f loodpla ins, w et lands, stream banks, steep slopes, and other areas w here
erosion controls w ould be dif f icult  to establish, insta ll,  or ma inta in. 

What to Consider

Preservat ion of vegetat ion on a site should be planned before any site disturbance begins. 
Preservat ion requires good site management to m inim ize the impact of construct ion act iv it ies on
ex ist ing vegetat ion.  C learly mark the trees to be preserved and protect them from ground
disturbances around the base of the tree.  Proper ma intenance is important to ensure hea lthy
vegetat ion that can control erosion.  D if ferent spec ies, soil types, and c limat ic condit ions w ill require
dif ferent ma intenance act iv it ies such as mo w ing, fert iliz ing, lim ing, irrigat ion, pruning, and w eed and
pest control.   Some State/loca l regulat ions require natura l vegetat ion to be preserved in sensit ive
areas; consult  the appropriate State/loca l agenc ies for more informat ion on the ir regulat ions. 
Ma intenance should be performed regularly, espec ia lly during construct ion.

Advantages of Preservation of Natural Vegetation

$ Can handle higher quant it ies of storm w ater runoff than ne w ly seeded areas

$ Does not require t ime to establish (i.e.,  ef fect ive immediate ly)

$ Increases the f iltering capac ity  because the vegetat ion and root structure are usua lly denser
in preserved natura l vegetat ion than in ne w ly seeded or base areas

$ Enhances aesthet ics

$ Prov ides areas for inf iltrat ion, reduc ing the quant ity  and ve loc ity  of storm w ater runoff

$ A llo ws areas w here w ildlife can rema in undisturbed

$ Prov ides noise buffers and screens for onsite operations

$ Usua lly requires less ma intenance (e.g., irrigat ion, fert ilizer) than plant ing ne w  vegetat ion

Disadvantages of Preservation of Natural Vegetation

$ Requires planning to preserve and ma inta in the ex ist ing vegetat ion

$ May not be cost effect ive w ith high land costs

$ May constrict area ava ilable for construct ion act iv it ies
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Sod Stabilization

What Is It

Sodding stabilizes an area by immediate ly covering the surface w ith vegetat ion and prov iding areas
w here storm w ater can inf iltrate into the ground.

When and Where to Use It

Sodding is appropriate for any graded or c leared area that m ight erode and w here a permanent, long-
lived plant cover is needed immediate ly.  Examples of w here sodding can be used are buffer zones,
stream banks, dikes, sw a les, slopes, out lets, leve l spreaders, and f ilter strips.

What to Consider

The soil surface should be f ine-graded before lay ing do w n the sod.  Topsoil may be needed in areas
w here the soil textures are inadequate (see topsoil discussion in sect ion on Permanent Seeding and
Plant ing).  Lime and fert ilizers should be added to the soil to promote good gro w th condit ions. 
Sodding can be applied in a lternat ing strips or other patterns, or a lternate areas can be seeded to
reduce expense.  Sod should not be planted during very hot or w et w eather.  Sod should not be
placed on slopes that are greater than 3:1  if  they are to be mo w ed.  If  placed on steep slopes, sod
should be la id w ith staggered joints and/or be pegged.  In areas such as steep slopes or next to
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running w aterw ays, chicken w ire, jute, or other nett ing can be placed over the sod for extra
protect ion aga inst lif t ing (see Mulching and Geotext iles).  Roll or compact immediate ly after
insta llat ion to ensure f irm contact w ith the underly ing topsoil.   Inspect the sod frequent ly after it  is
f irst insta lled, espec ia lly after large storm events, unt il it  is established as permanent cover.  Remove
and replace dead sod.  Watering may be necessary after plant ing and during periods of intense heat
and/or lack of ra in (drought).

Advantages of Sod Stabilization

$ Can prov ide immediate vegetat ive cover and erosion control

$ Prov ides more stabiliz ing protect ion than init ia l seeding through dense cover formed by sod

$ Produces lo w er w eed gro w th than seeded vegetat ion

$ Can be used for site act iv it ies w ithin a shorter t ime than can seeded vegetat ion

$ Can be placed at any t ime of the year as long as moisture condit ions in the soil are favorable

Disadvantages of Sod Stabilization

$ Purchase and insta llat ion costs are higher than for seeding

$ May require cont inued irrigation if  the sod is placed during dry seasons or on sandy soils
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Stream Bank Stabilization

What Is It

Stream bank stabilizat ion is used to prevent stream bank erosion from high ve loc it ies and quant it ies of
storm w ater runoff.  Typica l methods inc lude the follo w ing:

$ RiprapBLarge angular stones placed a long the stream bank or lake

$ GabionBRock-f illed w ire cages that are used to create a ne w  stream bank

$ Reinforced ConcreteBConcrete bulkheads and reta ining w a lls that replace natura l stream banks
and create a nonerosive surface

$ Log CribbingBReta ining w a lls built  of logs to anchor the soils aga inst erosive forces.  Usua lly
built  on the outside of stream bends

$ Grid PaversBPrecast or poured-in-place concrete units that are placed a long stream banks to
stabilize the stream bank and create open spaces w here vegetat ion can be established

$ AsphaltB Aspha lt  pav ing that is placed a long the natura l stream bank to create a nonerosive
surface.

When and Where to Use It

Stream bank stabilizat ion is used w here vegetat ive stabilizat ion pract ices are not pract ica l and w here
the stream banks are subject to heavy erosion from increased f lo ws or disturbance during
construct ion.  Stabilizat ion should occur before any land deve lopment in the w atershed area. 
Stabilizat ion can a lso be retrof it ted w hen erosion of a stream bank occurs.

What to Consider

Stream bank stabilizat ion structures should be planned and designed by a professiona l engineer
licensed in the State w here the site is located.  Applicable Federa l,  State, and loca l requirements
should be follo w ed, inc luding C lean Water A ct Sect ion 404 regulat ions.  An important design feature
of stream bank stabilizat ion methods is the foundat ion of the structure; the potent ia l for the stream to
erode the sides and bottom of the channe l should be considered to make sure the stabilizat ion
measure w ill be supported properly.  Structures can be designed to protect and improve natura l
w ildlife habitats; for example, log structures and grid pavers can be designed to keep vegetat ion. 
Only pressure-treated w ood should be used in log structures.  Permanent structures should be
designed to handle expected f lood condit ions.  A  w e ll-designed layer of stone can be used in many
w ays and in many locat ions to control erosion and sedimentat ion.  Riprap protects soil from erosion
and is often used on steep slopes built  w ith f ill materia ls that are subject to harsh w eather or seepage.
 Riprap can a lso be used for f lo w  channe l liners, inlet and out let protect ion at culverts, stream bank
protect ion, and protect ion of shore lines subject to w ave act ion.  It  is used w here w ater is turbulent
and fast f lo w ing and w here soil may erode under the design f lo w  condit ions.  It  is used to expose the
w ater to a ir as w e ll as to reduce w ater energy.  Riprap and gabion (w ire mesh cages f illed w ith rock)
are usua lly placed over a f ilter blanket (i.e.,  a grave l layer or f ilter c loth).  Riprap is e ither a uniform
size or graded (dif ferent sizes) and is usua lly applied in an even layer throughout the stream. 
Re inforced concrete structures may require posit ive
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dra inage behind the bulkhead or reta ining w a ll to prevent erosion around the structure.  Gabion and
grid pavers should be insta lled according to manufacturers' recommendat ions.

Stream bank stabilizat ion structures should be inspected regularly and after each large storm event. 
Structures should be ma inta ined as insta lled.  Structura l damage should be repa ired as soon as
possible to prevent further damage or erosion to the stream bank.

Advantages of Stream Bank Stabilization

$ Can prov ide control aga inst erosive forces caused by the increase in storm w ater f lo ws
created during land deve lopment

$ Usua lly w ill not require as much ma intenance as vegetat ive erosion controls

$ May prov ide w ildlife habitats

$ Forms a dense, f lex ible, se lf-hea ling cover that w ill adapt w e ll to uneven surfaces (riprap)

Disadvantages of Stream Bank Stabilization

$ Does not prov ide the w ater qua lity  or aesthet ic benef its that vegetat ive pract ices could

$ Should be designed by qua lif ied professiona l engineers, w hich may increase project costs

$ May be expensive (materia ls costs)

$ May require addit iona l perm its for structure

$ May a lter stream dynam ics w hich cause changes in the channe l do w nstream

$ May cause negat ive impacts to w ildlife habitats
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Soil Retaining Measures

What Are They

Soil reta ining measures refer to structures or vegetat ive stabilizat ion pract ices used to hold the soil
f irm ly to its origina l place or to conf ine as much as possible w ithin the site boundary.  There are many
dif ferent methods for reta ining soil;  some are used to control erosion w hile others are used to protect
the safety of the w orkers (i.e.,  during excavat ions).  Examples of soil reta ining measures inc lude
re inforced soil reta ining systems, w ind breaks, and stream bank protect ion using shrubs and reeds. 

Re inforced soil reta ining measures refer to using structura l measures to hold in place loose or unstable
soil.   During excavat ion, for example, soil t iebacks and reta ining w a lls are used to prevent cave-ins
and acc idents.  But these same methods can be used to reta in soils and prevent them from mov ing. 
While deta iled discussion of soil reta ining methods is beyond the scope of this manua l,  severa l are
brief ly described.

$ Skeleton SheetingC Ske leton sheet ing, the least expensive soil brac ing system, requires the soil
to be cohesive (i.e.,  like c lay).  Construct ion grade lumber is used to brace the excavated face
of the slope. 

$ Continuous SheetingC Cont inuous sheet ing involves using a materia l that covers the face of the
slope in a continuous manner.  Struts and boards are placed a long the slope w hich prov ide
cont inuous support to the slope face.  The materia l used can be stee l,  concrete, or w ood.

$ Permanent Retaining WallsCPermanent construct ion w a lls may be necessary to prov ide support
to the slope w e ll after the construct ion is complete.  In this instance, concrete masonry or
w ood (ra ilroad t ie) reta ining w a lls can be constructed and left in place.

When and Where to Use Them

Use re inforced soil reta ining methods w here using other methods of soil retent ion (e.g., vegetat ion) is
not pract ica l.   Some sites may have slopes or soils that do not lend themse lves to ordinary pract ices
of soil retent ion.  In these instances, a re inforced soil reta ining measure should be considered.

What to Consider

As emphasized earlier, the use of re inforced soil reta ining pract ices serve both safety and erosion
control purposes.  S ince safety is the f irst concern, the design should be performed by qua lif ied and
cert if ied engineers.  Such design norma lly involves understanding the nature of soil,  locat ion of the
ground w ater table, the expected loads, and other important design considerat ions.
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Advantages of Soil Retaining Measures

$ Prov ide safety to w orkers, and some types of re inforced retent ion can be left as permanent
structures

$ Prevent erosion of soil dif f icult  to stabilize using convent iona l methods

Disadvantages of Soil Retaining Measures

$ Require the expert ise of a professiona l engineer and may be expensive to design and insta ll
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Dust Control

What Is It

W ind is capable of causing erosion, part icularly in dry c limates or during the dry season.  W ind erosion
can occur w herever the surface soil is loose and dry, vegetat ion is sparse or absent, and the w ind is
suffic ient ly strong.  W ind erodes soils and transports the sediments offsite, w here they may be
w ashed into the rece iv ing w ater by the next ra instorm.  Therefore, various methods of dust control
may need to be employed to prevent dust from be ing carried a w ay from the construct ion site.  There
are many w ays to accomplish this and some are described be lo w :

$ Vegetative CoverC For disturbed areas not subject to traff ic, vegetat ion prov ides the most
pract ica l method of dust control (see Temporary Seeding and Permanent Seeding and Plant ing).

$ Mulch (Including Gravel Mulch)C When properly applied, mulch offers a fast, effect ive means of
controlling dust (see Mulching).

$ Spray-on AdhesiveC Aspha lt  emulsions, latex emulsions, or resin in w ater can be sprayed onto
m inera l soil to prevent the ir blo w ing a w ay (see Chem ica l Stabilizat ion).

$ Calcium ChlorideC Ca lc ium chloride may be applied by mechanica l spreader as loose, dry
granules or f lakes at a rate that keeps the surface moist but not so high as to cause w ater
pollut ion or plant damage.

$ SprinklingC The site may be sprink led unt il the surface is w et.  Sprink ling is espec ia lly effect ive
for dust control on haul roads and other traffic routes.

$ StoneC Used to stabilize construct ion roads; can a lso be effect ive for dust control.

$ BarriersC A  board fence, w ind fence, sediment fence, or sim ilar barrier can control a ir currents
and blo w ing soil.   A ll of these fences are norma lly constructed of w ood and they prevent
erosion by obstruct ing the w ind near the ground and prevent ing the soil from blo w ing offsite.

Barriers can be part of long-term dust control strategy in arid and sem iarid areas; ho w ever, they
are not a subst itute for permanent stabilizat ion.  A  w ind barrier genera lly protects soil
do w n w ard for a distance of 10 t imes the he ight of the barrier.  Perennia l grass and stands of
ex ist ing trees may a lso serve as w ind barriers.

When and Where to Use It

The above measures for dust control should be used w hen open dry areas of soil are ant ic ipated on
the site.  C learing and grading act iv it ies create the opportunity  for large amounts of dust to be blo w n,
therefore, one or severa l dust control measures should be considered prior to c learing and grading. 
One should a lso note that many of the w ater erosion control measures indirect ly prevent w ind
erosion.

As the distance across bare soil increases, w ind erosion becomes more and more severe.  In arid and
sem iarid regions w here ra infa ll is insuff ic ient to establish vegetat ive cover, mulching may be used to
conserve moisture, prevent surface crust ing, reduce runoff and erosion, and he lp establish vegetat ion.
 It  is a crit ica l treatment on sites w ith erosive slopes.
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What to Consider

The direct ion of the preva iling w inds and careful planning of c learing act iv it ies are important
considerat ions.  As a standard pract ice, any exposed area should be stabilized using vegetat ion to
prevent both w ind and w ater erosion.  If  your site is located in an arid or sem iarid area, you may w ish
to contact the USD A  Soil Conservat ion Serv ice representat ive in your area or the appropriate
State/loca l government agency for addit iona l informat ion.

Advantages of Dust Control

$ Reduces movement of soil to offsite areas

Disadvantages of Dust Control

$ Excessive sprink ling may result  in non-storm w ater discharges from the site
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3.2.2 Structural Erosion and Sediment Control Practices

Structura l pract ices used in sediment and erosion control divert storm w ater f lo ws a w ay from exposed
areas, convey runoff, prevent sediments from mov ing offsite, and can a lso reduce the erosive forces
of runoff w aters.  The controls can e ither be used as permanent or temporary measures.  Pract ices
discussed inc lude the follo w ing:

$ Earth D ike

$ Dra inage S w a le

$ Interceptor D ikes and S w a les

$ Temporary Stream Crossing

$ Temporary Storm Dra in D iversion

$ Pipe Slope Dra ins

$ Subsurface Drains

$ S ilt  Fence

$ Grave l or Stone F ilter Berm

$ Storm Dra in Inlet Protect ion

$ Sediment Trap

$ Temporary Sediment Basin

$ Out let Protect ion

$ Check Dams

$ Surface Roughening

$ Gradient Terraces.
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EPA BASELINE GENERAL PERMIT REQUIREMENTS

Structura l Pract ices

Parts IV .D.2 .a.(2).(a).  and (b).

For common dra inage locat ions that serve an area w ith 10 or more disturbed acres at one t ime, a
temporary (or permanent) sediment basin prov iding 3,600 cubic feet of storage per acre dra ined, or
equiva lent control measures, sha ll be prov ided w here atta inable unt il f ina l stabilizat ion of the site. 
The 3 ,600 cubic feet of storage area per acre dra ined does not apply to f lo ws from offsite areas
and f lo ws from onsite areas that are e ither undisturbed or have undergone f ina l stabilizat ion w here
such f lo ws are diverted around the sediment basin.  For dra inage locat ions w hich serve 10 or more
disturbed acres at one t ime and w here a temporary sediment basin prov iding 3,600 cubic feet of
storage per acre dra ined, or equiva lent controls is not atta inable, sediment traps should be used.  A t
a m inimum, silt  fences or equiva lent sediment controls are required for a ll sideslope and do w nslope
boundaries of the construction area.

For dra inage locat ions serv ing less than 10 acres, sediment traps, silt  fences or equiva lent sediment
controls are required for a ll sideslope and do w nslope boundaries of the construction area unless a
sediment basin prov iding storage for 3 ,600 cubic feet of storage per acre dra ined is prov ided.
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Earth Dike

What Is It

An earth dike is a ridge or ridge and channe l combinat ion used to protect w ork areas from upslope
runoff and to divert sediment-laden w ater to appropriate traps or stable out lets.  The dike consists of
compacted soil and stone, riprap, or vegetat ion to stabilize the channe l.

When and Where to Use It

Earth dikes are used in construct ion areas to control erosion, sedimentat ion, or f lood damage.  Earth
dikes can be used in the follo w ing situat ions:

$ Above disturbed ex ist ing slopes and above cut or f ill slopes to prevent runoff over the slope

$ A cross unprotected slopes, as slope breaks, to reduce slope length

$ Be lo w  slopes to divert excess runoff to stabilized out lets

$ To divert sediment laden w ater to sediment traps

$ A t or near the perimeter of the construct ion area to keep sediment from leav ing the site
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$ Above disturbed areas before stabilizat ion to prevent erosion and ma inta in acceptable w ork ing
conditions

$ Temporary diversions may a lso serve as sediment traps w hen the site has been overexcavated
on a f lat grade or in conjunct ion w ith a sediment fence.

What to Consider

Despite an earth dike's simplic ity , improper design can lim it  its effect iveness; therefore, the State or
loca l requirements should be consulted.  Some genera l considerat ions inc lude proper compact ion of
the earth dike, appropriate locat ion to divert the intercepted runoff, and properly designed ridge he ight
and thicknesses.  Earth dikes should be constructed a long a posit ive grade.  There should be no dips
or lo w  points in an earth dike w here the storm w ater w ill collect (other than the discharge point). 
A lso, the intercepted runoff from disturbed areas should be diverted to a sediment-trapping dev ice. 
Runoff from undisturbed areas can be channe led to an ex ist ing sw a le or to a leve l spreader. 
Stabilizat ion for the dike and f lo w  channe l of the dra inage sw a le should be accomplished as soon as
possible.  Stabilizat ion materia ls can inc lude vegetat ion or stone/riprap.

Advantages of an Earth Dike

$ Can be constructed from materia ls and equipment w hich are typica lly a lready present on a
construction site

Disadvantages of an Earth Dike

$ Frequent inspect ion and ma intenance required
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Drainage Swale

What Is It

A  dra inage sw a le is a channe l w ith a lining of vegetat ion, riprap, aspha lt ,  concrete, or other materia l.  
It  is constructed by excavat ing a channe l and apply ing the appropriate stabilizat ion.

When and Where to Use It

A  dra inage sw a le applies w hen runoff is to be conveyed w ithout causing erosion.  Dra inage s w a les
can be used to convey runoff from the bottom or top of a slope.  Dra inage sw a les accomplish this by
intercept ing and divert ing the f lo w  to a suitable out let.  For sw a les dra ining a disturbed area, the
out let can be to a sediment trapping dev ice prior to its re lease.

What to Consider

S ince design f lo ws, channe l linings, and appropriate out let dev ices w ill need to be considered, consult
your State's requirements on such erosion control measures prior to constructing a dra inage s w a le. 
Genera l considerat ions inc lude:

$ D ivert the intercepted runoff to an appropriate out let.
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$ The sw a le should be lined using geotext iles, grass, sod, riprap, aspha lt ,  or concrete.  The
se lect ion of the liner is dependent upon the volume and the ve loc ity  of the ant ic ipated runoff.

$ The sw a le should have a posit ive grade.  There should be no dips or lo w  points in the s w a le
w here storm w ater w ill collect.

Advantages of a Drainage Swale

$ Excavat ion of sw a le can be easily performed w ith earth mov ing equipment

$ Can transport large volumes of runoff

Disadvantages of a Drainage Swale

$ Stabilizat ion and design costs can make construct ion expensive

$ Use is restricted to areas w ith re lat ive ly f lat slopes
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Interceptor Dikes and Swales

What Are They

Interceptor dikes (ridges of compacted soil) and sw a les (excavated depressions) are used to keep
upslope runoff from crossing areas w here there is a high risk of erosion.  They reduce the amount and
speed of f lo w  and then guide it  to a stabilized outfa ll (point of discharge) or sediment trapping area
(see sect ions on Sediment Traps and Temporary Sediment Basins).  Interceptor dikes and s w a les
divert runoff using a combinat ion of earth dike and vegetated sw a le.  Runoff is channe led a w ay from
locat ions w here there is a high risk of erosion by plac ing a diversion dike or sw a le at the top of a
sloping disturbed area.  D ikes and sw a les a lso collect overland f lo w , changing it  into concentrated
f lo ws.  Interceptor dikes and sw a les can be e ither temporary or permanent storm w ater control
structures.

When and Where to Use Them

Interceptor dikes and sw a les are genera lly built  around the perimeter of a construct ion site before any
ma jor soil disturbing act iv ity  takes place.  Temporary dikes or sw a les may a lso be used to protect
ex ist ing buildings; areas, such as stockpiles; or other sma ll areas that have not yet been fully
stabilized.  When constructed a long the upslope perimeter of a disturbed or high-risk area (though not
necessarily a ll the w ay around it),  dikes or sw a les prevent runoff from uphill areas from crossing the
unprotected slope.  Temporary dikes or sw ales constructed on the do w n slope side of the disturbed or
high-risk area w ill prevent runoff that conta ins sediment from leav ing the site before sediment is
removed.  For short slopes, a dike or sw a le at the top of the slope reduces the amount of runoff
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reaching the disturbed area.  For longer slopes, severa l dikes or sw a les are placed across the slope at
interva ls.  This pract ice reduces the amount of runoff that accumulates on the face of the slope and
carries the runoff safe ly do w n the slope.  In a ll cases, runoff is guided to a sediment trapping area or
a stabilized outfa ll before re lease. 

What to Consider

Temporary dikes and sw a les are used in areas of overland f lo w ; if  they rema in in place longer than 15
days, they should be stabilized.  Runoff channe led by a dike or sw a le should be directed to an
adequate sediment trapping area or stabilized outfa ll.   Care should be taken to prov ide enough slope
for dra inage but not too much slope to cause erosion due to high runoff flo w  speed.  Temporary
interceptor dikes and sw a les may rema in in place as long as 1 2 to 1 8 months (w ith proper
stabilizat ion) or be rebuilt  at the end of each day's act iv it ies.  D ikes or sw a les should rema in in place
unt il the area they w ere built  to protect is permanent ly stabilized.  Interceptor dikes and s w a les can
be permanent controls.  Ho w ever, permanent controls:  should be designed to handle runoff after
construct ion is complete; should be permanent ly stabilized; and should be inspected and ma inta ined
on a regular basis.  Temporary and permanent control measures should be inspected once each w eek
on a regular schedule and after every storm.  Repa irs necessary to the dike and f lo w  channe l should
be made prompt ly.

Advantages of Interceptor Dikes and Swales

$ Are simple and effect ive for channe ling runoff a w ay from areas subject to erosion

$ Can handle f lo ws from large dra inage areas

$ Are inexpensive because they use materia ls and equipment norma lly found onsite

Disadvantages of Interceptor Dikes and Swales

$ If  constructed improperly, can cause erosion and sediment transport since f lo ws are
concentrated

$ May cause problems to vegetat ion gro w th if  w ater f lo w  is too fast

$ Require addit iona l ma intenance, inspect ions, and repa irs
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Temporary Stream Crossing

What Is It

A  temporary stream crossing is a bridge or culvert across a stream or w atercourse for short-term use
by construct ion vehic les or heavy equipment.  Vehic les mov ing over unprotected stream banks w ill
damage the bank, thereby re leasing sediments and degrading the stream bank.  A  stream crossing
prov ides a means for construct ion vehic les to cross streams or w atercourses w ithout mov ing
sediment to streams, damaging the streambed or channe l,  or causing f looding.

When and Where to Use It

A  temporary stream crossing is used w hen heavy equipment should be moved from one side of a
stream channe l to another, or w here light-duty construct ion vehic les have to cross the stream channe l
frequent ly for a short period of t ime.  Temporary stream crossings should be constructed only w hen it
is necessary to cross a stream and a permanent crossing is not yet constructed.

$ BridgesC Where ava ilable materia ls and designs are adequate to bear the expected loadings,
bridges are preferred as a temporary stream crossing.

$ CulvertsC Culverts are the most common type of stream crossings and are re lat ive ly easy to
construct.  A  pipe, w hich is to carry the f lo w , is la id into the channe l and covered by grave l.   

What to Consider

When feasible, one should a l w ays attempt to m inim ize or e lim inate the need to cross streams. 
Temporary stream crossings are a direct source of pollut ion; therefore, every effort should be made to
use an a lternate method (e.g., longer detour), w hen feasible.  When it  becomes necessary to cross a
stream, a w e ll planned approach w ill m inim ize the damage to the stream bank and reduce erosion. 
The design of temporary stream crossings requires kno w ledge of the design f lo ws and other
informat ion; therefore, a professiona l engineer and spec if ic State and loca l requirements should be
consulted.  State/loca l jurisdict ions may require a separate perm it  for temporary stream crossings;
contact them direct ly to learn about the ir exact requirements.

The spec if ic loads and the stream condit ions w ill dictate w hat type of stream crossing to employ. 
Bridges are the preferred method to cross a stream as they prov ide the least obstruct ion to f lo ws and
f ish m igrat ion.
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Advantages of a Temporary Stream Crossing

$ Bridges prov ide the least obstruct ion to f lo w  and f ish m igrat ion and the construct ion materia l
can be sa lvaged

$ Culverts are inexpensive and easily insta lled structures

Disadvantages of a Temporary Stream Crossing

$ Bridges are expensive to design and insta ll

$ Culverts cause greater disturbances during insta llat ion and remova l
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Temporary Storm Drain Diversion

What Is It

A  temporary storm dra in is a pipe w hich redirects an ex ist ing storm dra in system or outfa ll channe l to
discharge into a sediment trap or basin.

When and Where to Use It

Use storm dra in diversions to temporarily divert f lo w  going to a permanent outfa ll.   This diverted f lo w
should be directed to a sediment-trapping dev ice.  A  temporary storm dra in diversion should rema in in
place as long as the area dra ining to the storm se w er rema ins disturbed.  Another method is to de lay
complet ion of the permanent outfa ll and instead using temporary diversions to a sediment trapping
dev ice before discharge.  F ina lly, a sediment trap or basin can be constructed be lo w  a permanent
storm dra in outfa ll.   The basin w ould be designed to trap any sediment before f ina l discharge.

What to Consider

S ince the ex ist ing storm dra ining systems w ill be modif ied, careful considerat ion to piping
conf igurat ion and result ing impact of insta lling a temporary storm dra in diversion should be given. 
The temporary diversions w ill a lso need to be moved, once the construct ion has ceased and it  is
necessary to restore the origina l storm dra inage systems.  Therefore, appropriate restorat ion measures
such as f lushing the storm dra in prior to remova l of the sediment trap or basin, stabiliz ing the outfa ll,
restorat ion of grade areas, etc. should be taken.  And f ina lly, the State or loca l requirements should
be consulted for deta iled requirements.

Advantages of a Temporary Storm Drain Diversion

$ Requires lit t le ma intenance once insta lled

Disadvantages of a Temporary Storm Drain Diversion

$ D isturbs ex ist ing storm dra inage patterns
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Pipe Slope Drains

What Are They

Pipe slope dra ins reduce the risk of erosion by discharging runoff to stabilized areas.  Made of f lex ible
or rigid pipe, they carry concentrated runoff from the top to the bottom of a slope that has a lready
been damaged by erosion or is at high risk for erosion.  They are a lso used to dra in saturated slopes
that have the potent ia l for soil slides.  Pipe slope dra ins can be e ither temporary or permanent
depending on the method of insta llat ion and materia l used.

When and Where to Use Them

Pipe slope dra ins are used w henever it  is necessary to convey w ater do w n a slope w ithout causing
erosion.  They are espec ia lly effect ive before a slope has been stabilized or before permanent dra inage
structures are ready for use.  Pipe slope dra ins may be used w ith other dev ices, inc luding diversion
dikes or sw a les, sediment traps, and leve l spreaders (used to spread out storm w ater runoff uniform ly
over the surface of the ground).  Temporary pipe slope dra ins, usua lly f lex ible tubing or conduit ,  may
be insta lled prior to the construct ion of permanent dra inage structures.  Permanent slope dra ins may
be placed on or beneath the ground surface;  pipes, sect iona l do w ndra ins, paved chutes, or c lay t iles
may be used.
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Paved chutes may be covered w ith a surface of concrete or other impenetrable materia l.   Subsurface
dra ins can be constructed of concrete, PV C, c lay t ile, corrugated meta l,  or other permanent materia l.

What to Consider

The dra in design should be able to handle the volume of f lo w .  The inlets and out lets of a pipe slope
dra in should be stabilized.  This means that a f lared end sect ion should be used at the entrance of the
pipe.  The soil around the pipe entrance should be fully compacted.  The soil at the discharge end of
the pipe should be stabilized w ith riprap (a combinat ion of large stones, cobbles, and boulders).  The
riprap should be placed a long the bottom of a s w a le w hich leads to a sediment trapping structure or
another stabilized area.

Pipe slope dra ins should be inspected on a regular schedule and after any ma jor storm.  Be sure that
the inlet from the pipe is properly insta lled to prevent bypassing the inlet and undercutt ing the
structure.  If  necessary, insta ll a head w a ll,  riprap, or sandbags around the inlet.  Check the out let
point for erosion and check the pipe for breaks or c logs.  Insta ll out let protect ion if  needed and
prompt ly c lear breaks and c logs.

Advantages of Pipe Slope Drains

$ Can reduce or e liminate erosion by transport ing runoff do w n steep slopes or by dra ining
saturated soils

$ Are easy to insta ll and require lit t le ma intenance

Disadvantages of Pipe Slope Drains

$ Require that the area disturbed by the insta llat ion of the dra in should be stabilized or it ,  too,
w ill be subject to erosion

$ May c log during a large storm
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Subsurface Drains

What Are They

A  subsurface dra in is a perforated pipe or conduit  placed beneath the surface of the ground at a
designed depth and grade.  It  is used to dra in an area by lo w ering the w ater table.  A  high w ater table
can saturate soils and prevent the gro w th of certa in types of vegetat ion.  Saturated soils on slopes
w ill somet imes " slip "  do w n the hill.   Insta lling subsurface dra ins can he lp prevent these problems.
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When and Where to Use Them

There are t w o types of subsurface dra ins:  re lief dra ins and interceptor dra ins.  Re lief dra ins are used
to de w ater an area w here the w ater table is high.  They may be placed in a gridiron, herringbone, or
random pattern.  Interceptor dra ins are used to remove w ater w here sloping soils are excessive ly w et
or subject to slippage.  They are usua lly placed as single pipes instead of in patterns.  Genera lly,
subsurface dra ins are suitable only in areas w here the soil is deep enough for proper insta llat ion.  They
are not recommended w here they pass under heavy vehic le crossings. 

What to Consider

Dra ins should be placed so that tree roots w ill not interfere w ith dra inage pipes.  The dra in design
should be adequate to handle the volume of f lo w .  Areas disturbed by the insta llat ion of a dra in should
be stabilized or they, too, w ill be subject to erosion.  The soil layer must be deep enough to a llo w
proper insta llat ion.

Backf ill immediate ly after the pipe is placed.  Materia l used for backf ill should be open granular soil
that is highly permeable.  The out let should be stabilized and should direct sediment-laden storm
w ater runoff to a sediment trapping structure or another stabilized area. 

Inspect subsurface dra ins on a regular schedule and check for ev idence of pipe breaks or c logging by
sediment, debris, or tree roots.  Remove blockage immediate ly, replace any broken sect ions, and
restabilize the surface.  If  the blockage is from tree roots, it  may be necessary to re locate the dra in. 
Check inlets and out lets for sediment or debris.  Remove and dispose of these materia ls properly.

Advantages of Subsurface Drains

$ Prov ide an effect ive method for stabiliz ing w et sloping soils

$ Are an effect ive w ay to lo w er the w ater table

Disadvantages of Subsurface Drains

$ May be pierced and c logged by tree roots

$ Should not be insta lled under heavy vehic le crossings

$ Cost more than surface dra ins because of the expenses of excavat ion for insta llat ion
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Silt Fence

What Is It

A  silt  fence, a lso ca lled a " f ilter fence, "  is a temporary measure for sedimentat ion control.   It  usua lly
consists of posts w ith f ilter fabric stretched across the posts and somet imes w ith a w ire support
fence.  The lo w er edge of the fence is vert ica lly trenched and covered by backf ill.   A  silt  fence is used
in sma ll dra inage areas to deta in sediment.  These fences are most effect ive w here there is overland
f lo w  (runoff that f lo ws over the surface of the ground as a thin, even layer) or in m inor sw a les or
dra inage w ays.  They prevent sediment from entering rece iv ing w aters.  S ilt  fences are a lso used to
catch w ind blo w n sand and to create an anchor for sand dune creat ion.  Aside from the tradit iona l
w ooden post and f ilter fabric method, there are severa l variat ions of silt  fence insta llat ion inc luding silt
fence w hich can be purchased w ith pockets prese w n to accept use of stee l fence posts.

When and Where to Use It

A  silt  fence should be insta lled prior to ma jor soil disturbance in the dra inage area.  The fence should
be placed across the bottom of a slope a long a line of uniform e levat ion (perpendicular to the direct ion
of f lo w).  It  can be used at the outer boundary of the w ork area.  Ho w ever, the fence does not have
to surround the w ork area complete ly.  In addit ion, a silt  fence is effect ive w here sheet and rill erosion
may be a problem.  S ilt  fences should not be constructed in streams or s w a les.

3-5 2



What to Consider

A  silt  fence is not appropriate for controlling runoff from a large area.  This type of fence can be more
effect ive than a stra w  ba le barrier if  properly insta lled and ma inta ined.  It  may be used in combinat ion
w ith other erosion and sediment pract ices.

The effect ive life span for a silt  fence depends upon the materia l of construct ion and ma intenance. 
The fence requires frequent inspect ion and prompt ma intenance to ma inta in its effect iveness.  Inspect
the fence after each ra infa ll.   Check for areas w here runoff eroded a channe l beneath the fence, or
w here the fence w as caused to sag or collapse by runoff f lo w ing over the top.  Remove and properly
dispose of sediment w hen it  is one-third to one-ha lf  the he ight of the fence or after each storm.

Advantages of a Silt Fence

$ Removes sediments and prevents do w nstream damage from sediment deposits

$ Reduces the speed of runoff flo w

$ M inima l c learing and grubbing required for insta llat ion

$ Inexpensive

Disadvantages of a Silt Fence

$ May result  in fa ilure from improper choice of pore size in the f ilter fabric or improper
insta llat ion

$ Should not be used in streams

$ Is only appropriate for sma ll dra inage areas w ith overland f lo w

$ Frequent inspect ion and ma intenance is necessary to ensure effect iveness
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Gravel or Stone Filter Berm

What Is It

A  grave l or stone f ilter berm is a temporary ridge constructed of loose grave l,  stone, or crushed rock. 
It  slo ws and f ilters f lo w , divert ing it  from an exposed traff ic area.  D iversions constructed of
compacted soil may be used w here there w ill be lit t le or no construct ion traff ic w ithin the right-of
w ay.  They are a lso used for direct ing runoff from the right-of-w ay to a stabilized out let. 

When and Where to Use It

This method is appropriate w here roads and other rights-of-w ay under construct ion should
accommodate vehicular traff ic.  Berms are meant for use in areas w ith gent le slopes.  They may a lso
be used at traff ic areas w ithin the construct ion site.

What to Consider

Berm materia l should be w e ll graded grave l or crushed rock.  The spac ing of the berms w ill depend on
the steepness of the slope:  berms should be placed c loser together as the slope increases. The
diversion should be inspected regularly after each ra infa ll,  or if  breached by construct ion or other
vehic les.  A ll needed repa irs should be performed immediate ly.  A ccumulated sediment should be
removed and properly disposed of and the f ilter materia l replaced, as necessary.
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Advantages of a Gravel or Stone Filter Berm

$ Is a very eff ic ient method of sediment control

$ Reduces the speed of runoff flo w

Disadvantages of a Gravel or Stone Filter Berm

$ Is more expensive than methods that use onsite materia ls

$ Has a very lim ited life span

$ Can be dif f icult  to ma inta in because of c logging from mud and soil on vehic le t ires
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Storm Drain Inlet Protection

What Is It

Storm dra in inlet protect ion is a f iltering measure placed around any inlet or dra in to trap sediment. 
This mechanism prevents the sediment from entering inlet structures.  Addit iona lly, it  serves to
prevent the silt ing-in of inlets, storm dra inage systems, or rece iv ing channe ls.  Inlet protect ion may be
composed of grave l and stone w ith a w ire mesh f ilter, block and grave l,  f ilter fabric, or sod.

When and Where to Use It

This type of protect ion is appropriate for sma ll dra inage areas w here storm dra in inlets w ill be ready
for use before f ina l stabilizat ion.  Storm dra in inlet protect ion is a lso used w here a permanent storm
dra in structure is be ing constructed onsite.  Stra w  ba les are not recommended for this purpose.  F ilter
fabric is used for inlet protect ion w hen storm w ater f lo w s are re lat ive ly sma ll w ith lo w  ve loc it ies. 
This pract ice cannot be used w here inlets are paved because the f ilter fabric should be staked.  Block
and grave l f ilters can be used w here ve loc it ies are higher.  Grave l and mesh f ilters can be used w here
f lo ws are higher and subject to disturbance by site traff ic.  Sod inlet f ilters are genera lly used w here
sediments in the storm w ater runoff are lo w .
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What to Consider

Storm dra in inlet protect ion is not meant for use in dra inage areas exceeding 1 acre or for large
concentrated storm w ater f lo ws.  Insta llat ion of this measure should take place before any soil
disturbance in the dra inage area.  The type of materia l used w ill depend on site condit ions and the
size of the dra inage area.  Inlet protect ion should be used in combinat ion w ith other measures, such
as sma ll impoundments or sediment traps, to prov ide more effect ive sediment remova l.   Inlet
protect ion structures should be inspected regularly, espec ia lly after a ra instorm.  Repa irs and silt
remova l should be performed as necessary.  Storm dra in inlet protect ion structures should be removed
only after the disturbed areas are complete ly stabilized.

Advantages of Storm Drain Inlet Protection

$ Prevents c logging of ex ist ing storm dra inage systems and the siltat ion of rece iv ing w aters

$ Reduces the amount of sediment leav ing the site

Disadvantages of Storm Drain Inlet Protection

$ May be dif f icult  to remove collected sediment

$ May cause erosion e lse w here if  c logging occurs

$ Is pract ica l only for lo w  sediment, lo w  volume f lo ws (disturbed areas less than one acre)
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Sediment Trap

What Is It

A  sediment trap is formed by excavat ing a pond or by plac ing an earthen embankment across a lo w
area or dra inage sw a le.  An out let or spill w ay is constructed using large stones or aggregate to slo w
the re lease of runoff.  The trap reta ins the runoff long enough to a llo w  most of the silt  to sett le out.
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When and Where to Use It

A  temporary sediment trap may be used in conjunct ion w ith other temporary measures, such as
grave l construct ion entrances, vehic le w ash areas, slope dra ins, diversion dikes and sw a les, or
diversion channe ls.

What to Consider

Sediment traps are suitable for sma ll dra inage areas, usua lly no more than 10 acres.  The trap should
be large enough to a llo w  the sediments to sett le and should have a capac ity  to store the collected
sediment unt il it  is removed.  The volume of storage required depends upon the amount and intensity
of expected ra infa ll and on est imated quant it ies of sediment in the storm w ater runoff.  Check your
Perm it  to see if  it  spec if ies a m inimum storage volume for sediment traps.

The effect ive life of a sediment trap depends upon adequate ma intenance.  The trap should be readily
accessible for periodic ma intenance and sediment remova l.   Traps should be inspected after each
ra infa ll and c leaned w hen no more than ha lf  the design volume has been f illed w ith collected
sediment.  The trap should rema in in operat ion and be properly ma inta ined unt il the site area is
permanent ly stabilized by vegetat ion and/or w hen permanent structures are in place.

Advantages of a Temporary Sediment Trap

$ Protects do w nstream areas from c logging or damage due to sediment deposits

$ Is inexpensive and simple to insta ll

$ Can simplify  the design process by trapping sediment at spec if ic spots onsite

Disadvantages of a Temporary Sediment Trap

$ Is suitable only for a lim ited area

$ Is effect ive only if  properly ma inta ined

$ W ill not remove very f ine silts and c lays
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Temporary Sediment Basin

What Is It

A  temporary sediment basin is a sett ling pond w ith a controlled storm w ater re lease structure used to
collect and store sediment produced by construct ion act iv it ies.  A  sediment basin can be constructed
by excavat ion and/or by plac ing an earthen embankment across a lo w  area or dra inage s w a le. 
Sediment basins can be designed to ma inta in a permanent pool or to dra in complete ly dry.  The basin
deta ins sediment-laden runoff from larger dra inage areas long enough to a llo w  most of the sediment
to sett le out.

The pond has a riser and pipe out let w ith a grave l out let or spill w ay to slo w  the re lease of runoff and
prov ide some sediment f iltrat ion.  By remov ing sediment, the basin he lps prevent c logging of offsite
conveyance systems and sediment-loading of rece iv ing w aterw ays.  In this w ay, the basin he lps
prevent destruct ion of w aterw ay habitats. 
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When and Where to Use It

A  temporary sediment basin should be insta lled before c learing and grading is undertaken.  It  should
not be built  on an embankment in an act ive stream.  The creat ion of a dam in such a site may result
in the destruct ion of aquat ic habitats.  Dam fa ilure can a lso result  in f looding.  A  temporary sediment
basin should be located only if  there is suff ic ient space and appropriate topography.  The basin should
be made large enough to handle the max imum expected amount of site dra inage.  Fenc ing around the
basin may be necessary for safety or vanda lism reasons.

A  temporary sediment basin used in combinat ion w ith other control measures, such as seeding or
mulching, is espec ia lly effect ive for remov ing sediments.

What to Consider

Temporary sediment basins are usua lly designed for disturbed areas larger than 5 acres.  The pond
should be large enough to hold runoff long enough for sediment to settle.  Sufficient space should be
a llo w ed for collected sediments.  Check the requirements of your perm it  to see if  there is a m inimum
storage requirement for sediment basins.  The useful life of a temporary sediment basin is dependent
upon adequate ma intenance.

Sediment trapping eff ic iency is improved by prov iding the max imum surface area possible.  Because
f iner silts may not sett le out complete ly, addit iona l erosion control measures should be used to
m inim ize re lease of f ine silt .   Runoff should enter the basin as far from the out let as possible to
prov ide max imum retent ion t ime.

Sediment basins should be readily accessible for ma intenance and sediment remova l.   They should be
inspected after each ra infa ll and be c leaned out w hen about ha lf  the volume has been f illed w ith
sediment.  The sediment basin should rema in in operat ion and be properly ma inta ined unt il the site
area is permanent ly stabilized by vegetat ion and/or w hen permanent structures are in place.  The
embankment form ing the sedimentat ion pool should be w e ll compacted and stabilized w ith
vegetat ion.  If  the pond is located near a resident ia l area, it  is recommended for safety reasons that a
sign be posted and that the area be secured by a fence.  A  w e ll built  temporary sediment basin that is
large enough to handle the post construct ion runoff volume may later be converted to use as a
permanent storm w ater management structure.

The sediment basins out let pipe and spill w ay should be designed by an engineer based upon an
ana lysis of the expected runoff f lo w  rates from the site.  Consult  your state/loca l requirements to
determ ine the frequency of the storm for w hich the out let must be designed.
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EPA BASELINE GENERAL PERMIT REQUIREMENTS

Sediment Basin Requirements

Part IV .D.2 .a.(2).(a).

For common dra inage locat ions that serve an area w ith 10 or more disturbed acres at one t ime, a
temporary (or permanent) sediment basin prov iding 3,600 cubic feet of storage per acre dra ined, or
equiva lent control measures, sha ll be prov ided w here atta inable unt il f ina l stabilizat ion of the site. 
The 3 ,600 cubic feet of storage area per acre dra ined does not apply to f lo ws from offsite areas
and f lo ws from onsite areas that are e ither undisturbed or have undergone f ina l stabilizat ion w here
such f lo ws are diverted around the sediment basin.  For dra inage locat ions w hich serve 10 or more
disturbed acres at one t ime and w here a temporary sediment basin prov iding 3,600 cubic feet of
storage per acre dra ined, or equiva lent controls is not atta inable, sediment traps, silt  fences, or
equiva lent sediment controls are required for a ll sideslope and do w nslope boundaries of the
construct ion area.

Advantages of a Temporary Sediment Basin

$ Protects do w nstream areas from c logging or damage due to sediment deposits generated
during construct ion act iv it ies

$ Can trap sma ller sediment part ic les than sediment traps can because of the longer detent ion
t ime

$ Can be converted to a permanent storm w ater detent ion structure, once construct ion is
complete

Disadvantages of a Temporary Sediment Basin

$ Is genera lly suitable for sma ll areas

$ Requires regular ma intenance and c leaning

$ W ill not remove very f ine silts and c lays unless used in conjunct ion w ith other measures

$ Is a more expensive w ay to remove sediment than severa l other methods

$ Requires careful adherence to safety pract ices since ponds are attract ive to children
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Outlet Protection

What Is It

Out let protect ion reduces the speed of concentrated storm w ater f lo ws and therefore it  reduces
erosion or scouring at storm w ater out lets and paved channe l sect ions.  In addit ion, out let protect ion
lo w ers the potent ia l for do w nstream erosion.  This type of protect ion can be achieved through a
variety of techniques, inc luding stone or riprap, concrete aprons, paved sect ions and sett ling basins
insta lled be lo w  the storm dra in out let.
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When and Where to Use It

Out let protect ion should be insta lled at a ll pipe, interceptor dike, sw a le, or channe l sect ion out lets
w here the ve loc ity  of f lo w  may cause erosion at the pipe out let and in the rece iv ing channe l.   Out let
protect ion should a lso be used at out lets w here the ve loc ity  of f lo w  at the design capac ity  may result
in plunge pools (sma ll permanent pools located at the inlet to or the outfa ll from BMPs).  Out let
protect ion should be insta lled early during construct ion act iv it ies, but may be added at any t ime, as
necessary.  

What to Consider

The ex it  ve loc ity  of the runoff as it  leaves the out let protect ion structure should be reduced to leve ls
that minimize erosion.  Out let protect ion should be inspected on a regular schedule to look for erosion
and scouring.  Repa irs should be made prompt ly.

Advantages of Outlet Protection

$ Prov ides, w ith riprap-line apron (the most common out let protect ion), a re lat ive ly lo w  cost
method that can be insta lled easily on most sites

$ Removes sediment in addit ion to reduc ing f lo w  speed

$ Can be used at most out lets w here the f lo w  speed is high

$ Is an inexpensive but effect ive measure

$ Requires less ma intenance than many other measures

Disadvantages of Outlet Protection

$ May be unsight ly

$ May cause problems in remov ing sediment (w ithout remov ing and replac ing the out let
protect ion structure itse lf)

$ May require frequent ma intenance for rock out lets w ith high ve loc ity  f lo ws
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Check Dams

What Are They

A  check dam is a sma ll,  temporary or permanent dam constructed across a dra inage ditch, s w a le, or
channe l to lo w er the speed of concentrated f lo ws.  Reduced runoff speed reduces erosion and gully ing
in the channe l and a llo ws sediments to sett le out.

When and Where to Use Them

A  check dam should be insta lled in steeply sloped sw a les, or in sw a les w here adequate vegetat ion
cannot be established.  A  check dam may be built  from logs, stone, or pea grave l-f illed sandbags.
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What to Consider

Check dams should be used only in sma ll open channe ls w hich w ill not be overtopped by f lo w  once
the dams are constructed.  The dams should not be placed in streams (unless approved by appropriate
State authorit ies).  The center sect ion of the check dam should be lo w er than the edges.  Dams
should be spaced so that the toe of the upstream dam is at the same e levat ion as the top of the
do w nstream dam.

A f ter each signif icant ra infa ll,  check dams should be inspected for sediment and debris accumulat ion.
 Sediment should be removed w hen it  reaches one ha lf  the origina l dam he ight.  Check for erosion at
edges and repa ir prompt ly as required.  A fter construct ion is complete, a ll stone and riprap should be
removed if  vegetat ive erosion controls w ill be used as a permanent erosion control measure.  It  w ill  be
important to kno w  the expected erosion rates and runoff f lo w  rate for the sw a le in w hich this
measure is to be insta lled.  Contact the State/loca l storm w ater program agency or a licensed
engineer for assistance in designing this measure.

Advantages of Check Dams

$ Are inexpensive and easy to insta ll

$ May be used permanent ly if  designed properly

$ A llo w  a high proport ion of sediment in the runoff to sett le out

$ Reduce ve loc ity  and may prov ide aerat ion of the w ater

$ May be used w here it  is not possible to divert the f lo w  or otherw ise stabilize the channe l

Disadvantages of Check Dams

$ May k ill grass linings in channe ls if  the w ater leve l rema ins high after it  ra ins or if  there is
signif icant sedimentat ion

$ Reduce the hydraulic capac ity  of the channe l

$ May create turbulence w hich erodes the channe l banks
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Surface Roughening

What Is It

Surface roughening is a temporary erosion control pract ice.  The soil surface is roughened by the
creat ion of horizonta l grooves, depressions, or steps that run para lle l to the contour of the land. 
Slopes that are not f ine-graded and that are left in a roughened condit ion can a lso control erosion. 
Surface roughening reduces the speed of runoff, increases inf iltrat ion, and traps sediment.  Surface
roughening a lso he lps establish vegetat ive cover by reduc ing runoff ve loc ity  and giv ing seed an
opportunity to take hold and gro w .
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When and Where to Use It

Surface roughening is appropriate for all slopes.  To slo w  erosion, roughening should be done as soon
as possible after the vegetat ion has been removed from the slope.  Roughening can be used w ith both
seeding and plant ing and temporary mulching to stabilize an area.  For steeper slopes and slopes that
w ill be left roughened for longer periods of t ime, a combinat ion of surface roughening and vegetat ion
is appropriate.  Surface roughening should be performed immediate ly after grading act iv it ies have
ceased (temporarily or permanent ly) in an area.

What to Consider

D if ferent methods can be used to roughen the soil surface on slopes.  They inc lude sta ir-step grading,
groov ing (using disks, spring harro ws, or teeth on a front-end loader), and track ing (driv ing a cra w ler
tractor up and do w n a slope, leav ing the c leat imprints para lle l to the slope contour).  The se lect ion of
an appropriate method depends on the grade of the slope, mo w ing requirements after vegetat ive
cover is established, w hether the slope w as formed by cutt ing or f illing, and type of equipment
ava ilable. 

Cut slopes w ith a gradient steeper than 3:1  but less than 2:1  should be sta ir-step graded or groove
cut.  Sta ir-step grading w orks w e ll w ith soils conta ining large amounts of sma ll rock.  Each step
catches materia l discarded from above and prov ides a leve l site w here vegetat ion can gro w .  Sta irs
should be w ide enough to w ork w ith standard earth mov ing equipment.  Groov ing can be done by any
implement that can be safe ly operated on the slope, inc luding those described above.  Grooves should
not be less than 3 inches deep nor more than 15 inches apart.  F ill slopes w ith a gradient steeper than
3:1 but less than 2 :1  should be compacted every 9  inches of depth.  The face of the slope should
consist of loose, uncompacted f ill 4  to 6  inches deep that can be left rough or can be grooved as
described above, if  necessary.

Any cut or f illed slope that w ill be mo w ed should have a gradient less than 3 :1 .  Such a slope can be
roughened w ith sha llo w  grooves para lle l to the slope contour by using norma l t illing.  Grooves should
be c lose together (less than 10 inches) and not less than 1 inch deep.  A ny gradient w ith a slope
greater than 2:1  should be sta ir-stepped.

It  is important to avoid excessive compact ing of the soil surface, espec ia lly w hen track ing, because
soil compact ion inhibits vegetat ion gro w th and causes higher runoff speed.  Therefore, it  is best to
lim it  roughening w ith tracked machinery to sandy soils that do not compact easily and to avoid
track ing on c lay soils.  Surface roughened areas should be seeded as quick ly as possible.  A lso,
regular inspect ions should be made of a ll surface roughened areas, espec ia lly after storms.  If  rills
(sma ll w atercourses that have steep sides and are usua lly only a fe w  inches deep) appear, they
should be f illed, graded aga in, and reseeded immediate ly.  Proper dust control procedures should be
follo w ed w hen surface roughening.
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Advantages of Surface Roughening

$ Prov ides a degree of instant erosion protect ion for bare soil w hile vegetat ive cover is be ing
established

$ Is inexpensive and simple for short-term erosion control

Disadvantages of Surface Roughening

$ Is of lim ited effect iveness in anything more than a gent le ra in

$ Is only temporary; if  roughening is w ashed a w ay in a heavy storm, the surface w ill have to
be re-roughened and ne w  seed la id
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Gradient Terraces

What Are They

Gradient terraces are earth embankments or ridge-and-channe ls constructed a long the face of a slope
at regular interva ls.  Gradient terraces are constructed at a posit ive grade.  They reduce erosion
damage by capturing surface runoff and direct ing it  to a stable out let at a speed that m inim izes
erosion.

When and Where to Use Them

Gradient terraces are usua lly lim ited to use on long, steep slopes w ith a w ater erosion problem, or
w here it  is ant ic ipated that w ater erosion w ill be a problem.  Gradient terraces should not be
constructed on slopes w ith sandy or rocky soils.  They w ill be effect ive only w here suitable runoff
out lets are or w ill be made ava ilable.

What to Consider

Gradient terraces should be designed and insta lled according to a plan determined by an engineering
survey and layout.  It  is important that gradient terraces are designed w ith adequate out lets, such as a
grassed w aterw ay, vegetated area, or t ile out let.  In a ll cases, the out let should direct the runoff from
the terrace system to a point w here the outf lo w  w ill not cause erosion or other damage.  Vegetat ive
cover should be used in the out let w here possible.  The design e levat ion of the w ater surface of the
terrace should not be lo w er than the design e levat ion of the w ater surface in the out let at the ir
junct ion, w hen both are operat ing at design f lo w .  Terraces should be inspected regularly at least once
a year and after ma jor storms.  Proper vegetat ion/stabilizat ion pract ices should be follo w ed w hile
construct ing these features.
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Advantages of Gradient Terraces

$ Reduce runoff speed and increase the distance of overland runoff f lo w

$ Hold moisture better than do smooth slopes and minimize sediment loading of surface runoff

Disadvantages of Gradient Terraces

$ May signif icant ly increase cut and f ill costs and cause sloughing if  excessive w ater inf iltrates
the soil

$ Are not pract ica l for sandy, steep, or sha llo w  soils
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3.3 SUMMARY

Erosion of disturbed soils on construct ion sites can be prevented in many cases.  When it  is
not possible to prevent the erosion, then the sediment can be trapped onsite.  This chapter
describes the measures used for erosion and sediment control and prov ides guidance for
se lect ing the most appropriate measure for a part icular site.  The descript ions of the measures
conta ined in this chapter are intended to prov ide genera l understanding of the measures rather
than deta iled design informat ion.  Check w ith your State or loca l erosion and sediment control
agency to obta in a copy of the ir design standards or guidance.  If  your State or loca l agency
does not have design standards or guidance, then refer to the design " Fact Sheets "  conta ined
in Appendix B of this manua l.

Erosion and sediment control measures are a crit ica l component of a Storm Water Pollut ion
Prevent ion Plan and of a construct ion project.  These measures should be designed and
constructed in the most effect ive manner.
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Appendix B

APPENDIX B

BMP FACT SHEETS

SILT FENCE

September 1992

Design Criteria

> S ilt  fences are appropriate at the follo w ing genera l locat ions:

> Immediate ly upstream of the point(s) of runoff discharge from a site before f lo w  becomes
concentrated (max imum design f lo w  rate should not exceed 0.5  cubic feet per second).

> Be lo w  disturbed areas w here runoff may occur in the form of overland f lo w .

> Ponding should not be a llo w ed behind silt  fences since they w ill collapse under high pressure; the
design should prov ide suffic ient out lets to prevent overtopping.

> The dra inage area should not exceed 0.25 acre per 100 feet of fence length.
> For slopes bet w een 50:1 and 5:1, the max imum allo w able upstream flo w  path length to the fence is

100 feet; for slopes of 2 :1  and steeper, the max imum is 20 feet.
> The max imum upslope grade perpendicular to the fence line should not exceed 1:1 .
> Synthetic silt fences should be designed for 6 months of serv ice; burlap is only acceptable for periods

of up to 60 days.

Materials

> Synthet ic f ilter fabric should be a perv ious sheet of polypropy lene, ny lon, polyester, or polyethy lene
yarn conform ing to the requirements in Table 1 be lo w .

TABLE 1.  SYNTHETIC FILTER FABRIC REQUIREMENTS

Physical Property Requirements

F iltering Eff ic iency 75 % - 85 % (m inimum)

Tensile Strength at 20 %
(max imum) Elongat ion

Standard Strength - 30 lb/linear inch (m inimum)

Extra Strength - 50 lb/linear inch (m inimum)

S lurry F lo w  Rate 0.3 gal/f t2/m in (m inimum)

> Synthetic filter fabric should contain ultrav iolet ray inhibitors and stabilizers to prov ide a minimum of
6 months of expected usable construct ion life at a temperature range of 0  to 120EF.

> Burlap of 10 ounces per square yard of fabric can a lso be used.
> The filter fabric should be purchased in a continuous roll to avoid joints.
> While not required, w ire fencing may be used as a backing to reinforce standard strength filter fabric.

 The w ire fence (14 gauge m inimum) should be at 22-48 inches w ide and should have a max imum
mesh spac ing of 6  inches.

> Posts should be 2-4 feet long and should be composed of either 2 "  x 2-4 "  pine (or equivalent) or 1.00
to 1.33 lb/linear f t  stee l.   Stee l posts should have project ions for fastening w ire and fabric to them.

Construction Specifications

> The max imum he ight of the f ilter fence should range bet w een 18 and 36 inches above the ground
surface (depending on the amount of upslope ponding expected).
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Appendix B

SILT FENCE

> Posts should be spaced 8 to 10 feet apart when a w ire mesh support fence is used and no more than
6 feet apart w hen extra strength filter fabric (w ithout a w ire fence) is used.  The posts should extend
12 to 30 inches into the ground.

> A  trench should be excavated 4 to 8  inches w ide and 4 to 12 inches deep along the upslope side of
the line of posts.

> If standard strength filter fabric is to be used, the optional w ire mesh support fence may be fastened
to the upslope side of the posts using 1 inch heavy duty w ire staples, tie w ires, or hog rings.  Extend
the w ire mesh support to the bottom of the trench.  The filter fabric should then be stapled or w ired
to the fence, and 8 to 20 inches of the fabric should extend into the trench (F igure 1).

> Extra strength filter fabric does not require a w ire mesh support fence.  Staple or w ire the filter fabric
direct ly to the posts and extend 8 to 20 inches of the fabric into the trench (F igure 1).

> Where joints in the fabric are required, the filter cloth should be spliced together only at a support post,
w ith a m inimum 6-inch overlap, and secure ly sea led.

> Do not attach f ilter fabric to trees.
> Backf ill the trench w ith compacted soil or 0 .75 inch m inimum diameter grave l placed over the f ilter

fabric.

Maintenance

> Inspect filter fences daily during periods of prolonged rainfall, immediately after each rainfall event, and
w eek ly during periods of no ra infa ll.   Make any required repa irs immediate ly.

> Sediment must be removed w hen it reaches one-third to one-half the height of the filter fence.  Take
care to avoid damaging the fence during c leanout.

> F ilter fences should not be removed unt il the upslope area has been permanent ly stabilized.  Any
sediment deposits rema ining in place after the f ilter fence has been removed should be dressed to
conform w ith the ex ist ing grade, prepared, and seeded.

Cost

> S ilt  fence insta llat ion costs approx imate ly $6.00 per linear foot.

Sources

> Common w ea lth of V irginia - County of Fa irfax, 1987.  1987 Check List For Erosion And Sediment
Control - Fa irfax County, V irginia.

> State of North Carolina, 1988.  Erosion and Sediment Control Planning and Design Manua l.   North
Carolina Sedimentat ion Control Comm ission, Department of Natura l Resources and Community
Deve lopment.

> Mary land Department of the Env ironment, 1991.  1991 Mary land Standards And Spec if icat ions For
Soil Erosion And Sediment Control - Draft.
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PIPE SLOPE DRAIN

September 1992

Design Criteria

> Pipe S lope Dra ins (PSD) are appropriate in the follo w ing genera l locat ions:

> On cut or f ill slopes before permanent storm w ater dra inage structures have been insta lled.
> Where earth dikes or other diversion measures have been used to concentrate f lo ws.
> On any slope w here concentrated runoff crossing the face of the slope may cause gullies, channel

erosion, or saturat ion of slide-prone soils.
> As an out let for a natura l dra inage w ay.

> The dra inage area may be up to 1 0 acres; ho w ever, many jurisdict ions consider 5  acres the
recommended max imum.

> The PSD design should handle the peak runoff for the 10-year storm.  Typica l re lat ionships bet w een
area and pipe diameter are sho w n in Table 2  be lo w .

TABLE 2.  RELATIONSHIP BETWEEN AREA AND PIPE DIAMETER

Maximum Drainage Area
(Acres)

Pipe Diameter (D)
(Inches)

0.5 12

0.75 15

1.0 18

Materials

> Pipe may be heavy duty f lex ible tubing designed for this purpose, e.g., nonperforated, corrugated
plast ic pipe, corrugated meta l pipe, bitum inous f iber pipe, or spec ia lly designed f lex ible tubing.

> A standard flared end section secured w ith a w atertight fitting should be use for the inlet.  A  standard
T-sect ion f it t ing may a lso be used.

> Extension collars should be 12-inch long sections of corrugated pipe.  A ll fittings must be w atertight.

Construction Specifications

> Place the pipe slope dra in on undisturbed or w e ll-compacted soil.
> Soil around and under the entrance sect ion must be hand-tamped in 4-inch to 8-inch lifts to the top

of the dike to prevent piping fa ilure around the inlet.
> Place filter cloth under the inlet and extend 5 feet in front of the inlet and be keyed in 6-inches on all

sides to prevent erosion.  A  6-inch meta l toe plate may a lso be used for this purpose.
> Ensure firm contact bet w een the pipe and the soil at all points by backfilling around and under the pipe

w ith stable soil materia l hand compacted in lif ts of 4-inches to 8-inches.
> Securely stake the PSD to the slope using grommets prov ided for this purpose at intervals of 10 feet

or less.
> Ensure that a ll slope dra in sect ions are secure ly fastened together and have w atert ight f it t ings.

B-3



Appendix B

PIPE SLOPE DRAIN

> Extend the pipe beyond the toe of the slope and discharge at a nonerosive ve loc ity  into a stabilized
area (e.g., rock out let protect ion may be used) or to a sedimentat ion trap or pond.

> The PSD should have a m inimum slope of 3  percent or steeper.
> The height at the centerline of the earth dike should range from a minimum of 1.0 foot over the pipe

to t w ice the diameter of the pipe measured from the invert of the pipe.  It  should a lso be at least 6
inches higher than the adjoining ridge on e ither side.

> A t no point a long the dike w ill the e levat ion of the top of the dike be less than 6 inches higher than
the top of the pipe.

> Immediate ly stabilize a ll areas disturbed by insta llat ion or remova l of the PSD.

Maintenance

> Inspect regularly and after every storm.  Make any necessary repa irs.
> Check to see that w ater is not bypassing the inlet and undercutt ing the inlet or pipe.  If  necessary,

insta ll head w a ll or sandbags. 
> Check for erosion at the out let point and check the pipe for breaks or c logs.  Insta ll addit iona l out let

protect ion if  needed and immediate ly repa ir the breaks and c lean any c logs.
> Do not a llo w  construct ion traff ic to cross the PSD and do not place any materia l on it .
> If  a sediment trap has been prov ided, c lean it  out w hen the sediment leve l reaches 1/3  to 1/2 the

design volume.
> The PSD should remain in place until the slope has been completely stabilized or up to 30 days after

permanent slope stabilizat ion.

Cost

> Pipe slope drain costs are generally based upon the pipe type and size (generally, flexible PV C at $5.00
per linear foot).  A lso adding to this cost are any expenses associated w ith inlet and outlet structures.

Sources

> Common w ea lth of V irginia - County of Fa irfax, 1987.  1987 Check List For Erosion And Sediment
Control - Fa irfax County, V irginia.

> State of North Carolina, 1988.  Erosion and Sediment Control Planning and Design Manua l.   North
Carolina Sedimentat ion Control Comm ission, Department of Natura l Resources and Community
Deve lopment.

> Mary land Department of the Env ironment, 1991.  1991 Mary land Standards And Spec if icat ions For
Soil Erosion And Sediment Control - Draft.

> Storm Water Management Manua l for the Puget Sound Basin.  State of Washington, Department of
Ecology, 1991.

> Cost Data:
> Draft Sediment and Erosion Control,  An Inventory of Current Practices, April 20, 1990.  Prepared by

Kamber Engineering for the U.S. Env ironmental Protection Agency, Office of Water Enforcement and
Permits, Washington, D.C.  20460.
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STABILIZED CONSTRUCTION ENTRANCE

September 1992

Design Criteria

> A  Stabilized Construct ion Entrance (SCE) is appropriate in the follo w ing locat ions:

> Wherever vehic les are leav ing a construct ion site and enter onto a public road
> A t any unpaved entrance/ex it  locat ion w here there is risk of transport ing mud or sediment onto

paved roads.

> The w idth should be at least 10 feet to 12 feet or the as w ide as the entire w idth of the access.  A t
sites where traffic volume is high the entrance should be w ide enough for t wo vehicles to pass safely.

> The length should be bet w een 50 to 75 feet in length.
> F lare the entrance w here it  meets the ex ist ing road to prov ide a turning radius.
> Runoff from a stabilized construct ion entrance should dra in to a sediment trap or sediment basin.
> Pipe placed under the entrance to handle runoff should be protected w ith a mountable berm.
> Dust control should be prov ided in accordance w ith Sect ion 3.2 .1 .

Materials

> Crushed stone 2-inches-4-inches in diameter
> Geotext ile (f ilter fabric) w ith the propert ies listed in Table 3 be lo w .

TABLE 3.  GEOTEXTILE REQUIREMENTS

Physical Property Requirements

Grab Tensile Strength 220 lbs.
(A STM D1682)

Elongat ion Fa ilure 60 %
(A STM D1682)

Mullen Burst Strength 430 lbs.
(A STM D3768)

Puncture Strength 125 lbs.
(A STM D751)
(modif ied)

Equivalent Opening Size 40-80
(US std S ieve)
(C W-02215)

Construction Specifications

> C lear a ll vegetat ion, roots and a ll other obstruct ions in preparat ion for grading.
> Prior to placing geotextile (filter fabric) make sure that the entrance is properly graded and compacted.
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STABILIZED CONSTRUCTION ENTRANCE

> To reduce ma intenance and loss of aggregate place geotext ile fabric (f ilter c loth) over the ex ist ing
ground before plac ing the stone for the entrance.

> Stone should be placed to a depth of 6-inches or greater for the ent ire w idth and length of the SCE.

Maintenance

> Inspect the measure on a regular basis and after there has been a high volume of traffic or storm event.
> Apply addit iona l stone periodica lly and w hen repa ir is required.
> Immediate ly remove sediments or any other materia ls tracked onto the public road w ay.
> Ensure that assoc iated sediment control measures are in good w ork ing condit ion.

Cost

> Stabilized construction entrances cost ranges from $1,500 to $5,000 to install.

Sources

> Common w ea lth of V irginia - County of Fa irfax, 1987.  1987 Check List For Erosion And Sediment
Control - Fa irfax County, V irginia.

> State of North Carolina, 1988. Erosion and Sediment Control Planning and Design Manua l.   North
Carolina Sedimentat ion Control Comm ission, Department of Natura l Resources and Community
Deve lopment.

> Mary land Department of the Env ironment, 1991.  1991 Mary land Standards And Spec if icat ions For
Soil Erosion And Sediment Control - Draft.

> Storm Water Management Manua l for the Puget Sound Basin.  State of Washington, Department of
Ecology, 1991.

> Cost Data:

> Draft Sediment and Erosion Control, An Inventory of Current Practices, April 20, 1990.  Prepared
by Kamber Engineering for the U.S. Environmental Protection Agency, Office of Water Enforcement
and Permits, Washington, D.C .  20460.

B-6

FILTER FABRIC INLET PROTECTION

September 1992

Design Criteria

> Inlet protect ion is appropriate in the follo w ing locat ions:

> In sma ll dra inage areas (less than 1  acre) w here the storm dra in inlet is funct iona l before the
dra inage area has been permanent ly stabilized.

> Where there is danger of sediment silt ing in an inlet w hich is in place prior to permanent
stabilization.

> F ilter fabric inlet protection is appropriate for most types of inlets w here the drainage area is one acre
or less.

> The drainage area should be fairly flat w ith slopes of 5 % or less and the area immediately surrounding
the inlet should not exceed a slope of 1 %.

> Overland f lo w  to the inlet should be no greater than 0.5 cfs.
> This type of inlet protection is not appropriate for use in paved areas because the filter fabric requires

stak ing.
> To avoid fa ilure caused by pressure aga inst the fabric w hen overtopping occurs, it  is recommended

that the he ight of the f ilter fabric be limited to 1 .5  feet above the crest of the drop inlet.
> It  is recommended that a sediment trapping sump of 1  to 2  feet in depth w ith side slopes of 2 :1  be

prov ided.

Materials

> F ilter fabric (see the fabric spec if icat ions for silt  fence).
> Wooden stakes 2 "  x 2 "  or 2 " x 4 "  w ith a minimum length of 3  feet.
> Heavy-duty w ire staples at least �  inch in length.
> W ashed grave l �  inches in diameter.

Construction Specifications

> Place a stake at each corner of the inlet and around the edges at no more than 3 feet apart.  Stakes
should be driven into the ground 18 inches or at a minimum 8 inches.

> For stability  a frame w ork of w ood strips should be insta lled around the stakes at the crest of the
overf lo w  area 1 .5  feet above the crest of the drop inlet.

> Excavate a trench of 8 inches to 12 inches in depth around the outside perimeter of the stakes.  If a
sediment trapping sump is be ing prov ided then the excavat ion may be as deep as 2  feet.

> Staple the filter fabric to the wooden stakes w ith heavy-duty staples, overlapping the joints to the next
stake.  Ensure that bet w een 12 inches to 32 inches of filter fabric extends at the bottom so it can be
formed into the trench.

> Place the bottom of the fabric in the trench and backf ill the trench a ll the w ay around using w ashed
grave l to a m inimum depth of 4  inches.
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Appendix B

FILTER FABRIC INLET PROTECTION

Maintenance

> Inspect regularly and after every storm.  Make any repairs necessary to ensure the measure is in good
w ork ing order.

> Sediment should be removed and the trap restored to its origina l dimensions w hen sediment has
accumulated to �  the design depth of the trap.

> If  the f ilter fabric becomes c logged it  should be replaced immediate ly.
> Make sure that the stakes are f irm ly in the ground and that the f ilter fabric cont inues to be secure ly

anchored.
> A ll sediments removed should be properly disposed.
> Inlet protection should remain in place and operational until the drainage area is completely stabilized

or up to 30 days after the permanent site stabilizat ion is achieved.

Cost

> The cost of storm drain inlet protection varies dependent upon the size and type of inlet to be protected
but genera lly is about $300.00 per inlet.

Sources

> Common w ea lth of V irginia - County of Fa irfax, 1987.  1987 Check List For Erosion And Sediment
Control - Fa irfax County, V irginia.

> State of North Carolina, 1988.  Erosion and Sediment Control Planning and Design Manua l.   North
Carolina Sedimentat ion Control Comm ission, Department of Natura l Resources and Community
Deve lopment.

> Mary land Department of the Env ironment, 1991.  1991 Mary land Standards And Spec if icat ions For
Soil Erosion And Sediment Control - Draft.

> Storm Water Management Manua l for the Puget Sound Basin.  State of Washington, Department of
Ecology, 1991.

> Cost Data: 

> Draft Sediment and Erosion Control, An Inventory of Current Practices, April 20, 1990.  Prepared
by Kamber Engineering for the U.S. Environmental Protection Agency, Office of Water Enforcement
and Permits, Washington, D.C .  20460.

B-8

EXCAVATED GRAVEL INLET PROTECTION

September 1992

Design Criteria

> Inlet protect ion is appropriate in the follo w ing locations:

> In sma ll dra inage areas (less than 1  acre) w here the storm dra in inlet is funct iona l before the
dra inage area has been permanent ly stabilized.

> Where there is danger of sediment silt ing in an inlet w hich is in place prior to permanent
stabilization.

> Where ponding around the inlet structure could be a problem to traff ic on site.

> Excavated grave l and mesh inlet protect ion may be used w ith most inlets w here overf lo w  capability
is needed and in areas of heavy f lo ws, 0 .5  cfs or greater.

> The dra inage area should not exceed 1  acre.
> The dra inage area should be fa irly f lat w ith slopes of 5 % or less.
> The trap should have a sediment trapping sump of 1  to 2  feet measured from the crest of the inlet.

 S ide slopes should be 2 :1 .  The recommended vo lume of excavat ion is 35 yd � /acre disturbed.
> To achieve maximum trapping efficiency the longest dimension of the basin should be oriented tow ard

the longest inf lo w  area.

Materials

> Hard w are c loth or w ire mesh w ith �  inch openings.
> F ilter fabric (see the fabric spec if icat ions for silt  fence).
> W ashed grave l �  inches to 4  inches in diameter.

Construction Specifications

> Remove any obstructions to excavating and grading.  Excavate sump area, grade slopes and properly
dispose of soil.

> The inlet grate should be secured to prevent seepage of sediment laden w ater.
> Place w ire mesh over the drop inlet so that the w ire extends a m inimum of 1  foot beyond each side

of the inlet structure. Overlap the strips of mesh if  more than one is necessary.
> Place filter fabric over the mesh extending it at least 18 inches beyond the inlet opening on all sides.

 Ensure that w eep holes in the inlet structure are protected by f ilter fabric and grave l.
> Place stone/grave l over the fabric/w ire mesh to a depth of at least 1 foot.
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Appendix B

EXCAVATED GRAVEL INLET PROTECTION

Maintenance

> Inspect regularly and after every storm.  Make any repairs necessary to ensure the measure is in good
w ork ing order.

> Sediment should be removed and the trap restored to its origina l dimensions w hen sediment has
accumulated to �  the design depth of the trap.

> C lean or remove and replace the stone f ilter or f ilter fabric if  they become c logged.
> Inlet protection should remain in place and operational until the drainage area is completely stabilized

or up to 30 days after the permanent site stabilizat ion is achieved.

Cost

> The cost of storm drain inlet protection varies dependent upon the size and type of inlet to be protected
but genera lly is about $300.00 per inlet.

Sources

> Common w ea lth of V irginia - County of Fa irfax, 1987.  1987 Check List For Erosion And Sediment
Control - Fa irfax County, V irginia.

> State of North Carolina, 1988. Erosion and Sediment Control Planning and Design Manua l.   North
Carolina Sedimentat ion Control Comm ission, Department of Natura l Resources and Community
Deve lopment.

> Mary land Department of the Env ironment, 1991.  1991 Mary land Standards And Spec if icat ions For
Soil Erosion And Sediment Control - Draft.

> Storm Water Management Manua l for the Puget Sound Basin.  State of Washington, Department of
Ecology, 1991.

> Cost Data:

> Draft Sediment and Erosion Control, An Inventory of Current Practices, April 20, 1990.  Prepared
by Kamber Engineering for the U.S. Environmental Protection Agency, Office of Water Enforcement
and Permits, Washington, D.C . 20460.

B-1 0

BLOCK AND GRAVEL INLET PROTECTION

September 1992

Design Criteria

> Inlet protect ion is appropriate in the follo w ing locat ions:

> In drainage areas (less than 1 acre) where the storm drain inlet is functional before the drainage area
has been permanent ly stabilized.

> Where there is danger of sediment silt ing in an inlet w hich is in place prior to permanent
stabilization.

> Block and grave l inlet protect ion may be used w ith most types of inlets w here overf lo w  capability is
needed and in areas of heavy f lo w s 0.5  cfs or greater.

> The dra inage area should not exceed 1  acre.
> The dra inage area should be fa irly f lat w ith slopes of 5 % or less.
> To achieve maximum trapping efficiency the longest dimension of the basin should be oriented tow ard

the longest inf lo w  area.
> Where possible the trap should have sediment trapping sump of 1 to 2 feet in depth w ith side slopes

of 2:1.
> There are severa l other types of inlet protect ion a lso used to prevent siltat ion of storm dra inage

systems and structures during construct ion, they are:

> F ilter Fabric Inlet Protect ion
> Excavated Grave l Inlet Protect ion

Materials

> Hard w are c loth or w ire mesh w ith �  inch openings
> F ilter fabric (see the fabric spec if icat ions for silt  fence)
> Concrete block 4 inches to 12 inches w ide.
> W ashed grave l �  inches to 4  inches in diameter

Construction Specifications

> The inlet grate should be secured to prevent seepage of sediment laden w ater.
> Place w ire mesh over the drop inlet so that the w ire extends a m inimum of 12 inches to 18 inches

beyond each side of the inlet structure. Overlap the strips of mesh if  more than one is necessary.
> Place filter fabric (optional) over the mesh and extend it at least 18 inches beyond the inlet structure.
> Place concrete blocks over the filter fabric in a single row  lengthw ise on their sides along the sides of

the inlet.  The foundation should be excavated a minimum of 2 inches below  the crest of the inlet and
the bottom ro w  of blocks should be aga inst the edge of the structure for latera l support.

> The open ends of the block should face out w ard not up w ard and the ends of adjacent blocks should
abut.  Lay one block on each side of the structure on its side to a llo w  for de w atering of the pool.

> The block barrier should be at least 12 inches high and may be up to a max imum of 24 inches high
and may be from 4 inches to 12 inches in depth depending on the size of block used.

> Prior to backfilling, place w ire mesh over the outside vertical end of the blocks so that stone does not
w ash do w n the inlet.

> Place grave l aga inst the w ire mesh to the top of the blocks.
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Appendix B

BLOCK AND GRAVEL INLET PROTECTION

Maintenance

> Inspect regularly and after every storm.  Make any repairs necessary to ensure the measure is in good
w ork ing order.

> Sediment should be removed and the trap restored to its origina l dimensions w hen sediment has
accumulated to �  the design depth of the trap.

> A ll sediments removed should be properly disposed of.
> Inlet protection should remain in place and operational until the drainage area is completely stabilized

or up to 30 days after the permanent site stabilizat ion is achieved.

Cost

> The cost of storm drain inlet protection varies dependent upon the size and type of inlet to be protected
but genera lly is about $300.00 per inlet.

Sources

> Common w ea lth of V irginia - County of Fa irfax, 1987.  1987 Check List For Erosion And Sediment
Control - Fa irfax County, V irginia.

> State of North Carolina, 1988. Erosion and Sediment Control Planning and Design Manua l.   North
Carolina Sedimentat ion Control Comm ission, Department of Natura l Resources and Community
Deve lopment.

> Mary land Department of the Env ironment, 1991.  1991 Mary land Standards And Spec if icat ions For
Soil Erosion And Sediment Control - Draft.

> Storm Water Management Manua l for the Puget Sound Basin.  State of Washington, Department of
Ecology, 1991.

> Cost Data:

> Draft Sediment and Erosion Control, An Inventory of Current Practices, April 20, 1990.  Prepared
by Kamber Engineering for the U.S. Environmental Protection Agency, Office of Water Enforcement
and Permits, Washington, D.C . 20460.

B-1 2

CHECK DAMS

September 1992

Design Criteria

> Check dams are appropriate for use in the follo w ing locations:

> A cross sw a les or dra inage ditches to reduce the ve loc ity  of f lo w .
> Where velocity must be reduced because a vegetated channel lining has not yet been established.

> Check dams may never be used in a live stream unless approved by the appropriate government
agency.

> The dra inage area above the check dam should be bet w een 2  acres and 10 acres.
> The dams must be spaced so that the toe of the upstream dam is never any higher than the top of the

do w nstream dam.
> The center of the dam must be 6 inches to 9 inches low er than either edge, and the max imum height

of the dam should be 24 inches.
> The check dam should be as much as 18 inches w ider than the banks of the channe l to prevent

undercutt ing as overf lo w  w ater re-enters the channe l.
> Excavat ing a sump immediate ly upstream from the check dam improves its effect iveness.

    > Prov ide out let stabilizat ion be lo w  the lo w est check dam w here the risk of erosion is greatest.
> Consider the use of channe l linings or protection such as plast ic sheet ing or riprap w here there may

be signif icant erosion or prolonged submergence.

Materials

> Stone 2 inches to 15 inches in diameter
> Logs 6 inches to 8  inches in diameter
> Sandbags f illed w ith pea grave l
> F ilter fabric (see the fabric spec if icat ions for silt  fence)

Construction Specifications

> Rock Check Dams

> Place the stones on the f ilter fabric e ither by hand or using appropriate machinery; do not simply
dump them in place.

> Extend the stone 18 inches beyond the banks and keep the side slopes 2:1  or f latter.
> Lining the upstream side of the dam w ith �  inch to 1 �  inch gravel 1  foot in depth is a suggested

option.

> Log Check Dams

> Logs must be f irmly embedded in the ground; 18 inches is the recommended m inimum depth.

> Sand Bag Check Dams

> Be sure that bags are a ll secure ly sea led.
> Place bags by hand or use appropriate machinery.
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Appendix B

CHECK DAMS

Maintenance

> Inspect regularly and after every storm.  Make any repairs necessary to ensure the measure is in good
w ork ing order.

> A ccumulated sediment and leaves should be removed from behind the dams and erosive damage to
the channe l restored after each storm or w hen �  the origina l he ight of the dam is reached.

> A ll accumulated materia l removed from the dam sha ll be properly disposed.
> Replace stone as necessary for the dams to ma inta in the ir correct he ight.
> If  sand bags are used, the fabric of the bags should be inspected for signs of deteriorat ion.
> Remove stone or riprap if  grass lined channe l requires mo w ing.
> Check dams should remain in place and operational until the drainage area and channel are completely

stabilized or up to 30 days after the permanent site stabilizat ion is achieved.
> Restore the channe l lining or establish vegetat ion w hen each check dam is removed.

Cost

> The costs for the construction of check dams varies w ith the material used.  Rock costs about $100
per dam.  Log check dams are usua lly slight ly less expensive than rock check dams.  A ll costs vary
depending on the w idth of channe l to be checked.

Sources

> Common w ea lth of V irginia - County of Fa irfax, 1987.  1987 Check List For Erosion And Sediment
Control - Fa irfax County, V irginia.

> State of North Carolina, 1988. Erosion and Sediment Control Planning and Design Manua l.   North
Carolina Sedimentat ion Control Comm ission, Department of Natura l Resources and Community
Deve lopment.

> Mary land Department of the Env ironment, 1991.  1991 Mary land Standards And Spec if icat ions For
Soil Erosion And Sediment Control - Draft.

> Storm Water Management Manua l for the Puget Sound Basin.  State of Washington, Department of
Ecology, 1991.

> Cost Data:

> Draft Sediment and Erosion Control, An Inventory of Current Practices, April 20, 1990.  Prepared
by Kamber Engineering for the U.S. Environmental Protection Agency, Office of Water Enforcement
and Permits, Washington, D.C . 20460.

B-1 4

EARTH DIKE

September 1992

Design Criteria

> Earth dikes are appropriate in the follo w ing situat ions:

> To divert upslope flows a w ay from disturbed areas such as cut or fill slopes and to divert runoff to
a stabilized outlet

> To reduce the length of the slope runoff w ill cross
> A t the perimeter of the construct ion site to prevent sediment-laden runoff from leav ing the site
> To direct sediment-laden runoff to a sediment trapping dev ice.

> When the dra inage area to the earth dike is greater than 10 acres, the United States Department of
Agriculture - Soil Conservation Service (USD A - SCS) standards and specification for diversions should
be consulted.

> Table 4 conta ins suggested dike design criteria.

TABLE 4.  SUGGESTED DIKE DESIGN CRITERIA

Drainage Area Under 5 Acres Between 5-10 Acres

D ike He ight 18 inches 30 inches

D ike W idth 24 inches 36 inches

F lo w  W idth 4 feet 6 feet

F lo w  Depth 12 inches 24 inches

Side Slopes 2:1 or less 2:1 or less

Grade 0.5 % - 10 % 0.5 % - 10 %

        > The base for a dike 18 inches high and 24 w ide at the top should be bet w een 6 feet - 8  feet.  The
he ight of the dike is measured on the upslope side.

> If  the dike is constructed using coarse aggregate the side slopes should be 3:1 or f latter.
> The channel formed behind the dike should have a posit ive grade to a stabilized out let.  The channe l

should be stabilized w ith vegetat ive or other stabilizat ion measures.
> Grades over 10 % may require an engineering design.
> Construct the dike w here it  w ill not interfere w ith ma jor areas of construct ion traff ic so that vehic le

damage to the dike w ill be kept to the m inimum.
> Diversion dikes should be installed prior to the majority of soil disturbing activity, and may be removed

w hen stabilizat ion of the dra inage area  and out let are complete.

Materials

> Compacted Soil
> Coarse A ggregate
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Appendix B

EARTH DIKE

Construction Specifications

> C lear the area of a ll trees, brush, stumps or other obstruct ions.
> Construct the dike to the designed cross-sect ion, line and grade mak ing sure that there are no

irregularit ies or bank project ions to impede the f lo w .
> The dike should be compacted using earth mov ing equipment to prevent fa ilure of the dike. 
> The dike must be stabilized as soon as possible after installation.

Maintenance

> Inspect regularly and after every storm, make any repairs necessary to ensure the measure is in good
w ork ing order.

> Inspect the dike, f lo w  channe l and out let for def ic ienc ies or signs of erosion.
> If  materia l must be added to the dike be sure it  is properly compacted.
> Reseed or stabilize the dike as needed to ma inta in its stability  regardless if  there has been a storm

event or not.

Cost

> The cost assoc iated w ith earth dike construct ion is roughly $4.50 per linear foot w hich covers the
earth w ork involved in preparing the dike.  A lso added to this cost is approx imate ly $1.00 per linear
foot for stabilization practices. It should be noted that for most construction projects, the cost of earth
dike construct ion is insignif icant compared to the overa ll earth w ork project costs.

Sources

> Common w ea lth of V irginia - County of Fa irfax, 1987.  1987 Check List For Erosion And Sediment
Control - Fa irfax County, V irginia.

       > State of North Carolina, 1988. Erosion and Sediment Control Planning and Design Manua l.   North
Carolina Sedimentat ion Control Comm ission, Department of Natura l Resources and Community
Deve lopment.

> Mary land Department of the Env ironment, 1991.  1991 Mary land Standards And Spec if icat ions For
Soil Erosion And Sediment Control - Draft.

> Storm Water Management Manua l for the Puget Sound Basin.  State of Washington, Department of
Ecology, 1991.

> Cost Data:

> Draft Sediment and Erosion Control, An Inventory of Current Practices, April 20, 1990.  Prepared
by Kamber Engineering for the U.S. Environmental Protection Agency, Office of Water Enforcement
and Permits, Washington, D.C . 20460.

B-1 6

DRAINAGE SWALE

September 1992

Design Criteria

> Temporary dra inage sw a les are appropriate in the follo w ing situat ions:

> To divert upslope flows a w ay from disturbed areas such as cut or fill slopes and to divert runoff to
a stabilized outlet

> To reduce the length of the slope runoff w ill cross
> A t the perimeter of the construct ion site to prevent sediment-laden runoff from leav ing the site
> To direct sediment-laden runoff to a sediment trapping dev ice.

> When the dra inage area is greater than 10 acres the United States Department of Agriculture - Soil
Conservation Serv ice (USD A  - SCS) standards and spec ifications for diversions should be consulted.

> S w a les may have side slopes ranging from 3:1 to 2 :1 .
> The minimum channe l depth should be bet w een 12 inches and 18 inches.
> The minimum w idth at the bottom of the channel should be 24 inches and the bottom should be level.
> The channe l should have a uniform posit ive grade bet w een 2 % and 5 %, w ith no sudden decreases

w here sediments may accumulate and cause overtopping.  
> The channe l should be stabilized w ith temporary or permanent stabilizat ion measures.
> Grades over 1 0 % may require an engineering design.
> Construct the s w a le a w ay from areas of ma jor construct ion traff ic.
> Runoff must discharge to a stabilized outlet.

Materials

> Grass seed for temporary or permanent stabilizat ion
> Sod
> Coarse aggregate or riprap

Construction Specifications

> C lear the area of a ll trees, brush, stumps or other obstruct ions.

       > Construct the sw a le to the designed cross-sect ion, line and grade mak ing sure that there are no
irregularit ies or bank project ions to impede the f lo w .

> The lining should be w ell compacted using earth mov ing equipment and stabilization initiated as soon
as possible.

> Stabilize lining w ith grass seed, sod, or riprap.
> Surplus materia l should be properly distributed or disposed of so that it  does not interfere w ith the

functioning of the s w a le.
> Outlet dissipation measures should be used to avoid the risk of erosion.

Maintenance

> Inspect regularly and after every storm, make any repairs necessary to ensure the measure is in good
w ork ing order.

> Inspect the f lo w  channe l and out let for def ic ienc ies or signs of erosion.
> If  surface of the channe l requires materia l to be added be sure it  is properly compacted.
> Reseed or stabilize the channe l as needed to prevent erosion during a storm event.
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Appendix B

DRAINAGE SWALE

Cost

> Dra inage sw a le can vary w ide ly depending on the geometry of the sw a le and the type of lining
materia l:

> Grass $3.00/square yard
> Sod $ 4.0 0/square year
> Riprap $ 4 5.0 0/square year

> No matter w hich liner type is used, the ent ire sw a le must be stabilized (i.e.,  seeded and mulched at
a cost of $1.25/square yard).

Sources

> Common w ea lth of V irginia - County of Fa irfax, 1987.  1987 Check List For Erosion And Sediment
Control - Fa irfax County, V irginia.

> State of North Carolina, 1988. Erosion and Sediment Control Planning and Design Manua l.   North
Carolina Sedimentat ion Control Comm ission, Department of Natura l Resources and Community
Deve lopment.

> Mary land Department of the Env ironment, 1991.  1991 Mary land Standards And Spec if icat ions For
Soil Erosion And Sediment Control - Draft.

> Storm Water Management Manua l for the Puget Sound Basin.  State of Washington, Department of
Ecology, 1991.

> Cost Data:

> Draft Sediment and Erosion Control, An Inventory of Current Practices, April 20, 1990.  Prepared
by Kamber Engineering for the U.S. Environmental Protection Agency, Office of Water Enforcement
and Permits, Washington, D.C . 20460.
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TEMPORARY SEDIMENT TRAP

September 1992

Design Criteria

> Temporary sediment traps are appropriate in the follo w ing locat ions:

> A t the out let of the perimeter controls insta lled during the f irst stage of construct ion.
> At the outlet of any structure which concentrates sediment-laden runoff, e.g. at the discharge point

of diversions, channe ls, slope dra ins, or other runoff conveyances.
> Above a storm w ater inlet that is in line to rece ive sediment-laden runoff.

> Temporary sediment traps may be constructed by excavat ion a lone or by excavat ion in combinat ion
w ith an embankment.

> Temporary sediment traps are often used in conjunct ion w ith a diversion dike or sw a le.
> The dra inage area for the sediment trap should not exceed 5  disturbed acres.
> The trap must be accessible for ease of regular maintenance which is critical to its functioning properly.
> Sediment traps are temporary measures and should not be planned to rema in in place longer than

bet w een 18 and 24 months.
> The capac ity  of the sedimentat ion pool should prov ide storage volume for 3 ,600 cubic feet/acre

dra inage area. 
> The outlet should be designed to provide a 2 foot settling depth and an additional sediment storage area

1 �  feet deep at the bottom of the trap. 
> The embankment may not exceed 5 feet in he ight.
> The recommended m inimum w idth at the top of the embankment is bet w een 2 feet and 5 feet.
> The minimum recommended length of the w eir is bet w een 3 feet and 4 feet, and the max imum is 12

feet in length.
> Table 5 illustrates the typica l re lat ionship bet w een the embankment he ight, the he ight of the out let

(Ho), and the w idth (W) at the top of the embankment.

TABLE 5.  EMBANKMENT HEIGHT vs. OUTLET HEIGHT AND WIDTH

H Ho W

1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0

0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0

2.0
2.0
2.5
2.5
3.0
3.0
4.0
4.5

Materials

> F ilter fabric (see fabric requirement for silt  fence)
> Coarse aggregate or riprap 2 inches to 14 inches in diameter
> Washed grave l �  to 1 �  inches in diameter
> Seed and mulch for stabilizat ion
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TEMPORARY SEDIMENT TRAP

Construction Specifications

> C lear the area of a ll trees, brush, stumps or other obstruct ions.
> Construct the embankment in 8 inch lif ts compact ing each lif t  w ith the appropriate earth mov ing

equipment.  F ill materia l must be free of w oody vegetat ion, roots, or large stones.
> Keep cut and f ill slopes bet w een 3:1  and 2:1  or f latter.
> Line the out let area w ith f ilter fabric prior to plac ing stone or grave l.
> Construct the gravel outlet using heavy stones bet w een 6 inches and 14 inches in diameter and face

the upstream side w ith a 12 inch layer of �  inch to 1 �  inch w ashed grave l on the upstream side.
> Seed and mulch the embankment as soon as possible to ensure stabilizat ion.

Maintenance

> Inspect regularly and after every storm.  Make any repairs necessary to ensure the measure is in good
w ork ing order.

> Frequent remova l of sediment is crit ica l to the funct ioning of this measure.  A t a m inimum sediment
should be removed and the trap restored to its original volume when sediment reaches �  of the original
volume.

> Sediment removed from the trap must be properly disposed.
> Check the embankment regularly to make sure it  is structura lly sound.

Cost

> Costs for a sediment trap vary w idely based upon their size and the amount of excavation and stone
required, they usua lly can be installed for $500 to $7,000.

Sources

> Common w ea lth of V irginia - County of Fa irfax, 1987.  1987 Check List For Erosion And Sediment
Control - Fa irfax County, V irginia.

> State of North Carolina, 1988. Erosion and Sediment Control Planning and Design Manua l.   North
Carolina Sedimentat ion Control Comm ission, Department of Natura l Resources and Community
Deve lopment.

> Mary land Department of the Env ironment, 1991.  1991 Mary land Standards And Spec if icat ions For
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Bioengineering for Hill slope, Stream bank, and Lakeshore 
Erosion Control 

Bioengineering techniques for hill slope, stream bank, and lakeshore erosion control are described, as are 
tips for a successful bioengineering installation and demonstration project.  

 

Thomas G. Franti, Extension Surface Water Management Specialist 

  

 

Figure 1. Preparation of wattling and 
installation procedure. Installation starts at 
the bottom of the cut or fill and proceeds 
upslope. Numbered sequence of operations is 
shown schematically. (From Gray and Leiser, 
1982) 

Soil erosion occurs whenever water meets land with enough force to move soil. Often this occurs along stream 
banks and lakeshores or where excess water flows over hill slopes. Stream bank and hill slope erosion can be 
dramatic, especially after large rainfalls or floods. However, normal stream flows, excess runoff from urbanized 
areas, and wave action along lakeshores continually erode soil. Erosion can be severe, as is the case in many 
man-made lakes, where shorelines are composed of easily erodible soil. Traditional methods of controlling 
stream flow and wave-induced erosion have relied on structural practices like rip rap, retaining walls, and sheet 
piles. In many cases, these methods are expensive, ineffective, or socially unacceptable. An alternative 
approach is bioengineering, a method of construction using live plants alone or combined with dead or 
inorganic materials, to produce living, functioning systems to prevent erosion, control sediment, and provide 
habitat. Bioengineering uses combinations of structural practices and live vegetation to provide erosion 
protection for hill slopes, stream banks, and lakeshores. Bioengineering is a diverse and multidisciplinary field, 
requiring the knowledge of engineers, botanists, horticulturalists, hydrologists, soil scientists, and construction 
contractors. It is a rapidly growing field, subject to innovations and changing design specifications. Terms such 
as biotechnical erosion control, bio-stabilization, or soil-bioengineering often are used synonymously with 
bioengineering.  

History 

The use of bioengineering methods dates back to 12th century China, when brush bundles were used to stabilize 
slopes. In the early 20th century, similar techniques were used in China to control flooding and erosion along 
the Yellow River. In Europe, especially Germany, bioengineering methods have been used for over 150 years. 
Documented use of bioengineering in the United States dates to the 1920s and ’30s. Stream bank stabilization, 
timber access road stabilization, and slope restoration were common applications. After World War II, with 
increased access to earth-moving equipment and the development of new structural slope stabilization, and 
erosion control methods, bioengineering practices all but disappeared. In the last 20 years, bioengineering has 
been recognized as a re-emerging technique to provide erosion control, environmentally sound design, and 
aesthetically pleasing structures. Gray and Leiser (1982) published the first U.S. textbook on bioengineering: 
Biotechnical Slope Protection and Erosion Control.  

Applications, Advantages, Limitations 

Bioengineering solutions can be adopted in many soil stabilization and erosion control situations, from stream 
bank and lakeshore protection to upland gully restoration and slope stabilization. Bioengineered restoration of 
flood or high water damage to streams and lakes provides a more natural-looking solution than traditional rip 
rap or concrete structures.  

Advantages of bioengineering solutions are: 1) low cost and lower long-term maintenance cost than traditional 
methods; 2) low maintenance of live plants after they are established; 3) environmental benefits of wildlife 
habitat, water quality improvement, and aesthetics; 4) improved strength over time as root systems develop and 
increase structural stability; and 5) compatibility with environmentally sensitive sites or sites with limited 
access.  

Limitations to bioengineering methods include: 1) installation season often is limited to plant dormant seasons, 
when site access may be limited; 2) availability of locally adapted plants may be limited; 3) labor needs are 
intensive and skilled, and experienced labor may be unavailable; 4) installers may be unfamiliar with 
bioengineering principles and designs, so upfront training may be required; and 5) alternative practices are 
aggressively marketed and often more widely accepted by society and contractors.  

 



Bioengineering Techniques 

Homeowners who have streamside or lakeside property, 
contractors required to work in difficult environmental 
circumstances, or professionals interested in natural 
restoration of landscapes will find bioengineering 
techniques useful. New methods of application and 
materials being developed will result in new and improved 
bioengineering design.  

Contour Wattling — This method is used to control 
surface erosion by breaking long slopes into shorter 
slopes. Bundles of branches, called wattles or fascines, are 
placed in shallow trenches along the slope or stream bank 
contour (Figure 1). Trenches are excavated by hand to 
half the diameter of the bundles. Wattles are typically 8 to 
10 inches in diameter and branches secured with twine. 
After the wattle is staked in place, the trench is backfilled 
until only the top of the bundle is exposed. Wattles can be 
used for hill slope restoration, road embankments, wide 
gullies, or slump areas.  

Brush Layering — This method is used to restore slopes 
by constructing a fill-slope consisting of alternating layers 
of live branches and soil, creating a series of reinforced 
benches (Figure 2). Large quantities of dormant willow 
branches often are used. While about 75 percent to 80 percent of the branch is buried, the tips are left exposed. 
The layers of branches help reinforce the fill, which improves as the branches develop roots throughout the fill 
area. Brush layering can be used to place new fill or repair old fill areas, restore shallow slumps, repair narrow 
gullies, and stabilize loose soil slopes.  

Trench Packing — This method is used to slow or spread water by placing live plants in a trench perpendicular 
to the flow. To reduce wave impact, live plants are placed in trenches running parallel to the shoreline. Several 
trenches may be used with different plants in each, depending on the distance to water. Generally, a wide 
planting area is needed to dissipate wave energy. In upland areas, trench packing serves to slow water and 
spread it over the soil surface, reducing its erosion potential. Trench packing also can be used to control shallow 
seeps, protect wetland construction and renovation, and protect abandoned roads.  

Brush Matting — This method protects stream banks by placing a mattress-like layer of branches over it to 
protect soil and slow water velocity. The mat is composed of interwoven, usually dead, branches secured to the 
soil by live stakes, wire, twine, or live branches. Live stakes often are cut from dormant willow. Brush matting 
helps collect sediment and enables establishment of vegetation on banks. Like brush layering, this method 
requires large quantities of branches.  

Live Cuttings — Live cuttings can be used to secure materials in place and to increase plantings on a slope. 
Live cuttings can be from 18 inches to 4 feet in length. Longer cuttings are used for live staking of wattles, 
while shorter cuttings are used for plantings.  

Coir Fascines — Coir fascines are wattles made from the fibrous outer husk of coconuts. Coir is denser than 
water so it won’t float and is very slow to decay. Coir fascines are a readily available manufactured product and 

 

Figure 2. Installation of brush layering. 
Numbered sequence of operations is shown. 
Vertical spacing depends on slope angle. 
(From Gray and Leiser, 1982) 

 

are popular for stream bank and wetland restoration where a natural look is desired (Figure 3). Coir fascines are 
placed with their tops at the water surface. Live plants can 
be placed into coir fascines to create a natural look.  

Pre-vegetated Mats — Pre-vegetated mats are live plants 
grown on a movable mat of organic material. They come 
in many sizes and materials and are moved and installed 
in one piece. They are generally 4- by 8-feet in size for 
easy handling. Mats are grown in nurseries for up to a 
year or more to provide a good plant stand. Thin mats can 
be rolled up and shipped without special packing. Thick 
mats are handled with heavy equipment because of their 
weight. Pre-vegetated mats are made of coir or other 
slowly degradable material and can use many types of 
plants. Mats usually are used in wetland or lakeshore 
environments so wetland plants are the most common. 
Currently, most pre-vegetated mats are custom ordered 
one to two years in advance.  

Inter planting Rip Rap — Rip rap often is used to protect 
stream banks and lakeshores. Rip rap is composed of 
various size large stones placed on the soil surface where 
the water contacts the soil. Live cuttings can be inter 
planted in rip rap to provide additional slope stability. 
Root growth below the rip rap will improve soil strength 
and live vegetation will hide the rocks, presenting a more 
natural look.  

Staking — Staking is used extensively in bioengineering practice. Stakes can be live or dead. Live staking often 
is done with willows to stabilize soil or to stake other materials in place. Manufactured timber stakes, 2 to 3 feet 
long, are used to secure wattles and coir fascines. Timber stakes for upland application need to have a bias, or 
angle, cut, making them easier to install. For wetland or streamside applications, stakes need straight parallel 
sides to prevent heaving from water pressure.  

Combinations — Combinations of the above practices are usually used for most bioengineering designs. For 
example, brush wattles and live staking is a common combination used to stabilize slopes (Figure 4). A coir 
fascine can be used with live plantings, brush matting, and trench packing to restore wetlands or stream 
channels (Figure 5). New combinations of existing methods, and the use of new materials, will provide creative 
applications of bioengineering techniques.  

Plantings 

Bioengineering involves the use of live plants to add structural strength to soil. Many different plant materials 
are used. Live cuttings should be soaked in cold water for at least 24 hours before they are used. This not only 
provides the cuttings with needed moisture but also improves rooting. Live potted plants often are used. Care of 
live plants before and during planting is critical for success. Live plants raised indoors need to be acclimatized 
to the outdoor environment before planting.  

Plants can be planted directly into coir fascines, coir pots, or mats. Pre-vegetated mats, as described earlier, are 
another method used to transplant live plants. A plant roll can be developed by wrapping several live plants in a 

 

Figure 3. Coir fascines stabilize banks and 
help establishment of wetland plants. The 
coconut fiber accumulates sediment and 
biodegrades as plant roots develop and 
become a stabilizing system. (From Bestmann-
Green Systems) 

 



roll of degradable material and placing the roll in the ground like a wattle. This method also can be used for 
trench packing.  

Seeding can be used where appropriate. Seeding and mulching are not appropriate in areas of flooding, high 
water flow, or rapid changes in water depth, as the mulch and seed will be washed away. Proper seedbed 
preparation, fertilization, and irrigation may be   needed to assure seedling survival. Figure 4. Slope treatment 
using wattles and live plants or stakes. Use for loose surface soils with sheet, rill, or small gully erosion. 
(From A.T. Leiser) 

  

Expect some failure of plantings in all bioengineering 
applications. A 75 percent to 80 percent survival rate is 
considered very good. Replanting generally is inexpensive 
and often the plants will reestablish themselves in time. 
Some loss of vegetation does not seriously impact a 
project as long as most of the soil stays in place and the 
structural features of the design are sound.  

Protect Plantings — Protect live plantings from animals, 
especially ducks and geese along lakeshores and stream 
sides. Deer, muskrats, beaver, dogs, and humans also can 
pose a threat. Signs may keep people away, but fencing 
may be needed if animals are a problem. For lakeshore or stream sides, an enclosed fencing layout is best to 
keep waterfowl away. One fence should be placed 1 to 2 feet into the water away from the shoreline plantings 
with a parallel fence 2 to 3 feet upslope from the plantings. Also, protection from flooding or excess water 
flowing across the planting is important to establish all bioengineering plantings. Be sure surface drainage and 
water flow is directed away from the new plantings or protected slope.  

Vegetation Type — Selection, procurement, and installation of the proper plant material is essential for a 
successful design. In the case of lakeshore and stream bank protection, both herbaceous and woody plants are 
needed. Herbaceous plants, or wetland plants, will be needed at and near the water’s edge. These plants can 
grow with their roots underwater. This root growth adds considerable strength to the soil. Generally, using 
several different wetland plant species increases the chance of a successful planting. However, woody plants 
placed too near the water or water table will not provide good structural strength and may not survive. Woody 

   

 

Figure 5. Lakeshore erosion control using a 
combination design of coir fascine and 
wetland plantings, pre-vegetated mat and live 
plantings. (From A.T. Leiser) 

 

plants should be used on the upper slope and upland areas where their roots can grow in soil above the water 
table.  

Native vegetation existing at or near the site will give good guidance concerning plant selection. As mentioned, 
willow cuttings often are used for wattles and live cuttings. Proper species selection is important. Willows need 
not be native, but should be well-adapted to the region. The use of introduced species allows the potential for 
increasing the number of different species available.  

The availability of plant species, in the appropriate size and quantity, often is a limiting factor in the final 
selection process. Local nurseries may not carry the types of wetland plants needed. They may be able to 
propagate the species needed, but this will take 12 to 18 months. A compromise between use of native species 
and what may be locally or regionally available will be needed to develop a successful design. Consult 
horticulturalists and botanists for plant selection assistance. The International Erosion Control Association 
(IECA) publishes a products and services directory listing sources of plant material and professional assistance 
(see resource listing). 

Improving Success with Bioengineering 

Bioengineering can be effective in many stream bank, lakeshore, and hill slope erosion situations, but it will not 
solve all soil erosion or slope failure problems. The success of a project hinges on many factors, including 
proper design, plant selection, proper installation, weather conditions, and outside factors like animal damage. 
Site evaluation is important to determine whether there is adequate sunlight, soil type, and water quality to 
support vigorous plant growth. Do not expect bioengineering solutions to stop slope failure caused by high 
water tables or landslides. Nor are they ideal for high stress areas with severe wave action, rapid or long-term 
water level fluctuations, or fast water flows. The following list includes tips that may help ensure a successful 
bioengineering project.  

1. Do not attempt bioengineering solutions in situations where: 1) there is severe soil or water 
contamination; 2) the stream bottom is degrading; 3) human or animal traffic cannot be controlled at the 
site; or 4) there is too much shade for selected plant species to thrive. 

2. Check with local, state, and federal regulatory agencies before beginning the project. Do not alter a 
wetland area without proper permits. In Nebraska, check with the local Natural Resources District or the 
Natural Resources Conservation Service to inquire about permits.  

3. Water elevation is the most critical element in a successful installation. Be sure to know the normal, 
high, and low water elevations for the site. Know the seasonal changes in water elevation and how 
rapidly these changes occur.  

4. Be sure to fence out animals and people, if needed. If damage occurs, supplemental planting may be 
necessary.  

5. Be aware of flood or drought conditions that could impact installation. Severe weather will reduce 
seedling survival. Supplemental planting may be needed.  

6. Provide regular monitoring and maintenance, especially in the first year, to assure adequate plant 
survival.  

7. Plan ahead. Involve the proper design professionals and experts to provide information on hydrology, 
plantings, and structural design. A multidisciplinary approach will assure success.  

 



When to Seek Expert Help 

Bioengineering consultants are available to help with all aspects of site assessment, design, and installation. 
Their input could make the difference between success or failure. Use the IECA Products & Services Directory 
to seek out professional assistance (see resource listing). Many bioengineering techniques can be used 
successfully without input from consultants; however, it is best to consider expert help if characteristics of your 
site are such that: 1) stream velocities are greater than 3 to 5 feet per second; 2) stream bank heights are greater 
than 3 feet; or 3) wave impacts are from waves greater than 1 foot high.  

Tips for a Successful Demonstration 

Demonstration projects can help show the advantages and benefits of bioengineering solutions. Keep 
demonstration projects small, from 100 to 500 feet in length, for most situations. A smaller project puts less 
property and dollars at risk. A demonstration helps evaluate what methods or plant species perform best under 
similar conditions. Incorporate some variety into the project so you can compare differences. To start, choose a 
simple project, in a low impact area, with a low profile or incorporate some bioengineering methods into larger 
projects and collect data to evaluate their success. Provide adequate maintenance and keep good monitoring 
records. Schedule agency personnel and public visits to the site to maximize public relations. Plan to hold these 
visits during installation and again after one growing season.  

Resources 

Gray, D.H. and A.T. Leiser. 1982. Biotechnical slope protection and erosion control. Van Nostrand Reinhold 
Company Inc., New York, 271 pp.  

International Erosion Control Association, www.ieca.org 
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InvasIve Plants

Landowners for wiLdLife

By Jimmy Ernst, Wildlife Biologist

One of the greatest threats to wildlife habitat today is the spread of exotic, invasive plants. Exotic and invasive plants are 
not native to Louisiana and may rapidly dominate the beneficial plants that have evolved in our native habitats. These in-
vaders out-compete native species, are very prolific, are not usually affected by native insects or diseases, and grow very 
rapidly. The long lists of exotic invasive species that have invaded terrestrial Louisiana habitats include Chinese tallow 
trees, Chinese privet and cogongrass. Aquatic invasive species include hydrilla, salvinia and water hyacinth - all of which 
clog waterways and completely replace beneficial aquatic plants. As they grow, they block sunlight penetration into the 
water, and when they die, their decomposition removes dissolved oxygen from the water column, oftentimes killing fish 
and aquatic animals.

Control measures must be an ongoing part of any land management plan if native habitat maintenance is the objective. 
Landowners and land managers will most likely be faced with invasive plant problems at some point. Many times, 
chemical control is the only effective solution to eradicating these nuisance species, and it can be an expensive and time-
consuming process that requires professional assistance. This pamphlet offers descriptions and control recommendations 
for Chinese tallow trees, Chinese privet and cogongrass.

ChInese tallow trees
Chinese tallow trees (Triadica sebifera) are known by several common names 
including popcorn tree, chicken tree and cancer tree. These are small decidu-
ous trees, rarely reaching 60 feet. The distinctive leaves are alternately ar-
ranged and have smooth margins and long, pointed tips. They are well known 
for their fast growth and fall color. The young trees have smooth bark that 
becomes thicker and more furrowed as tree diameter increases. They rapidly 
appear in disturbed soil, and may completely dominate levees and berms after 
dirt work projects.

Tallow trees are very difficult to eradicate. Cutting them produces multiple, 
fast-growing stump sprouts. Frequent mowing or prescribed burning of fields 
can keep them under control, but if left alone, they will grow rapidly and 
spread quickly. They readily sprout from cut roots, so disking or plowing are 
not long-term solutions.

Chinese tallowtree
Photo by Thomas Ellis, Jr., Baldwin County, 
Alabama Planning Committee, forestryimages.org

Chinese tallowtree infestation
Photo by Charles T. Bryson, USDA Agricultural Research Service, 
forestryimages.org

ChInese tallow tree 
Control
Herbicides are the most effective 
means of controlling tallow trees. 
Small trees can be killed using a fo-
liar or basal spray treatment while 
larger trees are killed using a basal 
spray or injection. Foliar treatments 
may be made with a small garden 
sprayer, a backpack sprayer, or an 
ATV or tractor mounted tank sprayer. 
Aerial applications with aircraft may 
be required to control excessively 
large acreages. Basal treatments are 
usually done manually, normally re-
quiring the use of a backpack sprayer. 
Injection may be done with a machete 
and a squirt bottle, a very labor-inten-
sive method. A specialized forestry 
tree injector may be necessary to 
treat large acreages or high numbers 
of stems. The herbicides used to kill 
tallow trees are usually non-selective 
and will readily kill non-target veg-
etation so caution must be used to 
protect non-target species. A common 
selective broadleaf herbicide used as 
a foliar application or by injection to 
control tallow trees  is 2,4-D. A list 
of effective chemicals, listed by ap-
plication method, along with generic 
names and common trade names are 
listed in Figure 1.

Foliar Application:
Imazapyr (Arsenal AC)
Triclopyr 2% (Remedy*, Garlon 4*, Tahoe 4E*)
2-4,D
 
Basal Spray:
Triclopyr  (Remedy*, Garlon 4*, Tahoe 4E*)
10-20%   (Pathfinder II - ready to use)
  
Injection:
Imazapyr (Arsenal AC)
Triclopyr (Remedy, Garlon 3A, Tahoe 3A)
Picloram  (Pathway)
& 2,4-D in combination
2,4-D    

* Mixed with diesel
Figure 1

Tallowtree Flowers
Photo by Chuck Bargeron, University of Georgia, 
forestryimages.org

Chinese Tallowtree Pods
Photo by Chris Evans, River to River CWMA, forestryimages.org

Chinese Tallowtree Leaves
Photo by Chris Evans, River to River CWMA, 
forestryimages.org

Hack and squirt control method
Photo by James H. Miller, USDA Forest Service,  
forestryimages.org



ChInese PrIvet
Chinese privet (Ligustrum sinense), often 
called privet hedge, was introduced into the 
United States from China in the mid 1800s for 
ornamental use. Since then, it has escaped into 
the wild to become a highly invasive species, 
forming dense evergreen shrub thickets along 
roadsides, ditches, fencerows, forested areas 
and old home sites. These thickets out-compete 
and displace native vegetation. The result is 
severely degraded wildlife habitat and loss of 
aesthetic value of the forest or field. It reduces 
access for recreational purposes and increases 
maintenance costs of fences and rights-of-way. 

Privet is an evergreen shrub that grows up to 30 
feet tall, and is typically very dense with mul-
tiple stems showing thin, pale gray bark. The 
leaves grow opposite each other on long, thin 
stems and are 1 to 1.5 inches long and 0.5 to 
1 inch wide. In the spring, privet produces nu-
merous clusters of small, fragrant white flow-
ers. The flowers give way to numerous clusters 
of small, berry-like fruits (drupes) that remain 
green throughout summer and fall until they 
ripen and turn dark purple or almost black in 
winter.  

ChInese PrIvet Control 
Physical removal of the plant is one method of 
control, but because it can re-sprout from the 
roots, complete control of the plant by removal 
is largely impractical. Heavy equipment can 
be used to clear large areas of above-ground 
privet, but this process is expensive and will 
usually cause considerable soil disturbance and 
erosion problems.  Any root sprouts that appear 
after clearing must be treated with a herbicide 
or the plant will quickly reestablish itself.

Herbicides are highly effective against privet 
when properly used. Foliar applications of 
glyphosate herbicides (Roundup®, Accord® , 
and Rodeo®) are  effective when applied at 2 
percent rates with ½ percent of a non-ionic sur-
factant.** Privet can be treated during the win-
ter when more desirable species are dormant, 
but not during below-freezing temperatures. 
Injection and basal spray are two other meth-
ods of  herbicide application that are effective 
against  privet.
** Always follow label directions.

Chinese privet hedge
Photo by James H. Miller, USDA Forest Service, forestryimages.org

Privet Branch and leaves
John Tann, Wikimedia Commons

Hand pulling 
control method

Photo by James H. Miller, USDA Forest Service, 
forestryimages.org

Chinese privet stems
Photo by Nancy Loewenstein, 

Auburn University, forestryimages.org

Chinese privet fruit
Photo by James Miller, USDA Forest Service, 
forestryimages.org

Privet removal with gyro-trac machine
Photo by Scott Horn, USDA Forest Service, 
forestryimages.org

Congongrass Control 
Small patches of cogongrass in open areas may be eliminated by frequent disking during the growing season. Disking 
should reach a depth of 6 inches with repeated disking every six weeks from early spring through fall. If the area cannot 
be disked, chemical control is necessary. Herbicides containing the active ingredient glyphosate (Roundup®) or imazapyr 
(Arsenal® or Arsenal AC®) are very effective, but 
will likely require multiple applications for full 
control. Initial applications  in the late summer or 
fall will usually kill the leaves and stems. Spring-
time re-growth should be treated before the plant 
flowers. A third treatment in the fall may be neces-
sary for complete eradication.
 
Mowing or prescribed burning the dead growth in 
winter will increase the efficiency of subsequent 
chemical applications. Allowing the plant to re-
sprout before spraying herbicide will provide a 
more effective control of cogongrass.  

Great care should be taken to clean equipment such 
as disks, mowers and tractors to avoid spreading 
cogon grass seed or rhizomes to new areas.

Cogongrass
Cogongrass (Imperata cylindrica) has become a serious problem for 
many Louisiana landowners and land managers. It was accidentally 
introduced into the United States in south Alabama around 1911 when 
it was used as packing material in Japanese imports. Since its escape, 
it has spread throughout many southeastern states.
             
Cogongrass is often found as a circular patch of yellow-green grass, 1 
to 4 feet tall. The leaves are ½ to 1 inch wide and the midrib is offset 
to one side. The midrib of most native grasses is located in the center 
of the leaf. The edges, or margins, of the leaves are serrated, rough 
to the touch and may turn a reddish color in the fall. The serrated 
margins and extremely high silica content make the plant undesirable 
as an animal forage crop. In the spring, cogongrass produces white, 
fluffy seed heads approximately 2 to 8 inches long, and each seed 
head may contain 3,000 seeds. Cogongrass can form extremely dense 
stands that eliminate nearly all other plants. In addition, stands of co-
gongrass burn extremely hot and can cause mortality in normally fire 
tolerant plants such as longleaf and loblolly pine.

Photo by Charles T. Bryson, USDA Agricultural Research Service, forestryimages.org

Photo by Ted Bodner, Southern Weed Science Society, forestryimages.org
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The Problem of Introduced Species
Invasive species threaten not only Louisiana’s economy and environment, but also its
unique cultural identity in America—one based on our bayous and backswamps, our rich
history and famous cuisine, and our core industries.  In recent years, aquatic plants from
around the world—hydrilla, water hyacinth and salvinia—have clogged the waterways
that make Louisiana a “sportsman’s paradise.”  Henderson Lake near Lafayette had to
be drained to eliminate a mat of hydrilla so thick that marinas, swamp tour operators,
and fishermen could no longer use the lake.  Muskrat, once trapped for their valuable fur
throughout Cajun country, have been crowded out by South American nutria. In New
Orleans, Formosan termites have weakened thousands of historical structures and
hollowed the city’s graceful live oaks.  And in the summer of 2000, masses of Australian
spotted jellyfish along the Louisiana coast raised the possibility that the gulf shrimp
industry may be disrupted by a species from half-a-world away.

From places like China, Brazil, and the South Pacific, these species are “introduced” to
Louisiana, having evolved outside our natural ecosystems. Some introduced species
(also called exotic, alien, or nonindigenous species) prove to be beneficial, such as
sugarcane and cotton, our biggest crops.  Others are benign, such as azaleas and crape
myrtles, our favorite ornamentals. But other introduced species—called invasive
species—prove to be astonishingly problematic and costly.  Brought here accidentally or
intentionally, through trade and transport, they have multiplied rapidly and disrupted local
environments and economies.  Who are these uninvited guests, how did they arrive and
spread, what impact are they having on Louisiana, and how can this problem be
addressed?  The purpose of this map, created by the Center for Bioenvironmental
Research at Tulane and Xavier Universities with support from The Coypu Foundation, is
to answer these questions.

North America has already been transformed by the plants, animals and pathogens of
faraway continents, at times with devastating consequences. Colonization brought not
just people but new domestic animals, crops, weeds and diseases.  One could argue
that smallpox was the continent’s first invasive species, moving into Indian communities
in the interior far faster than the Europeans who first brought it. Perhaps the greatest
human health crises to afflict our state, the yellow-fever epidemics of the nineteenth
century that killed well over 100,000 Louisianians, was caused by an introduced virus
carried by the Aedes aegypti mosquito brought over from Africa.  Today, globalization
has increased the opportunities for species to move into new environments: from 1950-
1998, exports have increased from $311 billion to $5.4 trillion, while international travel
has grown from 25 million to 635 million border crossings annually.  Introduced species
can tag along in packaging, ride in a ship’s ballast water, travel in the baggage of
returning passengers, or be shipped and sold as products.  This map shows how
invasive species have entered (“portals”) and moved (“pathways”) through Louisiana,
and why the Bayou State is especially vulnerable to species invasions.

The phenomenal diffusion of species in new environments has many ecologists
contemplating the possibility of a “global McEcosystem.” Just as franchised fast food has
homogenized local cuisines, species introduction may homogenize the world’s
biodiversity.  Invasive species are a major cause of the extinction of native species
(second only to habitat loss), and the arrival of a single alien species can alter an entire
ecosystem.  Cogon grass, which is entering Louisiana along roadways, increases the
amount of fuel in forests, so that fires burn hotter and kill native longleaf pines.  Southern
Louisiana is already losing 25 square miles of coastal lands each year; a crisis

exacerbated by the nutria, a large South American rodent that eats the roots and stems
of marsh plants.

An early study of invasive species in the United States estimated that damage and
control efforts cost $137 billion annually.  Formosan termites alone cause $1 billion in
damage nationally each year, with $300 million spent in the New Orleans area alone.
One may argue that invasive species are simply one of the costs that accompany the
many benefits of a modern, industrialized society.  But, as in any endeavor, costs can
and must be minimized.  The problem of invasive species is especially daunting in
Louisiana, but is not beyond the power of Louisianians to solve it.  Various solutions are
underway and others are planned.  With knowledge of the geography of species
introduction, we can better design strategies of prevention.  On another level, the
problem of invasive species in Louisiana calls for recovering a particular kind of
environmental knowledge: simply knowing and appreciating the native plants and
animals with which we share this place. Even as we develop effective policies and
technologies for preventing and slowing the spread of introduced species, we need to
learn enough about our local ecosystems to recognize new species that may create
problems.

Louisiana: A Hotspot for Species Introduction
Most large rivers host extraordinary communities near their mouths.  Human societies
tend to be more culturally diverse at these strategic positions; their economies and
histories tend to be more far-reaching and tumultuous. The meeting point of vast interior
hinterlands with large exterior water bodies—where rio joins mar  at the brink of
continents—also creates rich, productive natural ecosystems; in Louisiana, these
environments include our inland wetlands and swamps as well as the estuaries where
fresh and salt water mix.  To scientists, urbanists, poets, and engineers, these port cities
and their environs comprise arguably the most fascinating places on Earth.  But
communities at the mouths of great rivers are also more vulnerable to invasion by
species that did not evolve under these specialized conditions.  Centuries of shipping
merchandise and raw materials from suppliers in one part of the world, through ports
and waterways to consumers in other parts of the world, have seen the accidental
relocation of thousands of species to new environs.

Louisiana, especially the porous netherlands of the southeast, forms an
especially vulnerable site for species introduction. Port activity accounts for much
accidental introduction, and Louisiana is home to one of the world’s great ports, New
Orleans, the gatekeeper of the Mississippi River and entry point to the richest valley of
the richest country on Earth.  It is neighbored by dozens of smaller ports, perched on
nearly every waterway that penetrates the Deep South, as well as larger facilities in
nearby Houston, Gulfport, and Mobile.  Louisiana’s mild, humid subtropical climate
allows many incoming species to survive upon arrival; of these, some thrive by exploiting
niches in the state’s diverse ecosystems (made vulnerable by the large quantity of
disturbed land) and then spreading. Railroads, canals, roads, and interstates crisscross
the region, performing critical economic functions but also serving as conduits for this
diffusion. Even the waters of the Mississippi carry species introduced in northern ports to
Louisiana’s waterways and estuaries downstream.

As a link between the American heartland and world beyond the Gulf of Mexico,
Louisiana is a hotspot for invasive species.  Consider these figures:
∞ Of the world’s 100 worst invasive species identified by the Fondation d’Entreprise, at

least 13 occur in southern Louisiana.  Those species are the Asian tiger mosquito,



Formosan termite, zebra mussel, water hyacinth, feral cat, cogon grass, house
mouse, nutria, rabbit, kudzu, rat, red imported fire ant, and feral pig.

∞ According to the US Geological Survey’s database of nonindigenous aquatic
species, Louisiana has more introduced aquatic plants (32) than any other state save
Florida, which has 45.  Louisiana has almost 2_ times the average number of
introduced aquatic plants per state.

∞ The Nature Conservancy’s “Dirty Dozen” list of most destructive invasive species in
the US cites four (33%) occurring in Louisiana, a state that comprises 1.4% of the
conterminous US land area.  Those species are the zebra mussel, tamarisk, hydrilla,
and Chinese tallow.

Louisiana bears a disproportionate share of the ecological and economic burden
imparted by invasive species, in a natural and built environment that offers so many
unique aspects to the nation and world.

The Geography of Species Introduction in Louisiana
How did these alien species arrive?  Pathways are the geographical features or patterns
that species follow into new areas.  Pathways may include shipping lanes, interstate
rights-of-way, rivers, ocean currents, or transportation corridors.  Media are the materials
and physical objects on which the species “hitch a ride,” and may include ballast water,
packing material, water trapped in used tires, or outboard motors.  Pathways and media
together are sometimes known as vectors.  Portal is a term used here to describe the
point of original introduction, which applies to both intentionally and accidentally
introduced species.  Once introduced, species may perish or persist in their new
environment; those that persist may spread by (1) expansion diffusion, in which they
expand contiguously into adjacent areas (for example, nutria); (2) by hierarchical
diffusion, where they jump from place to place in a non-contiguous manner (for example,
Formosan termites relocated by trucks hauling wood to new cities), or (3) by contagious
diffusion (such as a virus, spreading from one to many).  Considering only those species
that have been accidentally introduced to our land, there are a number of common
pathways of arrival and/or dispersion in Louisiana.
∞ Port / Shipping Activity  A premier pathway of species introduction to the Gulf

Coast is also one of the region’s most important industries.  Ships from distant lands
have been importing cargo to our shores since 1699; today, 6000 ocean-going
vessels carry over 11,000,000 tons of cargo annually through the Port of New
Orleans alone.  The 2,340-mile-long Mississippi River accesses 14,500 miles of
connecting waterways throughout the North American interior, and provides the
entire world with access to that million square mile basin once it passes through
southeastern Louisiana and joins the Gulf of Mexico.  Species accidentally
introduced by ocean-going vessels into ports in Louisiana, Texas, Alabama, and
Mississippi have subsequently spread to surrounding areas. Among them:
� Formosan termites originated in Asia and arrived probably first in Houston in

the 1940s by means of wooden pallets used to stack freight.
� Red and black imported fire ants arrived in Mobile from South America during

1910s-1940s by way of soil and shipping dunnage (packing materials).
� Asian tiger mosquitoes arrived in Houston during the 1980s as larvae residing

in water trapped in used tires.
� Mediterranean geckos arrived to New Orleans as “stowaways.”

∞ Transportation Corridors Trucks and trains, like ships, may relocate cargo
bearing invasive species. The corridors they use also have been documented as
pathways; for example, there is evidence that Formosan termites may spread by
infesting consecutive ties along railroad tracks.

∞ Waterways  Once introduced to a particular site, the labyrinth of natural and
manmade waterways intersecting Louisiana often serve as pathways themselves,
allowing aquatic species to proliferate throughout an entire drainage basin.  The
waters of the Mississippi have brought to Louisiana the zebra mussel, introduced via
ballast water dumped in the Great Lakes region, and the rainbow smelt, stocked in
northern lakes.  Asian clams and Australian spotted jellyfish may spread by water
currents, eddies, and phenomena such as the “dead zone” in the Gulf of Mexico.

∞ Equipment / Object / Water Relocation The relocation of equipment, oil rigs,
and boats along terrestrial or marine transportation corridors may disperse aquatic
plants, crustaceans, and other creatures over long distances to new habitats or into
new drainage basins just a few miles from prior infested areas.  The transportation of
lumber, firewood, and railroad ties (used for landscaping) has spread Formosan
termites to new areas.  Dumping of water into waterways also accounts for species
introduction.  On a regional scale, this phenomenon has been observed in ballast
water, as previously mentioned; at the local scale, the disposal of aquarium or bait
water into the ecosystem has spread hydrilla, goldfish, dotted duckweed, and Asian
clams.

∞ Animal Routes Native birds and animals are unlikely to introduce species from
afar because of their relatively restricted ranges, but they may assist in spreading
introduced species throughout the new habitat.  Birds, for example, may have helped
spread giant salvinia throughout the wetlands of southern Louisiana.  When infected
by the introduced viruses that cause encephalitis, crows and other birds do not
necessarily die immediately, creating the possibility that infected birds’ flight paths
and migrations become pathways.

∞ Monocultural Croplands Vast expanses of a single agricultural or silvicultural
species have served as pathways spreading pests into previously uninfested
regions.  Boll weevils diffused from Central America into Mexico and thence into the
American South a century ago by infesting contiguous plantations across the cotton
belt, causing billions of dollars in damage.

∞ Ecological Niches  If an ecological niche opens up through the eradication of a
native species, such as the wolf, that open niche may be viewed as a pathway if it
attracts species from neighboring regions.  Coyotes arrived to Louisiana from the
American West in this manner.  Open ecological niches may also help establish
introduced species that otherwise would have perished.

∞ Disturbed Ecosystems Expansive areas of overgrazed grasslands, clear-cut
forests, or other disturbed ecosystems enable invasive grasses and other plants to
spread.  Cogon grass spreads along stressed area paralleling interstates and other
rights-of-way in southern Alabama and Mississippi, into Louisiana.

∞ Pathways of the Future In the near future, we may see new pathways of species
introduction develop in Louisiana.  Freshwater-diversion projects designed to reverse
salt-water intrusion and to slow wetlands erosion may carry zebra mussels and
rainbow smelt into the wetlands.  Global climate change may expand regions of
subtropical or tropical climatic conditions, allowing exotic species to survive which
otherwise would have perished.  Deliberate introductions may increase as immigrant
communities attempt to grow traditional foods locally.  Globalization of economic
activity, while not a pathway per se, will likely increase the rate at which pathways
accidentally deliver new species to our shores, expand the geographical range from
which these species come, and speed their spread once they are established.



So What To Do?
Most people agree that invasive species threaten our biodiversity and cost us billions of
dollars, but few agree on what we can do.  The challenge posed by the continuous
stream of alien species entering Louisiana through various portals and spreading via
numerous pathways cannot be met through a single “silver bullet” solution. Rather,
solutions are as varied as the dimensions of this problem, and they all depend on
people.

People  minimize the spread of certain invasive species in their domestic and
recreational activities. This is achieved when:
∞ Old wood and railroad ties are inspected carefully for Formosan termite

infestation before they are transported, and treated or burned if an infestation
is found.

∞ Aquatic plants are removed from hulls and outboard motors before
recreational boats are launched in new water bodies.

∞ Exotic fish in aquariums and aquatic plants in ponds are carefully controlled
and not released into the environment.

People make laws more effective. Federal and state laws prohibit known invasive
species to be carried in air, rail, and ship cargo.  Animals or plants not specifically
excluded by law may be quarantined for a period by the USDA Animal and Plant Health
Inspection Service (APHIS) to assure that they are free of diseases or pests.  These
laws are supported when:
∞ Gardeners purchase native rather than alien species from nurseries and

catalogs.
∞ Pet wholesalers and retailers stock native rather than exotic species.
∞ Returning vacationers leave exotic plants and animals behind.

People reduce the gamble of biocontrol—that is, the introduction of species to control
invasive species, a sometimes-risky venture.  Before introduction, scientists try to predict
whether the biocontrol species will also become a pest.  More wins than losses result
when:
∞ Farmers and gardeners use only carefully studied biocontrol species that are

either native or unlikely to become invasive.
∞ Hunters and anglers allow wildlife agencies the time and resources to study

the impacts of stocking new species.

People minimize risks of introduced food species. Alien species may be introduced as
seed to develop a food resource or to improve recreational hunting and fishing, but these
species may eventually cost more than they benefit.  Risk is reduced when:
∞ Gardeners, especially in recently arrived immigrant communities, are

discouraged from planting homeland species around their new homes.
∞ Hunting and angling clubs stock private recreational areas with native species.
∞ Seed species are quarantined and studied before use.
∞ Aquaculture entrepreneurs isolate their equipment and processes from the

natural environment, with proper disposal and treatment of wastewater.

People control “late blooming” invasives. Some alien species, like nutria, Chinese tallow,
or salvinia, did not become invasive (harmful) until years after introduction.  Late
bloomers can be controlled when:
∞ Hunters and trappers pursue invasive animals such as nutria and wild hogs.

∞ Home and camp owners control invasive water plants through removal or use
of approved herbicides.

∞ Property owners remove invasive trees and shrubs and replant with natives.
∞ Fishermen empty bait buckets and bilges before proceeding to another

location.

People enforce controls in industry and commerce. The US Coast Guard depends upon
the cooperation of global commercial shippers to prevent accidental species introduction
through ballast water. However, ships moving freely between Louisiana, the Caribbean,
and Latin America are not covered by this process, nor are invaders riding in a plane’s
wheel well, a ship’s hull, or elsewhere.  Gaps can be filled when:
∞ Rail, air, and towboat crews clean equipment and transportation corridors that

possibly harbor invasive species.
∞ Gulf and Caribbean shippers or ports initiate local ballast water management

programs.
∞ Importers and exporters inspect and, if necessary, destroy cargo containers

and packing materials that possibly harbor invasive species.
∞ Consumers buy domestic or local products whenever possible.

Together, every Louisianian, government agencies at all levels, every wildlife, recreation
and conservation organization, and all businesses and universities can help control
invasive and potentially invasive species through these routine activities. Biodiversity
can be lost imperceptibly, but invasive species can be controlled just as imperceptibly,
with a little bit of effort from everyone.
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3.B Species  
Aquatic species are organisms living primarily in a water environment.  Usage commonly refers to 
aquatic plants such as water hyacinth and salvinia, fish, and invertebrates, but also includes mammals 
such as nutria.  The definition of “aquatic species” has been expanded for this management plan to 
include species that arrived through aquatic pathways.  Therefore, the Louisiana Aquatic Invasive 
Species Management Plan will address some species that are not traditionally considered aquatic, such 
as cogongrass and Formosan termites.   

3.B.1 Aquatic Plants 
Aquatic invasive plants of Louisiana are categorized in this management plan as Extensively 
Established Species, Locally Established Species, and Potential Arrivals, based on range data from 
the USGS Nonindigenous Aquatic Species Program.  Aquatic invasive plants found in eight or more 
of the 13 drainage basins spanning Louisiana and adjacent area were categorized as “Extensively 
Established Species.”  Those that occur in three to seven drainages were categorized as “Locally 
Established Species,” and plants found in two or fewer drainages were listed as “Potential Arrivals.” 

It is important to note that this method of categorization emphasizes distribution in the state rather 
than density in a particular location.  One plant species sparsely distributed throughout eight 
drainages may be listed as “extensively established”, whereas another species could be extensively 
established in only one drainage basin but listed only as a “locally established species”.  

Also, note that not all non-native plants listed by USGS as present in Louisiana appear in this section.  
Only those plants generally recognized as the most problematic, regardless of establishment, are 
described below.  (Please see Appendix B for a complete list of all aquatic invasive plants in 
Louisiana.) 

3.B.1.a Extensively Established Species 
According to USGS, the following aquatic plants occur in eight or more drainage basins in 
Louisiana: 

3.B.1.a.i Water Hyacinth (Eichhornia crassipes)
Water hyacinth was first introduced to the United States as an ornamental plant at the World's 
Industrial and Cotton Centennial Exposition in New Orleans in 1884-1885.  A South American 
native, water hyacinth frequently clogs bayous and canals, impedes boat traffic, slows water 
currents, and blocks light to native submerged aquatic vegetation (SAV) which degrades water 
quality and harms wildlife.  Known for its beautiful flowers, hyacinth can be found in almost every 
drainage basin in Louisiana.68

3.B.1.a.ii Chinese Tallow Tree (Sapium sebiferum)
Benjamin Franklin first introduced Chinese tallow trees to the United States in 1772 as 
ornamentals.69  Widely sold by nurseries and promoted by landscapers for its attractive red and 
green foliage, the hardy Chinese tallow — a source of tallow oil and wax — was also planted 
throughout the Gulf South in the early 20th century in hopes of establishing a local soap 
industry.70  Tallow trees escaped tree farms when natural processes (animal interaction, bird 
consumption, wind, etc.) spread the seeds over long distances.  Today, these trees are 
considered nuisances in many Louisiana prairies, parks, and wetlands. 

                                                     
68 Jacono and Richerson 2003.
69 McQuaid 1998. 
70 USGS 2000a.  
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Distribution of water hyacinth in Louisiana (map, top), aggregated by drainage basin. First introduced to the U.S. as
an ornamental plant at an exposition in New Orleans in 1884-1885, this South American native frequently clogs 
waterways, impedes boat traffic, slows water currents, and blocks light to submerged vegetation, which degrades
water quality and harms wildlife. Because of its attractive purple flowers, water hyacinth quickly became popular
among gardeners and landscapers. Many invasive species are aesthetically appealing, which aids their spread and
exacerbates their ecological and economic harm. This invasive plant infests nearly 200,000 acres of Louisiana’s
waters. Map and photos by CBR, 2003-2004.

Water
Hyacinth
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Distribution of parrot feather in Louisiana
(map, below), aggregated by drainage basin.
A popular plant in aquatic gardens and
aquariums, parrot feather probably escaped
through aquarium releases into open water
bodies. It can reproduce vegetatively, so boat
traffic or the natural flow of water may serve
as a pathway. Parrot feather is also known as
Brazilian watermilfoil and is sometimes
mistaken for Eurasian watermilfoil. Map by
CBR, 2004.

Chinese tallow trees can reach up to 30 feet in
height and form dense monocultures in wooded
areas, affecting the growth of native trees and
shrubs. Photo by CBR, 2004.

Chinese Tallow

Parrot Feather
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Still sold by some plant nurseries, Chinese tallow trees grow quickly and resist many pests.  
Sometimes called “popcorn trees,” they can grow to a height of 30 feet, tend to form thick stands, 
and can easily shade-out native plants.  Chinese tallow trees are dispersed throughout almost 
every Louisiana parish. 71

The Louisiana Department of Agriculture and Forestry runs a state-wide cost-share program with 
private landowners to combat Chinese tallow trees.  Tallow trees can be controlled with fire and 
some chemical spraying in pine stands, but these methods are not effective in bottomland 
hardwood forests because fire and chemicals kill deciduous trees.72

3.B.1.a.iii Parrot feather (Myriophyllum aquaticum)
Parrot feather is a submerged aquatic plant that can grow in riparian areas and at water surfaces.  
Sold at gardening centers, and frequently under an incorrect name,73 parrot feather is also known 
as Brazilian watermilfoil and is sometimes mistaken for its “cousin”, Eurasian watermilfoil 
(Myriophyllum spicatum).

This aquatic weed is a native of the Amazon River basin in South America, but is now found 
worldwide.  Its exact date of introduction to the U.S. is unknown, but it was first discovered here in 
a Washington, D.C., pond in 1890.  A popular plant in aquatic gardens and indoor and outdoor 
aquariums, parrot feather probably escaped cultivation through aquarium releases into open 
water bodies.  It can reproduce vegetatively, so boat traffic or the natural flow of water may serve 
as a pathway in spreading it. 

Brazilian watermilfoil shades out native submerged aquatic vegetation and seriously disrupts the 
aquatic food chain.  This aquatic weed can block waterways, suspending boat traffic and fishing, 
and could potentially clog irrigation and drainage canals.  Thick growth at the water surface can 
also provide ideal mosquito breeding habitat.74

3.B.1.a.iv Hydrilla (Hydrilla verticillata)
Originally from Asia, hydrilla is a rooted, aquatic weed that inhabits both deep and shallow 
waters.  In shallower areas, hydrilla forms thick mats that impede boat traffic and swimming.  It 
adversely affects water quality by shading out native vegetation, lowering dissolved oxygen 
concentrations, and can result in fish kills.75

It is believed that hydrilla was first discarded from a home aquarium or possibly was planted in 
canals in Miami and Tampa, Florida.  Accidental introduction through boating, usually when 
attached to a boat or boat trailer, is the primary pathway spreading hydrilla into new areas.  
Hydrilla is appearing more frequently in Louisiana drainages, particularly in the Atchafalaya Basin 
and along Highway 1.  In Bayou Lafourche, Louisiana, hydrilla clogged an intake pipe for a 
drinking water treatment plant, causing public health concerns.  At times, it made several water 
bodies virtually unusable for aquatic recreation, in particular the Spring Bayou Wildlife 
Management Area and Henderson Lake in the Atchafalaya Basin.76

3.B.1.a.v Wild Taro (Colocasia esculenta)
Wild taro was initially introduced to North America in association with the slave trade, but spread 
when the U.S. Department of Agriculture promoted it as a substitute for potatoes in the early 
1900s.  Wild taro forms dense growth stands in riparian zones and displaces native vegetation.77

Many types of taro are sold at garden stores as ornamental plants. 

                                                     
71 University of Florida Center for Aquatic and Invasive Plants 2001a.  
72 Frey 2003. 
73 University of Florida Center for Aquatic and Invasive Plants 2001b. 
74 Washington State Department of Ecology 2003. 
75 Jacono 2002a.
76 Jacono 2002a; Lovell and Bahlinger 2002.  
77 University of Florida Center for Aquatic and Invasive Plants (no date). 
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Distribution of hydrilla in Louisiana, aggregated by drainage basin.  This rooted aquatic weed from Asia forms thick mats 
which can impede boat traffic and swimming, diminish water quality, and kill fish. In Bayou Lafourche, hydrilla clogged an
intake pipe for a drinking water treatment plant (A), causing public health concerns. To alleviate the infestation, a hydrilla 
mower clears a mat on Bayou Lafourche (B). Map by CBR, 2003-2004. Photos by BTNEP, 2003. 

Hydrilla
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Distribution of Eurasian water milfoil in Louisiana, aggregated by drainage basin. Eurasian
watermilfoil was first recorded in the U.S. in Washington, D.C. in 1942, possibly introduced
intentionally by federal authorities.  It has since spread throughout the U.S. as a disposed packing
material for baitworms, and as vegetative debris attached to boats and boat trailers. It is still sold by
some pet stores and on the Internet as an aquarium plant. Map by CBR, 2004.

Distribution of Brazilian water weed in Louisiana, aggregated by drainage basin. Deliberately
introduced by the aquarium trade, this aquatic weed became established in the wild most likely
through aquarium releases.  It may also have been planted for malaria eradication, as its oxygenating 
properties led researchers to believe it could control mosquito larvae. Map by CBR, 2004.
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3.B.1.a.vi Brazilian Waterweed (Egeria densa)
Since as early as 1915, Brazilian waterweed has been a popular aquarium plant for its rapid 
growth and oxygenating properties.  Pet and aquarium stores sometimes sell this plant under the 
name “Anacharis”.  To date, it is one of the most widely distributed and utilized aquarium 
oxygenator plants.  Also known as common waterweed and Brazilian elodea, Egeria densa
prefers the slow-moving waters of streams, ponds, and lakes. 

The aquarium trade deliberately introduced this aquatic weed, but its establishment in natural 
ecosystems is likely due to aquarium releases.  It may also have been planted for malaria 
eradication: its oxygenating properties led researchers to believe it could control mosquito 
larvae.78

Brazilian waterweed forms thick mats at the water surface, impeding recreational activities such 
as swimming, boating, and fishing.  The weed chokes out native vegetation and degrades water 
quality and fish habitat.  Egeria densa can reproduce vegetatively and is therefore prone to 
spreading through boat traffic and water currents. 79

3.B.1.a.vii Eurasian Watermilfoil (Myriophyllum spicatum)
Eurasian watermilfoil, also called spike watermilfoil, aggressively outcompetes native vegetation 
and degrades water quality for fish and birds.  Myriophyllum spicatum prefers slow moving 
waters, such as ponds, lakes, bayous, shallow reservoirs, streams, and low-energy rivers, but 
can tolerate brackish waters.  It forms thick, dense mats at the water surface and impedes 
recreational activities, such as boating and swimming.80

Myriophyllum spicatum was first recorded in the United States in Washington, D.C., in 1942, 
possibly an intentional introduction by federal authorities.  Its rapid spread throughout the country 
may derive from its use as packing material for baitworms sold to fishermen.  Today, the most 
common pathway is vegetative fragments attached to boats and boat trailers.  Eurasian 
watermilfoil is still sold by some pet stores and on the Internet as an aquarium plant.  Some 
introductions may be due to aquarium releases.81

3.B.1.a.viii Water Lettuce (Pistia stratiotes)
Water lettuce is a floating plant resembling a head of lettuce with thick green leaves.  A perennial, 
water lettuce infestations impede boat traffic, swimming, fishing, and other recreational activities.  
It degrades water quality for native vegetation and adversely affects fish and bird populations. 

Some experts believe the plant is native to Africa and was introduced in ballast water by early 
explorers (there are records of Pistia stratiotes in Florida as early as 1765).  Though this plant is 
on the Federal Noxious Weed List, water lettuce is still available through aquarium suppliers and 
on the Internet.82

3.B.1.a.ix Common Salvinia (Salvinia minima)
A floating fern, common salvinia is also sometimes called “water spangles” or “water fern.”  
Salvinia minima prefers slow-moving freshwaters such as bayous, cypress swamps, marshes, 
and ponds and lakes.  Common salvinia forms thick mats on the water surface, up to almost 25 
centimeters (10 inches) deep in some instances.  These mats shade and crowd-out native plants, 
degrading habitat for fish and birds and negatively affecting water quality.83

                                                     
78 University of Florida Center for Aquatic and Invasive Plants 1996. 
79 Washington State Department of Ecology (no date)a. 
80 Jacono 2002b; University of Florida Center for Aquatic and Invasive Plants 2001c.  
81 University of Florida Center for Aquatic and Invasive Plants 2001c; Jacono 2002b. 
82 Ramey 2001. 
83 Jacono 2002c.
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Distribution of common salvinia in Louisiana, aggregated by drainage basin. This Central and South American
native has been cultivated in water gardens in the United States since the 1880s. First recorded in Louisiana in
1980 in the Bayou Teche area of St. Mary Parish, common salvinia has since spread into rice and crawfish
farms via irrigation systems and is now considered a nuisance throughout the state. Common salvinia frequently
spreads when boaters fail to wash their boats and trailers before launching at new ramps. In photo A, taken in
St. John the Baptist Parish, salvinia covers the surface of a canal, hindering boat traffic; in photo B, it lines the
edge of a boat ramp. Photo C shows common salvinia in swamp waters of Tangipahoa Parish. Salvinia and
other aquatic weed mats provide ideal habitat for mosquitoes and other disease-carrying organisms. Map and
photos by CBR, 2004.

Common Salvinia 
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LSU researchers release Florida-strain salvinia weevils in an experiment to control common salvinia at
Cypress Lake.  Biocontrol can be an effective method for curbing the spread of invasive species, but
risks introducing new species which can prove even more harmful.  Photo by LSU Agricultural Center.

Biocontrol
of Common 
Salvinia
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This Central and South American native has been cultivated in the United States since the 1880s 
for water gardens.  Researchers believe Salvinia minima escaped from cultivation into Florida’s 
St. Johns River in 1928, probably when a water garden flooded, but possibly from an intentional 
release.  It was first recorded in Louisiana in 1980 in the Bayou Teche area of St. Mary Parish, 
and is now considered a nuisance throughout the state.  Introduction into rice and crawfish farms 
via irrigation practices has caused problems for farmers.  One of the most common Salvinia 
minima pathways is boat traffic traversing Louisiana’s waterways. 84

The USDA Agricultural Research Service, in cooperation with the National Park Service, is 
experimenting with the Florida salvinia weevils (Cyrtobagous salviniae) as a form of biocontrol for 
common salvinia.  Tests began in June 2002 at Jean Lafitte National Historical Park and 
Preserve.  The sites are monitored regularly for survival of the weevils and for salvinia damage.  
Despite additional weevil releases in August and December 2002, the March 2003 surveys did 
not find any adult weevils.  However, a July 2003 survey resulted in the discovery of one adult.  It 
is believed that this weevil, though solitary, is part of a new generation from a reproducing 
population.  An additional 1,000 salvinia weevils were released at the experiment sites in June 
and July 2003.85

3.B.1.b Locally Established Species 
According to USGS, the following aquatic invasive plants occur in three to seven drainage basins in 
Louisiana: 

3.B.1.b.i Giant Salvinia (Salvinia molesta)
Salvinia molesta was probably intentionally introduced to the United States as an aquarium plant, 
and, in fact, has been linked to several aquatic plant nurseries.  The plant was probably kept in an 
aquarium until overgrowth occurred, at which point the aquarium contents were dumped into a 
local stream or pond.86  Giant salvinia expands its range through reproduction, wind transport, 
and boaters and fishermen who do not rinse their gear. 

Giant salvinia first appeared in Louisiana in 1998 in the Toledo Bend Reservoir on the Texas-
Louisiana border.  Since then, it expanded into at least 15 locations throughout southern 
Louisiana.  It is a free-floating, rootless plant that reproduces quickly; under ideal conditions, 
Salvinia molesta can double its biomass every seven to ten days.  It chokes bayous and canals, 
and can cover large portions of lakes and reservoirs, degrading water quality, harming wildlife, 
and impeding boat traffic.  In Cameron Parish, Louisiana, giant salvinia posed a public health 
threat because it blocked the operation of floodgates.87

The USDA Agricultural Research Service is working with Texas Parks and Wildlife to determine 
the success of the Florida salvinia weevil (Cyrtobagous salviniae) as a biocontrol for Salvinia 
molesta.  Experiments begun in 2001 are ongoing.  March 2003 surveys found the adult weevils 
over-wintered at all release sites, and numbers of weevils appeared larger than in 2002.  Biomass 
of Salvinia molesta appeared to be decreasing.  In June 2003, surveys found adult weevils at all 
sites, but in smaller numbers than were found in March.  Researchers state, “The reason for this 
is simple and very exciting: much of the giant salvinia is no longer suitable for feeding.”88

Researchers observed rotting and sinking mats of Salvinia molesta vegetation, and no healthy, 
undamaged buds were found.  Overall, water coverage was down from 100 percent in March to 
60 percent in June. 
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Distribution of giant salvinia in Louisiana, aggregated by drainage (red) as well as individual sites
(yellow). Giant salvinia first appeared in Louisiana in 1998 in the Toledo Bend Reservoir on the Texas-
Louisiana border.  Since then, it expanded into at least 15 locations throughout southern Louisiana. It
chokes bayous and canals, and can cover large portions of lakes and reservoirs, degrading water
quality, harming wildlife, and impeding boat traffic. Map by CBR, 2004.

Distribution of water lettuce in Louisiana, aggregated by drainage basin. Water lettuce infestations
impede boat traffic, swimming, fishing, and other recreational activities. Some experts believe this
perennial is native to Africa and was introduced in ballast water by early explorers.  Though on the
Federal Noxious Weed List, water lettuce is still available through aquarium suppliers and on the
Internet. Map by CBR, 2004.
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In Cameron Parish, control efforts included introducing saltwater from the Gulf Intracoastal 
Waterway into the infested water body located on private property.  This method appears to have 
been successful, as the giant salvinia has not reappeared in the marsh where saltwater was 
introduced.89

3.B.1.b.ii Cogongrass (Imperata cylindrica) 90

Cogongrass is a hardy species tolerant of shade, drought, and high salinities, which tends to 
invade disturbed ecosystems such as roadway shoulders.  Its dense growth pattern creates 
unsuitable habitat for native plants, insects, mammals, and birds.  Johnson and Shilling (1998) 
report that “large infestations of cogongrass can alter the normal fire regime of a fire-driven 
ecosystem by causing more frequent and intense fires that injure or destroy native plants.”91

Cogongrass was accidentally introduced to the United States in Mobile, Alabama, as a packing 
material in shipping crates.  The USDA also intentionally introduced it for controlling soil erosion 
and as a foraging grass.  Its hardiness and attractive leaves have made it a popular grass sold by 
plant nurseries.92

In Louisiana, cogongrass is rapidly spreading along roads and right-of-ways through the 
relocation of soil containing cogongrass rhizomes.  Sometimes called “Red Baron” or “Blood 
Grass” for its striking red foliage, cogongrass is becoming prominent in the Florida parishes (West 
Feliciana, East Feliciana, East Baton Rouge, St. Helena, Livingston, Tangipahoa, Washington, 
and St. Tammany).93

3.B.1.c Potential Arrivals 
According to USGS, the following aquatic plants occur in fewer than three drainage basins in 
Louisiana:   

3.B.1.c.i Purple Loosestrife (Lythrum salicaria)
Purple loosestrife is an invasive plant introduced from Europe in the 1800s as an ornamental 
plant.  It also may have arrived in the northeastern United States in ships’ ballast.  Loosestrife 
stalks can grow up to nine feet tall, and just one mature loosestrife plant can produce an 
estimated 3 million seeds annually.  Seeds are prone to wind, animal, and water dispersal.  
Purple loosestrife stands disrupt wetland ecosystems by displacing native wildlife, and affect 
agriculture by clogging irrigation systems or destroying grazing pastures by replacing range 
grasses.94

An easy-to-grow plant with attractive purplish-magenta flowers, purple loosestrife can be 
purchased in many plant nurseries, garden stores, and over the Internet.  Some nurseries claim 
to sell only sterile loosestrife plants, but these claims have often proven false.95

While the U.S. Fish and Wildlife Service reports that purple loosestrife is present in every state 
except Florida, the USDA and USGS have no record of purple loosestrife Louisiana.96  Conflicting 
reports about the presence of Lythrum salicaria in Louisiana may be due to two native loosestrife 
species, Lythrum lineare and Lythrum alatum.     

                                                     
89 Savoie 2003.
90 Cogongrass is not listed by USGS as an aquatic invasive plant.  The LAIS Task Force, however, has chosen to classify 
cogongrass as an aquatic invasive because it occurs in areas that experience some flooding, and it was introduced through an 
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Invasive species often thrive in disturbed habitats, thus further altering the area and possibly “enabling” the establishment of
additional invasives.  Multiple invasive plant species often grow together in disturbed habitats, such as in A and B, where alligator
weed and common salvinia clog a bayou in St. John the Baptist Parish, and C, where common salvinia, wild taro (heart-shaped
leaves), and alligator weed (narrow leaves; center right) co-exist in Jean Lafitte National Historical Park and Preserve. Photos by
CBR, 2004.

Invasive Species 
in Disturbed 
Habitats
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Records from Tulane University’s Herbarium in New Orleans indicate two Lythrum salicaria
samples were collected and identified in the mid- to late-1980s.  The first sample was collected in 
1986 from Plaquemines Parish, approximately eight miles south of Venice, Louisiana, and about 
two miles east of the Mississippi River.  The second specimen was collected from a cultivated 
garden at Longue Vue House and Gardens in 1988 in New Orleans.97

3.B.1.c.ii A Blue-Green Algae, Cylindrospermopsis raciborskii (“Cylindro”) 
Cylindrospermopsis raciborskii, or “Cylindro” for short, is an invasive, subtropical, microscopic 
blue-green alga.  Researchers believe it was introduced to Florida about 30 years ago and has 
spread rapidly across North America over the last 10-15 years.  It is likely that this alga occurs in 
a wide range of North American water bodies, but, due to its size, it is difficult to identify and 
easily confused with other blue-green algae.  It is unclear how this species arrived in the United 
States, but it is probably spreading to new U.S. water bodies by boats, boat trailers, and 
waterfowl.  According to St. Amand (2002), this species has been identified in water bodies 
throughout Florida, parts of Alabama, and central Texas.  Unconfirmed reports indicate that this 
species was found in waters near the Caernarvon Freshwater Diversion in summer 2002.98

Like most blue-green algae, Cylindro has no serious adverse effect on water quality or wildlife 
when found in small concentrations.  In fact, blue-green algae are beneficial in small 
concentrations because they fix nitrogen and add nutrients to the water.  However, in higher 
concentrations, Cylindro can be very detrimental.  In some Florida lakes, Cylindro outcompeted 
other blue-green algae species and now comprises 95 percent of the total algal biomass.  When 
an alga species reaches high concentrations, it is called an algae bloom.  Cylindro blooms in 
Florida can last for months at a time, although sometimes they are difficult to identify.  Unlike 
other blue-green algae species, Cylindrospermopsis does not form scum on the water surface.  
St. Amand says Cylindro “often stays well-distributed throughout the water column and has the 
highest concentrations below the surface.  In fact, other than a deep green-brown color, it’s often 
difficult to determine that a serious blue-green bloom is occurring at all.”99

Cylindro is known to produce at least three toxins — cylindrospermopsin, anatoxin-a, and 
saxitoxin, of which the first is the best documented.  Cylindrospermopsin is a hepatotoxin which 
harms the liver and kidneys.  Anatoxin-a and saxitoxin are neurotoxins which cause lethargy, 
muscle aches, confusion, memory impairment, and, at sufficiently high concentrations, death.100

During Cylindro algae blooms, the concentration of these toxins can reach high levels and 
adversely impact the ecosystem, agriculture, and human health.  For example, researchers 
suspect that Cylindrospermopsis may be linked to the deaths of more than 200 alligators in Lake 
Griffin, Florida, between 1998 and 2000.  Cylindro comprises 90 percent of all microscopic algae 
in Lake Griffin, and researchers observed the Lake Griffin alligators behaving erratically and 
sluggishly, a symptom consistent with neurotoxicity.101   

In 1997, three cows and 10 calves were found dead near a dam on a cattle farm in Queensland, 
Australia.  Cyanobacteria blooms near the dam consisted of “a virtual monoculture of the 
cyanobacterium Cylindrospermopsis raciborskii.”102  An autopsy on one of the calves and an 
examination of several of the calf’s organs showed damage consistent with hepatotoxin 
poisoning.103

In 1979, 150 people (mostly children) were hospitalized after ingesting from a drinking water 
reservoir in Australia.  The water had been treated with copper sulfate to remove cyanobacteria 
that were blooming in the reservoir at the time, but this caused Cylindrospermopsis, the dominant 
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cyanobacterial species in the reservoir, to release even more cylindrospermopsin toxin into the 
water.  Symptoms of the cylindrospermopsin poisoning included liver enlargement, constipation, 
bloody diarrhea, kidney damage, and dehydration.104

In Brazil, a water reservoir was treated with chlorine to kill blooming cyanobacteria, but when the 
algae cells died, they released more toxin into the water.  More than 50 patients at a dialysis clinic 
died from hepatotoxin poisoning, and more than 50 more became severely ill with liver and nerve 
damage.  

In Florida, the Cylindro seems to be resistant to copper sulfate and benomyl, a fungicide, and is 
non-responsive to other algae poisons.105

3.B.2 Finfish 
The categories of “extensively established species” and “locally established species” were combined 
for the Finfish section of the management plan.  Mobility of fish blurs the distinction between 
“extensively established” and “locally established.” Also, the network of interconnected waterways 
within the state makes it easy for fish to relocate, constantly changing their ranges. 

3.B.2.a Extensively Established Species 
3.B.2.a.i Rio Grande Cichlid (Cichlasoma cyanoguttatum)
The Rio Grande cichlid, also sometimes called the Rio Grande perch or the Texas cichlid, is 
native to parts of southern Texas and northeastern Mexico, but its range is expanding due to 
human activities.  Researchers speculate that the Rio Grande cichlid was introduced to Louisiana 
in the late 1980s or early 1990s through aquarium releases into freshwater bayous and canals on 
the south shore of Lake Pontchartrain.  Less than 20 years after its initial introduction, this fish 
has been collected in numerous habitats surrounding greater New Orleans, including urban 
canals, freshwater marshes and bayous, and the Lake Pontchartrain estuary.  Reproductive 
populations have been observed in many of these locations, so clearly aquarium releases are no 
longer the main cause of range expansion.106

An omnivorous fish, the Rio Grande cichlid poses a threat to aquatic vegetation and possibly 
commercially valuable species such as shrimp.  The cichlids also may harbor parasites or 
diseases that can harm native fish.  Recent collection locations indicate this freshwater fish is 
becoming tolerant of salinities of at least 5 ppt, causing concern that increased salinity tolerance 
will enable the Rio Grande cichlid to penetrate farther into the Lake Pontchartrain estuary, 
causing further displacement of native fish.107

3.B.2.a.ii Common Carp (Cyprinus carpio)
Common carp were introduced to the United States so long ago, and are so widespread, they are 
commonly mistaken as an indigenous species.  Records of the earliest common carp 
introductions are sketchy, but this freshwater fish was certainly introduced to the United States 
from Asia at least by 1877, and possibly as far back as the 1830s.  In 1877, the U.S. Fish 
Commission began stocking this fish throughout the United States for food purposes.  In addition 
to deliberate stockings, Cyprinus carpio escaped cultivation from fish farms and spread into wild 
water bodies.  More recently, use of juvenile common carp as baitfish has resulted in additional 
introductions.  Also known as German or European carp, mirror carp, leather carp, and koi, 
common carp have been introduced through the aquarium and water garden trade.  Koi are more 
colorful variations of common carp that sometimes are kept as pets.  It must be noted that only a 
small portion of common carp introductions have resulted from this pathway.108
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Researchers suspect the Rio Grande cichlid was introduced to Louisiana around 1990 through aquarium
releases into freshwater bayous and canals on the south shore of Lake Pontchartrain. An omnivore, the Rio
Grande cichlid poses a threat to aquatic vegetation and possibly commercially valuable species such as
shrimp. Map by CBR, 2004.

Grass carp were first imported to the U.S. in 1963 for Arkansas and Alabama aquaculture facilities, to control
vegetation (including invasives) in fish ponds.  The fish first escaped into the White River in 1966 near Stuttgart,
Arkansas and were first reported in the Mississippi River in the early 1970s. Its rapid spread throughout adjacent
waterways, coupled with continued deliberate stockings for biological control, allowed this fish to establish in 45
states.  In Louisiana, grass carp are established in the Mississippi and Red rivers, Atchafalaya Basin, Lake 
Pontchartrain, and drainages on the Louisiana-Arkansas border. Map by CBR, 2004.
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Cyprinus carpio is a freshwater fish but is able to withstand brackish waters in its native range.  
Its non-native range in the Gulf of Mexico is not limited by temperature; the Gulf of Mexico 
region’s temperate waters are suitable habitat for this fish.  An omnivore, Cyprinus carpio will 
consume both zoo- and phytoplankton and will frequently disturb bottom sediments while feeding.  
The increased turbidity and dislodging of plants disturb habitat for native species that require 
rooted vegetation and clear waters.  Common carp also adversely impact native fishes by 
consuming fish eggs and larvae.109

Most abundant in man-made water bodies, common carp are also plentiful in waters polluted by 
sewage and agricultural runoff.110  Common carp are widely distributed throughout Louisiana. 

3.B.2.a.iii Grass Carp (Ctenopharyngodon idella)
Grass carp were first imported to the United States in 1963 for Arkansas and Alabama 
aquaculture facilities, where they served to control vegetation (including invasives) in fish ponds.  
The fish first escaped from cultivation into the White River in 1966 from the Fish Farming 
Experimental Station in Stuttgart, Arkansas.  Grass carp were also legally and illegally stocked in 
many rivers, streams, and reservoirs to control unwanted submerged vegetation.  Known also as 
white amur, grass carp were first reported in the Mississippi River in the early 1970s.  Its rapid 
spread throughout adjacent United States waterways, coupled with continued deliberate 
stockings for biological control, allowed this fish to establish in 45 states.  In Louisiana, grass carp 
are established in the Mississippi River, Red River, Atchafalaya Basin, Lake Pontchartrain, and 
other drainages on the Louisiana-Arkansas border.111

Grass carp can have serious detrimental effects on riverine, limnetic, and littoral ecosystems.  
They decrease available habitat and food, and change macrophyte and phytoplankton community 
composition, ultimately altering an ecosystem’s food web.  According to Nico and Fuller (2001), 
“although grass carp are often used to control selected aquatic weeds, these fish sometimes feed 
on preferred rather than on target plant species.”112  Several researchers have noted that in high 
numbers, grass carp can eliminate all macrophyte aquatic vegetation.  Grass carp also may carry 
and transmit parasites and diseases to native fishes.113

In Louisiana, it is illegal to at any time to possess, sell, or transport live carp without written 
permission from LDWF.114  This statute applies to all species of carp, including diploid and triploid 
grass carp.  Triploid grass carp are generally sterile, but some researchers are questioning the 
effectiveness of triploidy as a sterilization tool.  Nico and Fuller (2001) state that “techniques used 
to induce triploidy are not always totally effective and every individual needs to be genetically 
checked.”115  Other states, however, including Arkansas and Mississippi, have no restrictions.116

3.B.2.a.iv Silver Carp (Hypophthalmichthys molitrix)
Hypophthalmichthys molitrix is native to eastern Asia, particularly China, and naturally occurs in 
temperate and primarily freshwaters.  This species was first introduced to the United States 
around 1973 for phytoplankton control in aquaculture ponds, and as a food fish.  Earliest reports 
indicate that a private fish farmer imported silver carp into Arkansas in the early 1970s, but by the 
mid 1970s, silver carp were being stocked in private and public ponds as well as municipal 
sewage lagoons.  By the 1980s, silver carp were found in natural water bodies.117
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Native to East Asia, silver carp were first introduced to the U.S. in Arkansas in the early 1970s for
phytoplankton control in aquaculture ponds and for human consumption. In Louisiana, silver carp have been
reported in the Mississippi, Atchafalaya, Red, Boeuf, Ouachita, and Little rivers, plus connecting water
bodies. Map by CBR, 2004.

Bighead carp, a zooplanktivore from Asia, was introduced by fish farmers to improve water quality and
increase production in aquaculture ponds. Map by CBR, 2004.
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In Louisiana, silver carp have been reported in the Mississippi River and its tributaries and 
distributaries, such as the Atchafalaya, Red, Boeuf, Ouachita, and Little rivers.  Silver carp have 
also been collected from the Lafourche Canal, Miller Lake, and Loggy Bayou.118

Unlike grass carp, silver carp are planktivorous fishes that sometimes also consume detritus.119

This could present an ecological threat to native mussels and fish larvae, organisms which are 
also filter-feeding planktivores.  In addition to the threat to native fish and shellfish, silver carp 
also can be physically dangerous to fishermen and boaters.  Silver carp have a tendency to leap 
out of the water, possibly when startled by boat motors or other noises.  Flying carp land can in 
boats, and some significant injuries to fishermen and boaters have been documented.   

3.B.2.a.v Bighead Carp (Hypophthalmichthys nobilis)
Similar to the silver carp, bighead carp were introduced to the United States by a private fish 
farmer in Arkansas in the early 1970s, who sought to use them with other herbivorous fish to 
improve water quality and increase production in his aquaculture ponds.  Probably the result of an 
escape from such aquaculture facilities, bighead carp began to appear in open waters in the early 
1980s.  In 1994, researchers collected more than 1,600 bighead carp larvae from the Black River 
in Louisiana.  To date, several water bodies in Louisiana have reported bighead carp sightings, 
including the Atchafalaya River, Turkey Creek, and the Red-Ouachita River.120

Both the bighead carp and the silver carp are filter feeders; bighead carp prefer zooplankton, 
while silver carp are primarily phytoplanktivorous.  In waters with low levels of zooplankton, 
though, bighead carp will consume phytoplankton and detritus.  In large numbers, bighead carp 
can deplete zooplankton populations, which could reduce native zooplanktivorous species and 
threaten existing food webs.121

3.B.2.b Locally Established Species 
See fish species above. 

3.B.2.c Potential Arrivals 
No known established populations exist in Louisiana for the following fish species, but the LAIS 
Task Force identified them as species of concern in neighboring areas.   

3.B.2.c.i Black Carp (Mylopharyngodon piceus)
Recent black carp collections from the Red River have sparked concern among fisheries 
managers that this species may soon become established in natural ecosystems.  Also known as 
the snail carp, Chinese black carp, black amur, Chinese roach, or black Chinese roach, the black 
carp is a freshwater fish native to China, parts of eastern Russia, and possibly northern Vietnam.  
A bottom-dwelling mollusk eater, black carp also are known to eat freshwater shrimp, insects, and 
crawfish.  In large numbers, black carp could threaten native shellfish and mollusks, including 
snails and mussels.  Black carp host many parasites and flukes, not to mention bacteria and 
viruses, which may infect commercially valuable sportfish, food fish, or threatened and 
endangered species.122

The first introduction of black carp to the United States, in the early 1970s, was as an accidental 
specimen in imported grass carp stocks sent to a private fish farmer in Arkansas.  The second 
introduction in the 1980s was deliberate: the carp were imported both as a food fish and as a 
biocontrol for yellow grubs at aquaculture facilities.123  The only known introduction of black carp 
to open waters occurred in 1994 when high waters flooded an aquaculture facility near the 
Missouri River.  An estimated 30 black carp, along with thousands of bighead carp, escaped into 
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the Osage River.124  According to the U.S. Fish and Wildlife Service, if black carp became 
established in large lakes or river systems, “eradication and/or control of black carp [would be] 
nearly impossible and they would likely become permanent members of the fish community.”125

In April 2004, a 43-inch black carp was caught by a commercial fisherman in the upper 
Atchafalaya / lower Red rivers region of Louisiana. A second specimen was caught nearby in 
early May.  Researchers felt that the Osage River population was too far removed from these two 
Louisiana specimens to explain their origin and suspected a new source.  One possible 
explanation is that the carp escaped from a second aquaculture facility, possibly one to which 
LDWF had previously issued a permit to evaluate triploid black carp effectiveness for snail 
control.  LDWF had permitted one catfish producer for this evaluation in 1996 and a second 
producer in 2000.  Preliminary tests indicate the two black carp specimens may be diploid, 
indicating that they may be reproducing in open waters.  The commercial fisherman who caught 
the carp reported that he had been catching “strange-looking grass carp in this area for over eight 
years.”126  LDWF is working with the fisherman to monitor the river.127

On March 26, 2003, Illinois fisherman Jim Beasley caught the first recorded black carp from open 
waters in Horseshoe Lake, Alexander County, Illinois.  The carp measured 78.3 centimeters long 
(30.8 inches) and weighed 5.8 kilograms (12.8 pounds).  Horseshoe Lake is located a few miles 
from the Mississippi River, which periodically floods into the lake.  River floodwaters last entered 
Horseshoe Lake in May 2002.  This particular black carp specimen was determined to be triploid 
(sterile), leading managers to believe it escaped from a commercial aquaculture facility.  The 
Illinois Department of Natural Resources is working with commercial fishermen in Horseshoe 
Lake to determine if there are any other black carp in the lake.128

On July 30, 2002, the U.S. Fish and Wildlife Service published a proposed rule in the Federal 
Register which, if finalized, would add the black carp to the federally maintained list of injurious 
species, prohibiting “the importation of any live animal or viable egg of the black carp into the 
United States … live black carp or viable eggs could be imported only by permit for scientific, 
medical, educational, or zoological purposes, or without a permit by Federal agencies solely for 
their own use; permits would also be required for the interstate transportation of live black carp or 
viable eggs currently held in the United States for scientific, medical, educational, or zoological 
purposes.” Furthermore, the rule would prohibit “interstate transportation of live black carp or 
viable eggs.”129

3.B.2.c.ii Tilapia (Tilapia spp., Oreochromis spp., and Sarotherodon spp.)
“Tilapia” is a general name given to many related fish species from the Genera Tilapia,
Oreochromis, and Sarotherodon.  Tilapia are increasingly common in aquaculture production in 
the United States, second only to carp production.  Louisiana Department of Wildlife and 
Fisheries, the permitting agency for aquaculture fish species, allows Blue tilapia (Tilapia aurea),
Mozambique tilapia (Tilapia mossambica), Nile tilapia (Tilapia nilotica), and Wami tilapia (Tilapia 
hornorum) in Louisiana.130

Though there are no known tilapia species established in the wild in Louisiana, LDWF officials are 
concerned that potential tilapia fish farm “escapees” could become established and degrade 
native fisheries.  In addition to competing with natives, most tilapia species are aggressive toward 
other fish.  Tilapia are omnivores, consuming detritus, algae, phytoplankton, zooplankton, insects, 
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vascular plant fragments, small fish, and crustaceans.  Several tilapia species are established in 
parts of Florida, Texas, and Alabama.131

Others, however, question whether tilapia pose a threat to Louisiana wildlife if they escape 
cultivation.  Though tilapia have wide salinity tolerances, they are not cold-tolerant.  According to 
Lutz, “growth is generally limited at water temperatures below 70 degrees Fahrenheit (F), and 
most tilapia become severely distressed at 65 degrees F.  Death begins to occur at 60 degrees F, 
with few surviving temperatures below 50 degrees F for any period of time.”132

To prevent escapes from aquaculture facilities, in Louisiana, tilapia cultivation is prohibited in 
outdoor ponds.  All water utilized in the tilapia production must be accounted for, and must be 
screened and / or sterilized before allowed to leave the aquaculture facility.133

3.B.3 Mollusks 
The two known invasive mollusks in Louisiana, the zebra mussel (Dreissena polymorpha) and the 
Asian clam (Corbicula fluminea), are predominantly freshwater mollusks, and, in general, are 
confined to river drainages.   

The largest rivers in Louisiana are the Mississippi, Red, and Atchafalaya; zebra mussels and Asian 
clams are established in all three and, therefore, are considered extensively established.   

The brown mussel, Perna perna, is a marine species from the Gulf of Mexico near the Texas-
Louisiana border.  The green mussel, Perna viridis, is currently established in Tampa Bay, but 
specimens have been found in Pensacola, St. Augustine, and New Smyrna Beach, Florida, as well as 
on the Atlantic coast of Georgia.  Louisiana waters would be suitable habitat for this species.  The 
channeled apple snail, Pomacea canaliculata, is established in Texas close to Louisiana and may be 
here already.  Unconfirmed reports indicate that this species has been found in St. Martin Parish.  
Pacific and Asian oysters (Crassostrea gigas and Crassostrea ariakensis, respectively) are being 
considered for introduction into the Chesapeake Bay to attempt to rebuild oyster stocks decimated by 
disease.  As these potential introductions may impact Louisiana’s native oyster, Crassostrea virginica,
descriptions of the non-native oysters are provided below. 

3.B.3.a Extensively Established Species 
3.B.3.a.i Asian Clam (Corbicula fluminea)
Asian clams were likely introduced to the United States as a food source for Chinese immigrants 
on the West Coast, possibly as early as the mid 1800s.  The clams were first discovered in 
Washington in 1938.  Now established in at least 38 states and Washington, D.C., Corbicula 
fluminea spread mostly through human activities, such as bait bucket dumping, aquaria releases 
into streams or canals, and intentional releases by people who bought the clams at food markets.  
Asian clams may also have been a contaminant in an imported aquaculture species.  Another 
pathway for dispersal is the passive movement of larvae in water currents. In Louisiana, 
Corbicula fluminea has been reported in 13 parishes touched by the Mississippi, Red, Pearl, and 
Atchafalaya rivers.134

The Asian clam typically measures less than 25 millimeters (one inch), although some can reach 
65 millimeters (2.5 inches.)  Optimum growth occurs at low salinities and in freshwater, but this 
species can tolerate salinities up to 24 ppt when acclimatized.135  This may be cause for concern 
because the freshwater river diversions (see page 19) could serve as pathways for an Asian clam 
range expansion into the coastal wetlands and Lake Pontchartrain, an estuary with salinities 
ranging from 0 ppt to 25 ppt.  
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Ecological impacts of Asian clam infestations include the altering of benthic substrate and 
increased competition with native species for food and habitat resources.  Asian clams also serve 
as a food source for many species favored by fishermen, including largemouth bass and 
freshwater drum. But this benefit is outweighed by the economic burden borne by industries and 
municipalities.  Asian clams are “biofoulers” that clog power plant intake pipes and other industrial 
water systems.  In some parts of the United States, C. fluminea also causes problems in irrigation 
canals and pipes.136

3.B.3.a.ii Zebra Mussel (Dreissena polymorpha)
The zebra mussel, native to the Black, Caspian, and Azov seas, was first discovered in North 
America in 1988 in Lake St. Clair, near Detroit, probably the result of a release of veligers (larvae) 
in ballast water.  In subsequent years, zebra mussels quickly spread throughout the Great Lakes, 
down the Mississippi River, and up its tributaries, including the Ohio, Tennessee, Cumberland, 
and Arkansas rivers.137

In Louisiana, zebra mussels are established in the Mississippi River between Baton Rouge and 
New Orleans, while localized colonies exist below New Orleans near the river’s mouth, and 
upriver near Vicksburg.  In addition to the Mississippi, zebra mussels are moving northwest up the 
Red River toward Shreveport, while several sightings have been reported in the Atchafalaya 
River, Bayou Teche, Bayou Lafourche, and the Intracoastal Waterway near Houma.138  The 
freshwater diversion structures and the Bonnet Carré Spillway on the Mississippi River are 
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Asian clams were likely introduced to the West Coast as a food source for Chinese immigrants in the mid-1800s, but 
were not recorded until 1938 in Washington.  Now established in at least 38 states, the clams spread mostly through
human activity, such as bait bucket dumping and aquaria releases. Map by CBR, 2004.
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potential pathways by which zebra mussels may spread to new waterways.  (See section 3.A.4 
on River Diversions for more information.) 

In addition to other environmental problems, zebra mussels are notorious biofoulers and 
colonizers of water intake/outtake pipes at industrial facilities located along rivers.  Entergy 
Corporation, the region’s premier energy and gas utility, operates at least six facilities affected by 
zebra mussels on the Mississippi River.  Entergy has implemented various monitoring and control 
programs.  These include heating the water in a closed system to 35-36.7 degrees Celsius (95-98 
degrees Fahrenheit) for several hours and chemical treatment using oxidizing and nonoxidizing 
chemicals.  Costs associated with these treatments vary by location, but typically range from 
$15,000 to $100,000 per treatment.139

On the federal level, the U.S. Army Corps of Engineers performs periodic zebra mussel 
monitoring surveys at locks and other structures during dewatering or when gates are removed 
for maintenance. The U.S. Fish and Wildlife Service’s 100th Meridian Initiative aims to prevent the 
westward spread of zebra mussels by trailered boats.  The agency’s Southeast Region Office is 
working with Louisiana to implement an outreach program aimed at boaters visiting the 
Atchafalaya and other locations of confirmed or potential zebra mussel sightings.140

Zebra mussel infestations, while costly to industry and public works, have not been as 
widespread in the lower Mississippi River as elsewhere in the United States, primarily due to 
current speed and water temperature.  In the spring, when zebra mussel veligers are most 
abundant, snowmelt raises the stage of the river, which steepens its gradient and thus increases 
its velocity.  The rapid current prevents many veligers from attaching to hard substrates in the 
river.  Consequently, the larvae are swept to the Gulf of Mexico and die in saline waters.  In the 
late summer and early fall, the river lowers and loses velocity, as water temperate rises. Mussels 
expend energy to prevent overheating, causing them to decrease their consumption and 
subsequently starve to death.141

3.B.3.b Locally Established Species 
See above.  

3.B.3.c Potential Arrivals 
3.B.3.c.i Brown Mussel (Perna perna)
In 1990, for the first time in U.S. waters, two juvenile edible brown mussels were discovered on 
jetty rocks at Port Aransas, Texas.  Native to selected coasts of the Indian and South Atlantic 
oceans, the P. perna population in Texas seems to have originated from Venezuela, according to 
recent DNA tracking research.  The mussels were likely carried on the hulls or in the ballast water 
of ships calling at Venezuelan ports.142  Brown mussels “now occur on other isolated hardshores 
along 1,700 km [1,056 miles] of coast from Freeport, Texas, to southern Veracruz, Mexico,”143

and brown mussels have been found on offshore oil rigs in the Gulf of Mexico. Reports that P. 
perna are established near the Texas-Louisiana border are unconfirmed. Researchers from 
Texas A&M University at Corpus Christi and Texas Parks and Wildlife Department have no 
knowledge of P. perna’s existence any farther east than Freeport, Texas.144  However, Hicks et 
al. (2001) suggest that, based on analyses of P. perna in its native ranges, the coastal Gulf of 
Mexico is a suitable habitat for brown mussel colonization.  They predict the non-native range of 
P. perna could “spread beyond the species’ present Texas/Mexico range,”145 including the 
northern Gulf of Mexico coast. Probable pathways for brown mussel range expansion are ocean 
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currents or shipping routes between Texas and Louisiana ports.  P. perna larvae in ballast water 
or adults attached to ship hulls could introduce this mussel to Louisiana. 

The brown mussel is predominantly a marine mussel, though a colony was discovered in a bay 
environment in Port O’Conner, Texas.  In their natural range, adult brown mussels tolerate 
salinities from 19 ppt to 44 ppt, and veligers (larvae) tolerate salinities of 15 ppt to 55 ppt.  The 
Texas P. perna populations withstand salinities from 15 ppt to 50 ppt.  However, the lowest end of 
this salinity range may be below their tolerance.  According to Hicks (2003), P. perna can survive 
but cannot form byssal threads (strong protein “ropes” that a mussel produces to attach and 
anchor itself to substrate) at 15 ppt.  Nevertheless, P. perna can survive the more saline waters of 
coastal Louisiana.  Though no negative environmental effects have been attributed to the brown 
mussel in Texas, researchers believe this species can form such dense colonies that an 
infestation could sink navigation buoys and affect shipping safety.146

3.B.3.c.ii Green Mussel (Perna viridis)
The Asian green mussel, also sometimes called the green-lipped mussel, is native to the Indo-
Pacific region, from the Persian Gulf to the South China Sea.  It was introduced to the Gulf of 
Mexico around 1990 when larvae were transported in ballast water to Trinidad.  Green mussels 
subsequently appeared in Venezuela in 1993, and in the United States in 1999, when underwater 
divers performing maintenance work at a power plant in Tampa Bay, Florida, discovered the 
mussels clogging the inside of cooling water intake tunnels.  According to Benson et al. (2001), 
“phylogenetic comparisons between known Perna species and species collected from Tampa 
Bay indicated that the Tampa Bay specimens were most closely related to Perna viridis acquired 
from Trinidad.”147  As of December 2002, the range of Perna viridis in the United States was 
confined to Tampa Bay and the Gulf of Mexico between Johns Pass and Charlotte Harbor in 
Florida, but in February 2003, live mussels were found on the Atlantic Coast of Florida, from St. 
Augustine to New Smyrna Beach. In addition, the green mussel is spreading north and west.  
Researchers from the Smithsonian Environmental Research Center (SERC) found a Perna viridis
specimen on a fouling plate in Pensacola, Florida.  SERC believes recreational boaters probably 
transported the mussel.148  Georgia Department of Natural Resources officials and researchers at 
the University of Georgia recently found green mussel specimens in Georgia waters, near 
Brunswick and Tybee Island at the mouth of the Savannah River.149   

Green mussels prefer estuarine environments with salinities similar to Louisiana estuaries.  The 
lower limit of Perna viridis’ salinity tolerance is 16 ppt and researchers have shown that P. viridis
can survive in turbid waters.150  Researchers are concerned that as filter feeders, green mussels 
will impact the availability of phytoplankton for native species and increase water clarity in 
previously turbid waters.151  In addition to ecological impacts, P. viridis is a known biofouler of 
boats and submerged infrastructure such as bridges, seawalls, docks, and buoys.  Like the zebra 
mussel, the green mussel can interfere with industry and power plant activities by clogging 
cooling-water intakes and outflow pipes.  Tampa Bay area oyster beds have recently been 
invaded by Perna viridis, which attach to and suffocate native oysters.  Florida’s oyster reefs 
consist of the species Crassostrea virginica, which is also commercially valuable to Louisiana’s 
seafood industry.  In the invaded Tampa Bay area oyster reefs, up to 90 percent of the dead 
oysters were killed recently, meaning that the oyster was still attached to the shell and normal 
predation was probably not a factor.  Researchers suspect that the green mussel may be having 
a negative effect on commercially important oyster beds in Florida.152
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Recreational boat traffic and commercial shipping lanes between Florida (particularly Tampa Bay 
and Pensacola) and Louisiana could serve as a pathway for P. viridis into Louisiana waters.  If 
introduced, P. viridis could become established in Louisiana coastal waters.  According to Hicks, 
P. viridis, with its lower salinity tolerances, is probably a greater threat than P. perna, despite the 
latter’s greater proximity to Louisiana. 153

3.B.3.c.iii Channeled Apple Snail (Pomacea canaliculata)
Native to Central and South America, the channeled apple snail is currently established in Texas, 
California, Florida, and has been reported in North Carolina.  This snail was first found in the 
Texas Gulf Coast in mid 2000 and has since spread via interconnected canals and with the help 
of Tropical Storm Allison in June 2001.  Unconfirmed reports indicate that this species was found 
in St. Martin Parish, Louisiana, in 2001.  Though no confirmed sightings of Pomacea canaliculata
in Louisiana exist, its range in Texas is expanding north and east.  Texas wildlife managers claim 
that if the snail is not already established in Louisiana, its current non-native range approaches 
the Texas-Louisiana border.154

Sold in North American pet and aquarium stores, Pomacea canaliculata introductions are 
probably the result of aquarium releases.  Aquarium dealers sometimes mislabel the apple snail 
species; P. canaliculata has been sold under the names “giant Peruvian apple snail,” “South 
American apple snail,” and “mystery snail.”155

An edible snail, P. canaliculata was introduced to Taiwan and other parts of Asia as a food 
source.  The snail escaped cultivation and spread to Hong Kong, Thailand, southern China, 
Japan, and Indonesia, destroying rice crops in those countries.  Texas rice farmers worry that a 
population explosion of P. canaliculata could have similarly devastating effects on their crops.  
Adults of this species are voracious eaters and prefer the soft vegetation of young rice plants. 

The channeled apple snail is a hardy species that tolerates poor water quality, including 
pollutants or low dissolved oxygen.  A shell door enables it to close itself off from harsh external 
conditions, so the channeled apple snail can survive droughts and can even hibernate in the mud 
for up to six months, reemerging when water and temperature conditions are favorable.  
Pomacea canaliculata can endure cold temperatures and a broad range of salinities.  In their 
native environments, P. canaliculata’s ideal habitats include swamps, marshes, and canals, all of 
which are common throughout southern Louisiana.156

3.B.3.c.iv Pacific Oyster (Crassostrea gigas)
Native to Japan, this oyster was introduced to the west coast of the U.S. in the early 1900s and 
quickly became an important part of the aquaculture industry, particularly in Washington, where it 
remains the state’s most valuable shellfish species.  When diseases decimated the native eastern 
oyster (Crassostrea virginica) of Chesapeake Bay in the late 20th century, some researchers 
suggested introducing the Pacific oyster as a substitute, but it proved inadequate for reasons of 
growth rates, taste, and disease tolerance. Should entities suggest the introduction of the Pacific 
oyster into Louisiana waters, the Task Force notes that LDWF maintains jurisdiction over this 
matter and urges that a risk assessment be conducted on its potential impacts. Currently, the 
North American distribution of the Pacific oyster spans from southeast Alaska to Baja California, 
primarily on coastal oyster farms, though some wild populations exist in Washington, British 
Columbia, and Hawaii.157

The two diseases that devastated the native Chesapeake Bay oyster are MSX (Multinucleated 
sphere unknown, Haplosporidia nelsoni) and Dermo (Perkinsus marinus). Scientists believe MSX 
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arrived to the east coast via the introduction of Crassostrea gigas in the 1930s, which failed to 
establish a population.158

3.B.3.c.v Asian Oyster (Crassostrea ariakensis)
When the Pacific oyster Crassostrea gigas proved unsuitable for culture in the Chesapeake Bay, 
scientists investigated introducing the Asian (or Suminoe) oyster, Crassostrea ariakensis, instead.  
In comparative studies with the native Crassostrea virginica, the Asian oyster proved to be faster 
growing and more resistant to MSX and Dermo diseases.  It was found to reach market size in 
only nine months, whereas native eastern oysters may require almost two years before they are 
large enough to harvest. 159

Resulting pressure from the seafood industry to introduce Crassostrea ariakensis to the 
Chesapeake is causing much controversy, as scientists and natural resource managers are still 
unsure of the long-term ecological impacts of such introductions.  Triploid (sterile) oysters are 
offered to control introductions, but triploids can sometimes revert to diploidy and reproduce.  
Ecological and economic concerns include possible adverse food web impacts, new parasites 
and pathogens, and a potential biofouling problem if the oysters reproduce too effectively. 160

A final decision on the introduction has not yet been made, but the U.S. Army Corps of 
Engineers, Norfolk, Virginia district is currently seeking public comment on an Environmental 
Impact Statement.  If the introduction is authorized, it may set a precedent for similar 
introductions in other coastal regions, including the Gulf of Mexico. 

3.B.4 Mammals 
Although nutria are not distributed throughout Louisiana, their numbers and environmental impact in 
coastal Louisiana are so great that they warrant consideration as extensively established and 
extremely problematic.  Feral hogs (Sus scrofa) are established sporadically throughout the Gulf 
Coast and southern United States, and thus are considered extensively established for this 
management plan.  The problems caused by feral hogs in Louisiana, however, are dwarfed by those 
caused by nutria.  Feral hogs also provide some social and economic benefit for local hunters and 
trappers, whereas nutria no longer offer any benefit to Louisiana residents. 

These two species are the only mammals identified as invasive in Louisiana. 

3.B.4.a Extensively Established Species 
3.B.4.a.i Nutria (Myocastor coypus)
Nutria, or coypu, are herbivorous, rodent-like aquatic mammals deliberately introduced to 
Louisiana from Argentina between 1900 and 1940 for fur farming.  Some nutria were released 
into the wild, and others were used as biocontrol for invasive water hyacinth.  A prolific breeder, 
nutria reach sexual maturity at just four months of age, and females are able to breed within 48 
hours of giving birth to a litter.  Nutria young are precocial (capable of a high degree of 
independent activity from birth,) and can swim and eat vegetation shortly after birth. 161
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Coastwide Nutria 
Control Program 

In 2002, LDWF and LDNR launched an incentive payment plan, the Coastwide Nutria Control Program, to reduce
vegetative damage by increasing nutria harvest through a bounty.  Registered trappers and hunters are paid $4 for
every nutria taken south of the I-10/I-12 corridor. To receive payment, participants must bring well-preserved nutria
tails (A) to designated collection sites, where officials tabulate them and issue vouchers (B). The program collected
308,160 and 332,596 nutria in its first two years, for which about $2.5 million was paid to participants. The above
map shows number of nutria harvested by property in a portion of the program area, during the second season. Map
and photos by LDWF, 2003-2004.
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Coypu exacerbate coastal erosion by digging into thin soils and eating roots of marsh vegetation.  
As the vegetation dies, the fine-grained, denuded soils become more vulnerable to erosion, 
eventually forming expanding holes in the marsh called “eat-outs.”  With the exception of 
alligators, nutria have no natural predators in Louisiana; populations were kept in check for 
decades only by fur trappers motivated by a healthy demand for nutria pelts.  After the price of 
nutria pelts plummeted in the late 1980s, populations exploded.  Wildlife managers estimate that 
several million nutria inhabit Louisiana today.  (For more information on nutria harvests for fur, 
see the “Fur Industry” section under “Deliberate Introductions,” section 3.A.7.f.)  By 1988, 
landowners complained of nutria-caused vegetative damage to coastal areas, for which the 
Louisiana Department of Wildlife and Fisheries began conducting vegetative surveys to document 
the damage.162

The table below, from the Louisiana Department of Wildlife and Fisheries Fur and Refuge 
Division, indicates the number of sites surveyed for nutria-related vegetative damage between 
1998 and 2002, the number of those sites with vegetative damage, and the number of sites that 
showed vegetative recovery: 

Year Total Sites Surveyed Sites with Vegetative Damage Sites Experiencing Vegetative Recovery 
1998 204 170 34 
1999 184 150 34 
2000 170 132 38 
2001 142 123 19 
2002 108 94 12 

Overall, the area of coastal marsh with vegetative damage is increasing, and the numbers of sites 
recovering from nutria damage are decreasing.  While it appears that nutria damage is 
decreasing overall because the number of vegetation-damaged sites is declining, many of the 
sites surveyed during this period in fact enlarged and merged to form the “eat-outs” mentioned 
earlier.  Merged sites, regardless of size, were thence counted as one site instead of multiple 
sites.163

In late 2002, LDWF and the Louisiana Department of Natural Resources jointly launched an 
incentive payment plan called the Coastwide Nutria Control Program (CNCP).  The purpose of 
the bounty program is to reduce vegetative damage by increasing nutria harvest.  Registered 
trappers and hunters are paid $4 per tail (as proof of harvest) for every individual nutria taken 
within the project boundaries.  Registered participants must obtain a valid Louisiana trapping 
license, complete an application, and obtain written permission from the landowner to take the 
nutria from his/her land.  The trappers then receive a specific Nutria Control Program Registration 
Number.  To receive the $4-per-tail bounty, trappers must bring well-preserved (fresh, frozen, 
salted, etc.) tails at least seven inches long to designated collection sites and must present their 
assigned registration numbers.  As long as the nutria are taken between November and March, 
trappers meeting the above requirements receive vouchers for the tails, and a check is mailed to 
them shortly.164

The CNCP is funded through the Coastal Wetlands Planning, Protection, and Restoration Act for 
five years, for as many as 400,000 nutria per year.  Program boundaries cover those coastal 
areas most affected by nutria, from the Interstate 10 — Interstate 12 corridor south to the coast, 
from the Texas border to the Mississippi border.  Every year, transects along the coast are 
inspected from aircraft to determine nutria-caused vegetative damage.  Photographs from the fly-
overs will help assess the impact of the bounty program.165

Wildlife officials collected 308,160 and 332,596 nutria tails in the first two years of the program, 
for which about $2.5 million was paid to trappers.166      
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3.B.4.a.ii Feral Hogs (Sus scrofa)
Feral hogs, Sus scrofa, are sometimes hybrids of wild boars and domestic livestock.  Domestic 
hogs were deliberately introduced as livestock to North America during colonial times; some 
escaped farms and established feral populations.  In the 1940s, sportsmen deliberately 
introduced Russian black boars to the southeastern United States as a new game animal.  
Interbreeding between the boars and the feral hogs may have produced the hybrid feral hogs 
present in Louisiana today.167

Sus scrofa prefers wooded areas, flat coastal plains, swamps, marshes, and other habitats with 
plentiful water.  Louisiana’s warm and moist subtropical climate allows for reproduction almost 
year round, and nutrient-rich soils and diverse ecosystems abundantly produce the hogs’ favorite 
foods: roots, leaves, nuts, tubers, snails, insects, frogs, snakes, and rats.168

Besides competing with deer, bears, rabbits, and other native species for habitat and food, Sus
scrofa can pose a risk to humans.  In their quest for food, feral hogs have been known to tear up 
hurricane protection levees with their snouts and hooves, causing scars which could erode, 
expand, and weaken the flood-prevention structures.169  Feral hogs are also vectors for bovine 
tuberculosis and swine brucellosis, a potential human pathogen which could affect agriculture. 

3.B.4.b Locally Established Species 
No locally established invasive mammals currently warrant inclusion in this plan. 

3.B.4.c Potential Arrivals 
No potential invasive mammals are foreseen. 

3.B.5 Insects 
Due to the prolific nature of insects and their ability to rapidly adapt to a new environment, all insect 
species established in Louisiana are considered extensively established.   

3.B.5.a Extensively Established Species 
3.B.5.a.i Red Imported Fire Ant (Solenopsis invicta)
Red imported fire ants (RIFA) are thought to be native to Paraguay and the Parana river region in 
South America and were brought to the United States in the 1930s, probably in soil used as 
ballast or dunnage in commercial shipping vessels.  RIFA were first detected in Mobile, Alabama 
but quickly spread throughout the southeastern United States, through the transport of nursery 
stock and earth-moving equipment.  A federal quarantine was implemented in 1958 to prevent the 
spread of RIFA by restricting the movement of potentially infested hay, sod, soil, equipment, and 
nursery stock.170

RIFA cause a variety of adverse economic and environmental effects by outcompeting and 
preying on native species, feeding on agricultural crops (such as okra, cucumbers, corn, and 
soybeans), sometimes killing livestock, and nesting in electrical equipment such as air 
conditioners, traffic signal boxes, computers, airport landing lights, and telephone junctions.  The 
estimated structural and electrical damage caused by RIFA every year is about $11.2 million, and 
the estimated damage to livestock, wildlife, and public health in Texas alone is $300 million per 
year.  Medical treatment of fire ant stings costs approximately $7.9 million annually.  The total 
cost associated with fire ants in the southern United States is estimated at $1 billion per year.171

                                                     
167 Aguirre and Poss 1999e; Jensen 2001. 
168 Aguirre and Poss 1999e. 
169 Jensen 2001. 
170 Morisawa 2000.  
171 Morisawa 2000. 

State Management Plan for Aquatic Invasive Species in Louisiana 61

3.B.5.a.ii Formosan Termite (Coptotermes formosanus)
Formosan termites were introduced to the United States during and shortly after World War II, via 
wooden shipping palettes on ships returning from East Asia.  The termites were introduced at 
various ports along the Gulf Coast, including Houston, Galveston, Lake Charles, and New 
Orleans, as well as Charleston, South Carolina.  Formosan termites were not detected at the 
military bases until 1966, and the extent and impact of Formosan termite populations was not fully 
appreciated until the 1980s.  By this time, this “super termite” was well established and spreading 
throughout Louisiana and the Gulf Coast.172

Formosan termites cause an estimated $500 million in damage to Louisiana every year, with 
$300 million in damages to New Orleans alone.  In addition to damaged houses and other 
buildings, particularly historical structures, Formosan termites infest and structurally weaken 
native trees, including live oaks and other hardwoods, rendering them more vulnerable to wind 
damage and other threats.  Even cypress are not immune to Formosan termites.173

For more information on Formosan termites, visit the Louisiana Department of Agriculture and 
Forestry website (www.ldaf.state.la.us) or contact Operation Fullstop at the USDA Southern 
Regional Research Center (http://www.ars.usda.gov/is/br/fullstop).  

3.B.5.a.iii Asian Tiger Mosquito (Aedes albopictus)
Aedes albopictus, the Asian tiger mosquito, was accidentally introduced to the United States in 
1985 when used tires containing larvae-infested water were shipped from Japan to Houston, 
Texas.  Further transport of used tires spread Aedes albopictus to other Southern cities.  Within 
the first year of its introduction, the Asian tiger mosquito was reported in New Orleans, Lake 
Charles, Baton Rouge, and Shreveport; today it is found in almost every parish in Louisiana.174

Aedes albopictus breeds in stagnant water pools found in outdoor containers, especially in shady 
areas.  For this reason, this species does particularly well in urban residential settings.  This 
mosquito threatens public health as a known vector of the viruses that cause dengue fever, 
eastern equine encephalitis, and the agent that causes dog heartworm.  Aedes albopictus is a 
suspected vector of other viral diseases, including West Nile virus, yellow fever, and other types 
of encephalitis.175

3.B.5.b Locally Established Species 
All invasive insects are considered “Extensively Established” in this plan. 

3.B.5.c Potential Arrivals 
3.B.5.c.i Africanized Honeybee (Apis mellifera scutellata)
Nicknamed “killer bees,” Africanized honeybees were imported to Brazil with the intention of 
genetically improving European honeybees and making them more suitable for South America.  
Some were accidentally released from research facilities in 1956, and they hybridized with 
European varieties, thus becoming “Africanized honey bees.”  The bees spread through South 
America, into Central America, and arrived in Texas in October 1990.  Since their arrival in Texas, 
the bees have spread primarily west, into New Mexico, Arizona, and California.  Currently, no 
known populations of Africanized honeybees exist in Louisiana, although the bees have been 
found as close as Houston. 

Africanized honeybees grow more quickly from egg into adult, swarm more often, and are more 
aggressive than their European counterparts. They are known to completely abandon a colony 
and move on to another location.  They may decrease and even replace European honeybees in 
parts of the United States.176

                                                     
172 Agricultural Research Service 2002a and b; Louisiana Formosan Termite Initiative 2003. 
173 Louisiana Formosan Termite Initiative 2003. 
174 Maryland Department of Agriculture (no date); Centers for Disease Control and Prevention 2001.  
175 Maryland Department of Agriculture  (no date); Lounibos 2002. 
176 National Agricultural Pest Information System 1993, 2004. 
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3.B.6 Other Species 
“Other species” are those that the Task Force decided are important and problematic, but do not fit 
into any of the above categories. These include coelenterates, crustaceans, and one cladoceran. 

3.B.6.a Extensively Established Species 
None to date. 

3.B.6.b Locally Established Species 
3.B.6.b.i Australian Spotted Jellyfish (Phyllorhiza punctata)
The Australian spotted jellyfish, native to the South Pacific Ocean, was introduced to the 
Caribbean probably between the 1950s and 1970s, but was not noticed in the northern Gulf of 
Mexico until June 2000.  P. punctata was likely transported from Australia to the Caribbean 
through the Panama Canal, either as polyps in ballast water or attached to the hull of a ship.  
Transport of this species to the northern Gulf of Mexico is may have occurred when an eddy spun 
off of the Loop Current, which carries tropical water from the Caribbean to the Gulf of Mexico.177

During the P. punctata population explosion of 2000, researchers discovered the jellies from 
Mobile Bay in Alabama to the Texas-Louisiana border, with concentrations heaviest in the 
Mississippi Sound, the barrier islands off the coasts of Louisiana and Mississippi, and at the 
mouth of Lake Borgne, Louisiana.178

In summer 2000, when Phyllorhiza punctata populations were at their greatest, commercial 
fishermen, researchers, and environmental managers feared this species might have a significant 
impact on commercially valuable fisheries, specifically shrimp, menhaden, anchovies, crabs, and 
red snapper.  Shrimpers complained that the gelatinous creatures were clogging their nets.  
Every summer, larval fish and eggs, particularly for the species mentioned above, are carried by 
tides to estuaries close to shore.  The jellyfish in 2000 blocked the entrances to these estuaries.  
Phyllorhiza punctata is a filter-feeding omnivore that will consume every living organism smaller 
than a few millimeters across.  Daily, each jellyfish can filter up to 50 cubic meters of water and 
eat approximately 2,400 fish and shellfish eggs.179  According to Harriett Perry, Ph.D., director of 
the Fisheries Section of the Gulf Coast Research Laboratory in Mississippi, “You really have two 
problems in terms of commercially important fish.  First, the jellies are ingesting the larvae and 
eggs of these commercially important species, and then the fish larvae must compete with these 
incredibly efficient jellies for the same food source.”180

Though the spotted jellyfish population explosions of 2000 have not occurred since, recent 
evidence indicates Phyllorhiza punctata is established in the Gulf of Mexico, suggesting that a 
similar explosion could occur soon. 

3.B.6.b.ii Zooplanktonic Water Flea (Daphnia lumholtzi)
Although several species in the Genus Daphnia are native to Louisiana and other parts of the 
United States, the water flea Daphnia lumholtzi is native to Africa, Asia, and Australia.  It was first 
documented in Texas in 1990, and today can be found in Alabama, Arkansas, Florida, Illinois, 
Kansas, Kentucky, Louisiana, Mississippi, Missouri, North Carolina, Oklahoma, Ohio, South 
Carolina, Tennessee, Texas, and Utah.  D. lumholtzi was first documented in Louisiana in 1994 
when 19 zooplankton samples collected from 30 sites in the Atchafalaya Basin contained this 
water flea.  Although its pathway is not known, scientists believe this daphnid species likely was 
brought to the U.S. in shipments of Nile perch from Lake Victoria in Africa.  D. lumholtzi probably 
spread throughout the U.S. through contaminated water used to transport fish stocks, water 

                                                     
177 Smithsonian Marine Station 2001; Dauphin Island Sea Lab (no date); Higgins 2001. 
178 Maynell 2000; Graham (no date).  
179 Raines 2000; Raines 2002. 
180 Raines 2000. 
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drained from aquaculture ponds, and/or unwashed recreational boats trailered from one water 
body to another.181

The long-term effects of this species’ introduction are currently unknown, but negative impacts 
are possible.  Water fleas and other zooplankton are an important food source for many larval fish 
species, but because of D. lumholtzi’s head and tail spines, which are much longer and more 
numerous than those of native daphnid, this species of zooplankton is avoided by fish larvae, 
thus giving it an evolutionary advantage over natives.  Stoeckel and Charlebois (1999) note “if 
this replacement occurs, the amount of food available to larval and juvenile fishes may be 
reduced.”182

3.B.6.c Potential Arrivals 
3.B.6.c.i Chinese Mitten Crab (Eriochirus sinensis)
Chinese mitten crabs are native to the coastal rivers and estuaries of the Yellow Sea region in 
China and Korea.  This crab may have been introduced accidentally via ballast water discharges, 
or intentionally as a food source , or both.  To date, there has been only one Chinese mitten crab 
sighting in Louisiana: in 1987, dead specimens were collected near the new St. Bernard Parish 
Highway-Highway 46 intersection in Bay Gardene, Louisiana.183  Researchers believe they may 
have fallen off of a passing ship. 

In Asia, Chinese mitten crabs are a host organism for several lung flukes (parasitic flatworms), 
one of which, Paragonimus ringeri, can affect humans.  This crab species also burrows deep into 

                                                     
181 Stoeckel and Charlebois 1999; USGS (no date)e. 
182 Stoeckel and Charlebois 1999. 
183 Washington Sea Grant 2000; Nates and Poss 2000.   

This water flea, native to Africa, Asia, and Australia, was first documented in Texas in 1990 and has since spread to at
least 16 states. Although its pathway is not known, Daphnia was likely  brought to the U.S. in shipments of Nile perch
from Lake Victoria in Africa. Map by CBR, 2004.
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soft river banks or levees.  Burrowing could potentially weaken levees and cause ruptures, 
increasing flood hazards.184

3.B.6.c.ii Green Crab (Carcinus maenas)
The European green crab, Carcinus maenas, is native to coastal Europe and north Africa.185  It 
was first introduced to the United States in the early 19th Century, primarily along the coast from 
New Jersey to Massachusetts and thence into Nova Scotia.  C. maenas’s presence on the Pacific 
Coast of the United States was first documented in San Francisco Bay in 1998 and has since 
spread along coastal California, Oregon, Washington, and British Columbia.  DNA tests indicate 
that the Pacific coast green crab population originated from the East Coast of North America, but 
the exact pathway of introduction is unknown.  

C. maenas larvae may have been introduced to San Francisco Bay via ballast water discharges.  
Another likely pathway is packing material, probably seaweed containing live green crabs, used 
to protect live bait or live seafood during shipping from coast to coast.  Improper disposal of the 
packing material, such as dumping it in San Francisco Bay, could have resulted in the 
introduction of this voracious predator.  

Green crabs are a predatory species with a preference for bivalve mollusks such as clams, 
oysters, and mussels.  They have also been observed eating polychaetes such as marine worms, 
and other small crustaceans.  Green crabs will even prey on juvenile crabs and shellfish.186

If introduced to Louisiana waters, C. maenas could threaten Louisiana’s lucrative commercial 
oyster, shrimp, and crab fisheries.  Tolerant of wide range of temperatures and salinities—0 to 33 
degrees Celsius (32-91 degrees Fahrenheit) and 4 ppt to 54 ppt—and able to live in a variety of 
habitats, from protected rocky shores to tidal marshes, the green crab would probably thrive in 
Louisiana waters.  

California’s Humbolt Bay experienced a 40 percent decline in its Manila clam harvest since the 
green crab became established there.  According to the Washington Department of Fish and 
Wildlife, the green crab “is capable of learning and can improve its prey-handling skills while 
foraging.”187  This suggests that the green crab could adapt to Louisiana waters and prey on 
commercially important species. 

3.B.7 Viruses, Bacteria, and Other Disease-Causing Microbes 
West Nile Virus is one of the many examples of viruses, bacteria, and other disease-causing 
microbes that qualify as invasive species.  Despite their acknowledged importance, the Louisiana 
Aquatic Invasive Species Task Force decided not to address these microorganisms in the Louisiana 
Aquatic Invasive Species Management Plan.  The Task Force decided that few management actions 
that are not either planned or already in place through various other governmental health 
organizations, such as the Centers for Disease Control and Prevention, could address these disease-
causing agents.  The Task Force chooses to allocate scarce state and federal resources toward the 
prevention and control of invasive species that agencies focused on human health cannot address. 

The LDWF would like to draw particular attention to the oyster disease MSX (“multinucleated sphere 
unknown”), caused by the deadly protozoan parasite Haplosporidium nelsoni.  The origin of the 
disease is unknown, but it has been documented in Korean and Japanese oyster populations.  In the 
U.S., MSX ranges from Maine to Florida on the east coast, but it is not yet present in the Gulf of 
Mexico.  This disease devastated native oyster populations on the east coast, particularly in the mid-
Atlantic region.  Transfer of ballast water or estuarine animals from the east coast to the Gulf of 
Mexico could potentially put Louisiana’s native Crassostrea virginica oysters at risk.188

                                                     
184 Nates and Poss 2000. 
185 Copping and Smith 2001.  
186 Washington Department of Fish and Wildlife 2002; Copping and Smith 2001. 
187 Washington Department of Fish and Wildlife 2002. 
188 Virginia Institute of Marine Science (no date.) 
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and Prairie Ronde, serving as a testa-
ment to the landscape that greeted the
first settlers. 

The Cajun Prairie was characterized
by relatively flat terrain that was tree-
less except for forested areas along
streams and rivers known as “gallery
forests.”   Trees were limited to gallery
forests because the soils beyond the
waterways consisted of heavy clay, not
favorable for tree development.
Another important factor that limited
tree growth on the prairies was the fre-
quent fires ignited by lightning and
native people.  

Although relatively flat, the Cajun
Prairie is not without interesting geo-
logical features.   Unique to the Cajun
Prairie are mounds of well-drained soil
3 to 7 feet high and 30-50 feet in diame-
ter known as “pimple mounds.”
Pimple mounds occur only on prairie
soils called alphasols, but their origin is

I
magine the scene described by
Samuel Lockett around 1870, “these
prairies are all vast, treeless expans-

es, covered with a luxuriant growth of
grass.”  It may come as a surprise that
the scene described was not in
Oklahoma or Kansas, but in southwest
Louisiana.  Until about 150 years ago,
this prairie covered nearly 2.5 million
acres in Louisiana and 6.5 million acres
in coastal Texas.  Mr. Lockett went on to
say, “Altogether I look upon the prairie
region as naturally the loveliest part of
Louisiana.” The prairie of Louisiana is
known as the Gulf Coastal Prairie, or
informally, as the Cajun Prairie.   In
Louisiana, the Cajun Prairie extended
from the Sabine River to the west, the
Atchafalaya bottomlands to the east,
the pine woodland to the north and the
coastal marshes to the south.  The map
of this region is dotted with names like
Prairie de Femmes, Prairie Laure n t ,

Louisiana’s

Cajun Prairie:
An Endangered Ecosystem
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not known.  There are also low  areas or
depressions forming natural wetlands
throughout the prairie.

Unfortunately, many of us are con-
ditioned to view a landscape without
trees as somehow lacking.  However,
when it comes to the Cajun Prairie,
nothing could be further from the
truth.  Over 500 species of plants have
been identified in the Cajun Prairie.
The dominant vegetation of the
prairies are grasses such as switch-
grass, little bluestem, big bluestem
and Indian grass.  Common grasses in
Cajun Prairie that don’t occur in other
tallgrass prairies include brownseed
paspalum, Gulf Coast muhly, and
slender bluestem.  Among the grasses
grow a diverse array of wildflowers
such as prairie coneflower, blazing
s t a r, compass plant and butterfly
weed.  

The wildlife of the Cajun Prairie
reflects its diverse vegetation.  Bison,
red wolves, whooping cranes and
prairie chickens were once found on
the prairies of Louisiana.  These
species are now gone, but the area
remains home to a wide variety of
grassland birds, waterfowl and shore-
birds.  In addition, over 100 species of
butterflies and skippers and 86
species of dragonflies have been
found in the Cajun Prairie. 

The prairie landscape described by
Samuel Lockett can no longer be
found in Louisiana.  Of the 2.5 million
acres of historic Cajun Prairie, only
less than 1,000, in its natural condi-
tion,  can be found today.  The Cajun
Prairie was settled during the late
1800s and was gradually converted to
pasture and agriculture uses.  Today,
the few remaining intact patches are
found along railroad rights-of-ways
and other isolated areas that were not
plowed.  The Gulf Coastal Prairie
ecosystem is considered one of the
most imperiled ecosystems not only in
Louisiana, but globally as well.

For years, a few dedicated conserva-
tionists have labored in relative

obscurity to preserve remnants of the
Cajun Prairie.  There have also been
e fforts to collect seed or sod from
prairie remnants and use it to reestab-
lish prairie land.  However, because
adequate seed was lacking and
restoration was so labor intensive,
efforts of large scale prairie restora-
tion have not been attempted in
Louisiana, but, that is changing.

One of the biggest obstacles to
prairie restoration efforts has been the
lack of suitable seed.  Seeds of prairie
species are available from growers in
the midwestern U.S. and great plains
region.  However, experience has
shown that plants grown from these
seed sources do not persist in south
Louisiana.  Plants from the Midwest
and Great Plains can not adapt to the
h u m i d i t y, rainfall, growing season,
and soils found in southern
Louisiana.  To address this, several
groups interested in prairie and grass-
land restoration formed the Louisiana
Native Plant Initiative (LNPI).  LNPI
volunteers and partners collect seeds
from prairie plants on remaining
tracts and then grow the seeds in a
nursery setting.  When enough seed is
grown, the seed will be released to
commercial growers to produce
Louisiana adapted seed for the com-
mercial market.

Another obstacle
facing prairie
restoration efforts in
Louisiana is the need
for specialized plant-
ing equipment.
Many of the prairie
grasses have very
fluffy seeds that can-
not be eff e c t i v e l y
planted with con-
ventional seed drills.
While broadcast
seeders have been
e ffective, success
requires extensive
seedbed preparation
that is often cost pro-
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hibitive.  To complicate matters, other
native seeds are hard, but very small
and should be planted at low seeding
rates.  To address this need, three drills
capable of simultaneously planting
fluffy seed and small hard seed at very
low rates were purchased and are avail-
able for rental by land managers in
Louisiana.

While prairie restoration and grass-
land revegetation methods are well-
established in much of the nation, they
are relatively new in Louisiana.  As a
consequence, most of the natural
resource professionals that landowners
traditionally seek for guidance and
assistance are unfamiliar with grassland
restoration.  The A c a d i a n a
Grassland Restoration
Initiative (AGRI) is a
p roject now in devel-
opment that will pro-
vide Louisiana’s natu-
ral re s o u rce pro f e s-
sionals training and
experience in prairie
a n d grassland plant-
ing and management.
In addition the AGRI
will provide “turn-
key” grassland and
prairie planting serv-
ices to landowners.

The re s t o r a t i o n
p ro g ress will be for
naught unless landown-
ers are interested and

willing to dedicate portions of their land to
grassland and prairie.  While a few who
a p p reciate the intrinsic value of the Cajun
Prairie will be willing and financially able
to do so, many more will re q u i re financial
incentives.   Fortunately, there are several
p rograms that off er cost-share assistance
for prairie and grassland restoration.
There are also a couple of programs
that offer rental payments in addition
to cost-share payments.  Most notably
is the newly approved Gulf Coast
Prairies SAFE Project.  SAFE, State
Acres for Wildlife Enhancement,  is
part of the USDA Conservation Reserve
Program (CRP).  The Gulf Coast Prairie
SAFE Project will target 3,500 acres in
portions of southwest Louisiana for
restoration of prairie vegetation and
associated wetlands.    In addition, a
similar project targeting 28,000 acres is
under consideration. 

While it would be ideal  to restore the
natural plant diversity of the Cajun
Prairie, for now, restoration efforts in
Louisiana will have to take a pragmatic
a p p roach.  Locally adapted native
prairie seed sources are not yet avail-
able.  There f o re, these early prairie
restoration efforts in Louisiana will uti-
lize only the few species of plants that
are commercially available, thus more
closely resembling a grassland planting

Northern bobwhite
quails (Colinus

virginianus) are
one of the many
species that live

on the Cajun
Prairie.

Photo by Larry Allain  USGS National Wetlands Resource Center

rather than true prairie restoration.  As
seeds of locally adapted native prairie
species become available, these plant-
ings can begin to resemble a natural
community and a true prairie restora-
tion.  However, even ru d i m e n t a r y
restoration work will benefit a wide
array of wildlife dependent on grass-
land habitat.  Species such as mottled
ducks, bobwhite quail, Henslow’s
sparrows  and Le Conte’s sparrows
will benefit.  Perhaps someday even
whooping cranes and prairie chick-
ens will again call Louisiana home. 

For  more information on  Louisiana’s

coastal prairie visit the following web

sites:

nwrc.usgs.gov/prairie/  

acadianaarcd.com

cajunprairie.org  

The LDWF Private Lands Program biolo -
gists in the Lake Charles (337-751-2575)
or Opelousas (337-948-0255) offices are
also  able to provide information and
assistance to land managers interested
in prairie restoration or native grassland
e s t a b l i s h m e n t .
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The Gulf Coast Prairies SAFE is a conservation reserve
program aimed at restoring a minimum of 3,500 acres of native
grasslands and shallow water habitats in southwest Louisiana.
This project is limited to the selected watersheds depicted on the
map below.

To be eligible, land within the selected watersheds must meet
the basic program requirements, including that it must have been
planted in an agricultural commodity in four of the six years
between 1996 and 2001.  SAFE participants will be encouraged to
establish a mix of native grasses and legumes.  In addition, shal-
low water areas may be created on portions of the land. 

SAFE participants will receive the following payments:
- $100 per acre sign-up incentive
- Up to 90 percent of the cost of installing the 

conservation practices
- Up to 15 years of annual land rental payments 
- Up to 50 percent of the cost of mid-contract 

management practices

The Gulf Coast Prairie SAFE is a continuous sign-up program so
landowners can apply at anytime rather than waiting for an
announced CRP sign-up period.  For more information contact
your local USDA Service Center.  LA Department of Wildlife and
Fisheries private lands biologists in Lake Charles  (337-751-2575)
or Opelousas (337-948-0255) can also provide information and
assistance.




















