






 

pr

N

b

 

h

fo

b

fl

fo

(F

F

reviously do

Nutrient-rich 

oth seedling

In the

igh survival 

or 67 cumula

oth formatio

lood water fr

ormation of 

Fraxinus pen

igure 1.13. A

ocumented (S

wastewater 

gs and mature

 case of the 

rate (88.0 p

ative days du

on of adventi

rom the adja

adventitious

nnsylvanica)

Adventitious

Shanklin and

has been sh

e (Hesse et a

Bayou Islan

ercent) even

uring the gro

itious roots a

acent bayou. 

s roots was a

) seedlings. T

s root format

44 

d Kozlowski

own to incre

al. 1998, Lun

nd site, BYI-

n though the 

owing season

above the so

Gomes and 

a critical fact

The formatio

tion on 1/0 s

i 1985, Effle

ease baldcyp

ndberg et al.

01, the 1-0 s

seedlings w

n. Higher su

oil surface (F

Kozlowski 

tor for flood 

on of advent

seedling at B

er and Goyer

press diamete

. 2011, Keim

seedlings sho

were submerg

urvival could

Figure 1.13) 

(1980) demo

tolerance in

titious roots 

Bayou Island

r 2006). 

er growth of

m et al. 2012

owed a relat

ged, on avera

d be attribute

and moving

onstrated tha

n green ash 

on seedlings

 

d (BYI-01).

f  

) 

tively 

age, 

ed to 

g 

at the 

s at  



45 

some sites, although not common outside of BYI-01, likely aided in the survival of the 1-

0 seedlings despite deep, prolonged flooding during much of the growing season. 

STM-01 had very low final survival rates for both 1-0 (53 percent) and 2-0 (35 

percent) seedlings, even though it was the least flood-impacted site. The site has a very 

heavy-clay soil (Sharkey series), a shrink-swell clay that has been shown to cause 

problems with seedling survival of other bottomland species (Stanturf et al. 1998 and 

2004). When the water table dropped below the soil surface, large cracks formed in the 

soil and, as a result, the root systems of some seedlings were exposed and left vulnerable 

to drying out. The survival of 1-0 seedlings that were never submerged was lower than 

mean survival for seedlings submerged between 1 and 60 cumulative days, and the 

majority of 1-0 seedlings that were never submerged were planted at STM-01. In addition 

the taller 2-0 seedlings at STM-01 had the lowest survival of any site by a wide margin.  

Although the understory at STM-01 was dominated by an invasive grass, Phanopyrum 

gymnocarpon, commonly found in bottomland forest stands, it may not have caused 

severe competition, even though it was generally taller than some 1-0 seedlings (Figure 

1.14). The height and prevalence of this grass was not nearly as pronounced in the middle 

of the growing season as it was near the end, and the grass was much more prominent in 

canopy gaps where more light was available than under heavy shade.  A study done in 

South Carolina showed 91 percent of baldcypress seedlings survived heavy competition 

from Eupatorium capillifolium (Conner 2003), emphasizing the effect that soil conditions 

at STM-01 had on seedling survival.   



F
b

as

in

cy

p

an

pr

b

igure 1.14. D
aldcypress s

Survi

ssess or pred

n both refore

ypress-tupel

otential and 

nd height gr

rovide natur

aldcypress s

Dense stand 
seedlings at t

ival and Hei

dict planted b

estation and r

lo forests dep

successfully

owth model

ral resource p

seedling perf

of Phanopy
the STM-01 

ight Growth

baldcypress 

restoration p

pends on the

y establish th

s can, along 

professional

formance un

46 

yrum gymnoc
plantation.

h Models. M

seedling per

projects. Am

e ability to ef

he next coho

with other e

s an effectiv

nder different

carpon comp

Models serve

rformance fo

mong other fa

ffectively as

ort of trees. T

evidence of s

ve way to pre

t levels of su

peting with p

e as an effect

or managem

actors, the fu

ssess an area

The 1-0 age-

site hydrolog

edict 1-0 bar

ubmergence

planted 

tive method 

ment applicati

uture of coas

a’s regenerat

-class surviv

gy factors, 

re-root plant

.  

to 

ions 

stal 

tion 

al 

ted 



47 

Many plantings of baldcypress will likely occur on sites conducive to planting 1-0 

nursery stock. The 1-0 stock is cheaper, easier to store and transport, and much easier to 

plant on flooded sites. The 1-0 seedling survival model helps to predict planted 

baldcypress first-year seedling survival probability based on the cumulative days 

submerged. This model is limited by the use of only one size of 1-0 planting stock and 

needs to be expanded to evaluate the effects of additional size and age classes, seedling 

sources, as well as different types of seedlings (i.e. containerized or potted). The survival 

of 2-0 seedlings was relatively high across most conditions observed in this study, 

eliminating the need to model survival and justifying the need to test for 2-0 age-class 

seedling performance for longer periods of submergence.  

The 1-0 seedling height growth model helps to predict planted baldcypress first-

year seedling final height based on the cumulative days submerged. This model is useful 

for predicting height expectations for 1-0 seedlings on sites where the hydrologic regime 

is either controlled or well-understood. Final height (not necessarily growth) was 

modeled to predict the height the seedlings will reach by the end of the first year. 

Seedling height is essential for correlating with water levels to determine the length of 

submergence that seedlings could expect to endure for the following growing season or 

seasons. Most importantly, the height growth models provide an effective first-year 

assessment for final height expectations of planted baldcypress seedlings across a wide 

range of cumulative days submerged.   

The results of the final height model indicate that the total cumulative days 

submerged over the growing season, cumulative days submerged in June and July, mean 

water level during the growing season, the cumulative days flooded above 80% of the 
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seedling’s height, and the length of the growing season were all significant factors 

affecting seedling height growth. Initial height, initial diameter, and canopy cover were 

influential to a lesser extent. These variables seemingly explained the observed height 

growth of 1-0 seedlings better than 2-0 seedlings because of the higher occurrence of 

submergence and greater variability in height growth between individuals of the 1-0 age-

class seedlings. The model appears to underestimate growth on the best-performing 

seedlings for both age-classes, but especially on the 2-0 seedlings, suggesting that there 

are factors driving height growth not associated with submergence that are not accounted 

for in the model. The inclusion of the submergence variables in the model highlights the 

notion that submergence, especially during the middle of the growing season, can have a 

detrimental effect on seedling height growth. The significance of the hydrologic variables 

that are not a direct measure of submergence (mean water level during the growing 

season and the cumulative days flooded above 80% of the seedling’s height) indicate that 

deep, prolonged flooding has a negative impact on seedling height growth even when 

flood levels do not completely submerge the seedling.  

Management Implications. Permanently flooded cypress-tupelo forests do not 

lend themselves to planting containerized seedlings in large quantities. Bare-root 

seedlings are much cheaper and easier to plant in arduous conditions that typify many 

permanently flooded sites. First-year results suggest that 1-0 bare-root nursery-grown 

seedlings can be planted successfully under certain hydrologic conditions, and they can 

grow at an acceptable level if planted on the appropriate sites. First-year survival was 

very good for 2-0 seedlings due to their lower submergence susceptibility compared to 1-

0 seedlings, but height growth was relatively poor. Within a site, efforts should be made 
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to selectively plant seedlings in spots where they are most likely to succeed, whether that 

includes avoiding planting in microtopographic low spots altogether, reserving the tallest 

individuals to be used in the low spots, or using multiple age classes to account for 

microtopographical differences. Plantings will likely perform better in areas receiving 

flood waters from riverine or alluvial inputs as opposed to more stagnant, rainfall-driven 

sites. Protecting the seedlings from nutria is paramount. Although there was no seedling 

mortality caused from nutria during the growing season while protected by shelters, 

follow-up visits in the winter and spring after shelters had been removed revealed a 

significant number of seedlings that had either been uprooted or clipped by nutria or 

rabbits.  

 Our results indicate that 30 cumulative days of submergence appears to be the 

hydrologic threshold for adequate first-year 1-0 planted baldcypress seedling survival and 

height growth. When feasible, water level monitoring should be used to evaluate the true 

hydrologic regime of a given site. Connectivity of surface water should be evaluated and 

accounted for across a site in order to understand or quantify the range of hydrologic 

conditions that seedlings would potentially be exposed to. To gain a better understanding 

of the true nature of water levels at a given site, efforts should be made to determine if 

the site is hydrologically connected to a body of water containing water level monitoring 

equipment. Monitoring across several years will provide a more accurate estimate of the 

range of hydrologic conditions across a site. These recommendations should serve as 

tools for evaluating sites based on their regeneration potential and increasing the 

probability for successful performance of planted baldcypress seedlings. 
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1.5 Conclusions 

The survival for 1-0 planted baldcypress seedlings was extremely poor following 

submergence for greater than 90 days. The first-year height growth for 1-0 planted 

baldcypress seedlings, which is critical to the seedling’s future performance, was greatly 

diminished following just 30 cumulative days submerged. Across the range of conditions 

tested in this study, 2-0 planted baldcypress survival was higher than 1-0 seedling 

survival, but height growth was much lower. Submergence of 2-0 seedlings was rarely 

observed, and the effect that submergence has on 2-0 seedling performance is not clear. 

Efforts should also be made to identify low and high spots within the 

microtopography of a site and selectively using seedlings that will be submerged less 

often, increasing the probability of seedling success. Due to permanent flooding and 

relatively static water levels at many sites classified as RCCs II and III in south 

Louisiana, a difference in elevation of only a few centimeters can potentially have a great 

impact on the cumulative number of days a seedling is submerged throughout the 

growing season. Our results suggest submergence can be overcome in many areas by 

using 2-0 or older/taller seedlings. Although this study defines hydrologic thresholds for 

first-year planted baldcypress seedling performance under closely monitored hydrologic 

conditions, accurate estimates of the number of days submerged are scarce for most of 

the cypress-tupelo forest acreage. Further research needs to be conducted to establish 

connectivity of vast acreages of cypress-tupelo forests to existing hydrologic monitoring 

stations where the hydrologic regime of a given site is unknown or not well-understood. 
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CHAPTER 2: USING PRESENT VEGETATION TO ASSESS 
LIMITED HYDROLOGICAL INFORMATION AND BALDCYPRESS 
(TAXODIUM DISTICHUM) REGENERATION POTENTIAL ALONG 
A HYDROLOGIC GRADIENT IN SOUTH LOUISIANA  

2.1 Introduction 

Cypress-tupelo forests dominate much of the forested acreage in south Louisiana. 

Widespread logging occurred near the turn of the 20th century, when many of our present 

stands germinated under much different hydrologic conditions than conditions that exist 

today (Mancil 1980). Urban and industrial development, oil and gas exploration, 

shipping, road construction and many other coastal activities have led to the 

impoundment of many cypress-tupelo stands and effectively isolated them from the 

annual flushing by fresh flood waters and deposition of sediment from riverine systems 

(Keim et al. 2006, Faulkner et al. 2009). Presently, many of these second-growth stands 

have reached merchantable volumes, and land managers are looking into the feasibility of 

timber harvests. Before harvesting can be completed, land managers want to ensure that 

the stands can be sustainable to protect the integrity of the wetland forest.  

Although many wetland forest stands presently appear adequately stocked and 

healthy, permanent inundation, where it occurs, prevents natural regeneration, resulting in 

unsustainable stands (Conner et al. 1986, Conner and Day 1988). Periodic flooding, 

although essential to baldcypress in the natural environment, has changed in many areas, 

often becoming more prolonged and deeper. Baldcypress is considered one of the most 

tolerant tree species to flooding and soil waterlogging (McKnight, et al. 1981, Hook 

1984, Keeland 1994). However, baldcypress seedlings cannot germinate in standing 
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water; they need a dry period of several consecutive weeks just to germinate and much 

longer periods to reach a critical height for permanent establishment (Demaree 1932, 

DuBarry 1963, Williston et al. 1980, Conner and Day 1988, Pezeshki et al. 1993).With 

the looming uncertainty of the future of Louisiana’s cypress-tupelo forests, the governor 

commissioned a Science Working Group on Conservation, protection, and Utilization of 

Louisiana’s Coastal Wetland Forests (SWG) to evaluate scientific information related to 

wetland forests and develop management recommendations for regeneration and 

utilization of coastal wetland forests (Chambers et al. 2005). Although the SWG 

produced a number of findings and presented a number of recommendations, one of the 

most important statements was that “regeneration is a critical process of specific concern 

in maintaining coastal wetland forest resources.” The SWG developed three Regeneration 

Condition Classes (RCCs) based on site factors, both biological and physical, that define 

the potential for cypress to regenerate. They are as follows: 

SWG Regeneration Condition Class I (RCC 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. 

 

SWG Regeneration Condition Class II (RCC 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 
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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). 

SWG Regeneration Condition Class III (RCC III): Sites with No Potential for 

either Natural or Artificial Regeneration. These sites are either flooded long 

enough to prevent both natural and 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 salt water. 

These RCCs were established to promote a general understanding of a site’s 

potential for baldcypress regeneration. The RCC system was intentionally developed to 

help natural resource professionals better understand the set of forested swamp conditions 

that restrict and control overall regeneration of cypress and tupelo. However, due to the 

variable, yearly conditions and little knowledge of any site’s long-term hydrological 

conditions, it is very difficult to predict long-term survival and growth on specific sites. 

In these situations, the RCC system has limited ability to assist in management without 

additional decision-making tools. Microsite variability, coupled with the lack of historical 

water level data for most areas make it difficult to assess RCC categorization based on 

knowledge offered by a single site visit. It is often difficult for natural resources 

professionals to make multiple site visits during the growing season to determine RCC 

classification. There is a great need to be able to assess a site’s hydrologic regime, 

especially as it relates to baldcypress regeneration potential, using a combination of 
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present vegetation and site factors to avoid the time and costs that accompany 

conventional methods of long-term hydrologic monitoring. 

The relationship between flooding and vegetation responses has been well 

documented over the years. Several studies have analyzed the forest composition of 

expansive gradients ranging from bottomland hardwood systems down to cypress-tupelo 

swamps. When viewed in its entirety, a flooding gradient can often be separated into 

several distinct communities based on species’ relative abilities to tolerate flooded 

conditions. In some cases, the effect of flooding on vegetation composition and structure 

along an elevation gradient is quite distinct and obvious (Theriot 1993). However, 

because cypress-tupelo forests comprise such a narrow portion of a very complex matrix 

of hydrologic conditions, our understanding of these forests as it relates to vegetation 

establishment and growth remains limited.  

Vegetation has been used as an indicator for moisture and successional stages in 

upland settings to great success (Curtis and McIntosh 1951, Johnson et al. 2007).Very 

few studies have been conducted on the use of present vegetation as an indicator for 

predicting an area’s flood regime. Cowardin et al. (1979) designed a widely used 

classification system for the various types of wetlands found in the world, centering on 

substrate type and vegetation as an indicator. However, their study’s focus was too broad 

to capture the necessary precision of differences in water depth along a hydrologic 

gradient to distinguish between RCCs II and III sites in cypress-tupelo wetlands.  

 Bedinger (1971) determined four distinct forest communities along the White 

River in Arkansas based on elevation, and therefore being subjected to differences in 

flood regimes. However, he focused on classifying bottomland hardwood communities 
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and did not include cypress-tupelo forests. Theriot (1993) developed a system to use 

present woody vegetation to predict the flood regime in bottomlands and wetlands and to 

determine the optimal hydrologic regime for several different tree species. Theriot’s 

study covered a wide variety of flooded sites, but did not look at the closer division 

across cypress-tupelo dominated sites. In addition, his study used only two sites from 

Louisiana. Bledsoe and Shear (2000) analyzed the vegetation along different gradients, 

including a hydrologic gradient, to correlate species’ responses to flood frequency, but 

did not include permanently inundated sites that are of great concern regarding 

baldcypress regeneration.  

Faulkner et al. (2009) attempted to use remote sensing technology to categorize 

different sites into RCCs by comparing aerial photos from drought and flooded years. 

Their study involved comparing aerial imagery of the same area during an abnormally 

dry year and during an abnormally wet year. Faulkner et al. then classified certain areas 

as RCC I based on having dry ground during both the wet and dry years, RCC III based 

on water present during both the wet and dry years, and RCC II for all areas that were 

wet in the wet year but dry in the dry year. Their method is useful for large-scale 

estimates, but remains unsatisfactory for small-scale analysis and does not take into 

account the fact that many of these sites can potentially shift from one classification to 

another due to sedimentation or salinity pulses.  Unfortunately, they were not able to 

effectively differentiate the division between RCCs II and III solely via aerial imagery. In 

order to accurately characterize sites with recent changes, the method relies on having 

both a very wet and very dry year in a short time-frame, which is not always a possibility. 
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While many sites can be evaluated in general, selection of specific sites are a challenge 

because of clouds and other factors that preclude analysis from specific sites. 

  No studies were found that attempted to characterize a site’s present vegetation 

and structure as indicators of its flood regime within the cypress-tupelo forest portion of 

the wetland forest moisture gradient, particularly with respect to a site’s suitability for 

supporting baldcypress seedlings. Assessment of the flood regime is critical for 

evaluating whether existing cypress-tupelo forests can regenerate either by natural or 

artificial means. Assessment of flood regimes is important for ongoing forestry practices, 

especially harvests, and for regeneration and restoration projects. It is important to begin 

the process by developing a conceptual and descriptive relation between the composition 

and structural characteristics for sites with short-term and long-term water level data. 

The primary objective of this study is to relate forest composition, forest 

structural characteristics, and other site factors to assess the flood and likely impacts to 

the potential initial survival and establishment of natural and planted baldcypress 

seedlings. 

2.2 Materials and Methods 

Study Area. In southeast Louisiana swamps, I selected 12 representative sample 

sites in each of three apparent Hydrologic Categories similar to the aforementioned SWG 

RCCs along a gradient of flooding conditions where cypress or tupelo are dominant 

members of the overstory. Sites included freshwater forested wetlands with surface 

flooding for less than half the growing season (Hydrologic Category A); semi-

permanently to permanently flooded areas with relatively shallow water levels 
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(Hydrologic Category B); and permanently flooded sites with relatively deep water levels 

(Hydrologic Category C). Hydrologic Categories were used for site classification in place 

of the SWG RCCs to potentially expand the application of information beyond 

baldcypress regeneration purposes. Still, the underlying principles of each of the three 

Hydrologic Categories were developed to correspond with the three RCC definitions. Site 

selections were based on several basic criteria, including: cypress or tupelo trees as the 

dominant species, apparent average water level during the growing season as it related to 

the different characterizations of the SWG RCCs, and an apparent lack of salinity in both 

flood waters and soils.  

Vegetation Sampling. Potential sample locations were located after a general on-

site visit to several areas to assess whether they met the basic criteria. A 200 m x 200 m 

study site was remotely delineated in each area using Google Earth. Study areas were 

delineated to include a uniform space consistent with the desired type of forest to be 

sampled. Five sample plots were chosen at each study site. Locations of plot centers were 

determined using Google Earth; 30 m x 30 m grids were laid upon each of the 12, 200 m 

x 200 m study areas. Each intersection of the grid was numbered and put into a random 

number generator. The first five numbers produced by the random number generator and 

their corresponding points on the grid were selected as plot centers at each site. At each 

site, the centers of each of the five sample plots were located using a GPS unit and 

marked with a PVC pipe. I sampled both the overstory and midstory vegetation layers at 

each plot center. Each vegetation layer shared the same plot center (i.e. midstory layer 

plots were nested within the larger overstory layer plots). The overstory layer was 
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sampled within a 10 m radius plot (314 m2) and the midstory was sampled within a 5 m 

radius plot (78.5 m2).  

 The overstory layer included measurement of all trees ≥10 cm diameter at 3 m 

to achieve a consistent diameter measurement and avoid any sampling error caused by 

pronounced butt-swell common to many wetland tree species (Parresol et al. 1987). A 3 

m pole was held parallel to the trunk of the tree for accurate determination of the 

diameter measurement reference point. Overstory tree diameters were measured with a 

Wheeler Pentaprism Caliper (JIM-GEM®). The midstory layer included all trees 1.0 to 

9.9 cm diameter at breast height (DBH), or 1.37 m with Vernier Calipers. Canopy cover 

estimates were also taken on each plot with a concave spherical densiometer; four 

readings were taken 10 m from the plot center in the four cardinal directions and the 

mean was then calculated for each plot.   

 Water Level Monitoring. A well was installed at each site consisting of a 5 cm 

diameter PVC pipe, 1.5 m in length. A PVC cap was placed on both ends. Holes were 

drilled in the pipe sidewalls every 5 cm along its length. Wells were inserted 

approximately 60 cm into the soil. A HOBO® Water Level Logger (Onset®) was 

suspended by galvanized steel wire attached through a hole in the cap with a steel stopper 

crimped around the wire. Loggers were suspended approximately 30-40 cm below the 

ground surface, and depth below the soil was measured. Water level data was 

downloaded during each site visit with the HOBO® Waterproof Shuttle. Reference water 

levels were taken at the well following installation and each subsequent time data was 

downloaded. All data was processed using HOBOware. Water levels at each plot were 

calibrated from the difference in ground elevation from the plot center to the well. Water 
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levels for each plot were summarized to daily mean depths by calculating the mean of all 

water level recordings taken during each day. 

2.3 CRMS Sites 

In 2003, the Coastwide Reference Monitoring System (CRMS) was established 

in Louisiana to monitor and evaluate the effectiveness of wetland restoration projects at 

many different spatial scales along the Louisiana coast (Steyer 2003). Sites included for 

monitoring include brackish, saline, intermediate, and freshwater marshes, as well as 

forested swamp sites. Forested swamp sites were used to monitor the conditions before 

and after river diversion projects to develop goals for future diversion projects.  

To supplement our data, especially with data from sites on the drier end of the 

cypress-tupelo forest hydrologic gradient, I used data collected on forested swamp sites 

by CRMS. I selected five forested swamp sites based on similar basic criteria used for 

selecting our own sites.  

CRMS data collection for both vegetation and hydrology was similar to data 

collected for our sites, and is outlined in full detail in Folse et al. (2014). Although the 

CRMS data set and our data set are similar, some differences existed in the diameter 

parameters for each layer and in the sizes and quantity of plots. CRMS data were made 

compatible to our data by first selecting all individuals in the CRMS dataset that were 

sampled in the overstory layer and were greater than 5 cm and less than 10 cm diameter 

sampled and moved them into the midstory data. Next, I took the number of species that 

were subtracted from the overstory layer and adjusted their total midstory density on a 

proportional basis to the percentage of the area that the midstory plots comprised of the 
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overstory plots. These adjustments allowed trees on the CRMS sites to be analyzed in the 

same manner as our study site data. I also excluded any stems smaller than 1 cm at DBH. 

Data Summarization.  Data for both our sites and the CRMS sites were 

summarized by the following categories: seasonal mean water level, minimum water 

level, maximum water level, mean cumulative days flooded above 0 cm, 15 cm, 30 cm, 

45 cm, 60 cm, and 75 cm; mean canopy cover; overstory basal area/hectare; midstory tree 

density/hectare; number of woody species/hectare; and the top three species based on 

importance value.  

The reference points or benchmark water levels between 0 cm and 75 cm were 

used to calculate cumulative days flooded because they could represent critical 

benchmarks affecting the success of seed germination, seedling establishment, and 

artificial regeneration survival and/or growth typical of 1-0 seedlings, respectively. 

Nursery-grown 1-0 bare-root baldcypress seedlings typically range between 30-60 cm in 

height, and submersion of seedlings, both planted and newly-germinated, has a negative 

impact on their first-year survival and growth (Souther and Shaffer 2000, Rutherford and 

Chambers, Chapter 1). Therefore, evaluating different water levels as they relate to 

different seedling height stages is critical for assessing potential regeneration success The 

cumulative days flooded above each benchmark water level was calculated by adjusting 

the site’s water levels by the mean well difference at each of the plot centers (5 plots for 

each of our sites and 3 plots for each of the CRMS sites). Only water level data from 

April 1st to October 1st, 2014 was analyzed, effectively defining a 184 day growing 

season (actual growing season differs substantially across years). This 184 day window 
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was selected because it was the longest period of time where I had water level data for 

each of the study sites.  

Sites were first classified into their respective Hydrologic Categories (A, B, or 

C) by their hydrologic regime as it relates to baldcypress regeneration potential. Sites

with fewer than 120 cumulative days flooded above 0 cm were classified as Category A, 

sites with 120 cumulative days flooded or more above 0 cm but fewer than 30 days 

flooded above 45 cm were classified as Category B, and sites with 30 cumulative days 

flooded or more above 45 cm were classified as Category C. These benchmarks were 

chosen as thresholds between categories for a conservative estimate of the requirements 

for natural germination and establishment of baldcypress seedlings (< 120 cumulative 

days of surface flooding, Souther and Shaffer 2000) and for adequate performance of 

planted baldcypress seedlings (< 30 cumulative days flooded above 45 cm, which is the 

typical height for 1-0 bare-root nursery grown baldcypress seedlings, Chapter 1). Of the 

17 sites (ours plus the CRMS) included in our analysis, three were classified as 

Hydrologic Category A, eight were classified as Hydrologic Category B, and six were 

classified as Hydrologic Category C. 

Mean canopy cover is the mean of the canopy cover estimates across all plots 

on a given site. Overstory basal area per hectare and midstory tree density per hectare 

were calculated by totaling the individual overstory tree basal areas across all plots on a 

given site and scaling up to a per hectare level. The number of woody species is the total 

number of individual species or species group (i.e. undistinguished multiple species of 

wet site oaks, Quercus spp., or tupelos, Nyssa spp.) measured on a site regardless of 

canopy layer. Vegetation and hydrologic characteristics between Hydrologic Categories 
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were tested for significance with ANOVA using Proc GLM in SAS®. Least-square means 

were used to account for variances in sample sizes between Categories. Significance was 

determined at the alpha = 0.05 level using a Tukey-Kramer adjustment. 

The principal species or species groups for the overstory layer were determined 

using importance values (IVs). IVs, which range from 0 – 100, are calculated using a 

species’ relative dominance (relative basal area), relative density, and relative frequency 

at a given site as shown below. The top three species or species groups by IV in the 

overstory layer and the three species or species groups with the highest relative density in 

the midstory layer were included as the primary species for each site. 

ݔ	ݏ݁݅ܿ݁ܵ	݂	݁ܿ݊ܽ݊݅݉ܦ	݁ݒ݅ݐ݈ܴܽ݁ = ݏ݁݅ܿ݁ݏ	݈݈ܽ	݂	ܽ݁ݎܣ	݈ܽݏܽܤݔ	ݏ݁݅ܿ݁ݏ	݂	ܽ݁ݎܣ	݈ܽݏܽܤ 	ܺ	100 

ݔ	ݏ݁݅ܿ݁ܵ	݂	ݕݐ݅ݏ݊݁ܦ	݁ݒ݅ݐ݈ܴܽ݁ = ݏ݁݅ܿ݁ݏ	݈݈ܽ	݂	ݕݐ݅ݏ݊݁ܦݔ	ݏ݁݅ܿ݁ݏ	݂	ݕݐ݅ݏ݊݁ܦ 	ܺ	100 

ݔ	ݏ݁݅ܿ݁ܵ	݂	ݕܿ݊݁ݑݍ݁ݎܨ	݁ݒ݅ݐ݈ܴܽ݁ = ݏ݁݅ܿ݁ݏ	݈݈ܽ	ݎ݂	݁ܿ݊݁ݎݑܿܿ	݂	ݕܿ݊݁ݑݍ݁ݎ݂	ܾ݀݁݊݅݉ܥݔ	ݏ݁݅ܿ݁ݏ	݂	݁ܿ݊݁ݎݑܿܿ	݂	ݕܿ݊݁ݑݍ݁ݎܨ 	ܺ	100 

ݔ	ݏ݁݅ܿ݁ܵ	݂	݁ݑ݈ܸܽ	݁ܿ݊ܽݐݎ݉ܫ = ݁ܿ݊ܽ݊݅݉ܦ	݁ݒ݅ݐ݈ܴܽ݁ + ݕݐ݅ݏ݊݁ܦ	݁ݒ݅ݐ݈ܴܽ݁ + 300ݕܿ݊݁ݑݍ݁ݎܨ	݁ݒ݅ݐ݈ܴܽ݁
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2.4 Results 
 

 Sites were differentiated by a combination of flood regime characteristics for 

the single season for which water level data were available. A significant difference in 

mean cumulative days flooded above 0 cm and 15 cm existed among Hydrologic 

Category A sites and Hydrologic Categories B and C sites combined (Figure 2.1 and 

Table 2.1). A significant difference across the mean cumulative days flooded above 30 

cm, 45cm, and 60 cm also existed between Hydrologic Category C sites and Hydrologic 

Categories A and B sites combined. In addition, there was also a significant difference 

among sites in all three Categories relative to the seasonal mean and maximum water 

levels. Finally, a significant difference occurred in the seasonal minimum water level 

between Hydrologic Category C sites and Hydrologic Categories A and B sites 

combined. 

 

Figure 2.1. Mean cumulative days flooded above benchmarks ranging from 0 cm to 75 
cm for all seventeen sites grouped by Hydrologic Category. Values and standard error 
bars are derived from all sites within a given Hydrologic Category. 
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Table 2.1. Mean water levels and mean cumulative days flooded for selected benchmark flood heights within hydrologic categories. 
Values include the mean and standard error (±) from all sites within a given Hydrologic Category. Values were analyzed using an 
ANOVA with the least-square means from each of the sites within a given Hydrologic Category. Statistical differences between 
categories at the alpha = 0.05 level are indicated by different superscript letters. 

Hydrologic 
Category 

Min Water 
Level 

Mean 
Water 
Level 

Max Water 
Level 

Days 
Above1   
>0 cm 

Days 
Above 
>15 cm 

Days 
Above 
>30 cm 

Days 
Above 
>45 cm 

Days 
Above 
>60 cm 

Days 
Above 
>75 cm 

A 
-0.34 ± 0.04

a
 0.01 ± 0.03

a
 0.51 ± 0.09

a
 84 ± 11

a
 39 ± 8

a
 15 ± 6

a
 4 ± 2

a
 0 ± 0.3

a
 0 ± 0

a
 

B 
-0.07 ± 0.07

a
 0.23 ± 0.03

b
 0.70 ± 0.02

b
 170 ± 6

b
 131 ± 19

b
 58 ± 16

a
 14 ± 2

a
 6 ± 0.7

a
 1 ± 0.5

a
 

C 
0.30 ± 0.07

b
 0.54 ± 0.05

c
 0.91 ± 0.05

c
 184 ± 0

b
 182 ± 2

b
 168 ± 11

b
 133 ± 16

b
 61 ± 24

b
 23 ± 11

a
 

1Days above refers to the cumulative days flooded above the given reference heights from April 1st to October 1st, 2014, a 184 day growing season. 
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The number of species/species groups per hectare was significantly different 

among the vegetation characteristics at alpha = 0.10, with Hydrologic Category C sites 

having a statistically significant (Pr > |t| = 0.09) lower mean number of species or species 

groups per hectare (3.7) than sites in Category A (7.7) (Table 2.3). Mean canopy cover 

was very similar among Hydrologic Categories, with means of 92 percent for Hydrologic 

Category A, 86 percent for Hydrologic Category B, and 86 percent for Hydrologic 

Category C. Mean overstory basal area per hectare also did not differ significantly among 

Hydrologic Categories, with 38.5 m2 ha-1 for Hydrologic Category A, 32.9 m2 ha-1 for 

Hydrologic Category B, and 33.7 m2 ha-1 for Hydrologic Category C. The overstory 

species composition varied among categories, with a mix of Taxodium distichum, Acer 

spp., Fraxinus spp., Nyssa spp., and Triadica sebifera in Category A, Nyssa spp., 

Taxodium distichum, and Acer spp. dominating Category B, and primarily Taxodium 

distichum and Nyssa spp. dominating in Category C. 

Midstory density was significantly lower at alpha = 0.10 for Category C (P > |t| 

= 0.06), with only 325 trees per hectare (TPH) compared to 1344 TPH for Hydrologic 

Category A and 1033 trees per hectare for Hydrologic Category B. The midstory layer 

also had differences in species composition among Hydrologic Categories, with 

Hydrologic Category A mostly comprised of Acer spp., Fraxinus spp., Quercus spp., and 

Taxodium distichum, Hydrologic Category B consisting primarily of Acer spp., Fraxinus 

spp., with some Morella cerifera and Nyssa spp., and Hydrologic Category C containing 

individuals of Acer spp., Cephalanthus occidentalis, Morella cerifera, and Triadica 

sebifera, although at relatively lower total densities than the other two categories.
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Table 2.2. Vegetation summary data by site. Sites are listed in order of increasing mean seasonal water level.  

Site Category 
Canopy 
Cover 
(%) 

Overstory 
Basal 

Area/Ha 
(m2) 

Midstory 
Tree 

Density/
Ha 

No. of 
Woody 
Species 

Top 3 Overstory Species1 
(Importance Value) 

Top  3 Midstory Species1 
(Relative Density) 

CRMS 0324 A 96.8 34.7 1407 10 
ACSP (32.8), TADI 
(28.2), NYSP (14.0) 

ACSP (69.6), ULSP 
(14.4), CEOC (4.0) 

STM-01 A 96.7 31.4 1045 5 TADI (82.3), TRSE (13.7) 
TRSE (56.1), ACSP 
(24.4), CEOC (9.8) 

CRMS 0046 A 82.7 49.3 1582 8
NYSP (50.8), TADI 
(25.4), FRSP (11.7) 

FRSP (73.4), ACSP 
(13.8), ILSP (6.4) 

BLR-01 B 65.5 18.5 1452 6
NYSP (79.1), TADI 
(12.8), ACSP (4.1) 

ACSP (79.0), FRSP 
(15.8), QUSP ( 3.5) 

GPT-02 B 95.1 38.8 713 7 
TADI (34.6), NYSP 
(31.6),  ACSP (22.2) 

ACSP (89.2), FRSP (3.6), 
QUSP (3.6) 

CRMS 5452 B 77.9 44.5 1983 7 
NYSP (66.3), TADI 
(29.4), ACSP (3.9) 

ACSP (43.7), NYSP 
(17.6), MOCE (16.8) 

CRMS 0063 B 92.3 46.4 648 6 
NYSP (39.1), TADI 
(26.6), ACSP (18.1) 

FRSP (77.1), ACSP 
(12.5), MOCE (8.3) 

641-01 B 93.2 35.7 26 3 NYSP (66.8), TADI (33.2) COFO (100) 

1Not all species are listed, only the top 3 by Importance Value (overstory) and relative density (midstory). Species code: ACSP = Acer spp., CEOC = Cephalanthus occidentalis, 
COFO = Cornus foemina, FRSP = Fraxinus spp., ILSP = Ilex spp., MOCE = Morella cerifera, NYSP = Nyssa spp. (only Nyssa aquatica and Nyssa biflora), QUSP = Quercus 
spp., SANI = Salix nigra, TADI = Taxodium distichum, TRSE = Triadica sebifera, ULSP = Ulmus spp. 
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Table 2.2 (continued) Vegetation summary data by site. Sites are listed in order of increasing mean seasonal water level.  

Site Category 
Canopy 
Cover 
(%) 

Overstory 
Basal 

Area/Ha 
(m2) 

Midstory 
Tree 

Density/
Ha 

No. of 
Woody 
Species 

Top 3 Overstory Species1 
(Importance Value) 

Top 3 Midstory Species1 

(Relative Density) 

SJM-01 B 89.6 25.5 2242 7
NYSP (46.8), TADI 
(28.0), ACSP(17.1) 

FRSP (59.1), ACSP 
(31.8), TRSE (6.8) 

GPT-01 B 93.9 29.5 1096 5
NYSP (55.6) TADI (16.6) 

ACSP (13.5) 
ACSP (69.8), FRSP 
(20.9), NYSP (9.3) 

HCN-02 B 77.1 24.3 102 5
NYSP (57.4), TADI 
(34.8), ACSP (4.3) 

CEOC (50.0), ACSP 
(25.0), FRSP (25.0) 

BYP-01 C 96.6 38.7 0 2 TADI (70.4), NYSP (29.6) None 

CRMS 0403 C 92.6 64.9 143 3 TADI (61.3), NYSP (38.7) TADI (66.7), ACSP (33.3) 

641-02 C 58.6 16.1 26 3 NYSP (72.4), TADI (27.6) MOCE (100) 

HCN-01 C 94.5 34.8 866 4
NYSP (61.2), ACSP 
(18.1), TADI (13.6) 

ACSP (79.4), FRSP (17.6) 

BYI-01 C 94.1 24.7 764 5
NYSP (59.7), TADI 
(31.4), SANI (4.5) 

CEOC (93.3), ACSP (3.3) 
SANI (3.3) 

641-03 C 77.1 22.9 153 5
NYSP (55.5), TADI 
(40.7), ACSP (3.8) 

MOCE (83.3), TRSE 
(16.7) 

1Not all species are listed, only the top 3 by Importance Value (overstory) and relative density (midstory). Species code: ACSP = Acer spp., CEOC = Cephalanthus occidentalis, 
COFO = Cornus foemina, FRSP = Fraxinus spp., ILSP = Ilex spp., MOCE = Morella cerifera, NYSP = Nyssa spp. (only Nyssa aquatica and Nyssa biflora), QUSP = Quercus 
spp., SANI = Salix nigra, TADI = Taxodium distichum, TRSE = Triadica sebifera, ULSP = Ulmus spp. 
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2.5 Discussion

Hydrology. Sites were easily separated into apparent Hydrologic Categories or 

RCC classes using daily water levels from one year of near-normal conditions. Our 

sampling took place in an area that experienced 1268 mm of rainfall from April-October 

2014, a somewhat higher than average growing season rainfall based on the previous 20 

year average (1001 mm SD ± 215). Sites classified as Hydrologic Category A were 

flooded for significantly fewer cumulative days above 0 cm and 15 cm during the 

growing season than sites classified as Hydrologic Categories B or C. This distinction is 

important for differentiating between sites that have the potential to support natural 

baldcypress regeneration and those that do not (Chambers et al. 2005). Newly-germinated 

baldcypress seedlings have shown poor survival following submergence of 45 days or 

greater (Souther and Shaffer 2000). If seedlings are able to germinate during dry periods 

and grow to 15 cm or greater in height before water levels reach 15 cm or higher, they 

could be expected to have high survival in the hydrologic conditions observed on 

Hydrologic Category A sites, which had a mean of 39 cumulative days submerged above 

15 cm (Sun 1995).  

The threshold for adequate performance of planted seedlings is critical for 

differentiating between sites that have the potential to support artificial baldcypress 

regeneration and those that do not (Chambers et al. 2005). Sites classified as Hydrologic 

Categories A and B were flooded for significantly fewer days above 30 cm, 45 cm, and 

60 cm during the growing season than sites classified as Hydrologic Category C. Ease of 

planting and cost-effectiveness make bare-root 1-0 baldcypress seedlings the most 

commonly used for artificial regeneration purposes. In one study, planted 1-0 baldcypress 
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seedlings had 55 percent survival following just 20-29 days of submergence and only 31 

percent following 30-45 days submerged (Bull 1949). Other studies have reported poor 

survival following 90 days of submergence (Souther and Shaffer 2000), and substantial 

reductions in height growth of surviving seedlings with just 30 to 60 days of 

submergence (see Chapter 1). Seedling height relative to flood water levels seems to be a 

very important aspect of seedling survival. Nursery-grown, bare-root 1-0 baldcypress 

seedlings are typically 45-60 cm in height. Planted baldcypress seedlings 45-60 cm in 

height at the start of the growing season are capable of high first-year survival and good 

height growth under hydrologic conditions observed on Hydrologic Category A site, 

which had a mean of 4 cumulative days submerged above 45 cm, and on Hydrologic 

Category B sites, which had a mean of 14 cumulative days submerged above 45 cm and 

only 6 cumulative days submerged above 60 cm. However, the survival potential would 

be very low for the same seedlings if planted on Hydrologic Category C sites, where I 

observed a mean of 133 cumulative days submerged above 45 cm and 23 cumulative 

days submerged above 60 cm. In addition, even though submerged seedlings can have 

good survival following 60 cumulative days of submergence, height growth declines 

rapidly following just 30 cumulative days of submergence (see Chapter 1). 

 Vegetation. The effect of increasing flood depth and duration drives different 

attributes of forest structure and composition in cypress-tupelo forests. A site’s 

hydrologic regime does not seem to have a significant effect on overstory basal area and 

canopy cover on sites dominated by cypress and/or tupelo, as many sites were similar in 

these attributes regardless of Hydrologic Category. The nearly closed canopy would be 

common for established stands without recent substantial disturbance and sites without 
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degradation from long-term deep flooding or increased salinity (deGravelles et al. 2014). 

However, a closer look at the species composition, and specifically the number of 

different species, reveals much about the hydrologic influence. The lesser flood-impacted 

sites in Hydrologic Category A included individuals of several different oaks (Quercus 

spp.), elms (Ulmus spp.), and Chinese tallow (Triadica sebifera), even though these 

species did not have high importance values. Although the oak species observed 

(Quercus laurifolia, Quercus michauxii, Quercus nigra, Quercus texana) are considered 

flood tolerant relative to other oak species, they are still not tolerant to prolonged 

inundation during the growing season, especially compared to baldcypress (Pezeshki and 

Anderson 1997), and the same can be said for elms (Ulmus spp.) (Hook 1984). Conner et 

al. (1981) saw similar composition in a water-controlled swamp, with baldcypress and 

water tupelo comprising over 50 percent of the basal area (trees > 2.5 cm DBH) but with 

high densities of maple and ash species and a small oak component. The overstory layers 

on Hydrologic Category B sites lacked oak and elm species but supported a higher 

number of tupelo (Nyssa spp.), baldcypress, ash (Fraxinus spp.), and maple (Acer spp.) 

stems. Conner et al. (1981) reported baldcypress and water tupelo comprised 94 percent 

of the basal area (trees > 2.5 cm DBH) in a semi-permanently flooded swamp. 

Hydrologic Category C sites were even less species-diverse in the overstory, composed 

almost entirely of tupelo and baldcypress stems, which are the two overstory tree species 

most adapted to tolerate conditions resulting from prolonged inundation (Hook 1984, 

Theriot 1993). Sites containing a component of lesser flood tolerant species, such as oaks 

or elms, in the overstory layer are likely to have a hydrologic regime that is classified as 

Hydrologic Category A. Sites consisting almost entirely of cypress and tupelo are more 
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likely to have a hydrologic regime classified as Category B or C. In our study, the 

overstory composition difference alone did not clarify the division between Hydrologic 

Categories B and C, suggesting that both overstory baldcypress and tupelo can continue 

to survive under both sets of hydrological conditions for lengthy intervals. 

Even if overstory species continue to exist for perhaps decades under 

Hydrologic Category C conditions, there may be changes that occur in the midstory and 

understory that differentiate Hydrologic Category B and C sites. For the sites included in 

our study, midstory density and structure were greatly influenced by flood depth and 

duration. Sites classified under Hydrologic Categories A and B had high midstory stem 

densities (1334 and 1033 TPH, respectively), while Hydrologic Category C sites had 

much lower midstory stem densities (325 TPH). This is due to the fact that sites in 

Hydrologic Category A have longer and more frequent periods where soil or substrate is 

exposed during the growing season, allowing germination and adequate growth to avoid 

submersion (Keeland and Conner 1999). Sites in Category B, even though they are nearly 

permanently flooded, have relatively shallow water levels and feature enough 

microtopographic variability to have small areas exposed during low-water events or dry 

years for seedling germination and establishment. Hydrologic Category C sites had deep, 

prolonged flooding, preventing substrate exposure and not allowing baldcypress and 

tupelo to germinate and become established before the end of the growing season. Conner 

et al. (1981) reported a lower tree (>2.5 cm DBH) density (943 TPH) in an impounded, 

permanently flooded Louisiana swamp compared to higher tree densities in both a water-

controlled swamp (1564 TPH) and a natural swamp (1303 TPH) that experiences natural 

flooding and drawdown cycles. 
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 Flood depth and duration impacts midstory seedling establishment. Although 

CRMS vegetation data did not indicate the rooting origin for trees measured in the 

midstory layer, I differentiated whether the trees on our study sites were rooted in the 

soil/substrate, on elevated structures such as old stumps, or on coarse woody debris 

between closely-spaced cypress knees, or even on soil between closely-growing mature 

trees (i.e. hummocks). Hydrologic Categories B and C sites were flooded for significantly 

longer periods than Hydrologic Category A sites. Six of the eight Category B sites were 

flooded above an elevation of 15 cm for more than half the growing season. Four of the 

eight Hydrologic Category C sites were flooded above an elevation of 30 cm for the 

entire growing season, above 45 cm for better than half the growing season, and above 60 

cm for at least a portion of the growing season. On the Hydrologic Categories B and C 

sites that I measured, 64 percent of midstory stems in Category B and 69 percent of 

midstory stems in Category C were rooted on elevated structures, seemingly because 

those were the only areas intermittently exposed long enough to support seedling 

germination and growth. Huenneke and Sharitz (1986) emphasized the importance of 

microtopography within cypress-tupelo swamps by showing distinct patterns of woody 

seedling germination on different types of elevated substrate. Drummond red maple (Acer 

rubrum var. drummondii) appeared to be very proficient at rooting on elevated structures 

(Figure 2.2). Buttonbush (Cephalanthus occidentalis) was nearly the only midstory 

species on the study plots observed growing in the soil or substrate (as opposed to rooted 

on elevated structures) in relatively deep standing water. Buttonbush has the ability to 

germinate in standing water (DuBarry 1963). All other midstory tree species observed on 

the Hydrologic Category C sites were rooted on elevated structures. Conner et. al (1981)  
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current changes and not the long-term trends in hydrology that many woody species do 

(Theriot 1993). However, some general observations can be made about conditions 

observed within apparent Hydrologic Categories during the growing season covered by 

this study. Small, floating aquatic species such as duckweed (Lemna spp.) and salvinia 

(Salvinia spp.) were generally not observed on Hydrologic Category A sites. STM-01, a 

Category A site, was almost completely covered with savannah panicgrass (Phanopyrum 

gymnocarpon), which was likely present because of the heavy-clay soil on the site and 

the lack of a defined organic soil layer.  

Emergent aquatic vegetation was not as prolific in Hydrologic Category C sites 

as it was in Categories A and B. Floating aquatic vegetation was observed on most 

Hydrologic Category C sites. However, there was variability among sites in Hydrologic 

Category C in the type of floating vegetation present. Sites 641-02 and 641-03 were 

characterized by dense, floating mats of herbaceous vegetation primarily composed of 

Bidens and Hydrocotyle spp. (Figure 2.3). These “flotants” typically occur in open pools 

of freshwater marshes and have been theorized to act as a successional pioneer 

community before transitioning to shrub-dominated vegetation and eventually climaxing 

with cypress-tupelo forests (Russell 1942, Huffman and Lonard 1983). In the case of our 

sites, their presence may be indicative of sites transitioning back to marsh or open water. 

The direction of change may be uncertain in some cases, but open canopies of overstory 

mature cypress and tupelo already exist, and the floating vegetation seems to be an 

intruder where the canopy is breaking up.  

BYP-01, located in the Atchafalaya Basin, is influenced by deep, prolonged 

flooding during the middle of the growing season followed by a dry period in late  
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Hydrologic Category A Sites (RCC I): tend to have vegetation composed of 

cypress or tupelo but containing small to moderate levels of lesser flood 

tolerant species, such as oaks or elms, in the overstory layer. The midstory 

layer is relatively dense with the majority of the midstory trees rooted in the 

mineral soil. These sites have the potential to support natural baldcypress 

regeneration unless a recent change in hydrologic conditions (increased flood 

depth or duration) has occurred. 

 

Hydrologic Category B Sites (RCC II): tend to be composed primarily of 

cypress and tupelo in the overstory layer. The midstory layer is moderately 

dense with a high percentage of the midstory trees rooted on elevated substrate. 

However, many of the midstory stems will not likely contribute to overstory 

basal area without drier conditions. These sites have the potential for 

supporting artificial baldcypress regeneration, but natural regeneration success 

is highly unlikely unless a recent change in hydrologic conditions (increased 

flood depth or duration) has occurred. Unless drained, these sites will be 

flooded to some degree throughout more than half of the growing season and in 

some sites all of the growing season. 

 

Hydrologic Category C Sites (RCC III): Until permanent flooding begins to 

degrade the overstory and reduce tree basal area, the overstory tends to consist 

almost entirely of cypress and tupelo. The midstory layer is relatively sparse, 

but when some midstory is present, a high percentage of the trees are rooted on 

elevated substrate. In all likelihood, these sites have little to no potential for 

supporting either natural or artificial baldcypress regeneration, since even the 

overstory will eventually succumb to the deeper water levels. Many, but not all, 

of these sites will have flood waters during the entire growing season. Caution 

must be taken as some sites are deeply flooded (several meters deep) in the 

middle portion of the growing season, preventing successful seedling 

establishment.  
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Table 2.4. General vegetation attributes and regeneration potential of cypress-tupelo forests for each Hydrologic Category or apparent 
SWG Regeneration Condition Class. 

Vegetation 
Attribute 

Hydrologic Category A 
(RCC I) 

Hydrologic Category B 
(RCC II) 

Hydrologic Category C 
(RCC III) 

Overstory 
Species 

Composition 

Mostly cypress and/or tupelo, with 
a minor component of oaks, elms, 
and other bottomland hardwoods 

Primarily cypress and/or tupelo, 
often with a minor component of 

maples and/or ashes 
Primarily cypress and/or tupelo 

Midstory Tree 
Density 

Dense Dense to moderately dense Sparse 

Midstory Tree 
Rooting Origin 

Mostly in mineral soil Mostly on elevated structures Mostly on elevated structures 

Regeneration 
Potential 

Natural and artificial Artificial only Neither natural or artificial 
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 These new tentative site characterizations of vegetation supplement or expand 

upon the SWG RCC definitions by establishing vegetation-based thresholds to aid in the 

evaluation of a site’s baldcypress regeneration potential where records of hydrology are 

lacking. These stand characteristics help effectively define how cypress-tupelo forests 

transition in vegetation structure and composition from least flood impacted to most flood 

impacted sites. However, the information is only for freshwater swamps and based only 

on first-year data.  

 Sites within the same Hydrologic Category were considerably inconsistent in 

some hydrologic and vegetation attributes that were either not measured in this study or 

in traits that were difficult to quantify. Sites within a Hydrologic Category often differed 

in flood timing, intensity, and water quality. These flood characteristics are mostly 

attributable to the nature of the flood inputs (i.e. impounded sites primarily fed by local 

rainfall vs. sites directly connected to riverine or lacustrine systems fed with waters 

higher in sediment, nutrients, and dissolved oxygen). The mean overstory basal area per 

hectare was highly variable and midstory stem density was different between categories, 

yet there was a lot of variation among sites within the Categories. Sites with recent 

changes in hydrology could contribute to discrepancies in expected vegetation structure 

and composition, especially in Hydrologic Categories B and C where the present 

vegetation would not have germinated or developed under the present conditions. To 

effectively assess a site’s regeneration potential, it is critical to understand that present 

hydrologic conditions are sometimes much different than the conditions that existed 

when a stand was established. It is also important to understand that current conditions 

can and will change at some point in the future (DeLaune et al 1987). Natural resource 
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professionals must also recognize that climatic and hydrological conditions are often very 

dynamic from year to year. Although I was able to observe a wide range of hydrologic 

conditions among several different cypress-tupelo forest sites, I did not fully test the 

range of conditions at either the drier or wetter ends of the flood spectrum. Preliminary 

site visits to several different areas showed that drier sites containing individuals of 

cypress and/or tupelo were usually dominated by lesser flood tolerant species. Similarly, 

areas that had deeper water levels than the sites used in this study, did not have an 

adequate number of trees to be considered a forest. The latter were likely once 

Hydrologic Category C sites that have, for all practical purposes, completed the transition 

to either open water or marsh. 

 It is important to note that even though cypress and tupelo are most often found 

in swamps and similar hydrologic conditions, they are typically growing along a gradient 

in hydrologic conditions across their distribution in southeast Louisiana.  Although, I 

have classified these sites as Hydrologic Category A, B or C, the actual sites or portion of 

sites are, from a hydrological perspective, transitioning or grading from one to another 

and boundaries are most often not actually distinct. There are overlaps in physical and 

biological attributes within and among sites.  Also, site attributes are never static in the 

long-term, but always transitioning in some way.   

2.6 Conclusions 
 

 Certain similarities of conditions exist among cypress-tupelo forests within the 

hydrologic range of seasonally flooded to permanently flooded sites, such as dominant 

species and flooding during some portion of the growing season. However, 

characteristics such as overstory species composition used in conjunction with midstory 
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tree density and rooting origin of cypress-tupelo forests appear to be indicative of the 

site’s hydrologic regime. Furthermore, although species diversity is relatively low across 

cypress-tupelo sites, the number of species declines with increasing flood depth and 

duration. More importantly, low overstory species diversity coupled with the lack of a 

well-developed midstory possibly serves as an indicator of sites that will not regenerate 

baldcypress naturally and a have a low potential for artificial regeneration success.  

The species composition of sites included in this study and their corresponding 

hydrologic regimes, coupled with the low occurrence of baldcypress seedlings and 

saplings reveals a very specific set of hydrologic conditions that will allow naturally 

regenerated baldcypress seedlings to both thrive without competition from less flood 

tolerant species and become established to withstand deep flooding and avoid prolonged 

inundation. Consequently, a large acreage of cypress-tupelo forests across south 

Louisiana has the potential to regenerate by artificial means only or has little to no 

regeneration potential at all (Conner et al. 1986). Therefore, when it comes to predicting 

the success of planted baldcypress seedlings, it is critical for the future of coastal forests 

to be able to differentiate between areas that have artificial regeneration potential and 

areas that are not suitable for either natural or artificial regeneration. Employing an 

approach similar to the one proposed by Faulkner et al. (2009) to approximate estimation 

of the locations and amount of land area categorized by RCC or Hydrologic Category 

using remote sensing, combined with the methodology outlined in this study to categorize 

areas using vegetation sampling could create a high-resolution assessment of the 

regeneration potential for cypress-tupelo forests across south Louisiana.  
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While this study has proposed a hypothetical way of identifying the apparent 

Hydrologic Categories or RCCs based on current vegetation, it is based only on one year 

of hydrologic data, dominated by one aspect of flooding (cumulative days flooded at 

specific depths). Additional years of survival and growth data are needed to confirm or 

solidify the vegetation variables and change overtime. Long-term seedling establishment 

is critical. Still, other aspects of flooding need to be tested. Many more sites need to be 

added and years of variable flooding need to be tested.  Cypress-tupelo forests are very 

complex systems due to elements associated with frequent and prolonged flooding, and 

we still do not fully comprehend how various factors contribute to the manner in which 

these forests function. Further research is needed to isolate and quantify the numerous 

hydrologic factors and processes controlling vegetation structure and composition and to 

gain a better understanding of how the matrix of hydrologic factors and processes 

influence stand dynamics in cypress-tupelo forests. This study is, at least, a first step 

towards improving the management and sustainability of cypress-tupelo forests. 
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APPENDIX 

Figure 1. Cumulative days flooded above benchmarks ranging from 0 cm to 75 cm for 
individual sites classified in their respective Hydrologic Categories. 
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