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Figure 1.2. Examples of sites from the three assumed Regeneration Condition Class (RCC).
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Table 1.1. List of study sites, site indicators, percent soil carbon and nitrogen, and assumed SWG RCCs'.

CS(') tdee NslfrI:);/:zn gg :Ib(?n A;ajcrgled Key Factorsfor RCC Assumption

BYI-01 1.92 26.41 I Abundance of naturally regenerated baldcypress seedlings

STM-01 0.40 4.71 I Mineral soil with an apparent lack of surface flooding at some times
BLR-01 1.92 28.14 I Directly connected to bayou; apparent possibility of soil exposure in normal years
GPT-02 0.84 12.01 I Directly connected to bayou; apparent possibility of soil exposure in normal years
GPT-01 0.78 11.66 11 Impounded site with low possibility of soil exposure in normal years
SIM-01 1.90 31.81 II Impounded site with low possibility of soil exposure in normal years
HCN-01 1.18 16.73 II Impounded site with low possibility of soil exposure in normal years
641-01 2.48 40.31 11 Impounded site with low possibility of soil exposure in normal years
641-02 1.25 19.99 I Dense, widespread floating mat of aquatic vegetation; apparent water levels > 1m
641-03 1.86 28.97 I Dense, widespread floating mat of aquatic vegetation; apparent water levels > 1m
HCN-02 2.44 38.70 I Dense, widespread floating mat of aquatic vegetation; apparent water levels > 1m
BYP-01 0.29 3.86 I Within Atchafalaya Basin; apparent water levels up to > 3m during growing season

'RCC I = semi-permanently flooded sites with high potential for natural regeneration success
'RCC II = semi-permanent to permanently flooded sites with low potential for natural regeneration but high potential for artificial regeneration success
'RCC III = semi-permanent to permanently flooded sites with low potential for both natural and artificial regeneration success
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Plantation Establishment and Monitoring. At each site, I located areas for
plantations. Since I was not permitted to fell mature trees on LDWF managed lands, I
selected areas with natural canopy gaps in order to maximize light exposure for planted
seedlings. I was granted permission to girdle a few trees bordering or shading the selected
canopy gaps in order to widen the openings and allow for more direct sunlight to reach
the seedling plantations. Girdling was performed in February and March 2014 at the time
of planting. Felling of a few trees was permitted on private lands at the BYP-01 and

STM-01 sites for the purpose of widening the gaps near the plantations.

Each canopy gap selected for a plantation was mechanically cleared of any
existing woody vegetation using handsaws and hatchets. Any trees bordering or
overhanging the plantation area were girdled with a hatchet and treated with triclopyr, a
systemic herbicide (Figure 1.3). Girdling was successful on Nyssa, Acer, and Fraxinus

spp. Unfortunately, the resilience of mature baldcypress trees was underestimated, and

the girdling procedures were unsuccessful.

s - 1

Figure 1.3. Overstory girdling of large trees at planttin edges. Left:girdling a water
tupelo (Nyssa aquatica). Right: failed girdling of baldcypress.
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Plantations (approximately 10 m by 15 m) were established by installing PVC
stakes as seedling markers. Stakes were placed on a Im x Im spacing with ten columns
and fifteen rows. Dense spacing was selected to maximize the number of seedlings that
could fit within a canopy gap. Additionally, for the purposes of this study, I was only
concerned with first-year survival and growth of the seedlings. With the age and size of
seedlings planted, planting density was not a factor affecting survival and growth. Each
plantation was divided in half by seedling age-class, with each age class planted in five
adjacent columns. When existing roots or unmovable coarse woody debris hindered the
placement of a stake from being placed at the correct spacing, that space was skipped and

the corresponding stake placed at the end of the row.

I planted two different seedling age-classes, one year-old, non-transplanted (1-0)
and two-year old, non-transplanted (2-0) nursery-grown bare-root baldcypress seedlings
to analyze the performance of each when subjected to the conditions on each site.
Seedlings were planted in February and March, 2014 (Table 1.2). Seventy-five seedlings
of each age class were planted at each site (150 total seedlings per site). I chose 1-0 and
2-0 bare-root nursery-grown seedlings for their affordability and likeliness to be used for
reforestation efforts. I did not evaluate a seedling size per se or containerized seedlings in
this study. The 1-0 seedlings were sourced from ArborGen®™ and grown in Shellman,
Georgia. The 2-0 seedlings were sourced from the Louisiana Department of Agriculture
and Forestry and grown in Monroe, Louisiana. All seedlings were delivered in mid-
January 2014 and kept in cold storage (4° Celsius) until the day they were planted. Roots
were periodically sprayed with water to prevent dessication. Initial sorting of the

seedlings took place to eliminate individuals that were poorly formed or much smaller in
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diameter and total height than the average. Lateral roots were clipped the morning of or

before planting day, leaving only the tap roots to make them easier to plant into the soft

substrate and reduce the risk of the root systems drying out (Figure 1.4). Barton et al.

(2000) showed that this step can make the planting process easier and more effective than

planting with a full root system intact, with little to no difference in baldcypress seedling

performance. Prior to transportation to the field, the seedlings were wrapped in a

protective tarp and secured with bungee cords to ensure the root systems did not dry out

during travel.

Table 1.2. Date of planting in 2014, final height measurement dates, and number of
growing days by study site.

Site DatesPlanted in 2014  Final Measurements Growing Days"
641-01 February 2™ & 3" October 8" 247
641-03 February 7" November 10 276
SIM-01 February 14™ October 15™ 243
641-02 February 17" & 18™ October 29™ 253/254
HCN-01 February 21% October 13™ 234
GPT-01 February 24" & 25" October 22™ 239/240
GPT-02 February 28" & March 5" October 22™ 231/236
HCN-02 March 10® November 11" 245
BYP-01 March 18" October 20" 216
BLR-01 March 21 October 15" 208
STM-01 March 24" & 26" October 6" 194
BYI-01 March 28" October 27™ 213

'Growing Days = number of days between the planting date and the final measurement date.
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: ) A 4 4 N \ s -“;2 3
Figure 1.4. Seedlings’ primary lateral roots (left) were clipped off (right) to make
planting easier and reduce the risk of the root systems drying out during the planting
process.

Just prior to planting, each seedling was measured for total length, height to
base of live crown, and diameter. Total length was measured from the root tip to the
apical meristem. Height to the base of live crown was measured from the root collar to
the height of the first live woody branch, if present. Diameter was measured in
millimeters with calipers just above the root collar. Mean seedling height, diameter, and
height to base of live crown for 1-0 seedlings were 0.61 m, 8.5 mm, and 0.48 m,
respectively. Mean seedling height, diameter, and height to base of live crown for 2-0
seedlings were 1.10 m, 12.0 mm, and 0.40 m, respectively. At most sites, seedlings were

then held at the root collar and pushed into the soil until the root collar met the mineral

soil line. Due to the mucky nature of the soils at some sites, the mineral soil line was hard

to determine in some instances, so placement was not exact in these cases. Because of a

heavy clay component at the STM-01 site and a lack of standing water, seedlings were
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planted with a dibble bar. Seedlings were randomly selected for planting; no attempt was
made to use shorter seedlings in shallower water or vice versa. Some 1-0 seedlings were
completely submerged at the time of planting. Once planted, seedling height and water
depth at each seedling were measured. Height was measured from the root collar to the
dominant apical meristem when more than one apical meristem was present. When apical
dominance was not obvious, the most centrally located shoot was used as the apical
meristem. Every seedling in the study was planted and measured by the same person to

ensure consistent planting and measurement techniques.

Following planting and measurement collection, tree shelters were placed
around each seedling. Shelters (Protex” Pro/Gro Solid Tube Tree Protectors, Source:
Forestry Suppliers) were used to protect the seedlings from damage by nutria (Myocastor
coypus), an invasive mammal known to wipe out newly-planted baldcypress seedlings in
wetland systems of the southeast coastal regions of the U.S. (Conner and Toliver 1987).
Shelters were attached to schedule 40 PVC pipe markers 2.03 m in length (Figure 1.5).
Shelters were fixed to the markers using black zip ties, one each on the bottom and top of
the shelter. Identification labels were attached to each pipe, which included the site code,

age, and tree number (1-75).

Seedlings were re-measured in the summer (2014) for interim survival and
height. If a seedling did not display any live foliage, it was marked as dead with an
indication of whether the seedling appeared to have leafed out or not. The main
objectives of this mid-season measurement were to check the condition of all plantations
and ensure that [ had data for survival and growth in the event that a disturbance was to

decimate the seedlings at any or all of the sites.
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Final seedling measurements were made between October 6™ and November
10™, 2014 prior to leaf senescence. Survival, height, and height to the base of live crown
were all measured. For survival, if a seedling did not display any live foliage, it was
marked as dead with an indication of whether the seedling appeared to have leafed out or
not. Some seedlings were recorded as alive even though they had very little foliage and
appeared unhealthy, but condition was noted. The base of the live crown was measured at
the lowest living woody branch, where present. Not all seedling developed branches

during the first growing season. During the final measurements, shelters were removed

from seedlings to allow for easier measurements. Stakes were left in place to indicate

Figure 1.5. Typical plantation (e.g. BLR-01) on planting day. Seedlings were planted on a
Im x 1m spacing and protected by 1m tall tree shelters.
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individual tree identification. Canopy cover was estimated for each plantation using a
concave spherical densiometer, with readings taken in five locations: at the center and at
each of the four corners of the plantation. This led to considerable overestimation of
canopy cover, since canopy outside the plantations was not excluded. I include the
measurements only as a relative measure of surrounding canopy impact on solar radiation
levels for the seedling within the plantations and not as direct overhead solar radiation at

midday.

Water Level Monitoring. A water-level sampling 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 software and pressure
compensated. Water levels at each seedling were calibrated from the difference in ground
elevation from the seedling to the well. Water levels for each seedling were summarized
to daily mean depths by calculating the mean of all water level recordings taken during

each day.

Statistical Analyses. Following data collection, all measurements were entered

into Excel® for further analysis. From the measurements I collected and in addition to the
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data recovered from continuously monitoring water levels, I was able to create new
variables to describe the condition of the seedlings’ environment with respect to flooding

(Table 1.3). To quantify flood impact on seedlings, specifically submergence, I calculated

the number of days the water level was above each seedling’s most recently measured

height (H; and H,,); water levels recorded between planting date and the midseason

measurement were analyzed using H;, and water levels recorded between the midseason

measurement and the final measurement were analyzed using Hy,. This variable is

calculated for each individual seedling and will hereafter be referred to as cumulative

days submerged.

Table 1.3. Descriptions and measurement times or formulas for variables considered in
analysis of seedling performance.

M easurement Time

Variable Description
or Formula
Diameter (D) Diameter of seedling at the root collar Measured at planting
Initial Height Length from root collar to apical Measured at planting
(Hj) meristem (m)
Midseason Length from root collar to apical Measured mlq-summer
Height (Hp) meristem (m) (npt ngcessarlly
" midpoint)
Final Height (Hy) Length from the root collar to apical Measpred at end of
meristem (m) growing season
Change in Height Difference between the final and initial AH=H - 0
(AH) heights (m) P
. Indication of whether or not the seedling Measured at end of
Survival ) A
was alive growing season
Daily Water Water depth at seedling for any given Measured hourly
Depth (W) day (m) during growing season

Cumulative Days

Cumulative sum of days water levels
exceeded previous height measurement

x = Frequency (Y > H;

Submerged (x) (H; o Hi) and Y > H,,)
Canopy Cover Estimate of overhead canopy cover in Measured at end of
©) plantation growing season

Growing Period

(G)

Length of the growth assessment period

G = Days between
planting and final
measurement
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Seedling performance was analyzed for each age-class by first separating the
seedlings into incremental flooding categories based on the cumulative days submerged.
Statistical differences in overall performance between age classes and performance
between flooding categories within the same age class were determined with least
squared means using ANOVA through Proc GLM in SAS (SAS version 9.4, SAS
Institute®). Differences were determined significant at the alpha=0.05 level using a

Tukey-Kramer adjustment.

Modeling Survival. For future management applications, prediction of
seedling survival based on known or expected water levels would help natural resource
professionals select sites or seedlings for planting. To predict seedling survival based on
flood impact, I used Proc Logistic in SAS to model survival as affected by cumulative
days submerged (x) for both age classes. Logistic regressions are typically used to predict
binary responses from binary predictors (Bishop 2006), in this case 0 = dead and 1 =

alive. First, a logistic function was produced using the following formula:

1

FOO) = T omermm

Where: F(x) = probability of survival
Bo = intercept
B1 = slope or regression coefficient
x = cumulative days submerged

e = exponential function, decrease in survival probability for every increase in x

Next, a simple linear regression was produced using a logit, or the logarithm of

the odds of survival, using the following formula:
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F(x)

glF(x)] = lnl——F(x)

= Bo + Pix

Where: g = logit function

In = natural logarithm

Finally, I back-transformed the odds ratio by using an anti-log to produce the
probability of a seedling surviving based on the cumulative number of days the seedling

was submerged, including if it was never submerged at all.

e[:’0+ Blx

Probability of Survival (V) = 1+ oF0+ Fix

Modeling Height Growth. Prediction of change in height (growth, if positive) or
final heights is necessary for evaluating a seeding performance under different flood
regimes and also for evaluating the potential for escape from submergence and survival
for the next year. To model first-year seedling growth under different hydrologic
conditions, I modeled the final total height of seedlings by cumulative days submerged
(x) as well as the number of growing days (G). Initial height (H;), initial diameter (D),
and canopy cover (C) were significant as co-variables. I selected two different models, a
power model and an exponential decay model, to determine which was best suited for the
actual data. The Akaike Information Criterion (AIC) was used as the determining factor
for model selection. AIC rewards goodness of fit and penalizes overfitting caused by
having too many model parameters. In addition, I evaluate fit by which model has the

lower AIC value.
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1.3 Results

Seedling Performance. Overall survival across sites was high for both age
classes even though flooding was continuous on most sites. Across all sites, 1-0 age-class
seedlings were submerged on average for much longer (34.8 cumulative days) during the
growth assessment period than 2-0 seedlings (1.4 cumulative days). An overwhelming
majority (83 percent) of 2-0 seedlings were never submerged during the growth

assessment period, compared to only 10 percent of

Table 1.4. Mean initial seedling measurements, summary statistics, and cumulative days
flooded (+ standard error) during the growth assessment period across sites by age class.

AgeClass
Variable
1-0 2-0
Mean Initial Root Length (m) + SE 0.13 £ 0.001 0.21 +£0.002
Mean Initial Diameter (mm) + SE 8.50 +0.07 12.04 £0.10
Mean Initial Seedling Height (m) + SE 0.61 £0.002 1.10 £0.004
Mean Final Height (m) + SE 0.91 £0.008 1.23 £0.006
Mean Change in Height (m) = SE 0.29 +0.008 0.13 £0.005
Mean Survival (%) 78.67 89.22
Mean Cumulative Days Submerged' + SE 348+ 1.2 14+£0.2

'Cumulative days submerged = cumulative number of days water levels were above the seedling height (i.e.
submerged) during the growing season

1-0 seedlings. There were no 2-0 age-class seedlings submerged for more than 53
cumulative days, but 24 percent of 1-0 age class seedlings were submerged for more than

60 cumulative days.
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The 2-0 age-class seedlings had significantly higher (p <0.001) overall survival
than 1-0 seedlings. Overall first-year seedling survival was 89 percent for 2-0 seedlings
compared to 79 percent for 1-0 seedlings at the end of the growth assessment period
(Table 1.4). Survival for the 1-0 age-class seedlings submerged for more than 90
cumulative days was significantly lower (p <0.001) than survival for seedlings
submerged for less than 90 cumulative days (Figure 1.6). Only 9 percent of all 1-0

seedlings that were submerged for more than 90 cumulative days survived, and no 1-0

0,
100% 397/436

90%
80% 64/90
70%
60%
50%
40%
30%
20%
10%

0%

0 1-30

Cumulative Days Submerged During Growing Season

137/158

103/141
7/38

31-60 61-90 91-120 121+

Percent Survival

Figure 1.6. Survival of 1-0 baldcypress seedlings grouped by increasing levels of
submergence. Significant differences at the alpha = 0.05 level are indicated by different
letters above the bars. Sample sizes for the different submergence levels are: 0 days n =
90, 1-30 days n =436, 31-60 days n = 158, 61-90 days n = 141, 91-120 days n = 38, 121+
days n = 37.

28



seedlings survived submergence for more than 120 cumulative days. There was no
significant difference in survival between the categories of 0, 1-30, and 31-60 cumulative

days submerged for 2-0 seedlings (p <0.001).

The 1-0 age-class seedlings significantly outperformed 2-0 age-class seedlings in
height growth. Overall mean change in height across all sites was 0.29 m for 1-0
seedlings and 0.13 m for 2-0 seedlings (Table 1.4). Change in height of the surviving 1-0
age-class seedlings that were never submerged was significantly higher (p <0.001) than
seedlings that were submerged for at least some period of time, and mean change in
height was significantly lower (p <0.001) for all categories of greater than 30 cumulative

days of submergence (Figure 1.7).

0.60 -
0.50 -

0.40 -

0.30 -

0.20 -

0.10 - ' . .
0.00

1-30 31-60 61-90 91-120

Mean Change in Height (m)

Cumulative Days Submerged During the Growing Season

Figure 1.7. Change in height and standard error bars of surviving 1-0 baldcypress
seedlings grouped by increasing levels of submergence. Significant differences at the
alpha = 0.05 level are indicated by letter above the error bars (SEM). Sample sizes for the
different submergence levels are: 0 days n = 64, 1-30 days n =397, 31-60 days n = 137,
61-90 days n =103, 91-120 days n=7.
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Table 1.5. Growing season mean, minimum, and maximum water levels and cumulative
days flooded at each site’s plantation'. Sites are listed by increasing mean water depth.

Mean Seasonal Minimum Maximum Cumulative
Site Water Depth  Seasonal Water Seasonal Water ~ Days Flooded

(m) Depth (m) Depth (m) Above 0 cm
BLR-01 0.110 -0.177 0.649 152
STM-01 0.183 -0.207 0.797 165
GPT-02 0.251 -0.236 0.852 165
GPT-01 0.322 0.058 0.854 184
641-03 0.443 0.232 0.734 184
BYP-01 0.467 0.076 1.005 184
SIM-01 0.495 0.305 0.935 184
641-02 0.522 0.339 0.910 184
HCN-01 0.587 0.423 0.876 184
641-01 0.608 0.416 0.979 184
HCN-02 0.688 0.496 1.017 184
BYI-01 0.707 0.457 1.154 184
Mean + SD 0.449 + .186 0.182 +.260 0.897 +.130 178 £11

'Water levels taken from April 1* to October 1, 2014. Water levels are based on the mean well difference
for all planted seedlings at a given site’s plantation.

On two sites, GPT-01 and GPT-02, survival was 100 percent for both age classes,
and one additional site, BLR-01, had 100 percent survival for 1-0 seedlings and 86.7
percent survival for 2-0 seedlings (Tables 1.6 and 1.7). The sites with the worst survival
were HCN-01 for 1-0 seedlings (48 percent) and STM-01 for 2-0 seedlings (35 percent).
Among sites, the greatest change in height for 1-0 seedlings occurred at BLR-01 and

SIM-01 (0.54 m at both), and the greatest change in height for 2-0 seedlings also
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Figure 1.8. Composite hydrograph for all study sites. Period displayed is from April 1% —
October 1%, 2014. Water levels are corrected for the average well difference of all
seedlings at a given site. Negative values indicate the water table was below the soil
surface.
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Table 1.6. Summary statistics for 1-0 seedling age-class by site, listed in order of increasing mean cumulative days submerged during
the growing season.

Site Mean Initial Mean Final Height Mgan Changein Survival Ccag\;)é)ry Curl\r/:l??ar'][ive
Height (m+SEM) (M+SEM) Height (M+SEM) (%) (%) Days Submer ged
(£SEM)

BLR - 01 0.63 £ 0.005 1.16 =0.02 0.54+0.02 100.0 18.67 1.48 £0.20
STM - 01 0.60 = 0.006 1.02 +£0.02 0.43 £0.02 533 66.30 1.59 £1.08
GPT - 02 0.62 + 0.006 0.82 +0.02 0.21+0.02 100.0 82.94 8.29+0.21
GPT - 01 0.62 +0.002 0.88 +£0.01 0.26 +£0.01 100.0 80.03 8.73+0.13
641 -02 0.62 +0.006 1.00+ 0.03 0.37+0.03 69.3 42.80 10.19 £2.53
SIM - 01 0.60 £+ 0.007 1.14+0.03 0.54 £ 0.03 93.3 45.40 22.24 +£3.43
641 - 03 0.52+0.010 0.81+0.03 0.24 +0.03 57.3 32.61 32.39+1.06
BYP - 01 0.62 +0.004 0.70 +£0.02 0.08 = 0.01 98.7 70.46 53.16 £0.31
641 -01 0.61 +0.007 0.88 +£0.02 0.25+£0.02 81.3 76.91 54.44 £ 5.81
BYI-01 0.65 £ 0.004 0.80+0.01 0.15+0.01 88.0 84.40 66.57+ 1.31
HCN - 02 0.63+ 0.004 0.90 +0.02 0.26 +0.02 54.7 31.36 73.57+3.00
HCN - 01 0.59 +0.009 0.77 +£0.02 0.14+0.01 48.0 83.78 84.33+4.53
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Table 1.7. Summary statistics for 2-0 seedling age-class by site, listed in order of increasing mean cumulative days submerged during
the growing season.

Site Mean Initial Height Mean Final Height Mgan Changein Survival Ccag\;)é)ry Curl\r/:l??ar'][ive
(M+SEM) (mxSEM) Height (m+SEM) (%) (%) Days Submer ged
(£SEM)

BLR - 01 1.11+0.015 1.22+£0.02 0.10£0.01 86.7 18.67 0.00 £0.00
STM - 01 1.13+0.012 1.26 £ 0.02 0.15+0.02 34.7 66.30 0.00 £ 0.00
GPT - 02 1.07+0.011 1.30+0.02 0.22+0.01 94.7 32.61 0.00+0.00
GPT - 01 1.11+0.014 1.32+0.02 0.22+0.01 98.7 42.80 0.03 £0.05
641 -02 1.13+0.013 1.23+0.02 0.10£0.02 100.0 82.94 0.04 £0.03
SIM - 01 1.11+0.014 1.23 £0.03 0.12+0.02 100.0 80.03 0.05+£0.69
641 - 03 1.09+0.011 1.21 £0.02 0.12+0.01 98.7 83.78 0.07 £0.00
BYP - 01 1.10£0.011 1.08 = 0.01 -0.02 £0.01 97.3 70.46 0.79£0.23
641 -01 1.08 £0.013 1.39+0.02 0.31+0.02 98.7 45.40 1.24 £0.39
BYI-01 1.09+0.012 1.16 £ 0.02 0.06 £ 0.01 90.7 31.36 1.52+1.11
HCN - 02 1.04 £0.012 1.12+0.02 0.08 £0.01 74.7 76.91 2.71 £0.30
HCN - 01 1.12+0.011 1.22+0.02 0.09 +£0.01 96.0 84.40 10.21 £0.07
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Figure 1.9. Change in individual seedling height for both age-classes based on cumulative
days submerged. Negative height changes signify dieback or failure of leader.

occurred at SJM-01 (0.31 m). The least change in height for both 1-0 (0.08 m) and 2-0 (-

0.02 m) seedlings occurred at BYP-01.

Survival and Height Growth Models. Survival probability based on cumulative
days submerged was modeled for 1-0 predict survival based on submergence in future
situations. Logistic regression produced an intercept and a slope for both age-classes
(Table 1.8), which is used to calculate the survival probability. Interpretation of the
model reveals what appears to be a quadratic relationship between cumulative days
flooded and seedling survival for 1-0 seedlings (Figure 1.10). Survival was high across

the range of hydrologic conditions examined for 2-0 seedlings, so I felt it unnecessary
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Figure 1.10. Logistic regression model results for the 1-0 age-class survival probability
versus cumulative days submerged. Probability values are back-transformed from log
values produced by the model.

Table 1.8. One year-old seedling survival model parameter estimates and equations.

Parameter Estimate/Equation
2.5010
Intercept
SE =0.1500
-0.0274
Slope
SE = 0.0024

82.5010+(—0.0274x)

Model Equation Y =
1 4 2-5010+(=0.0274x)
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to model survival probability for 2-0 seedlings based on the conditions experienced by

individuals in this study.

None of the 1-0 seedlings that experienced submergence for greater than 50
percent of their growing season (cumulative days flooded/growing days *100) survived
to the end of the study. Only seven 2-0 seedlings experienced more than 25 cumulative

days flooded, and all survived to the end of the growing season.

Seedling final height for each age class was modeled to predict the relative effects
that flood impact, growing conditions, and initial seedling specifications have on seedling
height growth in future situations. The total cumulative days submerged, cumulative days
submerged in June and July, Cumulative days floodeded above 80 percent of the
seedling’s initial height, mean water depth during the growth assessment period, and total
growing season length were selected as primary variables from results of a correlation
analysis. Initial height, initial diameter, and canopy cover were included as co-variates to

improve model fit. The AIC values of both models tested can be found in Table 1.9. The

Table 1.9. AIC and regression equations for the final height models for each age-class.

Age Power Exponential

.
Class Model AIC  Decay AIC Selected Model Equation

7 = o(146) 1 o(=0.014x) | ,(=0.064y) | (0.0262)
7 = 0(0816) | 5(0.023x) | 5(=0.054y) } 5(0.0042)

2-0 -2504 -2250 + o(0.224a) 4 5(-0.0879)

'Independent Variables: x = cumulative days submerged during the growing season, y = cumulative days
flooded during the growing season above 80% of the seedling’s initial height, z = cumulative days
submerged in June and July, a = mean water depth during the growing season experienced by the seedling,
g = growing days (i.e. growing season length)
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Figure 1.11. The 1-0 age-class measured seedling final heights vs. predicted seedling
final heights. Line represents a 1:1 ratio between measured and predicted.
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Figure 1.12. The 2-0 age class measured seedling final heights vs. predicted seedling final
heights. Line represents a 1:1 ratio between measured and predicted.
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power model proved to be a better fit according to the AIC for both the 1-0 and 2-0
seedlings. The final height model predictions had an R* value of 0.79 for 1-0 seedlings
when compared to measured final height results, and an R* value of 0.59 for 2-0
seedlings. Graphics displaying the predicted seedling heights plotted against their
measured final heights represent the contrast between predicted and measured heights to

show how well the model describes the data (Figures 1.11 and 1.12).
1.4 Discussion

Overall Seedling Performance. Submergence, for a prolonged portion of the
growing season, dramatically reduced seedling survival and height growth of planted 1-0
bare-root baldcypress seedlings after certain lengths of time. Submergence was
uncommon and therefore had less impact on the performance of 2-0 seedlings. Survival
of 1-0 and 2-0 bare-root baldcypress seedlings was very high across most sites, averaging
79 and 89 percent, respectively. Growth was higher, on average, for 1-0 seedlings (0.29

m) compared to 2-0 seedlings (0.29 m).

Mortality of 1-0 seedlings was most closely associated with the number of
cumulative days the seedlings were overtopped by flood waters (submergence). Figure
1.6 demonstrates that following more than 90 cumulative days of submergence, 1-0
seedling survival was only nine percent, compared to nearly 85 percent when submerged
for less than 90 days. While 1-0 baldcypress seedlings submerged up to 90 days had
relatively good survival until the end of the growing season, the impact of long-term
submergence on survival into the next growing season is not well documented. Mean

height growth with continued submergence fell rapidly across the different submergence
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levels. Height growth was significantly higher for 1-0 seedlings submerged between 0
and 30 cumulative days (0.37 m) compared to seedlings only submerged for 31
cumulative days or more (0.15 m), underlining the negative effect that prolonged
submergence has on seedling performance. The 1-0 seedlings appear to have adequate
height growth even when flooded at some level for most, if not all, of the growing
season. However, height growth is greatly diminished when submerged for more than 30

cumulative days.

The length of time seedlings are submerged has been the focus of many previous
controlled experiments related to baldcypress survival and growth. Early studies reported
poor performance at relatively short submergence durations. Demaree (1932) reported
that newly-germinated baldcypress seedling survival was very low following only 10-12
days submergence. Bull (1949) also reported low survival thresholds following
submergence, with 67 percent survival of 1-0 planted baldcypress seedlings submerged
for less than 20 days, 55 percent for 1-0 seedlings submerged 20-29 days, and only 31
percent survival for those submerged 30-45 days. However, Loucks and Keen (1973)
reported 100 percent survival for 1-0 baldcypress seedlings submerged for 4 weeks. Sun
(1995) reported 100 percent survival for newly-germinated baldcypress seedlings
submerged for 0, 10, 20, and 30 consecutive days, and there was no significant difference
between height growth for seedlings never submerged and those submerged for 10, 20,
and 30 consecutive days. Souther and Shaffer (2000) studied the effect of submergence
on newly-germinated and 1-0 baldcypress seedlings grown in containers, reporting that
survival decreased greatly following 45 days of submergence for newly-germinated

seedlings, while 1-0 seedling survival was 75 percent or greater following 100 days or
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less of submergence. Survival results were variable following longer periods of
submergence. Our data were collected from a relatively large sample size of seedlings
subjected to a wide range of conditions, and our results support the evidence that
baldcypress seedling survival is severely affected by submergence, especially for more

than 90 cumulative days during the growing season.

The effect of submergence on height growth for 2-0 seedlings was not as clear, as
so few were ever submerged for an extended length of time. When planted on the same
sites as 1-0 seedlings, 2-0 seedlings have better survival than 1-0 seedlings. Survival was
very high for 2-0 seedlings (89.22 percent) across the range of conditions tested in this
study. Because the 2-0 age-class seedlings were taller when planted, they experienced
much fewer total cumulative days submerged than 1-0 seedlings. The overwhelming
majority of 2-0 seedlings (83.7 percent) were never submerged during this study, but they
did experience substantial water depths (>0.50 m) for prolonged stretches of the growing
season, and their survival was noticeably high. Survival is an extremely critical measure
of seedling performance because if a tree is alive, it has the opportunity to take advantage
of conditions favorable to net primary production (NPP), if and when those conditions
occur. Because they have taller starting heights than the 1-0 seedlings, 2-0 seedlings are
less likely to be submerged and have a high survival probability. Still, I do not know
how well 2-0 seedlings would respond to more extreme levels of flooding, especially
submergence, to make direct comparisons to the performance of 1-0 seedlings. Height
growth for 2-0 seedlings was relatively low across all sites, especially compared to 1-0
age-class seedlings. Because the overwhelming majority of 2-0 seedlings were never

submerged during the growing season, it is more appropriate to look at the effect of
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