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Background 
Since 2009, the Lake Pontchartrain Basin Foundation (LPBF) has been actively documenting the 

development of an emerging delta in the receiving basin of the Caernarvon Freshwater Diversion (CFD) 

outfall canal, Big Mar Pond (Lopez et al. 2014). LPBF has monitored the emerging delta in order to 

understand the delta building process under the influence of a diversion. In 2010, in partnership with 

the Coalition to Restore Coastal Louisiana (CRCL) and the Restore the Earth Foundation (REF), LPBF 

began a tree planting project in the vicinity of the CFD as part of a grant funded, swamp reforestation 

effort. This past year the project has grown to include additional local partners (St. Bernard Wetland 

Foundation, St. Bernard Parish).  To read the initial report about geomorphic monitoring and freshwater 

swamp restoration in the vicinity of the CFD visit https://saveourlake.org/lpbf-

programs/coastal/technical-reports/ and view the report entitled "Geomorphology and Bald Cypress 

Restoration of the Caernarvon Delta near the Caernarvon Diversion, Southeast Louisiana," (Baker et al. 

2011), as well as the updates entitled: 

 

 “Progress Report for Grant Planting and Monitoring of the Caernarvon Delta in Big Mar: 

January through June, 2012” (Baker et al. 2012) 

 “Progress Report for the Grant Planting and Monitoring of the Caernarvon Delta in Big 

Mar: July through December, 2012” (Hillmann et al. 2013) 

 “Progress Report for the Grant Planting and Monitoring of the Caernarvon Delta in Big 

Mar: January through June, 2013” (Hillmann et al. 2013) 

 “Caernarvon Delta and Diversion Study: Status April 2014” (LPBF 2014)  

 “Update on Plantings and Tree Monitoring in the Vicinity of the Caernarvon Freshwater 

Diversion: May, 2014 to July, 2016” (Hillmann et al. 2017) 

 

This report will serve as a supplement to the aforementioned reports. It summarizes 

environmental conditions, tree planting and monitoring results in the vicinity of the CFD from August, 

2016 through August, 2017. This report highlights one year of volunteer and commercial tree plantings, 

and includes the deployment of approximately 8,400 wetland trees, consisting of baldcypress (Taxodium 

distichum), water tupelo (Nyssa aquatica), red swamp maple (Acer rubrum var. drummondii) and 

blackgum tupelo (Nyssa sylvatica). This report also discusses the results of tree monitoring for the 

2016/17 growing season. 

 

Purpose of Swamp Tree Plantings 
Natural swamp regeneration is widely believed to be precluded in southeast Louisiana due to 

nutria herbivory, high interstitial soil salinity, altered hydrological regimes and slow germination rates 

(Conner and Toliver 1990). Further, under existing conditions, without human intervention, swamp 

seedling mortality is quite high (Myers et al. 1995, Holm et al. 2011). However, using a combination of 

soil salinity and surface water salinity data, LPBF has identified over 30,000 hectares of land suitable for 

swamp restoration throughout the Pontchartrain Basin, primarily situated on the Maurepas Landbridge 

and in the vicinity of the CFD (Preau et al. 2015)(Figure 1).  

https://saveourlake.org/lpbf-programs/coastal/technical-reports/
https://saveourlake.org/lpbf-programs/coastal/technical-reports/
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Figure 1: Swamp restoration suitability assessment map. Over 30,000 hectares of land is restoration 
ready throughout the Pontchartrain Basin. 
 

The Multiple Lines of Defense Strategy (MLODS) features healthy swamps as an integral part of 

southeast Louisiana’s defenses against hurricane storm surges (Lopez 2009) (Figure 2). It is the goal of 

LPBF to restore swamp to implement an important feature of MLODS. LPBF actively monitors the growth 

of planted trees and uses monitoring data and lessons learned to hopefully improve the efficiency and 

success rate of future restoration plantings. The work being done in the vicinity of the CFD is a unique 

opportunity to test the effectiveness of proposed Louisiana State Master Plan (CPRA 2017) restoration 

initiatives, which include proposed river diversions. 
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Figure 2: Shown is the Multiple Lines of Defense Strategy. Healthy swamps reinforce flood protection 

levees by absorbing storm surge energy. 

The partner orginizations have been planting trees in the CFD area since 2010, generally 
between October and March (“winter”) (Figure 3). Most planted trees are 1-year old saplings grown by 
Ecological Restoration Services, LLC, using Restore the Earth’s EKOgrown® method, which promotes root 
growth and prevents girdling of roots within the container. The most recent plantings took place during 
the winter of 2016/2017.

Figure 3. The distribution of planting locations and tagged trees in the vicinity of the Caernarvon 
Freshwater Diversion (CFD). Inset shows the location of planted trees set against the LPBF swamp 
restoration suitability map. Vast majority of trees have been planted in areas deemed restoration ready. 
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Soil Salinity  
The success of swamp restoration plantings in southeast Louisiana depends largely on 

identifying suitable planting locations (soil salinity and hydrological conditions) for the vegetation being 

planted (Zedler 2000). LPBF has been monitoring soil salinity around the CFD for the past 5 years and 

has simultaneously integrated publicly available data from Coastwide Reference Monitoring Systems 

(CRMS). By monitoring soil salinity we observe the effect of  pulsed riverwater through the diversion on 

the salinity gradient of the Breton Sound hydrological basin (i.e. Connor et al. 2016). Suitable planting 

locations are then scouted which should yield good survivorship and growth rates. Soil salinity was 

measured in August, 2017 at select locations in the vicinity of the diversion, and was less than 2.5 ppt at 

the majority of sites (Figure 4). Further, CRMS stations in the vicinity of the CFD have indicated that soil 

salinity has generally been below 2.5 ppt since at least 2010 (Figure 5). Planting sites that test the 

maximum salinity tolerance of wetland trees can also be chosen. In general, maximum sustained soil 

salinity tolerated by swamp tree species in southern Louisiana is 2.5 ppt (higher salinity pulses can be 

tolerated by most swamp species) (Connor et al. 2007). The partner organizations generally do not hold 

large scale plantings (500-5,000 trees) in areas with soil salinity greater than 2.5 ppt. However, smaller 

test plantings (25-100 trees) are at times planned for areas with soil salinity beyond this threshold.  

 

Figure 4: Soil salinity (ppt) in the vicinity of the Caernarvon Freshwater Diversion (CFD). Data collected in 

August, 2017. 
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Figure 5. Long term soil salinity at Coastwide Reference Monitoring Station 0117, 0120, 0128 in the 

vicinity of the Caernarvon Freshwater Diversion. Dashed line indicates 2.5 ppt; the threshold of 

sustained soil salinity under which wetland tree species are expected to survive (CPRA 2018). 

Caernarvon Freshwater Diversion Operations 
The decline of south Louisiana wetlands and wetland tree species has partly been attributed to 

altered hydrological regimes. The building of levees along the Mississippi River, which disconnected the 

river from surrounding wetlands, limited an important source of fresh water and nutrients. By planting 

in the vicinity of the CFD, we can document the potential impact of pulsed riverwater on tree survival 

and growth. From August, 2016 to August, 2017 the Mississippi River discharge into the outfall area 

through the CFD Structure was minimal for most time periods except for January, 2017 and April, 2017 

(USGS; https://waterdata.usgs.gov/usa/nwis/uv?site_no=295124089542100)(Figure 6). The area 

experienced maximum discharge of  daily means >5,500 cfs in both time periods (Henkel et al. 2017a; 

Henkel et al. 2017b). The diversion was closed of at very low flow the rest of the tiem.  
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Figure 6: USGS provisional graph of discharge in cubic feet per second (cfs) at the Caerarvon Freshwater 

Diversion (CFD) from August, 2016 through August, 2017(USGS 2018). 

Observed high water in marshes surrounding the diversion outfall area (Figure 7) is influenced 

primarily by sustained south/southeast winds, as well as precipitation and flow through the diversion 

greater than 4,000 cfs (Snedden et al 2007). Between October, 2016 and October, 2017 (most recent 

data available), water elevation exceeded marsh elevation frequently (CPRA 2018). The most extended 

periods of high water occurred in October-November, 2016, which did not coincide with high flow 

through the diversion. High water in January, 2017 and April, 2017 did coincide with high discharge 

through the diversion (up to 6,000+ cfs), which may have contributed to the increase in water level 

relative to marsh elevation at that time. During those same time periods, wind direction predominantly 

came from the south/southeast and southwest, which likely also contributed to high water levels. 

Compared to marsh elevation, overall mean water elevation for the year was less than surrounding 

marsh elevation between October, 2016 and October, 2017. Although marshes were flooded frequently, 

it was <50 % of the time (CPRA 2018). 
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Figure 7: Hydrological data from Coastwide Reference Monitoring Station (CRMS) 0117 (October 2016- 

October 2017) showing that overall mean water elevation (dashed line) remained below marsh surface 

(red line), even though hourly water data shows that the marsh surface was flooded frequently 

throughout the year (CPRA 2018).  

Winter 2016/2017 Planting  
Approximately, 8,400 trees were planted in the vicinity of the CFD during the winter 2016/2017 

planting season. About 4,900 trees were planted by volunteers and 3,500 trees were planted 

commercially. The Restore the Earth Foundation provided trees and financed the commercial planting, 

CRCL and St. Bernard Parish coordinated volunteers for volunteer plantings (2,500 trees and 2,400 trees, 

respectively), the St. Bernard Wetland Foundation provided additional trees for the St. Bernard Parish 

volunteer planting. Planting locations for both the commercial and volunteer plantings were scouted by 

LPBF, which also obtained baseline data (described below) on newly tagged trees for the tree 

monitoring program (Figure 8). All planted trees were approximately 1 year old saplings grown in 1 

gallon pots at local nurseries. 
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Figure 8: The distribution of planting locations and tagged trees from the winter 2016/2017 swamp 
restoration planting season, which for the first time included trees planted in parnership with St. 
Bernard Parish. 

Volunteer Plantings 
Volunteers planted 4,900 trees during the winter 2016/2017 planting season. Trees were 

planted between October and April over multiple planting events, in front of the newly constructed 

flood protection levee in St. Bernard Parish, located about 5 km due east of the diversion structure, and 

in marshes surrounding the diversion outfall area. Before each planting, a statistically robust subset of 

trees was flagged, tagged and measured for baseline data. All trees were then moved on site (Figure 9a 

& 9b). The day of each planting volunteers worked in teams of 2 and planted trees approximately 5 

meters apart (Figure 9c & 9d). Each planted tree was wrapped with a nutria excluder. Tagged tree 

locations were recorded using a Garmin GPSmap 60CSx or Trimble R1 GNSS Receiver. 
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Figure 9: Trees were moved on site either by truck (along the flood protection levee) or by boat (a & b). 

Trees were planted approximately 5 meters a part and outfitted with nutria excluders (c & d). 

 

Commercial Planting 
Three thousand five hundred trees were planted commercially by Ecological Restoration 

Services, LLC the last week of April, 2017. Three hundred randomly selected trees were flagged, tagged 

and measured for baseline data. All trees were baldcypress.  At a later date, LPBF staff went on site and 

obtained gps locations on all tagged trees that could be found (279).  

 

Baseline Data 
Of 8,400 trees planted during the winter 2016/2017 planting season, included were 7,400 bald 

cypress (all 3,500 trees in the commercial planting, all 2,400 trees in the St. Bernard volunteer planting, 

and 1,500 of the CRCL volunteer planting), 500 water tupelo, 250 red swamp maple and 250 blackgum 

tupelo.  A total of 6,000 trees were planted excluding the St. Bernard planting, and 767 trees were 
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added to the tree monitoring program. This total of tagged trees excludes 376 trees tagged for the St. 

Bernard planting, which are meant to be monitored separately. All planted trees were approximately 1-

year old saplings grown in 1 gallon pots at local nurseries (ERS LLC, Montegut, Louisiana; St. Bernard 

Wetland Foundation, Violet, Louisiana).To obtain baseline data we documented tree species, height, 

and diameter at breast height (dbh) of tagged trees.  

  Height 

Mean baseline tree height for the winter 2016/2017 planting season was similar for most 

species to previous baseline tree heights recorded in the area (Hillmann et al. 2013, Hillmann et al. 

2016), except for baldcypress baseline height, which has been increasing every year. Overall baseline 

height ranged between a maximum of 2.95 m and a minimum of 0.62 m with a mean of 1.66 m (SE 

±0.01). By species mean baseline height was; baldcypress 1.76 m (SE ±0.01), water tupelo 1.46 m (SE 

±0.02), black gum tupelo 1.33 m (SE ±0.03) and red swamp maple 1.41 m(SE ±0.02). 

Diameter at Breast Height 

Diameter at breast height is used to monitor tree growth rates and is generally measured at 

1.42 meters above ground level unless the tree base is buttressed. Mean baseline dbh was 0.66 cm (SE 

±0.01), and ranged from a maximum of 1.8 cm to a minimum of 0.05 cm. By species mean baseline dbh 

was; baldcypress 0.70 cm (SE ±0.01), water tupelo 0.44 cm (SE ±0.02), black gum tupelo 0.36 cm (SE 

±0.02) and red swamp maple 0.52 cm (SE ±0.02). Many of the trees were not tall enough to measure at 

dbh at planting time. 

Annual Tree Monitoring 
Trees in the monitoring program are visted annually at the end of each growing season (EOS) in 

late fall and winter. Trees are documented as dead, did not find (dnf) or alive. If trees are observed as 

dnf for two consecutive monitoring seasons they are assumed dead. Live trees are measured for height 

and dbh (Figure 10a-d). These data show survival and annual growth of planted trees. The total number 

of trees in the Caernarvon area swamp restoration tree monitoring program through the end of 2016 is 

2,466 out of the 23,594 that have been planted (Table 1). 

 

Analysis 
Statistical differences in height and dbh across plantings, years since planting and species were 

analyzed using analysis of variance (ANOVA) tests in SAS 9.4. Growth across years, by planting season, 

and species was assessed using repeated measures ANOVA.  In all cases, a significance value of p=0.05 

was used to indicate significant differences. If significant differences were detected, post hoc analysis 

was performed with Tukey’s HSD.  
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Figure 10. Tree diameter at breast height (a) and tree height (c) are monitored annually. Surrounding 
vegetation can obscure small trees (d). Trees are re-flagged to make locating trees the following year 
easier (b).  
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Table 1: The number of trees planted at each planting, the number of trees per cohort that were placed 
in the monitoring program, and a breakdown by species are shown by swamp restoration planting 
season. Totals do not include 2,400 trees planted with St. Bernard (all baldcypress), including 374 tagged 
trees. W= winter, BG=blackgum, #pltd= number of trees planted. 

 

Tree Survival 

Overall Survival 

Overall tree survival was 70% (all surviving tagged trees divided by all tagged trees). Average 

survival across all plantings was 60% (average of survival of each of six plantings which have been 

monitored at least once). The lower survival across all plantings was directly impacted by the first 

planting season (winter 2010/2011), which has a survival rate of about 10%, due to not using nutria 

protectors and planting trees on mudflats, which were not stable (Figure 11). Average survival is 70% 

when the winter 2010/2011 planting season is excluded, and represents survival beginning when nutria 

protectors were placed on every tree planted. The overall survival is higher because more trees were 

planted at later plantings, which had higher survival rates due to applied lessons learned (consistent use 

of nutria protectors, longer stakes for stabilization, well planned site selection). Also, there was no large 

storm event like Hurricane Isaac (August 29, 2012), which also impacted earlier plantings (including 

winter 2011/2012). The highest survival rate was 96% for trees planted in winter 2012/2013 (Figure 11). 

The plantings exposed to Hurricane Isaac, especially trees planted in the winter 2011/2012 (some sites 

at the convergence of multiple canals) did show a decrease in survival during subsequent monitoring, 

but considering storm surge up to 18’, a decrease in tree survival would be anticipated. For all plantings, 

increases in survival corresponds to locating trees that could not be found during previous monitoring 

trips. Please see Appendix A at the end of this report for a map and the distribution of tree mortality.  
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Figure 11. Tree survival over time by tree planting seasons in the vicinity of the Caernarvon Freshwater 
Diversion (CFD). Overall survival of all tagged trees is 70%. 

Survival by Species 

The species with the highest survival rate was green ash at 100%, but this was also the species 

with the lowest sample size (n=10) and was only planted at one planting (winter 2012/2013). The 

species with the next best overall survival was water tupelo at 88% (n=208) which was planted during 

five of the seven planting seasons.  Swamp red maple had the next best overall survival at 80% (n=121),  

but was only planted at the winter of 2014/2015 and winter 2015/2016. Baldcypress had an overall 

survival of 68% (n=1,259) and was planted at every planting. Baldcypress was also the only species to be 

planted during the early tests and when Hurricane Isaac affected the region. Blackgum tupelo survival 

was low with only 37% survival (n=91), and was also was only planted in the winter of 2014/2015 and 

winter 2015/2016. 

 

Tree Height/Growth Rates 

 Overall Growth Rates for Height 

 Across all planting seasons and monitoring years the overall tree growth rate was 0.55 m/ yr 

(Figure 12). Growth rates by monitoring year ranged between 0.32 m-0.68 m. However, planting 
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seasons differed in number of trees and species planted, therefore growth rates within planting seasons 

across years may be more informative.   

 

Figure 12. Height growth rates (m/yr) by monitoring year (2012/2013-2015/2016). 

Growth Rates and Height by Planting Season 

Mean tree height at EOS 2016 across all plantings was 2.73m (SE ±0.04) and mean tree growth 

was 0.32 m/ yr (SE ±0.02). Tallest trees were from the winter 2010/2011 planting (the earliest planting) 

(Figure 13). Mean tree height from that planting was 5.98 m (SE ±0.26), with a maximum of 9.5 m and a 

minimum of 3.9 meters. Shortest trees at EOS 2016 were from the most recent planting prior to tree 

monitoring, winter 2015/2016. Mean tree height from this planting was 1.70 m (SE ±0.04), with a 

maximum of 3.1 m and a minimum of 0.30 meters (Figure 13). Tree height was significantly different 

across all planting seasons (F5,949=331.83; p<0.0001), with the exception of the winter 2011/12 and 

winter 2012/2013 seasons, which did not differ from each other. 

Within each individual planting season across years tree height growth varied for some 

monitoring years. See below for a breakdown of tree height growth across years within individual 

planting seasons. 

 

 Winter 2010/11 planting season- For the earliest planting season, tree growth was 

significantly different across years (F3,115=5.53; p=0.0014). For this planting the highest 

mean growth rate was 1.06 m ±0.09 SE (from EOS 2014 to EOS 2015), and the lowest 

growth rate was 0.52 m ±0.14 SE (from EOS 2015 to EOS 2016). The 2015 to 2016 
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growth rate was significantly different and less compared to all other years, which did 

not differ from each other.  

 Winter 2011/12 planting season- For the second planting season, tree growth was 

significantly different across years (F3,558=15.16; p<0.0001). For this planting the highest 

growth was 0.84 m ±0.06 SE (from EOS 2014 to EOS 2015), and the lowest mean growth 

was 0.42 m ±0.05 SE (from EOS 2015 to EOS 2016). Growth from 2014 to 2015 was 

significantly different and higher compared to all other years. Growth from 2015 to 

2016 was similar to growth from 2012 to 2013 (mean 0.57 m ± 0.03 SE), but different 

from the 2013 to 2014 (mean 0.64 ± 0.04 SE).  

 Winter 2012/13 planting season- For the third planting season, tree height growth was 

significantly different across years (F3,397=44.30; p<0.0001). For this planting the highest 

mean growth was 1.01 m ±0.05 SE (from EOS 2014 to EOS 2015), and the lowest mean 

growth was 0.30 m ±0.0 SE (from baseline to EOS 2013). Growth from 2014 to 2015 was 

significantly different and higher compared to all other years, and the baseline to EOS 

2013 growth was significantly different and lower than all others. Growth from EOS 

2013 to EOS 2014 (mean 0.76 m ±o.04 SE) and from EOS 2015 to EOS 2016 (mean 0.63 

m ± 0.04 SE) did not differ from each other.  

 Winter 2013/14 planting season- For the fourth planting season, tree height growth was 

significantly different across years (F2,318=18.37; p<0.0001). For this planting the most 

mean growth was 0.87 m ±0.05 SE (from EOS 2014 to EOS 2015), and the least mean 

growth was 0.44 m ±0.06 SE (from EOS 2015 to EOS 2016). Growth from 2014 to 2015 

was significantly different and higher compared to all other years, while the EOS 2015 to 

EOS 2016 growth and the baseline to EOS 2014 growth (mean 0.57 m ± 0.05 SE) did not 

differ. 

 Winter 2014/15 planting season- For the fifth planting season, tree height growth was 

significantly different across years (F1,1041=83.71; p<0.0001). For this planting the 

baseline height to EOS 2015 growth was higher and statistically different (mean 0.54 m 

±0.02 SE )than growth from EOS 2015 to EOS 2016 (mean 0.29 m ±0.02 SE).  

 Winter 2015/16 planting season- For the most recent planting season covered in this 

report, which has been monitored at least once, the mean growth of tagged trees fom 

baseline height to EOS 2016 was 0.01 m ± 0.04 SE and did not differ significantly 

between years. 
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Figure 13. Tree height across individual planting seasons after annual monitoring (2012-2016). Turquoise 
bars indicate tree height end of season 2016. Black bars indicate baseline data. Baseline data was not 
measured for the first 2 plantings (2010/2011 and 2011/2012). 

  

Growth Rates and Height by Number of Years Planted 

 Baseline measurements were not taken for trees from the winter 2010/2011 and winter 

2011/2012 planting seasons and are not included in baseline data analysis (below). Further, trees 

planted in winter 2010/2011 were not monitored until 2 years post planting and are therefore not 

represented  in 1 year post planting analysis (below). Winter 2010/2011 trees are also the only trees 

that have been monitored 6 years post planting. The overall year to year mean growth rate for height, 

regardless of planting season, was 0.63 m/yr (±0.07 SE). In general, trees grew 0.36 m/yr (±0.13 SE) from 

baseline to 1 year post planting. In year 2 trees grew approximately 0.62 m/yr (±0.13 SE). In year 3, 4 

and 5 trees grew approximately 0.76 m/yr (±0.13 SE), 0.79 m/yr (±0.08 SE) and 0.74 m/yr (±0.32 SE), 

respectively. During the sixth year trees grew 0.52 m/yr (±0.14 SE). See below for a breakdown of height 

by number of years planted across planting seasons (Figure 14). 
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 0 years (baseline) - Baseline data was not recorded for the first two planting seasons 

(winter 2010/11 and winter 2011/12). However, there was a significant difference in 

baseline height among tagged trees of the remaining planting seasons (F3,1450=104.97; 

p<0.0001), which ranged from 1.20 – 1.56 m. Baseline height from the winter 2013/14 

and winter 2014/15 planting seasons (mean 1.20 m ± SE 0.01 and mean 1.26 m ±SE 

0.01, respectively) did not differ from each other, but were lower and significantly 

different from winter 2012/13 and winter 2015/16 baseline heights. 

 1-year post planting- There was a significant difference in tree height by planting season 

(F4, 1187=31.98; p<0.0001). Trees from the winter 2011/12 planting season were 

significantly shorter (mean 1.40 m ± 0.03 SE) and different than trees from all other 

planting seasons (range: 1.67-1.79 m), which did not differ compared to each other.  

 2-years post planting- There was a significant difference in tree height by planting 

season (F4, 813=34.35; p<0.0001). Mean tree height ranged from 1.99-2.67 m. Trees from 

the 2013/14 planting were tallest (mean 2.67 m ± 0.08 SE), but statistically similar to 

winter 2010/11 trees. The shortest trees were from the winter 2011/12 planting season 

(mean 1.99 m ± 0.04 SE), which were statistically similar to trees from winter 2014/15 

(mean 2.06 m ± 0.03 SE). 

 3-years post planting- There was a significant difference in tree height by planting 

season (F3, 377=22.98; p<0.0001). Mean tree height ranged from 2.63-3.53 m. Trees from 

the 2010/11 planting season were tallest (mean 3.53 m ± 0.12 SE), but statistically 

similar to winter 2012/13 and winter 2013/14 trees. The shortest trees were from the 

winter 2011/12 planting season (mean 2.63 m ± 0.06 SE), which were statistically 

different than all other trees. 

 4-years post planting- There was a significant difference in tree height by planting 

season (F2, 280=12.57; p<0.0001). Mean tree height ranged from 3.52-4.40 m. Trees from 

the 2010/11 planting season were tallest (mean 4.40 m ± 0.17 SE), but statistically 

similar to the 2012/13 planting season trees (mean 4.10 m ± 0.11 SE). The trees were 

from the winter 2011/12 planting season (mean 3.52 m ± 0.10 SE), which were 

statistically different from all other trees. 

 5-years post planting- Trees from only two planting seasons (winter 2010/11 and winter 

2011/12) have been in ground at 5 years post planting and there was a significant 

difference in tree height between planting seasons(t=6.82; p<0.0001). Mean winter 

2010/11 trees height was 5.47 m ± 0.18 SE, and mean winter 2011/12 tree height was 

3.99 m ± 0.11. 

 6-years post planting- Winter 2010/11 trees are the only trees in ground at 6 years post 

planting and had a mean tree height of 5.98 m ± 0.26 SE. 
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Figure 14.Tree height across number of years since planting by planting season. bsln.= baseline data at 

planting. Baseline data was not recorded for trees planted in 2010/11 and 2011/12. 

 

Growth Rates and Height by Species 

Five tree species have been planted across six planting seasons, although not all species were 

planted during each planting seasons. Different tree species have distinct growth patterns, conflating 

direct comparisons. See below for a breakdown of tree growth (height) by species (Figure 15). 

Baldcypress 

 There were significant differences in baldcypress growth across years (F3,2052=78.18; p<0.0001). 

Overall, baldcypress grew more from 2013 to 2014 (mean 0.68 m ± 0.03 SE) and from 2014 to 2015 

(mean 0.72 m ± 0.02 SE) compared to all other years. The least baldcypress growth occurred from 2015 

to 2016 (mean 0.36 m ± 0.02 SE). See below for a breakdown of baldcypress growth within individual 

planting seasons over time. The winter 2010/11 and winter 2011/12 planting seasons will not be 

discussed as all trees planted were baldcypress and growth for these planting seasons has already been 
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discussed (see Growth Rates/Height/winter 2010/2011 planting season and Growth 

Rates/Height/winter 2011/2012 planting season). 

 

 Baldcypress winter 2012/2013 planting- There was a significant difference in 

baldcypress growth (F3,299=41.95; p<0.0001). Overall, baldcypress grew more from EOS 

2013 to EOS 2014 (mean 0.83 m ± 0.04 SE) and from EOS 2014 to EOS 2015 (mean 0.98 

m ± 0.05 SE) compared to all other years. The least baldcypress growth occurred from 

2012 (baseline) to EOS 2013 (mean 0.36 m ± 0.03 SE). 

 Baldcypress winter 2013/2014 planting- There was a significant difference in 

baldcypress growth (F2,185=27.27; p<0.0001); growth in all monitoring years differed. 

Baldcypress grew more from EOS 2014 to EOS 2015 (mean 0.95 m ± 0.07 SE) compared 

to EOS 2013 to EOS 2014 (mean 0.52 m ± 0.06 SE). The least baldcypress growth 

occurred from EOS 2015 to EOS 2016 (mean 0.24 m ± 0.08 SE).  

 Baldcypress winter 2014/2015 planting- There was a significant difference in 

baldcypress growth (F1,800=92.98; p<0.0001) between EOS 2014 to EOS 2015 (mean 0.59 

m ± 0.02 SE)  and EOS 2015 to EOS 2016 (mean 0.31 m ± 0.03 SE). 

 Baldcypress winter 2015/2016 planting- Baldcypress planted during the winter of 

2014/2015 grew on average 0.19 m (±0.04 SE) during the first year post planting (from 

winter 2015/2016 to EOS 2016). 

 

Water Tupelo 

There was a significant difference in water tupelo growth by planting season (F3,339=36.83; 
p<0.0001). Water tupelo from the winter 2013/14 planting season had a faster overall growth rate 
(mean 0.68 m ± 0.04 SE) and was statistically different than all other planting seasons. There was also a 
significant difference in water tupelo growth over time (F3,339=14.06; p<0.0001). Overall, water tupelo 
grew more from 2013 to 2014 (mean 0.62 m ± 0.06 SE) and from 2014 to 2015 (mean 0.63 m ± 0.04 SE) 
compared to all other years (2012 to 2013: mean -0.10 ±0.08 SE; 2015 to 2016: mean 0.35 ±0.05 SE). See 
below for a breakdown of water tupelo growth within individual planting seasons over time. The winter 
2010/11 and winter 2011/12 planting seasons will not be discussed as no water tupelo trees were 
planted during those times. 

 

 Water tupelo winter 2012/2013 planting- There was a significant difference in water 

tupelo growth (F3,60=18.89; p<0.0001). Water tupelo growth from 2012 (baseline) to EOS 

2013 (mean -0.10 m ± 0.08 SE) was less and statistically different compared to all other 

monitoring years, which ranged from 0.57 to 0.80 meters. The highest water tupelo 

growth occurred from EOS 2014 to EOS 2015. 

 Water tupelo winter 2013/2014 planting- There was no significant difference in water 

tupelo growth across years within the winter 2013/2014 planting season. Water tupelo 

growth rates by monitoring year ranged from 0.63 to 0.73 meters.  

 Water tupelo winter 2014/2015 planting- There was no significant difference in water 

tupelo growth across years within the winter 2014/2015 planting season. Water tupelo 

growth rates by monitoring year ranged from 0.46 to 0.51 meters. 
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 Water tupelo winter 2015/2016 planting- Water tupelo planted during the winter of 

2015/2016 decreased in height on average -0.29 m (± 0.10 SE) during the first year post 

planting (from winter 2015/2016 to EOS 2016). 

Blackgum Tupelo 

There was no significant difference in blackgum tupelo growth by planting season or overall, 
across time. Blackgum tupelo decreased in height by planting by between -0.07 and -0.13 m, and also 
decreased in height across years by between -0.04 and -0.13 m. See below for a breakdown of blackgum 
tupelo growth within individual planting seasons over time. Only the winter 2014/15 and winter 
2015/16 planting seasons will be discussed as blackgum tupelo trees were only planted during those 
times. 

 

 Blackgum tupelo winter 2014/2015 planting- There was no significant difference in 
blackgum tupelo growth across years within the winter 2014/2015 planting season. 
Blackgum tupelo growth rates by monitoring year ranged from -.04 to -0.13 meters. 

 Blackgum tupelo winter 2015/2016 planting-Blackgum tupelo planted during the winter 
of 2015/2016 decreased in height on average -0.13 m (±0.06 SE) during the first year 
post planting (from winter 2015/2016 (baseline) to EOS 2016).   

 

Red Swamp Maple 

There was a significant difference in red swamp maple growth by planting season (F1,121=13.62; 
p=0.0013) and across time (F1,121=21.56; p<0.0001). Red swamp maple planted in winter 2014/2015 had 
a higher growth rate (0.21 m ± 0.03 SE) than trees planted in winter 2015/2016, which decreased in 
height overall (-0.04 m ± 0.07 SE). Red swamp maple growth from 2014 to 2015 (0.32 m ± 0.05 SE) was 
greater than growth from 2015 to 2016 (0.02 m ± 0.04 SE). See below for a breakdown of red swamp 
maple growth within individual planting seasons over time. Only the winter 2014/15 and winter 2015/16 
planting seasons will be discussed as red swamp maple trees were only planted during those times. 

 

 Red swamp maple winter 2014/2015 planting- There was a significant difference in red 
swamp maple growth across years within the winter 2014/2015 planting season 
(F1,84=12.52; p=0.0007). Growth from EOS 2014 to EOS 2015 (0.32 m ± 0.08 SE) was 
greater than growth from EOS 2015 to EOS 2016 (0.08 m ± 0.03 SE). 

 Red swamp maple winter 2015/2016 planting-Red swamp maple planted during the 
winter of 2015/2016 decreased in height on average -0.04 m (±0.07 SE) during the first 
year post planting (from winter 2015/2016 (baseline)to EOS 2016).   

 

Green Ash  

There was no significant difference in green ash growth over time. Overall, green ash yearly 

growth ranged between 0.52 meters and 1.51 meters a year. Green ash was only planted during the 

winter 2012/2013 season (discussed above), therefore no further analysis by planting is necessary. 
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Figure 15. Tree height (EOS 2012-2065) within tree species and planting seasons. Black bars indicate tree 

height baseline data. EOS= end of season 
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Tree DBH/Growth Rates 

 Overall Growth Rates for DBH 

 Across all planting seasons and monitoring years the overall tree growth rate was 1.30 cm/ yr 

(Figure 16). Growth rates by monitoring year ranged between 1.02 m-1.63 cm. However, planting 

seasons differed in number of trees and species planted, therefore growth rates within planting seasons 

across years may be more informative.   

 

Figure 16. Overall growth rates (diameter at breast height (dbh)) by monitoring year (2012/2013-

2015/2016). 

Growth Rates and DBH by Planting Season 

Mean tree dbh at EOS 2016 across all plantings was 3.16 cm (SE ±0.10). Highest dbh was from 

the winter 2010/2011 planting with a mean tree dbh of was 9.55 cm (SE ±0.50), and a maximum of 14.8 

cm and a minimum of 5.0 cm (Figure 17).  Minimum dbh was found in the most recent planting prior to 

tree monitoring, winter 2015/2016. Mean dbh from this planting was 1.00 cm (SE ±0.03), with a 

maximum of 2.4 cm and a minimum of 0.40 cm (Figure 17). EOS 2016 tree dbh was significantly different 

across planting seasons (F5,846=271.19; p<0.0001), with the exception of the winter 2011/12 and winter 

2012/2013 seasons, which did not differ from each other. 

Within each individual planting season, across years, dbh growth varied for some monitoring 

years. See below for a breakdown of dbh growth across years within individual planting seasons. 
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 Winter 2010/2011planting season- DBH growth for the earliest planting season was not 

significantly different across years. DBH growth for this planting ranged between 1.45 to 

2.0 cm per monitoring year (EOS 2012-EOS 2016).  

 Winter 2011/2012 planting season- For the second planting season, dbh growth was not 

significantly different across years. For this planting dbh growth ranged between 1.19 to 

1.46 cm per monitoring  year (EOS 2012-EOS 2016).  

 Winter 2012/2013 planting season- For the third planting season, dbh growth was 

significantly different across years (EOS 2013-EOS 2016; F3,313=16.74; p<0.0001). For this 

planting highest mean dbh growth was 1.99 cm ± 0.11 SE (from EOS 2014 to EOS 2015), 

and lowest mean dbh growth was 0.71 cm ± 0.07 SE (from baseline to EOS 2013).  EOS 

2013 to EOS 2014 dbh growth (1.43 cm ± 0.12 SE) was comparable to and not different 

from  EOS 2015 to EOS 2016 dbh growth (1.60 cm ± 0.10 SE); all others differed. 

 Winter 2013/2014 planting season- For the fourth planting season, dbh growth was 

significantly different across years (EOS 2014-EOS 2016; F2,160=20.17; p<0.0001). For this 

planting highest mean dbh growth was 1.68 cm ± 0.10 SE (from EOS 2014 to EOS 2015), 

and was significantly different from the lowest mean dbh growth (0.88 c m ±0.07 SE; 

from EOS 2015 to EOS 2016).  Baseline (winter 2013/2014) to EOS 2014 was not 

comparatively analyzed due to low sample size (n=2). 

 Winter 2014/2015 planting season- For the fifth planting season, dbh growth was not 

significantly different across years. For this planting dbh growth ranged between 0.67 to 

0.78 cm per monitoring  year (baseline- EOS 2015 and EOS 2015-EOS 2016).  

 Winter 2015/16 planting season- For the last planting season which has been monitored 

at least once, the growth of tagged trees from baseline dbh to EOS 2016 was mean 0.24 

cm ± 0.04 SE. There was a significant difference in dbh between baseline (0.78 cm ± 0.02 

SE) and EOS 2016 dbh (1.00 cm ± 0.04 SE) (t=-5.43, df=62, p<0.0001).. 
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Figure 17. Tree diameter at breast height (dbh) across individual planting seasons after annual 
monitoring (2012-2016). Turquoise bars indicate dbh at end of season 2016. Black bars indicate baseline 
data. Baseline data was not measured for the first 2 planting seasons (2010/2011 and 2011/2012). 

Growth Rates and DBH by Number of Years Planted 

 Baseline measurements were not taken for trees from the winter 2010/2011 and winter 

2011/2012 planting seasons and are not included in baseline data analysis (below). Further, trees 

planted in winter 2010/2011 were not monitored until 2 years post planting and are, therefore, also not 

represented  in 1 year post planting analysis (below). Winter 2010/2011 trees are also the only trees 

that have been monitored 6 years post planting.  The overall year to year mean growth rate for dbh, 

regardless of planting season, for planted trees was 1.36 cm/yr (±0.07 SE). In general, trees grew 0.62 

cm/yr (±0.13 SE) from baseline to 1 year post planting. In year 2 trees grew approximately 1.27 cm/yr 

(±0.13 SE). In year 3, 4 and 5 trees grew approximately 1.54 cm/yr (±0.13 SE), 1.50 cm/yr (±0.08 SE) and 

1.57 cm/yr (±0.32 SE), respectively. During the sixth year trees grew 1.63 cm/yr (±0.14 SE). See below for 

a breakdown of dbh by number of years planted across planting seasons (Figure 18). 
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 0 years (baseline)- Baseline data was not recorded for the first two planting seasons 

(winter 2010/11 and winter 2011/12). However, there was a significant difference in 

baseline dbh among tagged trees of the remaining planting seasons (F3,248=24.90; 

p<0.0001), which ranged from 0.40 – 0.78 cm. Baseline dbh from the winter 2015/16 

planting season (mean 0.78 cm ± SE 0.02) was greater and different from all others. 

 1 year post planting- There was a significant difference in dbh comparing tagged trees 

from all planting seasons at 1 year post planting (F4,781=26.83; p<0.0001). DBH from the 

winter 2011/12 planting season was significantly less (mean 0.71 cm ± 0.04 SE) and 

different than trees from all other planting seasons (range: 1.00-1.27 m).  

 2 years post planting- There was a significant difference in dbh comparing tagged trees 

from all plantings at 2 years post planting (F4,742=32.39; p<0.0001). Dbh from the winter 

2010/2011 (mean 2.70 cm ± 0.15 SE), winter 2012/2013 (mean 2.27 cm ± 0.11 SE), and 

winter 2013/2014 (mean 2.66 cm ± 0.11 SE) planting seasons were statistically similar, 

higher and different than dbh from the winter 2011/2012 and winter 2014/15 planting 

seasons (mean 1.53 cm ± 0.07 SE and 1.73 cm ± 0.05 SE, respectively). 

 3 years post planting- There was a significant difference in dbh comparing tagged trees 

from all plantings 3 years post planting (F3,358=23.48; p<0.0001). Dbh from the winter 

2010/2011 (mean 4.70 cm ± 0.29 SE) and winter 2012/2013 (mean 4.21 cm ± 0.20 SE) 

planting seasons were statistically similar, higher and different than dbh from all other 

planting seasons (range: 2.70- 3.42 cm). 

 4 years post planting- There was a significant difference in dbh comparing tagged trees 

from all plantings 4 years post planting (F2,276=18.73; p<0.0001). Dbh from the winter 

2010/2011 (mean 6.15 cm ± 0.37 SE) and winter 2012/2013 (mean 5.76 cm ± 0.27 SE) 

planting seasons were statistically similar, higher and different than dbh from the winter 

2011/2012 planting season (mean 4.12 cm ± 0.18). 

 5 years post planting- Trees from only 2 planting seasons have been monitored 5 years 

post planting; and there was a significant difference in dbh comparing tagged trees from 

those plantings (F1,160=22.48; p<0.0001). Dbh from the winter 2010/2011 trees (mean 

7.92 cm ± 0.42 SE) was higher than dbh from winter 2011/2012 trees (mean 5.48 cm ± 

0.23 SE). 

 6 years post planting- Only the winter 2010/2011 planting season trees have been 

monitored 6 years post planting, with a mean dbh of 9.56 cm, ± 0.50 SE. 
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Figure 18. Tree diameter at breast height across number of years since planting by planting season. 

bsln.= baseline data at planting. Baseline data was not recorded for trees planted in 2010/11 and 

2011/12. 

 

Growth Rates and DBH by Species 

Baldcypress 

 There were significant differences in baldcypress dbh growth across years (F3,1143=30.72; 

p<0.0001) (Figure 19). Overall, baldcypress grew more from 2014 to 2015 (mean 1.80 cm ± 0.06 SE) 

compared to all other years. The least baldcypress growth occurred from 2015 to 2016 (mean 1.16 cm ± 

0.04 SE). See below for a breakdown of baldcypress growth within individual planting seasons over time. 

The winter 2010/11 and winter 2011/12 planting seasons will not be discussed as all trees planted were 

baldcypress and growth for these planting seasons has already been discussed (see Diameter at Breast 

Height/Growth Rates/By Planting Season/winter 2010/11).  

 



Page 29 of 46 
 

 Winter 2012/2013 planting season- There was a significant difference in baldcypress dbh 

growth (F3,232=16.55; p<0.0001). Overall, baldcypress dbh increased more from EOS 2014 to 

EOS 2015 (mean 2.30 cm ± 0.11 SE) compared to all other years. The least baldcypress 

growth occurred from 2012 (baseline) to EOS 2013 (mean 0.79 cm ± 0.06 SE). 

 Winter 2013/2014 planting season- There was a significant difference in baldcypress dbh 

growth (F32,94=27.87; p<0.0001). Overall, baldcypress dbh increased most from EOS 2014 to 

EOS 2015 (mean 2.04 cm ± 0.13 SE), which differed from the least baldcypress growth, 

which occurred from 2012 (baseline) to EOS 2013 (mean 0.73 cm ± 0.12 SE). 

 Winter 2014/2015 planting season- There was no significant difference in dbh growth 

between baseline and EOS 2015 (mean 1.08 cm ± 0.11 SE) and EOS 2015 to EOS 2016 (mean 

0.86 cm ± 0.06 SE). 

 Winter 2015/2016 planting season- Baldcypress planted during the winter of 2014/2015 

grew on average 0.53 cm (±0.12 SE) during the first year post planting (from winter 

2015/2016 to EOS 2016). 

 

Water Tupelo 

 Across planting seasons that included water tupelo there were significant differences in 
dbh growth across years (F3,180=10.06; p<0.0001) (Figure 19). Overall, water tupelo grew more from 
2014 to 2015 (mean 1.01 cm ± 0.06 SE) compared to all other years. The least water tupelo growth 
occurred from 2013 to 2014 (mean 0.20 cm ± 0.21 SE). See below for a breakdown of water tupelo 
growth within individual planting seasons over time. The winter 2010/11 and winter 2011/12 planting 
seasons will not be discussed as no water tupelo trees were planted during those times. 

 

 Winter 2012/2013 planting season- There was a significant difference in water tupelo dbh 

growth (F3,50=5.23; p=0.0032) across years. Overall, water tupelo dbh increased the least 

from EOS 2013 to EOS 2014 (mean 0.20 cm ± 0.21 SE), and was significantly different 

compared to all other years. The most water tupelo growth occurred from EOS 2014 to EOS 

2015 (mean 0.80 cm ± 0.09 SE) and from  EOS 2015 to EOS 2016 (mean 0.81 cm ± 0.11 SE), 

which did not differ. 

 Winter 2013/2014 planting season- Baseline data on water tupelo dbh was not collected on 

tagged trees prior to planting due to the short heights of tagged trees, therefore dbh growth 

from baseline to EOS 2014 cannot be included in the analysis. However, there was no 

significant difference in dbh growth between EOS 2014 to EOS 2015 (mean 1.20 cm ± 0.08 

SE) and EOS 2015 to EOS 2016 (mean 1.06 cm ± 0.08 SE). 

 Winter 2014/2015 planting season- There was no significant difference in dbh growth 

between EOS 2014 to EOS 2015 (mean 0.54 cm ± 0.12 SE) and EOS 2015 to EOS 2016 (mean 

0.64 cm ± 0.10 SE). 

 Winter 2015/2016 planting season- Water tupelo planted during the winter of 2015/2016 

grew on average 0.11 cm (±0.03 SE) during the first year post planting (from winter 

2015/2016 (baseline) to EOS 2016). 
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Blackgum Tupelo 

 Across planting seasons that included blackgum tupelo there were no significant differences in 

dbh growth across years (range: 0.10-0.32 cm) (Figure 19). See below for a breakdown of blackgum tupelo 

growth within individual planting seasons over time. Only the winter 2014/2015 and winter 2015/2016 

planting seasons are discussed as blackgum tupelo has only been planted during those times. 

 

 Winter 2014/2015 planting season- There was no significant difference in dbh growth 

between EOS 2014 to EOS 2015 (mean 0.32 cm ± 0.23 SE) and EOS 2015 to EOS 2016 (mean 

0.12 cm ± 0.7 SE). 

 Winter 2015/2016 planting season- Blackgum tupelo planted during the winter of 

2015/2016 grew on average 0.10 cm (±0.05 SE) during the first year post planting (from 

winter 2015/2016 (baseline) to EOS 2016). 

 

Red Swamp Maple 

Across planting seasons that included red swamp maple there were significant differences in 

dbh growth across years (F1,43=10.96 ; p=0.0019) (Figure 19). Growth was higher from EOS 2014 to EOS 

2015 (mean 0.76 cm ± 0.07 SE), than from EOS 2015 to EOS 2016 (mean 0.25 cm ± 0.07 SE). See below 

for a breakdown of red swamp maple growth within individual planting seasons over time. Only the 

winter 2014/2015 and winter 2015/2016 planting seasons are discussed as red swamp maple has only 

been planted during those times. 

 

 Winter 2014/2015 planting season- There was a significant difference in dbh growth 

over time (F1,28=6.55; p=0.0162). Growth from EOS 2014 to EOS2015 (mean 0.76 cm ± 

0.07 SE) was greater than growth from EOS 2015 to EOS 2016 (mean 0.29 cm ± 0.10 SE). 

 Winter 2015/2016 planting season- Red swamp maple planted during the winter of 

2015/2016 grew on average 0.18 cm (±0.07 SE) during the first year post planting (from 

winter 2015/2016 (baseline) to EOS 2016). 

 

Green Ash 

  Only one planting season included green ash (winter 2012/2013). There were no 

significant differences in green ash dbh growth across years from EOS 2013-EOS 2016 (range 0.65-1.35 

cm) (Figure 19). 
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Figure 19. Tree diameter at breast height (EOS 2012-2016) across tree species and planting seasons. 

Black bars indicate tree height baseline data. EOS= end of season 
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Swamp Restoration Program Observations, Challenges and Successes 
Observations 
 Several years of tree monitoring in the vicinity of the CFD has begun to provide valuable 

information about the potential for survival and growth of planted trees in the footprint of river 

diversions. Despite higher mortality early on, overall survival continues to hover at 70%, and tree growth 

remains relatively high across most individual planting seasons and years, up to 1.06 meters a year (for 

height), and 1.99 cm a year (for dbh). Tree growth in this area is particularly strong compared to tree 

growth for other tree plantings (ie. Maurepas Landbridge), as well as natural wetland tree stands along 

the landbridge and other swamp areas fringing Lake Maurepas (see Butcher et al. 2018, Henkel et al. 

2017, Hillmann et al. 2017, Shaffer et al. 2009). Although questions about observed variation of growth 

among plantings remain, these data suggest that river diversions may promote higher growth rates in 

wetland trees in the footprint of river diversions. 

Robust growth in the vicinity of the CFD may be partially due to intermittent freshwater inflow 

through the diversion (Figure 20 & Figure 21). Freshwater inflow introduces nutrients and oxygenates 

stagnant water, which stimulates growth (Conner et al. 2006). Overall growth rates for both height and 

dbh are higher for years with more substantial pulses of river discharge through the diversion. 

Specifically, across most planting seasons (except the winter 2015/2016 planting season), significantly 

higher growth was observed in the monitoring year EOS 2014-EOS 2015, which correlated to both (1) 

several openings of the diversion during 2015, and (2) a comparatively wet spring (28.23 in. of 

precipitation January-May). Previous research in the La Branche Wetlands and Bonnet Carré Spillway 

also indicated that intermittent freshwater inflow from the Mississippi River and cool, wet springs 

correlated to higher tree productivity (Day et al. 2012). Less growth was observed in the monitoring year 

EOS 2015-EOS 2016, which correlated to less flow through the diversion and less precipitation in spring 

2016 (21.32 in. January-May), but did correlate to more marsh inundation in the spring of 2016 (Figure 

22, CPRA 2018).  
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Figure 20.  USGS provisional graph of discharge in cubic feet per second (cfs) at the Caernarvon 

Freshwater Diversion from October, 2010 through March, 2017(USGS 2018); overlain with height (top) 

and dbh (bottom) growth rates for the previous four growing seasons (2012-2013, 2013-2014, 2014-

2015, 2015-2016). 
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Figure 21. Scatterplot of annual mean Caernarvon Freshwater Diversion discharge (cfs) plotted against 

annual monitoring tree height (top) and diameter at breast height (bottom) growth rates for years 2013-

2016. Lowest growth rates occurred in 2016  which correlated to the least amount of mean annual 

discharge through the diversion. 
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Figure 22. Marsh Inundation at Coastwide Reference Monitoring Stations 0117, 0120 and 0128 in the 

vicinity of swamp restoration sites from October 2010 through September 2017, showing several spikes 

in 2010/2011 and 2016. 

Marsh inundation is likely a confounding factor influencing tree growth, both between regions 

(CFD area vs. the Maurepas Landbridge), within plantings, across time, and among different plantings 

overall.  For instance, although tree survival as of EOS 2016 on the Maurepas Landbridge was high 

(Butcher et al. 2018; ~80%), tree growth was lower (0.08 m per year (height)) than in the vicinity of the 

CFD. Hydrological data retrieved from CRMS stations in both areas underscore that trees planted on the 

landbridge are inundated more frequently, up to 87% of the time throughout the year compared to 

trees around the CFD (~44% of the time). Research has shown that prolonged flooding negatively affects 

tree survival and productivity, even in flood tolerant tree species (Hook 1981; Conner et al. 1984). Some 

common wetland tree species are negatively affected when flooded just 37% of the growing season.  

Although overall tree growth has been robust in the vicinity of the diversion, there was a 

definite slowing of growth for all CFD area tree plantings during the EOS 2015-EOS 2016 growing season. 

This slowing may be related to substantially higher mean water elevation, and therefore more marsh 

inundation (2016: 0.79 ft. GEOID12A/water elevation, 44% marsh inundation), compared to previous 

years with higher tree growth (2014: 0.48 ft. GEOID12A/water elevation,  27%  marsh inundation; 2015: 

0.36 ft GEOID12A/ water elevation, 19% marsh inundation) (CRMS 0117, CPRA 2018). Up to this point, 

we have relied on marsh inundation data from CRMS stations in the vicinity of our restoration sites. 

Marsh inundation calculations depend in part on marsh elevation; since heterogeneity exists among 

restoration sites it would be helpful to measure exact land elevations at planting locations. We would 

then be able to calculate marsh inundation with more specificity and make a stronger connection 
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between marsh inundation and the growth of planted trees. To this end LPBF plans to test the 

hypotheses that marsh elevation and inundation are impacting annual tree growth rates in the CFD area. 

In the coming year we plan to obtain survey grade land elevation data at select restoration sites using a 

Trimble Geo Explorer 6000 GeoXR GPS attached to a Zephyr Model 2 GNSS receiver. With these data we 

will be able to calculate marsh inundation relative to our sites instead of extrapolating data out from 

nearby CRMS stations. Further, LPBF plans a similar land elevation survey at swamp restoration sites on 

the Maurepas Landbridge, which we hope will shed further light on the differences in annual tree 

growth between the two areas. 

After several years of high tree survival, EOS 2016 monitoring indicated higher than usual 

mortality, specifically for trees planted most recently during the winter 2015/2016 planting season. EOS 

2016 was the first monitoring survey after the winter 2015/2016 planting season, and many trees were 

not recovered in the field, most notably at sites located along Bayou Mandeville. In some instances, 

nutria excluders and tree stakes were found still in the ground, although trees were gone. It may be that 

high water on the marsh after planting swept insufficiently rooted saplings away, leaving well secured 

stakes and nutria excluders behind. Water elevation in the area spiked in March and April 2016 (soon 

after planting) (Figure 23). Delacroix Corporation field personnel reported high velocity water on the 

marsh in the vicinity of the plantings. During this time period flow through the diversion did not exceed 

1,000 cfs and likely did not contribute to marsh flooding. However, high water did correlate to strong 

winds out of the S/SE (sustained winds > 20+ knots), which likely affected water elevation and 

movement. This phenomenon was not observed at other sites from other planting seasons (which were 

well rooted) or other sites from this planting season (which were more protected).   

 

Figure 23. Coastwide Reference Monitoring Station 0117 showing spikes in water elevation during 

March and April 2016, shortly after the winter 2015/2016 planting season (CPRA 2018). 

Annual tree monitoring has also made it possible to compare tree growth across different 

planting seasons by the number of years since planting. Year by year, trees from the winter 2011/2012 

planting season are shorter and thinner compared to trees from other planting seasons. This may be due 

to trees being planted just prior to Hurricane Isaac. These newly planted trees were heavily damaged 

during the hurricane, and appear to be exhibiting residual impacts, continually lagging in height and dbh 
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compared to other planting seasons. In general, trees from other plantings, but at the same stage (# of 

years) post planting were similar in height and dbh.  

After several years of monitoring we’ve also observed differences in tree growth of several 

different species (baldcypress, water tupelo, blackgum tupelo, red swamp maple, green ash). 

Baldcypress, water tupelo and red swamp maple generally had similar growth patterns (height/dbh), 

which tracked the overall growth patterns of all trees planted in the area. For instance, baldcypress, 

water tupelo and red swamp maple exhibited significantly higher growth in the EOS 2014-EOS 2015 

monitoring year compared to all other monitoring years. In comparison, blackgum tupelo height 

decreased in EOS 2014-EOS 2015. However, fewer blackgum tupelo trees have been planted and tagged 

for monitoring. More time is likely necessary to conclusively decide whether it will be appropriate to 

continue planting blackgum tupelo.  

Of note, although green ash was planted only once (winter 2012/2013) and may not be planted 

again due to grant stipulations, growth has consistently been strong year to year. Interestingly, green 

ash growth was not significantly greater in the EOS 2014-EOS 2015 monitoring year, unlike baldcypress, 

water tupelo and red swamp maple.  

  

Challenges 
Herbivory continues to be a challenge in the area, but not uniformly across all planting sites. 

Although there is a healthy alligator population in Big Mar Pond, nutria are observed throughout the 

area, and sites on the south side of Delacroix Canal appear particularly affected. Trees were often found 

uprooted and chewed down at the base (Figure 24a).Consistent use of nutria excluders and proper 

installation of excluders at all plantings, therefore, continues to be an essential part of the success of 

this project. Nutria excluders do not prevent all instances of nutria herbivory, however proper use 

appears to increase the odds of tree survival (i.e. see Figure 11). Evidence of deer predation continues to 

be apparent at some planting sites, especially in the southwest (SW) corner of Big Mar Pond, and 

appears to be negatively impacting tree survival (Figure 24b). The winter 2013/14 planting season, of 

which all sites are located in the SW corner of Big Mar Pond, is most affected, as evidenced by 

observations in the field and continually declining tree survival (see Figure 11). Lastly, we continue to 

see evidence of the presence of feral hogs (Figure 24c), although their impact on planted trees at this 

time does not appear to be as extensive as nutria and deer. 
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Figure 24. Nutria herbivory is still a challenge at some planting sites (a), as is deer predation (b). 

Evidence of feral hogs in the area also continues to be observed (c) 

Successes 
 After seven years of planting in the vicinity of the diversion it appears trees planted towards the 

goal of swamp restoration are becoming well established and maturing. In fact, when regressed against 

each other, height and dbh data for baldcypress, water tupelo, and green ash are well correlated 

(Appendix B; r2>0.80). This may be indicating that we have reached the point where collecting dbh data 

only for these species is sufficient during monitoring as heights should be able to be accurately 

estimated using regression analysis.  Red swamp maple (r2=0.50) and blackgum tupelo (r2=0.09) have 

not yet reached this threshold. 

However, survival is stable, especially for the older trees from the 2010/2011 through the 

2012/2013 planting seasons, which are firmly established.  There are little changes in tree survival rate 

year to year. The older baldcypress trees are beginning to buttress (Figure 25a) and develop cypress 

knees (Figure 25b), reminiscent of natural swamp habitat. This past year has also been the first 

monitoring year where plants with seeds have been observed (Figure 25c), hopefully providing new 

seed sources for the region, as well as habitat for resident and transient wildlife (Figure 25d).  
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Figure 25. Older planted baldcypress trees are beginning to buttress (23a) and develop cypress knees 

(23b). Baldcypress trees are beginning to produce seeds (23c), and all tree species have been observed 

to provide habitat for other species (23d).   

 The LPBF is encouraged by the status of our swamp restoration work in the vicinity of the CFD. 

Community involvement is crucial and we engage the broader community, as well as important 

stakeholders, by providing opportunities for people to get out in the marsh with us. Everyone can get 

involved by participating in volunteer tree plantings.  
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Lessons Learned 
 
1. Soil conditions in the CFD area and at planting 

sites are variable (very soft to walkable) which 

needs to be considered when planning volunteer 

plantings.  

2. Trees should be planted on relatively stable 

ground indicated by the presence of emergent 

vegetation. 

3. Planting within Big Mar Pond may be hazardous 

or challenging if the discharge through the CFD 

exceeds 5,500 cfs. 

4. Nutria protection tubes should be used on all 

trees and installed at the time of planting, 

regardless of local alligator populations or the 

visible presence of the invasive rodents. 

5. Trees in the monitoring program should be 

identified with numbered tags. 

6. A thicker gauge wire is preferable for tagged 

saplings. Thinner wire often corrodes within the 

first year, which leads to lost tags and re-tagging 

during the next monitoring season. 

7. Tree baseline characteristics (height & dbh) 
should be acquired prior to planting, and protocols 
for monitoring tree survival and growth should be 
established at the onset of swamp restoration 
projects.  
 
8. Obtaining accurate locations of planted tagged 
trees using gps technology is crucial to efficient and 
successful tree monitoring. 
 
9. Monitored trees should be clearly marked with 

fluorescent tape or flags, because finding a 

particular tree in the marsh is difficult once dense 

native vegetation has grown up around a young 

tree. 
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10. Monitoring should start approximately 1 year after planting, during the first winter monitoring 

season post planting  

11. High elevation and velocity water from precipitation, wind, tides, and/or diversion operation 

may wash away newly planted trees. 

12. Longer stakes (5 feet) increased stability of nutria protectors. 

13. Herbivory abatement may be needed after trees have grown significantly to guard against deer 

and hogs. 

14. Larger trees (3+ growing seasons) have outgrown wired tags and must be tagged using nails. 

15. Trees planted near the convergence of canals may be more susceptible to damage from storm 

surge. 

16. As land continues to build near the diversion access to planting sites for monitoring needs to be 

continually evaluated. 

17. The long-term success of swamp restoration and continued land growth in the CFD area is likely 

aided by informed and timely operation of the diversion.  
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Appendix A: Map of the distribution of tree mortality across all planting areas in the vicinity of the 

Caernarvon Freshwater Diversion. 
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Appendix B: Diameter at breast height regressed against tree height for all species (baldcypress, 

water tupelo, green ash, red swamp maple, blackgum tupelo). 

 


