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Highlights 
*for trees planted through the winter 2018/2019 planting season and for tree monitoring through the 

2018/2019 monitoring season 

● A total of 72 944 wetland trees have been planted in the Pontchartrain Basin by the 

Lake Pontchartrain Basin Foundation and its partners from October 2010 to March 

2018 

● Tree species planted include Taxodium distichum (baldcypress), Nyssa aquatica (water 

tupelo), Fraxinus pennsylvanica (green ash), Acer rubrum var. drummondii (red swamp 

maple), and Nyssa sylvatica (blackgum tupelo), but not all species are planted each 

year 

● Blackgum tupelo is no longer planted in any area due to low survival. 

● As of the end of the 2018/2019 planting season, 5 269 trees are tagged for monitoring 

and monitored annually 

● Generally, tree survival is higher on the Maurepas Landbridge, but growth rates are 

higher in the Caernarvon area 

● Growth rates in the LaBranche Wetlands appear higher than on the Landbridge, but less 

than in the Caernarvon area. 

● The Central Wetlands Unit (CWU), located in St. Bernard Parish, is the newest area 

targeted for wetland tree plantings. 

Caernarvon Region 

● Approximately, 35 994 trees have been planted south of New Orleans in St. Bernard and 

Plaquemines parish, in the vicinity of the Caernarvon Freshwater Diversion 

● Overall tree survival in the Caernarvon area is 66% 

● The most recent (2017-18) annual height growth rate is 0.50 m/yr. 

● Overall (all years) height growth rate is 0.49 m/yr. 

● Annual height growth has ranged between 0.21 to 0.69 m/yr.  

● The most recent (2017-18) annual dbh growth rate is 1.19 cm/yr. 

● Overall (all years) diameter growth rate is 1.19 cm/yr. 

● Annual diameter growth has ranged between 0.66 to 1.63 cm/yr. 

● Green ash has been very successful in the Caernarvon area (survival, height, dbh, 

growth), but has only been planted once thus far 
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Maurepas Landbridge Region 

● Approximately 35 600 trees have been planted on the Maurepas Landbridge 

● Overall tree survival on the Maurepas Landbridge is 82% 

● Overall height growth is 0.17 m/yr. 

● Annual height growth ranges between -0.01 to 0.44 m/yr.  

● Overall diameter growth rate is 0.17 cm/yr. 

● Annual diameter growth ranges between 0.05 to 0.25 cm/yr. 

● 500 green ash was planted on the Maurepas Landbridge in winter 2018/19 

LaBranche Wetlands 

● Approximately 600 trees have been planted in the LaBranche Wetlands 

● All trees planted thus far have been baldcypress 

● Overall tree survival in the LaBranche Wetlands is 100% 

● Overall height growth is 0.20 m/yr. 

● Overall diameter growth rate is 0.07 cm/yr. 

Central Wetlands Unit 

● Approximately 750 trees have been planted in the Central Wetlands Unit 

● The majority of all trees planted have been baldcypress, some water tupelo and red swamp 

maple were also planted by mistake 

● All trees tagged for monitoring have been baldcypress 
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Purpose of Swamp Tree Plantings 
Natural swamp regeneration through seed germination is sparse and slow in southeast (SE) 

Louisiana due to nutria herbivory, high soil porewater salinity, and prolonged flood inundation (Conner 

and Toliver 1990). Under these conditions swamp seedling mortality is high (Myers et al. 1995, Holm et 

al. 2011), making it unlikely that the footprint of SE Louisiana swamps will increase without human 

intervention. Upon the closure of the Mississippi River Gulf Outlet (MRGO) in 2009, many environmental 

factors began changing throughout the upper Pontchartrain Basin. Specifically, soil porewater salinity 

and surface water salinity decreased, and some areas transitioned closer to the historical norms for the 

area (i.e. fresh not intermediate, intermediate not brackish). This presented a unique opportunity and 

challenge to jump start swamp restoration throughout the basin and increase the extent of SE Louisiana 

swamps. The Lake Pontchartrain Basin Foundation (LPBF, the Foundation) and its partner organizations 

accepted the challenge and began planting wetland trees in select locations across the Pontchartrain 

Basin in 2010, first targeting the Caernarvon Freshwater Diversion (CFD) area and then expanding to the 

Maurepas Landbridge (MLB) in 2013. More recently, LPBF identified > 65 000 acres of land suitable for 

swamp restoration throughout the basin using a combination of soil porewater and water salinity data 

(LPBF 2018) (Figure 1).  

 

 

Figure 1: Swamp restoration suitability assessment map. Over 65 000 acres of land is restoration ready 

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

integral part of SE Louisiana defenses against hurricane and tropical storm surges (Lopez 2009) (Figure 
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2); swamp restoration therefore fulfils the Foundations vision for “an environmentally sustainable, 

prosperous, and resilient region” (LPBF n.d.). It is the goal of the Foundation and the Swamp Restoration 

Project to restore swamp, implementing this important feature of MLODS and strengthening SE 

Louisiana’s defense against hurricanes. The Foundation actively monitors the survival and growth of 

planted trees and uses monitoring data and lessons learned to improve the efficiency and success rate 

of future swamp tree restoration plantings. This helps fulfil LPBFs overall mission to “drive 

environmental sustainability and stewardship through scientific research, education, and advocacy.” 

Further, the work being done in the vicinity of the CFD is also a unique opportunity to test the efficacy of 

reforestation near other proposed Louisiana State Master Plan restoration initiatives, which include 

proposed river diversions (CPRA 2017). 

 

 
Figure 2: Multiple Lines of Defense Strategy. Healthy swamps help reduce storm surge energy 

This report serves as a supplement to the previous reports written for all regions for swamp 

restoration activities. From 2011-2018 reports were written separately for the CFD and MLB regions, this 

is the second report where all swamp reforestation activities are combined into one report. One report 

makes it easier to compare the differences between and/or similarities of environmental and biological 

factors impacting planting sites and the resulting tree survival and growth rates in the different regions. 

This report summarizes environmental conditions, tree plantings and monitoring results for all regions, 

the CFD, the MLB, the LaBranche Wetlands (LBW), and the Central Wetlands Unit (CWU), from August 

2018 through September 2019. It includes information on trees planted during the winter 2018/2019 

planting season and all monitoring activities throughout the winter 2018/2019 monitoring season. A 

report updating tree planting and monitoring through the 2019/2020 planting and monitoring season 

will be completed in 2020. 

Caernarvon Fresh Water Diversion Region 

Background 
In 2009, the Foundation started to document the formation of a delta in the receiving basin of 

the CFD outfall canal within Big Mar Pond (Lopez et al. 2014). The Foundation continues to monitor this 

expanding delta to better understand the land building process resulting from the periodic influx of river 

water through river diversion structures. In 2010, in partnership with the Coalition to Restore Coastal 

Louisiana (CRCL) and the Restore the Earth Foundation (REF), the Foundation began a grant funded 

swamp reforestation project in the vicinity of the CFD. After almost 10 years, the swamp reforestation 

effort has grown beyond the scope of the original project, and now includes other swamp restoration 
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activities (i.e. aerial seeding) and additional local partners (St. Bernard Wetland Foundation (SBWF), St. 

Bernard Parish Coastal Division, Lower 9th Ward Center for Sustainable Engagement and Development 

(CSED). To read the initial report, please visit the LPBF website (www.saveourlake.org) and view the 

report titled "Geomorphology and Bald Cypress Restoration of the Caernarvon Delta near the 

Caernarvon Diversion, Southeast Louisiana," (Baker et al. 2011), as well as the updates titled: 

● “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) 

● “Swamp Restoration in the Vicinity of the Caernarvon Freshwater Diversion: Update 2010-2017” 

(Hillmann et al. 2018) 

● “Swamp Restoration in the Pontchartrain Basin: Update January 2010 – August 2018” (Hillmann 

et al. 2019) 

This section of the report will highlight one year of swamp reforestation plantings, which 

includes the planting of approximately 6 650 wetland trees in the vicinity of the CFD.  All trees planted 

during the 2018/2019 season were baldcypress (Taxodium distichum), unlike more recent years where 

at least some other species were included. As in past years, LPBF and partner organizations held tree 

plantings between October and March (“winter”) (Figure 3). Most planted trees are 1-year old saplings 

grown by Ecological Restoration Services, LLC (ERS), using REF’s EKOgrown® method, which promotes 

root growth and prevents girdling of roots within a tiered 1-gallon pot. For this season, a portion of the 

planted trees were grown by local nurseries, but were all 1-year old saplings in 1-gallon pots. 

http://www.saveourlake.org/
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Figure 3: The distribution of planting locations in the vicinity of the Caernarvon Freshwater Diversion (CFD). Newly planted trees 
from winter 2018/19 are shown in orange. HSDRRS = Hurricane and Storm Damage Risk Reduction System 

Soil Salinity  
The success of swamp reforestation and marsh plantings in SE Louisiana depends mainly on 

identifying suitable planting locations (soil porewater salinity and hydrology) for the trees or grasses 

being planted (Zedler 2000). The Foundation monitors soil salinity using the soil sipper technique 

(Howes et al. 1985; Folse et al. 2012). In 2013, the Foundation started monitoring soil salinity around the 

CFD and throughout the basin, integrating publicly available data from Coastwide Reference Monitoring 

System (CRMS) stations to improve swamp restoration site selection. Soil salinity data presented here 

are annual averages of CRMS station measurements for the time period covered in this report, while the 

soil salinity data measured by the Foundation are usually one-time measurements (discrete sampling) 

taken annually. Discreet sampling misses some of the inherent intra-annual variability but provides soil 

porewater salinity across areas that lack CRMS stations. The combined data are incorporated into the 

habitat portion of the Hydrocoast maps produced by LPBF (Lopez et al. 2015), and into bi-annual basin-

wide Swamp Restoration Suitability Assessments (see Figure 1). By monitoring soil salinity in the CFD 

area we observe the effect of pulsed river water through the diversion on the salinity gradient of the 

Breton Sound hydrological basin (i.e. Connor et al. 2019). Suitable planting locations that based on 

salinity data should yield high survivorship and growth rates   
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Salinity data from CRMS stations in the vicinity of the CFD (Station numbers 0114, 0115, 0117, 

0118, 0120, 0128, 4355) were averaged between August 2018 and August 2019. This data combined 

with the discreet soil salinity measurements taken by LPBF staff in January, September and December 

2019 showed that soil salinity was at or below 2.0 ppt (Figure 4) and that soil salinity has generally been 

below 2.5 ppt since 2010 in the CFD area. Though the above CRMS stations and LPBF discreet sampling 

were all in the vicinity of the CFD, CRMS 0120 and 4355 are not thought to be directly impacted by flow 

through the CFD due to their location relative to the diversion structure and the path of flow through 

the diversion. In general, maximum sustained soil salinity tolerated by swamp tree species in SE 

Louisiana is 2.5 ppt but higher pulses are tolerated by most swamp species (Allen and Burkett 1997, 

Conner et al. 2007). Partner organizations generally do not hold large scale plantings (500-5,000 trees) in 

areas with soil salinity greater than 2.5 ppt. However, some smaller test plantings (25-100 trees) are at 

times planned for areas with soil salinity beyond this threshold, especially in areas identified as having 

the “Potential For Future Swamp Restoration” in the bi-annual Swamp Restoration Suitability 

Assessments.  

 

 

 

Figure 4: Soil salinity (ppt) in the vicinity of the Caernarvon Freshwater Diversion (CFD). Data from Coastwide Reference 
Monitoring System sites (CPRA 2019) are a mean of measurements between 8/1/2018 and 8/31/2019. LPBF data collected 
between 8/1/2018 and 8/31/2019. 
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Caernarvon Freshwater Diversion Operations 
The decline of SE Louisiana swamps can partly be attributed to changes in hydrology. Levee 

construction along the Mississippi River disconnected the river from adjacent floodplains, eliminating 

the two-way exchange of fresh water, sediment, and nutrients. Targeted restoration within the CFD 

influence area provides an important opportunity to document the potential impact of pulsed fresh 

water diversions on tree survival and growth. However, beginning in 2018, CFD operations changed; 

there is now a continuous minimal flow of approximately 500 cfs through the diversion (except during 

coastal flood advisories or hurricane warnings). From August 2018 through August 2019 the Mississippi 

River discharge into the outfall area through the CFD structure was variable, but minimal, usually 

between 200-600 cfs, and rarely exceeding 1000 cfs (Figure 5).  There were no strong pulses of 

discharge (>4 000 cfs) through the diversion during the time period covered in this report (USGS, 2019). 

. 

 

 

Figure 5: USGS graph of discharge in cubic feet per second (cfs) at the Caernarvon Freshwater Diversion (CFD) from 08/2018 
through 08/2019 (USGS 2019) 

Marsh Inundation 
Hydrology is one of the important limiting factors for successful seed germination in SE 

Louisiana. Excessive flooding can be stressful even for wetland plants (Megonigal et al. 1997). Although 

it is known that most wetland forest tree species require periods of non-flooded conditions for seed 

germination and thus successful regeneration, acceptable hydrologic conditions for seedling and adult 

stages is still not well defined (Allen et al. 2019). However, conditions resembling the natural hydrology 
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of the river and adjacent floodplain, with seasonal flooding in the spring and dry conditions in the late 

summer and fall are the target for swamp restoration tree plantings. 

Teasing out and defining exactly what constitutes acceptable conditions is still a work in 

progress. In the marshes surrounding the diversion outfall area, water level in general, but specifically 

water level on the marsh (flooding/inundation), is driven by sustained S/SE winds, storm surge, 

precipitation and flow through the diversion greater than 4 000 cfs (Snedden et al. 2007). Water level 

data was acquired for CRMS stations 0114, 0117, 0120 and, 0125 (Figure 6; complete hydrographic data 

for CRMS 0115, 0128 and 4355 were not available). CRMS stations are located throughout the broader 

Caernarvon area. Some stations are close to Foundation planting sites (0120, 0117), and some stations 

are far away from planting sites (0114, 0125), but still in areas of interest for future plantings. Using the 

two closest CRMS stations provides the best available data to determine flood inundation frequency at 

the planting sites. From August 2018 through August 2019 water elevation exceeded marsh elevation 

frequently (CPRA 2019). Marshes were flooded approximately 20% of the time in front of the Hurricane 

and Storm Damage Risk Reduction System (HSDRRS) levee, and approximately 50% of the time in and 

below Big Mar Pond. This was slightly more, but similar to last year (2018). Marshes further south, 

towards Scarsdale, LA were flooded 59-95% of the time. The hydrology in this region will need to be 

carefully considered when choosing future planting locations.  

The most sustained period of drawdown (water below marsh surface) occurred between 

November 2018 and March 2019, for all CRMS stations, except for 0125. This is not unexpected, as 

northerly winds in winter months generally push surface water out of the marsh and into bays and 

bayous. CRMS 0125 remained flooded with up to 1’ of water on the marsh even during this drawdown 

period despite having a similar elevation (0.69’ NAVD) as CRMS 0114 (0.70’ NAVD), which did not flood 

during this time. Finally, there were two short but strong pulses of high water on the marsh (~3’). One 

pulse occurred on or about October 18th 2018, and the other on or about July 23rd, 2019. These pulses 

can have a negative effect on tree survival when they occur soon after a new planting, before new roots 

can grow and plants become established. Luckily, the October 2018 pulse preceded our plantings in the 

area. 



19 

 

 

Figure 6: Hydrological data from Coastwide Reference Monitoring System sites (CRMS; 08/2018 through 08/2019) showing that 
surrounding marshes were frequently inundated throughout the year, with two sharp spikes in 10/2018 and 07/2019 (CPRA 
2019) 

Winter 2018/2019 Planting  
Approximately 6 650 trees (approximately 1-year old saplings in 1-gallon pots) were planted in 

the vicinity of the CFD during the winter 2018/2019 planting season (Table 1). 1 650 baldcypress trees 

were grown by the SBWF and planted by volunteers at three separate events.  The Mississippi River 

Delta campaign (MRD), a coalition of five non-profit organizations including LPBF, provided volunteers to 

plant 500 trees in October 2018; volunteers from PBF Energy (Chalmette, LA) planted 500 trees in 

February 2019; and MRD arranged for an Episcopalian faith-based volunteer group to plant 650 

additional trees in March 2019.  5 000 baldcypress trees were grown and planted commercially by ERS, 

LLC.  
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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 by species are shown by swamp restoration planting season in the 
Caernarvon area. W = winter, BG = blackgum, #pltd = number of trees planted, #tag(ged) = number of 
trees placed in the monitoring program 
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Volunteers planted 1 650 trees during the winter 2018/2019 planting season. Tree plantings 

were scheduled from October to March over three planting events.  The majority of trees (1 050 trees) 

were planted along the canal located approximately 0.5 miles south of the New Orleans HSDRRS levee 

and floodwall in St. Bernard Parish.  The remaining volunteer trees were planted in marsh within the 

diversion outfall area, specifically the southwest corner of Big Mar Pond. Volunteers helped 1) de-pot 

trees, 2) plant trees throughout each site, and 3) apply nutria excluder devices (NEDs) on each tree 

planted (Figure 7A-G).  

 
Figure 7: Volunteers and trees moved on site (A), where trees are de-potted (B). Teams of two volunteers plant trees and secure 
nutria excluder devices (NED; C-E). Trees are planted approximately 15' apart (F). Pictures depict 02/2019 planting with PBF 
Energy (G) 

 

All 5 000 commercially planted trees were also planted south of the HSDRRS levee and 

floodwall, but approximately 1-2 miles further east. The commercially planted trees were distributed 

across three planting sites. Commercially plantings follow the same planting protocol as volunteer 

planted trees, including the random distribution of trees with a 15’ buffer between trees and NEDs 

fastened on all planted trees.  
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Baseline Data 
Only cypress trees were planted in the CFD area during the 2018/2019 season. No new trees 

were added to the tree monitoring program in 2019 for this region. The number of baldcypress trees 

already tagged in previous years was statistically sufficient to represent the CFD population (see Table 

1).  

Annual Tree Monitoring 
Of the 35 994 trees already planted in the Caernarvon area, approximately 3 092 or 9%, are 

monitored annually.  Tagged trees in the monitoring program are surveyed annually by a team of two, at 

the end of the growing season (EOS) which starts in December and generally ends in February. Trees are 

located via maps and GPS, identified via tag numbers and documented as either dead, did not find (DNF) 

or alive. If trees are DNF for two consecutive monitoring seasons they are assumed dead. Live trees are 

measured for height (m) and dbh (cm) (Figure 8). Additional maintenance such as replacing wire and 

tags is performed as needed. NEDs are sprayed with paint and flagging is tied to a branch as secondary 

location aids. Data is entered into the database for future calculation of population survivorship and 

individual growth rates.  

 
Figure 8: Lake Pontchartrain Basin Foundation staff monitoring during winter 2018/19 in the Caernarvon area 
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Analysis 
Statistical differences for 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, an alpha of p=0.05 was used to 

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

with Tukey’s HSD.  

 

Tree Survival 

Overall Survival 
At EOS 2018, the overall tree survival rate was 66% (surviving tagged trees divided by all tagged 

trees) (Figure 9A, 9B). Average survival across plantings was 58% (average of survival across eight 

plantings which have been monitored at least once). The lower survival across plantings appeared 

directly related to the first planting season (winter 2010/2011), which has a survival rate of 10%. We 

believe the first planting season lost so many trees because NEDs were not placed on most trees planted 

and some trees were planted on unstable, unvegetated mudflats. Average survival across plantings is 

65% when the winter 2010/2011 planting season is excluded. This would represent survival with 

streamlined planting protocols (i.e. NEDs on all trees, planting in vegetated areas only). The highest 

individual planting survival rate by EOS 2018 was 95% and observed for the winter 2012/2013 planting. 

If we exclude the winter 2010/11 planting season, then the lowest survival rate at EOS 2018 was 31%, 

for the winter 2015/16 planting. This planting was severely impacted due to intense marsh inundation 

(1-3’) for a prolonged period soon after trees were planted in March of 2016. We believe trees were not 

rooted yet and simply floated away with the high water. In fact, the timing of hurricanes and storms can 

be critical and unpredictable and has likely negatively impacted tree survival in the past (Figure 9C). 

Specifically, Hurricane Isaac in 2012 deposited a large amount of wrack and debris on newly planted 

trees from the winter 2011/12 planting, smothering them and increasing mortality.  
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Figure 9: Tree survival over time by planting season in the vicinity of the Caernarvon Freshwater Diversion (A). Overall survival of 
tagged trees is 66% (B). Several hurricanes from 2010-19 may have impacted survival rates (C) 
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Survival by Species 
  By EOS 2018, green ash had the highest survival of any species (100%), but this is based on only 

10 individuals planted and tagged in the winter 2012/13. Survival for the most planted species, 

baldcypress, was 70% (n=2 026), and survival for the second most planted species, water tupelo, was 

61% (n=465). Red swamp maple survival was also 61% (n=288), but blackgum tupelo survival was only 

7% (n=138). Due to low survival, blackgum tupelo has not been planted by the Foundation in the 

Caernarvon area since the winter 2016/2017 planting season. 

Survival by Location (distance from diversion) 

*with caveats and confounding factors 

Trees in the vicinity of the CFD are planted at sites loosely oriented in a gradient moving away 
from the diversion (NEAR, MID, FAR), and also at sites (along the HSDRRS levee and floodwall) 
considered minimally influenced (NA). The planting sites considered NEAR are located on the emerging 
mini-delta in Big Mar Pond or along Bayou Mandeville, but within 2.5 miles from the diversion structure. 
Planting sites considered MID are located in the SW corner of Big Mar Pond, along the Delacroix Canal, 
or along Bayou Mandeville, but between 2.5 and 4.0 miles from the diversion. Planting sites considered 
FAR are located south of the Delacroix Canal, either towards Lake Lery or Scarsdale, LA, between 4.0 and 
7.0 miles from the diversion. Planting sites along the HSDRRS levee and floodwall (NA) are considered 
minimally influenced due to their location, which is not in the path of CFD flow.  We expect planting 
sites closer to the diversion to receive stronger pulses of freshwater with nutrients as they occur, and 
that this would have a positive effect on tree survival and growth. However, annual planting events are 
not stratified across locations; trees and planting sites are not distributed equally. Also, not all locations 
are planted in each year. In addition, inundation frequency increases in a southerly direction and this in 
itself likely has a negative effect on tree growth.  Therefore, describing tree survival by location is tricky, 
as it is difficult to tease out whether survival is affected by location (distance from diversion) or other 
confounding factors (i.e. inundation, salinity, exposure, etc.) that unduly affected one location over 
another. Nevertheless, bearing in mind the caveats, the dataset does provide a glimpse of how location 
may be influencing survival (Figure 10). At the EOS 2018, trees planted at locations considered NEAR the 
diversion and MID had similar survival (87% and 82% survival, respectively). Trees planted at locations 
considered FAR from the diversion outfall, as well as trees considered minimally influenced (NA), had 
lower survival than the NEAR and MID locations. NA tree survival was 67%, while FAR tree survival was 
lowest at 52%.  
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Figure 10: Tree survival by location (distance from diversion) in the Caernarvon area at the end of monitoring 2018/19 

Height  

Overall Growth Rates for Height (HGR) 
 Across all planting seasons and monitoring years the overall HGR was 0.49 m/yr. (Figure 11). 

Growth rates by monitoring year ranged between 0.20 m-0.69 m/yr. Growth rates steadily increased for 

three years starting in 2012/13, peaking in 2014/15 at 0.69 m/yr. (SE ±0.02). HGR then decreased for the 

next two years, reaching a low of 0.20 m/yr. (SE ±0.01) in 2016/17. In the most recent growing year, 

HGR appears to be increasing again (0.50 m/yr.±0.01 SE). However, each planting season is different; 

planting seasons are not equally stratified by species planted, regions planted or numbers planted. 

Examining each planting season separately over time may be more informative. 
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Figure 11: Height growth rates (m/yr.) by monitoring year in the Caernarvon area 

 

Height Growth Rates by Planting Season 
Mean height at EOS 2018 across all plantings was 2.84 m (SE ±0.04) and mean HGR from EOS 

2017 to EOS 2018 across all trees was 0.50 m/yr. (SE ±0.01). Tallest trees at EOS 2018 were from the 

winter 2010/2011 planting (the earliest planting) (Figure 12). Mean tree height from that planting was 

7.32 m (SE ±0.02), with a maximum of 10.5 m and a minimum of 4.0 m. Shortest trees at EOS 2018 were 

from the most recent planting prior to tree monitoring, winter 2017/2018. Mean tree height from this 

planting was 1.59 m (SE ±0.02), with a maximum of 2.1 m and a minimum of 1.4 m (Figure 12). Tree 

height was significantly different across all planting seasons (F7,1361=549.53; p<0.0001), with the 

exception of the winter 2011/12 and winter 2012/2013 seasons, which did not differ from each other, 

and winter 2015/2016 and winter 2016/2017, which also did not differ from each other. 
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Figure 12: Tree height across planting seasons (2012/13- 2018/19; Caernarvon area). Orange bars indicate height end of season 
2018/19. Black bars indicate baseline data. No trees were tagged during the most recent planting season 

 

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

years. See below for a breakdown of tree HGR across years within individual planting seasons. 

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

different across years (F5,192=4.36; p=0.0009); the highest and lowest mean growth rates were 

statistically different from all others. The highest mean growth rate was 1.06 m/yr. ±0.09 SE 

(from EOS 2014 to EOS 2015), and the lowest growth rate was 0.52 m/yr. ±0.14 SE (from EOS 

2015 to EOS 2016). The most recent growth rate (EOS 2017 to EOS 2018) was 0.67 m/yr. ±0.12 

SE, which was statistically similar to growth rates across all other years. 

 

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

different across years (F5,833=10.77; p<0.0001). For this planting the highest growth was 0.84 

m/yr. ±0.06 SE (from EOS 2014 to EOS 2015), and the lowest mean growth was 0.42 m/yr. 

±0.05 SE (from EOS 2015 to EOS 2016). Growth from 2014 to 2015 was significantly different 

and higher compared to growth from 2015 to 2016.  
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● Winter 2012/13 planting season - For the third planting season, tree height growth was 

significantly different across years (F5,611=20.47; p<0.0001). For this planting the highest mean 

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

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

significantly different and higher compared to all other years. 

 

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

significantly different across years (F4,478=9.93; p<0.0001). For this planting the highest growth 

rate was 0.88 m/yr. ±0.05 SE (from EOS 2014 to EOS 2015), and the least growth rate was 0.44 

m/yr. ±0.06 SE (from EOS 2015 to EOS 2016). Growth from 2014 to 2015 was statistically the 

same as EOS 2017 to EOS 2018 (0.73 m/yr. ±0.06 SE) and higher compared to all other years. 

 

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

significantly different across years (F3,1800=83.75; p<0.0001). For this planting, growth from EOS 

2017 to EOS 2018 (most recent) was highest compared to all other years (mean 0.82 m/yr. 

±0.03 SE). Growth from EOS 2015 to EOS 2016 was lowest (mean 0.30 m/yr. ±0.02 SE), but 

statistically the same as EOS 2016 to EOS 2017 (mean 0.36 m/yr. ±0.03 SE).  

 

● Winter 2015/16 planting season- For the sixth planting season, tree height growth was 

significantly different across years (F2,407=31.75; p<0.0001). For this planting the baseline height 

to EOS 2016 growth (mean 0.01 m/yr. ±0.04 SE) was lowest and statistically different from 

growth in all subsequent years. Growth from EOS 2017 to EOS 2018 (most recent) was highest 

(mean 0.47 m/yr. ±0.05 SE), but statistically the same as EOS 2016 to EOS 2017 (mean 0.37 

m/yr. ±0.04 SE). 

 

● Winter 2016/17 planting season- For the seventh planting season, tree height growth was 

significantly different across years (F1,1548=217.32; p<0.0001).  Growth from EOS 2016 to EOS 

2017 was lowest (mean -0.02 m ± 0.01 SE) and growth from EOS 2017 to EOS 2018 was highest 

(mean 0.29 m/yr. ± 0.02 SE). 

 

● Winter 2017/18 planting season- For the most recent planting season that has been monitored 

at least once, height growth from baseline to EOS 2018 was mean 0.14 m/yr. ±0.02 SE. There 

was a statistical difference between height at baseline (mean 0.84 m ±0.02 SE) and height after 

the first growing season (EOS 2018: mean 1.05 m ±0.03 SE; F1,455=32.78; p<0.0001). 

 

Height and Growth Rates 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 for 8 years. The overall, year to year means growth rate for height, regardless of 

planting season and age, was 0.41 m/yr. (±0.01 SE). In general, trees grew 0.20 m/yr. (±0.01 SE) from 

baseline to 1-year post planting (Figure 13). In year 2, trees grew approximately 0.50 m/yr. (±0.02 SE). In 



30 

 

years 3, 4, and 5 trees grew approximately 0.62 m/yr. (±0.02 SE), 0.71 m/yr. (±0.03 SE) and 0.49 m/yr. 

(±0.03 SE), respectively. During the sixth-year trees grew 0.54 m/yr. (±0.05 SE), and during the seventh-

year trees grew 0.49 m/yr. (±0.15 SE).  

 

 

Figure 13: Tree height across number of years since planting, by planting season in the Caernarvon area. bsln=baseline height 

 

Below is a breakdown of height by number of years planted across planting seasons. 

● 0 years (baseline) - Baseline height data was not recorded for the first two planting season 

cohorts (winter 2010/11 and winter 2011/12), but there was a significant difference in baseline 

height among some of the remaining planting season cohorts (F5,2658; p<0.0001), which ranged 

from 0.84 – 1.65 m. Baseline height from the winter 2017/18 was lowest, and baseline height 

from the winter 2016/17 cohort was highest. The winter 2013/14 planting season (mean 1.19 

m ± SE 0.02) and the winter 2014/15 planting season (mean 1.27 m ±SE 0.01) did not differ 

from each other. 
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● 1-year post planting- There was a significant difference in tree height by planting season cohort 

(F6,2236=95.32; p<0.0001). Trees from the winter 2017/18 planting season were significantly 

shorter (mean 1.04 m ± 0.03 SE) and different than trees from all other planting seasons 

(range: 1.40-1.80 m).  

 

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

(F6,1546=29.67; p<0.0001). Mean tree height ranged from 1.93-2.68 m. Trees from the 2013/14 

planting were tallest (mean 2.68 m ± 0.08 SE), but statistically the same as some of the other 

planting cohorts. The shortest trees were from the winter 2015/16 planting season (mean 1.93 

m ± 0.05 SE), which were also statistically the same as some of the other planting cohorts at 2-

years. 

 

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

(F5,915=55.14; p<0.0001). Mean tree height ranged from 2.16-3.53 m. Trees from the 2010/11 

planting season were tallest (mean 3.53 m ± 0.12 SE), but statistically the same as some of the 

other planting cohorts. The shortest trees at 3-years post planting were from the winter 

2011/12 planting season (mean 2.16 m ± 0.05 SE), which were also statistically the same as 

some of the other planting cohorts. 

 

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

(F4,753=17.28; p<0.0001). Mean tree height ranged from 3.24-4.39 m. Trees from the 2010/11 

planting season were tallest (mean 4.39 m ± 0.17 SE), but statistically the same as some of the 

other planting cohorts. The trees from the winter 2014/15 planting season (mean 3.24 m ± 0.06 

SE) were shortest, but also statistically the same as some of the other planting cohorts. 

 

● 5-years post planting- At 5 years post planting, and there was a significant difference in tree 

height between planting season cohorts (F3,310=12.91; p<0.0001). Mean tree height ranged 

from 3.91-5.47 m. Trees from the 2010/11 planting season were tallest (mean 5.47 m ± 0.17 

SE), and were statistically different compared to all others.  Trees from the 2011/12 planting 

cohort were smallest (mean 3.91 m ± 0.13 SE), and were also different from all other cohorts.  

 

● 6-years post planting- Trees from only three planting seasons (winter 2010/11, winter 2011/12, 

winter 2013/14) have been in ground at 6 years post planting, and there was a significant 

difference in tree height between planting seasons (F2,271=14.50; p<0.0001). Mean tree height 

ranged from 4.50-6.06 m. There were statistical differences between all cohorts. 

 

● 7-years post planting- The winter 2010/2011 trees and winter 2011/12 trees were the only ones 

that have been monitored for 7 years; there was a statistical difference in height between the 

two (F1,181=19.00; p<0.0001). The winter 2010/11 trees were (mean) 6.45 m (± 0.25 SE) tall, and 

the winter 2011/12 trees were (mean) 5.25 m (± 0.13 SE) tall. 

 

● 8-years post planting- Only the winter 2010/11 trees have been planted for 8 years. Tree height 

was on average 7.12 m ± 0.26 SE.   
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Height Growth Rates by Location 
 Across all monitoring seasons and planting locations the overall height growth rate ranged 

between 0.18 m-0.66 m/yr. (Figure 14). However, since differences in growth exist between locations, 

and because planted trees were not equally stratified across locations or planting seasons, a closer look 

at growth across years by location may be more informative.  

 

Figure 14: Overall growth rate of planted trees by planting location (distance from diversion). NEAR= less than 2.5 miles, MID= 
2.5 to 4.0 miles, FAR= 4.0 to 7.0 miles, NA= not within flow of outfall 
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Below is a breakdown of growth across years by planting location (Figure 15): 

 

 

 

Figure 15: Tree growth across years (2012/13-2018/19) by planting location (distance from diversion) 

● NEAR- There was a significant difference in tree growth across years (F5,1058=18.16; p<0.0001). 

Tree growth ranged between 0.41-0.93 m/yr. Highest tree growth (mean 0.93 m/yr. ± 0.05 SE) 

was from 2014 to 2015 and differed from all other years. Lowest tree growth (mean 0.41 m/yr. 

± 0.04 SE) occurred from 2015 to 2016 but was the same as growth from 2016 to 2017 (mean 

0.52 m/yr. ± 0.05 SE). Most recently (2017 to 2018), trees grew 0.72 m/yr. ± 0.05 SE. 

● MID- There was a significant difference in tree growth across years (F5,1890=56.92; p<0.0001). 

Tree growth ranged between 0.15-0.72 m/yr. Highest tree growth (mean 0.72 m/yr. ± 0.03 SE) 

was from 2014 to 2015 but was statistically the same as some other years. Lowest tree growth 

(mean 0.15 m/yr. ± 0.02 SE) occurred from 2016 to 2017 and differed from all other years. 
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● FAR- There was a significant difference in tree growth across years (F5,1145=24.32; p<0.0001). 

Tree growth ranged between 0.01-0.69 m/yr. Highest tree growth (mean 0.69 m/yr. ± 0.05 SE) 

was from 2013 to 2014 and was statistically the same as growth from 2014 to 2015 (mean 0.43 

m/yr. ± 0.03 SE). Lowest tree growth (mean 0.01 m/yr. ± 0.02 SE) occurred from 2016 to 2017 

but was statistically the same as growth from 2012 to 2013 (mean 0.26 m/yr. ± 0.05 SE, n=15) 

and 2017 to 2018 (mean 0.26 m/yr. ± 0.03 SE). 

● NA- There was a significant difference in tree growth across years (F4,1779=69.39; p<0.0001). Tree 

growth ranged between 0.16-0.66 m/yr. Highest tree growth (mean 0.66 m/yr. ± 0.03 SE) was 

from 2017 to 2018 (most recent year) and was statistically the same as some other growing 

years. Lowest tree growth (mean 0.16 m/yr. ± 0.03 SE) occurred from 2015 to 2016 and was 

also statistically the same as some other growing years. No trees were planted in this tree 

location during the 2012 to 2013 growing season. 

Height Growth Rates by Species 
Five tree species (baldcypress, water tupelo, red swamp maple, blackgum tupelo, green ash) 

have been planted across seven planting seasons, although not all species were planted during each 

planting season. Different tree species have distinct growth patterns, conflating direct comparisons. See 

below for a breakdown of height growth by species (Figure 16). 

Baldcypress 

 There were significant differences in baldcypress height growth across monitoring years 

(F5,4555=117.62; p<0.0001) (Figure 16). Overall, baldcypress grew more from 2013 to 2014 (mean 0.69 m 

± 0.03 SE) and from 2014 to 2015 (mean 0.73 m ± 0.02 SE) compared to all other years. Baldcypress 

growth was lowest from 2016 to 2017 (mean 0.22 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 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 

(F5,456=16.82; p<0.0001). Overall, baldcypress grew more from EOS 2014 to EOS 2015 (mean 

0.98 m ±0.04 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 

across years (F4,285=12.70; p<0.0001). Baldcypress grew more from EOS 2014 to EOS 2015 

(mean 0.96 m/yr. ±0.07 SE) compared to all other growing seasons (range: 0.26- 0.60 m/yr.). 

The least bald cypress growth occurred from EOS 2015 to EOS 2016 (mean 0.25 m/yr. ±0.08 

SE).  

 

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

growth across years (F3,1378=71.13; p<0.0001); most growth rates differed and all ranged 

between 0.29-0.60 m/yr. Growth from EOS 2016 (0.31 m/yr. ±0.03 SE) was similar to growth 

from EOS 2017 (0.29 m/yr. ±0.03 SE).   
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● Baldcypress winter 2015/2016 planting- There was a significant difference in bald cypress 

growth across years (F2,236=21.94; p<0.0001). Trees grew 0.19 m/yr. (±0.05 SE) from baseline to 

EOS 2016, and grew 0.63 m/yr. (±0.06 SE) from EOS 2017 to EOS 2018. Only tree growth rates 

from EOS 2017 (0.59 m/yr. ±0.03 SE) and EOS 2018 were statistically similar. 

 

● Baldcypress winter 2016/2017 planting- There was a significant difference in baldcypress growth 

across years (F1,1157=114.54; p<0.0001). Growth at EOS 2017 was 0.01 m/yr. (±0.01 SE), and 

growth at EOS 2018 was 0.28 m/yr. (±0.02 SE). 

 

● Baldcypress winter 2017/18- Trees from the winter 2017/2018 planting have only been 

monitored once since planting and height growth was 0.0.11 m/yr. (±0.03 SE). The growth rate 

ranged between -0.54 to 1.02 m/yr. 

Water Tupelo 

There were significant differences in water tupelo height growth across monitoring years 
(F5,742=16.22; p<0.0001) (Figure 16). Overall, water tupelo grew more from 2013 to 2014 (mean 0.62 
m/yr. ±0.06 SE) and from 2014 to 2015 (mean 0.63 m/yr. ±0.05 SE) compared to all other years (2012 to 
2013: mean -0.10 m/yr. ±0.08 SE; 2015 to 2016: mean 0.35 m/yr. ±0.05 SE; 2016 to 2017: 0.19 m/yr. 
±0.04 SE; 2017 to 2018: mean 0.57 m/yr. ±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 years. 

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

growth (F5,94=9.38; p<0.0001). Water tupelo growth from 2012 (baseline) to EOS 2013 (mean -

0.10 m/yr. ±0.07 SE) was less and statistically different compared to all other monitoring years, 

except monitoring year EOS 2016 to EOS 2017 (mean 0.25 m/yr. ±0.20 SE). Growth during all 

other monitoring years ranged from 0.57 to 0.83 m/yr. The highest water tupelo growth 

occurred in the most recent year, EOS 2017 to EOS 2018. 

 

● 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 0.55 to 0.73 m/yr.  

 

● Water tupelo winter 2014/2015 planting- There was a significant difference in water tupelo 

growth across years within the winter 2014/2015 planting season (F3,223=8.24; p<0.0001). 

Water tupelo growth was highest during the most recent year, EOS 2017 to EOS 2018 (0.87 

m/yr. ±0.09 SE), and lowest from EOS 2016 to EOS 2017 (0.46 m/yr. ±0.06 SE). 

 

● Water tupelo winter 2015/2016 planting- There was a significant difference in water tupelo 

growth across years (F2,86=4.70; p=0.0116). Trees grew -0.29 m/yr. (±0.11 SE) from baseline to 

EOS 2016, and grew 0.00 m/yr. (±0.07 SE) from EOS 2016 to EOS 2017, and grew 0.12 m/yr. 

(±0.12 SE) from EOS 2017 to EOS 2018. 
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● Water tupelo winter 2016/2017 planting- There was a significant difference in water tupelo 

growth across years (F1,150=73.61). Trees regressed -0.23 m/yr. (±0.04 SE) from baseline to EOS 

2017, and grew 0.33 m/yr. (±0.06 SE) from EOS 2017 to EOS 2018. 

● Water tupelo planted during the winter of 2017/2018 increased in height on average 0.21 m/yr. 

(±0.03 SE) during the first-year post planting (from winter 2017/2018 to EOS 2018). 

 

Red swamp maple 

There were significant differences in red swamp maple growth (height) across monitoring years 

(F3,440=30.72; p<0.0001) (Figure 16). Overall, red swamp maple grew more from baseline (of the initial 

winter 2014/2015 planting to EOS 2015 (mean 0.36 m/yr. ±0.06 SE) compared to all other years. Growth 

from 2015 to 2016 (0.08 m/yr. ±0.04 SE) and 2016 to 2017 (0.12 m/yr. ±0.02 SE) did not differ. See 

below for a breakdown of red swamp maple growth within individual planting seasons over time. The 

winter 2010/2011, winter 2011/2012, winter 2012/2013 and winter 2013/2014 planting seasons will not 

be discussed as no red swamp maple trees were planted during those years. 

  

● 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 (F3,156=34.64; 

p<0.0001). Growth was lowest during the EOS 2015 to EOS 2016 growing season (0.08 m/yr. 

±0.03 SE), compared to all other years, which ranged from 0.31 to 1.07 m/yr. 

 

● Red swamp maple winter 2015/2016 planting- There was no significant difference in red swamp 

maple growth across years. Trees growth ranged between 0.04 to 0.25 m/yr. 

 

● Red swamp maple winter 2016/2017 planting- There was a significant difference in red swamp 

maple growth across years within the winter 2016/2017 planting season (F1,213=37.31; 

p<0.0001). Growth was lowest during the baseline to EOS 2017 growing season (0.06 m/yr. 

±0.02 SE), compared to EOS 2017 to EOS 2018, which was mean 0.36 m/yr. (±0.05 SE). 

Blackgum tupelo 

There was a significant difference in blackgum tupelo height growth across monitoring years 

(F3,76=5.35; p=0.0022) (Figure 16). Overall, mean blackgum tupelo growth ranged between -0.28 to 0.65 

m/yr. The most recent year, 2017 to 2018, had the highest growth (mean 0.65 m/yr. ±0.05 SE), but is 

based on only n=2 individuals.  See below for a breakdown of blackgum tupelo growth within individual 

planting seasons over time. The winter 2010/2011, winter 2011/2012, winter 2012/2013 and winter 

2013/2014 planting seasons will not be discussed as no blackgum tupelo trees were planted during 

those years. 

  

● Blackgum tupelo winter 2014/2015 planting- There was no significant difference in blackgum 

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

between -0.09 to 0.90 m/yr. Significance was likely not detected due to low number of 

individuals. 

● Blackgum tupelo winter 2015/2016 planting- There was no significant difference in blackgum 

tupelo growth across years. Height growth ranged between -0.12 to -0.22 m/yr. and no 
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individuals were alive by the EOS 2018. Significance was likely not detected due to low number 

of individuals.  

● Blackgum tupelo winter 2016/2017 planting- Blackgum tupelo planted during the winter of 

2016/2017 regressed in height on average -0.37 m/yr. (±0.06 SE) during the first-year post 

planting (from winter 2016/2017 to EOS 2017).  

 

Green ash 

There was a significant difference in green ash growth (height) across monitoring years 

(F5,54=3.45; p=0.0095) (Figure 16). Green ash growth from 2014 to 2015 (mean 1.50 m/yr. ±0.35 SE) was 

more and differed compared growth from 2016 to 2017 (mean 0.28 m/yr. ±0.18 SE) and 2017 to 2018 

(mean -0.07 m/yr. ±0.41 SE)  Growth across all other monitoring years did not differ and ranged from 

0.52 to 0.73 m/yr. Green ash was only planted during the 2012/2013 planting season, therefore there is 

no further breakdown of green ash growth by planting season. 
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Figure 16: Tree height (Caernarvon area; 2012/13- 2018/19) by species across planting seasons. EOS= end of season, black bars 
indicate baseline data 
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Diameter 

Overall DBH Growth Rates (DBHGR)  
 Across all planting seasons and monitoring years the overall dbh growth rate was 1.19 cm/yr. 

Growth rates by monitoring year ranged between 0.66 m-1.63 cm/yr. (Figure 17). Growth rates steadily 

increased for three years starting in 2012/13, peaking in 2014/15 at 1.63 cm/yr. (SE ±0.05). DBHGR then 

decreased for the next two years, reaching a low of 0.66 cm/yr. (SE ±0.02) in 2016/17. In the most 

recent growing year, DBHGR appears to be increasing again (1.22 cm/yr. ±0.03 SE). However, each 

planting season is different; planting seasons are not equally stratified by species planted, regions 

planted or numbers planted. Examining each planting season separately over time may be more 

informative.  

 

Figure 17: Overall growth rates (diameter at breast height (dbh)) by monitoring year in the Caernarvon area 

DBH and Growth Rates by Planting Season 
Mean dbh at EOS 2018 across all plantings was 3.90 cm (±0.09 SE). Highest dbh was from the 

winter 2010/2011 planting season, with a mean dbh of 12.78 cm (±0.67 SE), and a maximum of 24.9 cm 

and a minimum of 6.7 cm (Figure 18). Minimum dbh was found in the most recent planting that has 

been tagged for monitoring, winter 2017/2018. Mean dbh from this planting was 0.46 cm (±0.05 SE), 

with a maximum of 1.15 cm and a minimum of 0.05 cm (Figure 18). EOS 2018 tree dbh was significantly 

different across planting seasons (F8,1498=271.73; p<0.0001); with the exception of the winter 2011/12 
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and winter 2012/2013 seasons, which did not differ from each other, dbh from all other plantings were 

statistically different. 

 

 

Figure 18: Tree diameter at breast height (dbh) across individual planting seasons (2012/13-2018/19; Caernarvon area). Orange 
bars indicate end of season 2018/19. Black bars indicate baseline data 

Within each individual planting season, across years, DBHGR varied for some monitoring years. 

See below for a breakdown of dbh growth across years within individual planting seasons. 

 

● Winter 2010/2011planting season- DBH growth for the earliest planting season was significantly 

different across years (F5,193=2.90; p=0.0150). DBHGR for this planting season ranged between 

1.34 to 2.00 cm/yr. (EOS 2013-EOS 2018). DBHGR from 2012 to 2013 (2.00 cm/yr. (±0.17 SE)) 

was different to growth from 2016 to 2017 (1.35 cm/yr. (±0.14 SE)). All other years did not 

differ. 
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● Winter 2011/2012 planting season- For the second planting season, DBHGR was not significantly 

different across years. For this planting season DBHGR ranged between 1.18 to 1.46 cm/yr. 

(EOS 2012-EOS 2017).  

 

● Winter 2012/2013 planting season- For the third planting season, DBHGR was significantly 

different across years (EOS 2013-EOS 2017; F4,421=14.19; p<0.0001). For this planting season the 

highest mean DBHGR was 1.99 cm/yr. ±0.11 SE (from EOS 2014 to EOS 2015), and lowest mean 

DBHGR was 0.71 cm/yr. (±0.07 SE; from baseline to EOS 2013). EOS 2013 to EOS 2014 (1.43 

cm/yr. ±0.12 SE), EOS 2015 to EOS 2016 (1.60 cm/yr. ±0.10 SE) and EOS 2016 to EOS 2017 (1.37 

cm/yr. ±0.10 SE) were comparable and did not differ; all others differed.  

 

● Winter 2013/2014 planting season- For the fourth planting season, DBHGR was significantly 

different across years (EOS 2014-EOS 2017; F3,233=8.16; p<0.0001). For this planting season the 

highest mean DBHGR was 1.68 cm/yr. (±0.10 SE; from EOS 2014 to EOS 2015), which was 

significantly different from the lowest mean DBHGR of 0.88 cm/yr. (±0.07 SE; from EOS 2015 to 

EOS 2016), and different from the most recent monitoring year (1.12 cm/yr. ± 0.18 SE; from 

EOS 2017 to EOS 2018). 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, DBHGR was not significantly 

different across years. For this planting season DBHGR ranged between 0.67 to 0.78 cm/yr. 

(baseline to EOS 2015 and EOS 2015 to EOS 2016).  

 

● Winter 2015/16 planting season- For the sixth planting season, DBHGR was significantly 

different across years (baseline to EOS 2016 and EOS 2016 to EOS 2017; F1,131=9.64; p=0.0023). 

Baseline to EOS 2016 (0.24 cm/yr. ±0.01 SE) was lower and differed from EOS 2016 to EOS 2017 

(0.55 cm/yr. ±0.09 SE). 

 

● Winter 2016/17 planting season- For the seventh planting season, the growth of tagged trees 

was statistically different across tears (F1,992=258.15). Baseline to EOS 2017 DBHGR (0.25 cm/yr. 

±0.06 SE) was less and different then EOS 2017 to EOS 2018 DBHGR (0.99 cm/yr. ±0.09 SE). 

 

● Winter 2017/18 planting season- For the most recent planting season that has been monitored 

at least once, DBHGR from baseline to EOS 2018 was mean 0.09 cm/yr. ±0.02 SE, but this is 

based on only n=2 individuals.  

 

DBH and Growth Rates 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 
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represented in 1-year post planting analysis (below). Winter 2010/2011 trees are also the only trees that 

have been monitored 8 years post planting. The overall year to year means growth rate for dbh, 

regardless of planting season or age was 1.00 cm/yr. (±0.01 SE) (Figure 19). In general, trees grew 0.30 

cm/yr. (±0.02 SE) from baseline to 1-year post planting. In year 2 trees grew approximately 1.07 cm/yr. 

(±0.13 SE). In year 3, 4 and 5 trees grew approximately 1.15 cm/yr. (±0.04 SE), 1.43 cm/yr. (±0.06 SE) and 

1.42 cm/yr. (±0.05 SE), respectively. During the sixth-year trees grew 1.37 cm/yr. (±0.06 SE), and during 

the seventh-year trees grew 1.34 cm/yr. (± 0.14 SE).  

 

Figure 19: Tree diameter at breast height (dbh) across number of years since planting, by planting season in the Caernarvon 
area 

Below is further detail of dbh by number of years planted across planting seasons. 

● 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 

between some of the remaining planting season cohorts (F5,973=12.39; p<0.0001), which ranged 

from 0.18 – 0.78 cm. Baseline dbh from the winter 2015/16 planting season (mean 0.78 cm 

±0.02 SE) was larger and different from all others. DBH from the winter 2017/18 planting 

season was lowest. 
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● 1-year post planting- There was a significant difference in 1-year dbh between some planting 

cohorts (F6,1432=41.77; p<0.0001). DBH from the winter 2011/12 planting season (mean 0.72 cm 

± 0.04 SE) and from the winter 2017/18 planting season (mean 0.47 cm ± 0.05 SE) were 

statistically similar and lower than all others (range: 0.91-1.27 cm).  

 

● 2 years post planting- There was a significant difference in dbh between some planting cohorts 

at 2 years post planting (F6,1308=22.65; p<0.0001). Tree dbh from the winter 2010/2011 planting 

(mean 2.70 cm ±0.15 SE) was largest, but like some other planting cohorts. Trees dbh from the 

winter 2015/2016 (mean 1.38 cm ±0.05 SE) was lowest, but also statistically like some other 

planting cohorts (range 1.38- 2.70 cm). 

 

● 3 years post planting- There was a significant difference in dbh between some planting cohorts 

at 3 years post planting (F5,855=47.18; p<0.0001). Tree dbh from the winter 2010/2011 planting 

(mean 4.70 cm ±0.29 SE) was largest, but like some other planting cohorts. Trees dbh from the 

winter 2011/2012 (mean 1.83 cm ±0.05 SE) was lowest, but also statistically like some other 

planting cohorts (range: 1.83-4.70 cm). 

 

● 4 years post planting- There was a significant difference in dbh between some planting cohorts 

at 4 years post planting (F4,737=19.29; p<0.0001). Tree dbh from the winter 2010/2011 (mean 

6.07 cm ±0.48 SE) was largest, but like other planting cohorts. Tree dbh from winter 2014/15 

was smallest (mean 3.80 cm ±0.11 SE), but also statistically like other planting cohorts (range: 

3.80-6.07 cm). 

 

● 5 years post planting- Trees from 4 planting seasons have been monitored 5 years post planting; 

and there was a significant difference in dbh comparing tagged trees from those plantings 

(F3,309=18.45; p<0.0001). DBH from the winter 2010/2011 trees (mean 7.92 cm ±0.42 SE) was 

largest and statistically different compared to dbh at 5-years from all other cohorts (range: 

4.55-7.92 cm) 

 

● 6 years post planting- Trees from only 3 planting seasons (winter 2010/2011, winter 2011/2012, 

and winter 2012/13) have been monitored 6 years post planting. There was a significant 

difference in dbh between planting seasons (F2,271=11.04; p<0.0001), with the 2011/2012 trees 

having smaller and different dbh (mean 6.77 cm, ±0.50 SE) compared to all other cohorts 

(range: 6.77-9.25 cm). 

 

● 7 years post planting- The winter 2010/2011 trees and winter 2011/12 trees were the only ones 

that have been monitored for 7 years; there was a statistical difference in height between the 

two (F1,181=18.74; p<0.0001). The winter 2010/11 tree dbh was (mean) 10.86 cm (± 0.65 SE), 

and the winter 2011/12 tree dbh was (mean) 8.06 cm (± 0.29 SE). 

 

● 8 years post planting- Only the winter 2010/11 trees have been planted for 8 years. Their tree 

dbh was on average 12.29 cm ± 0.73 SE.  
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DBH Growth Rates by Species 
Five tree species have been planted across seven planting seasons, although not all species were 

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

direct comparisons. See below for a breakdown of tree growth (dbh) by species (Figure 20). 

Baldcypress 

 There were significant differences in baldcypress DBHGR across years (F5,3267=74.28; p<0.0001) 

(Figure 20). Overall, baldcypress grew more from 2014 to 2015 (mean 1.79 cm/yr. ±0.06 SE) compared 

to all other years. The least baldcypress growth occurred from 2016 to 2017 (mean 0.72 cm/yr. ±0.03 

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 Growth 

Rates/DBH/winter 2010/2011 planting season and Growth Rates/DBH/winter 2011/2012 planting 

season). 

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

(F5,394=10.34; p<0.0001). Overall, baldcypress grew more from EOS 2014 to EOS 2015 (mean 2.30 

cm/yr. ±0.12 SE), and less from EOS 2012 to EOS 2013 (mean 0.79 cm/yr. ±0.06 SE) compared to 

all other years.  

 

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

across years (F4,183=5.50; p=0.0003). Mean annual growth ranged from 0.76 cm/yr. to 2.00 

cm/yr. 2015 to 2016 growth (0.76 cm/yr. ±0.12 SE) was less than 2014 to 2015 (2.00 cm/yr. 

±0.12 SE), and 2016 to 2017 growth (1.59 cm/yr. ±0.31 SE).  

 

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

across years (F3,774=39.35; p<0.0001); annual growth rates ranged between 0.69 to 1.58 cm/yr. 

The 2016 to 2017 growth rate (0.69 cm/yr. ±0.07 SE) was less and differed from the 2015 to 

2016 growth rate (0.87 cm/yr. ±0.06 SE). 

 

● Baldcypress winter 2015/2016 planting- There was a significant difference in baldcypress growth 

across years (F2,112=4.85; p=0.0096). Tree growth ranged between a low of 0.53 (EOS 2016) to a 

high of 1.32 (EOS 2018) cm/yr. EOS 2016 and EOS 2017 growth was statistically different. 

 

● Baldcypress winter 2016/2017 planting- There was a significant difference in baldcypress growth 

across years (F1,870=234.08; p<0.0001). Growth from EOS 2017 was (0.28 cm/yr. ±0.02 SE), and 

growth from EOS 2018 was (1.05 cm/yr. ±0.05 SE). 

 

● Trees from the winter 2017/2018 planting have only been monitored once since planting and 

dbh growth was 0.0.09 cm/yr. (±0.26 SE; n=2). The growth rate ranged between -0.18 to 0.35 

cm/yr. 

Water Tupelo 

There were significant differences in water tupelo DBHGR across years (F5,446=15.71; p<0.0001) 

(Figure 20). Overall, water tupelo growth ranged from 0.20 to 0.99 cm/yr., and trees grew more from 
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2014 to 2015 (mean 0.99 cm/yr. ± 0.06 SE) and 2017 to 2018 (mean 0.95 cm/yr. ± 0.05 SE) compared to 

all other years. 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 years. 

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

growth (F5,85=3.81; p=0.0038). Water tupelo growth ranged from 0.20 to 0.83 cm/yr. Growth 

from 2013 to EOS 2014 (mean 0.20 cm/yr. ±0.23 SE) was less and statistically different 

compared to monitoring years 2014 to 2015 (mean 0.79 cm/yr. ±0.09 SE), and 2015 to 2016 

(mean 0.81 cm/yr. ±0.11 SE), and 2017 to 2018 (mean 0.83 cm/yr. ±0.11 SE). 

 

● Water tupelo winter 2013/2014 planting- There was a significant difference in water tupelo 

growth across years within the winter 2013/2014 planting season (F3,123=11.11; p<0.0001). 

Annual water tupelo growth rates by monitoring year ranged from 0.56 to 1.18 cm/yr. Growth 

from 2016 to 2017 (mean 0.56 cm/yr. ±0.06 SE) was less than all other years (2014 to 2015: 

mean 1.17 cm/yr. ±0.08 SE; 2015 to 2016: mean 1.04 cm/yr. ±0.09 SE; 2017 to 2018: mean 1.08 

cm/yr. ±0.10 SE),), which did not differ. 

 

● Water tupelo winter 2014/2015 planting- There was a significant difference in water tupelo 

growth across years within the winter 2014/2015 planting season (F3,131=6.05; p=0.0007).  

Annual water tupelo growth ranged between 0.54 to 1.16 cm/yr. 

 

● Water tupelo winter 2015/2016 planting- There was a significant difference in water tupelo 

growth across years within the winter 2015/2016 planting season (F2,61=18.19; p<0.0001). 

Annual water tupelo growth ranged between 0.11 to 0.67 cm/yr. Growth during the most 

recent year, EOS 2017 to EOS 2018 was statistically higher and different than all other years. 

 

● Water tupelo winter 2016/2017 planting- There was a significant difference in water tupelo 

growth across years within the winter 2015/2016 planting season (F1,42=31.19; p<0.0001). 

Annual water tupelo growth ranged between -0.04 to 0.67 cm/yr.  

 

● Water tupelo winter 2017/18- There was not enough data to statistically compare water tupelo 

growth from the winter 2017/18 planting. In fact, only one water tupelo tree from the entire 

cohort was tall enough for a dbh measurement at EOS 2018. 

 

Red swamp maple 

There was a significant difference in red swamp maple DBHGR across years (F3,212=11.89; 

p<0.0001). Overall, red swamp maple grew more from baseline (initial winter 2014/15 planting season) 

to EOS 2015 (mean 0.79 cm/yr. ±0.10 SE) compared to all other years. Growth from 2015 to 2016 (0.25 

cm/yr. ±0.08 SE) and 2016 to 2017 (0.20 cm/yr. ±0.04 SE) did not differ. See below for a breakdown of 

red swamp maple growth within individual planting seasons over time. The winter 2010/2011, winter 

2011/2012, winter 2012/2013 and winter 2013/2014 planting seasons will not be discussed as no red 

swamp maple trees were planted during those years.  



46 

 

● Red swamp maple winter 2014/2015 planting- There was a significant difference in red swamp 

maple growth across years for this planting (F3,91=9.17; p<0.0001). Annual tree growth ranged 

between 0.26 to 1.07 cm/yr. The most recent year, EOS 2017 to EOS 2018 had the highest red 

swamp maple DBHGR, 1.07 cm/yr. (±0.17 SE). 

 

● Red swamp maple winter 2015/2016 planting- There was no significant difference in red swamp 

maple growth across years. Annual tree growth ranged between 0.10 to 0.18 cm/yr. 

 

● Red swamp maple winter 2016/2017 planting- There was a significant difference in red swamp 

maple growth across years for this planting (F1,75=14.45; p=0.0003). Annual tree growth ranged 

between 0.17 to 0.59 cm/yr. The most recent year, EOS 2017 to EOS 2018 had the highest red 

swamp maple DBHGR, 0.59 cm/yr. (±0.10 SE). 

 

Blackgum tupelo 

There were no significant differences in blackgum tupelo DBHGR across years. Overall, annual 

blackgum tupelo growth ranged between 0.10 to 0.90 cm/yr., but numbers of live individuals are 

decreasing, and in some instances statistical analyses is not appropriate due to low numbers. See below 

for a breakdown of blackgum tupelo growth within individual planting seasons over time. The winter 

2010/2011, winter 2011/2012, winter 2012/2013 and winter 2013/2014 planting seasons will not be 

discussed as no blackgum tupelo trees were planted during those years. 

● Blackgum tupelo winter 2014/2015 planting- There was no significant difference in blackgum 

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

between 0.11 to 0.90 cm/yr. Statistical differences were likely not detected due to low number 

of individuals. 

● Blackgum tupelo winter 2015/2016 planting- There was no significant difference in blackgum 

tupelo growth across years. Growth ranged between 0.10 to 0.20 cm/yr. Statistical differences 

were likely not detected due to low number of individuals. 

● Blackgum tupelo winter 2016/2017 planting- Blackgum tupelo planted during the winter of 

2016/2017 decrease in dbh on average -0.20 cm/yr. (n=1) during the first-year post planting 

(from winter 2016/2017 to EOS 2017), and no individuals were alive at EOS 2018. 

 

Green ash 

There was no significant difference in green ash growth (dbh) across monitoring years. Green 

ash growth ranged from 0.54 to 1.35 cm/yr. Green ash was only planted during the 2012/2013 planting 

season, therefore there is no further breakdown of green ash growth by planting season. 
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Figure 20: Tree diameter at breast height (dbh) by species across planting seasons in the Caernarvon area. EOS= end of season; 
black bars indicate baseline data 
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Maurepas Landbridge Region  

Background 
Habitat restoration on the Maurepas Landbridge (MLB) between Lake Maurepas and Lake  

Pontchartrain is one of ten priority projects of the Pontchartrain Coastal Lines of Defense Program 

(PCLOD) (LPBF 2006). The Landbridge is a critical line of defense for reducing storm surge for 

communities around Lake Maurepas, including East Baton Rouge (LPBF and CRCL 2008, USACE 2009). 

Historically, the MLB contained swamp forest dominated by baldcypress. In the early 1900’s, demand 

for baldcypress lumber increased and the Landbridge was eventually clear cut (Mancil 1980; Keddy et 

al. 2007) until large scale logging ceased around 1956 (Dranguet and Heleniak 2006). Natural 

regeneration was limited by the introduction of nutria (Myocastor coypus) (Conner and Toliver 1987), 

lack of freshwater and sediment input due to Mississippi River management, and subsidence (Keddy et 

al. 2007). The construction of the Mississippi River Gulf Outlet (MRGO), which increased salinity in Lakes 

Pontchartrain and Maurepas, also had a negative effect on the remaining swamp. Swamp regeneration 

has been limited on much of the MLB because of permanently flooded conditions, as seeds need a 

period of draw down to germinate (Shaffer et al. 2009). However, recently some areas of apparent 

natural regeneration have been observed, and the Foundation is investigating natural regeneration of 

swamp tree species on the MLB (Henkel et al. 2017a, Henkel et al. 2017b). In other areas, the swamp 

forest has degraded to marsh (Shaffer et al. 2009) (Figure 21). Additionally, a severe drought in 1999 

and 2000 caused salinity in the area to spike, which killed many trees, both naturally occurring and 

planted (Shaffer et al. 2009). 

 

 
Figure 21: Map of the wetlands on the Maurepas Landbridge, characterized by status (bottomland hardwood forest, sustainable 
swamp, relic swamp and degraded swamp) (Shaffer et al. 2009) before the closure of the Mississippi River Gulf Outlet 
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Land bridges are a critical risk reduction feature in the landscape. The Foundation is interested 

in restoring swamp habitat to maintain the Landbridge, as well as to expand this important habitat type 

in the region. Swamp forest is an effective buffer, reducing and slowing storm surge more effectively 

than marsh, while experiencing less damage in high winds than bottomland hardwood forest (Touliatos 

and Roth 1971; Doyle et al. 1995; Williams et al. 1999). Most of the Landbridge is managed by the 

Louisiana Department of Wildlife and Fisheries (LDWF), as Wildlife Management Areas (WMA). Three 

large WMA’s exist in the area, the Joyce WMA (39 911 acres; 16 151 hectares), Manchac WMA (7 355 

acres; 2 976 hectares) and Maurepas Swamp WMA (108 488 acres; 43 903 hectares) (Figure 22). The 

remaining area is privately owned.  

 

Figure 22: Map of Louisiana Department of Wildlife and Fisheries (LDWF) Wildlife Management Areas (WMA) on the Maurepas 
Landbridge. proposed river diversions also shown 

 

In 2014, due to the continued success of plantings in the vicinity of the CFD, the Foundation and 

its partners expanded swamp restoration plantings to the Landbridge near Manchac (Akers), LA. All 

planting sites on the MLB are located within an area determined to be suitable for restoration or 

potentially suitable for restoration in the future according to the Foundation’s Swamp Restoration 

Suitability Assessment for the Pontchartrain Basin (LPBF 2018) (see Figure 1). The restoration effort 

began with a test planting (100 trees) in winter 2013/2014 and has since expanded to annual planting 

events.  
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The following section is an update on swamp restoration on the MLB, in marshes surrounding 

Manchac, LA., and summarizes environmental conditions, tree plantings and monitoring of the 2018 

growing season. For information on the previous plantings and monitoring in this area see “Tree 

planting and monitoring on the Maurepas Landbridge, Louisiana: February 2014 to May 2016” 

(Hillmann et al. 2017), “Swamp Restoration and Planting on the Maurepas Landbridge: 2013-2017 

Update” (Butcher et al. 2018), and  “Swamp Restoration in the Pontchartrain Basin: Update January 

2010 – August 2018”. 

 Approximately 35 600 trees were planted on the MLB between January 2010 and August 2019. 

Most planting sites are located along the banks of Middle Bayou; two plantings are located on North 

Pass, and one planting is located on Galva Canal, south of Pass Manchac. Test plantings are located on 

the Tangipahoa River and on Galva Canal (Figure 23). Between 2017 and 2018, volunteers planted 

approximately 3 500 swamp trees, consisting of baldcypress (1 850), water tupelo (575), green ash (500) 

and red swamp maple (575).  

  

 

Figure 23: Locations of all tree plantings 2013/14 to 2018/19 on the Maurepas Landbridge. Most recent plantings are in orange 

Soil Salinity  
The MLB soil salinity data for September 2018 - September 2019 are shown below, along with 

soil salinity from the CRMS (stations 0030, 0033, 0034, 6209). CRMS stations on the Landbridge, as well 

as Foundation data (collected August, September, November 2018 and September 2019), indicated 

mean soil salinity and discreet soil salinity was below 2.5 ppt (Figure 24). Using these soil salinity data, 

the Foundation identified suitable areas for swamp restoration plantings on the Landbridge.  
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Figure 24: Soil salinity (ppt) in 2018 from the Lake Pontchartrain Basin Foundation data collection and Coastwide Reference 
Monitoring System (CRMS: 0033, 0034, 0030, 6209, 3913) 

Marsh Inundation  
The hydrology on the MLB has been severely altered due to the absence of Mississippi River 

overbank flooding, levee construction and logging ruts that remain in the marsh from early 1900s clear 

cuts. These ruts are so persistent that that are visible on satellite imagery. They act as conduits for 

saltwater intrusion and facilitate flooding. Wetland surface inundation frequency data was downloaded 

for CRMS stations 0030, 0033, 0034, and 6209 for the October 2018 to September 2019 water year. 

Each CRMS station is in the vicinity of one of the characterized “Locations” on the MLB (i.e. Middle 

Bayou, North Pass, Tangipahoa River, Galva Canal; see Figure 24). Previous research indicated that 

associating the CRMS flooding data in this region with our planting sites may overestimate flooding 

inundation frequency by 10% for Galva Canal, Middle Bayou and North Pass, and by 20% for the 

Tangipahoa River site (see Hillmann et al. 2019). Therefore, all CRMS station inundation data was re-

calculated to correct for these overestimations. From October 2018 through September 2019, planting 

sites along Galva Canal were flooded 79% of the time, Middle Bayou was flooded 59% of the time, 

North Pass 65% of the time, and the Tangipahoa River area flooded 68% of the time (CPRA 2019; Figure 

25). Marsh inundation on the Landbridge depends on wind speed, wind direction, tides and 

precipitation. Overall, water level on the marsh was highly variable, but generally remained <2 feet. The 

most frequent periods of water below the marsh surface (drawdown) during this time period occurred 

from November 2018 to March 2019, like other locations in the Pontchartrain Basin. This is typical, as 

cold fronts and associated northerly winds flush water out of marshes and into lakes and bayous 
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resulting in seasonally low water. Flooding spikes in October 2018 and July 2019 were also observed, 

like other locations in the basin. 

 

 

Figure 25: Water level relative to marsh surface. Water elevation data from Coastwide Reference Monitoring System (CRMS: 
0030, 0033, 0034, 6209) 

Winter 2018/2019 Planting  
 Swamp restoration along the MLB began in winter of 2013/2014 (Table 2).   During the 

2018/2019 season, 3 500 trees were planted in the MLB area. 2 500 of these trees were approximately 

1-year old saplings grown by ERS, LLC.  All trees were planted along Middle Bayou during volunteer 

events during the 2018/2019 season. The Foundation held volunteer events to plant 1 000 trees, while 

CRCL coordinated events to plant 2 500 trees total. Of the 2 500 trees CRCL planted, 1 350 were 

baldcypress, 575 were red swamp maple, and 575 were water tupelo. Of the 1 000 trees planted by the 

Foundation, 500 were baldcypress and 500 were green ash. Trees were planted between October and 

March over multiple planting events. Volunteers for 2018/2019 plantings included students from 

Ponchatoula High School (PHS), providing the opportunity for education and outreach (Figure 26). No 

trees were planted commercially in this region.  
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Table 2: Number of trees planted on the Maurepas Landbridge in each planting season, the number of 
trees placed in the monitoring program, and a breakdown by species by planting season. BG=blackgum, 
#pltd= number of trees planted (Maurepas Landbridge). 
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Figure 26: Volunteers from Ponchatoula High School (A) planted 650 baldcypress trees (B) along Middle Bayou in 03/2019. Each 
tree was secured with a nutria excluder device (C; NED) and planted approximately 5 m apart (D) 

Baseline Data 

Height 

Overall baseline height ranged between a minimum of 0.14 m and a maximum of 1.57 m, with a 

mean of 0.65 m (SD ±0.24). Mean baseline height of baldcypress was 0.57 m (SE ±0.15) and 0.66 m (SD 

±0.25) for green ash. 

 

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. All but one of the trees were less 

than 1.42 m tall and no dbh was measured. 

Tree Monitoring 2018/2019  

Analysis 
Statistical differences in height and dbh by planting season, years since planting and species 

were analyzed using analysis of variance (ANOVA) tests with RStudio (RStudio 2018). Growth over time 
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by planting season and by species was assessed using repeated measures ANOVA. If significant 

differences were detected, a post hoc comparison test was performed with Tukey’s HSD.  

 

Overall Survival  
Overall tree survival (all living tagged trees/all tagged trees) at the end of the 2018/2019 

monitoring season was 82%.  The average survival of all four-planting season was 74%. At the end of 

season 2018/2019, survival rates from the 2013/2014, 2014/2015, 2015/2016, and 2016/2017 plantings 

were 75%, 86%, 73% and 82% respectively (Figure 27). There were no trees added to monitoring 

program in the 2017/2018 planting season, so there is no survival rate for trees planted that year. 

 

Figure 27: Tree survival by tree planting season on the Maurepas Landbridge. Overall survival of tagged trees is 82% 

 

Survival by Species 
 Overall survival for baldcypress was 88% (n=1 633) and water tupelo survival was 81% (n=296). 

Red swamp maple survival was 66% (n=345) and blackgum tupelo survival was 8% (n=101). Due to low 

survival, blackgum tupelo trees have not been planted by the Foundation on the MLB since the winter 

2016/2017 planting season. 

Survival by Location 
 Overall, there was little difference in tree survival of planted trees by location (Figure 28). Tree 

survival was the same (83%) for sites along the Tangipahoa River (n=12), the Galva Canal (n=142) and 

Middle Bayou (n=2 481).  The lowest tree survival by location (67%) occurred at sites along North Pass 

(n=35).  
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Figure 28: Tree survival for the four general planting locations on the Maurepas Landbridge 

Height  

Overall Growth Rates for Height 
 Across all planting seasons and monitoring years, the overall tree growth rate was 0.14 m/yr. 

Growth rates by monitoring year ranged between -0.003 to 0.44 m/yr. (Figure 29). However, planting 

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

across years may be more informative.  

 

Figure 29: Overall height growth rate (m/yr.) by monitoring year on the Maurepas Landbridge 
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Height and Growth Rates by Planting Season 
Mean tree height at EOS 2018 across all plantings was 1.70m (±0.4 SD).  The tallest trees were 

from the winter 2013/2014 planting (the earliest planting) (Figure 30). Mean tree height from that 

planting was 2.31 m (±0.48 SD), with a maximum of 3.2 m and a minimum of 1.5 m meters. However, 

the tallest individual tree on the Maurepas Landbridge was 3.8 m, and was from the winter 2014/2015 

planting season. The shortest trees at EOS 2018 were from the winter 2015/2016 planting season. Mean 

tree height from this planting was 1.57 m (±0.4 SD), with a maximum of 2.82 m and a minimum of 0.60 

meters. However, the shortest individual tree was also from the winter 2014/2015 planting season (0.3 

m). At EOS 2018, tree height was significantly different across planting seasons (p<0.05). 

 

Figure 30: Tree height across planting seasons on the Maurepas Landbridge. Green bars indicate height at end of monitoring 
2018/19, light blue bars indicate baseline height 

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

For individual trees, heights were significantly different over time (p < .0001).  Below is height growth 

across years within individual planting seasons. 

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

significantly different across years (p < .0001). For this planting season the highest growth was 

0.4 m/yr. ±0.2 SD (from baseline to EOS 2014), and the least mean growth was 0.1 m/yr. ±0.2 

SD (from EOS 2016 to EOS 2017). HGR were not significant except for between baseline to EOS 
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2014 and EOS 2015 to EOS 2016, and between baseline to EOS 2014 and EOS 2916 to EOS 

2017. 

 

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

significantly different across years (p<0.0001). All growth rates were significantly different from 

each other, except for between EOS 2015 to EOS 2016 and EOS 2017 to EOS 2018.  Baseline 

height to EOS 2015 growth (0.14 m/yr. ±0.01 SD) was the highest growth rate, while EOS 2017 

to EOS 2018 growth (mean 0.10 m/yr. ±0.20 SD) was the lowest.  

 

● Winter 2015/16 planting season- For the third planting season, tree height growth was 

significantly different across years (p<0.001). The growth rate from baseline to EOS 2016 (0.06 

m/yr. ±0.3 SD) was statistically different than growth from EOS 2016 to EOS 2017 (-0.04 m/yr. 

±0.30 SD).  The growth rate from EOS 2017 to EOS 2018 was the lowest (0.001m/yr. ±0.30 SD), 

but was not statistically different from growth rates from any other year. 

 

● Winter 2016/17 planting season- For the 4th planting season, mean growth of tagged trees from 

baseline to EOS 2017 was -0.06 m/yr. (±0.3 SD) and was not significantly different from growth 

between EOS 2017 and EOS 2018 (-0.04 m/yr. ±0.3 SD). 

 

Height and Growth Rates by Number of Years Planted 
 The overall year-to-year mean growth rate for height, regardless of planting season and age, 

was 0.05 m/yr. (±0.3 SD). All trees, regardless of planting year, grew 0.04 m/yr. (±0.3 SD) from baseline 

to 1-year post-planting. In year 2, trees grew approximately 0.02 m/yr. (±0.3 SD). In year 3, trees grew 

approximately 0.04 m/yr. (±0.2 SD), and in year 4, trees grew approximately 0.1 m/yr. (±0.2 SD).  Trees 

in year 5 grew 0.3 m/yr. (±0.3 SD), however, the cohort in this growth year (winter 2013/2014 test 

planting) consists of only 24 individuals. Subsequent plantings had much larger cohorts. See below for a 

breakdown of height by number of years planted across planting seasons (Figure 31).   
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Figure 31: Tree height across number of years since planting, by planting season on the Maurepas Landbridge 

● 0 years (baseline) - There was a significant difference in baseline height by planting seasons 

(p<0.0001). Baseline heights by planting season ranged from 0.98 to 1.70 m and were all 

significantly different from each other. The winter 2017/18 planting season trees had the 

lowest mean baseline height (0.64 m ±0.24 SD), while the winter 2016/2017 tree had the 

highest baseline height (1.7 m ±0.35 SD). 

● 1-year post planting- There was a significant difference in height by planting season (p<0.0001). 

Trees from the winter 2016/2017 planting season were significantly different and taller (mean 

1.7 m ±0.4 SD) than trees from all other planting seasons (range: 1.4-1.7 m). 

  

● 2-years post planting- There was a significant difference in height by planting season after 2 

years (p<0.0001). Mean tree height ranged from 1.56-1.62 m. Trees from the 2016/2017 

planting season were tallest (mean 1.67 m ±0.4 SD) and statistically different from both winter 

2014/2015 trees (mean 1.59 m ±0.27 SD) and winter 2015/2016 trees (mean 1.56 m ±0.4 SD). 

Winter 2013/2014 trees (mean 1.62 m ±0.3 SD) were not significantly different in height from 

any other planting year, and winter 2014/2015 trees and winter 2015/2016 trees were not 

different from each other. 
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● 3-years post planting- There was significant difference in height by planting season after 3 years 

(p<0.01). Trees from winter 2015/2016 were shortest (1.6 m ±0.4 SD) and significantly different 

from trees planted in 2014/2015 and 2013/2014. Mean tree height ranged from 1.6 - 1.8 m. 

  

● 4-years post planting- There was no significant difference in heights by planting seasons after 4 

years.  Mean height of trees from the winter 2013/2014 and 2014/2015 plantings were 1.9 m 

±0.4 SD, and 1.8 m ±0.4 SD respectively. 

 

● 5-years post planting- Trees from winter 2013/2014 are the only trees that have been planted 

for 5 years.  The height of winter 2013/2014 trees after 5 years was 2.3 m ±0.48 SD. 

 

Height Growth Rates by Location 
Across all monitoring seasons and planting locations the overall HGR ranged between -0.1 m to 

0.3 m/yr. (Figure 32). However, since differences in growth exist between locations, and because 

planted trees were not equally stratified across locations or planting seasons, a closer look at growth 

across years by location may be more informative. 

 

Figure 32: Overall height growth rates by location on the Maurepas Landbridge. Galva= Galva Canal, Tangi= Tangipahoa 
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Below is a breakdown of growth across years by planting location (Figure 33): 

 

Figure 33: Tree growth across years (height; 2013/14 to 2018/19) by general planting location on the Maurepas Landbridge 

● Galva Canal- There was a significant difference in tree growth across years (p<0.0001). Tree 

growth ranged between 0.1 to 0.6 m/yr. Highest tree growth (mean 0.61 m/yr. ± 0.1 SD; n=7) 

occurred between 2013 and 2014, and was significantly different from all other years. Lowest 

tree growth (mean 0.12 m/yr. ± 0.2 SD) occurred from 2016 to 2017, but was similar to growth 

from 2015 to 2016 (mean 0.17 m/yr. ± 0.2 SD), and 2017 to 2018 (mean 0.17 m/yr. ± 0.3 SD). 

 

● North Pass- There was no significant difference in tree growth across years for plantings on 

North Pass. Tree growth ranged between -0.2 to -0.005 m/yr.  

 

● Middle Bayou- There was a significant difference in tree growth across years (p<0.0001). Tree 

growth range was from -0.02 to 0.12 m/yr. The highest tree growth (mean 0.12 m/yr. ± 0.2 SD) 

was from 2014 to 2015. The lowest tree growth (mean -0.01 m/yr. ± 0.2 SD) occurred from 2016 

to 2017. Growth from 2014 to 2015 was different from 2015 to 2016 growth (0.08 m/yr. ± 0.2 

SD) and 2017 to 2018 growth (0.03 m/yr. ± 0.2 SD).  Growth from 2017 to 2018 was statistically 

different compared to growth rate from all other years. 

 

● Tangipahoa River- There was no significant difference in tree growth across years (n=12). Tree 

growth ranged between 0.11 to 0.36 m/yr. The largest growth rate (mean 0.36 m/yr. ± 0.5 SD) 

was from 2017 to 2018, and lowest growth was between 2015 and 2016 (0.11 m/yr. ± 0.03 SD). 

The second highest growth occurred from 2013 to 2014 (0.33 m/yr. ± 0.1 SD).  Growth from 

2014 to 2015 and 2016 to 2017 were 0.14 m/yr. ± 0.1 SD and 0.11 m/yr. ± 0.2 SD, respectively. 
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Height Growth Rates by Species 
Four tree species have been planted across four 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 34).  Green 

ash only has baseline measurements and are not included in comparison.  

Baldcypress 

 There were significant differences in baldcypress growth across all monitoring years (p<0.01) 

(Figure 34). Baldcypress grew more from 2013 to 2014 (mean 0.4 m/yr. ±0.2 SD) compared to all other 

years. The least baldcypress growth occurred from 2016 to 2017 (mean 0.02 m/yr. ±0.2 SD). See below 

for a breakdown of baldcypress growth within individual planting seasons over time. The winter 

2013/2014 planting season will not be discussed as all trees planted were baldcypress and growth for 

this planting seasons has already been discussed (see Maurepas Landbridge/Growth Rates and 

Height/winter 2013/2014 planting season).  

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

across all years (p<0.0001), except for growth rates between EOS 2015 to EOS 2016 (0.12 m/yr. 

±0.18 SD), and EOS 2017 to EOS 2018 (0.11 m/yr. ±0.18 SD).  Mean HGR during the 2014/2015 

season (0.16 m/yr. ±0.22 SD) was highest, and mean growth during 2016/2017 season was lowest 

(0.06 m/yr. ±0.14 SD). 

 

● Baldcypress winter 2015/2016 planting- Growth from 2016/2017 season was significantly different 

from the preceding and following years growth (p<0.0001), which were not significantly different 

from each other. Trees grew 0.11 m/yr. (±0.26 SD) from baseline to EOS 2016, --0.01 m/yr. (±0.13 

SD) from EOS 2016 to EOS 2017, and 0.01 m/yr. (±0.23 SD) from EOS 2017 to EOS 2018. 

 

● Baldcypress winter 2016/2017 planting- Mean growth from baseline to EOS 2017 was -0.05 m/yr. 

(±0.25 SD), which was significantly different from mean growth at EOS 2018.  HGR from 2017 to EOS 

2018 was 0.02 m/yr. (±0.25 SD). 

 

 

Water tupelo 

There were significant differences in water tupelo growth (height) across monitoring years 

(p<0.0001). Overall, water tupelo grew more from 2014 to 2015 (mean 0.21 m/yr. ±0.22 SD) compared 

to all other years. There was negative growth observed for the past three monitoring seasons 

(2015/2016: mean -0.06 m/yr. ±0.08 SD; 2016/2017: mean -0.08 m/yr. ±0.42 SD; 2017/2018: mean -0.12 

m/yr. ±0.37 SD). See below for a breakdown of water tupelo growth within individual planting seasons 

over time. The winter 2013/14 planting season will not be discussed as no water tupelo trees were 

planted during that year. 

● Water tupelo winter 2014/2015 planting- There was a significant difference in water tupelo growth 

across years within the winter 2014/2015 planting season (p<0.01). Water tupelo growth was 

highest from baseline to EOS 2015 (0.21 m/yr. ±0.21 SD).  The only significant difference in growth 

was between that year and the following, EOS 2015 to EOS 2016, which was lowest (0.04 m/yr. 
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±0.30 SD).  Growth from EOS 2017 to EOS 2018 (0.08 m/yr. ±0.28 SD) was lower than growth from 

EOS 2016 to EOS 2017 (0.11 m/yr. ±0.29 SD). 

 

● Water tupelo winter 2015/2016 planting- There was no significant difference in water tupelo growth 

across years within the winter 2015/2016 planting season. Mean water tupelo height growth was 

negative for all three years and ranged between -0.25 to -0.35 m/yr. 

 

● Water tupelo winter 2016/2017 planting- There was no significant difference in water tupelo growth 

across years within the winter 2016/2017 planting season. Water tupelo planted during the winter 

of 2016/2017 decreased in height on average -0.09 m/yr. (±0.38 SD) by EOS 2017), and by -0.17 

(±0.36 SD) by EOS 2018. 

 

 

Red swamp maple 

There were no overall significant differences in red swamp maple growth across monitoring 

years. Overall, red swamp maple showed mean negative HGR across all monitoring years (range: -0.06 

to -0.10 m/yr.). See below for a breakdown of red swamp maple growth within individual planting 

seasons over time. The winter 2013/14 planting season will not be discussed as no red swamp maple 

trees were planted during that year. 

 

● Red swamp maple winter 2014/2015 planting- There was no significant difference in red swamp 

maple growth across years within the winter 2014/2015 planting season. Yearly mean growth 

ranged between -0.08 to -0.002 m/yr.  

 

● Red swamp maple winter 2015/216 planting- There was a significant difference in red swamp maple 

growth across years within the winter 2015/2016 planting season; height was lowest from EOS 2017 

to EOS 2018 (-0.22 m/yr. ±0.39 SD) and significantly different from the previous year’s growth (0.07 

m/yr. ±0.47 SD). Growth at EOS 2016 was not significantly different from either of the following 

years (0.06 m/yr. ±0.28 SD). 

 

● Red swamp maple winter 2016/2017 planting- There was no significant difference in height growth 

across years for the 2016/2017 planting.  Mean height growth ranged from -0.01 m/yr. to -0.06 

m/yr. 

 

 

Blackgum tupelo 

There was a significant difference in overall blackgum tupelo growth (height) across monitoring 

years (p<0.01). Overall, blackgum tupelo growth from 2014 to 2015 (0.01 m/yr. ±0.10 SD) was greater 

and different than growth from 2016 to 2017 (-0.38 m/yr. ±0.31 SD). See below for a breakdown of 

blackgum tupelo growth within individual planting seasons over time. The winter 2013/14 planting 

season will not be discussed as no blackgum tupelo trees were planted during that year.  Growth of 

2015/2016 planting will not be discussed, as there are no surviving individuals in the cohort. 
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● 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 ranged from -0.57 m/yr. ±0.28 SD to 0.15 m/yr. ±0.28 SD, however by EOS 2018, only 3 

individuals from the monitoring cohort are still living. 

 

● Blackgum tupelo winter 2016/2017 planting- There was no significant difference in blackgum 

tupelo growth across years within the winter 2016/2017 planting season. Blackgum tupelo 

height ranged from -0.30 m/yr. at EOS 2017 to -0.07 m/yr. at EOS 2018, however, at EOS 2018 

only 5 individuals were living. 
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Figure 34: Tree height by species across years (2013/14 to 2018/19) on the Maurepas Landbridge. EOS= end of season, light blue 
bars indicate baseline data 
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Diameter 

Overall Growth Rates for DBH 
 Across all planting seasons and monitoring years, the overall dbh growth rate on the Maurepas 

Landbridge was 0.16 cm/yr. (Figure 35). Growth rates by monitoring year ranged between 0.06 to 0.22 

cm/yr. However, planting seasons differed in number of trees and species planted, therefore growth 

rates within planting seasons across years may be more informative.  

 

Figure 35: Diameter at breast height growth rates (cm/yr.) by monitoring year on the Maurepas Landbridge 

DBH by Planting Season 
Mean tree dbh at EOS 2018 across all plantings was 0.93 cm (±0.68 SD) and mean dbh growth 

was 0.13 cm/yr. (±0.41 SD). The largest trees were from the winter 2013/2014 planting (the earliest 

planting) (Figure 36). Mean dbh from that planting was 2.31 cm (±01.2 SD), with a maximum of 5.1 cm 

and a minimum of 0.38 cm. However, the largest individual tree on the Maurepas Landbridge was 6.8 

cm, and was from the winter 2014/2015 planting season. The smallest trees at EOS 2018 were from the 

winter 2015/2016 planting season. Mean dbh from this planting was 0.82 cm (±0.47 SD), with a 

maximum of 2.6 cm and a minimum of 0.10 cm. However, the smallest individual measurable tree was 

from the winter 2014/2015 planting season (0.05 cm). At EOS 2018, dbh of the 2013/2014 planting was 

significantly different from all other planting seasons (p<0.0001); dbh of all subsequent plantings were 

not significantly different from each other. 
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Figure 36: Tree diameter at breast height (dbh) across planting seasons on the Maurepas Landbridge. Green bars indicate dbh 
at end of 2018/19 monitoring. Light blue bars indicate baseline data 

Within each individual planting season across years, DBHGR varied for some monitoring years. 

See below for a breakdown of DBHGR across years within individual planting seasons. 

● Winter 2013/14 planting season- For the first planting season, DBHGR was not significantly 

different across years. Mean DBHGR across years ranged between 0.29 to 0.63 cm/yr. 

 

● Winter 2014/15 planting season- For the second planting season, DBHGR was significantly 

different across years (p<0.0001). For this planting, growth from EOS 2015 to EOS 2016 (0.21 

cm/yr. ±0.42 SD) was higher and significantly different compared to growth from EOS 2016 to 

EOS 2017 (0.01 cm/yr. ±0.33 SD), and EOS 2017 to EOS 2018 (0.06 cm/yr. ±0.33 SD).  

 

● Winter 2015/16 planting season- For the third planting season, DBHGR was significantly 

different across years (p<0.0001). For this planting, EOS 2016 to EOS 2017 growth (mean -0.18 

cm/yr. ±0.40 SD) was statistically different from baseline dbh to EOS 2016 growth (mean 0.18 

cm/yr. ±0.27 SD) and EOS 2017 to EOS 2018 growth (mean 0.29 cm/yr. ±0.5 SD). 

 

● Winter 2016/17 planting season- For this planting, growth from baseline to EOS 2017 (0.12 

cm/yr. ±0.35 SD) was higher and significantly different from growth from EOS 2017 to EOS 2018 

(-0.01 cm/yr. ±0.36 SD). 
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DBH by Number of Years Planted 
 The overall year to year mean DBHGR, regardless of planting season and age, was 0.18 cm/yr. 

(±0.13 SD). In general, trees grew 0.12 cm/yr. (±0.34 SD) from baseline to 1-year post-planting. In year 2, 

trees also grew approximately 0.02 cm/yr. (±0.40 SD). In year 3, trees grew approximately 0.10 cm/yr. 

(±0.44 SD), and in year 4 trees grew approximately 0.06 cm/yr. (±0.33 SD).  After 5 years trees grew 0.63 

cm/yr. (±0.66 SD), however, year 5 DBHGR is based solely on the winter 2013/2014 test planting trees 

(n=24).  See below for a breakdown of height by number of years planted across planting seasons 

(Figure 37).  No baseline height is provided for 2018/2019 planting season, as trees were not tall enough 

to measure dbh. 

 

Figure 37: Tree diameter at breast height across number of years since planting, by planting season on the Maurepas 
Landbridge 

● 0 years (baseline) – No baseline dbh was recorded for the winter 2013/2014 test planting. There 

was a significant difference in baseline dbh among tagged trees across the remaining planting 

seasons (p<0.0001), which ranged from 0.61 – 0.76 cm. The winter 2014/2015 had the lowest 

mean baseline dbh (0.61 cm ±0.2 SD), and was different than all others. 

 

● 1-year post planting- There was a significant difference in dbh by planting season (p<0.0001). 

Mean dbh at year 1 ranged between 0.59-0.89 cm. Trees from the winter 2015/2016 and winter 

2016/2017 planting seasons were similar (mean 0.86 cm ±0.31 SD and mean 0.89 cm ±0.48 SD, 

respectively), and different than trees from winter 2014/2015 (mean 0.73 cm ±0.31 SD).  

 

● 2-years post planting- There was a significant difference in dbh by planting season (p<0.0001). 

Mean dbh ranged from 0.62 to 0.91 cm. Trees from the 2015/2016 planting had the smallest 

dbh at 2 years post planting (mean 0.62 cm ±0.47 SD), and was statistically different from winter 

2014/2015 and 2016/2017 trees, which did not differ. Trees from 2013/2014 had the largest 

dbh after 2 years (0.91 cm ±0.30 SD) and was not statistically different from other years. 
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● 3-years post planting- There was a significant difference in dbh by planting season.  Trees from 

2013/2014 were statistically different from seasons 2014/2015 and 2015/2016 (p<0.01). At 3 

years post planting winter 2013/2014 dbh was 1.26 cm ±0.5 SD. Mean dbh for winter 2014/2015 

trees was 0.85 cm ±0.57 SD, and mean dbh for 2015/2016 trees was 0.82 ±0.5 SD. 

  

● 4-years post planting- Mean dbh of trees from the winter 2013/2014 planting was 1.64 cm ±1.04 

SD, which was significantly different and higher than trees from the 2014/2015 planting (0.97 

cm±0.81 SD) (p<0.01). 

 

● 5-years post planting- Only trees from the winter 2013/2014 planting season have been in 

ground for 5 years. At 5 years post-planting, mean tree dbh was 2.23 cm ±1.1 SD. 

 

DBH by Species 
Four tree species have been planted across five planting seasons, although not all species were 

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

direct comparisons. See below for a breakdown of tree dbh growth by species (Figure 38). 

Baldcypress 

 There were significant differences in baldcypress dbh growth across monitoring years 

(p<0.0001) (Figure 38). Baldcypress grew less from 2016 to 2017 (mean 0.07 cm/yr. ±0.41 SD) compared 

to growth between 2015 and 2016 (0.29 cm/yr. ±0.44 SD), and 2017 and 2018 (0.14cm/yr. ±0.45 SD). 

Growth from 2014 to 2015 (mean 0.23 cm/yr. ±0.28 SD) did not differ from any other year’s growth. See 

below for a breakdown of baldcypress growth within individual planting seasons over time. The winter 

2013/2014 planting season will not be discussed as all trees planted were baldcypress and growth for 

this planting seasons has already been discussed (see Maurepas Landbridge/Growth Rates and 

DBH/winter 2013/2014 planting season).  

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

across years (p<0.0001). Mean growth during the 2016/2017 season (0.04 cm/yr. ±0.40 SD) was 

lowest and mean growth during 2015/2016 was highest (0.27 cm/yr. ±0.45 SD).  Growth from 

2014/2015 (0.21 cm/yr. ±0.28 SD) differed from 2015/2016 growth and 2017/2018 growth 

(0.18 cm/yr. ±0.43 SD). 

 

● Baldcypress winter 2015/2016 planting- There was a significant difference in baldcypress growth 

across years (p<0.0001). Trees grew 0.38 cm/yr. (±0.23 SD) from baseline to EOS 2016, -0.20 

cm/yr. (±0.52 SD) from EOS 2016 to EOS 2017, and 0.36 cm/yr. (±0.57 SD) from EOS 2017 to 

EOS 2018. Growth from EOS 2016 to EOS 2017 was lower and different than all other years. 

 

● Baldcypress winter 2016/2017 planting- There was a significant difference in baldcypress growth 

across years (p<0.0001). Trees from the 2016/2017 planting season grew an average of 0.18 

cm/yr. (±0.35 SD) from EOS 2016 to 2017, which differed from and was greater than EOS 2017 

to EOS 2018 growth (-0.02 cm/yr. ±0.40 SD).  

 



70 

 

Water tupelo 

There were no significant differences in water tupelo DBHGR across monitoring years.  Water 

tupelo growth ranged from 0.11 cm/yr. to 0.19 cm/yr. by monitoring season. See below for a breakdown 

of water tupelo growth within individual planting seasons over time. The winter 2013/14 planting 

season will not be discussed as no water tupelo trees were planted during that year. 

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

across years within the winter 2014/2015 planting season. Mean water tupelo growth ranged 

between 0.15 to 0.25 cm/yr. 

  

● Water tupelo winter 2015/216 planting- There was no significance difference in water tupelo growth 

across years within the winter 2015/2016 planting season.  Mean water tupelo growth from 2015 to 

2016 ranged between -0.11 and 0.06 cm/yr. 

 

● Water tupelo winter 2016/2017 planting- There was no significance difference in water tupelo growth 

across years within the winter 2016/2017 planting season.  Mean water tupelo growth ranged from 

0.01 to 0.02 cm/yr. 

 

Red swamp maple 

There was a significant difference in red swamp maple growth (dbh) across monitoring years 

(p<0.01). Overall, red swamp maple growth from 2015 to 2016 (0.13 cm/yr. ±0.28 SD) was more and 

different than growth from 2016 to 2017 (-0.03 cm/yr. ±0.31 SD) and 2017 to 2018 (-0.03cm/yr. ±0.26 

SD). See below for a breakdown of red swamp maple growth within individual planting seasons over 

time. The winter 2013/14 planting season will not be discussed as no red swamp maple trees were 

planted during that year. 

● Red swamp maple winter 2014/2015 planting- There was no significant difference in red swamp maple 

growth across years within the winter 2014/2015 planting season. Yearly mean growth ranged 

between -0.02 to 0.09 cm/yr.  

 

● Red swamp maple winter 2015/216 planting- There was a significant difference in red swamp maple 

growth across years within the winter 2015/2016 planting season (p<0.05). Mean growth from 2015 

to 2016 (mean 0.20 cm/yr. ±0.25 SD) was different than growth from 2016 to 2017 (-0.10 cm/yr. 

±0.29 SD), but not different from 2017 to2018 growth (0.06 cm/yr. ±0.24 SD). 

 

● Red swamp maple winter 2016/2017 planting- There was no significant difference in red swamp maple 

growth across years within the winter 2016/2017 planting season. Mean growth ranged from -0.06 

to -0.01 cm/yr. 

 

Blackgum tupelo 

There was no significant difference in overall blackgum tupelo growth (dbh) across monitoring 

years. Blackgum tupelo growth from ranged between -0.10 to 0.09 cm/yr.  Survival of blackgum tupelo is 

28%, and the number of individuals living (n=7 for all seasons combined); due to the low number of 

individuals with measured dbh, analysis on individual planting years is not presented. 
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Figure 38: Diameter at breast height (dbh) by species and planting season across monitoring years 2012/13-2018/19. Green 
bars indicate end of season 2018/19; light blue bars are baseline data; EOS=end of season 
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LaBranche Wetlands  

Background 
The LaBranche Wetlands (LBW) are in St. Charles Parish, LA, east of the Bonnet Carré Spillway. 

The Spillway is a forested flood control area periodically flooded when the Mississippi River is at high 
stage, and is located west of the city of Kenner on the south shore of Lake Pontchartrain. The LBW have 
a history of impoundment and saltwater intrusion. Historically, the wetlands were mainly swamp but 
have since converted to brackish marsh. They were cut off from fresh water by the leveeing of the 
Mississippi River. Salinity increased due to saltwater intrusion brought in largely by the MRGO, especially 
during droughts (i.e. 1999/2000), and with hurricane events with storm surges. Storm surge introduced 
saltwater that could not be flushed out due to impoundments in the LBW. Nearby, salinity at the 
Williams Blvd. boat launch (Kenner, LA) reached 11 ppt in 1999, 7 ppt during Hurricane Katrina, and 
almost 6 ppt during Hurricane Isaac (data courtesy of St. Charles Land Syndicate, Inc.). However, since 
the closure of the MRGO, salinity does not appear to fluctuate as much. While some impoundments still 
exist, culverts were installed to increase, but not completely restore, the tidal connection (Richardi 
2014). 
 The Foundation has been monitoring the soil salinity and vegetation at LBW since 2016. To read 
more about the LBW see “Swamp Restoration Suitability Assessment for the LaBranche Wetlands” 
(Henkel et al. 2016), and “Swamp Restoration Suitability Assessment for the LaBranche Wetlands: Data 
collection from 2016 and 2017” (Henkel et al. 2017). 

 

Soil Salinity 
LaBranche Wetlands soil salinity data for August 2018 to August 2019 are shown below (CRMS 

stations 6299 and 2830 and LPBF discreet sampling). LPBF data collected in August 2018. CRMS data are 
means of data collected throughout the time period. Between August 2018 and August 2019, soil salinity 
in the LBW ranged between 1.3 to 3.6 ppt (Figure 39).  
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Figure 39: Soil salinity (2018; ppt) from the Lake Pontchartrain Basin and Coastwide Reference Monitoring System (CRMS: 6299, 
2830) within the LaBranche Wetlands 

Marsh Inundation 
Surface flood inundation frequency data was downloaded for CRMS stations 6299 and 2830, 

which are located within the LBW, but north of Interstate I-10 and the railroad bridge (Locations in 

Figure 39). The hydrology of the CRMS sites and the planting sites may be different due to the existence 

of a few culverts under the railroad and other hydrologic alterations. Therefore, the inundation 

frequencies calculated here for CRMS stations may not be completely representative of the inundation 

frequencies observed at the actual planting sites; however, they represent the best available data. From 

2018 through 2019 the LBW were flooded 92% of the time at station 6299, and 47% of the time at 

station 2830 (CPRA 2019; Figure 40). This is an increase in marsh inundation from the previous year by 

between 5-10 %. Marsh inundation in the area depends on wind speed, wind direction and 

precipitation. The most frequent periods of water below the marsh surface (drawdown) during the 2018 

to 2019 time period occurred from November 2018 to March 2019 at both stations, but especially at 

station 2380. Frequent north/northeasterly winds during this time likely push marsh surface water out 

of the area and into Lake Pontchartrain. There were also observed drawdowns in August of both years; 

during these times more, sustained winds increased the duration of low water. Overall mean water level 

on the marsh ranged between 0.47 feet (CRMS 2830) and 0.82 feet (CRMS 6299).  
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Figure 40: Daily mean marsh inundation in the LaBranche Wetlands from 08/2018 to 08/2019 

Winter 2018/2019 Planting 
A first test planting was initiated by Foundation staff in the LBW during winter 2017/2018. In 

total, 100 trees were planted in February 2018, and all 100 trees were tagged for monitoring.  Apparent 

survival of the trees was observed later in 2018, and as a result, LPBF arranged for 500 additional trees 

to be planted in the 2018/2019 winter season (Table 3, Figure 41).  All 500 trees were 1-year old 

saplings grown by ERS, LLC. They were planted by volunteers from Valero Energy in October 2018 

(Figure 42). 
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Table 3: A total of 500 baldcypress trees were planted by volunteers in the LaBranche Wetlands during 
the 2018/2019 season.  Of 500 trees planted, 200 were tagged and measured for monitoring. 
BG=blackgum     
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Figure 41: Locations of test plantings and winter 2018/19 planting in the LaBranche Wetlands. All planting sites are located 
south of Interstate 10 and the railroad 

 

Figure 42: Valero Energy (Norco, LA) employees planted 500 trees in the LaBranche Wetlands on October 26, 2019 

Tree Monitoring 2018/2019  

Analysis 
Statistical differences in height were analyzed using analysis of variance (ANOVA) tests with SAS 

9.4. In all cases, an alpha of p=0.05 was used to indicate significant differences. If significant differences 

were detected, a post hoc comparison test was performed with Tukey’s HSD. Statistical differences in 

dbh were not analyzed due to low sample size (n=3). Only descriptive statistics were calculated for 

height and dbh growth rates because only 1 year of growth rates exist at this time. 
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Overall Survival 
 Overall tree survival (live tagged trees divided by all tagged trees) at the EOS 2018 was 100%. 

This survival rate was based on the first 100 test planted trees in the LBW that were planted in February 

2018. More trees were planted during the winter 2018/19 planting season, to be monitored at EOS 

2019. 

Survival by Species 
 All trees planted in the LBW in February 2018 were baldcypress trees, and all 100 trees survived. 

Approximately 500 more baldcypress were planted during the winter 2018/19 planting season, to be 

monitored at EOS 2019. 

Survival by Location 
 Swamp reforestation in the LBW is new. Unlike the CFD area or the MLB area, we have not 

delineated the LBW into different “Areas” for analysis, yet, though the area north of the rail road and 

Interstate-10 (closer to Lake Pontchartrain/more exposure) and the area south of the rail road and 

Interstate-10 (semi-impounded) are two possibilities. 

Height  

Overall Growth Rates for Height (HGR) 
 Trees in the LBW have only been in ground for one growing season, therefore only 1 mean HGR 

exists for these trees currently. The mean tree HGR from planting in early 2018 to EOS 2018 was 0.20 

m/yr. (±0.02 SE) (Figure 43). Growth rates ranged between -0.4 to 0.65 m/yr.  

 

Figure 43: Overall height growth rate (m/yr.) by monitoring year in the LaBranche Wetlands 
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Height and Growth Rates by Planting Season 
There has only been one planting season in the LBW for which we have collected monitoring 

data. Mean tree height at EOS 2018 across this one and only planting was 1.30 m (±0.02 SE) (Figure 44).  

The tallest individual tree was 1.62 m and the shortest individual tree was 0.9 m.  

 

 

Figure 44: Tree height across planting season after annual monitoring (2017/18 to 2018/19) in the LaBranche Wetlands. Black 
bars indicate baseline data. EOS= end of season 

Diameter  

Overall Growth Rates for DBH (DBHGR) 
 Trees in the LBW have only been in ground for one growing season, and very few trees were 

initially tall enough to collect baseline dbh data, therefore only 3 individual mean DBHGR measurements 

exists for these trees currently. The mean tree DBHGR from planting to EOS 2018 was 0.07 cm/yr. (±0.07 

SE) (Figure 45). For the data that we have, DBHGR ranged between 0.0 to 0.14 cm/yr. 
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Figure 45: Overall diameter at breast height growth rate (cm/yr.) by monitoring year in the LaBranche Wetlands, n=3 

Diameter and Growth Rates by Planting Season 
There has only been one planting season in the LBW for which we have collected monitoring 

data. Mean tree dbh at EOS 2018 across this one and only planting was 0.37 cm (±0.04 SE) (Figure 46).  

The highest dbh for an individual tree at EOS 2018 was 0.8 cm and the least dbh for an individual tree 

was 0.1 cm. 

 

Figure 46: Tree diameter at breast height (dbh) across planting season after monitoring in the LaBranche Wetlands (2017/18 to 
2018/19). Orange bars indicate dbh at end of season 2018/19. Black bars indicate baseline data. EOS=end of season 
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Central Wetlands Unit 

Background 
 The Central Wetlands Unit (CWU) is a 29 140‐acre semi‐impounded wetland that is bordered by 
the MRGO and the HSDRRS levee to the east and the 40 Arpent levee and canal, also known as the 
Florida Canal, to the west. Historically, prior to European settlement, the CWU was made up of a 
combination of baldcypress and water tupelo swamp, intermediate marsh and bottomland hardwood 
forest. There was bottomland hardwood forest along the natural Mississippi River levee which graded 
into cypress‐tupelo swamp and then into intermediate marsh along Lake Borgne. A series of natural 
waterways drained off the natural levee toward Lake Borgne, including Bayou Bienvenu and Bayou 
Dupre (Hillmann et al. 2014, Figure 47). During flood years, the Mississippi River would overflow its 
banks and flood waters would drain off the natural levee into the drainage network. Just south of the 
CWU there was an already naturally abandoned trunk of the Mississippi River now called Bayou Terre 
aux Boeufs and Bayou La Loutre. The natural levee from these trunks formed the Bayou La Loutre Ridge.  
 

 
Figure 47: Natural condition of the Central Wetlands Unit region before European settlement 

 
The natural conditions of the CWU region provided pre-industrial storm surge protection for the 

people of New Orleans and surrounding communities. However, this is no longer the case. The CWU has 
been subjected to many anthropogenic and natural impacts over time including multiple hurricanes; the 
leveeing of the Mississippi River; construction of oil, gas, and navigation canals, including the MRGO; the 
construction of the levees around the CWU; and logging. Therefore, the hydrologic and salinity regime 
of the CWU region has been severely impacted, including more frequent inundation and higher salinity 
from increased impoundments. These types of changes affect wetland habitats and their associated 
ecosystem services (i.e. storm surge protection) by reducing areal coverage of bottomland hardwood 
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forest and cypress-tupelo swamp and increasing brackish marsh area. Today, 10-years after the closure 
of the MRGO, the CWU is a mosaic of patchily distributed wetland habitat types ranging from healthy 
intermediate-brackish marsh, scrub-shrub and bottomland hardwood ridges on spoil banks, submerged 
aquatic vegetation beds in open-water hurricane shears, and relic swamps.  

Due to its storied history and ecological importance, the Foundation is keenly interested in the 
health and function of the CWU. We are not alone. There has been a lot of discussion, with insight from 
many stakeholders, about restoration in and effective management of the CWU. For instance, 1 800 
seedlings were planted in 2015 as a Masters research project based at Southeastern Louisiana University 
(Hammond, LA, USA), in the area of the CWU previously identified as “Area 3”, near the Gore Pump 
Station (Dobson 2016). After 1 year, an 88% survival was observed. Anecdotally, those trees appear to 
be surviving currently. Further, an even earlier research project (Louisiana State University Agriculture 
Center, Baton Rouge, LA, USA) of planted baldcypress and water tupelo seedings planted in the CWU 
“Area 2” showed growth rates of planted seedlings up to ~0.35 m/year (Krauss et. Al. 2000). Apart from 
these initial research projects and despite their “success,” plantings in the CWU did not continue past 
these initial forays. The Foundation has also been involved in several studies in the CWU. To read the 
initial report about soil and surface salinity in the CWU visit  the LPBF website and view the report 
entitled "Soil and Surface Salinity: Winter 2013," (Hillmann et al. 2014), as well as the update entitled: 
“Recommendations for Restoration, Central Wetlands, Louisiana” (Hillmann et al. 2015).  

The de‐authorization and closure of the MRGO was a solid first step towards hydrologic 
restoration, but within the update report the Foundation recommended several actions which would 
further improve the overall health and function of the CWU, including swamp reforestation. Within the 
update report the Foundation identified 3 areas (~53 acres) that were ready for swamp reforestation, 
with the explicit caveat that this was a conservative estimate. Further analysis in 2018 for the bi-annual 
Swamp Restoration Suitability Analysis indicated a much larger swath ready for reforestation (>1 700 
acres, Figure 48). 

 

 
 
Figure 48: Areas identified as swamp reforestation ready in 2015 (A), and areas identified as swamp reforestation ready in 2018 
(B) 
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 This section highlights one year (the first) of swamp restoration plantings in the CWU and 
includes the deployment of approximately 750 wetland trees in the area of the CWU previously referred 
to as “Area 2”, near the Meraux Pump Station.  Most trees planted during the 2018/2019 season (~80%) 
were baldcypress (some water tupelo and red swamp maple were delivered mistakenly and 
subsequently planted). This was the first time that the Foundation and partner organizations (CRCL & 
REF) planted trees in the CWU. Trees planted by the Foundation were provided by the St. Bernard 
Wetland Foundation and ERS, LLC, and were all approximately 1-year old saplings. 
 

Soil Salinity 
 The CWU soil salinity data for August 2018 - September 2019 are shown below, including soil 

salinity from the CRMS (stations 3639, 3641, 3664). All Foundation collected soil salinity data were 

discreet sampling points collected in December, whereas CRMS soil salinity data were an average of 

repeated soil salinity data collected throughout the time period at each station. Between August 2018 

and September 2019, soil salinity data collected in the CWU ranged between 0.6 to 4.3 ppt (Figure 49).  

 

Figure 49: Soil salinity in the Central Wetlands Unit from 08/2018 to 09/2019, including both discreet salinity (LPBF; yellow and 
white) and repeated measurements at Coastwide Reference Monitoring System sites (CRMS 3639, 3641, 3664; red) 

 Soil salinity in the CWU appears to be slowly freshening. The 2016 interpolation of soil salinity 

data across the CWU indicated a persistent area of high (>6 ppt) salinity located around the eastern end 
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of Bayou Dupre (Figure 50), like trends observed previously (Hillmann et al. 2015). The most recent soil 

salinity data obtained for that area is lower than previous years (2-4 ppt vs. 5-10 ppt), and a look at the 

data indicates a trend of decreasing soil salinity at 2 of the 3 CRMS stations (CRMS 3641 is stable, Figure 

51). All together, these data indicate and reconfirm that the CWU is freshening and the spatial extent of 

areas ready for swamp restoration may be increasing. 

 

Figure 50: Interpolation of 2016 soil salinity data across the central Wetlands Unit. A gradient of decreasing soil salinity can be 
observed across the area moving east to west 
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Figure 51: Soil salinity at three Coastwide Reference Monitoring System sites (CRMS: 3639, 3641, 3664) in the Central Wetlands 
Unit from 01/2016 to 08/2019; trendlines indicate decreasing soil salinity over time at 2 of 3 stations 

Marsh Inundation 
 Marsh surface flood inundation frequency data was acquired for CRMS stations 3639, 3641 and 

3664, which are located towards the eastern side of the CWU, close to the HSDRRS levee by the Bayou 

Dupre Floodgate and the MRGO (locations in Figure 49). The hydrology within the CWU has been 

severely altered. In fact, the entire CWU is now enclosed in flood protection levees and the floodgates at 

Bayou Dupre and Bayou Bienvenu, which can be closed as high-water approaches. This reduces flooding 

on the marsh. Areas considered for planting, along the western side of the CWU, are far from the CRMS 

stations and are also in the vicinity of pump stations that release runoff into the CWU. Therefore, marsh 

flooding at the CRMS sites and at the planting sites may be different, and the flooding/inundation 

frequencies calculated here for CRMS stations may not be exactly representative of inundation at 

planting sites. However, they still represent the best available data. From 2018 through 2019 the CWU 

was flooded 44% of the time at station 3639, and 53% of the time at station 3641, and 69% of the time 

at CRMS 3664 (CPRA 2019; Figure 52). Marsh inundation here depends on wind speed, wind direction, 

precipitation, floodgate closure, and runoff from pump stations. The most frequent periods of water 

below the marsh surface during the 2018 to 2019 time period occurred from November 2018 to March 

2019, like other locations in the Pontchartrain Basin. Overall mean water level on the marsh was 

generally below 0.5’, and never exceeded 1.0’. Flooding spikes in October 2018 and July 2019 (observed 

at other locations in the Pontchartrain Basin) were not observed in the CWU, likely due to floodgate 

closures at those times. 
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Figure 52: Daily mean marsh inundation at Coastwide reference Monitoring System sites 3639, 3641 and 3664 in the Central 
Wetlands Unit from 08/2018 to 08/2019. Marshes were frequently flooded, but with never > 1' of water on the marsh 

 

Winter 2018/2019 Planting  
 Although swamp restoration has been recommended for some time in the CWU, this was the 

first test planting organized by LPBF and CRCL. During the winter 2018/2019, a total of 750 trees were 

planted in the CWU, along the Florida Canal back levee canal marshes, in the vicinity of the Meraux 

Pump Station (Figure 53).  Of those trees planted, 243 trees were tagged/flagged for monitoring (Table 

4, Figure 54).  Trees were provided by two growers: 500 trees from ERS, LLC and 250 trees from the 

SBWF. All 750 trees were planted by Tulane University student volunteers. Incorporating new trees into 

the tree monitoring program was important as we were planting in a completely new area. Additionally, 

we made sure to tag trees from both growers because we are interested in the performance of trees 

grown by different nurseries. 
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Figure 53: Location of the winter 2018/19 Central Wetlands Unit planting along the western Florida Canal, by the Meraux Pump 
Station (#4) 
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Table 4: A total of 750 baldcypress trees were planted by volunteers in the Central Wetlands Unit during 
the 2018/2019 season.  Of 750 trees planted, 243 were tagged and measured for monitoring. 

 

*Only baldcypress trees were supposed to be planted as this planting was considered a test planting. 

Some water tupelo and red swamp maple trees were delivered by mistake due to miscommunication 

with one of the growers. No accurate count of how many water tupelo and red swamp maple trees were 

delivered was taken, but is estimated at approximately 10% of the total for each. No water tupelo and 

red swamp maple were tagged for monitoring. 
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Figure 54: Trees planted and tagged for monitoring in the Central Wetlands Unit along the Florida Canal back levee marshes in 
the vicinity of the Meraux Pump Station (#4) 

Baseline Data 

Height 

Overall baseline height (all baldcypress) ranged between a minimum of 0.6 m and a maximum of 

2.0 m with a mean of 1.38 m (SE ±0.02).  

Diameter at Breast Height 

Overall dbh (all baldcypress) ranged between a minimum of 0.1 cm and a maximum of 0.8 cm 

with a mean of 0.23 cm (SE ±0.02). 

Discussion 
 The Foundation has now been engaged in swamp restoration throughout the Pontchartrain 

Basin for close to a decade. At the outset, the fundamental question was whether this was even 

possible. Had environmental conditions changed sufficiently, in enough places, to effectively restore 

swamp habitat which would (in time) fortify defenses against storm surge in SE Louisiana? The answer is 

YES! After ten years, we have shown that wetland trees can be planted, survive in acceptable numbers, 

and grow at expected rates. There is much more that we have learned through this restoration effort. 

The following section is a discussion of the more nuanced details regarding lessons learned, challenges, 

and the future direction of the swamp restoration program.  

Caernarvon and Maurepas Landbridge Regions 
During the first ten years of swamp restoration, our primary target areas for restoration were 

the CFD and the MLB areas. This work has provided valuable information about, 1) the survival and 

growth of planted trees in the footprint of river diversions and, 2) the survival and growth of planted 

trees in hydrologically disconnected river basins. In the Caernarvon area, depending on the exact 

metrics used for calculating tree survival (i.e. overall tagged trees, across plantings, etc.), survival 

remains ~65%, and tree growth remains relatively high (overall: 0.49 m/yr., height; 1.20 cm/yr., dbh). 
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Although we had observed decreasing growth rates in 2 of the last 3 years, the most recent monitoring 

season (2017-2018) showed rebounded growth rates. The observed inter-annual variation in growth 

rates (the highs and the lows) fall within the expected norms of growth rates of planted wetland trees 

for height. Plantation grown trees grow an average of 0.63 m/yr. (Connor 2004). Diameter growth in the 

Caernarvon area is higher than even plantation grown trees, which grow an average of 0.63 cm/yr. 

(Kinard and Johnson 1987). Recognizing that HGR and DBHGR in the Caernarvon area is normal to high is 

important, but teasing out the reasons for the inter-annual variation remains a focus. Further, tree 

survival in the CFD area continues to decrease slightly each year. This too is expected, as trees planted 

near each other thin out as stands of trees mature (Kinard and Johnson 1987).  

Tree growth around the CFD is considerably higher compared to growth of planted trees on the 

MLB (overall: 0.17 m/yr., height; 0.17 cm/yr., dbh). The growth rate at MLB is more comparable to 

natural stands of baldcypress (0.38 cm/yr., dbh; Kantrud and Johnson 1987). On the MLB, tree survival 

remains incredibly stable (82%).  Despite, the slower growth rate on the Landbridge compared to the 

CFD area, monitoring from 2017 to2018 showed a similar uptick in growth rates compared to the 

previous two years. Tree survival is acceptable in both areas and the swamp restoration goals of the 

Foundation and its partners continue to be met. However, exploration of the growth rate differential 

between CFD and MLB is needed in order to increase the success and efficiency of the restoration 

program. Monitoring data and analysis lead to important questions: 1) what drives the difference in tree 

survival and growth in the Caernarvon area versus on the Maurepas Landbridge 2) what explains the 

observed inter-annual variation in growth rates in both areas and 3) will other, new planting areas 

follow similar survival and growth trends? (see Potential Influences discussion below)  

LaBranche Wetlands and Central Wetlands Unit 
 After meeting our program goals regarding swamp reforestation in the CFD area and on the 

Maurepas Landbridge, the Foundation expanded swamp reforestation to the LBW in 2017/18 and to the 

CWU in 2018/19. These are new areas that are hydrologically complex and different from either the CFD 

area or the Landbridge. They are also different from each other. Each of these new areas is semi-

impounded; the CWU semi-encircled by levees and flood protection walls, and the LBW bounded by 

levees on the east and west and crossed by other obstructions, including rail road tracks. There are 

many unknowns, and risks associated with committing precious funds towards swamp reforestation in 

new areas. However, we believe our data indicates that these areas will be successful restoration sites. 

Only test planted trees in the LBW were monitored at EOS 2018. The small data set and temporal 

window present some uncertainty. However, the current data indicate high survivorship (100%) and 

growth rates that fall in between those observed in the CFD area and the Landbridge (Figure 55; 0.21 

m/yr. height). Both trends are promising indicators and we are excited to continue monitoring these 

sites in the future. 
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Figure 55: A comparison of overall height growth rate (left; m/yr.) and diameter at breast height growth rate (right; dbh- 
cm/yr.) (right) in the Caernarvon area, the Maurepas Landbridge and the LaBranche Wetlands irrespective of age of trees. 
Caernarvon area trees have been planted between 2-8 years, Maurepas Landbridge trees have been planted between 2-5 years, 
and LaBranche Wetlands trees have been planted 1 year. 
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Potential Influences 

River diversions 
We have long hypothesized that higher growth rates in the vicinity of the CFD compared to the 

Landbridge may be the result of freshwater, nutrient, and sediment pulses from the diversion. For the 

past two years our analysis indicated that trees growing closest to the diversion structure (“NEAR”) have 

a higher growth rate than trees located further away (see Figure 10). In fact, trees planted furthest from 

the diversion structure (“FAR”), have had the lowest growth rate. However, trees are not stratified 

equally across planting areas in each year, or even planted in each area every year. This confounds 

growth rate comparison between areas as it is difficult to isolate the impact of the CFD versus other 

potential influences such as inundation frequency and tree age. Nevertheless, freshwater inflow from 

the CFD introduces nutrients and oxygenates stagnant water which stimulates growth (Conner et al. 

2006). Overall, height and dbh growth has been higher for some years that also had substantial pulses of 

river discharge through the diversion, but not in all years (Figure 56). Specifically, high growth was 

observed during the 2013-2015 growing seasons which corresponded to years with substantial pulses 

through the diversion during spring months. However, lower than average growth rates were observed 

in 2016 and 2017. CFD discharge was low in 2016, but in 2017 when growth rates were lowest overall, 

discharge was similar to previous high years (2013-2015). This is overall trend is true even when looking 

at growth for the most impacted sites (NEAR, MID).  High within site and inter annual variability of 

growth rates at the CFD area complicate comparison with the MLB area.  

 

Figure 56: Caernarvon area tree growth rate (all trees; height) superimposed over Caernarvon Freshwater Diversion discharge 
from 2013-2019 

Since the Maurepas Landbridge is hydrologically disconnected from the Mississippi River, it 

receives freshwater primarily from precipitation, but also from rivers and streams draining into Lakes 

Maurepas and Pontchartrain (depending on wind, tidal action and water elevation). Several Mississippi 

River diversions with the potential to impact the Landbridge more directly are in the planning stages. 
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The MLB monitoring program will provide useful baseline data upon implementation of a new diversion 

into the Maurepas basin. Currently, the area is considered isolated and nutrient depleted (Shaffer et al. 

2016), which likely impacts tree growth in the area to some degree. Our monitoring has shown that 

growth in the CFD area is substantially higher than on the Landbridge. Further, baldcypress trees have 

been observed growing twice as fast in the Bonnet Carre Spillway (which receives river water in some 

years) than in the adjacent and disconnected LBW (Day et al 2012).  Thus, Mississippi River connection 

likely increases site suitability for restoration by introducing additional freshwater, nutrients, and 

sediment that subsequently positively impact growth rates of swamp trees. 

Monitoring in the CFD area and on the Landbridge have now overlapped for four years, and 

though the presence/absence of a river diversion is arguably the most significant hydrological difference 

between areas, it is not the only hydrological factor impacting growth rates in both areas. 

Inundation 
Marsh surface inundation frequency is significantly different between the CFD and MLB areas. 

Hydrological data retrieved from CRMS stations in both areas underscore two things: 1) trees planted on 

the Landbridge are inundated more frequently than in the Caernarvon area and 2) the duration of 

annual marsh inundation has increased in both areas over several years. Research has shown that 

prolonged flooding negatively affects tree survival and productivity even in flood tolerant tree species 

(Hook 1984; Conner et al. 1981). In fact, some common wetland tree species show negative effects 

when flooded just 37% of the growing season. 

Slowing tree growth in Caernarvon area began during the 2016 growing season and continued 

through the 2017 season. This slowing appeared correlated to increased marsh inundation when 

compared to previous years with higher growth. During the 2014 and 2015 growing seasons, when 

growth was highest (~0.65 and 0.75 m/yr.; height), annual marsh inundation at CRMS 0117 was 25% and 

17%, respectively. Low inundation was also observed at CRMS 0120 (11%, 5%), also located in the area. 

However, in the 2016 and 2017 monitoring seasons, when the rate of tree height growth declined (~0.30 

and 0.18 m/yr.), the marshes surrounding CRMS 0117 were inundated 44% and 43% of the time. This 

would appear to indicate a correlation and trend. However, in 2018 marsh inundation around CRMS 

0120 was 20%, and was 50% around CRMS 0117, yet tree growth re-bounded to 0.49 m/yr. Similar 

observations occurred on the Maurepas Landbridge. 

The highest rate of tree growth occurred on the Landbridge during the first year after the initial 

test planting (2014). During that year, annual marsh inundation at CRMS stations ranged from 33-60%. 

In 2017, when tree growth on the Landbridge was lowest, and using the newer, more conservative 

method of calculating inundation, inundation on the Landbridge increased to between 46% to 73%. Like 

the Caernarvon area, in 2018 inundation on the Landbridge was similar to but slightly higher (59-79%) 

than on the Landbridge in 2017, yet tree growth also rebounded here to 0.14 m/yr.  

Despite differences in calculating inundation (direct measurements or extrapolating from 

CRMS), the trend was the same; percent inundation on the Landbridge is generally higher than in the 

Caernarvon area, and inundation has increased in both areas in recent years. Possible nutrient 

deprivation combined with flooding stress can result in reduced growth for swamp species, producing 

effects on growth similar to that of salt stress (Effler and Goyer 2006). Although these swamp tree 

species are adapted for flooded conditions, they still may experience slow growth due to inundation. 
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Trees likely require time to develop adaptations to flooded environments, particularly if they were 

raised under different hydrological conditions (Graham and Mendelssohn 2006).  Further exploration of 

the physical drivers behind differences in seedling growth rates are required to effectively understand 

the differences in site quality between the CFD and MLB areas. A well-designed field or greenhouse 

experiment may be necessary to come to a more satisfying explanation. 

Climate 
Marsh inundation in this area is inextricably linked to climate (storms, precipitation, 

temperature), as wind, tidal action and precipitation, often from summer storms, forces surface waters 

onto marsh surfaces, at times for extended periods of time. As discussed in the previous section, 

extended and/or frequent flooding can then have a negative impact on tree growth. Storm related wind 

and surge also affect tree growth by smothering plants. For example, the Foundation observed 

increased mortality at specific tree planting sites at the confluence of several canals in the Caernarvon 

area after Hurricane Isaac (2012). In that instance, the high tidal surge forced wrack and debris onto 

newly planted trees, likely the cause of tree mortality. There have been two major weather events over 

the past two years, which coincided with reduced growth in both the Caernarvon area and on the 

Maurepas Landbridge. Neither event created a discernable storm surge in our planting areas, but both 

the flood of 2016 and Hurricane Nate in 2017 caused marsh inundation from surrounding surface water 

to spike, likely contributing to reduced growth.  

 Previous studies have also shown that cool, wet springs are indicative of higher tree productivity 

(Day et al. 2012). At our sites, precipitation and temperature may be too intertwined with marsh 

inundation to tease out their individual effects on tree growth. However, between 2010 and 2019, 

annual precipitation in the New Orleans area ranged between 53.9 (low; 2010) to 72.4 (high; 2017) in. 

per year (Figure 57), with seemingly decreasing spring precipitation over the past few years (Figure 58). 

Interestingly, the lowest tree growth observed thus far occurred in the year with the highest amount of 

annual precipitation (2017). Despite seemingly low spring precipitation in 2019, overall tree growth 

rates increased significantly over the past few years. 

 

Figure 57: Mean daily precipitation (New Orleans Armstrong International Airport) from 08/2018 to 08/2019 (CPRA 2019) 
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Figure 58: Annual seasonal precipitation (in.) from 2010 through 2019 (CPRA 2020) 

 

 In the previous report (Hillmann et al. 2019), we questioned whether the number of freezes in 

2018 (12, relatively high) would have a measurable effect on tree growth during the 2017/18 growing 

season. We assumed the effect would be minimal (or at least not detrimental), as a similar number of 

freezes in 2014 (11), resulted in high annual growth rates in 2015. Our assumptions were correct, tree 

growth rates re-bounded in 2017/18. The number of freezes do not appear to negatively impact wetland 

tree growth in this area. Similarly, summer maximum average temperatures across years also appeared 

to have a negligible effect on tree growth. Maximum summer averages ranged between 89.0 (2017) to 

92.0°F (2016), and temperatures in between represented the years of highest tree growth. Finally, 

returning to “cool springs indicating higher tree productivity,” this assumption is not completely borne 

out by our data. We actually found the highest growth rates (2015) in the year with the warmest spring 

temperatures (average high, 80.5; average low, 64.9), but similarly warm springs (2016, 80.0°F; 2017, 

79.4°F) had low growth rates, while the cooler springs (2013, 75.6 °F; 2014, 76.4°F) did have high (just 

not the highest) growth rates. 

Challenges 
 The following section details the continuing challenges to tree survival and growth at all of our 

planting locations. 

Nutria (Myocastor coypu) 
Herbivory continues to be a challenge primarily in the Caernarvon area, but not uniformly across 

all planting sites. Although there is a healthy alligator population in the vicinity of the CFD (around the 

diversion structure and Big Mar Pond), the invasive nutria is still observed throughout the area, and sites 

on the south side of Delacroix Canal appear particularly vulnerable. Trees are often found uprooted and 

chewed down at the base (Figure 60-A). Therefore, we continue to advocate for the consistent use and 
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proper installation of NEDs on all planted trees and believe it to be an essential part of the success of 

this project. NEDs do not prevent all instances of herbivory, but their proper use increases tree survival.   

Deer (Odocoileus virginianus) 
Evidence of deer herbivory is also apparent at some planting sites. especially in the southwest 

(SW) corner of Big Mar Pond and deer continue to negatively impact tree survival and growth at sites 

located in the southwest corner of Big Mar Pond (Figure 60-B). The winter 2013/14 planting season, 

when all trees were planted in this area, was most affected, as evidenced by observations in the field 

and the continual decline of tree survival at this location.  

 

Feral Hogs (Sus scrofa) 
 In the broader Caernarvon area, we also continue to see evidence of the presence of feral hogs 

(Figure 60-C). Their impact on planted trees appears to be increasing, especially at sites along the 

HSDRRS levee (labeled “NA” in this report). Here, field observations indicate a strong presence of hogs. 

Tree growth in this location is slower than the “NEAR” and “MID” locations. Often, trees damaged by 

hogs are found broken and partially uprooted, which results in reduced growth or death.  

Deer pea vine (Vigna luteola) 
Herbivory from nutria, deer, and damage from feral hogs appears much stronger in the 

Caernarvon area compared to the Maurepas Landbridge. This has not been tested experimentally but is 

supported by field observations during tree monitoring. Observations indicate other challenges on the 

Landbridge, which may explain some of the mortality, and, the overall lower growth rates compared to 

plantings in the Caernarvon area. For the past few years, along the banks of Middle Bayou, deer pea 

(Vigna luteola) has been observed growing opportunistically on newly planted trees. At first, deer pea 

appeared restricted to the Landbridge, and to within 15-20 m from the banks of Middle Bayou. The 

overall negative effects appeared limited. However, during the most recent monitoring season, 

pervasive deer pea was found in the Caernarvon area as well, and further away from Middle Bayou in 

the MLB area (Figure 60-D&E). Furthermore, trees were completely covered and bent, likely inhibiting 

growth. Deer pea is native to southeast Louisiana, adapted to a salinity range of 0-10, and is common in 

fresh to brackish marshes. Research has indicated that deer pea is one of the most common species in 

recovering marshes after high salinity events, likely due to its tolerance to higher salinity (Flynn et al. 

1995). Anecdotal evidence also suggests that deer pea smothers marsh vegetation, turning productive 

marsh to open mud flats, although published literature on this phenomenon is limited. Both the 

Caernarvon area and the Landbridge have been freshening since the closure of the MRGO, even as parts 

of the Landbridge are still subject to small spikes in soil salinity. An active area of research concerns 

lagging sulfides in wetland soils throughout the region which may stress planted seedlings and promote 

the presence of deer pea. 



96 

 

 

Figure 59: During the 2018/19 monitoring season continuing challenges included nutria damage (A), deer herbivory (B), wild 
hogs (C), and deer pea vine (D and E) 

Current and future work (updates and new projects) 

Natural swamp regeneration 
 While scouting for planting areas in July of 2015, a large area of the Landbridge appeared to be 
undergoing natural regeneration. Adult swamp tree species were observed seeding, and younger trees 
of various ages were growing. Also, a swamp understory community was developing. Although most of 
the region has been classified as either degraded or relic swamp by Shaffer et al. (2009), the most recent 
Swamp Restoration Suitability Assessment for the Pontchartrain Basin classified the region as either 
“Restoration Ready” or having the “Potential for Future Restoration.” Conditions in the basin appear to 
be changing since the closure of the MRGO in 2009, and the area may now be fresh enough to support 
growth of swamp seedlings and saplings. 
 The Foundation set up a study to investigate the extent and density of natural swamp 
regeneration on the Maurepas Landbridge (Figure 61). To date, natural swamp regeneration on the 
Maurepas Landbridge has been monitored annually 4 times. both the original report (Henkel et al. 
2017a), and the subsequent updates (Henkel et al. 2017b, Henkel et al. 2019) can be found on the Lake 
Pontchartrain Basin Foundation website (www.saveourlake.org). Data collection through 2019 revealed 
several interesting trends on the Landbridge, including: 
 
● soil salinity across the Landbridge is steadily decreasing 
● background tree mortality on the Landbridge is higher than in other swamps (2.4% vs. 1-2%), 

but zeros out when new recruits are considered 
● natural tree germination and regeneration is occurring on the Landbridge (especially 

baldcypress and red swamp maple; Figure 62) 
● germination and regeneration on the Landbridge appear episodic, occurring in specific years, 

depending on species and local conditions 
● tree growth rates on the Landbridge are low (also corroborated by data collected in the tree 

monitoring program), which informed the initial hypothesis, that some trees observed on the 

Landbridge germinated since the MRGO closure 
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● those same trees are older than hypothesized, and germinated an estimated 20 years prior to 
the MRGO closure 

 
  The question remains whether new recruits observed in 2018 and 2019 will survive and mature 
into adult trees. Continued monitoring is necessary to determine whether the Landbridge is undergoing 
sustained tree regeneration. 
 

 

Figure 60: Locations of monitoring sites (natural swamp regeneration) on the Maurepas Landbridge 

 

Figure 61: A baldcypress seedling on the Maurepas Landbridge found during 2018 monitoring 
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Aerial seeding 
 The most recent LPBF Swamp Restoration Suitability Assessment for the Pontchartrain Basin 

estimated that over 65 000 acres within the basin are currently “Restoration Ready.” However, 

volunteer and commercial plantings over the past 10 years has resulted in just over 400 acres of planted 

wetlands and are restricted to areas accessible by boat or vehicle. Further, natural swamp regeneration 

may be slow and unpredictable, even with increasingly favorable environmental conditions (i.e. 

decreasing soil salinity) for swamp growth throughout the basin. The Foundation is dedicated to scaling 

up swamp restoration activities, thereby increasing the footprint of swamp restoration in the basin 

while reducing the overall costs associated with commercial and volunteer plantings. Monitoring swamp 

regeneration on the Landbridge indicated that natural seeding is occurring in the area, therefore aerial 

seeding of swamp species may be one viable option to meet this goal.  

 The first aerial seed deployment of 144 lbs. of seeds (>900 000 seeds; 4 species) occurred on 

May 24, 2018, over 2 tracts of land in the Maurepas Landbridge area: 1) a 40-acre tract owned by Haden 

Warehouses, and 2) a 160-acre tract off of Long Canal owned by Stinking Bayou, LLC (Figure 63). For the 

second aerial seed deployment, the Foundation deployed approximately 1 400 000 seeds, including 4 

species (baldcypress, green ash, red swamp maple, and water tupelo seeds). On May 27, 2018, all seeds 

were taken to Crop Production Services (CPS) for mixing, and then taken to Aerial Crop Care Inc., in Port 

Barre, LA. Seeds were deployed at a rate of 1.15 lbs./acre (Figure 64). This time, seeds were deployed 

across 3 tracts of land: 1) on Stinking Bayou, LLC owned land on Long Canal, adjacent to one of the 2018 

tracts, 2) on Delacroix Corporation land in the Caernarvon area in St. Bernard Parish, and 3) on “heirs of 

Peter Moss” newly formed land in Big Mar, in Plaquemines Parish (Figure 65). 
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Figure 62: The spring 2019 aerial seeding site in the Maurepas area (1 of 3 locations; total area 250 acres) in relation to previous 
planting locations and the 2018 aerial seeding locations 

 

Figure 63: Swamp seeds were deployed by Aerial Crop care on May 28, 2019, in the Maurepas area 
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Figure 64: The spring 2019 aerial seeding sites in the Caernarvon area (2 of 3 locations; total area 250 acres) in relation to 
previous planting locations 

 

 Foundation staff were unable to complete a thorough pre-deployment site check in 2018, and 

therefore seedlings observed during subsequent site visits could not be directly linked to the aerial seed 

deployment, as some older baldcypress trees do exist on site. For the 2019 deployment, a pre-

deployment site check was completed the week before the seed drop and a monitoring plan was 

developed for the year following seed deployment. In short, transects across two of the three 2019 

aerial seeding sites (the Big Mar site in Plaquemines Parish was deemed unwalkable and not monitored) 

would be walked by Foundation staff and surveyed for new seedlings. Transect number and length 

depended on site, location of site and size of site. Twenty-two 500 ft long transects were chosen for 

monitoring every 3 months for 1-year post deployment in the Maurepas area (i.e. Figure 66), along with 

seven 1,800 ft long transects in the Caernarvon area. Monitoring is still ongoing at the writing of this 

report (3 of 5 site visits have been completed), but will be finished this summer (2020), with a report 

available thereafter. Stay tuned. 
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Figure 65: Monitoring transects (~500') across the 2019 aerial seeding site along Long Canal in the Maurepas area of 
Tangipahoa Parish, LA 

  

Local, parish, state and federal partners 
 The Foundation recognizes that another way to expand (scale-up) swamp restoration 

throughout the basin is to engage with local, state and federal partners, and we are actively pursuing 

opportunities to do so. State and federal agencies often have access to funds not available to non-profit 

organizations, which can translate into capacity building opportunities. In such instances, the 

Foundation can provide baseline data and lessons learned from our previous swamp restoration 

activities that may lead to the greater success of such projects. Two such partnerships are described 

below.  

Nunez Community College Fisheries Workforce Development Program 
 Numerous studies and reports have been commissioned for the purpose of developing 

strategies to capitalize on the anticipated coastal restoration activities in Louisiana, and it has been 

estimated that every $1 million spent on coastal restoration results in 28 jobs created (Oxfam America 

2011). Therefore, it’s critical that the coastal Louisiana workforce have access to the appropriate training 

and credentials to take advantage of new, developing opportunities. As a result, Nunez Community 

College (NCC) is developing the Fisheries Workforce Program. The programs’ purpose is to develop 

stackable credentials and implement an environmental and ecological workforce development program 
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in St. Bernard Parish. Specifically, the program is intended to prepare the local workforce to capitalize on 

employment opportunities in emerging industries, such as coastal restoration and related fields. To that 

end, the Foundation has partnered with the St. Bernard Parish Coastal Division on tree plantings in St. 

Bernard Parish. Since 2016, the Foundation and St. Bernard Parish have planted approximately 3 500 

wetland trees together along the HSDRRS levee in St. Bernard Parish. Of the 3 500 trees planted, 633 

trees were tagged for monitoring. These 633 trees will form the basis of a new tree monitoring program 

for the NCC Fisheries Workforce Development Program. As of June 2019, the Foundation has handed 

over database management and tree monitoring responsibilities of these 633 St. Bernard Parish trees to 

NCC.  

 

Natural Resources Conservation Service of the United States Department of Agriculture (NRCS) 
 Through the CWPPRA (Coastal Wetlands Planning, Protraction and Restoration Act) the NRCS 

executes the LA 39- Coastwide Vegetative Plantings, which provides $1 million per year for planting 

projects. Anyone can submit a project proposal under this program, and the Foundation submitted a 

proposal to plant in the Maurepas region for the Year 7 plantings. This initial proposal was accepted, and 

the planting commenced the week of February 27, 2019, after which it was inspected by NRCS staff 

(Figure 67, Figure 68). A contractor hired by NRCS planted approximately 9,270 trees, all baldcypress, 

which included 

● 1 870 two-year-old (trade gallon pots) with predator guards 

● 3 700 bareroot seedlings with predator guards 

● 3 700 bareroot seedlings without predator guards 

 

Figure 66: The spring 2019 locations (circled in red) of the NRCS LA-39 vegetative plantings along Middle Bayou in Tangipahoa 
parish, LA in relation to other tree planting and seeding sites 
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Figure 67: NRCS LA-39 bareroot planting (A) and protector planting (B) 

Monitoring results for the NRCS planting in the Maurepas area have not been released. Anecdotally, 

1- and 2-gallon saplings with protectors were considered cost prohibitive by NRCS and will likely not be 

recommended for future LA-39 vegetative plantings. However, if monitoring reveals that the bareroot 

plantings were successful, then it may lead to more NRCS LA-39 vegetative plantings in the 

Pontchartrain Basin. 

Local nurseries 
 Despite our interest in expanding swamp restoration throughout the basin with annual aerial 

seeding, we will likely continue to hold volunteer and commercial tree planting events. These events 

promote community involvement and increase awareness around coastal land loss issues. Since the 

inception of the tree planting and monitoring program, the primary grower of trees used at our events 

has been ERS, LLC, based in Montegut, LA. Of the total 72 944 trees planted since 2010 by the 

Foundation and its’ partners, approximately 5 175 trees have come from other local sources. The 

Foundation will continue to expand its’ relationship with local nurseries in the coming years. These 

relationships are described below. 

St. Bernard Wetland Foundation 
 The Foundation has partnered with the St. Bernard Wetland Foundation (SBWF) for many years. 

The SBWF is a local non-profit nursery based in Meraux, LA that has served the community for over 25 

years. SBWF grows baldcypress trees for use in swamp restoration projects located in St. Bernard Parish. 

In the spring 2013, the SBWF donated 175 baldcypress trees for the Foundations first solo tree planting 

in the Caernarvon area. In total by the end of the 2018/19 planting season, the SBWF has provided 3 675 
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baldcypress trees to LPBF for planting in St. Bernard Parish, which includes 2 000 that were planted in 

2018/19. SBWF has agreed to provide an additional 2 000 baldcypress trees for the 2019/2020 season.  

Common Ground Relief 
Common Ground Relief’s (CGR) mission is "to create resilient Gulf Coast communities that are 

environmentally sustainable, financially viable and personally cohesive". As part of its Environmental 

Restoration Initiative, CGR established its Native Plant Nursery and Cabane Coypu Learning Facility in the 

Ninth Ward of Greater New Orleans in 2009. For the winter 2018/19 planting season CGR donated 500 

green ash trees to the Foundation, which were planted in March 2019 along Middle Bayou in 

Tangipahoa Parish. These trees were planted in large part by volunteers from local faith-based groups 

organized for the Foundation with help from Helen Rose Patterson of the National Wildlife Federation. A 

statistically robust subset of these trees was tagged for monitoring due to green ash being a new species 

planted in the Maurepas area, as well as the desire to tag more trees from our smaller growers who 

have less trees in the monitoring program. In total, CGR has provided approximately 1 000 trees to LPBF 

basin-wide tree plantings. 

 

Lower 9th Ward Center for Sustainable Engagement and Development (CSED) 
The CSED “focuses on coastal rehabilitation, greening the built environment and increasing food 

security by lifting up and strategically reinforcing community driven goals throughout our work of 

creating an economically, culturally and environmentally sustainable Lower Ninth Ward”. In 2018, the 

Foundation provided insight, technical assistance and seed money so that the CSED could begin 

developing a local nursery in the Lower 9th Ward. For the 2018/19 planting season the CSED provided 

500 baldcypress trees to the Foundation, which were planted in March 2019 along Middle Bayou in 

Tangipahoa Parish. A statistically robust subset of these trees was tagged for monitoring. Although all 

trees were baldcypress, they represent a new local grower and the Foundation is interested in tracking 

the performance of trees grown by our smaller, local growers. These trees were planted by students in 

the Agriculture Program at PHS, in Ponchatoula, LA. The CSED is currently growing trees to be planted in 

future LPBF and other plantings. 

 

Ponchatoula High School (PHS) Agriculture Department 
  After 3 successful years planting trees in partnership with the PHS Agriculture Department, we 

have begun a conversation about the possibility of helping the school establish a small tree nursery on 

their grounds. The proximity of this potential nursery to the Maurepas area makes this a very attractive 

opportunity for the Foundation. Trees grown by PHS would be planted by PHS students at tree planting 

events in the Maurepas area. Stay tuned for more information. 

Phoenix, LA 
 Similarly, we are in the very early stages of exploring the possibility of a local wetland plant/tree 

nursery in the Phoenix area of Plaquemines Parish, possibly through the high school and /or the Zion 

Travelers Community Center. The strategic opportunities at this location are two-fold, 1) integrate more 

diverse wetland plants into our restoration plantings, including live oak, black mangrove, cordgrass and 

wiregrass, and 2) use these plants for restoration further down the delta (i.e. south of Scarsdale, LA). 
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The Foundation started this conversation during a presentation at the Breton-Borne Surge Consortium 

meeting in Phoenix, LA in May 2019. Stay tuned for more information. 

Nutria exclusion device (NED) clean-up 
 For the past decade, the Foundation has planted over 70 000 trees throughout the 

Pontchartrain Basin; the vast majority of them protected by NEDs. Over time trees have outgrown the 

need for NEDs (Figure 69A). This results in a large amount of unintended plastic debris, breaking down 

into micro-plastics within target restoration. The irony is not lost on us, and we have spent some time 

discussing opportunities to address this issue. On May 1st, 2019, Foundation staff and volunteers from 

Beam Sunstory Inc. were able to remove over 40 bags of spent NEDs from one specific site in the vicinity 

of the CFD (Figure 69B and C). In the future, we hope to target other sites throughout the basin where 

we have planted in the past, and remove spent NEDs, potentially incorporating clean-up days towards 

the end of our monitoring/planting field seasons. 

 

Figure 68: On May 1, 2019, Foundation staff and volunteers removed 40 bags of spent nutria excluder devices (A, B, C) from 1 
older planting site in the Caernarvon area 

Lessons Learned 

General 
● There is some evidence that volunteer planted trees do not perform as well as commercial or 

staff planted trees. Better training of volunteers and quality control measures may need to be 

implemented. 

● Volunteers should be made aware that the quality of their work impacts tree survival. Show 

them the graph of differential survival during the orientation talk. 

● Trees should be planted on relatively stable ground indicated by the presence of emergent 

vegetation. 

● 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. 
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● Each tree species is considered its own cohort to ensure statistical robustness when determining 

sample size. 

● Frequent inundation on the marsh can make plantings potentially unsafe and/or hard to 

properly execute. Water levels need to be monitored and a benchmark established (likely no 

more than 1’ water on marsh is acceptable). 

● Expect each volunteer to plant approximately 20-25 trees and adjust tree numbers per planting 

based on number of registered volunteers. 

● Budget contingency money for extra planting days if volunteer numbers aren’t reached and tree 

numbers need to be reduced. 

● Trees should be planted 10-15’ apart, and this needs to be communicated effectively to planting 

volunteers/commercial planters to ensure proper coverage of planting area.  

● Trees in the monitoring program should be identified with numbered tags. 

● A thicker gauge wire (18/22 gauge) 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. 

● 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.  

● Obtaining accurate locations of planted tagged trees using GPS technology (<1 m accuracy) is 

crucial to efficient and successful tree monitoring. 

● Monitored trees should be clearly marked with fluorescent tape or flags, because finding a tree 

in the marsh is difficult once dense native vegetation has grown up around a young tree. 

● Tag numbers should also be written on fluorescent tape/flags in case of lost tags during 

transport. 

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

● 1” by 1” (diameter) pine stakes are too heavy and make planting prep and the actual planting 

cumbersome and inefficient. Rounded bamboo stakes work best. 

● Monitoring should start approximately 1 year after planting, during the first winter monitoring 

season post planting. 

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

● DBH for trees with nailed tags should henceforth be measured just above the nail for 

consistency. 

● After 10 years growth, monitoring should be scaled back to every three years. 

● After 10 years growth, monitoring should be scaled back to only survival and DBH (drop height). 
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● Nutria protectors degrade over time or become useless when trees die. Pick- up of these 

protectors should be prioritized. The availability of biodegradable protectors should be 

investigated over time as new technology comes out (not currently available). 

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

surge. 

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

and hogs. 

● Deploying two monitoring teams daily improves monitoring efficiency. 

● Tablets combined with specialized software (TerraFlex) made locating trees in the monitoring 

program more efficient.  

● Controlled experiments should be considered to better understand the spatial and temporal 

variability in growth rates. 

Caernarvon area 
● 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.  

● Planting within Big Mar Pond may be hazardous or challenging if the discharge through the CFD 

exceeds 5,500 cfs. 

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

may wash away newly planted trees. 

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

continually evaluated. 

● Expanding the strategic use of airboats during monitoring increases monitoring efficiency. 

● 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. 

● Future plantings near Caernarvon should consider the recently completed surge dynamics 

analysis completed for the Breton-Borgne Surge Consortium.  

● Future plantings near Caernarvon should consider the completed vegetation surveys by LPBF for 

the Coypu ecosystem study at Caernarvon. 

Maurepas Landbridge 
● Hiring one large boat and transporting all planting volunteers together en masse is preferable to 

multiple trips back and forth. 

● Airboats will generally not be necessary. 

● Launching/transporting from the Southeast Tangipahoa Port, as opposed to the SLU classroom 

on Galva Canal reduces transport time to most planting sites by 30 minutes. This is helpful if 

multiple smaller boats are necessary. 

LaBranche Wetlands 
● All planting sites require airboat transport. 
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● Plantings in marshes near airports need to consider the potential hazards of attracting birds to 

the area. 

Central Wetlands Unit 
● No airboats or boats are necessary to plant in the CWU, off the Florida Canal back levee. 

● CWU plantings are less expensive due to no boat usage. 

● These are difficult sites to walk. Volunteers should be prepared and in good physical condition. 

Lagniappe 
● Better inventory of nursery trees is needed as sources of trees continue to expand. 

● LPBF should work more closely with local nurseries to increase their performance to produce 

viable trees.  

● LPBF needs to continue to expand the internal and external capacity for swamp restoration in 

the Pontchartrain Basin to meet its strategic plan goals, i.e. use LPBF “catalyst model” more 

aggressively.  

● LPBF should consider producing short, YouTube videos to educate the public, volunteers, 

nurseries in the basic procedures for growing and planting trees for swamp restoration in the 

Pontchartrain Basin.  

● LPBF should consider integrating drone surveys during tree planting scouting trips to better 

assess the totality of a potential tree planting site. 

Tree Planter and Tree Source 
 Over 10 years of tree planting and eight years of monitoring planted trees throughout the basin 

has resulted in a large database with a lot of useful information. The focus of the Foundations tree 

monitoring reports is tracking tree survival and growth, and to attempt to correlate changes in 

performance to environmental conditions. With so much information to report, some items have never 

made it into the reports. One item concerns tree survival depending on who the actual “planter” is 

(commercial, volunteer, professional staff). The second item concerns who the source of the tree sapling 

to be planted is (ERS, SBWF, CGR, upcoming CSED and PHS). The Caernarvon area provides a unique 

opportunity to look at these differences due to the extent of plantings in the area. 

 Through the EOS 2018, we found that tree survival is affected depending on “who” is doing the 

planting (Figure 70). Tree survival of volunteer planted trees in the Caernarvon area was 61% at EOS 

2018, which is similar to the overall tagged tree survival in the Caernarvon area (66%). Volunteer 

planted trees are, at this point, the most numerous of all planted trees in the area, in fact there are 4 

times more volunteer planted trees than commercially planted trees. Commercially planted trees 

survival at EOS 2018 was 86%. Survival of trees planted by professional staff (Foundation and the MRD 

campaign staff) was 95%, but the number of trees planted have been very low, usually only test 

plantings, or specific team building events. 
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Figure 69: Tree survival in the Caernarvon area depending on who planted tree saplings 

 Examining whether the source of tree saplings has an impact on tree survival is valuable. Most 

trees (84%) planted in the Caernarvon area have been sourced from ERS, LLC (Montegut, LA); ERS has 

been planting with the Foundation and its partner organizations since at least the 2012/13 planting 

seasons. Approximately 11% of planted trees have come from the SBWF (Meraux, LA), and 5% have 

come from CGR (New Orleans, LA). The CSED provided trees for the 2018/19 planting season and will be 

part of this analysis in the next monitoring report. In addition, we will likely have other new, local 

growers participate soon. Tree survival of ERS sourced trees was 61%, which is the same as volunteer 

planted trees (61%) and like the overall survival of all tagged trees in the Caernarvon area (66%). The 

similarity makes sense as most trees come from ERS and most trees are planted by volunteers. Tree 

survival of SBWF trees was 93% and survival of CGR trees was 67% (Figure 71). Much fewer trees from 

SBWF and CGR have been planted overall (compared to ERS), and they have been planting with us for 

less time (SBWF 4 yrs., CGR 1 yr.), so it is difficult to speculate on the apparent differences in tree 

survival between each other (SBWF vs CGR) and compared to ERS. However, two things are noteworthy, 

1) CGR tree saplings were significantly smaller at baseline (0.5 m) than SBWF (1.3 m), and 2) 

approximately 20% of SBWF trees were “staff” planted (staff planted= 95% survival). These connections 

may be clarified with a few more seasons of data. 
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Figure 70: Tree survival in the Caernarvon area depending on tree source. SBWF=St. Bernard Wetland Foundation, 
CGR=Common Ground Relief, ERS= Ecological Restoration Services, LLC 

 

Conclusion 
 Ten years of tree planting and 8 years of tree monitoring in the Pontchartrain Basin has resulted 

in approximately 400 acres of swampland being restored throughout the basin, as well as A LOT of data 

and anecdotal information which should help clarify swamp restoration dynamics in deltaic SE Louisiana. 

In total, LPBF has planted 72 850 wetland tree saplings spread across four different “regions” within the 

basin: the Caernarvon Freshwater Diversion region, the Maurepas Landbridge region, the La Branche 

Wetlands region and the Central Wetlands Unit region.  Although baldcypress is the most numerous 

species planted, we have also planted water tupelo, red swamp maple, green ash and blackgum tupelo. 

The vast majority of saplings (71 500) have been planted in the Caernarvon Freshwater Diversion and 

Maurepas Landbridge regions. In the past, trees have been planted from October-March, though new 

analyses indicates that these ‘planting seasons’ could be expanded with limited negative effects on tree 

survival and growth (Appendix A and B). Regardless, a statistically robust cohort of trees was usually 

tagged for tree monitoring, and tree saplings were then planted either by staff, commercially, or by 

volunteers. Each year towards the end of the growing season (early December), LPBF staff monitor 

tagged trees for survival, height and dbh, and subsequently calculate survival and growth rates of 

planted trees by planting cohort (year planted), “age” (years in the ground) and species, across years. 

We look at differences of growth and survival rates between the different regions and attempt to 

conservatively co-relate our results to the environmental conditions in these areas. This method has 
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increased the survival rates of LPBF planted trees as this program was being developed, and ideally this 

type of information will continue to improve swamp restoration efficiency and the potential for success 

more broadly in SE Louisiana.  

After ten years, survival and growth rates across the 2 major regions are within the expected 

range (EOS 2018: 65% Caernarvon, 83% Maurepas), yet variable (EOS 2018: Caernarvon height 0.50 

m/yr., Maurepas 0.17 m/yr.). We believe that intermittent influxes of river water through the 

Caernarvon Freshwater Diversion may be partially responsible for higher growth rates in that region and 

that prolonged marsh flooding may be partially responsible for lower growth rates on the Maurepas 

Landbridge.  It also appears that the Caernarvon regions location in closer proximity to open bays and 

incoming storms may be partially responsible for that areas comparatively lower survival rates, while the 

relative protection of being further up the basin and steadily decreasing soil salinity since the closure of 

the MRGO may be responsible for higher tree survival on the Maurepas Landbridge.  

Nevertheless, we are meeting the goals of the LPBF Swamp Restoration Program (i.e. restoring 

swamp, implement a feature of MLODS, fortify Louisiana hurricane defenses), and are conceptualizing 

and actively scaling up swamp restoration in SE Louisiana. Specifically, expansion through aerial seeding, 

which brings access to areas previously deemed inaccessible, and supporting local growers, which helps 

secure tree sapling sources for future swamp restoration plantings.  

Big picture: LPBF has been planting trees in SE Louisiana for a decade. Planted trees are 

surviving and growing at healthy rates, with some differences between regions. These differences are 

likely related to environmental differences, including marsh elevation, marsh inundation, nutrients in 

surface water and exposure to storms. Future studies may tease out these differences with more 

specificity. 
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APPENDIX A. Analysis of tree height growth rate (m/yr.) versus how late into planting season when 

planted (# of days). A planting season is roughly from October through the end of March. For instance, 

days 1-31 (October), 32-62 (November), 63-94 (December), 95-126 (January), 127-155 (February), 156-

187 (March), 187-217 (April). Below, we analyzed the winter 2016/17 planting, from baseline data at 

planting until the end of the 2017 growing season, because plantings were spread out relatively evenly 

across the entire season. We expected growth rates for trees planted very late in the season to decrease 

due to stress. Overall, they did not. 
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APPENDIX B. Analysis of tree survival versus an average of how late into planting season when planted 

(# of days). A planting season is roughly from October through the end of March. We looked at the 

winter 2016/17 planting season trees because plantings were spaced relatively evenly across the entire 

season. We expected dead trees to have been planted on average much later into the season. By the 

end of the 2018 monitoring season, there did not appear to be a strong relationship of tree mortality 

and how late into the season trees were planted. DNF= did not find, dead= dead trees, live= live trees  

 


