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• Section 404 of the Clean Water Act regulates the destruction of wetlands in the United States and 

provides guidelines for compensation of wetland loss.  

• Compensatory actions are generally required at a rate of 2 compensation acres for every 1 acre of 

impacted wetland.  

• Forested wetlands are the most commonly lost wetland type in the eastern United States and are among 

the most difficult wetland classes to create or restore with many studies reporting high mortality and slow 

growth of woody plantings.  

• Most woody species planted into compensation sites are one of three forms of planting stock (stocktype):

- Bare root seedlings: the most common type planted, are young saplings (~1 year old) with no soil in 

the root-ball (Fig. 1a). 

- Tubelings: similar to bare root except slightly larger rootstock and minimal soil association (Fig. 1b).  

- Potted plants: Come in various sizes, from 1 to 5 gallons (3.8 to 19 L) or larger, can be from 1 to 

several years old in the larger pots, and contain a well formed root-ball, presumably with associated 

microfauna; we used 1-gallon pots (Fig. 1c).   

- The three stocktypes differ in price; potted plants are often 5 to 10 times more expensive to buy and 

more labor intensive to plant. 

Objective

The purpose of this investigation is to compare survival rates of seven woody species and three stocktypes 

planted at three created forested wetland mitigation sites in Loudoun County, Virginia.

Figure 2: Study sites: (a) Location of Loudoun County and three phases. (b) Plot locations at Phase I.  (c) Plot locations at Phase II. (d) Plot locations at Phase III.   

•A likely effect of transplant shock on mortality was observed across all parameters, however the degree of mortality during the first 

three growing seasons was reduced  in certain parameters, possibly due to inherent factors which reduced transplant shock.

•Relationships between survival and environmental variables may not have been apparent due to narrow environmental gradients.

•2-way interactions between parameters  limit the ability to definitively identify the best performing phase, stocktype and species.

• Three constructed wetland field sites (Phases) were chosen in Loudoun County, in the Piedmont province of Virginia (Fig. 2). 

• Each site has a clay base soil (the most common planting medium), two to three years of documented hydrologic data before 

planting and relatively uniform topography.  

• 24 plots (Fig. 2b-d) with 76 subplots and 1596 trees were planted in 2009. Trees were planted on 2.4-meter (8-foot) centers. 

• 7 species (Table 1) and 3 stocktypes (Fig. 1) were planted in 21-tree replicate subplots with 3 or 4 adjacent subplots per plot.

• Survival data was recorded annually in late July and early August from 2009 to 2014. 

• Individuals were considered live when green leaves or green vascular cambiums were present. 

Literature Cited

Alm, A.A. and R. Schantz-Hansen. 1974. Tubeling research in Minnesota. In: Proceeding of the North American Containerized Forest Tree Seedling Symposium. Great   

Plains Agricultural Council, pp.384-387.

Jones, R.H. and R.R. Sharitz. 1998. Survival and growth of woody plant seedlings in the understory of floodplain forests in South Carolina. Journal of Ecology 86: 574-

587.

Roquemore, J.D., H.W. Herman, III, R.B. Atkinson, and J.E. Perry. 2014. Survival and growth of seven tree species from three stocktypes planted in created wetlands in 

Loudoun County, Virginia.  Ecological Engineering 64: 408-414. 

South, D., S. Harris, J. Barnett, M. Hainds, and D. Gjerstad. 2005. Effect of container type and seedling size on survival and early height growth of Pinus palustris 

seedlings in Alabama, USA. Forest Ecology and Management, Elsevier 204: 385-398.

Stanturf, J.A., W.H. Conner, E.S. Gardiner, C.J. Schweitzer, and A.W. Ezell. 2004. Recognizing and overcoming difficult site conditions for afforestation of bottomland 

hardwoods. Ecological Restoration 22 (3):183-192.

Acknowledgements

Special thanks to Mellony Seidel, Wes Hudson and  Dr. Jim Perry of the Virginia Institute of Marine Science, several students at CNU, and Wetland Studies and Solutions Inc.  Support was provided by the Peterson Family Foundation and the National Science Foundation  GK-12 Program.

Species Common Name
Successional 

Status

Wetland Indicator 

Status  

Betula nigra river birch Primary FACW

Liquidambar styraciflua sweetgum Primary FAC

Platanus occidentalis American sycamore Primary FACW

Quercus bicolor swamp white oak Secondary FACW

Quercus palustris pin oak Secondary FACW

Quercus phellos willow oak Secondary FAC

Salix nigra black willow Primary OBL

• Analysis of survival showed no interaction between all three parameters (phase, stocktype and species), however 2-way interactions 

were observed for phase*species and species*stocktype.

• Overall survival was 43.9% at the end of the 6th growing season.  Overall annual mortality (AM) increased during the first three 

growing seasoning peaking in the 3rd growing season (21.7%).  AM decreased the following season (2.57%) and remained low during 

the last two season (6.4% and  3.3%, respectively) (Fig. 3a).  This general trend was observed when mortality was analyzed by phase, 

stocktype, and species (Fig. 2b-c), with the exception that AM peaked in the 2nd growing for some parameters. 

• Higher rates of mortality in the first three seasons after planting may be due to transplant shock.  In a study of six growing seasons, Alm 

and Schantz-Hansen (1974) observed 80% of tree mortality occurred by the beginning of the third growing season which is comparable 

to our findings (78.2% of all mortality by end of the third growing season).

• Differences in overall mortality by phase (Fig. 3b) may be the result of environmental and hydrological differences among sites,

however environmental gradients were narrow for most physiochemical parameters across sites and elevation, though measured at

every tree and well, appeared to be a poor predictor of hydrologic conditions.

• Mortality by stocktype (Fig. 3c) was generally greatest in bare root planted individuals followed by tubelings and 1-gallon pots, 

respectively.  This trend may be due to a reduced transplant stress level associated with larger initial plants size (South et al. 2005, 

Roquemore et al. 2014, Jones and Sharitz 1998) and root-soil associations (Stanturf et al. 2004).

• Overall mortality by species (Fig. 3d) differed such that Q. palustris (38.7%) and Q. bicolor (42.0%) had the lowest overall mortality 

and L. styraciflua exhibited the greatest mortality (72.1%), however Q. phellos had the second highest mortality (70.0%).  Primary 

species exhibited lower overall survival (39.5%) compared to secondary species (49.8%). 

Introduction

Methods

Forested wetlands are created for habitat services, wetland compensation, riparian buffers, carbon sequestration and other objectives, yet tree establishment may be impaired by low survival rates. The purpose of this study is to evaluate survival rates of survival for seven

woody plant species and three stocktypes across three planting sites. We planted 1,596 trees in March of 2009 in three created wetlands in Loudoun County, Virginia and survival was assessed annually during late July and early August from 2009 to 2014. Overall survival after

six growing seasaonswas 43.9%. Survival rate was lowest between the second and third growing seasons, and, in spite of recent beaver predation in 2014, survival rates did not decline from 2013 (44.4%). Survival of 6 species/stocktypes exceeded 50% and was highest for

Quercus palustris in 1-gallon pots (76.3%), and Q. phellos in tubeling stocktype was numerically lowest overall (6.6%).

Abstract

Results and Discussion

Table 1: The seven species utilized in planting the created wetlands with common names, successional status and wetland indicator status of each species.

Conclusions
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Figure 3: Mortality of planted trees through six growing seasons sectioned by: (a) overall mortality, (b)  phase, (c) stocktype, and (d) species. 

a. b. c. d.

Figure 1: The three stocktypes planted in the created wetland sites: a. Bare root saplings, b. Tubelings, c. 1-gallon pot saplings.
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