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IDENTIFICATION OF ANNUAL FLOOD DURATIONS ASSOCIATED WITH TREE

SPECIES IN THE UPPER MISSISSIPPI RIVER SYSTEM FLOODPLAIN, WITH

APPLICATIONS TO FOREST RESTORATION 

by

Derek S. Ingvalson1, Marcella A. Windmuller-Campione2, Andrew R. Meier3  

ABSTRACT

The Upper Mississippi River System (UMRS) is a highly altered river complex in the 

Midwestern United States that has been managed to provide a unique balance of economic, 

recreational, and environmental benefits to society. Manipulation of the river’s flows to support 

this multipurpose system has resulted in dramatic changes to the structure and function of 

various aquatic and terrestrial habitats, including floodplain forests. There is increased interest in

restoring floodplain forests in the UMRS; however, the silvics of individual species and 

dynamics of floodplain forest stands are only marginally understood. The purpose of this study 

was to i) identify growing season flood durations that are suitable for individual tree species in 

the UMRS and (ii) demonstrate how those results can be applied at the project scale for use in 

forest restoration and management. The 10th, 50th, and 90th percentile values of average annual 

growing season flood duration were identified for 17 UMRS tree species by integrating a 

spatially explicit forest inventory dataset from Mississippi River pools 3-10 with plot level 

elevation data and estimates of average annual growing season flood duration for the nearest 

river mile. This range was used to describe the ecological amplitude of each species related to 

hydrologic conditions, with annual days of inundation providing a measure of hydrologic 

variability. To apply these ranges to a management scenario and to provide a methodology for 

wider application of this concept through the UMRS, water elevation for each inundation 

duration value was calculated for a project site near Lansing, Iowa and target land elevations for 

a subset of species were estimated. The mean range of days between the 10th and 90th percentile 

for all species was 44 days, ranging from 2 days for black cherry (Prunus serotina) to 103 days 
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for black willow (Salix nigra). Ranges in target elevation for individual tree species at the site 

were as much as 8.9 m for common hackberry (Celtis occidentalis) and as little as 2.8 m for 

black cherry. The results of this study demonstrate the varying flood tolerance of UMRS 

floodplain forest trees at the species level and can be used by river managers to aid in the 

development of planting plans and the design of habitat restoration and enhancement efforts.

Keywords: flood tolerance, floodplain forest, restoration, Upper Mississippi River



1. INTRODUCTION

The Upper Mississippi River System (UMRS) is a large and diverse network of 19,300 

km of rivers and canals with over 1 million ha of floodplain in Minnesota, Wisconsin, Iowa, 

Illinois, and Missouri in the United States (Theiling and Nestler 2010). It is a unique resource 

that provides commercial and recreational fishing opportunities, drinking water for dozens of 

communities, habitat for over 700 species of fish and wildlife, and supports a commercial 

navigation industry that generates $673 million annually (UMRBA 2017). Congress recognized 

the significance of the UMRS by declaring the navigable portions of the UMRS a “nationally 

significant ecosystem and nationally significant commercial navigation system” in the Water 

Resources Development Act of 1986 (Public Law 99 662).  Management of this system requires 

extensive planning and compromise to ensure that it continues to function at a high level across 

its many resource areas. 

Floodplain forests are one of the vital components of the UMRS ecosystem. These forests

help to maintain biological diversity, reduce soil erosion, sequester nutrients, improve water 

quality, provide recreational opportunities, and are critical for wildlife, particularly migrating and

breeding bird populations (Guyon et al. 2016, Audubon 2017). However, the structure and 

function of floodplain forests have been heavily impacted by anthropogenic changes to the 

system (Norris 1997, Anfinson 2003, Romano 2010), most notably the establishment of the locks

and dams on the Mississippi River. Dam construction for improved freight transportation, water 

supply, and reduced flood risk resulted in the completion of a system that by 1940 maintained 

2.74 m (9 ft) navigation channel throughout the entirety of the UMRS (Anfinson 2003). A series 

of slackwater pools were created behind each dam, inundating thousands of acres of floodplain 

and significantly altering water movement throughout the entire system. Significant forest 



acreage was lost immediately in newly flooded areas (Green 1947), while changes in the 

duration and amplitude of flooding resulted in chronic tree mortality in many areas that continues

to this day (Yin et al. 1994). However, some of this loss was mitigated through natural re-

establishment of forest on agricultural lands acquired as part of the 9-foot navigation channel 

project (Yeager 1949, Urich et al. 2002).  Flood-tolerant, light-seeded species, such as silver 

maple (Acer saccharinum) and eastern cottonwood (Populus deltoides), established most readily 

on newly available substrates. 

There is a general consensus that there has been a decline of slow-growing hard-mast 

species, particularly the oaks (Quercus spp.) and hickories (Carya spp.) (Yin et al. 1997, Yin et 

al. 2009) since European settlement. However, the magnitude and extent of the change in 

distribution and density of these hard-mast species has not been well quantified. Hard-mast 

species historically occurred in locations with slightly higher elevations than the rest of the 

floodplain, but many of these areas were cleared as they were also ideal locations for settlers to 

plant crops or establish communities. In addition, hard mast trees were sought after for use as 

building material as well as firewood. Preferential removal of hard mast species from the 

floodplain likely reduced the amount of viable seed and therefore opportunity for natural 

recruitment and the silvics of the species limited their ability to rapidly recolonize newly 

available sites following federal land acquisition in the 1930s. The cumulative impact of these 

factors has led to smaller forests stands with lower diversity and a composition of mostly mature,

even-aged flood tolerant trees (Knutson et al. 1998, Yin 1999).

Several studies have shown the drastic decline in UMRS forests since the settlement of 

the area. A study by Theiling et al. (2000) compared the changes in land cover from the early 

1890s to 1989. Seven out of eight river pools (the inundated area behind each lock and dam) 



evaluated experienced a decrease in forest area. The average percentage of forest area lost in 

those pools was 27.7 percent. A more recent land cover evaluation by Johnson and Hagerty 

(2008) revealed that the forested area had continued to decline; between 1989 and 2000 forest 

area was reduced by an additional 5 percent. Several other studies on forest extent have shown 

similar patterns of loss in the UMRS (Nelson et al. 1994, Yin et al. 1997, De Jager et al. 2011).

Pressures from invasive species, diseases, climate change, and shifting disturbance 

regimes also threaten the long-term viability of UMRS forests. Reed canary grass (Phalaris 

arundinacea) (RCG) is a flood-tolerant, invasive plant that opportunistically establishes in open 

areas. RCG has the ability to aggressively spread and drastically alter successional processes, 

especially in areas where adequate light is available, such as in open areas (Adams et al. 2011, 

Thomsen et al. 2012). RCG often outcompetes other vegetation, which results in reduced plant 

diversity and limited habitat value. Dutch elm disease, caused by an invasive fungus 

(Ophiostoma ulmi), has also created significant changes to the UMRS floodplain forest and has 

decimated American elm (Ulmus americana) populations in the Midwest. Since the introduction 

of the pathogen, American elm has gone from one of the most common tree species in mature 

UMRS tree canopies to a rarity in larger age classes (Yin et al. 1997). The disease has effectively

removed the most shade-tolerant component of lower elevation maple-ash-elm forests. The 

emerald ash borer beetle (Agrilus planipennis), which is currently moving through UMRS 

forests, is expected to eliminate ash (Fraxnius spp.) and will likely have an impact similar to the 

loss of American elm on forest composition.

A changing climate has also impacted forest health in the UMRS. Floodplain forest trees 

are dependent on predictable annual fluctuations in the hydrograph, with heaviest flooding in 

spring followed by subsequent lowering of water in early- to mid-summer which both allows 



newly germinated seedlings to establish and grow and mature trees to recover from stresses 

associated with root-zone inundation. However, over the last 30-40 years, the increased 

frequency of growing season flood events and chronic overall higher average water levels 

(Sparks et al. 1998) have likely resulted in regeneration failures and significant stress and 

mortality of trees on the lowest elevation sites.

These changes in the floodplain forest communities have negatively impacted numerous 

wildlife species living and traveling through the UMRS (Wharton et al. 1981, Larson et al. 

1981). Severe flooding has led to significant declines in abundance and species richness for 

many avian species in the UMRS (Knutson and Klass 1997). Loss of interior forest habitat 

(Grettenberger 1991), decreased nesting success (Grettenberger 1991, Custer et al. 1996, 

Flaspohler 1996, Knutson and Klass1997), and abandonment of flooded areas (Knutson and 

Klass 1997) have been documented in UMRS bird species. 

River managers have recognized the significant loss of area in floodplain forests and the 

structural changes that continue to occur within the remaining forest stands. An increasingly 

important goal of the UMRS management community is to restore floodplain forest cover 

(Guyon et al. 2012). Several ecosystem restoration and enhancement projects executed through 

the Upper Mississippi River Restoration (UMRR) program have included goals and objectives 

directly tied to improving forest conditions (USACE 2016). 

The intensified interest in improving forest habitat in the UMRS has resulted in increased

study of the area’s forest communities and their effect on forest dependent wildlife. Several 

recently published studies have been influential in supporting forest restoration and management 

decisions on the UMRS (Table 1). The results of Yin et al. (2009), De Jager et al. (2012), and De

Jager et al. (2015a) have been especially useful for those involved in making forest management 



decisions. Yin et al. (2009) revealed a shift in forest composition following a significant flood 

event in 1993. The dominance of oak species fell dramatically over the 13 years following the 

flood, while the density and recruitment of the most dominant forest community, maple species, 

was increasingly evident over the same timeframe. It should be noted that data from this study 

summarized all oak species as a single group for all of the Upper Mississippi River south to 

Cairo, IL. Thus, important geographic and intra-specific variation in flood tolerance may not be 

entirely accounted for. 

Table 1. Research influential in helping river managers make restoration and management 
decisions on UMRS floodplain forests.

Research Subject Area Research Citation 
Forest succession

Knutson et al. 1998, Knutson et al. 
2005, Yin et al. 2009, Thomsen et al. 
2012, De Jager et al. 2013

Forest composition and structure
Fox et al. 2000, De Jager et al. 2011, De
Jager et al. 2012, Scown et al. 2015, De 
Jager et al. 2015a

Wildlife habitat
Knutson et al. 1996, Knutson et al. 
1999, Knutson and Ribic 1999, 
Hochachka et al. 1999, Knutson et al. 
2000, Knutson et al. 2005, Knutson et 
al. 2007, Kirsch et al. 2013

Invasive species management
Thomsen et al. 2012, Keiling et al. 2015

Soils
Rosburg 2003, De Jager et al. 2012, De 
Jager et al. 2015b

Herbivory
De Jager et al. 2013, Cogger et al. 2014,
Keiling et al. 2015, De Jager et al. 
2015b



Results from De Jager and colleagues (2012) in Pools 3-10, part of the Upper Impounded 

Reach (UIR) of the UMRS, suggest a forest threshold flood duration at ~40% of the growing 

season; areas with flood durations greater than ~40% of the growing season were limited to a 

few trees species with the greatest flood tolerance. De Jager and colleagues (2015a) further 

described associations between several plant communities and the flood inundation gradient at 

10-day flood intervals. The findings of these studies have greatly increased our knowledge of 

environmental drivers associated with UMRS floodplain forests communities and have aided in 

forest restoration and enhancement decisions.

Despite the increased study of floodplain forests in the UMRS, decision making gaps 

continue to exist. It is generally accepted that flood inundation is the primary driver of plant 

distribution throughout the UMRS floodplain. While past studies have identified suitable ranges 

of flood inundation for several groups of floodplain forest communities, subtle differences in 

flood inundation appear to impact the success of individual tree species within each group. De 

Jager et al. (2012) provided some species-specific summaries of relative densities across 

flooding classes, but these summaries are somewhat coarse for project planning and rely on a 

small dataset. The refinement of flood inundation ranges for individual tree species could help to 

identify sites suitable for particular species of interest and also increase the efficacy of forest 

restoration by increasing survival of planted seedlings. It is also important that the methods for 

determining suitability can be easily extrapolated by planners and river mangers at various sites 

to ensure consistent application and success throughout the system. The purpose of this study 

was to (i) provide detailed ranges of growing season flood durations likely to be suitable for a 

wide range of species in the UIR (ii) demonstrate how those results can be applied at the project 

scale for use in forest restoration and management.  



2. METHODS

2.1 Determining the flood tolerances of tree species

U.S. Army Corps of Engineers (USACE) forest inventory surveys between Hastings, 

Minnesota and Guttenberg, Iowa (Pools 3, 5A, 7, 9, and 10) were used for this analysis. Forest 

inventory surveys were collected using variable radius plots (WDNR 1970). Sample points were 

systematically placed on a square grid with a spacing of 100 m between samples, representing 

one point per hectare. Collection crews used a basal area factor angle gauge or wedge prism with

a factor of 2.3 m2 ha-1 (10 ft2ac-1) at the center of each site to determine which trees were 

recorded. The resulting dataset included the following variables relevant to this study: sampling 

point location, tree species, diameter breast height (1.3 m), crown class, and tree condition. The 

complete dataset included 781 plots with a total of 14,322 trees. 

Information from the forest inventory data was combined with flood frequency raster data

to analyze patterns and trends. The first step required importing the coordinates for the variable 

radius plots into ArcGIS (ArcMap v.10.3.1, ESRI, Redland, CA).  Then a poly-point shapefile 

was created to project the points on a map. Next, raster layers representing the average annual 

number of days flooded during the growing season (April 1 – September 30 from 1980-2010; De

Jager et al. 2015a) were added. The temporal period used was limited to the growing season 

since flooding during this period is especially harmful to woody vegetation (Bratkovich et al. 

1994). The Extract Values to Points Tool in ArcGIS was used to assign the number of days 

flooded that aligned with the pixel in which each the survey points occurred. The resulting 

dataset was exported to Microsoft Excel 2013 (Excel v.15.0.4963.1000, Microsoft Corporation, 

Redmond, WA) for further analysis.



The dataset was reviewed and records believed to compromise integrity were removed. 

Records were removed for the following reasons: sites were inundated for the entire growing 

season (i.e., 183 days), comments from the collection crew indicated that there was low 

confidence in the identification of the species, or trees were dead. Tree species with a low 

number of samples were also removed from the dataset. Locations flooded for the entire growing

season were excluded because it is unlikely that any of the species in the UMRS would be able to

survive average annual conditions of complete submergence (Green 1947). These records may 

have been either the result of coordinate errors at the sample location or raster data that was too 

coarse to capture the topographic variation in the area. They may have also been an artifact of the

variable radius sampling technique, where large trees far from the sampling point often 

experience different hydrologic conditions than at the exact location of the sampling point. The 

omission of data was insignificant, as only 371 trees (2.7 percent) of the dataset fell within this 

category. Tree species with less than 25 surveyed individual trees were also removed from the 

dataset. This number was determined to be the minimum number of samples in which there was 

confidence of attaining value in the results. Setting a minimum sample size resulted in the loss of

13 tree species (56 samples). The remaining dataset consisted of 13,798 entries made up of 17 

different tree species; 6 of these species were categorized as hard mast producing, while the other

11 were soft mast or light-seeded trees (Table 2).



Table 2. UMRS tree species evaluated in this study.

Scientific Name Common Name Mast Type
Sample
Size (n)

Acer negundo boxelder Light Seed/Soft Mast 128
Acer saccharinum silver maple Light Seed/Soft Mast 8562
Betula nigra river birch Light Seed/Soft Mast 559
*Carya cordiformis bitternut hickory Hard Mast 86
Celtis occidentalis common hackberry Light Seed/Soft Mast 167
Fraxinus pennsylvanica green ash Light Seed/Soft Mast 1268
Populus deltoides eastern cottonwood Light Seed/Soft Mast 1154
Prunus serotina black cherry Light Seed/Soft Mast 26
*Quercus bicolor swamp white oak Hard Mast 445
*Quercus ellipsoidalis northern pin oak Hard Mast 159
*Quercus macrocarpa bur oak Hard Mast 28
*Quercus rubra red oak Hard Mast 26
*Quercus velutina black oak Hard Mast 106
+Robinia pseudoacacia black locust Light Seed/Soft Mast 96
Salix nigra black willow Light Seed/Soft Mast 218
Tilia americana American basswood Light Seed/Soft Mast 117
Ulmus americana American elm Light Seed/Soft Mast 653
*Denote hard mast species
+ Invasive species 

The number of days of flooding during the average annual growing season likely to 

support each of the 17 tree species was captured using the 10th, 50th (i.e. median), and 90th 

percentiles. The 10th and 90th percentiles were selected as the upper and lower boundaries to 

indicate the range within which the majority of individuals of a given species occurred. This 

method captures the range of variability within a species more effectively than a simple mean or 

median, while also excluding flood durations that are too extreme for species to consistently 

survive. For the purposes of assessing flood tolerance, the 50th and 90th percentiles are most 

useful, with the 90th representing the range of conditions in which the large majority of 

individuals occurred. The 10th percentile is less relevant, because it indicates the range of flood 



durations that the 10 percent of individuals on the driest sites experienced. In the context of this 

study, short flood durations to no flooding are not limiting to species distributions. Similar 

approaches using the 10th and 90th percentiles have been used to summarize the flood tolerances 

of vegetation in other systems (van Eck et al. 2004, Marks et al. 2014). 

2.2 Application of flood tolerance at the project scale

To apply these results at the project scale, a water surface profile for a forest restoration 

site near Lansing, Iowa, the Conway Lake UMRR Project, was used to identify site elevations 

that corresponded with the flood duration ranges calculated for each tree species. The 

hydrograph was developed by the USACE using stage readings from both upstream and 

downstream of the site for the 30 year period from 1985-2015 (Figure 1; USACE 2017).

Hydrologic data produced from the Conway Lake hydrograph was imported into the 

Hydrologic Engineering Center – Ecosystem Functions Model (HEC-EFM v.4.0; USACE – 

CEIWR, Davis, CA) to determine suitable elevations for each species at the project site. HEC-

EFM provides an interface which allows the user to define variables to make statistical queries. 

The April 1 through September 30 date range was used to correspond with the USGS raster data 

and the UMRS growing season. Other parameters included the years of interest (1985-2015) and 

the percentage of exceedance was obtained from the 10th, 50th, and 90th percentiles for each 

species. 
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Figure 1. The average annual water surface elevation at the Conway Lake Project for the 
growing season developed from USACE using stage readings from both upstream and 
downstream of the site for the 30 year period from 1985-2015.

3. RESULTS

3.1 Flood tolerance of tree species

The median values for days flooded over the course of the growing season ranged from 0 

days black cherry (Prunus serotina) to 58 days black willow (Salix nigra). The lower and upper 

bounds (10th and 90th percentiles) for all species ranged from 0 days of flooding to 115 days 

(Figure 2, Table 3). For several species, common hackberry (Celtis occidentalis), American 

basswood (Tilia Americana), bur oak (Quercus macrocarpa), red oak (Q. rubra), black locust 

(Robinia pseudoacacia), northern pin oak (Q. ellipsoidalis), and black cherry, the 10th percentile 

values were equal to 0 days of flooding. Black willow and silver maple had the highest 10th 

percentile values at 12 days. Black cherry had the lowest 90th percentile value at 2 days and black

willow had the highest at 115 days. The largest range in flood gradient between the 10th and 90th 



percentile for a single species was 103 days for black willow while the lowest was 2 days for 

black cherry.
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Figure 2. Box-and-whisker plots of tree species distribution across the flood gradient for the 
UMRS growing season (April 1 through September 30). Lines represent medians, bar ends 
represent the 10th and 90th percentiles, and error bars represent the max and min. Species 
denoted with an asterisk (*) are classified as hard mast species and (+) represents an invasive 
species that is present but is not actively planted or promoted.



Table 3. Days of flooding for the 10th, 50th, and 90th percentiles of UMRS tree species. Species 
are sorted by the 90th percentile, with the from the lowest number of days to the highest.

Tree Species

Elevations (m) at the Conway Lake site 
corresponding to percentiles ()

Difference 
between low 
and high 
elevation (m)

Low 
(90th)

Median 
(50th)

High 
(10th)

Hard mast species

Quercus bicolor 189.0 189.6 190.4 1.4

Carya cordiformis 189.5 190.4 191.1 1.6

Quercus rubra 189.8 191.1 192.3 2.5

Quercus velutina 190.1 190.9 191.5 1.5

Quercus macrocarpa 190.4 191.1 192.3 1.9

Quercus ellipsoidalis 190.4 191.4 192.3 1.9



Mean 189.9 190.8 191.7 1.8

Light seed and soft mast   

Salix nigra 188.9 189.3 190.2 1.3

Acer saccharinum 189.1 189.5 190.2 1.2

Fraxinus pennsylvanica 189.1 189.7 190.9 1.7

Betula nigra 189.1 189.9 190.9 1.8

Ulmus americana 189.2 189.7 190.9 1.7

Populus deltoides 189.3 189.8 191.1 1.8

Acer negundo 189.6 190.2 191.9 2.3

Celtis occidentalis 189.6 190.4 192.3 2.7

Tilia americana 189.6 190.4 192.3 2.7

+Robinia pseudoacacia 190.0 191.1 192.3 2.3

Prunus serotina 191.4 192.3 192.3 0.9

Mean 189.5 190.2 191.4 1.9
+ Invasive species 

The optimal elevations for establishing individual hard mast species ranged from 189.0 m

for swamp white oak (Q. bicolor) to 192.3 m for bur oak, northern pin oak, and red oak. The 

most flood tolerant hard mast species, swamp white oak, had the smallest range in elevation at 

1.4 m. Red oak had the greatest range in elevation for the hard mast species at 2.5 m. 

The optimal elevation for light seed and soft mast species at the Conway Lake Project 

site ranged from 189.1 m for silver maple, river birch (Betula nigra), green ash (Fraxinus 

pennsylvanica), cottonwood (Populus deltoides), black willow, and American elm to 192.3 m for

common hackberry, black cherry, and basswood; a difference of 3.2 m in elevation. Black cherry



had the smallest range in elevations for the light seed and soft mast species at 0.9 m while 

common hackberry and basswood had the largest range at 2.7 m.

Table 5. Comparison of the flood tolerance rankings for similar species in this study and Marks 
et al. 2014.

Rank of Flood Tolerance
Species Upper

Mississippi River
System

Connecticut
River Basin

Salix nigra 1 1
Acer saccharinum 2 2
Fraxinus 
pennsylvanica

3 3

Ulmus americana 4 5
Populus deltoides 5 4
Acer negundo 6 6
Tilia americana 7 9
*Carya cordiformis 8 7
*Quercus rubra 9 11
+Robinia pseudoacacia 10 10
Prunus serotina 11 8
*Denote hard mast species
+ Invasive species

4. DISCUSSION

The objectives of this study were achieved by: i) describing growing season flood 

durations suitable for 17 UMRS tree species using the 10th and 90th percentile values of forest 

inventory data and ii) providing an example of how these results could be applied at the project 

scale using the Conway Lake UMRR Project site. The results of both objectives appear to be in 

general agreement with anecdotal information provided by UMRS foresters and other research 

completed on the distribution of forest communities. The data used in this analysis focused on 

mature canopy trees so conclusions regarding flood tolerances suitable for the establishment of 



young trees could not be directly assessed. Site conditions other than flood inundation, such as 

the influences that constructed soils have on tree establishment, were also not assessed. 

Additional data collection could be used along with this study’s methods to improve the 

applicability of the results at restoration sites. 

This study was designed to give individuals involved in river restoration and management

the information needed to make decisions efficiently. Many studies on UMRS floodplain forests 

have yielded informative results about forest structure, growth, and succession but have not been 

directly translatable into criteria that are practical for river managers to apply for individual 

species at the project scale. The average annual flood durations found to be suitable for the 17 

tree species presented in this paper provide an additional level of detail that can be utilized when 

determining tree planting in the UMRS floodplain, especially in the UIR. The suitable elevation 

range for these trees can be found in a relatively simple manner for any particular location on the

river, assuming data relating flood duration to elevation at the site level is readily available.

 Studies describing the flood tolerance at the community level were used to gage the 

reliability of the results of this study. Two of the plant communities defined in De Jager and 

colleagues (2015a), lowland forests (Q. bicolor, Q. rubra, Q. macrocarpa, B. nigra, P. deltoides,

C. cordiformis) and floodplain forests (A. saccharinum, P. deltoides, S. nigra, B. nigra, U. 

americana), were entirely composed of species included in this study. De Jager and colleagues 

(2015a) used a different set of survey data, applied different methods, and looked at the forest 

assemblages as opposed to individual species. To allow comparison of results, the species 

defined in each vegetation class were combined and a weighted average was used for each of the 

percentiles found in our analysis. The flood durations calculated from this study results matched 

well with results from De Jager and colleagues (2015a) for the floodplain forest but did not align 



as closely for the lowland forest. The study by De Jager and colleagues (2015a) found a range of 

10 to 90 flooding days for floodplain forests; our study showed similar results with a range of 

approximately 19 to 82 days. However, our study observed a greater range of flooding for 

lowland forest species (4.1 to 66.8 days); De Jager and colleagues (2015a) observed 0.1 to 20 

days of flooding in lowlands. It is important to note, however, the De Jager and colleagues 

(2015a) based their assessments on land classifications developed from remotely sensed data 

rather than plot-level data. Some tree species included in the lowland forest community, in 

particular Q. bicolor, also occur in areas classified as floodplain forest, which may account for 

the much higher flood duration percentiles observed in this study.

Our study also displayed similarities with another study using percentiles to describe the 

distribution of forest species in another temperate floodplain system. Research by Marks and 

colleagues (2014) also used the 10th, 50th, and 90th percentiles of the days of inundation at sites in 

the Connecticut River basin. Of the 35 species evaluated in their research, 11 of the species were 

also present in our analysis in the UIR. The results of Marks and colleagues (2014) were not 

directly comparable to those found in this study, not only because of geographical differences, 

but also because the temporal period of hydrologic examination differed in the two studies; 

Marks and colleagues (2014) evaluated flooding over the entire year while this analysis only 

looked at the UMRS growing season. Despite these differences, 11 common species between the 

studies were compared by ranking their median values for days of flooding, from the highest to 

lowest (Table 5). The results of the rankings between the studies revealed great similarity, with 

an average difference in rankings of 0.9 positions and a maximum difference of 3 positions.

The results of this study provide statistical information on where mature trees are 

distributed throughout the floodplain and can be used by river managers to increase the 



successful establishment of trees across the flood gradient. This is important because restoration 

and enhancement programs spend millions of dollars to restore lost habitat on the UMRS each 

year. One program in particular, the UMRR program, is authorized for up to $33.17 million of 

funding annually (WRDA 1999; Public Law 106 53). Forest restoration and enhancement 

measures have become the focus for many of these projects in recent years and appear to be a 

priority for UMRS resource managers in the foreseeable future. It is important that studies 

continue to advance our understanding of the UMRS’s forest resources so that planners and river

managers have information available to ensure restoration dollars are spent effectively and 

produce results as intended.

Some limitations should be noted for this study including the location of plots and the 

history of tree establishment. The primary limitation is that the data used in the study consisted 

only of canopy trees, most of which had established well before the 1980-2010 timeframe that 

was the basis for calculating average annual flood duration. Additionally, some of the overstory 

trees, especially slower growing hard-mast species, were established prior to the construction of 

the lock and dam system under different hydrologic conditions. Since young trees are typically 

more sensitive to inundation during establishment and become more tolerant with age 

(Bratkovich 1994, Kabrick 2012), it is likely that the ranges of flood durations overestimate the 

tolerance for which young trees can survive and grow to maturity. Intensity can also play an 

important role in tree seedling survival. River managers involved in the prescription of tree 

planting on the UMRS should not rely exclusively on the 10th and 90th percentiles used to define 

the flood tolerances in this study for making management decisions but should consider them in 

the context of other information.



It should also be recognized that the results of this study were derived from locations 

with natural soil characteristics and that they may be less reliable in areas that have been 

constructed to support floodplain forests. The survey points examined in this study were 

primarily located in areas where soils had developed under natural riverine processes over 

thousands of years. Restoration and enhancement projects on the UMRS often involve the 

placement of dredged material to create new areas of floodplain forest. However, construction 

limitations prevent the replication of natural soil characteristics such as soil texture, structure, 

organic matter, chemistry, and microbial properties.

The results of this study increase the level of detail available for making planting 

decisions on the UMRS; however, the collection of additional data could be used to improve the 

results and fill in several data gaps that still exist.  A recommendation to agencies with forest 

management responsibilities on the UMRS is to complete surveys on trees that have naturally 

regenerated under the current hydrologic regime. It would also be recommended to complete 

surveys on sites that have been constructed with the intent on establishing floodplain forests, as 

construction limitations prevent the replication of many natural soil characteristics. Targeting 

young trees on sites constructed through the UMRR program could provide additional 

information on how hydrologic thresholds vary for tree species with differing soils conditions. 

Such information could further advance restoration and enhancement techniques and improve the

success of forest establishment on the UMRS.
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