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Abstract 

Floodplain forests of the Upper Mississippi River are characterized by complex 
interactions between biota and the physical environment, specifically aspects of 

hydrology. The role of environmental variation in overstory composition, structure, and 
growth is not well documented. Goals of this study were to 1) characterize current stand 
conditions along gradients of inundation and relative elevation, and 2) describe growth 

patterns of silver maple (Acer saccharinum L.) trees, and their relationship to 
hydrological patterns. Patterns of forest composition and structure were more similar for 
plots comprising similar environmental conditions than plots within a stand, suggesting 
that current methods of stand delineation do not capture the full extent of within-stand 

environmental variation. I found evidence that growth patterns of silver maple had 
positive relationships to hydrology at a plot-level and a stand-level. These results suggest 

that forest managers may need to “rethink” how they summarize stand condition and 
develop silvicultural prescriptions. 
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Chapter 1: Introduction 

River-valley bottom ecosystems are characterized by complex interactions between biota 

and the physical environment, especially the hydrologic regime which drives the 

exchange of materials and energy in four dimensions: longitudinal (streamflow), lateral 

(across the floodplain), vertical (groundwater exchange), and temporal (Amoros et al. 

1987; Junk et al. 1989; Stanford & Ward 1993; Triska et al. 1993; Noe 2013). Forests 

found in river-valley bottoms, hereafter referred to as “floodplain forests,” are believed to 

interact strongly with their environment as evidenced by higher spatial turnover in 

overstory species composition compared to some upland forests (Tockner et al. 2010) and 

strong associations between landforms and forest community types (Osterkamp and Hupp 

1984; Hupp & Osterkamp 1985). Inundation is believed to underlie these patterns, likely 

influencing composition through both direct (e.g., propagule dispersal, mortality; Yin et 

al. 1997; Engström et al. 2009) and indirect pathways (e.g., sediment dynamics, 

biogeochemical cycling; Hodges 1997). In addition, inundation can interact with other 

environmental factors such as light availability to influence patterns of forest 

regeneration and successional processes (Hosner and Minkler 1963). The resulting 

diverse patchwork mosaic of forest composition and structure can support a variety of 

important ecosystem services, making them a conservation and restoration priority both 

globally (Tockner and Stanford 2002) and in the United States (Bernhardt et al. 2005).  

A notable but understudied example of floodplain forests are those of the Upper 

Mississippi River (UMR). The UMR floodplain encompasses 2,643,376 acres (Romano 

2010; Guyon et al. 2012). Major land cover types are agriculture and floodplain forests 

(De Jager et al. 2018; Guyon et al. 2012; Theiling et al. 2000). Floodplain forests 

commonly appear within the primary and secondary terraces of the UMR floodplain 

(Romano 2010), these sections of the UMR floodplain experience the most frequent 

inundation. Species typical of the UMR floodplain forests are silver maple (Acer 

saccharinum L.), green ash (Fraxinus pennsylvanica Marshall), American elm (Ulmus 

americana L.), swamp white oak (Quercus bicolor Willd.), eastern cottonwood (Populus 

deltoides W. Bartram ex Marshall), and black willow (Salix nigra Marshall) (Romano 

2010). The UMR has been modified by the installation of locks and dams, constructed 
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during the 1930s, to maintain a navigable river depth during periods of low flow. River 

modifications change hydrological dynamics and thus may influence the composition and 

structure of plant communities on the floodplain (De Jager et al. 2018; King and Keim 

2019). Other historical anthropogenic drivers of change include urbanization, conversion 

of floodplain forests to agricultural fields, the abandonment or reclamation of those 

fields, and steamboats utilizing timber often sourced from the floodplain (Anfinson 

2003). Aside from these local influences, forest structure and species composition are 

also likely to interact with variations in climate over time (Motew et al. 2013; Olsen et al. 

1999). 

Inundation is a critical driver of floodplain forest structure and composition on the UMR 

(Yin 1998; De Jager et al. 2016). De Jager et al. (2016) observed that average growing 

season flood duration in the northern reaches of the UMR influenced forest community 

composition with upland and lowland forest communities more common in areas with 

duration less than 20 days, and floodplain forests common in areas ranging from 20-90 

days. Following one of the largest recorded floods on the Mississippi River in 1993, 

Cosgriff et al. (2007) observed that different forest communities (mixed, maple-ash-elm, 

and oak) had differing rates of mortality, but regeneration in all three communities was 

primarily silver maple, green ash, and American elm. Other studies have noted an 

increasing dominance of silver maple linked to current hydrologic conditions, illustrated 

by increasing importance values and relative densities when compared to estimations of 

past forest composition based on historical observations (Nelson & Sparks 1998; Yin et 

al. 2009; Romano 2010; De Jager et al. 2012). There is also limited regeneration of hard 

mast species in mixed-silver maple forest types (Battaglia et al. 2002, 2008; Thomsen et 

al. 2012; De Jager et al. 2013; Knutson & Klass 1998). Silver maple forests provide 

important habitat for some wildlife, but there are also wildlife species present that rely on 

hard mast species for food and shelter.  

Changes in forest composition through time in the UMR have been well reported (Nelson 

& Sparks 1998; Yin et al. 2009; Romano 2010; De Jager et al. 2012), but contributing 

factors are not as thoroughly understood. Associations between floodplain forest 

composition and landforms have been well documented for other regions of the United 
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States (Shelford 1954; Hosner & Minckler 1963; Osterkamp & Hupp 1984; Hupp & 

Osterkamp 1985; Bendix & Hupp 2000). The authors illustrated predictable changes in 

composition based on distance and elevation relative to the main stream channel (in non-

montane temperate regions), leading to different landforms being interpreted as proxies 

for local hydrological regimes and soil characteristics. Although these studies detailed 

relationships between landform and species composition, similar landforms in other 

systems can experience different hydrological regimes, in turn selecting for different 

plant communities. In addition to differences in climate and species, there persists a lack 

of quantitative data on the relationships among forest composition, structure, and age in 

terms of variations in hydrological and climatic processes. Quantifiable process-based 

information is critical to land managers along the UMR because it will help to develop 

strategies that can be tailored to specific desired future conditions, in the most cost- 

effective way possible (Sparks 1995; Sparks et al. 1998). A more diverse composition 

could also promote resiliency in the face of continued climate change and pressure from 

biotic factors such as herbivory and insect or disease outbreaks (Sparks 2010; De Jager et 

al. 2011, 2019; Guyon et al. 2012; Nelson & Sparks 1998). 

The overarching goal of this study was to quantify current structure, composition, age, 

and growth patterns of mixed-silver maple floodplain forests on the UMR and how these 

variables relate to environmental conditions. The work is divided into two chapters.  

Chapter one had two primary research questions: (1) how does species composition and 

stand structure vary within and among mixed-silver maple forests in the Upper 

Mississippi River floodplain?; and (2) how do patterns of forest composition and 

structure relate to environmental conditions? The second chapter had one primary 

research question: how does growth of silver maple trees vary within and among stands 

of mixed-silver maple forests in the Upper Mississippi River floodplain along a gradient 

of environmental conditions? The results of this research will be utilized by the UMR 

floodplain forest management community to inform restoration actions and by 

researchers at the University of Minnesota and United States Geological Survey (USGS) 

to further develop tools for sound forest management practices.  
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Chapter 2: Composition and Structure Within and 

Among Stands of Mixed-Silver Maple Forests 

Introduction 

Forests found in river-valley bottoms, hereafter referred to as “floodplain forests,” 

provide valuable ecosystem services for many major rivers systems, including the 

Mississippi River. The Mississippi River stretches from Minnesota to Louisiana in the 

United States and is often divided into three sections: Upper, Middle, and Lower. The 

Upper Mississippi River (UMR) is the portion of the river that spans from St. Paul, MN 

to St. Louis, MO. Floodplain forests account for seventeen percent of the UMR 

floodplain land cover (Guyon et al. 2012). Species typical of the UMR floodplain forests 

are silver maple (Acer saccharinum L.), green ash (Fraxinus pennsylvanica Marshall), 

American elm (Ulmus americana L.), swamp white oak (Quercus bicolor Willd.), eastern 

cottonwood (Populus deltoides W. Bartram ex Marshall), and black willow (Salix nigra 

Marshall), with mixed silver maple forests being the dominant forest community 

(Romano 2010).  

Inundation is believed to be a critical driver of floodplain forest structure and 

composition in the UMR (Yin 1998; Hosner & Minckler 1963; Shelford 1954). De Jager 

et al. (2016) observed that average growing season flood duration in the northern reaches 

of the UMR influenced forest community composition with upland and lowland forest 

communities more common in areas with duration less than 20 days, and floodplain 

forests common in areas ranging from 20-90 days. Following one of the largest recorded 

floods on the Mississippi River in 1993, Cosgriff et al. (2007) observed that different 

forest communities (mixed, maple-ash-elm, and oak) had differing rates of mortality, but 

regeneration in all three communities was primarily silver maple, green ash, and 

American elm. Other studies note an increasing dominance of silver maple linked to 

current hydrologic conditions, illustrated by increasing importance values and relative 

densities when compared to estimations of past forest composition based on historical 

observations (Nelson & Sparks 1998; Yin et al. 2009; Romano 2010; De Jager et al. 

2012). The dominant species within the silver maple forest community are silver maple, 
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green ash, American elm, and eastern cottonwood; river birch (Betula nigra L.), 

hackberry (Celtis occidentalis L.), pin oak (Quercus palustris Münchh.), swamp white 

oak, boxelder (Acer negundo L.), basswood (Tilia americana L.), and black locust 

(Robinia pseudoacacia L.) may be minor components (Dieck et al. 2015).  

The UMR has been modified by the installation of locks and dams to maintain a 

navigable river depth during periods of low flow; the segments of river between locks 

and dams are hereafter referred to as “pools.” The lock and dam system has altered the 

hydrology of the UMR, resulting in a complex arrangement of backwaters, floodplain 

lakes, and side channels (Sparks 1995; Sparks et al. 1998; De Jager et al. 2012; Junk et al. 

1989; Wlonski & Hill 1995; Nielsen et al. 1984; Romano 2010; Theiling et al. 2000). 

Variations in landform and soil moisture conditions interact to create a diverse patchwork 

mosaic of with plant communities on floodplains (Pringle et al. 1988; Ward et al. 1999; 

De Jager et al. 2012; De Jager et al. 2016; Stanford et al. 2005). The modified 

hydrological regime that is a result of the lock and dam system has affected modern 

floodplain forests (Yin et al. 2009; De Jager et al. 2012; Guyon & Battaglia 2018).  

Forest management on the UMR is focused on the long-term maintenance of floodplain 

forests and increasing age-class diversity, species diversity, and resilience to ensure 

viable forests into the future (Guyon et al. 2012; Andrew Meier, U.S. Army Corps of 

Engineers (USACE), personal communication). Inferences have been made about 

interactions between vegetation and hydrology by documenting associations between 

landform and community type with landform serving as a proxy for hydrological patterns 

(Hupp & Osterkamp 1985; Osterkamp & Hupp 1984). Although these studies have 

provided important data on the interactions between biota and the physical environment, 

they do not quantify these interactions in a way that is directly applicable to forest 

management because they do not address species-specific interactions with 

environmental variability. Additionally, the results of these studies are not easily applied 

to systems outside of their study area due to differences in species present, broad-scale 

climate patterns, and in the case of many major rivers, streamflow regulation.  

The goal of this chapter was to quantify variations in composition and structure in the 

most prominent forest type on the floodplain of the UMR, mixed-silver maple, to assist in 
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developing silvicultural treatments that promote healthy forests. Variations were 

described by addressing two questions: 1) how does species composition and stand 

structure vary within and among mixed-silver maple forests on the UMR floodplain? 2) 

How do patterns of forest composition and structure relate to environmental attributes? I 

hypothesized that forest communities would be more similar under comparable 

environmental conditions, which may vary within a stand, because of the perceived 

influence of hydrology on floodplain vegetation described by previous studies.   

Methods 

Study Region 

Seven stands classified as silver maple or mixed-silver maple (Dieck et al. 2015), located 

in pools 3-10 of the UMR, were selected for this study (Figure 2.1). Average July 

temperature is 73˚F and 72.3˚F in Hastings, MN (pool 3) and Bagley, WI (pool 10), 

respectively; average temperatures in January are 15.3˚F and 19.2˚F, respectively 

(PRISM Climate Group 2019). Annual average precipitation is 31.4 inches in Hastings, 

MN and 34.6 inches in Bagley, WI. The majority of precipitation falls between April and 

August (PRISM Climate Group 2019). Stand boundaries were originally designed to 

cluster inventory plots with similar conditions into a contiguous area; in 2017, the 

USACE began to revisit stand boundaries, and introduced a site designator, which 

encompasses a series of stands in a larger area than what individual stands represent, it 

was these new boundaries that were used when selecting stands for this study (Andrew 

Meier, USACE, personal communication).  

The lock and dam system has altered the hydrology of the UMR since their installation 

beginning in the 1930s, resulting in a complex spatial arrangement of various aquatic 

habitats (Sparks 1995; Sparks et al. 1998; De Jager et al. 2012; Junk et al. 1989; Wlonski 

& Hill 1995; Nielsen et al. 1984; Romano 2010; Theiling et al. 2000). Using forest 

inventory data from the USACE and a map of local inundation characteristics (Van 

Appledorn et al. 2018), stands were selected to represent a gradient of hydrological 

conditions, compositional variability, and geographic location; stand size was also a 

consideration to better understand the scale of these variations. The seven stands ranged 

in area from 23 acres (McNally’s Landing) to 1,036 acres (Bagley Bottoms) (Table 2.1; 
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Figure 2.2). The most northern site was Lake Rebecca (river mile 815) near Hastings, 

MN and the most southern site was Bagley Bottoms (river mile 620) near Bagley, WI 

(Figure 2.1, Table 2.1).  
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Figure 2.1 – Location of stands used for the study (black squares) and locks and dams 

(brown lines) on a subsection of the UMR. 
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Figure 2.2 - Plot locations within each stand, (A) Lake Rebecca, (B) Indian Slough, (C) 

Goose Island, (D) Great River Harbor, (E) Minnesota City Boat Club, (F) McNally’s 

Landing, (G) Bagley Bottoms. Green signifies terrestrial areas, blue is permanent open 

water, and the yellow shaded areas are the designated stand boundaries. Due to errors 

recording coordinates, one plot at Bagley Bottoms and one plot at Minnesota City Boat 

Club are represented as outside of the stand boundaries. 
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Table 2.1: Description of attributes for each stand; stands are listed in order of greatest to least average growing season days of 

inundation. Parentheses contain one standard deviation. “Average Growing Season Days of Inundation” and “Average Inundation 

Event Frequency” are characterizations of the long-term inundation regime as simulated using a geospatial model. “Average Growing 

Season Days of Inundation” is the total number of days during the growing season (April 1-September 30) experiencing inundation in 

an average year; “Average Inundation Event Frequency” is the average number of inundation events per year that a stand or plot is 

inundated for at least 1 day. “Average Relative Elevation” is the average elevation, in feet, above in relation to the nearest channel 

centerline. 

* - Goose Island size includes non-forested park area

Stand (Nearest City) Location Pool Size 

(acres) 

Number 

of Plots 

Sampled 

Average Growing 

Season Days of 

Inundation (days) 

Average 

Inundation Event 

Frequency 

Average Relative 

Elevation (feet) 

Bagley Bottoms (Prairie du Chien, 

WI) 

42.8919˚, -

91.1061˚ 
10 1032 9 34 (40) 

1.22 (0.39) 9.15 (1.00) 

Indian Slough (Wabasha, MN)  
44.3882˚, -

92.0262˚ 
4 95 4 33 (55) 

0.33 (0.12) 9.76 (0.75) 

Great River Harbor (Alma, WI)  
44.2768˚, -

91.8894˚ 
5 107 4 26 (49) 

1.72 (0.71) 8.58 (0.89) 

Goose Island (La Crosse, WI)  
43.7219˚, -

91.2338˚ 
8 1535* 10 24 (45) 

1.23 (0.55) 6.49 (1.21) 

Lake Rebecca (Hastings, MN)  
44.7484˚, -

92.8639˚ 
3 133 5 19 (11) 

0.84 (0.51) 13.16 (2.31) 

Minnesota City Boat Club / 

McNally’s Landing (Winona, MN) 

44.0962˚, -

91.7329˚ 
5a 115/23 2/2 9.5 (9.5) 0.73 (0.45) 7.21 (2.49) 
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Vegetation Sampling  

All vegetation sampling occurred June through August in 2018. Fixed-radius 1/10th acre 

plots were used to sample overstory trees, defined as individuals over 5 inches diameter 

at breast height (DBH). Plots were systematically distributed throughout each stand in a 

grid pattern at a density of 1 plot per 25 acres with a minimum of 4 and maximum of 10 

plots per stand. An exception was made for McNally’s Landing due to its small area (2 

plots). An exception for Minnesota City Boat Club (2 plots) was also made due to the end 

of the field season coming before more plots could be sampled. One plot at Bagley 

Bottoms was inaccessible due to high water levels. At each plot the following standard 

forest inventory variables were measured: species, status (live or dead), DBH, height, live 

crown ratio, crown class, and general health status following methods laid out by 

Bechtold & Patterson (2005).  

Two increment cores were collected at breast height from each live overstory tree to 

determine age structure of overstory trees. Collecting two cores from each tree increased 

the likelihood of achieving pith of each individual tree. Cores were not collected from 

substantially rotted trees that posed risk of damaging sampling equipment and/or did not 

offer a reasonable amount of annual growth rings for estimating age. Because most of the 

cores collected were significantly saturated they were dried in an oven before being 

mounted and progressively sanded until a workable surface was prepared to count annual 

growth rings (Stokes & Smiley 1968; Holmes 1983). Ages were derived from cores that 

contained the pith (innermost growth ring at breast height) or were reasonably near pith; 

this was done to more confidently assess age structure within and among stands, as well 

as DBH-age relationships within species. In total, 108 (23.6%) of 458 trees sampled were 

used to represent age structure within and among stands.  

Environmental Data 

Surface water hydrology was characterized using a spatially-explicit model designed to 

summarize long-term patterns in the floodplain inundation regime. The model simulated  

floodplain inundation on a daily time step over the growing season (April 1 – September 

30) at a 4m x 4m scale for the entire study region by integrating hydrologic records of 

water surface elevation and topographic and bathymetric terrain data (De Jager et al. 
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2018; Van Appledorn et al. 2020). Inundation regime attributes such as duration and 

frequency were computed according to multiple definitions over the model’s period of 

record (1972 – 2011) (Table 2.2) and used as indices of important hydrologic gradients 

believed to interact with forest composition and structure. For this chapter, average 

growing season days of inundation (GSD) and average inundation event frequency were 

extracted for each sampled plot and summarized as mean values. Average Growing 

season days of inundation was the total number of days inundation during the growing 

season (April 1 – September 30) expressed as a mean value across the model period 

(1972-2011), and average inundation event frequency was the total number of flood 

events during the growing season over the model period, divided by the total number of 

years modeled (40) (Van Appledorn et al. 2020; Table 2.2). 

Relative elevation was calculated using topographic and bathymetric terrain data to 

generate a slope-detrended model of the height (in feet) of each pixel in relation to the 

nearest channel centerline to which it was hydrologically connected. The development of 

this model can be found in further detail in De Jager et al. (2018) and Van Appledorn et 

al. (2020). Because plots at Lake Rebecca and McNally’s Landing were located outside 

the modeling domain, inundation attributes and relative elevations for Lake Rebecca and 

McNally’s Landing were substituted from adjacent areas with similar ranges of absolute 

elevation using the same inundation and relative elevation models mentioned above. 

Relative elevation was summarized for each plot two ways: as a median value and as the 

within-plot range of relative elevation.  

Table 2.2: Definitions of environmental attributes used to assess variation in conditions 

within and among stands and plots. Definitions for “Flood Event,” “Average Growing 

Season Days of Inundation,” “Median Event Duration,” and “Average Event Frequency” 

are as they appear in Van Appledorn et al. (2020). 

Environmental 

Attribute 

Definition 

Flood Event Defined as a period of sequential days during which a land surface 

is expected to be submerged according to the model. 
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Average Growing 

Season Days of 

Inundation 

The total number of days inundated during the growing season 

(April 1 – September 30), expressed as a mean value across years 

of record (1972 – 2011). 

Average 

Inundation Event 

Frequency 

The total number of flood events during the growing season (April 

1 – September 30) over the period of record (1972 – 2011) divided 

by the number of years of record (40). 

Relative 

Elevation 

Elevation (in feet) above a minimum river surface elevation, 

corrected for changes in microtopography that may result in that 

surface being removed from direct flow of the river. 

 

Statistical Analysis 

For each plot, species trees per acre (TPA), species basal area per acre (ft.2/acre) (BA), 

and species importance value (IV) were calculated. Importance value was calculated 

using the following equation: 

IV =
� spp.  TPA

total plot TPA ∗ 100� + � spp. BA
total plot BA ∗ 100�

2
 

Plot-level diversity was summarized using Simpson’s diversity index (Simpson 1949; 

Lande 1996), overstory species richness, and evenness. Simpson’s diversity index was 

calculated at the plot level as the reciprocal using the following equation: 

D = 1/Σ(�
spp. count
total count

�
2

) 

Distributions of TPA, IV, diversity metrics, diameter, and age were compared within and 

among stands qualitatively using histograms, and quantitatively by calculating plot-level 

values and averaging within a stand to characterize the variability of composition and 

structure both within and among stands. Variations in stand-level age structure and 

diameter distribution were tested using Kruskal-Wallis tests to assess possible 

connections between stand composition and stand age. If statistical differences were 

detected, a post-hoc Dunn test with Bonferroni adjustment was used to evaluate pairwise 

differences among stands. Age distributions of pure (>80% of plot TPA, and >80% of 
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plot basal area per acre; De Cáceres et al. 2019) and mixed silver maple plots were 

compared using a Mann-Whitney U test to understand the relationship between age 

structure and silver maple dominance.  

 To investigate if fine-scale variation in environmental attributes better capture species 

composition, plots were classified based on four local environmental attributes: average 

GSD, average growing season inundation event frequency, median relative elevation, and 

relative elevation range. Classes were developed to identify plots with similar 

environmental conditions, while minimizing within-class variation in species 

composition and structure. Classes were first designated using natural breaks, and then 

updated to create a minimum of four plots per class to match the field sampling design 

minimum of four plots per stand. Growing season days of inundation had six classes: 0.2-

2.4 days, 2.4-7.4 days, 7.4-14 days, 14-19.7 days, 19.7-27 days, and 27-49 days. Average 

growing season inundation event frequency had six classes: 0.108-0.477 events, 0.478-

0.7 events, 0.8-1.17 events, 1.18-1.37 events, 1.38-1.74 events, and 1.75-2.52 events. 

Median relative elevation resulted in five classes: 4-5 feet, 6-7 feet, 8 feet, 9 feet, and 10-

17 feet. Finally, relative elevation range was divided into six classes: 0-0.8 feet, 0.8-1.1 

feet, 1.1-1.29 feet, 1.29-2.29 feet, 2.29-4.39 feet, and 4.39-10.6 feet. Summary statistics 

of plot-level TPA, IV, diversity metrics, diameter, and age were calculated for each 

species within each environmental attribute class. Kruskal-Wallis tests were used to 

evaluate differences in diameter, age, TPA, IV, and diversity among environment 

attribute classes. If statistical differences were detected, a post-hoc Dunn test with 

Bonferroni adjustment was used to evaluate pairwise differences between attribute 

classes. All data analysis was completed in R (R Core Team 2019). 

Results 

Stand composition, diversity, structure, and age 

Silver maple dominance varied across stands despite all seven stands being classified as 

silver maple or mixed-silver maple, and in some cases, silver maple was absent from 

sampling plots (Table 2.3). Among stands that had silver maple present on sampling 

plots, average silver maple IV ranged from 6.4 (σ=5.4) at Goose Island to 72.5 (σ=7.3) at 

Bagley Bottoms (Table 2.3, Figure 2.3). Cottonwood was the most prominent species in 
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terms of average IV at both Lake Rebecca and Minnesota City Boat Club (Figure 2.3); 

river birch and green ash were both more prominent in terms of IV, on average, than 

silver maple at Goose Island (Figure 2.3). Neither plot sampled at McNally’s Landing 

had any silver maple trees present. A total of eleven species were observed across the 

seven stands. 

Overstory species richness and Simpson’s diversity index were similar among stands, but 

overstory species evenness was significantly higher at Lake Rebecca than both Bagley 

Bottoms and Goose Island (Figure 2.4, Table A.1). Overstory species richness ranged 

from on average 3.8 (σ=0.2) overstory species per plot at Lake Rebecca compared to 2 

(σ=1.0) overstory species on average at McNally’s Landing. Lake Rebecca also had the 

highest average overstory species evenness at 0.8 (σ=0.01) and Bagley Bottoms the 

lowest at 0.5 (σ=0.02). Simpson’s diversity index ranged from 1.7 (σ=0.7) at McNally’s 

Landing to 2.7 (σ=0.3) at Minnesota City Boat Club (Figure 2.4). Kruskall-Wallis tests 

revealed significant differences among stands for evenness (χ2=18.7, df=6, p<0.01), but 

not Simpson’s diversity index (χ2=6.7, df=6, p=0.35) or overstory species richness 

(χ2=15.1, df=6, p=0.02). In terms of evenness, Lake Rebecca was significantly different 

from both Goose Island and Bagley Bottoms, but no other differences among stands were 

found (Figure 2.4).  

Structural characteristics such as TPA, BA, and DBH among stands also varied for silver 

maple as well as across species. Goose Island had both the lowest silver maple TPA (11, 

σ=9.9) and BA (18.5, σ=17.2); Lake Rebecca had the most silver maple TPA with 102 

(σ=47.5), and Bagley Bottoms the most silver maple BA with 137.1 (σ=23.9) ft.2/acre 

(Table 2.3). Average overall TPA ranged from 97.5 (σ=9.5) at Indian Slough to 208 

(σ=30.2) at Lake Rebecca. Lake Rebecca also has the highest BA with 206.9 (σ=28.5) 

ft.2/acre, and Goose Island the lowest at 120.4 (σ=25.1) ft.2/acre (Table 2.3). Average 

DBH ranged from 13.0 (σ=1.5) inches at McNally’s Landing to 15.8 (σ=1.1) at 

Minnesota City Boat Club (Table 2.3). Indian Slough had the largest average silver maple 

DBH of 19.6 (σ=4.0) inches and Lake Rebecca the smallest at 10.6 (σ=2.1) (Table 2.3). 

Diameter distributions among stands were significantly different (χ2=15.3, df=6, p<0.02). 

This result was driven by Lake Rebecca being statistically different from Bagley Bottoms 
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(Z=3.57, α=0.05) while diameter distributions of all other stand comparisons were not 

statistically different. 

Overall age structure did not vary by stand, plot, or composition (Table 2.3). Average age 

among stands ranged from 48 years (σ=2.5) to 68 years (σ=7.7) at McNally’s Landing 

and Indian Slough, respectively. Stand level average age of silver maple varied from 60 

(σ=1.6) to 82 years (σ=4.8) at Bagley Bottoms and Indian Slough, respectively (Table 

2.3). The oldest tree observed in the study was a 128 year-old pin oak at Great River 

Harbor. Swamp white oak and pin oak were not observed at all stands, but when they 

were present the average ages were generally the highest among all species (Figure 2.5). 

Linear regression revealed no significant relationship between plot age and overstory 

species richness (r2=0.007, p=0.63). The rank sum of median age did not vary with stand 

(χ2=5.6, df=6, p=0.48) or plot (χ2=35, df=35, p=0.47), and age structures among stands 

were not statistically different (χ2=6.8, df=6, p=0.34). No significant difference between 

age distributions of mixed and pure silver maple plots was detected using a Mann-

Whitney U test (W=815.5, p=0.37).  
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Figure 2.3 – Bar plots of the variation in plot-level species importance values for live trees within the stands sampled on the 

UMR. Error bars represent ± 1 standard error, the number of plots in each stand is noted in the upper right corner of each facet. 
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Table 2.3: Summary statistics among stands for all live trees, as well as live silver maple trees. 

Values are stand averages with 1 standard error in parenthesis.   

 

    

Basal area 

(ft.2/ac.) 
Trees per acre 

Importance 

value 

DBH 

(inches) 
Age 

Live Overstory           

 
Bagley 

Bottoms 
183.1 (19.6) 127.8 (11.6) N/A 14.9 (0.7) 63.0 (5.0) 

 Indian Slough 143.9 (24.7) 97.5 (9.5) N/A 15.2 (2.5) 68.2 (7.7) 

 
Great River 

Harbor 
206.1 (44.0) 120.0 (14.1) N/A 15.3 (2.2) 62.4 (8.5) 

 Goose Island 120.4 (25.1) 102.0 (13.1) N/A 13.5 (0.8) 57.5 (4.0) 

 Lake Rebecca 260.9 (28.5) 208.0 (30.2) N/A 13.5 (1.3) 63.2 (1.8) 

 
McNally's 

Landing 
142.8 (2.1) 150.0 (30.0) N/A 13.0 (1.5) 47.9 (2.5) 

 
Minnesota City 

Boat Club 
155.1 (55.4) 90.0 (30.0) N/A 15.8 (1.1) 65.0 (9.5) 

Live Silver Maple      

  

Bagley 

Bottoms 
137.1 (23.9) 94.4 (13.8) 72.5 (7.3) 15.3 (1.8) 60 (1.6) 

 
Indian Slough 90.3 (8.4) 37.5 (11.1) 52.4 (8.2) 19.6 (4.0) 82 (4.8) 

 

Great River 

Harbor 
81.8 (14.4) 70.0 (19.6) 49.1 (6.9) 13.0 (3.5) 62 (4.1) 

 
Goose Island 18.5 (17.2) 11.0 (9.9) 6.4 (5.4) 16.8 (1.7) 66 (3.1) 

 
Lake Rebecca 74.5 (27.8) 102.0 (47.5) 35.0 (11.7) 10.6 (2.1) 63 (0.7) 

 

McNally's 

Landing 
0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 
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Minnesota City 

Boat Club 
37.9 (37.9) 30.0 (30.0) 21.5 (21.5) 14.4 (3.9) 76 (1.1) 
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Figure 2.4 – Bar plots of the variation in plot-level diversity, represented using Simpson’s diversity index (top), plot-level 

species richness (middle), and species evenness (bottom) within and among stands of mixed-silver maple forests on the UMR. 

Error bars represent the mean ± 1 standard error. Letters above each bar represent significance as derived from the Dunn post-

hoc test with Bonferroni adjustment, bars with different letters are statistically different from one another (α=0.05).
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Figure 2.5 – Bar plots of the variation in average species age among stands of mixed-silver maple forests on the UMR. Error 

bars represent the mean ± 1 standard error. The total number of trees used to characterize age within each stand is noted in the 

top right corner of each facet.
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Composition, diversity, structure, and age along hydrological gradients 

No statistical differences among GSD classes were found for DBH (χ2=4.2, df=5, p=0.52), TPA 

(χ2=0.7, df=5, p=0.99), or IV (χ2=0.6, df=5, p=0.99). There were also no differences among FQ 

classes in terms of DBH (χ2=6.5, df=5, p=0.26), TPA (χ2=1.4, df=5, p=0.93), or IV (χ2=1.1, 

df=5, p=0.96). Average silver maple TPA and importance increased as GSD increased, with the 

exception of the 19.7-27 day class, where average river birch importance was higher (Table 2.4, 

Figure 2.6, Figure 2.7). A general increase in silver maple importance was also found as FQ 

classes increased (Figure 2.7). The driest GSD plots had the lowest prevalence of silver maple in 

terms of BA, TPA, and importance, but had the highest average DBH, which was 21.3 (σ=1.2) 

inches (Table 2.4). The wettest GSD class, 27-49 days, had the lowest average DBH (12.6, 

σ=0.8) but the highest prevalence of silver maple in terms of BA (112.1, σ=32.8), TPA (108.0, 

σ=10.2), and importance (62.2, σ=10.7).  

Average species evenness, Simpson’s diversity index, and overstory species richness did not 

vary significantly along gradients of GSD or FQ (Figure 2.8, Figure 2.9). Evenness was similar 

among GSD classes (χ2=4.0, df=5, p=0.55), Simpson’s diversity index varied slightly throughout 

the GSD classes with the wettest class exhibiting the lowest diversity (2.0, σ=0.11) and the 7.4-

14 days class the greatest diversity (2.6, σ=0.10) (Figure 2.8). However, Simpson’s diversity 

index was not statistically different among classes of GSD (χ2=2.8, df=5, p=0.73) (Figure 2.8). 

Finally, overstory species richness was also similar among GSD classes (χ2=2.3, df=5, p=0.81) 

(Figure 2.8). Species evenness (χ2=11.6, df=5, p=0.04), Simpson’s diversity index (χ2=11.3, 

df=5, p=0.05), and species richness (χ2=1.3, df=5, p=0.93) also did not vary among FQ classes 

(Figure 2.9). Diversity (i.e. evenness, Simpson’s diversity index, and species richness) for FQ 

classes were similar to GSD classes, with all three measures of diversity having the lowest 

average values in the wettest classes (Figure 2.9). 

Average age generally increased as GSD increased, with the exception of the wettest class. 

Average age among all species within a GSD class ranged from 46.6 (σ=3.7) years in the lowest 

class (0.2-2.4 days) to 69.0 (σ=4.7) years in the 19.7-27 day class (Table 2.4). The 19.7-27 day 

class also had the oldest average silver maple age at 73.7 (σ=1.6) years, and the highest GSD 
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class had the lowest average silver maple age at 58.2 (σ=3.2) years (Table 2.4). Age structure 

among GSD classes was not statistically different when including all species (χ2=13.7, df=5, 

p=0.02).  
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Figure 2.6 – Bar plots of the variation in plot-level species importance values along a gradient of average growing season days 

of inundation. Error bars represent the mean ± 1 standard error, the number of plots in each class is noted in the upper right 

corner of each facet. 
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Figure 2.7 – Bar plots of the variation in plot-level species importance values along a gradient of average annual inundation 

event frequency. Error bars represent the mean ± 1 standard error, the number of plots in each class is noted in the upper right 

corner of each facet. 
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Table 2.4: Forest structure along a gradient of average growing season days of inundation for all species including silver 

maple, as well as just silver maple; the number of plots in each class can be found in Figure 2.6. Values are within-class 

averages with 1 standard error in parenthesis.   

    Basal area (ft.2/ac.) Trees per acre Importance value DBH (inches) Age 

GSD Classes  All Live Overstory 

 
0.2-2.4 days 143.0 (32.0) 130.0 (24.2) N/A 12.7 (0.8) 46.6 (3.7) 

 
2.4-7.4 days 161.2 (29.5) 118.0 (16.4) N/A 14.6 (0.8) 55.2 (2.8) 

 
7.4-14 days 129.9 (20.1) 91.7 (12.5) N/A 14.2 (1.1) 59.6 (3.6) 

 
14-19.7 days 194.9 (33.8) 140.0 (28.3) N/A 14.4 (0.8) 63.7 (1.5) 

 
19.7-27 days 163.2 (41.1) 128.3 (21.2) N/A 14.4 (0.8) 69.0 (4.7) 

 
27-49 days 240.1 (22.8) 168.0 (19.3) N/A 13.1 (0.8) 61.1 (2.8) 

GSD Classes Live Silver Maple 

  0.2-2.4 days 18.7 (18.7) 7.5 (7.5) 13.1 (13.1) 21.3 (1.2) N/A 

 2.4-7.4 days 63.7 (19.6) 34.3 (12.9) 33.9 (10.9) 17.0 (1.5) 63.6 (3.9) 

 7.4-14 days 46.5 (19.9) 38.3 (16.2) 33.7 (14.7) 14.0 (1.1) 66.7 (4.2) 

 14-19.7 days 101.1 (31.9) 85.7 (34.9) 48.4 (13.6) 13.3 (0.8) 62.1 (1.6) 

 19.7-27 days 69.7 (32.5) 45.7 (24.7) 28.4 (12.4) 15.6 (1.1) 73.7 (1.6) 

 27-49 days 112.1 (32.8) 108.0 (10.2) 62.2 (10.7) 12.6 (0.8) 58.2 (3.2) 
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Figure 2.8 – Bar plots of the variation in plot-level diversity, represented using Simpson’s diversity index (top), plot-level 

species richness (middle), and species evenness (bottom) within and among GSD classes. Error bars represent the mean ± 1 

standard error. Letters above each bar represent significance as derived from the Dunn post-hoc test with Bonferroni 

adjustment; bars with the same letter are not statistically different from one another (α=0.05). 
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Figure 2.9 – Bar plots of the variation in plot-level diversity, represented using Simpson’s diversity index (top), plot-level 

species richness (middle), and species evenness (bottom) within and among average growing season inundation event 

frequency classes. Error bars represent the mean ± 1 standard error. Letters above each bar represent significance as derived 

from the Dunn post-hoc test with Bonferroni adjustment; bars with the same letter are not statistically different from one 

another (α=0.05).
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Composition, diversity, structure, and age along elevational gradients 

Species importance varied among median relative elevation classes as well as among classes of 

relative elevation range. River birch and green ash importance were negatively related to plot 

median relative elevation, and silver maple importance generally increased with the exception of 

the highest relative elevation class where cottonwood increased in importance (Figure 2.10). 

Although hackberry and the oak species, pin oak and swamp white oak, were present throughout 

the median relative elevation classes, average importance was slightly higher at the lower 

relative elevation classes when present (Figure 2.10). Silver maple importance decreased as 

relative elevation range increased (Figure 2.11). Pin oak and swamp white oak had higher 

importance at plots with a great relative elevation range (Figure 2.11). There were no differences 

in diversity among classes of median relative elevation as indicated by Kruskall-Wallis tests for 

overstory species richness (χ2=1.7, df=4, p=0.80), Simpson’s diversity index (χ2=5.3, df=4, 

p=0.26), and species evenness (χ2=7.8, df=4, p=0.10). 

Overstory species richness and Simpson’s diversity index varied slightly among relative 

elevation range classes, but no statistically significant differences were present. There was no 

difference among relative elevation range classes in terms of overstory species richness (χ2=9.5, 

df=5, p=0.10) or Simpson’s diversity index (χ2=8.3, df=5, p=0.14), but classes did vary in terms 

of species evenness (χ2=15.4, df=5, p<0.01). Pairwise comparison indicated that evenness varied 

significantly between the highest range class (4.39-10.6 feet) and the second lowest relative 

elevation range class, 0.8-1.11 feet (Z=-3.5, α=0.5).  

Diameter distributions were different among classes of median relative elevation (χ2=14.5, df=4, 

p<0.01) but not relative elevation range (χ2=5.6, df=5, p<0.35). The post-hoc test showed that the 

difference was between the 9 and 10 feet classes (Z=-3.8, α=0.5). Age distributions were not 

significantly different among median relative elevation classes (χ2=12.5, df=4, p<0.02) or 

relative elevation range classes (χ2=10.3, df=5, p<0.07). 
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Figure 2.10 – Bar plots of the variation in plot-level species importance values along a gradient of median relative elevation 

on the UMR. Error bars represent the mean ± 1 standard error, the number of plots in each class is noted in the upper right 

corner of each facet. 
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Figure 2.11 – Bar plots of the variation in plot-level species importance values along a gradient of the range of relative 

elevation within a plot on the UMR. Error bars represent the mean ± 1 standard error, the number of plots in each class is noted 

in the upper right corner of each facet. 
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Discussion 

Influences of fine scale variations in the environment on forest composition and structure 

The results of this study suggest that patterns of species composition and structure vary at 

a finer spatial scale than is captured at a stand level on the UMR floodplain. Similar to De 

Jager et al. (2016), where the authors demonstrated a relationship between growing 

season days of inundation and vegetation community type, this study found evidence that 

species composition may relate to patterns of growing season days of inundation and 

growing season inundation event frequency at the plot level rather than stand level. In the 

sections above, this is supported by the fact that specific species occurred within the same 

stand, but under different plot conditions. For example, river birch and hackberry were 

both present at the stand level at Goose Island and Indian Slough, however they did not 

exhibit similar patterns when plots were considered according to different metrics of 

inundation. Because of this, considering these fine-scale variations may be critical to 

developing silvicultural treatments that support the many tree species and environmental 

conditions that exist on the UMR floodplain. 

Relative elevation can be useful tool for understanding the within-stand variation in forest 

structure and composition, perhaps because it encompasses multiple, interacting 

environmental characteristics that can impact forest composition and structure. Patterns 

of inundation are believed to strongly interact with forest composition and structure on 

the UMR (Yin 1998; De Jager et al. 2016). However, my results suggest that different 

inundation attributes (i.e., growing season days of inundation and average growing 

season inundation event frequency) may interact differently with species composition and 

structure. For example, river birch and hackberry IVs were highly variable across 

inundation event frequency classes, but less so across GSD classes. Other studies have 

also documented how different inundation attributes can have a compounding influence 

on vegetation (Franz & Bazzaz 1977; Hupp & Osterkamp 1985, 1996; Osterkamp & 

Hupp 1986; Junk et al. 1989; Bendix & Hupp 2000; Glenz et al. 2006). Bendix & Hupp 

(2000), Hupp & Osterkamp (1985), and Osterkamp & Hupp (1986) found that frequency 

and duration interacted to create distinct fluvial landforms, which typically had unique 

plant communities. Franz and Bazzaz (1977) modeled individual tree species response to 
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potential modifications of streamflow in terms of inundation frequency and found that 

changes in frequency would reduce or expand habitat suitability depending on species. It 

may be that relative elevation encompasses multiple aspects of local hydrology and how 

they interact with each other to influence patterns of forest composition and structure. 

Additional research is needed to understand how well relative elevation captures multiple 

aspects on inundation on the UMR floodplain. Although my research provides detailed 

insight into silver maple forests, a major forest community type on the UMR, future 

research on other forest communities and encompassing a broader range of inundation 

patterns could be beneficial to managers in this system. 

The average age indicates that most of these stands established during or after the 

implementation of the lock and dam system – these stands were therefore likely reflecting 

responses to modern hydrological patterns. Because of this, the results of this study are a 

reasonable source for developing management strategies for desired future conditions. 

The most prominent species in the stands sampled, silver maple, demonstrated an ability 

to tolerate a high frequency of inundation, long durations of inundation, as well as be 

competitive in a variety of species mixes. Because most of the silver maple sampled 

established around the same time as other species and have since come to dominate most 

of the stands sampled, it appears that silver maple is the most competitive in the current 

hydrological regime. With that said, there were other species such as river birch, 

cottonwood, and green ash, with higher importance at wetter plots but none of them as 

prominently as silver maple.  

Management Implications 

Plot-level variations in environmental attributes should be considered when designing 

management practices on the floodplain of the UMR. Diverse forests can promote 

resiliency in the face of disturbances (e.g., climate change, herbivory, insect or disease 

outbreaks) by increasing the likelihood that a species capable of resisting a given 

disturbance is present to replace mortality that may result from that disturbance (Levin 

1998; Churchill et al. 2013; Dymond et al. 2014). Diverse forests are also important for 

overall biodiversity of wildlife (Knutson & Klaas, 1998). My data suggest that plots with 

higher variation in patterns of inundation could be better suited for more diverse tree 
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populations, implying that forest composition on the floodplain of the UMR is linked to 

microscale (plot-level) hydrological conditions and the silvics of individual tree species. 

This supports the findings in Baker & Barnes (1998) in which the authors presented 

evidence that many ecosystem types are closely related to site-specific landforms, which 

was used as a proxy for hydrological patterns. Similarly, Baker & Wiley (2004; 2009) 

found that patterns in riparian forest composition in lower Michigan were related to 

hydrology at various scales and the silvics of tree species. 

Management plans for a diverse species mix on the floodplain of the UMR may benefit 

from selecting sites that exhibit high spatial variability in terms of inundation attributes 

such as days of inundation and inundation event frequency. Identifying locations of 

higher days of inundation could follow the results of De Jager et al. (2012) in which the 

authors found that sediment on the UMR became finer grained as days of inundation 

increased, trending towards a silt-clay mixture at the wettest locations. Once these 

locations are identified, my results can be used to inform the suitability of that location to 

different species of interest, such as silver maple and river birch for wetter locations, or 

hackberry for drier locations.  

Results of this study also indicated that summarizing environmental conditions of a stand 

would benefit from considering how conditions vary at a finer spatial scales within the 

stand. Summaries of environmental attributes could benefit from including things like the 

range of elevation within a stand, or multiple aspects of inundation, in this case duration 

and frequency. An added understanding of how individual species vary along gradients of 

inundation and relative elevation will aid in deciding how best to manage a stand for 

desired future conditions. Managing for diversity may benefit from selecting stands with 

more variability in relative elevation and inundation characteristics, and managing for 

pure silver maple stands would likely be best suited to wetter stands, i.e. stands that fall 

in the category of average growing season days of inundation between 27 and 49 days per 

growing season. Maintaining current stand conditions may not require much 

manipulation beyond artificial regeneration considering current stand conditions likely 

developed under the present hydrological regime. However, additional research is needed 
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to understand how patterns of inundation impact regeneration, as this study only 

considered already established overstory trees. 
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Chapter 3: Dendroecology of Silver Maple Trees on the 

Upper Mississippi River 

Introduction 

Surface water hydrology (i.e., floodplain inundation and streamflow) can influence 

floodplain forest stand development in a wide array of ways from assisting in propagule 

dispersal (Engström et al. 2009) to mortality (Yin et al. 1997; Cosgriff et al. 2007). 

Floodplain inundation events can also leave an imprint on the annual growth rings of 

trees (St. George & Nielsen 2003; Therrell & Bialecki 2015; Meko & Therrell 2019). 

Inundation events have been reflected in wood anatomy in oak (Quercus spp.) species on 

the Red River in Manitoba, Canada (St. George & Nielsen 2000, 2003), the middle 

Mississippi River (Therrell & Bialecki 2015), and the White River in Arkansas (Meko & 

Therrell 2019). For these species, morphological response was varied, ranging from 

changes in early wood vessel size and shape (St. George et al. 2000, 2003) to “jumbled” 

or “extended” early wood vessels (Therrell & Bialecki 2015). 

Inundation events can leave more than just an imprint, inundation events and variation 

among events can influence biomass production on the floodplains (Brown & Peterson 

1983). Effects of inundation can vary among species as well as spatially. Dudek et al. 

(1998) observed that black walnut (Juglans nigra L.) in a bottomland hardwood forest in 

central Ohio had higher growth during periods of high streamflow; eastern cottonwood 

(Populus deltoides W. Bartram ex Marshall) in nearby lower elevation forests had a 

stronger positive relationship with January precipitation and streamflow. Mitsch & Rust 

(1984) investigated the growth of three temperate floodplain species in relation to 

streamflow and also got mixed results; swamp white oak (Quercus bicolor Willd.) and 

American elm (Ulmus americana L.) had a relationship between growth and streamflow, 

but green ash (Fraxinus pennsylvanica Marshall) in the same study did not. Mitsch & 

Rust (1984) suggest that this may indicate that some floodplain species growth may have 

a non-linear relationship with streamflow.  

While there is increasing work using dendrochronological methods in floodplain systems, 

there is little known on how one of the most prominent floodplain species observed along 
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the Upper Mississippi River (UMR), silver maple (Acer saccharinum L.), is influenced 

by patterns of inundation. Silver maple has been noted to be increasing in dominance 

along the UMR which may be linked to current hydrologic conditions related to the 

implementation of river modifications (Nelson & Sparks 1998; Yin et al. 2009; Romano 

2010; De Jager et al. 2012). The increasing dominance of silver was illustrated by 

increasing importance values and relative densities when compared to estimations of past 

forest composition based on historical observations (Nelson & Sparks 1998; Yin et al. 

2009; Romano 2010; De Jager et al. 2012). Knowledge of interannual growth response of 

mature silver maple trees to patterns of inundation is lacking. In fact, a search of the 

species in the International Tree-Ring Database (ITRDB, 

https://www.ncdc.noaa.gov/data-access/paleoclimatology-data/datasets/tree-ring) yields 

no results of any kind. This could be due in part to the diffuse-porous nature of the wood 

making it difficult to discern ring boundaries, or the fact that other species found on 

floodplains, such as oak, are longer lived and typically ring-porous which makes them 

more conducive to reconstructing past flood events (Deflorio 2005; St. George & Nielsen 

2000, 2003). In the case of this study, such data can help forest managers understand how 

different levels of inundation can exert stress on the growth of silver maple trees, which 

can be useful for understanding silver maple development on the floodplain of the UMR. 

The overarching goal of this chapter was to understand the influence that patterns of 

inundation and streamflow have on the interannual growth patterns of silver maple trees 

within and among stands of mixed-silver maple forests on the UMR. I hypothesized that 

patterns of hydrology, specifically streamflow and floodplain inundation will have a 

greater influence on growth patterns on “wetter” plots (i.e., inundated more frequently 

and for longer durations) than plots inundated less frequently or for shorter durations. I 

also hypothesized that growth patterns will vary within stands because of the presumed 

relationship between hydrology and growth and within stand hydrological variability. To 

test these hypotheses I will ask two questions: 1) how do growth patterns of silver maple 

trees vary within and among floodplain forests in the UMR, and 2) what influence does 

surface hydrology have on growth patterns of silver maple trees? The results of this 

chapter will provide data on the relationship between growth and development of silver 

maple trees and how that is influenced by hydrological events. 

https://www.ncdc.noaa.gov/data-access/paleoclimatology-data/datasets/tree-ring
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Methods 

Study Region 

The UMR is shaped the installation of low-head dams which began in the 1930s, to 

maintain a minimum depth of 9 feet during periods of low streamflow has altered the 

natural flood regime of this region in terms of timing and duration (Wlosinski & Hill 

1995; Sparks 1995; Sparks et al. 1998). The UMR spans from lock and dam #1 in St. 

Paul, MN to lock and dam #26 in St. Louis, MO, USA. The segments of river between 

dams are hereafter referred to as “pools.”  

Floodplain forests account for seventeen percent of the UMR floodplain land cover 

(Guyon et al. 2012). Species typical of the UMR floodplain forests are silver maple, 

green ash, American elm, swamp white oak, eastern cottonwood, and black willow (Salix 

nigra Marshall) (Romano 2010). Average July temperature is 73˚F and 72.3˚F in 

Hastings, MN and Bagley, WI, respectively; average temperatures in January are 15.3˚F 

and 19.2˚F, respectively (PRISM Climate Group 2019). Annual average precipitation is 

31.4 inches in Hastings, MN and 34.6 inches in Bagley, WI. The majority of precipitation 

falls between April and August (PRISM Climate Group 2019). Despite changes in 

hydrology, annual spring floods, largely driven by snow melt and spring precipitation, are 

still present in the system and believed to be influential on the UMR (Sparks 1995; 

Sparks et al. 1998). Floods can sometimes persist well into the growing season, such as 

the flood of 1993 which contributed to high rates of tree mortality throughout the UMR. 

Floodplain forests on the UMR typically experience between 20 and 60 days of 

inundation during the growing season (April 1 – September 30) depending their position 

on the floodplain (Yin et al. 2009; De Jager et al. 2013; De Jager et al. 2016).  

Six stands with varying proportions of silver maple were sampled in this study located in 

pools 3-10 of the UMR, spanning from Hastings, MN to Bagley, WI (Figure 3.1). Stand 

boundaries were delineated by the U.S. Army Corps of Engineers (USACE) based on 

forest inventory data and were originally design to cluster inventory plots with similar 

conditions into a contiguous area (Andrew Meier, USACE, personal communication). 
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Field Sampling 

Within each stand, fixed radius 1/10th acre inventory plots were systematically placed in a 

grid pattern at a density of 1 plot per 25 acres, with a maximum of 15 plots per stand 

(Figure 3.2). One to two increment cores were collected from each viable silver maple 

tree greater than 5 inches in diameter at breast height (DBH) within each sample plot; 

trees that were rotten or otherwise posed a significant risk of damage to sampling 

equipment were not sampled. A total of 334 increment cores were collected among the 6 

stands (Table 3.2). In addition to increment cores, variables measured on each overstory 

tree include: species, status (live or dead), DBH, height, live crown ratio, and canopy 

class (Bechtold & Patterson 2005). To classify trees according to canopy class, trees were 

considered dominant when they received direct sunlight from above and all four sides, 

co-dominant when receiving direct sunlight from the top and at least three sides, 

intermediate when direct sunlight is only received from the top, and suppressed when no 

direct sunlight is reaching the canopy. Plots that did not have silver maple present were 

removed from further analyses, including one plot at Lake Rebecca, one plot at 

Minnesota City Boat Club, and nine plots at Goose Island. 
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Figure 3.1 – Shown are the six stands sampled for this study (black squares), and their 

location adjacent to locks and dams (brown lines) on a subsection of the UMR. 
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Figure 3.2 - Plot locations within each stand, (A) Lake Rebecca, (B) Indian Slough, (C) 

Goose Island, (D) Great River Harbor, (E) Minnesota City Boat Club, (F) Bagley 

Bottoms. Green signifies terrestrial areas, blue is permanent open water, and the yellow 

shaded areas are the designated site boundaries. Due to errors recording coordinates, one 

plot at Bagley Bottoms and one plot at Minnesota City Boat Club are represented as 

outside of the stand boundaries.
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Table 3.1: Description of attributes for each stand; stands are listed from top to bottom in order of greatest to least average growing 

season days of inundation. Parentheses contain one standard error. “Pool” refers to the navigational pool in which the stand is located. 

Average growing season days of inundation and median event duration are characterizations of the long-term inundation regime as 

simulated using a geospatial model (Van Appledorn et al. 2018). “Average Growing Season Days of Inundation” is the total number 

of days during the growing season (April 1-September 30) experiencing inundation in an average year; “Median Event Duration” is 

the length, in days, of submergence during a single inundation event. An inundation event, in this case, is defined as a period of time 

during which the land surface is submerged for at least one day. 

* - Goose Island size includes non-forested park area

Stand (Nearest City) Location Pool Size 

(acres) 

Number of 

Plots 

Average Plot-

Level Trees 

Per Acre 

Average Plot-Level 

Silver Maple Proportion 

of TPA 

Average Growing 

Season Days of 

Inundation (days) 

Median Event 

Duration 

(days) 

Bagley Bottoms 

(Prairie Du Chien, WI) 

42.8919˚, 

-91.1061˚ 

10 1032 9 127.8 (11.6) 0.73 (0.07) 34 (40) 10 (17) 

Indian Slough 

(Wabasha, MN)  

44.3882˚, 

-92.0262˚ 

4 95 4 97.5 (9.5) 0.38 (0.11) 33 (55) 19 (42) 

Great River Harbor 

(Alma, WI)  

44.2768˚, 

-91.8894˚ 

5 107 4 120.0 (14.1) 0.54 (0.11) 26 (49) 14 (39) 

Goose Island (La 

Crosse, WI)  

43.7219˚, 

-91.2338˚ 

8 1535* 10 102.0 (13.1) 0.06 (0.06) 24 (45) 9 (27) 

Lake Rebecca 

(Hastings, MN)  

44.7484˚, 

-92.8639˚ 

3 133 5 208.0 (30.2) 0.43 (0.15) 19 (11) 12 (1) 

Minnesota City Boat 

Club (Winona, MN) 

44.0962˚, 

-91.7329˚ 

5a 115 2 90.0 (30.0) 0.25 (0.25) 9.5 (9.5) 6 (4.5) 
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Hydrological Data 

Surface water hydrology was characterized using a spatially-explicit model designed to 

summarize long-term patterns in the floodplain inundation regime. The model simulated  

floodplain inundation on a daily time step over the growing season (April 1 – September 

30) at a 4m x 4m scale for the entire study region by integrating hydrologic records of 

water surface elevation and topographic and bathymetric terrain data (De Jager et al. 

2018; Van Appledorn et al. 2020). Two inundation attributes, duration and frequency, 

were computed over the model’s period of record (1972 – 2011) and used as indices of 

important hydrologic gradients believed to interact with forest composition and structure. 

Growing season days of inundation (GSD) was defined as the total number of days 

inundated during the growing season, (April 1 - September 30) across the model period 

(1972-2011). Inundation event frequency was defined as the total number of flood events 

during the growing season (April 1 – September 30) over the model period (1972 – 2011) 

divided by the number of years of record (40). After extracted from the model, GSD and 

inundation event frequency were averaged spatially within a plot. 

Histograms of GSD values within plots were used to determine that the median of the 

distribution was a better representative of plot conditions over time than the mean 

because the distributions were positively skewed. Plots were classified using natural 

breaks into one of four frequency classes: low frequency (FQ1) when a plot was 

inundated at an average frequency of 0.16-0.69 times per year, low-mid frequency (FQ2) 

when inundated 0.70-1.24 times per year, mid-high frequency (FQ3) when inundated 

1.25-1.77 times per year, and high frequency (FQ4) when inundation 1.78-2.52 times per 

year. Plots were again classified using natural breaks into one of four median duration 

classes: low (MD1) when a plot had a median value of 1.60-8.25 days of inundation 

during the growing season, low-mid (MD2) for 8.26-21.85 days of inundation, mid-high 

(MD3) for 21.86-31.21 days of inundation, and high (MD4) for plots experiencing 31.22-

47.83 days of inundation during the growing season. 

I summarized hydrologic data at the lock and dam tailwater of each navigation pool (i.e., 

the most upstream location within a given navigation pool) using two metrics: growing 

season discharge (measured in cubic feet per second) and water surface elevation 
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(measured in feet above the preset vertical datum MSL1912). For each pool I 

summarized growing season discharge as the median value during the growing season 

(April 1 – September 30) for each year of data available for all pools (1959-2017). I 

summarized water surface elevation as the median value during the growing season for 

each year available for all pools (1936-2017). Hydrologic data were extracted from the 

Army Corp. of Engineers database at https://www.mvp-wc.usace.army.mil/Data.shtml. 

Increment Core Preparation & Chronology Development 

Due to significant saturation, cores were dried in an oven before being mounted and 

prepared using standard dendrochronology methods (Stokes & Smiley 1968; Fritts 1971); 

mounting saturated cores can sometime lead to cracks in the wood as the core dries, 

which potentially deteriorates data quality. Total ring width was measured to a precision 

of 0.001 millimeters using a microscope and Velmex hand-operated digital stage with 

MeasureJ2X software to obtain annual ring width values.  

Measurements were statistically cross-correlated using COFECHA (Holmes 1983) to 

verify the accuracy of each ring’s assigned calendar year. Due to average series length, 

series were analyzed using a 20-year window with a 10-year lag; series that expressed 

low correlation with other series were removed prior to standardization as described by 

Therrell et al. (2002), Stahle et al. (2009), and Griffin et al. (2011). The remaining 

measurement series were averaged within a single tree when possible; the new series 

were subsequently detrended using a cubic smoothing spline with a frequency response 

of 0.5 at a wavelength of 67% the series length (Cook & Peters 1981; Griffin et al. 2011). 

The resulting indices were calculated as the ratio of measured width to the corresponding 

value of the 67% spline to create a dimensionless index with a value of 1.0 representing 

the mean (Cook & Peters 1997). Bi-weight mean chronologies were calculated by 

averaging indices across series at the stand level, within canopy classes at Lake Rebecca, 

and within inundation attribute classes (Cook & Kairiukstis 1990), a total of 13 

chronologies were developed. All standardization was done using the dplR package in R 

(Bunn 2008; R Core Team 2019).  

Many dendrochronology studies select trees to sample that are less likely to be influenced 

by competition from other trees as to maximize the potential for a strong signal of the 

https://www.mvp-wc.usace.army.mil/Data.shtml
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environmental growth influence of interest (Douglass 1919; Glock 1937; Schulman 

1954); because I chose to sample trees indiscriminately, a minimum interseries 

correlation threshold of 0.3 for the period of 1975-2017 was chosen to maximize the 

common signal while still including as many individual trees as possible that may have 

otherwise been removed. A minimum threshold of 10 trees per chronology was chosen to 

be as representative of the stand, canopy class, or inundation class as possible while still 

maintaining the minimum interseries correlation threshold.
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Table 3.2: Description of structural and inundation attributes for each plot and each plot’s representation in the resulting chronologies; 

parentheses contain one standard error. “No. Cores” is the total number of silver maple cores collected at that plot. “Chronologies” 

refers to the chronologies that plot is a part of. “No. Trees” is the number of silver maple trees from that plot represented in the 

corresponding chronology. “Average DBH (in.)” is the average diameter at breast height of silver maple trees at that plot. “Average 

GSD” is the total number of days during the growing season (April 1-September 30) experiencing inundation in an average year, 

“Median Event Duration” is the length of submergence during a single inundation event, and “Average Frequency” is the average 

frequency of inundation events during the growing season; all inundation attributes are characterizations of the long-term inundation 

regime as simulated using a geospatial model (Van Appledorn et al. 2018, 2020). 

Stand/Plot No. 

Cores 

Average 

Series 

Length 

(years) 

Chronologies 

Percent of 

Cores in 

Chronology 

No. 

Trees 

Average 

DBH 

(in.) 

Average 

Height 

(ft.) 

Average 

GSD 

(Days) 

Average 

Frequency 

Median Event 

Duration 

(Days) 

Lake Rebecca                     

LR02 44 60.6 (1.0) 

LR                         

LRD                    

LRS                       

FQ2                            

MDD2 

34%                        

50%                       

33%                          

46%                                             

35% 

13                                        

7                                          

6                                    

13                                                                    

10 

11.3 (1.9) 46.4 (2.8) 14 1.02 10 

LR03 23 62.2 (1.1) 

LR                                  

LRD                                  

LRS                                

43%                               

30%                                

48%                              

9                                            

3                                               

6                                            

13 (1.3) 52.5 (3.3) 25.5 1.49 12 
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FQ3                                                         

MDD3 

40%                                                     

54% 

10                                                                                     

10 

LR04 15 68.3 (0.7) 

LR                                  

LRD                               

LRS                           

FQ2                                                      

MDD2 

17%                            

15%                            

14%                           

19%                                                       

19% 

6                                          

2                                         

3                                          

5                                                                                    

6 

11.8 (1.4) 53.3 (4.4) 17.7 1.18 11 

LR05 8 64.7 (2.8) 

LR                             

LRD                              

LRS                             

FQ1                                                              

MDD1 

5%                                

5%                                       

5%                                   

17%                                                                  

9% 

2                                            

1                                          

1                                            

2                                                                               

2 

18.3 (3.0) 59.8 (7.6) 5.6 0.42 11 

Great River 

Harbor 
                    

GR01 14 36 (3.4) 
GR                                                 

MDD4 

12%                                                              

5% 

2                                                                                     

1 
9.3 (0.9) 54.5 (2.3) 38.2 2.18 12 

GR02 12 66 (4.3) 

GR                             

FQ2                                                        

MDD1 

35%                                

14%                                                     

32% 

4                                     

4                                                                           

4 

16.6 (3.1) 64.9 (6.9) 7.5 0.7 7.5 

GR03 20 73.6 (1.9) 

GR                            

FQ4                                                     

MDD4 

41%                         

53%                                                    

58% 

6                                          

6                                                                          

8 

15.3 (2.7) 59.4 (5.4) 48.8 2.52 11.8 
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GR04 5 102 (3) 

GR                           

FQ3                                                    

MDD2 

12%                            

6%                                                               

5% 

1                                       

2                                                                           

1 

20.1 (4.8) 61.2 (5.5) 22.5 1.46 8.5 

Bagley Bottoms                     

BB01 17 45.5 (1.2) 

BB                          

FQ4                                                          

MDD4 

13%                           

33%                                                       

37% 

4                                          

5                                                                          

5 

17.1 (1.6) 50.6 (0.8) 31.5 1.96 11 

BB02 17 46.1 (1.6) 

BB                      

FQ3                                               

MDD2 

2%                         

9%                                                                  

5% 

1                                       

3                                                                            

2 

12.1 (1.4) 68.2 (6.0) 18.8 1.33 9.5 

BB03 15 45.6 (0.7) 

BB                                

FQ1                                                

MDD1 

13%                           

17%                                                      

9% 

6                                         

2                                                                               

2 

13.9 (1.5) 65.4 (3.4) 5.8 0.59 6 

BB04 18 59.0 (2.7) 

BB                             

FQ2                                                      

MDD2 

13%                            

16%                                                        

16% 

5                                     

6                                                                        

6 

16.9 (1.5) 48.7 (1.4) 14.9 1.12 10 

BB05 18 64.6 (1.5) BB 8% 4 16.9 (2.6) 52.6 (2.9) 12.1 0.99 10 

BB07 8 65.8 (0.6) 

BB                             

FQ3                                                    

MDD1 

6%                               

6%                                                            

9% 

2                                      

2                                                                            

2 

15.4 (2.4) 48.1 (2.5) 17.4 1.24 11 

BB08 12 85.7 (2.6) 

BB                           

FQ2                                                     

MDD2 

6%                            

5%                                                              

8% 

3                                     

2                                                                             

3 

12 (1.6) 48.1 (4.4) 8.3 0.8 8 
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BB09 32 72.3 (1.5) 

BB                             

FQ3                                                          

MDD3 

38%                      

26%                                              

38% 

12                                      

8                                                                          

10 

14.3 (1.1) 48.8 (1.6) 22.1 1.57 9 

BB10 6 79.7 (5.2) 

BB                             

FQ3                                                       

MDD2 

2%                            

6%                                                           

3% 

1                                     

2                                                                                

1 

15.8 (3.2) 47.4 (4.4) 19.7 1.37 10 

Goose Island                     

GI02 17 68.8 (1.7) 
FQ4                                             

MDD3 

13%                                                          

8% 

2                                                                     

2 
17.1 (1.6) 61.2 (4.9) 23.4 1.8 9.5 

Minnesota City 

Boat Club 
                    

BC02 7 75.8 (1.1) 
FQ3                                            

MDD2 

6%                                                       

8% 

3                                                                         

3 
16.8 (1.9) 56.6 (2.9) 18.5 1.4 9.5 

Indian Slough                     

IS01 6 105.7 (7.4) 
FQ1                                                 

MDD1 

17%                                             

14% 

2                                                                     

2 
10.8 (2.1) 41.6 (2.9) 1.7 0.2 7 

IS02 2 92 (0) 
FQ1                                                     

MDD1 

8%                                                          

5% 

1                                                                            

1 
22.4 (3.1) 62.7 (7.7) 3.1 0.3 8 

IS03 4 90.5 (6.9) MDD1 5% 1 12.5 (2.3) 51.6 (4.7) 4.3 0.5 8 

IS04 14 68.3 (3.3) 
FQ1                                                  

MDD1 

42%                                                  

18% 

3                                                                            

3 
15 (2.0) 62.1 (4.8) 4.3 0.4 7 
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Growth Patterns Among Chronologies  

Chronologies were compared both statistically and visually during the time period when 

chronologies demonstrated the highest interannual variability between 1975 and 2017; 

this period of high variability was chosen because of uncertainty in the accuracy of the 

dating earlier in the series. A Kruskal-Wallis test was used to determine if growth 

patterns varied among stands with a Dunn-Bonferroni post-hoc test to confirm 

differences when applicable. Kruskal-Wallis tests with Dunn-Bonferroni post-hoc tests 

were also used to test for differences among frequency class chronologies, as well as 

median duration class chronologies; a t-test was used to compare growth patterns 

between the dominant and suppressed canopy class chronologies at Lake Rebecca.  

Growth Patterns and Hydrology 

For each chronology, linear regression was used to compare annual growth patterns to 

median water surface elevation during the growing season, median growing season 

discharge, and annual GSD. To achieve the parameters of normality needed for linear 

regression, annual GSD were log-transformed. Water surface elevation and discharge 

values were calculated using the median value for each navigational pool, weighted by 

the proportion of trees in the final chronology that were a part of that pool. For regression 

using GSD, values were calculated as a weighted mean of plot values weighted by the 

proportion of trees from that plot in the chronology. All tests were run for the period 

1975-2017. This period was chosen because of uncertainty in the accuracy of the dating 

earlier in the series. An exception was made for the total growing season days of 

inundation because data were only available until 2011, in which case regressions were 

run using data from 1975-2011. 

Results 

Chronologies 

A total of 3 stand chronologies, 2 canopy class chronologies, and 8 inundation class 

chronologies were developed. The percentage of sampled trees in each of the final stand 

chronologies varied among stands, as did interseries correlation (Table 3.3). Lake 

Rebecca had the highest percentage of trees sampled in the final chronology with 30 
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individual trees across 4 plots representing 59% of the total number of silver maple 

sampled. Great River Harbor had the lowest number of trees in the final chronology with 

13 trees across 4 plots, representing 46% of the trees sampled. Bagley Bottoms had the 

lowest percentage of sampled trees in the final chronology with 44%, or 38 trees across 9 

(Table 3.3). Lake Rebecca also had the highest interseries correlation of the three stands 

(0.566) and Bagley Bottoms had the lowest (0.420); Great River Harbor had an 

interseries correlation of 0.545 (Table 3.3). Lake Rebecca was the only stand that yielded 

canopy class chronologies that met the minimum number of trees and minimum 

interseries correlation thresholds. Percentage of trees retained in inundation class 

chronologies also varied slightly, ranging from 37% (13 trees) in FQ4 to 57% (30 trees) 

in the FQ3 chronology, average retention among the 8 inundation class chronologies 

(47%) was slightly higher than Lake Rebecca as well as Bagley Bottoms. 
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Table 3.3: List of the resulting chronologies and corresponding summary statistics.  “Average Series Length” is the same as table 2, 

“Interseries Correlation” is the average correlation between an individual core and the average of the remaining cores for each 

chronology for the period of 1975-2017, and the “Number of Trees” is the total number of trees represented in that chronology. 

Chronology Description 

 

Average series 

length (years) 

Interseries 

Correlation 

Number 

of Trees 

LR Lake Rebecca 61 0.566 30 

LRD Dominant Canopy Class Lake Rebecca 60 0.554 13 

LRS Suppressed Canopy Class Lake Rebecca 61 0.575 16 

GR Great River Harbor 72 0.545 13 

BB Bagley Bottoms 61 0.420 38 

FQ1 Low Inundation Frequency 69 0.342 10 

FQ2 Low-Mid Inundation Frequency 64 0.479 31 

FQ3 Mid-High Inundation Frequency 66 0.468 30 

FQ4 High Inundation Frequency 63 0.472 13 

MD1 Low Median Days of Inundation 71 0.405 17 

MD2 Low-Mid Median Days of Inundation 66 0.478 32 

MD3 Mid-High Median Days of Inundation 64 0.479 21 

MD4 High Median Days of Inundation 61 0.431 14 
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Inundation attribute chronologies varied in terms of interseries correlation and the 

number of trees included in the final chronology. Within the frequency class 

chronologies, interseries correlation ranged from 0.342 in the FQ1 chronology to 0.479 in 

the FQ2 chronology; these chronologies also represent the range of trees in the final 

chronology with 10 in FQ1 and 31 in FQ2 (Table 3.3). Within the median GSD class 

chronologies, the number of trees included ranged from 14 in MD4 to 32 in MD2; MD3 

had the highest interseries correlation at 0.479 and MD1 the lowest at 0.405 (Table 3.3). 

All inundation chronologies except for FQ1 and MD1 had a higher interseries correlation 

than the Bagley Bottoms chronology. 

Temporal and statistical variations in ring width indices 

There was no statistical difference among mean ring width indices of the chronologies 

among and within stands; however, chronologies did vary temporally (Figure 3.3, Figure 

3.4). Results of a Kruskall-Wallis test demonstrated that ring width indices among the 

stand chronologies from Bagley Bottoms, Great River Harbor, and Lake Rebecca were 

not statistically different (χ2=1.3, df=2, p=0.53). Interannual growth patterns followed 

similar patterns during some periods such as the late 2010s, but during some periods (i.e. 

the 1990s and 2011-2012) Bagley Bottoms had noticeable lower growth than Lake 

Rebecca and Great River Harbor and higher growth during other periods such as 1998-

1999 and 2003-2005 (Figure 3.4). A t-test determined that growth indices between the 

dominant and suppressed canopy classes at Lake Rebecca were not statistically different 

(df=83, p=0.84). Canopy class chronologies at Lake Rebecca were nearly identical aside 

from individual years such as 1993 when the suppressed class had higher growth than 

dominant and 2004 when the dominant class had above mean growth while the 

suppressed class was below (Figure 3.5). 
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Figure 3.3 – Ring width indices for the three stand chronologies. Yellow is Lake 

Rebecca, red is Great River Harbor, and green is Bagley Bottoms; the black horizontal 

line represents the curve fit to each series during standardization. 

 

Figure 3.4 – Ring width indices for the three chronologies at Lake Rebecca. Blue 

represents the stand chronology, gray represents the dominant and co-dominant crown 

class trees, and yellow represents the intermediate and suppressed crown class trees; the 

black horizontal line represents the curve fit to each series during standardization. 
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Interannual growth among growing season inundation event frequency and GSD class 

chronologies varied temporally but were not statistically different (Figure 3.5). During 

some periods, such as 2000-2005, the drier and driest chronologies generally exhibited 

lower growth than the wetter and wettest chronologies (Figure 3.5A, Figure 3.5B). From 

1995-1998, the drier and driest chronologies had generally higher growth than the wetter 

and wettest chronologies for frequency chronologies but not GSD chronologies (Figure 

3.5A, Figure 3.5B). A Kruskal-Wallis test showed that overall rank order of ring width 

indices were not statistically different among growing season inundation frequency 

classes (χ2=0.008, df=3, p=1), nor GSD classes (χ2=1.3, df=3, p=0.74).  

 

 

Figure 3.5 – Ring width indices for the two sets of inundation class chronologies. The 

top plot is the frequency classes growth over time, the bottom is the median duration 

classes over time. The black horizontal line represents the black horizontal line represents 

the curve fit to each series during standardization. Plot “A” are the frequency class 

chronologies, plot “B” are the median growing season days of inundation classes. The 

“driest” class is the FQ1 (top) and MD1 (bottom), “drier” is FQ2 (top) and MD2 

(bottom), “wetter” is FQ3 (top) and MD3 (bottom), and the “wettest” is FQ4 (top) and 

MD4 (bottom). 
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Regression Analysis 

Interannual growth was positively related to median water surface elevation for both 

stand chronologies and inundation class chronologies (Table 3.5). Median water surface 

elevation explained the most variance for the Great River Harbor (r2=0.58, p<0.01), FQ4 

(r2=0.41, p<0.01), and MD4 (r2=0.47, p<0.01) chronologies (Table 3.6). Although all 

slopes were positive, Great River Harbor was higher than both FQ4 and MD4 (Table 

3.5).  

Interannual growth also had a positive relationship to median growing season discharge. 

Regression slopes ranged from 1.1e-5 (σ=3.8e-6) for the FQ1 and Bagley Bottoms 

(σ=3.7e-6) chronologies, to 2.6e-5 (σ=4.0e-6) for the Great River Harbor chronology 

(Table 3.5). Variance explained by median growing season discharge was highest for 

Great River Harbor, followed by the MD4 and FQ4 chronologies, respectively (Table 

3.6). Total growing season days of inundation typically had the weakest relationship to 

interannual growth, with slope coefficients ranging from 0.08 (σ=0.03) at Bagley 

Bottoms to 0.16 for the suppressed chronology at Lake Rebecca (σ=0.05), Great River 

Harbor (σ=0.04), and FQ4 (σ=0.03) chronologies (Table 3.5). 
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Table 3.4: Slope coefficients of linear regression for three hydrological attributes for the Upper Mississippi River, parenthesis contain 

the standard error. “Water Surface Elevation” is the height of the water as measured on the downstream side of the nearest lock and 

dam upstream of the plot. “Discharge (cf/s)” is the flow rate in cubic feet per second as measured at the nearest lock and dam 

upstream of the plot. “Growing Season Days of Inundation” is the total days of inundation during the growing season for each plot as 

extracted from the inundation model. For the stand chronologies, water surface elevation, discharge, and total growing season days of 

inundation values were used as extracted, for inundation class chronologies these values were gathered from each pool in the 

chronology and weighted proportionately to the percentage of trees from that plot. For all chronologies, total flood days were log 

transformed to fit the assumptions of linear regression; the asterisks following the value notate the p-value: *-p<0.05, **-p<0.01, ***-

p<0.001, none-not statistically significant. 

Chronology Water Surface Elevation Discharge (cf/s) Growing Season Days of Inundation 

LRSM 0.12 (0.03)*** 2.3e-5 (5.2e-6)*** 0.15 (0.04)*** 

LRD 0.11 (0.03)*** 2.2e-5 (4.9e-6)*** 0.12 (0.04)** 

LRS 0.12 (0.03)*** 2.5e-5 (5.6e-6)*** 0.16 (0.05)*** 

GRSM 0.24 (0.02)*** 2.6e-5 (4.0e-6)*** 0.16 (0.04)*** 

BBSM 0.06 (0.03)** 1.1e-5 (3.7e-6)** 0.08 (0.03)* 

FQ1 0.08 (0.03)** 1.1e-5 (3.8e-6)** 0.02 (0.04) 

FQ2 0.10 (0.02)*** 1.8e-5 (4.0e-6)*** 0.09 (0.03)** 

FQ3 0.10 (0.02)*** 1.8e-5 (4.1e-6)*** 0.10 (0.03)** 

FQ4 0.12 (0.02)*** 2.1e-5 (3.5e-6)*** 0.16 (0.03)*** 

MD1 0.10 (0.02)*** 1.4e-5 (3.0e-6)*** 0.10 (0.03)** 
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MD2 0.10 (0.02)*** 1.8e-5 (4.1e-6)*** 0.09 (0.03)** 

MD3 0.09 (0.02)*** 1.7e-5 (4.5e-6)*** 0.09 (0.04)* 

MD4 0.16 (0.03)*** 2.3e-5 (3.6e-6)*** 0.15 (0.04)*** 
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Table 3.5: Adjusted r2 values of linear regression for three hydrological attributes for the Upper Mississippi River System. “Water 

Surface Elevation” is the height of the water as measured on the downstream side of the nearest lock and dam upstream of the plot. 

“Discharge (cf/s)” is the flow rate in cubic feet per second as measured at the nearest lock and dam upstream of the plot. “Growing 

Season Days of Inundation” is the total days of inundation during the growing season for each plot as extracted from the inundation 

model. For the stand chronologies, water surface elevation, discharge, and total growing season days of inundation values were used 

as extracted, for inundation class chronologies these values were gathered from each pool in the chronology and weighted 

proportionately to the percentage of trees from that plot. For all chronologies, total flood days were log transformed to fit the 

assumptions of linear regression. Bold values signifies r2 values above 0.4; the asterisks following the value notate the p-value: *-

p<0.05, **-p<0.01, ***-p<0.001, none-not statistically significant. 

Chronology Water Surface Elevation Discharge (cf/s) Growing Season Days of Inundation 

LRSM 0.31*** 0.32*** 0.25*** 

LRD 0.31*** 0.30*** 0.20** 

LRS 0.29*** 0.31*** 0.25*** 

GRSM 0.58*** 0.51*** 0.26*** 

BBSM 0.20** 0.17** 0.13* 

FQ1 0.16** 0.15** -0.02 

FQ2 0.33*** 0.32*** 0.15** 

FQ3 0.34*** 0.31*** 0.22** 

FQ4 0.41*** 0.45*** 0.36*** 

MD1 0.33*** 0.32*** 0.19** 
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MD2 0.32*** 0.30*** 0.16** 

MD3 0.24*** 0.24*** 0.11* 

MD4 0.47*** 0.48*** 0.30*** 
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Discussion 

Among-stand variation 

Interannual growth patterns of silver maple trees were similar among stands, suggesting 

the growth patterns may be reflecting similar environmental patterns. Although the 

magnitude of the response was varied, as was the relationship to hydrological patterns, 

indicating that growth patterns were also to some extent dictated by local conditions as 

evidenced by the consistently positive slope coefficients for all three hydrological 

metrics. Results of this study were similar to others on the middle and lower Mississippi 

River (Therrell & Bialecki 2015; Meko & Therrell 2019) and Red River in Manitoba (St. 

George & Nielsen 2000, 2003) where patterns of interannual growth are comparable 

across a larger spatial extent. Where this study differs is the relationships between 

interannual growth patterns and patterns of hydrology which were less reliable over broad 

spatial scales in the UMR than the other regions studied. Another contrast between those 

studies and this chapter is that silver maple had higher growth during wetter years, while 

those studies saw growth patterns and wood anomalies that they noted as a result of stress 

induced by high magnitude floods. Further research is needed to determine if wetter years 

have a lagged negative impact on growth of silver maple trees on the UMR. One possible 

reason for the contrast between the results of this study and the results of the others 

mentioned above is the use of different tree species, indicating that silver maple may be 

more sensitive to variations in local (i.e., plot-level) hydrology than the oak species used 

in other studies (St. George & Nielsen 2000, 2003; Therrell & Bialecki 2015; Meko & 

Therrell 2019). An important difference to note between this study and those listed above 

is that the silver maple used in this study were on the immediate floodplain, while the oak 

species in the studies listed were further from the main channel, and in some cases had 

river modifications (i.e., levees) between study sites and the main channel. Therefore, it is 

likely that the oak trees used in those studies experienced differing hydrological regimes 

than the silver maple used in this study. 

The relationship between hydrology and interannual growth was varied among stands. 

Great River Harbor saw higher growth with increases in water surface elevation over 

time than both Lake Rebecca and Bagley Bottoms. Differences in peaks and troughs in 
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growth were apparent throughout the time period of 1975-2017 which provides evidence 

that local conditions can have a noticeable influence on growth patterns. This may further 

indicate that although growth patterns were not statistically different in terms of 

distribution, local conditions may have a stronger influence on temporal patterns. It is 

important to note, that by using standardized indices I am solely comparing patterns of 

growth, not differences in basal area increment or raw ring width, which would require 

additional steps to quantify.  

Within-stand variation 

Multiple lines of evidence in this study point to the importance of within-stand variation 

in understanding the growth of silver maple trees. Results of this study emphasize the 

uniqueness of the UMR when compared to dendrochronological studies elsewhere on the 

Mississippi River (Therrell & Bialecki 2015; Meko & Therrell 2019) and on other 

floodplains in central North America (St. George & Nielsen 2000, 2003) in terms of 

varied spatial response to patterns of hydrology. Varying retention of cores within final 

stand chronologies, as well as varying interseries correlation values, may indicate that 

growth of individual trees is more closely related to plot-level variations in hydrology 

than stand-level or regional variations. Support for this claim is provided by the results of 

linear regression of the wettest chronologies (FQ4, MD4) that had higher slope 

coefficients, as well as higher explained variance, with water surface elevation and 

growing season discharge than drier plots.  

Although the results of this chapter presented valuable information on the relationships 

between silver maple growth patterns and local hydrology, quantifying these results in 

terms of basal area increment would also be useful to understanding these relationships. 

A valuable expansion on this research could include more thorough core preparation to 

retain longer series which could be done by using a finer grit sandpaper to polish cores 

prior to analysis. Analysis would also benefit from skeleton plotting to visually cross-date 

cores and potentially retain more series in final chronologies. Finally, if basal area 

increment were not to be used, future studies using silver maple or other forest interior 

trees may benefit from use of different standardization methods such as a regional curve 
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standardization or size deterministic standardization (Briffa & Melvin 2011; Dietrich & 

Anand 2019).  

 Management implications 

Patterns of growth between canopy class chronologies at Lake Rebecca were almost 

identical. This indicates that the stand at Lake Rebecca had not yet reached the stem 

exclusion phase of stand development (Oliver & Larson 1996), in other words, it was not 

a fully stocked stand. Changes to patterns of hydrology, particularly growing season 

discharge, can have an impact on silver maple growth; however, it doesn’t appear that 

long periods of growing season inundation have a negative impact on growth during the 

year in which the inundation occurs. The stronger relationships between growing season 

discharge and the wetter plots indicate that on plots that were more frequently subjected 

to inundation, growth is higher during periods of high discharge. If forest management 

goals include facilitating silver maple growth, sites with significant growing season 

inundation may be well-suited for silver maple trees once established because of the 

species’ ability to endure wet conditions. Further research is needed to investigate 

whether long periods of inundation during the growing season may have a lagged effect 

on forest growth. 
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Chapter 4: Conclusions 

Floodplain forests on the Upper Mississippi River (UMR) are an understudied ecosystem, 

resulting in many basic questions about stand development and stand dynamics. 

Floodplain forest communities are believed to interact strongly with patterns of 

inundation. The main objective of this study was to quantify some of the interactions 

between biotic and physical properties of these ecosystems by addressing three questions 

related to the primary forest type on the UMR: (1) how does species composition and 

stand structure vary within and among mixed-silver maple forests in the Upper 

Mississippi River floodplain? (2) how do patterns of forest composition and structure 

relate to environmental conditions?; and (3) how does growth of silver maple trees vary 

within and among stands of mixed-silver maple forests in the Upper Mississippi River 

floodplain across a gradient of environmental conditions?  

Mixed-silver maple forests on the floodplain of the UMR varied in terms of trees per 

acre, basal area, species importance, age structure, diameter distribution, and species 

evenness. Classifying plots based on local inundation attributes, specifically growing 

season days of inundation and average growing season inundation event frequency, 

revealed some species specific trends. Silver maple and river birch increased in 

importance as plots increased in growing season days of inundation, or growing season 

inundation frequency; hackberry was present almost exclusively on drier sites, and the 

oak species had a similar presence throughout the range of both inundation attributes. My 

data suggest that microsite variation and topography greatly influences species 

composition and structure.  

Relative elevation also provided useful insight into patterns of forest composition and 

structure. For example, silver maple and river birch declined in importance as median 

plot relative elevation increased, and cottonwood increased in importance as elevation 

increased.  

Understanding silver maple growth patterns in these forests is critical to forest managers 

because it is one of the most prevalent forest communities on the floodplain of the UMR. 

There is virtually no literature regarding interannual growth rates, i.e., dendrochronology, 
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of silver maple trees on floodplains. Although there are dendrochronology studies of 

other floodplain species, this study provided one example of how to apply these methods 

to silver maple. Silver maple in all canopy classes at Lake Rebecca demonstrated almost 

identical growth patterns, indicating that although these stands are aging they had not yet 

reached the stage of stem exclusion after more than 60 years. The trees studied also 

appeared to respond in various ways to different hydrological influences, the strongest 

one being median growing season water surface elevation.  

Insight gained from this study can be useful to forest managers on the UMR by providing 

valuable descriptions of stand conditions within and among mixed-silver maple forests 

throughout the floodplain. Data presented here indicates that data gathered to describe 

environmental conditions of a stand would benefit from considering how conditions vary 

at a scale smaller than is currently utilized, i.e., summarizing at spatial scales smaller than 

the current stand size. Justification for this practice is evidenced by the species specific 

patterns across gradients of inundation and relative elevation which can aid in 

management decisions. For example, silver maple and river birch both had higher 

average importance when they occurred on wetter plots in terms of growing season days 

of inundation, while hackberry was almost exclusively on plots experiencing less than 7.5 

growing season days of inundation, on average.  

While this study provided new details about possible relationships between silver maple 

forest composition, structure, and growth on the floodplain of UMR, there were areas that 

could be improved or expanded. Chapter one described species specific patterns as they 

relate to patterns of inundation and relative elevation, and chapter two described growth 

patterns of silver maple, the prominent tree species on the floodplain, as it relates to 

patterns of hydrology. With that being said, both chapters could benefit from further 

analysis. Chapter one could benefit from two primary improvements; (1) expanding on 

the relationship between relative elevation and aspects of inundation such as frequency 

and duration to reduce data needed for developing silvicultural prescriptions, and (2) 

ordination analysis between forest composition and multiple environmental attributes 

such as elevation, inundation, and climate, to further understand the influences acting on 

floodplain forests on the UMR. Chapter 2 could benefit from the use of basal area 
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increment rather than ring width indices, as this is likely to be more directly applicable to 

forest managers, and may reveal nuances in growth within and among stands, adding 

further evidence to the conclusion that growth varies within and among stands. Chapter 2 

could also benefit from a more meticulous visual cross-dating practice using skeleton 

plots to reduce the need to truncate series due to poor interseries correlation.



67 
 

References 
Amoros, C., Roux, A. L., Reygrobellet, J. L., Bravard, J. P., & Pautou, G. (1987). A 

method for applied ecological studies of fluvial hydrosystems. Regulated Rivers: 

Research & Management, 1(1), 17–36. https://doi.org/10.1002/rrr.3450010104 

Anfinson, J. O. (2003). The River We Have Wrought: A History of the Upper Mississippi. 

Retrieved from https://books.google.com/books?id=XcWjrr-V_PwC 

Baker, M. E., & Barnes, B. V. (1998). Landscape ecosystem diversity of river floodplains 

in northwestern Lower Michigan, U.S.A. Canadian Journal of Forest Research, 

28(9), 1405–1418. https://doi.org/10.1139/x98-107 

Baker, M.E., Wiley, M.J. (2004), Characterization of woody species distribution in 

riparian forests of Lower Michigan, USA using map-based models. Wetlands 24, 550. 

https://doi.org/10.1672/0277-5212(2004)024[0550:COWSDI]2.0.CO;2 

Baker, M.E. and Wiley, M.J. (2009), Multiscale control of flooding and riparian‐forest 

composition in Lower Michigan, USA. Ecology, 90, 145-159. doi:10.1890/07-1242.1 

Battaglia, L. L., Minchin, P. R., & Pritchett, D. W. (2002). Sixteen years of old-field 

succession and reestablishment of a bottomland hardwood forest in the Lower 

Mississippi Alluvial Valley. Wetlands, 22(1), 1–17. https://doi.org/10.1672/0277-

5212(2002)022[0001:SYOOFS]2.0.CO;2 

Battaglia, L. L., Pritchett, D. W., & Minchin, P. R. (2008). Evaluating dispersal limitation 

in passive bottomland forest restoration. Restoration Ecology, 16(3), 417–424. 

https://doi.org/10.1111/j.1526-100X.2007.00319.x 

Bechtold, William A.; Patterson, Paul L.; [Editors] 2005. The enhanced forest inventory 

and analysis program - national sampling design and estimation procedures. Gen. 

https://doi.org/10.1139/x98-107


68 
 

Tech. Rep. SRS-80. Asheville, NC: U.S. Department of Agriculture, Forest Service, 

Southern Research Station. 85 p.  

Bendix, J., & Hupp, C. R. (2000). Hydrological and geomorphological impacts on riparian 

plant communities. Hydrological Processes, 14(16–17), 2977–2990. 

https://doi.org/10.1002/1099-1085(200011/12)14:16/17<2977::AID-

HYP130>3.0.CO;2-4 

Bernhardt, E. S., Palmer, M.A., J. D. Allan, G. Alexander, K. Barnas, S. Brooks, J. Carr, 

S. Clayton, C. Dahm, J. Follstad-Shah, D. Galat, S. Gloss, P. Goodwin, D. Hart, B. 

Hassett, R. Jenkinson, S. Katz, G. M. Kondolf, P. S. Lake, R. Lave, J. L. Meyer, T. K. 

O’Donnell, L. Pagano, B. Powell, and E. Sudduth. (2005). Synthesizing U.S. river 

restoration efforts. Science, 308, 636–637. 

Briffa, K. R., & Melvin, T. M. (2011). A Closer Look at Regional Curve Standardization 

of Tree-Ring Records: Justification of the Need, a Warning of Some Pitfalls, and 

Suggested Improvements in Its Application. In M. K. Hughes, T. W. Swetnam, & H. 

F. Diaz (Eds.), Dendroclimatology: Progress and Prospects (pp. 113–145). Springer 

Netherlands. https://doi.org/10.1007/978-1-4020-5725-0_5 

Brown, S., & Peterson, D. L. (1983). Structural Characteristics and Biomass Production of 

Two Illinois Bottomland Forests. American Midland Naturalist, 110(1), 107. 

https://doi.org/10.2307/2425216 

Bunn, A. G. (2008). A dendrochronology program library in R (dplR). 

Dendrochronologia, 26(2), 115–124. https://doi.org/10.1016/j.dendro.2008.01.002 

Churchill, D. J., Larson, A. J., Dahlgreen, M. C., Franklin, J. F., Hessburg, P. F., & Lutz, 

J. A. (2013). Restoring forest resilience: From reference spatial patterns to 



69 
 

silvicultural prescriptions and monitoring. Forest Ecology and Management, 291, 

442–457. https://doi.org/10.1016/j.foreco.2012.11.007 

Cook, E.R., Peters, K. (1981). The Smoothing Spline: A New Approach to Standardizing 

Forest Interior Tree-Ring Width Series for Dendroclimatic Studies. Tree-Ring 

Bulletin, 41. 45-53. 

Cook, E. R., & Kairiukstis, L. A. (1990). Methods of Dendrochronology: Applications in 

the Environmental Sciences. 

Cook E.R. & Peters, K. (1997). Calculating Unbiased Tree-Ring Indices for the Study of 

Climatic and Environmental Change. The Holocene, 7(3), 361-370. 

Cosgriff, R.J., Nelson, J.C., Yin, Y. (2007). Floodplain forest response to large-scale flood 

disturbance. Transactions of the Illinois State Academy of Science, 100, 47–70. 

De Cáceres, M., Martín-Alcón, S., González-Olabarria, J. R., & Coll, L. (2019). A general 

method for the classification of forest stands using species composition and vertical 

and horizontal structure. Annals of Forest Science, 76(2). 

https://doi.org/10.1007/s13595-019-0824-0 

De Jager, N. R., & Rohweder, J. J. (2011). Spatial scaling of core and dominant forest 

cover in the Upper Mississippi and Illinois River floodplains, USA. Landscape 

Ecology, 26(5), 697–708. USGS Publications Warehouse. 

De Jager, N.R., Thomsen, M., & Yin, Y. (2012). Threshold effects of flood duration on 

the vegetation and soils of the Upper Mississippi River floodplain, USA. Forest 

Ecology and Management, 270, 135–146. 

https://doi.org/10.1016/j.foreco.2012.01.023 



70 
 

De Jager, N. R., Rohweder, J. J., & Nelson, J. C. (2013). Past and predicted future changes 

in the land cover of the upper Mississippi River floodplain, USA: Land cover change 

in a floodplain. River Research and Applications, 29(5), 608–618. 

https://doi.org/10.1002/rra.1615 

De Jager, N.R., Rohweder, J. J., Yin, Y., & Hoy, E. (2016). The Upper Mississippi River 

floodscape: spatial patterns of flood inundation and associated plant community 

distributions. Applied Vegetation Science, 19(1), 164–172. 

https://doi.org/10.1111/avsc.12189 

De Jager, N.R., Rogala, J.T., Rohweder, J.J., Van Appledorn, M., Bouska, K.L., Houser, 

J.N., & Jankowski, K.J., (2018). Indicators of ecosystem structure and function for 

the Upper Mississippi River System. U.S. Geological Survey Open-File Report 2018–

1143, 115 p., including 4 appendixes, https://doi.org/10.3133/ofr20181143. 

De Jager, N.R., Van Appledorn, M., Fox, T. J., Rohweder, J. J., Guyon, L. J., Meier, A. 

R., Cosgriff, R.J., & Vandermyde, B. J. (2019). Spatially explicit modelling of 

floodplain forest succession: Interactions among flood inundation, forest successional 

processes, and other disturbances in the Upper Mississippi River floodplain, USA. 

Ecological Modelling, 405, 15–32. https://doi.org/10.1016/j.ecolmodel.2019.05.002 

Deflorio, G., Hein, S., Fink, S., Spiecker, H., & Willis Mathew Robert Schwarze, F. 

(2005). The application of wood decay fungi to enhance annual ring detection in three 

diffuse-porous hardwoods. Dendrochronologia, 22(2), 123–130. 

https://doi.org/10.1016/j.dendro.2005.02.002 

Dieck, J.J., Ruhser, Janis, Hoy, Erin, and Robinson, L.R., (2015), General classification 

handbook for floodplain vegetation in large river systems (ver. 2.0, November 2015): 



71 
 

U.S. Geological Survey Techniques and Methods, book 2, chap. A1, 51 

p., http://dx.doi.org/10.3133/tm2A1. 

Dietrich, R., & Anand, M. (2019). Trees do not always act their age: Size-deterministic 

tree ring standardization for long-term trend estimation in shade-tolerant trees. 

Biogeosciences, 16(24), 4815–4827. https://doi.org/10.5194/bg-16-4815-2019 

Douglass, A.E. (1919), Climatic cycles and tree growth. A study of the annual rings of 

trees in relation to climate and solar activity. Washington, Carnegie Institution, 1919, 

Publication No. 289. Pp. 126, plates 12. Quarterly Journal of the Royal 

Meteorological Society, 47(198), 146–147. https://doi.org/10.1002/qj.49704719812 

Dudek, D. M., McClenahen, J. R., & Mitsch, W. J. (1998). Tree Growth Responses of 

Populus deltoides and Juglans nigra to Streamflow and Climate in a Bottomland 

Hardwood Forest in Central Ohio. The American Midland Naturalist, 140(2), 233–

244. https://doi.org/10.1674/0003-0031(1998)140[0233:TGROPD]2.0.CO;2 

Dymond, C. C., Tedder, S., Spittlehouse, D. L., Raymer, B., Hopkins, K., McCallion, K., 

& Sandland, J. (2014). Diversifying managed forests to increase resilience. Canadian 

Journal of Forest Research, 44(10), 1196–1205. https://doi.org/10.1139/cjfr-2014-

0146 

Engström, J., Nilsson, C., & Jansson, R. (2009). Effects of stream restoration on dispersal 

of plant propagules. Journal of Applied Ecology, 46, 397–405. 

Franz, E. H., & Bazzaz, F. A. (1977). Simulation of Vegetation Response to Modified 

Hydrologic Regimes: A Probabilistic Model Based on Niche Differentiation in a 

Floodplain Forest. Ecology, 58(1), 176–183. https://doi.org/10.2307/1935119 



72 
 

Fritts, H. C. (1971). Dendroclimatology and Dendroecology. Quaternary Research, 1(4), 

419–449. Cambridge Core. https://doi.org/10.1016/0033-5894(71)90057-3 

Glenz, C., Schlaepfer, R., Iorgulescu, I., & Kienast, F. (2006). Flooding tolerance of 

Central European tree and shrub species. Forest Ecology and Management, 235(1–3), 

1–13. https://doi.org/10.1016/j.foreco.2006.05.065 

Glock, W.S., & Pearson, G. A. (1937). Principles and methods of tree-ring 

analysis (Carnegie Institution of Washington publication 486). Washington, D.C.: 

Carnegie Institution of Washington. 

Griffin, D., Meko, D. M., Touchan, R., Leavitt, S. W., & Woodhouse, C. A. (2011). 

Latewood Chronology Development for Summer-Moisture Reconstruction In the US 

Southwest. Tree-Ring Research, 67(2), 87–101. https://doi.org/10.3959/2011-4.1 

Guyon, L., Deutsch, C., Lundh, J., & Urich, R. (2012). Upper Mississippi River Systemic 

Forest Stewardship Plan. U.S. Army Corps of Engineers. 124 pp. 

Guyon, L. J., & Battaglia, L. L. (2018). Ecological characteristics of floodplain forest 

reference sites in the Upper Mississippi River System. Forest Ecology and 

Management, 427, 208–216. https://doi.org/10.1016/j.foreco.2018.06.007 

Hodges, J.D. (1997). Development and ecology of bottomland hardwood sites, Forest 

Ecology and Management, 90(2–3), 117-125, https://doi.org/10.1016/S0378-1127 

(96)03906-0 

Holmes, R. L. (1983). Computer-assisted quality control in tree-ring dating and 

measurement. Tree-Ring Bulletin, 43, 69–78. 

Hosner, J. F. & Minckler, L. S. (1963). Bottomland hardwood forests of southern Illinois‐‐

regeneration and succession. Ecology, 44, 29-41. doi:10.2307/1933178 



73 
 

Hupp, C. R. & Osterkamp, W. R. (1985). Bottomland vegetation distribution along 

Passage Creek, Virginia, in relation to fluvial landforms. Ecology, 66(3), 670–681. 

https://doi.org/10.2307/1940528 

Hupp, C. R., & Osterkamp, W. R. (1996). Riparian vegetation and fluvial geomorphic 

processes. Geomorphology, 14(4), 277–295. https://doi.org/10.1016/0169-

555X(95)00042-4 

Junk W.J., Bayley P.B., & Sparks R.E. (1989). The flood pulse concept in river-floodplain 

systems. In Proc. Int. Large River Symp., Canadian Special Publ. Fish and Aquatic 

Sciences, ed. DP Dodge, 106, 110–27. 

King, S. L. & Keim, R. F. (2019). Hydrologic modifications challenge bottomland 

hardwood forest management. Journal of Forestry, 117(5), 504-514. 

https://doi.org/10.1093/jofore/fvz025 

Knutson, M. G. & Klaas, E. E. (1998). Floodplain forest loss and changes in forest 

community composition and structure in the upper Mississippi River: A wildlife 

habitat at risk. Natural Areas Journal, 18(2), 138–150. Retrieved from USGS 

Publications Warehouse. 

Lande, R. (1996). Statistics and Partitioning of Species Diversity, and Similarity among 

Multiple Communities. Oikos, 76(1), 5-13.  

Levin, S. A. (1998). Ecosystems and the Biosphere as Complex Adaptive Systems. 

Ecosystems, 1(5), 431–436. https://doi.org/10.1007/s100219900037 

Meko, M.D., & Therrell, M.D. (2019). A Record of Flooding on the White River, 

Arkansas Derived from Tree-Ring Anatomical Variability and Vessel Width. 

Physical Geography, 41(1), 83-98. 



74 
 

Mitsch, W. J., & Rust, W. G. (1984). Tree Growth Responses to Flooding in a Bottomland 

Forest in Northeastern Illinois. Forest Science, 30(2), 499–510. 

https://doi.org/10.1093/forestscience/30.2.499 

Motew, M. M. & Kucharik, C. J. (2013). Climate-induced changes in biome distribution, 

NPP, and hydrology in the Upper Midwest U.S.: A case study for potential 

vegetation: Climate impacts in the Upper Midwest U.S. Journal of Geophysical 

Research: Biogeosciences, 118(1), 248–264. https://doi.org/10.1002/jgrg.20025 

Nelson, J. C. & Sparks, R. (1998). Forest compositional change at the confluence of the 

Illinois and Mississippi Rivers. Transactions of the Illinois State Academy of Science, 

91(1, 2), 33-46. 

Nielsen, D. N., Rada, R. G., & Smart, M. M. (1984). Sediments in the Upper Mississippi 

River: Their sources, distribution, and characteristics in Wiener, J. G., Anderson R. 

V. and McConville, D. R. (eds), Contaminants of the Upper Mississippi River. 

Butterworth, Stoneham. 26-67. 

Noe, G. B. (2013). Interactions among hydrogeomorphology, vegetation, and nutrient 

biogeochemistry in floodplain ecosystems. In Elsevier (Series Ed.), 

Ecogeomorphology (1st ed., Vol. 12, pp. 307–321). https://doi.org/10.1016/B978-0-

12-374739-6.00338-9 

Oliver, C. D., & Larson, B. C. (1996). Forest Stand Dynamics. Wiley, New York. 

Olsen, J. R., Stedinger, J. R., Matalas, N. C. & Stakhiv, E. Z. (1999). Climate variability 

and frequency estimation for the upper Mississippi and lower Missouri Rivers. 

Journal of the American Water Resources Association, 35(6), 1509–1523. 

https://doi.org/10.1111/j.1752-1688.1999.tb04234.x 



75 
 

Osterkamp, W. R. & Hupp, C. R. (1984). Geomorphic and vegetative characteristics along 

three northern Virginia streams. Geological Society of America Bulletin, 95(9), 1093. 

https://doi.org/10.1130/0016-7606(1984)95<1093:GAVCAT>2.0.CO;2 

Osterkamp, W.R., & Hupp, C.R. (1986). “Magnitude and Frequency of Debris Flows, and 

Areas of Hazard on Mount Shasta, Northern California”. Accessed 4/15/2020. 

Pringle, C.M., Naiman, R.J., Bretschko, G., Karr, J.R., Oswood, M.W., Webster, J.R., 

Welcomme, R.L., Winterbourn, M.K. (1988). Patch Dynamics in Lotic Systems: The 

Stream as a Mosaic. Journal of the North American Benthological Society, 7(4), 503-

524. 

PRISM Climate Group (2019), Oregon State University, http://prism.oregonstate.edu, 

created 29 August 2019 

R Core Team (2019). R: A language and environment for statistical computing. R 

Foundation for Statistical Computing, Vienna, Austria. https://www.R-project.org/ 

Romano, S. P. (2010). Our current understanding of the Upper Mississippi River System 

floodplain forest. Hydrobiologia, 640(1), 115–124. https://doi.org/10.1007/s10750-

009-0063-8 

Schulman, E. (1954). Longevity under Adversity in Conifers. Science, 119(3091), 396-

399. 

Shelford, V. E. (1954). Some Lower Mississippi Valley flood plain biotic communities: 

Their age and elevation. Ecology, 35(2), 126–142. https://doi.org/10.2307/1931109 

Simpson, E.H. (1949). Measurement of Species Diversity. Nature, 163(688), 126–142. 

https://doi.org/10.2307/1931109 



76 
 

Sparks, R. E. (1995). Need for ecosystem management of large rivers and their 

floodplains. BioScience, 45(3), 168–182. https://doi.org/10.2307/1312556 

Sparks, R. E., Nelson, J. C., & Yin, Y. (1998). Naturalization of the flood regime in 

regulated rivers. BioScience, 48(9), 706–720. https://doi.org/10.2307/1313334 

Sparks, R. E. (2010). Forty years of science and management on the Upper Mississippi 

River: An analysis of the past and a view of the future. Hydrobiologia, 640(1), 3–15. 

https://doi.org/10.1007/s10750-009-0069-2 

St. George, S., & Nielsen, E. (2000). Signatures of high-magnitude 19th-century floods in 

Quercus macrocarpa tree rings along the Red River, Manitoba, Canada. Geology, 

28(10), 899–902. https://doi.org/10.1130/0091-

7613(2000)28<899:SOHTFI>2.0.CO;2 

St. George, S., & Nielsen, E. (2003). Palaeoflood Records for the Red River, Manitoba, 

Canada, Derived from Anatomical Tree-Ring Signatures. The Holocene, 13(4), 547-

555. 

Stahle, D. W., Cleaveland, M. K., Grissino-Mayer, H. D., Griffin, R. D., Fye, F. K., 

Therrell, M. D., Burnette, D. J., Meko, D. M., & Villanueva Diaz, J. (2009). Cool- 

and Warm-Season Precipitation Reconstructions over Western New Mexico. Journal 

of Climate, 22(13), 3729–3750. https://doi.org/10.1175/2008JCLI2752.1 

Stanford, J. A. & Ward, J. V. (1993). An Ecosystem Perspective of Alluvial Rivers: 

Connectivity and the Hyporheic Corridor. Journal of the North American 

Benthological Society, 12(1), 48–60. https://doi.org/10.2307/1467685 



77 
 

Stanford, J. A., Lorang, M. S., & Hauer, F. R. (2005). The shifting habitat mosaic of river 

ecosystems. SIL Proceedings, 1922-2010, 29(1), 123–136. 

https://doi.org/10.1080/03680770.2005.11901979 

Stokes, M. A. & Smiley, T. L. (1968). An introduction to tree-ring dating. University of 

Chicago Press, Chicago, Illinois, USA. 

Theiling, C.H., C. Korschgen, H. De Haan, T. Fox, J. Rohweder, and L. Robinson. (2000). 

Habitat Needs Assessment for the Upper Mississippi River System: Technical Report. 

U.S. Geological Survey, Upper Midwest Environmental Sciences Center, La Crosse, 

Wisconsin. Contract report prepared for U.S. Army Corps of Engineers, St. Louis 

District, St. Louis, Missouri. 248 pp. + Appendices A to AA. 

Therrell, M.D., Stahle, D.W., Cleaveland, M.K.m Villanueva-Diaz, J. (2002). Warm 

Season Tree Growth and Precipitation over Mexico. Journal of Geophysical 

Research: Atmospheres, (107)14. 

Therrell, M. D., & Bialecki, M. B. (2015). A multi-century tree-ring record of spring 

flooding on the Mississippi River. Journal of Hydrology, 529, 490–498. 

https://doi.org/10.1016/j.jhydrol.2014.11.005 

Thomsen, M., Brownell, K., Groshek, M., & Kirsch, E. (2012). Control of reed 

canarygrass promotes wetland herb and tree seedling establishment in an Upper 

Mississippi River floodplain forest. Wetlands, 32(3), 543–555. 

https://doi.org/10.1007/s13157-012-0289-5 

Tockner, K., & Stanford, J.A. (2002). Riverine flood plains: present state and future 

trends. Environmental Conservation, 29, 308–330. 



78 
 

Tockner, K., Lorang, M. S., & Stanford, J.A., (2010). River flood plains are model 

ecosystems to test general hydrogeomorphic and ecological concepts. River Research 

and Applications, 26, 76–86. 

Triska, F.J., Duff, J.H., & Avanzino, R.J. (1993) The role of water exchange between a 

stream channel and its hyporheic zone in nitrogen cycling at the terrestrial—aquatic 

interface. In: Hillbricht-Ilkowska A., Pieczyńska E. (eds) Nutrient Dynamics and 

Retention in Land/Water Ecotones of Lowland, Temperate Lakes and Rivers. 

Developments in Hydrobiology, vol 82. Springer, Dordrecht 

Van Appledorn, M., De Jager, N.R., & Rohweder, J., (2018). UMRS Floodplain 

Inundation Attribute Rasters: U.S. Geological Survey data release, 

https://doi.org/10.5066/F7VD6XRT. 

Van Appledorn, M., De Jager, N.R., Rohweder, J.J., (2020). Quantifying and mapping 

inundation regimes within a large river‐floodplain ecosystem for ecological and 

management applications. River Research and 

Applications. 2020; 1– 15. https://doi.org/10.1002/rra.3628 

Ward, J.V., Tockner, K., Schiemer, F. (1999). Biodiversity of Floodplain River 

Ecosystems: Ecotones and Connectivity. Regulated Rivers: Research & Management, 

15(13), 125-139. 

Wlosinski, J. H., & Hill, L. (1995). Analysis of water level management on the upper 

Mississippi River (1980–1990). Regulated Rivers: Research & Management, 11(2), 

239–248. https://doi.org/10.1002/rrr.3450110213 

Yin, Y., Nelson, J.C., Lubinski, K.S. (1997). Bottomland Hardwood Forests along the 

Upper Mississippi River. Natural Areas Journal, 17(2) 164-173. 



79 
 

Yin, Y. (1998). Flooding and forest succession in a modified stretch along the Upper 

Mississippi River. Regulated Rivers: Research & Management, 14(2), 217–225. 

https://doi.org/10.1002/(SICI)1099-1646(199803/04)14:2<217::AID-

RRR499>3.0.CO;2-S 

Yin, Y., Wu, Y., Bartell, S. M., & Cosgriff, R. (2009). Patterns of forest succession and 

impacts of flood in the Upper Mississippi River floodplain ecosystem. Ecological 

Complexity, 6(4), 463–472. https://doi.org/10.1016/j.ecocom.2009.08.004 

 

 

 



80 
 

Appendix 
Table A.1: Summary statistics among stands. Values are averages of plot values with 1 standard error in parenthesis.   

Species / 
Statistic 

Bagley 
Bottoms Goose Island Great River 

Harbor Indian Slough Lake Rebecca McNally's 
Landing 

Minnesota City 
Boat Club 

boxelder 

Basal area 
(ft.2/ac.) 0 0.20 (0.20) 1.28 (1.28) 0 1.09 (1.09) 0 0 

Trees per 
acre 0 1 (1) 5 (5) 0 4 (4) 0 0 

Importance 
value 0 0.83 (0.83) 2.34 (2.34) 0 1.24 (1.24) 0 0 

DBH 
(inches)  0 6 (6) 6.85 (0.35)  0 6.95 (1.35)  0 0  

Age  0 28 (28) 41 (41)  0 41 (3.5) 0  0 
silver maple 

Basal area 
(ft.2/ac.) 137.13 (23.89) 18.48 (17.19) 81.81 (14.35) 90.27 (8.36) 74.54 (27.83) 0 37.91 (37.91) 

Trees per 
acre 94.44 (13.75) 11 (9.94) 70 (19.58) 37.5 (11.09) 102 (47.48) 0 30 (30) 

Importance 
value 72.46 (7.26) 6.41 (5.39) 49.05 (6.89) 52.35 (8.23) 34.99 (11.73) 0 21.50 (21.50) 

DBH 
(inches) 15.26 (0.60) 16.82 (1.59) 12.97 (1.31) 19.57 (2.04) 10.58 (0.66) 0 14.38 (2.23) 

Age 60 (1.57) 66 (3.09) 62 (4.10) 82 (4.82) 63 (0.72) 0 76 (1.05) 
river birch 

Basal area 
(ft.2/ac.) 0 28.41 (10.36) 0 2.19 (2.19) 0 0 0 
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Trees per 
acre 0 31 (13.29) 0 10 (10) 0 0 0 

Importance 
value 0 13.29 (31.09) 0 10 (5.68) 0 0 0 

DBH 
(inches) 0 12.39 (0.74) 0 6.2 (0.74) 0 0 0 

Age 0 48 (2.12) 0 19 (0.58) 0 0 0 
hackberry 
Basal area 
(ft.2/ac.) 0.20 (0.20) 2.97 (1.84) 0 12.92 (7.42) 0 48.40 (48.40) 0 

Trees per 
acre 1.11 (1.11) 5 (3.07) 0 27.5 (13.77) 0 35 (35) 0 

Importance 
value 0.77 (0.77) 4.13 (2.31) 0 18.12 (9.21) 0 31.29 (31.29) 0 

DBH 
(inches) 5.70 (5.70) 10.16 (1.19) 0 8.96 (0.76) 0 15.59 (1.33) 0 

Age 41 (41) 36 (0.97) 0 47 (4.43) 0 42 (3.12) 0 
green ash 
Basal area 
(ft.2/ac.) 9.86 (5.79) 23.92 (8.07) 9.12 (3.94) 21.35 (11.36) 19.13 (8.21) 83.02 (57.74) 7.87 (7.87) 

Trees per 
acre 6.67 (3.73) 25 (6.19) 20 (7.07) 17.5 (6.29) 36 (12.49) 100 (80) 15 (15) 

Importance 
value 4.72 (2.66) 26.39 (6.89) 11.92 (4.69) 16.24 (6.98) 12.78 (4.30) 58.53 (41.47) 16.45 (16.45) 

DBH 
(inches) 15.33 (2.68) 12.08 (1.11) 8.55 (1.22) 14.31 (1.77) 9.42 (0.71) 11.89 (0.76) 9.53 (1.64) 

Age 58 (3.69) 60 (3.78) 52 (6.89) 86 (9.71) 69 (3.83) 53 (2.24) 59 (10.83) 
cottonwood 
Basal area 
(ft.2/ac.) 14.93 (11.03) 14.28 (14.28) 73.93 (42.67) 15.12 (15.12) 160.58 (28.63) 0 99.05 (33.75) 
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Trees per 
acre 3.33 (2.36) 5 (5) 10 (5.77) 2.5 (2.5) 48 (16.85) 0 30 (20) 

Importance 
value 4.75 (3.61) 3.56 (3.56) 18.53 (10.70) 5.34 (5.34) 44.77 (9.80) 0 46.73 (5.64) 

DBH 
(inches) 28.33 (3.03) 22.36 (2.43) 36.55 (2.56) 33.3 (33.3) 22.60 (2.11) 0 24.03 (2.36) 

Age 67 (2.67) 66 (2.89) 67 (1.87) 112 (112) 66 (2.28) 0 77 (1.54) 
swamp white oak 
Basal area 
(ft.2/ac.) 13.27 (13.27) 11.91 (8.91) 0 0 0 0 0 

Trees per 
acre 4.44 (4.44) 6 (3.40) 0 0 0 0 0 

Importance 
value 7.54 (7.54) 7.57 (4.29) 0 0 0 0 0 

DBH 
(inches) 22.33 (4.04) 16.97 (3.90) 0 0 0 0 0 

Age 108 (12.14) 82 (8.51) 0 0 0 0 0 

pin oak 
Basal area 
(ft.2/ac.) 0 18.02 (7.28) 20.74 (20.74) 0 0 0 0 

Trees per 
acre 0 12 (4.90) 2.5 (2.5) 0 0 0 0 

Importance 
value 0 15.49 (5.22) 5.78 (5.78) 0 0 0 0 

DBH 
(inches) 0 15.55 (1.74) 39 (39) 0 0 0 0 

Age 0 64 (5.19) 128 (128) 0 0 0 0 
black locust 

Basal area 
(ft.2/ac.) 0 1.02 (1.02) 0 0 0 0 0 
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Trees per 
acre 0 4 (4) 0 0 0 0 0 

Importance 
value 0 3.44 (3.44) 0 0 0 0 0 

DBH 
(inches) 0 6.65 (0.87) 0 0 0 0 0 

Age 0 31 (1.80) 0 0 0 0 0 
basswood 
Basal area 
(ft.2/ac.) 0 0 14.50 (14.50) 0 0 0 7.16 (7.16) 

Trees per 
acre 0 0 10 (10) 0 0 0 5 (5) 

Importance 
value 0 0 9.20 (9.20) 0 0 0 7.76 (7.76) 

DBH 
(inches) 0 0 13.98 (3.78) 0 0 0 16.2 (16.2) 

Age 0 0 49 (17.22) 0 0 0 60 (60) 
American elm 

Basal area 
(ft.2/ac.) 7.67 (2.62) 1.19 (0.80) 4.72 (4.72) 2.03 (2.03) 5.52 (1.64) 11.40 (11.40) 3.11 (1.21) 

Trees per 
acre 16.67 (5.53) 2 (1.33) 2.5 (2.5) 2.5 (2.5) 18 (6.63) 15 (15) 10 (10) 

Importance 
value 8.92 (2.99) 1.10 (0.78) 4.14 (4.14) 2.26 (2.26) 6.23 (2.30) 10.18 (10.18) 7.56 (2.94) 

DBH 
(inches) 8.89 (0.62) 10.45 (0.15) 18.6 (18.6) 12.2 (12.2) 7.37 (0.50) 11.77 (0.64) 7.4 (1.5) 

Age 54 (3.08) 62 (7) 66 (66) 51 (51) 56 (3.69) 35 (0.67) 37 (15.50) 

Diversity Indices and Stand Totals 

Overstory 
Species 
Richness 

2.56 (0.29) 3.7 (0.15) 3.5 (0.29) 3.25 (0.25) 3.8 (0.20) 2 (1) 3.5 (0.5) 
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Simpson's 
Diversity 
Index 

1.89 (0.26) 2.45 (0.16) 2.43 (0.47) 2.64 (0.31) 2.49 (0.37) 1.66 (0.66) 2.66 (0.34) 

Trees per 
acre 127.80 (11.60) 102 (13.10) 120 (14.10) 97.50 (9.50) 208 (30.20) 150 (30) 90 (30) 

Basal area 
(ft.2/ac.) 183.10 (19.60) 120.40 (25.10) 206.10 (44.0) 143.90 (24.70) 260.90 (28.50) 142.80 (2.10) 155.10 (55.40) 

DBH 
(inches) 14.9 (0.7) 13.5 (0.8) 15.3 (2.2) 15.2 (2.5) 13.5 (1.3) 13.0 (1.5) 15.8 (1.1) 

Age 63 (5) 58 (4) 62 (8.5) 68 (7.7) 63 (1.8) 50 (2.5) 65 (9.5) 
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Figure A.1 – Regression lines each stand chronology and two metrics of hydrology for 

the period of 1975-2017 (A) and 1975-2011 (B). Yellow represents Lake Rebecca, 

Orange represents Great River Harbor, and green is Bagley Bottoms. “A” shows the 

relationship between stand chronologies and median growing season discharge, and “B” 

is the relationship between stand chronologies and log-transformed growing season days 

of inundation. Great River Harbor had the highest slope for each regression. 
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Figure A.2 – Regressions for each stand chronology and median growing season water 

surface elevation. Lake Rebecca is the top, Great River Harbor the middle, and Bagley 

Bottoms on the bottom. Great River Harbor again had the highest slope. 

 

Figure A.3 – Regression lines for the two canopy class chronologies at Lake Rebecca. 

Yellow is the suppressed class, and grey is the dominant class. The suppressed class 

generally had higher slopes, but only slightly. 
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Figure A.4 – Regression plots for frequency (top) and duration (bottom) class 

chronologies as they relate to median growing season discharge. Wetter plots generally 

had higher slope coefficients than drier plots. For frequency classes FQ1 is orange, FQ2 

is yellow, FQ3 is green, and FQ4 is blue. For duration classes, MD1 is orange, MD2 is 

yellow, MD3 is green, and MD4 is blue. 

 

Figure A.5 – Regression plots for frequency classes and median growing season water 

surface elevation. FQ4 (D) again had the highest slope, while FQ3 (C), FQ2 (B), and FQ1 

(A) had fairly similar slopes. 
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Figure A.6 – Regression plots of inundation classes and log-transformed growing season 

days of inundation. Orange are the driest plots (FQ1 [A], MD1 [B]), yellow are the drier 

plots (FQ2 [A], MD2 [B]), green are the wetter plots (FQ3 [A], MD3 [B]), and blue are 

the wettest plots (FQ4 [A], MD4 [B]). 
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Figure A.7 – Regression plots of duration classes and median growing season water 

surface elevation. A shows the driest plots (MD1), B shows the drier plots (MD2), C is 

the wetter plots (MD3), and D shows the wettest plots (MD4). 

 


