
 

 

 

Background 

The US Army Corps of Engineers, St. Paul District-

La Crescent Field Office, and the US Fish and Wild-

life Service, Upper Mississippi River National Wild-

life and Fish Refuge-McGregor District submitted a 

proposal at the spring 2016 meeting of the Wildlife 

Technical Section of the UMRCC to conduct a re-

sample of permanent forest inventory plots at the Re-

no Bottoms in Upper Poool 9. 

This sampling effort was intended to meet two imme-

diate needs:  

 Benefit the Reno Bottoms Working Group by 

providing an up-to-date summary of forest condi-

tions in certain parts of the Reno Bottoms. 

 Provide the first preliminary dataset documenting 

trends in tree growth and forest stand develop-

ment in the upper pools of the UMR.  

A summary of this data has already been presented to 

the Reno Bottoms Working Group. The current sum-

mary provides an initial assessment of the data. 

Data collection 

Initial plots were established in 2006 using the stand-

ard US Army Corps of Engineers (USACE) perma-

nent forest inventory plot protocol (De Jager et al. 

2012). 20 of the 2006 plots were resampled on Au-

gust 2, 2016. To facilitate data collection within the 

timeframe of a one-day UMRCC sampling effort, a 

subset of the standard permanent plot protocol was 

implemented.  

A total of 26 volunteers from the Upper Mississippi 

River National Wildlife and Fish Refuge, Wisconsin, 

Minnesota and Iowa DNR, Audubon Minnesota, and 

the St. Paul, Rock Island and St. Louis Districts of the 

US Army Corps of Engineers participated in the inventory effort. In spite of cooperative weather on the day 

of sampling, heavy rainfall events in the preceding weeks resulted in water depths much greater than normal, 

and close to 1/3 of the forest sampling plots were under up to 4 feet of water on the day of sampling. 

Data collected included tree species, diameter at breast height, total tree height, crown class and health con-
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dition. Most trees that were sampled had 

also been measured in 2006. Additional-

ly, where water levels allowed (13 out of 

20 plots), woody regeneration was tallied 

and estimates of canopy openness were 

recorded. Because of only partial sam-

pling of regeneration, no regeneration 

data is reported here.  

Data summary 

General 

Data was recorded for a total of 265 

overstory trees (>5” diameter at breast 

height), of which 237 were trees that had 

been recorded in the 2006 survey. Of 

these 237, 19 were recorded as missing, 

most likely indicating that they had died 

in the last 10 years and been lost from 

the site. Only minor shifts were observed 

in the total number of trees and the total 

tree basal area. No shifts in species com-

position were observed over the 10 year 

period; silver maple continued to be the 

most dominant species (Figure 1), accounting for almost 2/3 of the trees across all plots. Cottonwood, Ameri-

can elm and green ash were the next most common species in both surveys.  

Tree Health 

Changes in individual tree health were evident across all species, and some general patterns are evident. For 

the most part, larger trees tended to maintain their health condition over the 10 year time period (Figure 1), 

especially for cottonwood and silver maple, though decline in willows was higher for large diameter trees. 

Willows are short-lived trees, so it is likely that the larger willows were reaching the end of their life span. 

Green ash had generally a high 

level of health class decline re-

gardless of tree diameter, most 

likely indicating the impact of 

the emerald ash borer. Small di-

ameter silver maple showed rela-

tively high declines in health 

class. 

Tree Growth 

Silver maple in the smallest di-

ameter size class showed very 

little annual growth over the 10 

year period (Figure 2). Most oth-

er species did not have enough 

stems measured in 2016 in the 

small size classes to make any 

assessment of growth dynamics, 

though in most cases, for other 

species, the largest diameter trees 

Figure 2. Annualized growth rates for all species observed in Reno Bottoms permanent 

plots, calculated as the absolute change in diameter divided by 10. Numbers at the end 

of bars indicate the total number of trees for that species that were recorded. Error 

bars indicate standard deviations. Only trees >5” dbh, alive and for which a dbh was 

recorded in 2006 are included. Species are as in Figure 1. Values below 0 most likely 

indicate slight variation in the height at which diameter was measured.  

Figure 1. Change in health class from 2006 to 2016 for main species by diam-

eter class (in inches at 4.5 feet). Species are ACSA2: silver maple, BENI: river 

birch, FRPE: green ash, PODE3: cottonwood, QUBI: swamp white oak, SALIX: 

willow, ULAM: American elm. Number and color indicates the number of 

health classes lost or gained between vigorous, stressed, significant decline 

and dead. A number of 1 indicates a gain in health class (e.g. from stressed in 

2006 to vigorous in 2016) while a -1 indicates a loss of 1 health class (e.g. 



 

 

had the highest rates of diameter 

growth.  

The diameter of an individual tree rela-

tive to the average diameter of the plot 

in which the tree is growing can give an 

indication of how large the tree is rela-

tive to its competitors. Silver maple 

trees with small relative diameters were 

most often classified as intermediate or 

suppressed (Figure 3); that is, they are 

growing beneath the main canopy. Sil-

ver maple trees that are smaller relative 

to the average tree in the plot have low-

er growth rates than trees that are larger 

than the average tree (Figure 3). There-

fore, a probable cause for high health 

class decline and low annual growth 

rates for small silver maple trees 

(Figure 2) is that many of these trees are growing in dense 

stands with heavy competition from other trees. 

Flooding 

Flood duration for each plot (days inundated per year be-

tween April 1 and September 30) was calculated using the 

flood duration raster layers developed by De Jager et al. 

(2012, 2016). Again, because silver maple was the only spe-

cies that was consistently represented across a gradient of 

flood duration values, only data for silver maple is shown. 

Most other species were restricted to a handful of plots. 

There does not appear to be a strong relationship between 

flood duration and diameter change for silver maple, though 

there is perhaps a slight decline in diameter change for upper 

canopy trees with increasing flood duration and a slight in-

crease for lower canopy trees (Figure 4).  

Competition also influences tree growth, and when plot level 

basal area1 is shown as a factor, there appears to be a slightly 

more negative relationship between diameter growth and 

flood duration for plots that are over 160 ft2/ac (p=0.0298), 

and a very slightly positive, though statistically non-

significant (α=0.05) relationship for plots under 160 ft2/ac. 

Basal area does not appear to have much of an impact for 

lower canopy trees, though the number of observations of 

small diameter trees across a range of flood duration and ba-

sal area combinations is small. 

Summary 

In summary, the data collected as part of the UMRCC Reno Bot-

toms permanent plot sampling effort provides new, initial insights 

Figure 3. Plot of tree diameter relative to average plot diameter and diameter change per year for silver maple 

only. Dot colors indicate canopy position; the dotted line indicates the relationship for all crown canopy positions 

combined. 

Figure 4. Average flood duration (FlDur; days inundated between April 1 

and September 30) and diameter change (dCH) per year for silver maple 

only in the upper and lower canopy, summarized by plot. Dot colors indi-

cate plot level basal area; colored lines indicate relationships for trees in 

the basal area class with the same color as the line. 

1. Basal area is calculated for each tree as the cross-sectional surface area of the tree trunk at 4.5 feet. It is expressed in terms of square feet per acre. The sum of the individual tree basal 

areas for all trees in a plot is the plot level basal area. The UMR Systemic Forest Stewardship Plan defines the target basal area as 90-160 ft2/ac. Values lower than this indicate low levels of 

competition, while higher values indicate heavy competition 



 

 

into floodplain forest growth dynamics that will be further developed as more permanent plots are re-sampled.  

Key preliminary indications are: 

 As in other forest systems competition (as measured in terms of tree basal are, relative tree size, and cano-

py position) may reduce the growth of individual trees, especially those in the smallest diameter classes  

 Flooding may and stand-level competition may interact to reduce individual tree growth in the densest 

stands with the longest annual flood durations 

 Competition may be a more important factor reducing growth and causing mortality of suppressed silver 

maple trees than flooding 

It is unfortunate that regeneration data was not able to be collected on all plots in 2016. Tree seedlings are 

much more susceptible to mortality from both competition and flooding than canopy trees so management that 

encourages increased vigor in established trees may not provide necessary conditions for the establishment 

and growth of new, young seedlings. In particular, the low growth rates and health class declines for small di-

ameter silver maple indicate that, at least for the northern reaches of the UMR, reliance on the establishment 

of vigorous silver maple regeneration beneath an established canopy may not be possible.  
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