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2004). The understory of undisturbed areas continued to be 
dominated by shade-tolerant individuals present prior to dis­
turbance. 

Overstory tree species regeneration was dominated by bottom­
land generalist species (A. rubrum and F. pennsylvanica) with more 
specialist bottomland species (N. aquatica, Populus spp. and T. 
distichum) having a limited presence. The pre-disturbance 
importance of oak (Quercus spp.), has decreased in the regenerating 
stand. This shift in composition may be attributable to changes in 
the hydrologic regime, land usage, and fire regime that occurred 
since the establishment of the previous stand (Aust et al., 1985; 
Casey and Ewel, 2006; Nelson et al., submitted for publication). 

Although the developing stand is characteristic of current site 
conditions and reflects changes in disturbance regime during the 
last four decades, the low density of dominant pre-settlement 
species and oaks may pose a concern for management, considering 
the emphasis on wildlife management in this and similar mixed 
bottomland hardwood forests of the region. Concern regarding low 
oak densities may, however, be premature as low densities of oaks 
early in stand development may not necessarily translate into a 
small oak component later in stand development. Oaks can remain 
competitive and capture dominant status as short lived, early 
successional species die out or outcompete longer lived species 
(Bowling and Kellison. 1983; Hodges, 1997). Assessment of oak 
regeneration is typically delayed beyond the timeframe of this 
study due to accumulation during the first several years of stand 
development (Kruse and Groninger, 2003; Collins and Battaglia, 
2008). 

At least some of the disturbance conditions associated with this 
study appeared to increase the presence of important pre­
settlement taxa such as Nyssa spp., Populus spp., S. nigra, and T. 
distichum. In most cases, lower densities of these species were 
associated with wind + salvage areas versus wind areas, a result 
that presents a conundrum to managers: Post-tornado salvage may 
decrease already low densities of key bottomland tree species. 
However, this disturbance and the destruction of shade-tolerant 
advance reproduction would be expected to facilitate establish­
ment of shade-intolerant species. Operationally, salvage logging 
permitted access and provided financial resources for enhance­
ment planting of already rare wetland tree species. 

Salvage logging also represents a form of soil disturbance 
absent from these stands since agricultural abandonment. Indeed, 
site conditions in wind + salvage areas were similar to those 
associated with areas of severe flooding where newly formed land 
occurs, and consequently promoted development of pioneer 
species such as S. nigra (Hosner and Minckler, 1963; Hodges, 
1997; Aust et al., 2006). This species was especially prevalent in 
ruts and churned soil of the more severely impacted soil 
disturbance classes. In particular, class 4 was characterized by 
low levels of herbaceous cover and dense seedling growth of S. 
nigra, a species whose regeneration success depends upon the 
removal of accumulated forest leaf litter (Hosner and Minckler, 
1960). 

Density and proportion of overs tory and shrub-understory 
woody species increased in response to disturbance. The latter is 
especially noteworthy and represents a significant contribution to 
the structural complexity of the pre-disturbance forest. The 
reduced relative density of A. saccharum in all vegetation 
disturbance types is noteworthy considering the increasing 
dominance of this species in all canopy strata of highly productive 
stands throughout this region (Zaczek et al., 2002; Ozier et al., 
2006). Fluctuating A. saccharum density in undisturbed areas 
during the course of the study likely resulted from favorable low 
moisture conditions producing in-growth followed by dieback due 
to flooding during the following year. 

Through the first three years, overstory species composition 
and stocking did not appear to be adversely affected by increased 
density of midstory and understory species. Areas with an 
obstructed ground layer, whether from downed debris or a 
vigorous layer of mid- and understory species, may be protected 
from the potentially strong influence of white-tailed deer 
(Odocoileus virginianus) herbivory. High-density Cephalanthus 
occidentalis development in frequently flooded portions of wind 
areas may be attributable to this phenomenon and represents a 
significant improvement in wetlands habitat conservation value of 
the study site (Dale et al., 2007). 

The lack of dissimilarity in woody vegetation between 
harvested and other vegetation disturbance types results from 
heterogeneity within wind + salvage areas that span the other 
vegetation disturbance types. The increasing similarity of woody 
regeneration stem densities, stocking, and diversity within the 
wind and harvested areas during this study, suggests that 
differences observed during year 1 may be transitory. Dissim­
ilarities in woody and herbaceous vegetation have decreased 
among vegetation disturbance types during the study period. This 
rapid recovery from disturbance and the increase in stem density 
and diversity in wind and wind + salvage areas were noted in other 
bottomlands following similar disturbances (Peterson and Pickett, 
1995; Hassan and Roise, 1998; Battaglia et al., 1999; Battaglia and 
Sharitz, 2005; Aust et al., 2006). 

The absence of large differences in herbaceous cover between 
wind and wind + salvage areas and among the soil disturbance 
classes suggests that the herbaceous community had minimal 
influence in shaping the regeneration status of this site (Romagosa 
and Robison, 2003; Schuler and Robison, 2006). Scarcity of post­
agricultural herbaceous competitors and abundant tree growing 
stock both contributed to a favorable competitive environment for 
tree species relative to the more typical bottomland forest recovery 
scenarios in this region (Kruse and Groninger, 2003; Baer and 
Groninger, 2004; Groninger et al., 2004). Significantly less 
herbaceous cover in undisturbed and transition areas versus wind 
and wind + salvage areas likely resulted from the uninterrupted 
presence of at least partial canopy cover in the former. Large inter­
annual variation in mean percent herbaceous cover among soil 
disturbance classes appeared to result from microsite alteration; 
including creation of ruts, berms, pits, and mounds; and 
consequently greater variation in moisture availability on a very 
fine spatial scale. Subsequent to year 3, herbaceous cover declined 
rapidly in association with canopy closure across all disturbance 
classifications. 

When assessing forest vegetation recovery, distribution as well 
as density of stems needs to be considered. Stocking levels were 
adequate to regenerate this stand (Sander et al., 1984). The 
significant changes observed during the three years of this study 
suggest assessment of recovery should be delayed until year 3. 
Vegetation response differences between years 2 and 3 were most 
pronounced within the most severely impacted soil disturbance 
classes. Movement through these typically dense young stands 
became prohibitively difficult during the fourth growing season, 
underscoring the appropriateness of assessment during year 3. 

Woody vegetation recovery occurred rapidly across the site 
with the exception of soil disturbance class 3. This was attributed 
to limited seedling establishment resulting from increased soil 
compaction and increased standing water in deep ruts. Aust et al. 
(1998) cautioned that visual assessment of harvesting-related soil 
disturbance was a poor predictor of potential post-logging 
productivity decline, a factor that is not a primary concern on 
this study site (Lockaby et al., 1997). Furthermore, we found these 
classes to be related to stem density and herbaceous cover 
response and also provided a useful benchmark to track soil 



394 ].L Nelson et a/./ Forest Ecology and Management 256 (2008) 388-395 

recovery over time. The latter consideration is valuable in this 
public use area where stakeholders voiced concerns regarding the 
esthetic impacts of salvage logging. 

Although visually disruptive, rut-berm complexes provide a 
variety of moisture conditions and therefore vegetation regen­
eration niches (Aust et aI., 2006). Reliance on natural rut 
recovery maintains habitat for amphibians in the form of 
ephemeral pools. These conservation values should be con­
sidered in this primarily agricultural landscape where much pre­
settlement microtopography has been removed by grading and 
plowing (Battaglia and Sharitz, 2005; Fredrickson, 2005). Where 
ruts are incompatible with other management objectives, 
grading should be restricted to the first growing season to 
minimize disruption of vegetation recovery as well as reducing 
management inputs (Roy, 1956). 

5. Conclusion 

A diverse mosaic of site and vegetation conditions char­
acterized this post-tornado bottomland landscape. Varying 
levels of wind damage appear likely to produce lasting impacts 
on overstory composition. On the wind + salvage areas, visual 
impacts of logging operations were converging toward soil 
disturbance class 0 during the course of the study. Although not 
definitive, key bottomland hardwood tree and shrub species 
regeneration appeared to respond differentially to salvage 
logging. Post-tornado salvage logging of limited scope may 
contribute to landscape-scale microtopography and vegetation 
diversity in large river floodplain forests. Managers may 
consider this practice where maintenance of a broad range of 
bottomland communities is desired. 
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