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IS THeRe evIDeNCe oF MeSoPHICATIoN oF oAk FoReSTS IN 
THe MISSoURI ozARkS?

Matthew G. olson, Aaron P. Stevenson, benjamin o. knapp, john M. kabrick,  
and Randy G. jensen1

Abstract.—Many studies on oak-dominated forests of the Central Hardwood 
region (CHR) have reported increasing abundance of fire-sensitive species and poor 
recruitment of oak (Quercus spp.) in the absence of frequent fire. However, most of 
these studies were conducted in the eastern and central CHR, and the assumption 
that similar dynamics occur in the western CHR has not been fully substantiated. 
We investigated forest dynamics in relatively undisturbed, mature oak-hickory forests 
of the Missouri Ozarks during a 15-year period (1995-2010). Data for this study 
were from untreated sites (controls) of the Missouri Ozark Forest Ecosystem Project 
(MOFEP) that have not experienced wildfire or harvesting for over a half century. In 
order to evaluate the influence of site quality on compositional dynamics, we selected 
a subset of permanent plots found on four ecological land types (ELTs) spanning a 
range of site qualities. The density of maple (Acer spp.) seedlings (<1.5-inch diameter 
at breast height [d.b.h.]) increased on nearly all ELTs over the 15 year period. As of 
2010, maples were the most abundant species in the seedling layer on higher quality 
ELTs, while oaks and hickories (Carya spp.) were a major component of the seedling 
layer of lower quality ELTs. However, oaks and hickories were a major component 
of the sapling (1.5- to 4.5-inch d.b.h.) layer of all ELTs, while maple was a minor 
component. In contrast to the understory dynamics, the oak-dominated overstories 
(≥4.5-inch d.b.h.) of all ELTs remained largely unchanged from 1995 to 2010. These 
findings supported four working hypotheses: (1) upland forests of the Missouri Ozarks 
are in early stages of mesophication where fire has been excluded for at least 50 years; 
(2) mesophication in the western CHR is occurring at a slower rate than in eastern 
portions of the CHR; (3) mesophication is slowest on xeric, south-facing slopes; and 
(4) the predominance of low quality soils and frequent drought in the Ozarks will limit 
these forests from reaching late stages of mesophication, particularly on xeric sites.

INTRoDUCTIoN

There is mounting evidence that oak dominance in the Central Hardwood region (CHR) is 
unsustainable under prevailing disturbance regimes. Research on oak-dominated forests since the 
mid-20th century has indicated a potential shift in composition to more shade-tolerant tree species 
(Abrams et al. 1997, DeSantis et al. 2010, Christensen 1977, Glitzenstein et al. 1990, Lorimer 1984, 
Monk 1961, Nowacki et al. 1990, Richards et al. 1995). In particular, many studies have noted 
increasing abundance of fire-sensitive species coincident with diminishing or no recruitment of oak. 
These findings along with historical records, evidence from paleoecological and dendrochronological 
investigations, and knowledge of oak ecology have led to the widely held position that loss of oak 
dominance is linked to fire suppression (Abrams 1992).
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The loss of oak dominance has implications for other ecosystem components. Aside from direct 
and indirect effects on wildlife species through trophic interactions, successional replacement of oak 
species will likely also cause changes in understory microenvironment (light, temperature, humidity, 
soil moisture). In turn, alteration in the understory microenvironment may affect future forest 
vegetation. The mesophication hypothesis states that long-term fire suppression in communities of 
fire-tolerant species leads not only to successional replacement by fire-sensitive species, but that the 
microenvironment continually changes to favor fire-sensitive species and deteriorates for fire-tolerant 
species during the replacement process (Nowacki and Abrams 2008).

There is growing consensus that widespread mesophication is occurring throughout the CHR (Arthur 
et al. 2012, Nowacki and Abrams 2008). However, most of these studies have come from the eastern 
and central portions of the CHR, and the assumption that similar dynamics occur in the western 
CHR has not been fully substantiated. Recent research indicates that oak-dominated ecosystems at 
the extreme western edge of CHR are transitioning to opportunistic species in the absence of fire 
(Burton et al. 2010, DeSantis et al. 2010, Thomas and Hoagland 2011). Past research on forest 
succession in Missouri has revealed inconsistencies when generalizing trends at the state level. 
Pallardy et al. (1988) observed reductions in oak sapling densities accompanied by increases in sugar 
maple (Acer saccharum) saplings over 14 years. In another study, sugar maple regeneration was found 
to be abundant wherever a seed source was present, while oak regeneration was largely relegated to 
xeric sites despite a ubiquitous seed source (Nigh et al. 1985). However, these studies were focused 
on succession in the mesic Missouri River Hills where maple is prolific (Nigh et al. 1985, Pallardy et 
al. 1988) or in stands intentionally selected based on the presence of sugar maple (Nigh et al. 1985). 
There is evidence that mesophication may not proceed as quickly in the xeric Ozarks Highlands of 
Missouri as in other portions of the state or the CHR, a pattern consistent with how mesophication 
is predicted to proceed on xeric sites (Nowacki and Abrams 2008). Shifley et al. (1995) observed low 
abundance of maple in xeric forests of the Missouri Ozarks, which they contrasted with findings of 
increasing maple further east. However, a more recent study of long-term, large-scale compositional 
changes in the Missouri Ozarks detected both an increase in density and expansion of fire-sensitive 
species onto xeric, fire-prone sites currently dominated by oak species (Hanberry et al. 2012, 
Hanberry et al. 2014).

The objective of this study was to determine if oak-dominated upland forests of the Missouri Ozark 
Highlands are shifting to fire-sensitive species where fire has been excluded. Although the process of 
mesophication involves changes in multiple, inter-related factors that lead to reduced flammability of 
historically fire-maintained plant communities, compositional shifts to fire-sensitive species provide 
an early indication of mesophication. In the Missouri Ozarks, the major fire-sensitive species capable 
of replacing oak as a canopy component are red maple (Acer rubrum) and sugar maple. Therefore, we 
were mainly interested in assessing whether the abundance of maple was increasing relative to oak 
across a site quality gradient. Since the probability of oak self-replacement is inversely proportional 
to site quality and maples are typically associated with mesic sites (Johnson et al. 2009), we also 
postulated that the understory abundance of maple would be greater and that of oaks would be lower 
as site quality increased.
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MeTHoDS

Study Sites

This study used data collected as part of the Missouri Ozark Forest Ecosystem Project (MOFEP). 
MOFEP was initiated in 1989 by the Missouri Department of Conservation (MDC) as a long-term, 
large-scale experiment investigating the ecological impacts of even-aged, uneven-aged, and no-harvest 
management on Missouri Ozark forests. MOFEP sites are located on MDC land and occur mostly 
in the Current River Oak Forest Breaks and Current River Oak-Pine Woodland Hills land type 
associations (Kabrick et al. 2000). MOFEP’s nine study sites are operational compartments that 
range in size from 776 to 1,275 acres and are representative of the scale of MDC forest management 
on state land in the Ozarks. At the start of the experiment, these sites were dominated by mature, 
relatively undisturbed forest and were largely free of manipulation for at least 40 years. See 
Brookshire and Shifley (1997) for more details on the MOFEP experiment.

Data for this study came from three untreated control sites of the MOFEP experiment. These sites 
have not experienced wildfire or harvesting for over a half century and, therefore, are well suited for 
assessing the consequences of fire exclusion on succession in oak-dominated forests of the Missouri 
Ozarks.

Analytical Approach

Data from permanent sample plots were used to assess changes in tree species abundance over the 
15-year period from 1995 to 2010. Woody vegetation on MOFEP was monitored using nested 
fixed-area plots: trees ≥4.5-inch d.b.h. in 0.5-acre plots (henceforth referred to as overstory); stems 
1.5- to 4.4-inch d.b.h. in four 0.05-acre plots (saplings); stems 3.3 feet tall and up to 1.4-inch d.b.h. 
in four 0.01-acre plots (large seedling); and stems <3.3 feet tall in sixteen 0.00025-acre plots (small 
seedling). Stems counts per plot of overstory, sapling, large seedling, and small seedling size classes 
were converted to trees per acre (TPA) prior to the analysis. Basal area (BA) measured in square feet 
per acre was included for assessing overstory change

The following nine taxonomic groups were included in this study: (1) red oak (Quercus coccinea, Q. 
marilandica, Q. rubra, Q shumardii, and Q. velutina); (2) white oak (Quercus alba, Q. muehlenbergii, 
and Q. stellata); (3) hickory (Carya glabra, C. texana, and C. tomentosa); (4) shortleaf pine (Pinus 
echinata); (5) blackgum (Nyssa sylvatica); (6) sassafras (Sassafras albidum); (7) flowering dogwood 
(Cornus florida); (8) maple (Acer rubrum and A. saccharum); and (9) other species (Celtis spp., 
Diospyros virginiana, Juglans nigra, Morus spp., Prunus serotina, Ulmus spp., and others).

We selected permanent sample plots spanning a site quality gradient to assess the influence of site 
quality on compositional dynamics. MOFEP permanent sample plots were originally stratified 
within each site according to ecological land types (ELT) as delineated based on variation in slope 
position and aspect (Brookshire and Shifley 1997). We selected plots occurring on four ELTs 
common to MOFEP sites (Table 1). ELTs 3 and 5 occur at upper and lower positions, respectively, 
on south-facing slopes (i.e., exposed slopes), while ELTs 4 and 6 are found at upper and lower 
positions on north-facing slopes (i.e., protected slopes). According to site index, these four ELTs 
can be arranged in order of increasing site quality as follows: ELT 3<ELT 5<ELT 4<ELT 6 with site 
index (SI50) = 65, 69, 72, and 75, respectively, based on black oak at base age 50. Although these 
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ELTs are more common to MOFEP sites relative to others, ELTs 5 and 6 each represent about 10 
percent of MOFEP study sites.

In order to assess compositional changes between two sampling years, 1995 and 2010 densities 
of each taxonomic group by size class were analyzed by analysis of variance (ANOVA) using a 
randomized complete block design with repeated measures. For ANOVA models, ELT was included 
as a fixed effect and site was used as a blocking factor (random effect). Since our main interest was 
in assessing changes in abundance in relation to site quality, we used contrasts to compare densities 
between years by species and size class individually for each ELT. ANOVA models and contrasts 
were run using PROC MIXED (SAS 9.2, SAS Institute Inc., Cary, NC). Statistical significance was 
assessed at α=0.05.

ReSULTS

overstory

On upper, south-facing slopes (ELT 3), red oak overstory density was significantly lower in 2010 
(50 TPA) than 1995 (68 TPA) (Fig. 1A). The density of overstory white oak, on the other hand, 
was significantly greater in 2010, increasing from 41 to 52 TPA. The densities of blackgum and 
dogwood were also significantly greater in 2010, but each made up only a fraction of total overstory 
density in both years. White oak overstory BA was significantly greater in 2010, and red oak BA was 
substantially larger than that of other species (Fig. 2A).

The density of overstory red oak on lower, south-facing slopes (ELT 5) was significantly lower in 
2010 (Fig. 3A), dropping from 65 to 41 TPA. As a result of this decrease, white oak was the most 
abundant taxon in the overstory in 2010 (52 TPA). There were no differences detected in overstory 
BA between years (Fig. 2B). Based on BA, red oak was the most dominant overstory taxa in both 
years (>43 square feet per acre).

The density of red oak overstory trees on upper, north-facing slopes (ELT 4) was significantly lower 
in 2010, whereas maple and blackgum densities were significantly greater after 15 years (Fig. 4A). 
However, both maple and blackgum comprised only a minor component of total overstory density. 
White oak replaced red oak as the most abundant overstory tree by 2010. No significant changes 
in BA were detected over the 15 years where the overstory remained dominated by oak and hickory 
species (Fig. 2C).

Table 1.—Description of ecological land types (eLT) used in this study as part of the Missouri 
ozark forest ecosystem project (MoFeP) experiment

ELT Slope aspect Slope position Base saturation Site index50
(feet)

Extent in MOFEP 
study area (%)

3 135-314° Upper backslope Low 65a 21

5 135-314° Lower backslope Moderate 69 10

4 315-134° Upper backslope Low 72 18

6 315-134° Lower backslope Moderate 75 9
a Site index is based on black oak at base age 50, and ELTs are arranged in order of increasing site quality.  
Table modified from Kabrick et al. (2008b).
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Figure 1.—Mean number of trees per acre (+ 2 standard errors) 
in 1995 (black bars) and 2010 (gray bars) for (A) overstory, 
(B) sapling, (C) large seedling, and (D) small seedling size 
classes on ELT 3 in untreated control sites of the Missouri 
Ozark Forest Ecosystem Project. Abbreviations are: R=red 
oak, W=white oak, H=hickory, P=shortleaf pine, G=blackgum, 
S=sassafras, D=dogwood, M=maple and O=other species. 
Asterisk indicates a significant difference between years for a 
taxonomic group within size class (p<0.05).

Figure 2.— Mean basal area (+2 standard errors) in 1995 
(black bars) and 2010 (gray bars) for overstory taxa on 
different ecological land types (ELT) in the untreated control 
sites of the Missouri Ozark Forest Ecosystem Project: (A) 
ELT 3, (B) ELT 5, (C) ELT 4, and (D) ELT 6. Abbreviations 
are: R=red oak, W=white oak, H=hickory, P=shortleaf pine, 
G=blackgum, S=sassafras, D=dogwood, M=maple and 
O=other. Asterisk indicates a significant difference between 
years for a taxonomic group within size class (p<0.05).
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Figure 3.— Mean number of trees per acre in 1995 (black 
bars) and 2010 (gray bars) for (A) overstory, (B) sapling, 
(C) large seedling, and (D) small seedling size classes 
on ELT 5 in untreated control sites of Missouri Ozark 
Forest Ecosystem Project. Abbreviations are: R=red oak, 
W=white oak, H=hickory, P=shortleaf pine, G=blackgum, 
S=sassafras, D=dogwood, M=maple and O=other species. 
Asterisk indicates a significant difference between years for 
a taxonomic group within size class (p<0.05).

Figure 4.— Mean number of trees per acre in 1995 (black 
bars) and 2010 (gray bars) for (A) overstory, (B) sapling, 
(C) large seedling, and (D) small seedling size classes on 
ecological ELT 4 in untreated control sites of the Missouri 
Ozark Forest Ecosystem Project. Abbreviations are: R=red 
oak, W=white oak, H=hickory, P=shortleaf pine, G=blackgum, 
S=sassafras, D=dogwood, M=maple and O=other species. 
Asterisk indicates a significant difference between years for a 
taxonomic group within size class (p<0.05).
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On lower, north-facing slopes (ELT 6), red oak 
overstory density was significantly lower in 2010 
(Fig. 5A). Although not statistically significant, the 
density of white oak overstory trees were nominally 
lower and hickory was nominally greater in 2010. 
White oak was the most abundant overstory 
taxon in both years. Red oak was the second most 
abundant in 1995, whereas hickory density was 
slightly greater than red oak by 2010. Red oak and 
white oak were the dominant taxa according to BA 
(Fig. 2D).

Sapling

White oak was the most abundant species group 
of the sapling layer on ELT 3 in 1995 (Fig. 1B). 
Red oak and white oak sapling densities were 
significantly lower in 2010 than in 1995, dropping 
from a mean of 18 to 9 TPA and 62 to 46 TPA, 
respectively. Despite this significant decrease, the 
relative density of white oak saplings was still high in 
2010. Dogwood was the most abundant species in 
the sapling size class in 2010. Maple sapling density 
was less than 10 TPA in both periods.

No differences were detected between years for 
any taxa in the sapling class on ELT 5 (Fig. 3B). 
However, there were notable numerical decreases in 
density over the 15 years. White oak and dogwood 
sapling densities were nominally lower in 2010. 
Dogwood remained the most abundant taxon in 
the sapling layer despite the large decrease in mean 
density.

Dogwood was the most abundant sapling on ELT 
4 in 1995 (119 TPA; Fig. 4B) and maintained this 
status in 2010 despite a large reduction in density 
(71 TPA). Sapling densities of white oak were 
significantly lower in 2010. On ELT 4, white oak 
sapling density declined by nearly 50 percent over 
the 15-year period (56 vs. 29 TPA). Red oak was 
a minor component of the sapling layer. Maple 
sapling density changed little over the 15 years but 
was comparable to that of oak saplings by 2010. 

Figure 5.— Mean number of trees per acre in 1995 (black 
bars) and 2010 (gray bars) for (A) overstory, (B) sapling,( 
C) large seedling, and (D) small seedling size classes 
on ELT 6 in untreated control sites of Missouri Ozark 
Forest Ecosystem Project. Abbreviations are: R=red oak, 
W=white oak, H=hickory, P=shortleaf pine, G=blackgum, 
S=sassafras, D=dogwood, M=maple and O=other species. 
Asterisk indicates a significant difference between years for 
a taxonomic group within size class (p<0.05).
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Dogwood was the most abundant sapling at both sampling periods on ELT 6, although it was 
significantly lower in 2010 (158 and 104 TPA; Fig. 5B). The mean densities of white oak and hickory 
saplings were nominally lower in 2010, whereas mean density of maple saplings increased slightly. No 
red oak saplings occurred in plots in either sampling period.

Large Seedlings

On ELT 3, dogwood was the most abundant taxon of large seedlings in 1995 (Fig. 1C). However, 
dogwood density was significantly lower in 2010 than 1995, dropping from a mean of 215 TPA 
to 80 TPA. In contrast, maple density was significantly greater in 2010, doubling over the 15-year 
period (31 vs. 75 TPA). Mean densities of red and white oaks showed very little change, making up 
only a small proportion of large seedlings. By 2010, sassafras was the most abundant taxon.

Dogwood was the most abundant taxon of large seedlings on ELT 5 in 1995 (283 TPA; Fig. 
3C). However, the density of large dogwood seedlings was significantly lower by 2010 (85 TPA). 
Although not significant, mean densities of several taxa in the large seedling class were nominally 
greater in 2010 than 1995; most notable were increases in maple and other species. Red oak density 
also showed a sizeable increase over 15 years (42 vs. 73 TPA), whereas white oak density remained 
largely unchanged. Both oak species groups were a minor component of large seedlings in both years. 
By 2010, maple was the most abundant large seedling (167 TPA).

The number of large dogwood seedlings decreased significantly over the 15-year period on ELT 
4 (427 vs. 93 TPA; Fig. 4C). Large seedling densities of maple, hickory, and other species were 
significantly greater in 2010 than in 1995, with maple being the most abundant taxon after 15 years 
(231 TPA). The oaks only made up a small fraction of large seedlings (<30 TPA).

There was a significant decrease in large dogwood seedlings on ELT 6 (Fig. 5C). The large decline in 
dogwood was offset by an increase in maple density, which was significantly greater in 2010 (239 vs. 
532 TPA). As of 2010, maple was the most abundant large seedling. Both oak species groups made 
up a minor fraction of large seedlings (<11 TPA).

Small Seedlings

On ELT 3, small maple and hickory seedling densities were significantly greater in 2010 than 1995 
(Fig. 1D). The density of small maple seedlings was 2.5 times greater after 15 years (2,482 vs. 939 
TPA). Maple went from the fifth most abundant in 1995 to most abundant species group of the 
small seedling size class in 2010. Although no difference was detected between years, red oak density 
was nominally lower in 2010 while white oak density was greater after 15 years. Small sassafras 
seedling density remained high over the 15-year period (1,985 and 2,336 TPA in 1995 and 2010, 
respectively).

There were no significant differences in small seedling density detected between years on ELT 5 
(Fig. 3D). Red oak was the most abundant species group in the small seedling class in 1995 (1,960 
TPA). Although not significant, mean densities of white oak, sassafras, maple, and other species were 
considerably greater in 2010. Sassafras was the most abundant taxon by 2010 (2,087 TPA).
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On ELT 4, densities of small hickory, sassafras, and maple seedlings were significantly greater in 2010 
(Fig. 4D). Dogwood was the most abundant taxon in the small seedling class in 1995 (3,005 TPA). 
By 2010, maple was the most abundant (4,944 TPA) and had substantially greater density than other 
taxa. Although not significant, mean density of small white oak seedlings was nominally greater in 
2010.

The density of small hickory seedlings was significantly greater in 2010 on ELT 6, whereas the 
density of dogwood was significantly lower (Fig. 5D). Mean densities of maple and white oak were 
nominally greater in 2010. Mean density of small maple seedlings increased from 5,058 to 8,484 
TPA over 15 years, whereas mean density of small white oak (1,150 to 2,759 TPA) and hickory 
(1,104 to 2,284 TPA) more than doubled.

DISCUSSIoN

Mesophication is a process of shifting forest composition from fire-adapted to fire-sensitive species 
under fire exclusion (Nowacki and Abrams 2008). Maples are the most common mesophytic, fire-
sensitive species in the Missouri Ozarks, and therefore we postulated that increasing abundance of 
maple species would provide early evidence of mesophication in this region. Our study showed that 
maple seedling densities (small and large seedlings) consistently increased across a gradient of site 
quality. Furthermore, maple was a major component of the seedling layer on all ELTs by 2010 and 
was among the most common taxa on better quality sites. Sites used for this study have not been 
burned in at least a half century suggesting that the observed increase in maple regeneration densities 
could be an early indicator of mesophication in Ozark upland forests.

The process of mesophication starts with the establishment of shade-tolerant, fire-sensitive species 
followed by their recruitment into larger size classes. Maple seedlings were relatively abundant by 
2010, whereas maple sapling density still remained low. This pattern suggests that mesophication 
may be in an early stage at these sites. Historically, maple was relegated to less fire-prone sites in the 
Ozarks, such as mesic toe slopes, upland waterways, or rocky sites with shallow soil, but has expanded 
into adjacent uplands over the last two centuries along with other fire-sensitive species (Hanberry 
et al. 2012). Frequent, intense drought experienced in the Ozarks could also limit recruitment of 
non-oak species, such as maple (Johnson et al. 2009, Kabrick et al. 2008b, Nigh et al. 1985). Maple 
sapling densities were up to nine times greater on protected slope ELTs compared to those on 
exposed slopes suggesting stronger recruitment limitation on drier, south-facing slopes in this study.

Another potential outcome of mesophication is displacement of fire-tolerant species by fire-sensitive 
species in the understory. Oak, hickory, and shortleaf pine are the primary fire-tolerant tree species 
groups of the Missouri Ozarks. Although there were no significant differences detected for oak 
seedling density, numerical differences in mean density suggested that white oak tended to increase 
and red oak tended to decline over the study period. This difference between oak species groups is 
likely related to the greater shade tolerance of white oak (Johnson et al. 2009). Hickories, which are 
slightly more shade tolerant than are many of the oaks (Burns and Honkala 1990), increased in all 
seedling layers over the 15-year period, and increases were significant on nearly all ELTs. Shortleaf 
pine comprised only a small fraction of the seedling layers and, when present, densities declined. The 
low abundance of shortleaf pine regeneration in these mature, relatively undisturbed forests is mainly 
due to this species’ low tolerance of shade and requirement of exposed mineral soil for seedling 
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establishment (Lawson 1990). These findings suggest that not all fire-tolerant species regeneration is 
decreasing because of mesophication, but rather some decreases in regeneration abundance are simply 
due to limited availability of light and suitable seedbeds.

A low relative density of large oak advance regeneration compared to shade-tolerant species has been 
cited as an indicator of an oak-dominated forest undergoing successional replacement by fire-sensitive 
species (Abrams and Downs 1990, Abrams et al. 1997). Nowacki and Abrams (1992) refer to this as 
an oak sapling bottleneck. In this study, large seedlings and saplings were considered large advance 
regeneration. Relative to oak, large maple seedlings were more abundant on all ELTs except ELT 
3 where oaks had a numerical advantage in both the large seedling and the sapling layers. ELT 3 
is the most xeric of the ELTs considered in this study. This finding is consistent with our current 
knowledge of Ozark forests; specifically, that oaks are more resilient against non-oak displacement 
on drier sites compared to mesic sites (Johnson et al. 2009). However, sapling densities of oak and 
hickory decreased on all ELTs over 15 years, whereas maple sapling density was nominally greater by 
2010.

The overstories of all ELTs remained dominated by oak and hickory species over the 15-year period, 
with pine a major component on south-facing sites (ELT 3 and ELT 5). However, red oak density 
significantly decreased on all ELTs, while BA nominally decreased. This reduction in red oak density 
was likely the result of oak decline, a widespread disease complex impacting mainly species of the red 
oak group, particularly black and scarlet oak (Kabrick et al. 2008a, Voelker et al. 2008). Along with 
this ubiquitous decrease in red oak were increases in the abundance of white oak in the overstories on 
all ELTs. White oak is less susceptible to decline than the red oak group. Using the same study sites, 
Shifley et al. (2006) observed that red oaks experienced three and a half times the mortality rate of 
white oaks. The high abundance of mature red oak species at these sites suggests that oak decline will 
continue to reduce the abundance of red oak and provide recruitment opportunities for white oak. 
Red oak decline could also release shade-tolerant, fire-sensitive species and facilitate their recruitment, 
thereby accelerating succession (Abrams and Nowacki 1992), and possibly mesophication, of these 
and similar Ozark forests.

There were several other notable trends that came out of this study. Perhaps the most conspicuous 
were the large declines in dogwood abundance, which was most evident on north-facing slopes (ELT 
4 and ELT 6). Oswalt et al. (2012) observed significant range-wide declines in dogwood populations 
estimated from U.S. Forest Service Forest Inventory and Analysis data. The authors largely attributed 
the decline to mortality caused by the nonnative fungus Discula destructiva (dogwood anthracnose) 
but also cited increasing forest density, drought, and competition with shade-tolerant tree species, 
such as sugar maple, as other possible causes. Dogwood anthracnose is not considered a major issue in 
Missouri at this time2, so the declines we observed were likely related to stress associated with drought 
and competition. Since dogwood is a major understory competitor in the Ozarks (Dey et al. 1996), 
dogwood decline would create recruitment opportunities for oak and non-oak species alike. Over the 
15-year period of our study, sassafras developed into a major component of the regeneration layers 
on several ELTs, particularly on ELT 3 where it was the most abundant species in the small and large 

2 Wright, S. 2014.  Personal communication. Forest Pathologist, Missouri Department of Conservation, 
3500 E. Gans Road, Columbia, MO 65201.
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regeneration classes. Although sassafras is considered shade intolerant (Griggs 1990), sassafras is often 
a part of the advance regeneration layer of oak-hickory forests in the Missouri Ozarks (Grabner 2000, 
Hartman and Heumann 2003, Shifley et al. 2000). The density of the other species group, composed 
of an ecologically diverse collection of species (including mesophytes), also tended to increase in 
regeneration layers. Several of these species are capable of developing into large overstory trees and, 
therefore, could potentially compete with oak and hickory for overstory positions. In particular, 
black cherry (Prinus serotina) is often locally dominant during early stand development following 
clearcutting in the Ozarks, yet it is conspicuously absent from mature stands. Frequent and intense 
drought likely limits the development of black cherry in Ozark upland forests.

CoNCLUSIoNS

The Ozarks are known for supporting a higher proportion of oak and hickory species than other 
forested areas of the CHR, even in the midst of fire suppression (Johnson et al. 2009). The unique 
combination of climate, soil quality, site conditions, and forest composition has led some to postulate 
that the oak-hickory forest type is successionally stable in the Ozarks (Pallardy 1995). However, 
there is evidence that mesophytic species, particularly maples, are not only capable of replacing 
oak overstory trees in the Ozarks but that this process is already underway (Hanberry et al. 2012, 
Hanberry et al. 2014, Nigh et al. 1985). We documented increases in maple abundance in the 
understories of upland Ozark forests over a 15-year period. During this same period, the densities 
of oak and hickory regeneration tended to increase, but their relative abundance was lower than that 
of maples by 2010 on all but the driest sites. Maple saplings and overstory trees, on the other hand, 
were a minor component of these forests, while oak and hickory dominated large size classes. The 
findings presented here along with findings of other recent studies (Hanberry et al. 2012, Hanberry 
et al 2014) suggest these and similar upland forests in the Missouri Ozarks could be in early stages of 
mesophication where fire has been excluded for at least 50 years, that this process may be occurring 
at a slower rate than in eastern and central parts of the CHR, and that the rate of mesophication 
is slowest on xeric, south-facing slopes. It also could be plausible that the predominance of low 
quality soils and frequent drought in the Ozarks will hinder these forests from experiencing much 
mesophication. This conclusion is consistent with research out of Oklahoma on sites that were more 
xeric than the ones considered in this study (Burton et al. 2010, DeSantis et al. 2010, Thomas and 
Hoagland 2011). However, since our findings are based on only 15 years of stand dynamics, which 
represents just 15-20 percent of a typical even-aged forest rotation (80-100 years), our conclusions 
are preliminary at this time and are best treated as working hypotheses. Continued monitoring 
and future analysis will be necessary for testing and refining our working hypotheses regarding 
successional status of Ozark forests under fire exclusion.
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