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Executive Summary 

The present study formed a part of a long-term project evaluating different reproduction harvest 

strategies for multifunctional management of slash pine (Pinus elliottii) ecosystems at Tate’s 

Hell State Forest, FL. We evaluated the effects of five different harvest methods (group 

selection, shelterwood, third row thin, ‘cut 2-leave 3’ row thin, and staggered third row thin) on 

natural regeneration of slash pine and groundcover as compared to an uncut control after one 

growing season following harvesting. The harvest treatments resulted in increased natural 

regeneration as compared the uncut control. While shelterwood and group selection harvests 

resulted in highest total number of slash pine seedlings of any size (9708 and 9132 seedlings/ha), 

group selection and ‘cut 2-leave 3’ row thin harvests had the highest number of large-sized 

seedlings >60 cm (408 and 340 > 60 cm seedlings/ha respectively).  Differences in regeneration 

responses were also observed between the thinned and uncut portions within each harvest 

treatment. For example, the clearcut gap openings in group selection harvests had lower total 

densities but larger-sized seedlings as compared to the matrix portion. Similarly, the ‘cut 2-leave 

3’ row thin harvest plots had considerably higher total number of seedlings in the thinned 

portions than in the uncut portions. Harvesting treatments also resulted in reduced though 

functionally diverse groundcover compared to the control.  Although, the harvest treatments 

resulted in considerable decreases in shrub cover as a result of the mechanical operations, the 

shrub component still dominated ground cover in all of the treatments after one growing season. 

Shelterwood treatment had the least shrubs (approximately 12%) as well as total groundcover 

(approximately 17%) but had the highest proportion of graminoids (approximately 25% of total 

groundcover) compared to other harvest treatments. Total species richness varied from 20 genera 

in uncut control to 44 genera in staggered third row thin treatment. The regeneration and 

groundcover responses were a direct result of the effects of the harvest operations on light 

availability as well as physical soil and forest floor properties. The stands are scheduled for a 

prescribed burn in January 2014, and the early regeneration and groudcover dynamics is 

expected to change considerably following burning. The post-burn assessments will examine the 

role of a harvest treatment and prescribed-fire in leading to the multifunctional management of 

these ecosystems. 
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Introduction 

Management of conserved forests must consider the sustainability of variety of ecosystem 

products and values. Increasingly, uneven-aged forest management is considered an ideal 

strategy for maintaining ecosystem function and structure to ensure the sustained production of 

both commodity products and other ecosystems services including plant and animal biodiversity, 

wildlife habitat, carbon sequestration, and recreational value.  In forest ecosystems of the 

Southeast, uneven-aged management is also considered to mimic natural disturbance processes.  

Despite the increased desire to incorporate uneven-aged management on conserved forests, 

concerns still exist regarding its operational efficiency in southern forest types, including the 

ability to naturally regenerate slash pine species while concurrently maintaining appropriate 

groundcover with regular prescribed fire regimes.   

 

The overall goal of this study was to collect base-line data on slash pine (Pinus elliottii) 

regeneration and groundcover responses following harvesting and prior to initiation of prescribed 

burning as part of the “Adaptive Management Project”, which is the long-term signature research 

project endorsed and funded by various CFEOR (Conserved Forest Ecosystems: Outreach and 

Research) cooperative members. A limitation of most existing forest models for the Southeast 

include limited knowledge of natural regeneration of slash pine, thus short- and long-term 

monitoring and quantification of natural slash pine regeneration is essential to this project. 

Monitoring of groundcover responses following initial harvesting and initial prescribed burning 

will also provide an early indication on the trajectory towards a sustainable multifunctional 

system.  The specific objectives of the scope of work were as follows: 

 

1. To quantify, characterize, and compare the immediate (1 yr.) groundcover in response to 

5 harvesting treatments (group selection, shelterwood, third row thin, ‘cut 2-leave 3’ row 

thin, and staggered third row thin) in slash pine plantations at Tate’s Hell State Forest. 

2. To quantify and compare regeneration responses (densities and sizes) within and between 

5 conversion harvesting treatments in slash pine plantations at Tate’s Hell State Forest.   

  

 

Methods 

Observations and measurements were made on the permanent long-term research plots 

established in mature slash pine plantations (36 years old) at the Tate’s Hell State Forest, FL. 

There were a total of eighteen 250m x 250m (6.23 ha) long-term treatment plots, with five 

harvest treatments (group selection, shelterwood, third row thin, staggered third row thin, ‘cut 2- 

leave 3’ row thin) and an uncut control replicated three times. Each of the treatment plots had 

five permanent measurement plots of 25m x 25m, which were located at random grid points 

within each treatment plot. Within each  25m x 25m measurement plot, we established two 5m x 

5m tree regeneration plots at diagonally opposite corners (south-east and north-west corners) and 

a 15m line-transect oriented north to south from which to estimate understory and groundcover 

species (Figure 1).    
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Densities of tree seedlings < 1.4m in height were recorded on each of the ten regeneration plots 

located within the permanent measurement plots described above as well as on an additional ten 

5m x 5m regeneration plots randomly established outside the permanent measurement plots to 

account for a more detailed response. Other attributes of the regeneration plots including their 

position within the harvest treatment (e.g. thinned vs. unthinned area, gap vs. matrix), vegetation 

condition (clear vs. shrubby) and litter status were also noted. Each recorded seedling was sorted 

by height/size category (<30cm, 30-60cm, >60cm). Analyses of variance were carried out to test 

the effects of harvest treatments on seedling densities. Tukey’s HSD (Honestly Significant 

Differences) test was performed at α= 0.05 to test for significant differences. 

Groundcover, including forbs/herbs, graminoids (grasses, sedges, and rushes), and shrubs and 

vines, were sampled along 15m line-transects. We also included small tree seedlings along 15m 

line-transect in our assessment of groundcover. Using the line-intercept method, vertically-

projected foliar cover was recorded for each plant species along transect.  These data were then 

transformed into mean percent cover values for each of the harvest treatments.  

The groundcover assessment was carried out during September- October 2012 when the 

groundcover species were in a phonological stage most suitable for identification. Tree 

regeneration responses to the harvest treatments were assessed in April 2013 after one year of 

harvesting and before the beginning of next growing season. 

Results and Discussion 

Tree regeneration responses to harvest treatments 

Seedlings of slash pine were observed in all of the harvested treatment plots and were 

substantially higher in number than on the uncut control plots.  Harvesting not only opened up 

the canopy but also led to a reduction in the amount of shrub layer along the path of movement 

of the harvesting equipment. The combined effects of harvesting in improving light conditions 

on forest floor, reducing competition by shrubs and other vegetation, and altering soil properties 

(compaction, moisture content, water pooling, microhydrological and microtopographical 

variations etc.) appeared to have determined the early dynamics of natural regeneration of slash 

pine in the harvested plots. While enhanced light availability and reduced shrubby competition 

appeared to stimulate natural regeneration, excessive soil compaction leading to water pooling 

seemed to inhibit natural regeneration of slash pine. The logging operations also had left a 

considerable amount of unmerchantable logged wood piles at a few spots along with logging 

residues in the harvested plots (Figure 2). This logged wood lying on the ground possibly was a 

barrier to regeneration, and might influence severity of prescribed burn at these spots.  

Maximum total numbers of seedlings (all heights combined) were observed in shelterwood (9708 

seedlings/ha) and group selection (9132 seedlings/ha) harvest treatments (Table 1), although the 

third row thin treatments and ‘cut 2-leave 3’ row thin treatments also had similar levels of total 

slash pine seedlings. Not surprisingly, the least amount of regeneration (412 seedlings/ha) was 
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observed in uncut control plots. The majority of seedlings recorded in the uncut control were in a 

single plot which had been accidentally burnt prior to installation of this project and led to 

creation of a few small gaps where the regeneration occurred. 

An important observation was the occurrence of large-sized seedlings (>60cm size) distributed 

across the treatments. The size of regeneration can be of importance because the large-sized 

seedlings may be more likely to survive prescribed burns. Though the differences were not 

statistically different among the harvest treatments and the uncut control, the shelterwood harvest 

treatment, which had resulted in the highest total number of seedlings, had the least number of 

seedlings >60cm (80 seedlings/ha) (Table 2). Group selection and ‘cut 2-leave 3’ row thin 

harvests, however, had the highest number of the large-sized seedlings (408 and 340 seedlings/ha 

respectively). A uniform distribution of seed trees and ample canopy openness likely led to 

successful germination of slash pine seeds, but these seedlings did not grow fast enough to reach 

large sizes likely due to the dispersed overstory competition across the stand created by 

shelterwood method of harvest (Palik et al. 2003). The shelterwood harvest plots were also the 

most affected by harvest operations in terms of disturbance to soil structure due to the extensive 

movement of harvest equipment across the stands. It is possible that despite abundant seedling 

emergence in shelterwood harvest treatment, a large proportion of seedlings could not establish 

and reach larger sizes under these disturbed soil conditions. 

More clear distinctions were observed in the regeneration response within the treatments- group 

selection and thinning treatments in particular (Table 2). These differences suggested the critical 

role of microsite factors in determining regeneration responses. For example, within the ‘cut 2-

leave 3’ row thin treatment, the natural regeneration in the thinned stand portion (cut-rows areas) 

was considerably higher than in the areas of unthinned rows (9936 total seedlings/ha vs 3952 

seedlings/ha respectively). This spatial dynamic was even more intriguing in the group selection 

harvest plots where the total number of seedlings were higher in the thinned matrix portion 

(11388 seedlings/ha) than in the gap portion (6000 seedlings/ha), though most of the seedlings in 

the matrix portion were in the smallest size class while the gap portion had a substantially higher 

number of large-sized seedlings. Similar observation were made in longleaf pine by McGuire et 

al. (2001) and Gagnon et al. (2004) where higher survival and density of longleaf pine seedlings 

after one growing season was observed in matrix portion than in the gaps. However, in the same 

studies and other studies, the seedlings grew to a larger size in the gaps than in the matrix portion 

(Palik et al. 1997, McGuire et al. 2001, Gagnon et al. 2003, 2004). Additionally, the greater 

abundance of small seedlings in the matrix portion in our study may also be due to the proximity 

to greater number of seed trees. However, there was no definite spatial pattern found between the 

seedling density in the gaps and the distance from the gap border. These initial observations 

suggest a harvest treatment that combines gap openings from a group selection treatment with a 

‘cut 2-leave 3’ row thin treatment in the matrix of the stand may be among the best treatments to 

obtain natural regeneration across the entire treatment area.  
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An ocular observation of regeneration response across all the treatments suggested that the 

regeneration hot-spots had three common attributes. These spots represented areas or patches in 

the stands which were (1) free of shrubs and excessive hydric conditions, (2) had sufficient 

illumination, and (3) did not have more than 15cm thick litter layer (Figure 3). 

Groundcover responses to harvest treatments 

After a period of about one growing season following harvesting, all of the harvest treatment 

plots had decreased amounts of total percent groundcover as compared to the uncut control 

(Figure 4).  Total species richness values, however, were lowest in the uncut control (only 20 

genera) and as high as 44 genera in the staggered third row thin harvest treatment. This initial 

effect was partially due to the fact that the harvesting operations had decimated a considerable 

amount of shrubs and other understory that existed before. As such, the groundcover responses in 

the treatment plots were mostly observed in the areas physically affected by the harvest 

operations which had caused soil compaction and rutting leading to microtopographical and 

hydrological changes across the stands. Shelterwood harvest, which involved the most intensive 

harvesting, had the least amount of total groundcover (approximately 17%) - primarily due to the 

reduction in the shrub layer (Figure 4). Notably, however, the shelterwood harvest treatment- 

despite resulting in the least groundcover- had the highest absolute as well as relative proportion 

of graminoid cover (approximately 25% of total groundcover). These graminoids mostly 

consisted of sedges and rushes along with a few species of grasses, typical of hydric sites (Table 

3). Although, the graminoid cover in shelterwood was higher than the other treatments, the 

species richness in shelterwood was comparatively low. Shelterwood treatment had a total of 

only 29 genera including 9 genera of graminoids. The high cover of graminoids in shelterwood 

treatment plots as compared to the other harvest treatments was possibly due to the lower 

residual basal area (which allowed high level of light at forest floor) in combination with the 

high moisture conditions (numerous small water pools for most of the year) created by harvest 

operations across the stand. Similar kinds of groundcover responses were observed in the 

clearcut gap portions of the group selection harvest plots where, also, a relatively higher 

proportion of graminoids was observed. Overall, group selection harvest plots had 39 genera 

including 10 genera of graminoids. Uncut control had only 20 genera including 2 of graminoids. 

Despite all of these early responses of increasing proportion of graminoids, the shrub layer 

continued to dominate the groundcover in all of the harvest treatments (Table 4). Uncut control 

had approximately 95% of groundcover constituted by shrubs. The shelterwood harvest plots 

recorded the least proportion of shrubs. The most dominant shrub species were giant gallberry 

(Ilex coriacea), muscadine (Vitis rotundifolia), fetterbush (Lyonia lucida), titi (Cyrilla 

racemiflora), sweet pepperbush (Clethra alnifolia) and shrubby blackgum (Nyssa sylvatica). 

Multi-stemmed sprouts of sweetbay (Magnolia virginiana), a tree species, also formed a 

substantial component of the groundcover. 
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Table 1. Estimates of regeneration (mean ± standard deviation of number of seedlings) in mature 

slash pine stands one year following different harvest treatments at Tate’s Hell State Forest, FL.  

Harvest Treatment Density (seedlings/ha) by height class:  

 <30cm 30-60cm >60cm Total seedlings 

     

3rd Row Thin 5180 ± 2424
b
 2160 ± 656

b
 260 ± 132

a
 7600 ± 2700

b
 

Cut 2 Leave 3 Row Thin 4332 ± 548
b
 1980 ± 4.95

b
 340 ± 120

a
 6620 ± 668

b
 

Group Selection 6000.15 ±4136
b
 2668 ± 1472

b
 408 ±  232

a
 9132 ± 5460

b
 

Shelterwood 6420 ± 3148
b
 3208 ± 2244

b
 80 ± 52

a
 9708 ± 5232

b
 

Staggered 3rd Row Thin 5292 ± 2632
b
 2892 ± 1368

b
 128 ± 24

a
 8312 ± 3736

b
 

Uncut Control 172 ± 120
a
 60 ± 68

a
 180 ± 312

a
 412 ± 492

a
 

 

Table 2. Estimates of regeneration (mean number of seedlings per hectare) observed in cut and 

uncut portions within the harvest treatment in mature slash pine stands after one year following 

different harvest treatments at Tate’s Hell State Forest, FL. 

Harvest Treatment Density (seedlings/ha) by height class:  

 <30cm 30-60cm >60cm Total 

seedlings 

     

Cut 2 Leave 3 Row Thin     

Within Thinned Stand Area 6272 3232 432 9936 

Within Unthinned Stand Area 2600 900 452 3952 

Group Selection     

Within Gap 2452 2680 868 6000 

Within Matrix 8532 2732 124 11388 
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Table 3. List of species recorded in groundcover sampling in mature slash pine stands treated to different harvest treatments at Tate’s 

Hell State Forest, FL. ( x represents the presence of the species). 

Species Harvest treatment 

 Control Group 

Selection 

Shelterwood Third Row 

thin 

Staggered Third 

Row Thin 

Cut 2 Leave 3 

Row Thin 

Forb/Herb       

Atriplex cristata  x  x   

Drosera sp.  x x x   

Eriocaulon sp.     x  

Hypericum spp.  x x x x x 

Lobelia sp.     x  

Ludwigia hirtella    x   

Ludwigia sp.    x x  

Luwigia repens   x x   

Pluchea sp.     x  

Pteridium aquilinum  x x x x x 

Rhexia petiolata    x   

Rhexia sp.  x     

Saggitaria spp. x    x  

Solidago sp.     x  

Toxicodendron radicans x   x x  

Woodwardia areolata x x   x x 

Xyris spp.  x x x x x 

Unidentified spp. 1     x  
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Table 3. Continued…. 

Species Harvest treatment 

 Control Group 

Selection 

Shelterwood Third Row 

thin 

Staggered Third 

Row Thin 

Cut 2 Leave 3 

Row Thin 

Gaminoids (grasses, sedges, 

and rushes) 

      

Andropogon glomeratus  x  x   

Andropogon sp.  x x x x x 

Carex glaucescens  x  x   

Cladium jamaicense      x 

Cladium sp. x  x  x  

Cyperus haspan     x  

Cyperus ovatus   x    

Dichanthelium spp.  x   x  

Fuirena sp.  x   x  

Juncus dichotomus   x x x   

Juncus sp.       

Lachnanthes caroliana  x x x x x 

Rhynchospora corniculata   x    

Rhynchospora chapmanii   x  x  

Rhynchospora  fascicularis.   x     

Rhynhospora spp.  x x x x x 

Sclerea sp.    x   

Unidentified spp. 2 x x x x x x 
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Table 3. Continued…. 

Species Harvest treatment 

 Control Group 

Selection 

Shelterwood Third Row 

thin 

Staggered Third 

Row Thin 

Cut 2 Leave 3 

Row Thin 

Shrub       

Clethra alnifolia x x x x x x 

Cliftonia monophylla  x  x x x 

Cyrilla racemiflora x x x x x x 

Gaylussacia frondosa     x x 

Gaylussacia sp.   x  x x  

Gelsemium sempervirens    x   

Ilex cassine x x x  x x 

Ilex coriacea x x x x x x 

Ilex glabra x x  x x x 

Ilex vomitoria     x  

Itea virginica    x x  

Lyonia lucida x x x x x x 

Magnolia virginiana x x x x x x 

Morella caroliniensis  x     

Morella cerifera  x  x x  

Myrica inodora    x   

Persea balbonia  x     

Persea palustris  x  x   

Rhododendron sp. x  x    

Rubus sp.  x   x  

Serenoa repens x x   x x 
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Table 3. Continued…. 

Species Harvest treatment 

 Control Group 

Selection 

Shelterwood Third Row 

thin 

Staggered Third 

Row Thin 

Cut 2 Leave 3 

Row Thin 

Stillingia aquatica    x x  

Symplocos tinctoria   x x   

Unidentified spp. 3  x  x   

Vaccinium spp.      x 

Smilax laurifolia  x x  x x 

Smilax spp. x  x x x x 

Vitis rotundifolia x x x x x x 

 

Tree 

      

Acer rubrum x  x  x  

Liquidambar styraciflua  x     

Nyssa biflora  x  x   

Nyssa sylvatica x  x x x x 

Pinus elliottii  x x x x x 

Quercus nigra x      

Taxodium  sp. x x x x x  
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Table 4. Dominant species recorded in groundcover sampling in mature slash pine stands treated 

to different harvest treatments at Tate’s Hell State Forest, FL. 

Harvest Treatment Dominant species 

3rd Row Thin Ilex coriacea, Vitis rotundifolia, Cyrilla racemiflora , Magnolia 

virginiana  

Cut 2 Leave 3 Row Thin Ilex coriacea, Lyonia lucida, Cyrilla racemiflora , Magnolia 

virginiana 

Group Selection Ilex coriacea, Vitis rotundifolia, Lyonia lucida, Magnolia 

virginiana 

Shelterwood Ilex coriacea, Vitis rotundifolia, Lyonia lucida, Nyssa sylvatica 

Staggered 3rd Row Thin Vitis rotundifolia, Ilex coriacea, Cyrilla racemiflora, Clethra 

alnifolia 

Uncut Control Ilex coriacea, Clethra alnifolia, Vitis rotundifolia, Lyonia 

lucida 
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Figure 1. Layout of a 25m x 25m measurement plot with two 5m x 5m regeneration plots at SE 

and NW corners and a 15m line transect used to sample natural regeneration and groundcover in 

the study. A treatment plot (250m x 250m) consisted of five such randomly distributed 

measurement plots. 
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Figure 2. The logged wood left at a few spots can be seen in the harvest treatment plots. While 

these logs suppressed natural regeneration at some spots, these might also locally increase the 

severity of prescribed burns. 

       

        (a)        (b) 

Figure 3. Natural regeneration of slash pine in a (a) ‘Cut 2-Leave 3’ Row Thin, and (b) 

Staggered Third Row Thin harvest treatment plots. The regeneration was successfully achieved 

at the spots which were sufficiently illuminated, relatively free of competing vegetation and 

excessive hydric conditions, and lacked thick litter layer. 
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Figure 4. Percent cover and relative proportion of functional group types (forbs/herbs, 

graminoids, shrubs, and trees) observed in groundcover in mature slash pine stands treated with 

different harvest treatments at Tate’s Hell State Forest, FL. 

 

Conclusions 

The early response of slash pine regeneration and groundcover to the harvest treatments suggest 

that these harvest methods have the potential to lead to sustainable multifunctional management 

of these ecosystems with time. However, these results are only early responses and mostly 

represent the effects of open canopy conditions and harvest-related physical changes caused to 

the soil and vegetation cover, in particular decreases in the shrub component. The regeneration 

and groundcover dynamics have the potential for considerable changes as the burn-regime is 

introduced which might lead to high regeneration mortality, other successional changes in 

groundcover, and increased decomposition of the logging residues. Given the status of 

groundcover, logging residues, and the seedling size and distribution, we expect considerable 

mortality to the existing smaller regeneration due to the introduction of burn-regime. However, 

heterogeneity in the microtopography across treatment plots may result in small pockets of 

protected regeneration following fire, particularly among larger sized seedlings that could 

withstand a rapid and cool surface fire.  Additionally, prescribed burns may create post-burn 
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conducive conditions for seed germination and seedling growth by creating receptive mineral 

soil floor and reducing competition (Jose et al. 2006), and groundcover responses may be 

desirable as burning has been observed to enhance herbaceous and graminoid cover (Lewis and 

Harshbarger 1976, Kush et al. 2000, Jose et al. 2006). The harvest plots in the study are 

scheduled for the first prescribed burn in January 2014 and we suggest a complete assessment of 

regeneration and groundcover immediately after the prescribed burn and another after one year 

to quantify the effects of prescribed burns. 
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