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ABSTRACT 

Traits of southeastern pines (Pinus spp.) were analyzed in relation to preset
dement disturbance regimes infer:red from the literature. Inferred regimes sug
gest minimal fire influence in the mesic class plus a trend of increasing 
frequency/decreasing intensity in the order of xeric hill, low shrubland, tran
sition, and savannah pine classes. Changes among species in wood density 
and taproot development imply greater wind resistance with greater forest 
openness due to the relative influence of fire. As burn frequency increases 
there also is greater needle length, resin content and bark insulation, in con
trast to less reproductive output, persistence of foliage, and crown density. 
Tree height and longevity may have been modified directly by disturbances, 
or indirectly as a consequence of emphasis on other energy-demanding traits. 
Combinations of traits suggest five primary adaptive modes: (1) persistence 
of savannah pines through spread of frequent fires (via longer needles, more 
resin) which repel competing species, plus conservative investment in robust 
seedlings with delayed height growth and protection from fire; (2) compromise 
(between defense and growth) within transitions where both fire regime and 
hardwood competition are moderate-periodic; (3) resilience within shrublands 
of sparse trees through sprouting between occasional intense fires, aided by 
early sexual maturity; (4) saturation of dry hills through episodic regenera
tion and vertical fuel accumulation which leads to stand-replacing fires; and 
(5) preemption of space through lateral (root-limb) and height growth on 
hardwood-dominated sites where pine success hinges upon various distur
bances to open sites. Disturbance influences seem not to be limited to selec
tion for defenses, but may include selection of traits that actually promote 
disturbance, thereby improving fitness of pines .. Climatic periods with fre
quent lightning under warm-moist conditions likely favored many fire
dependent plants with traits that tend to increase the probability of appropriate 
fire regimes. 

INTRODUCTION 

The southeastern United States is a region of warm-temperate forest (Daniel 
et al. 1979) with moderately rich to very poor, mostly acidic soils and long 
growing seasons. Temperature variations range from moderately harsh winters 
in northern mountain chains to more temperate in the central, hilly provinces 
to subtropical in parts of the southern Coastal Plain. Length of growing 
season, annual precipitation, and influences of tropical storms and fires 
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generally increase from north to south. Weather patterns spawn more tropical 
windstorms (Cry 1965) and lightning storms (Komarek 1964) in this region 
than in any other of North America. The number of thunderstorm days per 
year range from about 50 in the southern Appalachians to 90 in southern 
Florida, and nearly all thunderstorms occur from late April through early 
September. The lightning fire season begins in early spring, is often most 
prevalent in Mayor June, then tapers off in July and August on through early 
fall (Komarek 1964, Barden and Woods 1974, Snyder 1986). 

Paleontologic evidence indicates .fairly similar climatic patterns and floras 
for several thousand years, preceded by episodes of pronounced change (see 
Watts 1975; 1980, and 1983, Delcourt 1980, Delcourt and Delcourt 1985). Pines 
apparently were alternating with oak-hickory (Quercus-Carya) forests about 
35,000 years B.P. (before present). A near-temperate flora ended about 26,000 
years B.P. as the climate cooled and boreal flora expanded, eventually chang
ing to full glacial forests over much of the Southeast. Below the boreal zone 
and extending well into the Piedmont and Highlands were open mixed 
woodlands and upland savannahs; these apparently graded southward into 
pine-oak-bluestem (bluestems include Schizachyrium and Andropogon) on 
flatlands and higher xeric communities which probably included longleaf pine 
(P. palustris)-scrub oak (sandhill vegetation) or sand pine (P. clausa)-scrub 
vegetation. Forest changes came with the warming trend which melted glaciers 
(15,000-10,000 years B.P.) and generally increased precipitation. During the 
latter part of that sequence, a trend of increasing influence of lightning 
ignitions (beginning 11 ,000 years B.P .)is indicated by changes in floral 
characteristics. Eastern white pine (P. strobus)- northern hardwood forests 
diminished from southern ranges (10,000-8,000 years B. P.) while sandhill 
and flat woods types increased at the expense of sand pine-scrub in the coastal 
Plain. southern pine forests gradually redeveloped to modern extents by 5,000 
years B. P. 

A general partitioning of certain nonaquatic forest sites has occurred 
wherever pines and oaks come together in competition (Spurr 1964). Although 
both genera tend toward dryer, less fertile soils, the oaks and associated hard
woods tend to dominate the entire site range except where disturbances ac
company pine establishment. The indefinite persistence of fire-dependent com
munities in the same areas has contributed to theories that internal trends 
in such plant communities may facilitate recurring disturbances (see 
Chapman 1944, Mount 1964, Jackson 1968, Mutch 1970, Platt et al. 1988). 

For this report, I synthesized descriptions of pine habitats as they were 
before extensive European settlement and estimates of natural disturbance 
regimes, and compared these to natural history traits of southeastern pines. 
My objective is to discuss possible disturbance influences on adaptive 
characteristics of southeastern pines, under the assumption that presettlement 
conditions, to which pines were ecologically adjusted, are suggestive of ma
jor environmental components under which traits were molded over long time 
periods~ 
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METHODS 

Original sites of each pine species were characterized using descriptions 
of virgin forests or of old-growth remnants described in more recent times 
(Appendix A). Major factors considered were soil characteristics, water regime, 
topography, and surface vegetation type. Because quantitative data were not 
available for all species, an index was developed using a scale for soil acidity, 
moisture, and texture. 

Pine traits chosen for analysis include reproduction, maturity and growth, 
shade tolerance, and vegetative characteristics. Data gathered from 30 sources 
(Appendix B) were averaged across sources, using typical entries (if presented) 
or the midpoints of measurement ranges. In cases where quantitative data 
were not available, an index was developed (as by McCune 1988). Because 
cone length (the commonly used indicator of size) was thought to be a poor 
measure due to great differences in shape, typical cone volume was estimated 
by measuring volumes (by water displacement) of 20 closed, ripe cones per 
pine type, determining the mean portion that a pine cone comprises of a 
cylinder (cone length x radius2 x n), and then adjusting volume in proportion 
to the mean cone length derived from the synthesis. Seed dispersal distance 
is considered an important component of a pine species' ability to successfully 
capture sites, and is a function of seed and wing characteristics involving wind 
flotation (see Fowells 1965, Baker 1950). For this analysis, a dispersal index 
was calculated by dividing mean seed weight in mg (from Schopmeyer 1974) 
by mean area (cm2) of 50 wings per pine type (measured with a mm grid). 
This index was tested by regression against available data on seed dispersal 
distance from adult trees of 7 species presented by Fowells (1965) and seed 
fall rate of 6 species by Baker (1950). As the index value increases numeri
cally, seed fall rate in the air increases (r2=.68, P=.043) and horizontal disper
sal distance decreases (r2 = .74, P= .013). Therefore, the index was considered 
to be. a suitable indicator of seed dispersaL 

Information relevant to disturbances was synthesized (Appendix C). The 
basic approach to estimating disturbance regimes has been to bracket ap
propriate disturbance aspects by considering which regimes cause pines to 
either decline directly, thrive, or be overcome by encroachment of other vegeta
tion types. Clues that have been considered include descriptions of virgin 
forests, records of natural disturbances, site analyses (fire scars, charcoal 
deposits, gap-phase analysis, fuel accumulation rate, site exposure), and obser
vations (vegetation response to season of burn, age when pines reach fire 
resistance or succumb to hardwoods, etc.). The present study utilized an array 
of inferred regimes, examined in light of other relevant information, as a 
gradient-type parameter for comparison with trait changes among different 
pine species. 

Correlation coefficients were calculated among traits and suites of traits 
were identified by correlation strength. Measures of individual traits were used 
as dependent variables for regression against indices of site characteristics 
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and fire return time. Because quantitative data for fire intensity could not 
be found for most species, I assumed an inverse relationship between inten
sity and periodicity. Similarly, I discussed in only general terms the influence 
of powerful windstorms because the frequency and intensity of windstorm 
impacts have not been estimated for habitats of most pine species. 

RESULTS AND DISCUSSION 

Site Characteristics 

The characteristics of typical pine sites in this region are shown in Table 1. 
Each species falls into one of five general habitat classes: grassland expanses, 
transitions, low shrubland expanses, xeric hills, or mesic sites. 

Extensive, well-drained, moderately fertile areas, usually dry during most 
of the growing season, are capable of supporting natural grassland expanses. 
These primarily Coastal Plain areas were formerly dominated by longleaf pine 
on about 25 million (Wahlenberg 1946) to 35 million ha (Betts 1954), while 
South Florida slash (P. elliottii'var. densa) occupied large areas from the Keys 
northward to central Florida within the low subtropical moist forest zone 
(Mohr 1897). Wiregrass (Aristida stricta), dropseeds (Sporobolus spp.) and/or 
bluestem grasses dominated the groundcover beneath both savannah pine 
species, although understory shrubs were abundant in some areas. 

A second general class involves moderate sites between other upland forest 
types and drainageway forests. Damp swales, narrow drains, and pond margins 
within longleaf pine forests and along coastal flatwoods formed the typical 
habitat of slash pine (P. elliottii var. elliottil); various "bay" hardwoods and 
tall shrubs .or cypress-gum (Taxodium-Nyssa) strands tended to dominate 
drainageways and deeper ponds through the flatwoods. It is likely that sub
canopy vegetation was coarse perennial herbs mixed with patches of varIous 
shrubs and occasional bay trees. From northern Florida throughout much 
of the rest of the region, shortleaf pine (P. echinata) was most common on 
dry abrupt slopes intermediate between dominant upland forests and moist 
lowlands. Such areas are narrow bands in the Coastal Plain and mountain 
provinces, but of much greater extent in the Piedmont and interior plateaus 
where this species once dominated on coarse, lighter and dryer soils bounded 
by heavy clay soils (supporting upland hardwoods) and drainageway forests. 
There is some indication that the understory of virgin shortleaf stands was 
a mosaic of shrubs (e.g. Vaccinium) and small hardwoods interlaced with 
discontinuous swards of grasses such asbluestems (see Pinchot and Ashe 
1897). Hereafter, shortleaf and "typical" slash pines will be referred to as 
transition pines. 

Poor, acidic, low expanses with variable moisture regimes form usual situa
tions of pond (P. serotina) and pitch (P. riglda) pines. Pitch pine was reported 
to be pure or predominant only in vast lowlands of sands or gravel such as 
occur in the Pine Barrens of New Jersey or parts of southern New England. 
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Table 1. Pine site~fire regime characteristics in the Southeast (see Methods concerning numerical scores). 
Pine Soil Understory Topographic Inferred Fire 
Species Type Position Regime 

Overall 
Site Frequency 

Texture Moisture-cirainage Acidity Quality (No./Century) Intensity 

Longleaf Sandy (2.2) Dry (summer) - well (1.4) Acidic (1.9) Moderate (2) Grass Rolling - flat 35 Mild 
S. Fla. Slash Sandy - Dry (summer) - well (1.4) Moderately Moderate to Grass Flat 25 Mild 

rocky (1.5) acidic (1.6) poor (1.5) 

Slash Sandy/ Wet - poorly (2Al) Very Moderate Grass - shrub Low - flat 15 Moderate 
clay (2.2) acidic (2.5) (2.3) 

Shortleaf Sandy - Dry - well (1.4) Weakly Moderate (2) Shrub - grass Upper slope 10 Moderate 
clayey (2.5) acidic (1.1) 

Pond Sandy - (1) Wet - very poorly (3) Strongly Poor (1.2) Shrub - vine Depression 7 Intense 

0'1 
peaty acidic (3) (dense) 

VI Pitch Sandy - Wet/dry - fairly well to Strongly Poor (1.5) Shrub (dense) Low slope- 6 Intense 
gravelly (1.5) poorly (2.5) acidic (2.7) depression 

Sand Sandy (2) Xeric - excessive (l) Weakly Very poor (l) Shrub (sparse) Hilly 2 Very intense 
acidic (1) 

Table Sandy - Dry - excessive Strongly Very poor (1) Shrub (sparse) Hilly 2 Very intense 
Mountain stony (1.5) to well (I) aCidic (2.7) 
Virginia Clayey - Dry - well to excessive (1.1) Weakly Poor to Shrub (sparse) Hilly 2 Very intense 

sandy (2.5) acidic (I) very' poor (I) 
Loblolly Sandy Wet - moderately well to Acidic (2.2) Good (2.8) Very sparse Flat 0 

loam (3) poorly (2.7) 
Spruce Sandy Moist - moderately Weakly Good (2.7) Very sparse' Flat 0 

loam (2.7) well (2.2) acidic (1.1) 

E. White Sandy Moist - well (2) Moderately Good (3) Very sparse Low slope- 0 
loam (3) acidic (1.4) flat 



This species is consistently associated in barrens with a mantle of ericaceous 
shrubs (Vaccinium, Gay/ussaciaj. Throughout most of its range pond pine 
inhabits pocosins, Carolina bays, very low flatwoods, bogs, sandy swamps, 
and shallow ponds. It occurs as a major tree species over large areas only 
in pocosins dominated by evergreen shrubs and vines. Both pond and pitch 
pines will be classified as shrub land pines for discussion in this report. 

Poor, very dry sites are inhabited by sand, Virginia (P. virginianaj and table 
mountain (P. pungens) pines. The latter species is an Appalachian endemic 
confined to the warmest and driest topographic settings. The range of Virginia 
pine spans· that of table mountain pine. Where the two grow in the same 
general area, Virginia pine tends toward open, eastern, and northern slopes 
but commonly grows at lower elevations with various aspects, mostly on im
poverished soils with a fine texture. Sand pine is endemic to deep sterile ridges 
and old dunes of Florida and adjacent Alabama. Sand pine hills are typi
cally flanked by lowland habitats. All three xeric hill species tend to grow 
in dense stands with little undergrowth, although various shrubs and. 
scrub oaks are usually present at the periphery and within stand openings. 

Rich, moist, sandy-loam soils form the typical sites of eastern white pine, 
loblolly (P. taeda) and spruce (P. g/abra) pines. Primary sites of white pine 

. in the southern Appalachians have been described as moist-cool northern 
aspects, coves, and streamsides or river bottoms within mixed hardwood 
forests. Loblolly pine was rare outside the Coastal Plain (Small 1933); in virgin 
forests it apparently was typically downslope on bottomland terraces or 
streambanks on sites with alluvial influence. Similarly, spruce pine's original 
position was in low Coastal Plain hammocks and bluffs characterized by 
beech-magnolia (Fagus grandifolia-Magnolia grandiflora) on sites intermediate 
in quality between sandy uplands and alluvial bottoms. Spruce, loblolly, and 
eastern white pines will be referred to as mesic pines in this report. 

Disturbance Regimes 

Chronicles of Spanish explorers made frequent referrals to forest fires in 
the Southeast, as did the records of later travelers in the 17th and 18th cen
turies. In 1528 the first Spanish explorer, Cabeza de Vaca, was impressed with 
frequent sprays of lightning strikes of pines as he traveled through Florida 
(Hodge and Lewis 1907). Bartram (1792) often described nearly unbroken 
longleaf pine stands comprised of widely-spaced trees over a sea of grass. 
Regarding his 1773 observations of fire in the Coastal Plain he wrote "It hap
pens almost everyday of the year, in some part or the other, by Indians for 
the purpose of rousing game, as also by lightning:' Several writers described 
burning by Indians and early settlers as occurring primarily in dryer dormant 
seasons to achieve specific goals (Catesby 1731, Michaux 1802, Swanton 1946). 
The unknown impact of such burning complicates attempts to decipher 
historical landscape descriptions because Indians dwelled in this region for 
several thousand years and were abundant by the time Europeans arrived. 
These factors coupled with more recent eras of forest change obscure the rela
tionships between habitats and lightning-set fire. 
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The relicts of old-growth forest left today are not extensive enough to ex
perience natural fire regimes. Neither dendrochronology nor palynology are 
useful in revealing fire histories in most southeastern pine forests. Thus, theory 
concerning natural conditions must be based largely on objective interpreta
tion of historical records, field observations, experimental work, and pine 
species traits. Estimates of fire regimes employed in this report (see Appendix 
C) are summarized in Table 1. 

Pine Traits 

The pine genus has long been recognized as having special traits adaptive 
to fire and fire-prone sites. Spurr (1964) pointed out several of these 
characteristics. Many pines have a deep taproot which enables them to grow 
on coarse soils and endure dry conditions on windswept landscapes. The 
likelihood of surviving fire is enhanced in most by 
laminated bark, in several species by into clear boles (free of 
limbs for considerable length) that reduce probability of crown and in 
a few species post-fire resprouting. Some have serotinous cones that 
serve as seed banks in the crown. It has also been that needle length 
may have some connection with fire periodicity Another 
ble factor is the great variation in seed and 
ferent forms adapted to different 

Schopmeyer summarized 
characteristics within this region. -r'~A'-' 

southern and eastern parts of b~'J",'~FU 
northern forms, are related to ,"lUU<l"I.<, 

dve pressure from 
Few have been made to determine the of association among 

suites of traits or how traits have been selected 
A of many North American conifers revealed 
that colonizers (induding have seeds and shorter life spans than 
non-colonizing (climax) conifers. This divergence in associated traits was 
hypothesizcd to have resulted from competition for under the forest 
canopy; disturbance factors were not considered in this From an 
analysis of 20 Strauss and (1985) reasoned that relative 
investment among different plant parts is fundamental to life history evolu-
tion of pines, and that the allocation pattern established very sets the 
stage for ultimate form at maturity. In that study, two species 
groups were identified: one exhibiting relatively large investment in foliage, 
small size at maturity, small seeds, low tolerance of competition, early 
reproduction, and short life, the other exhibiting opposite trends in those traits 
plus a pronounced investment in structural and conductive organs, roots, and 
main stems. Although Strauss and Ledig did not consider environmental fac
tors that may have selected for these groups in their analyses, they did point 
out the necessity of incorporating stresses into evolutionary theory. 
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Another pertinent paper dealing with 34 North American pines (McCune 
1988) further partitioned species accqrding to five adaptive modes. Based on 
that trait analysis, species indigenous to the Southeast were assigned to these 
ecological groups: fire-resistant-longleaf pine; robust mesophytic-eastern 
white pine; fire-resilient-sand, spruce, table mountain, pitch, pond, and 
Virginia pines; and southern mesophytic-shortleaf, loblolly, and slash pines 
(varieties combined). However, of the variables used in McCune's analyses, 
the only environmental factor actually tested was relative soil moisture of usual 
site, the rest being measures of various pine traits. 

Trait Analysis 

Interactions Among Pine Traits 

Trends among southeastern pine characteristics suggest trait clusters that 
interact in complexes with other clusters (Thbles 2 and 3). The major com
plex (A) is comprised of (1) reproduction-involving capacity (seed and cone 
sizes), spatial (dispersal) pattern governed by seed weight, and t~mporal out
put (mast interval, age at seeding); (2) maturity (tree height, longevity); (3) 
stability (taproot, wood density); and (4) needle length. Also linked into this 
complex is bark thickness by association with maturity traits. Similarly, seed 
germination is strongly related only to age at sexual maturity. 

A second complex (B) centers around crown form. This index is positively 
correlated with retention time of both foliage and spent cones. Cone reten
tion relates positively with serotiny (as one might expect) while both correlate 
positively with the sprouting index. Thken together,_ lingering expendable parts 

Table 2. Selected traits of southeastern pine species (see Methods for sources). 
)----------------------------~--~----------------~~~ PINE SPROUT-

SPECIES 

Longleaf 

S. Fla. Slash 

Slash 

Shortleaf 

Pond 

Pitch 

San\! 

Thble Mountain 

Virginia 

Loblolly 

Spruce 

E. White 

SEED CONE ING 

Mast 
WT. Dispersal Interval '7. Volume Persist. 
(mg) Index (yr) Germination (cc) (yr) Serotiny Index 

93 

30 

34 

10 

6 

13 

25 

10 

17 

31 

22 

19 

15 

10 

12 

11 

12 

17 

12 

21 

4 

3.5 

1.5 

2.5 

4 

2 

4 

95 

85 

87 

90 

73 

68 

83 

60 

78 

90 

98 

97 

68 

509 

116 

93 

13 

57 

41 

56 

144 

16 

94 

II 

74 

1.5 0 0 

1.5 0 0 

1.5 0 0 

3.5 0 .5 

10+ 

II .5 

10+ 0 

19 .4 

6.8 .2 .2 

0 0 

2 0 0 

2 0 0 



plus redevelopment of damaged limbs seem to add to a much-divided branch 
system in maintaining packed crowns. 

Shade tolerance, a major element in competition, is a nebulous term because 
its constituents are not well defined. The tolerance index was strongly cor
related with growth pattern for young trees, which also is difficult to quantify 
because of multiple development phases or differential growth spans amo,ng 
species. These two traits were not significantly correlated with any others, 
but a weak relationship was indicated in comparisons of growth index with 
mature height (P=.091) as well as with seed germination (P=.093). 

A trend reversal is apparent between trait complexes B and A. Also, cone 
retention and serotiny were negatively correlated with maturity traits, while 
tolerance/growth indices showed negative association with stability traits. 
Overall, a dichotomy is suggested between large reproductive units (and 
perhaps better germination), long but sparse foliage, stability, and mature 
form (tree size, longevity) versus output of numerous, small, far-dispersing 
seeds and maintenance of dense crowns. This two-group separation is in 
general agreement with that identified by Strauss and Ledig (1985); using a 
larger sample of pine species, they also noted a stronger link between the latter 
trait group and tolerance. A dichotomy of this sort has often been interpreted 
as indicating population persistence (via k selection) in an equilibrium or 
"declining" state versus ephemeral colonization (via r selection) in an expand
ing state (see Caswell 1982, Loehle 1988). It might also be inferred from trends 
that adult plant survival increases as probability of seedling establishment 
decreases. Linkage between prolific seeding and dense crowns further sug
gests that strongly colonizing pines, once established, tend to laterally 

CROWN TAP· SHADE 
FOLIAGE FORM BARK WOOD ROOT TOL. GROWTH MATURITY 

Min. Age 

Length Persist. Thickness Spec. Seeding Lnngevlty Height 

(em) (yr) Index (em) Grav. Index Index Index (yr) (yr) (m) 

32 2 2.3 .57 0 20 225 31 

25 2 2.6 .62 .7 14 200 17 

22 2 1.5 2.8 .54 2.3 2.3 10 200 27 

JO 1.7 2.3 .52 2.5 2 2.7 JO 235 27 

17 3.5 2 2.0 .49 2 .7 1.5 4 87 17 

10 2.5 2 2.9 .47 1.5 1.5 150 18 

3.5 1.1 .46 1.5 1.7 70 JO 

6 2.5 1.7 .47 1.5 1.5 1.7 80 II 

3.5 1.0 .45 1.0 1.5 2.5 150 II 

18 3 2 2.9 .47 0.5 2.5 3.5 9 I7S 30 

6 2.5 2.5 1.6 .41 0 3.5 JO 113 26 

JO 2.5 2.5 3.8 .34 0.5 3.5 3.5 9 250 38 
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Table 3. Correlation coefficients (r) among pine traits (Table 2) and between pine 
traits and environmental variables (Table 1) •. 

MATURITY 

Min. Age 
Height Longevity . Seeding 

GROWTH TOL. 

(m) (yr) (yr) Index Index 

SEED: 
Wt. (mg) 
Dispersal Index 
Mast interval (yr) 
OJo Germination 

CONE: 
Volume 
Persist. (yr) 
Serotiny 

Sprouting index 

FOLIAGE: 
Length (em) 
Persist. (yr) 

Crown form index 

Bark thickness. (em) 

Wood spec. gray. 

Taproot index 

Shade tol. index 

Growth index 

MATURITY: 

.44 
'.66 
'.62 
'.76 

.28 
'-.72 
'-.72 

-.33 

.38 
-.44 

-.44 

'.75 

-.18 

-.12 

.46 

.51 

.48 
'.79 
'.76 
'.60 

.29 
'-.73 
'-.83 

-.31 

.48 
-.51 

'-.62 

'.70 

.19 

.29 

.15 

.20 

Min. Age Seeding (yr) .56 '.64 
Longevity (yr) '.76 

Fire Frequency 
Site quality 
Soil texture 

* P :s; .05 

.18 
'.93 
*.64 

.46 
'.60 
.49 

'.87 
'.90 

'.84 
'.67 

*~,74 

'-.70 
*-.66 

*-.58 

'.76 
*-.65 

'-.73 

.51 

046 

-.20 

-.14 

'.80 
.43 
.28 

-.33 
-.15 
-.21 

.51 

-048 
-.39 
-043 

-.38 

-AI 
.15 

.35 

.21 

'-.65 

'-.73 

'.94 

'-.62 
*.71 
'.82 

-.43 
-.20 
-.30 

.44 

-.54 
-.27 
-.32 

-.38 

-.50 
.06 

043 

.28 

'-.72 

'-.74 

*-.67 
'.67 
'.73 

ROOf WOOD BARK FORM 

Index 

.52 

.45 

.43 
-.12 

.50 
-.06 
-.00 

.13 

'.67 
-.34 

*-.71 

.04 

*.88 

'.85 
-.38 
-.53 

Spec. Thickness 
GIlIV. (em) Index 

.52 

.42 

.40 
-.08 

.44 
-.17 
-.13 

-.01 

'.73 
-.39 

-.76 

-.05 

'.82 
-.31 
-.46 

.22 

.54 

.50 

.30 

.11 
-.42 
-.47 

-.01 

.39 
-.53 

-.49 

.15 
*.67 

.22 

*-.67 
*-.75 
*-.71 
-.34 

-.50 
'.59 

.52 

.05 

*-.90 
*.62 

'.85 
-.27 

.14 

capture space down to the forest floor. However, a near continuum of some 
traits and important inconsistencies in the two-group prediction indicate the 
foregoing interpretations are too simplistic. The significance of different trait 
combinations becomes apparent only when viewed in the context of 
environmental factors. 

Associations Among Traits and Environmental Factors 

Regression analyses of soil moisture and acidity against pine traits (Table 
3) revealed no significant correlations. Relationships were evident between 
certain traits and site quality; most of these were influenced by soil texture. 
Site index was correlated positively with seed germination; bark thickness, 
shade tolerance, growth, longevity, and height at maturity, and negatively with 
cone persistence and serotiny and sprouting tendency. It appears that certain 
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Persist. 
(yr) 

, 
* 

-.60 
-.71 
-.55 
-.25 

-.50 
.35 
.50 

.32 

-.56 

'.60 
-.40 
-.01 

Length 
(em) 

* .84 
... . 81 

* .76 
.31 

*.73 
-.51 
-.37 

-.21 

.... 87 

.19 
-.15 

SPROUT· 

Index Serotiny 

-.39 -.41 
-.44 '-.68 
-.30 '-.61 

* -.67 *-76 

-.26 -.15 
.57 *.89 
.52 

-.16 -.33 
-.44 *-.73 

*-.64 . -.68 

Persist. 
(yr) 

-.43 , -.64 
-.56 

* -.90 

-.16 

-.38 
*-.72 
*-.61 

Volume 
(cc) 

'.95 
'.76 
... . 80 

.19 

'" .77 
.04 

-.06 

"I, 
Germination 

.39 

.54 

.48 

22 
.... 78 
.... 74 

SEED 

Interval 
(yr) 

'.88 
*.95 

".74 
.40 
.26 

Dispersal 
Index 

'.88 

'.78 
.47 
.26 

WT. 
(mg) 

'.84 
.23 
.09 

traits important in competitive posture of pines (establishment, persistence, 
protection) tend to increase with site richness. In contrast, traits that suggest 
nutrient conservation and recovery from disturbance tend to be expressed more 
on the low end of the site quality gradient. 

Most pine traits change significantly along the fire gradient. As burn fre
quency increases, reproductive packages (seeds, cones) enlarge while disper
sal becomes more localized and reproductive events are spread more over time 
(delayed seeding, less frequent masting). Concurrently, needles become longer 
but foliage retention time decreases, as does emphasis on crown density. 
Paralleling these trends .are stronger investments in stability (wood density, 
taproot) rather than in traits indicative oLa highly competitive posture (shade 
tolerance, juvenile growth). 

The nature of traits which increase with burn frequency might suggest a 
trend towards populations of persistent as opposed to fugitive pines. The fire 
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relationship, however, is clearly not one that simply moves species toward one 
group or the other. Great height, long life, and massive bark are generally 
considered important in pine persistence, yet neither falls linearly with fire 
regime (Le., they occur in some pines of protected habitats as well as fire
frequented habitats). Neither is there a linear relationship between periodi
city and cone retention/serotiny or sprouting; this might be expected because 
expression of these traits is essentially all-or-nothing. .. . 

Part of the reason perioclicity appears so influential is that· it relates in
verse'ly to intensity which· surely is a selective force. Any such gradient scale 
would be problematic because longer intervals entail greater intensity (building 
fuel loads); it appears that thresholds are reached where some previously unim
portant traits suddenly become magnified, then lose emphasis altogether as 
fire return becomes too rare to have much direct selective importance. Also, 
the disturbance regime could interact in some cases with site variables. The 
most feasible way, then, to decipher adaptive strategies would be to examine 
environmental factors together in light of perceived trait functions. 

Selection and Function of Pine Traits 

Climatic influences are thought to be major determinants of selection for 
life history traits of North American trees. Many traits appear to react as 
if they were inextricably linked together, in that any great emphasis in one 
may cause a trade-off involving another. Longevity, for example, is thought 
to be influenced by strong investment in defense against wood pathogens in 
warm-humid climates or in reproduction which can be influenced by climate 
(Loehle 1988). Very long life spans of conifers are possible in certain rela
tively stable environments. Examples include (1) exceptionally favorable sites 
where energetic costs of defenses are low (relative to resource availability) while 
prolonged tree growth helps overcome pathogens and (2) sites that are suf~ 
ficiently stressful for pathogens to be of minimal consequence and are fire-free 
due to absence of ground fuel (e.g., certain extremely dry and/or cold habitats) 
(see Schulman 1954, Waring and Franklin 1979, Loehle 1988). 

Forest environments in the Southeast are quite variable due to distinct 
seasonality, unstable air masses, alternating dry and wet periods, complex 
disturbance patterns, and variance in topography and soils. Life span of pine 
species in this region can vary from moderately long to short, perhaps due 
largely to selective influences associated with disturbances. Although distur
bance potential clearly hinges on regional weather patterns the actual regime 
is strongly influenced by local site characteristics. Fire frequency varies among 
different pine sites with degree of topographic exposure and soil drying dur
ing the growing season. Wind effects also may vary with site-fire interactions. 
Landscape continuity with dry sites favors habitats that are kept open by fre
quent fire which facilitates air movement; dry breezes, in turn, cause flames 
to spread. On the other hand, some crowded sites are afforded protection 
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for long periods by low, moist conditions or by adjacent barriers. Powerful 
winds (e.g., tropical storms) in some coastal areas superimpose an uncom
mon form of disturbance that may uniquely influence certain features of trees 
growing in various settings. The frequency at which space becomes open or 
site surfaces become suitable for regeneration also varies with return time of 
disturbances. Thus, it might appear that coincidental or interacting factors 
(site, fire, and wind) caused certain pine characteristics to change in aggregate, 
even though modification of individual traits resulted primarily from only 
one environmental component. 

Reproductive Traits 

Seed size has been hypothesized to be related to degree of uncertainty in 
the seedling environment (Harper 1977, Stearns and Crandall 1981): Among 
southeastern pines, species with larger, short-dispersing seeds thrive in habitats' 
regularly swept by fire; they also exhibit delayed sexual maturity coupled with 
infrequent or variable masting. Indications are that prepared seed beds are 
common, so pressure for reproductive readiness is not great, but uncertain 
outcomes may favor large seeds which yield robust seedlings. Periodic invest
ment in a few, robust recruits that become established locally is compatible 
with persistent populations aided by relatively frequent combustion (savannah 
and to a lesser extent transition pines). Prolonged seed viability may be ex
pressed in the transition pines, as evidenced by high germination percentages 
after 35 years in storage (see Schopmeyer 1974). Heavy investment in reproduc
tive readiness is apparent in species with very small seeds, wide dispersal, early 
maturity, serotinous cones, and frequent masting, but investment per recruit
ment chance (seedling) is quite small. Poor seed germination probably mir
rors division of available nutrients into numerous small parcels. This 
"shotgun" mode is suited for poor sites that seldom open by catastrophic 
fire, typically not before seed banks are restored in subsequent crowns. 

Species with serotinous cones are polymorphic for this trait. Individuals 
with open cones may provide a second line of reproduction important in col
onizing openings such as those created by lightning strikes, land slides, wind
storms, or pest attacks. The open-cone morph probably has proliferated on 
artificially cleared sites while serotiny has been severely reduced through fire 
suppression in the Southeast. The natural frequency of the two morphs is 
unknown. 

Spruce pine has small far-dispersing seeds and frequent masting, but cone 
serotiny is not a possible avenue (near absence of fire) and early maturity 
is not expressed. This mode may be related to the dependence on infrequent 
major wind stOrms. In comparison, seed traits of loblolly and white pines 
are about average in size and rather locally dispersed, and have longer mast 
intervals. Together, these differences suggest designs to exploit habitats where 
the pressure for reproductive readiness is less. However, all three mesic species 
are similar in having somewhat delayed maturity. 
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Most cone characteristics other than serotiny are not clearly influenced by 
disturbances. Cone size is highly correlated with seed size (Table 3): Long 
persistence of spent cones may be related to nutrient constraints on poor sites 
(e.g. gradual nutrient recovery from cones before they fall?). If so, then there 
may have been a link between nutrient conservation· and development of 
serotiny which efficiently conserves scarce nutrients as well as synchronizes 
seed release with site opening. Another possibility is that retention of spent 
cones is a component of fuel retention (see section on vegetative traits and 
resins). Some other cone characteristics apparently involve resistance to 
damage by seed predators. Seeds of longleaf and slash pines are relished by 
fox squirrels (Sciurus niger), and the unusually large body size of southern 
forms of this mammal may have evolved to efficiently handle large pine cones 
(Weigl et al. 1989). In turn, the very small proportion of cones that seeds 
of these pines occupy (see Schopmeyer 1974) indicate increased protection 
by encasing seeds in more woody (unpalatable) material. Similarly, the large, 
spiny cones of table mountain pine may partially deter the red squirrel 
(Tamiasciurus carolinensis) (Zobel 1969). Fairly large, spiny cones of loblolly 
pine likely have a similar function in contending with rodents such as gray 
squirrels (Sciurus carolinensis). It appears that large seeds (greater nutrient 
investment) may warrant specialized cone defenses in southeastern pines. 

Wood,.Roots and Bark 

Differential investment in these traits among pine species supports the con
tention of Strauss and Ledig (1985) that allocation patterns begun early in 
life set the stage for ultimate form. As fire frequency increases, habitats become 
characteristically more open and, likely, winds weeping increases accordingly. 
Paralleling these environmental changes are general increases in wood den
sity (an indicator of strength) together with taproot development (related to 
wind firmness). A trade-off may be involved in selection for these linked traits 
versus early height growth. Savannah pine seedlings maximize taproot and 
minimize early height growth while the reverse is true of mesic pines. Similarly, 
wood density increases with age in the former while trees produce mostly low
density wood throughout life in the latter class. An interesting variant occurs 
in loblolly pine (a modified "pipe-style" construction) involving low-density 
wood deposited in the upper crown followed by successive denser layers after 
the first 5-7 rings (Loehle 1988). Taproots and strong wood are less essential 
in mesic habitats where crowded trees provide windbreaks as well as support 
for each other during normal wind bouts. These factors coupled with less 
exposure afforded by low sites mean that efficient lateral root systems and 
light wood are best suited to mesic pines. Trait sorting among other pine species 
positioned between the two extremes (mesic versus grassland pines) suggests 
that, due to trade-offs, compromises may be necessary with intermediate 
disturbance regimes. 

Variation in bark is less clearly related to. changes in environmental 
influences. Bark dimensions are probably inadequate for testing relationships 
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with fire regime. For example, in savannah pines, layers of outer bark are fre
quently burned away or exfoliated during ~ombustion (expelling heat from 
the trunk), so massive bark does not accumulate over time. Average 
measurements for some other pines may be equally deceptive. Loblolly pine 
bark does thicken with age, but thickening ridges are separated by wide fur
rows in which the bark is quite thin, especially on trees growing on typical 
moist-fertile sites (pers. observ.). Large white pines eventually have thick bark, 
but it is very thin during the juvenile stages. Gradual bark accumulation, coin
cidental with increasing tree size, occurs in many tree species (including hard
woods) that are not members of pyric communities, and this allows such 
species to invade fire-type forest areas where man has diminished the fire 
regime (Harmon 1984). Therefore, more clues to natural selection may reside 
with the timing of bark deposition and the constituents of protective material. 

The grass-stage seedlings of savannah pines are unique in developing a 
ground-line callus of bark at the same time the carrot-like taproot is form
ing. After trees exit the grass stage, large plates of laminated bark develop. 
Fahnestock and Hare (1964) found that temperatures during fires were much 
lower in the narrow fissures between plates of longleaf pine bark; they fur
ther suggested that this type of fissure offsets the effect of thinner bark by 
reducing heat intensity during burns. Hare (1965) found that species differences 
in bark thickness and insulative efficiency account for difference in time re
quired for flames to kill tree cambium; he found that a small increase in bark 
thickness may provide a great amount of protection, but under very thick 
bark the cambium temperatures remained above the lethal point for some 
time after flame passage. Reifsnyder et al. (1967) determined that modula
tion of heat transfer to the cambium depends on thermal and physical prop
erties of the bark. In tests of three pine species they found bark density of 
longleaf to be slightly greater than shortleaf, and that parameter for the two 
southern pines was greater than in red pine (P. resinosa); the two southern 
species also exhibited greater thermal conductivity and diffusivity of heat. 

Howard (1971) concluded that thermal insulation results from the cOl;nbined 
extent of expanded parenchyma in the old phloem plus expanded phelloderm 
and thiri~walled cork cells in the periderm; these components were found to 
vary among southern pines. All three insulative characteristics are clearly pro
nounced in longleaf and slash pine varieties. Shortleaf pine exhibits pro
nounced expression of the first two traits, is quite variable in the third, and 
is unique in having numerous resin pits in the outer bark. Expanded 
parenchyma is well expressed in shrubland pines, while both periderm com
ponents are only weakly expressed. The thin-barked sand and Virginia pines 
have tight, fibrous-brittle bark rather than the expanded phelloderm type, 
while thin-walled cork cells occur in variable proportions; conversely, table 
mountain pine exhibits typical proportions in the first two traits, but variable 
proportions of protective cork cells. Characteristics of outer bark do not in
dicate strong selection for fire resistance in mesic pines. Howard (1971) . ~ 
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described loblolly pine as having typical expansive parenchyma characteristics, 
but inconspicuous phellogen and relatively small proportions of thin-walled 
cork cells in the periderm. Barks of spruce and white pines are thin and 
greenish-gray (possibly photosynthetic) for several years, later changing to 
small irregular blocks with outwardly-curved edges and a brittle texture similar 
in outward appearance to the sand-Virginia pine type; curved periderm edges 
are banded by sclerified stone cells which interlock and may function to add 
strength (Howard 1971). 

It appears that fire resistance, ~ influenced by outer bark, is a complex 
matter involving adequate thickness, time of deposition, and composition. 
However, all factors taken in combination suggest a general decrease of em
phasis on thermal insulation as fire frequency decreases. This trend is likely 
influenced by insulation becoming unfeasible and thus deemphasized in species 
adapted to extremely intense fire (xeric hill pines), given other energetic 
demands, and by deemphasis in pines of mesic habitats where fire has had 
minimal influence. 

Vegetative Traits and Resins 

Among the fire-influenced pines, crowns tend to become more compact 
while expendable parts (foliage, spent cones, lower limbs) are retained longer 
as the fire regime shifts from frequent-mild to uncommon-catastrophic. Con
currently, needle length generally decreases in this same direction. Other foliage 
characteristics may change similarly. For example, the median number of resin 
canals per needle is about 6-7 for savannah pines, 4 for typical slash, 3 for 
shortleaf, and 2 for sand, spruce, loblolly and white pines (see Harlow and 
Harrar 1958, Ward 1963, Squillace 1966). Variations in resinous compounds 
within the tree changes similarly among pine species. The prolific gum pro
duction by longleaf and slash pines has been the basis for naval store industries 
in the South. In these species the centers of older trees gradually become filled 
with resin both in the primary root mass and far up the bole. Resin-soaking 
occurs mainly in the lower trunk and larger roots of such species as shortleaf 
pine and is usually even more reduced or absent in other r>ines of the 
Southeast. Although concentration of resinous compounds has been attributed 
fully to defense against wood pathogens (see Loehle 1988), the facts that resins 
(1) vary appreciably in degree of concentration among different pine species 
in the same region and (2) are highly flammable suggest that another en
vironmental factor may be involved as well. 

It has been suggested that fire-dependent habitats burn more readily than 
others because indigenous plants bring to the community certain traits that 
make them more flammable (Chapman 1944, Mount 1964, Jackson 1968, 
Mutch 1970). If this contention holds, then fire-facilitating traits should 
be especially apparent in grassland pines in contrast to species of habitats 
where fire is much rarer. Changes in certain traits among species suggest this 
to be the case. 
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Savannah Pines. Increasing the frequent coverage of fire would provide crucial 
advantages to savannah pines as well as to key associates such as wiregrass. 
Combustion is the primary means of nutrient cycling. Pine regeneration would 
be enhanced because the large winged seeds cannot effectively penetrate dense 
groundcover; seeds must have nearly bare soil for effective germination. Burn
ing of foliage tufts around seedlings reduces nearby competitors plus removes 
the pines' most serious disease (brown spot, Scirrhia acicu/a) and its litter 
environment in the process. Subsequent fires are advantageous in releasing 
juveniles from the arrested "grass" stage. Increasing the fire frequency dur
ing the growing season enhances wiregrass colonization by opening space 
within competing vegetation (Rebertus 1980) while triggering seed produc
tion at appropriate times (Clewell 1981); frequent combustion would be ad
vantageous to this and similar C4 forest grasses which have efficient energy 
conversion at high light intensities. Adult pines are the lightning receptors 
a& well as the pyrogenic basis of locally intense fire (incendiary litter) that 
diminishes hardwoods beneath and well beyond pine crowns, while bunch 
grasses (especially wiregrass) provide well-spaced fuel clumps that relay flames 
evenly in the habitat. Literally hundreds of other savannah plants are depen
dent upon recurring fires even though most of them add less to fuel or 
flammability. 

Trait modification would logically be'involved in selection for greater flam
mability in keystone plant species. Warm-season grasses are efficient at utilizing 
nitrogen and water in producing dry matter and have a competitive advan
tage over cool-season grasses, especially on the dryer sites (Waller and Lewis 
1979). Air spaces in the large epidermal and bundle sheath cells, together with 
areal growth form, likely add to flammability of many of these grasses (W. J. 
Platt, pers. comm.). Wiregrass and closely associated bunch grasses also have 
long, straw-thin blades with enrolled or folded margins that shed water and 
burn quickly when green, even after a soaking rain. Following a spring-early 
summer fire, they first put much energy into reproductive parts, then into 
vegetation during the next growing season; thereafter the sprawling clusters 
tightly retain dead leaves which add greatly to the fuel complex. 

Platt et al. (1988) proposed that longleaf pine maintains an open habitat 
soitable for its regeneration by converting lightning strikes into far-ranging 
surface fires for which it is adapted but which prevent other tree species from 
colonizing openings. Concerning the actual mechanism for fire facilitation, 
this explanation is proposed: savannah pines of the southeastern Coastal Plain 
are adapted to promote ignition (via lightning attraction and burning of heart
wood) and spread of fire (via long highly combustible needles) through pro
liferation of a defensive agent (resin) that is highly flammable. This process 
may be viewed as an extension of generalized function of defense or even 
a transformation into an offensive mode in that it also greatly diminishes 
competing tree species. 

Evidence of selection for fire facilitation rests in characteristics of certain 
traits. Estimates of presettlement fire regimes in southeastern savannahs are 
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generally greater in frequency ( > 2 per decade) than estimates for other North 
American conifer habitats. Savannah pines have longer, more resin-filled 
needles than other southeastern pines and most other North American con
ifers; their needle retention time is also exceptionally short, snaddition of 
well-aerated fuel to the ground litter occurs in frequent pulses. After maturity, 
a resin core forms through most of the l?ole that is encased by a cylinder of 
much less defended sapwood. This process occurs long after lower limbs have 
been shed and the limb sites are grown over, so there is no apparent associa
tion between elevated resin soaking and possible entry of pathogens through 
the bole exterior. Impregnated compounds are permanently stored. As trees 
enlarge,resin soaking advances up the bole and cone production increases. 
The probability of lightning strike also increases with size and age, and 
savannah pines are well noted for frequent strikes. Taylor (1974) summarized 
evidence that ignition by lightning entails the strike's volatilization and igni
tion of extractives and tree particles followed by transfer of a generated flarpe 
to vegetation fuel sources; he further suggested a link between natural ignition 
and certain traits (extractive type and amount, bark characteristics) in explain
ing the consistent differences in fire occurrence between regional types of con
iferous forests. There are also observations that standing resin-filled boles are 
struck even more often after death, and may burn for days, igniting vegeta
tion when burning conditions become more favorable (see Heinselman 1973, 
Wade 1983, Platt et al. 1988). 

Another essential part of this hypothesis is that genetic mechanisms for 
improved fitness must be considered. Platt et al. (1988) proposed that, for 
longleaf, kin selection might be involved through closely-related aggregates 
in a cohort within which individuals might be struck by lightning, but close. 
relatives survive and leave offspring which have greater opportunity to colonize 
openings nearby. 

Aside from defense against various pathogens and woody competitors, 
facilitation of frequent mild fires has the advantages of not having to invest 
in shade tolerance, stringently competitive growth, frequent masting or 
recovery by post-fire sprouting. Production of compounds such as resins may 
entail about twice the energy as wood production (see Loehle 1988). Since 
resins are carbon-based they probably are far less energetically expensive than 
nitrogenous defensive compounds found in some other trees. During presettle
ment times, these species-rich habitats were likely among the most stable of 
the region, and savannah pines the most persistent of upland tree species. 
Considering lightning-set fire as a component of long-term climatic pattern, 
Chapman (1932) classified the longleaf pine type as a climax, having the 
greatest extent and most permanent characteristics of any climax inthe United 
States. 

Thansition Pines. Although populations of these species may have shifted 
within dynamic transition bands, several factors probably tended to stabilize 
the zone of occupancy. Traits of crowns and needles (length, resin canals, 
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persistence time) do not indicate as strong fire facilitation as in savannah pines. 
Many fires in the Coastal Plain likely arose in "high pine" forests. However, 
fires are commonly initiated by lightning strikes of slash pines (Wade 1983). 
In shortleaf pine habitat, some natural fires in the Coastal Plain and most 
fires in higher provinces (wherever this pine was the primary conifer) prob
ably began with lightning strikes of mature shortleaf pines. 

Recovery after fire is often enhanced in shortleaf by a palisade of persis
tent sprouts surrounding a central shoot, an unusual trait in this genus. This 
trait seems to be most prevalent in individuals of the southern part of the 
range (pers. observ.). The process involves bud release at the root collar or 
along a root curve near the soil surface. Sprouting potential begins in well
established juveniles (a few years old) and lasts for about 8-12 years (Chap
man 1942, Harlow and Harrar 1958). Many genetic individuals thus have more 
than one chance to advance post fire into the more protected sapling stage. 
This trait suggests the prevalence of moderately intense fires as a selection 
component, possibly related to increased fuel loads present during typical 
regeneration opportunities. 

Site characteristics also influenced disturbance regimes. Habitat locations 
may be classified as semi protected because of impediments to consistent en
try of fire. Seasonally wet depressions in savannahs and drainageway edges 
apparently cut the fire frequency by about two-thirds, well below the frequency 
associated with savannah pines but well-suited for slash pine adaptation where 
hardwoods were periodically diminished. Similarly, diffused fire entry 
associated with an abrupt downturn to low hardwood forests created a set
ting for shortleaf pine in parts of the upper Coastal Plain, while greatly 
dissected terrain provided many suitable dry slopes in higher adjacent 
provinces. 

Southern hardwood trees likely had a substantial effect on fire behavior 
in original transition forests. Because broadleaf litter tends to dampen 
the effects of fire,. so loose association with hardwoods may actually enhance 
pine survival to some extent (Baker 1950); this factor could be important in 
decreasing the intensity of fire associated with encroaching shrubs, some of 
which are quite flammable. Certain other biotic influences have the opposite 
effect. For example, slash pine is quite vulnerable to stem rust (Cronartium 
jusiforme) and root rot (Fomes annosus), and shortleaf pine is particularly 
susceptible to bark beetles (e.g. Dendroctonusjrontalis) and little leaf disease 
(Phytophora cinnamoml). Epidemics have been known to cause sudden 
deposition of debris which greatly increases the probability of intense fire 
(see Harmon 1984, USDA 1986). Thoroughly burned forest openings may 
have once been important regeneration sites for these species. 

The adaptive strategy of transition pines may be characterized by com
promise. Maximum investment in traits that would facilitate fire does not oc
cur. Such emphasis would not be rewarded given that very frequent entry of 
fire is rendered unlikely by uneven topography. Intervals of several years 
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between burns on moderate sites mean that shrub-hardwood regrowth is very 
likely. Although hardwoods may be somewhat beneficial to pines by reduc
ing heat intensity when fire returns, they pose serious competition that is ap
parently countered by dual selection for (1) partial shade tolerance coupled 
with rapid growth and (2) vegetative traits that enhance fire coverage in the 
pine vicinity plus early accumulation of insulative bark. 

Shrubland Pines. The most unusual characteristic of pitch and pond pines 
is the ability to resprout prolifically as young juveniles and for decades 
thereafter, probably throughout most of life .. Persistent shoots arise at the 
base or along the main stem and some can resume seed production as early 
as 4 years after fire (Fowells 1965). This resilience alternative is particularly 
suited to extremely acidic sites with variable. moisture where complete pine 
dominance is unlikely. 

Other vegetative· traits do not indicate strong selection for spreading fire 
widely, but needle characteristics suggest that fuel additions around pines func
tion to increase point heat coverage and intensity. In shrub-dominated ex
panses with infrequent-intense fire regimes, investment in post-fire recovery 
and persistence of veteran trees seem to have received selective emphasis. 

Xeric Hill Pines. In these pines, the abundant short needles are held for a 
number of years before falling; old needles drop gradually throughout the 
year and they lay flat on the ground like a mat that tends to hold moisture. 
Fungi and lichens are often abundant beneath solid tree stands (pers. observ.). 
Overly dense crowns coupled with compressed litter tend to smother en
crmlching vegetation, thus suppressing fuel build-ups. Subcanopy vegetation 
is also suppressed by xeric site conditions. The tendency for fires to stall out 
as they burn into such communities suggests an apyrogenic strategy. However, 
as pines mature, they progressively build up large loads of persistent fine fuels 
in the crowns. High fuel load and' high stand density foster catastrophic fire, 
especially when stands become decadent. Once started, fire travels so 
thoroughly through the tightly-packed crowns that above-ground vegetation 
is commonly destroyed. Since crown burning while the stand still has abun
dant viable seeds for area saturation is advantageous, an important question 
arises: "has the blow-up process been selected as delayed pyrogenicity in in
stant site recapture?" 

Several tree species have been found to completely saturate sites through 
dense, even-aged stands, then at a certain point to break down, dropping large 
amounts of dead organic matter. Examples include lodgepole pine (P. bank
siana), spruce (Picea) and aspen (Populus) (Bloomberg 1950, Vogi 1969). Some 
regularity of flammability, even with communities experiencing long-interval 
fire returns, has been suggested (Mutch 1970). 

Drought, as a prelude to catastrophic fire, plays an important role in the 
maintenance of xeric hill pine stands, but there are few chances for fire dur
ing the life of a stand. The importance of holding back or suppressing fuel 
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accumulation is apparent; the return of fire too soon, before a critical mass 
of seed supplies can be stored, means that the site would be lost. However, 
the advantage of timely burning is equally as apparent for these pines with 
fire-triggered regeneration; there is typically no other substantial pyric vegeta
tion in the vicinity, so in the complete absence of pine crown fires, these species 
would surely be overcome by scrub. Potential sites are also disjunct, so failure 
to recapture a site could mean that the species becomes extirpated locally. 
Since a tightly-packed stand is needed to dominate an area, and since satia
tion with seeds is needed to replace a failing stand, it seems possible that crown 
form (continuous vertical fuel) and delayed fuel dumping have been selected 
to ultimately facilitate crown fires, along with crown-contained seed banks 
for instant turnover in the population. Myers (1985) concluded that the pyric 
properties of the sand pine-scrub community have acted as a feedback favor
ing its long-term stability. Pines which evolved into this reproductive mode 
would be transformed from ephemeral to long~persisting species through suc
cessive cohorts. 

Mesic Pines. Within this group, foliage is moderate in length and variable. 
Needles are thin with low resin content (2 resin canals), and thus are not highly 
flammable. For example, solid white pine litter was noted to be even less flam
mable than when mixed with litter of its hardwood associates (Olson and 
Weyrick 1987). Resin soaking in boles generally does not occur in these pines 
growing on mesic sites. 

Crowns are not of the umbrella-like form as in xeric hill pines that inter
mingle with adjacent pine crowns and severely inhibits lower vegetation. Self
pruning is not as strong a trait in these species as in savannah pines. Instead, 
limbs die stubbornly and often persist at various points where competition 
for sunlight is keenest; limbs in moderate light are maintained while others 
~pand into very open spaces. Unbalanced crowns are thus common in natural 
habitat. Very young seedlings achieve high photosynthetic rates under low 
light intensities, but relatively high light intensities are soon needed (Borman 
1956, Harlow and Harrar 1958, FoweUs 1965). MechanismS in older trees to 
preempt space laterally and vertically probably contribute strongly to shade 
tolerance, which (among southeastern pines) is greatest in this group. 

Growth and Maturity 

Each pine class has a unique growth mode to maturity. Although height 
growth of forest trees may be necessary to elevate the canopy to trap sunlight 
(Stearns and Crandall 1981), sev~ral environmental factors besides competi~ 
tion can influence growth pattern. The savannah pine "grass" stage provides 
protection from frequent ground fires (thick, bark-encased stems) as well as 
an energy base (carrot~1ike taproots) for release into the gangly juvenile stage; 
the decrease in overall growth rate, resulting from the two-stage phase, is not 
a disadvantage given that frequent burns diminish competition. The subse-
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quent pulse growth phase of pines in savannahs with high-frequency, low
intensity fires was described by Christensen (1981) as a central evolutionary 
challenge to grow from a seedling to a sapling stage sufficiently large to avoid 
fire damage. The grass stage may be an advanced development. An alternative 
pathway, which is likely more energetically expensive, has been described for 
chir pine (P. roxburghil) (Greswell1926). That species initiates rapid early 
height growth, but summer fires (recurring about every 3-4 years) repeatedly 
cut back the young growth until underground reserves build sufficiently to 
throw out in the rest period a bark-sheathed shoot above the teach of the 
next fire. The seedling forms of longleaf and South Florida slash pines also 
contrasts sharply with that of other southeastern pines which develop quickly 
from pencil-like stems; Rapid pine growth in transitions seems necessary 
because of periodic hardwood competitIon which tends to increase during 
fire interims, but concurrent bark development during growth is an essential 
defense against periodic fires of moderate intensity. Growth of shrubland pines 
is soon curtailed by sexual maturity, but is renewed in great pulses between 
intense fires. A similar pattern is evident in xeric hill species, except persis
tent post-fire resprouting does not occur. The most rapid vertical and lateral 
growth occurs in pines of mesic sites where keen competition with the more 
shade-tolerant hardwoods appears to have more selective influence than other 
pressures. These paradigms imply that patterns of juvenile. growth are strongly 
influenced by adjustments to the disturbance regime, reproduction and com
petition. Thus, the role of growth shifts according to emphasis on other 
necessities. 

Ultimate tree height also is influenced by many factors. An early hypothesis 
states that the height a tree can reach is ultimately limited by the height to 
which water can be pumped (see Weber 1891). Inherent in the ability to lift 
water are the capacity of the root system to draw on soil moisture and the 
conductivity of the bole. Strauss and Ledig (1985) noted that pine species that 
reach the greatest ultimate height are those that invest most heavily. in roots 
and main stem as seedlings; they also found a negative association between 
mature tree height and investment in foliage within the pines tested. Similar 
relationships are apparent in southeastern pines. Thllest trees exhibit massive 
root development, either in taproots (longleaf and transition pines) or in lateral 
systems (loblolly and White pines). On the other hand, most short tree species 
invest less in underground structures and much more in foliage-small limb 
development such as dense crowns in xeric hill species and prolific post-fire 
sprouting in shrubland species. 

Other factors seem to bear most heavily on longevity. Relatively long life 
span is compatible with several growth modes but seems to hinge upon delayed 
sexual maturity, whereas short life is characteristic of pines with great 
reproductive readiness; however, it cannot be ruled out that heavy foliage
small limb development also subtracts from longevity. It is likely that longevity 
is not selected for per se in southeastern pines, but rather is the outcome of 
degree of investment in other energy-demanding traits. 
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Site quality seems to be another factor which interacts with stresses to in
fluence mature form. A rich site provides premium resources, thus setting 
the stage for keen competition among various tree species, hence favoring 
tall trees. Pines adapted to the better site classes (savannah, transition and 
mesic species) are relatively tall at maturity and long-lived, with two notable 
exceptions: South Florida shish is fairly short, and spruce pine is only average 
in size and is fairly short-lived. A low profile in the latter two species may 
have been selected to evade tropical storm damage which is prevalent in their 
habitats. This disturbance factor is also the most plausible explanation for 
dramatic height differences between South Florida slash pine and longleaf 
pine, as well as the range separation between the two. It is likely that spruce 
pine's potential size and longevity are further limited directly by severe 
blowdowns and indirectly by reproductive readiness necessary to colonize 
storm openings. Conversely, greater height may have been favored as part of 
some species' reproductive modes. Increased height would enhance seed disper
sal. This could be crucial to longleaf pine because of its unusually heavy seeds, 
thus possibly explaining its height growth beyond that apparently needed in 
a frequent, mild-fire environment where competition is minimal. Greater 
height in open forests might also increase lightning attraction. It has been 
suggested (Bromley 1935, Buckner and McCracken 1978) that very extreme 
heights, far above a general canopy, have been selected in white pine and 
yellow-poplar (Liriodendron tulipifera) to ultimately facilitate opening up 
(upon treefall) large regeneration sites within shade-tolerant, climax hardwood 
forests where blowdowns rarely occur. A similar advantage might exist in 
canopy-emergent species in rain forests. 

Very poor sites may severely limit height growth of trees. Among 
southeastern pines there is considerable evidence that the typically short form 
of some species is a reflection of local site quality rather than an end product 
of selected allocation. For example, species of shrub land and xeric hill classes 
growing on better quality sites can attain heights of 23 to 29 m (Harlow and 
Harrarl958, Pardo 1978), comparable to mature heights of transition pines. 

Summary of Adaptive Strategies 

Each southeastern pine species exhibits a unique overall combination of 
traits, probably because each has adapted to subtle differenC'es in habitat
disturbance settings that have occurred within the range of potential sites. 
It is not implied that the environmental patterns, pieced together for preset
tlement times, wholly molded these strategies, only that pine adjustments to 
them depict common threads through longer-term patterns which favored the 
observed developments. 

Savannah pine strategy emphasizes persistence through in-place 
maintenance of multi-aged populations. Strong investment occurs per off
spring and in stability traits. Major investment priority seems to be defend, 
then grow in phases, greatly delay reproduction. Intolerance of shade, early 
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self-pruning (often beginning at about age 10 years), and thin canopies help 
maintain open conditions which enhance a continuous groundcover. Fire is 
promoted by widely-spaced, resinous trees (combustible lightning receptors 
that increase the number of incendiary events) plus frequent addition of long 
resinous needles to grasses that also burn readily. Wide separation of plant 
strata together with regular removal of the litter tend to decrease the prob
ability of very intense fire. These pines typically recover even after 100070 
defoliation due to risin~ heat. Evidence suggests that increased flammability 
has been selected as a homeostatic process, strongly favoring savannah pine 
population maintenance over competing tree species. Climatic periods with 
frequent lightning under humid conditions likely favored these and many other 
fire-dependent plants with traits that tend to increase probability of 
appropriate fire regimes. 

1tansition pine strategy involves several compromises. These species thrive 
where very close-interval fire return is somewhat impeded and hardwood ex
Pllnsion can occur during the interims. This setting likely accounts for trade
off between flammability and semi tolerance as well as the major investment . 
order of grow rapidly and defend simultaneously, delay reproduction 
somewhat. Fairly great investment is indicated for offspring establishment 
and ultimate stability traits (wood density, taproot). Rather localized seed 
dispersal also is apparent. Pressure for frequent seed output may also be re
lieved by prolonged seed viability. Population structure of old-growth stands 
may be multiaged or include sizable even-age units attributable to regenera
tion after intense burns, possibly associated with pest attacks in some cases. 
Original stands probably varied in composition and location within indistinct 
transition settings where fire coverage was typically incomplete. 

The mode of shrub land pines is one of resilience in a harsh environment. 
Acidic soils with variable moisture regimes favor mantles of shrubs which 
burn intensely, but only occasionally during dry periods. Investment priority 
is grow rapidly but briefly, reproduce early, recover vegetatively between fires. 
Seed dispersal is extensive. Less emphasis is placed on investment per off
spring, tolerance, or total seed output per reproductive event (even though 
mast intervals are short). Central to this mode is a split emphasis between 
repeated recovery of established trees by sprouting and early cone produc
tion, both of which probably reduce longevity. However, populations of 
veterans and juveniles persist over some vast areas or in narrow zones, often 
at such low density that they could hardly be called stands. Moderate invest
ment seems to occur in local fire spread which is probably essential in creating 
space within shrubbery. 

pines of xeric hills have a great capacity to saturate sites. This mode is com
prised of explosive reproduction coupled with very dense crowns (numerous 
short but persistent needles, much-divided branches). Seed designs indicate 
emphasis on dispersal rather than investment per offspring. The order of major 
investment priority is grow briefly and densely, maximize reproduction, reduce 
defense (bark insulation is especially deemphasized). These species do not 
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have high tolerance of shade, but they do tolerate intermingling of branch 
extremities among neighboring pines. Great reproductive output probably ac
counts for relatively short life spans. The key factor in population persistence 
on a given site is the timely return of fire which opens space and triggers 
regeneration simultaneously. Potential fire return comes only a few times 
(drought events) during a life span. Arid site conditions, moisture demands 
of the pine stand, and intense shading tend to exclude lesser plants (fuel) and 
thus further delay fire entry. However, continuous vertical distribution of fuel, 
especially when coupled with synchronous breakdown of trees, leads to return 
of intense fire. The possibility exists that this is a selected process, transform
ing these pines from fugitive to persistent species which tend to hold the same 
sites generation after generation. I 

Mesophytic pines have qualities that allow them to preempt space on 
favorable sites. Investment priority is maximize growth, delay reproduction 
somewhat, reduce defense. Also deemphasized are wood density and taproot 
development, suggesting that wind resistance has not been a driving force 
in their selection. Fire appears to have had minimal influence on these pines; 
both bark insulation and needle flammability are deemphasized. If fire is 
among the types of disturbances that naturally enhances establishment of 
southeastern mesic pines, the process would be one of chance ignition under 
very odd weather conditions (opening an area to sunlight) rather than internal 
trends in community vegetation which are conducive to recurring fires. 
Although they may appear to evade disturbances by adapting to protected 
environments, these species seem to depend more upon (or follow) blowdowns 
and/or water actions in opening space where they become established in rich 
hardwood forests. Emphasis on competition is indicated by shade tolerance 
and rapid growth (vertically al1d laterally above and below ground). Invest
ment per offspring is moderate while seed dispersal is fairly local. Although 
reproduction is delayed mast interval differs among species; frequent masting 
appears to severely reduce longevity, even on favorable sites (spruce pine) 
whereas longer life coincides with Iess.reproductive output (white pine). The 
tendency for white pine to greatly outstrip the forest canopy, then crash out 
an opening in which its offspring thrive, suggests a reproductive mode to 
enhance disturbance which is quite infrequent and variable in its mountainous 
range. This mode seems not to be necessary or feasible for species in the 
Coastal Plain where storms are common. In both provinces, however, natural 
mesic pine' populations are typically comprised of small stands established 
in pulses-mobile colonizers within well-defined site boundaries. 
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APPENDIX A 

Literature sources consulted to determine natural sites and vegetation 
characteristics of southeastern pine habitats. 

Pine Species 

Longleaf 

South Fla. Slash 
Slash 

Shortleaf 

Pitch 

Pond 
Table Mountain 
Virginia Pine 
Sand 
Eastern White 

Loblolly 

Spruce 

Sources 

Betts 1954, Clewell 1981, Hitchcock 1971, Mohr 1901; 
Radford et al. 1968, Wahlenberg 1946, Wright and 
Bailey 1982 
Mohr 1897, Snyder 1986 
Croker 1968, Elliott 1824, Forbes 1930, Gano 1917, 
McCulley 1950, Mohr 1897, Wade 1983 
'Little et al. 1948, Nelson 1957, Pinchot and Ashe 
1897, Wahlenberg 1946, Williams 1837 
Bromley 1935, Forman and Boerner 1981, Fowells 
1965, Givnish 1981 
Clewell 1981, Fowells 1965, Woodwell 1958 
Zobel 1969 
Fowells 1965, Zobel 1969 
Fowells 1965 
Bromley 1935, Fowells 1965, Harlow and Harrar 
1958, Pinchot and Ashe 1897, Spurr 1964 
Clewell 1981, Forbes 1930, Harlow and Harrar 1958, 
Mohr 1897, Nelson 1951, Pinchot and Ashe 1897, 
Small 1933, Williams 1827 
Harlow and Harra:r 1958, Platt and Schwartz 1990 

APPENDIX B 

Literature sources from which data on pine traits were synthesized. 

Sargent (1922) 
Small (1933) 
Chapman (1944) 
Baker (1949, 1950) 
Winters (1952) 
Harlow and Harrar (1958) 
Altman and Dittmer (1962) 
Ward (1963) 
Fahnestock and Hare (1964) 
Fowells (1965) 
Squillace (1966) 
Mirov (1967) 
Radford et al. (1968) 
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Tarus and Saucier (1968, 1970) 
Clark and Saucier (1969) 
Clark and Tarus (1969, 1970) 
Zobel (1969) 
Clark and Wahlgren (1970) 
Saucier and Clark (1970) 
Schopmeyer (1974) 
USDA (1972, 1974) 
Preston (1976) 
Elias (1980) 
Givnish (1981) 
McCune (1988) 



APPENDIX C 

Literature sources consulted to determine characteristics of natural disturbance 
regimes in typical southeastern pine habitats. 

General 
Accounts Sources 

Barden and Woods 1974, Bartram 1792, Cates by 
1731, Christensen 1981, Hodge and Lewis 1907 (1528 
Cabeza de Vaca account), Komarek 1964, Michaux 
1802, Plummer 1979, Swanton 1946, Snyder 1986, 
Vogi 1973, Wade 1983, Wright and Bailey 1982 

Descriptions for Pine Species 

Longleaf 

South Fla. Slash 
Slash 

Shortleaf 
Pitch 

Pond 
Sand 

Chapman 1932 and 1944, Clewell 1981, Garren 1943, 
Harper 1962, Heyward 1939, Wahlenberg 1946 
Ketcham and Bethune 1963, Snyder 1986 
Chapman 1944, Fowells 1965, Garren 1943, Ketcham 
and Bethune 1963, Osburne 1937, Wade 1983, 
Wahlenberg 1946, Wright and Bailey 1982 
Chapman 1932, Harper 1962 
Andresen 1959, Forman and Boerner 1981, Little 
1973 and 1979, Lutz 1934 
Clewell 1981, Edminsten 1965, Woodwell 1958 
Campbell and Christman 1982, Cooper 1973, Garren 
1943, Harper 1962, Hough 1973, Richardson 1977, 
Wright and Bailey 1982 

Mountain. Pine Habitats 
(Table Mountain 
and 
Virginia Pines) 

Mesic Pines 
(Loblolly, 
Eastern White, 
Spruce) 

Barden and Woods 1974, Fowells 1965, Harlow and 
Harrar 1958, Harmon 1982, Hursh and Haais 1931, 
Whittaker 1956, Zobel 1969 

Earliest descriptions of these species indicated natural 
ties with mesic hardwoods on relatively rich, moist 
sites except where these pines had invaded sites 
cleared by man. Moderate resistance to light burning 
of some well-established trees has been noted (e.g. 
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Olson and Weyrick 1987, Wade 1985). Pronounced 
sensitivity to fire, relative to other southern pines, 
has also been noted (Chapman 1944, Clewell 1981, 
Fowells 1965, Harlow and Harrar 1958, Harper 1962). 
Other sources indicate that disturbance other than by 
fire may be central to establishment of these pines 
such as great resistance to prolonged flooding (Hunt 
1951) and beaver (Castor canadensis) damage (Martin 
et al. 1951) in. loblolly; the importance of rodent ac: 
tivity to white pine seedling establishment (Alexander 
et al. 1985); and the importance of treefall.gaps to 
white pine (B.romley 1935) and spruce pine (Platt and 
Schwartz 1990). 
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