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Abstract Renewed awareness of the longleaf-pine ecosystem and a legal mandate to provide suitable habitat for the endan
gered red-cockaded woodpecker (Picoides borealis) have generated interest in alternative forms of silviculture in the southeast
ern United States. Of 110-120 species of birds that occur in longleaf pine woodlands, 26 species (including three that are 
federally ranked) require special management attention. Over 80% of the extant ecosystem occurs on government-owned or 
privately-owned nonindustrial property, and constitutes potential sites for ecological forestry. Intensive forest management 
eliminates much of the structural complexity of old-growth longleaf pine woodlands that supports high avian community 
species richness. Two silvicultural systems that are candidates for a more ecological approach - irregular shelterwood and 
uneven-aged management - retain structural characteristics of old-growth forests, but more research is needed to contrast their 
relative effects on bird populations. Retention or development of old-growth characteristics - old trees, horizontal heteroge
neity and openness, ground-cover integrity, sparse distribution of hardwoods, and coarse woody debris, including snags
would reintroduce valuable complexity within the longleaf pine ecosystem for supporting avian communities of higher species 
richness. 
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1 Introduction 
Forestry in the United States has largely diverged 

into two approaches, one emphasizing increasing produc
tion of wood fiber and the other stressing maintenance of 
forest complexity, function, and biological diversity (Perry, 
1998). Development of a more ecologically sensitive ap
proach in the southeastern United States has been slow, in 
part because commercial models of timber production are 
deeply entrenched and old-growth forests that provide ex
amples of high diversity and natural function are now very 
rare. Concerns over biological diversity, endangered species, 
particularly the red-cockaded woodpecker (Picoides 
borealis), and perpetuation of fire as a disturbance (Conner, 
1988) have led to increasing interest in ecological forestry 
for longleaf pine forests (Means and Grow, 1985). 

Ecological forestry, with emphasis on protecting natu
ral function and native biological diversity, could have 
broad application on federal lands (National Forests, Na
tional Wildlife Refuges, military bases), state forests, and 
private forests where hunting, aesthetics, conservation, and 
production of high-quality wood are objectives. We assess 
how avian communities would be affected by application of 
ecological forestry, particularly retention of old-growth 
characteristics, in the longleaf pine ecosystem. 
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2 The longleaf pine ecosystem 
Longleafpine dominated forests occulTed on 22.9 mil

lion ha pre-settlement in the southeastern United States, 
and extended over an additional 14.6 million ha in mixed 
forests (Frost, 1993). A combination of factors contributed 
to a 97% decline over a 150-year period (Frost, 1993), to 
approximately 1.3 million ha in 1993 (Outcalt and Sheffield, 
1996). Contemporary longleaf pine forests are owned by 
the forest industry (18%), government (31 %), and private 
landowners (51 %), according to Outcalt and Sheffield (1996). 

Longleaf pine woodlands contain some of the most 
species-rich ground-cover communities in North America 
(Peet and Allard, 1993). Relative dominance of grasses, 
shrubs, and mid-story trees within community types affects 
the resources and structure that detennine patterns of avian 
abundance. An essential factor that affects the structure 
and composition of forest types throughout the entire eco
system is fire (Harper, 1911), but very few of the remaining 
stands are still fire maintained (Frost, 1993). Development 
of shrub and mid-story levels and eventual truncation of 
pine regeneration are the consequences of extended inter
vals between fires or fire exclusion (Christensen, 1981). Veg
etation changes in response to fire exclusion have dramatic 
effects on the avian community (Engstrom et aI., 1984). 
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Old-growth longleaf pine woodlands that have a struc
ture and composition similar to those in the earliest descrip
tions are extrcmely rare. Means (1996) estimated that only 
3902 ha of old-growth forest remains; and according to a 
1993 inventory, mosl of the extant stands are only 21 to 60 
years old (Outcalt and Sheffield, 1996). Overstory composi
tion of many original forests were typically dominated by 
longleaf pine itself, which made up over 75% of individual 
trees (Wahlen berg, 1946). 

A focus on attributes and dynamics of old-growth 
forests provides a guide for development of ecological 
forestry. Landers and Boyer (1999) estimate that old-growth 
charactcristics begin to develop in longleaf pine after 112 
years, but old-growth forests are not composed exclusively 
of older trees. More typically, all age classes are represented. 
Old-growth forest characteristics (large old pine trees, old 
persistent snags, coarse woody debris on the ground, tree 
age-class diversity, horizontal and vertical heterogeneity, 
diverse ground cover, a mixing of hardwoods, and tip-up 
mounds) should be considered when developing an archi
tecture to manage for biological diversity (Landers and 
Boyer, 1999). 

3 Birds of the longleaf pine ecosystem 
Apart from migrants passing through, approximately 

120 species of birds occur in the longleaf pine ecosystem 
(Engstrom, 1993; Hunter et aI., 2001). This total comprises 
species that are resident (42%), breed and migrate (28%), or 
overwinter and migrate (30%). Standardized censuses 
(Breeding Bird Censuses) of 11 longleaf pine sites in four 
states showed a fivefold variation in bird density (8 to 41 
territories per 8.1 ha), and species richness that ranged from 
6 to 22 per 8.1 ha (R.T. Engstrom, unpublished data). Three 
of its species - the bald eagle (Haliaeetus leucocephalus), 
Mississippi sandhill crane (Grus canadensis pulla), and 
red-cockaded woodpecker - are federally listed as 
threatened. Moreover, twenty-six species that occur in fire
dependent habitats are in need of management attention 
(Hunter et aI., 2001). 

4 Silvicultural effects on birds in 
longleaf pine forests 

4.1 General issues 

From 1880 to 1930, when most of the original forest 
was harvested (Williams, 1989), little thought was given to 
its maintenance (Frost, 1993). Many forests were converted 
to other land uses then, but residual flowering in some was 
sufficient for regeneration. An intensive, commercially-ori
ented silvicultural approach that included clearcutting, de
bris raking, and soil disking developed in the latter part of 
the 20th century (Croker, 1987). It eliminated many native 
plants from the ground cover, including native grasses that 
provide the fuel for the frequent fires needed to maintain 
the ecosystem and are important for species such as 
Bachman's (A imophila aestivalis) and Henslows' 

(Ammodramus henslowii) sparrows. Industrial pine forests 
typically are young, have a uniform structure of dense 
canopy, sparse ground cover, and few snags. Avian re
sponse to intensive silviculture is low species richness that 
increases as the forest matures (Repenning and Labisky, 
1985; Dickson et aI., 1995). 

Fire, wind, lightning, and bark beetles are common 
disturbances that shape the structure and composition of 
longleaf forests. Wind and lightning are small-scale 
disturbances, killing trees, creating gaps in the canopy of 
variable size and providing coarse woody debris for birds. 
Two silvicultural approaches that imitate natural distur
bances - irregular shelterwood and uneven-aged manage
ment - have been proposed to produce red-cockaded 
woodpecker habitat (Conner et aI., 1991; Rudolph and 
Conner, 1996; Engstrom et aI., 1996). In an irregular 
shelterwood, most overs tory trees are harvested on long 
return intervals (120 years), but a low basal area of mature 
trees is pemlanently retained for structural reasons and as a 
source of seed and shelter for young pines (Smith, 1986). In 
uneven-aged management, all ages of trees can be thinned 
throughout a stand, but natural gaps may be enlarged and 
employed for regeneration. These techniques are at nearly 
opposite ends of the spectrum of overs tory retention and 
have different implications for producing the structural ele
ments needed to maintain biological diversity. We discuss 
below how characteristics of old-growth longleaf-pine for
est within the context of uneven-aged management and ir
regular shelterwood influence populations of birds (Table 
1). 

4;2 Canopy tree age 

Although longleaf pine trees can live to 500 years, 
noticeable old-growth features (large boles, contorted limbs, 
flat-topped crowns, and decay within living trees) start to 
appear at about age 112 (Landers and Boyer, 1999). These 
features are especially important for species like red
cockaded woodpeckers (amount of heartwood and fungal 
infection) and bald eagles (large limbs). Old trees probably 
tend to support primary (e.g., woodpeckers) and secondary 
(e.g., wood duck, Aix sponsa) cavity nesters in greater num
bers because cavities may be more easily excavated in de
cayed crannies. 

Harvest rotations in industrial forestry tend to be less 
than 50 years, but both irregular shelterwood and uneven
aged harvesting have the potential to produce old pines. In 
irregular shelterwood; mature pines are retained after har
vest (basal area of approximately 9 m2/ha). If some of the 
oldest pines remain through two or more harvest cycles 
(120 year rotation), pines may grow to 240 years old or more. 
When high basal areas of residual pines are left as 
shelterwood, and the forest is burned regularly, the result
ing forest will develop through time the appearance of an 
uneven-aged forest as the second generation of trees 
matures. If the number of residual pines left is too low and 
wind-caused mortality is high, the resulting stand will re-
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semble a clearcut more than a forest of mature pines, and 
suitable densities of old-growth pines will not result. 

High densities of old pines can be achieved by un
even-aged harvesting, but the occurrence and survival of 
pine reproduction is inversely related to the density of old
growth pines. Uneven-aged silvicultural systems are con
trolled by the number of pines harvested in each size 
(diameter) class. Typically, all pines are harvested beyond 
some maximum diameter (Farrar and Boyer, 1991), so it is 
critically important that the maximum diameter limit be set 
high enough to permit pines to grow to the desired maxi
mum age. For uneven-aged silviculture to provide old
growth pines, the manager must know the ages of pines in 
all diameter classes, particularly the larger and presumably 
older diameter classes. Ifthe maximum diameter of pines is 
set too low in such harvesting, old-growth pines will not 
result. 

4.3 Horizontal heterogeneity 

All forests develop heterogeneous spacing, no mat
ter how uniform the initial regeneration; and different silvi
cultural techniques have large effects on tree spacing. 
Disturbances, such as lightning, wind, and fire, create small 
and large gaps in the canopy over time. The spacing of 
individual trees and clumps of trees is important for bird 
species that forage in open spaces within forests, such as 
flycatchers (e.g., eastern kingbird, Tyrannus tyrannus), com-

mon nighthawks (Chordeiles minor), and loggerhead 
shrikes (Lanius ludovicianus), as well as for the develop
ment of ground cover. In wetter areas, open woodlands 
interspersed with savannas are important habitat for san
dhill cranes (Crus canadensis). 

Irregular shelterwood harvesting and uneven-aged 
management will have different effects on horizontal 
heterogeneity. Irregular shelterwood will tend to produce 
stands that are horizontally homogeneous for 50 years or 
so after harvesting but will increase in heterogeneity as 
they approach harvest rotation age. In contrast, unevcll
aged stands will be patchy as a result of the regular removal 
(every 7-10 years) of single and small groups of trees. In 
general, uneven-aged stands will have higher horizontal 
heterogeneity than stands produced by shelterwood 
harvesting. 

4.4 Ground cover 

Ground cover is strongly influenced by methods of 
tree harvest and regeneration within a silvicultural approach. 
To eliminate competition for young pine trees, industrial 
forestry frequently employs disking, chopping, and appli
cation of herbicides, which have detrimental effects on many 
of the native perennial ground plants that dominate undis
turbed sites. Although intensive site-preparation techniques 
are not used in ecological forestry, harvesting procedures 
may still compact the soil and affect ground cover when 

Table 1 Structural characteristics of old-growth longleaf pine forest of value to bird species 

Structural components 

Old trees 

Ground-cover integrity 

Coarse woody debris 

Horizontal heterogeneity and 
habitat openness 

Hardwood distribution and 
abundance 

Importance to birds 

Large limbs, flat crowns; abundant heartwood; 
susceptibility to fungal infection that provides 
easy excavation of heartwood 

Abundance of grasses (e.g., Aristida beyrichiana) 
for nesting material; functional role in providing 
fuel for fires 

Large old snags that provide nesting and foraging 
substrate; tip-up mounds that provide escape 
cover 

Juxtaposition of foraging space and perches 

Nesting and foraging substrate within an open
structured habitat 

Bird species affected 

Aix sponsa 
Elanoidesforficatus 
Haliaeetus leucocephalus 
Picoides borealis 
Sitta caro/inensis 

Colinus virginianus 
Cistothorus platensis 
A imophila aestivalis 
Passercu!us sandwichensis 
Ammodramus savannarum 
A. hens/owii, A. leconteii 
Sturnella magna 

Melanerpes elJlthrocephalus 
ColC/ples auralus 
DI]locopus pileatlls 
Sitta pusilla 
Sialia sialis 

Grus canadensis 
Chordeiles minor 
Tyrannus tyrannus 
Lanius ludovicianus 

Polioptila cClerlilea 
Piranga rllbra 
fcterlls spurius 

Based on Breeding Bird Censuses (Engstrom, 1993; Hunter et aI., 2001). The structural components <Ire not necessarily 
independent, and bird species may respond to more than one aspect of habitat structure. 
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tree trunks are removed. The grasses that provide nest ma
terial and cover, and shrubs that act as nesting substrate, 
are likely to be different in old-field and undisturbed sites. 
30(% to 40% ofthe species and 35% to 60% of the territorial 
individuals in the breeding bird community in one old
growth forest are ground nesters and forage primarily on 
the ground (Engstrom, unpublished data). Northern bob
white (Colinus virginianus), the resident Bachman's 
sparrow, a wide array of wintering sparrows, the sedge wren 
(Cislolhorus plantensis), and the eastern meadowlark 
(Sturn ella magna) are sensitive to composition and struc
ture of the ground cover. 

The ground cover in pine stands depends more on 
the fire regime than on the silvicultural system used to re
generate the pine canopy. Therefore, both irregular
shelterwood harvesting and uneven-aged management are 
compatible with maintaining a diverse flora in the herba
ceous layer as long as frequent prescribed fire and natural 
pine regeneration are part of the overall management 
program. If managers use mechanical site preparation in 
conjunction with irregular-shelterwood harvesting, the flo
ral diversity of the ground cover will decline. 

4.5 Coarse woody debris 

Snags are highly important to the diverse community 
of cavity nesters in longleaf pine forests, and woody debris 
on the ground, especially tip-up mounds, provides refugia 
for wrens and species such as Bachman's sparrow. Tree 
age and cause of death have an important effect on the 
persistence and rate of decay of standing snags because of 
the amount and density of heartwood needed to support 
dead trees. lfhigh basal areas of residual pines are left dur
ing irregular shelterwood harvesting, natural mortality of 
residual pines and competitive mortality among growing 
younger pines will probably produce a continuous supply 
of snags. Snag production is not as certain in uneven-aged 
systems because regular tree removal during frequent har
vests decreases competition among growing pines and can 
remove many of the older pines because of the maximum 
diameter limit. However, the length oftime between harvest 
cycles and the maximum diameter limit can be increased to 
increase snag production. The density of snags and logs is 
also affected by the frequency and intensity of fire: hot, 
frequent fires will burn up most logs and snags yet may 
also kill some live pines to create new snags (Conner, 1981). 

4.6 Hardwoods 

The distribution and species of hardwoods within 
longleaf pine forests has a major effect on the bird 
communities . In old-growth forests that are burned 
frequently , scattered oaks (Quercus spp.) and hickory 
(Carya sp.) were probably normal. This small hardwood 
component in well-maintained forests is important for bird 
species such as the blue-gray gnatcatcher (Po/ioptila 
caerulea), summer tanager (Piranga rubra), and orchard 
oriole (Icterus spurius). As hardwoods increase in 
abundance, additional bird species may appear (e.g., red-

eyed vireo, Vireo olivaceous); but others, such as the red
cockaded woodpecker, may disappear (Hunter et al., 1994). 
Increasing abundance of hardwoods also strongly affects 
the flammability of sites, as grasses and forbs are reduced 
or die from shading. Maintaining hardwoods within a 
longleaf pine forest is a balancing act: too much fire can 
eliminate hardwoods, and too little can provide the hard
woods with a competitive edge and cause a shift in species 
dominance and composition. If hardwoods are not inten
tionally removed during harvesting operations, the occur
rence of hardwoods in longleaf pine forests will become 
more a function of the fire regime than of the silvicultural 
system used to regenerate pines. 
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