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Natural Regeneration: The Shelter~ood Method 

Introduction 
The goal of the shelterwood method is to establish new 
even-aged regeneration by gradually opening the canopy 

'al wn· These of a mature stand, using a series of parti cu gs. 
harvests gradually reduce the canopy density of the 
mature stand. This method is used to promote the estab· 
lishment of tree species that are mid-tolerant to very tol-
erant of shade, relative to their competitors in mixed 
stands, which are shade-intolerant pioneers that often 
dominate stand initiation and stem exclusion. The 
method provides only moderate light in the early stages 
of the regeneration cut. Later cuts will open the overstory 
to provide greater light for more rapid height growth. 

The regeneration guilds of interest for the shelter-
wood method are the late-successional canopy domi-
nant and the non-dominant tree species that rely upon 
advance regeneration (Ashton, 1992). Advance regen-
eration occurs when seedlings germinate and then 
temporarily grow in the forest understory. They fully 
grow and establish as a new stand after a canopy dis-
turbance. This means that the kind of disturbance that 
these trees require to grow into a new stand cannot 
destroy the groundstory, The disturbance that pro-
motes advance regeneration is categorized as a release 
type, as compared to a lethal type (see Chapter 5 on 
regeneration ecology). Shelterwoods emulate release 
disturbances, as opposed to clearcuts and seed-tree 
methods that emulate lethal disturbances. Shelterwoods 
are typically appropriate for the wet and moist forests 
of temperate and tropical realms (Lowe, 1977; Hannah, 
1988). They can also be appropriate for particular fire-
sensitive species in drier or more extreme climates, such 
as the Intermountain west. Species suited to shelter-
woods (e.g., white pines, true firs, hemlock) are rela-
tively more moisture loving and shade tolerant than 
their competitors (Helms and Standiford, 1985; Burton 
et al., 2000). However, a common exception to this is 
where mixed stratified forests have long-lived shade-
tolerant tree species beneath a canopy of long-lived 
more shade-intolerant canopy trees species. The most 
obvious example is the oak and hickory that grows 

above more shade-tolerant maple h 
must focus on securing the more s: /r~ 8helte 
and hickories. a e-1nt0Je~~ 

The characteristic species of temp . erate fo appropnate for the shelterwood meth r~ that 
maples (Godman and Tubbs, 1973; Mar lllclude: 
(Kelty and Nyland, 1981; Agestam et q~IS, 1979),~ 
tolerant birches such as the yellow ;d ~003), 
(Godman and Tubbs, 1973; Marquis, 1979 lack 
and balsam fir (Seymour, 1992; Pothier and i' red sprue., 
These species are represented in the north revost,~ 
(including the Allegheny plateau) and mari:: ~OOIJ 
northeast temperate and sub-boreal North ~Ii 
mixed oak-pine-hickory forests of the mid 
and Atlantic regions do well with shelterw~est, 
soils and in continental temperate climates (Bro drier 
but do not do well with more shade-tolerant co~: 
(maples, yellow-poplar, swe~tgum) on wetter sites {Loftis, 
1983, 1990; Schuler and Miller, 1995; Frey et al., 200'7). 
Seed-tree systems can be more appropriate for these 
species on wetter sites (see Chapter 9), except for the bot-
tomlands where the timing of masting events with more 
dramatic removals of the canopy are more appropriate as 
one-cut shelterwoods (see one-cut shelterwoods in this 
chapter). In the west, shelterwoods are restricted to par-
ticular sites and species. Shelterwoods are approprlate for 
species such as Douglas-fir and ponderosa pine on sites 
that have more extreme microclimates (southern aspects 
and draughty) (Benzie, 1977; Youngblood, 1990; Pr~vosto, 
et al., 2011). Species on cooler, moister sites and northern 
aspects would regenerate by seed tree, such as Douglas-fir 
(Wtlliamsson, 1973). The best-suited species in thew~ 
for shelterwoods on the wetter sites include the fire-sens1• 
tive and moisture-loving sugar and western white pine. 

(s idel. western redcedar, western hemlock, and true firs e 
1983; Seidel and Cooley, 1974). . 

Thus, shelterwoods are focused on primarilY sec~ . n·o~Howeve~ species that rely upon advance regenera shel· 
compared to other natural regeneration meth~• ds of 
terwoods allow the establishment of other kin •• In • sprou ... regeneration such as pioneers and vege~ttve t kinds of 
shelterwoods, the proportions of the differen 
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dvance regeneration, are deter- of shade that ma I' . . 
besides a bili·ty of species, the degree to th· h Y tmtt pioneer establishment Beuuse o( 

11 1 a a IS, s elterwood t d 
11
etllti~~ sprout nclt t is not occupied by advance d s en to promote species compositions 

re~eed b}' irtg space 
1 

:Or colonization, and the degree :"n::~ctures that are diverse and complex (Fig. 10.1). It 
tll~ I\ grovl iS availab e Y chance that this regeneration method is most 
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Figure10.1 Exa I ffo • 
for each fo mp es O rest types and species that can be regenerated by the shelterwood method. The focus species of shelterwoods 

or blue th;est type are in bold. These species predominantly rely on advance regeneration for establishment The darker the color green 

listed a~ m::e shade tolerant the species relative to its associates, and the more amenable to a shelterwood. Other species associates 

Ol)enlng made~ ";;'re shade lnt<:>lerant and will regenerate (indicated by arrows) within a shelterwood, depending upon degree of canopy 

of all regeneratl u ng the establishment cut. and the nature of site preparation Of any). Shelteiwoods with low shade are the most inclusive 
on methods. Those with most shade are exclusive to shade-tolerant advance-regeneration species. Source: Mark S. Ashton. 

(Continued) 
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Figure 10.1 (Continued) 

appropriate for stratified, mixed, even-aged stands of 
moist forest regions. As a regeneration method, it is one 
that can be considered inclusive of a variety of regenera-
tion guilds, where seed-tree, clearcut, and coppice regen-
eration methods can be considered more exclusive to a 
particular kind of regeneration. 

This method also provides a number of other impor-
tant benefits. The fact that much of the forest structure 
of the stand is still intact after the initial establishment 
cut, means that high-quality timber trees continue to 
grow, forest habitat structure for wildlife still exists, and 
the visual aspect becomes a gradual shift from a mature 
stand to an open sapling stand over a number of years. 

The Protocol for the Uniform 
Shelterwood 

The shelterwood regeneration method generally involves 
two or three stages (Fig. 10.2) to complete the regenera-
tion phase of a new stand, in the following order. 
I) Preparatory cut: this cut is made to prepare the 

understory for the germination and establishment of 

advance _reg~neration. In many circumstances, if 
regeneration ts already established in the understo~ 
or if there are no impediments to its establishme~ 
then this step can be eliminated. 

2) Establishment cut (or seeding cut): establishment 
cuts are designed to emulate a release disturbance 
where the advance regeneration can establish and 
grow. This can be a dramatic first cut to open a part 
of the canopy, or it can be more nuanced, depending 
upon the shade tolerance of the species being estab-
lished. Increasing the light opens up the growing 
space for the release of existing advance regenera-
tion and the establishment of additional regenera-
tion in the vacant areas of the groundstory. Canopy 
shade made in the establishment cut is the main 
regulating factor defining shelterwoods. This cut is 
often simply called the shelterwood cut. The term 
-uniformn comes from the fact that this cut is 
uniformly applied across the stand, such that the 
spacing between the remaining overstory t~ees that 
defines the shelterwood is relatively even. Site pre~-
aration is often needed to create forest-floor condi-
tions for seed germination and to reduce underStory 
vegetation. 
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) these cuts are made to release 
JleJ!loval cut (or from the shade of the over-

3) the established see tire overstory that ls left can be 

st.Orf cano~Y· ~~;e removal cut, or a series of par-
taken offw1th 8 limit to the number of removal 

ts There is no __ , used 
da1 cu • rall one to three removau cuts are • 
cuts, but gene y oves all of the remaining overstory 
The final cut rem 
trees, 

rs often describe a shelterwood by the number 
fo~ For example, a three-cut shelterwood would 

ofcuttiltgSf • reparatory cut, an establishment cut, and a 
conslst 0 ap • b f 
removal cut. If the final removal cut retams a numd e~ 

trees, the method is called shelterwoo wit :::s. which Is described in detail in Chapter 11. As 
with the seed-tree methods, shelterwoods with reserves 
are termed Irregular and can include structures with 
two to three age classes In a variety of arrangements (e.g., 
Puettman et al., 2009; Raymond et al., 2009), but there ls 
still one dominant cohort that is established and man-
aged for the regeneration cohort. 

Preparatory Cutting 

There are many reasons why preparatory cutting may be 
necessary to ensure successful establishment of advance 
regeneration. 

1) Wmdfirmness and seed crops: as described for the 
seed-tree method in Chapter 9, preparatory cutting 
may be needed for stands that are excessively dense. 
The trees in these stands have small crowns that can-
not provide enough carbohydrates to produce large 
crops of seeds or to increase the size and taper of trees 
to make them more windfirm. In this case, a moder-
ate thinning is needed prior to the establishment cut. 
If a heavy establishment cut was made in a dense 
stand, there would lilcely be poor seed crops and many 
tree falls (Ruel, Raymond, and Pineau, 2003). Instead, 
conducting a preparatory cut that might resemble 
uniform crown thinning throughout the stand would 
reduce the competition just around selected trees (see 
Chapter 21 for thinning). For the average stand and 
species, the preparatory cut should be carried out 
about 3-5 years before the establishment cut, if seed 
production is the main concern, but it would require 
5-10 years prior to the establishment cut for substan-
tial tree growth. 

2) Closed-canopy conditions prevent understory devel-
opment because of shade: in mature forests, where 
some degree of canopy break-up has occurred, the 
process of understory initiation (see Chapter 4) 
has naturally triggered establishment of advance 
regeneration of the late-successional canopy trees. In 
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Figure 10.3 Photographs of forest understories that need to be removed in preparatory treatments to secure advance 
(a! Hayscented f~rn in an even-age~, stratified, hemlock-hardwood forest of southern New England. Source: Marks. As~:~~(~a;;1:. 
thicket_ (mountain laurel) in flower in a New England Forest. Source: Mark S. Ashton. (cl Palm understory in hill dipterocarp rainforest i'° M~laysia. ~o~rce: Mark S. Ashton. (d} Sala! in a second-growth Douglas-fir forest. Source: C. Evans, Illinois Wildlife Action Plan. Reprodun ed 
with perm1ss1on from C. Evans. 

c 

managed forests, particularly in younger second growth, this process may not have happened. Opening up the lower canopy using a preparatory cut that resembles a low thinning, increases light to the groundstory that can facilitate this process (Loftis, 1990; Man and Lieffers, 1999). In other circumstances where stands have been thinned in prior years, this process may have already happened and no prepara-tory cut would be needed. 3) Clonal understory plants already occupy the ground-story: many forests can develop clonal understories either naturally or from past land-use histories. In temperate moist hardwood forests, this includes vari-ous species of ferns, such as hayscented fern (Horsley and Marquis, 1983; Horsley, 1994), herbs and grasses 

(Harmer, Boswell, and Robertson, 2005; Donoso am Nyland, 2006), ericaceous shrubs (rhododendron and laurels) (Clinton, Boring, and Swank, 1994 Moser, Ducey, and Ashton, 1996; Beckage et al. 2000), and small trees such as Carpinus spp. an< witch-hazel (Schuler and Miller, 1995). Similarly, thl can happen in tropical forests with understory palms bamboos, and gingers (Lowe, 1?77; Ashton and Hall 2011) (Fig. 10.3). To remove the understory and pre• pare the groundstory to encourage establishment .0i • 'th a s1tE advance regeneration, preparatory cutting wi b treatment is necessary. The underSt0ry can E . . f h b' 'ides (Horsley, removed with application o er ic 
(B d r and Cooper, 1994) or by prescribed burns ren and 1968; Crow and Schilling, 1980; Moser, Ducey, 
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areno .. th d'. 
b accomplished by thinning at was ma e m prior 
y::, and by the natural development of the stand into 
understory re-initiation (see Chapter 4). 

Establishment Cutting 

The next step in the shelterwood method is the estab-
lishment cut, which is the true regeneration operation. 
The main objective is to open up enough vacant grow-
ing space to allow seedlings to become established. 
The ideal plan is to open the canopy enough to favor 
~e seedlings of the desired tree species, but still pro-
vide enough overstory shade to reduce or eliminate 
c(Fo_mpetitlon from unwanted shade-intolerant species 

1g.10.4). . . 

Site-preparation treatments, if not done in the 
preparatory cuttin ta 
favorabl g s ge, are often needed to create 

e ground conditions so that seeds can become 
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established. These might con.si.st or tht rcmonJ or 
understory plants by cutting, use o( fart, or herbicides. 
These treatments are 115uaJly applied Just before or 
during the establishment cut. It would be ideal if w 
establishment cut would occur JU5t before a good se~ 
crop has fallen. However, the shelterwood method has 
an inherent safeguard beca115e much or the seed source 
is still retained in the overstory trees, so It ls pouible to 
do the establishment cutting, and then, later, carry out 
the site preparation during a good seed year. The time 
period to carry out these operations varies by species 
and forest type. 

The trees removed in the establishment cuttings of 
the shelterwood method come mainly from the lower 
crown classes. These overtopped trees and shrubs pro-
duce much of the Mlow shade• that reduces light to very 

• low levels In the understory and mid-story. A low thin-
ning (thinning from below) will remove that lower can• 
opy to allow sunlight to reach the forest floor. The 
cutting will also include some openings in the upper 
canopy that produces light flecks and larger light 
patches that give short periods of direct light. With 
most shelterwood stands, the establishment cutting 
will remove trees large enough for commercial sawlogs 
in a harvest operation. Often, a large amount of smaller 
woody vegetation needs to be removed, generally with 
herbicide spray or stem injection, or by cutting with a 
brushsaw. 

The appropriate density of the overstory after the 
establishment cut differs within wide limits, depending 
on the tree species, its shade tolerance, its seed..dispersal 
abilities, and the site conditions. It is useful to review 
light intensity in regard to forest canopies. To use red oak 
as an example, a fully mature oak stand would have 1-2'6 
of full light at the forest floor, which would not be suftl• 
cient to produce oak seedlings (Fladeland, Ashton. and 
Lee, 2003). With 5'6 of full light, small oak seedlings can 
survive but not grow in height, and with 209' of full light. 
oak seedlings can survive, grow in height, and produce 
lateral shoots (Frey et al., 2007). Cherrybark oak needs at 
least 50% full sunlight for satisfactory establishment 
(Gardiner and Hodges, 1998: Lockhart, Hodges, and 
Gardiner, 2000). 

It would seem that using the percent of basal area or 
some other stand density measure could directly be 
used to determine the amount of cutting (for example, if 
4096 of basal area of a stand is cut, there will be 40'6 
more light within the stand). However, this is not true, 
because there are multiple layers of foliage in a stand, so 
an establishment cut removing 40% of the stand density 
may give only about 10'6 or 20% increase in light on the 
forest floor. This means that an establishment cut 
removing 40-7596 of basal area may be needed, in many 
cases, to produce enough light to accomplish the objec-
tive of having seedlings become well established in the 



2\0 r 10 Natural Regeneration: The Shelterwood Merhod 

Figure 10.4 Photographs depicting the establishment cutting of a uniform shelterwood for: (a) beech-Scots pine on sandy soils In central Germany that removes about half the basal area; (b) red oak-maple-black birch forest in southern New England that removes about two-thirds of the basal area; and (c) balsam fir and red spruce in Maine that removes about one-third of the basal area. Source: (a-c) D. B. Kittredge, University of Massachusetts. Reproduced with permission from D. B. Kittredge. 

understory, depending upon their shade tolerance 
(Godman and Tubs, 1973; Hannah, 1988). However, the 
remaining shade is essential, as it provides protection 
from harsh environmental conditions such as frost or 
extreme heat on the succulent young seedlings, and can 
also increase soil moisture and extend snowmelt for 
dry sites. 

Where moisture deficiencies are likely to limit 
regeneration, an excessively dense overwood may 
cause too much root competition and interception of 
precipitation. If heat injury to succulent young seed-
lings is the primary difficulty, the establishment cut-
ting should be regulated so as to increase the amount 
of diffuse light admitted from the sky as much as 

possible without allowing much direct sunlight to 
reach the forest floor. 

The appropriate density of the overwood differs 
within wide limits, depending on the requirements of 
the desired species and the site factors; it may also be as 
important to make conditions unfavorable to problem 
species, as to create conditions favorable to the desira~le 
species (Ashton, 1992; Marquis, 1966). If the sp~c1; 
that appear are more shade tolerant than those desire ' 
it is usually necessary to increase the severity of the 
establishment cutting (Martin and Hix, 1988)._ If,. for 
example, the existing species to be reproduced IS pine, 

'dl aft r shelter-but a more tolerant species grows rap1 Y e . wood cutting, it is probably a sign that the cuttlllg was 
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form an to vary the severity of a given cutting opera-

~~erent parts of the stand area. Some patches 
non • artial el 

ay need full release, others may reqwre p r ease, 
:d still others that remain unstocked may need a repeti-

tion of the establishment cutting. 
k Is Important to distinguish between the light condi-

tions that are suitable for the establishment of regenera-
tion and the light needed to make them grow in height. 
Establishment cuttings often provide ideal shelter for 
new seedlings, but much heavier removal cuttings are 
necessary to get them to grow well. It is important that 
removal cuttings open stands rapidly to allow desirable 
species to outgrow more tolerant competitors. After 
they are well established, intolerant species tend to 
:;;ase in height growth with each added increment of 

cles •a=::: up to full sunlight, whereas the tolerant spe-
"""'A • a modest but maximum height growth at 
_.,.., intermediate ligh . . 

. . t mtens1ty. The time sequence of 
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cuttings can range fr th . 
only until th om ose tn which old trre.s are left 
some f e new crop is established, to those In which 
retain:d the trees of the previous crop are deliberately 
regulate :ea part of.~e new one. Except for the need to 

composition and rate of development of the 
new crop the • l'ttl 
fl d ' re 15 1 e reason why the timing cannot be 
1tte to any man . 

t f 
agement cons1deratlon. The spatlal pat-

erns o c tti • I u ng me ude those in which the residual trees 
are scattered uniformly throughout what will become 
one !arg~, even-aged stand. There may also be patterns of 
cutting m which t . . 
so . rees are cut or left m strips or groups; 
. metimes the resulting openings are gradually enlarged 
m ~q_uences of cuttings (see later in this chapter for 
dev1at1ons from nifi . u orm arrangements of the overstory 
cutting). 
. Because of the principle of leaving the best and most 

vigorous trees until the end, the shelterwood systems 
usuall~ provide the best way of applying the concept of 
financial maturity to management of the growing stock 
of even-aged stands. Thus, efficient use can be made of 
the capacity of the better trees to Increase in value 
without sacrificing the advantages of concentration of 
operations associated with even-aged management. The 
sequence of distinctly separate operations ls more visi-
ble, more systematic, and simpler to administer than is 
the case with uneven-aged stands. 

The removal cuttings, if uniformly applied over the 
regeneration area, are almost certain to cause some 
injury to the new stand. This injury can be reduced, but 
not eliminated, by care in logging. The least damage Is 
likely to result if the overwood Is harvested while the 
seedlings are still flexible. The greatest difficulties result 
when it is necessary to fell trees with broad crowns into 
stands of saplings. The damage usually appears more 
serious than it really is, and it Is sometbnes even a benefit 
in disguise. Both shelterwood and seed-tree cutting 
often lead to the development of grossly overstocked· 
patches of regeneration that look fine when young, but 
are likely to stagnate in the sapling stage. These clumps 
can be crudely thinned by the skidding or felling of trees 
across them. It is usually best to direct the inevitable log-
ging damage toward the densest parts of the new stand 
or those that are entirely unstacked, and away from the 
sparsely stocked portions. Many species (e.g., oaks) have 
the capacity to re-sprout after breakage. 

If the stand consists of mixed species, then the choices 
are more complicated. The low-thinning principle is still 
important but removals might also take out large trees of 
species with low timber quality. However, it is also 
important to retain smaller trees of uncommon species 
for ecological purposes, such as tree species diversity. 
Consideration is sometimes given to reserving trees that 
are poor for timber but good for wildlife. The use of 
reserves and irregular structures is described in detail in 

Chapter 11. 
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(b) 

A 

~igudre l0.5 (a) A graphic depiction and (b) a photograph of a one-cut shelterwood 15 years aftertreatment for Appalachia I ed ar wood forest on former Westvaco land. Source: (a, b) Marks. Ashton. nm x 

Protocols for Alternative 
Arrangements 

The uniform shelterwood progresses through the three 
stages (preparatory, establishment, and removal cuttings) 
uniformly across the whole stand. However, there are 
other possible arrangements when implementing shel-
terwoods. Three are described here: (1) one-cut shelter-
wood; (2) strip shelterwood; and (3) group shelterwood. 
There are likely other ways to accomplish shelterwood 
operations that have yet to be formally described. 

One-Cut Shelterwood 

In the one-cut shelterwood, the practice is very simple. If 
the advance regeneration is already present and well 
established, presumably from de facto past thinning 
operations or a natural disturbance event, then there is 
no reason to conduct a preparatory or establishment cut-
ting. The operation simply includes a removal cutting, 
usually with one entry (Fig. 10.5). They have often been 

erroneously defined by foresters as a "clearcut: but this 
does not match its proper silvicultural definition of being 
lethal. A one-cut shelterwood emulates a catastrophic 
release disturbance where the majority of the regeneration 
is already in place, and does not germinate afterwards or 
come in from the surrounding stands. Some of the best 
examples of applying one-cut shelterwoods are for shade-
intolerant masting species (e.g., oaks) that rely upon 
advance growth for their representation in a new forest 
stand, but that compete in the understory with slower-
growing shade-tolerant species. The bottomland hard-
wood forests of the big river systems of the southeastern 
US are dominated in the canopy by the red oak species 
(cherrybark, nuttall, willow, and water), but have thick 
understories of sugarberry, elm, dogwood, and sweetgum. 
Simple one-cut shelterwoods are a satisfactory way of 
releasing the oak advance regeneration above the regrowth 
of the shade-tolerant trees (Bowling and Kellison, 1983; 
Kellison and Young, 1997; Oliver, Clatterbuck, Burkhardt, 
1990; Oliver, Burkhardt, and Skojac, 2005). The sys· 
tern works best when the canopy removal is timed to 



( g. 1-year-old oak dl. gs e. 
see JJl . 2005). 

'foong and SkoJac,. nal stands to have . .,eJ'f rdt, ccess10 . al 
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black cherry, sugar maple, and !>tech were Immediately 
released, and grew fast and straight Most of these cut-
tings were done with the pure purpose of obtaining the 
wood, but they were remarkably effective in the develop-
ment of new uniform mixture.s. Later, foresters tried to 
emulate this by "clearcutting" these same even-aged 
stands in Pennsylvania, but failed to recognize the Impor-
tance of ensuring that advance regeneration was really 
beneath. This led to the widespread development of fems 
and regeneration failure (Marquis, 1979). 

Strip Shelterwood 

The strip shelterwood is more complex. It follows the 
same protocols as the uniform shelterwood, but the 
arrangement of each of the operations consists of 
repeating strips that are discreetly separated (Fig. 10.6). 
The reason for the strip arrangement is to conduct 

• . . re arato (P) establishment (El, and removal cuttings 
Figure 10.6 (al A diagram Illustrating the progression of strips over time using P Pd d? en~ries that have had preparatory (Pl and 
{R). What Is shown Is the third entry into the stand where strips in R have b~en pre~est~i s rn p only received the preparatory cutting. 
establishment cuttings, strips In E have been preceded by preparatory cuttings an Th P i standing on the border between 
(bl A Photograph of a strip shelterwood for Norway spruce In the Czech Republic. e man s 
tllabllshment and removal cuttings. Source: (a, b) Mark S. Ashton. 
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Areas marked:-Kind of cutting 1 2 3 4 
Preparatory and seed Received cuttinc sin years as follows:-
cutting combined 0 5 10 
Removal cutting 5 10 15 
Final cutting 0 10 15 20 

figure 10.7 A graphic depiction of the different sequential phases of a group shelterwood. Areas demarcated by zone 1 are where the initial preparatory cuts are done opening up the canopy t~ fa:illtate regeneration. In 5 years an area d~marcated as zone 2 Is opened~ around zone 1 to facilitate the establishment of regeneration in zone 1 and to prepare zone 2 for seedling germination. Five years later zone 3 opens up the canopy edges further, linking gap openings and further releasing regeneration in zone 2 while starting regeneration in zone 3. The final removal of the remaining canopy in zone 4 ls done after enough edge light has facilitated regeneration beneath the remaining understory. Source: Yale School of Forestry and Environmental Studies. • 

shelterwoods in stands that are on slopes susceptible to 
erosion, or riparian areas susceptible to flooding, or 
exposures and aspects susceptible to windthrow. In all 
of these circumstances, the use of strips to counter pre-
vailing winds, tidal or river inundations, or surface soil 
erosion, is an effective technique of following the shel-
terwood protocol in order to secure new advance 
regeneration at the same time as protecting the site. 
The strips are advanced progressively in a direction 
such that the timber extracted for the creation of each 
strip during the establishment and removal cuttings is 
extracted in a way that it does not cross areas of regen-
eration. Sometimes the strips are advanced from lee-
ward to windward against the direction of the most 
dangerous storm winds. 

Group Shelterwood 
The third and last arrangement is the group shelter-
wood method. The mode of operation is to start in 
particular areas with preparatory and/or establishment 

cuts that create appropriately sized canopy openings 
suited to the shade tolerance of the regeneration bein/ 
established. These openings are then sequentiall1 
expanded upon over a relatively short period, relativ! 
to the rotation (e.g., 20 years over a 100-year rotation) 
such that' gaps finally merge and link with each othe 
(Figs. 10.7 and 10.8). Group shelterwoods are appr~ 
priate to implement in a number of situations. An obvl 
ous example is where regeneration has already bee 
established but in particular places, perhaps from . . . d tunity to utihZi cutting. This provides a goo oppor de 
these patches that can then be released and expan l 
upon A second example is to use the topography adn, • • ul l if it is un u differences in soils as a guide, partic ar Y u· Tl\ 
lating with variations in drainage and fe1: ity. he~ 
method can focus on establishing regenerationthwt a~ 

• b k • t areas a it is easiest, and then to move ac in ° t' n asl more difficult using the established regenera 10blis ' f maller esta medium and edge for support o news 
ing areas. 
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Fi 10.s Photographs depicting (a) preparatory and (b) establishment phases for a group shelterwood In European beech 

~::S In the Czech Republic. and (cl preparatory and (d) establishment phases in Norway spruce-silver fir in Bavaria, Germany. 

Sourct:(a, b) Mark S. Ashton. (c, d) Yale School of Forestry and Environmental Studies. 

Application of Shelterwood Methods 

Shelterwood regeneration methods have many more 

variants and wider applicability than seed tree and true 

clearcutting. Within the framework of the shelterwood, 

tbere can be a variation in the relative degrees of shelter 

and exposure in both space and time. Adjustments can 

be made to meet the requirements of almost all species 

excerootpt th0se that are exceedingly intolerant of shade and 
competif Th eve ton. ey are the most inclusive of the 

n-aged methods f . . 
to very so histi O regeneration and can be applied 
successlona}p cated modes of harvesting compatible 

crops (Fig. 10.9) 

Shelterwood methods simulate the effects of wind-

storms and similar disturbances on large trees that kill 

forests from the top down, and release small trees of spe-

cies adapted to start as advance regeneration. The term 

"shelterwoodn denotes one purpose succinctly: shelter-

ing seedlings. However, like the seed-tree system, the 

shelterwood method is employed to distribute seed from 

parent trees that have poor or unpredictable dispersal 

agents, and to maximize the productive capacity of the 

growing stock by allowing the best trees to grow larger. 

Applications of shelterwoods are presented for the 

following range of forest and tree types: conifers, oak hard-

woods, northern hardwoods, and tropical hardwoods. 
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Mixed dipterocarp forest 

Cane 
Wenlwelgeta 

Cloves 
Mangosteens 
Sugar palm 

Northern h rdwood forest 

Mushrooms 
Ginseng 
Kalmia 
Ramps 

Maple syrup 
Honey 

Understory Canopy 

Initiation Stem exclusion Understory reinitiation 
) 

Stand dynamics 

Rgure 10.9 Shelterwoods can be the most inclusive natural regeneration method for complex mixed-spec! 
the most shade-~olerant species rely upon advance regeneration. By including multiple species In the succe:~~tands, In Particular 
exists of harvesting many products from trees that mature over the course of stand development ending With t~al cycle, the opPo Wh~ 
tree and non-timber species together Increases the net present value of a stand by compatible stacking as e timber trees. Add~rlty 
timber alone. A graphic Illustration is shown for shelterwoods as sequentially successlonal cropping system cot pared to managern ng al 
In a mixed dipterocarp forest from tropical Asia and a northern hardwood forest from northeastern North A 5 or. non-timber forest!:,~_ 

menca. Source: Mark S, As~ 

Shelterwood Methods for Conifers 

The Hard Pines 
The most common American use of shelterwood cutting 
for the regeneration of pure stands is for conifers, espe-
cially for many pine species. Though it is not widely prac-
ticed at present, it has been used successfully for loblolly 
and shortleaf pines, when coupled with adequate control 
of hardwood competition (Baker and Balmer, 1983). It is 
regarded as a good way of regenerating longleaf pine, 
whic~ is difficult to plant and has very slow-growing 
se~dlmgs (Boyer 1993). When ponderosa pine is grown 
using even-aged management, the regeneration is often 
accomplished by shelterwood cutting. In the case of the 
Black Hills of South Dakota, which have summer rainfall 
and abundant regeneration, stand management is fairly 
easy. In ~ther.parts of the rather large, arid range of pon-
deros.a pme, 1t ~ay be necessary to wait patiently and 
practice something that is between a seed-tree and a 
shelter~~od method, in order to reduce the belowground 
competition for water between establishing seedlings 
and the groundstory shrubs. Red pine has also been suc-
cessfully mana~ed under the .uniform shelterwood sys-
tem, although 1t has been difficult to achieve prompt 
regeneration (Benzie, 1977; Benzie and Alm, 1977). 

The Soft Pines 
In the case of the moderately shade-intolerant sugar 
pine, eastern white pine, and western white pines, the 
shelterwood is advantageous for pest management and 
ideal for establishment of natural regeneration. For all 
the soft pines, the establishment cut must be severe 

enough to allow the pine seedlings t 
th • h O grow faste eir mores ade-tolerant competito r than 
and fir (Box 10. 1 ). rs, such as helll!oci 

The main problem with growing easter h' . 
th hi . n w 1te pine , 

e w te pme weevil (Funk, 1986). This insect 
O 

IS 

kills the terminal shoots of the trees when th t fte 
th hi e opsare· 

e suns ne. The replacement branches are usuall the 
laterals of the previous year, and when they turn upJard) 
they form a crook that badly deforms the stem 0 
solution is to use a shelterwood overstory (older ~hi~ 
pine or other species) to keep the young stems shaded 
until at least one log-length has formed (Fig. 10.10). 
Older white pines provide the best shade because the 
weevils are lured away to their sunlit crowns. 

With western white pine, the introduced blister rust is 
the major problem. Shelterwood cutting plays a role by 
keeping the understory Ribes shrubs in-check. The Ribes 
shrub is the alternate host of the rust fungus, so the con-
trol of the Ribes will reduce the tree damage. The partial 
shade from shelterwood cutting is fine for pine seedlings, 
but that level of shading is too much for Ribes to survive 
and produce seeds. , 

Douglas-Fir, True Firs, and Spruces • 
Douglas-fir and many other conifers of western North 
America are ecologically well adapted to shelterwoods 
(Williamson, 1973; Seidel and Cooley, 1974; Seidel, 1!8! 
Burton et al., 2000). In the past, the u~e of the cit-
did not develop because of the difficulties of partJ th 
ting, especially in ancient unstable stands andd .00 uche 

• telan sms steep terrain that is so common. On priva 
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ixed conifer stands of the Sierra Nevada Mountain f C ,·r . 
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10.1 Re ance ut has the most Irregular masting 

~o" I 11 d ne hardwood that make up ;vents (every 3-5 years) and seeds do not dlsperw far 

rodtJ't o conifers an C ~ifornia black oak, ponderosa rom the parent tree. Black oak also has poor seed dlsper-

111t e are flv~hiS tncludes_,:dar, sugar pine, and white fir. sa!· All tree species require mineral soil for best seed ger• 

111errr,1,cture- s-flr, 1ncens: the middle elevations In the mmatlon. White fir Is the most prolific seed producer. 

111IS oouglaes dornlnat dually increase to high elevation :~el_terwoods are therefore designed with a preparatory 

pirte'e sPecl as bUt gra killed by lethal crown fires, ttmg to take out much of the fir, followed sometimes 
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south, All a~e rked species of this mixture, by a surface fire to prepare the seedbed. Several years 

n°'1 
,0gress ~he onlY thln~d afires, as Is sugar pine to some later the establishment cut can be done to space the can-
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art number of shelterwood trees Increases and their spacing 

11eratfon t the complete mixture, It is decreases In relation to aspect (south versus north) and 
itege genera e di 

f ctorilY re I sugar pine Is lnterme ate In on progressing south In the Sierra. 
ro satls a us on sugar P ne. 
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Box 10.1 Figure 1 A shelterwooci establishment cut In a mixed conifer stand leaving 20trees/acre on the Stanislaus National Forestln 

the Siem Nevada. Slash was piled and burned as a site preparation. Source: Mark S. Ashton. 

places as western Oregon and Washington, the climate 
and soils are favorable for clearcutting and planting as a 
dependable solution. Shelterwood cutting may be used 
to meet goals on public lands that require more struc-
tural and compositional diversity, but partial shade is not 
necessary for regeneration. 

_Most of the region Is so mountainous that elevation 
differences and rain-shadow effects create intricate 
patterns of var· t' • · ,., 1a 10n m site ,actors to which silviculture 
:uusttti be adapted. One locality where shelterwood 

ng seems de I abl • 
has rain! s r e IS southwestern Oregon which 

ess summe Th bl . . , 
facing rs. e pro em sites include south-

aspects co . . 
Branite d 1 ' arse-textured soils derived from 

, an ow r 'nfall 0 
ai • n these sites, partial shade 

reduces both direct evaporation and extremes of surface 
temperature, enough to allow seedlings to become 
established from natural regeneration. In addition, the 
shade may reduce the establishment and spread of 
Ceanothus and manzanita shrubs, which are aggressive 
and can easily exclude young trees. 

At high elevations, both incoming solar radiation by day 
and outgoing radiation by night are so great that extremes 
of surface temperature are very wide. They are so wide 
that high-elevation spruce-fir, particularly on southern 
aspects, are better regenerated naturally through the use of 
shelterwoods. However, on cool, moist northern aspects, 
advance regeneration can build up such that a one-cut 
shelterwood can work well (Ferguson and Adams, 1980). 
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Figure 10.1 O A shelterwood establishment cutting in a 74-year-old stand of eastern white pine In the Pack Forest In eastern New York. The establishment cutting was carried out 12 years prior to the photograph. The overstory is being used to reduce damage to the crowns of the seedlings from the white pine weevil. Source: Yale School of Forestry and Environmental Studies. 

Shelterwoods are very suited to the spruce-fir forests of the northeastern maritime provinces of Canada and Maine (Seymour, 1992) as well as the forests of south-west Alaska (Greene et al., 1999). In Quebec, red spruce and balsam fir regeneration grew best with establish-ment cuts that removed about 60% of the initial basal area (Pothier and Prevost, 2008). In Scandinavia, as could be predicted, birch (Betula pendula and Betula puhe-scens) is negatively associated with amount of shade, while survival and establishment of Scots pine (Pinus syl-vestris) and Norway spruce (Picea abies) were unaf-fected. To secure Norway spruce and Scots pine, N~son et al. (2002) recommend a canopy cov~r that _provides partial shade (25% of initial basal area) with a s~il surfac~ that is lightly scarified to expose some ~f th~ mmeral soil and encourage decomposition of orgaruc soil. 

Shelterwood Methods for the Eastern Upland 
Oak-Hickory Forests 

Oaks are one of the most importbantht ~ro::r ~c::;~ N rth American forests O m eastern o • their regenera-and ecological value. However, assuring . difficult. t in new forests 1s tion through managemen 
1 cy of past land use. Most of the oak forests are a ega 

They have a history of land ab 
agriculture, fuelwood, and tim~e frolll ftte 
ished under these circumstances~ cutting,' ~libs~~ 
few predators. Voles, mice squ· ecause the· ¾s Q0 ct • 1 trrels d tr Se lit. Jays were all rare because of hu t' ' eer, tu k e4 
animals are forest dependent an/1.ttl

1ng 0r beca r ey, a •• th • 0 k . I efo ll&e,L''Q at at time. a seedlings survi·v restlan,l "'Po. e surfa "e~:.'"l vigorously, and can withstand d ce fires 
) ry ope • spr (Box 10.2 • Current oak stands are a . n cond· _<liq 

for many species of wildlife, and pri:~: t0urce 0;~011s 
tion and clearance, to people as well. Theand colon~ 
very different now, compared to the condt _se forests~-
oak forests arose. Now there is strong fir ttons ""hen~ 
an absence of fire on the landscape. Pre: Protectionatid 
are in high numbers because forestland c~:: ~f acorns 
returned and hunting pressures are low p· tions haVe • ire Prot ....... has led to the rise of a more shade-tolerant ':"•tion 
loving species assemblage (maples, black bi; : 01Sture. poplar, sweetgum) that outcompete oak i~ ' Yello1y. 
space in the understory for advance regeneratio se~ring 
wonder that trying to regenerate these forests is~~ is no 
However, the ability to regenerate oak varies dra cul~ all b d 't • . . lllati-c y, ase on s1 e, species competition, and seeding phenology. 

On drier soils and/or climates with lower continental rainfall, the more shade-tolerant moisture-loving com. 
petition is absent. Oak seedlings can establish and build 
up numbers that can stay in the understory for many years. All that is needed is for the forester to recognize 
the presence of advance regeneration on these kinds of soils. It is simplest and easiest to treat this as a one-cut shelterwood (Hannah. 1988). However, these are the very sites that should be held on to, to provide more overwood and structure for ecological or wildlife habitat purposes, because of oak's superiority at holding on to its growing space in these· conditions, relative to competi-tion from other species. 

On the lower slopes and deep moist soils, or in climates with higher rainfall with more maritime influences, the oak forests that arose a century ago from past land use are much more difficult to replace. This is primarily because of competition, both during the periods of time when advance regeneration is establishing in the understory, and post-disturbance competition of what regeneration has established with other faster-growing, more shade-enduring species. A study done in southern New England (Frey et al., 2007) showed that although masting eve~ts are fairly periodic, once every 3-4 years (Healey, Lewts, and Boose, 1999), actual successful seedling establishment in large cohorts within the forest understory is much less frequent (once every 10-15 years). This is complicated ~y the fact that on moist sites, 99% of this regeneration ts dead after only a few years because of the greater canopy shade. On drier sites, high percentages have been recorded to survive longer than 20· years (Ashton, unpublished data). The establishment cut for oaks in northern 
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d
ling sprouts for regenerating oak, hickory, and other heavy-seed d 

of see e nut species. 

irt1Portance base of small saplings and regeneration of these species (especially oak and hlcko Is 
'J, -rne frorri th\rowse) usually have the same well documented for a range of treatments. site Indexes, ~nd 

90~ 1 O· at ,orne (e.g., fire, origin as stump sprouts, but f?rest types. There are slgniflcant variations In the competl-
~.,,,oiJtS t:fter 1nJUisrolo91'~utes of seedlings that they are t1veness of oak and hickory on different sites and In diffe~t 
)t".dgri~s I and p ,nanY attrl are defined as coming from forest types. For Instance, xerlc sites often have much more 
se;~rcatiave so routs• rt,eYdlarrieter. This generally means oak advance regeneration because the seedlings have 

alsO edil"g s~n (2,5 cf11) I~ apwood and may quickly be greater amounts of understory light avallable and less com-
c,lred s~ss tnan 1 aY i,ave on y ;oth factors greatly reduce the petition from other species, allowing cohorts to accumulate 
siiJl11pS siurTl~~calhJS t1ssu~ stumP to sprout They are con- after successive mast years. On more meslc sites, the pres-

~r'''s reading fro reproduction (see Chapter 12) ence of advance regeneration Is tenuous as the lack of light 
i,~rt-rOt : ..,e9etati":1ves of seedling origin. Howe~er, causes high seedllng mortality as compared to xerlc sites 

,is~o~ a forrT' d of thef11S as sources of regeneration where their die-back re-sprout abllftles are much stronger. 
sidt~.,are 111 an to seedlfngs ore rapidly as the result of 

_,. tile, .,erlor grow f1l Th 
i,u• re su"- snoots nourish them. e stems 
t,tl :se tfle ~sred raot syste::~se the faster a tree grows 
~.ina establ I 

titer slf11P'Y the Jess time there ls for the 
II"~ :-. str3 9 f height. ) 

d to t,e aln zone O te deformities (Ag. 1 • 
:,oi1911 a ~ragencfeS that ~;outing species can produce 

0
~ 31,nost anY P eclallY important with many f 
~i,ol.1911 ,outs, theY are es~he oaks, hickories, chestnut, t 

see<f Pn!1 s~ specleS ~uch ~=s would be classlfled as long-
la~l,JtS, All these spec that are also Intermediate lntol-
and wain successtonal trees 5, Fig 5 6) The seedlings of 
• ...,i jatel' ( chapter , • • • 
Ii- <I shade see extremely numerous, but once 
e,ants pec1es are seldom rslstent and may survive for 
~~i,ed, theY are v~~h:e of older trees. The seedling 

.-rs In the partla d get killed back from browsing, 
,nan, , ... -- II grow up an ft 
toPScontlnua Y and shade, but the carrot-like roots o en 
.-..ndstoryflres. When some permanent release 
ir·- nd groW larger. ft 
su,vlVe a these kinds of plants grow rapidly; they o en 
taJ(eS prace. f regeneration for the species Involved. 
are a chief :~:ee~ables a kind of long-term storage of 
The mecha h specially of species that produce small 
acfVance grofwt Jrg~ :eeds. These species are therefore ideal 
numberS O a f I 
candid 

for the shelterwood method o regenerat on. 
ates k • 

StudleS have also documented successful oa regeneration 
rolowlng seed-tree and selection methods of regeneration. 
All of these regeneration methods would require treatments 
to secure their establlshed presence before canopy removal. 

While large parent-tree stump sprouts for these species 
can provide competitive vegetative regeneration, they are 
often too sparse to substantially contribute to a future 
stand'scomponent, and sprouts decline In both number and 
vigor with the size of tree cut. The Importance of advance 

hardwood stands • li number 18 comp cated because of the large 
cent of tree species. A method for determining per-
Ind .::i cover for marking trees has been made (Leak 
crown~ 1: 3), using diameter at breast height (DBH)/ 

To 111~ ta for the 10 main tree species. 
In \Vetter~ regenerate oak on the moister soils and 

~• shelterwoods are an obvious method 

Box 10.2 Figure 1 Two-year-old white oak seedling sprouts. 
Source: H. Lewis, New Hampshire State Forest Nursery. Reproduced 
with permission from New Hampshire State Forest Nursery. 

to use. However, the regeneration often needs to be 
present before the establishment cutting because studies 
have shown it will not significantly increase afterward 
(Sander, 1979; Johnson, Shifley, and Rogers, 2009) 
(Box 10.3). Again timing is critical with best estab~h-
ment often related to the release of advance regeneration 
that is only a year or two old. 
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10 3 R generating oak on sites with shade-tolerant competitors in New England and the A 
ox • e PPalach· 

d I differences in shade tolerance t , 'ans. Itro uct on o ,av
0 another and meet regeneration r one 

ree species differ In their competitive ab~lity at differe~t QoaJs. species 
ites due to physiological and morphological charactens- Regeneration lliter 
ics. As a result, sllvlcultural treatments can have varying 
legrees of regeneration success depending on site quality. 
n the oak-hickory forests of the southern Appalachians 
and southern New England, variation in competitive ability 
>f northern red oak (Quercus rubra) is addressed by adjust-
ng shelterwood basal area reductions across site gradi-
~nts and developing site-preparation treatments that favor 
:>ak compared to more shade-tolerant hardwoods. 

In southern Appalachian forests, one of the primary com-
petitors of northern red oak is yellow-poplar (Liriodendron 
tulipifera). Yellow-poplar competes well on high-quality 
mesic sites. In southern New England, black birch (Betula 
lenta) often out-competes northern red oak on mesic sites. 
Yellow-poplar and black birch are similar In that they are 
both considered intermediate shade-intolerants that can 
produce rapid growth compared to red oak, which is also 
considered an intermediate shade-intolerant (see Fig. 10.1 ). 
Neither birch nor poplar have as large a seed or allocates as 
many resources to seedling root development as northern 
red oak does. 

These physiological differences confer competitive 
advantages to the different species on different sites. On 
low-quality sites, the developed root system of advance 
regeneration northern red oak can provide the seedling 
with more moisture and nutrients than either yellow-pop-
lar or black birch and It holds a competitive advantage. On 
the other hand, on more shaded meslc sites, moisture and 
nutrients are more readily available, and the developed 
root systems of advance-regeneration oak do not confer an 
advantage. The silvlculturalist must therefore make use of 

-i 1 
' , 
I • 
: . 
I 

.. 

1 \ 
I 
I 

In the USFS Bent Creek Experiment 1 Appalachians, David L. Loftis has da Forest In S 
reduction guidelines for naturally r eveloped b 0~the"1 
red oak In shelterwood treatments e~eneratlng ~sai ar~ 
stands are reduced to 60%, 65%, a~d 7~ure fu11y.s~~h~ 
area where oak site index is 70, 80, and 90 % of Initial~~ 
Before cutting, herbicides should be a ieet, resPeq, asa1 

tory treatment by stem injection to sa~fi led In a Pte:e~. 
shade-tolerant competitors. After the ngs and Pole ta. 

cide treatment, an establishment cutt~reparatory he~~f 
area from below. This can be followed u ng ~educes ba: 
herbicide, applied using the cut-stem m~t~~twards Wit~ 
of trees such as red maple and yellow-po ~o the ba~ 
the sprouting. Overstory removal takes place io ar to stop 
the treatment to allow for advance-regen Yearsaner 

. eratlon increase basal diameter and competitive abm Oak to 
1983, 1990). ty (Lofti~ 

Research at Yale Myers Forest in southern Ne E 
on seedling dynamics (recruitment and suiiv:i9'and 
Informed shelterwood spacing across topo ) has 

d• I d . graphic gra rents re ate to moisture. Spacing of canop 
Y trees ranges from 30-45-60 ft, as a forest moves from . 

'd • d' 1 xenc r1 ges, to mterme 1ate s opes, to very meslc toe slo 
Sh I d • • 'd pes, e terwoo spacing 1s w, er on more meslc sites to 
promote the relatively shade-intolerant northern red 
oak over the more shade-tolerant yellow-poplar and 
black birch. 

Additionally, prescribed burns following shelterwoods 
have been shown to favor growth of northern red oak. In 

UGA2714 07 3 

3ox 10.3 Figure 1 A typical understory of an Appalachian oak hardwood forest prior to a shelterwood. Source: US Forest Service. 
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. 1.1re 2 Re 
t·on release of vigorous yellow-poplar regeneration after the establishment cut of a shelt d 

genera I 
erwoo . 

10.3 Fr9 t service. 
so~ . us Fores 
source-

Box 10.3 Figure 3 A prescribed burn treatment to the advance regeneration kills the yellow-poplar and promotes re-sprouting of 

the fire-tolerant oak beneath. Source: US Forest Service. 

the central Appalachians of West Virginia, high- to 

medium-Intensity spring or summer fires can reduce yel-

low-poplar dominance (Brose, Van Lear, and Keyer, 1999; 

Brose, 2010). Fire is not used to secure oak regeneration 

but to release it after the canopy has already been 

~~~ned (Brose arid Van Lear, 1998; Brose, Van Lear, and 

P per, l999; Brose, Schuler, and Ward 2005) (Figs 1 2 3) 
rescribed fi k ' • ' ' • 

an f res ta e advantage of the greater fire toler-
expece oak relative to yellow-poplar or black birch which 

nence higher m 1· ' 
resprout as . orta ity during fires and do not 

vigorously as northern red oak. The legacy of 

11111 Q 

the single-burn treatment remained effective in releas-

ing the oak and hickory from the competition with pop-

lar and red maple at least 10 years later (Brose, 2010; 

Brose, Schuler, and Ward, 2005). Similar studies have 

been done In New England with mountain laurel, an 

evergreen shrub in the rhododendron family, but in this 

case the laurel sprouts back with the oak. If the burn is 

done after the establishment cut, the oak overtops the 

laurel sprouts; if the burn precedes the establishment 

cut, the more shade-tolerant laurel overtops the oak 

(Moser, Ducey, and Ashton, 1996). 
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Shelterwood Methods in the Northern 
Hardwoods 
The northern hardwoods extend across North America's 
northeastern states, from Minnesota to Maine and from 
south central Canada (Ontario, Quebec) south along 
the Appalachians. The soils are mostly glacial and the 
climate is cold and moist. The dominant species include 
sugar maple, red maple, black cherry, beech, white 
ash, yellow birch, and paper birch. Eastern hemlock 
is the single most important conifer associated with 
northern hardwood. Natural disturbance regimes that 
renew forests range from convectional windstorms, ice 
storms, and occasional tornadoes, to small single-tree 
windthrows, droughts, and insect defoliation. Most of 
these forests have had a sequential series of high-grad-
ing for the best timbers during colonization, with the 
advancement of the frontier from east to west (1700-
1850). This was followed with heavy removal cuttings 
for firewood, charcoal, and the wood chemical industry, 
during the industrial revolution (1850-1920). Across 
the whole region, the new forest is now mostly even-
aged of 70-100 years. Unlike the oak-hickory forest, 
most of this forest was never cleared for agriculture and 
then abandoned. Its history is one of exploitation and 
cutting, with the subsequent release of advance regen-
eration. Forests that were completely cleared for pasture 
and agriculture went through an old-field conifer stage, 
after which advance regeneration became established 
and then eventually formed new second-growth stands. 

The shelterwood is the regeneration method most suit-
able for the current forest structure and species composi-
tion. For the Lakes States region, Godman and Tubbs 
(1973) recommend two fellings for stands older than 40 
years; stands that are younger and reproductively imma-
ture are difficult to regenerate by seed-origin natural 
regeneration. The establishment cut should remove about 
40% of the initial stand basal area. To increase the yellow 
birch component, the proportion of basal area should be 
higher, the soil should be lightly scarified, and there 
should be some vegetative control of the beech and maple. 
In the Allegheny region, Marquis (1979) recommended 
removal of 33% of the basal area to encourage black cherry 
in 50-70-year-old stands, and that the overstory should 
be removed after 5-10 years. However, because of high 
deer populations, fern and grass cover can increase on 
poorly drained soils, creating potential interference with 
the seedlings; these problems need to be controlled by 
foliar application of herbicide (Horsley, 1994). 

For the Adirondack region, the most appropriate 
establishment cutting to favor sugar maple and yellow 
birch required stand removal down to 50ft2/acre 
(11.Sm2/ha) of residual basal area in a~e~s that had co~-
trolled deer densities below 14deer/mile (36deer/km ), 

and where understory beech h d 
• 'th a had tmg w1 a cut-stem application a Prep 

and Nyland, 1981). Total stem of herb·~atory 
5 years after the establishment numbers "tctde (" Cii1. 

CUtti t'eal( 11.~. closed-canopy stands were rap'dl nhnd b td ah.~, 
Nyland, and Yanai, 1999). Rem~ J self.tnirt lot·~ 
completed by year 10. In the silvic:lt cuttings~~ 
ern hardwoods for New England Lura1 Sllid hollld 
De Bald (1987) /uggest an estabiish ea!(, Sot~ to nolth. 
leaves 50-80ft /acre (11.5-1Sm2/h tnent cu~~ 
cut 5-10 years afterward. This kind a) With a tng ¾ 
provide a high proportion of shad of treatmen:e~ 
th ti 'th e-tolera 1Yn.., e regenera on, w1 sugar maple nt spe . -~4 
higher pH soils, and beech on th on the more ~tes 

il H• h d d e Poore ettil so s. 1g er eer ensities promote bee r more .~ 
maple over sugar maple and white h ch and Stf~ 
residual basal areas of 20-40 ft2 /acre a(s4 • LeaVing 1~'11 

ell b. .S-9 m211._ er motes more y ow irch. In additi , 11a) p~ 
determining the establishment cut foro~ a lllethod 
been devised, based on data for tree 0;~ England has 
cover (Leak and Tubbs, 1983). The rem al and cro\Vn ov cut· done when the ground is frozen and the IS best tect the regeneration. snow can pro, 

Shelterwood Methods In Tropical Rainforests 
of Southeast Asia 

The mixed dipterocarp forest type dominates the th 
As. . sou . east 1an wet evergreen rainforests. Like the oak-hard-

wood forests of eastern North America, these rain forests 
are dominated by one very species-diverse family of 
trees, the Dipterocarpaceae. Once widespread across the 
region, most of these forests in the lowlands have been 
selectively logged and converted to other land uses such 
as rubber and oil palm. There was a period of time dur-
ing the heaviest exploitation (1960-2000) that diptero-
carps comprised the largest volumes of timber traded on 
international markets in the world. 

Shelterwood systems in mixed dipterocarp forests 
of southeast Asia have a long colonial history of 
development. Many dipterocarps exhibit masting, are 
relatively shade intolerant (red meranti type), and are site 
restricted, creating relatively simple mixed-species 
stands, with standing merchantable volumes of timber 
greater than 1400ft3/acre (lOOm3/ha). These forests are 
suited to uniform shelterwood treatments, where pre-
paratory treatments are focused on establishing adv~ce 
regeneration of the shade-intolerant canopy trees prior 
to canopy removals. Mixed dipterocarp forests can rante 
in merchantable timber volumes from a low of 3S~ft I 
acre (25 m3 /ha) on infertile or drought-prone ridge sitefi 
or low-lying hydric swamps, to a high ~f over 286

1~ 9; acre (200m3/ha) on fertile lowlands (Nicholson, ThiS 
Bertault and Sist, 1997; Ashton et al., 200l). 



. h forests of Africa and 
Y.ric ·at ti" b ah0gan f commerc1 m er tJte rJl volumes /ha) when averaged 

t5 witlt woef;acre ( 40 et al., 1995; Barreto ,,,s et1c9• 70~ cveriss1rno c0t11J" pl eel 5 t area 'fhe, 2002). . 011tJI et-'e e fores r-rguyen· eveloped for the . Asian ~t , 19'~s·st irid at were d first successfully 1IDple-,';ta:\998i s~ertls :rests were at~on was easily secured, e1"1-• pie sr,ocirl' ce regener esent before any treat-5ifl1 diPte,e 9dv3° st a1ways prd'tions tended to be ~,..-1 pe .1rJlO con 1 t: 111iP;c1 w v,is II' These d d. terocarp ,orest types. 

App/iaJr/orJ of Shdtewood M4!fllod1 122) 

lowland dipterocarp forests of South Asia, ~ed-trtt sys-tems for Dipterocarpus zeylanlcus were developed (Holmes, 1957) and for forests comprising moist sat (Shorea robusta) in Uttar Pradesh, India one-cut shelterwoods were used (Joshi, 1980). These systems worked primarily because they were applied to forests which were dominated by one or two shade-intolerant dipterocarp species that mast and regenerate prolifically. Much of this kind of forest has now been cleared for agri-culture (oil palm, rubber) and only fragments remain. 
More complex shelterwood systems have been developed following uniform shelterwood protocols, but leaving various kinds and arrangements of reserves that create two or three age-class systems (multiple-aged). These will be described in further detail in Chapter 11. 

111et1 llere it r0ade·1 od rnixe ,p developed as a one-or vi ts v,ere t1te 10w a sys tern wa_s ted by Shorea lepro-~~cted to uoiforrnforests dorninad other red meranti re>- ,..a1s;v,ood for arornatica, an.th 1963). In other ,rite sJtelte bala"ops 4) (Wyatt-Srn1 , 
,11t p,10 " 10, ~-----------------------7 #'' teS (SO 
,ia ·form~S~y~st::e:_:.:m~--------:::=-::=::===-:::::-:==:;:-:-:::;:::=:;:-;:;::=~ Malaysian Un 

I 
these traits was the Ilg ht merantl Shorea leprosula. Research 1o 4 ihe In the 1920s by researchers within the newly founded soJI • 1nated the lowlands of Forest Research Institute In Kepong. Malaysia, suggested 1ritrod"'tl

011 
arP forest once d::mprlsed many timber that the best way to regenerate this kind of forest was a dlpter<>~ ). This forest(6'ppterocarpaceae). In partlcu- form of one-cut shelterwood. The method Is summarized t,4 1, (F19· Shorea as composed of f kd ha I b Wy tt S Ith (1963) t,4alaY5 In the genus t this elevation w d seedlings from years o wor one att tt me y a - m rest t)'Pe a ollflC masting, an In his book The Manual of Malayan Slfvlcufture for Inland ,., the fo that had pr .o11eneratlon In the forest Forests. ,..., .-cle5 dvance r ... :, ted Shott6 Sr-resent as a I bertreethatrepresen hat were P ,nost obvious t m 

~nde,storY•The • ··_ --:?"'l:;--------------------:-7 

. • Equator 

Indochina -Cambodia. Laos, Myanmar, lllailand. Vietnam and southern China 

l.~fhiAppines 

..:- /~ • 
• , . forest In tropical Asia. The black depicted In the map Is Box 10A Figure 1 A map depicting the original range of mixe~ dipter~rp Ith hi h rainfall areas throughout southeast Asia. lowland and hill mixed dlpterocarp forest. This forest type dominates ch mates w 9 

Sowtl:MarkS. Ashton. 
. ed) 
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Box 1 o.4 (Continued) 

t· 
r· 

Box 10.4 Figure 2 A young stand of mixed dlpterocarps in stem exclusion 25 years after regenerating by the Malaysian Uniform System at Sungei Menyala, Malaysia. Note the uniformity of the pole-sized stems. Source: Mark S. Ashton. 
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