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Because terrestrial plant communi- 
ties have always been subjected to vari- 
ous forms of natural disturbances, such 
as wind storms, fires, and insect out- 
breaks, it is only reasonable to consider 
recovery from disturbance as a normal 
part of community maintenance and 
repair. Although the structural basis of 
recovery from disturbance has long 
been recognized, the functional basis 
is only now beginning to be under- 
stood, largely as a result of the whole 
ecosystem studies of nutrient cycling at 
the Hubbard Brook Experimental For- 
est in New Hampshire (1-3). 

At Hubbard Brook, experimental 
clear-cutting and subsequent herbicidal 
spraying of a 15.6-hectari watershed- 
ecosystem triggered a chain of events 
which led to pronounced changes in 
ecosystem function (3, 4). Significant 
increases in decomposition rates, nitri- 
fication, streamwater concentrations of 
dissolved inorganics (most notably 
nitrate-nitrogen), total hydrologic run- 
off, and erosion have been reported 
(2, 3, 5, 6). The combined effect of 
deforestation and suppression of vege- 
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tative regeneration with herbicides 
caused extreme open or loose cycling of 
nutrients (nutrient dumping), which 
were flushed from the forest soils into 
streams where they caused eutrophica- 
tion. 

The cutting and herbicide experiment 
raises important and fundamental 
questions about both the general impact 
of disturbance on the functioning of 
ecosystems and the means by which 
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Fig. 1. Relationships of biomass, net an- 
nual production, and leaf area index to 
stand age. 
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such impact is attenuated by natural 
recovery processes. Because similar 
trends are produced by commercial 
clear-cutting practices in the Northeast 
(7), it is of considerable interest to 
understand these recovery processes, 
especially as they are related to nutrient 
circulation. We present data to show 
the importance of a fast-growing, 
short-lived, successional tree species, 
pin cherry (Prunus pensylvanica L.), 
in reducing the degradative nutrient 
losses found at Hubbard Brook, and 
discuss the implications for ecosystem 
stability and forestry practice. Disturb- 
ance is here defined as destruction of 
vegetation, or parts of vegetation, 
whether natural or man-induced. 

Erosional and nutrient element losses 
from a forest ecosystem following 
disturbance are diminished by any form 
of vegetative regeneration, there being 
a roughly inverse relationship between 
the rate of regeneration and the 
amounts of erosional and nutrient losses 
(8). To measure the rate of recovery 
following cutting, we sampled naturally 
occurring stands of pin cherry in dif- 
ferent stages of recovery (1, 4, 6, and 
14 years after cutting). To minimize 
site differences between stands, we 
sampled stands which were all in north- 
central New Hampshire, all on the 
same geologic formation, all subjected 
to the same disturbance (clear-cutting), 
all broadly equivalent in drainage and 
elevation, and, most importantly, all 
densely stocked with, and dominated 
by, the same successional species-pin 
cherry. 

We measured the rate of recovery of 
the ecosystem in terms of amount of 
biomass, rate of biomass accumulation 
(by measuring net annual primary pro- 
duction for each stand), rate of canopy 
closure as indicated by leaf area index 
(9), and rate of accumulation of nutri- 
ents (nitrogen, calcium, magnesium, 
potassium, and sodium) in plant 
tissues (10). 

Our approach to biomass and pro- 
duction estimation (14) followed har- 
vest techniques based on the allometric 
relations of individual sample trees 
(11, 12). Three to five replica,te chem- 
ical analyses were made for each major 
tissue (leaves, current twigs, older 
branches, dead branches, roots, stem 
wood, and stem bark) from each of the 
three older stands (4, 6, and 14 years), 
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and cation analyses by atomic absorp- 
tion spectrophotometry (13). For a 
particular stand, weights of the different 
plant parts were multiplied by the ap- 
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Revegetation following Forest Cutting: 
Mechanisms for Return to Steady-State Nutrient Cycling 

Abstract. Dense stands of a woody, successional species, Prunus pensylvanica 
L., develop rapidly, with early closure of canopy and rapid attainment of high 
values of net annual production and nutrient accumulation. Such rapid growth 
following disturbance tends to minimize losses of nutrients from the ecosystem, 
thus promoting a return to steady-state cycling characteristic of a mature forest. 
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propriate nutrient concentrations to 
yield estimates of standing crop of 
each nutrient element per unit area of 
land surface (in grams per square 
meter). 

Young, very dense stands of pin 
cherry develop rapidly (Fig. 1). Leaf 
area indexes equivalent to the upper 
end of the range for temperate decid- 
uous forests (4.0 to 6.0) (14) were 
attained within 4 years. Reestablish- 
ment of a full canopy implies marked 
increases in transpiration compared to 
that in the disturbed condition and sub- 
stantial moderation of soil temperatures 
during the growing season, the signifi- 
cance of which for nutrient loss is dis- 
cussed below. 

Total net annual production, includ- 
ing estimates of below-ground produc- 
tion (10), for the young pin cherry 
stands is high (15) compared to that 
of other deciduous forests of natural 
origin, some of considerably older age, 
including the undisturbed forest at Hub- 
bard Brook. Indeed, the value for the 
6-year-old stand, 1650 g/m2, exceeds 
the usual range for temperate climax 
forests (1200 to 1500 g/m2) (12, 15). 
Accretion of biomass is rapid in these 
young, dense, successional stands. 

Incorporation of nutrient elements 
into the developing biomass of the three 
older stands is also rapid, especially for 
nitrogen and calcium (Fig. 2). We 
estimate, for example, annual uptake of 
nitrogen in the 4- and 6-year-old stands 
to be about 50 percent greater (10.0 
compared with 6.5 g/m2) (5) than 
uptake in the mature, undisturbed eco- 
system at Hubbard Brook. It is likely 
that the high rates of nutrient uptake 
and growth result from an adaptive 
capacity of this species to utilize the 
greater availability of water and nutri- 
ents on disturbed sites (10). 

Our data indicate that, following 
severe disturbance such as clear-cutting, 
the growth and development of dense 
stands of successional species such as 
pin cherry may be extremely rapid. 
Such growth acts to minimize nutrient 
losses from the ecosystem. This regula- 
tion of nutrient cycling is achieved 
soon after disturbance by a complex 
interaction involving (i) channeling of 
water from runoff to evapotranspira- 
tion, thereby reducing erosion and 
nutrient loss; (ii) reduction in rates of 
decomposition through moderation of 
the microclimate during the growing 
season, so that the supply of soluble 
ions available for loss in drainage water 
is reduced; and (iii) simultaneous in- 
corporation into the rapidly developing 
26 MAY 1972 

biomass of nutrients that do become 
available and that otherwise might be 
lost from the system. 

The extent of nutrient loss from a 
forest ecosystem following clear-cut- 
ting, while varying with local condi- 
tions, such as type of vegetation, the 
nature of the cutting, site characteristics 
(slope, drainage, and so forth), and 
degree of soil scarification, should 
nevertheless decrease according to the 
rate of revegetation. Dense stands of 
fast-growing, successional species will 
exhibit pronounced regulation of eco- 
system function soon after disturbance, 
the net effect of which is to move the 
ecosystem rapidly back toward the 
steady-state, stable pattern of nutrient 
circulation that typifies the mature 
forest (5, 10, 16). 

The implication of our data is that 
successional species, specially adapted 
to exploit disturbed conditions (10), 
ought to be considered integral com- 
ponents of the larger ecosystem, despite 
the fact that they are typically absent 
from the terminal, climax community. 
Successional species have evolved in 
relation to the pattern of disturbance in 
the climax community; indeed the de- 
sign of the life cycle of pin cherry, 
particularly the storage in soil, longev- 
ity, and germination requirements of 
its seeds, assures that its occurrence is 
geared closely into the pattern of dis- 
turbance in the large system (10). 

Silvicultural practice that ignores the 
function of successional, "weed," tree 
species like pin cherry because they are 
economically undesirable, may be eco- 
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Fig. 2. Relationship of nutrient standing 
crop to stand age. 

logically unsound. In the important 
issue of evaluating the effects of clear- 
cutting practices, the role of succes- 
sional species in the recovery process 
is deserving of considerably more basic 
research. 
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