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Abstract—A research program at the Coweeta Hydrologic Laboratory,
North Carolina, is investigating effects of perturbation or manipulations on nutrient cycling and productivity of forested watersheds.
The experimental approach is to explain whole ecosystem behavior, as
revealed by watershed nutrient and water budgets, by reference to internal ecosystem processes. Research is designed to examine the emergence of higher level ecosystem properties from lower level component
processes. This report describes the general scope of the research at
process levels, and relates dynamics of internal processes to
ecosystem level response. The research is organized around a general
theory of ecosystem relative stability, based on the complementary
aspects of resistance to disturbance and resilience following disturbance. The research is a cooperative effort between the U.S.
Forest Service and the University of Georgia.
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Research on nutrient cycling at Coweeta has centered around the use of small
watersheds as basic ecological units. Bormann & Likens (1967) drew ecologists attention to advantages of the small watershed approach. Studies of
nutrient cycling at Coweeta were initiated in 1968. We are using the small
watershed approach as a means of elucidating basic ecosystem phenomena, and
as a sensitive indicator of long-term consequences of land management
practices (Johnson & Swank, 1973; Swank & Douglass, 1975). The research has
been a cooperative effort between The University of Georgia and the U.S.
Forest Service with major aspects funded by the National Science Foundation.
Significant funding was provided through the Eastern Deciduous Forest Biome of
the U.S. IBP.
The purpose of this overview is to describe the scope of nutrient
cycling research at Coweeta and the underlying guiding philosophy. Current
research is a blend of objectives concerned with ecosystem theory and of practical aspects of forest management. The training objectives of university
research have played a significant role in our studies as well. Graduate and
postdoctoral students have made and are making significant contributions to
research at Coweeta. The mix of personnel has been diverse and has changed
during the years. We feel that one of our major strengths has been the
variety of scientific disciplines involved with various aspects of the work.
Orientation of diverse specialities around a common set of objectives has
been a necessary requisite for this work.

DEVELOPMENT OF RESEARCH OBJECTIVES
Nutrient cycling research at Coweeta initially was built upon several
unique advantages afforded by that site: (1) a 35-year background of hydrologic and clinratological monitoring; (2) a well-documented history of experimental watersheds; and (3) data on a variety of watershed manipulations and
basic hydrologic processes, which provide a base for interpreting studies of
nutrient transfers. Further, the Coweeta watersheds of various sizes and
elevations afford the opportunity to assess scalar and elevation dependence of
research results. A summary of the Coweeta watersheds, treatments, vegetation
types, and sizes is given elsewhere in this workshop (Swank & Douglass).
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Initially, the research at Coweeta concentrated on cation input-output
budgets with basic objectives of characterizing cation losses from manipulated
watersheds (Johnson & Swank, 1973). Beginning in 1968, four watersheds were
selected for intensive study: a grass-to-forest successional watershed (WS 6),
a seven-year-old coppice watershed (WS 13), a thirteen-year-old white pine
watershed (WS 17), and a mature hardwood forest watershed (WS 18).
Simultaneously with input-output budgets, various internal processes were
measured, including aspects of primary production, consumption, and decomposition. Research projects emphasized basic ecosystem processes on the
hardwood watershed (WS 18), and attempted to assess how they had been altered
by comparision with manipulated watersheds. Nutrient budgets provided a
neans for evaluating holistic ecosystem responses to management practices.
Studies at the process level attempted to relate internal nutrient dynamics
to observed changes in input-output budgets. Budgetary analyses were also
nade on a variety of other watersheds in the Coweeta basin (Swank & Douglass,
1975).
This research provided essential information on nutrient cycles in
southern Applachian watersheds. We established basic patterns of nutrient
:irculation, evaluated effects of applied management schemes, and suggested
Dossible mechanisms of biotic regulation of nutrient output (Waide & Swank,
1974). Also, these results suggested that, following manipulations, nutrient
:ycles recover rapidly at the ecosystem level to nominal unperturbed levels.
The treatments of three of the watersheds were not observed to have produced
najor alterations in input-output dynamics at the time the studies were
:onducted. Background data collected during this research have been
;ummarized in several recent publications (see Howell, ej^ a]_. 1975). A major
synthesis covering this data base is now in preparation, as a part of the con:luding efforts of the EDFB-IBP.
Current research has shifted in emphasis, from essentially descriptive
)r exploratory research on previously treated watersheds, to implementation
ind intensive study of two ecosystem perturbations. The perturbations are
>eing utilized as a means of evaluating specific hypotheses concerning
;cosystem behavior and a general theory of relative stability (Webster,
rt aj_. 1975). The two perturbations include a clear-cut by cable logging
is a major, acute, man-induced alteration of ecosystem behavior, and a
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aturally occuring defoliation by the fall cankerworm, which is being examined
s a low-level, chronic disruption. Results of these experiments are intended
o provide a partial test of our underlying theory of ecosystem stability,
ata are being interpreted in terms of ecosystem response to these two classes
f perturbation and in each instance we are testing specific hypotheses
bout the nature of the responses. These hypotheses have been proposed at
everal hierarchial levels, allowing for generalization at population, comiunity, and process levels.
Results of our research have had and will continue to have implications
or forest management practices. Cooper (1969) argued, as have others,.that
he only level of ecological theory that will provide the necessary guidelines
or proper resource management is the ecosystem level. Yet, he noted that the
cological basis on which most current management practices are based remains
enerally a collection of facts about isolated populations, not a "set of
redictive statments about integrated systems." Evaluation of management
ractices in the context of basic ecosystem research is one of the major
enefits from the continuing interaction of Forest Service and university
ersonnel in these studies.
There are at least two major questions concerning the management of
atersheds for timber resources. First, what are the consequences of specific
anagement practices? Nutrient cycling studies on manipulated watersheds are
roviding important answers to this question (Bormann, ejt al_., 1967, 1974;
ohnson & Swank, 1973). Second, what are the effects of current levels of
imber utilization on sustainable productivity? Removal of vegetation, on a
ong-term rotation, is a neglible loss of nutrients from the watershed in
elation to soil nutrient pools. But, what is the long-term effect on nutrient
vailabliity and nutrient pools? Current experiments and associated modeling
tudies are providing at least partial answers (Waide & Swank, 1975).

THEORETICAL BASIS AND ORGANIZATION OF RESEARCH
ierarchial organization of watershed ecosystems
The overall approach to this research is to explain ecosystem-level
38

6£
3qBj.p3uu3quL qE SL q3UB3S3u L9A 3 L-P 3 L|su3qBM uo snooj. uofeiu uno -(uaAOUunq
[[33 'S3[3A~3 [ELurup) sq.ueq.suoo suiiq quoqs A[3Ai.q.B[su qqiw asoqq oq (sassaocud
3iqduoiiioa6 'sqj-Lqs 3LqEUiL[3) sq.uBq.suo3 auuq 6uo[ AUaA qqLM sassasoud LUOUJ.
aSuE-uB suoi.ABU.aq aALqB[au qqLM 's[3Aa[ j.o A"qauBA E qe pSLpnqs aq A~eui suiaqsA"s
-033 'I a-in6Lj UL pazL[Enqdsouoo SL BqaaMoo qs qoaeasaj [3Aa[-pai|SjaqBM aqq
oq uoiAEijaq j.o sapuanbaaj. pue S[3A3[ [BUOj.qBZj.UB6ao j.0 dj.i(suoj.qB[3a aqx
• [ a A 3 [ 3Lj.pads auo uo 6uiqeaqu33uo3 'JOLAeqaq j.o
s[3Aa[ U3MO[ puB J3U,6LL) MJ.J.O [B3S,, A"[3ALq33j.j.3 UB3 uoLqBZL[enqd33uo3 msqsAs
U3AJ.6 e qBtjq sqsa66ns SLU.J. 'UOLqduosap uiaqsA"s au.q UL usadde S3Lq^i3doud aqsqs
/CpBaqs JL3L(q A"[uo qsu,q A"[pidBJ os -inoso suoLABqaq [3Aa[-jaMOi •uo|.qdu3S3p
iiiaqsA"s 3U,q UL squeqsuos SB assddB snqq puB 'snooj. .10 [3Aa[ au,q oq 3Ai.q
-B[aa A~[MO[S A"jaA JH330 s[3A3[ jaqS.Lq oq 3[qsqnquqqB suoLABqag -[3A3[ [Buotq
-BZLUBBJO a[6ui.s B qs pssnooj. si uo.LquBqqe qsqq os pazL[enqda3uo3 A~[[Bnsn aus
sui3qsA"s 'ssLpnqs [B3L6o[03a ui -sspuanba^j. 3qBLp3uu3qui. BABLJ uoLqBZLUB6jo j.o
S[3A3[ aqBLpauuaqui. qB sssuodsay -(squEqsuoo auiiq q.uou,s aABq ' - 3 ' L ) SJOi.ABu.aq
qj.qj.qx3 A"[[B3i.dA"q uiaqsX's aqq ULqqLM S[3A3[
-(squBqsuoo suiLq 6uo[ 3AEq ' 4
qqLM un330 A"[LB-iaua6 SLSABL [EuoLqBZLUB6jo Jaq6j.L) .10
-3g 'anooo A"aqq qs.LqM qqLM sapusnbaaj. aqq oq 6ui.puo33B sJOLABqaq ssaqq
36ueuuE oq 3[qi.ssod SL qj. 'uiaqsA"s A"UB uoj. pSLj-Lquapi. .10 pauLj.3p aq A~EIU q3j.qM
S3suods3a jo sao.LABqsq j.0 36uEJ sqq uaAi.6 'SL qsqi ' ( £ Z 6 L 'UOIULS) uOLqE-tado
j.o sapusnbsuj. -iiaqq spuBSaa SB ,,3LqBSOdLU033p A"LJB3U M 3UB sjOLAeqBq ui3qsA"s
qeqq SLuaq.sA"s pszLUBSuo A~[Lei.q3JEJ3Lq j.0 A"joaqq aqq j.o qauaq 3i.SBq E SL qj
•S3[qBUEA [BquaiUUOJLAUS
j.o qas uaAj.6 e oq asuodsau A"jeuoi.qn[OAa UB SB ssqEu jaAOU^nq puB SSEUI
U33wqaq 33UE[Bq L3AaL-LuaqsA"so3a aqq SB LL3M SB 'suoLqEqunquad 3Lj.p3ds oq
3suodsa-t uiaqsA"so33 j.o SLSA'LBUE sqq. JDJ. SMOLLB qosouddE /Cq.LLLqsqs 3ALqB[3a s.Lqi
•usj.[oqBqaiu maqsX'soos j.o aALqE3LpuL SB uo.LqdnusLp BULMOLLOJ. 33uai.Li.sau
pus 'SSEUI uisqsX's j.0 uOLqsun.! B SE 33uequnqSLp oq 33ueqsLsau :A"qLLiqBqs jo
sqsadsE A"uEquaLU3[dLU03 OMq uo passq 'A"qi.LLqBqs aAj.qeL3u ui3qsA~s033 j.o A"uo3qq
[BU3U36 E aqBn[BA3 oq p3u6i.S3p SL qosoudds 3qq 'OSL\/ -S3SS330ud quauoduios
[3A3[ UBMOL uiouj. aBuauia saquadoud ui3qsA"so33 L3A3L-J3q6Lq Moq suiLUBxa
oq psuS.LSsp SL q3UB3S3y -ai3qsA"s LBLqouBuaLq B SB maqsX'sooa UB j.o qdsouos
B SL qsBOJdds SLqq 6uLA~|.u3pun -sassaooud 6uL[3A"3 quauia[a [Buaaquj.
uo 6ui.sn30j. A"q 'sqsBpnq uaqBM pus quaLU3[a qau A"q pa[BaAau SB 'uoLAsqaq

LOW FREQUENCY
BEHAVIORS

HIGHER LEVELS
OF ORGANIZATION

A
EASTERN DECIDUOUS
ECIDUC FOREST
5?
6d
zo

A
APPALACHIAN
-MAN HIGHLANDS
HI

PHYSIOGRAPHIC DIVISIONS

A
)GE MO*
BLUE RIDGE
MOUNTAINS

PROVINCES

n°
eo-°
015

™,
A

COWEETA BASIN

REGIONAL DIVISIONS
WATERSHED
ECOSYSTEMS

--

WS2

WS27

ECOSYSTEM
PROCESSES

PRIMARY
PRODUCTION

FUNCTIONAL
COMPONENTS

DECOMPOSING
REDUCERS

INDIVIDUAL
SPECIES

LOWER LEVELS
OF ORGANIZATION

WS7

WS17 WS6

WS13

WSr

<c
rz

SPECIES POPULATION

HIGH FREQUENCY
BEHAVIORS

Figure 1. Organizational and temporal levels of resolution in ecosystem research.

frequencies, ranging from processes which occur somewhat more often than
seasonally (e.g. weather related events), to those at the frequency of successional sequences. In Figure 1, the hierarchial levels being emphasized are
shown expanded. At the highest level we are concerned with input-output relationships of individual watershed ecosystems. The lowest level of focus is
identified as "functional components", which represent groupings of individual
species populations having a similar functional role in ecosystem elemental
cycles.
Above the level of functional components, we view the next higher level
of ecological organization as being composed of the four integrative ecosystem
processes of primary production, consumption, decomposition, and geochemical
phenomena (short term weathering and erosional events). Because of the
smoothing of behaviors which has occurred at the functional component level,
process behaviors are more regular. At this process level, the various
functional components which together comprise a given ecosystem process,
interact to accomplish resource transfer and storage.
Research at Coweeta has been concerned with the definition of
functional components in forest nutrient cycles and on identification and
measurement of relationships between the functional components. In all cases
our objective is the explanation of behaviors observable at the process and
ecosystem level. The research is examining the manner in which lower level
processes are intergrated or smoothed to produce the emergent behaviors at
the ecosystem level.
Stability of watershed ecosystems
Ecosystem-level units such as watersheds have long been presumed to be
stable, at least in some sense. Ecologists have sought relationships between
ecosystem stability and diversity of organisms. It is now fairly well accepted
that no compelling evidence, mathematical or ecological, exits to support the
specific hypothesis that diversity itself fosters stability (May, 1973;
Goodman, 1974). Recent papers have suggested that it is environmental
characteristics, especially the availability of nutrient resources which
regulates ecosystem stability (Pomeroy, 1975; Webster ert a_l_., 1975). In any
case we assume that watershed-level ecosystems are stable, and prefer to
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"ocus our research not on stability per se, but rather on relative stability.
Relative stability concerns system response to disturbance, and disilacement from nominal, steady state levels of function. Two aspects of
;his response may be identified (Patten & Witcamp, 1967; Child & Shugart,
972; Rolling, 1973; Marks, 1974; Waide et al_., 1974; Webster et al_., 1975).
"he first concerns the resistance of an ecosystem to displacement. An
ecosystem that is easily displaced from steady state functions has low
-esistance, whereas one that is difficult to displace is highly resistant and
is, in this sense, very stable. The second aspect of relative stability con:erns return to the reference steady state, or resilience. An ecosystem that
'eturns to its original condition rapidly is more resilient, more stable in
;his sense, than one that responds slowly.
In this view of ecosystems two alternatives are thus identified for
ecosystem persistence in the face of environmental variation. Persistence to
iisplacement results from the elaboration and maintenance of massive ecosystem
structure, an obvious characteristic of forested watersheds. Resilience
:
ollowing displacement is related to ecosystem metabolism, and therefore re"lects both inherent tendencies for the dissipation and re-formation of
:cosystem structure. In the closed biogeochemical cycles of the biospheres,
;he structural and functional characteristics of ecosystems are determined by
-ealized balances between factors favoring resistence and resilience,
lutrient cycling thus becomes a central issue in the consideration of
lechanisms of ecosystem relative stability.
The measurement of the various parameters of nutrient cycling, within
;he context of a general theory of ecosystem relative stability, forms the
r
ramework for the experimental approaches now being pursued at Coweeta. The
lajor propositions are two: (1) Compared with other regions, ecosystem
lutrient cycles in the southern Applachians are highly resistant to dis:urbance. Effects of ecosystem perturbation should be less pronounced than
•eported for several other sites. (2) Compared with other regions,
lutrient cycles in the southern Applachians are similarly highly resilient,
tnd should recover rapidly from perturbation as a result of successional
events which re-establish nutrient conservation.
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RESEARCH AT FUNCTIONAL COMPONENT AND PROCESS LEVELS
Data collection at Coweeta is organized around several major areas of
research, at process or functional component levels. Within each area various
types of research are underway. Most are related to nutrient cycling, and all
are organized so as to allow cross-comparisons of results. Space limitations
do not allow for descriptions of the research at these levels. Table 1
provides a list of references to publications describing work at process or
functional component levels at Coweeta.

Table 1. Publications Describing Process or Functional Component Research
at Coweeta.

Process or functional component

References

Stream Chemistry, Input-output Budgets
Water and Nutrient Transport Studies

Swank & Douglass, this Workshop
Best & Monk 1975, Johnson &
Swank 1973
Day & Monk 1974, Spring 1973,
Iglich 1973
Cromack & Monk 1975
Cross!ey ejt a]_. 1975
Waide e_t aj_. 1975; McGinty 1976,
Todd et a]_. 1973, 1975;
Cornaby and Waide 1973
Gist and Crossley 1975,
Cornaby et aj_. 1975
Webster, this Workshop; Wallace
et al. 1976

Vegetation Analysis
Litterfall Analysis
Canopy Insect Studies
Forest Floor Processes

Forest Floor Arthropods
Stream Processes

43

INTEGRATION OF PROCESS LEVEL RESEARCH
The research efforts at process and functional component levels can be
itegrated in several ways. The research is concurrent in time and space,
iking comparisons of response at different levels realistic. The hier"chial view of organization allows for the explanation of the emergent
"operties at a given level in terms of the interactions of its component
"ocesses. The two major components of relative stability, resistance and
ssilience, are applicable as responses to perturbation at process levels as
;11 as at ecosystem levels, which provides a further means of interpreting
:osystem response in terms of process level response.
At Coweeta we have depended upon modeling studies as an integrative
rocess. Modeling and systems analysis have played a major role in our
jst research at Coweeta, and we anticipate that they will continue to do so
i future studies. Modeling has largely provided a means of synthesizing and
-ganizing our data on a variety of nutrient cycling processes in a compatable
id comparable framework. Such modeling has helped with the definition of
jnctional components in forest elemental cycles, and with the identification
id quantification of pathways of elemental transfer among components. Most
F our past studies have concerned previously perturbed or unperturbed
itersheds, and essentially were based on assumptions about the steady state
iture of elemental cycles of those ecosystems. We are now initiating studies
F watersheds currently being perturbed, either by our own efforts or
itural perturbations. As we continue to improve our understanding of
:osystem regulation, we will revise our models of forest elemental cycling
) incorporate new information. We expect that our models will continue to
^present evolving hypotheses about the functional regulation of nutrient
mamics in southern Appalachian ecosystems.
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DISCUSSION

nbrose: Could you take nitrate or orthophosphate and tell us what patterns you've
:n as the water goes from rainwater through the litter into the ground and into the
earn and do these patterns vary seasonally?
mk: The data that we have concerning change in nutrient concentration as it comes
as rainfall and passes these various monitoring stations has been restricted mostly to
.cium, magnesium, potassium and sodium.
dd: As far as the nitrate values, yes, they vary quite a bit as far as vegetation and
o season. The highest rates of nitrate are obviously in the wintertime when the
nts are not as actively taking up the ammonia as they are so we get a higher rate of
rification and a loss of nitrate from the than we do in the summertime.
nk: If you take potassium concentration in rainwater as one, you pass that water
ough the canopy and catch it before it hits the litter and it goes to about 7. Pass it
ough the litter and it goes to 8 or 82, pass it though 25 cm. of soil it goes to 4 and it
:s out of the stream at about 4. The amount of water passing each of these
nitoring points varies markedly. Calcium that's in rainwater as 1, pass it through the
lopy it goes to 3; pass it through the litter it goes to 5 or 6. There is a greater
bilization of calcium out of the litter while potassium has a greater mobilization
ie it is leached out of the canopy. Magnesium is more like calcium than it is like
assium. Sodium bounces around. There is a great deal of difference in the
icentration of each of these elements depending on where you monitor movement of
:er through the system.
brose: What is the temperature of the water seasonally? What is a good range? In
winter would it below enough to inhibit life?
aster: Four to nineteen degrees C, 73/74 for stream water.
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