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Abbreviations used in this proposal

HBES - Hubbard Brook Ecosystem Study
HBEF - Hubbard Brook Experimental Forest
USFS - United States Forest Service
USGS -~ United States Geological Survey -
NADP - National Atmospheric Deposition Program
HASL - Health and Safety Laboratory
W# - watershed number

dbh =~ diameter at breast height

Al - aluminum

ANC =~ acid neutralizing capacity

Ca - calcium

Cl - chloride

F = fluoride

Fe - iron -

H =~ hydrogen ion

K - potassium

Mg - magnesium

Mn - manganese

Na - sodium

NH4 - ammonium

NO, - nitrogen dioxide

) nitrate

=~ nitrous oxide

NC - nitrogen oxide

HNO, = nitric acid

Pb - lead

PO4 - phosphate

S5i - siliea

S0, - sulfate

Zn - zine

DIC - dissolved inorganic carbom
DOC =~ dissolved organic carbon

TP - total phosphorus

TN - total nitrogen



Project Summary

Funding is requested for the initiation of a LTER Project at Bubbard Brook
Experiméntal Forest, New Hampshire. The overall goal -of the proposed research 13 a
better understanding of the response of northern hardwood-conifer watersheds to large-
scale disturbance, particularly with regard to (i) vegetation structure, composition
and productivity; (ii) dynamics of dead organic matter; (iii) atmosphere-terrestrial-
aquatic linkages; and (iv) heterotroph population dynamics. The research will be
carrled out on sites with coantrasting disturbance history using experimental, survey,
and long-term monitoring studies. It should provide valuable information on long-term
ecosystem responses to discturbance, information needed by society to assess the
effects of managem;;t a;é policy on tﬁe integrity of forest ecosystems.

Specifically, our research would examine (1) vegetation processes including
neighborhtood competition and gap-phase succession at different stages of development,
and bLiomass and aoutrieant accumulation in the early stages of succession; (2) organic
matter processing in streams and soils, decomposition of bole wood, and the formation
and disruption of organic debris dams; (3) biogeochemical processes including wet and
dry deposition, s;ream outflow, hydrologic modeling and hillslope hydrology, and
construction of internal iounic budgets; and (4) population dynaﬁics of breeding birds,
phytophagous insects and a pathogenic fungus, and the nu:rinioua; ecology of white-

»

tailed deer.



Results From Prior NSF Support
I. Timothy J. Fahey
A. NSF Award DEB 81-13546; $99,825; May 1982-May 1984 -
Ticle: Water and nutrieat fluxes in lodgepole pine forests in Wyoming

Summary of Results: In this research we attempted to quantify the biotic and environ-
mental factors regulating water and nutrient loss from lodgepele pine forests in the
central Rocky Mountains. We discovered large variation in the biomass and leaf area
of mature (>100 yr old) stands. The leaf area/sapwood area ratio for this species
varied markedly among sites, primarily in response to stand density and crowm form,
and the root-shoot ratio also differed significantly among stands. Thus, potentially
large differences in water use and autrienc uptake by mature stands occurs acress the
montane landscape.

The differences in stand structure were assoclated with sharply contrasting soll
textural properties across the landscape, which led to concomitant variatior in soil
and plant water regimes. ‘In general, close correlations were observed between soil
water content, soil water potential and tree xylem pressure potential, but field and
lab studies indicated that a more detailed understanding of the relationships between
soil texture, soil water potential at various depths, and tree water stress 1is needed.

A physiological-based simulation model of water movement through lodgepole pine
ecosystems (H20TRANS) was parameterized for the sites described above to identify the
biotic and environmental factors regulating water and dissolved solute fluxes. The
simulations indicated that stands with different soil and meteorologic conditions
experience markedly different water and element flux regimes. In particular, soil
water storage capacity and stand leaf area index influence a number of coatrol
processes which determine the timing and magnitude of leaching. Thus, different parts
of the montane landscape supply different portions of the water and nutrient yield of
Rocky Mountain watersheds.

The nitrogen cycle is under particularly strong bliotic control in the oligo-
trophic landscapes, because of extremely low inputs and periodic large losses in crowm
fires. Nitrogen accumulated in the N-poor leaf litter for up to 7 yr following leaf -
fall before significant mineralization occurred. Most of the N flux from forest floor
horizon occurred via leaching of organic N which was retained in surface mineral
horizons by precipitation/ adsorption. Subsequent mineralization of this fractioam
apparently provided most of the N available for root uptake, and little N was leached
to subsoil and streams.

Finally, highly-decayed wood acted as an important substrate for tree roots and
solute concentrations in this wood were quite high. The strongly-acidic nature of
dissolved organic compounds in dead wood leachate implies a possibly important role in
soll formation in temperate coniferous forests.

Publicacions:

Pearson, J.A., T.J. Fahey and D.H. Knight. 1984. Biomass and leaf area in con-
trasting lodgepole pine forests. Can. J. For. Res. 14:259-265.

Fahey, T.J. and D.R. Young. 1984. Soil and xylem water potential and soil water
content in contrascing Pinus contorta ecosystems, southeastern Wyoming, USA.
Oecologia (Berl.) 61:346-351.
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Koighe, D.H., T.J. Fahey and S.W. Running. 1985. Wacter and nutrient outflow from
contrasting ledgepole pine forests in Wyoming. Ecol. Monogr. 55:29-48.

Fahey, T.J., J.B. Yavitt, J.A. Pearson and D.H. Knight. 1985. The nitrogen cycle in
lodgepole pine forests, southeastern-Wyoming. Biogeochemistry 1:257-275.

Yavitt, J.B. and T.J. Fahey. 1985. Chemical composition of interstitial water in
decaying lodgepole pine bole wood. Can. J. For. Res. 15:1149-1153,

Fahey, T.J. and D.H. Knight. 1986. Lodgepole pine ecosystems. Bio Science 36:610-617.

B. NSF Award BSR 83-16924; $222,288; April 1983-April 1985
Title: Water and nuctrient loss from Rocky Mountain forest ecosystems

Summary of Results: This research project represents an extension of the activities
described under DEB 81-13546. We continued measurements and data analysis for wet and
dry precipitation, throughfall, forest floor and soil solution chemistry; we measured
hydraulic characteristics cf three of our intensive study sites; we performed field
simulations of bark beetle spidemics and field studies of natural beetle infestations;
and we developed subroutines for computer simulation of water and nutrient fluxes in
lodgepole plne ecosystems. .

Particularly for Ca and 50,, dry deposition appears to be an important model of
nutrient input with between 25 and 40% of canopy wash and canopy leaching accounted
for as dryfall. In contrast, K is leached from leaves, mostly in the form of urganic
salts. Unexplained, but consistent, variation in the acid strength and the charge
density of organic solutes in throughfall was observed, and experimental studies will
be needed to determine the mechanisms causing this variation.

By combining these related measurements: leaching from the forest floor; long-
term decay of leaf litter; and steady-state residence times in the forest floor, we
were able to deduce several features of organiec matter and nutrient dynamics. Firse,
about 30% of annual C flux from the forest floor resulted from leaching of DOC.
Second, most of the leaching of nutrient cations was attributed te ion exchange in the
02 horizons. Third, N appears to be translocated rapidly from subsurface horizoms to
01 litter via heterotrophs. Finally, the £lux of various organic fractions is
- mediated by both biological activity and solubility under the field circumstances.

Solute concentrations in root—zone soil solution decreased during the snowmelt
period in a systematic manner, but marked differences in the rate of concentration
decline, total ionic strength, and proportions of mobile anions were observed and
appear to be related to soil textural differences. Soil clay content appears to play
a critical role in regulating solute fluxes and other ecosystem properties in these
forests.

Extreme spatial variation was observed in soil hydraulic properties in both
glacially-derived and regolithic soils. This variation fit the lognormal distribu-
tion, and overall hydraulic conductivity estimates were comparable as measured by a
pulsed-tracer method and an internal-drainage method, with over 50-fold differences
between three soils of contrasting texture. It appears that soil hydraulic properties
way affect soil solution chemistry during snowmelt run—off in these ecosystems.

iii.



A dendrochronologic model was developed to describe nutrient retention features
of lodgepole pine ecosystems during succession following large-scale disturbance. For
pitrogen, accretion in forest floor layers dominates as a retention mechanism, peaking
at about age 50 yr, whereas for K and Ca accumulation ir vegeration is most important
and peaks somewhat earlier (about 35 yr). - —

Modelling subroutines simulating throughfall flux and forest floor processes have
been developed and are being incorporated into the hydrologic model (DAYTRANS). Also,
a photosyathesis subroutine has been completed, incorporated and partially validated.
Work is proceeding on development of soil solution chemistry and nutrieant uptake
subroutines in conjunction with an EPRI-funded project. Also, we have collected
parameter and validation information for applying the DAYTRANS model in a relict
population of lodgepole in the San Jacinto Mountains, and work towards this extensioan
of the modelling effort is proceeding in conjunction with colleagues at Cornell
Universicy.

Finally, field studies of the effect of natural and simulacted bark beetle
infestations have been carried out. These studies suggest that nutrient losses
associated with partial overstory mortality are minimized by the dispersed root
systems of the trees, sc that “"root gaps” are not created by the demise of individual
trees, and also by the temporary retention of partial shading buffering against
increased soil temperatures. In contrast, large-scale disturbance (clear-cutting)
resulted in ten to hundred fold increases in soil solution aitrate concentrations,
following a one to two year delay.

Publications:
Fahey, T.J. and D.H. Knight. 1986. Lodgepole pine ecosystems. Bio Science 36:610-617.

Romeme, W.H., D.H. Knight and J.B. Yavitt. 1986. Mountain pine beetle outbreaks in the
Rocky Mountains: regulators of primary productivity? Amer. Nat. 127:484-494,

Yavitt, J.B. and T.J. Fahey. 1986. Litter decay and leaching from the forest floor in
Pinus contorcta (lodgepole pipe) ecosystems. J. Ecol. 74:525-345.

Pearson, J.A., D.H. Knight and T.J. Fahey. 1987. Patterns of biomass and nutrient
accumulation during ecosystem development in Pinus contorta forests, southeastern
Wyoming. Ecolngy, in press.’ :

(Note: Five additional manuscripts are submitted or in the final stages of preparation for
publicacion.)
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II.

A,

Charles T. Driscell

NSF Award: CME-8006733; $39,996; 5/15/80 to 10/31/82

Ticle: Significance of aluminum in the fate of trace metals

Summary of Results: Elevated concentrations of trace metals within acidic lake ecosystems
may have deleterious effects on aquatic biota. As a result, there is interest in under-
standing the chemistry and.transport of these solutes. .- We hypothesize that "in-lake" for-
mation of particulate aluminum is an important mechanism regulating trace metal transport
within acidic lakes. To evaluate the fate of lead, copper, zine, and manganese, two exper-
imental approaches were utilized. First, lake manipulations by base addition were accom-
plished to induce hydrolysis of aluminum. Subsequent changes in trace metal chemistry were
evaluated. In our second and more extensive experiment the chemistry and transport of
trace metals were monitored within an acidic lake (Dart's Lake in the Adirondack region of
NY) over an annual cycle. In this latter study we evaluated the fluxes and pools of par-
ticulate and aqueocus metals.

Results of our research suggests that there are dramatic temporal and spatial varia-

—tions im the pools and fluxes of trace metals within acidic lakes. In addition there are

major differences in the transformations of individual metals. For example, in Dart's

Lake there is considerable internal cycling of lead. Lead transport appears to be closely
linked to aluminum c¢ycling. Conversaly, zinc was relatively conservative within the acidic
lake enviromment. In lake systems manipulated by base addition (pH>6), lead, copper, and
zinc were readily removed by sorptiom to particulate matter.

Publications:

1. Driscoll, C.T., J.R. White, G.C. Schafran, and J.D. Rendall. 1982. CaCO3j neutraliza-
tion of acidified surface waters. J. Env. Eng. Div. ASCE. 108:1128-1145.

2. Schafran, G.C., J.R. White, and C.T. Driscoll. 1982. The response of dilute acidiec
surface waters to strong base addition. Northeast Envirom. Sci. 1:151-160.

3. White, J.R., G.C. Schafran, and C.T. Driscoll. 1984. Lead cycling in an acidic Adir-
ondack lake. Proc. of the Sec. New York State Symp. on Atmos. Deposition, Ithaca,
NY. 151-158. .

4, White, J.R., and C.T. Driscoll. 1985. Lead cycling in an acidic Adirondack lake.
Environ. Sci. Technol. 19:1182-1187.

5. White, J.R., and C.T. Driscoll. 1986. Manganese cycling in an acidic Adirondack lake.
Biogeochemistry. 2:(in press).

6. White, J.R., and C.T. Driscoll. 1987. Zinec cycling in an acidic Adirondack lake.
Environ. Sci. Technol. {in press).

NSF Award: DEB 82-06980; §159,916; 7/15/82 to 1/1/85

Title: Alummo-ligand interactions in a forested ecosystem prior to and following a defor-
estation disturbance

Summary of Results: There is currently considerable concern and controversy over the im-
pact of man's activities on forest ecosystems. Of particular interest in the northeastern
U.S. are the effects of acidic deposition and forest clearcutting (whole-tree harvesting).
The intent of this invescigation was to evaluate the processes regulating the concentration
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of acidic substances prior to and following a clearcutting disturbance at the Hubbard
Brook Experimental Forest (HBEF) in New Hampshire.

In the presence of current loadings of acidic deposition, acidification of soil and
stream soluticns has cccurred at the HBEF. However, the nature and exteat of acidifica-
tion is modified by intra-watershed processes. For example, in the spruce-fir zone which
is characteristic of high elevations (>730m) at the HBEF, the large foliar surface area
facilitates 504“2 deposition and recalcitrant litter results in considerable organic acid
production. The high concentrations of sulfuric and organic acids produce-extremely low
PH values (4.1) in soil and stream solutions. Below the coniferous zone, hardwood vegeta-
tion produces lower concentrations of organic acids but elevated concentrations of nitric
acid. Within this zone, mineral acid inputs leach high concentrations of inorganic alumi-
num from soil, which i1s potentially toxic to fish and other organisms. As water drains to
lower elevations, soil depth increases and is neutralized by the release of basic cacions
from soil.

Deforestation at the HBEF enhances the decomposition of organic matter producing
nitric acid. Immediately following the whole-tree harvest, release of basic cations from
soil was adequate to neutralize nitric acid inputs. However, within 6 menths readily-
available pocls of basic cations were depleted causing acidification of soil and stream
solutions (pE below 4.7), the release of high concentrations of potencially toxic inor-
ganic aluminum (greater than 40 pmol-1~l) and the retention of sulfate. Results of this
study indicate that there is extreme variability in the processes regulating solute con-
centrations in drainage water within watersheds. Furthermore, acidic deposition and
forest clearcutting facilitate the acidification of surface waters in the northeastern
U.S.

Publicqcions:

1. Van Breemen, N., J. Mulder, and C.T. Driscoll. 1983. Acidification and alkaliniza-
tion of soils. Plant and Soil. 75:283-308.

2. Driscoll, C.T., N. van Breemen, J. Mulder, and M. van der Pol. 1983. Dissolution
of soil bound aluminum from the Hubbard Brook Experimental Forest, New Hampshire.
Proceedings of Acid Precipitation—Origin and Effects, An International Conference.
Lindau, FRG Verein Deutscher Ingenieure. pp. 349-361.

3. Driscoll, C.T. 1984. A procedure for the fractionation of aqueous aluminqm in dilute
acidic waters. Int. J. Environ. Anal. Chem. 16:267-283.

4. Van Breemen, N., C.T. Driscoll, and J. Mulder. 1984. Acidic deposition and internal
proton sources in acidification of soils and waters. Nature. 307:599-604.

5. Driscoll, C.T. 1984. Aluminum chemistry and potential effects in acidie surface
waters. In: D.D. Hemphill (ed.) Trace Substances in Environmental Health--XVIII.
Columbia, MO. pp. 215-229,

6. Johanson, N.M., G.E. Likens, M.C. Feller, and C.T. Driscoll. 1984, Acid rain and
soil chemistry. Science. 255:1424-1425.

7. Driscoll, C.T., N, van Breemen, and J. Mulder. 1985. Aluminum chemistry in a forested
Spodosol. Soil Sci. Soc. Am. J. 49:437-444,
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8. Fuller, R.D., M.B. David, and C.T. Driscoll. 1985. Sulfate adsorption relationships
in forested Spodosols of the northeastern U.S. Soil Seci. Soc. Am. J. 49:1034=-1040.

9. Fulier, R.D., M.J. Mitchell, H.R. Krouse, B.J. Wyskowski, and C.T. Driscoll. 1986.
Stable sulfur 4isotope ratios as a tool for interpreting ecosystem sulfur dynamics.
Water, Air, Soil Pollut. 28:163-171.

10. Lawrence, G.B., R.D. Fuller, and C.T. Driscoll. 1986. Aqueous aluminum chemistry in
the streams of two upper elevacion watersheds in the White Mountains of New Hampshire.
Biogeochemistry. 2:115-135.

11. Schindler, S.C., M.J. Mitchell, T.J. Scott, R.D. Fuller, and C.T. Driscoll. 1986.
Incorporation of 39S-sulfate into inorganic and organiec sulfur constituents of two
forest soils. Soil Sci. Soc. Am. J. 50:457-462.

12. Fuller, R.D., C.T. Driscoll, S.C. Schindler, and M.J. Mitchell. 1986. A kinetic
model of sulfur transformatious in forested Spodosols. Biogeochemistry. (in press).

NSF Award: ECE-8351959; $312,500; 10/1/84 to 10/31/89

Title: Presidential Young Investigator Award: Drainage basin ecosystem response to in-
puts of sulfuric and nitric acids in the northeastern U.S.

Summary of Results: There is currently much concern over the role of atmospheric deposi-
tion of strong acids in the acidification of drainage waters. Although studies of surface
water acidification have largely focused on sulfuric acid, inputs of nitric acid during
spring snowmelt can significantly contribute to surface water acidification. The objec~
tives of this study are to 1) determine the source of nitric acid inputs to "acid-sensi-
tive" surface waters, and 2) assess intraregional differences in the duration and peak
concentrations of NO3~ events in the Adirondack region of New York.

Results of this ongoing study indicate that during snowmelt, solutions are enriched
in H* and NO3~ following transport through the forest floor. Evidently, decomposition and
mineralization coupled with reduced biological assimilation results in an accumulation of
solutes within the forest floor over the winter period. The influx of water associated
with the initial phase of snowmelt appears to transport elevated concentrations of nitric
acid to the lower mineral soil and to surface waters.

There is considerable regional variation in the extent and magnitude of sprinmg nitric
acid events. Future work will focus on an assessment of this variability.

Publications:

1. Rascher, C.M., C.T. Driscoll, and N.E. Peters. 1987. The concentrations and flux
of solutes from snow and forest floor during snowmelt in the Adirondack region of
New York. Biogeochemistry. 3:(in press).

2. Browne, B.A., J. McColl, and C.T. Driscoll. Speciation of aqueous aluminum in dilute
acidic waters using morin. Part I. The chemistry of morin and its complexes with
aluminum. J. Envireon. Qual. (in review).

3. Browne, B.A., C.T. Driscoll, and J. McColl. Speciation of aqueous aluminum in dilute

acidic waters using morin. Part II. Principles and procedures. J. Environ. Qual.
(in review).
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NSF Award: BSR 8046634; $416,000; 11/1/84 to 11/1/88

Ticle: Hydrologic-nutrient cycle interaction in small undisturbed and man-manipulated
ecosystems

Summary of Results: Hardwood-conifer ecosystems in the northeastern U.S. are exposed to
multiple stresses, including both anthropogenic and natural disturbances. The objectives
of this ongoing study (with F.H. Bormann and G.E. Likens) are to evaluate 1) biogeochemical
inputs and their effects on the terrestrial and aquatic ecosystem and 2) examine and com~
pare the role of disturbance in regulating the structure, function, and development at the
Hubbard Brook Experimencal Forest in New Hampshire. Activities include 1) ongoing long-
term monitoring of precipitation Inputs, stream outputs, and vegetation, 2).-research on

the regulation of soil and drainage water acidificaciom, 3) process-level studies on the
biogeochemistry of N, Al, S, and P, and 4) an evaluation of the effects of disturbance

from whole-tree harvesting on soil and drainage water quality.

Publications:

1. Driscoll, C.T. 1985. Aluminum in acidic surface waters: chemistry, transport, and
effects. Environ. Health Persp. 63:93-104.

2. Nodvin, S.C., C.T. Driscoll, and G.E. Likens. 1986. Simple partitioning of anions
and dissolved organic carbon in a forest soil. Soil Sei. 142:27-35.

3. WNodvin, S.C., C.T. Driscoll, and G.E. Likens. 1986. The effect of pH on sulfate ad-
sorption by a forest soil. Seoil Sei. 142:69-75,

4. ©Nodvim, 5.C., C.T. Driscoll, and G.E. Likens. Soil processes and sulfate loss at the
Hubbard Brook Experimental Forest. Biogeochemistry. (in press).

5. McDowell, W.H., J.J. Cole, and C.T. Driscoll. 1987. A simplified version of the
ampoule-persulfate method for the determination of dissolved organic carbon. Can.
J. Fish. Aq. Sci. (in press).

6. Fuller, R.D., C.T. Driscoll, G.B. Lawrence, and S.C. Nodvin. Processes regulating sul-
fate flux following whole-tree harvesting of a northern forested ecosystem. Nature.
(in review). e

7. Lawrence, G.B., R.D. Fuller, and C.T. Driscoll. Release of aluminum following whole-
tree harvesting at the Hubbard Brook Experimental Forest. J. Environ. Qual. (in
review).

8. Simone, D.M., C.T. Driscoll, and R.D. Fuller. Trace metal concentratlons and tramsfer
in a northern forested ecosystem. J. Environ. Qual. (in review).

‘9. Simone, D.M., C.T. Driscoll,-and R.D. Fuller. Effects of whole tree harvest on trace
metal chemistry and transfer in a northern forested ecosystem. Can. J. For. Res.
{in review).

10. Driscoll, C.T., R.D. Fuller, R.C. Santore, and G.B. Lawrence. 1987. Speciation of
ions in acidic soil solutions. Proe. Int. Soil Sci. Soc. (in review).

11. Lawrence, G.B., C.T. Driscoll, and R.D. Fuller. 1987. Hydrologic control of aluminum
chemistry in an acidic headwater stream. Wat. Resour. Res. (in review).
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INTRODUCTICON

Society, through the National Science Foundation (NSF)}, invests in long-term ecologi-
cal research (LTER) to obtain basic information on the structure, function and development
of ecosystems, as well as to defend against unanticipated ecological disasters. Experience
has shown us that unforeseen changes in ecosystems can have social and economic signifi-
cance. The recent ildentification of large scale environmental problems, such as ground;
water and surface water contamination, regional air pollution and forest decline, have

had far reaching effects on society.

Long-term ecological research has been conducted at the Hubbard Brook Experimental

Forest (HBEF) since it was established in 1955 by the U.S. Forest Service, as a center

for hydrologic research in New England. In 1963, the U.S. Forest Service and Dartmouth

College (through G.E. Likens and F.H. Bormann) developed a cooperative agreement to conduct

studies of element cycling at Hubbard Brook as the first step in a comprehensive atudy‘

of a northern hardwood-conifer ecosystem. Since its inceptiom, the Hubbard Brook Ecosystem

Study (HBES) has made major contributions to environmental science {e.g. Likens et al.

1977; Bormann and Likens 1979; Likens 1985) which have facilitated policy decisions regard-

ing the management of terrestrial and aquatic ecosystems. Over the past 23 years the

NSF has countinucusly provided support for the HBES. Through the HBES the following long-

term research goals have been developed to provide a scientific basis for management

and policy decisions regarding the future of the northern hardwood-conifer ecosystem.

l. To evaluate the changing nature of biogeochemical inputs to the northern hardwood-conifer
ecosystem and their effects on the terrestrial ecosystem and interconnected aquatic
ecosystems.

2. To examine and compare the role of disturbance in governing the structure, function
and development of the northern hardwood-conifer ecosystem. This research includes
disturbances which are both anthropogenic (various types of forest harvesting, fire,
road building, agricultural land clearing and abandonment, conversion to non-forest
land use, inputs of air pollutants) and natural (insect and disease outbreaks, wind,
fire) in origin.

3. To develop ecological principles governing the structure, function and development
of forested watersheds and to work closely with specialists in ecomomics, policy

and conservation to attempt to incoporate these principles in decision-making process-
es.



We propose to continue the pursuit of these goals through the establishment of a
Long-Term Ecological Research (LTER) program at the HBEF, a research site which is well
suited for this program because:

(1) the HBEF is representative of northern hardwood-conifer forests in eastern North
America, which are impacted by elevated loadings of atmospheric pollutants,

(2) long~term measurements of meteorology, hydrology, precipitation, drainage water
quality, plant tissue chemistry, biomass, and productivity have been made using
carefully standardized methods,

(3) drainage basins in the HBEF are virtually water-tight (Likens et al. 1977) allowing
for accurate water and element budgets that are critical to verify ecosystem and

plot-level processes studies,

(4) cthe entire Experimental Forest is under the jurisdiction of the U.S. Forest Service,
which maintains the site for loang-term scientific research, and

(5) within the HBEF a series of whole-watershed and sub-watershed treatments have been

made since 1965 (Appendix I.A), facilitating the study of ecosystem recovery following
disturbance. ! ;

I.A Theme of the Hubbard Brook Experimental Forest LTER Program

Odum's (1969) postulates of the changes in ecosystems as they develop have helped
stimulate detailed research on the successional process. Some of these postulates have
been supported, a few refuted, and many have defied direct test. In a more detailed
analysis of nutrient cycling attributes, Gorham et al. (1979) proposed a paradigm for
the regulation of element budgets during ecosystem succession. Again, direct tests have
been difficult, but it seems clear that overall patterns of ecosystem developm;nt are
closely coupled to the key element cycles. Due to the difficulty in establishing adequate
replication and control in chronosequence studies, it may be preferable to make long-term
measurements of element influx/efflux, changes in pool sizes and changes in key ecosystem
processes to test this important paradigm. Although the focus of ecosystem studies has
shifted from the development of input/output budgets and quantifying pool sizes to basic
process~-level research, there is much to be gained from an integration of process studies
with information on lomg-term changes in element pools and mass-balance calculations.

The theme of the proposed HBES LTER program is ecosystem response and ecological

succession in northern hardwood-conifer watersheds following large-scale disturbance.



The overall goal of the study is to improve our understanding of mwechanisms whereby eco-
system energy and element budgets change in response to disturbance.

We propose an integrated set of experiments and material balance studies to achieve
this goal. These studies are designed to address the five core research topics identified
in the NSF-LTER Announcement of Competition (Table I.l) and will couple detailed examina-
tion of eritical ecological processes with continued precise monitoring of watershed
inputs/outputs and measurements of major energy and element storage pocls. This combina-
tion of approaches will allow us to explore the regulation of ecosystem function within
the framework of precise budgetary studies and will provide benrch marks for comparison
with flux estimates derived from process-level studies.

Our proposed LTER program would pursue the goal of understanding the response of
the northern hardwood-conifer ecosystem to disturbance through four major research compon-
ents: (a) vegetation structure, composition and productivity; (B) dynamics of dead organic
matter; (C) atmospheric-terrestrial-aquatic linkages; and (D) heterotroph population
dynamics (Table I.1). Within each major component, experimental, survey and monitoring
studies are proposed to provide the detailed information necessary for understanding
ecosystem response to disturbance. The research components will be carefully integrated
to provide critical information at a variety of levels of ecosystem organization and
at a series of points along pathways of energy and element traﬁsfer. Studies of element
transfer within ecosystems have often been limited by the failure of researchers to couple
element cycles. To overcome this deficiency, the E+ budget appréach will be used as
a tool to characterize and summarize ecosystem function, its respomnse to disturbance,
and changes during succession {van Breemen et al. 1983).

Forest ecosystems are seldom exposed to a single disturbance but rather a complex
mixture of chronic and random stresses. For example, an important question concerning
the northeastern U.S. is how continued exposure of ecosystems to a variety of air pollu-
tants, coupled with increased harvesting of hardwoocd and conifer forests, effect vegeta-
tion, soil and water quality. This question is closely linked to critical environmental

issues such as the effects of atmospheric inputs of strong acids, oxidants and trace

metals, forest decline and surface water acidificatiom. Assessments of the response
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of terrestrial and aquatic ecosystems to a given stress camnnot ignore the cumulative

effects of multiple disturbances to these systems. Effects of disturbance can -only be
addressed through integrated study.

Critical questions associated with ecosystem response/succession following disturbance

must also consider delayed impacts which may not be apparent for a number of years.

Changes in age-structure, growth and mortality of forests following natural and anthropo-
genic disturbance occur over long time periods. Response of biomass, forest-floor, soil,
decaying wood and various element pools to disturbance may be obscured in the short term

due to relatively slow rates of organic matter decomposition, soil development, and vegetatiom
regrowth. Seasonal and year-to-year variations in climate, biomass accumulation, precipitatio:
inputs, hydrologic discharge, and element transfer complicate interpretation of long-term

rends. Therefore, the study of ecosystem response and succession following disturbance
can only be obtained through long-term research. While this is a time consuminé, expensivg
process, alternative research approaches are not likely to provide the accurate quantitative
information needed for environmental policy decisions. The end result of long-térm research
is cost-effective when one considers the social and economic consequence of ecological
disasters to society. As we continue to improve our understanding of natural ecosystems
and their response to disturbances, we will be better able to apply that knowledge to

assess the effects of management and policy on the ecological integrity of forest ecosystems.

I.B. Statistical Coasiderations

We recognize in the LTER program the opportunity to provide more powerful tests of
ecological patterns and processes during vegetation successioa following large—scale
disturbance. A wide array of experimental designs and statistical tests will be utilized
within the HBES-LTER. Because of space limitations im this proposal we canmot provide
detailed descriptions of statistical approaches for testing our hypotheses. Moreover, many
of the hypotheses are descriptive in nature rather than directly testable.

Qur research may be broadly classified into monitoring and survey studies, quantita-
tive and conceptual modelling and budgetary analyses, and experimental studies. For the

monitoring and survey work, randomization of permanent plots and careful duplication of
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sampling and analytical methods are most critical to avoid blas, both temporal and spatial.
We are cognizant of this and great effort has been expended to avold such problems in the
HBES. We recognize the problems inherent in chronosequence studies with regard to replica-
tion and initial conditions, but owing to the great expense of setting up large—scale
forest treatments we are ;ompelled to make some use of experiments set up in the past.
Moreover, because of the nature of LTER, we expect to be able to validate our chrono-
sequence conclusions by directly following permanent plots and gaged watersheds Ehrough
successional time.

One of the principal goals of the HBES-LTER is a better understanding of changes in
biogeochemical behavior during succession followling large—scale disturbance, a goal which
we hope to pursue in part through a combinatioan of conceptual and quaatitative modelling
approaches. The construction of internal ionic flux budgets for whole watersheds depends
upon quantifying a large aumber of highly variable processes using a combination of many
sampling and regression methods. Thus, statistical analysis of the resulting budgets is
difficulc and results are indicative rather than ﬁonclusi§e. However, independent tests of
certain components of the budgets are possible, and the indicative results are valuable for
improving our comprehension of complex biogeochemical interactions.

Finally, our experimental studies will follow carefully prescribed experimental
designs to provide rigorous tests of specific hypotheses using standard methods of statis-.
tical anmalysis. Each of the parent institutioﬁs will provide expert statistical consulting_
services to the individual investigators through their biometric and statistipal centzrs.
We will utilize these services, when appropriate, for setting up experimental studies,

optimizing sampling strategies and analyzing research results.



II1.A RESEARCH COMPONENT A: VEGETATION STRUCTURE AND PRODUCTION
The northern hardwood-conifer forest exerts primary control over energy and nutrient

flow in thg watershed ecosystems at HBEF. A major component of the HBES has been the
-~development of a conceptual and quantitative understanding of the factors influencing .
forest composition and structure. Both qualitative (Bormaan and Likens 1979) and quantita-
tive (Botkir et al. 1972, Aber and Melillo 1982) models have been developed for this site.
The goal of this component of the proposed HBES-LTER Program is a better understanding of
the dynamics of forest regeneration and growth on northern hardwood-conifer watersheds
ranging in successional age from 0 to over 300 years. The detailed, long-term data sets on
vegetation composition, structure, biomass and chemistry for several watersheds will be the
basis for continued refinement and verificacion/validation of these models.

We seek to integrate traditionally separate levels of ecological organization by
linking studies of mechanisms acting at the individual, populatiom, and community levels
with our whole watershed analysis of écosyatem acttributes. Because our proposed research
program relies upon repeated measurements of permanent plots to detect the slow changes in
forest vegetation,'long-term research support is essential to its success. The vegetation
research component is designed to approach our goals by accomplishing three primary
objectives:

Objective A.l. To explain the composition and age/size str;cture of early and late
successional and old-growth stands on the basis of species—specific demographics and
thereby refine the sxisting model of forest growth and composition for HBEF.

Objective A.2. To quantify the suppression of tree growth, reproduction and survival owing
to neighborhood competition and initiate development of a spatial model of resource !
availability and tree growth and mortality.

Objective A.3. To quantify the effect of temporary elimination of regrowth, and consequent
disruption of certair regeneration mechanisms, on long-term patterns of biomass and
nutrient accumulation following large-scale disturbance (whole watershed deforestation).
II.A.1 Population Demography and Forest Growth and Disturbance

Objective: To explain the composition and age/size structure of early and late succes-—

sional and old-growth stands on the basis of specles—specific demographics and thereby
refine the existing model of forest growth and composition.



Background, Hypotheses, and Research Approach

The dynamics of forest development at HBEF are now described quantitatively by an
adaptation of a forest growth simulator {Botkin et al. 1972) which includes detailed
predictions of nutrient (nitrogen) availability (Aber and Melillo 1982). Considerable
refinement and extension of forest simulators has been accomplished in recent years (e.g.,
Shugart 1984), but these have not yet been incorporated into the HBEF simulations. We
propose to incorporate additional detail into these simulators using information gathered
from recently cut-over, late-successional, and old-growth northerm hardwood—conifer
watersheds at HBEF and nearby sites. Most critical in this regard is additional informa-—
tion on maximum biomass and leaf area, stress—induced mortality, and recrultment success in
mature and old-growth stands.

Hypothesis A.l.l. Two major intervals of leaf area #nd living biomass decline (resulting
from partial canopy break up) occur during succession following large—scale disturbance,
one accompanying the onset of stress due to intraspecific competition among the ploneer
trees and the other from interspecific competition in even—aged northern hardwood——conifer
forests.

Bormann and Likens (1979) suggested that oscillations in forest biomass might occur
following tﬁe "reorganization” and “recovery” phases of ecosystem development following
large-scale disturbance. Chronosequence evidence for this phenomenon exists (Covingcon
1976), but interpretation of this evidence 1is fraught with problems. We propose to provide
evidence for this supposition by long-term resurvey of pérmanen: plots-in W4 (15 yr old),
W5 (3 yr old), W6 (75 yr old) and the Bowl (old-growth; > 300 yr old) including collection =
of leaf fall to estimate leaf biomass in these predominantly deciduous stands (pin cherry
and maple-beech=birch). Our current evidence, based on resurveys from age 55 to 70,
suggests rather constant mortality, slowly accumulating total biomass and steady leaf
biomass (Siccama and Bormann, unpublished; Hughes and Fahey, unpublished). These stands
will approach the maximum biomass of old-growth northernm hardwoods (Martin 1977) during the
next 2-3 decades, but a major decline in overstory stem density will occur first. Thus, we
would expect two distinct waves of overstory mortality centered around age 30 and age ICO.
Hypothesis A.l.2. The proportion of area in gaps is similar in 70- to 90-yr—old and old-

growth hardwood-conifer stands, but the largest gaps in the old-growth forest are larger
and permit the establishment and reproduction of pioneer species.
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Hypothesis A.1.3. Canopy gaps in young stands (< 40 yr old) are filled by ingrowth of
peighboring stems and only that regeneration (seeds, sprouts, advanced) recruited in the
first 2 years following disturbance is significant in forming the overstory (initial
floristics) until after the proposed 2nd phase of canopy break-up.

Using.the methods of Runkle (1981, 1982) and Brokaw (1982), gap frequency and size
will be measured at three-year intervals on randomly-placed, permanent belt traﬁsec:s in
the 75-year—old reference area at Hubbard Brook, in l5-year-old W4 and in the old-growth
northern hardwood-conifer forest at the Bowl (Martim 1977), located 26km Erom Hubbérd Brook
(see Appendix I, site descriptions). Gaps will be mapped and stems tagged in belt tran-
sects running north-south through gap centers and extending into the surrounding canopy.

We will follow growth and survival within and around the gaps annually after the initial
survey in 1988. These measurements will also contribute to the studles of neighborhood
competition (section A.2, below) but will include a much larger area of survey.

Future Research and Collaborationm

| We anticipate the initiation of the USFS/EPA Eastern Hardwood Forest Cooperative at
this site in the coming year. Approval of full funding for this embryonic program is
currently under legislative review. It is likely that this program will utilize HBEF as
one of its intensive sites (D. Burns, Director, NEFES; pers. commun.), and we expect to
take advantage of this opportunity to expand our permanent plot studies to include complete
mapping, tree-ring coring, environmental weasurements (forest floor, soil, microtopography,
etc.), and survey of pest and disease organisms. Colleagues at Cormell University {D.
We}nstein, S. Riha) will be consulted in efforts to improve the performance of the gap
models for HBEF. |

An ancillary proposal currently is being prepared for submission to NSF to seek
support for additional research on microenvironment and gap processes. The proposed
project would build upon the mapping and demography effort described herein by applying gap
treatments of different scales in the reference 75-year—old forest. Resource availability,

both above and below ground would be monitored and alleviation of resource scarcity would

be accomplished in a factorial experiment.



A.2 Neighborhood competition and tree growth and survival

Objective: To quantify the suppression of tree growth, reproduction and survival owlng to
neighborhood competition and to initiate development of a spatial model of resource
avallability and tree growth and mortality.

Hypotheses and Research Approach L

Harper (1982, 1984) has argued convincingly for the study of individual plants to
explain population structure and dynamics, and local competition models have been applied
successfully to tree populations (e.g. Weiner 1984). In herbacsous systems these mecha-
nisms, acting at the population level, have proven useful for exploring community pattérns
(e.g., Peart 1985). To accomplish a similar iategration for forest communities long-term
study is needed. Ideally, such an analysis might actually incorporate characterization of
rescurce availability and microenvironment and coancomitant effects on physiological
responses of individuals. This type of integration rarely has been attempted, but recent
modelling efforts of Sharpe and colleagues (Sharpe et al. 1986) represent an initial
attempt.

By definition, growth of each individual canopy tree is depressed by interference from
other trees within the individual's "neighborhocd” —=— the zone of direct inference. In1
forests, the size of the neighborhood is difficult to define because competition for soil
resources is intense and tree root systems extend far beyond the canopy perimeter.
Nevertheless, Weiner (1984)“found that up to 50% of the variation in individual cree growth

(Pitus rigida) could be explained by the sizes and distances of immediate neighbors.

'Hypothesis A.2.1. In northern hardwood—conifer forests the effective “neighborhood™ of an
individual overstory tree is best defined as including thogse individuals in direct canopy
contact.

Hypothesis A.2.2. The "neighborhood™ of overstory species with highly dispersed roet
systems (e.g., yellow birch) is more inclusive than that of species with more restricted
root distribution (e.g., sugar maple).
Hypothesis A.2.3. Under closed canopy sapling growth is correlated with light penetration
to the understory and with neighborhood suppression amongst saplings. The analagous
corollary also holds for seedling growth.

We propose to begin testing these hypotheses by establishing permanent plots of mapped

and tagged overstory trees, saplings and seedlings in the late—~successional reference area

and in 20-year-old W2, and by continuing our ongoing analysis of established plots in 3-
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year—old W5. Square plots (25 x 25m) with a grid coordinate system were established in W5
and currently are censused anaually (see A.3, below). A similar array will be established
in the other forests, allowing the treatment of nearly all mapped plaats as “focal”
individuals whose neighborhoods are measured in detail. The correlatiocn between growth of
»focal™ individuals and size and distance to nearby trees will be used as a measure of the
neighborhcod dimensions.

To test hypothesis A.2.2 we require detailed information on the distribution of root
systems in surface soils, a feature which rarely has been measured for trees. To avoid
disturbance to the mapped plots we will accomplish this task by examining root distribution
for trees, saplings/shrubs, and seedlings/herbs on nearby plots. The extent, branching and
density of surface woody roots (to 15 cm soil depth) of yellow birch and sugar maple will
be examined by excavation of three random octants radiating from the base of individuals of
different age, size and growth rate. This information will be used to help define the*
neighborhood of focal individuals within the mapped plots. For the mature trees these
measurements will be labor intensive and will be carried out gradually over several years
of the study.

Growth of mature trees will be quancified with band dendrometers and application of
newly-revised allometric equations for the major species (Whittaker et al. 1974; Siccama,
unpublished data). For seedlings and saplings aﬁﬁual measurements of diameter growth,
shoot extensioa and maximum leaf number will be made.

Finally, we propose to adapt the spatial modelling approach of Sharpe and colleagues
(Sharpe et al. 1986) for application to early- and late—-successional northern hardwood-
conifer forests. This modelling approach is a powerful tool for describing the interac-
tions of physiological, population and community ecology. Sharpe (personal commun.)
anticipates that the computer code for the general model will be complete and error—free
before the beginning of our proposed LTER Program and is willing to provide advice and

assistance in adapting it to the HBEF situation.
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Future Research and Collaboratiom

Obviously, Objective A.2 is an ambitious undertaking, and we expect only to set up the
framework for testing the hypotheses 1-3 under funding through the LTER Program. The
establishment of permanent mapped plots on W3 has been accomplished through NSF funding
(BSR-8316950 to Johnson and Fahey). As described above, we will submit an ancillary
proposal to NSF and/or USDA to provide funding for characterizacion of microenviroament,
resource availability, and physiological respoanses in the gap and nelghborhood analyses.

Within the framework of that proposal we will develop the detail for a collaboracivé
effort with P. Sharpe to adapt the Texas A&M Systems Group modelling approach to the
porthern hardwood-conifer ecosystem. Finally, the anticipated establishment of permanent
plot studies at HBEF by the USFS/EPA Eastexa Hardwood Forest Cooperative will be incorpo-
rated into this research effort (see A.l, above).
A.3 Herbicide effects on succession and biomass and nutrient accumulation
Objective: To quantify the effect of temporary elimination of regrowth, and consequent
disruption of certain regeneration mechanisms, on long-term patterns of biomass and
putrient accumulation following large—scale disturbance.
Hypotheses and Research Approach

Forest vegetation recovery following large-scale disturbance can be accomplished
by a variety of regeneration mechaaisms including advanced regeneration, vegetative
reproduction, germination from the seed bank and from newly-dispersed seeds. The
diversity, concentration of dominance and productivity inm both the initial and later
stages of vegetation succession following large—-scale disturbance depend upon the
particular combination of regeneration strategies which prevails on a site (Whittaker
1974). Because the initial rate of biomass and nutrient accumulation strongly
regulates nutrient retention on disturbed sites as well as the ultimate composition
and structure of the forest, the early revegetation process is most critical to the
long~-term dynamics of forest watersheds and needs to be more clearly understood.

Recovery of vegetation following large—-scale disturbance in temperate zooe

forests often is characterized by high concentration of domirance in one or a few

plant species. At HBEF the buried-seed species, pin cherry (Prunus pensylvanica),
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fills this role and exerts a strong influence over the ecosystem recovery process
(Marks 1974) probably in part because of the earlier, large-scale disturbance history
(cimber cucting) at this site. However, great spatial variation in the abundance of
pin cherry often corresponds with landscape positions in the watersheds, and each of
several regeneration strategies becomes dominant under certain conditions (Hughes and
Fahey, unpublished).

In the W2 experiment (Bormann et al. 1974), repeated herbicide application for
three years following the clear felling resulted in the partial exhaustion of the pin
cherry seed bank and decisively lowered the concentration of dominance when regrowth
began (Reiners, unpublished data). Three major modes of regeneration were either
eliminated (advanced regeneration) or curtailed (vegetative sprouting, buried seeds)
on this site. Of course, this treatment also led to very high initial autrient losses
(esp. N) from this site. In coatrast, in the W5 experiment (whole—-tree harvest), all
the important modes of regeneratioa were fully operative and nutrieant loss via
leaching was much lower (Likens et al., unpublished data).

We propose to utilize these contrasting treatments to test a set of basic
hypotheses regarding the coantrol of vegetation succession and biomass accumulation
across complex landscapes following large-scale disturbance.

Hypothesis A.3.l. ' The combination of high initial nutrient losses and elimination or
curtailment of certain regeneration mechanisms resulted in lower biomass and nutrient
accumulation in vegetation for the W2 than the W5 experiment.

Hypothesis A.3.2. Differences in biomass and nutrient accumulation between W2 and W5
are greatest on rich sites where alimination or curtailment of buried seed, sprouting,
and advance regeneration are relatively greatest; and on very poor, ridgetop sites
where erosion and nutrient loss in the absence of vegetation are most severe.
Hypothesis A.3.3. On rich sites, most of the differences above are accounted for by
lower rates of site occupancy (i.e., development of maximum leaf ard fine root
biomass) owing to lower plant density and more of the slower growing species, rather
than by lower growth rates owing to nutrient stress.

Hypothesis A.3.4., The initial trajectory of biomass and nutrient accumulation carries
into later stages of succession so that the maximum "gteady-state” biomass and
nutrient accumulation is higher on W5 than W2. Moreover, the differences are largest
on rich and very poor landscape sites.

Vegetation composition and biomass on W2 were sampled with a stratified-random

array of seventy 10 x 10 m permanent plots (Fig. A.l). Sampling was done in the lst,
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2n0d, 3rd, 5th and llth year of regrowth after cessation of the herbicide treatment.
Aboveground biomass and nutrieant content of 33 herb species, 13 shrubs, and 6 tree
saplings were determined in each year using a variety of allometric and direct
_sampling methods. Data for years 1, 2, 3 and 5 have been summarized (Fig. A.2) and a
portion was presented in Likens et al. (1978). Data from year ll are complete but
have not been worked up.

A similar array of 330 5x5 m permanent plots was established in W5 and has been
sampled in years 1, 2, and 3 since harvest. The next re—sampling is scheduled for
year 5 (1988). Aboveground and belowground biomass and nutrient content are determined
using a variety of direct and allometric regression methods for 8 major herbs and 16
woody species in a manner similar to that used for W2. Thus, a stratified compariscn
of composition, biomass and nutrient accumulatien will be possiktle by classifying
quadrats in both watersheds according to landscape positions. Thué, we will be
analyzing an unbalanced, random design with the caution that the study sites may have
differed in important ways at the initiation of the treatments.

Future Research and Collaboration

The permanent plots on W5 were established with NSF funding to Johnson and Fahey
(BSR~8316950). Additional experimental and survey studies of vegetation were ini-
tiated at the time of harvest of WS including surveys of seed rain, experiments on
regeneration mechanisms and competition, surveys and experiments on demography and
life history of lmportant species. We hope to coatinue these related studies through
renewed funding for our W5 whole—:ree.harvest project. In this proposal we seek
funding for the periodic resurvey of the permanent plots in W5 in year 5 of regrowth
(1988) and in W2 in year 20 of regrowth (1988). Funding by the LTER program will
permit only the field surveys. Our renewal proposal will request funding for chemical
analysis and data synthesis. In addition, we will propose surveys of nutrient
availability and soil organic matter quality to extend studies undertaken in the
mature forest, W5, and W4. Information gathered in this part of the project could act

as a valuable validation data set for both the gap models and any newly-developed
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models in the HBES. Finally, coordination of these efforts with the USFS/EPA Eastern
Hardwood Forest Cooperative is anticipated.
II.B RESEARCH COMPONENT B: DYNAMICS OF DETRITUS

In its roles as the principal energy source for aquatic food chains ﬁhdﬁﬁs the rooting
medium for trees, detrital organic matter is critical to the overall functioning of maay
forested watersheds. Moreover, coarse woody detritus acts as a critical habitat for
organisms, a slowly—availab;e source of plant nutrients and energy, and the key substrate
for debris dams which control the structure of headwater stream ecosystems. The secoand
major componenéflhe proposed LTER for HBEF is to quantify the changing patterns of produc~-
tion, utilization, and dissipation of plant detritus following large—scale disturbance of
the watershed ecosystem. As for the vegetation studies we will combine information from
past studies, ongoing research, and new initiatives to meet a series of objectives within
the afena of organic matter dynamics:

Objective B.l: To quantify changes ino aquatic food chains and efficiency of detrital
processing in streams following overstory removal.

Objective B.2: To quantify the accumulation and dissipation of forest floor organic matter
and the fates of detrital C, N and P during 20+ years following forest harvest.

Objective B.3: To quantify the supply, mineralization and leaching of large, woody debris.

Objective B.4: To determine the patterns of formation and disruption of organic debris
dams in first— and second-order streams.

II.B.l Organic matter processing in streams

Objective: To quantify changes in aquatic food chains and efficiency of detrital proces-
sing in streams following forest harvest.

Background, Hypotheses and Research Approach

Circumstantial evidence suggests that the trophic transfer efficiency is greater in
autotrophic than detritus—based streams. Grazing aquatic insects héve been shown to
deplete algal standing stocks and compete strongly for access to algal food (McAuliffe
1984, Hart 1985) implying that consumption by {overtebrates may be a significant fate of
algal production. Alsc, seston export from autotrophic stream channels was not signifi-

cantly different in the presence of grazers (Mulholland et al. 1985). Oa the other hand,
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leaf-shredding detritivores seem to have an abundance of food available and might be more
influenced by changes that occur during early stages of decomposition-(Cummins and Klug

1979, Sinsabaugh et al. 1985, Findlay et al. 1984a, 1986). Given the appareat inefficiency
of microbial growth on leaf litter (Findlay and Meyer 1984) and thz potentially large

losses of 0Tganic matter to downstream transport (Bilby and Likens 1980, Webster 1983), one
would expect that the losses of detritus would be large compared to the amount incorporated
into consumer biomass. At HBEF only a small fraction of the detritus input is used by
macroconsumers (Fisher and Likens 1973). These points argue that the transfer of algal
biomass to invertebrate biomass is relatively more efficient cthan the transfer of detrital
organic carbon to invertebrate biomass. These observations lead to the following hypotheses:

Hypothesis B.l.l. A unit of algal primary production will support more secondary produc-
tion than a unit of detritus input.

Hypothesis B.2.l. Realized secondary production in algal-based and detritus—based streams
may be comparable due to the larger magnitude of detritus inputs.

The manipulated watersheds at HBEF provide an ideal situatiocn to test hypotheses about
how different organic carbon sources fuel stream ecosystems. Obviously, long-term research
is needed to quantify the changes in organic matter processing in streams as the surround-
ing forest develops, and so there are no data on patterns of trophic level transfer
efficiencies or secondary productivity in streams during terrestrial succession. We
propose to follow the rates of supply of detritus and the resulting biologlcal standing
stocks in the autotrophic clear—cut stream (WS 5) and the undisturbed detritus—-based Bear
Brook. In conjunction with the algal blomass estimates of T.M. Burton, these measures will
document the potential availability of the two organic carboa sources. In initial work, we
will measure rates of bacterial production, and standing stock of bacteria, fungi and
inverctebrates to begin to assess the heterotrophic blomass supported by the two carbon
sources. Ideally, we would measure production of all heterotrophic organisms but this task
is clearly beyond the scope of this proposal. The logic behind coacentrating on bacterial
production is that bacteria are expected to be closely coupled in time and space to changes

in ocrganic carbon supply. Also, data for a headwater stream at the Coweeta Hydrologic Lab
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e dql) to be much greater than production of

in NC, show bacterial production (20 mg C o
the dominant shredder (Peltoperla 0.7 mg C m-2 d-l, O'Hép et al. (1984)). We feel that
bacterial production measures, together with standing stocks of other groups, will provide
adequate information £o begin to-test the hypotheses. All sampling will be habitat-
specific using a stratified-random design. The area of habitats will be mapped so that we
can calculate bacterial biomass per unit area of stream, knowing the proportional area of
each habitat type. Detrital inputs will be measured with leaf fall and blow—in traps. The
standing stock of benthic organic matter will be followed using Surber samplers. Decompo-
sition rates will be determined for individually tagged, weighed leaves. We propose to use
the most abundant leaves from traps to represent actual leaf inputs. Nutrient conteat of
decomposing leaves will be determined as for terrestrial litter. Aquatic insects will be
sampled with Surber samplers and/or cores, depending on substrate type. Insects will be
identified to the lowest feasible taxonomic level and assigned to a functional group
(Cummins 1973). A functional group assignment is only an approximation of the actual food
resources being used and a subsequent proposal will be necessary to directly determine
consumption of algae and detritus and production supported by these foods. Finally, |
bacterial and fungal biomass will be determined using epifluorescent direct counts, and
bacterial production as the rate of incorporatiom of tritiated thymidine into DNA (Findlay .
et al. 1984b). |
Future Research and Collaboration

It will not be possible to obtain unequivocal tests of the hypotheses early in the_
proposed research. A separate proposal will be submitted during Year 3 to request support
for invertebrate production and feeding sctudies. Additional heterotroph populations also
will be examined in those studies. Comparison with ongoing research at LTER sites at
Coweeta Hydrologic Laboratory, Andrews Experimental Forest and Konza Prairie also will be
pursued to provide a more general understanding of controls on aquatic food chains in
stream ecosystems. Finally, we hope to identify parallels between organic matter proces—

sing in stream and terrestrial systems during vegetatioun recovery following large-scale

disturbance.
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B.2 Forest floor accumulation aand dissipatioa

Objective: To quantify the accumulation and dissipation of forest floor organic matter aad
the fates of detrital C, N and P during 20+ years following forest harvest.

8ackground, Eypotheses and Research Approach

Using a chronosequence approach, Covington (1981) demonstrated that the mass and
putrient conteat of forest f£loor horizoas inm northern hardwood—coaifer ecosystems declines
following forest harvest to about 40Z of pre-cut levels after about 10-15 years before
returning slowly to “steady-state.” Because of the typically short—term nacure'of ecologi-
cal studies, direct tests of this post-cut, forest floor dissipation model and mechanistic
explanation of the phenomenocn have not been undertaken. Moreover, the occurrence and
pature of the forest floor “steady-state” also have not been critically evaluated. The
importance of these patterns cannot be overstated as the forest floor horizoes are the
principal root zone of the trees iln these ecosystems (Wood. et al. 1984). Problems of
closure in the N budgets of HBEF following forest harvest may result from our imability to
quantify the fates of the N lost and the accuracy of this model. For example, Ryan aad
Huntingtoa (1986) suggest that significant quantities of N are mechanically mixed with
mineral soil during a typical harvest operation. Management implications must also be
stressed, as Aber and Melillo (1978) have adapted the Covington model to judge the long-
term effects of foreét harvest on nutrient availability in northern hardwood ecosystems.

We are currently_using an integrated set of studies to evaluate the quantity and
mechanisms of C and nutrient ioss from forest floor horizons following forest harvest at
HBEF. Studies in progress are summarized in TablerB.l. These studies are designed to
improve our uanderstanding of the process of formation of the organic horizons in northern
hardwood-conifer ecosystems, as represented by formulations such as those of Aber aad
Melillo ({980), which provide a valuable conceptualization of this critical ecosystem
process.

We propose to coatinue and to expand these efforts and seek support in this proposal
for measurements which are particularly long-term in nature: (1) periodic remeasurement of

forest floor mass and chemistry in refereace watershed area; (2) coatinued maintenance and
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Table B.l Summary of measurements of terrestrial detritus ac HBEF.

Frequency of Next

Rasearchers Description measuremant measure
Ryan/Huntingron Burial of forest floor during - -—

forest harvest operations
Siccama Forest floor mass and chemistry

on 60 random plots in a reference

area 1977, 1982 1987, 1992
Fahey/Hughes Mass and nutrient changes of :

intact forest floor blocks on W5 1985, 1986 1987, 1989
Fahey/Hughes Forest floor leaching on plots

adjacent to iatact blocks event basis 1987, 1989
Fahey/Hughes Forest floor CO, evolution on

plots adjaceat fo intact blocks monthly 1987, 1989
Bowden/Bormann Gaseous N efflux from forest floor n/a e
Fahey/Bughes Litterfall (including deadwood) fn  biennial

W5 , W10l (11 years old), and collection 1987

reference area
Fahey/Hughes Leaf litter and slash decay in W53,

W10l (including deadwood), and biennial

reference area collection 1987
Fahey/Hughes In situ N mineralization in forest biannual

floor and spodic horizons (1984, 1986) 1988
Fahey/Hughes Isolation in situ of annual litter-=

fall in W10l and reference area annual 1987



collection of intact Fforesc floor @locks in WS ineluding organic C, N, and P leaching and
co2 evolution:; (3) establishment of a network of forest floor blocks in W4 (15 years sioce
cuttieg) similar to that inm W5; (4) meaaﬁrement of decay constants and tissue chemistry
changes in leaf litter of differeat decay states (time since leaf fall) in reference area
and 3 to l5-year old stands.

Our integrated, long-term program of studies of organic matter 1is deﬁigned to test the
following hypotheses:

Hypothesis B.2.1l. Forest floor biomass and outrient coatent attain steady—state within 80
years after harvest of northern hardwood forest.

No significant change was detected in forest floor mass and chemistry oo a reference
area adjacent to W6 between 1977 and 1982, despite intenmsive, stratified random sampling
(60 samples) and careful replication of methodology. Comparison with 1970 measurements of
Gosz et al. (1976) has not beea achieved because of problems of replicating methods, but
corrections for non-volatile matter may permit such a comparison,_which ﬁill be attempted
during this funding cycle (sub-samples of Gosz' forest floor collections have been
retained). We propose to resample agaid in 1987 (support from Likens et al., BSR 8406632
is available) and in 1992 (support sought in this proposal) to better quantify the develop-
ment of steady-state conditions within the foFesc floor. In conjuanction with this monitor-
ing program, we are isolating annuéi litterfall in the reference watershed area to permit
in situ analysis of physical and chemical changes over the long~term (see:below).
Hypothesis B.2.2. A large proportion (over 30Z) of the organic matter and N and P lost
from the forest floor following harvest actually is retained in the mineral soil, artiving
there as a result of mechanical mixing and by leaching and subsequent precipitation of
organic compounds in mineral soil.

Our initial data indicate that large amounts of organic C, N and P are leached from
forest floor horizons in the first 2 years followlng harvest, but little DOC or N appears
ia Bs horizon lysimeters. Moreover, we have estimated that a significaat proportion of the
forest floor C and N is mechanically mixed into mineral soil horizons {Ryan and Huntington
1986). Thus, sigaificant amounts of the forest floor autrients which appear to be lost
following harvest are actually retained in the miperal soil. Accurate estimation of the
former transfer process requires continued monitoring of leaching from our permanent
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installations. We propose to continue this monitoring in conjunction with measurement of
mass and chemical changes and CO2 evolution from intact forest floor blocks on W5. To
extend these estimates to later stages in succession we propose to initiate a parallel
study in W4 which was harvested 14 years ago. Thus, at the end of the first interval of
LTER funding we would have a continuous record of changes in forest floor dissipation
through the period of Covington's chronosequence observation of fdrest floor decline. In
conjunction with our ongoing studies of litter production, leaf and woody litter decay,
fine root productiocn and turnover, and our proposed study of decay of old, dated detritus
(see below, Hypothesis B.2.3), this work will give us a clearer picture of the controls and
pathways of forest floor dissipation following harvest. The insights gained from this
research should be of general value to understanding the development of humus layers in
northern forests.

Hypothesis B.2.3. During the later stages of decay, weight loss krom leaf litter follows
an exponential model and the efficiency of decomposers in converting residual carbon to new
microbial blomass increases. Decay constants for highly-decayed material are not signifi-
cantly different for pin cherry and northern hardwood—derived litter materials.

Although a variety of models has been proposed to explain litter decay (Wieder and
Lang 1982) and microbial utilization of substrates (Bosatta and Agren 1985), these models
rarely have been adequately tested for any but the early stages of decay (up to ca. 40Z
weight lossa). To permit loﬁg-term estimates of decay model parameters we have isolated
annual litter fall in reference areas (70 year-old forest) and 15 year-old pin cherry
dominated stands at HBEF by placing coarse-mesh nyl;n screening below énd over the annual
litcerfall. At the initiation of our proposed LTER (fall;-1987) we will have isclated
litter layers 4, 3 and 2 years old. We propose short—term {less than one year) incubations
of 4, 3, and 2 year~old litter beginning in fall, 1987. Decomposing macerials will be
placed in mesh bags at about the depth of collection, with samples retrieved in early
spring, early summer and late summer the follﬁwing year. For each date complete chemical
analysis, including organic fractionations (Kedrowski 1983, Yavitt and Fahey 1986a) and
lignin oxidation products (Ziegler et al. 1986) will be performed, and estimates of

microbial biomass C and N will be obtained by a combination of chloroform fumigacion
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(Jenkinson and Powlson 1976, Voroney and Paul 1984) and direct counting and hand-sorting of
macrofungi. We éropose to repeat this study on 6-, 5-, and 4-year-old material beginning
in fall 1989 as well as in the second interval of LTER funding. This information will be
integrated with the studies of development of steady-state forest floor conditioans to
obtaln a better understanding of the dynamics of these organic lierizons.
Future Research and Collaboration

We plan to seek ancillary funding for related studies which will capit;}ize on the
experiments initiated under this component: (i) radiotracer and 15N labelling of detritus
(pin cherry leaves), and (ii) studies of detrital food webs using selective biocides.
Although no experts in these areas currently are working on the HBES, we expect colleagues
from IES, Cornell, and the University of New Hampshire to be involved in these ancillary
proposals. Related studies of decomposition of roots ére funded by NSF thrqugh BSR-
8316950. These efforts will contribute to our understénding of nutrient availability at
different stages in succession, critical for beginning to test hypotheses under research
component A.2. (above).
B.3 Dead wood supply, mineralization and leaching
Objective: To quantify the supply, mineralization and leaching of large, woody debris.
Background, Hypotheses and Research Approach

The importance of coarse woody debris (CWD) to the structure and function of temperate
forest ecosystems has been summarized recently by Harmon et al. (1986) who noted that:
"CWD 1is Qbundant in many natural forest and stream ecosystems, forming major structural
features with many crucial ecclogical functions as habitat for organisms, in energy flow
and nutrient cycling, and by influencing soil and sedimeht transport and storage” (p. 134).

Because of tﬁe contrasting anatomy and chemistry of the major tree species, HBEF is
ideally suited for a detailed, long-term examination of CWD for purposes of understanding
the decay process and its role in ecosystem structure and function. Studies of CWD in
northeastern hardwood-conifer forests have been limited to branch and twig decay (Gosz et
al. 1983), overall wood disappearance rates (Tritton 1980) and slash decay (Spaulding and
Hansbrough 1944) and a few estimates of CWD mass (Gore and Patterson 1986) and chemistry
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(Lang and Forman (1978). Moreover, few studies in other upland eastern forests have been
doné (e.g., Macttsoo et al. 1986). We propose an integrated set of long-term studies to
parallel the ongoing work at Andrews Experimental Forest in Oregon (Harmon and Fracklin
1986 and personal communication).

Recent reports of increased tree mortality in many eastern hardwood forests, resulting
from introduced and native pests and unexplained “declines”, indicate the potential for
large additions of bole wood to the surface soils of these ecosystems in coming decades.
We are routinely monitoring tree mortality in reference areas of HBEF as well as several
other northera hardwood and subalpine forests in the region (Siccama and Trittoa, unpub-—
lished). These monitoring programs allow us to evaluate rates of input to the decaying
wood pool in these successional stands. Although the first wave of attack from the beech
bark disease (Twery and Patterson 1983) and the highly—publicized spruce decline probably
have resulted in some increases in dead wood, our data suggest.thac at HBEF the propoftion
of standing dead has remained coastant at about 157 for the past 8 years. By continuing
our studies.of mortality and monitoring the timing of tree falls in the reference wacérshed
we will be able to document the rates and conditions of woody debris igput to the soiis at
HBEF, esseantial information for evaluating its overall role in ecosystem functioen.

Our principal hypotheses with regard to bole wood decay parallel those of Harmon and
Franklin (1986) for Andrews EF and will provide a valuable test of the general applica-
bility of a model of the regulation of wood decay across contrasting environazents and
forest types. |
Hypothesis B.3.1: Initial decay éate is controlled by colonization of wood by insects and
fungi, a feature which is dependent upon characteristics of bark. Thus, initial decay rate
of maple and beech (thia bark) is more rapid than for yellow birch, red spruce and balsam
fir (thick bark).

Bypothesis B.3.2: “Over the long~term the hardwoods decay more rapidly than the conifers,

in part because of higher amounts of extractives (polyphenols and other wood decay inhib-
itors) in the latter group.

Hypothesis B.3.3: Loag-term decay of yellow birch (persistent bark) exceeds that of maple
and beech (ephemeral bark) because bark retains moisture in the decaying logs. Alteroa=

tively, thick bark causes excessive moisture retention with coasequent depression of
heterotrophic activity.
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Hypothesis B.3.4: Relative weight loss from whole logs increases with diameter from small
branches (<5 cm) to small boles (>30 cm) because of increasing wood:bark ratios, but wood
decay alone follows the reverse pattern because of delayed fungal colonization.

To facllitate statistical comparisoas and the development of general models, our
experimental design will parallel that of Andrews EF. The study will be established ia a
reference area within HBEF (west of W6) and will coasist of a main study to test hypotheses
1-3 and a secoandary study to test hypothesis 4. Three dicotyledonous trees (Acer sacch-

arum, Betula allegheniensis ssp, Fagus grandifolia) and two gymnosperms (Picea rubens,

Abies balsamea) will be used in the main study, and ‘cnly Acer and Betula, in the secondary

study. Several mature and healthy trees of each species will be felled in an area adjaceat
to the study site for field incubationms.

For the main study a total of 72 sections of each species, within the diameter range
from about 25 to 35 cm and about 2 m long each, will be randomly assigned to each of three
treatments: (control, bark removal, imsect exclosure) and four blocks (location)}. Samples
will be placed on large-mesh nylon netting in contact with the forest floor. For the bark
removal treatment, samples will be mechanically debarked on site. Tents of fine mesh aylon
netting will discourage colonlzation by insects in the exclosure creatmen:.for five years
following initiation of the study. All samples will be tagged and a detailed map of sample
placement will be drawn. Samples will be Beighed (moist) in the field with sections taken
for determination of initial moisture, chemistry, deasity and wood:bark racioc. Samples
will be collected after 2, 3, 5, 10, 15, and 25 years of decay, with one replicate of each
species and treatment cﬁllected in each block at each sampling time.

For the secondary-study, samples of three additional size classes (3-5 cm, 8-12 cm,
15-20 cm diameter) of birch and maple will be incubated in the four blocks for comparison
with the larger bole samples. Experimental design will be as above for the main study.

At several times during each year of study and at the time of collection, bole and
braach samples will be carefully censused for insect colonization and fungal fruiting
bodies. The extent of hyphal growth will be examined by sectioning samples, and relations
between fungal infection and localized wood density and chemistry changes will be quanti-

fied.
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The final component of our analysis of the long-term dynamics of decaying wood at HBEF
will be to examine leaching by melting snow and summer rain. Dead wood forms discrete
layers in the organic horizons of most northern forests and infiltrating water is altered
chemically during passage through these layers (Yavitt and Fahey 1986b). High concentra-
tions of organic acids in this percolating water may contribute to eluviation in surface
mineral horizons (Cromack, personal communication). Although leaching contributes litctle
to C and mineral nutrient release in ché.early stages of wood decay (Mattson et al. 1986),
high DOC and N concentrations in later stages suggest that its long-term role may be
significanc (Yavitt and Fahey 1986). This process apparently never has been studied in
eastern hardwood forests. This highly decayed wood also acts as an important rooting
medium for trees, but its quality as a rooting substrate rarely has beenexamined.
Hypothesis B.3.5: Leaching of C and miﬁeral nutrients from decaying wood increases rapidly
as boles become flattened and woody tissue structure is lost. Differences between dicot
tree species are not significant, and all species are heavily invaded by plant roots at
this time.

Hypothesis B.3.6: Long-term leaching of strong organic acids from highly—decayed wood
increases the extent and thickness of the eluviated and illuvial horizons in the Spodosols
at Hubbard Brook. ’

Five plate tension lysimeters (scintered glass) will be positioned beneath random
decaying boles of sugar maple, beech, and yellow birch on W2. .This site was clear—cut and
boles left in place twenty years ago. Many of the large logs on this site remain rela-
tively intact, and lysimeters will be positioned with minimal disturbance to the wood by
excavating from the side. Percolating water will be collected under tension (10 kPa)
during majof snowmelt intervals in spring and occasionally during large rain events in the
snow-free period. Sampling will continue for at least 10 years during which boles will be
changing from moderate to advanced decay class (Harmon et al. 1986). The lysimeter plate
will be covered with polyester fiber to prevent blocking of pores by fine colloidal
materials. Subsamples from nearby sections of the boles will be collected at about 3-5
year intervals during the study and anélyzed for specific gravity and chemical changes to
allow the development of a simple model for the relationship between bole leaching and
decomposition for these three major species. In addition, visual observations of depth and
thickness of E horizon will be made beneath boles and in adjacent areas.
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Future Research and Collaboration

We anticipate expanding the funding for these studies through grant proposals to USDA
Competitive Research Grants Program, NSF, or USFS. Such expansion will 1likely include:
(1) dead wood exchange with Andrews EF and perhaps other LTER sites; (2) role of deadwood
as nurse sites for tree seedlings in mature and early—-successional, cut-over stands; (3)
effect of dead wood removal on long-term nutrient availability in northern hardwood-conifer
forests (che W5, whole-tree h;rvest experiment will be compared with conventional (W4) and
no removal (W2) treatments); (4) reconstruction of dead wood patterns in old-growth
northern hardwood-conifer forests using dendrochronologic methods on tree scars.
B.4 Organic Debris Dams

Objective: To quantify the patterns of formation and disruption of organic debris dams in
first—~ and second-ovder streams.

Background, Bypotheses and Research Approach

Organic debris dams serve a variety of important roles in forested watersheds includ-
ing: regulation of export of organic and inorganic sediments (Bilby and Likens 1980, Bilby
1981); erodibility and channel morphology of streams.(Swanson et al. 1982); and control of
aquatic habitat structure (MacDonald and Keller 1983). Despite their obvious importance,
the patterns and controls of dam formation and disrﬁption rarely have been detarmined
(Swanson et al. 1984). In the EBES we are taking advantage the whole—-watershed manipula-
tions to examine the effects of deforestation on the abundance and function of organic
débris dams. We seek an understanding of the immediate response of dams to deforestation
and to quantify changes occurring during long-term succession of the surrounding forest.

Our results to date show a large, however somewhat delayed, effect of deforestation on
the density (i.e., #/stream length) of organic debris dams. Densities in a first-order
stream did not change significantly during the first two years following deforestation (13
dams/100 m), but a sharp declime occurred in the third year (9 dams/ 100m). A reference
stream showed little change during the same period. Also, densities in a stream draining a

watershed cut over 20 years ago were considerably lower (3 dams/100m) (Hedin et al. 1986).
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We propose a long—term model describing the abundance and function of debris dams in
northern hardwood—-conifer watersheds during succession following large—scale disturbance:
Hypothesis B.4.l: Following deforestation organic debris dams are depleted on lst and 2nd
crder streams because of continued dam destruction concurrent with an abrupt decline of
input of CWD. A delay in this depletion is stochastic in nature, depending upon the

occurrence of large storm—flow events.

Bypothesis B.4.2: The number of debris dams continues to decline until a major pulse of
woody debris input occurs during the break up of the canopy of the pioneer forest stand.

Hypothesis B.4.3. Moderate (e.g. 20 year) floods significanctly deplete organic debris dams
on lst and 2nd order streams, but because they also cause export of large amounts of
erodible sediments, particulate losses ian subsequent years (i.e., dam—depleted streams) is
not unusually high.

Because of the slow changes expected and the low frequency of catastrophic events
(i.e., floods), long-term measurements are required to quantify the dynamics and functions
of debris dams. We propose to test our model by resurvey of organic debris dams oa W6, W5,
and W2 at 1l- to 2—yeat intervals, with coatingencies for extreme weather events. Sediment
export and hydrologic discharge from the watersheds are measured by the USFS as a component
of the monitoring program. Statistical correlations will be determined between time since
deforestation, forest canopy break—up and debris input, major discharge eveants, sediment
export, and debris dam density.

Future Research and Collaboration

If time and expenses permit, we expect to initiate a study of decay of CWD in debris
dams to parallel our work on log decay in the terrestrial system. These studies would be
aimed at quantifying differeﬁces in decay processes between terrestrial and aquatic
environments and the state of decay at which major structural supports in dams lose their
integrity. In additiom, we hope to compare decay rates and detrital pathways for woody and
non-woody detritus of different species (see section B.l). Finally, we hope to examine the
effect on chemical export of modificatioans in debris dam density at different stages in

ecosystem development following deforestation. Additional funding for these studies will

be sought in conjunction with colleagues at IES.
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II.C RESEARCH COMPONENT C: ATMOSPHERE-TERRESTRIAL-AQUATIC LINKAGES

Studies of hydrologic-element cycling interactions have long been a focus of research
at the HBES. We have relied heavily on the small watershed approach, by comparing bulk
precipitation inputs with stream outflow as well as internal inputs from weathering and
element accumulation/loss from vegetation and soil to better understand element cycles.
While this approach has yielded a wealth of information on the biogeochemistry of forested
ecosystems (e.g. Likens et al. 1977; Likens 1985), important complexities of element
transfér across the landscape, between ridgetops, down upland and slope segments, through
riparian source areas and downstream must also be considered. Clearly the level of our
understanding is limited by a lack of detailed information on material tramsfer to, within
and from ecosystems. Although the small watershed approach has proved valuable to
characterize input/output budgets and will remain essential for verification purposes,
we propose that great advanceg are needed in our understanding of specific pathways and
mechanisms of material transport within small_watersheds to evaluate response to disturbance.
We beliéve that the integration of geomorphic and ecosystem studies should be an area
of fruitful research in coming years, and we propose that the linkage between the small
watershed approach and plot studies of geological and ecological processes will provide
a valuable method for forging this integratio?. Research objectives to enhance our current
understanding of atmospheric-terrestrial-aquatic linkages at the HBEF are as follows:
C.1 ta coutimme long-term characterization of precipitation inputs and stream outputs,

C.2 to determine tbe magnitude and seasonal characteristics of nitrogem, sulfur and
basic cation inmputs by dry depositionm,

C.4 to modify the hydrologic model, BROOK, to facilitate solute transport calculations
within soil and ultimately for solute tramnsport modeling,

C.4 to better understand tbe hydrologic and element linkages between uplands, source
areas and stream flow, and

€C.5 to use the E+ budget approach to integrate studies of element cycles and facilitate
our understanding of the response of hardwood-conifer watersheds ta disturbance.

II.C.1. Long-term Trends in Precipitation and Streamwater Chemistry

Objective: To continue to characterize long-term trends in the chemistry of precipitation
inputs and stream outputs at the HBEF.
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Background, Hypotheses and Research Approach

We have established long-term records of climate and hydrology since 1956, and precipi-
tation and streamwater chemistry, since 1963 on reference and experimentally manipulated
watershed-ecosystems at the HBEF {Likens et al. 1977; 1984; Likers 1985). These recornds
show that short-term data are often misleading and that decades of monitoring may be
required to detect real changes in complex ecosystems.

Long-term data are necessary to test hypotheses which address the successiconal develop-
ment of northern hardwocd-conifer ecosystems and effects of disturbance. Moreover, they
are essential to identify and evaluate unusual or extreme events. Unfortunately, most
ecological studies are forced by fimancial or other considerations to be short-term (i.e.
less than 5 years) and may result in inaccurate or unrepresentative conclusions regarding
long-term trends.

Since the initiationm of the HBES in 1963, special care has been taken to maintain
the integrity of the long-term data base (see Likenms et al. 1984). WNecessary changes
in sampling aﬁd analytical procedures have only been implemented after systematic compari-
son of methods has guaranteed that inconsistencies have not been introduced. Our sampling
locations and methods for the collection of bulk precipitation (see Appendices A.1-A.3)
have essentially not changed since the beginning of the study. Specific uses of precipitation
and streamwater chemistry include:

1. the development of element input/output budgets to supplement process-level studies
of mechanisms reguldting element retention/loss in forested ecosystems,

2. quantifying the temporal and spatial variability of cosystem inputs/outputs,
3. quantifying element-element and element-biota interactions,
4. providing reference data for evaluation of whole-ecosystem experiments, and

5. comparisom with national monitoring networks such as MAP3S, NTN and the USGS. .

In addition, major questions of local, regional and natiomal significance have been addressed
with these data. For example, the pH of precipitation samples (rain and snow) has been
monitored continuously at the HBEF since 1964. Our continuous record of precipitation

chemistry is the longest in North America. Two recent reports by the National Academy
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of Sciences have relied heavily on precipitation chemistry data from the HBEF in addressing
the issue of acidic precipitation (Calvert 1983, Gibson 1986).

Our continuous record (1963-1982) of weekly, bulk precipitation chemistry at the
HBEF shows no statistically-significant trend in annual, volume-weighted concentration
of HY and NO3™, but a 347 decrease in 5042', a 34% decrease in NH4+,

a 637% decrease in Cl™, a 797 decrease in Mgz+ and an 867% decrease in Calt during this
period (Likens et al. 1984). Nitrate concentrations increased from 1964 to 1971 and
H" concentrations decreased after 1970 (Figure II.C.1). These "short-term trends" were
apparent within the overall record in each case.

The explanation for the marked decline in caZt and Mgz+ concentrations is not clear.
However, it is noteworthy that emissions of total suspended particulate matter to the
atmosphere in the U.5. decreased by 467% between 1970 and 1978 {(Council of Environmental
Quality 1980). The significart decline in annual, volume-weighted 5042’ccncentrations
is correlated with a similar decline (% basis) in S0; emissions for the surrounding region
during this period (Calvert 1983, Likens et al. 1984).

Concentrations of Pb in bulk precipitation at Hubbard Broock have been highly variable,
but on the average, have decreased by more than 70% since 1975 {(Figure 1II.C.2). This
reduction coincides with a period of regulation on the use of leaded gasoline by motor
vehicles. Elevated pocls of Pb have accumulated in the forest floor at the HBEF, presumably
from atmospheric inputs, and as a result of this adsorption/filtering action, streamwater
concentrations of Pb are low (about 1 ug'l'l; Smith and Siccama 1981).

It is particularly difficult to assess long-term trends in stream chemistry. For
example, although the long-term seasonal pattern for NO3~ in stream water and in precip-
itation is consistent (Figure II.C.3), the annual volume-weighted concerntrations of total
inorganic nitrogen in precipitation and stream water have been unpredictable (Figure
I1.C.4). From 1964-65 to 1968-69, streamwater concentrations were less than in precipi-
tation. However from 1969-70 to 1976-77, except for 1972-73), average streamwater concen-
trations increased by about 3- to 4-fold and exceeded precipitation. After 1976-77 precipi-
tation inputs of inorganic N again exceeded streamwater concentrations. Fragmentary
portions of this record (e.g., L to 5 years) yield highly variable results regarding

28



) "
0.8 4WM
S 0.04 -
E

mgll

mgll

mgll

cm

Figure II.C.1.

L] L] [] 4 [} 1

i Precipitation

Year

O‘ILI 1 T L T T T T T T T T T T | 1
6L~ 66~ 68~ 70- 12- - ' 76- 78- 80-
65 67 69 n 73 75 77 79 a

Annual volume-weighted concentrations and amount of precipitation

for the HBEF during 1964 - 1982.

linear regressions significant at p < 0.05.

coefficients (r) are H+ = -0.69, NH +

and C1° = -0.56.

The dashed lines represent
Correlation

= -0.51, S0, = -0.77

4 4



= s

- -
-

JRpE e )

gQr -

{176n} poaq

1982

1981

1379

1978

1977

1976

1975

Year



$3 -
§8F
sct
[%-34

L0+

2l - i “

Hilvals [mg fliter )
B b
L] L
P— ]
pali——— }
h ]

& &
z
=

f . U‘J'M\L i

1565 1956 Is67 1553 1989 NG 15w 1992 199 97 1975 1975 1977 1978 1979 1sEQ 1981

Time

Figure II.C.3. Volume-weighted monthly concentratioms of N03 in streamwater
from W6 at the HBEF (after Likens 1984).

101

“ A L e
| // \ 2 -~ AN /\ / N\,

Total Inarganic Hitragen {kg/na-yr)
(1]

) FAN ; y
] b \ .
! ‘l,_ ' .
'l' ~ 3 . -
J 1
£ ” \
1
i
1 —e \ S~ Streamwater
e \ s ~
2 . ! FAEEN
o ’ 7
--"‘.-—-nl \.__--° \\ e
o= ~ e
\‘.
Q r r : v » .
1964~ 66~ 66= 70- 72- qL- 76~ 78- a0- 82-
65 67 63 73 73 75 77 79 81 a3

Year

Figure 1I.C.4. Annual volume-weighted concentrations of total inorganic nitrogen
(NH4+ + N03d) in precipitation and streamwater for W6 at the HBEF
(after Likens 1984).:



inpuc/output budgets. Without knowledge of this variabilicy, inaccurate conclusions
regarding element cycling and ecosystem processes could easily be made.

Long-term monitoring of manipulated ecosystems has also resulted in important in-
formation regarding element transfer and drainage water chemistry (Figure II.C.5). 1In
1965 all trees in W2 were felled, left in place and herbicides were applied to prevent
regrowth (Likens et al. 1970, Likens et al. 1978). This treatment was used to separate
the effects of vegetation uptake from decomposition on the transport of eiemen:s through
drainage water. A large release of NO3”, H*, basic cations and Al were evident in
streamvater during and immediately following deforestation and herbicide treatment (1966-196¢
The initial period of element loss was followed by a dramatic decline in stream N0y~
and Y (increase in pH) during vegetation recovery, relative to the reference watershed.
These observations suggest that during early regrowth the forest ecosystem effectively
retained NO3~, which resulted in alkalination of stream waters. After longer periods
of regrowth (e.g., P 75 years for the HBEF) the ecosaystem is less efficient in retaining
NO3~ (Vitousek and Reiners 1975) and coincident with lower pH in streamwater.

Decreases in streamwater pH during devegetation and increases in streamwater pH during
regrowth coincided with retention and release of 5042', respectively, relative to the
reference watershed (Figure II.C.5). These observations have lead us to hypothesize
that 8042' in stream and mineral soil solutions is regulated by pH-dependent adsorption
on free Fe and Al surfaces within soil (Nodvin et al. 1987; Fuller et al. 1987). Acidi-
fiction of drainage water protonateg these variable charge surfaces facilitatiug 3042'
retention, whereas increases in soii solution pH due to alkalination reduces anion adsorption
resulting in 5042' desorption and increases in drainage water concentrations.

Our long-term monitoring of bulk precipitation and streamwater chemistry have lead
us to the following hypotheses:

Hypothesis C.1.1 Cancentrations of SO 2- in precipitation will continue to decrease
coinciding with projected declines in O4 emissions in the northeastern U.S5.

HBypothesis C.1.2 Concentrations of Pb in precipitation will continue to declinpe in re-
sponse to recent federal legislation regulating Pb in gasoline.
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Eypothesis C€.1.3 Although long~term trsgds in precipitation 50 Gy are evident, no con-
sistent temporal patterms in stream S50 will be evident due tg_year-to-year variatians
in precipitation loading, climate and the sail buffering of SO& 5

Hypothesis C.1.4 The extent of element loss from watersheds through drainage water is
closely linked to disturbance and patterns of forest growth.

To test these hypotheses element budgec studies will be continued on seven watersheds
(W1,W2,W3,Ws,W5,W6,W101). Statistical analyses have shown that weekly sampling of precip-
itation and streamwater are adequate for all elements except P, C and Fe, whose concentrations
are strongly related to discharge (e.g. Johnsen et al. 1969). Méasurements of total
P and DOC, however, will be continued on streamwater and precipi;ation samples. Analysis
of streamwater and discharge data will be conducnqd to refine concentration-discharge
relationships and improve mass balance calculations for these elements. Element balance
studies will include the collection of particulate matter output from W5 and Wé, particularly
that material collected in ponding basins at the gauging weirs. These data will also
support the organic debris dam studies discussed previously (see.Section II.B.4).

Trace metal studies will alsoc continue on W6 and W5. These data will be used to
further our understanding of trace metal flux and cycling in undisturbed forests and
to study the effect of deforestation on trace.metal relationships ;stablished for forested
ecosystems (Simone et al. 1987).

In addition, analyses of long-term trends in precipitation and streamwater chemistry
will continue so that the effects of changes in atmospheric emissions (e.g. 5042-, Pb)
on precipitation loading and the biogeochemistry of northern hardwood-conifer ecosystems
can be evaluated. These analyses may serve as an early warning system to forecast changes
in the biogeochemistry of forested ecosystems in the northeastern U.S.

Finally, data obtained from the monitoring of precipitation and streamwater chemistry
will be coupled with studies of element transfer associated with soil processes, decompo-
sition and vegetation uptake to assess mechanisms regulating element transfer/concen-

tration, element-element linkages and the effects of disturbance and succession on the

biogeochemistry of a northern hardwood-conifer eccsystem (discussed in section II.C.5).
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I1.C.2 Dry Deposition Inputs and Chemistry

Objective: To determine the seasonal characteristics of nitrogen, sulfur, and basic
cation inputs by dry deposition to the HBEF.

Background, Bypotheses and Research Approach

Recent evidence sugges:s that dry deposition is an important component of the total
atmospheric inputs of nitrogen and sulfur to eccsystems (Mayer and Ulrich 1978, Sehmel
1980, Huebert and Robert 1985, Lindberg et al. 1986). Quartifying dry deposition is,
therefore, very important for the developnent of ecosystem element budgets and for ques-
tions concerning linkages between Fforest health and atmospheric deposition of acids.

For example, the most recent published nitrogen budget for the HBEF suggests that
in the 75+ year-old forest, nitrogen accumulation in forest biomass and export in stream
water exceeds that entering the forest in bulk precipitation (Bormann et al. 1977).
This pattern aﬁpears to be a common conclusion from whole ecosystem.scudies. At the
HBEF, nitrogen fixation in undisturbed areas (i.e. not W2, W5, W10l) does not seem to
account for the discrepancy (Roskoski 1977, Homanm et al. unpublished ms). A portiomn
of this nitrogen input may be obtained from deep soil horizons that were previously thought
not to interact effectively with the vegetation (i.e. soil "mining", see for example
Melillo 1961). Research currently under way at the HBEF (Apgendix IIL.B) is designed
to investigate this component.

Dry deposition of nitrogen gases and particulates could alse explgin a portion of
this discrepancy (Sekmel 1980, Huebert and Robert 1985, MacRae and Russell 1984). Various
inputs include NH4+ and NOJ- bezring particulates, nitric oxide and nitrogen dioxide
(commonly referred to as NOx), and nitric acid vapor (HN03).

There are few data to substantiate the importance cf nitrogen deposition to hardwocd
forests. One approach to quantify the magnitude of nitrogen dry deposition is to estimate
the difference between bulk (wet) deposition and throughfall depositiom. Unlike the

basic cations, which often leach from vegetation, nitrogen is conserved by vegetation

and may even be assimilated (Parker 1984). Thus, measurements of throughfall less bulk
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precipitation may well be an underestimate of dry deposition inputs. Lovett (1983} has
made one estimate based on throughfall and bulk precipitacion data at the HBEF (Eaton
et al. 1973) and concluded that the dry deposition inputs could be 6.6 kg N ha-1 during
the growing season alone. The magnitude of this dry deposition estimate is comparable
to the long-term average annual precipitation imput at the HBEF (6.5 kg N ha-l yr-l)
and would supply 42% of the unexplained accumulation of nitrogen in living and dead bio-
mass. Using a more rigorous approach, Lovett and Lindberg (1986) determined that dry
deposition of N03— alone was about 4.8 kg N ha_l yr-l or 50% of the total wet plus dry
deposition at Walker Branch at Oak Ridge, Tennessee. There is, therefore, substantial
evidence to suggest that this vector of input is important to the nitrogen budget at
the HBEF.

The curreat HBEF budget for sulfur indicates that precipitation inputs are 12.7 kg'ha-l'yr

while dry deposition is 6.1 kg-ha-1°yr L and weathering inputs are 0.8 Kg'ha-l'yr—l (Likens
et al 1977). While wet deposition appears to be accurate, estimates of dry deposition
and weathering inputs are considerably more tentative and could be greatly improved through
more rigorous determination of dry deposition inputs. Accurate inputs of sulfur leading
through dry deposition are critical to the development of E+ budgets and assessments
of processes contributing to the acidification of seil and drainage waters (see II.C.5
Effects of disturbance of the gt cycle).

There is abundant interest at present in the relationships between forest health
and atmospheric inputs of nitrogen and sulfur. For example, Friedland et al. (1984)
and Nihlgard (1985) have suggested that exogenous input of nitrogen to high-elevation
forests may be so large that it incterferes with physiological preparation of the trees
for winter cold stress. Winter frost damage due to over-fertilization of nitrogen is
one explanation that has been proposed. for the large scale dieback of spruce in the U.S.
and Europe {(Friedland et al. 1984). Nitrogen inputs by all mechanisms, including dry
deposition, would contribute to this problem.

Atmospheric inputs of nitrogen and sulfur are both significant sources of acidicy

to ecosystems. When oxidized, gases such as Nox and SO2 transfer acidity directly to
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forests as nitric and sulfuric acid. Canopy dynamics modify this acidity and are important
in the regulation of throughfall chemistry (Lovett 1983). Strong acid inputs can also

have indirect effects on the biogeochemistry of forested ecosystems through mobile anion
leaching (Johnson 1984). Atmospheric deposition of Noa- and 8042- not only contribute

to the H+ loading but facilitate the mobilizatiom of basiec cations and Al, resulting

in elevated éoncentrations of these constituents in surface waters (Johnson et al. 1981).
Dry deposition of nitrogen and sulfur represent a potentially important component of

the biogeochemistry of the HBEF. Therefore, we have developed the following hypotheses
concerning dry deposition imputs to the HBEF.

Hypothesis C.2.1 The deposition of NO_ and HNO, vapor in ambient air represent important

x
atmospheric sources of nitrogen to the forest ecosystem.

hypothesis C.2.Z2 Sulfur dioxide (S0,), the domipant form of gaseous sulfur deposited
on the canopy, is quantitatively an i1mportanf source of sulfur to the ecosystem.

Hypotheses c.2.3 Deposition of particulate nitrogen and sulfur (as NH +, “03- and SOAZ-)
on leaf surfaces and are important inputs to the ecosystem.

We prop;se to measure the concentrations of gaseous NOx, HNO3 and SO2 and particulate
N ﬁnd 5 at the HBES meCeoroloéical monitoring site (see Appendix I.B). Imitially, we
will estimate fluxes of gases to the forest canopy from literature values of deposition
velocities. We will estimate the flux of particulate nitrogen, sulfur and basic catious

based on a combination of air filtratiom and deposition to surrogate surfaces deployed

in the forest canopy.

Specific methods - dry deposition

Gases: Methods exist to estimate the concentrations of each of the gases we propose
to measure. However, several alternative methods exist and there is not yet a conseansus
on the best method for each component. As a consequence, we will need to do some develop-
mental work to determine the methods most appropriate for our needs and logisticgl con-
straints. For reasons of consistency, we plan to maintain compatibility with the Mountain
Cloud Chemistry Program site on Mt. Moosilauke, a regional network site that is adjacent

to our site (see below).
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We will measure the conceatration of HNO3 with a dual filter pack (Huebert and Robert
1985). In this technique, an inert (teflon) filter precedes a nylon filter in an inert
(teflon) filter holder. The teflon filter retains particulates and passes HNO3. The
nylon filter quantitatively absorbs the HNO3 gas. A pump and a mass flow monitor/con-
troller are used to pump a known volume of gas through the filters. This system is "off-the-
shelf" technology and will not require special development. The filters are then washed
and desorbed in water (teflon filter) or 0.1 N NaOH (nylon filter) and the water analyzed
for NO3- and NH4+. Given the nitrogen concentration in the wash solution and volume
of air filtered, air concentrations of boch particulates and HNO3 can be calculaced.

The dual filter-pack technique has been criticized because particulates on the fore-
filter may degas to the second filter, causing a sampling artifact (Appel et al. 1981).
Since particles and gasas have very different deposition velocities (Sehmel 1980) this
artifact will overestimate deposition. Kelley et al. (1987) concluded that this artifact
does not introduce significant errors. Since it is possible to remove the particulates
prior to filtration with a "denuder", the potential for bias can be’tested. This procedure
will be incorporated into our QA/QC program.

We will test altermative methods to measure NOx and 802' Sulfur dioxide may be col-
lected on K2503 impregnated filters or by bubbling air through wet chemical traps in
an impinger apparatus (Lindberg et al. 1986). Ideally we would develop a single sampling
apparatus that allows for the collection of all of the gaseous components of interest
under field conditions. If we find that this approach is not a practical soiutionm, we
will use commercially available NOx and 502 monitors. The disadvantage of these instru-

ments is that instantaneous data would be provided, rather than preferred time-averaged

concentrations.

Particles: We suspect that particle deposition may be important for some elements.
Small particles (<2 pm diameter) are efficiently collected by the teflon pre-filter in
the filter pack apparatus described above. The filters will be extracted in wate;:ioncentration
of ions in the extractant solution will be used to calculate atmospheric concentrations

of nitrogen and sulfur in small particles. We will use literature values of deposition

velocities for small particles to determine deposition fluxes.
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Larger particles are inefficiently collected by standard air filtration techniques
but ctheir deposition to artificial surfaces can be assessed directly {Lindberg and Lovett
1985). We will expose polycarbonate petri dishes above the canopy during dry periods
and extract the collected particles in water. These artificial surfaces collect primarily
sedimenting particles (those that fall onto the surface by gravity) which are generally
greater than 3 pm in diameter. We will use the "calcium scaling” technique (Lovett and
Lindberg 1986) to convert large particle collection rates on these surfaces to large
particle deposition rates for the entire canopy.

We are aware that there may be a certain amount of overlap between the size ranges
of particles collected by air filtration and by artificial surfaces. The two techniques
together will overestimate total particle deposition to the canopy if there is substantial
overlap. Nevertheless, these are the most appropriate.methods available to us for field
use. In addition, they provide estimates of particle deposition rates that can be easily

updated when better data are available on the potential overlap in size range collection.

Feture Research and Collaboratiom

The research described in this section is part of a larger effort_to quantify the
importance of atmospheric deposition at an ecosystem and ultimately landscape level.

Our initial efforts will be to create the capability to measurs the concentrations
of nitrogen and sulfur compounds in the atmosphere that we believe are important in dry
deposition and to make indirect estimates of their flux rates to the forest canopy based
on literature values of deposition velocities.

Fluxes estimated in this way will provide an adequate estimate of the importance
of dry deposition relative to other element inputs to the HBEF. However, deposition
velocities to forest canopies for the compounds that are of interest to us are poorly
quantified at present. In the future we plan to investigate alternative methods to measure
gas and particle fluxes directly. Given the gas and particle concentration data we propose
to collect here, future direct measurements of fluxes will allow us to more accurately
calculate deposition velocities that are specific to the northern hardwood forest type.

We plan to submit a separate proposal to study relationships between measured dry

35



deposition, precipitation and throughfall fluxes and various landscape characteristics.
It is unreasonable to expect that a single dry deposition measurement station will be
adequate to characterize whole-ecosystem or whole-landscape dynamics. However, it is
prohibitively expensive to install many such stations in one study area. Building on
information obtained form our LTER dry deposition research, we will propose separately
to study methods to excfapolate that information to a landscape scale.

In addition; we plan to maintain compatibility with other regional deposition measure-
ment networks so that our data may be regionalized. In particular, we will maintain
close ties with the Mountain Cloud Chemistry Program (MCCP) on Mt. Moosilauke, immediately
adjacent to our site (HBEF). The MCCP site is in.a mid-elevation spruce-fir stand.
We propose to install our station in a lower elevation, hardwood site so that comparison
between these two sites can be used to assist in regionalization of depesition information.
Finally, the dry deposition measurement program we propose here will complement the
intensive and iong-term‘biogeochemical monitoring program that is already active at the
HBEF. With the addition of this capability we will be able to compare wet depositionm,
.dry deposition, throughfall, stream chemistry, forest growth, and as a consequence improve
calculations of whole-ecosystem input/output budgets. In additiom, estimates of dry
deposition obtained in this study will be compared to values obtained by difference from
throughfall and bulk {wet) deposition monitoring. Given the capabilities to calculate
whole~ecosystem budgets and to measure several components of atmospheric deposition,
both wet and drf, we bmalieve that the HBEF would be an excellent site for a future, rig-
orous comparison of methods and mechanisms of atmospheric deposition.
II.C.3 Hydrologic Modeling
Objective: The objective of the proposed research in hydrologic modeling is to modify
the hydrologic mwodel, BROOK, to facilitate solute transport calculations within soil
and to initiafe development of a comprehensive solute transport model.

Success in improving physical aspects of the model should be achieved within the
time frame of this study, but chemical modeling must be considered as continuing long-term

research.
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Background and Research Approach

In watershed research, hydrologic simulation models provide a quantitative summary
of current knowledge, and allow extrapolation of results to other sites and to hypothetical
sitvations. Simulation models separate watershed function into component processes and
provide physically meaningful mathematical expressions for how each process works. Such
models are widespread in physical hydrology and procedures for model development using
water budgets are generally'accepted (Proceedings 1982). Recently, mathematical represent-
aticns of biogeochemical pr;cesses have been coupled to hydrologic models to simulate
the chemistry of drainage waters within forested watersheds (ILWAS 1983).

The hydrologic model, BROOK, was developed for small, forested watersheds, and was
based on research at the HBEF (Federer and Lash 1978). BROOK simulates daily streamflow
and changes in soil and snow water from inputs of daily precipitation and temperature.

It has 'been widely used Eorlteaching and research in both eastern North American and
Europe (e.g. McKenna 1981; Focazio 1984; Laudelou:_et al. 1984; Forster and Keller 1986).
Although some attempts have been made through the HBES to incorporate element cycling
and streamflow chemistry into.BROOK, the results have not yet been satisfactory.

To successfully model the chemistry of drainage waters, subsurface saturated flow
must be incorporated to account for spatial variation of soils. At present only saturated
overland flow, unsaturated subsurface flow and groundwater flow are included in BROOK
(terminology of Whipkey and Kirkby 1978). Hydrologic processes such as return flow and
saturated subsurface flow need to be added, as well as the effects of macropore (pipe)
and piston flow (Bevan and Germann 1982). Controversy exists over the gpecific definitions
and relative importance of these various flow processes. These issues can only be resolved
by a combination of modeling and field experiments. The field measurements described
later in this proposal (II.C.4 Hillslope hydrology - Dynamics of source areas) will provide
valuable information for model development. Additional research on source area mapping
(Dr. A. Federer), extensive soil water monitoring by time-domain reflectometry (pDr. S.
Hamburg) and flow in isolated soil blocks (Dr. R. Pierce) is currently underway at the

HBEF. Information from this research will also be used to develop and calibrate the model.
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Other components of the BROOK model will also be improved through research proposed
here. Incorporation of a root zone layer will facilitate modeling chemical transformation
and transport. The approach used will be similar to the transpiration model of Federer
(1979) and estimates of solil water avaiiable for transpiration will alsa be improved.

The BROOK availability constant, and the estimate of potential evapotranspiration will
also be modified as descrig;d by Federer (1982). These chaﬁges will be made so that
BROOK will remain comprehensible to.other users, while still reflecting real hydrological
processes. Parameters must remain physically meaningful and easily approximated. Con-
tinued documentation of BROOK for extermal users is essential.

As a long-term objective of this research, we will incorporate chemical submodels
into the modified version of BROOK. Modeling efforts will try to avoid the complexity
and unestimatable parameters of the ILWAS (1983) modél, while attempting to accurately
depict relevant processes. Considerable effort has been made in recent years in chemical
process modeliﬁg at the HBEF. Fuller et al: (1987) have developed a kinetic model simu-
lating S transfer between soil pools at the HBEF, while Schecher and Driscoll (1987)
have developed a chemical equilibrium model which simulates the solubility and speciation
of Al, as well as pH-dependent adsorption of 8042- and F . Research is currently underwvay
to develop models describing organic acid equilibria, organic-metal complexation and
cation exchange processes. These submodels will £e incorporated into BROOK as a first-step
towards developing a comprehensive solute transport model. Parameter selection and model
calibration wili be developed both from long-éerm streamflow, soil solution and stream
chemistry records and from the research on hillslope hydrology-dynamics of source areas
(II.C.4 described latter). Modeling will begin with simplified systems such as soil
blocks and individual lysimeter locations (profiles), and then be expanded to whole water-
sheds.

Both for physical and chemical aspects of BROOK, model calibration will utilize stream-
flow data from W3 and W6 prior to 1977, the same period used in earlier BROOK development.
Verification will be done with later data and data from experimentally manipulated water-
sheds (Appendix I.A), using methods described by Federer and Lash (1978). Validation

or acceptance of any new model must remain the province of others.
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II.C.4 Hillslope hydrology — Dynamics of variable source areas
Objective: The objective of this research is to better understand the hydrologic linkages
between uplands, source areas, and stream flow and the relationships of these linkages
to element transport.
We proﬁose to quantify changes in the extent and duration of source areas on first
or second order streams over long-term, annual and storm-event time scales and to study

linkages between hillslépe hydrology and biogeochemistry with a hydrologic process model

(BROOK).

Background, Bypotheses and Research Approach

Early models of water yield from watersheds considered hillslopes adjacent to streams

as homogeneous source areas in three dimensions. Although adequate correlations may

be made between basin size and various geomorphological and hydrologic properties of
streams (Leopoid et al. 1964), the assumption of watershed homogeneity is misleading

for considerations of actual subsurface flow in forest soils and the biogeochemical process-
;s that affect the chemical characteristics of drainage water.

More recent models of runoff generation such as variabie source areas (Hewlett and
Hibbert 1967), partial source areas (Dunne and Black 1970) and macropore flow (Mosley
1979) all acknowledge spatial variability in hillslope response to storm events. There
is general consensus that streamflow in sceép forested watersheds, typical of the HBEF,
is largely derived from subsurface flow, or at least water éhat has initially infiltrated
prior to becoming surface runoff {Pearce et al. 1986). There is less agreement on the
relative importance of different subsurface flow mechanisms under varying flow conditions.
Central to all current theories of runoff generation, however, is the concept of source
areas which vary in size from storm to storm. These source areas directly contribute
to surface runoff and are a function of storm intensity and duration, topography, soil
characteristics and antecedent soil moisture conditions. The remainder of the watershed
produces base flow which maintains the high water content of source areas.

It is evident that although the specific subsurface flowpaths of varying flow comn-

ditions have not been identified, changes in flowpaths can result in differential expression
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of watershed variability. Base flow through the lower mineral soil, for example, would
be chemically different than interflow through a spodic horizon. Stream chemistry, there-
fore, reflects the spatial variation of watershed characteristics through temporal variations
of processes which generate surface runoff.

Research on the linkage_between subsurface flow dynamics and biogeochemical processes
i; still in preliminary stages. An understanding of this linkage, however, is necessary
for our planned development of the process-oriented computer model BROOK (see section
-I1.C.3 Hydrologic modeling) which will provide valuable insights into questiomns of ecosystem
disturbance and recovery.

Our hydrologic and biogeochemical research at the HBEF have lead us to the following
hypotheses concerning hillslope hydrology and dynamics of source areas:

Hypothesis C.4.1 The quantity and composition of streamflow at the HBEF is mediated
by patterns of subsurface flow.

HBypothesis C.4.2 Temporal variations in subsurface flow patterns can be estimated from
information on daily or weekly water budgets based on simple measurements of precipitation

and temperature.

Hypothesis C.4.3 Temporal variations in stream chemistry are dependent upon watershed
characteristics such as soil depth and chemistry within varying source areas.

To test these hypotheses, we will deploy a grid of piezometers and lysimeters to
define the shape, posifioﬁ, depth and extent of the saturated zone that serves as a source
area for an adjacent stream ir an undisturbed hillslope, just west of the HBEF reference
watershed (W6). Piezometers will be deployed in a grid whose shape, size and orientatiom
will depend on the topography of the site selected. Our ideal deaign will be an 8 x 8
grid (i.e. 64 node points). Water level within piezometers will be monitored continuously
using a data logger. Both tension and zero-tension lysimeters (Appendices I.B, I.C)
will be installed below the Oa and within the Bs2 horizon along a transect at eight locations
within the piezometer grid. Triplicate lysimeters will be installed at each lysimeter
site for a total of 96 lysimeters. The two lysimeters Cypes (tension and zero-tension)
will be used to facilitate both integrated and event sampling and to allow comparisons

since previous work has shown that these collectors sample different types of water with
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different chemical characteristics (Haines et al. 1982). Tension lysimeters sample

under less than saturated conditions, while zero-tension lysimeters only sample under
conditions of near saturation. Observations of water collection by piezometgr/zero-tensiun
1ysimete£s and tension lysimeters will provide qualitative information on the extent

of source areas.

Soil samples will be collected during lysimeter installation and analyzed for a
variety of hydrologic, physical and chemcial characteristics (Appendix I.C). Throughfall
chemistry will be monitored beneath the canopy as part of the HBEF throughfall mon;toring
program (Appendices I.B, I.C). In addition, tipping bucket rain gauges will be installed
with throughfall collectors and monitored by the data loggers to quantify inputs to the
forest floor. Piezometer/lysimeter installations will be monitored on an event-basis
during the period just prior to spring smowmelt until the onset of snowpack accumulacion
(typically early December) and cccasiomally during the winter. An event will be defined
as any precipitation observed in collectors that e;ceeds the minimum volume necessary
for chemical analysis (100 ml). If no such events occur over a prolonged period, we
will sample every two weeks. Water levels will be recorded continuously in the piezometer
with the aid of data loggers, while lysimeters will be collected during each sampling.

Samples will be collected and discharge estimated at three points in the stream
that i{s influenced by the variable source study area. At each of the stream site; to
be sampled (upstream, adjacent to and downstream of the source area) a Stevens Type F
stage recorder and a Manning automatic collector will be imstallad. The automatic. collector
will be programmed with a data logger to initiate sampling on a 20 minute interval during
the rising limb of the hydrograph and two hour intervals on the falling limb. Periodic
discharge measurements will be related to stage measurements and combined with chemical
measurements to estimate mass discharge for elements of interest. Water samples collected
will be analyzed for all major solutes (Appendices I-B, I1-C).

Through this research program we will monitor the expansion and contraction of the
source area, and associated changes in the chemical composition of drainage water. Stream

hydrographs during hydrologic events will be compared to data obtained from the piezometer

field to assess the role of source areas in mediating streamflow. In addition, the chemi-
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cal composition of streamwater will be compared to soil solutiom charagteristics within
the source area to becter understand hydrologic flow paths and the processes regulating
gsolute concentrations in streamwater. Ultimately, information resulting from this study
will be used to improve the formulacion of the hillslope hydrologic model, BROOK (see
I1.C.3 Hydrologic modeling). Continued monitoring of hydrologic flow paths will also

be useful in evaluating soil development processes and changes in subsurface flow mech-

anisms through ecosystem disturbance and recovery.

I1.C.5 Effects of disturbance on the ﬁ+ cycle

e
Objective: The objective of this regearch is to use the E budget approach to integrate
studies of element cycling and facilitate an understanding of the response of hardwood-

conifer watersheds to disturbance.

Background, Hypatbeses and Research Approach

Integration of biogeochemical studies and assessments of ecosystem response Lo distur-
bance have long been hindered by failure of researchers to consider element-element inter-
actions. Recently the H+ budget approach has been developed as a tool to characterize
ecosystem function. Virtually every pathway of element transfer is coupled to the ﬁ+
eycle, including atmospheric deposition, weathering, protonation/deprotonation of organic
and inorgaric carbon, adsorption/desorption at soil surfaces, biomass assimilation/degrada-
tion as well as drainage of soil and streamflow (van‘Breemen et al. 1983; Table II.C.1).
Thus H+ budgets serve to couple element cycles through the stoichiometry of biogeochemical
reactions.

Since the principles of cation/arion budgeting were first proposed by Pierre et
al. (1971}, several u budgets have been developed for forested ecosystems (e.g. Sollins
et al. 1980, Anderson et al. 1980, van Breemen et al. 1984). In a recent review of the
principles and applicatioms of the H+ budget, Binkley and Richter (1986) concluded that
this approach provides a stigulating direction for integrating ecosystem biogeochemistry.
Precise characterization of these budgets may be limited by accurate documentation of

several key processes; however, the wealth of data at the HBEF has greatly faciliated
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the development of H budgets. The use of this tool within the framework of long-term
measurements at the HBES will be extremely valuable for interpreting biogeochemical changes
following ecosystem disturbance and through ecosystem development.

We hava recently summarized the processes which result in H+ flux to ecosystems
(Driscoll and Likens 1982; van Breemen et al. 1983; van Breemen et al. 1984). In this
analysis, ecosystem H+ sources and sinks are tabulated by mass-balance calculations.
Important transformations which participate in the H+ cycle of ecosystems are summarized
in Table II.C.2Z.

The H+ budget for an undisturbed watershed at the HBEF indicates that 49% of the
total I-I+ sources may be attributed to atmospheric inputs of acidic substances and elevated
concentrations of free H+ cecur with the outflow of drainage water (Driscoll and Likens
1952, Table II.C.2). These calculations also suggest that net accumulation of forest
biomass and forest floor results in net production of H+. While acidic deposition apgears
to be a significant source of H+ to the HBEF, land disturbance can also radically alter
the H+ cycle. The H+ budget compiled for a three year period in W2, following devegetation
and herbicide treatments (Table II.C.2) indicates that mineralization of the forest flocr
followed by nitrification resulted in substantial Hf production (Figure I1.C.5). This
H+ loading was largely neutralized by weathering, mineralization of cationic components
in the forest floor and N03_ reduction. Unfértunately, we do not have the complete data
necessary to compile a H+ budget for the recovery pefiad following the devegetation of
W2. Indirect evidence of the effects of forest regrowth on the H+ cycle, however, are
available through stream chemisctry data (Fig. I1.€.5). The alkalinization.of stream
water (increase in pH) in W2 relative to W6 during the early period of regrowth appears
to be largely due to the efficient retention of NO3-. Release of 8042- in W2 from pH-
dependent desorption of 8042- serves to acidify the drainage water and restrict the extent
of surface water alkalinization. Because release of basic cations is the dominant process
neutralizing H+ inputs, the long-term response of basic cation pools to deforestation

disturbance is particularly relevant. Regrowing vegetation might serve to deplete the
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pocl of readily available basic cations on exchange sites resulting in the acidification
of soil and drainage waters, ard increasing ecosystem sensitivity to atmospheric deposition
of strong acids. Alternatively the alkalinization of drainage waters by NO3- retention
might increase cation exchange capacity as well as the affinity of basic cations for
exchange sites withiﬁ soil.

Although disturbarces such as atmospheric deposition and deforestation have profound
effects on the H+ budget of forested ecosystems, litcle is known about the specific trans-

formations involved in the response to these stresses. As a result, we have formulated

a number of pertinent research hypotheses:

Hypotheses C.5.1 Long-term changes in atwospheric deposition and farest growth have
had a marked effect on H transfer witbin the BBEF.

+ .
Bypotheses C.5.2 Dry deposition represents an important pathway of externmal B loading
to the HBEF.

Bypotbesis C.5.3 As drainage water is transported through the soil, a variety of hydro-
logic, biologic and chemical processes serve to modify its acid/base status.

Hypathesis C.5.4 Biological uptake of NO - during vegetation regrowth causes an increase
in drainage water pH and enhauced affinity of basic cations for cation exchange sites.
These processes serve to mitigate soil and drainage water acidification associated with
regrowth of forest ecosystems.

To test these hypotheses we will make use of the HBES data om precipitation inputs,
stream water chemistry (II.C.l, Appendices I.B,I.C) soil and soil solution chemistry
(Appendices I.B,I.C), element accumulation in vegetation (II.A.3, Appendices I.B,I.C),
as well as proposed studies on dry deposition (II.C.2) and hydrologic flowpaths (I1.C.3,
II.C.4). To facilitate our evaluation of the effects of defo;estation disturbance on
the acid/base status of soil and drainage water we plan additional soil and soil solution
monitoring of W2.

The response of the HBEF to long-term changes in atmospheric deposition will be
assessed by formulating H+ budgets for the reference watershed (W6) for the years 1966,
1977, 1982, 1987 and 1992. These years correspond with the long-term monitoring of biomass

in W6 (Table II.C.3) and span a period of marked change in precipitation loading (see

. +
II.C.1 Long-term trends in precipitation and stream chemistry). The previous H budget
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for the HBEF (Driscoll and Likens 1982) composited data collected over the period 1964

to 1974. A comparison of E+ budgets over the period of long-term decline in atmospheric

2-
4

on ecosystem response to changes in acidic deposition. The H+ budget for the HBEF

element loading (i.e. SO 5 Cl-, NH4+ and basic catioqs) should yield valuable information
refe;ence wacershed (in 1992) will be considerably more accurate than earlier representa-
tions due to the availability of detailed data on dry deposition. This analysis will

allow for a precise assessment of the role of dry deposition in ecosystem acidification.

The proposed hydrologic modeling should enable us to better understand elem;nc trans-
fer and the role of processes contributing to the acidification/alkalinization of soil
and drainage waters. We envision that a modified version of BROOK will enable us to
estimate water movement through the soil profile, as well as through hydrologic units
(i.e. uplands, source areas). These data coupled with soil solution chemistry (from
the HBES soil solution monitoring program, Appendix I1.B, or the proposed research on
hillslope hydrology-dynamics of source areas, II1.C.4) will be used to construct H+ bud~
gets. This analysis should provide considerable insight into element-element interactions
within the soil environment.

Finally, we will use the ﬁ+ budget approach as a tool to evaluate the effects of
deforestation disturbance on the acid/base status of soil and drainage water. To accomp-
lish this goal, we pr;pose to expand our on-going studies of W2 and W5. Data are currently
available for precipitation inputs, stream ocutputs and biomass accumulation in the HBEF
reference watershed (W6), as well as two manipulate% watersheds, W2 (devegetation and
herbicide treatment 1966-1968, no removal of biomass) and W5 (whole tree harvest 1983;
see Appendices I.A, L.B). In additiom, soil and soil solution and soil chemistry is
available for WS (Table II.C.3). To facilitate our analysis, we plan to install lysimeters
at three elevations in W2, similar éo the ongoing monitoring program in W6 and W5 (at
the high elevation ledge area ™~ 750 m elevation, just below the ledge area ™~ 730 m eleva-
tion and at a lower elevation v 650 m; Appendix I.B) Triplicate tension and zero tension
lysimeters will be installed beneath the 0Oa and Bh, and within the Bs2 horizons. Soil

solutions will be monitored at monthly intervals for major solutes (Appendices I.B, L.C).
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To assess changes in soil pools due to deforestatiom, 60 quanticative soil pits will

be excavated in W2 in 1989, 21 years after disturbamce. In WS 60 quantitative soil pits

were excavated prior to the whole-tree harvest in 1983. Quantitative soil pits (60)

were also excavated in W5 three years after whole-tree harvesting (Appendix I.B), and

through the LTER, soils in WS will be quantitacively sampled in 1991. Changes in soil

element pools will be determined by comparison to values obtained in 1985, for the three

and six year periods following disturbance. Finally, through the LTER we will continue

to monitor biomass and vegetation element composition im W6, W2 and W5 -(see Table II.C.3).
Through this data cocllection program,.H+ budgets will be constructed for W2 for

years 1,2,3,5,11 and 20 following devegetation and herbicide treatment and for W5 for

years 1,2,3 and 5 following whole-tree harvesting. These budgets will be compared to

those obtained for the reference watershed (W6) to assess changes in element transfer

in response to deforestation disturbance. Evaluation of soil solution and soil data

will eqable us to further quantify the redistribution of elements following clearcutting.

Comparison of results from W2 (no vegetatiom removed) and W5 (all vegetation of commercial

value removed) should also provide valuable information on the effects of biomass export

on the long-term depletion of elements from the watershed.
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'I1.D RESEARCH COMPONENT D: LONG-TERM STUDIES OF HETEROTROPH POPULATIONS

In temperate forest ecosystems heterotrophs rarely form a major biomass or autrient
pool; however, the importance of heterotroph populations in ecosystem function often far
exceeds their relative abundance and may involve both stable, chronic effects as well as
infrequeat acute effects. The former %ncludes the processiné of organic matter by such
varied groups as soil microbes, invertebrate detritivores and phytophages and vertebrate
herbivores. As a result of periodic population irruptions, some of these populations may
act to disturb the ecosystem from its normal trajectory and to switch its structure and
function. Long-term research programs are essential to improving our understanding of
these dynamics.

The general features of energy flow for the HBEF and associated aquatic ecosystems
have been examined and summarized (e.g., Cosz et al. 1978, Likens 1985). Also, the
dynamics of certain heterotroph populations, and their role in ecosystem function, have
been described (e.g., Holmes and Sturges 1975, Potter 1978, Pletscher 1982). We propnse to
build upon this background information and to expand some ongoing monitoring efforts to aid
in quantifying the coanection between population dynamics of several important hetero-
trophs, climatic variables, and the structure and composition of the primary producers.

Our efforts will focus on four groups: breeding birds, phytophagous insects, large |
mammals, and a chronic and widespread fungal pathogen. We propose to accomplish four major
dbjectives:

Objective D.l. To quantify long-term trends in population dynmamics of breeding birds, the
factors causing these trends, and the demographics of certain key bird populations.

Objective D.2. To quanctify long—term patterns in populations of phytophagous insects in
early- and late—-successional stands and the effect of periodic irruptions on tree growth
and breeding bird reproduction.

Objective D.3. To quantify the interactive effects of changes in forage quality and
quantity and herbivory by mammals (white-tailed deer) during forest succession following
large~scale disturbance.

Objective D.4. To quantify the relationships between the populaticn size and genetic

structure of an important and widespread root pathogen (Armillaria ssp.) and the age, vigor
and composition of forest vegetation.
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11.D.1. Population Dynamics of Breeding Birds.

Objective: To quantify long-term trends in population dynamics of breeding birds, the
factors causing these trends, and the demographics of certain key bird populatioas.

Background, Hypotheses and Research Approéch

Concern has developed recently that many bird populations in the eastern U.S. are
declining (Morse 1980, Holmes et al. 1986), particularly for those species that winter in’
the neotropics (Terborgh 1980), and a linkage to tropical deforescaﬁion and other habitat
modifications has been suggested (Terborgh 1980, Steinhart 1984). Other evidence, however,
indicates that events in the temperate breeding grounds may be equally or even more
important. Extensive fragmentation of temperate forests, affecting habitat-patch size and
predation rates, has been strongly implicated (Whitcomb et al. 1981, Wilcove 1985).

Long-term studies of bird populations at Hubbard Brook also show declines in many
species, including the neotropical migraats (Holmes et al. 1986). Correlative evidence,
however, suggests that diverse factors are iﬁvolved, including foo& limitation in the
breeding season, climatic events, predation and other events that influence breeding
productivity and recruitment, as well as over-wintering mortality. Actually, the current.
evidence for the latter applies to the north temperate resident species and the short-
distance migraats, not those that winter in the neotropics (Holmes et al. 1986). It is not
yet clear, however, the degreg or extent to which bird populations are in fact declining or
the factors causing the observed populatica changes.

Studies are currently underway 1) to monitor bird populations Qn replicate study sites
within relatively homogeneous, undisturbed and unfragmented. northern hard;oods forests at
Hubbard Brook and nearby sections of the White Mouatain National Forest;

2) to simultaneously monitor enviroaomental factors (weather, predators, food) that will
help explain long-term population trends and that will be used to develop alternative
explanations concerning the factors causing population fluctuationms; and 3) to conduct
demographic and experimenctal studies of habitat saturation, food limitation and nest
predation to test specific hypotheses concerning population abundance, dynamics, habitat
selection, and the effect of other species on the distribution and abundance of certain
migratory passerine bird populations.
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These studies are currently funded by the Natiomal Science Foundation. A proposal for
-moninoring bird populations and eavironmental factors on replicate sites at Hubbard Brook
and vicinity was funded 1 March 1986 for five years (BSR-8516838 to Holmes and others),
while that for demographic and experimental studies was approved 1 July 1986 for three
years (BSR-8604788 to Holmes and Sherry). No funding is sought for this work from this
LTER proposal, but we comsider this an important aspect of the proposed LIER program at
HBEF. Moreover, we are seeking some support for more detailed surveys of Lepidopterans, an
important food source of breeding birds (see below).

D.2. Population Dynamics of Phytophagous Insects

Objective: To quantify long-term patteras in populations of phytophagous insects in early-
and late-successional stands and the effect of periodic irruptions on trees growth and
breeding bird reproductica.

Background, Hypotheses and Research Approach

In terms of potential impacts on ecosystem structure and function, phytophagous
insects are probably the most important group of heterotropﬁs (e.g., Lee and Inman 1975,
Mactson and Addy 1975). In northern deciduous forests the defoliating Lepidopteraas are of
greatest importance. These herbivores typically consume only 1-10Z of annual leaf produc-—
tion or about 1-4% of above ground net primary production in most years (Whittaker and
Woodwell 1969, Carlisle et al. 1966, Bray 1964, Reichle et al. 1973, Fhillipson and
Thompson 1983). However, they do increase dramatically in abundance at periodic imtervals,
and at these times, they can remove a large proportion (up to 100Z) of photosynthetic leaf
tissue. The periodicity of thesé defoliator irruptions in northern hardwood—-conifer
forests and their effect on forest ecosystem dynamics have not been well studied. For
temperate deciduous forests, there are very few long-term records of outbreak frequency or
magnitude. From the few available (see Table D.l), it appears that irruptions occur on
average about every 10 years, but the variability is high (5-15 years). Almost no infor-
macion exists on the abundance of defoliating Lepidoptera betweea outbreaks, nor on the
periodicity of outbreaks in any single forest ecosystem.

Since 1969 at HBEF, Holmes and associates have sampled defoliators with a variecy of

methods, including malaise traps, black lights, suction traps, frass collectors, and visual
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TABLE D.1  Examples of Irrupting Lepidoptera in North Temperate .

Deciduous Forests

Survey  Forest Interval between
Species Period Type Irruptions (Yrs) Reference
Range Mean
Malacosomag 1867- Populus 6-14 10 Sippell 1262
disstrig 1960
(Lasiocampidae)
Qooring & 862-  Betula 515 94 Tenow 1972
Qoerophtherg 1968
(Geometridae)
Heterocampa 1S00- Faaus 10-13 10 Martinant
auttivitta 1983 Acer 284

(Notodontidae)




counts of sedeantary insects on leaves. Over this 18 yr period, only two major Lepidoptera

irruptions have occurred (Fig. D.1), one of the saddled prominent (Heterocampa guttivica:

Notodontidae) which peaked in midsummer of 1970 and one of an inchworm, Itame pustularia

(Geometridae), which appeared in late May and early June of 1982 and 1983 (Holmes et al.
1986, Holmes 1987). In thé periods between outbreaks, caterpillar densities have been
extremely low (e.g., an average of 5.2 larvae/1000 leaves on beech) (Holmes 1987, Holmes
and Schultz 1987). .

We propose in this LTER to extend and expaad our monitoring of defoliating Lepidoptera
abundance in the Bubbard Brook forest. Until oow, the data on defoliating insect abundance
at Hubbard Brook have been collected when personanel and time permitted. Although the
existing data are useful for indlcating trends, they do not provide estimates of insect
abundance on all major plant species, full seasonal coverage, or any indications how
patterns may change with succession following large-scale disturbance.

Based upon past trends (Fig. D.1), we hypothesize that a major irrﬁpcion of the
saddled prominent will occur during the first LTER fuading cycle. Experience from past
irruptions has indicated both local and regional patchiness in these populations (Collins
1926; Holmes and Sturges, pers. observ.) as well as significant damage to some forest
stands (Grimble and Newell 1973). We propose to follow the expected irruption in some
detail and eo test the following hypotheses:

Bypothesis D.2.1. Local variation in saddled prominent populations during an irruption is
related to density and vigor of preferred hosts (beech and sugar maple) and population
densities are sigpificantly higher in mature than in younger, successional stands.
Hypothesis D.2.2. A saddled prominent irruption results in stimulation of reproductive
success in insect~feeding birds, and the numerical and functional responses carry over for
several years following insect decline.

Our approach for phytophagous insect monitoring will include visual counts, frass
collectors, and black lights, techniques which have been tested and used successfully at
HBEF (Holmes et al. 1986). A reference collection of adult and larval Lepidoptera from

HBEF is available at Dartmouth. Monitoring will be carried out during the in—-leaf periocd

of each year of the study with detailed sampling at 2-week intervals. Measurements within
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Lepidoptera Larvae on Beech (Fagus grandifolia)
Foliage at Hubbard Brook

Itame pustularia

Heterocempa (Geometridae)

guttivitta

! (Notodontidae) \
20+ I/

20+

+ All other
Lepidoptera larvae

10+

% Number / 1000 Leaves

Year

* no quantitative samples taken

FIGURE D.1 Larvae of major lepidoptera on leaves of beech
during 16 years of measurements (from Holmes 1987).



the permaneat plots of component A-2 will permit detection of the effect of irruptions on
tree growth. We alseo expect.to make regional surveys of the irruption throughout the
Northeast.
Future Research and Collaboration

In the initial year of a population irruption we will seek ancillary funding with
colleagues from Cornmell and/or Smithsonian to detail the life history dynamics of the
irrupting populations and to identify the factors leading to the population decline.
Associated studies on physiological effects on host trees also may be pursued. We will
consult with these colleagues in ideatification of any obscure populations encountered and
in identification of certain larval stages. Finally, we anticipate the involvement of the
USDA/EPA Eastern Hardwood Forest Cooperative in these studies.
D.3 Forage quality and herbivory by white~tailed deer

Objective: To quantify the effects of changes in forage chemistry and quantity on herbi-
vory by white—tailed deer during forest succession following large—scale disturbance.

Background, Hypotheses and Research Approach

The behavior and activity of free-ranging vertebrate herbivores can be explained
largely on the basis of energetic limitations in natural eavironments (e.g., Moen 1973).
Eavironmental changes may alter the energetics of thase species in a number of ways but
most commonly by altering food availability. Long—-term increases in the proportion of
forest cover in much of eastern North America (due to agricultural gbandonment) have been

paralleled by declines in population density of the white—failed deer (Odocoileus virgin-

ianus), the most important and widespread vertebrate herbivore in the region (NY Bureau of
Game 1953). However, recent lncreases in forest harvesting activity, as forests on
abandoned land reach merchantable size, are promoting habitat heterogeneity and increased
area in early successional stages, features which are known to favor deer and other wild
mammals (Telfer 1972, Moen 1973, Peek et al. 1976). This attraction probably is related in
part to food availability (Cooperrider and Behrend 1980). Thus, forest harvest activity is
likely to lead to increased deer populations; moreover, increasing populations of deer can
have important selective effects on tree regeneration because of their forage preferences

(Marquis 1974).
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1981), and the Perceatage of thege twigs with evidence of deer browsing. Twig samples will
be collecred from random nested plots for chemical analysis, including pProtein, soluble
carbohydrates, cellulose, lignin, hemi-celluloses (Van Soest 1983) and Polyphenolics
(Schultz et a3, 1981, Martin and Martin 1982).

Future Research and Collaboration

D.4 Population Dynamics of Armillaria
—_——-4aria

Objective: To quantify the relationships betweegn Population size and genetic structure of

plant roots, and many (including Phellinus weirii, Heterobasidian annosum, and Armillaria

—_—ta bidity and
mellea) are ubiquitous ia the temperate zone and Bay cause extraordinary mor ¥y

mortality in managed (Shaw and Roth 1978) and uamanaged forests (Smith 1986). In partic-
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Seeng Possible.

Bypothesig D.4.1, Abundance of Armillarig rhizomorphs changes g
Succesgiop following large—scale disturbance in a Pattern whicp
in forest SLTructure and Composition (i.e., densicy, diversity, my

Hypothesig D.4,2, Genetic diversity of Armillaria changes systematically alon
8uccessiona] 8radient, with higher diversity in old-growth Stages,
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appearances (Kile 1983, Korhonen 1978). Genotypes within biological species can be
determined by pairing diploid field isolates (Anderson et al. 1979, Kile 1983); a distinmct
demarcation line forms between dissimilar genotypes but not between similar ones. The
occurreace of different biological species and of different genotypes within biological

species wil]l be determined using these pairing techniques.

III. PROGRAM MANAGEMENT
A. Administratioa of HBEF and LTER

Scientific management: Research activities of the HBES are coordinated by the

Scientific Advisory Committee, consisting of F.H. Bormann, R.T. Holmes, G.E. Likens and
R.S. Plerce. This committee screeas and approves all projects, facilitates incegratioa of
new and on-going studies and suggests new initiatives while maintaining an ecosystems
perspective in the overall program. The Committee meets semi-annually in a formal manaer
and at frequent incervals during the field seéson when all members are in reslidence at
HBEF.

Under LTER the Scientific Advisory Committee would be augmented with two additional
members, C.T. Driscoll and T.J. Fahey. The charge of the Comwmittee will not be altered
under LTER, but the importance and range of its activities will certainly be increased.

The provision of two younger scientists will provide continuity to the Committee during the
inevitable transitions wh;ch will occur in project persoanel during the coming decade.

Driscoll and Fahey will act as primary representatives of the HBES to the overall LTER
Program, providing communication with co=PIs, organizing coordinated cross—ecosystem
comparisons, and attending administractive and organizational meetings and workshops. To
provide broader representation, we anticipate that other key members of the proposed HBES-
LTER also will he.involved in these activities, particularly W.B. Bowden, C.A. Federer, and
D.R. Peart. The participation of mostly permanent staff in the project will assure

continuity to the proposed HBES LTER (Table IIIL.l).
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Table III.1

components and their employment status.

Research Component

Major scientific personnel associated with the proposed HBES LTER program

N = non—-tenured

aand Personnel Specialty Statusl/ Fuading
Component A: Vegetation
F. Bormann Terrestrial ecology T Yale
T. Fahey Forest ecosystems T Cornell
J. Hughes Population ecology N Cornel1-NSF
W. Martin Forest ecology T USFS
D. Peart Plaat ecology T Dartmouth
W. Reiners Terrestrial ecology T Wyoming
T. Siccama Terrestrial ecology N Yale
Component B: Detritus
T. Fahey Forest ecosystems T Cornell
S. Findlay Stream ecology T IES
G. Likens Aquatic ecology T IES
T. Siccama Terrestrial ecology N Yale
L. Trittoa Dead wood T USFS
Component C: Biogeochemistry and hydrology
B. Bowden Microbioclogy and hydrology T UNH
C. Drisceoll Enviroomental chemistry T Syracuse
J. Eaton Forest:ecology T IES
T. Federer Forest hydrology T USFS
A. Johnson Soil chemistry T Penn
G. Likens Ecosystems T IES
G. Lovett Dry deposition T IES
Component D: Heterotrophs
T. Fahey Forest ecosystems T Cornell
R. Holmes Animal ecology T Dartmouth
J. Hughes Population ecology N Cornell-NSF
T. Sherry Animal ecolegy N Dartmouth-NSF
W. Smith Forest pathology T Yale
i T = tenured or teanure-track



Site and Facilities Management: The HBES operates in the Hubbard Brook Experimental

Forest with the support and cooperation of the U.S. Forest Service. Coordination is
provided by the Site Management Committee counsisting of R.S. Pierce (Site Coordinator) and
C.W. Martin (Site Manager) for the USFS aad J.J. Cole {Asaociate Site Coordinator) for the
HBES. This group integrates new.projects during the planning stages to avoid conflicts in
site use and to coordinate activities within the HBEF. Communication among HBES collabor-
ators is facilitated in this wéy, with Pierce providing a liaisoan between this Committee
and the Scientific Advisory Co;mittee.

Yale, Cornell, IES, and NSF have made large iavestmeats in purchasing and renovating
dormitory facilities and building a new laboratory at the Pleasant View Farm complex. An
independent, non-profit operating foundation (Hubbard Brook Research Foundation, Inc.) was
recently established to administer research and facilities at this complex, with a Board.of
Directors consistcing of senior.administrators from Yaie, Cornell, Dartmouth and IES. Day-
to—day operation of the facilities is managed by the Facilities Committee, consisting of
J.J. Cole (Associate Site Coordinator), W.B. Bowden (Research Coordinator), J.S. Eaton
(Laboratory Manager) and J. Waréer (Business Manager). Warner provides liaison between the
Facilities Committee and the Foundation. The committee is responsible for allocation of
laboratory and dormitory space, upkeep of facilities, and planning for long—term operation
of the facilities.

Laboratory and dormitory space also is maintained at the USFS Hubbard Brook Research
Station. This facility is managed by C.W. Martin in conjunction with the HBES and direct
communication with the Facilities and Scientific Advisory Committee is maintained through
R.5. Plerce.

National Advisory Committee (NAC): We have recruited three members for a prospective

NAC for the proposed HBES LTER: C. Cronan (Biocgeochemist, Univ. of Maine), K. Cummins
(Aquatic Ecologist, Univ. of Maryland), and J. Franklin (Plant ecologist, USFS). Addi-
tional members im the areas of population ecology and hydrology will be recruited. The
committee will attend the annual Hubbard Brook meetings and provide advice to the scien—

tists on aspects of their expertise and on overall program synthesis and integratiocn.
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B. Data Managemeat

Introductioa and Recenr Efforts

Ae a multi-Institutional research program, the HBES always has been confronted with an
unusually difficuln set of data management problems. For example, the standard long-term
monitoring program has involved five separate ianstitutioas, and affiliacions of PI's have
changed since its inception. Moreover, in its early stages the HBES operated largely on
the short-term, with 2-3 year funding cycles, and long-term continuity was not expected or
assumed., Thus, each investigator was deemed responsible for careful maintenance of data
records. This arrangement was sultable while the project remaiced small and rather
personal, but the growing interest ia ecological studies at HBEF during the past decade has
strained this system of data management.

We view the LTER program as a valuable opportunity to improve the data management
system of the HBES. Our initial plans for LTER data management have been conceived in
consultation with other LTER projects (especially Andrews EF and North Inlet) and ongoing
data management efforts in the Northeast (EDEX, see below; USFS, Spruce-fir and Eastern
Hardwoods Cooperatives). During the first LTER funding cycle we hope to profit from
additional consultation with other LTER sites.

Recently, great strides have been made towards improving data management of the HBES.
Traditionally, long-term monitoring data have been maintained in the form of hard copies at
USFS {meteorology, streamflow), Cornell-IES (solution chemistry), Yale (vegetation), and
Dartmouth (heterotrophs). We are in the process of coanverting these and other long-term
data sets to magnetic tape (9-track, 1600 bpi, EBCDIC, fixed record and block size), with
careful editing during the conversion. Much of this initial job has been finished or is
near completion (Table III.2). Also, we maintain a complete library of published and
unpublished manuscripts from the HBES in a library at IES.

Recognizing the importance of accuracy and precision in identifying long-term treads,
we have taken great pains to replicate and cross—check methodologies both as technology has
advanced and as new laboratories have become involved in the HBES monitoring programs.

Furthermore, we envision this aspect as an impcrtant goal in the LIER program, fostering
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Table III.2 Current loag-term monitoring data sets and their status.

Measurement Ingstitution : Statuslj

I. Physical/hydrologic wenitoring

Inscantaneous streamflow (n stations) USFS A,C
Daily streamflow (n stations) USFS A,C
Daily precipitatioa (n stations) USES A,C
Daily temperature: mean, min, max USFS A,C
Daily solar radiation USFS B,D
Weekly snow depth on saow courses USFS B,D
Weekly soil temperature aand moisture USFS B,D
Continuous air temperature, humidity, solar USFS E
radiaction, wind speed/direction, precipitation
II. Solution chemistryzj
Weekly wetfall, bulk precipitation at n stations IES A,C
Weekly stream chemistry at weirs IES . A,C
Moathly stream chemistry within W5, W6 Syracuse A,C
Moathly soil solution chemistry W5, Wé Syracuse A,C
Event basis throughfall chemistry: W3, Wé Syracuse B,D
III. Organisms
Bird and insect pepulations Dartmouth D
W2 Vegetation, biomass, chemistry Wyoming - B,D
W4 Vegetation, blomass USES b
W5 Vegetatioa, biomass, chemistry Cornell/Yale B,D
W6 Vegetation, biomass, chemistry Yale A,C
IV. Soils
Forest floor mass, chemistry (5 yr intervals) Yale B,C
Morphology Penn C
Bulk density by horizon and depth Peon A,C
Rock mass, volume Pehn A,C
Solid and adsorbed phase chemistry Penn/Syracuse B,D
V. Solid materials
Herbarium specimens USFS C
Library USFS/PVF/IES c
Tree cores and cross sections Yale C
Forest floor Yale/Cornell (4
Sells Penn c
Plant tissues Yale/Pean C

L/ A — Magnetic tape, complete; B - Magnetic tape, in progress; C = Hard copy,
available; D - Hard copy, in progress; E — Analog, available

see Appendix I.B for components measured



more valid inter-site comparisons for the present and future, and we welcome the oppor-
tunity to be a leader in improving this aspect of the program.

During the planaing and performance of our whole—tree harvest experiment (W5), the
importance of dntegrated daca managemenc and planning was particularly evident. A series
of data management/planning workshops 1s ongoing and will act as a model for improviag the
overall data management system for the HBES. These workshops have been instrumental in the
deveiopmenc of our proposed data management plan, cutlined below.

hnother area of recent progress in data management has been organized storage of
tissue and soil samples. With the development of new technology and changing research
questions, the opportunity to re—sample blological tissues and soil samples of known origin
may be very important; in fact, our recent experience has underscored this fact. Cur-
rently, we are depositing plant and soil samples at Yale and Penn with indexes and catalogs
of s;mple collection and handling. We anticipate expanding this effort under LTER (see
below).

Finally, in a cooperative effort with the Mellon Foundation, we are developing an
ecological data exchange network (EDEX) to foster comnunication and cooperation amoayg
ecologists on a reglonal and national basis. The rationale and format for EDEX are
preseated as part of our LTER data management plan, below.

Proposed Data Management Plan for HBES-LIER

Our data management {DM) plan represents a compromise between the ideal (but difficulc
and expensive), all-encompassing centralized DM center and a more dispersed system. A DM
Committee, consisting of the LTER representatives (Driscoll and Fahey) and the principal
long-term data compilers (Eaton, Federer and Siccama) will be constituted to oversee the
data management Process.

We recognize two contrasting sets of data within the HBES: (1) long-term monitoring
information, collected continuously or repeatedly by highly-standardized methods and
generally of value to many or most HBES scientists; and (2) shorc—term, experimental
information. We propose to include both sets within the DM Center of HBES but with

different formats aand protocols for entry and maintenance. We repeat that this compromise
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is necessitated by the dispersed, multi-inscituctional nature of the HBES, a feature which
encourages a broad range of scientist iavolvement in the project but which hampers the
achievement of truly centralized DM.

All the long-term data secs (see Table III.2) will be included in DM Ceaters at Yale,
IES, and USFS in two forms: hard coples and magnetic tapes. Following approval by the DM
Committee, formal requests for these data sets will be met by transferral to the appro-
priace form (hard'copy or any of a variety of digital forms). Long-term monitoring data
files will be upd;ted annually to permit efficient dispersal of relevant information for
analyzing experimental work and designing new studies. An annotated catalog will be
maintained and additions or deletioas and changes io methodology for specific monitoring
efforts will be reviewed by the DM committee.

DM for short-term, experimental studies has been a problem at HBEF and other intensive
research sites. All experimental studies at HBEF must be approved by the Sciencifie
Advisory Committee (see section IIIL.A); formal approval of projects will be made with the
stipulation that data summaries (see below) be provided (hard copy and/or computer files)
to the LTER DM Cent;r at Yale at the completion of cée study. Titles of data sets will be
entered into the LTER DM catalog index and hard copies retained ia the DM Center at Yale

The development of the HBES LTER DM catalog index and library will be carried out in
conjunction with EDEX, the ecological data exchange network of T.G. Siccama and others
(funded in part by the Mellon Foundatiom). EDEX was stimulated by a recognition of the
need for better access to and higher visibility of hiscoriéal ecological data sets. It
recognizes the need for careful documeataticn of methods and site locations and is designed
to stimulate communication amoag ecologists through advertisiog. Two initial steps im EDEX
are unifying regional vegetation ecology data sets and organiziﬁg some of the back-log of
experimeatal data sets from HBEF. Although the process will require the voluatary partici=
pation of individual scientists, imitial reactions to the process appear favorable.

Data management efforts will be aided by the provision of personnel from the various
parent institutions. A full-time data management and statistics specilalist will be
provided by Syracuse University to Driscoll’s laboratory. Yale and Helloa Foundation
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support will provide a full-time data management specialist at that institucion to augmentc
the effort proposed uader our LTER budget. Both the USFS and IES currently support data
management work under the HBES, an arrangemenat which will continue during LTER. Finally,
Corpnell will provide a 50% time post-—doctoral assoclate to assist Fahey in overall manage-
ment of the research efforts under LTER.. Through frequeat meeting of the DM staff and DM
committee we are confident of an efficient DM network for the HBES LIER.

Ia conclusién, we sincerely believe that the funding of an HBES LTER will greatly
improve the dana-management capabilities at this site and contribute to better inter-site
communicatioa both within LTER and the rest of ecological community. We will welcome
suggestions for iwprovemeats and adaptations to our proposed system from the other LTER DM
programs.

C. Coordinatioa with Other LTER Sites and Promotion of Site Use

The LTIER pragram provides a forum.for unusual integration of ecological ideas and
measurements across the borders of ecosystem type and disciplinary specialties. The PI (T.
Fahey) was highly impressed by the scientific interaction generated by the first LTIER All-
Scientist's Meeti;g, which he attended as an outside participant. We recognize great
potential for the involvement of the HBES in coordinated activities within the LTER
program, particularly in three areas: (i) workshops in empirical methodology and in
development of general models; (ii) ecological data exchange and data managemeat; and (ii1)
cooperative, cross—system scleatific studies.

Several empirical methodologies haQe been widely used in recent years including io
situ N mineralization; microbial biomass by fumigation aad bacterial production by
tritiaced thymidine incorporation; selective biocides and detrital food chains; monitoring
atmospheric chemistry and estimating dry deposition; and establishing experimental canopy
gaps. However, site comparisoas have been few and methodologies have not beea adequately
systematized. We would hope to contribute to LTER coordination by organizing workshops on
these and other methodologic approaches to stimulate aew thinking iato the principles which
cross the boundaries of ecosystem types. In conjunction with such methods-based workshops,
we envision correspoading modeling efforts to provide linkages between parameter estimation
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and theoretical formulations of ecological processes and ecosystem behavior. In partic-
ular, workshops onc modeling hydrologic-biogeochemical interactions across landscapes would
be most valuable.

As indicated in our Data Management section (above) we recognize a weakness within the
ecological community in the preservation, distributioan and utilization of historical data
sets. This problem has become most apparent during recent assessments of the ecological
integrity of eastern forests and watersheds in the faces of high pollution loads. We hope
to help foster within the LTER Program, carefully planned methods of data management and
preservation and welcome the opportunity to profit from experieace gained during the
initial years of LTER. We also eancourage the formulation of planning for these activities
in the event of discoatinuation of the LTER Program. Also, we hope to comtribute to the
Program our experience with the integrity of long-term records and the process of
preventing temporgl bias as new analytical methodologies are incorporated into research
protocols.

Finally, we hope to become involved with and to initiate cooperative, crosg—system
scientific studies. We anticipate studies which include (1) comparison of log decay, dead
wood leaching and organic debris dams among the forested sites; (1i) detrital accumulation
and dissipation an& food chaims in both aquatic (stream and lake) and terrestrial sites;
(iii) food chain and blogeochemical studies of lakes; (iv) loog-term studies of population
structure of breeding birds in contrasting habitats; and (v) experimental studies of canopy
gaps, neighborhood competition and self-thinning in plant.communities. We recognize great
potential for combining studies at the individual, population, and community levels of
organization in explaining phenomena at the ecosystem level for which the HBES is designed.

As indicated in Appendix II, site use at HBEF has been intense during the past decade.
With the initiation of the proposed HBES LTER we envision coatinued increase in requests
for site use. We plan to encourage activities which will contribute to the overall goals
of the HBES. As indicated under Research Components, We expect to encourage the partici-

pation of other scientists at the parent institutions, colleagues from other LTER sites,

and international cooperators to help us achieve the goal of gaining a better understanding

of the dynamics of northern hardwood-conifer ecosystems.
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soils in New Eagland. Wat. Air. Soil Polluc. 26:163-173.
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Scuart Findlay (Aquacic Ecolozist) - Institute of Ecosystem Studies, Cary
Arborecunm, Millbroock, NY 12545

Ph.D. - University of Georgia (1981)

Selected Publicacions

1.

Findlay, S. and J. Meyer. 1984. Significance of bacterial biomass

and production as an organic carbon source in aquacic biomass and production
as an organic carbon in aquacic detrical systenms. Bull. Mar. Sci.
35:318-32.

Findlay, S., J. Meyer and R. Risley. 1986, Contribution of fungal
biomass to the diet of a freshwater isoped (Lirceus sp.). Freshwact.
Biol. 16:377-385.

Findlay, S., J. Meyer and R. Risley. 198%. Bacterisl biomass and
production in sediments of two blackwater rivers. Can. J. Fish. Aq.
Sei. 43:1271-1276 (1986).

Findlay, S., P.J. Smith and J. Meyer. 1986. Effect of detricus addition
on metabolism of river sedimenr. Hydrobiologia 137:257-264.

Findlay, S. and others. Bacterial growch on macrophyte leachate and
fate of bacterial production. Limnol. Oceanogr. (in press).

Richard T. Holmes (Animal ecologist) — Department of Biological Sciences,
Dartmouth College, Hanover, NH 03755,

Ph.D. - University of California, Biology (1964)

Selected Publications

1.

2.

3.

Holmes, R.T., T.W. Sherry, and F.W. Sturges. 1986. Bird community dynamics
in a temperate deciduous forest: long-term trends at Hubbard Brook. Ecol.

Robinson, $.K. and R.T. Holmes. 1984, Effects of plant species and foliage
structure on the foraging behavior of'forest birds. Auk 101:672-684.

Sherry, T.W. and R.T. Holmes. 1985. Dispersioa patterns and habitat
responses of birds in northern hardwood forests. Pp. 283-309 in Habitat
Selection in Birds (M.L. Cody, ed.). Academic Press, NY.

Holmes, R.T., H.F. Recher, M. Schultz, J. Shields and R. Kavanagh. 1985.
Foraging patterns of birds in eucalypt forests and woodlands on the
tablelands of Southeastern Australia. Austr. J.~Ecol. 10:399-421.

Holmes, R.T. and H.F. Recher. 1985. Foraging ecology and seasonal patterns
of abundance in a forest avifauna. Pp. 79-96 in A. Keast, H.F. Recher, H.A.
Ford, and D. Saunders (eds.), Birds of Eucalypt Forests and Woodlands:
ecology, coaservation and management. Surrey-Beatty, Sydney.

A-17



A.H. Johnson (Soil Scientist) — Department of Geology, University of
Pennsylvania, Philadelphia, PA 19104.

Ph.D. - Cornell University, Soil Science (1975).

Selected Publications

l. Johnson, A.H. 1982. Spatial and temporal patterns of lead accumulation in
the forest floor im the northeastern U.S. J. Environ. Qual. 11:577-580.

2. Johmson, A.H. and T.G. Siccama. 1983. Acid Deposition and Forest Decline.
Environ. Sci. Technology. 17:299A-305A.

3. Turner, R.S., A.H. Johnson, and D. Wang. 1985. Biogeochemistry of aluminum
in the McDonalds Branch watershed, New Jersey. J. Environ. Quality 14:314-
323.

4. Johnson, A.H. and S.B. McLaughlin. 1986. The nature and timing of the
deterioration of red spruce in the northern Appalachian Mountains. In Acid
Deposition, Long-Term Trends, Committee on Monitoring and Assessment of
Trends in Acid Deposition, Nationmal Research Council. National Acazdemy
Press, Washington, D.C. p200-231.

5. Johnson, A.H., J.R. Kramer, A.W. Andren, R.A. Smith, R.B. Alexander and G.
Oehlert. 1986. Streams and Lakes. In Acid Deposition, Long-Term Trends,
Committee on Monitoring and Assessment of Trends in Acid Deposition,
National Research Council. National Academy Press, Washington, D.C. p231-
299,

Gene E. Likens (Aquatic Ecologist) — Imstitute of Ecosystem Studies, The New York
Botanical Garden, Mary Flagler Cary Arboretum, Millbrook, NY 12545

Ph.D. — University of Wisconsin, Zoology {1962}

Selected Publications

1. Likens, G.E. and T.J. Butler. 1981. Recent acidification of precipitation

in North America. Atmos. Environ. 15(7):1103~-1109.

2. Likens, G.E. 1983. A priority for ecological research. Bull. Ecol. Soc.
Amer. 64(4):234-243.

3. Galloway, J.N., G.E. Likens and M. Hawley. 1984. Acid precipitation:
natural versus anthropogenic components. Science 226:829-831.

4., Likens, G.E. 1984. Beyond the gshoreline: a watershed—ecosystem approach.
Verh. Internat. Verein. Limnol. 22:1-22.

S. Likens, G.E. (editor). 1985. An Ecosystem Approach to Aquatic Ecology:
Mirror Lake and its Envircoment. Springer-Verlag New York Inc. 516 pp.
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Gary M. Lovett (Planc Ecologisc) - Inscicuce of Ecosyscem Studies, Cary
Arboretum, Millbrook, NY 12545

Ph.D. - Dartmouth College, Biology (1981)

Selected Publications

1. Llovert, G.¥. and S.E. Lindberg. 1984, Dry deposition and canopv exchange
in a mixed oak forest as decermined by analysis of throughfall. J.
Appl. Ecol. 21:1013-1028.

2. Lindberg, S.E. and G.M. Lovect. 1985. Field measurements of dry deposition
rates of particles to inert and foliar surfaces in a forest. Eaviron.
Sci. Technol. 19:228-244,

3. Lovect, G.M., S.E. Lindberg, D.D. Richter, and D.W. Johnson. 1985.
The effects of acidic deposition on cation leaching from a deciduous
forest canopy. Can. J. For. Res. 15:1055-1060.

4. Lovect, G.M., and S.E. Lindberg. 1986. Dry deposition of nitrace
to a deciduous forest. Biogeochemistry 2:137-148.

5. Lindberz, S.E., G.M. Lovett, D.D. Richter, and D.W. Johason. 1986.

Atmospheric deposition and canopy interactions of major ioms .in a forest.
Science 231:93-102. :

David Ross Peart (Plant Ecologist) — Department of Biological Sciences, Dartmouth
College, Hanover, NH 03755.

Ph.D. - University of California, Plant Ecology (1982)
Selected Publications

1. Peart, D.R. 1985. The quantitative representation of seed and pollen
dispersal. Ecology 66:1081-1083.

2. Peart, D.R. and T.C. Foin. 1985. Experimental analysis of population and
community change: a grassland case study. In J. White (ed.) The Population
Structure of Vegetation, Junk, The Hague.

g Peart, D.R. Analysis of grassland succession I: relations among seed rain,
seed bank and recruitment. Submitted.

4. Peart, D.R. Analysis of grassland succession II: experimental studies of
invasion. Submitted.

5. Peart, D.R. Analysis of grassland succession LIIL: the effects of mortality
and natural disturbance. Submitted.
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Robert S. Pierce (Soils Scientist and Project Leader) - U.S. Forest Service,
Northeastern Forest Experiment Sctation, Durham, NH 03824

Ph.D. - University of Wisconsin, Madison, Forest Soils and Ecology (1957)

Selected Publications

1.

2r

Martin, C.W. and R.S. Pierce. 1980. Clearcutting pacterns aflect
nitrace and calcium in New Hampshire streams. J. Forestry 87:268-272.

Pierce, R.S. and H.M. Keller. 1980. Forest and land use impacts on
upscreazn water sources. pp. 112-128. In: N. Duncan and J. Rzoska
(eds.). Pr-oc. Land Use Iopacts an Lake and Reservoir Ecosystenms.
Facultas-Yerlag. Wien, Auscria.

Likens, G.E., F.H. Bormann, R.S. Pierce and J.S. Eaton. 1985. The

Bubba-d Brook Valley. pp. 9-39. In: G.E. Likens (ed.). an Ecosystem
Approach to Aquatic Ecology: Mirror Lake and its Environment. Springer-Verlag
New York Inc.

Likexzs, G.E., J.S. Eaton, N.M. Johnson and R.S. Pierce. 1985. Flux
acd bzlance of water ard chemicals. pp. 135-1553. In: G.E. Likens
(ed.). An Ecosystem Approach to Aquatic Ecology: Mirror Lake and
its Environmenc. Springer-Verlag New York.

William A. Reiners (Terrestrial Ecologist) - Department of Botany, University of
Wyoming, Laramie, WY 82071. :

Ph.D. — Rutgers University, Botany (1964)

Selected Publications

l-

Foster, J.R. and W.A. Reiners. 1986. Size distribution and expansion of
canopy gaps in a northern Appalachian spruce-fir forest. Vegetation (in
press). '

Reiners, W.A. 1986. Complementary models for ecosystems. The American
Naturalist 127:59-73.

Reiners, W.A., R.K. Olson, L. Howard and D.A. Schaefer. 1986. In migration
from interiors to outer surfaces of balsam fir needles during dry,
interstorm periods. Eaviron. Exp. Bot. 26:227-231.

Lovett, G.M. and W.A. Reiners. 1986. Caaopy structure and cloud water
deposition in subalpine coniferous forests. Tellus (in press).

Reiners, W.A. 1983. Disturbance and basic properties of ecosystem

energetics, pp. 83-98. In: H. Mooney and M. Godron (eds.). Disturbance and
ecosystems — components of response. Springer-Verlag, Berlin.
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a. Thomas G. Siccama (Forest Ecologistc) - School of Forestry and Environmental
Studies, Yale University, New Haven, CT 06511

b. Ph.D. - University of Vermont, Plant Ecology (1968)
e, Selected Publications

1. Siccama, T.G., H.W. Vogelomann and P. Bliss. 1982. Decline of red
spruce in the Green Mountains of Vermomt. Bull. Torrey Boc. Club 109:162-168.

2. Smith, W.4. and T.G. Siccama. 198l. The Hubbard Brook Ecosystem Study:
biogeochemiscry and lead, the northern hardwood forestc. J. Environ.
Qual. 10:323-333.

3. Johnson, A.H. and T.G. Sicecama. 1983, Acid deposition and foresc
decline. Environ. Sci. Tech. 17:294A-305A.

4. Weathers, C.W., T.CG. Siccama. 1986. A comparison of nutrienc cancentration
in two poisonous and three nonpoisonous species of sumac (Rhus spp).
Amer. Midl. Nac. 116:209-212.

5. Friedland, A.J., A.H. Johnson and T.G. Siccama. 1986. Coniferous
litter decomposition on Camels Hump, Vermont: a review. Can. J.

Boe. 64:1349-1354.

a. William H. Smith (Forest Ecologist) - School of Forestry and Environmental
Studies, Yale University, New Haven, CT 06511

b. Ph.D - Rutgers University, Plant Pachology (1965)
¢. Selected Publications

1. Smith, W.H. . 1984. Ecosystem pathology: a new perspective for phytopathology.
For. Ecol. Mang. 9:193-219.

2. Smith, W.H. 1985. Forest quality and air quality. J. For. 83:82-02.

3. Colemann, J.S., C.W. Murdock, R.J. Campana and W.H. Smith. 1984.
Decay resistance of elm wetwood. Can. J. Plant Path. 7:151-154.

&. Smith, W.H. 1985. Effects of air pollution on forests: critical
review discussion paper. J. Air Pollut. Cont. Assoc. 35:915-916.

5. Smith, W.H. 1986. Air quality - research priorities for the next

decade with emphasis on natural ecosystems. Perspec. Eaviron. Bol.
1:87-100.
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