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INTRODUCTION TO THE HARV ARD FOREST 

Since its establishment in 1907 the Harvard Forest has served as a center for research and 
education in forest biology. Through the years researchers at the Forest have focused on silviculture and 
forest management, soils and the development of forest site concepts, the biology of temperate and 
tropical trees, forest ecology, forest economics and ecosystem dynamics. Today, this legacy of research 
and education continues as faculty, staff, and students seek to understand historical and modem changes 
in the forests of New England and beyond resulting from human and natural disturbance processes, and 
to apply this information to the conservation, management, and appreciation of forest ecosystems. This 
activity is epitomized by the Harvard Forest Long Term Ecological Research (HF LTER) program, 
which was established in 1988 through funding by the National Science Foundation (NSF). 

Physically, the Harvard Forest is comprised of approximately 3000 acres of land in Petersham, 
Massachusetts that include mixed hardwood and conifer forests, ponds, extensive spruce and maple 
swamps, and diverse plantations. Additional land holdings include the 25-acre Pisgah Forest in 
southwestern New Hampshire (located in the 5000-acre Pisgah State Park), a virgin forest of white pine 
and hemlock that was 300 years old when it blew down in the 1938 Hurricane; the 100-acre Matthews 
Plantation in Hamilton, Massachusetts, which is largely comprised of plantations and upland forest; and 
the 90-acre Tall Timbers forest in Royalston, Massachusetts. In Petersham a complex of buildings that 
includes Shaler Hall, the Fisher Museum, and the John G. Torrey Laboratories provide office and 
laboratory space, computer and greenhouse facilities, and a lecture room and lodging for seminars and 
conferences. An additional nine houses provide accommodation for staff, visiting researchers, and 
students. Extensive records including long-term data sets, historical information, original field notes, 
maps, photographic collections and electronic data are maintained in the Harvard Forest Archives. 

Administratively, the Harvard Forest is a department of the Faculty of Arts and Sciences (FAS) 
of Harvard University. The Harvard Forest administers the Graduate Program in Forestry that awards a 
Masters degree in Forest Science and faculty at the Forest offer courses through the Department of 
Organismic and Evolutionary Biology (OEB), the Kennedy School of Government (KSG), and the 
Freshman Seminar Program. Close association is also maintained with the Department of Earth and 
Planetary Sciences (EPS), the School of Public Health (SPH), and the Graduate School of Design (GSD) 
at Harvard and with the Department of Forestry and Wildlife Management at the University of 
Massachusetts, the Ecosystems Center of the Marine Biological Laboratory at Woods Hole, and the 
Complex Systems Research Center at the University of New Hampshire. 

The staff and visiting faculty of approximately 50 work collaboratively to achieve the research, 
educational and management objectives of the Harvard Forest. A management group comprised of the 
Director, Administrator, Coordinator of the Fisher Museum, and Forest Manager meets monthly to 
discuss current activities and to plan future programs. Regular meetings with the HF LTER science team 
provide for an infusion of outside perspectives. Forest management and physical plant activities are 
undertaken by our four-member Woods Crew and directed by the Forest Manager. The Coordinator of 
the Fisher Museum oversees many of our educational and outreach programs. 

Funding for the operation of the Harvard Forest is derived from endowments and FAS, whereas 
major research support comes primarily from the National Science Foundation, Department of Energy 
(National Institute for Global Environmental Change), U.S. Department of Agriculture, NASA, and the 
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Andrew W. Mellon Foundation. Our summer Program for Student Research is supported by the National 
Science Foundation, the A. W. Mellon Foundation, and the R. T. Fisher Fund. 

Summer Research Program 

The Harvard Forest Summer Student Research program, coordinated by Chris Kruegler and 
assisted by Thia Cooper, attracted a diverse group of students to receive training in scientific 
investigations, and experience in long-term ecological research. Students work closely with faculty and 
scientists, and many conduct their own independent studies. The program includes weekly seminars 
from resident and visiting scientists, discussions on career issues in science (e.g. career decision, ethics 
in science), and field trips on soils, land-use history, and plant identification. An annual field trip is 
made to the Institute of Ecosystem Studies (Millbrook, NY) to participate in a Forum on Jobs in 
Ecology. At the Annual Summer Student Research Symposium students present major results of their 
work. Nine students and three faculty from Mount Union College, Allegheny College, and Franklin and 
Marshall College joined the Summer Research program for the third year. 
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Vertical C02 and Photosynthetic Photon Flux Profiles Across Three Land-Use Legacies 
at Harvard Forest 

Katherine E. Adick 

At Harvard Forest, historical land use influences many aspects of the current forest, from canopy 
to soil. These ecosystem level changes may alter C02 and light regimes near the ground, affecting tree 
seedlings and herbaceous plants. In this investigation, concentrations of C02 and Photosynthetic Photon 
Flux (PPF) were examined across three land-use legacies: plowed (mineral and organic soil mixed, 
vegetation removed), pastured (vegetation removed), and woodlot (selective vegetation removed). The 
C02 concentration was measured from 0-40 cm within the six sites (two/land use) in a deciduous 
hardwood forest at the Harvard Forest using a Li-Cor 6200 Portable Photosynthesis System. Quantum 
sensors were used to measure PPF at approximately the same locations as the C02 measurements. 

The C02 profiles yield a constant relationship of W2>P2=Sl, with a few exceptions (Fig. 1). In 
general, C02 concentration decreased as height increased, with the most variability occurring in W2, and 
S 1 and P2 having similar, less variable average profiles. The PPF profiles show W2 to be the darkest 
and least variable, and although S 1 and P2 appear different graphically, they are not statistically different 
(Fig. 2). These findings are reasonable considering W2 has a more dense canopy and forest, a more 
heterogeneous topography, higher soil moisture, and relatively undisturbed soil compared to S 1 and P2. 
The resource levels are clearly different for the woodlot site, and although not statistically different, the 
pasture and plow sites have minor variances as well. Past land use does have an effect on present forest 
areas in terms of C02 concentration and Photosynthetic Photon Flux. 

Seasonal and Diurnal Tree Stem Growth as a Component of the 
Carbon Budget of a Temperate Mixed Forest 

KenBagstad 

Carbon budgets, which track the flow of carbon from the greenhouse gas C02 through an 
ecosystem, have become an important tool in global climate change modeling. Recent work at Harvard 
Forest and elsewhere confirmed that regenerating temperate forests, common in New England, constitute 
a "missing" sink in the global carbon budget. Tower flux measurements like those taken at Harvard 
Forest are limited, however, because they measure only net flux, and cannot track carbon flow caused by 
specific ecosystem processes. Much of the forest's carbon is located in tree sterns; by measuring and 
comparing their circumferential growth to flux data, the contribution of tree growth to forest carbon 
uptake can be estimated. Weekly measurements were taken of 825 trees fitted with Vernier 
dendrometers. Additionally, a subsample of 283 red maples, red oaks, and hemlocks was measured 
periodically to examine effects of water relations on tree circumference. Allometries were used to 
calculate wood dry weight and carbon gain for the summer, which was compared to the tower flux data. 
Tree growth data were also used to compare growth differences between species and on differently 
drained soils. 
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Tree growth lasted later into the summer than expected, as an extremely wet June delayed the 
usual late summer onset of water stress and slowing of growth. Total growth was found to be 
significantly different between diffuse porous (Acer, Betula, Fagus), ring porous (Fraxinus, Quercus), 
and coniferous (Picea, Pinus, Tsuga) species. These groups followed expected growth patterns, as ring 
porous species grew quickly early in the summer then slowed down, while diffuse porous and coniferous 
species grew at a steadier rate. Growth was also significantly different between trees of the same species 
growing on well, moderately, and poorly drained soils. Tree growth on poorly drained swamp sites was 
negative for the season, possibly because low root respiration limited root hydraulic conductivity and 
water uptake by these trees. 

In most trees, water stress was not observed, even by late July. The average difference between 
morning and afternoon measurements on the same day was within the dendrometers' error range. Soil 
moisture may have been abundant enough to prevent water stress, or else the magnitude of diurnal 
shrinkage and expansion was not detectable using our methods. In either case, growth measurements 
could be taken to only represent carbon gain. 

Tree growth generally followed net C uptake measurements, with a slight lag noticeable early in 
the growing season (Fig. 1). For May through July, net C02 uptake by the forest was 18.02 mol C/m2, of 
which 9.84 mol C/m2 was new tree growth. This accounts for 55% of forest C uptake, with another 25-
35% probably taken up as leaf growth and litter formation, and 10-20% of uptake in growth of smaller 
trees, understory plants, and soil C accumulation. As expected for a regenerating forest, tree growth 
represents the largest component of net C02 uptake. When combined with data for respiration and other 
forest processes, these data will help produce more refined carbon budget models on the regional, 
national, and ultimately global scale. 

Spatial and Temporal Variation of Sunfleck Regimes Across Three Land-Use 
Legacies of Harvard Forest 

Kirsten S. Bixler 

Sunflecks are the major energy source for the forest understory determining the composition, 
growth, and survival of the understory plants. The sunfleck regime is variable due to canopy structure 
heterogeneity and daily and seasonal variation in radiation. To determine the effect of land-use legacy 
on the forest light environment, we ascertained the sunfleck duration, frequency, mean PPF 
(photosynthetic photon flux), peak PPF, and prior dark duration in previously plowed, pastured, and 
woodlot sites. Spatial variation was considered through the comparison of 22 points in each site, and 
between sites. Temporal variation was investigated through comparison of PPF observations and 
averaged every six seconds for a four hour period at each site. Most mean sunfleck durations ranged 
from 30 seconds to 90 seconds (Fig. 1), and most prior dark durations ranged from 2 to 6 minutes. The 
majority of mean sunfleck PPF values ranged from 120 to 200 µmolm-2s-1 (Fig. 2) and most peak 
sunfleck PPF values ranged from 150 to 300 µmolm-2s-1. The woodlot sites were significantly lower 
than either plow or pasture sites in peak PPF, and more variable in mean PPF. The plow 2 site had 
significantly higher sunfleck frequency, mean PPF, and peak PPF, as well as the lowest significant prior 
dark period and sunfleck. There were significant differences between the plow 1 and 2 sites in all 
variables, between woodlot 1 and woodlot 2 in sunfleck durations and peak PPF, and between pasture 1 
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and pasture 2 in sunfleck duration and frequency. Because there was significant variation between sites 
of equivalent land-use history, it was concluded that variability in sunfleck regime is not attributable to 
land-use legacy. 

Wood Respiration in an Old-Growth Hemlock Forest 

Raoul Blackman 

As trees become older, there is a net primary productivity decrease, this has been attributed to 
two possible causes, high wood respiration or low net photosynthesis. The summer research project is 
estimating the wood respiration in an old growth hemlock stand with the maximum age of the trees being 
approximately 200 years. The research will determine what percentage wood respiration is of total net 
photosynthesis, and ultimately, how much wood respiration contributes to the respiration of the 
ecosystem. 

Wood respiration in three eastern hemlocks (50-80 cm dbh) is being measured from the boles 
and branches in the upper, middle and lower canopy, using a LI-6200 portable photosynthesis system 
with in situ branch and bole chambers. Sapwood volume is estimated using bole cores at dbh and a 
regression for branch sapwood volume verses branch diameter. The diameter of the bole and the 
branches near to the chambers are also measured in order to estimate the time period of growth 
respiration. Continuous temperature measurements are also being made under the chambers to relate 
wood respiration to temperature. 

Data was collected on three occasions between mid-July and early August. On each date both 
wood respiration and temperature increase with height (Fig. 1). Figure 2 shows that the temperature does 
not fully account for differences in respiration. The respiration rate increases with the height of the 
canopy even when the temperature stays the same. Other preliminary data indicates the bole respiration 
rate remains relatively constant during a 24 hour period (Fig. 3) . 

Soil Response To Infestation of Hemlock Woolly Adelgid in Central Connecticut Hemlock Stands 

Steven Currie 

Eastern Hemlock (Tsuga canadensis) stands possess unique microenvironmental characteristics 
such as low light levels, cool temperatures, dense canopies, high soil acidity, a large buildup of soil 
organic matter (SOM), and slow decomposition rates. The introduced hemlock woolly adelgid (HWA; 
Adelges tsugae) is causing a change in this strongly controlled microenvironment. HWA feed on ray 
parenchyma cells, causing needle loss, and ultimately branch and tree mortality. Thinning of canopies 
allows a major pathway for dramatic increase in light availability, which previously did not reach the 
forest floor. Soil processes have a direct relationship to this ecological shift. A study done by Jenkins et 
al. (1998) found enhanced mineralization and nitrification rates 30 times greater in the soil of stands 
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Fig 3: Bole respiration with respect to temperature in a 24 hour period 
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heavily infested with HWA compared to healthy stands. Nitrogen, a frequently limiting nutrient in 
terrestrial ecosystems, will become readily available. Nothing is known about the timing, magnitude, and 
duration of N cycling changes. This study examines what happens to the microenvironment of HWA 
infested stands over time. The alterations of ecosystem functioning predicted to occur include: 

1. An increase in light availability will cause a rise in soil temperatures. 
2. Nitrogen mineralization and SOM decomposition rates will rise due to the increase in light and 

soil temperatures. 
3. The sudden loss of a dominant species could cause nutrient leaching, however, if hemlock is 

rapidly replaced by hardwood species, available inorganic nitrogen may be consumed. 

Eight study sites throughout the Connecticut River Valley were selected based on levels of HWA 
infestation and stand deterioration. Two sites were left as controls with no noticeable adelgid or canopy 
thinning. Each site consists of three 20 x 20 m plots containing six randomly placed temperature loggers 
which take measurements every half hour from May through October at 1 and 5 cm depths. Closed top 
soil cores were incubated and collected for available N analysis by KCl extraction. A subsample from 
each core was analyzed for gravimetric moisture, pH, and texture. In situ buried resin bags are being 
used to monitor N mineralization, while bags located outside of and generally downslope from the plots 
will be analyzed for potential nitrate export. 

Due to the nature of the data collection and analyzation process, mineralization results will not 
be available until winter of 1999. Trends regarding soil temperature and pH were observed (Figs. 1 and 
2), including increased soil temperature and pH at the site with greatest canopy thinning compared to 
lower values at the control sites. Observations to date can only be considered preliminary trends until the 
presence of correlation between variables can be evaluated with further data analyses. The summer data 
collection provided a baseline for comparison as this study continues. 

Jenkins. J.C., J.D. Aber, and C.D. Canham. 1998. Hemlock Woolly Adelgid Impacts On Community 
Structure And N-Cycling Rates In Eastern Hemlock Forests. Ecological App (In Review). 

Crown Dynamics Over 35 Years: The Relationship of Resource Availability and Neighbor 
Interactions to Canopy Asymmetry 

Valerie Dixon 

The response of tree canopy asymmetry to changing local light environments and competitive 
neighborhoods was examined over a thirty-five year period. In 1963, the stems and canopies of all large 
trees in a red oak (Quercis rubra) dominated hardwood stand were mapped. Thirty-two of these trees 
were relocated and remeasured for height, and diameter at breast height (dbh) in 1998. In addition, 
canopy extent relative to trunk base was determined in eight directions around each tree using a 
densitometer. These data were then used to construct a polygon model of each crown. Changes in the 
position and shape of each crown over the thirty-five year period were documented with particular 
regard to the asymmetry of the crowns (Fig. 1). Canopy asymmetry was defined as the displacement and 
direction of the crown center of mass from the tree bole. The magnitude and direction of canopy 
asymmetry were compared to the size and position of canopy openings created in a 1965 commercial 
thinning operation, and the position of nearest neighbors. It is hypothesized that the direction of 
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asymmetry in target trees is more asymmetrical in the direction opposite of its nearest neighbor and 
asymmetrical toward areas of higher light, such as forest gaps. Preliminary data suggests that the 
direction of local competition and gap position could only explain to a limited extent the magnitude and 
direction of canopy asymmetry. Crown asymmetry was strongly weighted toward southern and 
southwestern directions, i.e., the directions of most abundant incoming solar radiation (Fig. 2). One 
explanation is that the distribution of crown asymmetry was shifted toward the direction of the most 
abundant incoming solar radiation in order to increase the crown surface area receiving direct solar 
radiation. These data imply that crown dynamics were significantly affected by the directionality of solar 
radiation, and to a lesser extent by local competition. 

A Calibration Set to Develop the Use of Chironomid Fossil Remains as 
Paleotemperature Indicators in Southern New England Lakes. 

Eron Drew 

Chironomids are non-biting midges (Diptera: Chironomidae) which as larvae inhabit all 
freshwater systems. Molting of larval instars produces chitinous head capsules that are deposited with 
lake sediments. Because chironomid species respond to a different environmental variable such as water 
temperature, their remains have proven useful as paleoindicators of past conditions. Calibration models 
correlating modern chironomid assemblages and water temperature across altitudinal and latitudinal 
gradients have been used in Canada and Scotland to infer past temperatures (and climate change) from 
chironomid remains in lake sediment cores. To extend use of this type of model to New England lakes, a 
calibration model should be constructed using local chironomid taxa. 

In this study, the upper 2 cm of sediment were collected from a series of lakes in central 
Massachusetts and Connecticut, covering a range of elevations and water temperatures. Chironomid 
head capsules were removed from 1 ml of sediment and identified to genus level. A calibration data set 
for the entire study region is being created based on surface samples collected from different lakes within 
that area. Limnological data was also collected from each lake to determine what environmental 
variables explain chironomid distributions. These included water temperature, lake depth, pH, dissolved 
oxygen and total phosphorous. 

The calibration data set will be applied to a pollen study underway by Janice Fuller et al. to 
explain an unusual shift in vegetation in New England predating European settlement. This shift may be 
attributable to a period of time known as the Little Ice Age during which the average annual temperature 
decreased approximately 2°C, and conditions were possibly drier. Fossil chironomid assemblages can be 
used as evidence for a changing climate during this period and can help determine whether climate or 
other possible factors were the main cause for the observed vegetational changes. 
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The Effect of Land-Use History on the Distribution and Abundance of Clonal Plant Species: 
Influences on Their Pattern of Recolonization 

Joel Dunn 

The distribution and abundance of overstory trees were examined for influence on clonal plant 
spatial patterns with regard to past land-use history (plowed vs. unplowed) on the Montague Sand Plain. 
Located in the Connecticut River Valley of Massachusetts, the Montague Sand Plain is an outwash delta 
with little topographic variation and homogeneous soil characteristics. These constant environmental 
variables make this an ideal place to study land-use effects on the distribution of clonal plant species. 

In 1997, the location and density of 14 species of clonal shrubs were mapped and digitized using 
a geographical information system (GIS). Shrub density was high in the unplowed areas and dropped 
just beyond the plow boundary, but there was significant recolonization of the plowed sites by Vaccinium 
angustifolium, V. vacillans and Gaylussacia baccata. Examining the recolonization patterns necessitates 
analysis of tree species composition and canopy structure which can influence understory resources and 
thus the suitability of new sites for germination and establishment. A study of shrub distributions would 
be incomplete without full consideration of the forest overstory. 

We mapped every tree >5.0 cm diameter at breast height, including identifiable dead trees, on 
our 3.85 hectare plot. These were entered into a GIS program to examine patterns. Preliminary results 
show that Acer rubrum prefers the unplowed land, Pinus rigida prefers the formerly plowed land, and' 
Quercus coccinia does not have a preference. This suggests that past land-uses select for a particular 
overstory composition. Environmental conditions created by this overstory may affect the distribution 
and abundance of understory plants. Tree maps combined with current shrub spatial patterns, and land 
use boundaries may uncover forces influencing the recolonization of the understory by these clonal 
shrubs. 

Photosynthesis by Eastern Hemlock (Tsuga canadensis) Seed Cones: 
Reducing the Carbon Cost of Seed Production 

Erica Goss 

Production of seed cones may be a significant carbon sink for conifers like the eastern hemlock 
(Tsuga canadensis) especially in years of high reproductive output. Dickmann and Kozlowski used 
carbon-14 to track the movement of carbon compounds in Pinus resinosa and identified 2nd year cones 
as a considerable sink for carbon (Dickmann and Kozlowski 1970a). The same authors determined that 
photosynthesis by P. resinosa cones does not compensate for respired carbon (Dickman and Kozlowski 
1970b). We measured the C02 exchange of hemlock cones, which mature in one year, at temperatures 
between 20 and 35°C in dark and light between May 28 and August 5. We measured cones on four 
mature hemlocks with the PP Systems CIRAS-1 system until cones became too large for the chamber 
after which we used the LICOR Portable Photosynthesis System Ll-6200. We monitored cone growth 
and harvested branch tips to compare the biomass of the cones verses the foliage on the trees. 
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Cones represented 64% of the total biomass of current year growth in an average hemlock 
canopy. Although we observed no net photosynthesis, respiration during the day decreased with 
increasing PFD up until light saturation (250-500 µmol m·2 s·1

) and constant temperature providing 
evidence of photosynthesis by the cones (Fig. I). The rate of dark respiration increased exponentially 
with temperature (Q10 = 2.3). Respiration at night increased over the first half of the summer (May 
through mid-June) during rapid cone growth and thereafter decreased as the water content of the cones 
decreased and dry mass continued to increase (Fig. 2). We estimated photosynthesis by subtracting 
respiration in the light from night respiration on the same date at a given temperature. Estimated 
photosynthesis at a PFD of 1000 µmol/hr reached 74% of night respiration at 27°C on July 15 and 23°C 
on July 29. Cone photosynthesis reduced the cost ofrespiration at all temperatures we encountered. 

Dickmann, D. I. and T. T. Kozlowski (1970) Mobilization and incorporation of photoassimilated 
4C by growing vegetative and reproductive tissues of adult Pinus resinosa Ait. trees. Plant 
Physiol. 45: 284-288. 

Dickmann, D. I. and T. T. Kozlowski (1970b) Photosynthesis by rapidly expanding green strobili of 
Pinus resinosa Life Sci. 9: 549-552. 

The Impact of Ambient C02 Concentrations on Water Use 
Efficiency During Sunflecks in Herbaceous Species 

Chelsea Ha/back 

Previous physiological research has demonstrated that sunflecks are a vital photosynthetic 
energy resource for understory plants which are often light-limited. Additionally, it has been implied 
that elevated C02 levels result in a decrease of stomata! conductance, and therefore a reduction in 
transpiration. However, little research has been done concerning the impact of sunflecks under ambient 
levels of C02 on the ability of understory plants to maximize their carbon gain while minimizing their 
water loss. 

According to past CRUI research, the forest understory naturally contains a gradient of C02 

concentrations from greater than 450 ppm near the forest floor to almost 350 ppm higher off the ground. 
Using these C02 levels as guidelines, three herbaceous species were studied each of which has a 
monolayer of foliage and resides in a different C02 environment. Using a portable Li-Cor 6400 to 
measure photosynthesis, conductance, and transpiration, data sets were collected on each of three 
species, Aralia nudicaulis, Clintonia borealis, and Medeola virginiana across each of three land-use 
legacies: plow, pasture, and woodlot. 

After analyzing the data and calculating water use efficiency (WUE=photosynthesis/tran
spiration ), it was determined that as C02 levels increased from 350 to 450 ppm, the WUE of all three 
species almost doubled in response to a sunfleck regime (Fig. 1 ). Secondly, a significant difference was 
found both among the three species and three sites. A. nudicaulis had the highest WUE, M virginiana 
the second highest, and C. borealis the lowest (Fig. 2). Likewise, of the three land-use sites, plow had 
the lowest overall WUE and woodlot the highest (Fig. 3). 
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Diurnal Patterns of Xylem Hydraulic Conductance in Branches and Leaf Petioles 

Lucy Hutyra 

Last year studies conducted at Harvard Forest revealed the presence of diurnal variation in xylem 
hydraulic conductivity in white ash (Fraxinus americana L.), red maple (Acer rubrum L.) and red spruce 
(Picea rubens Sarg.). The goal of this year's project is to develop and test a technique that will 
determine the diurnal course of conductance on a single stem or leaf while attached to the transpiring 
plant. Branch hydraulic conductance was measured both on intact plants in the field and in the 
laboratory using a new measurement tool we call the Two Point Conductance Meter (TPCM). In situ 
measurements are made by connecting the TPCM to the end of the branch or petiole; conductance is 
determined from the linear relation between flow and pressure. The branch or petiole end is cut and 
attached to the TPCM while under water in an attempt to avoid exposure to air and the possible 
introduction of an embolism into the vessels. Two separate water tanks at pressures of -30 and -50 psi 
are used to create two delivery pressures. Flow rates are determined by measuring the pressure drop 
across a tube of known hydraulic conductance. 

Validation of this method requires that the longitudinal distribution of resistance be determined 
and compared to the in situ measurements where the branch is still attached to the tree. This was done 
for both ring-porous and diffuse-porous species; red maple diffuse-porous, black cherry (Prunus 
serotina) semi-diffuse-porous, red oak (Quercus rubra) ring-porous, white ash ring-porous, and black 
locust (Robinia psuedoacacia) ring-porous. The majority of in situ measured branch resistance lies in 
the first 0.1 to 0.4 m of the branch, approximately the length of the current year's growth (Fig. 1). 
Resistance measurements on red maple petioles indicate that approximately 70% of the resistance 
measured is associated with the petiole itself and another 10% at the junction of petiole to the stem. 

Diurnal traces of red maple petiole resistance showed changes associated with the current water 
status of the leaves and time of day. A pattern of high afternoon resistance followed by the low evening 
and morning resistance was observed repeatedly over several days. The decrease in petiole resistance 
was associated with high water potential, but the potential was still negative on the order of -5 bars. This 
finding suggests that restoration of lost hydraulic capacity requires a relatively short period of low stress 
conditions. 

The Impact of Land-Use Legacies on Photosynthetic Responses to C02 Concentrations in 
Five Forest Floor Species Among Three Sites 

Brianne Kessler 

Agricultural practices used on Harvard Forest 150-300 years ago had an important impact on the 
vegetation structure, soil characteristics, and plant resources within the forest ecosystem. Carbon 
dioxide is an acknowledged limiting factor for plant growth, and even small alterations at C02 levels can 
dramatically influence plant response. Focus was on the C02 response of tree seedlings and herbaceous 
plants among land-use legacies, and different light levels. Plots studied had formally been used as 
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woodlot, pasture, and plow sites in the 1800's. Aralia nudicaulis, Acer rubrum, Clintonia borealis, 
Medeola virginiana, Quercus rubra, and Trientalis borealis were the species tested. 

Plants were exposed in a portable photosynthesis system in the field to C02 concentrations 
ranging from either 0-1400 ppm or from 350-600 ppm, and photosynthetic rates and efficiencies were 
examined. Also examined were photosynthesis at 50, 200, and 800 µmol/m2/sec of light to determine 
interactions between light and C02, especially considering that the different sites are exposed to a wide 
range of C02 and light levels. Maximum assimilation showed a statistical difference among species (Fig. 
1 ), but no difference among sites. There is no statistical difference in efficiency among either site or 
species. Additionally, maximum assimilation showed a significant impact of irradiance levels on 
photosynthetic rates. For example, Medeola (Fig. 2) showed a maximum assimilation rate of 8.17 
µmol/m2/sec at 50 µmol/m2/sec and rose to a maximum assimilation rate of 10.67 µmol/m2/sec at 800 
µmol/m 2/sec. Other work has shown that land-use legacies have affected light availability among sites, 
while these results suggest that differences in light across land-use types have a significant impact on 
photosynthetic rates among species tested. Therefore, these results suggest that land-use legacies have an 
impact on plant performance due to light availability. 

Growth, Biomass Allocation and Root Patterns of Northeastern Tree Seedlings 
Across Three Land-Use Legacy Sites in Central Massachusetts 

Justin M Kunkle 

During the 1830's, almost 85% of New England's landscape was cleared for agricultural 
purposes. Directly following the abandonment of agriculture, the land was reforested, and as a result the 
vast majority of this region is presently forested. Although the vegetation has recovered rapidly, 
previous studies have illustrated that historical land-uses have produced various degrees of soil 
disturbance and changes in soil profiles across plowed (vegetation removed and soil mixture), pastured 
(vegetation removed and no soil mixture) and woodlot (little or no soil disturbance) sites. Environmental 
resources such as light levels (photosynthetic photon flux) and ambient C02 concentrations also vary 
across the sites. These patterns led us to hypothesize that growth rates, biomass allocation and vertical 
and horizontal root extensions of tree seedlings would vary across land-use sites. Therefore, we 
examined species, site and site/species interactions among Acer rubrum (Red maple), Pinus strobus 
(Eastern white pine) and Quercus rubra (Northern red oak) seedlings. 

Fifteen seedlings of each species were harvested in three different height classes up to 30 cm 
(five in each height class) in each of three pairs of land-use legacy sites. Seedlings were then partitioned 
into four major components (root system, stem, petioles and leaf lamina). Size and biomass were 
ascertained for all seedling components. As shown in Fig. 1, site comparisons showed significant 
differences in biomass growth rate (BGR), root weight and specific leaf weight (SLW; leaf mass/leaf 
area), which all exhibited decreasing trends from plowed to woodlot sites. Mean stem growth rate, BGR, 
basal diameter growth rate, root: shoot ratio, depth and width of root extension, total biomass and SL W 
were all significantly different among species. Red oak demonstrated the greatest number of species/site 
interactions, which was followed by red maple and white pine respectively. These preliminary results 
suggest that land-use legacies continue to have an impact on plant responses, despite 150 years of forest 
regrowth. 
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Leaving the Litter: Seedling Emergence in Hemlock- and 
Hardwood-Dominated Stands 

Joseph LaCasse 

Leaf litter may have a profound effect on seedling emergence and on establishment of a seedling 
bank in hemlock and hardwood stands. Litter can act as a physical barrier to seedling growth and may 
decrease light availability at the soil surface. To examine patterns of seedling emergence in response to 
leaf litter depth, seedling emergence, litter depth and ground cover extent were measured in 30 2 x 2m 
plots in three hemlock- and three hardwood-dominated sites on the Tom Swamp tract of Harvard Forest. 
Newly-emerged Acer rubrum (red maple) and Betula alleghaniensis (yellow birch) seedlings were 
tagged in each plot. Leaf litter depth measurements were made by making a small cut in the litter and 
inserting a ruler down to the 0-horizon. 

In hemlock stands, average litter depth was shallower and seedling emergence greater than in 
hardwood stands. Litter depth only marginally influenced seedling emergence when greater than 1.6 cm. 
Extent of exposed soil was positively correlated with emergence (Figs. 1 and 2). Small scale variations in 
the amount of exposed mineral soil at the plot level drastically influence seedling density per plot by 
creating small patches of high seedling emergence. Thus, patterns of litter fall may significantly 
influence seedling community dynamics under different stand types. 

Stand Level Response to Eastern Hemlock Mortality in Southern New England Forests Infested 
with the Hemlock Woolly Adelgid 

Erin Largay 

Tsuga canadensis stands infested with the hemlock woolly adelgid (HWA, Adelges tsugae), an 
introduced insect from Asia, show multiple levels of response to hemlock mortality. The release of 
suppressed understory species in open forest gaps combined with continued seedling recruitment from 
overstory hardwoods will alter forest structure. As a result, hemlock-hardwood forests of southern New 
England are now undergoing a complete reorganization in composition due to HWA induced mortality. 

Eighty stands (> 12 ha) with more than 50% hemlock cover were sampled within a 5900 km2 

study transect that extends through central Connecticut. Presently, stands with canopies that have less 
than 50% hemlock cover are being sampled. All stands were initially delineated from 1980 aerial 
photographs. Past disturbances and land-use history were inferred and representative sample sites were 
selected in each stand. Slope, aspect, humus depth, and elevation, were recorded within five basal area 
cruise plots (each 0.04 ha) and one 20 x 20 m quadrat per stand. Overstory density, sapling density, and 
understory percent cover were also determined. In addition, canopy class, HWA level of infestation, and 
level of hemlock mortality were determined. 
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Table 1. Average percent cover> 1% (+/· S.E.) and percent occurrence of understory shrubs, seedlings, and herbs from 
20 x 20 m quadrats sampled In eighty hemlock stands. -

Presence Frequency Ave. understory cover S.E. 
S ecles n = 80 % % +I· 

SHRUBS Kalmia latifolia 16 20 9.5 3.52 
AND VINES Rubusspp. 9 11.25 4.2 0.36 

Hamamelis virginiana 4 5 3.8 1.11 
Viburnum acerifolium 3 3.75 2.3 0.33 
Parthenocissus quinquefolia 3 3.75 6 2.08 
Mitchel/a repens 2 2.5 2 1 
Total shrub mean 6.12 7.8 4.6 1.4 
Total shrub S.E. 2.21 2.8 1.14 0.5 

Vaccinium angustifolium 1.25 3 
Barberis thunbergii* 1.25 4 
Ce/astrus orbiculatus* 1.25 11 
Vitisspp. 1.25 3 
Chimaphila maculata 1.25 20 

SEEDLINGS Betula spp/• 16 20 30 6.5 
> 1cm tall, Tsuga canadensis 9 11.3 12.7 5.43 
< 1.4mtall Acerrubrum 7 8.75 7.1 3.98 

Fagus grandifolia 5 6.25 7.4 5.66 
Sassafras albidum 4 5 2.8 0.85 
Prunus serotina 4 5 2.25 0.95 
Quercus rubra 3 3.75 2 1 
Acer saccharum 2 2.5 2 0.55 
Fraxinus americana 2 2.5 2 0.5 
Cal}'a spp." 2 2.5 1.5 0.5 
Total seedling mean 5.4 6.8 6.98 2.59 
Total seedling S.E. 1.38 1.73 2.81 0.79 

Ailanthus a//issima 1.25 6 
Quercus alba 1.25 2 
Quercus prinus 1.25 1 
Quercus velutina 1.25 2 

HERBS Dennstaedtia punctilobula 12 15 10.6 2.98 
Carexspp. 9 11.3 3.4 0.65 
Erechtites hieracifolia 5 6.25 3 0.89 
Maianthemum canadense 7 8.75 2 0.5 
Polystichum acrostichoides 3 3.75 8 3.78 
Dl}'opteris marginalis 3 3.75 4.3 1.2 
The/ypteris noveboracensis 3 3.75 4.3 2.81 
Aralia nudicaulis 2 2.5 6.5 1.5 
Phytolacca americana 2 2.5 8 7 
Ol}'opterls sp/nu/osa 2 2.5 1.5 0.2 
Total herb mean 4.8 6.01 5.2 2.15 
Total herb S.E. 1.09 1.37 0.94 0.66 

Galiumspp. 1.25 5 
Geranium robertianum 1.25 1 
Microstegium vimineum* 1.25 40 
Verbascumthapsus 1.25 6 
Viola spp. 1.25 2 

* Introduced species S.E.= standard error 
" Betula spp. includes 8. lenta and B. alleghaniensis; Carya spp. Includes C. glabra, C. ovata, and C. tomentosa 

E. Largay S ecies se arated from the total means and sems occurred onl once in the 80 stands but had > than 1 % cover within that stan 



Hemlock mortality increases from north to south. Healthy and less impacted hemlock stands in 
the north have a sparse understory ( <1 % cover). Stands that exhibit higher mortality have a more diverse 
and patchy understory (1-40% cover). Although live hemlock saplings were located in 80% of the 
stands, the majority of these saplings are heavily infested with HWA. Hemlock sapling mortality 
follows the north to south trend of the canopy. Hardwood sapling release is limited to Betula lenta, 
F agus grandifolia, and Acer saccharum. Nine species occurred in only one of the eighty stands, 
suggesting that the current sapling layer will contribute little to the future composition of these forests. 

The remaining mixed hardwood overstory dominated by Quercus spp., B. lenta, and A. Rubra, 
however, will most likely provide the seed bank for future response to increased levels of mortality. 
Consequently, seedling recruitment is most prolific by wind dispersed seeds of B. lenta and A. rubra 
(Table 1 ). Although hemlock seedlings are present in 11 % of the stands, HWA is rampant at this level as 
well. There is a greater diversity of hardwood seedlings present in disturbed stands; however, 
opportunistic understory species such as Dennestaedtia punctilobula and Rubus spp. present in some 
stands have the potential to out compete tree seedlings and thereby slow recruitment. 

Stands currently being sampled that have less than 50% hemlock cover in the canopy exhibit 
similar levels of HWA infestation and hemlock mortality. Understory response is limited to isolated 
patches due to smaller gaps in the canopy. The elimination of hemlock from these stands will most likely 
not cause a complete reorganization of the forest because the canopy is already dominated by hardwoods. 

The response to increased hemlock mortality appears to be species and stand specific. Over 
time, however, the overstory hardwoods will provide the seed bank for the replacement forest. The loss 
of hemlock as the dominant conifer in the canopy will eventually lead to the homogenization of the 
deciduous hardwood forest throughout New England as HWA continues to move north. 

Landscape-Level Distribution and Damage Patterns of the Hemlock Woolly Adelgid in Hemlock 
Forests of Central Connecticut 

David Mausel 

Studies in central Connecticut reveal severe mortality and near complete infestation by an 
introduced insect pest. This part of the hemlock woolly adelgid, Adelgis tsugae Annand (HWA), 
multidimensional project utilizes a sub-regional scale, landscape-level measurement of the current spatial 
distribution of the HWA and it's damage in central Connecticut. The HWA is present in 69 of our 80 
sampled stands (81 %). Of those 69 stands 54% have heavy infestations, 17% have moderate 
infestations, and 29% have light infestations. The HWA has killed 672,020 trees over 2,587 hectares in 
moderate to heavily infested stands. The majority of this damage is in the southern half of the transect 
below Hartford, CT. Damage and infestation are non-randomly distributed along a latitudinal gradient 
from the Long Island Sound to the Massachusetts border consistent with the migration of HWA. These 
trends show less severe problems to the north and high variability. Three distinct waves can be attached 
to the spread of the HWA north. The advance front (north latitudes) is characterized by spotty and 
highly variable HWA infestations, natural levels of mortality, and low levels of foliar loss. The killing 
front (middle latitudes) is characterized by patchy but severe mortality, nearly 100% HWA presence, and 
moderate to severe foliar loss. The aftermath front (southern latitudes) is characterized by prolific Betula 
lenta response to heavy HWA infestations, high Tsuga mortality, and severe foliar loss (Fig. 1). Besides 
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latitudinal position, there is no statistical difference between landscape-level factors (density, structure 
and arrangement) or topography (elevation, aspect, slope) of Tsuga stands predetermining any 
susceptibility to HWA. However, there may be important variables that have not yet been measured or 
analyzed. Based on five physiographic types, the most damage in decreasing order is: Coastal 
Lowland>Connecticut River>Southern Uplands>Salmon River>Northern Uplands. Besides elevation, 
these areas are continuous and similar in landscape and topographic factors, as noted earlier. The 
Salmon River is an anomaly considering its close proximity to the Connecticut River, and its southern 
latitude (Table I). There is evidence suggesting the Connecticut River is acting as vector corridor to 
points north. The Connecticut River is heavily infested and damaged with little variability when 
compared to its surroundings, the Southern Uplands and the Salmon River (Table 1). High variability 
among results is best explained at this time by HWA dispersal rates and specific timing of infestation of 
individual stands across the landscape by vectors such as birds and wind, although it is not known for 
sure. There may also be site specific factors that lead to faster mortality and foliar loss in some stands 
and not in others, including water stress and secondary pest organisms. Further analysis using GIS, 
geostatistics and multivariate statistical analysis to search for increasingly subtle trends will be 
conducted. 

The interrelationship between damage by forest insect pests and ecological trends in forest 
structure and composition are poorly understood. Ecological models are contingent upon the inclusion 
of all ecosystem components including introduced insect pests along with natural disturbance, climate 
change and anthropogenic stress. In addition, results may be used in guiding an efficient and effective 
biocontrol release program which seems inevitable considering the amount of research funding into this 
aspect of the HWA. 

Effect of Leaf Litter and Root Input on Forest Soil Respiration: 
Long-term vs. Short-term Responses 

Kristin May 

Soil C is a major component of the global carbon budget. Changes in soil respiration could have 
potentially significant impacts on global carbon cycling and storage. A study was initiated to determine 
the role of above- and below-ground litter inputs in controlling soil organic matter (SOM) dynamics. In 
1990, a long-term litter manipulation study was established in the Tom Swamp tract of the Harvard 
Forest. The DIRT study (Detritus Input Removal and Trenching) consists of twenty-one 3x3 meter plots 
in an ~85 year old mixed hardwood forest. The six treatments include control, double above-ground 
litter (2X), removal of above-ground litter (OX), exclusion of roots through trenching (T), removal of 
above-ground litter and roots (TOX), and the replacement of the 0 and A horizons with B (-OA). The -
OA plots where constructed to observe the soils ability to re-establish the 0 and A horizons. 

In July 1998, measurements of soil respiration (IRGA), soil and air temperature, and soil 
moisture (TDR) were collected. C02 flux varied between treatments in respon$e to the amount of inputs 
(Fig. I). An exception to this is the C02 respired from the 2X treatment, which was expected to be higher 
than the control but was not different. Soil respiration was driven more by temperature alone than by a 
potential increase in microbial activity resulting from the additional C. Additionally, weekly variations in 
C02 flux within a treatment show the response to temperature and soil moisture. By comparing 
cumulative soil C02 flux among treatments we can infer the relative contributions and importance of 
above- and below-ground inputs to total soil respiration (Fig. 2). A comparison of data collected in July 
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Table 1. Distribution and damage patterns (mean± SE) of the 
hemlock woolly adelgid based on physiographic types in 
Tsuga dominated forests of central Connecticut. 

Note: Values in each column with the same letter are not 
significantly different (P> .05). 

physiographic n elevation HWA Tsuga dead 
area density crown Tsuga . 

stems vigor 
(m) (classes) (classes) (#/ha) 

Coastal 14 38 2.64 5.29 399 
Lowland ±5.11 ±.17 ±.16 ±63.3 

A A A A 

Southern 14 103 2.57 4.66 272 
Uplands ±7.68 ±.25 ±.38 ±55.4 

c A A A 

Conn. 13 49 2.85 5.22 279 
River ±6.44 ±.10 ±.18 ±50.5 

A A A A 

Salmon 19 62 1.37 2.57 53 
River ±6.33 ±.19 ±.23 ±12.3 

A B B B 

Northern 20 152 0.95 2.17 36 
Uplands ±11.7 ±.23 ±.21 ±8.4 

B B B B 
D. Ma.usel 
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and early August of 1998 with data initially collected in June, July and August of 1991 (Fig. 3) shows 
that within each year the relative difference of a treatment with respect to the control is similar. 
However, between years the magnitude within a treatment is roughly doubled. This could partially be 
due to inter-annual variability in climate factors, i.e. temperature and precipitation. Another factor could 
be a change in methodology; the soda lime technique was used in 1991 while the 1998 data was obtained 
utilizing an IRGA. Data from these long-term manipulations will help us to better understand the role of 
soil organic matter in biogeochemical cycling. 

Leaf Nitrogen Concentration and Leaf Structure as They Relate to 
Photosynthetic Responses 

Elizabeth Nastari 

It is well known that past agricultural practices had an effect on the New England landscape 
although these impacts are presently unclear. Our study involved the effect of historical land-use on 
nitrogen concentration in the foliage of forest floor species. 

Nitrogen (N), one of the essential macronutrients for plants, plays an important role in 
photosynthesis. It is necessary for the formation of important components of protein and chlorophyll and 
has a direct effect on a plant's photosynthetic performance. Due to the importance of N to plants, the 
question of whether or not land-use had an impact on N concentration in the leaves of forest floor species 
was explored. The N concentrations were determined in mid-summer foliage and then compared to the 
species' photosynthetic responses to light and C02• 

Data for this experiment were collected across three sites representing land-use histories of 
plowed, pasture, and undisturbed woodlot. This project examined five species: Aralia nudicaulis, 
Clintonia borealis, Medeola virginiana, Acer rubrum, and Quercus rubra. After collection leaf area was 
determined by a Li-cor 3000A scanner then dried and weighed. Dry samples were ground and analyzed 
by a Fison 1500 CHN analyzer to determine average N concentration in each plant. 

The results indicated no significant differences in mean N concentration (of all species) across 
sites (Fig. 1 ). There was also no relationship found between the photosynthetic responses to changes in 
C02 or light and N concentration. A significant difference was found in the N density (Figs. 2 and 3) and 
specific leaf weight among species but no relationship was found between these and the photosynthetic 
responses (Figs. 4-7). However, it is noteworthy that C. borealis had an overall higher N density 
compared to the other four species. 
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A Life-History Analysis of Clonal Plants on the Montague Sand Plain 

Clara Paynter 

A life-history analysis was undertaken to investigate the effect of historical land-use on plant 
distribution patterns. Life-history information was gathered from published literature for fourteen shrub 
and herbaceous species. These species were mapped in 1997 at a site on the Montague Sand Plain that 
included both plowed and unplowed land. The study species were Chimaphila maculata, C. umbellata, 
Epigaea repens, Gaultheria procumbens, Gaylussacia baccata, Kalmia angustifolia, K latifolia, 
Lycopodium obscurum, L. clavatum, L. complanatum, Mitchella repens, Vaccinium vacillans, V. 
angustifolium, and V. stamineum. The species distribution maps were analyzed on the basis of 
abundance and relation to past land-use. 

The life-history characteristics of the fourteen species were compared with relation to their 
present distribution (Fig. 1). Vegetative growth as the primary means of reproduction was shared by all 
of the species, correlating with the slow rate of colonization in the previously plowed land. The highly 
dispersed nature of Gaylussacia baccata, Vaccinium angustifolium, and V. vacillans suggests successful 
sexual reproduction at some time in the past. This may be explained by a theory of infrequent seedling 
recruitment at "windows of opportunity" when environmental conditions are favorable. The four species 
classified as abundant on the study site have fleshy fruit and are animal-dispersed. Species with summer 
berries were well dispersed, while those fruiting later in the season were restricted in their colonization. 
The ten uncommon species were primarily wind-dispersed plants with dry fruit with the exception 
Epigaea repens which is dispersed by ants and two fall-fruiting berries, Mitchella repens and Vaccinium 
stamineum. It seems that the abundance of a species and especially its ability to colonize an area relates 
to its fruit and its dispersal mechanism. Upon further analysis, life-history information may show 
patterns critical to understanding the relationship between historical land-use and plant distribution. 

Microhabitat Use by Small Mammals on Oak Forest Floor 

Delia L. Santiago 

Differences in microhabitat use by small mammals have implications for the coexistence of 
species within a community and for plant-animal interactions. Because small mammals predate and 
disperse seeds, where animals forage can have a profound effect on vegetation composition in an area. 
In this study, microhabitat use of small mammals on an oak forest floor in Massachusetts was examined 
with a mark-recapture study. 

Sherman live traps were set with relation to two intersecting rock walls in Compartment VIII of 
the Prospect Hill Tract at Harvard Forest. Traps were set at three microhabitats: fallen logs, stone walls, 
and tree bases. Loose oatmeal was used to bait the traps for a total of 480 trap-nights, 160 of each 
microhabitat. Testing for significant differences in the proportions of captures at the three microhabitats 
was done using chi-squared contingency analysis. 
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Life-History Characteristics of Clonal Plant Species on the Montague Sand Plain 

Species Flowering Pollination Fruiting Dispersal 
Primary Means of 

Reproduction 

Gay/ussacia 
May- June bees 

July - August 
animal vegetative 

baccata berry 
c Vaccinium June - August 0 May- June bees animal vegetative E vacillans berry 
E Vaccinium June - August 
0 April - May insects animal vegetative 
0 an ustifolium berry 

Gaultheria 
bees 

June - November 
animal 

berry 

Olunplowed 

C. Paynter Figure 1. 
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There were 190 total captures, with most occurring at tree bases and the fewest occurring at the 
stone walls. Mammals caught included C/ethrionomys gapperi (red-backed vole), Peromyscus /eucopus 
(white-footed mouse), Glaucomys vo/ans (southern flying squirrel), and Tamias striatus (Eastern 
chipmunk). The two species with the greatest number of captures, C. gapperi and P. /eucopus, had 
significant differences in their capture frequencies among microhabitats (Fig. 1 ). Clethrionomys 
gapperi had the most captures at the stone walls while P. leucopus were caught with highest frequency 
at fallen logs and tree bases. Peromyscus leucopus were captured at the rock wall on only four 
occasions. Recapture data showed that individuals of both species crossed over the wall (Fig. 2), 
suggesting that stone walls are not barriers to movement, but may not be areas where P. leucopus 
normally forages. Possible deterring factors at the stone wall for P. leucopus include competition with 
C. gapperi, poor food quality, increased risk of predation, or abiotic factors such as temperature and 
humidity. Further research is needed to investigate these factors as well as possible effects on vegetation 
community structure. 

Exploration of Possible Feedback Mechanisms for Carbon and Nitrogen Cycling in a Forested 
Ecosystem in Response to Global Climate Change 

Laura Schmitt 

Global climate change models currently predict a rise in annual global mean temperatures of 1 to 
3 .5°C in the next century due to the anthropogenic greenhouse effect. (IPCC, 1995). This change may 
result in an alteration of the carbon storage capacity of the northern forest, now believed by scientists to 
be a major global carbon sink. The Soil Warming experiment was established in 1991 for the purpose of 
investigating the potential effects of a 5°C rise in soil temperature on carbon and nitrogen cycling in a 
northern forested soil. Soil Warming consists of 18 six by six meter plots in three treatment types: 
heated, disturbance control (in which heating wires were installed but not activated), and control. 

Data from the first seven years of the Soil Warming experiment reveal increased C02 effluxes 
and net N-mineralization in heated plots. Because the C:N of plant material is larger than the C:N of soil 
organic matter, a higher nitrogen availability could potentially be accompanied by an increase in the rate 
of carbon fixation by plants (Melillo et al. 1995). This may lead to a negative feedback effect for the 
global warming process as increased temperatures enhance the capacity of the forest as a carbon sink. 
Evidence from lysimeter and gas flux measurements indicates that the nitrogen is not leaving the system; 
it is therefore being retained either in the soil or in the vegetation. 

Carbon and nitrogen contents of vegetative and fruit samples from herbaceous plants, leaf 
samples from understory striped maple, and soil organic horizon samples were measured using the Fison 
1500 CN analyzer in an attempt to locate the mineralized nitrogen. The herbaceous species used were 
Canada mayflower (Maianthemum canadense) and wild oats (Uvularia sessi/ifolia). No single area of 
nitrogen accumulation was found in samples from the heated plots. Other results are as follows: 

• In the herbaceous layer, the C:N of the vegetative portion of plants is slightly higher in the heated 
plots than in the control plots, while the C:N of the seeds is lower in the heated plots than in the 
control plots (Fig. 1). It is possible that plants in the heated plots are less N-limited and are 
allocating nitrogen resources to their fruits; however, the results are unclear. 
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Striped maple leaf samples in heated plots show significantly greater C:N than plants in control or 
disturbance control plots (Fig. 1). In these samples, carbon contents across treatments are not 
different; however, nitrogen content is significantly reduced in the heated plots. This points to 
the possible translocation of nitrogen from leaves to other locations within the ecosystem. 

Carbon and nitrogen pools in the organic soil horizon decrease from 1992 to 1998 in the heated plots, 
and increase in the control and disturbance control plots (Fig. 2). 

These preliminary results suggest that heating is redistributing carbon and nitrogen within the 
ecosystem. However, the exact nature and consequences of this redistribution have yet to be completely 
understood. Future research plans at the Soil Warming site include: isotopic analysis of Be and 15N in 
soil and gas samples; C/N analysis of mineral soil and overstory trees; plant productivity comparisons 
among treatment types using biomass estimates and root ingrowth cores, and photosynthesis studies. 
These studies will examine the heating-induced shift in carbon and nitrogen as well as the potential N
fertilization of the heated plots. 

Melillo, J.M. et.al. 1995. Global Change and Its Effects on Soil Organic Carbon Stocks. Pp. 175-189 In 
R. Zepp et al. (Eds.), Report of the Dahlem Workshop on the Role of Nonliving Organic Matter 
in the Earth's Carbon Cycle. John Wiley & Sons Ltd. 

Photosynthetic Light Responses of Herb Species and Tree Seedlings Under 
Different C02 Concentrations in Sites with Contrasting Land Use Legacies 

Kyle T. Schwabenbauer 

Historic agricultural land-use can have dramatic and lasting effects on characteristics and 
responses of ecosystems. In particular, alterations in vegetation structure and composition caused by 
agricultural legacies may influence the amount of light available to forest floor species and may, 
therefore, influence species response to different irradiance levels. This is an important area of study 
because it may explain why certain species are adapted to areas with a specific land-use history. 

We studied photosynthetic light responses of herb species (Aralia nudicaulis, Clintonia borealis, 
and Medeola virginiana) and tree seedlings (Acer rubrum and Quercus rubra) at the Harvard Forest. 
The three land-use studies were on forested plots that until the late 1800's, had been used as pastures, 
plowed fields or woodlots. Woodlots had the least irradiance, followed by pastures and plowed sites 
respectively. Photosynthetic light response curves were performed in the field at varying levels of C02 

(350, 400, 450 PPM) and irradiance (0-1200 µmol/rn 2/sec) for all species. Significant differences in 
maximum assimilation values, dark respiration rates, and light compensation points among the five 
species were found (Fig. 1). Additionally, when all species were combined, pastured sites displayed 18% 
greater maximum assimilation rates than woodlots (Fig. 2). This trend suggests that agricultural legacies 
have a lasting effect on photosynthetic light response of forest floor species. Consequently, land-use 
history must be taken into account when predicting vegetational change after human disturbance and 
during conservation planning. 
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Avian Community Dynamics Eight Years After A Hurricane Simulation 

Jessica Scott 

Hurricanes play a crucial role in determining ecosystem structure and may determine habitat 
availability to certain bird species. This research, conducted in the 1990 hurricane simulation 
("pulldown") site at Harvard Forest, is based on the hypothesis that structural differences exist between 
the pulldown and control sites and these differences will determine the avian communities within each 
site. 

Two transect lines were established (120 m in control and 160 m in pulldown) and six transect 
counts were run over three weeks. Bird species within 25m of the transect were identified by song. A 
site was considered more valuable to a species if more singing was heard, either due to a few songs from 
many individuals or many "singing events" from a few individuals. Habitat features of the pulldown and 
control sites were also recorded. Significant differences were determined with the Mann-Whitney U test. 

A total of 94 "singing events" were recorded from 14 bird species. Differences exist in the 
species composition of the two sites, although there are not significant differences in total singing 
activity. Specifically, those birds that require dense understory within a habitat exhibited a preference 
for the pulldown site (P=0.01) (Fig. 1). 

The visibility at waist-height within the pulldown site was lower than the control site (P<0.005). 
The canopy was higher in the control site, although statistics could not be used because the canopy 
within the pulldown was so low (<15 meters) that it could not be measured with our equipment. The 
pulldown site had more trees in the 2.3-8 DBH range which creates a dense undergrowth (P<0.005) (Fig. 
2). 

The pulldown site appears to attract birds that require a dense understory within their habitat due 
to post-hurricane vegetative changes. 

Calibration Experiment to Determine Organic Horizon Moisture Content Using 
DC-half Bridge Technology 

Craig Skipton 

Soil respiration can be related to both soil temperature and moisture. Soil temperature explains 
much of the seasonal variation in respiration, while the soil moisture affects respiration during periods of 
high or low water content. The inhibitory effect of drought on soil respiration can be accounted by 
measuring soil water content using Time Domain Reflectometry, TDR, in the mineral soil. Unexplained 
variability in soil respiration includes above average respiration under moist conditions that may be 
related to the water content of the litter layer. The upper organic and litter layers and their associated 
moisture content are being investigated as a possible explanation for the variances in soil respiration 
fluxes. 
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DC half bridges are able to measure the resistance of a given leaf within the litter and organic 
layers. Measurements are taken through wires connected to leaves or osmotic filter papers buried in the 
litter layer. The wires connect to a voltmeter and a resistor, of known resistance, to form a simple closed 
circuit. From the obtained voltage, and Ohms Law, the resistance can be determined. The objective of 
this experiment is to obtain a calibration curve for determining litter and organic horizon moisture 
content in the field setting. 

The calibration process involves varying the water content of soil and litter microcosms, and 
taking measurements across a wide range of litter moistures. The calibration results indicate that a non
linear relationship exists between resistance and litter moisture (Fig. 1). Furthermore, the results 
demonstrate that filter paper is an accurate predictor of litter moisture content in place of leaves (Fig. 2). 
Therefore, decay resistant filter paper may be used for long-term in situ measurements. The application 
of DC-half bridges will assist in the clarification of the potential relationship between litter moisture, soil 
respiration, and the global carbon cycle. 

GIS is for the Birds: 
Making Harvard Forest Map Layers Interactively Accessible Through the Web 

Barbara Strom 

One of Harvard Forest's policies as part of the LTER network is to make data available to the 
scientific community. GIS (Geographical Information System) map layers are an increasingly important 
and useful method of viewing and interpreting data, and the Forest has already made a number of map 
layers for the Prospect Hill tract available to the public on its website. These map layers could only be 
downloaded sight unseen, however, and one had to have the necessary software in order to view them. 
The focus of this project was creating an interactive website which displays map layers for the three 
Harvard Forest tracts, including 1993 bird census data for the Prospect Hill tract. It allows users to 
display, identify components of, and query the layers of their choice before making the decision to 
download the data for their own use. The ability to view, overlay, and manipulate GIS data in real time 
may also lead to the formulation of new hypotheses to test with empirical data. This technology makes it · 
easier for researchers unfamiliar with GIS software to make use of the steadily increasing amount of map 
data available on the web. The layers are displayed using a Java applet which runs inside the web 
browser, and customized composite maps are created with a cgi script which also is executed inside the 
browser; no other programs are necessary. This website is currently on an experimental web server 
located at the Harvard Forest, and will soon become part of the official Harvard Forest website 
(http://hflab2.fas.harvard.edu/). 
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Figure I: Calibration curve for leaves and filter papers, y=L3312e-3
E-0

7
x_ The black line 

represents the curve for both leaves and filter papers, while the dark gray and light gray curves 
represent the curves for the leaves and filter papers, respectively. Statistical analysis demonstrates 
that there is no significant difference between the filter, leaves and the total curve (95% 
confidence interval,+/- 0.130 for the leaves,+/- 0.219 for the filter paper). 
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Figure 2: This figure illustrates the relationship between leaf and filter paper moisture content, 
(N= 99). This figure also demonstrates that the filter paper responds to moisture in a similar 
manner, i.e., the slope of the regression line is similar to one. Therefore, the filter papers may be 
used in the field to measure litter moisture content. 

C. Skipton 



Spatial and Temporal Changes in Soil Moisture Across Three Land Use Legacies 

Tonia White 

Soil moisture, is crucial to growth and development of herbaceous and tree species as well as 
many other soil processes. Soil moisture may be especially important when examining plant responses 
in forests that have different land use legacies. Agricultural legacies, in particular, may drastically alter 
soil properties such as moisture by minimizing the organic matter in the 0 horizon. Thus, given the water 
holding capacity of the 0 horizon, there is a measurable impact on the moisture in the soil. 

Soil moisture was studied in a temperate hardwood forest in central Massachusetts primarily 
dominated by Quercus rubra and Acer rubrum. Six plots were sampled, two of each land-use legacy: 
plowed, pastured, and woodlot. These plots were reforested since agricultural abandonment in the late 
1880's. Moisture was determined gravametically throughout the months of June and July. 

The woodlots had significantly higher moisture values than the agricultural sites (Fig. 1 ). 
Although the woodlot values for soil moisture appeared to be more variable, the moisture content over 
the summer followed the general trend plowed<pastured<woodlot. The woodlots showed an average of 
approximately 50% greater soil moisture than the other sites sampled. There was also significant 
temporal variability between sites, occurring mostly in the forest floor layer of the soil rather than the 
mineral layer. 

There are several reasons that the woodlots may have a higher percentage of moisture in the soil 
at any given time. The most important is the presence of a thicker 0 horizon in these areas. The disturbed 
lands had thinner 0 horizon in comparison. In the plowed sites a thin 0 horizon is due to cultivation, and 
in the pasture sites removal of the organic material is responsible. The thick organic layer in the 
woodlots is significant to herbaceous species because it is used to accommodate their moisture 
requirements. Therefore, given the importance of moisture to plants, and the fact that moisture is affected 
by land use, it is expected that land use has an impact on plant function. 

Photosynthetic Responses of Herbaceous Species to Simulated Sunfleck Regimes 
Across Three Land-Use Legacies 

Matt Wodkowski 

Steady-state photosynthesis is a regular occurrence at the tree canopy layer, where generally high 
light intensities remain relatively stable. Vegetation in the understory, however, rarely achieves steady
state photosynthetic levels due to the lack of constant light exposure. Twenty to 80 percent of the light 
energy that reaches the forest floor comes in the form of short bursts of high intensity light called 
sunflecks. The occurrence of sunflecks varies spatially and temporally, thereby creating a dynamic 
photosynthetic environment. In addition to this variability, different species of understory plants may 
respond differently to sunflecks 
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Fig 1- Total Soil Moisture over the months of June and July 1998. 
As shown, The moisture levels in the woodlots (W1 and W2) are much greater 
than those of the pasture and plow sites (P1, P2, S1, and S2). The graph shows 
the general trend Plow<Pasture<Woodlot regarding mean soil moisture. 



Furthermore, it is possible that differing microenvironmental factors caused by different land-use 
histories could have an effect on dynamic photosynthetic response. Limitations such as soil moisture and 
overall light intensity within varying sites may change the way in which plants respond to sunflecks and 
temporal patterns of sunflecks. 

In this experiment, the impact of sunflecks on photosynthesis of herbaceous species was 
measured at sites with three different prior land-uses (plow 2, pasture 1, woodlot 2). One plant from 
each of the three herb species, Aralia nudicaulis, Clintonia borealis, and Medeola virginiana, was 
selected per site, and measurements were taken at each site on three separate days. The sunfleck regime 
that was the focus of this study consisted of five, 2 minute 500 µmol bursts separated by 2 minute, 25 
µmol intervals (2/2 x 5 regime). This regime was repeated under three, different constant C02 

concentrations: 350, 400, and 450 ppm. From these measurements, relative light use efficiency, 
maximum assimilation, and assimilation per burst were statistically analyzed for differences between 
sites and the aforementioned species. Relative light use efficiency is a measure of how quickly the plant 
responds to a sunfleck, and is calculated as average response during fleck/max response during fleck. 

Statistical differences were found between the three sites at the different C02 levels. At 450 and 
350 ppm, pasture 1 had the greatest mean maximum assimilation, followed by plow 2, then woodlot 2. 
Maximum assimilation at 400 ppm was not statistically different across sites. At 450 and 400 ppm, 
woodlot 2 had the greatest relative light use efficiency, followed by pasture 1, then plow 2. Relative 
light use efficiency at 350 ppm was not statistically different across sites. For all C02 concentrations, the 
greatest mean assimilation per burst was found at pasture 1, followed by plow 2, then woodlot 2. 
Similarly, the overall mean assimilation per burst for each site decreased with decreasing C02 

concentrations. No statistical differences were found among the various species for any of the three 
variables. This may be due the large degree of variability between the photosynthesis of different plants 
on different days 
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1998 HARV ARD FOREST SUMMER SEMINAR AND DINNER DISCUSSION SCHEDULE 

Seminars held Tuesday evenings at 7:00 P.M. unless otherwise noted 

June 9 - Tuesday 

"Reconstructing Historical Hurricanes in New England and Puerto Rico" 
Emery Boose, Harvard Forest 

June 16 - Tuesday 

"Disturbance Ecology in the Rocky Mountains" 
Bill Romme, Fort Lewis College, Durango, Colorado 

June 23 - Tuesday 

"The Red Maple Paradox" 
Marc Abrams, Pennsylvania State University 

June 25 - Thursday - Dinner Discussion 
"Women in Science" 
Rebecca Field, Chris Catricala, Cathy Langtimm and Kathy Newkirk 

June 30 - Tuesday 

"Paleo - what? (Paleo-limnology: making mud interesting)" 
Donna Francis, Harvard Forest 

July 7 - Tuesday 

"Engaging the Public in Environmental Protection" 
Nancy Bryant, Sudbury-Assabet-Concord Rivers Watershed Coalition 

July 9 - Dinner Discussion 

"Graduate School Experience" 
Sebastian Catovsky, Rob Eberhardt and Christine Muth 

July 10 - Friday (Brown bag lunch) 

"Japan Forest Types and Cultural History" 
Marc Abrams, Pennsylvania State University 

July 16 - Thursday 
"Japanese Mires and Fens - a Landscape Perspective" 
Dennis Whigham - Smithsonian Environmental Research Center 
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July 28 - Tuesday 
"Global Change and the Response of Forest Ecosystems" 
Fakhri Bazzaz, Harvard University 

August 13 - Tuesday 
"Conifer Pollen: How the Jumblies Went to sea in a Sieve" 
P. Barry Tomlinson, Harvard Forest 
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SUMMER RESEARCH ASSISTANTS 1998 

Katherine Adick 
Box211 
Allegheny College 
520 N. Main Street 
Meadville, PA 16335 
adickk@alleg.edu 

Kenneth Bagstad 
HWCC Box 1201 
Ohio Wesleyan University 
Delaware, OH 43015 
kjbagsta@cc.owu.edu 

-Allegheny College 

-Ohio Wesleyan 
University 

Kirsten Bixler -Franklin & Marshall 
RDl, Box 668 College 
Newrnanstown, PA 17073 
ks_ bixler@acad.fandm.edu 

Raoul Blackman 
30/4 West Crosscauseway 
Edinburgh, Scotland 

-University of 
Edinburgh 

raoul. blackman@bigfoot.com 

Steven Currie 
956 Lancaster Avenue 
Syracuse, NY 13210 
sjcurrie@mailbox.syr.edu 

Valerie Dixon 
309 Kirkland Mail 
Cambridge, MA 0213 8 
vdixon@fas.harvard.edu 

-State University of 
New York 

-Harvard University 

Eron Drew -Univ. of Wisconsin 
IE Gilman, Apt. 102 
Madison, WI 53703 
eedr ew@students.wisc.edu 

Joel Dunn 
2103 Harrison Ave. NW 
Suite 2646 
Olympia, WA 98502 
dunnje77@hotmail.com 

-Evergreen State 
College 
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Erica Goss 
8475 E. Kent Road 
Bloomington, IN 47401 
egoss@wesleyan.edu 

Chelsea Halback 
25020 NYS Rt 12 
Watertown, NY 13601 

-Wesleyan Univ. 

-Franklin & Marshall 
College 

Lucy Hutyra -Univ. of Washington 
219 Mansfield St. 
New Haven, CT 06511 
lucy.hutyra@yale.edu 

Brianne Kessler 
Box 1415 
Alleghaney College 
Meadville, PA 16335 
kessleb@alleg.edu 

-Allegheny College 

Justin Kunkle -Franklin & Marshall 
4548 Route 212 College 
Riegelsville, PA 18077 
JM_ Kunkle@acad.fandm. edu 

Joseph Lacasse -Bennington College 
Bennington College 
Bennington, VT 05201 
joe@bennington.edu 

Erin Largay 
21 Terrell Road 
Woodbury, CT 06798 
eflar@conncoll.edu 

Dave Mausel 
25 Brianwood Drive 
Holyoke. MA 01040 
bussha@hotmail.com 

-Connecticut College 

-UMASS 

Kristin May -Oregon State 
155 NW Kings Blvd #N405 University 
Corvallis, OR 97330 
maykr@ucs.orst.edu 



Elizabeth Nastari -Mount Union College 
1530 S. Liberty 
Alliance, OH 44601 
nastarel@muc/edu 

Clara Paynter -Colorado College 
WB 589, 902 N Cascade Ave. 
Colorado Springs, CO 80946 
c _paynter@cc.colorado.edu 

Delia Santiago -Stanford University 
P.O. Box 6452 
Stanford, CA 94305 
iamjem@leland.stanford.edu 

Laura Schmitt 
P.O. Box 2820 
Brown University 
Providence, RI 02912 
laura_ schmitt@brown.edu 

Kyle Schwabenbauer 
RD#l Box67A 
Cranberry, PA 16319 
schwabk@alleg.edu 

-Brown University 

-Allegheny College 
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Jessica Scott -Swarthmore College 
500 College A venue 
Swarthmore, PA 19081 
jscottl@swarthmore.edu 

Craig Skipton 
8901 Mt. Jefferson 
Vancouver, WA 98664 
n964151 O@cc.wwu.edu 

Barbara Strom 
41 Calvin St., Apt# 1 
Somerville, MA 02134 
strom@fas.harvard.edu 

Tonia White 
Box 1048 
1972 Clark Ave 
Alliance, OH 44601 
whitetol@muc.edu 

-Western Washington 
University 

-Harvard University 

-Mount Union College 

Matt Wodkowski -Mount Union College 
105 E. College Street 
Alliance, OH 44601 
wodkowmd@muc.edu 



The Institute of Ecosyatc.m Studies presents: 

FORUM ON OPPORTUNITIES IN ECOLOGY 

July 14, 1998 

Prcliminuy Program. 
Mnrning Scnione: Rewarcls ancl Motivations in Ecology Careeri 

Session One: 9:30-11:10 A.M. 

9:35 Mr. David Stem 

9:48 Dr. Chai:les H. Nilon 

10:01 Ms. Laura Zeisel 

10:14 Mr. Nathan Frohling 

10:27 Dr. Fred Luhnow 

10:40 Ms. Cara. Lee 

10:53 Ms. Maribel Prcgnall 

Break: ll:l0.11:25A.M. 

Supervisor of the Pathogen Program (Environmental R.esearch) 
Department of Environmental Protection, V a.lhalla, NY. 

Associate Professor ,,f Natural Resources (Academia) 
The University of Missouri, Columbia, MO 

Environmental Lawyer (Law) 
New Paltz, NY 

Director, Tidelands Program (Appliad Realogy) 
The Nature Conservancy, Cold Spring Harbor, NY 

Senior Scicnl:ist (Con$uliing) 
PBS&J Coastal, Hamilton, NJ 

Environmental Dire<.ti:or (Environmcmia/ Aciividm) 

Scenic Hudson, Poughkeepsie, NY 

Science Teacher (Education) 
Arlington High School, Poughkeepsie, NY 

Session Two: 11:25 A.M.- 12:30 P.M. 

11:25 M.r. Shabazz Jackson 

11:38 Mr. H. Emerson Blake 

11:51 Dr. Felicia Kccsing 

12:04 Mr. Charles Enciso 

12:17 M.r. Jon Polishook 

Principal (Rs:cycling Speeia/;st ·Graan Bus;nass) 

Greenway Environmental Services, Beacon, NY 

Managing Edllor (Scierzce Writing) 
Orion Magazine, Great Banington, MA 

Small Mammal Ecologist (RcsoaYCk Abroad) 
Siena College, Loudonville, NY 

Target .Recruitment Coordinator (Environmental Voluntoorism) 

Pe11ce Corps, Washlngto11, D.C. 

Staff Microbiologist (Industry) 
Merck Research La.bo.c11tories, Rahway, NJ 



Afternoon Sc~sion11: Small Disc..'Ussion Groups 

First Dist."llssion Session: 1:30-2:10 P.M. 

Group A· PSB Conference Room 
Group B - PSB Lobby 
Group C • AuJitorium 

Second Dist.'llssiun Session: 2:10-2:50 P.M. 

Group A • Auditorium 
Gn,up B - PSB Couf-crcuce .Room 
Group C - PSB lobby 

Thira Discussion Session: 2:50-3:30 P .M. 

Group A - PSB Lobby 
Group B - Auditorium 
Group C • PSB Conference Room 

Speaker Assignments: 

AuJitorium - H. Emerson Blake, Charles Enciso, Cha.des H. Nilon, Marihcl Pregnall 

PSB Lohby ·Felicia Kecsing, Jon Polishook, David Stem 

Conference Rmm1 - Nalhan FrolJing, Shabi>.7.i Jackscm, Fred Luhnow, Laura Zeisel 



PERSONNEL AT THE HARV ARD FOREST 1997-8 

Marc Abrams Bullard Fellow Ruth Ann Kem Research Associate 
Audrey Barker Plotkin Research Assistant Matt Kizlinski Research Assistant 
Debra Bemardos Research Assistant Joan Kraemer Clerk Typist, part time 
Emery R. Boose Information and Computer Christopher Kruegler Administrator 

System Manager Oscar P. Lacwasan Custodian 
Jeanne Boutelle Part-time Custodian Deborah Lawrence Research Associate 
Jeannette M. Bowlen Accountant Richard A. Lent Assistant Information and 
John Boyer Bullard Fellow Computer System Manager 
Matthias Burgi Post-doctoral Fellow Lisa Marselle Summer Cook 
John S. Burk Research Assistant Glenn Motzkin Plant Ecologist 
Susan L. Clayden Research Assistant John F. O'Keefe Museum Coordinator 
Willard Cole Woods Crew David A. Orwig Forest Ecologist 
Thia L. Cooper Summer Program Assistant Diego Perez-Salicrup Post-doctoral Fellow 
Sarah Cooper-Ellis Research Assistant Dorothy Recos-Smith Secretary 
Elaine D. Doughty Laboratory Assistant William H. Romme Bullard Fellow 
Natalie Drake Palynologist Emily Russell Visiting Scholar 
Robert W. Eberhardt MFS Candidate Mayra I. Serrano Research Assistant 
John A. Edwards Forest Manager Ben Slater Research Assistant 
Barbara J. Flye Librarian/Secretary Charles Spooner Woods Crew 
Charles H.W. Foster Associate P. Barry Tomlinson E. C. Jeffrey Professor of 
David R. Foster Director Biology 
Donna Francis Research Associate Susan Trumbore Bullard Fellow 
Janice Fuller Research Associate Dennis F. Whigham Bullard Fellow 
Jennifer D. Garrett Research Assistant Ian Turner Bullard Fellow 
Julian Hadley Research Associate John Wisnewski Woods Crew 
Brian R. Hall Research Assistant Steven Wofsy Associate 
Linda Hampson Accounting Assistant Maciej A. Zwieniecki Research Associate 
Donald E. Hesselton Woods Crew 
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