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Foreword
This book guides you through the program planned for the Luquillo (LUQ) LTER Site Review 2003.  Please let us know if there are other features of LUQ-LTER that you want to see or hear about.  
Topics in the site review program are LUQ-LTER organization, research, synthesis, information management, education, and outreach.  You have a copy of the last LUQ-LTER proposal, submitted in February 2002, in which these topics were covered in detail through that date.  This book summarizes the current state of most topics in that proposal.

The bulk of this book is short articles mainly corresponding to oral presentations in the site review.  The articles are grouped into 1) presentations by the LUQ-LTER Executive Committee and 2) the sequence of  field talks by senior researchers and graduate students.  Appendices provide more information.

Also in the book are maps showing the places you will visit, practical information about site review arrangements, and a proposed schedule and itinerary for the review.  On arrival you will receive a booklet with abstracts of posters to be presented at El Portal Rain Forest Center.

Thank you for coming to Puerto Rico to participate in this site review.  We look forward to your comments on the Luquillo LTER.

Work described in this book has been supported by many sources.  Major supporters are NSF’s Long-term Ecological Research Program, other NSF divisions, the University of Puerto Rico, the USDA International Institute of Tropical Forestry, and the Andrew Mellon Fund. 

Schedule and Itinerary for Site Review

Wednesday, June 18

	Site or travel
	Time1
	Topic
	Presenter

	Travel to El Verde
	7:30
	─
	─

	El Verde Research Station2
	8:50
	Overview of LUQ-LTER, El Verde & Sabana Stations
	Brokaw, Ramírez

	El Verde Research Area
	10:00
	Long-term observations, FS plots, Rainforest Project
	Lugo

	Luquillo Forest Dynamics Plot
	10:15
	Forest dynamics & networks
	Thompson

	Canopy Trimming Experiment plot
	10:45
	Detrital dynamics as an ecosystem driver: canopy trimming experiment 
	McDowell, Shiels  

	Quebradas Prieta & Sonadora
	11:30
	Stream ecology, stream/forest, effects of dams
	Covich, Heartsill, Greathouse

	Travel to Stream House
	12:30
	─
	─

	Stream House
	12:40
	Artificial streams; lunch
	Crowl

	Travel to Yokahú Tower 
	1:40
	─
	─

	Yokahú Tower
	2:25
	Gradients in the Luquillo Experimental Forest
	Scatena, McDowell

	Travel to Pico del Este
	3:00
	─
	─

	Pico del Este
	3:20
	Biogeochemistry: effects of climate
	Silver

	"
	3:40
	Soils, vegetation & soil organisms
	González

	"
	3:55
	Microbes & decomposition
	Lodge, Cantrell

	"
	4:10
	Photosynthesis: elevation & season
	Harris

	Travel to Catalina & El Portal
	4:20
	─
	─

	Catalina & El Portal
	5:00
	Shower, posters, dinner
	mainly graduate students


1Includes presentation and travel time between sites.

2Main sites in bold.

Schedule and Itinerary for Site Review

Thursday, June 19

	Site or travel
	Time 
	Topic
	Presenter/Guest

	Travel to University of Puerto Rico (UPR)
	7:30
	─
	─

	UPR – Nuevas Ciencias Naturales, Room 356
	8:00
	Meet with VP for Research, & Dean of Natural Sciences, UPR
	Drs. Gómez & Weiner

	"
	8:30
	Ecology at mid-elevation
	McDowell

	"
	9:10
	Ecology on a climatic gradient
	Silver

	"
	9:50
	break
	─

	"
	10:15
	Puerto Rico as the future, outreach
	Lugo

	"
	11:00
	Synthesis, cross-site & network
	Waide

	"
	12:00
	Lunch with Chancellor, UPR
	Dra. Escalona

	"
	1:00
	Review team meets
	─

	"
	~4:00
	Review team reports 
	Review team

	Travel to airport or hotel
	~6:00
	─
	─


Information for Site Review Visitors

Arrival and departure


You arrive on June 17.  Take a taxi from the airport to the Embassy Suites Hotel (Map 1), a short ride from the airport for $8 or $9.  NSF will have a meeting for the visitors that evening.  

For departure, members of the site review team will be busy until about 6 pm on June 19; observers until about 1 pm on June 19.  The last scheduled engagement on June 19, for both groups, will be at a site about 10 minutes from the airport.  We will arrange travel to the airport for your departure.  

Hotel 

The Luquillo LTER site review group will stay at the Embassy Suites Hotel, near the airport in San Juan, for the nights of June 17 and 18.  The hotel is giving the group government room rates.  You will need to check out of the hotel on the morning of June 19, if you are leaving that day.  For anybody staying the night of June 19, we think you can keep the government rate, but confirm that. 

The hotel phone number is 787 791-0505.  The hotel desk will answer and speak in English.  If there are any difficulties, ask for Ms. Lisandra Alicea (ext. 2131), with whom we made these arrangements. 

Local travel


On the mornings of June 18 and June 19 you will be picked up from the hotel at 7:30.  The hotel has a buffet breakfast beginning at 6:30.  During your visit the group will travel in two vans, accompanied by some members of the Luquillo LTER Executive Committee.  

Billing

NSF is giving you a per diem and has instructed Luquillo LTER to bill you for the meals we provide.  We will calculate each person's share of meals provided and present you with a bill while you are here.  Thank you for your cooperation.
Field trip gear

You will be walking in subtropical wet forest and lower montane rain forest.  It will be humid and warm and it may rain.  Trails are slippery.  Insects are not a problem.  We recommend that you bring sturdy shoes (you can manage with good running shoes), rain gear, long pants, one light shirt layer, and perhaps an additional shirt for Pico del Este, where it can be cool. 

On June 18, bring a change of clothes and towel.  There will be a chance to shower and change between the field trip to Pico del Este (Map 2) and the poster session at El Portal (see Schedule and Itinerary). 

Observer activities on the afternoon of June 19


For those of you who are “observers” and are not participating in the review team discussion on the afternoon of June 19, we can arrange activities for you on that afternoon.  Let us know what you want to do.

Questions

If you have any questions please write or call Nick Brokaw: nbrokaw@lternet.edu; 787 764-000, ext 4940 (office); 787 723-8676 (home).  If you want any information about Puerto Rico, please ask us.

I.   Luquillo LTER: 

Organization, Research, Synthesis, Education

(Presentations June 18 and 19; see “Schedule and Itinerary”)

OVERVIEW OF LUQUILLO LTER

Nick Brokaw

Introduction 


The goal of LTER is to “understand long-term patterns and processes of ecological systems at multiple spatial scales” (Hobbie et al. 2003).  This means tracking change in the environment and explaining it, so that we can then predict change and manage or adapt to it.  In northeastern Puerto Rico we have a made-to-order setting for an LTER: change is dramatic; the ecological and management issues are important.  In this site review we will explain how the Luquillo LTER is explaining ecological change in this setting.  


Two kinds of change are strongly evident, or potentially so, in northeastern Puerto Rico.  First is land use.  In the past 500 years the island has gone from near total forest cover before Europeans arrived, to near total deforestation, to about one third forest today, reflecting socio-economic trends.  More recently, the northeast of the island is becoming urbanized, around the Luquillo Mountains, site of LUQ-LTER.  The second kind of change is climate change.  Locally, deforestation in the lowlands is reducing rainfall in the mountains, while global climate change is predicted to bring more frequent and intense hurricanes to Puerto Rico.  


How does this tropical ecosystem respond to these changes?  What are the mechanisms that resist or abet change?  These are the important ecological questions.  If we can answer them we can manage land, water, and biological resources that are at risk.  This setting of change in the tropics, combined with the scientific and educational infrastructure of LUQ-LTER, makes Puerto Rico an ideal laboratory for pursuing the goal of LTER.

History 


Quantitative ecological research began in the 1940s, when Frank Wadsworth of the US Forest Service established plots to study forest dynamics.  In the 1960s H. T. Odum led “The Rainforest Project”, studying systems ecology and the effects of radiation, while amassing much other ecological information (Odum & Pigeon 1970).  LUQ-LTER I (1988-1994) began with an emphasis on natural disturbance and response, including hurricanes, landslides, and individual treefalls.  We benefited from a large natural experiment: a strong hurricane in 1989, after we had gathered much pre-hurricane data (Walker et al. 1991).  We also consolidated our understanding of trophic relations during this period, later publishing the fullest account to date of a tropical forest food web (Reagan & Waide 1996).  During LUQ-LTER II (1994-2000) we observed long-term responses to disturbance (Walker et al. 1996, Walker 1999), synthesized part of our work (Lugo & Lowe 1995), and began study of human disturbance (e.g., Zimmerman et al. 1995).  In the first two years of LTER III (2000-2002) NSF asked us to write another proposal, after reviewers questioned our conceptual framework, cross-site work, and information management.  We fixed those problems and are now one year into the second phase of LTER III (2002-2006). 

Research


Our approach to research consists of long-term observations to detect trends, shorter-term experiments to explain trends, modeling for prediction, and synthesis to achieve generality.


We focus on the varied natural and human disturbances in the Luquillo Mountains.  Disturbances are experiments in ecological organization.  The impacts of disturbance and the patterns of response reveal the mechanisms that shape ecosystems.  In LUQ-LTER our main achievement has been to show how 
the biota interact with disturbance to determine habitat structure, nutrient cycling, community organization, and food web relations.  In particular we have described mechanisms that resist or are resilient to change or which promote change (especially apparent when contrasting natural and human disturbance.)  Understanding these mechanism will enable us to predict the effects of change.


A major conclusion from our work is that, after disturbance, the processes that define detrital dynamics play a central role in ecosystem response by regulating carbon and nutrient storage and flow.  Thus, disturbance, through its effects on detrital dynamics, is a dominant ecosystem driver at the LUQ-LTER site.  Therefore, a major focus of our current work is simulation of some features of hurricane disturbance in order to explore detrital dynamics.  

This simulation is underway in our mid-elevation forest.  But we are also testing our understanding of detrital dynamics, and extending our work to other spatial scales, by carrying out similar research along the elevational gradient in the Luquillo Mountains (350-1100 m asl).  This also allows us to address climate change.  Climate changes along the elevational gradient and affects ecosystem structure and function.  Climate also changes in time.  If we can understand the changes and effects along the gradient we are then in a good position to predict changes and effects in time.  

LUQ-LTER is strengthened by having both terrestrial and aquatic components that reinforce each other.  In both components the research approach (long-term observation, experiment, synthesis) and themes (disturbance and response, detrital dynamics) are similar.  Only the settings differ.  And the settings interact, a subject of current research.  

Cross-site, LTER Network, and international research; synthesis

LUQ-LTER functions at several levels: project, site, cross-site, LTER Network, and international, and these collaborations are growing.  Within the Network, LUQ-LTER occupies the high end of the rainfall, temperature, and diversity gradients, making it good site for comparisons.  Its location in Puerto Rico also connects LUQ-LTER with other sites in the tropics and Latin America.  

Individual researchers from LUQ-LTER are involved in cross-site collaborations with 15 other LTER sites.  LUQ-LTER also participates in multi-site comparisons, such as the Long-Term Intersite Decomposition Team (LIDET).  International collaborations include the extension of LTER cross-site research to international sites, regionalization of LUQ-LTER studies within the Caribbean, and involvement in tropical research networks such the Center for Tropical Forest Science (Smithsonian Institution) network of large forest plots.

LUQ-LTER is helping develop scientific questions that will form the basis of Network-level research.  

Four books and two special issues of journals represent LUQ-LTER research synthesis.  Also, we are well into writing a LUQ-LTER synthesis book for the LTER Network series published by Oxford University Press.

Outreach and education 


LUQ-LTER operates a Schoolyard LTER in six high schools in Puerto Rico.  Students learn via research on a forest plot near the school.  At an elementary school our Information Manager, Eda Meléndez, and John Thomlinson are introducing students to data collection and archiving and GIS.   

A principle of our education program is to use what is distinctive about LUQ-LTER.  A good example of this is “Journey to El Yunque”, A Web-based curriculum unit that models organisms’ long-term responses to hurricane disturbance.  This project is in collaboration with Wheeling Jesuit University and the U.S. Forest Service, using a grant from NSF.   Outreach posters also use LUQ-LTER research to extend awareness of ecology.  Also in Puerto Rico we have organized symposia on long-term ecological research.

Our combined REU programs host 10 students per year.  Many students have learned about ecology by volunteering their time on the Luquillo Forest Dynamics Plot.  At the graduate level some 56 students have completed theses in connection with LUQ-LTER and several have continued as professional ecologists in Puerto Rico or as investigators with LUQ-LTER. 

Luquillo LTER as a platform for research and education


There is a great deal of “value added” produced by LUQ-LTER in its role as a platform for research and education.   The LUQ-LTER grant is matched at 50% by the University of Puerto Rico, funds that help support operation of the Institute for Tropical Ecosystem Studies, home institution of LUQ-LTER, and El Verde Field Station, a main research site.  USDA International Institute of Tropical Forestry operates Sabana Field Station in part to support LUQ-LTER and supplies LUQ-LTER with laboratories in San Juan.  LUQ-LTER partly supports many graduate students.  LUQ-LTER long-term data encourages research by other scientists and contributes to the success of many additional  grants for research in Puerto Rico.  A good example of this is the recent award from the Biocomplexity program at NSF to LUQ-LTER investigators for work on interactions between streams and roads. 

Administration of Luquillo LTER; information management


LUQ-LTER is administered by the Institute for Tropical Ecosystem Studies (ITES), a unit of the University of Puerto Rico.  An important partner and major contributor of resources is the USDA International Institute of Tropical Forestry (IITF), based in San Juan.   

The project is led by an Executive Committee (N. Brokaw [lead PI], A. Lugo [Director of IITF], W. McDowell, W. Silver, J. Zimmerman [Director of ITES], D. J. Lodge, R. Waide).  Including this group, there are 23 scientists formally included in LUQ-LTER.  Eleven live in Puerto Rico; the others come from mainland US universities.  These scientists and LUQ-LTER associate scientists meet twice a year in Puerto Rico, and subsets of the group meet at other times (Appendix 1).

One of the resident scientists is our full-time information manager, assisted by two data enterers.  The information manager meets once per month with an information management committee.  She also attends information management workshops frequently and has kept LUQ-LTER in a state-of-the-art position in this area (see Appendix 2).

Products of Luquillo LTER


LUQ-LTER has produced about  400 peer-reviewed journal articles, 102 book chapters, two special journal issues, 60 theses and dissertations, and four books wholly or importantly informed by LUQ-LTER.  We currently have a rough draft of most parts of a LUQ-LTER synthesis book.  See Appendix 3 for a list of publications in 2002 and 2003. 

ECOLOGY OF MID-ELEVATION TROPICAL FOREST AND STREAMS

Bill McDowell

The focus of LUQ-LTER is to assess the impacts of disturbance on tropical ecosystems.  During the first two funding cycles, we examined the effects of a variety of disturbance types on population dynamics, community structure, and ecosystem processes of the dominant forest type (tabonuco) in the Luquillo Mountains.  The primary disturbances examined included landslides, past land use, and hurricanes.  Much of our work described the impacts of hurricane disturbance, as our study sites received direct hits from two major hurricanes within the first 10 years of the LUQ-LTER.  From these field studies, we suspect that a dominant driver of biotic response to hurricanes is the pulse of detritus which is deposited on the forest floor.  Because hurricanes also change microclimate and kill some trees, we cannot be certain that detrital inputs drive the observed response to hurricanes.  Thus, we have begun a long-term experiment that isolates two of the dominant hurricane impacts, detrital inputs and changes in microclimate.  With this experiment, we will test the hypothesis that detrital inputs are the dominant driver of observed responses to hurricane disturbance.

Our field experiment is called the Canopy Trimming Experiment (CTE), and was begun in November of 2002 with plot establishment and comparisons of response variables among plots prior to experimental manipulation.  The experimental design consists of replicated 30x30 m plots, with 3 replicates for each treatment.  Within the 30x30 m plot, we have established a core 20x20 m measurement area to reduce edge effects.  Treatments include canopy trimming with litter deposited on the forest floor (litter and microclimate effects); canopy trimming with litter removed (microclimate effects only); no canopy trimming with litter deposited on the forest floor (litter only); and control.  Canopy trimming consists of removing major limbs from above the 30x30 m plot.  Response variables being measured include animal populations, seedling dynamics, and biogeochemical fluxes such as N2O and CO2 flux. Trimming will be conducted every 6 years, increasing the historic frequency of hurricanes 10-fold, as forecasts of long-term climate in the Caribbean predict greater hurricane frequency.  Embedded within the CTE are experiments that examine the effects of detritivore community composition (microbes, litter arthropods, and earthworms) on decomposition of the detrital pulse.  Treatments include litter arthropod exclusion with naphthalene, earthworm exclusion with electroshocking, and exclusion of both to examine microbial litter degradation.  These experiments will be conducted repeatedly over the course of the CTE to determine how the detritivore community responds to repeated disturbances that alter soil organic matter dynamics and microclimate. 

The CTE is a terrestrial experiment.  We will also be conducting parallel short-term experiments in streams, examining the response to detrital inputs and the effect of detritivore community composition on the fate of pulsed detrital inputs.  We have already published several studies on these topics, and will be conducting further experiments in the field and in artificial streams.

Our long-term observations at plot, hillslope, and watershed scale will continue to provide the backbone of our understanding of the response of the tabonuco forest to disturbance.  These include animal population dynamics, plant community dynamics, and nutrient export in stream water.  These studies have resulted in numerous publications to date, and will continue to document the long-term changes associated with disturbance regime and detrital dynamics in the tabonuco forest.  
ECOLOGY ALONG A TROPICAL CLIMATIC GRADIENT

Whendee Silver

An important component of our current LUQ-LTER research is to extend our work beyond a single forest type to the other ecosystems of the Luquillo Experimental Forest (LEF) and address larger scale questions about the climatic controls on C and detrital dynamics.  The elevation gradient of the LEF offers an excellent opportunity to explore how climate, species composition, and community characteristics interact with the flow of C and nutrients through ecosystems.  The systematic changes in climate along the elevation gradient also allow us to begin to ask questions about the potential impacts of current and future climate changes, and the biogeochemical feedbacks to climate change.  Our work along the elevation gradient is divided into three related categories: (1) descriptive studies of the distribution within and among organismal groups, focusing on plants, detritivores, and microbes; (2) controls on the production and decomposition of litter, and associated fluxes of key elements; and (3) controls on the retention and loss of C and nutrients in the LEF landscape.

Our modeling activities set the stage for our current research.  Wang et al (in press) used L-CENTURY to predict patterns in climate, productivity, and soil organic matter for the LEF.  L-CENTURY is a modified version of the CENTURY model that links TOPOCLIM and a primary production model (Marley 1998) with a GIS system.  Their model output and additional work (N. Harris, PhD thesis) suggest decreasing production and increasing soil organic matter pools along the elevation gradient, driven primarily by patterns in solar radiation and temperature.  These data highlight the potential sensitivity of tropical forests to even small changes in climate.  We are now using field studies to validate the model predictions, and determine how biota influence the patterns observed.  Our first task was to describe patterns in plant species composition and community characteristics along the elevation gradient (Barone, Thomlinson, Cordero, Zimmerman, Brokaw).  Previous research had divided the LEF into four distinct forest types, but no study had systematically sampled vegetation along elevation gradients.  We tested hypotheses of the distribution of species by examining the fit of our data to the community unit, community continuum, and hierarchical continuum models.  Plots (0.1 ha) were established every 50 m along three elevation transects in the LEF, and all plant species ( 1 cm diameter at 1.3 m above the ground were identified and measured.  Patterns in plant species distribution did not follow any of the models previously proposed.  Upper boundaries of species were clustered, while lower boundaries were not.  A few widely distributed species occurred in both upper and lower elevation plots, suggesting some degree of nestedness among species, although this was uncommon.  Re-analysis of other tropical montane datasets suggested that the pattern observed in the LEF is relatively common, although there was considerable variability among sites.  One of the most intriguing findings was a depression in species richness at mid elevations in the LEF (550-650 m asl).  The cause of this decline is unknown, but it corresponds to the approximate elevation of cloud line.  Current and planned future research on plant ecophysiology along the elevation gradient should help elucidate mechanisms contributing to the observed pattern.

Current research is focusing on the distribution of detritivores, fungi, and bacteria along the elevation gradient (González, Lodge, Cantrell, Firestone, Pett-Ridge).  G. Gonzales has extended the LEF gradient to the coastal mangrove forests for the study of soil microarthropods, and the role of soil and climatic characteristics in their distribution and activity.  Three groups are collaborating on describing microbial communities along the elevation gradient, and linking community characteristics with C and N cycling (USDA Forest Service, University of Turabo, and U.C. Berkeley).  We are applying three relatively new approaches to identify patterns in bacterial and fungal community composition along the elevation gradient.  These include phospholipid fatty acid (PLFA) analysis, fatty acid methyl ester (FAME) profiles, and molecular techniques.  The use of multiple protocols and cross lab collaborations will yield exciting new information about microbial identity in tropical soils, and will provide a rare opportunity to compare and contrast results from commonly used methodologies.

We are coupling descriptive research on community patterns with process-level studies on production and decomposition along elevation gradients.  Litterfall production has been measured in 17 sites along the gradient; rates decline from approximately 9 kg ha-1 y-1 at 340 m asl to 2 kg ha-1 y-1 at 1000 m asl.  Rates are relatively constant between 340 and 700 m asl, but decrease thereafter.  Above 700 m asl leaf production is strongly positively correlated with temperature (r2 = 0.87) corresponding to a 2 oC change in average daily temperature.  There is no pattern in leaf decomposition with elevation or temperature.  Leaf decomposition appears to be strongly correlated with litter chemistry, primarily the C to N and lignin to N ratios.  Common site and common substrate experiments reinforce this finding.  These results suggest that production and decomposition appear to be decoupled along the elevation gradient, and highlight the dynamic nature of the forest floor and soil organic matter pools in these forests.

Patterns in internal cycling of C and nutrients offer insights into retention and loss mechanisms.  For example, most fluxes of C and nutrients appear to be lower in upper elevation forests, and may be at least partially affected by recurrent anaerobiosis.  Surface soils in forests above 650 m asl experience frequent and/or sustained periods of low oxygen availability.  Low redox biogeochemical processes such as methane and nitrous oxide production typify these soils, and lead to relatively high rates of greenhouse emissions.  The warm temperatures and humid conditions coupled with high organic matter pools in soils leads to rates of oxygen consumption that exceed diffusive transport.  Work along the LEF elevation gradient has described patterns in methane production and consumption, and has linked these processes with their isotopic signal in soils and the atmosphere (Teh, PhD thesis).  This research has revealed that CO2 is the dominant source of methanogenesis, a surprising finding for this ecosystem.  Current experiments are aimed at determining the relative availability and isotope ratios of source substrates (CO2 and acetate) and determining the fate of methane along the gradient.

Additional work along the gradient is examining patterns in P and N dynamics, and linking this to C cycling.  Silver and Firestone have described a novel anaerobic N cycling pathway called dissimilatory nitrate reduction to ammonium (DNRA) that appears to conserve N in the ecosystem.  The pathway may compete with denitrification, and thus help limit losses to the atmosphere.  Potential for DNRA increases along the elevation gradient, and is related to both C and soil oxygen availability.  This group has also begun examining the geochemical, microbiological, and biogeochemical factors controlling soil P availability along the gradient.  Phosphorus is considered the most commonly limiting nutrient to plant growth in the tropics, and yet tropical forests are some of the most productive ecosystems globally.  Research in P biogeochemistry is just beginning, but will focus on redox sensitive Fe transformations, Fe mineralogy, and soil microbial dynamics.

LUQUILLO LTER SYNTHESIS, CROSS-SITE, NETWORK-LEVEL, 

AND INTERNATIONAL STUDIES

Bob Waide

The LTER Network is committed to increasing the pace of cross-site studies and synthesis during the next decade.  The National Science Foundation and the Twenty-Year Review of the LTER Program have endorsed this commitment, and the LTER Coordinating Committee is devising a strategic plan to define and encourage long-term, cross-site research initiatives within the Network.  In addition, the NSF is renewing its commitment to the International LTER program and is considering a competition for international cross-site research in 2004.  These and other initiatives provide many opportunities for LUQ-LTER to continue and expand its involvement in cross-site, network-wide, and international collaborations.  The Luquillo LTER will approach these opportunities strategically, choosing among them to assure the best mix of site and cross-site research to advance the research objectives of the program.

Within the LTER Network, LUQ-LTER is the high-end terminus of rainfall, temperature, and diversity gradients.  As such, LUQ-LTER provides the network with a site whose ecological conditions anchor cross-site and network-wide studies.  In addition, LUQ-LTER provides the LTER Network with a portal to Latin America and a connection to worldwide networks of tropical research sites and projects.  These important characteristics have led to a large number of cross-site, network-wide, and international interactions involving LUQ-LTER scientists (Table 1).

Individual researchers from LUQ-LTER are involved in cross-site collaborations with investigators from 15 other LTER sites (Table 1, numbers 1-11).  Particularly strong and long-lasting relationships have been developed with the Andrews, Coweeta, and Harvard Forest sites.  These relationships are based on similar ecosystems, common research interests, and the inclusion of scientists from other LTER sites in LUQ proposals (e.g., Foster, Haines, Pringle, Schowalter, D. Vogt, K. Vogt, Swanson).  

Luquillo investigators are involved in several comparisons involving many sites in the LTER Network (Table 1, numbers 12-15).  The Long-Term Intersite Decomposition Team (LIDET) is an examination of decomposition processes at 28 sites.  The Lotic Intersite Nitrogen Experiment (LINX) examines nitrogen dynamics in streams at 10 LTER sites, including Luquillo.  A project in scaling in the relationship between biodiversity and primary productivity has been ongoing for seven years and has produced more than 10 published papers and manuscripts and several working groups at NCEAS.  This project has been a core element in informatics efforts in the LTER Network through large grants from NSF’s Knowledge and Distributed Intelligence and Information Technology Research programs

International research collaborations play a central role in the Luquillo LTER program (Table 1, numbers 16-27).  These collaborations include the extension of LUQ-LTER cross-site research to international sites, regionalization of LUQ-LTER studies within the Caribbean, and involvement in a variety of tropical research networks.  Chief among these network are the Center for Tropical Forest Science (Smithsonian Institution) network of large forest plots,  the Tropical Montane Cloud Forest Network, and the SCOPE Resiliency Network.

LUQ-LTER participates actively in the development of a new generation of LTER research initiatives.  Strategic planning underway for the LTER Network has charged each site with the responsibility of defining one or more scientific questions that will form the basis of long-term, cross-site research campaigns.  LUQ-LTER is developing questions for this exercise.

Table 1  (  Ongoing and recent cross-site projects conducted at LUQ-LTER, including collaborating sites and colleagues (italics indicate current LUQ-LTER researchers).

________________________________________________________________________

1. The effect of ecological legacies on ecosystem structure and function; MCM, HFR, AND (Waide, Willig, Moorhead, Franklin, Foster, Swanson)
2. Development of a common information management framework for LTER; PAL (Meléndez-Colom, Baker).
3. UNDERC - Leaf decomposition between Michigan and Luquillo (Belovsky, Crowl, REU students)

4. Landscape fragmentation and forest fuel accumulation: Effects of fragment size, age, and climate; LUQ, BNZ, Idaho (Gould, González, Hudak, Scatena).

5. SORTIE forest dynamics model; LUQ, HFR (Thompson, Brokaw, Canham).
6. Chronic nitrogen addition to forest soils; LUQ, HFR (McDowell, Aber).

7. Comparative study of terrestrial and aquatic decomposition rates; LUQ, CWT (Zou, Pringle, Coleman, Hunter). 

8. Comparisons of hydrology, nutrient cycling, and canopy dynamics following severe storm damage; LUQ, HBR, Taiwan (Zou, Scatena, Hamburg, King).

9. DONIC (Dissolved Organic Nitrogen Intersite Comparison); LUQ, NWT, SBC, others (McDowell). 

10. Canopy herbivory and soil processes in a temperate and tropical forest; LUQ, CWT (Schowalter, Lowman, Hunter).
11.  Dissimilatory nitrate reduction in humid ecosystems; LUQ, BNZ, La Selva; (Silver, Firestone, Chapin).
12. LIDET (Long-Term Intersite Decomposition Experiment Team); 28 LTER/ International Sites (Silver, Lodge, Harmon).

13. LINX (Lotic Intersite Nitrogen Experiment); 10 LTER and other sites (McDowell, Mulholland). 

14. Scaling in the relationship between biodiversity and productivity; BNZ, NWT, CDR, SGS, KNZ, KBS, SEV, JRN, South African LTER Network (Willig, Waide, Collins, Knapp). 

15. Network analysis of food webs; LUQ and six LTER sites (Waide, Covich, Christian). 

16. WW-DECOEX (World Wide Aquatic Leaf Decomposition Experiment); LUQ + 10 tropical sites (Crowl, Covich, Wantzen).

17. Carbon, nitrogen, and phosphorus dynamics in tropical forest ecosystems; LUQ, Tapajós, Brazil (Silver, Keller).

18. Earthworms and soil processes in tropical ecosystems; LUQ, Xishuangbanna, China (Zou).

19. Relationship between nutrient inputs and faunal diversity; LUQ, Dominica, Costa Rica (Richardson, Srivastava from UBC Canada).

20. Comparison of bromeliad phytotelmata in tabonuco and elfin forests; LUQ, Dominica (Richardson).

21. Cross-site comparison of aquatic insect emergence; LUQ, La Selva (Ramírez, Pringle).

22. Global forest dynamics network - CTFS (Center for Tropical Forest Science); LUQ + 16 tropical sites (Thompson, Brokaw, Zimmerman, Losos, Condit).

23. Primary succession; LUQ and four international sites (Walker).

24. Tropical Montane Cloud Forest Network (Scatena, Silver).

25. SCOPE Resiliency network (Lugo, Scatena, Silver).  

26. FRIEND/AMIGO; UNESCO-sponsored network working on Caribbean hydrology (Scatena). 

27. UNESCO-HELP watershed program; (Scatena, Ortiz). 

LUQUILLO LTER EDUCATION AND OUTREACH 

Jess Zimmerman

K-12 Programs

Schoolyard LTER
The Luquillo LTER Schoolyard program involves seven teachers representing five high schools located in urban and rural areas of Puerto Rico.  Research at the schools usually focuses on a secondary forest plot near the school where students and teachers monitor forest productivity and soil conditions.  Among the activities performed as part of the program, teachers have received workshops on data management, forest mensuration, and soil sampling and analyses.  In order to aide the functioning of the program, we recently identified a teacher at the Florida high school, Elliot López, to be coordinator of the project.  Elliot has been a great help in identifying the material and equipment needs of individual schools and in helping individual teachers maintain their local research programs.

Colegio Creativo de Puerto Rico
Our Information Manager, Eda Meléndez, and John Thomlinson have contributed their time to a local private elementary school to introduce students to data collection and archiving and GIS.   The current project involves identifying and mapping 83 trees found near the school.  Workshops on forest ecology and data management have been presented to teachers and students at the school.  This project is described at the Web site:

http://luq.lternet.edu/outreach/IMRemoteSensingandSchoolyard.htm
Journey to El Yunque
Researchers at LUQ-LTER have joined with the Center for Educational Technologies (CET) at Wheeling Jesuit University and the U.S. Forest Service to teach middle-school students about the effects of hurricanes on the Luquillo Experimental Forest.  The CET has recently been awarded a three-year grant from NSF ($500,000) to develop “Journey to El Yunque” — a four-week, Web-based curriculum unit.  The Web site features panoramic views of the rainforest and engaging background reading material. In the culminating activity students manipulate models of population dynamics in the aftermath of Hurricane Hugo.  The models are based on the research being conducted at LUQ-LTER.  When complete, the Web site will replace the four-week ecology unit students normally study in middle school. Students using “Journey to El Yunque” will learn about food web dynamics and energy flow within an ecosystem.  The program will provide a solid foundation for students participating in the Schoolyard LTER program. A prototype of the Web site is available at http://elyunque.cet.edu/.

Undergraduate Programs

A site grant for a Research Experience for Undergraduates (REU) program at El Verde Field Station was renewed this year for a second three-year period.  Alonso Ramírez, Station Director, coordinates the program.  In addition to two REU students funded by LTER supplemental funds, we now host 10 students each summer.  Most of these students are women and many come from minority groups, usually from local universities.  The REU program is described at the Web site: http://sunites.upr.clu.edu/REU/index.htm.  REU students from the University of California-Berkeley also participate in LUQ-LTER. 
Symposium on Long-Term Ecological Research in Puerto Rico


In each of the past three years LUQ-LTER has organized a one-day symposium, open to all interested people, on long-term ecological research in Puerto Rico.  Plenary speakers began each symposium followed by contributed oral and poster presentations.  Participants have represented eight universities or other institutions in Puerto Rico as well as numerous other organizations.

Recruitment of researchers and teachers via LUQ-LTER


After finishing their degrees several graduate students associated with LUQ-LTER have joined the LTER as senior personnel or joined the University of Puerto Rico (UPR).  Aaron Shiels works full time on the canopy trimming experiment (see article: “Detrital dynamics as an ecosystem driver: Canopy Trimming Experiment”).  Whendee Silver and Todd Crowl are senior personnel on LUQ-LTER.  Alberto Sabat and Jorge Ortiz received some mentoring via LUQ-LTER and are now professors at UPR.  

II.   Ecology of Mid-Elevation Tropical Forest

(Presentations for June 18; see “Schedule and Itinerary”)

EL VERDE AND SABANA FIELD STATIONS

Alonso Ramírez & Grizelle González

El Verde and Sabana Field Stations (Maps 2 & 3), in the Luquillo Experimental Forest (LEF; co-terminous with the Caribbean National Forest), are the main centers for field research for LUQ-LTER.  El Verde is administered by the Institute for Tropical Ecosystem Studies, University of Puerto Rico.  Sabana is administered by the USDA International Institute of Tropical Forestry.

El Verde Field Station

History of landuse and research

El Verde is the site of several historical land uses, including selective logging, clearcutting, coffee farming, subsistence agriculture, and charcoal production.  These uses are widespread in the tropics.  Most of these uses ended when the US Forest Service bought the area in 1934.  Ecological research began in the 1940s, with the establishment of long-term forest research plots.  Since the 1960s the main research approach at El Verde has been multi-disciplinary investigation of ecosystem processes:

· 1960s:  “The Rain Forest Project”, sponsored by the Atomic Energy Commission, lasted five years and was one of the first large-scale ecological studies (Odum & Pigeon 1970).  This project described the structure and function of the tabonuco forest.  It compiled much baseline information and focused on nutrient cycling, energy flow, and responses to gamma irradiation.  

· 1970s:  Research on nutrient cycling and energy flow were continued by the Terrestrial Ecology Division of the Center for Energy and Environment Research.  

· 1980s:  “The Rain Forest Cycling and Transport Project”, funded by the Department of Energy and the University of Puerto Rico, studied the structure and function of terrestrial and aquatic food webs and food web roles in ecosystem processes; nutrient import, export, and immobilization; and the structure and activity of fungal decomposers (Reagan & Waide 1996).

· 1988 – ongoing:  El Verde and Sabana Field Stations are the focal sites for the Luquillo Long-Term Ecological Research Program.  

Long-term observations

The station maintains a series of long-term measurements, as part of LUQ- LTER.  The following is a partial list:

· Climate: one complete weather station

· Aerosol particle deposition: recently begun

· Rain chemistry: National Atmospheric Deposition Program (NADP)

· Stream chemistry: sampled weekly

· Shrimp population dynamics: assessed weekly

· Litterfall inputs: sampled biweekly

· Phenology: sampled biweekly

· Abundance of walking-sticks, snails, frogs, birds, bats, ferns

· Tree community dynamics

· Streamflow: monitored by USGS

Facilities and education 

El Verde Field Station provides housing and laboratories for LUQ-LTER students and faculty.  Grants from NSF and UPR funds are currently being use to build dormitories and upgrade telecommunications.  The station has a staff of three field technicians, two maintenance people, administrator, and scientific director, all of whose work supports LUQ-LTER.  

El Verde hosts 10 REU students every summer, funded by a site grant from NSF and LTER supplementary funds.  Most mentors in the program are members of LUQ- LTER.  Many other people from Puerto Rico, the United States, and other countries use El Verde.  For example, 157 students and researchers used El Verde Field Station in 2002.

Sabana Field Station


Many LUQ-LTER field studies are based at Sabana Field Station (Map 2).  Researchers at Sabana and from elsewhere work throughout the Luquillo Mountains and especially in the nearby Bisley Experimental Watersheds (Map 2).  At Bisley a major goal is to understand patterns and processes that influence management of tropical montane forests.  Long-term observations Studies based at Sabana include, among other things, climate (Fig. 1), hydrology, nutrient dynamics, legacies of landuse, vegetation dynamics, secondary succession in old pastures, plant phenology, animal populations, and the effects of disturbance.  LUQ-LTER work based at Sabana includes:

· Microclimate and hydrology, in cooperation with Dutch universities,

· Biogeochemistry on the elevational gradient (Whendee Silver and her associates, University of California-Berkeley),

· Stream chemistry (Bill McDowell, University of New Hampshire),

· Systematics and ecology of fungi (D. Jean Lodge, USDA Forest Products Laboratory),

· Community ecology of land snails and arthropods.

Facilities at Sabana include: dormitory, small wet laboratory, small dry laboratory, woodshop, office space.  The staff at Sabana includes a research director, an administrator, and 13 Forest Service scientists and technicians.  Graduate students and post-doctoral researchers are based at Sabana. 
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Fig.  1  (  Rainfall, throughfall, and litterfall collected in the Bisley Experimental Watersheds from 1988 – 2002, together with hurricane events.  Note that litterfall is plotted on a log scale to illustrate large inputs of litter during hurricanes and to show the response of fruitfall.  

LONG-TERM OBSERVATIONS & THE RAIN FOREST PROJECT

Ariel Lugo


Long-Term observations in the Luquillo Experimental Forest (LEF) began with the efforts of the USDA Forest Service.  El Verde Plot 3, which we will visit, is one of a number of forest monitoring plots established by Frank Wadsworth beginning in 1943 (this particular plot is 60 years old this month) making for one of the longest continual records in a tropical forest.  The forest dynamics witnessed in this plot gave the first indication that hurricane disturbance was an important factor in Caribbean forests (Crow 1970).  Monitoring of vegetation in the Bisley Experimental Watersheds and the Luquillo Forest Dynamics Plot (LFDP; see “Forest Dynamics and Global Networks”) are now used to monitor vegetation at larger spatial scales.  Community-wide flowering and fruiting phenologies have been monitored in the LFDP since 1992.  Vegetation dynamics are monitored in other venues as well; particularly in recently established set of 0.1 ha plots that span the elevational gradient represented in the LEF (see section below, “Ecology Along a Tropical Climatic Gradient”).


In terms of climate and hydrology, 100 year records of temperature and precipitation are available from towns surrounding the LEF with records beginning in the 1960s for higher elevations.  Stream flow monitoring data (collected by USGS and USFS) exist for a number of streams starting in the 1940s; the gauging station on the Sonadora River below the footbridge you will cross began in the early 1980s.  Stream chemistry data exist beginning in the early 1980s.  Rain chemistry is monitored from an NADP station above El Verde Field Station; rain chemistry and throughfall have been monitored at the Bisley since the inception of the LTER.  Productivity (litterfall) has been monitored continuously at the El Verde and Bisley sites since 1988/89 and at higher elevations there are data from Pico del Este since 1990 (see section on “Nutrient Availability and Primary Productivity”) and at intermediate elevations since 1996 (see “Ecology Along a Tropical Climatic Gradient”).  

The study of the effects of irradiation sponsored by the Atomic Energy Commission at El Verde quickly established this site as one of the best understood tropical forests in the world.  Guided by H.T. Odum, the project provided essential understanding of the flow of energy and materials through a tropical forest.  The level of detail provided by the project allowed LTER researchers to parameterize the first forest version of the CENTURY model (Sanford et al. 1991).  Among its many accomplishments, the project used a giant plastic cylinder to measure whole-system gas exchange.

FOREST DYNAMICS AND GLOBAL NETWORKS

Jill Thompson

The Luquillo Forest Dynamics Plot (LFDP) was established in 1990 to record long-term changes in tree species composition, species diversity, and forest structure.  The LFDP covers 16 ha (Map 3), in which all self-supporting woody stems ( 1 cm dbh are identified, marked, measured for dbh, and mapped every five years.  So far we have completed three censuses, each including about 70,000 stems of about 140 species.  The large plot area and small lower stem size are needed to understand patterns in tree regeneration and distribution in a species-rich, heterogeneous community.  The LFDP also provides a detailed environmental context for studies of animals and ecosystem processes.  LFDP research has been funded by NSF and the Andrew Mellon Fund.  

Disturbance, resistance, resilience


Results from the three censuses show how tree species composition reflects historical land use, hurricane disturbance, and topographic variation.  These factors are important throughout the Caribbean and in other tropical areas.  Parts of the LFDP have been variously used for timber and farming (see article on El Verde Station), mostly ending in the 1930s, and parts have been little disturbed by humans.  With historical records and aerial photos from 1936, we identified areas of past land use and showed that those past uses influence present-day tree species composition more than marked variation in soil and topography does (Fig. 2; Thompson et al. 2002).  

Severe hurricanes strike El Verde once every 60 yr, on average, and since the beginning of LUQ-LTER two severe hurricanes have struck the LFDP.  These storms caused much physical damage but relatively little mortality or change in tree species composition.  Resistant species (e.g., Dacryodes excelsa) suffered damage but did not die.  Resilient species died but abundant recruitment restored their populations (e.g., Cecropia schreberiana; Zimmerman et al. 1994, Brokaw 1998).  Over the three censuses and two hurricanes a few species have gone extinct or newly arrived in the LFDP, but the number of species has changed little.

The long term and large scale of the LFDP have shown us how disturbances interact.  For example, Hurricanes Hugo (1989) and Georges (1998) both damaged the north of the LFDP more than the south, because the second-growth trees of the north (Fig 2), colonizing after human disturbance, were more susceptible to damage than the old-growth trees of the south.  Also, Georges had less impact than Hugo because Hugo had already trimmed and felled many vulnerable trees, which had accumulated during 57 hurricane-free years. 

Integration and networks


The LFDP integrates research on plants and animals.  At 40 points in the plot we have long-term information on forest structure, plant composition, birds, bats, frogs, lizards, insects, and fungi.  This spatial coincidence of studies connects long-term, local habitat dynamics with long-term plant and animal population dynamics.  

The LFDP is the nexus of interlocking networks of US and international long-term ecological research sites.  While LUQ-LTER is part of the LTER network, the LFDP is part of the CTFS network (Center for Tropical Forest Science, Smithsonian Institution), linking 17 large, tropical forest plots.  CTFS holds annual workshops to synthesize results and gain a global understanding of diversity and change in the tropics.  Data from the LFDP are also being used, in collaboration with the Institute for Ecosystem Studies (New York), to create a tropical version of the SORTIE forest model.  This will help predict change in the tabonuco forest and provide a comparison with temperate forests where SORTIE is used.

Education

The LFDP censuses are carried out by University of Puerto Rico technicians and recent college graduates.  In the last census eight technicians and 40 graduates were trained in tropical forest ecology, species identification, forest census techniques, and computer database management.  Of the eight technicians four are now in ecology Ph.D. programs, one is working at the New York Botanical Garden, and one will start teaching secondary school.

[image: image1.wmf]
Fig. 2 -  Tree distributions affected by historical land use in the Luquillo Forest Dynamics Plot (LFDP, Thompson et al. 2002).  “Canopy %” refers to percent cover in 1936 aerial photographs, indicating intensity of historical land use (low Canopy % = intense land use).  Dacryodes excelsa, or “tabonuco”, gives the forest type its name.  Tabonuco is an abundant, shade-tolerant species which grows in the southern part of the LFDP where human disturbance was light.  Casearia arborea is abundant in the northern part of the LFDP, where human disturbance was heavy.  It requires higher light levels to establish and grow.  A post-Hurricane Hugo assessment of tree damage showed that more damage was sustained by species in the north compared to the south of the LFDP.  For example, C. arborea, common in the north, was more likely to fall or break than D. excelsa, common in the south, which usually only lost branches ( Zimmerman et al. 1994).  

NUTRIENT AVAILABILITY AND PRIMARY PRODUCTION

Matt Warren


Does nutrient availability control primary production in tropical forests?  We want to answer this question because hurricane damage creates pulses of nutrients in the Luquillo Mountains (Lodge et al. 1994).  Since 1989 we have added nutrients (N, P, K, micronutrients) and measured ecosystem processes in a mid-elevation plot (500 m) at El Verde and a high-elevation plot (950 m) at Pico del Este, comprising, to our knowledge, the longest-running nutrient amendment experiment in the tropics.  Further distinguishing this work is the goal of assessing interactions between nutrient addition and climate, hence experiments at the two elevations (for background see: Walker et al. 1996, Waide et al. 1998).  This work has been a joint project of the University of Puerto Rico Minority Research Center of Excellence (MRCE) and LUQ-LTER, and has been carried out by many faculty and by graduate and REU students.   

Soon after we set up the experiment, Hurricane Hugo struck, defoliating, debranching, snapping, and uprooting trees, producing a pulse of litter nutrients several times larger than the annual mean at El Verde.  This gave us the chance to study the role of nutrients in the response of the two forests after major disturbance.  We also sharpened our experimental design by adding a “litter removal” treatment.  

Fertilization caused litter production to increase rapidly, reach pre-hurricane values, but not higher, then stabilize.  Effects on litter production were greater in the mid-elevation plot forest than in the high-elevation plot.  Litter production in control plots slowly reached pre-hurricane values in the mid-elevation plot, and has not fully recovered in the high-elevation plot.  

Results of the litter removal treatment suggested that nutrients are immobilized by microorganisms in decomposing hurricane debris, and this suppresses productivity (Zimmerman et al. 1995).  Litterfall (Fig. 3) and tree diameter growth have been consistently measured over the 13 yr of the MRCE project, and gas flux has also been measured (Erickson et al. 2001). 
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Fig. 3  (  Litterfall at El Verde (500 m) and Pico del Este (950 m) in fertilized and control plots after a hurricane.

DETRITAL DYNAMICS AS AN ECOSYSTEM DRIVER: 

THE CANOPY TRIMMING EXPERIMENT

Bill McDowell & Aaron Shiels


Research like the MRCE project (above) showed that detrital dynamics plays a key role in forest recovery after hurricane disturbance, by influencing carbon and nutrient storage and flow.  Hurricane damage moves biomass from the canopy to the forest floor.  At the same time light, soil moisture, and temperature increase and may interact with the pulse of hurricane debris to affect detrital dynamics.  These observations indicate a priority for research: assessing the independent effects of the added debris and the microclimate changes that both result from hurricanes on response variables such as detritivore populations, consumer populations, and biogeochemical fluxes.  Because hurricane frequency is predicted to increase in the Caribbean, we are also raising the frequency of our manipulations above the historic level of hurricane frequency.  To address this research priority we recently initiated the Canopy Trimming Experiment, described below.  

Canopy trimming experiment

Therefore we began the long-term canopy trimming experiment (CTE).  The CTE has two parts: 1) trimming the forest canopy and measuring the resulting changes in microclimate, structure, and biota and their impacts on ecosystem processes, and 2) manipulating the biota to assess the relative importance of components of the detrital food web.  Repeating the experiment every six yr will test predictions of the CENTURY model (Sanford et al. 1991) which predicts that increased disturbance frequency will increase total soil organic carbon, decrease live carbon, and increase production.


The experimental manipulations involve four treatments in each of three blocks Canopy trimmed and cut biomass distributed on forest floor.  This simulates the changes in microclimate and redistribution of biomass created by a hurricane.

1. Canopy trimmed and cut biomass removed from the plot.  This simulates the changes in microclimate openness created by the hurricane without the associated redistribution of biomass.

2. Canopy not trimmed but canopy biomass from a trimmed plot distributed on the forest floor.  This simulates the changes in redistribution of biomass created by the hurricane without the associated change in microclimate.

3. Canopy not trimmed and no canopy biomass added to forest floor.  This maintains the forest unmodified by simulated hurricane disturbance.

We have now set up all the plots (Map 3, Fig. 4) and are collecting a year’s worth of pre-treatment data.  The manipulations are scheduled for November 2003.  Data now, or soon to be, collected are:

· Soil water chemistry (monthly) 

· Soil temperature, air temperature, soil moisture, light (hourly)  

· Soil nutrients (quarterly)

· Soil microbial biomass and classification (quarterly)

· Soil respiration and trace gas flux (monthly)

· Root biomass (quarterly)

· Root production and turnover

· Litterfall (every 14 days)

· Leaf-litter decomposition

· Seedling dynamics (quarterly)

· Tree species composition and growth (every 3 years)

· Leaf area index

· Density of frogs, lizards, aerial insects, arachnids, litter arthropods (quarterly)
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Fig. 4  (  Plan of a canopy trimming experiment plot. 

HOW DIFFERENT GROUPS OF SOIL FAUNA AFFECT DECOMPOSITION

Grizelle González


A cross-site study between LUQ-LTER and Niwot Ridge LTER showed that the particular species composition of decomposer litter fauna affects decomposition rates (González & Seastedt 2001).  Thus in the LEF we are manipulating decomposers to study the three-way interaction between detrital input, microclimate, and the presence/absence of different invertebrate detritivores.  Decomposer effects will be determined by selectively excluding different functional groups.  

The main goals of the canopy trimming experiment (CTE) are to manipulate microclimate and debris inputs to distinguish their effects on rates of litter decay and other response variables.  In addition, we will also distinguish the differential effects of various groups of soil fauna on detrital dynamics (Fig. 4).  Within each of the four CTE treatments, we will manipulate soil fauna in four ways:  1) electro-shocking, 2) naphthalene application, 3) electro-shocking and naphthalene application, and 4) neither electro-shocking nor naphthalene (control).  Electro-shocking will help assay the effect of microarthropods and microbes on litter decay and nutrient mineralization in litterbags within the plot, because the macrofauna, mostly earthworms, will be excluded.  Naphthalene will help reveal the effect of the remaining macrofauna and microbes on decay, because microarthropods will be excluded from the plots.  Finally, plots treated with electro-shocking and naphthalene will completely exclude soil faunal effects on litter decay.  


Electro-shocking (240 V, AC) will be performed on the designated plots (2 x 2 m each) every 3 mo.  Naphthalene will be applied every 2-3 wks at a rate of 100 g m-2.  Two sets of litterbags containing fresh and senesced litter will be used to determine decay rates within the sites.  Litterbag content will represent natural proportions of locally dominant species as represented in litterfall traps.  The decomposition experiment will include six collections over a 2 yr period.  

DETRITAL AND AUTOTROPHIC FOOD WEBS:

A TROPHIC INTERACTION MODEL

Gary Belovsky & Todd Crowl


We believe that interactions between autotrophic and detrital food webs can influence fluxes of C and nutrients.  Therefore we will study the effect of plant species with low quality (slow decomposing) versus high-quality (fast decomposing) litter on detrital dynamics, and on how this effect varies with the presence of herbivores.  For example, after disturbance, fast-growing plant species will dominate, and their high quality litter should prime decomposition and nutrient cycling, producing a positive feedback to plant growth.  But, where present, herbivores should preferentially consume high quality leaves and so reduce the average quality of litter.  To test these ideas we will manipulate densities of fast- and slow-growing plant species and densities of herbivores in cages.  Results will be used to develop a trophic interaction model that will incorporate the role of biota in the processing of detritus.  Putting detrital and autotrophic food webs into models incorporates the ecological interactions fostered by biodiversity.  This kind of model has shown how biota can accelerate or decelerate ecosystem processes (Belovsky & Slade 2000, Crowl et al. 2001).  The model will be applied to both forest and stream ecosystems.

III.   Ecology of Tropical Streams

(Presentations for June 18; see “Schedule and Itinerary”)

STREAM ECOLOGY:  OVERVIEW, AND IMPACT OF DISTURBANCES 

ON BENTHIC COMMUNITIES AND DETRITAL PROCESSING

Alan Covich


LUQ-LTER includes both terrestrial and aquatic research.  Goals of both are similar: to describe present patterns and processes at multiple scales, to observe long-term change, to explain causes of change, and thus be able to anticipate and, to some extent, manage the future.  But these are not merely parallel areas of research; terrestrial and aquatic systems interact, most obviously because headwater stream communities depend on energy from the decomposition of forest litter inputs, while streams create riparian habitats in adjacent forest.  Our field talks will cover long-term records of shrimp populations (major detritivores), the effects of disturbance on stream communities and detrital processing, the link between forest and stream, and experiments in artificial streams.  Water management is an important issue in Puerto Rico and elsewhere, affecting the integrity of ecosystems and water for human use.  Another talk you will hear, on how dams affect upstream watersheds, represents a body of work on water management by LUQ-LTER that is extending our research and its implications over the island of Puerto Rico.  

Headwater stream ecology is dominated by a detrital food web, shrimp being the main detritivores.  We have monitored shrimp densities with bimonthly sampling to measure impacts of variable stream flows since 1988.  Our LTER research focused on responses to Hurricane Hugo (in 1989) and Hurricane Georges (in 1998) as well as a major drought (1994).  Eight graduate students and 10 under​graduates (three from the University of Puerto Rico) have assisted us.  We examined how changes in litter inputs to headwater streams ​altered species abundance and size distributions within benthic detritivore communities (see literature in LTER III proposal).  Based on a survey of 22 streams we selected three that represented the range of variation of benthic communities for long-term monitoring.  We sampled 28 pools bimonthly along an elevational gradient from 260 m to 550 m to determine community responses to disturbances such as hurricanes and droughts (Covich et al. in press, Covich & Crowl 2002).  We also documented foodweb dynamics, seasonality of reproduction and effects of wood and leaf-litter inputs before and after hurricanes.  

Longitudinal patterns of species diversity and abundance demonstrate at the whole-stream scale that one shrimp species (Xiphocaris elongata) is typically abundant in the uppermost pools where it co-occurs with a second co-dominant shrimp species (Atya lanipes).  We measured species-specific differences in detrital processing by each of these shrimp species (Crowl et al. 2001). The presence of only Xiphocaris (a shredder) in an experimentally manipulated stream pool resulted in high rates of leaf breakdown within 7 days, continuing until the end of the experiment, and these pools had the highest export of coarse-particulate organic matter, medium-sized particulates, and fine-particulate organic matter.  When only Atya lanipes (a filter feeder) was present, fine-particulate organic matter export was significantly reduced relative to controls (no shrimp present).  These single-species studies suggest that a facilitative relationship likely occurs under intermediate levels of flow because Xiphocaris can alter the size fractions of suspended leaf material which, in turn, can provide increased availability of detrital food resources to Atya lanipes.  

LINKING STREAMS AND FOREST: 

RIPARIAN VEGETATION AND LITTER INPUTS TO STREAMS

Tamara Heartsill Scalley

Riparian zone vegetation connects upland terrestrial vegetation with the adjacent stream ecosystem.  Understanding these connections provides a comprehensive view of a forest landscape.  On the one hand, riparian vegetation affects the flow of water and the input of organic materials and nutrients into streams.  On the other hand, water and other stream resources enrich adjacent riparian habitat.  Thus riparian zones can provide relatively high levels of resources for decomposers, herbivores, pollinators, and frugivores in a forest landscape.  In semi-arid and savanna systems riparian vegetation often contain species different from upland areas, species that depend on the adjacent water and other stream resources.  But in wet environments, such as montane tropical rainforests, the contrast between riparian and upland areas may be less.  My research addresses two groups of questions.
First, is there distinct riparian vegetation in the Luquillo Mountains?  Are there riparian zones characterized by particular tree species or other plant life forms such as ferns, herbs, or shrubs?  If there is a distinctive riparian vegetation community, does it change along the elevation gradient in the Luquillo Mountains?


At higher elevations in the Luquillo Mountains precipitation increases and evaporation decreases, resulting in saturated soils.  I hypothesize that there is no distinct riparian plant community at these higher elevations, where forest may be, in a sense, all riparian.  Riparian vegetation may  be more apparent at lower elevations with drier conditions but it may be spatially heterogeneous and extend over a wider area.  This research will draw on the results of recent work by John Barone, who analyzed upland plant community composition and structure along the elevation gradient.  In that study, plot samples were made away from the perceived riparian zone.  I will establish vegetation transects from the riparian zone towards the upland areas in order to compare riparian areas with Barone’s non-riparian communities.

The second group of questions ask: how does the quantity (production rates) and timing (phenology) o flitter inputs vary along riparian zones?  Does plant species diversity matter in terms of allochthonous inputs, or are a few dominant species also the most important contributors to organic matter inputs?


Riparian vegetation inputs can affect detrital processing, and thus lead to ecosystem-level change.  Stream biota may respond to quantity and quality of litter, and to larger-scale storage and turnover of organic matter.  Leaf litter production rates could be greater in riparian zones when compared to non-riparian zones, and be dominated by the same highly productive species of the non-riparian zones.  To answer these questions, I will use a combination of riparian and non-riparian leaflitter baskets in lower montane tabonuco forest, mid-elevation palo colorado forest and elfin forest.


HOW DAMS EXCLUDE AQUATIC FAUNA 

AND CHANGE ECOLOGY UPSTREAM 

Effie Greathouse

The extirpation of migratory organisms from rivers upstream of dams is widespread, but little is known about the ecosystem-level consequences.  Research in Puerto Rico has shown that: 1) all native fishes and freshwater shrimps are extirpated from rivers upstream of large dams;  and 2) that small-scale experimental exclusion of freshwater shrimps and fishes increases algal biomass and deposition of fine particulate matter, decreases leaf decomposition rates, and changes aquatic insect species composition (Fig. 5).  Therefore, we want to document whether shrimp and fish extirpation in rivers upstream from large dams affects whole watersheds the way small-scale exclusions affect experimental sites.  Our first approach is to use large dams across Puerto Rico as a natural experiment to examine dam effects on standing stocks of algae, organic matter and aquatic insects.  Our second approach is to examine whether results of small-scale field manipulations (electric exclusion and shrimp addition) predict effects of large-scale extirpation.  This research extrapolates small-scale experiments to the larger scales at which humans affect watershed and extends LUQ-LTER stream research across the island of Puerto Rico.

We have set up a demonstration of the shrimp exclusion experiment for the site review.  One quadrat is attached to an electric fence charger that excludes shrimps and fishes by electrifying the water above the quadrat.   Another quadrat on the is an unelectrified control.  It is evident that shrimp exclusion increases fine organic and inorganic matter.  It also increases algal abundance, decreases leaf decomposition rates and alters the insect community. 

LUQ-LTER has also documented the strong effects of water withdrawals below dams, and other hydrological alterations, on stream ecology (e.g., Benstead et al. 1999, Pringle 1999, Pringle et al. 2000).  These findings have helped improved water management in Puerto Rico.

[image: image8.emf]
Fig.  5  (  Effects of excluding aquatic fauna on buildup of chlorophyll a and organic matter in plots in a Puerto Rican stream.  

SHRIMP POPULATIONS, RESOURCE SUBSIDIES, AND NITROGEN 

SIGNATURES: STUDIES USING ARTIFICIAL STREAMS

Todd Crowl & Alan Covich


For the past seven years, we have been manipulating natural streams in order to understand stream food web dynamics and the role of nutrient subsidies.  Our research has described predator-prey interactions, detrital processing chains, and life history attributes of the freshwater shrimps that dominate the headwaters.  But to more directly test our hypotheses regarding resource subsidies and their impacts on the stream food web, we have built artificial stream channels to carefully control detrital pathways, resource inputs, and macrobenthos community composition.  We constructed 18, 6.6 m channels that are fed by a pump from the Espíritu Santu River.  The water is first collected in three large header reservoirs and then directed to the streams through control valves.  Using this design, we can manipulate the flow and the detrital inputs into pairs of artificial channels.  


This artificial streams make it possible to follow individual decapods in terms of growth and reproduction as well as stoichiometric patterns associated with detrital food web dynamics.  We are currently running three experiments that are imbedded.  In the first, we are comparing growth, survivorship and reproduction of marked and unmarked shrimp.  We use an elastomer dye-marking technique in the field to understand movement patterns and population parameters.  In the second experiment, we are providing varying qualities of litter inputs as the detrital food source to determine whether growth, reproduction, or survivorship is influenced by resource quality.  Finally, we are determining how marine derived nitrogen signatures are replaced by terrestrially derived signatures using stable isotope analyses.  


The construction of the artificial stream facility was made possible through a facilities improvement grant from NSF and matching funds from Utah State University and Colorado State University.

IV.   Ecology along a Tropical Climatic Gradient

(Presentations June 18; see “Schedule and Itinerary”)

GRADIENTS IN THE LUQUILLO EXPERIMENTAL FOREST 

Fred Scatena


LUQ-LTER has largely focused on mid-elevation forests, but increasingly we are studying higher and lower elevations.  In so doing we are addressing two major ecological and environmental issues in the tropics and elsewhere: climate change and land use change.  Climate changes along the elevational gradient and affects ecosystem structure and function.  Climate also changes in time.  If we can understand the changes and effects along the gradient we are then in a good position to predict changes and effects in time (Scatena 1998).  In terms of land use there is an historical gradient ( heavy in the lowlands, light in the highlands ( and rapid change in the present.  We have a protected tropical mountain reserve surrounded by rapid urbanization and development in the lowlands.  LUQ-LTER research addresses landscape change in the lowlands and its effect on the highlands.  


From the coastal plain to the peaks of the Luquillo Mountains there are dramatic changes in climate, soils, vegetation, and natural and human disturbance.  In general, the upper elevations have shorter, less diverse forests and are cooler, rainier, and cloudier (Fig. 6).  From the vantage point of Yokahú Tower, gradients in land-use, hurricane damage, and vegetation can be seen.  In addition, the research sites of Bisley, Pico del Este, and the Río Mameyes valley are visible.  At this stop we will review research on Luquillo gradients as well as long-term observations at the Bisley Experimental Watersheds. 

Ecologists and foresters working in the Luquillo Mountains have long recognized correlations between elevation, climate, and biota (Lugo and Lowe 1995).  Describing the mechanisms that connect these environmental and biotic gradients, and understanding how these are modified by natural and human disturbance have been central themes of LUQ-LTER.  As the Caribbean region is thought to be one of the first places to experience measurable climate change, understanding relationships between climate, environmental gradients, and ecosystem processes is essential to long-term understanding of the ecology of the Luquillo Mountains.  To meet these challenges, current research focuses on the spatial and inter-annual variations in these biotic and abiotic gradients and on using them to decipher environment-ecosystem relationships.  Major studies are summarized in Table 2.  (Note also in Table 2 the synergy of Forest Service and LTER research.)  These studies inform an emerging view of the ecology of the Luquillo Mountains and are challenging existing paradigms about the ecology of tropical mountains.  

Elevation is not everything!


The received view of montane environments is that, with increasing elevation, microclimate and biota change systematically with the lapse rate such that forest types, ecosystems, and species are distributed in a series of well defined belts.  In the Luquillo Mountains, many of these changes have been attributed to the approximate level of the cloud base.  While broad patterns do exist, systematic sampling has shown that the spatial distribution of biota is only loosely distributed in belts defined by elevation and lapse rate (Fig. 7).  Instead, local topographic relief, slope, aspect, substrate, and disturbance history exert strong influences on the distribution of species and forest types.

Aboveground biomass and productivity are not everything!


The height, diversity, and net primary productivity of Luquillo forests decrease with increasing elevation (Lugo & Lowe 1995).  However, with increasing elevation, the rate of litter decomposition decreases and the amount of belowground soil organic matter increases.  Overall, the low elevation forests are relatively efficient at accumulating biomass, while the upper elevation forests are relatively efficient at accumulating soil organic matter.  The result is that the low elevation and upper elevation forests store similar amounts of carbon.  

The mountain is not an island!


It has become increasingly obvious that lowland ecosystems can directly influence highland ecosystems.  Radiation, water, and energy balances of the coastal plain directly influence climatic effects in highland forests downwind from the coastal plain.  Many organisms also migrate between the lowlands and the highlands, including birds, shrimp, snails, and fish.  Thus the health of coastal plain and marine ecosystems can have a direct influence on the abundance and diversity of highland systems (Benstead et al. 1999). 
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Fig. 6  (  Average monthly total radiation at Sabana (100 m), Bisley (340 m) and East Peak (= Pico del Este, 1000 m), Luquillo Mountains, Puerto Rico.   

Table 2  (  Current major studies on environmental gradients in the Luquillo Mountains. 

	Research theme
	Research approach
	Investigators; funding

	Climatic Gradients And Climate Change

	Influence of coastal plain deforestation on LEF climate
	Micro-meteorology
	M. Molen, F. Holwerd, F. Scatena; Univ. of Amsterdam, USDA-FS

	Carbon dynamics in upper elevation forests
	Vegetation plots, manipulations 
	W. Silver, A. Mellon; NSF, LTER

	Annual and inter-annual variation in climate along gradient 
	Climate stations
	W. Silver, F. Scatena; USDA-FS, A. Mellon, LTER

	Butterfly distribution as indicators of cloud base and climate change
	Annual surveys
	R. Bain; Open Univ., USDA-FS

	Vegetation, Productivity

	Distribution of species along elevation gradients
	Plot studies
	J. Barone; LTER

	Temporal variation in composition and structure by forest type
	Long-term plots
	USDA-FS

	Biogeochemistry

	Role of micro-invertebrates

in decomposition and SOM accumulation
	Plot studies
	G. González; USDA-FS

	Diversity of soil microbes and nutrients
	Repeat sampling
	S. Cox, Texas-Tech; USDA-FS

	Spatial distribution of streamwater chemistry
	Repeat water sampling
	W. McDowell; LTER

	Relationship between soil and streamwater DOC export
	Nested soil sampling
	W. McDowell; LTER

	Freshwater snail migration
	Repeat sampling, manipulations
	F. Blanco; UPR, USDA-FS

	Elevational changes in algal communities and production 
	Repeat sampling at permanent reach
	C. Pringle; LTER

	Spatial distribution of aquatic communities
	Repeat sampling at permanent reach
	T. Crowl, A. Covich; LTER
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Fig. 7  (  A. Number of tree species (( 1.0 cm dbh) reaching their upper distributional boundaries (presence vs. absence) in plots located every 50 m asl in the Luquillo Mountains.  B. Number of tree species reaching their lower distributional boundaries in those plots.   Clustering of upper but not lower boundaries indicates loose zonation in tree communities.  Data gathered by John Barone. 

TROPICAL FOREST BIOGEOCHEMICAL CYCLING: 

EFFECTS OF CLIMATE 

Whendee L. Silver 

with  Andrew W. Thompson, Pamela Templer, Yit A. Teh, Jennifer Pett-Ridge, Mark K. Firestone, Noemi Chacon, Garrison Sposito, and Tanya Peretyazhko
Tropical mountains provide a convenient template for studying the sensitivity of production, decomposition, and biogeochemical cycling to systematic changes in climate.  We are using an upper elevation gradient in the Luquillo Experimental Forest (LEF) to explore how temperature and rainfall impact plant growth, decomposition, soil redox dynamics, and redox sensitive biogeochemistry.  Tree growth, as measured by basal area increment over a five year period showed no trend with elevation within or across species.  Litterfall production decreased linearly with elevation (Fig. 8a), and was positively correlated with mean daily temperature.  Litter decomposition showed no trend with elevation (Fig. 8b), and appears to be controlled by litter quality, primarily the C to N and lignin to N ratios of the substrate.  The decoupling of litter production and decomposition along the elevation gradient leads to periods of build up of soil organic matter in the upper most elevations of the LEF.  The high organic matter content contributes to low soil O2 concentrations and low soil CO2 fluxes with increasing elevation.  In organic rich soils, oxygen consumption exceeds diffusive transport leading to soils that experience low and fluctuating redox conditions.  Soil oxygen availability and associated redox dynamics impact ecosystem functioning in a variety of ways.  First, we have shown that these humid tropical forests are net sources of methane (CH4) to the atmosphere, a radiatively important greenhouse gas.  Yit Teh (PhD student, Univ. California-Berkeley) has documented patterns in CH4 production and consumption along the gradient.  Using stable isotopes he has identified CO2 as the dominant substrate for methanogenesis and found that CH4 production can occur at relatively high oxygen concentrations (Fig. 9), probably due to the high aggregation of these soils and the propensity for them to develop anaerobic microsites.  His results also raise the question of whether tropical forests may harbor methanogens that are more oxygen tolerant than is commonly assumed.


The low and fluctuating redox conditions described in the previous studies has led to research on the relative importance of N loss and conservation pathways in humid forest ecosystems.  Tropical forests have high potential N loss via nitrification, denitrification, and leaching, and low potential N inputs via N fixation.  However, tropical forests are rarely limited by N.  Our work has described a novel N cycling pathway in upland humid tropical forest soils called dissimilatory NO3 reduction to NH4 (DNRA).  DNRA is an anaerobic microbial pathway that rapidly removes N from the NO3 pool where it is easily leached or respired, and places it in the NH4 pool where is it more available for plant and microbial uptake (Fig. 10).  Rates of DNRA generally increased along the elevation gradient in the LEF, and were approximately five times greater than gaseous N losses (Fig. 11).  Recent work has shown that DNRA occurs in other tropical forests (Costa Rica), as well as temperate (coastal redwoods) and boreal (black spruce – Bonanza Creek LTER) forests.  Our current work is focused on linking patterns in microbial communities and N cycling along the gradient (Jennifer Pett-Ridge and Mary Firestone), identifying the importance of root uptake and rhizosphere dynamics (Pamela Templer), and the relative importance of redox, C and N availability as controls on N retention and loss. 


In contrast to temperate forests that are commonly limited by N, tropical forests are typically characterized by P limitation.  Highly weathered Fe and Al clays lead to the sorption and occlusion of P, removing it from the biotic cycle.  In fluctuating redox environments, however, Fe reduction can both release bound P and decrease the rate of P sorption and occlusion.  We are pursuing this topic by examining the sensitivity of Fe mineralogy and P availability to changes in redox conditions along the elevation gradient.  Preliminary results indicate that large quantities of reactive Fe occur in these ecosystems and are correlated with increased labile P.

Support for this research is supplied by NSF-LTER, NSF Ecosystems Studies, The A. W. Mellon Foundation, USDA Forest Service IITF, and the California Agricultural Experiment Station.
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SOIL AND VEGETATION ALONG CLIMATIC GRADIENTS: 

TOWARD UNDERSTANDING THE ROLE OF SOIL ORGANISMS

Grizelle González

This research ultimately focuses on how of soil organisms affect ecosystem processes along climatic gradients.  The first step, described here, was to establish a network of research sites along elevational and climatic gradients in mature forest sites (Fig. 12).  These comprise eight forest types (including those found in the LEF) with similar geological features, and represent large differences in rainfall and temperature (Table 3).  Climate, litterfall (quantity and quality), soil physical and chemical properties, and soil microarthropod abundances have been measured during the past 1.5 yrs.  Trees and understory plants have been identified, and their height and dbh measured.

Table 3  (  Average elevation (n = 3), annual precipitation (P), and temperature (T) within each forest type.  Precipitation and T data represent the mean value of 1963-1993 as recorded by the National Oceanographic Atmospheric Administration unless otherwise is indicated.

	Forest Type
	Elevation 

(m)
	P (mm/yr)
	T

(ºC)

	Mangrove
	0
	1565
	25.7

	Dry
	6
	1451
	26.4

	Pterocarpus
	12
	1811
	25.2

	Moist lowland
	36
	1825
	25.3

	Tabonuco†
	291
	3537
	24.5

	Colorado†
	769
	4191
	22.2

	Sierra palm†
	856
	4167
	20.7

	Elfin†
	957
	4849
	20.5


† P data from García-Martinó et al. 1996; T data for 1997 and from LUQ-LTER website.

Preliminary data on soil characteristics show that soils from the mangrove and dry forests have the highest pH values.  Pterocarpus and other lowland forests had intermediate values of soil pH.  Soils in the Luquillo Mountains (tabonuco, colorado, palm, and elfin forests were acidic (pH < 5).  Soil pH was significantly related to mean air temperature, annual precipitation, and elevation.  Soil carbon and nitrogen percentages were highest in the mangrove and Pterocarpus forests.  Soil carbon was lowest in the lowland moist forests and its percentage increased from 36 to 1000 m in elevation.  Soil C, N, and C:N were significantly related to mean air temperature, annual precipitation and elevation.

Preliminary results from the vegetation plots showed that the average number of species (dbh ( 10 cm) within the 10 x 10 plots in the different forest types varies between three in the mangrove forest to 35 in the tabonuco forest.  All forest types had high proportions of (88 to 100%) of native species.  The number of native species varied between 22 and 35 for all forests except the Pterocarpus and mangrove forests, which had less than eight.  Litterfall rates along the elevational climatic gradient follow an a negative exponential relationship; the highest litterfall rates were found in  the Pterocarpus forest at less than 25 m above sea level (Fig. 13).

These sites will be used to determine how the composition soil arthropods varies with elevation and relates to the gradients described.  We will then begin manipulations to determine the roles of soil organisms in decomposition, as a function of forest types and elevation. 


Fig. 12  ( Location of network of study sites on a climatic gradient in northeastern Puerto Rico (G. González).

 


Fig.  13  (  Aboveground litter production as a function of elevation in northeastern Puerto Rico.  Data in unfilled dots from P. Weaver and P. Murphy, F. Scatena, and Silver et al. (in prep).  Data in solid dots from González (unpublished).  

CHANGES IN MICROBES AND DECOMPOSITION WITH ELEVATION

Jean Lodge & Sharon Cantrell 

Differences in microbial communities can strongly affect the quantity, quality, and longevity of organic matter in the soil.  Microbial community structure responds to variation in substrate and climate along the elevational gradient from the dry forest on the coast to the rain forest on the peaks.  For example, bacteria may become more dominant in waterlogged organic substrates at high elevations, while low rates of litter production result in low litter standing stocks, which can disfavor basidiomycete fungi.  In turn, decomposer biota can affect ecosystem function, as the following examples show. 

Differences in litter species and quality affect microfungal species dominance. Dominant microfungi from particular leaf species degrade their source leaves faster than dominants from leaves of different plant families that also differ in quality.  For example, white-rot litter decomposer basidiomycetes decompose low quality leaf litter faster than any other group of microorganisms because they recycle nutrients from partly decomposed litter and they possess lignin degrading enzymes.  We are studying the abundance and function of white-rot basidiomycetes on the elevation gradient, in the canopy trimming experiment, and in a a nitrogen loading experiment.  

Decomposition by white-rot basidiomycete fungi results in condensation of soluble humic and fulvic acids that percolate into the soil as dissolved organic carbon, are sorbed onto clays, and become part of the heavy density soil organic matter (SOM) fraction.  Decomposition by brown-rot fungi produces a cellulose-depleted residue that enters the soil in a particulate form that probably augments the light density SOM fraction.  Accumulation of carbon in the light fraction of SOM at high elevation and the heavy fraction at low elevations (McGroddy & Silver 2000) thus may be the result of declines in white-rot litter decomposer basidiomycetes with increasing elevation in the LEF.

We also know that dead microorganisms and microbial products are major components of soil organic matter, and that the longevity of some SOM fractions is determined by the abundance of certain microorganisms.  One hypothesis is that much of the stable carbon pool is composed of glomalin, which is produced by arbuscular endomycorrhizal fungi.  Arbuscular mycorrhizal fungi and many other microorganisms  in soils cannot be cultured.  However, Dr. Sharon Cantrell and her students from the University of Turabo, Puerto Rico, are using several methods to assess changes in microbial communities along the elevation gradient and in the canopy trimming experiment.

Research at El Verde and in Panama (Polishook et al. 1996) showed that microfungal community composition and dominance differ among decomposing leaves of different tree species.  A question is whether these differences in fungal decomposer communities influence rates of decomposition and nutrient cycling (Lodge 1997).  We have now demonstrated through the use of a microcosm that a non-specific litter decomposer basidiomycete fungus decomposed litter faster than the dominant early-stage microfungi (cf., Osono & Takeda 2002).  Basidiomycete fungi can delignifying low-quality litter whereas most microfungi cannot, so these fungal groups represent important functional groups. 


Among microfungi, decomposition was faster when leaf litter was paired with fungal dominants derived from the same decomposing leaf species or family as the substratum, compared to fungal dominants derived from other plant families with contrasting litter qualities.  No differences were found between fungal dominants from leaves of the same plant species or family versus those from different families that had similar litter quality.  The data on microfungi suggest that fungal decomposer preferences for particular hosts, which contributes to species diversity, interacts with litter quality in affecting rates of decomposition.  While rates of decomposition and evolution of CO2 were highly correlated, there were significant interactions, and some fungi produced relatively more CO2.  Evidence of synergistic interactions between certain microfungi and the basidiomycete were also observed.  Data on differences in leachate quality and quantity are currently being analyzed.  

HOW PHOTOSYNTHESIS VARIES WITH ELEVATION AND SEASON

Nancy Harris


Data on carbon sequestration in tropical forests are scarce, yet they may be important for balancing the global carbon budget.  Light is the main driver of photosynthesis, and therefore its intensity affects the carbon uptake of any forested ecosystem.  Diurnal and annual changes in light intensity are driven by cloud cover and season.  Our model assumes that at the individual tree scale the amount of carbon stored is regulated by light intensity and the photosynthetic strategy of the individual tree species.  At the stand scale variation in photosynthetic performance is regulated by light intensity, tree species composition, and leaf area index (LAI).  At a landscape scale photosynthetic performance is regulated by elevational changes in light intensity, species composition, and LAI.

In our model, we simulate the ecosystem-level photosynthetic response to variation in light intensity for four abundant and ecologically significant species in the LEF.  Dacryodes excelsa and Micropholis garciniifolia are upper canopy species that occur at low and high elevations, respectively; Cecropia schreberiana is a gap-colonizing pioneer; and Prestoea acuminata is a widespread palm. The photosynthetic response of sampled trees at various elevations was integrated into the model, as were the relative abundances of these species at different elevations.  Model results indicate that net photosynthesis is higher at lower elevations at all times of the year. The model also shows an overall reduction in photosynthetic performance during the summer months, possibly due to increased cloud cover.  Higher elevations present low photosynthetic capacities, possibly due to lower LAI and increased cloud cover at the mountaintops.  Model results were partially validated by data.
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Appendices

1.   LUQUILLO LTER SITE MANAGEMENT

LUQ-LTER leadership

Project leadership in LUQ-LTER is a team effort.  We have five Signatory PIs plus two additional PIs who form a seven-member Executive Committee (EC; Table 4).  EC members include scientists with strong expertise in LUQ-LTER’s main research areas, scientists with broad expertise in tropical ecology, and scientists experienced with LUQ-LTER management.  

Table 4  –  Luquillo-LTER Leadership.

Executive Committee 

Signatory PIs

	Nicholas Brokaw, Lead PI
	Disturbance and gap dynamics, community ecology

	Ariel Lugo
	Ecosystem ecology, management

	William McDowell
	Ecosystem ecology, biogeochemistry

	Whendee Silver
	Ecosystem ecology, biogeochemistry

	Jess Zimmerman
	Population, community, ecosystem ecology


Additional PIs
	D. Jean Lodge
	Ecosystem ecology, mycology

	Robert Waide
	Population, community, ecosystem ecology


Nicholas Brokaw, Lead PI, and Professor at the University of Puerto Rico, has studied disturbance and tropical forest ecology since 1974.  He has been with LUQ-LTER since its inception.  Ariel Lugo, Director of the International Institute of Tropical Forestry in Puerto Rico, has worked in the LEF since the 1960s and has published extensively in the areas of ecosystem, disturbance, and population ecology of tropical forests (especially Caribbean) and on tropical resource management.  William McDowell, Professor at the University of New Hampshire is an ecosystem ecologist and biogeochemist.  He has studied atmospheric deposition, soil processes, and stream chemistry in Puerto Rico since 1982.  Whendee Silver, Associate Professor at the University of California-Berkeley, is a terrestrial ecosystem ecologist and biogeochemist, working in Puerto Rico since 1986.  Jess Zimmerman, Professor and Director of the Institute for Tropical Ecosystem Studies, University of Puerto Rico, has published on ecosystem ecology, disturbance, and forest ecology.  He joined LUQ-LTER in 1991 and was Lead PI during 1997-2002.  D. Jean Lodge, Botanist, U.S. Forest Service, has been with the LTER since its inception and is an expert in fungal ecology and the role of fungi in detrital dynamics.  Robert Waide, Executive Director, LTER Network Office, was the first Lead PI of LUQ-LTER and has published on population, community, and ecosystem ecology and, recently, on biodiversity and ecosystem function.  


The Lead PI makes most routine decisions for LUQ-LTER, while the Executive Committee decides on weighty issues, with input from others involved.  The EC has been assisted by an advisory committee.  Current members of the advisory committee are David Coleman (Coweeta LTER), Ernesto Medina (Venezuelan Institute for Scientific Investigation), Deborah Clark (La Selva Biological Station), and Matt Larsen (USGS).  The advisory committee attends annual meetings in January and reviews program goals and accomplishments for LUQ-LTER.


The Lead PI and two members of LUQ-LTER serve on an Information Management Committee with the Information Manager (see Appendix 2).  Research sub-groups (e.g., stream ecology) focus on their respective research areas (Fig. 14).

LUQ-LTER administration


The Lead PI administers LUQ-LTER.  Mechanics of administration are handled by office staff of the Institute for Tropical Ecosystem Studies (ITES).  ITES is a unit, equivalent to a department, such as Biology, in the Faculty of Natural Sciences of the University of Puerto Rico, Río Piedras campus.  ITES is directed by Jess Zimmerman, a member of the LUQ-LTER Executive Committee. 


Research is coordinated through El Verde Field Station (administered by ITES-UPR) and Sabana Field Station (USDA-FS) in the Luquillo Experimental Forest (Map 2).  Alonso Ramírez (UPR Assistant Professor, and an investigator in LUQ-LTER) is currently the Director of El Verde and coordinates its administration.  Grizelle González (USFS, and one of the Senior Personnel in LUQ-LTER) is Director of Sabana Field Station.

LUQ-LTER investigators, associates, annual meetings


Twenty-three people are formally included as LUQ-LTER investigators on the proposal, including PIs, Senior Personnel, and directors of particular programs (Luquillo Forest Dynamics Plot, El Verde Research Station, Information Management; see proposal for full list of people (proposal p. 10) and curriculum vitae and Fig. 14 for areas of interest).  Eleven of this group live in Puerto Rico.  The others come from mainland universities.  Continued participation by these investigators is based on contributions to LUQ-LTER and is evaluated  by the EC.  Evaluation includes: number and impact of publications, disciplinary expertise and experience, participation in program planning, participation in education and outreach, compliance with information management standards, graduate student participation, cross-site activities, and ability to attract complementary funding.  


LUQ-LTER Associate Researchers add expertise and data to the program.  Unfunded Associates are provided materials or travel funds.  Funds are awarded annually by the EC, based on the needs of LUQ-LTER.


Investigators and Associates in LUQ-LTER meet twice a year to review research progress, consider new studies, and discuss site management.  January meetings have included a public symposium on long-term ecological research where LUQ and other interested researchers and students present the results of their work.  A second day is devoted to research planning, and a third to a meeting between the EC and the advisory committee.  A second annual meeting, in June, is devoted to research reports and planning.  
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Fig.  14  (  The 23 three investigators formally included in LUQ-LTER (2002-2006), their areas of interest, and how those areas overlap with each other.   Executive Committee members in bold.

2.   LUQUILLO LTER INFORMATION MANAGEMENT  

Goals and Objectives

The goals of data and information management (IM) at the Luquillo LTER site are to ensure the security of all data sets collected at our site, to make them available to other researchers, and to comply with LTER Network IM standards to promote synthesis.      This entails documentation (metadata) and quality control to assure that both researchers on the site and the larger ecological community will be able to use the data.  Our information management (IM) system has been developed with the following components:

1. Metadata: standardized metadata of data sets to allow both current and future scientists and general public the ability to understand how data were collected;

2. Quality control: procedures to insure the validity and integrity of data and metadata;

3. Access: online access to data sets to allow scientists and general public access to readily locate and retrieve data in a usable form;

4. Security: establishment and enforcement of procedures to protect against loss or damage of data due to natural disaster, theft, etc.;

5. Development: researching and implementing new methods and technologies that enhance the IM system.

In addition, the LUQ-LTER IM system is dedicated to helping local researchers in the process of gathering data and placing them in the IM system, training users in the use of the IM system and the network, providing network and systems administration and technical support, participating in the LTER Network Information System (NIS) project, and improving intra-site and inter-site communication.  In the past year IM also started projects with a local school, in collaboration with our Remote Sensing Lab, to map and measure trees on the school grounds.  IM also started to prepare LUQ-LTER’s data bases for synthesis by standardizing common data attributes of date and location and participating in workshops of online systems that perform synthesis of data.  Another web project currently undertaken by LUQ-LTER IM is the transformation of all the site’s metadata to EML (Ecological Metadata Language) 

History


During LTER I a centralized-computer based IM system was developed and implemented and has since served as the central depository, documentation center, entry, management, and sharing facility for all the data sets generated at our site, and as a computer technology resource for the local and remote LTER scientific community. 

Since its origin, the site has had a LAN on which the Intranet is defined, with at least 20 computers and a central Novell File Server.  By 1992 this server contained all the project's major data sets, two data set catalogs, a word processor program, a spreadsheet program, a Data Base Management System (DBMS), a group calendar utility, a statistical program, and a graphic utility available to all users using Novell's security system.  As the networking technology evolved, the Intranet data was decentralized and distributed into four computer systems: two used for data entry, one file server holding completed data sets, and the Data Manager's computer which holds the catalogs and copies of the metadata and data files of all the data sets. 


In 1989, prompted by the need to organize and recover pre-LUQ-LTER data, the development of metadata standards for the site data sets and documenting all newly generated data became the most important task for IM.  By 1991 the metadata standards (http://luq.lternet.edu/datamng/imdocs/metadata-standard.htm) were developed and made available along with guidelines (http://luq.lternet.edu/datamng/imdocs/ MetadataGuidelines.htm ) for their use.  These were published in each annual report until 1997, at which point they were published on the Web site.  Since 1990 the two computer catalogs, developed using Paradox, a DBMS, has been maintained at the site as the centralized base for the general metadata and location of all the inherited data (LEFDSET1.db Catalog) and all the LTER data sets (LTERDBASE.db Catalog). 

Since 1995, the list of all the released data sets described in the LTER Catalog, linked to its metadata and data, has been maintained on the Web Site.  The number of data sets that have been made available on our Web site has steadily increased since then to a total of 87.  In addition to providing data the system was established to: 

1. Track and coordinate station usage (http://luq.lternet.edu/calendar);

2. Provide an indexed list of publications (http://luq.lternet.edu/publications);

3. Provide a personnel listing (http://luq.lternet.edu/people);

4. Provide documents that support the project and serve the IM community in general (Data request: http://luq.lternet.edu/datamng/98-99req.htm; Past proposals: http://luq.lternet.edu/publications/;  Images: e.g., the post Hurricane Georges photo page - http://luq.lternet.edu/images/luq/Georges-1998/indexfin.htm; IM development documents: http://luq.lternet.edu/datamng/reports/DMatLUQdocuments.htm).

A Data Management Policy (http://luq.lternet.edu/datamng/imdocs/dmpolicy.htm), which conforms with all aspects of the LTER Network Data Policy, was developed by the site.  Among other things, this policy states that all data must be released for public use two years after it is collected.

Current System


The LUQ-LTER Information Management System’s Internet component is maintained on a Solaris-based Sun Sparc Station that is part of the University of Puerto Rico’s Wide Area Network.  The Intranet component is shared among several PC computers that are part of a LAN located at the Río Piedras Campus of UPR.  The system provides all the basic hardware, software, and information (http://luq.lternet.edu/datamng/LTERSurveys/2LTERSitesContents-NTL.htm#LUQ) components of a common framework for the management of information (CIMF: see http://luq.lternet.edu/publications/reports/informationmanagement/LTERSurveys/ANDLUQcommonframe-version2.htm) and is permanently under a development process to provide more advanced features to the public, where the Web site is being used as the common platform of the framework.  The Web site displays a list of data sets  in different ways http://luq.lternet.edu/data/.  It is structured under the umbrella of our database catalog list displayed by different grouping lists such as the LTER Core Area, Data Categories, LEF Projects, and by Investigators Lists.  A local Data Table of Contents (LUQ LTER DTOC: http://luq.lternet.edu/datamng/nis/luqdtoc.htm ) displays the list of all the data sets that are currently available on-line in compliance with the LTER Network Information System Data Table of Contents (http://www.lternet.edu/DTOC/dtoc_form.html). Our contribution to the Network’s databases such as ClimDB (http://luq.lternet.edu/datamng/nis/luqclimdb.txt) are published and updated regularly on the web site. An Information Management Web Page has recently been added to guide the local scientist and public in general throughout the different features and services provided by our IM team.

In addition to data-specific tasks, the IM provides computational infrastructure for resident and visiting researchers.  To determine these needs, researchers were surveyed and needed software acquired through UPR's site license system (http://luq.lternet.edu/publications/reports/informationmanagement/LTERSurveys/LUQInvestigatorsSoftware-ALLITEMSumm.htm).  This setting has the flexibility of allowing each investigator to use the software of their preference in an inexpensive manner.  This scenario follows the spirit among the Network's LTER Sites which display a wide diversity of software and hardware used among the sites (LTER Network IM software survey among all LTER sites at  http://lternet.edu/documents/data-informationmanagement/DIMES/html/frame.htm ).

 
The investigator meets with the site Data Manager at the beginning of a project to discuss the best data set design and computer software for use to enter and manipulate the data.  In those cases where IM will be responsible for the entry of the data (http://luq.lternet.edu/datamng/Reports/PROPOSAL2002-ONdm/Table5-1.htm), this meeting must be held at that time.  At this same meeting, the metadata forms for the each of the data sets that will be generated by the project are completed by the investigator or preferably by both, the investigator and the information manager.  Metadata for all data sets are delivered to the site information manager at the beginning of the project. No data set will be catalogued unless filed along with its metadata.  Fig. 15 depicts the process of filing data with LUQ-LTER information:


Fig. 15  (  The process of filing data with LUQ-LTER information management.  
In addition to working individually with researchers to design data entry and management methods for their projects, the Information Manager regularly attends research symposia and planning meetings held by PIs and Senior Personnel.  She is directly supervised by the Lead-PI who, in concert with an Information  Management Committee assist her in developing the IM system by providing guidance and scientific input.


Data sets are normally made available to other researchers within the two year period suggested by the National Science Foundation.  Information Management is providing the following services to encourage and facilitate the input of data into the system: data entry, data entry sheet generation, QC procedures, official listing of the data sets only when they are handed in and documented with LUQ-LTER’s metadata standards, data  manipulation to prepare the data for analysis, simple analysis and visualization of data.   The Executive Committee (EC), working with the Information Manager via the Information Management Committee are committed to routinely examining ongoing data sets and recent publications to make sure the data sets are up-to-date.  Cooperation with the IM system is one criterion the EC uses to judge the value of the participation of researchers.  Many data sets, which are routinely updated and published on the web, are managed directly by IM staff.  Few data sets have limited access.  

Future Developments
Plans for the development of the LUQ-LTER information management system include:

1. Real-time data publication using the Web.

2. Linking servers at ITES and El Verde Field Station to automate transfer of data from data loggers.

3. Completing a database containing a list of all our research sites with the global positioning system and elevation; this information will become part of the metadata for each data base.
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4.  ACRONYMS

Acronyms used in the text, except for in Table 1, where many are defined or refer to collaborating LTER sites.

CET

Center for Educational Technology

CTE  

Canopy trimming experiment

CTFS

Center for Tropical Forest Science

DBMS 
Data Base Management System

DNRA  
Dissimilatory NO3 reduction to NH4

EC

Exective Committee (Luquillo LTER)

EML 

Ecological Metadata Language

EV 

El Verde

FAME

Fatty acid methyl ester

FS  

Forest Service

IITF 

International Institute of Tropical Forestry

IM  

Information management

ITES  

Institute for Tropical Ecosystem Studies

LAN 

Local area network

LEF  

Luquillo Experimental Forest

LFDP  

Luquillo Forest Dynamics Plot

LIDET 
The Long-Term Intersite Decomposition Team

LINX 

Lotic Intersite Nitrogen Experiment

LTER  

Long-term Ecological Research 

LUQ

Luquillo

MRCE

Minority Research Centers of Excellence

NADP 

National Atmospheric Deposition Program

NIS 

Network Information System

NSF

National Science Foundation

PI

Principal investigator

PLFA 

Phospholipid fatty acid

REU

Research Experience for Undergraduates

SOM 

Soil organic matter

SORTIE
A forest dynamics model (not an acronym)

UPR

University of Puerto Rico

USDA

United States Department of Agriculture

USGS

United States Geological Survey
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Fig. 8  ( Mean annual litterfall (a) and decomposition (b) along the upper elevation gradient of the LEF.  





Fig. 9  (  Soil CH4 fluxes following the addition as difloromethane as an inhibitor of methane oxidation.  At 10 and 21 % O2 concentrations, CH4 oxidation exceeded production in the absence of the inhibitor.  With the inhibitor present, rates were surprisingly high, possibly reflecting the importance of anaerobic microsites, as well as potential O2 tolerance of methanogens.  





Fig. 10  (  The nitrogen cycling highlighting nitrogen retention and loss pathways.  





Fig. 11  (  Rates of nitrogen reduction in soils of humid tropical forests, part of the Luquillo Experimental Forest, Puerto Rico.  Rates of nitrogen reduction via DNRA exceeded rates of denitrification (Silver et al. 2001). 
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