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Abstract: This proposal refers to a short field study on Haleakala, Maui, Hawaii, which is part of a 4-year PhD research on tropical alpine treeline patterns and dynamics. 

Overview: 
Overview of PhD project as a whole:
Ecotones are transition areas between adjacent but different environments. The transition between upper montane forest and low stature alpine vegetation is the so-called alpine treeline ecotone (treeline for short). The spatial pattern of the treeline vegetation can be an abrupt boundary, a gradual transition, or a mosaic of patches (Wardle 1965, Miehe and Miehe 1994, Malanson 1997, Körner 1999). As temperature is an important determinant of treeline position, forest cover is expected to shift upwards when temperatures increase. Because of this expectation, the alpine treeline ecotone has been proposed as an interesting indicator for climate change, with the additional advantage that it has a worldwide distribution (Griggs 1937, Kupfer and Cairns 1996, Kimball and Weihrauch 2000). However, the nature of the boundary can cause a reaction to environmental change to be lagged or otherwise non-linear, diminishing strongly its value as a short-term indicator.

A mechanism that has been proposed as a determinant of treeline abruptness and of patchiness is the positive feedback switch(Armand 1992, Wilson and Agnew 1992). Where a switch operates, forest and alpine vegetation are maintained because one or both influence their environment in such a way that they favour themselves relative to the other. Such positive feedback can result in abrupt boundaries and stable vegetation patches, as well as a strongly lagged reaction to changes in climate and a high irreversibility of changes from forest to alpine vegetation and vice-versa. Positive feedback switches may provide a general principle that can explain differences in the spatial vegetation pattern and the rate of change at the treeline. 

Human land use is common in most treeline environments, in particular livestock grazing in the alpine vegetation, in the tropics often combined with burning practises (Miehe and Miehe 1994, Hofstede 1995). This can have a strong effect on the position and structure of the treeline and on the potential of the vegetation to react to changes in climate.

Some spatial models, at various scales, have been developed to simulate treeline dynamics (Noble 1993, Malanson 1997, Rupp et al. 2001, Alftine and Malanson 2004). Feedback is sometimes included and found to enhance the match of simulated and observed patterns (Malanson 1997, Alftine and Malanson 2004). However, to date no effective mechanistic model is available to test specific hypotheses on pattern formation at the alpine treeline. 

This project aims at understanding which processes cause the differences in spatio-temporal vegetation patterns, and at describing the relationship between spatial and temporal patterns in tropical alpine treeline ecotones. We use an integrated approach including a description and correlation of patterns, the modelling of processes and reproduction of pattern formation, and experiments to verify the causality of the relationships. We will address both natural and human-induced processes and patterns. The results will contribute to the understanding of ecological boundaries in general, to the prediction of the reaction of the treeline to climate change, and to design sustainable landuse practices. No commercial use of the results is anticipated.

Overview of the fieldwork at Haleakala:

Treelines on tropical oceanic islands have several interesting characteristics that set them apart from continental tropical treelines (Leuschner 1996). We want to include an Hawaiian treeline in our research for several reasons, as explained below. Of the few Hawaiian volcanoes that are high and old enough to have developed a treeline, Haleakala has the best preserved cloud forests (Loope and Giambelluca 1998), and therefore provides the best site for studying natural treeline patterns.  
On the continent we have observed many vegetation patterns that indicate an important role of moisture, more than temperature, at the treeline. In Hawaii this is an accepted feature, because the treeline is mostly related to the average cloud level (Leuschner and Schulte 1991, Loope and Giambelluca 1998). A coincidence in treeline patterns would be an interesting indication that indeed moisture is a very important controlling factor in many areas.
Compared to the neotropical cloud forests, the Hawaiian montane forests are poor in tree species, with treelines dominated by only one species (Metrosideros polymorpha (Myrtaceae)). This is also the case for our north-Argentinean study sites, which is dominated by Alnus acuminata (Betulaceae). We are interested to see any consistent differences between these relatively poor forest borders and the highly biodiverse neotropical cloud forests, both in structure and regeneration patterns.

According to some experts, the hawaiian treelines are not ‘real’ treelines, because exotic tree species are able to grow well above the native treeline (C. Körner, pers.comm.). However, we expect that in patterns and behaviour the Hawaiian treelines are equivalent to ‘real’ treelines in areas with hardier native species. What are the main differences and similarities between the Hawaiian and the Andean treelines is the main reasearch question for this fieldwork.
Lastly, a long-term monitoring program of the vegetation around the treeline has been set up on Haleakala, including climatic measurments (Loope and Giambelluca 1998). The information obtained in this project could be a perfect long-term validation of the models developed in our study - taking into account, of course, the particular climatic changes that are expected in Hawaii (Loope and Giambelluca 1998). The fieldwork will provide us with the nessesary baseline data for including the Haleakala treeline as a scenario-case in the model.
Research objectives:

General objectives defined for the research project.
1. To determine which processes can explain treeline spatio-temporal patterns, in particular testing the hypothesis that differences in treeline spatio-temporal patterns are manifestations of different strengths of positive feedback processes.

2. To describe the relationship between spatial characteristics of the vegetation at the alpine treeline and its reaction to climatic change.

3. To investigate the role of human land use in determining the treeline vegetation’s spatial patterns and sensitivity to change.

4. To investigate whether changes in the spatial patterns at the alpine treeline can be used as indicator for climate change.

5. To develop a methodology for detecting, describing and analysing the spatial patterns occurring at the alpine treeline, using remote sensing images, field methods and GIS and geo-statistical techniques.

6. To develop a model of vegetation development that can give insight into the role of various ecological processes in spatio-temporal pattern formation in the vegetation at alpine treelines.

Objective of the fieldwork on Haleakala:

1.
To collect data about the structure and environment of a oceanic island treeline, for comparison with the data collected at South American treelines.

Methodology:
In this section I will restrict the description to the field methodology that will be applied in the Haleakala study site. This methodology is identical to the methodology we used in seven South American study sites, which allow for easy comparison between areas.
Study area: The proposed study area is located in the eastern part of Haleakala National Park, on the north-eastern slopes of the Haleakala volcano. It will be located in the transition zone between forest and alpine scrub.
Procedures: The structure of the transition between low alpine vegetation and forest is described in transects perpendicular to the treeline. Point measurements are made every two metres, transects are ca 60 m long, depending on the width of the ecotone. The data recorded are: plant species occupying 25 cm slices in an imaginary vertical column (5 cm (), soil color, soil cover, soil temperature at 12 and at 28 cm, slope, altitude relative to first point of the transect, and the number and size of tree seedlings in a 1 m² plot around the point.
Data loggers with temperature sensors will be installed in the forest and in the alpine vegetation on the first day of the fieldwork, and will be taken down on the last day. Two sets of 4 sensors are installed both in the forest and outside the forest, with sensors at -3, 15, 35 and 150 cm above the soil surface.
Collections: No specimens or material will be collected.

Analysis: The data will be used as a validation set for the developed model. The observed transition pattern will be compared to the pattern generated by the model, given the input parameters valid for the Haleakala situation. A more qualitative comparison with the other datasets will also be made.
Schedule: The PhD project has started in May 2002, and is scheduled to be finished in may 2006. The feildwork in Halekala National Park is scheduled in August 2004, and will take around 7 days. Approximate dates are from the 7th to the 14th of August.
Budget: The fieldwork is supported by a travel grant from the Netherlands Organization for Scientific Research (NWO), which covers all expenses.
Products

The data collected during this fieldwork will be integrated in the PhD thesis of Maaike Bader, as well as several publications in peer-reviewed scientific journals.
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Qualifications
Principal investigator: Maaike Bader, MSc

Education: 

BSc & MSc in Biology, cum laude, Wageningen University




MSc in Geo-Information Science, cum laude, Wageningen University

Research experience:

2002-present
PhD project: “Spatial ecology of tropical alpine treeline ecotones.” Fieldwork using the method proposed here, in 7 sites in South America.
2001
Thesis ecological silviculture: "El Río Encantado: El papel de la vegetación riparia en la vida campesina en el valle de Cuzalapa, Jalisco, México." Ethno-ecological study about the use, management and peoples’ perceptions of riparian vegetation in an indigenous community. Nine months, including fieldwork, at the Instituto Manantlán de Ecología y Conservación de la Biodiversidad, Universidad de Guadalajara, Mexico.
2000
Thesis remote sensing: "Productivity - biodiversity patterns: a study using multi-temporal NDVI images for central Australia." Exploration of the possibilities of using remotely sensed images for estimating biodiversity at different spatial scales. Four months, including fieldwork, at the CSIRO Centre for Arid Zone Research, Alice Springs, Australia.

1999
Thesis geographical information systems: "A case study of the application of GIS in epiphyte ecology.” A combination with the study mentioned below. An exploration of a new technique in epiphyte ecology, facilitating spatial analysis and graphical presentation. Publication: Bader M., H.J.F. VanDunné & H.J. Stuiver 2000. Epiphyte distribution in a secondary cloud forest vegetation; a case study of the application of GIS in epiphyte ecology. Ecotropica 6: 181-195.
1998
Thesis tropical nature conservation: "A study on the distribution of vascular epiphytes in a secondary cloud forest, Central Cordillera, Colombia." Four months fieldwork in Colombia, elaboration in Wageningen. A study with the emphasis on developing new methods for fieldwork and analysis. Wageningen University and University of Amsterdam.

1998
Practical period: “The ecology of ant-gardens in the Colombian Amazon.” Short fieldwork period in Colombia, in collaboration with a Colombian student.

Special concerns:
No damage to the environment is expected from the proposed fieldwork, exept minor trampling by the researchers while moving through the vegetation. 
Access to the study sites will be on foot, using established trails as much as possible. However, transects need to be located away from trails and human disturbance, so that some cross-country walking will be necessary. Back-country camping may be necessary if nearby cabins are unavailable (2 persons).
No specimens or material will be collected. 

No chemicals, mechanized equipment or markers will be used, no material will be left in the field after the week’s fieldwork is finished. The only equipments used are a measuring tape, clinometer, compass, soil thermometers (metal probes), and dataloggers measuring temperature during the fieldwork. 
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