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Introduction

Tree islands are a prominent feature in the Ridge and Slough landscape of the Everglades, where they have undergone extensive damage from drought, fire and extreme flooding. Changes in water management associated with hydrologic restoration will result in changes in the internal water economy of tree islands, as well as their risk of fire, which in turn will lead to changes in plant function and species composition.  It is therefore important to understand how restoration translates into impacts in these unique ecosystems. 

Previous research in tree islands in Everglades Park (Armentano et al. 2002; Ross et al. 2001, 2002; Ross et al. in prep) have focused on the distribution of tree island types and species, especially in relation to flooding and nutrient availability.  More recently, Struhar (2004) studied nutrient release from tree island soils, and Jones et al. (in review) described the response of the major tree island species to experimental flooding treatments (see also Gunderson et al. 1988).  Sklar et al (2003) described the structure of a group of tree islands in the Water Conservation Areas, which have been subject to a long history of over-drainage, fire and/or flooding, and addressed the physiologic and hydrologic processes that were affecting them.  Heisler et al (2002) determined species richness at high elevations in tree islands in Conservation Area 3, and used these data to develop an index that relates modeled water levels to species richness as a surrogate for tree island restoration goals.  

Objectives, Approach, and Hypotheses

Although much more information is needed about all elements of South Florida tree islands, several needs are especially critical: (1) to detail the current distribution and condition of tree islands with significant areas of tropical hardwood-dominated forest in Shark Slough, (2) to analyze historical changes in the shape and size of these and associated islands, (3) to explore relationships among the hydrologic regimes of adjacent marshes, soil moisture in the hardwood forests, and stress and population dynamics in resident trees and associated plant species, and (4) to develop a system-wide understanding of Ridge and Slough tree island distribution and function that incorporates islands from inside and outside Everglades National Park.

We propose here to combine a historical approach with a study of current forest dynamics in response to hydrologic variation.  In the historic analysis, we will use aerial photo-interpretation to document changes in the extent, size, and shape of tree islands in different sub-regions of Everglades National Park since 1940.  This type of analysis has been performed for tree islands in the northern Everglades (Patterson and Finck 1999; Hoffmockel 1999; Brandt et al. 2000), but comparable information for Everglades National Park is not currently available.  In the study of current forest dynamics, we will focus on forest recruitment and moisture stress responses associated with temporal variation in hydrologic condition in the most elevated portions of Everglades tree islands, i.e., in physiographic positions usually dominated by tropical hardwoods.  These hardwood hammock communities appear to be the most vulnerable to flooding effects as well as to fire brought on by dry conditions.  Quantification of tree and seedling response to prevailing hydrology in the surrounding marshes will aid in refining hydrologic performance measures used to plan for and eventually assess restoration success. Tree islands from three distinct regions/marsh types will be studied:  (a) tree islands in central and southern Shark Slough, ENP, surrounded by a long-hydroperiod marsh matrix but with water not impounded downstream; (b) similar tree islands in the “addition” lands in Northeast Shark Slough, where water management and utilization patterns have differed substantially; and (c) islands in WCA-3 and central portions of WCA-3, the former subjected to prolonged high water due to water management and impoundment at Tamiami Trail, and the latter exposed to less impounded flow and stage regimes. 

We hypothesize the following with respect to the first three objectives listed above:

(1) The composition of Shark Slough hardwood hammocks will vary monotonically from south to north, with species diversity narrowing to a few species capable of withstanding higher water levels (and possibly colder temperatures).  Tree species diversity will also decline laterally with distance from areas that historically supported continuous upland forest, and which served as a source of recruitment. Island biogeography theory (MacArthur and Wilson 1967) suggests that diversity will increase with hammock size, even when calculated on a per-unit-area basis.  Finally, the abundance of exotic species will decline with distance from concentrated seed sources.

(2) Changes in tree island area in Shark Slough will be explicable by their hydrologic history over the last 40 years, i.e., since the completion of the South Dade Conveyance system, with tree islands in WCA-3B decreasing in area due to excessive flooding and tree islands in ENP increasing in area due to drier conditions.  Tree islands in WCA-3B and NESS will show less directionality and elongation now than in 1940 due to a putative reduction in surface water flow, while tree islands in SSS and central WCA-3A will show little change over the period. 

(3) Sites currently supporting tropical hardwood species have little or no history of flooding for periods of 60 days or more per year.  During an average wet season, variation in surface soil moisture in the hammock will be driven by changes in water level in the marsh, but during the dry season marsh water level and hammock soil moisture will be unrelated. Recruitment, survival, and tree growth will be highly seasonal and strongly correlated with interannual variation in soil moisture.  Within the range of islands studied, tropical hardwood tree growth will be maximum and physiological stress minimum in islands subject to intermediate soil moisture regimes, with performance declining in islands subject to more hydric or xeric edaphic conditions, as indicated by water levels in the adjacent marsh. 
Testing the hypotheses listed above will advance the understanding of Everglades tree island structure and function, making it possible to develop improved system-wide performance measures for these communities. 

Methods

Objective 1: Designate and describe hardwood hammocks in Ridge and Slough tree islands.  Detailing the distribution, composition, and condition of significant areas of hardwood hammock will be a three-step process.  First, we will work with current aerial photos to designate a complete set of candidate tree islands for the Shark Slough portions of Everglades National Park, southern and central WCA-3A, and the entirety of WCA-3B. Hardwood hammocks appear a brighter red color than bayhead forests on standard color-infrared photography, but the ability to distinguish these forest types is highly dependent on the quality of the imagery and requires field-checking.  We will therefore hover by helicopter over each candidate island and determine the presence and extent of tropical hardwoods visually. We will also photograph the islands from the air at mid-day, using an FLIR Systems (Boston, MA) S60 infrared camera.  This system allows very precise estimation of surface temperature via measurement of emitted infrared radiation, though the accuracy of estimates are dependent on field calibration of typical emissivities of the objects being measured, and on characteristics of the atmosphere surrounding them.  Constants for air temperature and humidity at canopy level will be determined from several direct observations during the day of the overflight.  Since canopy temperatures are controlled in part by stomatal function, we hypothesize that the infrared radiation data will allow us to distinguish upland from wetland forests, and to assess fine differences in drought- or flood-related moisture stress within either cover type.  Once the complete set of hardwood hammocks has been determined for both Shark Slough and the relavant portions of WCA-3, a team will visit each island by airboat to characterize the composition and structure of the forest. Sampling of canopy vegetation composition will be accomplished within strip transects, while understory vegetation will be sampled in smaller plots nested within the transects.  Species present in the tree island but not present in the plots or transects will be noted, and the abundance of exotic species will be quantified. We will also take special note of any evidence of recent natural or human disturbance that may have affected the island’s vegetation.  The contrast between canopy leaf temperatures in the hammock and in the surrounding bayhead forest will be examined again, this time from ground-based estimates obtained using an infrared thermometer, which works on the same principles as the infrared camera.  A primary intention of the work on canopy temperatures described here and in Objective 3 is to assess the potential for development of a remote-sensing tool that can be useful both in inventory and in assessment of tree stress. 
Objective 2: Analyze historical changes in tree islands. Change in the shape and size of the islands identified in the survey described above, along with an equivalent sample of nearby islands lacking a hardwood hammock component, will be assessed by comparing 1940 with recent (1994, 1999, or a more recent set if one becomes available) photographs.  The 1940 photo set is the oldest commonly available series of appropriate scale that includes the entire study area. Rather than focusing on changes in the total area of tree islands between 1940 and the present, our analysis will use individual tree islands as the experimental unit, and focus on how shape and size of islands changed in different management units (Central and Southern Shark Slough, Northeast Shark Slough, WCA-3B, central WCA-3A).  Parameters estimated will include longest vector length, elongation ratio (Schumm 1956), orientation, and total area. For a subset of tree islands that show significant change over the entire time period between 1940 and the present, we will examine available interim aerial photos that bracket period of prolonged and/or intense dry (1989-1991) or wet (1994-1996) conditions.  In order to relate landform change to hydrologic drivers, islands selected for analysis will, to the extent possible, be close to water recorders with relatively complete, longterm stage data. 
Objective 3:  Relate marsh water level with hardwood hammock moisture relations, stress, and population development.  In order to use our resources most effectively, our inquiries into the effects of marsh water level on hardwood hammock community function will be incorporated into a hierarchical sampling design.  The hierarchy will include a total of 24 hardwood hammocks sampled at three levels of detail, with increasingly detailed information collected from a decreasing number of sites.  The 24 sites will be selected from the hardwood hammocks identified in Objective 1, and will include islands in SSS, NESS, and WCA-3B. A common denominator in the work proposed for all islands is topographic surveying from a benchmark established in the marsh to multiple locations in the tree island. Based on these elevations, it will be possible to estimate mean annual water level from stage records at a nearby water level recorder; 
Low detail sites.  Twelve sites will receive the minimal sampling detail.  Most of the sampling protocols will be the same as in the more intensively sampled sites, but “low detail” sites will be visited and sampled only once during the study, in November-December of Year 2 or 3.  During this visit we will complete the following:

(1) establish a semi-permanent benchmark in the marsh, using a differential GPS receiver, then complete a topographic survey from the benchmark to a representative set of points in the center of the hammock;  

(2) establish and permanently mark the corners of a plot of 100 m2 area; 

(3) characterize vegetation composition and structure within 5 x 5 m cells, using a nested plot design to sample trees, saplings, seedlings, and herbaceous plants; within-cell sampling will be similar to intermediate and high detail sites (see below), but without tagging of individuals;

(4)  measure soil moisture (0-30 cm depth) at multiple locations in hammock by handheld soil moisture reader (O’Brien and Oberbauer 2001).  Our intentions for this one-time sample are to enhance the spatial extent of the database relating water level in the marsh to soil moisture in the hammock, and to better understand within-island moisture variability; 

(5) assess (13C of leaf tissue of a representative set of canopy trees.  (13C provides a measure of leaf water use efficiency and therefore indicates water stress during leaf carbon fixation (Dawson et al. 2002.).  Using a pole-mounted pruning device, we will sample the most distal, fully-formed, mature leaves, so (13C should integrate conditions of the previous ca 3 months. Sampling will be restricted to canopy leaves to eliminate confounding effects of recycling of respiratory carbon (Sternberg et al. 1989) and light differences (Dawson et al 2002).  We will concentrate on a few species that are common to most of the study islands, in order to assess the relationship of water levels in the marsh, soil moisture, and this integrative measure of moisture stress. 

Intermediate detail sites.  Nine sites will receive intermediate sampling intensity.  These plots will be resampled annually in November-December.  The activities listed below will be completed or checked each year: 

(1) complete a topographic survey as described for “low detail” plots, establishing elevations of the corners and centers of the plots described below; 

(2) establish permanently marked plots of 100-400 m2 area, gridded into 5 x 5 m cells; 

(3) identify, measure (height and DBH), permanently tag, and map all trees > 5 cm DBH; 

(4) determine sapling densities by species in 5 x 5 m cells, measuring and tagging a representative subset (~10%) in each cell for assessment of annual growth and mortality upon annual resampling;

(5) determine tree seedling densities by species in a 1 m2 sub-plot at the center of each 5 x 5 m cell, measuring and tagging a representative subset of seedlings for assessment of growth and mortality upon annual resampling;

(6) determine vegetative cover of all species in the herb layer (<1 m) within the 1 m2 sub-plot in each of the 5 x 5 m cells.  We will explore several means of assessing compositional responses to annual hydrologic variation.  One possibility is to track the increase or decrease in the relative abundance of taxa associated with different Wetland Indicator Species categories (obligate/facultative wetland/upland species, etc). A second possibility is to use weighted averaging regression and calibration or other direct multivariate ordination techniques to express the moisture affinity of the hammock understory community.  We have used such an approach to infer hydroperiod from vegetation composition in the marl prairies, and thereby to quantify and document flooding-related changes over time at the community level (Ross et al. 2003);
(7) shoot hemispherical photos at each cell center, and analyze photos to determine the relative availability of light within and among stands, using Gap Light Analyzer (GLA) (Frazer et al. 1999);

(7) establish band dendrometers  (Hall 1944, Liming 1957, Walker and Whiteaker 1988) for measurement of radial growth on a representative subset of trees >10 cm DBH in each stand. Tree diameter increment represents a major component of ecosystem carbon storage, but also can be a very sensitive integrative measure of environmental conditions during the growth period, particularly as an index of water/temperature stress and seasonality.  Because settling times on these bands are 3-6 months in these habitats (Ross et al. unpublished), we will need to reread the bands 6 months after establishment.  Our goal here will be to assess among-stand differences in wood production associated with different marsh water conditions, and hence hammock soil moisture regimes.  In doing so, we will need to account for differences in initial stocking level (Daniel et al. 1979).
(8) measure soil moisture, as described for “low detail” plots;

(9) assess (13C of leaves, as described for “low detail plots;

High detail sites.  Three sites will receive the highest sampling intensity.  Plot layout and monitoring protocols for these sites will be set up exactly as for the intermediate detail plots, except that they will be equipped for continuous monitoring of soil moisture and leaf temperature.  Soil moisture levels will be monitored continuously in the three high detail plots using Campbell CS616 water content reflectometer sensors logged with a Campbell CR10X micrologger/multiplexer system.  These sensors provide a very sensitive measure of volumetric moisture content in the vicinity of the sensor waveguides.  Sensors will be implanted at different depths to partition moisture levels to different soil layers.  To obtain optimum accuracy, soil temperature will also be logged adjacent to sensors to correct for the slight temperature sensitivity of these sensors.  We will calibrate the sensors to soil water content following Veldkamp and O’Brien (2001). Canopy leaf temperatures (and associated air temperatures) will be monitored with an infrared temperature sensor (Omega Instruments, Inc) mounted above the canopy on a height pole, and recorded using the same datalogger used to monitor soil moisture.  Leaf temperature is a primary driver of tree transpiration, and as such can provide a non-destructive integrative measure of transpiration rate.  Under conditions of stomatal closure induced by water stress or physiological drought caused by flooding (Koslowski et al., 1991), leaf temperatures will be elevated relative to ambient air temperatures compared to non-stress conditions. 

In addition to the continuous monitoring of soil moisture and leaf temperature, the high detail plots will differ from the intermediate detail plots in the frequency of other monitoring activities.  Instead of being revisited annually, these three plots will be visited at 2-month intervals (1 plot) or every 4 months (2 plots).  Because of access issues and the cost of the monitoring equipment, we anticipate that at least two of these plots will be located in SSS in ENP.  

Objective 4: Develop a system-wide view of tree islands that extends beyond the bounds of ENP.  With the exception of paleoecological treatments of individual islands (e.g., Kremer & Spackman 1981) and extensive surveys of plant species composition (e.g., Craighead 1984; Olmsted et al. 1980), Everglades tree islands received relatively little concentrated research attention prior to the last decade.  One consequence of this research gap is that no consensus view of tree island functional ecology has yet emerged, and efforts to incorporate tree islands into restoration planning have been hampered.  We will endeavor to begin building such a consensus by integrating our results with those of other ongoing tree island research programs, and by working across administrative boundaries in the central and southern Everglades.  We have already begun to pursue active collaboration with South Florida Water Management District researchers working in WCA-3, and with a University of Miami research group working under NSF funding in ENP (DUNS #1552764007: Biocomplexity of hydrologically-controlled vegetation dynamics: quantitative comparative analysis of Everglades and Cerrado ecosystems…).  To the extent possible, we will co-locate research plots, standardize data collection protocols, share results on a regular basis, and explore synergies that could emerge from our different research concentrations.  With respect to co-location of sites, we plan at minimum to incorporate sites in both WCA-3B and central WCA-3A in our low- and intermediate-detail plot network, and to facilitate use of our tree island plots by SFWMD, U of M, and other interested researchers. 

Schedule of Tasks

The schedule of research activities is provided in the following Table.  Monthly details of scheduling are based on an October, 2004 project initiation, i.e., Month 1 of each year is October. Within-year details will vary slightly under a later start date.  O1-O4 refer to the four objectives described above.

	Year
	Task
	Month

	
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	1
	Site reconnaissance, permitting 
	x
	x
	
	
	
	
	
	
	
	
	
	

	
	O1: Regional hammock characterization
	X
	x
	X
	
	
	
	
	
	
	
	X
	x

	
	O2: Tree island change analysis  
	
	
	
	x
	x
	x
	x
	x
	X
	X
	
	

	
	O3: Establish hi-detail plots
	
	x
	X
	X
	
	
	
	
	
	
	
	

	
	O3: Monitor hi-detail plots1
	
	
	
	
	x
	
	x
	
	x
	
	X
	

	
	O3: Establish mid-detail plots
	
	
	
	
	
	
	
	
	
	
	X
	X

	
	Annual Report
	
	
	
	
	
	
	
	
	
	
	
	X

	2
	O1: Regional hammock characterization
	X
	x
	
	
	
	
	
	
	
	
	
	

	
	O3: Establish med-detail plots  
	x
	x
	X
	x
	X
	X
	X
	
	
	
	
	

	
	O3: Monitor mid-detail plots
	
	
	
	
	x
	
	
	
	x
	
	
	

	
	O3: Monitor hi-detail plots2
	x
	
	x
	
	x
	
	x
	
	x
	
	X
	

	
	Annual report
	
	
	
	
	
	
	
	
	
	
	
	x

	3
	O3: Establish lo-detail plots
	x
	x
	X
	x
	x
	x
	x
	x
	x
	x
	x
	x

	
	O3: Monitor mid-detail plots
	x
	
	
	
	x
	
	
	
	x
	
	
	

	
	O3: Monitor hi-detail plots2
	x
	
	x
	
	x
	
	x
	
	x
	
	X
	

	4
	O3: Establish lo-detail plots
	X
	X
	X
	
	
	
	
	
	
	
	
	

	
	O3: Monitor mid-detail plots
	x
	
	
	
	x
	
	
	
	x
	
	
	

	
	O3: Monitor hi-detail plots2
	x
	
	x
	
	x
	
	x
	
	x
	
	
	

	
	Complete Final Report
	
	
	
	
	
	
	X
	X
	X
	X
	X
	X


1 All three plots visited in Months 5 and 9; only 1 plot visited in Months 7 and 11.

2 All three plots visited in Months 1, 5, and 9; only 1 plot visited in Months 3, 7, and 11.

Project Deliverables

1. Bi-Annual Report (By March 31 of each year, or annually beginning 6 months after contract initiation) – The bi-annual report will include: 1) a progress summary; 2) update of problems; 3) publications; 4) names of collaborators; 5) future research summary, and; 6) data as appendices.

2. Annual Report (By Sept 30 of first two years of project, or annually beginning 6 months after contract initiation) – The annual report will include:  1) all items included in the bi-annual report; 2) preliminary research results, and; 3) future years’ research summary.

3. Final Report (due 48 months after project initiation) – The final report will include:  1) research abstract; 2) research introduction; 3) research methods and summarization; 4) collaborator names; 5) signatures of all Principal Investigators, and; 6) data as appendices.
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