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Ecological Studies of Willow (Salix caroliniana): The UCF Research Plan
BACKGROUND  

The headwater region of the Upper St. Johns River in east-central Florida contains a vast expanse of wetlands dominated by willow marshes, wet prairies, sloughs, shrub swamps, and forested wetlands.  Over the past 40 years, there has been significant encroachment of woody shrubs, primarily Carolina willow (Salix caroliniana Michx.), into areas that were historically were herbaceous marsh.  Woody shrub encroachment has been attributed to hydroperiod reductions, reduced fire frequency, and disturbance caused by major construction activities.  However, research aimed at understanding the ecology of willow invasion has been lacking.  
The St. Johns River Water Management District (District) is investigating methods of restoring herbaceous wetlands through mechanical and chemical means.  Once restoration is achieved, the District will need to manage herbaceous marshes so that reversion to shrub wetland is minimized. To accomplish this task, the District requires an understanding of the factors that facilitate willow invasion and loss of herbaceous wetlands.   The objectives of this project are: 
1) To determine how environmental factors such as soil type (peat, sand, clay), hydrology (saturated, flooded, dry), and nutrients (phosphorus, nitrogen, micronutrients) affect willow seed germination, growth, and survival.
2) To determine how fire, hydrology, and interspecific competition affect the distribution of willow in marsh habitats.

The University of Central Florida (UCF) envisions the current invasion by willow as a multi-phase (Introduction → Colonization → Naturalization) and multi-scale process (individual, population, and region) that will be addressed in parts and integrated into a predictive, demographic model (Fig. 1) that can inform management decisions.  The UCF team will combine greenhouse, field and natural experiments with short and long-term field observations, dendrochronology, and modeling to evaluate the invasive potential and population trends of willow within the regional landscape.  The UCF team proposes to parameterize the model with probabilistic estimates of vital rates that estimate the relative performance of willow in contrasting environments to evaluate its relative success across regional ecosystems and map expected invasion fronts using GIS.  The goal is to identify areas susceptible to colonization and expansion of willow, identify practical management techniques, and prioritize management on areas critical for halting and eventually reversing the current invasion of herbaceous wetlands.

The experiments will characterize germination in soils with contrasting texture and moisture and demonstrate causal relationships.  The UCF team will describe seedling and adult survival, growth, and mortality in different habitats and estimate seed production and dispersal.  The UCF team will compare growth rates of willows in the natural setting to those observed in greenhouse trials and identify reliable measures of willow growth to determine differences in age structure and growth rates among different willow populations.  Models (Fig. 1) will integrate these data to evaluate the potential population dynamics of willow in different habitats within the St Johns River drainage, including responses to fire.  Model predictions can then be used to map risks of willow invasion, colonization, and naturalization, and to identify critical areas for management action.    
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Fig. 1. Basic demographic model of willow (Salix caroliniana) invasion in the STRWMD.
Variation in disturbance regimes and habitat quality affect survivorship, growth and fecundity

Attachmerts

growth rings, basal diameter, mumber of nodes or some other measure reflects differencesin age
structure and growth rates among different willow populations. Salix is commonly, used for
dendrochronology studies in high latitudes (c.g., Zalatan and Gajewski 2006, Martens 2008 and
references therein) and in Australia. In Florida, annual growth rings may be associated with the

wiater iy and summes vt seasons, a ypothesis that we will test empiricaly. Briely, we will
: T 5

Commerts

49

Fagessot1t | Wordsi442t B |
53 tems 2 Onine with Micosoft Exchange

8|

4 4= | b M| © © | O[H]

] CROL WS zam

[ ibox - Mrosoft ot )3 Mirosot i





RESEARCH PLAN
This research plan describes the project elements and how they are integrated to achieve the overall objectives. Project elements are presented as tasks, with numbers corresponding to those in the Scope of Work.
Task 2.1 – Germination and early survival and growth experiments
The UCF team will conduct a greenhouse experiment to assess germination and early survival of Carolina willow under different soil textures and moisture regimes (mild drought, ambient water, standing water, and episodic flooding).  The UCF team will use randomized complete block designs with three levels of soil texture crossed with four levels of moisture, six levels of nutrients and six replicates of each treatment combination. To conduct this experiment, the UCF team will collect seeds from multiple willows at four locations within District lands and pool the seeds into homogeneous groups.1 Seed collections will be made throughout the northern, middle, and southern sections of the Upper St. Johns River basin. 
The UCF team will sow 30 seeds per pot (4” diameter) and randomly assign each group to one of the six treatment combinations. The six soil texture treatments span a range of wetland soils typical of sites that are either susceptible or resistant to willow invasion.  
1 To quantify variation in seed viability among trees, the UCF will place 30 seeds per source willow in individual Petri dishes under controlled conditions in a growth chamber.

Three soil types (inorganic, high phosphorus organic, and low phosphorus organic) will be collected for use in the germination experiment.  Inorganic soil (Floridana sand) will be collected from the St. Johns Marsh Conservation (SJMCA) near Sawgrass Lake in an area where willow does not occur.  Organic soil (Micco) with higher phosphorus will be collected from River Lakes Conservation Area (RLCA), in an area where invading willows were destroyed using intensive mechanical treatments. Organic soil (Terra Ceia) with lower phosphorus levels will be collected from the Blue Cypress Marsh Conservation Area (BCMCA) in an interior or unimpacted location (Fig. 2).  

[image: image4] 
Fig. 2.  Location of soil collection sites within the upper St. Johns River basin.  RL = River Lakes (organic soil with high nutrients); SJ = St. Johns (inorganic soil); BC = Blue Cypress (organic soil with low nutrients).

From these three stocks, the UCF team will assemble six soil treatments:

1) High phosphorus organic soil (Micco)
2) Low phosphorus organic soil (Terra Ceia)

3) Inorganic soil (Floridana sand)
4) 50% Micco/50% Floridana
5) 50% Terra Ceia/50% Micco soil
6) 50% Terra Ceia/50% Floridana

Soil porewater will be analyzed for pH, NH4, PO4, K, conductivity, micronutrients, and organic matter.

The purpose of the germination experiment will be to establish the relative suitability of the different soil treatments for germination. All soil treatments will be watered at constant saturation (type 4 below) for 30 days. Each of these six treatments will be replicated in four pots for a total of 24 pots. The UCF team will sow 30 fresh seeds into each pot and follow germination and establishment for 30 days.  

For the greenhouse experiments with seedlings and cuttings, the UCF team will water pots according to one of four schedules (cf. Pezeshki et al. 1998).  Each pot is placed inside a larger plastic bucket, which permits manipulation of water levels.

1) Ambient Rainfall = watered from above twice weekly with tap water; total application of water equivalent to mean central Florida annual rainfall.  When watering exceeded evapotranspiration, water sometimes accumulated 1-2 cm deep in the plastic bucket, allowing soil to wick water up.
2) Simulated Drought = watered from above twice weekly with tap water; total application of water equivalent to one-half the mean central Florida rainfall (as estimated from past 20 years of precipitation data).  Water never accumulated in the plastic bucket so soils were never saturated.
3) Constant Inundation = watered from above twice weekly with tap water, but with water levels maintained above the soil surface by ~ 1 cm.  Soils were constantly saturated and the soil surface was flooded.
4) Fluctuating Water Level = This treatment simulated flashy (short-term) changes in hydrology. In week 1 of this treatment, pots were watered from above twice weekly with tap water, with total application of water equivalent to mean central Florida annual rainfall.  This is identical to the Ambient Rainfall condition.  In weeks 2 & 3, pots were watered from above twice weekly with tap water, but with water levels maintained above the soil surface by ~ 1 cm.  This is identical to the Constant Inundation condition. In the last week of the Fluctuating Water Level treatment, water was removed from the buckets and pots again were watered from above twice weekly with tap water, with total application of water equivalent to mean central Florida annual rainfall (= Ambient Rainfall condition).  
The UCF team will complete two experiments on seedling and cutting survival and growth under different soil textures, moisture regimes, and nutrients.  To conduct these experiments, the UCF team will collect seeds and cuttings from multiple willows at >4 sites within District lands and pool the seeds and the cuttings (independently) into homogeneous groups.  Thirty seeds will be germinated per pot (20 pots per soil type to have more in case of any unexpected problems) and then thinned to reach one established seedling per pot. The cuttings will be planted temporarily in pots with moist soil to favor rooting and (<5 days after rooting) transplanted to pots. 
The UCF team will assign the seedlings (or rooted cuttings) per pot randomly to one of the eighteen treatment combinations.  Soil texture and watering treatments will be as described previously.  The six nutrient treatments will be established using fertilizers to produce:

1) ambient nutrients (i.e., those in well water)

2) enhanced NH4 (4x the highest concentration found in WQ samples taken at enriched marsh sites - 50 mg/l) 
3) enhanced PO4 ( 2x the highest concentration found in WQ samples taken at enriched marsh sites - 25 mg/l)
4) enhanced NH4 & PO4
5) enhanced micronutrients: K = 800 µg/l, Cu = 5 µg/l, Mg =1400 µg/l, Fe = 600 µg/l, 
6) enhanced NH4, PO4 & micronutrients.

Nutrient concentrations were selected to reflect an elevation of the mean concentration found in water samples collected in impacted or higher nutrient areas in the St. Johns Marsh Conservation Area.  Nutrients will be delivered to the pots during watering when pots are re-randomized to new positions within the greenhouse, which occurs every other week. 
The UCF team will superimpose soil moisture treatments to the previous designs using a cross-over design (Mead 1988), where soil moisture treatments are applied in sequence to each pot, the sequence being different for different pots.  Soil moisture will be rotated monthly, with each pot provided with each soil moisture treatment once during the experiment (Fig. 4).  This design is logistically feasible and also has very high statistical power. One seedling or one cutting will be in each pot during the cross-over experiment.
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Fig. 4.  One-quarter of the cross-over experiment.  Each nutrient treatment is delivered to an individual pot in sequence; thus, the treatments “cross-over” and responses to every treatment are recorded for each individual pot. This can be visualized as a rotation of the watering treatments (colored text) in the diagram above.
Task 2.2 – Willow Transplantation 
The UCF team will conduct two manipulative field experiments (sensu Diamond 1986) to evaluate hypotheses derived from field observations conducted with District staff.  Each experiment tests a major factor that may control willow invasion within the northern, central, and southern regions of the Upper St. Johns River Basin.  For each experiment, the UCF team will collect seeds and cuttings from multiple willows at >20 locations within District lands and pool seeds and the cuttings (independently) into homogeneous groups, as described in the previous section.  Seeds will be germinated in pots. Cuttings will be planted into small (4” diameter) pots with commercial potting soil to force rooting into the native soil after transplanting. The UCF team will transplant ~10 seedlings or one rooted cutting per plot and randomly assign each group to one of the experimental treatments, described below. 
Competition - We will examine competitive interactions between willow seedlings and cuttings and the native plants in areas with different soils and different hydrology.  We will establish 3-4 transects in suitable areas chosen to represent the range of soil types and hydrological gradients available across all regions.  Transects will originate at the St. Johns River or a canal.  We will quantify competitive interactions between willow seedlings and the dominant clonal grasses and shrubs under open (e.g., herbaceous wetland) and shaded (e.g., wetland/upland ecotone) conditions. UCF will pair transplanted willow seedlings (n = 50 per treatment) in combination with common grasses and shrubs, with the exact species determined based on the long-term demographic study described below.  

Treatments will include a willow seedling planted:

(1) without neighbors in a 30 cm radius within a gap > 1 m2

(2) within a circular plot with grass cover >50 % and no shrubs closer than 50 cm

(3) within a circular plot with at least one shrub or tree closer than 40 cm

The UCF team will describe species composition and amount of bare ground within a circular plot (30 cm diameter) centered in focal willows and random points.  The UCF team will estimate individual growth and mortality after eight months as a function of grass cover and tree presence.  The UCF team will measure shrub canopy cover and tree diameter of woody individuals closer than 2 m from focal willow plants and the random points.  The UCF team also will measure environmental characteristics such as soil nutrients (P and N), organic matter, soil pH, soil moisture, etc. at each site or plot.

At the end of each experiment, the UCF team will harvest the aboveground biomass of willow transplants and dry and weigh them.  We also will measure environmental characteristics such as soil nutrients (P and N), organic matter, soil pH, soil moisture, etc. at each site or plot, which can serve as additional factors (or covariates) in the analyses.  Willow stumps will be treated (either mechanically or chemically) to prevent coppicing and regrowth.  Transplanted willows will be rechecked 6 weeks after treatment to make sure they have been killed.

Table 1. Skeleton ANOVA table showing sources of variation, degrees of freedom (df), critical values of F, and interpretations of potential significant effects for the competition experiment.  Three-way interactions also are possible but may be difficult to interpret.
	Source of variation
	df
	Critical value of F
	Interpretation

	Region (R)
	2
	3.35
	Willow growth and survival varies within regions of the Upper St. Johns River Basin

	Location along gradient (L)
	3
	2.96
	Willow growth and survival varies with location along the riverbank to upland gradient 

	Competitor (C)
	3
	2.96
	Interspecific competition affects growth and survival of willow.

	Willow stage (W)
	1
	4.21
	Growth and survival vary between willow life-history stages (seedling vs. cutting)

	R x L
	6
	2.46
	Willow seedlings and cuttings respond differently to location depending on the region.

	R x C
	6
	2.46
	Willow seedlings and cuttings respond differently to competition with depending on the region.

	R x W
	2
	3.35
	Willow growth and survival varies with the exact combination of region and life-history stage

	L x C
	9
	2.25
	Willow responses to competition differs among locations

	L x W
	6
	2.46
	Willow responses to competition differs among locations

	C x W
	3
	2.96
	Willow responses to competition differs between the two life-history stages

	Error
	27
	
	

	Total
	71
	
	


Hydrology –Variation in hydrology may explain substantial variation in willow distribution.  A replicated experiment will be used to determine whether hydrology affects willow recruitment into wetlands in the southern region of the upper St. Johns River basin (Table 2). Willow seedlings and cuttings will be transplanted onto four artificial islands. Seedlings and cuttings will be distributed on each island at four locations differing in elevation from marsh water level (0 cm, 17 cm, 35 cm and 50 cm from water level in April 2009).  Survival and growth will be monitored monthly and plants will be harvested to determine biomass before flowering occurs.
Task 2.4 – Willow Life History
The UCF team will collect demographic data, and estimate vital rates (age, fertility, growth and survival) and population structure of willow across different habitats and management units in the upper St. Johns River basin.  Information on vital rates will be ordinated (in a main data matrix) to identify clusters and associate the variation with environmental and management variables (using a secondary data matrix). This approach will be used to identify the structure of the demographic information. The demographic data will be organized based on the clusters and integrated in matrix population models to assess stochastic population growth and other demographic parameters, such as elasticities and sensitivities. Examining these parameters allows identification of major population trends and management targets. Major areas with common management activities, including current cattle grazing and former cultivation, will be identified. Together with environmental information, such as soil and vegetation maps, we will map, census, and measure ten 5-m radius circular plots in each of five management schemes or land uses (grazed, not grazed, cultivated, native habitats, and other management treatments).  These plots will encompass different soils and will be placed at varying distances from river banks, ditches and canals.  Because individuals of Carolina willow are virtually impossible to distinguish in the field, data will be collected at the level of ramets (rooting branches). With this sampling effort, information will be collected from 60-100 ramets across five different management schemes or land uses.  All willow ramets will be marked within a circular plot, and height, basal diameter, and number of flowers and fruits will be estimated. Small plants and seedlings will be counted in a 1-m circular plot inside the larger demographic plot. The immediate neighborhood of each willow will be described, including percent open ground, grass and shrub cover, and number or trees.  

Table 2.  Skeleton analysis of variance table for the hydrology experiment.  Three-way interactions also are possible but may be difficult to interpret.
	Source of variation
	df
	Critical value of F
	Interpretation

	Islands (I)
	3
	2.71
	Willow growth and survival varies among experimental islands

	Direction (D)
	3
	2.71
	Willow growth and survival varies among directions (north-, south-, east- and west-facing slopes of the islands)

	Elevation (E)
	3
	2.71
	Willow growth and survival varies among elevations above marsh level

	Willow stage (W)
	1
	3.96
	Willow growth and survival differs between life-history stages.

	I x D
	9
	2.00
	Willow responses to direction differs among islands.

	I x E
	9
	2.00
	Willow responses to elevation differs among islands

	I x W
	3
	2.71
	Willow life-history stages have differing responses on different islands

	D x E
	9
	2.00
	Willow responses to elevation differs among directions

	D x W
	3
	2.71
	Willow life-history stages have differing responses on the different island faces (directions)

	E x W
	3
	2.71
	Willow life-history stages have differing responses at different elevations above the marsh

	Error
	82
	
	

	Total
	   128
	
	


Marked plants will be measured annually as part of a long-term demographic study (3 years) to estimate rates of individual growth, reproduction, and mortality in different habitats.  These estimates will be compared with those obtained from greenhouse experiments to quantify how they differ from those observed in greenhouse trials. The UCF team also will pay special attention to potential interesting observations on limiting interactions with pollinators, seed predators, and herbivores that may be explored in future years.  

Standard dendrochronology and allometric techniques will be used to determine whether growth rings, basal diameter, number of nodes or some other measure reflects differences in age structure and growth rates among different willow populations.  The hypothesis that annual growth rings may be associated with the dry winter and wet summer seasons in Florida will be empirically tested.  Briefly, a stepwise discriminant function analysis will be used to identify the smallest reliable set of nondestructive willow traits (e.g., basal area, number of branching nodes, annular ring counts) predictive of age and growth rates.  Standard methods (Cook and Kairiūkštis 1990) will be used to sample 10-20 willows of various sizes and growth forms at each of the long-term demographic study sites, for a total sample size of 30-100 individuals.  This sample size will detect a statistically significant pairwise correlation of r = 0.25-0.36, which approaches the lower limit of biological importance (R2 = 6-13%) at α = 0.05.

Task 2.5 – Spatial Analysis of Willow Distribution
The UCF team will characterize the general distribution of willow populations in the upper St. Johns River basin landscape using GIS, including layers on habitat classified by vegetation, soils, hydrology, and fire regime.  Combined with detailed information on colonization and extinction probabilities in different habitats (obtained from these experiments and field sampling), this landscape component will allow the UCF team to understand the local potential metapopulation dynamics of willow and identify key opportunities for halting its spread.  A spatial model that predicts the distribution of willow based only on soils is presented in Figure 5.  
Task 2.6 - Demographic Modeling

Information on germination, vegetative reproduction, survival, and mortality will be compared to estimates obtained from the long-term demographic and dendrochronology studies to develop a demographic model.  The UCF team will integrate the estimates of vital rates across different environmental conditions in demographic models (Fig. 1) to estimate vital rate elasticities (relative population growth change with vital rate change) and population trends. 
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Fig. 5.  (LEFT) Predicted distribution of willow shrub wetlands based on soil type.  Red and orange shading indicates regions with a high probability of having willow shrub wetlands, blue and gray depict regions with low probability. (RIGHT) Actual distribution of willow shrub wetlands (black), as mapped by the District in 2001.
Task 3.1-3.3.  Data Analysis and Final Report 

Project data will be analyzed at the termination of each project element.  At the end of the each year, a final report compiling all data will be supplied, which will synthesize how each ecological factor contributes to the invasion and persistence of willow in herbaceous wetlands.  All data, reports, and figures will be submitted in both electronic form and paper copies.  The format of these documents will be determined by the District Project Manager and the UCF team before data collection.  A final report of journal quality will be provided.  This report may contain material for two or more individual manuscripts but will be presented as a synthesis report. 
YEARS 2 & 3

Data collection on willow germination, competition, and hydrology experiments will be extended into Years 2 & 3 to assess responses during more of the plant’s growth cycle.  In addition, we will harvest, dry and analyze above- and below-ground plant biomass, to better understand energy allocation in Carolina willow.  
We will conduct additional experiments based on results and hypotheses generated in Year 1.  The UCF team will coordinate with District staff in identifying high-priority management concerns and focusing experiments.  Additional experiments may investigate thresholds of willow susceptibility to inundation, seed viability over time, and potential for herbivore control.  As in Year 1, accessing sites by water will require the UCF team to use and maintain kayaks and motorized johnboats owned by UCF, sometimes rent airboats, and occasionally ride in specialized District vehicles (small airboats, marsh masters).
Three main experiments will be conducted in Years 2 & 3.  Survivorship in the competition experiment was very low in the northern and central blocks so any potential effect of competition was overwhelmed by a large block effect.  We therefore will perform another competition experiment in the southern block, where willow invasion is the most extensive.  The experiment on prescribed burning has been shifted into Years 2 & 3, although we expect to gather useful information during the demography studies in Year 1.  We also will conduct another willow island experiment, this time to investigate willow responses to flashy hydrology – rapid changes in water level which are relatively common in some areas, and which was simulated by the Fluctuating Water Level treatment in the greenhouse experiments.

Task 2.3 – Fire Response

The UCF team will use a natural experiment (sensu Diamond 1986) to assess responses of willow to fire.  Choosing sampling sites in consultation with District staff, the UCF will regress willow density and biomass as a function of several indicators of local disturbance, including amount of bare ground, number of neighbor species, local fire history, and evidence of human activity.  The UCF team will take advantage of prescribed burns conducted by District staff during Year 2 to quantify pre- and post-fire conditions of willow responses (e.g., seedling and adult survival and growth, plus reproduction) and use them in a BACI (Before/After Control/Impacted) experiment in Years 2 & 3.

TIME FRAMES AND SUMMARY OF TASKS
YEAR 1
	Quarter 
	Months 
	Tasks accomplished

	1st 
	Oct – Dec, 2008 
	Initiate and complete Task 1 (Finalize research plan) 
Initiate Task 2.5 (Spatial analysis of willow distribution)

	2nd 
	Jan – Mar, 2009 
	Initiate Task 2.1 (Germination & Growth experiment)

Initiate Task 2.4 (Life history)

	3rd 
	Apr – Jun, 2009 
	Continue Task 2.1 (Germination & Growth experiment)
Initiate Task 2.2 (Willow transplantation)
Continue Task 2.4 (Life history)

	4th 
	Jul – Sep, 2009 
	Continue Task 2.1 (Germination & Growth experiment)

Continue Task 2.4 (Life history)

Complete Task 3.1 (Data analysis and final report, Year1)


YEAR 2
	Quarter
	Months
	Tasks accomplished

	1st
	Oct – Dec, 2009
	Continue Task 2.1 (Germination & Growth experiment)

Initiate Task 2.3 (Fire response) 

Continue Task 2.4 (Life history)
Continue Task 2.5 (Spatial analysis of willow distribution)

	2nd
	Jan – Mar, 2010
	Complete Tasks 2.1 & 2.2 (Germination experiment & Willow transplantation)

Continue Task 2.3 (Fire response)

Continue Task 2.4 (Life history)
Continue Task 2.5 (Spatial analysis of willow distribution)

	3rd
	Apr – Jun, 2010
	Initiate Task 2.2 (2nd iteration, Willow transplantation)

Continue Task 2.3 (Fire response)
Continue Task 2.4 (Life history)
Continue Task 2.5 (Spatial analysis of willow distribution)

	4th
	Jul – Sep, 2010
	Complete Task 2.2 (2nd iteration, Willow transplantation)

Continue Task 2.3 (Fire response)

Continue Task 2.4 (Life history)

Continue Task 2.5 (Spatial analysis of willow distribution)
Complete Task 3.2 (Data analysis and final report, Year2)


YEAR 3
	Quarter
	Months
	Tasks accomplished

	1st
	Oct – Dec, 2010
	Continue Task 2.3 (Fire response)

Continue Task 2.4 (Life history)
Continue Task 2.5 (Spatial analysis of willow distribution)

	2nd
	Jan – Mar, 2011
	Continue Task 2.3 (Fire response)

Continue Task 2.4 (Life history)

Continue Task 2.5 (Spatial analysis of willow distribution)

Initiate Task 2.6 (Demographic modeling)

	3rd
	Apr – Jun, 2011
	Continue Task 2.3 (Fire response)

Continue Task 2.4 (Life history)

Continue Task 2.5 (Spatial analysis of willow distribution)
Continue Task 2.6 (Demographic modeling)

	4th
	Jul – Sep, 2011
	Complete Task 2.3 (Fire response)

Complete Task 2.4 (Life history)

Complete Task 2.5 (Spatial Analysis of willow distribution)
Complete Task 2.6 (Demographic modeling)
Complete Task 3.3 (Data analysis and final report, Year3)


DELIVERABLES 
All data (copies of field data sheets, electronic copies of datasets and digital photographs) will be sent to the District’s project manager within two weeks after the end of each month.  A status report will be submitted via email at the same time discussing progress with sampling and experiments, improvements to research protocols, and notable observations.  Digital photographic documentation of the on-going research (e.g. germinated seedlings, mesocosm set-up, field specimens, field/laboratory methodology) will be supplied as they are collected and as a final collection submitted on a CD Rom.  All sampling will be completed, all data compiled, proofread and crosschecked for validity and transmitted, and a final report submitted to the District’s project manager by the deliverable date.  
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