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Council Communication

To: Mayor and Village Council

Through:

From:

Maria Aguilar, Village Manager

Greg Tindle, Wastewater Program Manager

Date: July 9, 2015

SUBJECT: Recommendation for Water Quality Testing from the Water Quality
Improvement Citizens Advisory Committee

Background:
During the May 28, 2015 Village Council meeting Water Quality Improvement Citizens
Advisory Committee (the “Committee”) Chairman David Makepeace presented a
recommendation from the Committee regarding Water Quality Testing.  After discussion the
Council directed the Manager to place the issue on a Council Agenda.

Analysis:
The Committee recommendation is attached as Exhibit A and the proposals for both water
quality testing and biological testing are attached as Exhibit B and C respectively.

Budget Impact:
The Committee recommendation is for five years of testing. The cost for quarterly water quality
testing would be $72,442.68 per year.  The cost for biannual biological testing would be
$17,453.97.  The total budget for testing would be $89,896.65 per year, increased annually for
inflation.

If Council directs the Village Manager to move forward with water quality testing and biological
indicator testing as proposed, $30,000 for testing is included in the current Wastewater Utility
budget.  This would fund the testing for the remainder of this fiscal year. The next rounds of
testing would occur in the next fiscal year and would be budgeted in next year’s budget. The
Wastewater Utility revenue budget is comprised of assessments, user fees and grants.

Staff Impact:
Village Staff would coordinate the testing program.

Recommendation:
Staff recommends that Council give direction regarding water quality testing.





EXHIBIT A

The Village of Islamorada wastewater related water quality testing program

Recommendations and deliberations of the Water Quality Improvement Citizens Advisory Committee:
The Committee considered the following factors when developing recommendations for testing the
efficacy of the Village wide centralized wastewater treatment program.

A. Test both water quality* and biological indicators**.
a. * Testing would be for the following data: measurements of vertical variability of DO, salinity,

temperature, ph, %DO saturation, sp. Conductance (salinity), number of 24-hour YSI
deployments (temperature, salinity, DO, pH and redox), number of enterococci analysis using
Enterolert water samples to be analyzed for TN, TP and dissolved nutrients (NO2, NO3, NH4,
SRP) This testing will be done 4 times per year.

b. **Biological data will be collected 25m inside and 50m outside of the canals. This will done
twice per year because biological data has less variability than water quality data.

B. Test sites village wide.
C. Test both bayside and ocean side sites.
D. Access testing being done by others (Canal restoration sites) when possible.
E. Limit variables (depth and canal restoration) when selecting sites.
F. Test often enough for the results to be scientifically valid.
G. Use a testing protocol that is the same or similar to that which was done in Little Venice and is

currently being done for the Monroe County Canal Management and Restoration Program (Canal
Restoration Program)

The Subcommittee also considered sites that had water quality data collected in the past.

Water Quality Testing paid for by the Village

The following five canals would be subject to both water quality and biological testing.

Canal 114 Harbor Dr., Plantation Key Oceanside WQ/Bio

Canal 118 Azalea St., Plantation Key bayside WQ/Bio

Canal 120 Sioux St., Plantation Key bayside WQ/Bio

Canal 145 Columbus Dr., Lower Matecumbe Oceanside WQ/Bio

Canal 152 Venetian/Nautilus Dr., Lower Matecumbe bayside WQ/Bio

These five canals had existing water quality data on these canals from past Village testing.

Canal 150 Port Antigua, Lower Matecumbe bayside Bio only

The Subcommittee recommends that biological data also be collected from Canal 150 because 2 sites
can be tested each day and therefore the Port Antigua site can be added for $1,000 per year.



EXHIBIT A

Water Quality testing paid for by EPA and conducted for the canal restoration program.

Canal 132 Plantation Lake Estates, Plantation Key Oceanside WQ/Bio

Why is 132 being tested? Canal 137 Treasure Harbor is being remediated as part of the Canal
Restoration Program.  Testing for this canal is being conducted as part of the Canal Restoration Program,
as well as for Canal 132 Plantation Lake Estates, which is being tested as the control canal for Treasure
Harbor.  Canal 137 data will not be used because it has the additional variable of receiving a canal
restoration intervention.

Village (Wastewater Utility) Budget - The cost for quarterly water quality testing is $72,442.68 per year.
The cost for biannual biological indicator testing is $17,453.97. The total budget for testing would be
$89,896.65, increased annually for inflation

The Subcommittee/Committee recommends the Village engage FIU in conducting the wastewater
related water quality testing program as soon as possible, and continue for a period of five years.

If the Council directs the Village Manager to move forward with water quality testing and biological
indicator testing as proposed, there is $30,000 for testing in the current budget.  This would fund the
testing for the remainder of this fiscal year.  The next rounds of testing would occur in the next fiscal
year and would be budgeted in next year’s budget.

The Committee concluded it is prudent from the standpoint of data consistency and project cost to
utilize the same testing personnel and protocol being used for the Canal Restoration Program.  The
Committee recommends testing for water quality and biological indicators as per the Canal Restoration
Program.
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EXHIBIT B

Water Quality Monitoring Program for Village of Islamorada,

Florida Keys

Proposal submitted to:

Village of Islamorada: Water Quality Improvement

Citizens' Advisory Water Testing Sub-Committee

Attention: Mr. Greg Tindle

Wastewater Program Manager

Proposal submitted by:

Henry Briceño, Ph.D.

Florida International University, Southeast Environmental Research Center

June 22th, 2015
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Water Quality Monitoring Program for Village of Islamorada. 

 

INTRODUCTION 

Internal nutrient loading and freshwater runoff from the Florida Keys themselves has 

significant effects on the physical, chemical, and biological composition of waters within 

the Florida Keys National Marine Sanctuary, especially in canal and coastal waters at 

the mouth of canals. Kruczynski (1999) and Kruczynski and Fletcher (2011) reported 

elevated nutrient concentrations (dissolved and particulate), frequent hypoxia in canal 

systems, algal blooms, fish kills, macroalgal overgrowth of seagrasses and corals, and 

coral diseases. 

Many canals in the Florida Keys do not meet the State’s minimum water quality 

criteria and are a potential source of nutrients and other contaminants to near shore 

waters designated as Outstanding Florida Waters. Hence, the Village of Islamorada has 

approved moving forward incorporation of communities to central sewer systems to 

improve canal and coastal water quality. The Village has selected ten (5) canals to 

monitor the changes which would occur as consequence of the elimination of septic 

tanks and cesspits. 

Previous investigations by Florida International University have documented 

relatively elevated nutrient concentrations of nitrogen, phosphorous and silica in waters 

close to shore along  the Keys, and corresponding responses from the system, such as 

higher phytoplankton biomass (CHLA), turbidity and light attenuation (Kd), as well as 

lower oxygenation (DO) and lower salinities of the water column (Briceño and Boyer, 

2014).  These waters are part of the so called Halo Zone (RAD 2011), a belt following 

the shoreline which extends up to 500 meters offshore, and whose water quality 

characteristics are closely related to those in canals and are affected by quick 

movement of infiltrated runoff and wastewaters (Kruczynski, 1999), tides and high water 

tables.  
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MONITORING 

Objectives of WQ monitoring of canals 

 Some canals do not meet the State of Florida minimum water quality 

criteria and are potential sources of low quality water to near shore Outstanding Florida 

Waters. The Objective of the Village of Islamorada Monitoring Project is to create a 

Water Quality Monitoring Program and to gather baseline data from a series of canals, 

to detect changes in water quality as a function of remediation activities, especially 

remediation linked to the installation of wastewater collection systems. Most of these 

canals are lined with single-family residences that were constructed prior to 1970, which 

have/had inadequate sewage treatment systems with poorly functional septic systems 

or cesspits. The Village of Islamorada has selected five (5) canals (Table 1), to trace 

changes in water quality brought about by the incorporation of surrounding dwelling 

units to the sewer collection system. Monitoring water quality in those canals is 

proposed to be performed during a five year period. 

Specific objectives are as follows: 

 To provide data needed to make unbiased, statistically rigorous statements 

about the status and temporal trends of water quality parameters in the selected canals  

 To inform management actions and policy development processes for 

improved water quality in the Village of Islamorada 

The major tasks for this project include: logistical planning, field measurements, 

water sampling, laboratory analysis, data management, data analysis, interpretation and 

reporting. 
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REQUESTED MONITORING PROGRAM 

 According to the Village of Islamorada request, the purpose of the Project is to 

create a Water Quality Monitoring Program and gather baseline data from five canals 

(Table 1) performed quarterly.  Water samples and water column measurements will be 

taken at all five sites.  The test will measure a series of physiochemical parameters 

attempting to detect the relative impacts of major pollution discharges and changes 

linked to remediation, especially the incorporation of dwelling units to the sewer 

collection system. 

Reporting will include production of a geo-referenced station map, data reports 

and an interpretive report.  The principal investigator will be responsible for ensuring the 

results are compiled and the complete data set is submitted to the Village in a timely 

fashion. Upon completion of the analysis of samples, the principal investigator will 

produce a statistical summary of the data in a logical format based on the station 

design.  The statistical summary will include calculated averages, sample variances, 

ranges and number of samples.  The principal investigator will submit a data and 

narrative report documenting the results of each quarterly survey.  The data will be 

analyzed using appropriate statistical tests of significance to meet the specific 

objectives of the monitoring program.  
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Table 1: Status of selected canals for monitoring, according to Monroe County Canal 
Inventory (AMEC 2013) 

 

 

 

 

 

  

CANAL 118 CANAL 120 CANAL 114 CANAL 145 CANAL 152

FID 153 410 147 447 440

Canal_Name 118 PLANTATION KEY 120 PLANTATION KEY 114 PLANTATION KEY
145 LOWER 

MATECUMBE KEY

152 LOWER 

MATECUMBE KEY

Mile_Marke 90 89 90 76 74

Bayside X X X

Oceanside X X

Weed_Gate X X X

Culvert X X

Culvert_Ma X

Backfill X X X X

Organic_Re X

Pumping X X X

Existing_T Several Aerators None None Several Aerators
Poorly maintained 

culvert

Area_ac 17.064489 12.909727 3.4214 2.364113 10.253825

Length_ft 5249.328 3838.567819 2001.3063 1771.6482 3116.785219

Num_of_Con 7 9 0.6 1 4

Num_of_Mou 2 1 1 1 1

Deg_of_Sta 2.213571 3.208968 0.26264 0.137764 2.221063

Min_El -26.18 -19.1 -12.74 -18.88 -17.17

Max_El -6.4 -6.36 -7.95 -6.76 -5.26

Ave_El -13.33 -11.09 -10.16 -12.52 -8.03

Ave_Org_Th 0.55 0.67 0.47 0.77 0.63

Canal_Cate

WQ_Summary Fair Poor Fair Poor Fair

WQ_Ranking 86 87

DO_mg_L 3.13 0.73 3.02 2.99 2.66

Turb_NTUs 0.23 2.89 0.88 2.23 0.58

Parcels 271 61 37 141

Tid_Ran_Ft 0.579999 2.14 1.879999 0.75

PLANTATION KEY LOWER MATECUMBE
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CONCEPTUAL GUIDELINES TO MONITORING 

In the present project, monitoring is defined as the continued observation of the 

selected canal waters to determine spatial and temporal variability in water quality.  

Monitoring involves systematic, long-term data collection and analysis to measure the 

status of water quality and to detect changes over time.  Detecting and quantifying such 

changes at each specific canal (Table 1) can focus research on quantifying and 

qualifying those changes to evaluate the success of corrective actions. As shown in 

Figure 1, ACTIONS like elimination of septic tanks and incorporation to the sewer 

network is expected to lead to the achievement of those desired goals established as 

landmarks by the Village of Islamorada, namely, reduction of human derived waste, and 

decline in nutrients and organic matter entering the canal waters. Reaching or 

approaching these GOALS entails important consequences in the canal conditions, 

which may lead to a series of PROBABLE CHANGES occurring in the water column: 

human impact, bacterial population, incidence of hypoxia, organic matter, nutrient load 

and freshwater inflow should change after incorporation. Finally, if such changes were 

to occur, we could detect and quantify them with our analytical toolkit using INDEXES or 

indicators of environmental conditions (Doren et al 2009). 

Let us use the Reduction of Organic Matter and Nutrient Loads goal (Figure 

1) as example to lay down the scientific rationale behind the proposed monitoring 

strategy. If in fact this Incorporation to Sewer network lead towards the desired GOAL 

of Reducing Organic Matter and Nutrient Loads, then Bacterial Population would 

CHANGE and techniques of Bacterial Source Track or Enterococci content would 

detect such changes. Also, Reduction of Bottom Waters Hypoxia would be expected 

leading to detectable changes in dissolved oxygen (DO) and acidity (pH). Similar 

analysis applies for different changes and useful indexes to measure such changes. 
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 Figure 1: Conceptual framework for Monitoring Design 

 

Enterococci are Gram-positive, catalase-negative, non-spore-forming, facultative 

anaerobic bacteria, which usually inhabit the alimentary tract of humans in addition to 

being isolated from environmental and animal sources. They are able to survive a range 

of stresses and hostile environments, including those of extreme temperature (5–65 °C), 

pH (4.5−10.0) and high NaCl concentration, enabling them to colonize a wide range of 

niches, and to be used as indicator of fecal matter in water and soil. 

An important class of anthropogenic compounds which have been detected in 

wastewater, surface and ground water, and tap water are artificial sweeteners like 

acesulfame and sucralose (Splenda). Modern wastewater treatment plants are not 

geared up to remove these compounds, so they are emitted in the waste streams to the 

environment. Studies in North America (Mawhinney et al. 2011) have detected artificial 

sweeteners in marine and coastal waters, wastewater treatment plant effluents and 

groundwater. In particular, the consistent presence of sucralose has led to its proposal 
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as an indicator of the presence of wastewater in surface waters. We will use sucralose 

(Splenda) as indicator of human impact given its special properties: not present 

naturally, conservative behavior, relatively easy to measure at low concentrations down 

to 10 ng/L, not effectively metabolized, water soluble, long environmental half-life (1-2 

years), low toxicity and non-reactive nature. 
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PROPOSED MONITORING PROGRAM 

 The proposed monitoring project has been conceptually developed as a Before–

After Impact Design experiment with multiple sites (Eberhardt, 1976; Stewart-Oaten et 

al., 1986) and includes an initial characterization followed by periodic monitoring: 

 

1. Preliminary characterization of water quality at each canal will be performed with:  

a- Vertical profiles (casts). Several profiles will be measured only for this initial 

characterization (Figures 3 to 7) to define at least the two best sites to 

perform monitoring at each canal the rest of the program. 

b- Once the sites (stations) are selected, water sampling and analysis, as well 

as continuous 24-hour recording (diel) of physiochemical properties, will be 

performed 

2. Periodic monitoring will consists of quarterly water sampling and analysis, as well 

as vertical cast measurements (profiles) and continuous 24-hour recording (diel) of 

physiochemical properties at the sites previously selected. 

We will deploy multi-sensor, water quality monitoring instruments (YSI) to 

measure physiochemical parameters including depth (m), salinity (PSU), specific 

conductivity, temperature (C), dissolved oxygen (DO; mg l-1), %DO Saturation, pH, and 

turbidity, from both, vertical profiles and diel measurements 

Water samples will be collected quarterly in at least two stations for a minimum of 

4 samples per canal. Samples will be collected at a depth of 1-3 ft below the water 

surface and 1-3 ft above bottom depth using a Niskin sampler (Fig 2). Sixty milliliters (60 

ml) will be drawn with a syringe and filtered through a 25 mm Whatman GF/F filter with 

a nominal pore size of 0.8 µm.  The filtrate will be collected in a 60 ml high density 

polyethylene (HDPE) bottle and the filter stored in a vial with 90% acetone for extraction 

and analysis of chlorophyll a (CHLA, µg l-1).  
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Filtered water samples will be analyzed for dissolved nutrients: ammonium 

(NH4
+), nitrate+nitrite (NOx

-), nitrite (NO2
-), soluble reactive phosphorus (SRP), and 

using standard NELAP Certified laboratory methods.  An additional 120 ml sample will 

be collected directly from the Niskin bottle for analysis of total nitrogen (TN), total 

phosphorus (TP). Finally, two 100 ml water samples, one for Enterococci analysis 

(Enterolert method), one for analysis of Splenda content will be obtained (Table 2). 

 

 

Figure 2: Canal sampling design 
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Table 2: Water Quality Variables and Testing Parameters 

 

 

Analytical Methods 

 The following are the standard methods of analysis of the Southeast Environmental 

Research Center Water Quality Lab which will be used for the proposed monitoring 

program. NH4
+ is analyzed by the indophenol method (Koroleff 1983).  NO2

- is analyzed 

using the diazo method and NOx
- is measured as nitrite after cadmium reduction 

following the methodology of Grassoff (1983a, b).  The ascorbic acid/molybdate method 

is used to determine SRP (Murphy and Riley 1962).  High temperature combustion and 

high temperature digestion are used to measure TN (Frankovich and Jones 1998; 

Walsh 1989) and TP (Solórzano and Sharp 1980), respectively.  Samples are analyzed 

for CHLA content by spectrofluorometry of acetone extracts (Yentsch and Menzel 

1963).   

Protocols are presented in EPA (1993) and elsewhere as noted.  All elemental 

ratios discussed are calculated on a molar basis.  DO saturation in the water column 

(DOsat as %) is either calculated using the equations of Garcia and Gordon (1992) or 

directly read from the sondes. Some parameters are not measured directly but 

calculated by difference.  Nitrate (NO3
-) is calculated as NOX

--NO2
-; total dissolved 

inorganic nitrogen (DIN) as NOX
- + NH4

+., and total organic nitrogen (TON) as TN - DIN.  

CHEMICAL VARIABLES PARAMETERS

Chlorophyll a (CHLa) Depth

Nitrite (NO2) Salinity

Nitrate( NO3)* Specific Conductivity

Ammonium (NH4) Temperature

Nitrite+Nitrate (NOx) Dissolved Oxygen

Dissolved Inorganic Nitrogen (DIN) pH

Solubre Reactive Phosphate (SRP) Turbidity

Total Nitrogen (TN) % Dissolved Oxygen Saturation

Total Phosphorous (TP)

Total Organic Nitrogen (TON)

Splenda content

Enterococci (Enterolert)
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All variables are reported in ppm (mg l-1) unless otherwise noted. Sucralose will be 

analyzed using liquid chromatography tandem mass spectrometry (LC-MS/MS; 

Mawhinney et al. 2011; Batchu et al. 2013).  

In accordance with EPA policy, this Islamorada water quality monitoring program 

adheres to existing rules and regulations governing QA and QC procedures as 

described in EPA guidance documents.  The FIU-SERC Nutrient Laboratory will 

maintain NELAP certification during this project. 

 

Data Management 

 The principal investigator will develop and maintain protocols and procedures 

under a data management program for water quality monitoring to ensure that the data 

generated are accessible to potential users in a timely manner.  All original and ancillary 

data produced under this project will be generated, processed, stored, and archived in a 

manner that provides detailed documentation of the procedures used at all stages of 

data collection, reduction, processing, analysis, and storage. 

Results/Outputs and Deliverables 

 

Quarterly Progress Reports 

 Upon completion of the data gathering and/or analysis of samples from each 

quarterly survey, the PI will produce a statistical summary of the data.  The statistical 

summary will include calculated averages, sample variances, ranges, and number of 

samples.  When appropriate, the PI will provide the summaries in a graphical format.  

The PI will submit a data and narrative report documenting the results of each quarterly 

survey.  The data report will include the raw data and statistical summaries in hard copy 

and electronic format.  The PI will evaluate the data in accordance with the data quality 

objectives developed in the Work/Quality Assurance Project Plan. 
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Figure 3: Canal located at Harbor Drive, Plantation Key (#114; AMEC 2013). Proposed 
preliminary characterization profiles (yellow dots). Numbers are cumulative Equivalent 
Dwelling Units 

 

Figure 4: Canal located at Azalea St. Plantation (#118; AMEC 2013). Proposed 
preliminary characterization profiles (yellow dots). Numbers are cumulative Equivalent 
Dwelling Units 
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Figure 5: Canal located at Sioux St. Plantation Key (#120; AMEC 2013). Proposed 
preliminary characterization profiles (yellow dots). Numbers are cumulative Equivalent 
Dwelling Units 

 

Figure 6: Canal located at Columbus Drive, Lower Matecumbe (#145; AMEC 2013). 
Proposed preliminary characterization profiles (yellow dots). Numbers are cumulative 
Equivalent Dwelling Units 
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Figure 7: Canal located at Venetian Drive, Lower Matecumbe (#152; AMEC 2013). 
Proposed preliminary characterization profiles (yellow dots) and potential sampling sites 
(blue circle). Numbers are cumulative Equivalent Dwelling Units 

 

 

Annual Report 

 After completion of analysis of data from the first year of activities, the PI will 

produce statistical summaries of the data collected at each water quality monitoring 

station to be incorporated in an annual report.  All data will be evaluated in relation to 

the data quality objectives developed in the Work/Quality Assurance Project Plan.  The 

data will be analyzed using appropriate statistical tests of significance to meet the 

specific objectives of the monitoring program.   

 The draft annual report should summarize the objectives, methods, and results of 

water quality monitoring.  The report should interpret the results in relation to the 

objectives of the canal monitoring program.  The draft annual report will be reviewed by 

the Village of Islamorada and returned with comments.  The PI will address the 

comments and submit the final annual report with revisions. 
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Deliverable Items and Schedule 

Quarterly reports will be submitted to the Village of Islamorada within 60 days of end of 

quarter.  Annual reports will be submitted to the Village of Islamorada within 90 days of 

end of collection.  

 

Project Management 

 The Principal Investigator (PI) will be responsible for administration of all grant 

activities, financial budgeting, procurement of services, supplies, and equipment, 

compliance with QA/QC, and reporting. 

 

SUMMARY BUDGET 

 

  

Level 4

Budgetary Account Year 1 Year 2 Year 3 Year 4 Year 5

Total

Year 1 - 5

P77100 - Salaries & Wages      17,456.88 17,980.59    18,520.01    20,005.08    20,605.23    94,567.79$   

P77156 - Fringe 5,972.39      6,151.56      6,336.11      6,903.00      7,110.09      32,473.17$   

P71121 - Domestic Travel 3,926.00      4,043.78      4,165.09      4,178.64      4,418.75      20,732.26$   

P77300 - Materials and Supplies 22,263.00    22,533.63    22,808.41    23,087.41    23,370.74    114,063.19$ 

Total Direct Costs By Year 49,618.27    50,709.56    51,829.62    54,174.14    55,504.81    261,836.41    

P75700 - Indirect Costs 22,824.41    23,326.40    23,841.62    24,920.10    25,532.21    120,444.75$ 

Total Direct & Indirect Costs By 

Year
72,442.68$ 74,035.96$ 75,671.24$ 79,094.24$ 81,037.03$ 382,281.15$ 

Agency: City of Islamorada

FLORIDA INTERNATIONAL UNIVERSITY PROPOSAL BUDGET SHEET

Principal Investigator/Project Director: Henry O. Briceno
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In an effort to describe the state of health of the canals in the Village of Islamorada, an assessment of
the species composition, abundance, and chemical composition of the dominant plants and the relative
abundance of sessile animals and fish will be conducted on 6 canals in the Village. The canals to be
monitored will be selected in conjunction with Village staff and will complement the canal monitoring
being done county-wide to assess canal restoration strategies.

In completing these assessments, we will follow the protocols employed by the Seagrass Monitoring
Component of the Water Quality Protection Program (WQPP) of the Florida Keys National Marine
Sanctuary and the Canal Restoration assessment program also funded by the WQPP. By doing so we
guarantee that this new information can be interpreted in the broad context of the greater Florida Keys
environment.

We will monitor canals that are representative of the housing canals in the Village, with three canals on
the ocean side and three on the bayside of the Florida Keys. In each canal, we will sample the cover and
abundance of conspicuous bottom-dwelling plants and animals at a set of stations at fixed distances
seaward of the mouth of the canal (0m, 10m, 25m, 50m, 100m and 250m) as well as at 10 points
between the mouth and the head of the canal at randomly-selected locations (Figure 1). We will also
sample the cover and abundance of organisms attached to the walls of the canal at both the canal
mouth and the head of the canal, and we will conduct fish surveys along the length of the canal. We will
sample 3 locations at each target point: at the shoreward extent of marine plant communities. At each
bottom-sampling location, we will drop a 0.5 m2 quadrat. All conspicuous benthic taxa will be identified
in each quadrat, and each taxon will be scored based on cover and abundance using the modified Braun
Blanquet scale employed in the Seagrass component of the WQPP (Fourqurean and Rutten, 2003). Using
a similar technique, we will randomly place 10 10cm x 10cm quadrats along a 10m transect on the canal
walls and assess cover and abundance of all taxa growing on the walls.

In addition, small issue samples of the dominant benthic plants will be collected for analysis of nutrient
content and stable isotopes of carbon and nitrogen. Three samples of each species will be collected at
each location in each site. Elemental content servers as an indicator of the relative availability of light
and nutrients for the benthic plants.  Stable carbon isotopes provide a record of light availability to the
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plants (Campbell and Fourqurean, 2009), and stable nitrogen isotopes record information about the
source of nitrogen for these plants (Fourqurean et al., 2005).

We will complete these observations on a 3-day field campaign conducted 2 times each year, scheduled
to correspond to wet and dry seasons.

Budget justification:

Wages, salaries and Fringe: We have included salary to cover the time of the necessary 3-person field
crew and the laboratory staff for the field collection and sample analysis. This includes funding for 18
days of a graduate student’s time, 12 days of a junior lab tech, and 6 days of a senior lab manager.
Additionally we have included salary for the PI at 1% of his FTE to cover project oversight, data analysis
and report writing.

Fringe benefits were calculated at 27.76% for the PI, 39.17% for the senior technician, 3.33% for the
graduate student and 0.53 for the junior technician, following FIU guidelines.

Travel: we budgeted $1154 dollars for travel round trip from Miami, as well as 3 day’s lodging and meals
for the 3 field staff.

Expenses: We budgeted $275/day for vessel use for six days, $180 for motor fuel for the boat, and $720
for tow vessel rental. We budgeted for 80 elemental analyses at $10/sample, and 80 stable isotope
analyses at $10/sample.

Indirect costs: calculated at 45% of total direct costs.

These expenses total $12,037.22 in direct charges, $5,416.75 in indirect charges, for a total yearly cost
of $17,453.97.



EXHIBIT C

Figure 1. Schematic representation of canal monitoring program
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