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Executive Summary 
 

Between 2008 and 2015, four lagoon-wide surveys, and one partial survey quantified the 

distribution and biomass of macroalgae and other submerged aquatic vegetation (SAV), as 

well as that of muck throughout the Indian River Lagoon (IRL). In a series of precursor 

projects, a method was developed and refined to acoustically map the distribution of SAV, 

macroalgae and muck.  

 

Data acquisition and post-processing techniques were developed for the BioSonics DT-X 

38/420kHz echosounding system. The BioSonics system is well-suited to large-scale 

surveys by performing analog-to-digital conversion of the returning echoes within the 

transducer, greatly reducing ambient noise intrusion and thus improving within- and 

between-survey consistency.  Survey effort was concentrated on waters deeper than the 

edge of seagrass beds, occurring at approximately 1.2 m, which is the lower limit of 

acoustic detection at the chosen signal settings.  

 

These methods have been validated and refined in subsequent projects. The main objective 

of this present study was to re-evaluate all data and to provide an estimate of biomass 

variability over the entire survey period. To do this, data analysis went back to first 

principles, evaluated all hardware and raw-data extraction settings as well as classification 

algorithms, of which several had been developed over the life-times of the various projects. 

For the present data report, all data were newly re-extracted from raw survey files, 

evaluated for data spread and statistical moments, and any inhomogeneities were 

addressed. Two distinct survey hardware settings existed (2008, 2010 and part of 2012 

versus part of 2012, 2014 and 2015) that were harmonized to comparable data spread, using 

a rigorous groundtruthing catalogue developed across the entire survey span. Evaluation of 

the harmonized total data set against groundtruthing data verified the E1 parameter 

(essentially a measure of volume scatter of acoustic energy within the benthic biomass) of 

the 418 kHz signal as the best predictor of algal biomass. A linear relationship could be fit 

between groundtruthed biomass categories (dense algae, sparse algae, bare) against E1 

values. Thus, it was possible to directly use the quality-controlled and corrected E1 values 

for the mapping and calculation of benthic biomass. Drift algae biomass measures across 

the entire lagoon are presented for survey years 2008, 2010, 2012, 2014, and 2015. 
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Project Overview 

 

 

A series of four lagoon-wide surveys, and one partial survey of drift algae biomass exist 

for the years 2008, 2010, 2012, 2014, and 2015. The field portion of all acoustic surveys 

was successfully completed on time to catch the annual drift macroalgae growing period 

in May and June of these years. The survey areas stretched in the Indian River Lagoon 

north from and including Mosquito Lagoon to Wabasso Bridge and in the Banana River 

from Canaveral to the confluence with the Indian River Lagoon.  

 

Surveys for each year have been reported upon and several data cleaning, processing and 

classification approaches have been built on the basis of rigorous groundtruthing during 

each survey. Analyses in 2008 and 2010 used a different approach to classification as 

analyses from 2012 to 2015. As the project continued, understanding of the data and 

encoded information matured, and by 2012 a simple and efficient algorithm had been 

developed that remained in use until 2015. Thus, the project(s) had passed from a research 

to an operational phase. 

 

Now, that several such surveys exist, it was desired to subject all survey data, from the very 

early to the very latest, to exactly the same analysis tools in order to have rigorous data that 

are obviously comparable among years. To this end, a complete re-analysis of all existing 

datasets was undertaken, using and refining the approach taken from 2012 onwards. 

 

This report presents the results of a complete re-analysis of all hydroacoustic data taken in 

2008, 2010, 2012, 2014, and 2015 with a view to providing an overview mapping project 

of drift algae biomass in the Indian River Lagoon over this period. 

 

 

Methods 

 

All surveys were conducted with the same survey hardware (identical transducers and 

cables, but different storage media, i.e. laptops, etc.) and comparable boats. Thus, there 

was minimal opportunity to introduce error. All survey data were stored both as raw survey 

files (in Biosonics Inc. proprietary .dt4 format) and as extracted files (usually .csv or .txt 

files) for data evaluation. All evaluation, data cleaning and processing was done using the 

extracted files, not touching the raw survey files. Thus, the original datasets always 

remained available in a tamper-safe format. 

 

All data reside with the St Johns River Water Management District and a complete set of 

backup data was provided with this report. 
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Field data Acquisition 

 

Field data were obtained on a 25ft Grady White in 2008 and 2010, then on a 25 ft Aquasport 

Explorer, equipped with a Biosonics DTX Scientific echosounder unit, operating a 418kHz 

and a 38kHz echosounder. Simultaneously, as a backup, the entire survey was also recoded 

on a 200kHz Biosonix MX sounder in 2014 and 2015. 

 

Hydroacoustic data were acquired with a BioSonics DT-X echosounder and two 

multiplexed, single-beam digital transducers with full beamwidths of 10o (38 kHz) and 6.4o 

(418 kHz), operated at 5-Hz sampling frequency and 0.4 ms pulse duration.  This was the 

same system used since the 2007 pilot study.  The two transducers were located on a swing-

arm mounted to the gunwale.  The GPS antenna was mounted directly above for optimal 

integration of acoustical and positional data strings.  Global positioning data were collected 

with a Trimble Ag132 dGPS, differentially corrected against the WAAS (Wide Area 

Augmentating System) signal to achieve positioning accuracies less than 0.9 m horizontal 

dilution of precision.  The dGPS signal was interfaced with navigational software to 

provide real-time monitoring of vessel position with respect to the aerial images and pre-

planned survey lines.  To avoid turbulence-induced signal contamination, evident as a 

rolling oscillation on the real-time Visual Acquisition display, vessel speed was adjusted 

to maintain a net speed (vessel+drift) of approximately 4.5 knots. 

 

 
 

Figure 1.  Survey equipment.  (left)  Swing-arm in horizontal (traveling) position with 418 and 38 kHz 

transducers and Trimble antenna.  (middle)  Inside v-berth of survey vessel with BioSonics DT-X 

echosounder, Trimble receiver, and acquisition PC.  (right)   

 

The large-scale acoustic surveys were conducted in May/June 2008, 2010, April/May 

2012, April/May 2014, and April/May 2015 with the objective of quantifying the 

abundance and distribution of seasonal drift macroalgae during their early summer bloom 

in the Indian River Lagoon (IRL) and northern Banana River (BAN).  
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Table 1: Extent of the surveys executed in different years. 

 

2008 2010 2012 2014 2015 
  IR2 IR2 IR2 

IR3 IR3 IR3 IR3 IR3 

IR4 IR4 IR4 IR4 IR4 

IR5 IR5 IR5 IR5 IR5 

IR6 IR6 IR6 IR6 IR6 

IR7 IR7 IR7 IR7 IR7 

IR8 IR8  IR8 IR8 

IR9 IR9  IR9 IR9 

IR10 IR10  IR10 IR10 

IR11 IR11  IR11 IR11 

IR12A IR12A  IR12A IR12A 

IR12B IR12B  IR12B IR12B 

IR13A IR13A  IR13A IR13A 

IR13B IR13B  IR13B IR13B 

IR14BRE IR14BRE  IR14BRE IR14BRE 

IR14IND IR14IND  IR14IND IR14IND 

BR2 BR2 BR2 BR2 BR2 

BR3 BR3 BR3 BR3 BR3 

BR4 BR4 BR4 BR4 BR4 

BR5 BR5 BR5 BR5 BR5 

BR6 BR6  BR6 BR6 

BR7 BR7  BR7 BR7 

 

 

The surveys were conducted along similar survey lines (running east-west and spaced 

about 400m apart) across all surveys. The 2012 survey was the smallest, while in 2014 and 

2015 the area was extended into Mosquito Lagoon and into the security area N of Cape 

Canaveral. Indian River was surveyed from the Wabasso Bridge to its northernmost extent 

in Mosquito Lagoon.  Banana River was surveyed from its convergence with the Indian 

River northward into the Federal Manatee Zone near Cape Canaveral (Table 1).  River 

banks were surveyed to a minimum depth of approximately 1.3 m.  Hydroacoustic data 

were collected with the same BioSonics DT-X echosounder and multi-plexed 38kHz and 

418kHz digital transducers across all surveys.   

 

Groundtruthing: 

 

During each survey, ground-validation samples were collected in-line with the survey by 

intermittently slowing to idle speed, deploying a weighted video camera overboard, and 

simultaneously recording sonar and video for a period of 30-60 seconds.  The Trimble 

dGPS latitude and longitude and UTC time were burned onto the recorded video for post-

survey synchronization with hydroacoustic data.  The ground-validation video samples 

were reviewed post-survey and assigned a visually-estimated percent coverage of (1) bare 

substrate, (2) short SAV, and (3) drift macroalgae and tall SAV.  The ground-validation 

data was subjected to the same VBT post-processing, depth-normalization, and quality 

assurance as the survey data.   
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Figure 2: SAV Groundruthing sample at Mims in 2012 consisted of very low seagrass, with sparse algae. Its 

acoustic signature therefore fell within “bare”. 

 

 
 

Figure 3: Groundtruthing sample from Pineda in 2012 which consisted of very sparse seagrass with algae 

clumps caught within. 

 

Data Extraction 

Survey Data 

 

The 418 kHz hydroacoustic data used in this comparative data report were processed with 

BioSonics Visual Bottom Typer (VBT) seabed classification software to obtain values of 

E0 (pre-bottom scatter), E1′ (1st part of the 1st echo waveform), E1 (2nd part of 1st echo), 

E2 (complete 2nd echo), and FD (fractal dimension characterizing the shape of the 1st echo) 

(Figure 4).  VBT allows the user to define the width of each Bottom Sampling Window in 

units of “samples”, i.e. the 41,667 Hz clock-speed of the DT-X internal processor.  This 

critical setting is better understood by converting to units of meters via the speed of sound 

in water (Figure 4).  The split between E1′ and E1 was set such that E1 would capture the 

trailing edge of the first echo.  This emphasized sensitivity to the presence of drift 

macroalgae, as scattering from the vegetative canopy increases the proportion of signal 
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returning to the transducer in the trailing edge of the first echo.  Other values of VBT user-

defined settings are displayed in Figure 4 and 5, alongside representative waveforms 

acquired over bare substrate and over drift macroalgae. 

 

Data were checked for quality and internal consistency, outliers and obviously erroneous 

pings were removed. All pings that deviated by more than 10% depth from their neighbors 

were deleted since they were considered either erroneous or so far off nadir that no reliable 

result could be expected. 

 

 

 

Figure 4. Hydroacoustic wave form signal parameters 

 

 

Signal parameters of the 418 kHz acoustic array producing the best results are related to 

the first echo shape. E1 (the trailing descending edge of the first echo) allowed confident 

discrimination of bare seafloor, and drift macro algae. E1′ (the leading edge of the first 

echo), E2 (the entire second echo), and FD (Fractal Dimension) showed less discrimination 

ability in relation to all attempted analysis.  It has to be noted that while E2 appears to be 

as successful in splitting acoustic classes, it should not be used as a co-factor to E1 and E1′ 

in the classification scheme. First principles suggest that E2 carries different information 

than either E1 or E1′. The E2 parameter, based on the shape of the total second echo (=first 

multipath return), carries an important component of substratum hardness information and 

should not be expected to be very susceptible to shape-alteration by scatterers. It is likely 
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that the good separation of classes reflects a certain substratum type that favors algae, rather 

than the presence of algae themselves. Thus, the E2 signal was not used in further analyses. 

 

 

 

Figure 5. The critical settings of Visual Bottom Typer software used to process 38 and 418 kHz hydroacoustic 

data (Table). Representative waveforms acquired over bare substrate (top) and drift macroalgae (bottom). 

The settings for the width of the Bottom Sampling Windows, critical to the quantification of E1′, E1, and E2, 

are shown in units of as samples (bottom scale) and in units of meters (top scale), the latter based on the 

speed of sound in water and the 41,667 Hz sampling rate of the DT-X echosounder.    

 

 

Groundtruthing data 

 

An extensive training dataset was compiled from several hundred ground-validated 

hydroacoustic sample points collected across the extent of the study area separately in each 

survey year. Based on groundtruthing videos acquired during the fieldwork, samples were 

a-priori assigned to the following groups: 

 

1) Bare substrate (muddy and sandy) 

2) Sparse drift algae 

3) Dense drift algae  

 

Some confusion exists between the categories “sparse” and “dense drift algae”, due to their 

highly clumped and patchy distribution on the seafloor. This clumping does not allow 

consistent placement of the transducer over uniformly thick algae beds. Rather, due to 
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surface drift of the boat combined with bottom drift of algae, a mixture of algae/bare 

substratum signals are collected. Ultimately, the relative mixture of these signal classes 

defines what is sparse or dense and hence the a priori assignment to the classes (either 

sparse or dense) can at times be arbitrary if based primarily on visual evidence from drop 

camera.  

 

Groundtruthing data were processed and cleaned to provide samples with as pure members 

(only algae, only bare) as possible. In the BioSonics program Visual Analyzer, assisted by 

imagery from the drop cameras, overlap was reduced as much as possible.  Seafloor with 

algae is characterized by a well-marked energy return prior to the actual seafloor signal, 

visible in Figure 6 as a green area with irregular outline overlying the mostly yellow 

seafloor energy return. Bare seafloor is identified as only a thick, yellow-and-green line. In 

Visual Analyzer, these data were excised and put into separate files that could, for all 

intents and purposes, be considered pure endmember files. 

 

 

 
 

Figure 6: This echogram displays three of the four typical bottom types; The red box indicates an area of 

dense macroalgae; the black box represents an area of sparse macroalgae; and the brown box represents an 

area of mostly bare substrate.  

 

 

Due to the inconsistent separation between sparse and dense drift algae samples, some 

overlap in classification is unavoidable. For exploratory data analysis and catalogue 

development, emphasis was put on samples a priori assigned to “dense drift algae” (i.e. 

covering >50% of the substratum), although some sparser samples (covering ~50% of 

substratum) were also included in the catalogue.  

 



2015 Drift Macroalgae Mapping, NSU Page 11 

 

 
 
Figure 7:  This echogram represents a continuous return of dense macroalgae covering the seafloor. This is 

shown by a continuous green band above the yellow of the seafloor return. 

 

 

 

 

Hardware parameters 

Shown in Table 2 are the basic acquisition and extraction parameters for the acoustic 

signals used for mapping in the present report. While the overall same settings were used 

across all surveys, two acquisition regimes existed with regards to reference depth: 

 

- 2008, 2010, IRL section of 2010: used a reference depth of 2m 

- 2012 BAN section, 2014, 2015: used a reference depth of 10m 

 

While these differences caused no serious problems, they shifted data between the two 

survey groups and therefore a correction had to be introduced. This correction was 

anchored on groundtruthing data that could be verified by video-drops. 

 

 
Table 2. Extraction (VBT) parameters, 418 kHz and 38khz: 

 

Frequency 418 kHz 

Pulse duration 0.4 ms 

Source level (dB) 218.9 

Receive Sensitivity (dB) 55 

Data processing threshold (dB) -90 

Sound speed 1418 

TVG 20logR 

Amplitude (Y) scale -90, 0 

Bottom sampling window  
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E1′ 16 samp. 

E1 68 

E2 102 

S 50 

Bottom Tracking Parameters  

Peak threshold -50 dB 

Peak width 5 samples 

Bottom detection threshold -70 dB 

Above bottom blanking zone 1 samp. 

Alarm limit 8 samp. 

Tracking window 66 samp. 

Linear depth normalisation yes 

Reference depth (m) 2/10 
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Results 

 

Check of file integrity and completeness of surveys 

To ensure that all data existed and indeed comparable areas were surveyed, all files from 

each survey year were loaded, merged and then plotted. The result shows that the surveys 

are indeed highly comparable among years. In 2008 and 2010, Mosquito lagoon was not 

included, 2012 was only a partial survey. 

 

 

 

Figure 8: Survey integrity. Shown is the totality of all survey points (acquired acoustic pings). Due to limits 

of graphic resolution, the entire surveyed area appears black. The surveys across all years are indeed directly 

comparable. 

 

 

Standartisation of results across the survey years: 

 

In Biosonics Visual Bottom Typer (VBT), a signal that is digitized at source (i.e. inside the 

transducer itself) is stored as a raw wave-form. The signal is encoded as energy (in dB) 

over time. Since the original digitization happens in the transducer and is only then 

collected by the software, the basic signal entering VBT is, within limits, always 

comparable. Within VBT, the operator has the opportunity to modify the signal by 

choosing variable gain, depth, and signal length settings. Changing these settings has 

basically the effect of scaling the signal or focusing on a smaller part of the signal for 

analysis. Changes in baseline settings, such as the expected average survey depth, or the 

temperature and salinity during the survey, will scale the image. Windows of maximum 

and minimum energy (for example set to ignore a specific baseline noise-level) will focus 

on parts specific of the recorded waveform. 

 

The output from VBT are certain statistics based on the shape of the waveform, such as 

values of E0 (pre-bottom scatter), E1′ (1st part of the 1st echo waveform), E1 (2nd part of 1st 

echo), E2 (complete 2nd echo), and FD (fractal dimension characterizing the shape of the 
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1st echo), that have been used in these surveys over the years. The values are dimensionless 

numbers, the absolute magnitude of which depends strongly on the signal amplitude, which 

can vary depending on VBT settings. Different VBT settings can be employed to change 

the output values. It is important that basic settings remain exactly the same between 

surveys, in order to avoid having to rescale by changing parameters.  

 

In the present case, five surveys were obtained by three surveyors. While basic signal 

characteristics were noted down and care was taken to ensure identical settings, values 

generated from these surveys were not homogeneous throughout the entire time-series. 

Subtly different settings with regards to reference depth were used. Thus two groups of 

internally consistent surveys existed: 

 

- 2008, 2010, part of 2012 (surveyors: Foster, Riegl) 

- Parts of 2012, 2014 and 2015 (surveyors: Buskirk, Riegl) 

In the second part of the 2012 survey, the reference depth was increased from 2m to 10m, 

to assure that the deepest parts of the survey did not fall outside the reference depth. This 

did not change the signal characteristics, but shifted the overall values of extracted 

parameters. 

 

 
 

Figure 9: Data groupings across all surveys. Left panel shows full data spread, while right panel cuts off 

outliers. Three groups of differently-scaled data are visible (group 1: 2008,2010; group 2: 2012; group 3: 

2014, 2015). Data from 2012, upon close inspection, fall partly within the 2008/10 and the 2014/15 groups. 

 

 

Thus, differences in data values are due to different settings that resulted in a different 

scaling of the waveform, but left all other characters unchanged. The underlying 

waveforms have, due to the same survey setting (especially signal length), comparable 

characteristics. The difference in the magnitude of the calculated dimensionless number is 
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likely based to different settings of maximum reference depth. Thus, this allows to simply 

rescale, in order to bring data within the same magnitude. 

 

It was found that division of the first data group (2008/10, part 2012) by15, will bring data 

into a comparable range. This number was obtained by comparing both groundtruthing 

data as well as the composite of the entire survey data among the year and exploring by 

which ratio the medians and means related to each other. Since values obtained from 

groundtruth data and survey data coincided, this was taken as a guide. In the next step 

(Figure 10) data were plotted and the coincidence of data spread over the years was plotted. 

Again, good coincidence was found. 

 

 

Figure 10: Harmonized data spread among surveys. Left panel: 2012 had the greatest absolute magnitude 

of outlier values. Right panel: focus on ~90% of data, with outliers capped at 0.01. The grouping and the 

value ranges of individual surveys are coincident with observations: 2012 was a year with low algal cover 

(i.e. low E1 values), 2014 was a year with extremely high algal cover (i.e. high E1 values). 

 

 

Development of classification scheme 

 

Since an independent set of groundtruthing points was obtained every year, with the same 

survey settings as during the main survey, it was possible to build a catalogue that unified 

classification across all survey years. This also verified the permissibility of scaling all 

surveys to the same data-range. The logic was as follows: if the groundtruthing data were 

rescaled to exactly the same levels as the surveys in the three groups ([group 1]/15, [group 

2] unchanged) and coincidence of the upper and lower bounds of the verified groundtruth 

samples for algae and bare substratum was achieved, then the surveys were indeed 

homogeneous. This meant that data were indeed contained within a single, meaningful 

range and that also a single classification window across all surveys could be applied. 

Results are shown in Tables 3 and 4 below. 
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Table 3: Key statistics for all “bare seafloor” groundtruthing data, which generally fall within a close range. 

The only outlier is 2008. Lower hinge=25th percentile; median=50th percentile, upper hinge=75th percentile. 

 
 Lower hinge Median Upper hinge 

2008 0.0002346 0.0004266 0.0008233 

2010 0.0013133 0.0022833 0.0039000 

2012 0.0012000 0.0021300 0.0031400 

2014 0.0023100 0.0030500 0.0038700 

2015 0.0008305 0.0014700 0.0026100 

Mean 0.0011777 0.0018720 0.0028686 

 

 

 

Table 4: Key statistics for all “algae” groundtruthing data, which generally fall within a close range. The 

only outlier is 2012, which is expected since hardly any dense algae were observed during this year and 

occurring algae clumps were lower and sparser. Thus, these values were not used for calculating algae, as 

would be encountered in a regular year. Lower hinge=25th percentile; median=50th percentile, upper 

hinge=75th percentile. 

 
 Lower hinge Median Upper hinge 

2008 0.0037400 0.007200 0.012933 

2010 0.0030666 0.006060 0.011200 

2012 0.0005075 0.001780 0.004480 

2014 0.0026700 0.004390 0.006620 

2015 0.0003610 0.005410 0.007700 

Mean 0.0027188 0.004968 0.008586 
 

 

From these data, a uniform classification window across all survey years could be built, 

following the same methods as used in previous reports. The upper and lower hinge values 

were applied to generate a survey window that could be plotted over the entire data spread 

(Figure 11).  

 



2015 Drift Macroalgae Mapping, NSU Page 17 

 

 

Figure 11: Uniform classification window over all surveys. The data calculated from grountruthing samples 

fit very well with the reality of data-spread. The upper hinge of “algae” groundtruth data coincides with the 

data maximum of three of the five survey years. It is higher than in 2012, which is not surprising, given that 

hardly any well-developed algae were observed that year. Thus, only 2014 has values above the “algae” 

groundtruth upper hinge. Since there was no logical class that was more bare than bare seafloor, and 

extremes of the “bare” groundtruth stretched to zero, the lower edge of the “bare” window was fixed at zero. 

 

Raw survey data were cleaned from outliers, to achieve a more manageable spread of data. 

From 2008, 2010 and 2012, all data above the 90th percentile were removed. From 2014 

and 2015, all data above the 95th percentile. Thus, at a minimum, 90% of any survey year’s 

data remained available for analysis. These data were then checked for coincidence with 

the groundtruth data. The “algae” window encompassed data from about the medians of all 

surveys (except 2012) until their maxima. This is coincident with the previously-used algae 

windows (see survey reports for each year). The “bare” window stretched from zero to 

about the median of the datasets (except 2012, which fell mostly within “bare”). 

 

This classification provides for a simple, rigorously ground-truthed dichotomy: 

- Algae: E1 values from 0.0028 to 0.0085 

- Bare:   E1 values from 0.0000 to 0.0028 

 

 

Overall, the share of algae pings of all survey pings, as a proxy of area covered by algae, 

per year then is: 

 

Table 5: Distribution of percentage of acoustic signals registered in the class “algae” over all survey years. 

Note that all algae, sparse and dense, are included in the figure of total algae pings. 

 
 2008 2010 2012 2014 2015 

Algae pings 42.7% 41.1% 24% 59.1% 48% 
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Further simplification of the process 

 

Since E1 encodes algal biomass in a linear way (the greater algal biomass, the greater E1) 

the use of E1 values above the threshold value of 0.0027 could be directly used for the 

mapping of algal biomass. Use of a continuous variable allows the use of powerful 

geostatistical methods, such as kriging. 

 

This situation, namely that clear bins of adjacent values of E1 can be used to class algal 

biomass, raises the question about a statistical justification why the pure E1 parameter, 

without any modification, may be used as a proxy for algal biomass. After all, it is believed 

to describe the scattering parameter within the algae, was found to increase with increasing 

algal biomass, and thus might be a direct reflection of such biomass. To test this hypothesis, 

ground-truthing samples from 2014 and 2015 were classed into “bare”, “sparse algae” and 

“dense algae”. Samples were then simply arranged in sequence and a linear regression 

model was applied. If the relationship between algal biomass class and E1 value was found 

to be significant, then the hypothesis that E1 was a direct expression of algal biomass could 

not be rejected out of hand. 

 

 

Figure 12: Ground-truthing samples visually identified as “bare” (red), “sparse algae” (blue) and “dense 

algae” (green) arranged in sequence. Differences between “bare” and “sparse” are not very evident (sparse 

samples do include much bare substratum and bare samples can include the odd algae), but it is evident that 

“dense algae” samples have higher E1 values. A linear regression model through all data is highly 

significant. This strengthens the assumption that E1 values directly reflect algal biomass. 

 

There was ineed a linear relationship between groundtruthed algal biomass classes and 

E1. A regression was highly significant (p<0.001) and therefore suggested that E1 could 

indeed be used as a proxy for algal biomass. 

 

Above result can be weighted as further evidence that the E1 parameter on 418 kHz is a 

sufficiently precise estimator of algal biomass that it can be used for mapping. Therefore, 

following analyses use the E1 values as a direct proxy for algal biomass. 
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Biomass calculations 

 

Once the dataspread of all survey years fell within comparable ranges that agreed with 

values obtained from groundtruthing, the biomass of drift algae could be calculated. 

 

In previous reports, the biomass of drift macroalgae within each SJRWMD segment was 

calculated as the product of the average percent cover of drift macroalgae, segment area, 

and the wet weight of drift macroalgae (2000 metric tons per km2) measured in the 2004 

pilot study. This conversion factor was kept in order to maintain comparability. 

 

In the present report, two ways of calculating biomass were employed. Firstly, all E1 values 

were split into ten equally spaced bins, ranging in E1 values from 0-0.01. These were used 

to obtain kriging surfaces in ArcGIS. The extent of area covered by each E1 bin was then 

calculated in square kilometers. Since E1 scales linearly with algal class (from bare to 

dense), biomass can be used as the same proxy. The following biomass conversion per E1 

bin was employed: 

 

 

Table 6: Kriging bins in ArcGIS and their conversion into biomass values. 

Bin beginning with Biomass t.km-2 

0 0 

0.001 0 

0.002 0 

0.003 250 

0.004 500 

0.005 750 

0.006 1000 

0.007 1250 

0.008 1500 

0.009 1750 

0.01 2000 

 

The resulting table of algal biomass is shown below (Table 7). 
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Table 7: Biomass of drift algae calculated from kriging surfaces generated in ArcGIS. Values are tons of wet 

algae biomass in the respective survey area. NA=not surveyed during that year. DS=District Segment. “Sum-

only comparable” is the sum of only those segments that were surveyed across the years 2008, 2010, 2014, 

2015. 

 DS 2008 2010 2012 2014 2015 

Mosquito 
IR1 NA NA NA 25286.51 8129.60 

Mims 
IR2 14838.18 12720.18 8562.02 15170.48 16632.43 

Titus_A_N 
IR3 3925.77 3184.54 961.54 2122.10 2887.56 

Titus_B_N 
IR4 2114.88 1514.51 395.85 2937.64 1482.63 

Titus_S 
IR5 29287.65 19390.79 14200.49 47303.52 20364.60 

P. Saint Johns 
IR6 16114.67 19218.79 6462.93 33671.51 16698.35 

Cocoa 
IR7 1635.00 2420.36 2227.45 2194.82 3592.89 

Rockledge 
IR8 1637.05 2481.19 NA 3581.28 3203.19 

Pineda_N 
IR9 2300.32 1868.55 NA 3030.81 2726.79 

Pineda_S 
IR10 3149.43 3510.73 NA 2763.93 2385.70 

Eau_Gallie 
IR11 3972.58 5166.99 NA 4855.01 3972.54 

Crane_creek 
IR12A 1098.89 2825.40 NA 6066.55 3590.64 

Turkey_creek 
IR12B 1485.07 3954.04 NA 8655.98 4530.63 

Malabar 
IR13A 6255.02 6771.94 NA 9337.99 6914.99 

Grant 
IR13B 3664.95 3236.37 NA 5100.11 2502.65 

Seb_Br_C 
IR14BRE 3622.36 4450.14 NA 2654.25 2752.76 

Seb_IR_C 
IR14IND 6078.26 5530.31 NA 3983.81 4099.76 

Wabasso 
IR15 NA NA NA 2362.12 1113.75 

Cp._Canaveral_

S 

BR2 

1292.02 1893.23 752.62 12238.92 11172.17 

Port_Canaveral 
BR3 3901.02 5216.51 1358.03 4350.33 7019.55 

Cocoa_Beach 
BR4 1253.91 593.77 838.82 2383.46 1953.28 

Cocoa_Beach S 
BR5 15426.05 13809.47 7877.24 13190.01 14281.58 

Satellite Beach 
BR7 1043.84 1026.29 NA NA 1032.21 

SUM, only 

comparable 

 

124096.9 120784.1  185592.5 133796.9 

SUM, all  124096.9 120784.1 43636.99 187954.6 134910.7 
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Discussion 

 

The re-analysis of all survey data taken from 2008 to 2015 provided clear evidence of data 

integrity across the survey years. The only variation that was introduced in 2012, mid-

survey, was an adjustment of the reference depth that was adhered to in following years. 

This caused a slight shift of the scatter-index E1, which was adjusted by a simple division 

of the earlier data (2008, 2010, part of 2012) by 15 (value obtained by comparing 

groundtruth and survey data across the years, and calculating their ratio). The validity of 

this adjustment was tested against groundtruthing data, that had been collected in all years. 

The shift in values among years was caused by different reference depth settings, which 

caused a larger part of the signal (i.e. a greater distance along the time axis) to be included 

in calculations, which necessarily caused a relative reduction of that area of the signal used 

for calculation of E1 (essentially the integral under the curve. However, since that part of 

the curve was smaller with the different setting, so was the calculated E1). 

 

The here presented results show that the method employed is indeed capable of providing 

a valid and sensitive measure of algal biomass with directly comparable results among the 

years. 

 

A further simplification was introduced into the data evaluation approach. It is a direct 

evolution of rigorous analyses in previous years that aided in a solid and quantitative 

understanding of what exactly is encoded in the parameters of the acoustic returns. The 

final iteration presented here greatly simplifies data analysis and provides data that have 

the correct structure for producing high-quality maps with geostatistical methods such as 

kriging. 

 

Previous analyses have binned data into 3-4 classes (bare, sparse, dense algae, or bare, 

sparse, dense algae and other vegetation) and the evaluation of biomass was based on the 

counts of acoustic signals in each class. In the present data report, the approach was taken 

to first produce maps via kriging and then to measure the actual areas of the kriged surfaces 

that were assigned to the specific E1 signal-strength bins. This process will necessarily 

produce different biomass data than were obtained in previous years using different 

methods. 

 

It is suggested that the herein presented approach is preferable since it is: 

- Minimally intrusive to data and maximally uses the original data structure 

- Has proven to be robust in inter-annual and inter-regional comparisons 

- Provides data amenable to subsequent GIS analysis employing advanced 

geostatistical techniques 

- Provides comparable spatial patterns of algae biomass distribution over the years 

- Is robust and easy to employ 
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Mapping product 

 

The following pages show maps of the completed GIS project. 

 

 

 

 

 

 

 

 

 

 
 

Figure 13: Time series of algae biomass in Mosquito Lagoon. 
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Figure 14: Time series of algae biomass near Mims and Titusville. 
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Figure 15: Time series of algae biomass near Port St. Johns. 
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Figure 16: Time series of algae biomass near Canaveral/Cocoa.  
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Figure 17: Time series of algae biomass near Cocoa Beach.  
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Figure 18: Time series of algae biomass near Pineda Causeway.  
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Figure 19: Time series of algae biomass near Turkey Creek.  
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Figure 20: Time series of algae biomass near Sebastian Inlet.  


