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SECTION 1 

INTRODUCTION 

This document describes a cooperative program to develop and evaluate tec~niques 

for mapping submerged seagrasses using aircraft - upported remote sensors. Sub 

merged seagrasses are emphasized for several reasons: their wide geographic and 

habitat - type distribution have heretofore precluded adequate distributional maps; 

most marine ecologists agree that these plants are essential to the well being and 

productivity of most commercially important fishery resources in the Gulf of Mexico ; 

and , because of their shallow subtidal and, to some extent. intertidal existence. 

these plants are subject to man-induced stresses both from the shore (pollutant 

effluents) and water (dredge and fill). 

1.1 BACKGROUND 

1.1. 1 Seagrasses 

Studies of marine grasses in the Gulf of Mexico date as far back as 1802. Re 

views have been published by Thorne (1954) and Humm (1956) , and st dies on 

systematics and ecology by Phillips (1960, 1962, and 1967), Voss and Voss (1955) , 

Moore (1963), Heck (1976), Zimmerman and Livingston (1976) , and Thayer and 

Phillips (1977). Examples of important speci (Figure 1) include Thalassia 

Halodule wrightii, Halopblla engelmannii, ~ baillonis , 

Seagrasses are sensitive to environmental change , especially changes induced by 

man uch s organic and in l'lic wastes. he t d ffluent. aline and fresh -

water di charges. siltation caused by dr dging. and beach erosion. Seagrasses 

are important for stabilization of nearshore bottoms. are used directly and indi

rectly as food sources for many aquatic and terrestrial " animals (e.g .• waterfowl), 

1 
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Thele"/e teltUdlnum 

OccUR throughout the Gulf In 
depthl to 13 m. Thriving In ...... 
whe ... thl IIUnity II 26-38 0 / 00, 

but wlthltlndlng • r.nge between 
10-48 0 / 00• GroWl on lind, mud, 
mlll'l , ""lly end coene calcium 
carbon ... subltr.tn. 

-He/ophlle ."".Imllllll 

OccUR throughout the Gulf In 
depthl to 13 m, thriving In ...... 
where Unity II 26-38 0/00, but 
wlthrtandlng .. Unity II low II 9 
0/00• GroWl on und, mud, 
mengrove rootl, end Umlltone. 

Seagl'asses (with leaf cross sections) 

Rupple mllfltlme 

Occurs throughout the Gulf In 
depth. to 10 m In .re .. whlre 
.. lInlty I. II .. th.n 25 0/00• 

Grow. on lind and mUd. 

Syrlngodlu;" filiform. 

OccuR throughout the Gulf In 
depthl to 26 m, usu.lly In ...... 
whe... Unity II between 20 0 / 00 

.nd 38 0 /00, but wlthrtandlng II 
IIttl. II 10 0 /00• GroWl on lind, 
mud, end COl,.. calcium car· 
bon.t. substrates. 

... 
He/adul. wrlghtll 

OccUR throughout the Gulf In 
depthl to 10m In .re I where 
..Unity II between 10 0/00 .nd 
40 0/00• GroWl on lind, mud, 
mlll'l , .... Uy end coerll c.lclum 
c.rbon.te lubttr.te •. 

• H.lophl,. belllonl, 

OccUR through the Gulf In .... 
whl... ..lInlty I. between 24 
0/00 .nd 38 0/00 .nd mOlt com· 
monly In depth. from 10 to 30 m, 
but ocCIIlon.lly .xt.ndlng to I ... 
th.n 0.6 m. GroWl on .. nd, mud, 
.ndmlll'l. 

Figure 1. Example of Important Seagrass Species in the Gulf of Mexico 
(Earl, S.A. , 1972). 
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and provide protection for larval and juvenile stages of important fishery re

sources such as shrimp, lobsters , and croakers. 

1.1. 2 Remote Sens;.ng Systems 

The remote sensing data sources for the program were the Solid State Array 

Spect radiometer (SAS) and the RS - 18 multispectral canner which acquir~s 

four spectral channels of data. The SAS acquires 21 spectral channels of data 

at wavelengths from 4000 to 6880° A . Table 1 hows channel/wavelength assign

ments fo~ both systems. The SAS sy tern acquired 346 spacial elements for each 

spectral element as shown in Figure 2. 

1.2 OBJECTIVES 

The ove all objective of th program was to develop and eValuate techni es for 

mapping submerged seagrasses with high r esolut on, multispectr al r emote sensor s. 

Specific objectives include: 

• Evaluate a 21-channel Solid State Array Spectro adiometer (SAS). 

• Determine if common ellgrasses and 01;her bottom types can be detected 

and differentiated with igh esolutil.>n spectral data. 

• Develop and document pplic~ble computer algorithms for processing, 

analyzing and classi~ying spectral data into charts of sea grass distri

bution. 

• Determine any deleterious effects of water depth and optical properties 

on spectral signatures of sea grasses . 

1. 3 PARTICIPANTS 

The program was designed as a coope ative investigation involving three principal 

organizations : 

• Johnson Space Center (JSC) of t e Natio al Aeronautics and Space 

Administration (NASA). 

Earth Resources Laboratory (ERT",), National Space Technology Lsbora

tories (NSTL), NASA. 
3 



Table 1. SAS and R - 18 Channel/Wavelength Assignment 

SOLID STATE ARRAY SPEcrRORADIOMETER 

Channel Wavelength e A Channel Wavelength e A 

1 4000 12 5584 

2 4144 13 5728 

3 4288 14 5872 

4 4432 15 6016 

5 4576 16 6160 , 
6 4720 17 6304 

7 4864 18 6448 

8 5008 19 0592 

9 5152 20 6736 

10 5296 21 6880 

11 5440 

" 

RS-1S MULTISPECTRAL SC NNER 

. 
ChaDDSI Wavelengtb eA 

1 4000-5000 

2 5000-6000 

3 6000-7000 

4 8000-11000 

4 
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• Mississippi Laboratories. Southeast Fisheries Center (SEFC). National 

Marine Fisheries Service (NMFS). 

Primary par icipants contributed to the achievement of the overall and specific ' 

objectives through a partnership approach while satisfying specific agency objec

tives. These specific agency objectives included: 

• Johnson Space Center: 

Evaluate flight hardware system performance characteristics. 

Develop capabilities to acquire and process SAS type data into 

calibrated radiance measurements. 

Establish operational procedures for aircraft support of SAS appli 

cations. 

• Earth Resources Laboratory: 

Evaluate high resolution remote sensing of water color for coastal 

marine applications . 

Develop and evaluate data processing. management and analysis 

techniques for SAS type data. 

• Mississippi Laboratories: 

Evaluate the feasibility of using remotely sensed data for environ

mental assessment and habitat protection applications. 

Develop capabilities to process and analyze remotely sensed spectral 

data for marine applications. 

Other agencies and groups articipating in the program included: 

• Beau£: t Laboratory. Southeast Fisheries Center. National Marine 

Fisheries Service 

• Southeast Regional Office, National Marine Fisheries ervic 

• New Orlean Outer Continental Shelf Office. Bureau of Land Manage

ment 

6 
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• National Coastal Ecosystem Team. U. S. Fish and Wildlife Service 

• Florida Stat Department of Natural Resources 

1.4 BENEFITS 

There are several underlying reasons for the need to inventory seagrass beds on 

a large scale. and current methods cannot be used from a logistical, temporal, or 

economic standpoint . Traditional methods used for surveying eagrasses generally 

involve skin and SCUBA divers. underwater photography. core and grab samples. 

and dredge and trawl surveys . All are slow. expensive. and cumbersome to 

employ . Aerial photography has been. and continues to be. used ; however. 

extraction of useful information from photographs is slo and tedious requiring 

skilled photointerpreters. None of these methods are applicable to synoptic sur-

veys and all are temporally and economically prohibitive to apply. 

Seagrasses have received increased investigative interest recently because of 

their potential role as indicators of the impact of man' activities on estuarine 

and coastal ecosystems. Information on changes in seagrass distribution . abun 

dance . and diversity could significantly aid in fo mulation of effective decisions 

and guidelines for coastal zone management. In fact. changes in sea grass dis

tribution resulting from perturbations have been used in part to reduce or 

eliminate the artificial stress on the system. 

Before seagrasses can be utilized as a meaningful indicator of the cological con

sequences of the impact of man on ' coastal cosy terns, a technique must be deve -

oped to provide distriubtion and abundance data accurately and conomically . 

Potentially. aerospace color remote ensing could atisfy thi requirement. Vege 

tation and land -u e classification charts derived from r motely ata 

are r elatively commonplace now through dvances in nsor and data processing 

and an lysi technology • s project was designed to investigate the potential 

for utilizing this te hnology, with appropriate modifications for mapping the dis

tribution of sea grasses . 

7 
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1.5 

1.5.1 

PROGRAM MANAGEMENT 

Responsibilities 

Each agency cooperating in the program identified one person for coordination 

and management of all task elements and responsibilities assigned to that respec 

tive agency. They were referred to as co-investigators. The co-investigator 

for the Mississippi Laboratories served as Technical Coordinator for the program. 

The primary responsibility of the Technical Coordinator was to provide program 

coordination and integration. 

The organizational structure and principal responsibilities of the primary partici

pants of the program are shown in Figure 3. Responsibilities and functions of 

the other participants are presented in Table 2. 

1.5.2 Schedule 

The original functions/tasks identified in the "Seagrass Remote Sensing Program 

Plan" have been retained in the overall program. However, the FY 78 project 

year addressed only the St. Joseph Bay, Florida, test area. The Econfina River, 

Florida, test area was addressed in a FY 79 project managed by NASA (ERL). This 

report addresses only the FY 78 project year. In addition, the completion of the 

data synthesis/data analysis, and compilation/integration of the multiple inputs 

from each participating agency was underestimated in time/effort in the original 

plan and delayed on several occasion by project personnel being assigned to 

other segments of the overall program and other programs having higher priority. 

8 
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• APPLICATION OF THE SAS 
SYS 

• BAS DATA ACQUlSITION 
• CALmRATED RADIANCE 
• DATA PBOCESSING SOF'IV/ARE 

. • P LANNING AND ANALYTICAL 
SUPPORT AND EVALUATION 

,......... ,....... 

TECHNICAL COORDINATOR 

• COORDINA TlON 

• INTEGRATION 

NASA/ERL 

• AIRCRAFT SUPPORT 
• AERIAL PHOTOGRAPHY 
• SURFACE TRUTH DATA ACQUI

SITION (LIMITED) 

• DATA ANALYSIS 
• CLASSIFICATION OF 

DATA 
PLANNING AND EVALUATDN 

MISSISSIPPI LABORATORIES 

I. EXPE RIMENTAL DESIGN 

-

• SURFACE TRUTH DATA COLLEC
TION AND ANALYSIS 

• DATA ANALYSIS AND CLASSI
FICATION 

• EVALUATION OF DATA FOR 
SEAGRASS MAPPING 

• FINAL REPOBT 

Figure 3 . Or ga;li7.ational Structure and Responsibility SUmmary for 
Prtn~~pal Participants in the 8eagrass Mapping Program. 
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Table 2. Program Functions of the other Partlolpating Organlzat ons . 

ORGANIZATION 

National Marine Fisheries servtoe 

• Beaufort Laboratory 

• Southeast Reglonal Office 

• Southeast Flsberies Center 
(headquarters) , 

U. S. Flsb and Wtldltte Servtoe/ 
National Coastal Eoosystem 
Team (NsrL) 

Bureau ot Land Management/ 
Outer Continental Shelf Offloe 
(New Orleans) 

lorida State Department of 
Natural Resources 

10 

FUNCTIONS 

Expe mental design, analytical 
asslstanoe, seagrass expertise, 
and system evaluation 

Advtsory s upport, evaluation, and 
administration 

Administrative asslstanoe 

Advtsory support In planning, experi
mental deSign, and evaluation 

Advtsory support In planning, experi
mental design. and evaluation 

Evaluation 



SECTION 2 

TECHNICAL PLAN AND FIELD OPERATIONS 

2. 1 APPROACH 

The program was designed to investigate the feasibility of using an aircraft

mounted Solid State Array Spectroradiometer, a RS - 18 Mu tispectral Scanner, 

and several data processing/analysis techniques to map seagrass beds. The 

planned program mplementation approach is shown in Figure 4. 

In its simplest form, this approach was to identify selected training sites with 

styrofoam markers to saturate or increase the radiance levels in cer tain picture 

elements (pixels) of the remotely sensed data, thereby locating surface sites i 

the remotely sensed data; collect surface truth data to provid identification of 

these training sites as grass beds (type/species/depth), or bottom (sand, mud, 

oyster reef, etc./ depth) ; develop statistics for each class of training site (grass 

bed or bottom); and use this information to perform a computer classification of 

each pixel of data -alon flight lines into the most likely class , thus producing 

color code classifications of the test areas as the end product. 

Functions necessary to accomplish the objectives were t e acquisition of pre

mission reconnaissance information related to the test site (St. Joseph Bay, 

Florida), acquisition of surface truth and aircraft remotely sensed data from the 

site, processing and analyzing these data, documenting and evaluating the re

sults, and preparing and ubmitting the project report. 

2.2 TEST SITES 

Sev ral test sites from St . Andrews Bay, Florida , to th F orida Key were con

sidered originally. Through discussio s with Dr. Richard Iverson and Dr. Gordon 

Thayer, the St. Josep-h Bay (Figure 5) location was selected based on the following: 

11 
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1. Data acquisition would have to be accomplished early enough to allow 

time to analyze t he data, and document and evaluate the results by the 

end of the project year. 

2. Test sites would contain . seagrass patches 1/4 acre in size, or larger, to 

be used as ground truth for the pattern recognition analysis. 

3. Water at the proposed sites would be free of pronounced color or turbid

ity effects . 

4. Attention would be directed toward sites where scientific research pre

viously had been performed and a body of information about the site was 

available . 

5. Attention would be directed toward sites which provide reasonable field 

staging facilities (e. g., boat launching facilities, r ental vessels, etc . ). 

The project was designed to characterize the fine - scale features of submerged vege

tation in St . Joseph Bay, Florida. The general features of the bay, including an 

.estimat" of bottom coverage of Thalassia testudium, had been determined during a 

general survey of the near shore region of the Gulf of Mexico (McNulty , 1972) 

(Figure 5). St. Joseph Bay receives negligible fresh water input and contains very 

small populations of phytoplankton. The sediments are primarily sand or muddy 

sand and settle out of the water column rapidly; therefore, water clarity is usually 

excellent. Broad expanses of nearly monospecific stands of ~ssia testudinum 

are located around the periphery of the bay. Drift algae ccumulate in po tions of 

the bay during the spring and fall with some stands of attac ed macroalgae pre ent 

throughout the growing eason. Rent al vessels and launching facilities exist on 

the east side of the bay and provide an excellent staging area for field work. 

2.3 DATA REQUIREME TS 

Collection of surface truth data from 20 locations (Figure 5) was planned. Generally, 

two to three sites were selected for each unique ecological class and each pre'-defined 

14 
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depth zone. Depth zones from the shoreline to 15 feet wer~ in 5- foot increments . 

Collection of seven data parameters for non- grass locatioris and ten data param

eters for grass locations were required at each surface truth site. The detailed 

information to be collected at each site is listed in the data acquisition section . 

The second data type required was aircraft remotely sensed data. Two sensors 

were used in the experiment and the data from both sensors were processed. 

The principal planned source of data was the Solid State Array Spectroradiometer 

(SAS). Supporting data were acquired with a Zeiss camera using standard aerial 

color film and no haze filter, and an RS -18 Multispectral Scanner. 

SENSORS 2.4 

2.4. 1 Solid-State Array Spectroradiometer (SAS) 

2. 4 . 1.1 Characteristics 

The SAS uses a solid-state array detector to achieve a pushbroom type scan 

which yields both spatial and spectral data. The array detector is a 346 by 42 

element CID sensor. This configuration allows the acquisition of 346 spatial sam

ples (ground resolution elements) which are divided into 21 spectral samples (42 

elements are combined by pairs) (Figure 2). The optics of the system are such 

that a 13.6° field -of-view is spectrally dispersed by a grating and imaged on the 

array. The present configuration images 4000° A on channel 1 and 6880° A on 

channel 21. All data sam les are digitized to an 8-bit accuracy and output in a 

Bi-Phase L tape recorder compatible format at a rate of 300 kbs. This bit rate 

forces a frame rate of 3.6 frames (scans) per second. With this frame rate, the 

aspect ratio (ratio of length to width of a ground resolution element) is about 

10.5 to 1. 

2. 4. 1. 2 Calibration 

The SAS is calibrated by usin an integrating sphere light source . The sphere 

uniformly illuminates the entire 13.6° field -of -view. This provides a quick, 

15 
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simple, and reUable means of caUbrating the entire system simultaneously. Var

ious neutral density fittel's re placed between the SAS and the sphere to pr ovide 

data at different light levels which allows the computation of transfer functions 

for each element in the array. In the calibration process , a least squares fit 

equation is computed for each detector element and stored on a calibration tape . 

In processing the mission data tape, the count from the raw data tape is used in 

the appropriate transfer function equation to calculate the corresponding input 

radiance. Then, a standard equation is lsed to calculate a new count based on 

the input radiance. By this method, for any spectral channel , the same counts 

on the corrected data tape represent the same input radiance regardless of which 

actual element on the array obtained the data. This correction is necessary due 

to the fact that each element on the array is an individual detector and thus has 

its own t ransfer funct ion . 

2 . 4. 1. 3 Performance 

The SAS was successfully oper ated on the data-gathering mission. The system 

perfor med normally within its design limitations. Analysis of the data revealed 

several problem areas : 

1. More dynamic range was needed to accommodate the varying Ught levels 

as received from the target areas. 

2. A reduction in n()ise level was required in order to achieve the full 

8-bit data accuracy. 

The walk-on sensor concept was demonstrated by the 20-minute installation and 

checkout ime utilized . 

2.4.2 RS - 18 

2.4. 2 • 1 Chara 'teristic 

The RS - 18 is a five channel opt ical /thermal infrared scanner . Originally con

structed as a thermal scanner, it was modified for this project and configured 
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with three visible (400-500 nm, 500- 600 nm, and 600- 700 nm) and a near infrared 

band (800- 1100 nm) . The instantaneous field of view of the scanner is 2.5 mill-

radians, corresponding to a spot 2.5 m across from an altitude of 1000 m. The 

scan width is 1000 , giving a total scan of approximately 2400 m at that altitude . 

The signal from the scanner s recorded in a pulse code modulated format after 

digitization. The instrument is operated in an uncalibrated mode, so that signal 

level is a measure of relative radiance only within each spectral band. 

Data for the investigation were acquired at an altitude of 1520 m. The picture 

element ize was, therefore, 3.8 m, and the total scan width was 3630 m. Because 

the extreme angles of the scan introduce problems in analysis (geometric distor-

tion , variation of target reflectivity, and atmospheric problems), the scan was re-

stricted for this project to 700
, resulting in a total scan width of 2130 m. 

2. 4 . 2 . 2 Performance 

The performance of the R8- 18 during the data acquisition activities was 

very good. Data were of excellent quality in channels two through four, 

but the signal level in the first channel, centered in the blUe portion of 

the spectrum, was very low . This was not unexpected, as the instrument 

uses a silicon detector which has a low sensitivity at short wave-lengths . 

As expected, the near infrared channel provided no information relating to 

the submerged vegetation , but did provide the capabUity for readUy discrim

inating land and water. 

2.4.3 Zeiss Camera 

A nine .. inch format Zeiss RMK 15/23 camera, equipped with a six-inch lens and 
)' 

2A and AV filters, with standard color film 80397 was used to acquire support

ing data. 
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2.5 DATA ACQUISITION 

Selected ground truth and remotely sensed data were acquired to satisfy data 

requirements for mission objectives. Most of the ground truth data were acquired 

on 5/17/78, while the remotely sensed data wer~ acquired on 5/18/78 and 5/19/78. 

This acquisition was feasible ba&ed on the stability of bottom types and grasses. 

Water samples, light measurement, and depth measurements were the only ground 

truth data collected on 5/18/78 as near as possible to the time of remotely sensed 

data because of the potential variation in these measurements over periods of 

several hours. 

2. 5. 1 Ground Truth Data 

Data were acquired at 20 locations (Figure 5). The sites were predetermined 

and 1.2 m x 2.4 m x 7.6 cm numbered styrofoam markers were anchored at each 

site. Data were collected at each site to identify indigenous seagrasses and de

scribe respective environments. Data were collected on seagrass field acquisition 

forms (Appendix A) and included site identification number, date, time , photo

graphy frame number, photometry readings, site description by bottom type and 

percentage, description by grass species and percentage, environmental sample 

numbers (water and sediment) , and depth. Data requirements and sampling proce

dures (Appendix A) were prepared and provided to data acquisition personnel 

for use in data collection and data recording field activities. Data were collected 

at 20 sites numbered SJB1 through SJB20. A sample copy of the data acquisition 

form is shown in Appendix A. 

2.5 . 2 Remotely Sensed Data 

2 . 5. 2 • 1 Platform 

The platform utilized in the experiment was the Beechcraft E-18S operated by the 

NASA Earth Resources Laboratory. It has two 450-horsepower Pratt and Whitney 

radial engines with two-blade Hamilton standard propellers. Its operational ceil

ing is normally 3000 m, although it may operate for as long as one hour at 3600 m. 
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The maximum range is as much as 1700 km, depending on mission r equirements. 

Normal operating speed is 290 to 330 km/hr, with a true air speed capability of 

200 to 330 km /hr. The aircraft is operat d by a two-man flight crew, and the 

sensors were operated for this experiment by a two-man flight systems crew. 

Navigation information was provided by an ONTRAC III VLF Navigation System, 

and was r ecorded on the flight sensor data recording system throu gh a fixed 

data inserter. The recorder is a 14-track, one-inch magnetic tape reco der, 

Ampex AR 700. The sensor data stream is digitized either within the sensor 

electronics or by an external analog to digital converter, and is recorded in 

pulse codE:: modulated format. Direct and FM recording are also available. with 

1.0 MHz and 250 KH frequency respon e for these two modes. 

The sensor systems on the aircraft can be configured to carry one 70-mm 

Hasselblad camera, one Zeiss RMK 15/23 camera with a 15.24-cm focal length 

lens, and either the RS -18 scanner or the SAS. Because of the limitation to a 

single scanner. it was necessary to make separate sorties to acquire all of the 

required data . 

2.5. 2.2 Flights 

A summary of the flights conducted over St. Joseph Bay is presente( in Table 3. 

RS - 18 data were collected first, followed by a second flight with the SA . The 

altitude for the RS - 18 flights was 1520 m, and 3050 m for the SAS flights. The 

first flight line wa flown on May 18, 1978, at 10: 32 AM EDT, but the mission was 

aborted since cloud shadows covered much of the target area. The weather clear

ed during the day, and the mission was repeated early in the afternoon . The 

first line was flown beginning at 1558 EDT and was completed at 1601. The second 

line was flown from 1603 to 1605, and the third line was flown between 1610 and 

1613. The sensor operator observed that the two channels of the RS- 18 saturated 

frequently over flight line one, so gains were reduced for the second and third 

Unes, and the first Une was flown a third time. with data being acquired between 
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Table 3. Summary of Remote Data Acquistion Conditions 

START ACCEPTABLE 
FLIGHT TIME SUN· SUN DATA 
LINE RUN DATE (EDT) ELEVATION AZIMUTH ~ ACQUIRED 

1 1 5/18 1032 46. 8 92.6 65 NO 
1 2 5/18 1558 56 . 8 260 . 4 110 YES 
2 1 5/18 1603 55 .5 261. 4 171 YES 
3 1 5/18 1610 54 .2 262 .4 242 YES 

[ 
1 3 5/18 1617 52. 7 263. 5 104 YES 

1 4 5/18 1749 32. 5 275 .4 115 NO 

I 
2 2 5/18 1756 31. 2 276. 1 186 NO 
3 2 5/18 1802 30.0 276. 7 257 NO 
1 5 5/18 1808 28.7 27 7.4 117 NO 
2 4 5/18 181 27.4 278 .0 188 NO 

f' 3 4 5/18 1820 26. 1 278. 7 259 NO 

1 6 5/19 1041 48.8 93. 6 61 YES 

L 
2 6 5/19 1047 50. 1 94 .4 191 YES 
3 6 5/19 1052 51. L~ 95 .3 75 YES 
1 7 5/19 1059 53 .0 96 .3 59 YES 
2 7 5/19 1105 54 .3 97.3 188 YES 

L 3 7 5/19 1109 55.1 98.0 83 YES 

I. 
L 
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1617 and 1620. With all inflight indicators pointing to a successful data acquisi

tion flight, the aircraft returned to the airport where the RS - 18 was removed. 

The SAS was installed and the aircraft retu ned to the test area the same after

noon . Data were acquired with the SAS and photographic sensors from 1749 to 

1752 on flight line one, from 1756 to 1798 on flight line two, and from 1802 to 

1805 on flight line three. The lines were eflown between 1808 and 1822 to in

sure good data acquisition in the event of a momentary sensor malfunction. In

flight indicators su ggested a possible malfunction of the SAS might have re ulted 

in total loss of data, so a second sortie was made on May 19 after further adjust

ment and checkout of the SAS. The lines were repeated twice, with flight line 

one being flown between 1041 and 1044 and between 1059 and 1103, flight line 

two being flown between 1047 and 1049 and between 1105 and 1107, and the third 

flight line being flown between 1052 and 1054 and between 1109 and 1111. No 

symptoms of malfunctio were given by the inflight indicators. 

The flight lines were designed to maximize the coverage of the benthic veg tation 

features as they would be observed by the sampling teams. The sampling sta

tions with markers were planned to be clo e to nadir if the flight lines were 

flown perfectly. The lines were all flown very close to the planned lines .. but 

deviation from the planned lines two and three resulted in the loss of several 

surface sample points in terms of SAS coverage. All sampling locations were in

clude in the RS - 18 coverage. 

2 . 5. 2. 3 Meteorological Conditions 

The first two d ys of th flight window wer not suitable for conducting the data 

acquisition mission becaus of cloud and thunderstorms in the te tea. inds 

were also exce ive, with velociti s e timated as great a 30 knots. igh wind 

velocities cause the sun glint contamination to be more severe than would be 

experienced at low wind velocities, and cause resuspension of bottom sediments, 
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resulting in degradation of water clarity which affect the visibility of the bot

tom of the bay fr m th remote sensing platform. The winds calmed omewhat 

on the second day and velocities were low on the third and fourth ays of the 

window. On the third day, the cloud cover began to dissipate, and by the after

noon of the third day, skies were almost completely clear . There were no clouds 

over the test ar ea on the afternoon of the third day or any time on the fourth 

day of the flight window, the times at which data were acquired by the two S6 1-

sors. 

Sun elevation and azimuth are important co siderations when collecting imaged 

data over water bodies. Sun glint, i.e., specular reflection of the solar disk, 

may be ord rs of magnitude greater in intensity than the light reflected from the 

bottom or vegetation covering th bottom of the water body. The ideal situation 

for r emote sensing with a scanner-type sensor is for the sun to be directly in 

front of or behind the aircraft, and for the elevation of the sun to be less than 

about 55°. The sun e vation for the two days of aircraft data collection is plot-

ted in Figures 6 a 7, and the azimuth and elevation for. each of the flights are 

listed in Table Table 3 al 0 lists the angle between the flight line heading 

and the olar azimuth. Optimum values for ~ are 0° and 1800 • Sun glint was 

a pr oble only on the first flight of line three, the line covering the eastern 

portion of the bay. 
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SECTION 3 

DATA PROCESSING AND ANALYSIS 

3.1 GROUND TRUTH PROCESSING 

Vegetation samples of Thalassia testudinum plus epiphytes from 15 stations were 

transmitted to Dr. Gordon Thayer for chlorophyll !! and phaeophytin analysis. 

Values shown in Table 4 are on a per gram wet -weight basis and the weights 

were for leaf portions only. With the exception of possibly two samples, SJB 7 

and SJB 17, all chlorophyll !! and phaeophytin data are similar, indicating that 

chlorophyll ~ absorptance should vary with density of grass stand, but not on 

an equal weight b sis from station to station. 

Data from each of the 20 seagrass field acquisition forms (Appendix A) were key

punched along with the data in Table 4 and processed through a compu ~r program 

which produced a summary report by stab-,m containing basic ground truth infor

mation (Appendix B). A ground t uth document containing the summary report , 
. 

underwater photographs (near and far shots), and a photograph of the bottom 

sample for each station was prepared and used throughout the study. 

3.2 PHOTOGRAPH PROCESSING AND ANALYSIS 

Two cameras were flown on the data acquisition mission, a 70 mm Hasselblad w·th 

a 6-inch focal length lens loaded with a color infrared film (Kodak 2443) and 

equipped with a wratten #3 filter and a haze fUter, and a 9-inch format Zeiss 

RMK 15/23 camera equipped with a 6-inch lens and 2A and AV fUters and loaded 

with tandard color fUm . The wratten #3 filter is an infrare blockin filter, -

which, when used with the S0397 infrared fUm, gives an excellent response in 

the blue portion of the spectrum and provides good mappin g of submerged fea-

tures. 
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Table 4. Chlorophyll a and Phaeophytin Analysis Results 
from VegetatIon Collected in St. Joseph Bay, 
Florida, May 1978 

Chlorophyll !. PhaeOPh1tin Sample Wet weight 
SJB (~g) per 9 (FO/FA (Diiuted in 51 -m1 ) 

sample 

4. 14 1. 78 5.225 
* 2 6.83 1.81 4.566 

3 5.30 1.90 4.417 
5 3.28 1.81 4.628 
6 3.06 1. 79 3.114 
7 10 .25 1. 76 3.211 
8 5.93 1. 88 2.042 

10 3.33 1. 83 2.475 
12 3.09 1. 82 2.520 
1 3 3.49 1. 79 2.7 31 
14 5.24 1. 83 1. 241 

* 16 4.40 1.83 1.847 
17 2.68 1. 71 0. 679 
19 3.62 1.80 2.871 
20 5.29 1. 73 3.027 

* 
Average of 2 samples 
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The coverage obtained with the Hasselblad was not as complete a that ob ained 

with the large format camera, which provided a record of almost the entire scene 

imaged by the RS - 18 canner. The coverage obtained with the Zeiss camera on 

the six data flights used in subsequent analyses included nearly the entire area 

of the bay having significant growths of bottom vegetation. Strip mosaics of the 

Zeiss photography taken at 3050 m east, south and west portions of the bay are 

presented in Figure 8. 

The images of the bay benthos are of excellent quality. It is possible to s e 

variations in depth and density of vegetation. The aerial photography was used 

to extend the observations made at specific locations by divers, so that "truth" 

data were available for nearly the entire area imaged with the electronic sensors. 

3.3 

3.3. 1 

REMOTELY SENSED DATA PROCESSING 

RS - 18 Data Processing 

The data from the RS -18 scanner are recorded in pulse-code modulated format on

board the aircraft . Before any computer manipulation can be performed on the 

data, they must be decommutated to computer-compatible form. This was perform d 

for the egments of the data stream corresponding to the times when the afrc aft 

was over the target areas on the flight lines and it appeared that there were no 

problems with the data. Line one r un three, line two run one , and line thre 

run one were decommutated. The output of the decommutation software was then 

processed to correct for overscan r esulting from the operational characteristics 

of t he instrument and platform. The overscan result in scan lines being sepa

rated (pixel c nter to cent r) by one-half of the nstantaneous field of view at 

the aircraft velocitiy and altitude flown during data collection. The data were 

then in a form suitable for detailed proc ssing. 

Locations at which truth data were ac.quired by the team of divers were easily 

identified when the scanner data were displayed on the image processing 
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I 
system. Th 1. 2 m x 2.4 m sheets ' of styrofoam deployed at these locations were 

visible at each sampling station. Training samples were selected at these loca

tions so that spectral signatures could be associated with the truth information . 

When the scanner image appeared heterogeneous in the vicinity of the marker, 

care was taken to include only the area in the direction from the marker at which 

the sampling was performed, and pixels that ppeared inconsistent with the truth 

information were eliminated. Thus, for example, if the truth data indicated a 

dense growth of Thalassis. ~nd there were several bright pixels in contrast to 

the darker pixels typical 0(' dense benthic vegetation in the study area, they 

were identified as bare sand spots and excluded from the training data being 

developed for dense vegetation. Channels two and three, covering the green 

and red portions of the spectrum, were used in selecting the training fields. 

When a sampling station was imaged under two flight lines, training fields were 

selected for that location in both data sets. 

After selecting the training felds, the mean count value (corresponding to the 

mean radiance upwelling from the field) and its standard deviation were computed 

for each spectral channel for each field (Table 5). Standard deviations were 

examined to determine whether the field was contaminated by variation of he bot

tom cover or if an electronic problem had occurred and caused obviou ly errone

ous data to be recorded. If the deviation exceeded approximately 10% of the 

mean , the t!'aining field was again viewed, any "wild" points were eliminated , 

and the tatistics were recomputed. 

After proceeding with the analy is of the training ample statistics, it became 

evident th t the v ri tion of the cene as a whole was not adequately depicted 

by t r ining samples located at the sampling station . Consequently , additional 

trailling fields (Table 6) were taken in areas identified 'Using the photography. 

These areas were located in deep water where the bottom was not visible and 
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Table 5. RS - 18 Training Field Statistics 

Training HulRber of Picture CH-1 CH-2 CH-3 CH-4 Field Elements 

N X a X a i X 0 
TP 1£ 301 23.2 1.40 40.4 1.12 37.7 1.98 8.4 .50 TP 2£ 132 23.9 1.72 41. 7 1.36 38.3 1.08 8.1 .34 TP 3£ 30 24.6 1.87 46.6 1.35 43.8 .94 8.2 .46 TP 4£ 39 28.4 1.23 80.0 1.47 76.2 1.63 8.2 . 56 TP 5£ 212 25.2 1. 59 48.5 1.30 40.4 1.28 7.9 .46 TP 6£ 121 24.7 1.45 47.7 1.28 38.1 .91 8.0 .35 TP 7E 228 24.5 1.59 43.9 1.11 38.5 .97 7.7 .48 TP 8E 144 24.8 1.55 47.1 1.42 41.0 1.02 7.8 .45 
TP 5S 88 24.8 1.65 50.0 1.21 42.1 1.32 8.4 .55 TF 6S 28 25.5 1.82 51.3 2.03 44.6 2.31 9.4 .57 TP 8S 79 24.6 1.54 47 .2 1.07 41.5 .97 8.4 .50 TP 9S 125 31.4 1.69 102.1 2 .66 97.1 3.37 8. 5 - .55 
TP lOS . 27 26.5 1. 42 63. 7 2.68 58.1 2.75 8.4 .50 TF l1S 178 24.8 1.65 47.4 .96 36.4 .86 7.9 .52 CoO TP US: 29 25.3 1.31 57.3 1. 99 52.4 1.64 7.4 .79 

Q 

TF 13 S 69 25. 8 1.60 57.9 1.87 51.3 2.36 8.6 . 73 TF 15 S 276 24.8 1.45 47.3 1.16 36.9 1.36 8.5 .68 
TF 13 W 40 25.7 1.53 55.9 2.36 49.5 2.56 7.7 .45 TF 14 W 31 26.8 1.91 59.6 2. 34 54.5 2 .14 8.6 .48 TF 15 W' 146 25.5 1.70 47.3 .89 35.9 .96 8.1 .40 TF 16 -W 48 25.8 1.23 56.2 2. 34 50.7 2.11 7.8 .43 TP 17 w 37 26.8 1.66 70.8 2.82 55.6 1. 94 7.8 .52 TP 18 ·W 100 32.7 1.65 1U.9 2 . 37 103.8 2 .24 7.9 .3~ TF 19 W 58 25.4 1.63 49. 4 1.56 41.2 1.54 8.0 .37 TF 20. W 74 24.4 1.48 42.3 1.48 33.9 1. 30 7.8 .42 



Table 6. RS -18 Training Field Statistics 

Training Number of Picture CH-1 CH-·2 CH-3 CH-4 
Field Elements 

-N X a X a X a X a 

TF 21 3057 25.5 1.54 41.9 1.10 31. 7 1.01 8.0 .433 

TF 22 2743 24.0 1.53 38.5 1.15 29 .2 .98 7.8 .42 

TF 23 1019 26.7 1.57 72.7 3.28 48.5 3 .01 7.8 .62 

TF 24 626 26.6 1.53. 69.96 2.09 55.6 1.88 8.03 .360 

TF 25 1030 24.9 1.57 52.9 1.35 36.6 1.03 7.73 .456 

TF 26 84 25.9 1.44 60.3 1.13 43.2 .88 8.00 .219 

TF 27 144 24.9 1.56 57.8 1.19 43.2 .99 7.88 . 390 
~ ... TF 28 567 25.2 1.59 55.1 1.54 42.7 1.34 7.99 .345 



intermediate depth areas (approximately 2 to 4 m) where the the bottom was visi

ble but had no significant vegetation cover. 

3.3. 2 SAS Data Processing 

The PCM data stream from the SAS recorded on the aircraft magnetic tape was 

decommutated to computer-compatible form at the NASA Johnson Space Center . . 

The calibrations were applied for each wavelength for each element of the scan 

line to provide a calibrated image. with the count level corresponding linearly 

to the radiance observed at the aircraft. The computer-compatible tapes were 

reformatted fol' direct use by the software at the Earth Resources Laboratory. 

This reformatting included splitting of the data into two separate fil s. the first 

containing SAS spectral channels 1 throug 12 and the second containing channels 

13 through 21. This was done because the ERL software is limited to 12 spectral 

channels. The next step in the processing was to prepare a display tape in 

order that training fields could be selected. The aspect ratio of the SAS pixels 

was approximately 10 to 1 for the flight condidtions des ribed in Section 2. 5.2. 

with the pixels being approximately 2.5 m wide (along scan line) and 25 m long 

(along flight line). . To make the image more easily discernable, each scan line 

was r epeated ten times . It was then possible to identify features in the imagery 

and correlate them with the aerial photography. 

The sampling station markers wer e not readily discernible in the SAS imagery ; 

therefore. their approximate locations were determined from correlation of fea 

tures in the imagery and in aerial photography. in which the markers could be 

identified despite the 3050-m altitude of the aircraft. Most of the markers could 

then be found in the SAS image . although the increase in radiance level due to 

the white marker was equivalent only to everal counts incre se in the signal 

level. The training fields were then outlined to include the area actually sam

pled by the team of divers. and to exclude as much variation as possible to 

achieve maximum homogeneity for the training field. Training field mean count 
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levels and standard deviation were computed for each field located in t he data 

as shown in Table 7. When the standard deviation in any channel (except chan

nel 1) of a field exceeded approximately 10 percent of t he mean value for the field, 

the field was again displayed to determine the reason. "Wild poiI)ts, " due to elec

tronic noise or variation in bottom cover, were excluded from the field and the 

statistics were r ecomputed . 

Because of the narrow overall field of view of the scanner and deviation fr om the 

planned flight lines, some of the sampling locations were not included in the SAS 

imagery and , therefore , could not be used as training fields . This increased the 

need for additional training fields . In most cases, they were selected in the 

vicinity of the site that had been visited, using the aerial photography to verify 

the homogeneity of the area. 

3. 4 RS - 18 DATA ANALYSIS 

Two analysis techniques were used to process the RS - 18 scanner data. The first 

technique used spectral information from the training fields and a discriminant 

function analysis computer program (Dixon , 1977) to develop algor·thms to be used 

in a supervised pattern recognition approaqh. The second technique consisted 

of usin g spectral data at the training fields combined with unsupervised dat a 

groupin gs in a hybrid supervised - unsupervised maximum likelihood pattern 

recognition approach. 

3. 4. 1 Discriminant Function Supervised Technique 

The first step in this process was the grouping of the training fields into mean

ingful categories or classes. The initial grouping of the trainin g fIelds into 

classes was made on unifor mity of surface truth infOl'mation r elating to vegetation 

density, t he presence or absence of algae , the depth of water, and uniformity of 
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Table 7. SAS Training Field Statistics 

TRAINING NUMBER. O"F PICTURE GHAP~ER 1 CHAPTER 2 CHAPTER 3 CHAPTER. 4 
FIELD ELEMENTS ~ r y -a a a X a 

TF 20W 915 .9 1. 3 42:.8 2 . 6 84.7 4.4 114.6 6.1 
TF 19W 164 5.8 3.8 54.7 4 . 4 85.2 6.1 98.6 3.0 
SH 3NS 1525 .8 1.3 42 .1 2.7 84.3 4.6 115 . 1 6.5 
DW 2CH 1641 .1 . 3 42.4 4.9 77 .3 28.6 97.6 3.2 
SH 50S 1167 .3 .7 42.2 3.4 82.7 4 .5 114.8 6.0 
TFl8WE 1146 13 .• 3 4.5 62.9 5.6 97.7 1(1),.6 122 .5 6 .2 
TF 17W 696 18.3 6.8 70.9 6.0 92.3 4.3 103. 7 3.9 
TF 16 1281 15.3 7. 7 6~.0 9.4 93.0 7.1 109. 2 4.9 
TF 13W 3560 8.5 5.9 59.3 7.4 89.4 7.7 105.4 3.5 

. TFD15C 1838 .4 .9 50.9 4.1 77.2 2.3 104.4 3.6 
TF 14W 1504 1.2 2.0 53.9 4.0 82.8 3.1 113. 7 5.3 
TF 06S 1026 1.0 . 1 45.8 3.3 74.2 2.6 102.4 4.4 
TF 13S 2232 .1 . 2 41.9 3.4 84.1 4.4 120.3 6.1 

c:.o TFSE3A 958 .0 . 1 28.8 3.3 71.1 3.7 102.7 5.6 
• TF 07E 1643 .0 .0 35.7 4.0 77.6 4.3 112.8 6.1 

TF 06E 2271 .1 .1 33.5 3.5 75.1 4.2 108.9 6.3 
TF 05E 1455 .0 .0 34.6 4.7 72.9 4 .0 105. 2 5.6 
TF 08E 1812 .• 0 . 1 33.2 4 .3 71.2 30 .6 94.4 3.4 
TF08EA 666 .0 . 0 37.1 4.8 72.9 26.9 97 . 1 2.8 
TF 04E 497 · .1 . 2 39.1 3.1 84.1 4.0 124.6 5.4 
TFSE3B 2005 .0 .1 28.8 3.4 71.0 4.0 102.8 5.5 
TFSE2A 2112 .0 .1 27 .7 4 .1 69.5 3.7 99.8 5.6 
TFSElA 2051 .0 .1 24.8 3.5 6fi.5 3.6 94.3 5.7 
Land 1 3818 16.4 5.6 62.7 5.8 94.7 9.4 111.8 5 .1 
Land 2 3526 31.9 8.4 90.8 21.2 139.8 37.4 159.7 33 .0 
Land 3 7263 12.9 7.1 61. 7 8.0 92.0 7.1 106.2 ll . l 



Table 7. SAS Training Field Statistics (continued) 

TRAINING CHAPTER 5 CHAPTER 6 CHAPTER 7 CHAPTER 8 CHAPTER 9 CHAPTER 10 
r - X FIELD a X a a Y Y Y 

_. 
a a a 

TF 20W 138.8 6.2 153 .9 4.0 163.7 3.4 190.3 3.4 215.8 3.5 200.6 3.6 
TF 19W 141.6 3.4 163.8 4.0 182.6 4.6 212 .6 4.0 236.5 2.2 212.7 3.5 
5H 3N5 137.2 5.0 155.7 4.6 167. 2 4.0 197.5 3 . 5 230.3 3.8 223.4 4.0 
DW 2CH 127.7 3.7 146.9 3.6 161.9 3.9 189. 2 3.4 210.5 3 .6 188.4 2.8 
5H 505 140.9 5 .0 155.9 3.9 169.1 3.8 197.1 3.3 230.2 3.9 221.8 3.7 
TF18WE 182 .0 11 . 0 229.0 13.7 244.7 9.2 243.0 6.6 250.1 5.1 218.7 5.6 
TF 17W 147.7 5.4 184.0 6.S 197.9 9.3 229.0 7.7 247 .3 5.6 210.0 6.2 
TF 16 156.9 7.3 195.7 10 .8 213.9 11.6 234.1 7.6 247.2 5.6 211.9 6.9 
TF 13W 150 . 2 5.1 182.0 7.4 199.6 7.2 226.2 11.4 242.5 7.1 209.4 5.4 
TFD15C 136.9 4.9 156.8 4.3 173.1 6.4 193.8 4.3 219.0 4.9 197.3 4.1 
TF 14W 148 .9 6 . 2 169.9 8.1 181.6 6.7 195.6 5.1 224.2 5. 2 206.3 6.2 

~ IF 065 136.4 4.5 156.7 4 . 2 173 .8 5.0 193.5 3. 9 221.2 4.6 201.8 3.6 
U'I TF 135 149 .9 5.4 166.0 5.4 178.S 5.1 19S.5 3.9 230.6 5.0 224.3 4.8 

TF5E3A 125.9 4.5 139.4 3.5 149.1 3.2 175 .7 2.6 205.0 3.4 196.3 3.4 
TF 0 7E 141.6 5.5 156.3 4.2 167 .8 3.8 192. 7 3.4 221.3 4 .3 207 . 2 3.7 
TF 06E 141.1 5.9 158.4 4.3 174.0 3.9 ).98. 7 4.4 228.9 4 . 3 217.3 4.2 
TF 05E 135 .7 6.1 153.0 4.7 169 .6 4.2 194.1 4.3 223.1 4 .4 20S.1 5.4 
TF 08E 127.7 4.0 149.4 3.7 165.6 4.4 196.4 5.1 221.7 4.9 200.3 3 .8 
TF08EA 131 .5 4.5 154.6 3.7 173.3 6.3 199.3 5.0 224 .8 5.5 203.5 5.0 
TF 04E 159.0 5.4 183.1 5.7 197.2 5 .3 207 . 6 3.5 243.0 4.7 243.4 4.9 
TF5E3B 125.8 5.0 136.9 3.6 146.7 3.3 170.9 3.0 195. 5 3.4 183.5 3.2 
TFSE2A 123.9 5.1 134.7 3.8 145.0 3.2 167.3 3.2 190.7 3.4 176.7 4.0 
TF5ElA 113 .6 5.5 124 .2 3.7 131.3 3.3 151.8 3.0 171.0 3.1 155.4 3.5 
Land 1 155 .7 7.5 183.5 11.4 199.7 11. ? 226 . 2 15.9 246.9 7.1 216.9 6.0 
Land 2 212 .0 25 . 1 234.0 U.O 238.2 12~0 239. 9 8 .0 248.9 5.4 215.3 6.2 
Land 3 147 .7 6.4 174.7 9.0 189.1 8.9 219.2 14 .4 244.9 7.4 213.8 6.3 
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Table 7. SAS Training Field Statistics (continued) 

TRAINING CHAPTER 11 CHAPTER 12 CHAPTER 13 CHAPTER 14 CHAPTER 15 CHAPTER 16 
FIELD X (J X (J X (J i (J X (J X (J 

TF 20W 184.9 3.8 195.1 4 .6 176.0 4 .9 144 .0 4.8 119.6 3. 6 95.5 3.7 
TF 19W 205.7 2.8 227 . 8 2.2 202.2 5.8 180.9 5.7 135 .1 3.7 106 .0 4.0 
SH 3NS 217.5 4.1 238.1 4.7 222.8 4.2 187 .4 4.7 145. 5 4.3 116 .4 4.3 
DW 2CH 173. 3 2 .8 185 .3 3.0 161.0 2.8 133 . 5 2. 8 101.0 2.6 78.7 2.1 
SH 50S 213.6 3.3 235.2 3.4 218.9 3.7 178.4 4 .4 137 .3 2.8 109.1 2.4 
TF18WE 214 .6 4 . 2 254.7 1.7 254.2 2. 1 254. 5 2 .1 238.5 5.0 193.6 9.5 
TF 17W 200. 7 5.2 238 .7 7.0 7.0 37. 9 194 .1 18 .6 142.8 13.0 110 .5 9.0 
TF 16 206 .4 7.8 247 .9 6 .8 117.3 122 .• 8 221. 6 9.7 167. 2 6.9 131.8 5.9 

. TF 13W 205.1 5.5 244 .4 6 .0 172.3 91.5 192. 2 6.9 144 . 5 5.3 113.9 4.5 
TFD15C 182.7 3.5 202.0 3 . 5 180 .3 3.1 144 .4 3.5 108 .6 2.9 84 .4 2.6 
TF 14W 190 .8 4.4 211. 7 4 . 0 205.9 3.9 182 .9 5.1 146. 7 5.0 116.0 4.3 

~ TF 065 187.4 3 .3 208.5 3.2 198.3 3.6 165.7 3. 3 123. 9 2.2 91.2 2.7 
TF 135 212 .4 5.1 222.3 5. 2 204.3 5.0 172.9 7.1 139. 9 6.0 110. 7 5.5 
TFSE3A 182 . 9 3.8 190 .6 3 .7 170.5 3.6 139 .0 3.4 113. 3 3.4 87.2 3.0 
TF 07E 190.5 3.6 201.1 3 . 9 180.0 3.8 150 .7 3.5 123 .6 2.9 97.2 2.6 
TF 06E 202 .5 3. 8 216.6 3 .9 197. 4 4.5 158. 2 4. 6 119 . 9 3.1 93 .1 2.7 
TF 05E 193.6 4 . 8 208.2 4 . 2 188. 9 4.4 153.6 4 .6 119 . 5 3.6 93~ 5 3.0 
TF 08E 187.0 4.1 206.0 5.2 180 .6 ~.8 152 . 3 5.3 115. 6 4.0 89 . 7 3.5 
TF08EA. 190.1 4.5 213. 6 4.9 197.5 3.6 169.2 4.1 131 .7 4.5 102.9 3.7 
TF 04E 231.9 5.4 243.3 4.3 231.9 4.1 230 .8 7.3 193 .1 8.9 157. 3 8.5 
TFSE3B 167.9 3.0 174 .9 3.1 154 . 7 2.9 125 . 2 3.1 102 .1 2.7 77. 7 2.2 
TFSE2A 160. 7 3 .7 167.9 3.5 148 .7 3.6 121.4 3.2 98 .9 3.3 75 .9 2.7 
TFSE1A 140. 7 3.2 145.7 3. 9 129 .0 3.2 104 . 3 3. 4 85.8 3.3 65. 9 3. 1 
Land 1 155. 7 4 . 9 183.5 4.0 240 . 2 20.5 215 .2 17.4 173 .6 16.7 143. 0 14.4 
Land 2 211.6 6 .1 252. 6 5.0 217 .1 88.4 251.4 5.7 232. 7 10.8 198. 3 11. 2 
Land 3 209 .8 7 .0 250.5 6.7 189 .3 99.1 211 . 2 14.1 169. 7 In 9 138.3 1C.1 
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Table 7. SAS Training Field Statistics (continued) 

TRAINING CHAPTER 17 CHAPTER 18 CHAPTER 19 CHAPTER 20 CHAPTER 21 
FIELD X a Y a- X 0 X 0- X 0 

TF20W 78.9 3.1 74.8 3.6 98.1 3.6 85.0 3.3 40.7 2.2 
TF 19W 86.8 3.1 85.8 2.8 100.0 2.1 85.0 3."3 47 .6 2 .5 
TF 3RS 97.5 3.9 91.8 3 .7 112.0 4.2 94.7 4.7 44.9 2.9 
DW 2CH 64.3 2.1 62.8 1.9 73.9 3.3 63.7 3.5 28.1 2.3 
SH 50S 91.0 2.5 85.8 2 .7 104.6 3.1 88.3 2.9 42.3 2.4 
TFl8WE 161.8 10.7 165.6 12.5 189.4 18.2 159.1 16.0 94.3 10.8 
TF l7W 90.2 8.1 91.0 8.5 104.7 9.2 93.3 8.5 53 .2 4.6 
TF 16 108.4 5 .2 111.0 5.5 128.2 6.6 110.7 8.1 64.9 4. 0 
TF 13W 93.3 3.9 94.2 4.3 109.7 4.8 95.8 4.4 54.8 3. 5 
TF 15C 69.0 2 .1 66.2 2 .2 82.4 2.4 73.0 2.7 33.8 1. 5 
TF 14W 95.7 4.1 93.1 4.0 112.6 5.0 99.6 4.9 55.3 3.1 

w TF 06S 79.6 2.6 76 .9 2.4 92.0 3.3 80.2 3.4 37.9 2.0 
-:a TF 13S 91.5 5.1 86.1 5.1 108.5 4.9 93.8 5.3 49.7 4.1 

TFSE3A 70.6 3.0 64.7 2.8 84.2 3.1 70.2 3.0 37.2 2:7 
TF 07E 79.2 2.3 75.7 2.5 95.5 3.4 81. 7 2.9 42.8 2.4 
TF 06E 76. 1 2.6 72.2 2.5 87.8 4.0 76.9 2.8 35.4 1.7 
TF 05E 76.7 2.7 73.7 3. 0 89.7 4.0 79.0 3.2 37.9 1.9 
TF 08E 72.6 2.9 71.6 3.1 80.9 3.9 67.4 3.7 30.5 2.5 
TF08EA 84.0 3 . 2 82.9 3.5 96.5 4.4 81. 7 4.3 40.0 3.5 
TF 04E 131.8 6 .8 126.4 7.8 151.8 8.4 131.5 8.0 71.2 5.6 
TFSE3B 61.6 2 .2 57.4 2. 7 75.3 2.8 62. 8 2.8 31. 7 2.1 
TFSE2A 61. 1 2 .4 58.1 2 . 6 75.4 3.6 63.6 3.0 32.3 1.9 
TFSElA 53.0 3 .3 49.5 3.5 65.2 3.9 54.6 3 .7 26 .9 2.3 
Land 1 119.5 12.2 122 . 2 13.1 152.1 18.1 144.7 19. 3 95.7 13. 5 
Land 2 170.8 12 .1 178 . 6 13.4 226.9 18.2 220.2 17.9 156.0 20. 5 
Land 3 114.6 8.2 115.7 9.1 139.5 11. 7 130.7 12.0 89.0 8.4 

:':: 

" 

;.. 



I 
• 

the remotely measured upwelling light radiance. The surface information sepa-

rated into eleven categories is listed in Table 8. Four depth ranges were ident

ified ; very shallow (less than 1 meter) J shallow (1-2 meters) J deep (2-3 meters) J 

and very deep (greater than 3 meters) . The rooted vegetation density was par

titioned into four categories: bare (no appreciable Thalassia) J sparse (less than 

20% cover) J medium (20- 40% cover) J and dense (greater than 40% cover). The 

floating algal associations were identified as dense red algae, sparse red algae, 

cream algae J and no algae. 

The first approach was to classify data for each of the three flight lines utilizing 

training field data from the corresponding line. The training classes developed 

for each flight line along with the sample stations used in each class are shown 

in Table 9. Flight line 1 (west side of St . Joseph Bay) J was selected as the 

iIrst line to be classified because of the diversity of water depths J vegetation 

types and vegetation densities . Statistics used to classify the aata from flight 

line 1 came primarily from this line with the exception of one dense grass train

ing field which came from flight line 3 (east side of St. Joseph Bay) and was 

included to complete the vegetation range. Although priority was given to pro

cessing flight line 1 J several of the processes required to classify flight lines 

2 and 3 (south side of St. Joseph Bay) were handled in parallel with those f 

flight line 1 J which resulted in the classification of these lines in rapid succession 

following the classification of flight line 1. Means and standard deviations from 

channels 2 and 3 for each training field for each class and line (as grouped and 

shown in Table 9) we input to the discriminant unction program which pro

vided an analy is on individual training field ep r bility and produced a classi

fication algorithm for each cl ss ultimately identified . Training field tatistics 

from channel 1 and channel 4 were not included based on the information gained 

in the initial data review cycle. 

38 



· Table 8. RS - l8 Discriminant Function Analysis - Sample 
Grouping from Surface Truth Information 

CLASS DESCRIPTION SAMPLE STATIONS' 

1. Very shallow water, no grass, no algae 4,9,18 

2. Deep water, no grass, no algae 11,15,21,22 ,25 

3. Shallow water, medium grass , very dense red algae 20 

4. Very Shallow water, dense grass, sparse red algae 1,2,3,7,8 

5. Shallow water , medium grass, cream algae 19 

6. Very shall ow water, sparse grass, sparse red alg~e 17 

7. Shallow water, medium grass, sparse red algae 5, 6, 13,16 

8. Very shallow water, medium grass , no red algae 14 

9. Shallow, no grass, no algae 23 ,24 

10. Deep, no grass, no algae 26,27,28 

11. Very shallow, sparse grass, no algae 10,12 
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Table 9. RS - 18 Discriminant Function Analysis - Classes 
for Flight Lines 

Flight Line 1 

Class Descr ip t ion. Sample Station Area (hectares) 

Dense Grass . 2E 37.4 

Medium Grass 19W 152. 4 

Sparse Grass 13W, 14W, 16W, 17W 468. 7 

Bare Bottom Visible 1 18W 210. 3 

Bare Bottom Visible 2 23W, 24W 254. 9 

Bare Bot t om Visib1e 3 26W, 27W, 28W 22 0. 3 

Bottom Not Vis ible 15W, 21W, 22W, 25W 678.4 

Red Algae 2m~ 374. 5 

Land Channel 4 2112.9 

Flight Line 2 
Sample Station Area (hec tares ) 

Dense Grass 2E. 24.,4 

Med ium Grass 5S, 65, 8£ 151.3 
\ 

Sparse Grass 10.S, 12$, 13S 174.,9 

Bare Bottom Visible 1 9S 98 .. 6 

B t t o Not isible llS ~ ISS 4Q9 •. 3 

Land Channel 4 1 

Flight Line 3 Sampl Station Area (h ctares) 

Dense Grass IE, ~E. 31': , 7E 468 •. 5 

M dium Grass 5E, 6E 8E 152. 9 

Sparse Gr ss 12S 333 .4 

Bare Bottom Visibl e 1 9S 511 \1 

! ottom No t Visible 11S 19. 8 

Land Chann 1 4 460.4 
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The next step in the process was to utilize algorithms produced by the discrimi

nant function software for each class and a land /water classifier to classify the 

RS -18 data from each flight line. A classification program was developed to 

check the data value from channel 4 to determine if it was a land or water pixel. 

If it was land (based on exceeding the count level for t e water region), it was 

classified as land and the program proceeded to the next pixel. If it was a 

water pixel, then the data from channel 2 and channel 3 for the pixe were pro

cessed through classification algorithms and the pixel classified into one of the 

r emaining classes. The resulting classifications for the three flight lines are 

shown in the color coded computer-generated image (Figure 9). In addition, the 

area for each class in each line was computed and is shown in Table 9. The most 

dramatic problem in the classifications is the confusion of t he classes of red algae 

and bottom not visible. While the red algae is separable from the various densi 

ties of grass (Thalassia) and the bare bottom visible/different depth classes, it 

appea s to have an overlapping spectral signature with the deep water (bottom 

not visible) and causes a significant portion of the deep water area on the west 

side of the bay to be classified as red algae. An additional problem is the clas -

ification of the area to the left on the e!:Lst lne as "Bare Bottom Visible 1." This 

are is primarily the deeper water and should have been classified as "Bottom 

Not Visible. " Sunlight in this rea raised the recorded radiance levels 

in each channel, making it appear as a shallow bare bottom area. A review of 

the signatures in all four channels for all training fields grouped into eight 

classes was made to see if furth r sep rability could be achi ved by using chan

nels 1 and 4. The graphic results shown in Figure 10 indicated that the prob

ability of ccompli hing epar bility this way with the current training field sta

tistics w s very low. Inde d, channel 1 and channel 4 were limited with respect 

to separability of any of the classes. A graphic display (Figure 11) of c1 ss 

means located as center points and vertical/horizontal lines depicting plus or 
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minus one standard deviation shows the red algae/deep water (bottom not visible) 

data overlap in a part of tl e data range in channels 2 and 3. Rather than ex

pend further system time to select and refine classification statistics for the bot

tom n t visible and red algae classes, the problem would be addre sed in the hybrid 

supervised /unsupervised parallel effort without additional training statistics. The 

supervised clas ification effort was redirected to the area of classifying the data 

from each of the three flight lines using algorithms developed with class statistics 

from a composite of all training fields excluding the red algae training field. 

With this approach, more information could be gained on the importance of train

ing field variability from one flight line to another (aircraft flight path relative 

to sun position, vegetation bottom cover homogeneity along flight lines, potential 

difference in aircraft altitude as the aircraft switched from one line to another, 

etc.) and its relationship to classified scene results . Answers to the question 

regarding wether it is better to group training fields to form composite classes 

to classify all lines or use classes developed from training fields from individual 

lines to classify the corresponding line might be resolved even though the 

experiment was not designed, nor the data collection optimized, to do this type 

of analytical work. Proceeding along this line, the compositie training field 

set (excluding red algae) was used in forming the classes in Table 10. The 

same p rocedure previously described was used to classify all three flight lines 

and the results are shown in Figure 12. Area computations by class and by 

flight line are shown in Table 11. 

The classification shown in Figure 12 is a more uniform classification from one 

fli ght line to another, as seen by comparing the west and south lines with the 

corresponding line in Figure 9. The classification in Figure 12 utilized the 

composite set of training fields from all lines (which better defined total scene 

variability to classify each line), while the classification in 'Figure 9 utilized 

training fields selected from individual lines (which did not necessarily define 
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Table 10 . RS - 18 Discriminant Function Analysis - Classes 
for FUght Lines 1, 2 and 3 (Composite Training 
Flald Sets) 

Class Description Sample Station 

Dense Grass IE, 2E, 3E, 7E 

Medium Grass SE, 6E, BE , 5S, 65 , SS, 19W 

Sparse ' Gras 105, 125, 13S, 13W, l4W, 16W, 17W 

Bare Bottom Visible 1 4E, 95, IBW 

Bare Bottom Vi.i ble 2 23W, 24W 

Bare Bottom Visibl e 3 26W, 27W , 2BW 

Bottom Not Visible 115, ISS, 15W, 21W, 22W. 25W 

Land Channel 4 

Table 11. RS -18 Discriminant Function Analysis - Class 
Areas for Flight Lines 1, 2. 3 (Composite 
Training Field Sets) 

Fli ght Line 1 Flight Line 2 Flight Line 3 

Class D scri2tion Area (hectares) Area (hectares) Area (hectares ) 

Dense Grass ')112. 9 40. 2 454.7 

Medium Grass 110. 1 165 .B 159.6 

Sparse Grass 372 . 7 170.9 32 7.4 

Bare Bot tom Visible 1 27B.3 9S. 9 51 3.9 

Bare Bottom Visible 2 272.3 64. 1 7. 1 

Bare Bottom Visible 3 235.9 119 .2 7. B 

Bottom No t Visible 1015. 2 199.3 15.2 

Land 2112.4 .9 460.4 
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t he total scene variability wit. ' a given line) to clasflify each respective line. 

However, the classifications shown in Figure 9 provide more detail in specific 

areas as emonstrated in the medium grass line that runs almost the full length 

of the east line and the breakdown of th grass beds into medium and sparse 

grass in t e lower section of the west line which does not appeal' in Figure 12. 

Both refinements have been bserved and verified by field surveys. The best 

classification can be accomplished y selecting a set of training fields from each 

line which completely define all classes found on that line, and cIa sifying the 

data from that line with only that set of raining fields. However, if this is not 

feasible logistically, economically, time wise , etc., it has been shown that a class

ification with a minimum deviation in detail and improved definition of the total 

scene variability can be achieved using the composite training field procedure. 

3.4.2 Hybrid Technique 

The hybrid analysis of RS - 18 data utilized statistics computed from training fields 

at the surface truth locations and a statistical analysis of the entire data set. 

The t · sets of statistics were merged and the entire data set was then classified 

on the basis of both the specific data (surface truth related information) and the 

information derived from the data as a whole. 

The training field were grouped into categories similar to those developed pre-

viously , but varied in number and definition as established by a second analytical 

team working in parallel. The surface information was separated into twelve 

categories (Table 12). Three depth ranges were id ntified: shallow (less than 

1 meter) , deep (1- 2 meters) and very deep (over 2 meters). Th rooted veg -

tation density was broken into bare (no appreciable Thalassia), very s se (less 

than 10% cover), spars (10- 25%), m urn (25-35) nd den (over 35%). The 

floating algal associatio were identified as dense algae, sparse red algae 

cream algae and no algae. The categories derived from grouping the spectral 
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Table 12. RS -1S Hybrid Analysis - Sample Grouping fr om 
Surface Truth Information 

Cla~s Description Sample Station , 
1., Sh llow water ~ medium densit:r 12, 14 

grass, no ~lgae 
2. Very deep, 'no grass or algae 11. 15 

3 . Shallow, dense grass , dense r ed algae 13, 16 

4 . Deep , sparse grass, dense algae 17 

5 . Shallow, bare 4, 9, 18 

6. Deep, medium grass, dense cream algae 19 

7. Deep ,medium grass, very dense red algae 20 

8 . Shallow, dense grass, sparse algae 7, 8 

9 . Deep, dense grass, sparce red algae 5 

10 . Shallow, sparse grass, no algae 10 

11. Shallow, dense ' grass, no algae 1 ~ 2, 3 

12 . Deep, medium grass, sparse red algae 6 
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data from the RS - 18 training field statistics were based on the signal level in 

channels 2 and 3, and were similar, but not identical. 

The final grouping wp.s made considering both the spectral and surfac data. 

Groupings were made separately for each of the three flight lines, and are listed 

in Table 13. A class corresponding to bare bottom was not developed at this 

stage of analysis. 

The RS-18 data also were subjected to statistical analyses including nearly the 

entire data set using an unsupervised training field selection algorithm imple 

ment ed in the computer program SEARCH . This technique scans the data set 

(or subset as specified) with a 6-element by 6- scan line window and locates all 

areas of that size which meet specified criteria for homogenity. The standard 

deviation and coefficient of variation are computed for each spectral channel for 

each 36-element area and compared with a specified criterion from homogeneity. 

If the standard deviation and coefficients of variation fall within the user-defined 

l1mits , the training field is automatically grouped with previously identified train

ing fields strictly on the ba is of minimum separability; i.e., the training field 

is grouped with the category of training fields from which it is least separable on 

the basis of spectral information alone. The classes represent spectrally separable 

combinations of depth, vegetation density , type and color (chlorotic conditions 

or extensive epiphytic involvement may, for example, change the color of the 

vegetation significantl ) I water color, surface eflect ion, and algal density and 

color . Land fe tl.lres wer included in two of the flight lines and are thus in

cluded in the stat st ical analy is for th flight line. 0 land w s includ d in 

the analysis of the remaining flight lin • although om land waF.! im ged. 

While the unsupervised training mple selection provided a stati tical nalysis 0 

the entire data set, the supervised training field statistics r epre ented a narrow 

range of well-determined surface (I.e., water depth and benthos) conditions. 
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Table 13. RS -1S Hybrid Analysis - Sample Grouping from 
Surface Truth Information and Training Sample 
Spectral Data 

Flight Line 1 Training Samples 

WI Shallow, medium grass , no alage 

W2 Shallow, dense grass, dense red algae 

W3 Deep, sparse grass, dense algae 

W4 Intermediate depth, medium grass, 
some al gae 

W5 Deep, medium grass , dense red algae 

W6 Shallow, sparse grass, no algae 

Flight Line 2 

Sl Shallow, medium grass 

S2 Deep, sparse grass 

S3 Shallow, very dense grass 

S4 Shallow , sparse grass 

Flight Line 3 

EI Shallow, medium grass 

E2 Int rmediate depth, medium grass 

E3 Shallow, very dense grass 

E4 Shallow, sparse 
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12S, 14W 

13W, 16W 

17W 

SE , 6E, BE, 19W 

20W 

lOS 

l2S, 13S, 14W 

l7W 

IE, 2E, 7E 

lOS 

l2S, 14W 

3E t 4E, 6E, BE, 19W 

lE, 2E, 7E 

lOS 
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Consequently, the wo sets of data were merged to provide the hybrid (unsuper

vised augmented with supervised dats.) classification statistics. Each of the three 

flight lines was then classified using a maximum Wdhood classifter, MAXL4, on the 

NASA Earth Re ouree L boratory ima~ processinS' system. The resulting pro

duct was analyzed to identify the cIa es developed by SEARCH. A first cut at 

categorizing the SEARCH classes was made using the surface truth information 

and aerial photography. A econd visit to the study area was made to acquire 

less detailed, but more geographically comprehensive, information to better ident 

ify the unsupervised classes and categorize th m into meaningful groups. This 

grouping of classes was necessary because the unsupervised training field anal

ysis subdivided the desired categories too finely. The object of the categoriza

tion was to identify and map density of benthic vegetation and to discriminate the 

dense algal communities, but the individual classes resulting from the SEARCH 

spectral analysis subdivided the general categories by depth , water color, surface 

reflection, etc. With the additional surface truth da a , it was possible to over

ride the extra information and generate the desired product, shown in Figure 13. 

The final categories for each flight line , which were formed by comhining train

ing field cIa ses and unsupervi ed classes along with the area in each cate ory, 

are listed in Table 14. The overlap between flight lines was eliminated from t he 

area computation , 0 the total figures represent the actual areas of each category 

of vegetation den ity in the surveyed portion of St. Joseph Bay. 

3. 5 SAS D T ALYSIS 

The analysis t chniques used to proces the RS - 18 data w re al 0 used to pro

cess th S S d t. Th di criminant function upervi d t chniqu w a much 

more comple ta k with the SAS of the 21 channels of data as comp d 

to" the RS - 18 four-channel data t. ult of the analy i were used to 

som~ extent to direct the hybrid analysis approach into reducing the 21 channels 

of dat,a to four in order to reduce the complexity of the task. 
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Table 14. RS -18 Hybrid Analysis - Classes and Areas 

Flight Line 1 

Class Description Clas ses ' Area (hectares) 

Dense Grass 17, 18,23,33 183.3 

l 
Medium Grass 9,27,W5 165.9 
Sparse Grass 11,13 ,25,34 ,W1,W6 285.3 
Bare Bot t om Visible 1 1,4,7,8, 10,12,19 , 

(5and shallow) 21,22,28,29,30 248.5 

L Bare Bottom Visib] 2 5,6,16 453 . 3 
Bottom Not Visible 3,20, 24 763.3 
Land 2,26,31, 32 2105.7 
Red Algae W2, W3, W5 244.0 

Flight Line 2 

Class Description Classes Area 

Dense Grass 11, 53 55 .0 
Med ium Grass 5, 6, 7 ,28,34,51 229. 5 
Sparse Grass (deep water) 52 9. 7 
Sparse Grass 10,16 ,24,25,54 29.9 
Very 5parse Grass 13,20 ,27,29,30,31 5.7 
Bare Bottom Visible 1 1,2,3 ,14,15,18,19 122.6 

(Sand shallow) 21,26, 32 
Bare Bottom Visible 2 8,9, 12,17 173 .2 
Bottom Not Visible 4,22, 23 232.3 

Flight Line 3 

l Class Description Classes Area 

Dense Grass 8, 31,E3 482. 4 

l Medium Grass 27 ,E2 269.9 
Sparse Grass 14 40"E1,E4 339.1 
Very Sparse Gras s 5 133.1 

L Bar Bottom Visible 1 4,7~10,1 6,17,18,19 238.4 
Bare Bottom Vis ible 2 15,22 53.0 
Land 1, 3,12 ',37 414.0 
Severe Glint Contamination 2,6 ,9,11,13,20,24,28 

54 



• 

3,5,1 Discr iminant Function Supervised Technique 

Grouping the training samples into categories was accomplished with little diffi
culty , using knowledge gained in the RS - 18 analyses, The training samples 
were grouped into 9 classes shown in Table 15. Forty-five discriminant func 
tion and classification/display l'uns were made using various channels and com
binati ns of channels. Two of the supervised classifications of a segment of 
the west flight line are shown in Figure 14. Supervised classification B used 
data from channels 3, 4, 9, 11 , 12, 14, 20, 21 and. contains significant "noise 
problems" (pixel by pixel variat ion between classes) with overall scene mis 
classification among the classes. Supervised classification A used data from 
channels 9- 14 and 16- 21 to form a two-channel RS - 18 simulat ed data set. This 
resulted in the elimination or smoothing of the individual pixel variation between 
classes and improved the classification, but t he misclassification problem was still 
quite discernable. The classification has little utility as considered from the sub 
merged vegetation assessment standpoint but provides insight into the problems 
that occurred from the instrument development standpoint. 

3,5, 2 Hybrid Technique 

The grouping procedure u sed with the SAS data to aggregate the training sam
ples into categories was the same as that applied to the RS - 18 data. The first 
phase of the grouping process, based on surface truth information alone, w s 
only performed once. The second pass, based on the adiance data, met with 
severe difficulty. It was very apparen that the s'gnal to noise ratio of the SAS 
data was poor, as can be seen 'n th tabulation of the means and standard de via -
tions for the training sample data. After careful analysis, only ten categories 
could be ident'. ied ; the~r ,. e listed in Table 16. 

The st tistics for thes group were processed by the computer program 
SEPARATION, which select the optimum spectral channels for discr iminating 
the groups. The program optimizes the eparability, r ather than maximizing 
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Table 15. Discriminant Function Analysis - SAS Training 
Sample Groupin g 

Class /Description Training Samples 

1. Land LandI , Land 2 , Land3 

2. Dense Gras s TF07E , TFSE3A , TFSE3B, TFSE2A, 
TFSElA 

3. Medium Grass TFI9W , TF06S , TF06E, TF08EA, 
TF05E , TFOSE 

4. Spars Grass TF17W , TF I6 , TF13W, TF14W, TF13S 

5 . Bare Bottom Visible 1 TF1SWE, TF04E 

6. Bare Bottom Visib le 2 SH3NS 

7. Bare Bottom Visible 3 SH50S , TF015C 

S. Bottom Not Visible DVJ2CH 

9. *Red Algae TF20W 

*Not used in supervised classifications. 
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DENSE GRASS 
EDIUM GRASS 

SPARSE GRASS 
.-~ 

ARE IOnOM VISIBLE 1 
B~RE BOnOM VISIBif 2 
BARE BOnOM. VISI.L~ 3 

BOTTOM NQT ,V!SIBLE 
>~ LAND 

- -

Fi~ure 14. St. Joe Bay (Section of West FIi~ht Line) Photo~raphy and Sea~rass 

Classifications (Usin~ SAS Data Taken on May 19. 1978). 
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Table 16 . Hybrid Analysis - SAS Training Sample Groupin'g - -. - -. -

CLASS 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

TRAINING SAMPLE 

15 

DW2CH* 

20 

5,6 , 7 , 8 

13, 14,17.19 

1.2 ,3 

18 

4 

SH3NS*, SAND4* 

16 

* Training samples selected from photography , 
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it, by saturating the measure of separability at a maximum value specified by the 

user . The level was set for this data well below that necessary to discriminate 

the bare sand bottom in shallow water fro eep water with the bottom not visible 

and from the dense growths of vegetation, so that ' the channels would be optimized 

for discriminating the groups that were very difficult to resolve. The analysis 

determined that the optimum four channels were 13, 14, 15, and 16, correspond

ing to spectral bands centered at 572.8, 587.2, 601.6 , and 616.0 nm. 

Because it was again apparent that the variance represented by the training sam

ple data was not representative of the variance of the entire data set, the un

.supervised training sample selection was again performed using SEARCH. The 

analysis identified 31 separable categories on the western flight line (Flight line 1). 

These data were merged with the statistics from the supervised training sample 

analysis to input to the maximum likelihood classifier. The classification product 

was displayed, and the same technique used with the RS-18 classification was 

used to assign names to the categories. 

The final product is displayed in Figure 14. It is readily apparent that the class

ification is "noisy," with pixel by pixel variation between classes. Confusion be

tween nearly every pair of categories is evident, with the worst problem being 

the discrimination of dense vegetation with algae from deep water with the bottom 

not visible and discrimination of vegetated bottom from the bare bottom in inter

mediate depth water. 
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SECTION 4 

RESULTS AND DISCUSSION 

The 21-channel Solid State Array Spectroradiometer was successfully used a a· 

remote sensor in an experiment in that the system operated without problem and 

obtained data. Analysis of the data utilizing two different techniques and sever 

data set variations failed to produce a usable classification product for the user 

community. It was determined that several improvements are necessary before 

the SAS could be considered an operational sensor. These are: 

1. A wider field-of-view is highly desirable so that the ground track and 

aircraft attitude would not be so critical. 

2. A greater dynamic range for the signal is necessary in order to accom

modate the varying signal levels encountered in a mission . 

3. A higher data rate would lower the aspect ratio; thereby giving better 

ground resolution in the along-track direction. 

4. Aircraft attitude data included in the SAS data stream would allow 

correction of the data for pointing errors. 

5. An overall system noise reduction is required t o achieve true 8-bit 

data resolution. 

This information will provide design goals for an improved version of the SAS 

which will lead to new generation remote sensors being added to the present 

inventory of operational remote sensors. 

The 4-channel RS - 18 Multispectral Scanner provided data of excellent quality in 

channels 2 through 4. Classification products (Figures 9, 12, and 13) were 

produced utilizing the RS-18 data and ground truth training data. Evaluation 
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of the classification accuracy in a quantit tiv w la a d1f cult problem both 

conceptually and technically. It is not clear how to defln criteria for accuracy 

in an unambiguous manner, nor is it cle ho uch criteria would be mea ured . 

It is not generally feasible to obtain ground truth 'information with enough 

spatial r esolution to provide the ame informatio d naity as- obtained with remot e I 

image y . Use of photography to test the classification results ntroduces an un

known fnctor caused by subjectivity in the photointerpretation proces. We have 

evaluated the quality of maps generated from the classification process by com

paring field observations made at ground truth sample locations with correspond 

ing benthic projections for t hose sample locations on the maps. Figure 15 con

tains an example of a classification evaluation. In t he discr'minant function 

classification , Location 1 (emergent marsh grass) as classified as a v getated 

area and was not broken out as a separate cIa s of vegetation b cause no t r ain-

ing fields were selected from this area. Location 2 w'as found to be sparse 

Thalassia and was classified cor ectly. Location 3 (classified correctly) was 

discolored sand with no vegetation. Location 4 was a mall stand of dense 

Thalassia located in a larger stand of spar e Thalassia and was classified cor 

r ectly. Location 5 was a broad band of spar e Thal8 ia and was classified 

correctly. Location 6 was a band of medium density Tha1assia, classifi d as 

sparse Thalass a in the composite class discriminant functi n classification and 

as medium density Thalassia in the ithin line clas discriminant function cIa -

ification. Location 7 was a wide area of very den e, tall Thalassia, and Location 

8 was at the edge of a bare spot in the midst of the dense Thalassia. Both 7 

and 8 were classified correctly, Sun glint effects were par t icularly strong off

shore on the east flight line but these effects were minimized within the analyt -

ical procedure . 

In the hy rid classi cation, Location 1 was an rea of very hallow water with 

marsh grasses (not halassia) and was cIa vegetated area . twas 

not broken out as a separate class of vegetation because he unsupervised 
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training sample selection was not performed on this p t of the flight line, and 

given the signatures developed over the bay it elf, the most likely cl ssification 

of the emergent gras es as an intermediate density Thalassia. The mi classifica -

tion of the land area evident in th product also re ults from limiting the SEARCH 

analysis of that flight line to the bay area. Location 2 W!iS found to be sparse 

Thalassia and was classified correctly. Location 3 had no veget tion, but was 

discolored and. This ea was correct y classified as well . Location w s a 

small stand of dens Thalassia located in a larger stand of sparse Thalassia. Lo-

• cation 5 was a broad band of sparse Thalassia , Location 6 was a band 0 medium 

density Thalassia , and Location 7 was a wide area of very dense, tall Thalassia. 

Location 8 as at the edge of a bare spot in t he midst of dense Thalassia. Lo

cations 4 through 8 were cor ectly identified in the remotely ensed p oduct. 

From the qualitative comparison of the classification r~sult with ground ruth 

information, we conclu1e that the classification maps are bo h detailed and en

erally accurate. Details such as holes in the seagrass beds along the ea ern 

shore were detected and t heir bare or sparsely vegetated states were correctly 

identified. There were some imperfections in the maps. Dense seagrass, which 

also contained large quantities of red algae , was confused with deep, relatively 

clear water where the bottom was not visible . The very turbid water in the 

deep channel behind Pig Island at the southwest corner of the bay was mis-

cIa ified as shallow ,ater over dense vegetation. 

erennial in t. Joseph B y and local observer eport h t h 

distribution of e gras es appears not to h ve changed for m y y 

therefore. compar d he e 0 v tated bottom ob erved by c ulty 

(1972) with the are ob ain d om thi analy i to t tha id 

The are s in each cl s for th three flight line computed. u ing th thr 

classification techniques , are different because the numb r of classes differed 
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between classi cation techniques (Table 17a). The major difference between the 
/ 

three classification techniques was that the elimination of the red algae class in 

the supervised classification, using composite training fields , caused a decrease 

in vegetation coverage and an increase in water coverage. The composite train-

ing field classification technique was shown t .) be inferior to the individual line 

training field cIa sification technique from the tandpoint of individual line class-

ification detail , but superior from the standpoint of class uniformity across scene 

segments. A general summary, which lumped all plant types, indicated reasonable 

agreement on vegetation coverage for the individual line training field and hybrid 

classification (Table 17b). There were between 2300 and 2400 hectares of vege 

tation covering the portion of St. Joseph Bay surveyed in this investigation . 

The entire bay was not includ in this study since the flight lines did not in-

clude the extreme northern area along the west shoreline or the northeastern 

portion of bay (Figure 5). Seagrass beds and attached algal stands are not 

as well developed in these areas as in the portion of the bay through which the 

flight line p sse , but they are present. Therefore, the results of this inves

tigation would be expected to yield a lower estimate of patial vegetation cover

age than the estimate of 2560 hectares by McNulty et al. (197!). Examination 

of the vegetation map of St. Joseph Bay prepa d by Mc ulty et al. (1972) also 

revealed implification of vegetation distribution p ttern , probably a conse-

quence 0 problems of interpretation of aerial photography used in that investi

gat ion . Th imilarity in vegetation coverage observed during 1972 and during 

1978 supports loc imp e sions about the constancy of the bay m croplant com

munity distribut on. 

The dvant ge 0 multis ct ~al canner sen or used in this inv tigatio 

ov r urf ce-b d m ping or m pping from con'V ntional erial photography is 

clear in resolution of different water depths , different bottom types, and differ

ent types and densities of submerged vegetation coverage. 
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Table 17. Summarized Coverage Classification Results Obtained with 
Different Classification Techniques 

Supervised 
Classification 

(Compos ite Training 
Fields) 

Class Descri pt ion Area 

A. Subcategories 

Land 

Dense Grass 

Med i um Grass 

Sparse Grass 

Ver~ Sparse Grass 

Bare Bottom Visible 1 

Bare Bottom Visible 2 

Bare Bottom Visi ble 3 

Bottom Not Visible 

Red Algae 

B. General Categories 

Land 

Veg tat ion 

Bare Bottom Vis ible 

Bottom Not Visible 

( hectares) 

2574 

608 

436 

871 

891 

334 

363 

1230 

2574 

1915 

1598 

1230 

I 65 

Supervised 
Classification 

(Individual Line 
Tra i ni n9 F1 e 1 ds) 

Area (hectares) 

2574 

530 

457 

917 

819 

255 

221 

1108 

375 

2574 

2339 

1295 

1108 

Hybrid 
Class1 fi cation 

Area (hectares) 

2520 

720 

665 

664 

139 

640 

680 

996 

244 

2520 

2432 

1290 

996 
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SECTION 5 

RECOMMENDATIONS 

Results from the St. Joseph Bay Experiment were quite successful . The environ

mental conditions of clear water, bright sandy bottom and monospecific vegetation 

(Thalassia) were ideal . hUe the capability to map mono specific benthic vegeta-

tion in a fairly stable environment using remotely sensed data and advanced com

puter techniques has been demonstrated , the objective of evaluating the feasibility 

of utilizing remotely ensed data and advanced computer techniques to map benthic 

vegetation (multispecies) in a more complex environment (open coastal application) 

remains unaccomplished. 

It is recommended that the planned extension of the re.search in mapping benthic 

vegetation to a multispecies, multibottom, environment be reinitiated with new field 

operations and sufficient remotely sensed data backup to ensure adequate data for 

analysis. 
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SEA GRASS F . 0 ACQUISITION FORM ·1 

GRASS 0 
I I :;,TE NOGRASS 0 DATE I I TillE 
IIOtrTH DAY YR LOCAL 

PHOTOGRANY . 
SURFACE (FRAME NOJ GREY SCALE (FRAME NO.1 PLAII (F RAIlE HJ 

PHOTORTIIY 

INCOMING RADIATION SURFACE RADIATION IOTT .. IlADIAT_ 

SlTEDEICIUPJIOa 

BOnOM TYPE (GENERALI PERCEtrT OF IOTTOII COVERED IV GUll . 
BOnOMTYPE " 
BOnOM TYPE ~ 

BOTTOM TYPE " 
BOTTOM TYPE " 

REMARKS • 

GIlASlu.lES ftCIATIOII at~ 
SPECIES " cs-PlEaDJ ....-u .. J 

EIVIROaMEaTAL 

SUSPENDED PARTICULATES 
AND ABSORPTION SPECTRUM (BOnLENO.l_ BonOM SEDIMENT (SAMPLE NO.1 DEPTH eFT) 
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DATA REQUIREMENTS D SAMPLING PROCEDURES FOR ST. JOE BAY 

TWenty sampling i tes will b selected a,long three transects wi thin St. Joe 
Bay. To identify indigenous agrasses and desorib respective environments, 
fifteen sites will repre ent areas with varying amounts of grass coverage 
and f iv sit s will depict areas void of grass . Data requirements and s ampl
ing procedures are listed below. Sampling activities are to occur in the 
order listed to reduce modificat on of environmental conditions due to diving 
activities. 

A. Sites With Grass 

Requirement 

1. Location of Site (Predetermined) 

2. Date and Time of Sample 

3. Photographs of Site (Color Print 
Film) 

a. Surface 

b. Bottom Type/Grey Scale 

c. Plan 

4. Photometry 

a. Incoming Radiation 

b. Surface Back-radiation 

Procedure 

1. Record number of styrofoam marker 
in "site" column. 

2. Record dat and local time sampl
ing activity began in appropriate 
column. 

3a. Place camera just below surfac 
and photograph top of seagrass . 
Re~ord frame number in column 
marked surface photo. 

3b. Place grey scale on bottom. Photo
graph contrast between grey scale 
and surrounding sediment. Record 
frame number in "grey scale" column. 

3c . Photograph grass' bed showing hori
zont al view i ncluding grass pos
t ure . Record f..r:ame numbe . in "plan" 
column. 

4a. Photo cell oriented upward, record 
measur.e~nt of i ncoming radiati on 
j ust b low sea surface . Enter 
reading in column marked "incoming 
radiation". 

4b. Photo cell oriented downward, I ce 
cel l just below sea urface and 
record meas ur ment of back r adia
tion. Enter reading in "surface 
radiation" column. 
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A. Sites With Grass (Continued) 

Requirement 

c. Bottom radiates 

5. Description of Site 

a. Bottom Type 

b. Vegetation 

6. Grass Samples 

a. Speciation 

Procedur 

4c. Photo cell oriented upward, 
pI-ace cell a grass level and 
record measurement of radia
tion. Enter r eading in column 
marked "bottom radi ation". 

5. Randomly place 0.25 meter2 sample 
grid in Test Site. Within 0.25 
meter2 grid, determine and record 
the following in appropriate col
umns of log form . 

Sa. Bottom Type 

5b. 

1. General characteristics - s and , 
mud, shell, etc. 

2. Specific type of bottom rna e
r ial and percent of area com
posed of each type. 

3. General remarks on bottom cover 
such as c lean , slime, detritus, 
e tc. 

Vegetation 

l. Percent of area covered by 
grass. 

2. Species of grass. 

3 . Percent of each species. 

4. General remarks on patchiness 
or uniform coverage . 

6a. Coll ect two plants of each type 

A-4 

f or species identification. Place 
s ample in plastic bag and label 
with date, tim , and sit e number. 
Use plant pr s s t o preserve sample . 
Enter sample number in "Speciation" 
column. 
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A. Sites with Grass (Continued) 

Requirement 

b. Chlorophyll Determination 

7. Environmental Samples 

a. Suspended Particulates and 
Absorption Spectrum 

b. Bottom Sediment 

c. Water Depth 

Procedure 

6b. Collect two plants of each species 
for chlorophyll ~~t . rmination. 

' Place one plant each in plastic 
bags and l abel with date, time, 
and site number . Enter sample 
number in "chlorophyll" column : 
Place grass sample in ice chest 
with dry ice . 

7a. Col lect 500 ML sample of Water one 
foot above seagrass. Labe l sample 
bot tle with date, time, and site 
number. Record bottle number in 
column marked "suspended particu
lates and absorption spectrum". 

7b. Collect one-half pint of bottom 
sediment by scraping top 1/2 inch 
of sediment. Place sediment in 
plastic bag and label with date , 
time, and site number. Record 
sample number in "00 tom sediment" 
column . 

7c. Use calibrated lead line to deter
mine water depth. Measure depth 
to nearest one-half foot and re 
cord i n column marked "water depth". 

B. Sites Without Grass 

Requirement 

1. Location of Site (Predetermined) 

2. Date nd Time of Sample 

3. Photographs of Site (Color Print 
Film) 

a. Surface 

b. Bottom Type/Grey Scale 

Procedure 

1. Record number of styrofoam marker 
in "site" column . 

2. Record date and local time sampling 
activity began in appropriate column. 

3a. Place camera just below surface and 
photograph bo tom. Record frame num
ber in column marked "surf ce photo". 

3b. Plac grey scale on bottom. Photo
graph contrast between grey scale 

nd s urrounding sediment. Record 
f rame number 'n "gr y sca e " column. 
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B. Sites Without Grass (Con tinued) 

Requirement 

c. Plan 

4. Photometry 

a . Incoming Radiat1.on 

b. Surface Back-radiation 

c. Bottom Back-radiation 

5. Description of Site 

a. Bottom Type 

6. Environment 1 Sample 

a . Suspended Particulates and 
Absorption Spectrum 

A- 6 

Procedure 

3c. Photograph showing horizontal 
v:iew of bottom. Enter frame num
ber in col umn marked "plan" photo . 

4a. Photo cell oriented upward, record 
measurement of i ncoming radiation 
just below sea surface . En e r 
reading in column marked "incoming 
radiation" • 

4b. Photo cell oriented downward , place 
cell just be low sea surface and re
cord measur ement o f back radi tion. 
Enter reading i n "sur face radiation" 
column. 

4c. Photo cell oriented downward, place 
cel l one foot from bottom and re
cord measurement of back radiation . 
Enter reading in column marked 
"bottom radiation". 

5. Randomly place 0 . 25 meter2 sample 
gri d in T st Site. ' Within 0 .25 
met e r 2 grid, determine and r ecord 
the following i n appropriate col
umns o f log form. 

Sa: Bottom Type 

1. General characteristics - sand , 
mud, shell, etc. 

2. Specific type of bottom mate
r i al and percent of area com
posed of each type. 

3. General remarks on bottom cover 
such as clean, slime, detr itus, 
etc. 

6a. Collect 500 ML sample of w er one 
f oot above bottom. Label sample 
bottle ith date, time, and site 
n~er. Record bottle number in 
column marked "suspended particu
l ates and absorption spectrum". 
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B. Sites Without GraBS (Continued) 

Requirement 

b. Bottom Sediment 

c. Water Depth 

A - 7 

Procedure 

6b. Collect on -half pint of bottom 
"sedi nt by scraping top 1/2 inch 
of sed nt. Place sediment in 
pla tic bag and label with dat , 
t i , and 8i te umber. Record 
sampl number in "bottom sediment" 
column. 

6c. Use calibrated lead line to de
termine water depth . Measure 
depth to nearest one-half foo 
and record in column marked "water 
depth" . 
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SITE S J" 0 . 

FJ,... "'I) • ..s I 

SURFACE (FRAME NO.) __ t(:.....-=S":.... • ......!i,,~ ___ _ 
1r T ; 

r-----' ,.-.---- ---- ... -
SEA GRASS Fi ;) ACQUISITION FORM 

GRASS G
NO GRASS 0 DATE 

15 - ,- ,;~J!J 
MONTH DAY YR 

PHOTOGRAPHY Ft..t a 1'2..$ 

.:'::"1 

GR EY SCALE (FRAME NO.) _~!+ .. ..:2..::...,'-G~ _____ _ PlAN(FR 

PHOTOMETRY 
11 L..t 

TIME 0' "10 
LOCAL £or 

NO.) 1.' , 

~D _ r (.{ 
INCOMING RADIATION II. • ~ SURFACE RADIATION ____ ~ __ , ___ _ _ _ _ BOTTOM RAD IATION ... c) . .., C 

OTTOM TYPE (GENERAL) 7' eI- - -

RE 

SUSP 
o 

SPECIES 

BOTTOM TYPE "'" t..l. Of 

1I0TTOMTYPE lCANJ 
BOTTOM TYPE J " e.fA "- -J ~ 
BOTTOM TYPE :2 t:;. - JJ 

" 
I 

(BOTTLE NO,) _~_-'---='--'-__ 

SITE DESCRlmo 

" 
If.S 

" 
I ~.S 

" IS 

" 
so o 

GRASS SAMPLES 

ENVIRONMENTAL 

PERCENT OF BOTTOM COVERED BY GRASS _$;;...-0 _ _ _ _ _ _ 

R.A ..IJ .. c . , S-

-IJr > .. ."...,AIJS ~ . .) 

J"" • .., J • .--, • '1 ... ) 

SPECIATION 
(SAMPLE NO.) 

CHLOROPHYLL 
(SAMPLE NO.) 

2...X S ) P 

BOTTOM SEDIMENT (SAMPLE NO.) DEPTH (FT) __ a~ __ _ 
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$JP Ol (,11 -5 SITE EAST FLIGHT LINE 

•••••••••• THE fOLL O~ I N G DA TA . eRE COLLECT ED AT 9 40 EOT ON I'iAy 17.107 ~ 

GlN,PAL ~O TT O ~ T YP E - "U DDY SAND 50 % VEGETATION 

spec US 
THALAS S 1A 
DRYOl OA hS 
RU Al GAE 

•••••••••• 

EOTTOI'! TYPE 

VEG ElATI O 
,. UD 
SA ND 
SHELL HASH 

CA,.aU SETTING 
f4 ill 125 
I!. 5 i 12 5 
15 . 6 il 1.!S 

PE IIC £. N lit" 
~4 . 0 
5.0 
1 . 0 

PHOT06RAP HY 
suu At E 

, IL l'! f RAI'!E 
51 4 
S1 5 
S1 6 

PERCENT Of O OTTO~ 

5 0. 0 
17 .5 
17.5 
15. 0 

liEGE TATI ON 
SPECIATION CHLORO PHY LL 
SA I'I PLE NO. SA I'! PL ( NO . 

!oJ8 0 1 SHOl 

!OREY SCALE PLAN 

CHLOROPHYLL-A 
(UG/() 

'.1' 

'lll'l ,,, AI'IE f Il l'! fllA I'! 
S1 1 S1 7 
S1 2 S1 8 
S1 3 S1 9 

THE lOLL Ow l Nt DATA .ERE COLLECTED AT 1 ~45 EDT ON ~AY 1 S , HH 

PHOTO I'!E TRY 

SUIIfACE DO W BO TTO I'! DO~" 

HI.5 

SUSPENDED PARTICULATES 
1ST GOTT LE 2 ND BOTTLE 

31 32 

SU Rf ACE UP 

21 . 00 

BOTTOI'! UOIIUNT 
SA I'!PLE NO. 

SJB01 

eOTTOI'! UP 

20 .75 

DE PTH 

2f T OI N 

..•....•.. 
DE I' T H 

PHA(OPHYTI N 
(fll".) 

, . H 

• ••••••••• 

li lT _EIG HT 
5 .2 2~ 
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SJB02 GRAS SITE EAS1 FLIGHT LINE 

••• • * ••••• THE rO LLO~I N G . DATA WER E COLLECTED AT 1020 EDT ON "'AT 17,H7 

GEN ERAL 60TTO~ TYPE - "U DDY S A~ O 

BOTTO" TY PE 

VEliETATI O 
DEAD GR~ SS 

"UD AND SAND 
SHElL HA SH 

bC X VEGETATION 

PERCENT OF BOTTO 

60 . 0 
20.0 
1 5 . 0 

5.0 

VEGElAT1 0tt 

FlAG 

•••••••••• 

DEPTH ~ n 

SPECIATION CH LOROPHYLL CHLOROPHYll-A PH AEOPHYTI N 
SPEC JES 
THAlASSIA 
BRYOl OANS 

PEl/CENT 
95. 
5.0 

CC" I'I [HTS DEAD GRA SS ~AS e ROWNC20X) 

PHOTOGRAPHY 
SUR FACE 

CAMIIA SETTING flUI HA~ E 

f4 • 125 S1 10 
n. s i 125 51 11 
f5. f ., 125 S1 12 

SA ~PL E NO . SAPIPL E NO. ( UG/G ) (FO/FA) 
SJ B02 SJB02 . !! 3 1. f 1 

GREY SCAlE Pl AN 
FlU! f RAIH FIll'! fRA ",E ~ 

S1 13 S 1 16 
51 14 S1 17 
S1 15 Sl 18 

~ ......... THE rOLlO.I NG DAT A WERE COLLECT ED AT 1700 EDT ON "AY 18 , 1978 •••••••••• 

PHOTO I'I ETRY 

SURf Ae E DO .. " e OTTOlo. D O~N SURf ACE UP BOTTOM UP 

16 . 00 22. 00 21 . 00 

SUSPENDED PARTICULATES BOTTOI'! SEDIPIENT 
1ST bOTT LE 2ND BOTTLE SA"'Pl E NO. DE PT H 

11 12 ~02) 1F T l OI N 

IN 

WET _fIG IH 
'.5 ~6 
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S J eO~ GRAS lonE EAST FLIGHT LIN[ 

•••••••••• THE FOLL O~ IN G DATA ~ERE CO LLECTED AT 1035 EDT O~ "AY 17,1«;7 5 •••••••••• 

GENERAL EOTT O~ TYpE - ~UDD Y S A~D 40 X VEGE TAT ION DEDTH FT 6 IN 

SPECUS 
HALASS lA 

SRYOZOA I'o S 
RED AL GAE 

eOTTO" TYPE 

VEGETATJ O 
SAND AND /IIUD 
orAD GRA SS 
SHElL HASH 

PE Re ENT 
5.0 

10. 
5. C 

PERCENT OF 60TTO n 

40. 0 
35 . 0 
15. 0 
10. C 

VEGETATION 
SPECIATION CHLO~OPHrLL 

SAP'lPLE NO. SAPIPLE NO. 
SJB 03 SJ 603 

CHLOR OPHTLL -A PHAEOP~YTI ~ 

(UG/G) (FO/FA) 
5 . 3u 1 . 90 

COI':I'!ENTS 15% Of BO TTO"' . COVEREO WITH DEAO GRASS 

.. ...... ~ .... 

CCI'I .. £~T S 

HOTO GR APHY 
SUR FACE GRE Y SCALE 

eA~l E1\A HTTING flU' f RAI'IE FIli'I FRAI'!E 
F5.t il 125 S1 19 51 22 
Flo OJ 125 S1 20 S1 23 
Fe i 1 2 ~ S1 21 51 24 

THE r OLLewIN G DATA .ERE COLLECTED AT 1710 EDT ON 

PHOTOPIETRY 

SURFl.CE (' Oli ,.. BO TTO" DOWN 

18. 0C 

SUSPENDED PARTICULATES 
1ST f OTTLE ~ND SOTTLE 

13 14 

SURF ACE UP 

23.75 

&OTTO'" S[ Dl"ENT 
SAI'!PL E NO. 

5Je03 

PL~N 

FILl" fR A!'IE 
S1 25 
S1 26 
S1 27 

,..AY 1S, H7g 

BOTTO" UP 

20.25 

DE PTH 

2f T 4J 

~RkER l~ 5' HOLE(3 0 ' DJA ·ET ER).GR ASS ALL AROUND. BOTTOl'! SOFT 

•••••••••• 

WET _EIGHT 
4.417 
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SJB C4 I'>OGRAS SITE EAST fLlGHT LI~E fl"G 

•••••• * ••• THE FOLlO.ING DATA . ERE CU LLECTED AT 1 05 0 EDT 0" I'AY 17,H7S •• •••••••• 

GEN ER AL 60TTOM TYPE - SA N 1 % V EG~TATl ON DEPT H 4 FT ::; IN 

5PH IE S 
RED Al GAE 

b OTTOM TYP E 

SAND 
SHE LL HASH 
I':UD 
VEGETAT IO 

PE liC ENT 
50. 

AC[TA~ UlARI A( GR E[N ALGA E) 50 . 0 
~~~"A $_s" _I~ ~ -~~_--------- _" ~~ 

PHOTOGRAPHY 
SUR FACE 

(AMERA SETT IN6 FIL" FRA"E 
fe ;0 125 S1 28 
r5.6 • H5 Sl 29 

f11 .. 125 51 30 

PERCENT OF BOTTO 

70 . G 
15.0 
10 . 0 

5. 0 

VEGETATION 
SPECIATION CH LOROPHYLL 
SAI'IPLE NO. SA"PLE NO. 

GREY SCALE Pl AN 

CH LO ROPHYlL-A PHAE OPH YTIN 
(UG/G) (fO/fA' 

FIL" FRA"'E fill" FRA"E 
S1 31 Sl 34 
Sl ~2 S1 35 
S1 33 S1 36 

••• ••••••• THE FOLLOWIN G DATA WERE COLLECTED AT 1720 EDT ON Jl':AY 1e,1<;7e •••••••••• 

CCI'I !'\ EI'>T S 

PHOTOI':E.TR Y 

SURfACE 00 .. ,.. POTTOII DOW N 

1£. 50 

SUSPEN DED PARTICULATES 
1ST rOTTLE 2hD BOTTLE 

18 19 

SU Rf ACE UP 

20.75 

BOTTOM SEDI"ENl 
SAMPLE NO. 

SJ B04 

NO G~~SS fO R AT LEAST 50 ' I N ALL DIRECTIONS 

BCTTO" UP 

19.50 

DE PTH 

2 FT 211'4 

loiE T "EIGHT 
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SJE 05 GRAS SITE EAST fLIGHT LINE SOUTH fLIGHT LINE 

... ....... . THE fOLL OWING DATA ~ERE COLLECTED AT 1117 EDT ON "AY 17,HB 

GEN(RAL EO TT O~ TYPE - SA ND 

~OTTtlP': TYPE 

SANe 
VEGETATI ON 
I'IUD 
SHElL HASH 

35 % VE GE TATIO N 

PERCENT Of BOTTO G 

50.0 
35. 0 

5 . 0 
5. C 

VEGETATION 

fLAG 

•••••••••• 

DEPTH 

SPECIAT ION CHLOROPHYLL CHLO ROP HYl L- PHAEOFHYT I ~ 
(fOlfA) SPEC US 

THAlASS 110 
REO ALG AE 
ACETA~ULARIA(GRE EH ALGAE) 

CA ~ EAA SETT ING 
r4 .. 12 5 
n. 5 .. H5 
f5. 6 _ 125 

PE RC toNT 
90. 0 
5.0 
5 . 0 

PHOTOGRAPHY 
SUR fAe E 

flL~ f RAI'IE 
N1 1 
N1 2 
N1 3 

SA~PLE NO. S A~PLE NO. (U G/G) 
SJB 05 SJ 605 3 . 2~ 

GREY . SCALE PL AN 
fIll" fRA1'IE FIL1~ fRAI'IE 

N1 4 N1 7 
N1 5 N1 8 
N1 6 N1 9 

....... .... THE fO LLOWING DATA wERE COLL EC TED AT 1730 EDT ON PlAY 18 , H78 

PHOTOI'.ETRY 

SUIH_CE DO u BOTT OPI DOWN 

16. 80 

SUSPENDEb PARTICULATES 
1ST eOTT LE 2ND BOTTLE 

15 16 

SUR fACE UP 

20.63 

BOTTO" SEDII'IENT 
SA"PLE NO. 

SJB05 

BOTTO" UP 

20 . 00 

DE PT H 

4FT l1 N 

1 .81 

•••••••••• 

>lET _EI(,HT 
'. 62E 
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SJ eu ~ GI\AS SITE EAST FLIGHT LINE 

.... ill ....... . TH E r O LL O.I~ C DATA - ERE COLLECTED AT 1130 EDT ON PIA' 17,197 8 

G[N ER Al Eu TT O~ T'PE - SA~O 
25 X VEGETATION 

S PH It:S 
THAlASS I A 

c OTT O", TYPE 

SA 1'OD 
V EGE TATI C ~ 

1''oU 0 
SHEL L H~SH 

li ED ALG A 
AC~TA EULARIA(GREEN ALGAE) 

PE riC ENT 
93. 0 
5. 0 
2. 

pERCENT OF BOTTO 

60. 0 
25. 0 
10.0 

. 0 

VEGETATION 
SPECIATIOh CHLORO PHYLL 
SA~PLE NO. SAI'IPL E NO . 

SJB 06 SJ BQ6 

CHLOROPHYLL-A 
(UG/G) 

3. 00 

CC,. ,.. ENT ~PASS PATCHT Y*LA RGE " ASS(30'oY 60 ') DEAD G~ASS 20 ' wEST OF ~ARKER 

•••••••••• 

Cvp\v,l i'4 i $ 

PHOTOGr..APHY 
SUR FACE GRET SCALE 

CA I'l ~AA SETTI~G rJU~ FKAl'I E FlUI FRAME 
r4 .. 1a ~ 1 10 N1 13 
0. 5 i 1<:5 tl 1 11 Nl 14 
r 5 . 6 OJ 125 N1 12 N1 15 

THE FOLL O. I~r, DA TA _ERE CuLLECTEo AT 175 0 EDT Ok 

PHOTOI'I[l RY 

S L;~ FACE WM E OT TO ,~ DOaN 

15. eo 

susp r ~ DED PARTICULATES 
1ST EOTTLE 2 ~O BOTTLE 

2 26 

SUR FACE UP 

19.75 

a OTTO'" SEDll'IE NT 
SA"'P LE NO . 

SJ B06 

oL A C~ ~UD bO TT O' oDE I O LEAVES ON B 01T O ~ 

PL A'~ 
flU' FR AI'IE 

N1 16 
N1 17 
111 18 

~A' H ,H7!! 

aOTTO" UP 

DE foT H 

6 FT lIN 

•••••••••• 

DEPTH 7 fT 

PHAEOPHYT IN 
(FO/FA) 

1.79 

•••••••••• 

IN 

ET ilEIGHT 
. 114 
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SJI"07 GRAS Sil L EAST FLIGHT liNE FLAG 

THE fOLLOwI~ C DATA ~ERE COLLECTED AT 1211 ED~ ON I'AY 17,1978 •••••••••• 
D9 TTO~ TYPe - ~UDDY SAND 

BOTTO .. TYPE 

70 % VEGETATION DE~TH 3 FT 6 IN 

SPECIES 
THAlolSSI A 
aRY Ol CIA lIS 
SPO tlGE S 

VEGETAT ION 
DEAD GRASS 
~UO AND SAND 
SHelL HASH 

PERCE,.T 
90. 0 
5. 
5. 0 

PERCENT Of BOTTO 

70.0 
20 .0 

5. 0 
5.0 

VEGETAllON 
SPE(IATION CHLOROP HYLL 
SA ~FLE NO . SA"P LE NO. 

SJB07 SJ 1107 

CHLOROPHYLL-A PHAEOPHYTIN 
CU G/G) CF o /Fol) 
10. ,; 1. 76 

(OrIlHt.TS ZOX COVER Acr 9f DEAD GRASSC B ~OWN)·LOTS OF ANI"ALS 

•••••••••• 

( "","[ rus 

PHOTO GkAP HY 
SUR FACE GREY SCALE CAHERA SETTING fJLI'! FRAI'I E FIL" FRA"E f5.6 .. 125 N1 19 N1 22 F4 • 1415 til 1 20 N1 Z3 

f8 il 125 H1 21 r~1 24 

THE FOLLO_ING DATA WERE COLLEC TED AT 1~D5 EDT ON 

PHOTO I'IE TRY 

SURfACE DOW .. eono .. DOWN 

15. 75 

SUSPEND ED PARTICULATES 
1ST BOTTLE ,ND BOTTLE 

27 29 

DENSE GRASS 

SUR FACE UP 

19. 50 

tionOI1 SEDII'IEIH 
SAP'!PLE NO. 

SJB07 

PL AN 
FI LPI fR AP'iE 

N1 25 
N1 26 
N1 27 

I'IAY 1i. ,1 97e • ••••••••• 

BOTTO" UP 

19 . 50 

HPTH 

2FT 4IN 

WET \lEt GHT 
~.211 

''''_/"' ,~"d'_ -,. .y'>' ,',$ '::' , _" . ~~F'-~- ,_""~. , ... " __ , 0 • • , ,£: "'5':::: ""., :/" "','0.' :> ;.'" I;' ; ' -" "" ~-- ,., y ,', .~ :;.itt\ <; -;; 3,'7 ;~J., *' 
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SJ t: ~ ~ ERAS SI TE SO UTH fLIGHT LINE 

* ••••••••• Th[ fOLL O.I NG OATA - ERE CvLLECTE D AT 1?30 EDT O~ !'lAY 17 t H7 •••••••••• 
GlN. RAL EJT TOM TY PE - SA~O 30 X VEGETATION DEPTH ~ fT 0 I N 

S? CJ(S 
Tk " LASSIA 
r.Et AL GAE 

aOTT\; 1'I TY PE 

V E G ETATI O~ 

SAI.C 
SHEll HA SH 
MOl: 

CA "'E~A SETTING 
f 5.6 & 1 ~ 5 
f4 .. 1,5 
f e i. 125 

PERCEhT 
9S . 0 

5 • 

PHOTOGI\APHY 
SUR f AC E 

flU .. f RA/IIE 
1. 1 .. 6 
N1 29 
tl 1 30 

PERCENT Of BOTTO I'I 

40 . G 
40.0 
15. 0 
5. 0 

VEGElATION 
SPECIATIOh CHLOROPHYLL CHLO ROPHYLL-A PHAEOPHYTI~ 
SAI'IPLE NO . 

SJB 08 

GREY SCAL E 
FlU' FRAM E 

N1 ® 
N1 32 
N1 33 

SAJIIPL E ,.0. ( UG / G ) <rolf A) 
SJ BO£ 5. ~~ 1. e£ 

PL AN 
fILl" fRA lI E 

N1 34 
N1 35 
N1 36 

•••••••• • • THE fOLlO. I~G DATA ~ERE COLLECT ED AT 1740 EDT ON IIAY 1E- t 1978 •••••••••• 

(C.1"1"1 E t. T S 

PHOTOMETRY 

SURfACE ~O l"" E(;TTOl'l OOlrN 

1f.! !: 

SUSPE~O EO PAR TICUL ~T ES 
1ST ~OT TLE ?h D BOTTLE 

17 2G 

OE"st. GRASS 

SUR FACE UP 

20 . 30 

e OTTO M SE o II'IE NT 
SA MPLE "O. 

SJ Bo e 

BOTTO" uP 

?G.'5 

DEPTH 

2 ft 4 1 

ET wEIGHT 
2.04-
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SJ E'0 9 NOGI'IAS loITE SOUTH FLIGHT LINE F L "G 

•••••••••• THE FOLLO.ING DATA ~E ~E COLLECTED AT " 07 ED T ON P'lA Y 17,' 97 ~ •••••••••• 

G[NL ~AL 6PTTO~ TYPE _ WHITE SAN D 1 % VEGE TATION DE~TH :3 FT b IN 

so n TYPE 

SAND 
SHEl L HASH 
VEG fTAT ION 

SPECJES 
ACETA 6UL ARIA(GREEN ALGA[) 

PE RC ENT 
1 CO . li 

PE RCENT OF BOTTO'"' 

~8.0 
1.0 
1. G 

VEGETATI ON 
SPECIATIO N CHLOROPHYLL CHLO~OPHYLL-- FHAE OPH'TIN 
SA~PLE NO. SA MPLE NO. (UG/G) (F O/FA) 

C C~I'IE N 15 b OTTO~ ~HITE .S EDIMENT SAP'lPLES BL AC K DUE TO REDURED LAY ER 

•••••• •••• 

PHOTOGRAPHY 
SUR FACE GR EY SCAll 

CAP'lEU SETTI NG FILl" FRAIH FIli'I FRAI" E 
F11 • 125 S2 1 S2 , 

f 8 iI 125 S2 2 S2 5 
F16 .. 125 S2 3 S2 6 

THE FOLLO WING DATA WERE COLLECTED AT 1833 EDT ON 

PHOTOrETRY 

SURf"CE DOW'"' BOTTO I'I D OION 

17. 75 

SUSPEND ED PARTICUL"TES 
1ST eOTTtE 2ND BOTTLE 

:3 24 

SURFACE UP 

20 . 00 

BOTTOI'! SEDIP'lENT 
SA f'l PL E NO. 

SJB09 

PL AN 
FIll' FA A/'IE 

S ~ 7 
S2 8 
s 2 9 

PlAY 18 ,H7 •••••••• • • 

BCTTOI'I UP 

2Ci . 0 0 

DE PTH 

2fT 'I N 

wET .EIG,il 

.. 
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SJ £l 1 GIiAS SITE SOUTH fLIGHT LINE 

••••••• til •• lhE rOLL Owl~t DATA .ERE COLLECl~D AT 142 0 EDT O ~ "'AT 17.1'178 •••••••••• 

DlPTH 1 fT 6 IN 
G£N ~ Ii AL £lOTTO - TYP E - . MITE SA~ D 

1 5 % VE GE TA 11 ON 

~ 
I .... .... 

'>PEeHS 
H"LASSIA 

CO,."!E:..TS 

•••••••••• 

CIl:>l I'ENTS 

f. OTTOl'l TYPE 

~USSE. L HDS 
S At. ~ 
VEGFTAT ION 

PEI\CENT 
1 CO.Ci 

PERCENT Of SOTTo r 

0 . 0 
5 . 0 

15. 0 

VEGETATION 
SPECIATIO ~ CHLOROPHTLL 
SA I'I PLE NO. SAI'lPL E NO. 

SJ 8 10 SJ &10 

CHLOROPHTLL-A PHAEOPHTTI~ 
(UG/G) (fO/fA) 

3.3 3 1. £ 3 

Ii ASS PATCHY.PATtHY ~USSEL 6ED S ABOUl 3' IN DIAP'lETER 

PHOTO G!;AP HY 
SUR fAC E GR EY stAll: 

CHERA SETlll\ G flU' fRA )IIE f Il I'I fRAI'!E 
f~ • ,£5 S2 10 S2 13 
fS.t & 1£5 S2 11 S2 14 

", 0; 125 s 2 12 S2 15 

ThE fO LLO~ I ~G DATA .ERE COLLECTED AT 1540 ED T ON 

SURFACE 0011:'. 

1t. . 7~ 

SUSPEt.O( 
1ST c OTT LE 

L1 

SPAR se GRASS 

PHOTO"'E ~ilY 

!' OlTOP'l D O~ N 

fA R TIC UL II TE S 
2 .. 0 eOTTLI: 

25 

SURfACE UP 

20. 0 0 

BOTTOM SEDlP'IENT 
SAMPLE NO . 

SJ 9 10 

PLAN 
riLl'! fR A!'IE 

S~ 16 
S, 17 
S2 18 

"'AT 18,1 Y7.8 •••••••••• 

B OTTOP'l UP 

2C . GO 

Dl PTH 

1fT !HI 

IIET .EIGHT 
2.475 
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SJ~11 NOGRAS SITE SOUTH fLIGHT LINE 

•••••••••• ThE fOLLO. ING DATA ~ERE COLLECTED AT 143 4 EDT ON I'UY 17.1'T7!' 

GEN eRAL 8qTTO~ TYpE SAND o % VE GETATION 

CC"'"!ENTS 

•••••••••• 

t O~I'IE I . TS 

~OTTO PI TYPE PERCE NT Of & OTTO~ 

SAND 
SHELL HA SH 

90.0 
10 . 0 

SAND SURfAC E - 70% LIGHT - 3u% DARK 

PHOTOC, RAPHY 
SUR FAC E GR EY SCALE 

CAIf:ERA SETTIN G FIL'" f RA!'H FIL'" fRA"'E 
f4 Gl 125 52 19 S2 22 
f3.~ 0; 125 S2 20 S2 23 
f5. 6 Gl 125 52 '= 1 52 24 

THE fOLLO~IN G DATA .ERE COLLECTED AT 1!49 EDT ON 

PHOTOI"'ETR Y 

SURF ACE DOwl'l r OTTOI'I DO.N 

15. DO 

SUS P ENDE~ PARTItUL_~ES 

1ST SOTT LE 2~D BOTTLE 

3C 28 

DEEP wAHR 

SU RFACE UP 

20.25 

BOTTO'" SEDI"lNT 
SAI'IPLE NO. 

SJB 11 

PL AN 
fIL"! fRAI'IE 

S2 25 
52 26 
52 27 

1'1 A' 1 S • 1 97 8 

BOTTO'" UP 

DE FTH 

9FT 4I N 

.......... 
DEPT H fT :; 

• •••••••• ft 



tJ:3 
1 .... 

W 

-

S Je 12 GRAS SITE SO UTH FLIGHT LINE 

••• •••••• • TH E rOLLO.ING DATA _ERE COLL ECTED A1 145 3 EDT ON I'!AY 17,H7e •••••••• •• 

GEN~ ~ AL e~7 T Or TY P~ - ~USSE LS AN D SHELL HA SH 25 % VEGE TATIO N OE" TH 4 FT 0 

SPECIES 
THAL_SSIA 

• ••••••••• 

BOTTOM TYPE 

~USS ELS 
VEGE TATJON 
SHELL HASH 
SAN 

tAP'!ERA SETTI NG 
flo • 125 
f3.S 0) 125 
f5. 6 Gl 125 

PERCENT 
1 00 . 0 

PHOTOG RAPHY 
SUR FAt 

FIL~ HAi'!E 
S2 2 
S2 2 9 
S2 30 

ERCENT OF BOTTOI'l 

50. 0 
5. (, 

15. C. 
10.0 

VEGEtAT ION 
SPECIATION CHL OROFHYLL CHLOROPHYLL-A PHAEOPHYTI~ 

SA/I!PLE NO. 
SJB12 

GREY 
rI LPl 

52 
S2 
S2 

SC ALE 
fRA "IE 

1 
32 
!·3 

SAI'IPL E NO. (U~! G ) (F O/fA) 
SJ 61 ~ 3 . 0<; 1. ~2 

PL AN 
FILl'! FRAr.E 

t. 2 1 
HZ 2 
~ , 3 

THE FOLL ~W IH G DAT A ~ERE COL LECTED AT 185 5 ED T O ~ MAY lE,197P. •••••••••• 

PHOTOI'!ETRY 

SURFAC E DOWI'I OTTOI'! DOIllN 

16 . 0(' 

SUSP Et. DEO PARTICULATES 
1ST eOTT~E 2ND BOTTL l 

45 4 

SUR FACE UP 

19 . 33 

BO TTOM SEDII'lENT 
SAI'IPLE NO. 

SJ B1 2 

BCTTOI'! UP 

20.00 

DE PT H 

2F T elt> 

ET ~UGHT 
2 . 52C· 



tEl 
I .... ... 

- -. - ,..- .--.-. .---. --' 

SJ G 1 ~ GRAS SITE SOU1 H fLIGHT LINE ~EST flIGHT LINE 

•••••••••• 
THE fOllOwING DATA _ER E COLLECTED AT 1515 EDT ON PlAY 17.HB • ••••••••• 

45 % VEGE lA TlON D £ "1 H 

GLNl~A l BOTlOY TYPE - SA~D 

SPEC H 5 
THAlASS II. 
RED AL GAE 

• ••••••••• 

e OTTOI'I TYPE 

SAND 
VEG ETATIO 
SHELL HASH 

CAI'!E RA SETt"l'4G 
f2.e il 125 
F2. 5 ii1 125 
n. s il 125 

PE RC ErH 
66.7 
33.3 

PHOTOGiiAP HY 
SUR f ACE 

f Ill' HAM 
H2 4 

H2 5 
N2 6 

PERCENT Of BOTTO~ 

so .c 
45 . 0 

5 . 0 

IIEGE THION 
SPECIATION CHL OROPHYll 
SA~PlE NO. SA~PlE NO . 

SJB1 3 SJE13 

CHLO ROPHYLL - A PHAEOPHYTIN 
(UG/G) (fO/FA) 

3.4 ~ 1 .7 9 

GRE Y SCALE Pl AN 
FJlI'I FRA"E fill': fR A!'IE 

,,"2 7 N2 10 

N2 8 H, " N2 9 N2 12 

•••••••••• 
THE fOllOWING DATA WERE COllECTED AT 1150 EDT ON 

,.AY 18. 197 

PHOTOl',ETRY 

SURfACE DO BOTTO" DOlt 

15.50 

SUSPE~D[D PARTICULATES 
1ST eOTTLE 2ND BOTTLE 

33 34 

SUR FACE UP 

22 . 00 

BOTTO i'l SE DI!'IENT 
SA I'IPlE NO. 

SJB13 

BCTTOI'\ UP 

21.25 

DE pT H 

3FT 21 

wET .£1 GHT 
2 .7:!1 



t:I:' 
I .... 

Cl' 

,..- -- - - .--

SJI! 14 GIUS 51 TE WEST fLIGHT LINE HAG 

•••••••••• THE fOLLOWIN G DATA ~ERE COLLECTED AT 1540 EDT ON I'!AY 17,19 •••••••••• 

o % VE GETATION DE "T II 2 fT ! I N 
ClNERAL eOTT O~ TYP[ - SA ND 

SPEC I£S 
THAlASS IA 
SEA SIIU InS 

('OTTO YP E 

SAN 
VE'ETAT IO N 
.. USSEl S 

PE RC ENT 
66.7 
~3 .3 

COP'l l'! ENTS THALASSI A EVENLY DISTRIBUTED 

PHOTOGRAP HY 
SUR fACE 

CA"lEU SElliN' fll"! fRA"'E 
F2. ! a 125 N2 13 
F2. ~ il 125 N2 14 
n. s • 125 N2 15 

PERCENT Of bOTTO 

6 0 . 0 
30 . Ci 
10. 0 

VEGETATION 
SPECIATION C-HLOROPHYLL CHLOROPHYLL-- PI'AEOPHTll1l 
SA~PLE NO. SAr.PLE NO . (UG/G) (F O/FA) 

SJB1 4 SJB14 5 . 24 1 . E! 

GREY SCALE PL ,IN 

fILM fR A"'E fILl" fA Alr.E 
N2 16 N, 19 
H2 17 Nt 20 
NZ 18 N2 21 

•••••••••• THE fOLLOwIN G DATA WERE COLLECTED AT 1906 EDT ON P'A Y 1S, H7 !1 •••••••••• 

CClI':I'IENT5 

PHO TOf!URY 

SURfACE 00 .. e OTTOPl DO 

1~.75 

SUSPENDED PARTICULATES 
1ST POTTLE 2ND BOTTLE 

5 6 

"'EDIO" GRASS 

SUR fACE UP 

19. 00 

BOlTOP'l 51: DI"'[N T 
SAPIPL E NO. 

SJB14 

BOlTO,", UP 

19.50 

DE PTH 

2fT 3IN 

WET .[IGHT 
1.2 41 



tI3 
I 
~ 
CA 

.-- ,---. 

SJ21~ NO G ~AS SITE WEST fLIGHT LI NE 

••••••••• • THE FOLL O.IN G DATA ~ ER E COLLECTE D AT 184 5 EDT ON ,..A Y 17, H7 !' 

'i:N ~RA L f OTT O,. TYpe: - S A'i D o % VEGETATION 

•••••••••• 

rOTTOP! TYPE 

SA ND 
SHELL HAS 

CAMRA SETT ING 
STR OBE 
S TIl oeE 
STROBE 

PHOTOGUPltY 
SUR fA CE 

FIL l'! fR AIU 

PER CE NT Of B O TTO~ 

GREY 
flU. 

N3 
N3 
N3 

"0 . 0 
0 . 0 

SCAl e 
fRA !'I E 

3 
36 
3 

PLAN 
flU' fRA ro E 

THE FOLL ow I NG DATA wERE COLLECTED AT 1914 EDT ON I'!A' 1 !! ,19B 

PHOTOP!El RY 

SURFACE DOWI'! OTTOI'! DOWN 

15. 0C 

SUSPE NDED PARTICULATES 
1ST ~OTTl E 2ND BOTTLE 

3 4 

SURF ACE UP 

19. 30 

BOTTOI'. SEDII'!ENT 
SA "';PlE NO. 

SJB1 5 

BOTTOI'! UP 

DE PT H 

1fFT 6H 

-, 

r-

........... 
D£:>TH 

•••••••••• 



tIS 
I .... 

-:I 

~ 

SJe1 r, US SITE WEST fLIGHT LINE 

•••••••••• TH~ fOLL OW ING DATA WERE COLLECTEo AT 1630 ED T ON "AT 17,1"711 •••••••••• 

GEN ER AL eOTTOI'I TYPE - SA ND 5 % VEGETATI ON DEPTH 3 FT G I ~ 

SPEC JES 
THALASS SA 
RED ALG AE 

•••••••••• 

SOTTO .. TYPE 

SANC 
VEGETA TION 
SHELL HASH 

CA"'ERA SETTING 
f2.5 • 1Z5 
f1. 2 ;; 125 
f2.e ;; 125 

PE IIC ENT 
66.7 
33 .3 

PHOTOG RAP HY 
SCR FAC E 

f Il~ f RAI'I E 
N2 n 
HZ 2:5 
H2 24 

PEACENT OF BOTTO ~ 

50 . 0 
45.0 

5. 0 

VEGETATION 
SPECIATION CHL OROPHYLL CHLO~OPHTLL-A PHAEOPHYTI N 
SA'PLE NO. SA~PL E HO . (UG/ ~ ) (fO/fA) 

SJ916 SJB16 ,.,u 1.53 

GREY SCALE PLAN 
FIL I'I fRA" E flUI fRA PlE 

N2 25 ~2 ze 
H2 26 N4: 29 
1/2 27 N, 30 

THE fCLLOW ING DATA ~ERE COLLECTED AT 1135 EDT ON I'IAY 1B,1 97! •••••••••• 

P"OTO~ETRT 

SURf ACE Dew eO TTO .. DOll 

16. - ." 

SUSPENDEC rAATICULATlS 
1ST BOTT LE 2ND BOTTLE 

35 36 

SURF ACE UP 

22.00 

e OTTo .. SEDI"ENT 
SAI'IPl E NO. 

SJ91 6 

9 eTTO .. UP 

21.5 0 

DEPTH 

2f T 61 N 

IiET lo.EtGI1T 
1. 5'7 



tr:3 
I .... 

aD 

SJB17 GHS loITE WEST FLIGHT LINE 

•••••••••• THE fOLLOWING D~TA .ERE COLLECTED AT 164 3 E~ T ON ~A" 17.H7P 

"[Ni: ~~L EOTTO,. T "pE - SAND 
25 % VEGETATION 

SPECIES 
THALASS I A 
ALlaAE 

CC;~!'IENTS 

•••••••••• 

eO TT O'" TYPE 

SAND 
VEGETAlI O 
SHEll HA SH 

ATC HY SE~GI!ASS 

CH~ERA SETTING 
f2.~ • 1,5 
n.z .. 125 
f2.E • 1Z5 

PE RC ENT 
60.0 
40.0 

PHOTOGRAPI4Y 
SURf ACE 

FlU' fR AI" E 
H2 31 
HZ 3 2 
NZ 33 

pERCENT Of BOTTO~ 

70.0 
2 5. 0 

5. 0 

VEGETAlJOH 
SPECIATION CHLOROPHYLL 
S~~PLE NO . SA~PLE NO. 

SJB1 7 SJ 617 

CHLO"OPH'flL-~ 
CUG/ O 

2.6 E 

,REY SCALE PL ~N 
FlU! fUI'I E fILl'! FR ~"'E 

HZ 34 N3 1 

H2 35 N3 2 

'42 36 N3 3 

THE fOLL O~ ING D ~TA .ERE COLLECTED AT 1120 EDT ON 
I'!AY 1b.1978 

PHOlOl'.ETR Y 

SIJRFACE DO e OTTO" DOW N 

. Ci 

SUSPENDEO PARTICULATES 
1ST eOTTLE 2ND BOTTLl 

37 31! 

SURF ACE UP 

21.00 

OOTTO~ SE DHIEliIT 
S~I'IPL E NO. 

SJB17 

BOTTO ... UP 

19.75 

DE PT H 

5FT 7I H 

.......... 
Dtr'TH FT 6 I N 

PHAEOPHTTJ": 
(fO/fA> 

, .71 

•••••••••• 

wET .. UGH 
!: .~ 7S 



~ 
I ... 

U) 

SJ01 E ~OGRU SITE WEST fLIGHT LINE 

•••••••••• ThE fOLLOWING DATA ~ERE COL LECTED AT 1 7~ 4 EDT ON I':AY 17.1'17 8 

GENER AL EOTTO~ TYPE - SAND 
o % VEGETATIO N 

•••••••••• 

eOTTOI'I TYPE 

S AtlD 

CAPlE!!. 
f5.6 
f4 
f3 

SETTING 
• 125 
.. 125 
ill 125 

PHOTOGUPH' 
SUA FACE 

f ILI'I fl<AI'!E 
N3 8 
N3 9 
N3 10 

PERCENT Of 80TTO~ 

100 . 0 

GREY SCALE Pl A,. 
fILl'! fRA I'IE flU' fRA :O E 

rn 11 N3 14 
N3 12 N3 15 
~ 3 13 N3 16 

THE rOLlO.I NG DATA WERE COllECT ED AT 111 5 eDT ON !OAY 13 ,1 97e 

PHOTOfo;ET AY 

SURfACE DO BO TTOI'I DO .. N 

17.15 

SUSP£NDED PARTICULATES 
1ST fOTT LE 2N D BOTTLE 

3 9 40 

SURFA CE UP ' 

21.15 

BOTTO'" HDJI'IE'lT 
SAI'IP LE NO. 

SJB 1B 

BOTTO '" UP 

2u . 2 ~ 

DEPTH 

3FT 6IN 

•••••••••• 

O~PTH ,fT 0 I N 

•••••••••• 



.' 

= I 
N o 

SJB1Q GRAS SITE ~EST fLIGHT LINE 

I'lAY 17.1'i7S •••••••••• •••••••••• THE FOLLO.ING DATA WERE COL LECTED AT 1722 EDT ON 

GENERA L BO TTO~ TYPE _ SAND 60 % VEGETATION orrTH 5 fT 0 I N 

SPEC 1(S 
ALC.AE 
THAlAS5 JA 

CO""UNTS 

••• • •••••• 

e OTT OI'! TYPE 

VEGETATION 
SAND 

PE IIC ENT 
60.0 
40.0 

PERCENT Of BOTTO~ 

60.0 
40. 0 

1lE6ETATJO 
SPECIATION CHLOROPHYL L 
UI"PLE NO. SAI'IPLE NO. 

SJB19 SJ e19 

CHLOROPHYLL-A PHAEOPH'TI N 
(UG/G) (FO/fA) 

3.6 , 1.e o 

FASS VE RY PATCH'.AL6AE IS LIGHT CREA~ COLOR 

PH OTO GR AP H' 
SUR fA C E GRE Y SCAL E 

CAI',EIU SETTING fIl!~ fRAPl E fIll'! F ~A~E 

f2. 8 0; 125 N3 17 N3 20 
f2. 5 a 125 N3 18 N3 21 
f3. 5 .. 1Z5 N3 19 N3 22 

THE FOLLOWI NG DATA ~ERE COLLECTED AT lOS S EDT ON 

PHOTOMETR ' 

SURf U E DOil~ SOTTO,.. DO\,;N 

15. 00 

SUSPENDED PARTICULATES 
1ST EOTTlE 2ND BOTTLE 

" 42 

SURfACE UP 

22. 00 

eOTTOI'l SEDI"ENT 
SA!'PLE NO. 

SJB19 

PL AN 
fILl'! fRA I'I E 

N3 23 
N3 24 
N3 25 

I'IA' H...1978 •••••••••• 

BOlTO .. UP 

21.75 

DEPT H 

5fT DI N 

WET .U'HT 

2 .~71 

-



tIS 
I 
~ .... 

SJB 20 GRAS SITE WEST fLIGHT LIN E 

.......... ~ THE fOLL~WING DATA ~ER E COLLECTED AT 1740 EDT ON ~AY 17,1978 •••••••••• 

GlN~~Al sO TTO,. TYpf VEGlT AllON 70 X VE: GE lA Tl ON DEPTH 5 f T 0 IN 

SPECIES 
11[0 ALG AE 
THALASSI A 

. OTTO l'l TYPE 

EGETATION 
SAN!) 

SHElL HASH 

CO ..... [NTS ALGAE IS DARK RED 

CAl'IERA SETTING 
f2. 5 i 60 
f2. 5 • 125 
f4 il 125 

PE RC ENT 
70.0 
~O . 0 

PHOTOGRAPHY 
SURF ACE 

flU· FRA!'I E 
N3 26 
N3 27 
N3 28 

PERCENT Of 80TTO~ 

70 .0 
25.0 

5.0 

VEGEHTlON 
SPECIATION CHLOROPHYL L 
SA~PLE NO. SAl'IPL E NO. 

SJB 20 SJ 820 

GREY SCALE PL liN 

CHLOROPHYLL-A PHAEOPHYTIN 
(UG/G) (fO/fA) 

5 . 29 1.7:3 

F I UI fRA"'E FlL'" FIIAIIIIE 
N3 29 N3 32 
N3 30 N.3 33 
N3 31 N3 34 

•••••••••• THE fOLL OWING DATA wERE COLL EC TED AT 1045 EDT ON ~AY 1Z,197! •••••••••• 

COPl:I'IENTS 

PHOTO"ETRY 

SURfACE DOW,.. BO TTOI'! DOliN 

1 5. 75 

SUSPENDED PARTICULATES 
1ST BOT TLE 2ND BOTTLE 

4 3 44 

DEEP wATER-SECtHI DEPTH 11' 

SURfACE UP 

21.50 

BOTTO'" SEDI"'ENT 
SA ~PlE NO. 

SJB20 

BOTTO'" UP 

21.00 

Dt. PTH 

5FT 4IN 

,HT .. EIGHT 

~.027 
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