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ABSTRACT 
FINKL, C. W. and VOLLMER,  H.  2011. Interpretation  of bottom types from IKONOS  satellite images of the 
southern Key West National Wildlife Refuge, Florida, USA. Journal of Coastal Research, SI 64 (Proceedings of 
the 11th International Coastal Symposium), 731 – 735. Szczecin, Poland, ISSN 0749-0208. 

 
Remote  sensing  of coastal  marine  environments  has  long  challenged  coastal  researchers  who  have 

searched for automated methods based on supervised classifications. Due to complexities in water clarity and 
attenuation  of  spectral  reflection  with  water  depth,  this  study  focused  on  visual  interpretation  of  IKONOS 
satellite images in an effort to ascertain the general nature of bottom types. Development  of a seafloor topology 
for a portion of the Key West National Wildlife Refuge in Monroe County, Florida (between Key West, Florida, 
and  the  Dry  Tortugas)  resulted  in  96  mapping  units.  The  natural  complexity  of  this  environment  required 
classification  units that were defined by numeric codes that were keyed to a classification  system developed for 
this area. These units, defined in a stepwise procedure, were predicated on the geomorphologic  base, context of 
the geomorphological  zone, biological cover, and percentage  of that cover. The GIS attribute table, built with a 
multi-discipline   interpretation   in  mind,  was  constructed   to  allow  end  user  flexibility  when  extracting  the 
information  related  to major  biological  cover,  detailed  geological  cover,  etc.   Suffixes  were  added  to further 
interpret  areas with diverse  biological  cover. The IKONOS  satellite  images  were found to be useful tools for 
mapping coastal marine environments at a nominal scale of 1:6000. 

 
ADITIONAL  INDEX WORDS:  Remote sensing, carbonate platform, coral reef, coastal classification, Florida 
Keys, marine geomorphology,  mangroves. 

 
INTRODUCTION 

The continental shelf along the southern Florida Keys contains 
many interesting geomorphological features that are mixtures of 
marine  morphosediemntary  units,  paleokarst  features  (hard 
bottoms), and coral reefs. Most of the carbonate platform and reef 
environments contain mixtures of biological covers that include 
epiphytes,   algal   mats,   macroalgae,   sponges,   seagrasses,   and 
mangroves.  The  study  area  (Figure  1)  covered  about  422  km2, 
which can be subdivided  into smaller units. One area, referred to 
as  the  Marquesas  Keys  region,  encompasses  14  distinct  karstic 
islands that encircle an open basin forming a large lagoon. This is 
the only known atoll in the Atlantic Ocean. These islands, which 
form a cluster  of white  sandy  beaches  separated  by lagoons  and 
shoals,  lie  about  35  km  west  of  Key  West.  The  treasure  ships 
Santa  Margarita  and Atocha  foundered  in these  shallow  waters. 
The  atoll  lagoon,  called  Mooney  Harbor,  contains  shallow  
seagrass  beds  dotted  with  sponges  and  serpentine  deep-water 
channels. To the north and east of the Marquesas atoll there are 
extensive seagrass beds in one to three meters of water and to the 
south and southeast of the islands there are coral patch reefs and 
sponge-hardbottom habitats in three to five meters of water. West 
of the islands surrounding  the lagoon, extensive seagrass beds in 
three to five meters of water are interspersed  with expansive sand 
areas and sponge-soft coral habitats. This habitat extends far to the 
west   of   the   Marquesas   and   is   described   on   charts   as   the 
Quicksands. 

For purposes of mapping and classification, the study area was 
divided  into  two  broad  physiographic  regions,  based  on 
Fairbridge’s (1950, 1967) classification  of coral reef environments 
in the south Pacific that includes  most all of the basic forms that 
boil down  to platform  reef and barrier  reef (Florida  Reef  Tract, 
FRT) environments in their essence. 

 
 

These two basic environments were subdivided on the basis of 
texture, tone, and pattern in the IKONOS  imagery.  In addition to 
the  mapping  goals,  an  ancillary  purpose  of  this  project  was  to 
evaluate the usefulness of IKONOS imagery for mapping shallow- 
water seafloor environments. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Location diagram showing the position of the study 
area in the southern Florida Keys. 
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METHODS 
IKONOS imagery was used to interpret subaerial and seafloor 

features because it was available for free from the National 
Oceanographic and Atmospheric Administration and because the 
resolution  of  the  imagery  was  appropriate  for  coastal  mapping. 
The IKONOS Satellite is a high-resolution satellite operated by 
GeoEye.  Its capabilities  include  capturing  a 3.2 m multispectral, 
Near-Infrared   (NIR)/0.82  µm  panchromatic   resolution  at  nadir. 
The  five  bands  include  panchromatic,  blue,  green,  red,  near  IR 
with a dynamic  range of 11-bits per pixel. The imagery  used for 
this  project   was  acquired   in  2006   over   several   months   and 
different frames were used for the same geographic  area in order 
to  map  different  seafloor  features  that  were  obscured  by  cloud 
cover,  waves,  glint,  turbidity  in  the  water  column,  or  seasonal 
algal blooms. 

Shallow water features were interpreted from pan sharpened and 
color images but near the seaward margin of the shelf deepwater 
features  (in about 61 m of water) associated  with the FRT could 
only be interpreted from digitally enhanced images. Image 
enhancement followed procedures outlined by Finkl and DePrato 
(1993) and Chauvaud, Bouchon, and Maniere (1998) and was 
conducted  using  IDRISI  Taiga  integrated  GIS  and  image 
processing software (Clark University, http://www.clarklabs.org/), 
which includes nearly 300 modules for the analysis and display of 
digital spatial information,  and involved the following basic steps 
for enhancing images: (1) import images, (2) determine bands that 
allow for deepwater  features,  (3) overlay  images  (band ratioing), 
(4) stretch image, and (5) filter image. The linear contrast stretch 
of the digital data involved the identification of lower and upper 
bounds from the histogram (minimum and maximum brightness 
values in the image) and applying a transformation  to stretch this 
range  to  fill  the  full  spectral  range.  The  data  was  then  filtered 
using Gaussian and mean filters with filter sizes ranging from 3x3 
to 7x7. High-pass and low-pass filters were used to determine the 
best  image  quality,  which  varied  from  scene  to scene.  Figure  2 
shows  the  advantages  of  image  enhancement  that  compares  an 
RGB 8-bit color image (top panel) with a pan-sharpened image 
(middle panel) with an enhanced image (bottom panel) that shows 
more detail of deepwater shelf features. 

Details  of  the  image  enhancement  procedures  are  as  follows. 
The IKONOS image was first imported into the software and each 
band was individually analyzed for its ability to enhance the 
deepwater   features.  Bands  two  and  three  were  found  to  best 
represent  deepwater  geomorphic   features.  The  overlay  module 
was then used with the maximize option to produce one image of 
the bands to provide the most detail possible. This module works 
by  combining   the  bands  together   to  form  a  new  image,  the 
maximize  option  outputs  pixels  that  represent  the  maximum  of 
those  in corresponding  positions  on the  first  and  second  image. 
Next  a  data  stretch  was  performed   on  the  overlaid  image  to 
increase the contrast.   A linear stretch was found to be the best 
methodology   to  further  enhance  the  underwater   features.  This 
stretch linearly scales values between a specified minimum and 
maximum  limit.  To further  prepare  the image  for visual  display 
the stretch was performed in certain instances with five percent 
saturation.  This  saturation  concentrates  the output  values  on the 
less extreme values.   The image was then filtered to enhance the 
deepwater geomorphic features as much as possible.  The filtering 
creates a new image by combining the values of the pixels with its 
immediate  neighbors.  The following filter types were found to be 
most  effective:  Gaussian,  mean  and  median.  The  Gaussian  and 
mean  filters  generalize  an image.  Median  filter removes  random 
noise. 

Seafloor features were mapped at nominal scale of 1:6000 and 
delineated   by  relative  spectral  reflectance,   color,  textures  and 

patterns of their boundaries,  as well as contextual inferences from 
previous studies and in-situ observations. 
 
 

 
 
 
Figure   2.  Enhancement   of  IKONOS   satellite   imagery   in  the 
southern   using  band  ratioing  to  more  clearly  identify  bottom 
features in about 60 m water depth. 
 
 
 

Visual identification  and interpretation  of bottom types derived 
from a mosaic of 4 m resolution multispectral IKONOS images 
utilized ESRI’s ArcMap Geographic Information System (GIS) to 
analyze the type, shape, area, and spatial relationships between 
environments.  The  boundaries  separating  adjacent  environments 
were digitized in a shapefile georeferenced  to the North American 
1983   Datum   Zone   17  North,   Universal   Transverse   Mercator 
projected coordinate system.   Subsequent to the initial digital 
delineation of the shallow-marine environments, obscured and 
irresolute seafloor types were visited in the field for direct visual 
observations.  The in-situ observations  were used to either confirm 
the classified polygon or used to reclassify incorrect digital 
interpretations that could serve as a proxy for other similar 
misinterpretations. 
 

RESULTS 
Of the several main types of geoforms that were mapped in the 

platform  reef  environment,   the  two  main  categories  embraced 
coral  reef and hardbottom  versus  unconsolidated  sediments.  The 
coral reef (living corals) and hardbottom (dead corals, calcareous 
algae,  mollusk   shells  and  other  exoskeletons,   etc.)  and  other 
geoforms  were  broken  down  into  aggregated  coral  reefs, 
individual or patch reefs, scattered coral or rock in unconsolidated 
sediment,  and  back  reef.  Unconsolidated  sediments  occurred  on 
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banks and shoals that were colonized by seagrass meadows. 
Macroalgae and epiphytes growing on the leaves of seagrasses 
imparted different hues and tones to the IKONOS imagery making 
for complicated  interpretations  of the composition  of the mapping 
units. Supratidal  and intertidal  mapping  units were dominated  by 
mangrove forests. Sand dunes and beaches are unvegetated bare 
sediment. Lugworms brought calcareous muds from depth to the 
surface  of  the  seafloor  when  making  their  burrows  to  impart  a 

changes  in feature densities  (frequency  of occurrence)  within the 
area. 

A portion  of the total  mapped  area is shown  in two IKONOS 
images  just  as  an  example  of  the  level  of  detail  that  can  be 
extracted  from  the  satellite  imagery.  Figure  3  shows  an 
uninterpreted  IKONS  image  centered  on the atoll  lagoon  (upper 
panel)  and the interpretation  with  a legend.  The purpose  here is 
not  to  define  the  mapping   unit  but  to  show  the  interpretive 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Two panels of IKONOS satellite images as an example of the study area mapping units. A carbonate platform surrounds the 
atoll and shelf-edge coral reefs occur in deep water at the bottom of the images. 

 
 

grayish  tone  to  the  multispectral   imagery  for  some  nearshore 
areas. 

The  total  area  interpreted   was  422  km2,  with  a  total  of  96 
mapping  units  defined.  The  Platform  Barrier  Reef  environment 
had 84 units and the Barrier Reef environment had 12 units. 
Classification  units  were  defined  by  a numeric  code  to allow  a 
“full picture” to the individual units. These units were defined in a 
stepwise procedure: the geomorphologic base, the area of context 
(geomorphological zone), the biological  cover, and percentage  of 
that cover. The attribute table was built with a multi-discipline 
interpretation in mind, by allowing the end user the flexibility of 
extracting  the information  of interest, i.e., major biological cover, 
detailed  geological  cover,  etc.    Suffixes  were  added  to  further 
interpret the areas biological cover. 

A symbology  was created for each unit type to enable cognitive 
representation  of the unit types and patterns.  Geomorophological 
and  biological   units  were  color-coded   by  major  type,  then  a 
pattern was applied to represent the minor types of these units and 
finally   a  gradation   of  these   colors   was  applied   to  represent 

possibilities  using IKONOS imagery for mapping bottom types in 
shallow water. 
 
Image Acquisition and Processing 

A  total  of  16  IKONOS  images  were  downloaded   from  the 
National Oceanic and Atmospheric Administration’s (NOAA’s) 
Center for Coastal Monitoring and Assessment (CCMA) website 
(http://ccma.nos.noaa.gov/welcome.html)   using  8  swaths.     For 
each  IKONOS  swath,  both  multispectral  and  true  color  images 
were  downloaded  for  interpretation  and  provide  4  m  and  1  m 
spatial resolutions, respectively. Albeit the IKONOS sensor has 
internal processing software during image collection (DIAL et al., 
2003), subsequent to image acquisition the contrast and brightness 
of pixels for each satellite image varied and needed to be adjusted 
for each image in order to display  a continuous  and similar tone 
for homogenous seafloor environments that merge into adjacent 
images.  This step, yet important, is continuously adjusted during 
large-scale   delineation   processes   of   environments,    to   better 
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Platform Reef Environment 
 
 

Unit 

 
Area 
(km2) 

 
Perimeter 

(km) 

% of 
Total 
Area 

Back Reef 0.55 16.01 0.18 

Bank/Shelf 269.11 3,399.63 88.22 

Channel 3.39 150.47 1.11 

Lagoon 16.47 293.06 5.40 
Intertidal 
Shoreline 

 
5.15 

 
108.16 

 
1.69 

Supratidal 
Shoreline 

 
4.51 

 
92.23 

 
1.48 

Unknown 5.88 78.46 1.93 

Total 305.06 4,138.02 100.00 
 

Barrier Reef Environment 
 
 
 

Unit 

 
 

Area 
(km2) 

 
 

Perimeter 
(km) 

 
% of 
Total 
Area 

 

Back Reef 
 

16.28 
 

143.33 
 

13.88 

Bank/Shelf 96.26 1,038.62 82.06 

Unknown 4.76 15.68 4.06 

Total 117.3 1,197.63 100.00 

 

Platform Reef Environment 
 
 

Mapping Unit 

 
Area 
(km2) 

 
Perimeter 

(km) 

% of 
Total 
Area 

 
Coral Reef and 
Hardbottom 

 
 

36.42 

 
 

625.43 

 
 

11.94 
 

Unconsolidated 
Sediment 

 
 

262.77 

 
 

3,434.12 

 
 

86.13 

Unknown 5.88 78.46 1.93 

Total 305.06 4,138.02 100.00 

 

Barrier Reef Environment 
 
 

Mapping Unit 

 
Area 
(km2) 

 
Perimeter 

(km) 

% of 
Total 
Area 

 
Coral Reef and 
Hardbottom 

 
 

69.75 

 
 

736.00 

 
 

59.47 
 

Unconsolidated 
Sediment 

 
 

42.78 

 
 

445.95 

 
 

36.48 

Unknown 4.76 15.68 4.06 

Total 117.29 1,197.63 100.00 

IKONOS Satellite Images of the Southern Key West National Wildlife Refuge, Florida, USA 
 
 
 

display the contrast between their boundaries.   In addition to the 
continuous  contrast  adjustments,  the IKONOS  images  were 
stretched and filtered with Idirisi.   Isolating the green (2) and red 
(3) bands of the images, using linear saturation and Gaussian 
stretches, and 3X3 and 5X5 filters augmented the contrast between 
deeper  water  environments  on  the  Atlantic  side  of  the  Florida 
Keys. 

Table 2. Areas and frequency of occurrence of major 
geomorphological  features in the mapping area of the 
southern Florida Keys. 

ANALYSIS 
Mapping   units   were   determined   on   the   basis   of   natural 

occurrence   in  the  environment   with  most  units  belonging   to 
submarine geomorphological features. Major geomorphological 
structures  were  used to subdivide  the Platform  Reef and Barrier 
Reef  Environments,  as  shown  in  Table  1.  Perusal  of  this  table 
shows  that  unconsolidated  sediments  (86%  of  total  area) 
dominated the Platform Reef Environment whereas coral reefs and 
bedrock  exposure  on the seafloor  (50%  of total area) dominated 
the  Barrier  Reef  Environment.  Both  Platform  Reef  and  Barrier 
Reef  Environments   contain  a  range  of  other  mapping  units  as 
might  be  expected  in  a complex  tropical  reef  zone.  As  seen  in 
Table 2, bank and shelf features occupy about 88% of the Platform 
Reef   Environment   with   the   lagoon   of   the   Marquesas   atoll 
occupying about 5% of the mapped area. Although the barrier reef 
of the FRT sits on the seaward margin of the carbonate platform as 
a shelf-edge  reef system,  most of the mapped  area in the Barrier 
Reef  Environment  is  made  up  by  coral  reefs  and  exposure  of 
carbonate  bedrock  (about  60%)  with  about  a  third  of  the  area 
occupied by sandy areas. 

 

Table 1. Areas and frequency of occurrence of major 
geomorphological    structures   in   the   mapping   area   of   the 
southern Florida Keys. 

 

 DISCUSSION 
Interpretation  of  bottom  features  from  IKONOS  satellite 

imagery  is generally  possible  with major  geomorphological 
features being the most easily determined. Subdivision  of seafloor 
environments is complicated by biological covers that can mask 
underlying  geology  and geomorphology.  Dense  seagrass  patches 
can, for example, look very similar to patch reefs making 
differentiation problematical in some cases. Other complicating 
factors include variable growth patterns of mangroves, presence of 
algal blooms, variable water depths and suspension of particulates 
that   can   change   the   appearance   of   the   same   features,   and 
hardbottoms with patchy soft corals, sponges, and turf algae. 
Lugworms (sand worms) (Arenicola cristata) that burrow in soft 
sandy or muddy sediments bring substrate materials to the surface 
of  the  seafloor  imparting  a  grayish-blue   tone  to  some  lighter 
colored  sediment  flats.  Where lugworm fields worm were 
especially dense, they were identified as discrete mapping units 
because of the tonal differences in the IKONOS imagery. Field 
inspection is required to resolve mapping units that appear similar 
and  this  is particularly  so for  dense  circular  seagrass  beds  with 
sand  halos  which  resemble  patch  reefs  and  patchy  hardgrounds 
with variable biological covers. 

Development  of a hierarchical  classificaiton  and mapping  units 
was a somewhat complicated process due to the complexity due to 
the spatial distribution patterns of texture and tone (color) in the 
IKONOS  images.  The  Platform  Reef  Environment  was  broken 
down into two main units: coral reefs (aggregate  reefs, individual 
or patch reefs, and scattered  corals in   unconsolidated  sediment) 
and  unconsolidated  sediment  (uncolonized  sand,  sand  with 
seagrass, sand with macroalgae, and with turf algae, sand with 
emergent  vegetation,  mud with marsh, and mud with mangrove). 
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The Barrier Reef Environment was likewise broken down into two 
main  mapping  units:  coral  reef  and  hardbottom  (aggregate  reef, 
patch   reefs,   scattered   coral   in   unconsolidated   sediment,   and 
backreef)   and   unconsolidated   sediment   (uncolonized   or   with 
seagrass and macroalgae). There were different combination that 
could be used, but this system seemed to capture the main natural 
features  in  the  environment.  Because  this  area  is uninhabitated, 
there were no cultural features to contend with. There are many 
different  combinations  that could  be used to define  variations  in 
the  IKONOS  imagery,  but  these  main  mapping  units 
comprehended  all major image  patterns.  In order to comprehend 
all details of the image patterns in the IKONOS imagery, inclusion 
of   biological   covers   enormously   complicated   the   range   and 
number  of mapping  units,  which  were  initially  and  most 
importantly based on geomorphological  parameters in the first 
instance.  Geological  and  geomorphological   features  formed  the 
basis of the mapping, the units being expanded by consideration of 
biological covers that imparted many different tonal combinations 
in the images. 

 
CONCLUSIONS 

IKONOS   satellite   imagery   provides   a  suitable   platform   for 
mapping coastal marine environments because the pixel size and 
number of bands permits differentiation of seafloor environments 
based on geomorphological  units. The southern Florida Keys was 
an interesting  test area due to the great diversity  of bottom types 
with  the primary  Platform  Reef  and Barrier  Reef  Environments. 
This area, containing the only known atoll in the Atlantic Ocean, 
provided  an  opportunity  to  develop  a  geomorphological 
classification  system  that could  be used  to characterize  shallow- 

water   carbonate    platform    environments    in   lagoons,    banks, 
sediment flats, hard bottoms, tidal channels, and coral reefs. 
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