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ABSTRACT 

Eastern coastal marshes are the most extensive and productive in 
the United States. A relatively low cost, moderately accurate method 
is needed to map these areas for management and protection. Ground- 
based and low-alcitude aircraft methods for mapping are time-consuming 
and quite expensive. The launch of NASA'S Earth Resources Technoiogy 
Satellite has provided an opportunity to test the feasibility of mapping 
wetlands using small scale imagery. The test sites selected were in 
Chesapeake Bay, Maryland, and Ossabaw Island, Gtorgia. Results of the 
investigation indicate that the following may be ascertaiwd from ERTS 
imagery, enlarged to 1:250,000: (1) upper wetland boundary; ( 2 )  drain- 
age pattern in the wetland; (3; plant communities such as Spartina 
alternlflora, Spartina patens, Juncus roemerianus; (4) ditching activi- 
ties associated with a g r i c u l t u r m  lagooning for water-side home 
develcpment. Conclusions are that ERTS will be an excellent tool for 
many types of coastal wetland mapping. 

INTRODUCTION 

Eastern coastal areas are receiving increasing pressure from a 
variety of sources, mainly due to population growth. The northeastern 
coast is under thz most pressure at the present time, but laws regulat- 
ing development have bean passed in several of the stel-es. The south- 
eastern coastline (excep' Fiorida) has lad less developmental pressure, 
mainly from agriculture and some industry. Dredge and fill operations 
have altered some portic;ls of the coastline. The prognosis is for sl 
tremendouti increase in pressure in this area during the next decade. 
Laws regulating development are helpful but usually require costly map- 
ping of coastal resources. A relatively low cost and moderately accurate 
method for mapping these areas, including wetlands, mud flats, drainage 
patterns, impact of man and vegetation productivity would be very 
attractive to states and assure that at leaet a portion of this valuable 
ecosystem would be precrerved; 

*Performed under contract NAS5-21752, National Aeronautics and 
Space Administration. The authors appreciate the assistance of the Game 
and Fish Division, Department of Natural Resources, Georgia. 
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Inves t iga to r s  such a s  Anderson (1) and Reimold (3) have shown t h e  
r e l i a b i l i t y  of us ing  a i r c r a f t  remote sens ing  techniques t o  do a v a r i e t y  
of wetlands s t u d i e s ,  including spec ies  w p p i n g  and vegeta t ion  produc- 
t i v i t y .  Ground based eco log ica l  s t u d i e s  In  wetlands have produced maps 
of r e l a t i v e l y  small a r e a s  with a high degree of accuracy. These have 
been va luable  i n  developing remote sensing techniques but the  process 
i s  too slow and c o s t l y  f o r  l a r g e  a reas .  Low a l t i t u d e  (2,000 meters)  
a e r i a l  photograpty has been applied i n  New Je r sey  t o  produce wetlend 
maps which meet na t iona l  map accuracy s tandards .  This  i s  a r e l a t i v e l y  
rapid method, but t h e  cos t  may be p r o h i b i t i v e  f o r  some s t a t e s .  I n  order  
t o  decrease the  time and cos t  involved i n  wetland mapping, i t  w i l l  be 
necessary t o  reduce the  accuracy somewhat. It appears from t h i s  re-  
search t h a t  ERTS-1 da t a  say  be applied t o  r ap id ,  r e l a t i v e l y  low c o s t  
wetland mapping on broad reg ional  s ca l e s .  

ERTS p o s i t i v e  t ransparenc ies  a t  a s c a l e  of 1:1,000,000 have high 
r e so lu t ion  and exce l l en t  con t r a s t .  Unfortunately,  processing procedures 
a t  Goddard Space F l igh t  Center favor t h e  more highly r e f l e c t i v e ,  upland 
f ea tu re s .  Due t o  t h e  high moisture content  i n  marshlands, r e f l e c t a n c e  
values a r e  lower and a r e  q u i t e  dark on a l l  I'RTS MSS bands. Spec ia l  
processing i s  requi rcd  t o  br ing  out d e t a i l  i n  c o a s t a l  f ea tu re s .  De ta i l  
i n  uplands i s  l o s t  when optimum processing techniques f o r  c o a s t a l  a r e a s  
a r e  used. 

The marsh-weter i n t e r f a c e  and the  upper wetland boundary a r e  c l ea r -  
l y  seen on MSS bands 6 and 7. Large p l an t  a s s o c i a t i o n s  o r  communities 
can a l s o  be de tec ted  on e i t h e r  MSS band 7 o r  on co lor  composites made 
using t h e  Diazo sub t r ac t ive  co lo r  technique. I n  bands 4 and 5 ( v i s i b l e :  
green and r ed ) ,  a l l  marsh spec i e s  have a low o v e r a l l  average r e f l e c t a n c e  
and appear very dark i n  tone as does t h e  dryland vegeta t ion .  A s  t he  
c o a s t a l  ma-shes become f r e she r ,  t he  s p e c t r a l  r e f l ec t ance  of t h e   specie^ 
composing these  marshes is higher and approaches t h a t  of dryland vegcta- 
t i o n  making the  boundary l e s s  c l e a r .  It may be necessary t o  develop 
s p e c i a l  processing techniques wher2 wetland grades t o  dryland i n  order  
t o  c l e a r l y  d e f i c e  t h i s  boundary. 

CHARACTERISTICS OF THE TEST SITES 

Figure 1 is a map of t h e  Chesapeake Bay a r e a  showing t h e  l o c a t i o n  
of the  nor thern  t e s t  s i t e s .  The smel le r  a r e a s  ou t l i ned  a r e  two test 
a reas  examined i n  d r t a i l  i n  t he  fol lowing pages. Area 1 is a s a l t  marsh 
complex loca ted  a t  t h e  mouth of t h e  Chincoteague Bay i n  Virg in ia .  Area 
2 is a l a r g e ,  near-sal ine marsh a t  t h e  mouth of t h e  Nanticoke River i n  
Dorchester County, Maryland. Maryland has approximetely 300,000 a c r e s  
of wetlands, 250,000 of which l i e  on t h e  Eastern Shore, o r  w h a t  l a  
c o w n l y  c a l l e d  t h e  Delmerva Penninsula. V i rg in i a  has approximately 
330,000 a c r e s  of wetlands, over ha l f  of which a l s o  l ie  on t h e  Delmarva 
Penninsula. 



Fig. 1.  Map of Chesapeake B6y area showing location of ERTS Images 
(1079-15133, 1062-15190, 1079-15140) and smaller t e s t  areas 1 
(Fig. 3 - Chincoteague marsh) a d  2 (Fig. 5 - Nanticoke marsh). 



The c o a s t a l  marshes from North Carolina and southward represent  
the  bes t  development of s a l i n e  marshes i n  the  United S t a t e s .  Those i n  
South Carolina and Georgia ( t he  southern t e s t  s i t e )  a r e  p a r t i c u l a r l y  
wel l  developed (Fig. 2 ) .  Cooper ( 2 )  has summarized :he cur ren t  know- 
ledge of ea s t e rn  c o a s t a l  a reas .  Vegetat ional  composition i s  q u i t e  
s imi l a r  along most of the  coas t  but grades t o  mangrove swamps i n  
Florida.  T ida l  anp l i t udes  vary from two f e e t  i n  some por t ions  of North 
Carolina t o  e ight  f e e t  i n  South Carolina and Georgia. 

The two major community types which dominate tile marshes of t h i s  
a r ea  a r e  Spart ina a l t e r n i f l o r a  and Juncus raemerianus. These spec ies  
a r e  r e s t r i c t e d  t o  a r e a s  with frequent  t i d a l  inundation. 2. a l t e r n i f l o r a  
occurs  a s  a t  l e a s t  two and i n  some a r e a s  t h r ee  growth f o ~ m s .  This is 
apparent ly r e l a t e d  t o  t i d a l  inundation and s o i l  a e r a t i on .  High growth 
( t o  L meters) is found along the  banks of c reeks  where the  substratum i s  
very s o f t  and t i d a l  inundat ion i s  f o r  t he  longes t  period of time. The 
next growth form ( t o  1 meter) grows a t  s l i g h t l y  higher e l eva t ions  i n  a 
more f i rm subs t r a t e .  The t h i r d  growth type ( l e s s  than 1 meter) is a t  
the h ighes t  e l eva t ion  f o r  2. a l t e r n i f l o r a  i n  a f i rm  s u b s t r a t e  where 
o the r  spec ies  may m i x  with i t  occasional ly.  Jilncus roemerianus occurs  
as small  t o  l a ~ g e  zones mostly a t  t he  next  h ighes t  e l eva t ion  and where 
the  water is somewhat f resher .  

Higher, l e s s  f requent ly  t i d a l l y  inundated po r t i ons  of these  marshes 
conta in  s eve ra l  spec i e s  which grow a s  mixed communities o r  i n  r e l a t i v e l y  
s m a l l  s i n g l e  spec i e s  zones. ~ h e s e  include Spa r t i na  pa t zns  and spa r t i na -  
cynosuroides, D i s t i c h l i s  s p i c a t a ,  Baccharis ha l imi fo l i a  and Borr ich ia  
f ru tescens .  

The s p e c i f i c  southern t e s t  s i t e  vas  oordered on the  south by Sa in t  
Cather i se ' s  I s land ,  Georgia, and on the  no r th  by Charleston,  South 
Zaro l i r~a .  The southern po r t i on  of t he  test s i t a  around 0. .abaw I s l and ,  
Georgia, was s tudied  in t ens ive ly  due t o  t he  a v a i l a b i l i t y  of good ERTS 
imagery. 

The vegeta t ion  of t h i s  a r e a  is c h a r a c t e r i s t i c  of the  sou'.hern 
c o a s t l i n e  i n  general .  There a r e  l a r g e  zones of high and low growth 2. 
a l t e r n i f l o r a  and J. roemerianus, and smal le r  zones of 2. cynosuroides, 
B. f ru t e scens  and 2. patens .  There is marshland d i t ch ing  i n  Ogeechee - 
River r e l a t e d  t o  a g r i c u l t u r e  and "lagooning" f o r  water-side homes Gn the  
Vernon River. 

RESULTS 

Uee of a Beuech and L o p p ~  Transfer  Scope i n  combination wi th  
1:1,000,000 eca l e  ERTS format permite enlargement of t h e  image and 



Fig. 2.  Map of portion of Georgia coastl ine showing area8 of tnteneive 
analysis. 



and construction of maps and overlays t o  a s c a l e  of 1:250,000. Figure 
3 is a 1:250,000 enlargement of an 3RTS MSS 7 (1079-15140) image of t he  
Chincoteague s a l t  marsh complex. Figure 4 is  a 1:250,000 map of the  
same area  showing four ca tegor ies ;  (1) upland vegeta t ion  and beach, (2) 

a r t i n a  a l t e r n i f l o r a / S a l i c o r n i a  ep. a s soc ia t ion ,  and (4) 
S a r t i n a  pa tens  D i s t i c h l i e  s p i c a t m e s c e n s  assoc ia t ion .  The W:terB (3) ?-- - 
spec t r a l  r e f l ec t ance  of t he  Spar t ina  al.erniflora/Salicornif. ep. associ-  
a t i o n  i e  general ly low, i n  p a r t  because of t he  wet mud o r  peat back- 
ground below the  v e r t i c a l l y  or ien ted  vegetated l aye r  wMch averages 7- 
14 inches i n  height.  The r e f l ec t ance  of the  mudflats and water i n  t h i s  
band is s t i l l  lese .  The r e l a t i v e l y  high r e f l ec t ance  of Spartinc. pa tens  
permits suf f ic io .? t ly  l a r g e  a r e a s  of the  Spar t ina  pa t ens /Die t i ch l i e  
sp i ca t a l  Iva f rutescens a s soc ia t ion  t o  be deliiieated. The upper wetland 
boundary is  general ly sharp except whei-e broad t r a n s i t i o n  zones e x i s t .  
The marsh-water i n t e r f a c e  i a  eometimcs d i f f i c u l t  t o  determine i n  a r e a s  
in ter laced  with numerous small t r i b u t a r i e s  o r  sparse  patches of vegeta- 
t ion.  Sand and marsh a t  t he  mouth of Chincoteague Bay (Figure 3: A) a r e  
not shown on the  USGS 1:250,300 nap published :n 1966. Area C is a 
recent  s p o i l  f i l l  a t  the  t i p  of Chincoteague Island.  Spoi l  a reae  may 
be e a s i l y  separated from r e f i e c t i v e  vegeta t ion  by r e f e r r i n g  t o  bands 4 
and 5 o r  by using a color  composite s ince  they a r e  highly r e f l e c t i v e  i n  
a l l  four  bands. Areas labeled D a r e  f r e s h  water impoundments i n  the  
Chincoteague Wild l i fe  Refuge. The s t r i p e d  a rea  a t  the  south end of t he  
map (B) is an a rea  where o ld  s p o i l  b ~ n k s  a r e  p a r t i a l l y  revegetated. It 
is q u i t e  d i s t i n c t i v e  i n  t he  band 7 image a s  a l i g h t  a r ea  extending from 
Wallops Islanc! t o  t he  main'lnd. 

Figure 5 is  a 1:250,000 s c a l e  enlargement of t h e  Nanticoke marsh 
(MSS band 7, ERTS image 1079-15133). Species couposi t ion i n  t h i s  marsh 
i s  typ ica l  of a near-gsl ine environment. The marsh a rea  shown here i e  
aproximate ly  10 mi les  long and 5 miles  wide. Figure 6 is a 1:250,0CO 
ma, ~f t he  same a rea  made by overlaying the  1:1,000,000 s c a l e  imaee en- 
larged with an overhead projector .  A number of t r e e  i s l ands  dot  t he  
marsh, the  l a r g e s t  of which conta ins  the  small comnunity of E l l i o t s '  
Island. The marsh vegeta t ion  includes a Juncus roemarianus/Scirpus ep./ 

c i a t i o n  i n  t he  lower marsh a reae  and a high 
pa t ens /Di s t i ch l i s  sp i ca t a / Iva  f ru teecens /  

Baccharie ha l imifo l ia ,  pr imar i ly  loca ted  along t h e  edges and near  t he  
s ing le  road. Toward the  northern end of t h e  marrh, t he  water becomes 
more brackish and l e s e  sa l ine .  Sto-ds of Spar t ina  ~ y n o s u r o i d e s  occupy 
the  stream margins within t h i s  por t ion  of t he  marsh. I so l a t ed  s tands  of 
Phragmites co&unie o ~ c u r ,  but  they a r e  general ly too omell t o  be de- 
tec ted  on the  ERTS imagery. Because the  s ignature  of t he  dominant low 
marsh spec ies  Juncus roemarianus i e  c lo se  t o  t h a t  of water ,  i t  is d i f f i -  
c u l t  t o  de l inea t e  t he  marsh-water i n t e r f a c e  wi th in  t h e  marsh i t s e l f .  

Mapping a t  a s c a l e  of 1:?.,0,000 is adequate f o r  t he  .anera1 de- 
l i n e a t i o n  of l a r g e  marshes aad f o r  r a t h e r  gross  p l an t  epeclee aeeocia- 
t ions.  Enlargement of t he  imagery t o  a s c a l e  of 1:125,000 provides 



Fig. 3. 1:250,000 eniargenent of Chincoteague s a l t  marsh (1079-15140-7). 

Pig. 4 .  1: 250,000 map o f  Chificoteague s a l t  marsh. A - sandharsh area; 
3 - o ld  s p o i l  area; C - recent s p o i l  f i l l ;  D - fresh water 
impoundment . 



Fig. 5. 1:250,OC)O eniargemett of Nanticoke k. s a l t  marsh (1062-15190-73. 

Scale 1 : 250.000 
tlanticoke ~ ive ;  Marsh 

& 

Fig. 6. 1:250,000 map of Nanticoke River marsh. 
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add i t i ona l  information when processing is  done t o  enhance the  c o n t r a s t  
In  t he  denser p a r t  of t he  image. Overlays can be made d i r e c t l y  from 
t.lr p r i n t s  which show the  uarsh--water i n t e r f a c e  and upper wetland 
boundzry c l ea r ly .  Where broad success iona l  zones e x i s t ,  these  can a l s o  
be mapped. Smaller p l an t  communities, occas iona l ly  l e s s  than 25 meters  
i n  Aiameter, can be i d e n t i f i e d .  In  add i t i on ,  open and vegetated d i t c h e s  
dug f o r  drainage o r  a g r i c u l t u r e  can be r :ognized m a  i n i i c a t e d  on the  
map 

The Xanticoke marsh was experimental ly eniarged from the  1:1,000,000 
s c a l e  t o  approximately 1:24,00O. A l l  the  boundaries seen i n  t he  o the r  
s c a l e s  becake b iur red .  It appears  t h a t  un less  the  o p t i c s  of t he  en- 
l a rg ing  sys t en  a r e  excep t i cna l ly  good, t h i s  s c a l e  would only be u se fu l  
f o r  theme e x t r a c t i o n s  such as upland, dry marsh, wet mars;^ and open water 
where p lac ing  of boundaries is not  c r i t i c a l .  

B. Southern t e s t  s i t e  

Figure 7 is a 1:250,000 s c a l e  reprocessed enlargement of %S band 
7 (No. 1046-15324, Sept. 7, 1972) of th-. t e s t  s i t e .  Note good tona l  
d i f f e r e n t i a t i o n  i n  t h e  c o a s t a l  marshland but  l o s s  of d e t a i l  i n  the  up- 
land. The upper wetland boundary is  c l e a r l y  seen i n  most of t h e  image 
although patchy clouds may be mistaken f o r  upland or t r e e  i s l ands  i n  
t he  marsh. Lagooning f o r  water-side !lome development is v i s i b l e  near  
Burnside, Georgia, on t h e  Vernon River. Of poss ib l e  g r e a t e r  s i g n i f i -  
cance is  the  marshiand d i t ch ing  v i s i b l e  i n  t he  Fort  McAll is ter  a r ea  of 
the  Ogecchee River. Ditching causes dry ing  ou t  and a c c e l e r a t e s  vegeta- 
t i o n a l  succession t o  dryland spec i e s  and is  t h e r e f o r e  undes i rab le  as 
cu r r en t ly  prac t iced  f o r  mosquito c o n t r o l  and a g r i c u l t u r e  i n  many areas .  
It has been assumed t h a t  t h e  r e s o l u t i o n a l  l i m i t a t i o n  of ERTS imagery 
would no t  al low d e f i n i t i o n  of d i t c h i n g  p rac t i ce s .  A t  l e a s t  i n  t h i s  a r e a  
t h a t  assumption was i nco r r ec t .  

Various vege t a t i ona l  f e a t u r e s  a r e  a l s o  c l e a r l y  shown. Tonal 
c h a r a c t e r i s t i c s  of marshland vege t a t i on  i n  Ogeechee River a r e  con- 
s iderably  d i f f e r e n t  from t h e  nearby :ledway River. C!I t he  ground in-  
ves t i ga t ions  have shown t h a t  Juncus roemerianus is t h e  dominant vegeta- 
t i o n  j-nthe Red Bird Creek area.  The l i g h t e r  tones of t h i s  spec i e s  con- 
trast n i c e l y  wi tn  t h e  darker  tones  of Spa r t i na  a l t e r n i f l o r a  which makes 
up t h e  bulk of t h e  vegeta t ion  i n  Medway River. 

Tonal s t r u c t u r e  -!A t he  Bear River marshes i n d i c a t e  t h a t  s epa ra t i on  
of a t  least two grn=-'ih forms of 2. a l t e r n i f l o r a  w i l l  be poss ib le .  The 
t a l l  form along t h e  c reeks  images l i g h t e r  than the  s h o r t e r  forms. I t  
appears t h a t  g ros s  product iv i ty  es t imates  may be made from the  imagery. 
The l i g h t e s t  tones i n  t he se  marshes a r e  at  t h e  "loop" i n  t h e  Ogeechee 
River < ~ ~ a r t i n a  cynoeuroides) and of f  Kilkenny Creek near  Bel le  I s l and  
(mixed populat ions of Borr ich ja  f ru t e scens  and Spa r t i na  a l t e r n i f l o r a  on 
s l i g h t l y  e leva ted  ground). 



Fig. 7 .  ERTS image, PJand 7 ,  enlarged to 1:250,000 scale .  A - "lagoon- 
ing" for water-side homes; B - wetland ditching with Spartina 
cynosuroides; C - zone of Juncus ro2merianus; D - Spartina 
a l terni f lora  high growth forni along creek edges ( inter ior  
dark areas are low growth form oE t h i s  spec ies ) ;  E - berm with 
Spaxtina a l t ern i f lora  and _Borrichi~  frutescens; F - upland- 
wetland border. 



CONCLUSIONS 

ERTS-1 imagery (en la rged  t o  1:250,000) i s  a n  e x c e l l e n t  t o o l  by  
which l a r g e  a r e a  c o a s t a l  marshland mapping may be under taken.  If s t a t e s  
can s a c r i f i c e  some accuracy  (amount unknown a t  t n i s  t ime) i n  p l a c i n g  of 
bs.cmdary l ines ,  cb.s technique tuay be used LO do ~ i ~ r  i o i iowing :  

(1) Es t ima te  e x t e n t  of man's i n p a c t  on marshes  by d i t c h i n g  
and lagooning . 

( 2 )  P l a c e  boundar ies  between we t l and  and up land  and hznce 
e s t i m a t e  amount of c o a s t a l  marshland remaining i n  t h e  
s t a t e .  

( 5 )  D i s t i n g u i s h  among r e l a t i v e l y  l a r g e  zones  of v a r i o u s  
p l a n t  s p e c i e s  i n c l u d i n g  h igh  and low g r o k t h  - S. a l t e r n i f l o r a  
J. roemerianus ,  and S. cynosuro ides .  - - 

( 4 )  Es t ima te  marsh p l a n t  s p e c i e s  p r o d u c t i v i t y .  
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