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INTRODUCTION 

The Nat iona l   Mar ine   F isher ies   Serv ice  (NMFS) m i s s i o n   i s   t o   " a c h i e v e  a 
con t inued   op t imum  u t i l i za t i on   o f   l i v i ng   mar ine   resources   f o r   t he   bene f i t  o f  
t he   na t i on " .  These resources  include  oceanic,  coastal,   estuarine,  and  anadro- 
mous f i s h e r i e s ,   t h e i r   f o r a g e   s p e c i e s ,  and hab i ta t s .   -An   essen t ia l   aspec t   o f  
t h i s   m i s s i o n   i s   t o  promote  the  conservat ion,   restorat ion,   and enhancement o f  
t h e   p r o d u c t i v i t y   o f   t h e s e   r e s o u r c e s  and t h e   h a b i t a t s  upon which  they depend, 
th rough   sc ien t i f i c   research ,   mon i to r i ng ,   ana lys i s  and a p p l i c a t i o n   o f   f i n d i n g s .  

The purposes o f   S u p e r f l u x  were t o :  1) advance the  development and t rans-  
f e r   o f  improved  remote  sensing  systems and techn iques   f o r   mon i to r i ng   env i ron -  
men ta l   qua l i t y  and e f f e c t s  on l i v i ng   mar ine   resources ;  2 )  increase  our  under- 
s t a n d i n g   o f   t h e   i n f l u e n c e   o f   e s t u a r i n e   " o u t w e l l i n g s "   ( p l u m e s )  on  contiguous 
s h e l f  ecosystems;  and 3 )  p rov ide  a synop t i c ,   i n teg ra ted ,  and t imely   data  base 
f o r   a p p l i c a t i o n   t o   p r o b l e m s   o f   m a r i n e   r e s o u r c e s  and  env i ronmenta l   qua l i t y .  

I n  terms o f  f i s h e r y   r e s e a r c h  and mon i to r ing  we would l i k e   t o  know where 
the Chesapeake Bay plume goes o f fshore ,  how i t  behaves,  what it c a r r i e s ,  what 
it deposits,  and  what i t s   e f f e c t s   a r e  on the   b io ta .  We would l i k e   t o  know what 
area o f   t h e   s h e l f   t h e  plume in f luences  through  t ime  and  what   the  in f luences 
are. Such i n f o r m a t i o n   i s   n e c e s s a r y   t o  more e f f e c t i v e l y   d i r e c t   o u r   r e s e a r c h  
and  moni t o r i  ng programs. 

We have  be l ieved  tha t  new methods  and  approaches a re  needed f o r   t h e  
r e s o l u t i o n   o f   t h e s e  and o t h e r   m a t t e r s   o f   i n t e r e s t   t o   t h e  NMFS. Synoptic  sampl- 
i n g   o f  dynamic  systems w i t h   r e l a t i v e l y   s h o r t - l i v e d   e v e n t s  has  been a problem 
w i t h   t h e  use of   convent ional   techniques.   Therefore,   Super f lux was conceived 
t o  respond t o   t h e  need f o r D e w  methods  and  approaches t o   b e t t e r   c a r r y   o u t   o u r  
var ious  missions. 

ASSESSMENT OF ACTIVITIES 

This  paper  reviews some o f   t h e   f i n d i n g s   o f   t h e   S u p e r f l u x   p r o g r a m   r e l a t i v e  
t o   f i s h e r y   r e s e a r c h  and  monitor ing.  My p l a n   i s   t o  1 )  demonstrate  that   there 
i s  a r e l a t i v e l y   w e l l - d e f i n e d   a r e a   o v e r   t h e   c o n t i n e n t a l   s h e l f   t h a t   i s   i n f l u e n c e d  
by t h e  Chesapeake Bay plume, 2)  descr ibe some o f   t h e   a c t u a l  and p o t e n t i a l  
i n f l u e n c e s   o f   t h e  plume  on the   she l f   ecosys tem  cont iguous   to   the   mouth   o f  
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Chesapeake Bay, 3) p r e s e n t  new ins igh ts   de r i ved   f rom  the   comb ined   use  o f  i n  
s i t u  and  remotely  sensed  data,  and 4)  say  something  about a l l   o f   t h i s  i n  terms 
o f   f i s h e r y   r e s e a r c h   a n d   m o n i t o r i n g .  

D e f i n i t i o n   o f   t h e  Chesapeake  Bay  Plume 

We have,   through  Super f lux,   demonstrated  that  a d e f i n a b l e   a r e a   e x i s t s   o v e r  
t h e   c o n t i n e n t a l   s h e l f   t h a t   i s   i n f l u e n c e d   b y   t h e  Chesapeake Bay plume. We have 
been i n t e r e s t e d   i n   d e f i n i n g   s u c h  an  area i n  r e l a t i o n   t o   l o n g - t e r m   m o n i t o r i n g  
and f o r   p l a n n i n g  an i n i t i a l   s t r a t e g y   f o r   c o m b a t t i n g   c a t a s t r o p h i c   s p i l l s   o f  
t o x i c   s u b s t a n c e s   o r   o t h e r   s u c h   o c c u r r e n c e s .   B o i c o u r t   ( r e f .  1) examined  the  plume 
area  from  February  1971 t o  August   1972,   and  determined  that   the  major   in f luence 
o f   t h e  Chesapeake  Bay plume was southward  f rom  the  mouth o f   t h e  Bay a long   t he  
V i r g i n i a   c o a s t .  

Munday and  Fedosh ( re f .   2 )   examined   the   h i s to r i ca l   da ta   f rom  Landsa t  
a v a i l a b l e   s i n c e  1972 t o   d e f i n e   a n   a r e a   i n f l u e n c e d   b y   t h e  Chesapeake  Bay 
p lume  over   the  cont iguous  shel f .  From t h e   8 1  images  they  examined, 
c o v e r i n g   a l l  seasons o f   t h e   y e a r ,   t h e y   d e f i n e d   a r e a s   o f   i n f l u e n c e  
based  on  var ious  wind  and  t ida l   condi t ions  (see  re f .  2, F i g u r e s  7 and 
8 ) .   I n   g e n e r a l  , they   found  tha t   the   p lume  f requented  a r e l a t i v e l y   w e l l -  
de f i ned   a rea   eas t   and   sou th   o f   t he  Bay   mouth ,   a long  the   V i rg in ia   coas t .  

A s i m i l a r   p a t t e r n   i s   e x h i b i t e d   i n   t e r m s   o f   t h e   i n   s i t u   d a t a  as i n d i -  
cated  by u t  ( r e f .  3, F i g u r e  2(a)); t o t a l  suspended m a t e r i a l   ( r e f .  4, 
F igu re   2 ) ;   b ios t imu lan ts   such  as the   phy top lank ton   nu t r i en t   o r thophospha te  
( r e f .  5, F igure  3) ;   b iomass  such  as  bacter ia l   numbers  ( re f .  6, F igu re   1 )  , 
c h l o r o p h y l l  a ( r e f .  3, F i g u r e   2 ( b ) ) ,  and p h y t o p l a n k t o n   c e l l   c o u n t s   ( r e f .  
7, F i g u r e  6): communi ty   s t ruc tu re   in   te rms  o f   phy top lank ton   assemblages  
( r e f .  7, Tab1 e 8 )  ; and  ecosys tem  func t ion   such  as   he tero t roph ic   po ten t ia l  
( ( r e f .  6, F i g u r e   1 )   a n d   t o t a l   p l a n k t o n   r e s p i r a t i o n   ( r e f .  3, F i g u r e  2 ( d ) ) .  
Contaminants  such  as  hydrocarbons  (ref.  8, Figure  2)   and  heavy  metals 
( F i g u r e   1 )   a s s o c i a t e d   w i t h   t o t a l  suspended m a t t e r ,  had s i m i l a r   d i s t r i b u t i o n s .  

” 

Likewise ,   remote ly   sensed  da ta ,   as   ev idenced  by   sa l in i t y   der ived   f rom 
. the  L-band  microwave  radiometer i n   c o n j u n c t i o n   w i ’ t h   t h e  PRT-5 i n f r a r e d   r a d i o -  

m e t e r   ( r e f .  9, F igu re   5 )  , t u r b i d i t y  based  on t h e  Ocean Color  Scanner (OCS) 
( r e f .  10, F i g u r e   9 ) ,   c h l o r o p h y l l   ( r e l a t i v e   f l u o r e s c e n s e )   b a s e d   o n   t h e  Air- 
borne  Oceanographic  L idar (AOL) ( r e f .  11, F i g u r e  8) and the   Tes tbed  A i rborne  
Mu1 t i s p e c t r a l  Scanner (TBAMS) ( r e f .  12 , F i g u r e   9 ) ,  and phy top lank ton  com- 
mun i ty   compos i t ion   der ived   f rom  an   A i rborne   L idar   Oceanograph ic   Prob ing  
Exper iment (ALOPE) f l u o r o s e n s o r   ( r e f .  13, F i g u r e  5 )  con f i rmed a v e r y   s i m i l a r  
d i s t r i b u t i o n   o f   v a r i a b l e s .  Thus a r a t h e r   w e l l - d e f i n e d  plume o r   o u t w e l l i n g  
area  f rom  Chesapeake  Bay  extends  over   the  cont inenta l   shel f .  

The area  o f   in f luence,   however ,  may c o n t r a c t   o r  expand  depending  on 
f r e s h w a t e r   d i s c h a r g e   f r o m   t h e   B a y   m o u t h .   D u r i n g   t h e   l a t t e r   h a l f   o f  1980, a 
severe   d rought   caused  the   p lume  to   con t rac t   (F igure  2 ) .  E igh t   yea rs   p rev ious ,  
B o i c o u r t   ( r e f .   1 )   f o u n d  a g r e a t l y  expanded  plume  caused  by  excessive r a i n f a l l  
a n d   f r e s h w a t e r   r u n o f f   f o l l o w i n g   h u r r i c a n e  Agnes ( F i g u r e   2 ) .  
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Influence o f  Chesapeake Bay  Plume  on Contiguous 
She1 f Ecosystem 

The waters emanating from the mouth of Chesapeake Bay exert  an influence 
on the  contiguous  shelf  ecosystem. Some examples of the kinds  of influence 
that  the Chesapeake B'ay  plume has or  could have on the  shelf  system, based on 
information  obtained dur ing  the  Superflux  experiments,  are  presented  here. We 
are  interested i n  defining  the  actual and potential  influences o f  the plume so 
tha t  w i t h  increased  understanding  our ab i l i t y  t o  assess and  manage the system 
migh t  be improved. 

Flowing o u t  of the Bay with  the  estuarine  water  (ref. 3, Figure 2 (a ) )  
are  higher  concentrations  of  total suspended matter  (ref.  4 ,  Figure 2)  which 
not  only affect   l ight  penetration  for primary production, b u t  also provide a 
source of b o t h  food and contaminants for  particulate  feeders,  both i n  the 
water column  and on the seabed. Evidence suggests  that  particulate  material 
outwelling from the Bay set t les   to   the seabed down the  length of the plume 
(Figure 3 and ref.  3, Figures 4 ,  5, and 6 ) .  See reference 14,  Figure 8 for  
station  locations. 

The Bay a l so   i s  a source  of  nutrients for primary producers ( r e f .  5 ,  
Figure 3 ) .  These nutrients  stimulate primary production,  resulting  in 
increased biomass and higher  concentrations of phytoplankton and chlorophyll 
over the  area  influenced  (ref. 7 ,  Figure 6 ,  and ref .  3, Figure 2 ( b ) ) .  
This  increased biomass, plus  particulate and dissolved  organic  material from 
the  estuary,  acts  as a food source t o  stimulate and suppor t  other  trophic 
leve ls   ( re f .  6 ,  Figure 1 ) .  Functionally,  the  response i s  a biologically 
more active system in  the plume than  in  adjacent  shelf  waters. We see 
th i s  with heterotrophic  potential  (ref. 6 ,  Figure 1 )  and total  plankton 
respirat ion  ( ref .  3 ,  Figure 2 ( d ) ) ,  both indicators of ra tes  of u t i l i za t ion  
and decomposition  of organic  matter. 

a 

I n  terms of community structure  the phytoplankton  assemblage o f  the 
Chesapeake Bay plume i s   d i f fe ren t  from surrounding  shelf  waters ( r e f .  7 ,  
Table 8 ,  and ref.   13,  Figure 5 ) .  Thus n o t  only do quantitative and func- 
tional  differences  arise between the plume and surrounding  shelf  waters, b u t  
there  are  also  quali tative  differences which  would affect  higher  trophic 
levels t h r o u g h  t he i r  feeding  habits. 

Oertel and Wade (ref.   8)  reported on the  characterist ics of total  
suspended matter and associated hydrocarbon concentrations  in  shelf  waters 
adjacent t o  Chesapeake Bay. Of par t icular   interest  was the  fact  t h a t  there was 
no congruence in  the plumes of  total  suspended matter,  hydrocarbons, and 
sal  ini t y  ( r e f .  8,  Figures 3 and 4 ) .  Each  was character is t ic  of a separate, 
definable subplume emanating from the Bay m o u t h .  Dur ing  the June 1980 
experiment the  total  suspended matter subplume was c losest  t o  the beach, 
the hydrocarbon subplume was fur thest  away, and the   sa l in i ty  subplume was 
in  the middle ( r e f .  8, Figures 3 and 4 ) .  Such a dis t r ibut ion,  w i t h  a l l  
flowing from  one single Bay m o u t h ,  suggests  different primary sources from 
within  the  estuary and the maintenance of the  continuity w i t h  each  of these 
sources  as  the  materials  are  carried from the Bay t o  the  shelf .  T h u s ,  n o t  
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only is  there  stratif ication  or  vertical   layering and  partitioning (.between the 
plume surface  waters and the  benthos)  as  suggested  earlier  in  the  paper, b u t  
also  separation of the  various  stimulating and contaminating  influences on a 
horizontal  basis,  as  demonstrated by Oertel and Wade. This means t h a t  the 
potential  exists  for  different  biological  responses  to  occur  in  different 
parts o f  the  outwelled  water  as  well  as on the  seabed  beneath  the  several 
subpl umes emanating from the Bay m o u t h .  Oertel and  Dunstan (ref.  15)  describe 
a ' s imi l a r  phenomenon for  the Georgia es tuar ies  w i t h  foam-line fronts forming 
between the  various  sources  within  the  estuary and  subsequent  "uncoupling" a t  
the seaward ends of  the plumes offshore.  Therefore, this phenomenon i s  n o t  
unique t o  Chesapeake Bay, b u t  probably i s  found w i t h  most dendritic-patterned 
estuaries and  their   offshore plumes. 

Distance o r  length  of  the  outwelling plume from the Bay m o u t h  i s   re la ted 
t o  time, and depends on the volume of water  discharged a n d  the  interaction of 
the  meteorological and physical  factors  affecting  the  shelf. With time,  organic 
materials  are  oxidized (.hydrocarbons weathered) a n d  inorganic  materials  are 
reduced. Nutrients  are  incorporated i n t o  phytoplankton  during  photosynthesis 
and  released  during  respiration and decomposition. Contaminants may  be in- 
activated or detoxified by binding or destructive  mineralization. However, 
they may also be concentrated on suspended par t iculates  which then may be fed 
upon by plankton a n d  nekton or sink  to  the  seabed,  to be  consumed  by benthos. 
Thus  distance down the  outwelling  allows  time  for  physical, chemical , and 
biological  processes t o  function  to modify the  dissolved and particulate 
materials emanating from the Bay mouth. Such modification  leads t o  fur ther  
fractionation and parti t ioning o f  the  various  constituents which in turn 
affect  the  biota of the  contiguous  shelf  ecosystem. 

Combined  Use of " in  si tu and  Remotely Sensed Data 

The combined use of -~ i n  s i t u  and remotely  sensed d a t a  a n d  comparisons 
between the two provide  insight  into  the  potentdal use of remote sensing  in 
fishery  research and monitoring programs such as those  described by Pearce 
( r e f .  1 6 ) .  During the June 1980 experiment a s a l in i ty  plume  was defined 
east  and  south  of  the Chesapeake Bay m o u t h  a l o n g  the  Virginia  coast based on 
d a t a  collected from a resea'rch ship  over a period of several days and  a 
number o f  tidal  cycles  (Figure 4 ) .  The resu l t  wasa smoothly contoured plume 
which .gave the  impression of a discrete tongue of water  with a central  core 
emanating from the Bay mouth .  

During th i s  same experiment, b u t  lasting  for  periods  of two hours in- 
stead of several  days, an L-band microwave radiometer was flown over  the 
Chesapeake Bay plume area on several  different days to  map the  distribution 
of surface  sal ini ty   ( ref .  9 ,  Figures 5 and 6 ) .  These d a t a  are  nearly  synoptic 
compared with the  in  si tu d a t a  collected  over  several  days. The contouring i s  
n o t  as smooth and reg-, even t h o u g h  the same general  pattern i s  seen in bo th  
the  in  situ and remotely  sensed d a t a .  Notice  the change in sa l in i ty   d i s t r ibu t -  
ion 23 June and 25 June ( r e f .  9 ,  Figures 5 and 6 ) .  The  low sa l in i ty  
water s t i l l  ranges from the Bay mouth south a l o n g  the  Virginia  shore. However, 
what i s   par t icular ly   interest ing i s  the  presence of high-salinity  water 
between two tongues  of low-salinity  water  exiting  southeastward from the Bay 
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m o u t h  ( r e f ,  9 ,  Ptgure 6 ) .  Isolated  pockets of lower o r  higher s a l in i ty  
water are  present. This so-called  "pocketing", added detai l  i n  contouring, 
and the  rather  large change in  salinity  distribution  over a period  of several 
days were not i n  evidence i n  the more generalized i n  situ data'  (Figure 4 ) .  
This is  new information i n  terms  of  understanding  the dynamics of an estuarine 
plume; we are unable t o  obtain this k ind  of synoptic,  repeated,.and  detailed 
information u s i n g  a single  surface  ship. 

" 

Similar  detail i s  seen i n  the Ocean ColorScanner (OCS) data  (ref.  10, 
Figures7, 8 and 9 ) .  The out l ine of the plume is  not  regular,  nor i s   t he  plume 
of uniform density. The s a t e l l i t e  imagery of sea  surface  temperature  present- 
ed by Vukovich ( r e f .  17 , Figures 1 , 2 and 10) has 1 ess  resolution , b u t  
covers a very much larger  area. The shelf/slope  front i s  jagged i n  appear- 
ance and the  continental  shelf  surface  waters  are  highiy  heterogeneous.  This 
kind of imagery i s  changing our  perspective of the  oceans by allowing us t o  
see and understand some of their   s t ructural  and  dynamic complexity.. 

Additionally, remote sensors have the  capability of providing  real-time 
or near-real-time o u t p u t  of  data  sufficiently reduced t o  be useful  in 
directing  operations d u r i n g  the  course of an experiment. The  Ocean Color 
Scanner d a t a  collected by Ohlhorst  during June 1980 ( r e f .  70, Figures 7 ,  8 ,  
and  9 )  were transmitted  in  real time from the a i r c r a f t  t o  a ground s ta t ion 
and used t o  direct  operations. The Airborne  Oceanographic L i d a r ,  the L-band 
microwave radiometer,  the PRT-5 infrared  radiometer, and the Multichannel 
Ocean Color  Scanner a l l  produced data  capable of  being  reduced in  near-real- 
time for  purposes  of directing  operations. 

A particularly  graphic example i l l u s t r a t ing  the  usefulness of  
airborne remote sensing  for  defining major regions of the  shelf and then 
directing  surface  ship sampling was presented by  Grew ('ref. 18, Figure'14). 
He used real  -time o u t p u t  from a Multichannel Ocean Color  Scanner (MOCS) t o  
define  the  shelf  regions and then direct  a surface  ship t o  each of the key 
areas. Approximately 8 t o  9 hours prior t o  the  aircraft-directed sampling, 
the NOAA Ship Kelez was requested t o  col lect  and  process  surface  bucket 
samples  (one every 10 t o  15 minutes)  for  chlorophyll and phaeopigment ( fo r  
Fo/Fa r a t io )  from the mouth of Chesapeake Bay east  across  the  shelf t o  the 
continental  rise  (ref.  14,  Figure  13). Data  from the  in  situ samples were t o  
be compared with the MOCS remotely  sensed d a t a .  A l thoughocessed  immedi- 
ately,   the d a t a  from these samples were n o t  graphed unt i l   af ter   the   cruise .  
Consequently, the shape of  the  cross-shelf  profile was unknown t o  those of us 
on the  surface  ship  until much l a t e r .  Thus no guidance was provided t o  a i r -  
c r a f t  personnel for   direct ing  in   s i tu  sampling. Once offshore  over  the , 

continental  rise we were asked t o  proceed back toward the mouth of  the Bay 
along  the same l ine  we had j u s t  sampled (ref.- 1 4 ,  Figure 1 4 ) .  The difference, 
however, was t h a t  we took many fewer samp.les  and those we did  take were a t  
locations  selected by airborne MOCS operators on the  basis  of  the  real-time 
o u t p u t  they  observed from MOCS. 

In o u r  charted  data,  notice  that  the  cross-shelf  profiles,  as  defined by 
b o t h  the remotely  sensed and the  in situ d a t a ,  are  similar  (Figure 5 ) ,  and 
t h a t  the  in  situ  data  derived from the  aircraft-directed sampling (Fiqure  5b) 

" 
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do describe the basic  features o f  the  chlorophyll a cross-shelf  profile. 
T h u s  a degree of confidence can be had i n  the remoTe ly sensed  data  to 1 ) 
characterize i n  real  time  the major features o f  the  shelf and slope  surface 
waters and 2 )  d i r ec t  i n  situ sampling  of these  waters. T h i s  is particu- 
larly  relevant  to  fishery  research and monitoring  in tha t   t he   ab i l i t y   t o  
define major type  areas i n  real time  enhances  our a b i l i t y  t o  effect ively 
u t i l i z e  our ships and personnel. 

CONCLUDING REMARKS 

In terms  of fishery  research and  monitoring,  the combined use  of i n  situ 
and remotely  sensed d a t a  has enabled us t o  define,   for each experimentaswell  
as  over  time,  the  area of the  continental  shelf t h a t  i s  influenced by the 
Chesapeake Bay plume.  Based on historical  as well as  present  information we 
know t h a t  this  area  contracts and  expands based on freshwater  discharge from 
the Bay mouth and meteorological and  physical  factors  affecting  the  shelf. 
From Superflux we know t h a t  the  waters  emanating from Chesapeake Bay contain 
biostimulants,  contaminants and  other materials  as well  as  increased biomass. 
and biological  activity and  s t ructural ly   different  assemblages  of  organisms. 
These waters emanating from the Bay are  not h.omogeneous, b u t  rather appear t o  
be a ser ies  of discrete subplumes each with its. own s e t  of character is t ics .  
We also  see  evidence  to  suggest t h a t  par t iculate   mater ia ls   set t le  from  plume 
waters t o  the seabed down the  length of the plume.  Thus by  way of expansion, 
contraction, changes in  direction, and  the  fractionation  or  parti t ioning of 
materials,  the Chesapeake Bay  plume exerts  greater or lesser  posit jve and 
negative  influences on the  living marine resources of the  contiguous  shelf. 

From remote sensing we have learned something  of the complexity  of the 
Chesapeake Bay  plume and adjacent  shelf  surface  waters. Remote sensing of 
the plume and neighboring  shelf  waters  provided us with more synoptic and  more 
detailed  information  concerning  the  distributions  of  temperature,  salinity, 
turbidity,  chlorophyll a ,  and  phytoplankton  assemblages  in these  surface 
waters than  was obtaina6le  using a single  surface  ship. In cer ta in   cases ,  
repeated  coverage by remote sensors informed us of  some o f  the dynamic changes 
that  took place  over a period  of  several  days.  Additionally,  sufficiently 
reduced real-time o u t p u t  from the remote sensors  enabled  definition  of  surface 
water masses over  the  continental  shelf. Such abil i ty  to  define  the  various 
water masses was used t o  direct   in   s i tu  sampling o f  surface  waters  in  near 
real  time. Thus remote sensing adds t o  our  a b i l i t y  t o  understand complex and 
dynamic areas by 1 )  providing  synoptic and  detailed  information  for  the  surface 
field  in which " in  si tu measurements a t - isolated  locat ions  are  being made, and 
2 )  directing  surface  ships t o  key areas t o  maximize the i r  sampling ab i l i t y .  

" 

Surface  ships, however, n o t  only  provide  sea truth for  the remote 
sensors, b u t  also examine the  vertical  structure o f  the  water column and 
investigate  variables n o t  directly  relatable t o  those measured by remote 
sensors. Thus i t  i s  the flow of  information back  and for th  between remote 
sensing and " in s i t u  sampling t h a t  provides  the  real power t o  1 )  overcome the 
temporal-spatial problems of in s i t u  sampling and 2 )  expand the  interpret- 
abi 1 i ty of the  remotely  sensed d a t a  t o  variables n o t  measured direct ly  by the 
remote sensors. 

" 
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Johnson  ( re f .   19)  has s t a t e d ,  "The e x c i t i n g   p r o s p e c t  i s  tha t   r emote   s ens ing  
will be [ i s ]  a log ica l   b r idge  between intensive ecologica l   research  on small 
a r e a s  and the a p p l i c a t i o n   o f  principles t h u s  revea led   to   p lanning   and  manage- 
ment o f   l a r g e   p o l i t i c a l  units such a s   t o w n s h i p s ,   c o u n t i e s   o r   s t a t e s   o r  whole 
na tu ra l  units such a s   w a t e r s h e d s ,   t r o p i c a l   r a i n   f o r e s t s ,   o r   o c e a n   b a s i n s . "  
In future years   remote   sens ing  will b e  used more heav i ly  i n  research .  I t  will 
be used to   mon i to r   env i ronmen ta l   qua l i t y   and   t o   a s s i s t  i n  managing  resources 
(e.g. directing f i s h i n g   o p e r a t i o n s )   a n d   h a b i t a t s   ( e . g .   e c o l o g i c a l   z o n i n g   f o r  
development o r   was t e   d i sposa l ) .   F ina l ly ,   because  o f  i t s  perspective vantage 
p o i n t   a n d   a b i l i t y   t o  describe sur face   f low  and   t ranspor t  o f  m a t e r i a l s r e m o t e  
sensing will be u t i l i z e d   i n c r e a s i n g l y   t o   r e s p o n d   t o   c a t a s t r o p h i c  events and 
major spil ls  o f  t o x i c   s u b s t a n c e s .  
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( a )   Pa r t i cu la t e  manganese (mg Mn/g dry w t .  sus. s e d . )   a t  1 m depth 
f o r  June 1980. 

30 X'"d 

(b )  Particulate  iron  (Fe i n  % dry w t .  sus. sed.) a t  1 m d e p t h  

Figure 1 .- Heavy metals  associated w i t h  ' to ta l  suspended matter (from r e f .  20) .  

f o r  June  1980. 
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(a)  October 1980. 

Figure 2.- Surface  (1 m) salinity  distributions (O/oo) for 
October  1980 and July-August  1972  (from ref. 1). 

51 3 



Figure 3.- Lengthwise  section o f  t he  Chesapeake  Bay plume f o r  o t ,  t o t a l  
ch lo rophy l l  a, t o t a l  suspended mat te r ,   par t i cu la te   hydrocarbons  
(data  f rom rcf. Zl), and heavy  meta l   concentrat ions  ( re f .  20). 
See reference 14, F igure 8 f o r   s t a t i o n   l o c a t i o n s .  
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Figure 4.- Surface (1 m) s a l i n i t y   d i s t r i b u t i o n  (O/oo) for  period 
17-22 June  1980. 
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Figure 5 . -  Multichannel Ocean Color  Scanner (MOCS) da ta ,  i n  situ surface 
chlorophyll A, and  Fo/Fa r a t i o s   a l o n g   t r a n s e c t f r f i h e  mouth 
of  Chesapeake Bay across   shelf   to   cont inental   r ise  and return 
on 21 October 1980 ( a f t e r  ref. 18). 
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