
REPORT DOCUMENTATION PAGE 
Form Approved 

OMB No. 0704-013S 

Puci'C -eoortuic curoen .-'or :^is ;:^iif cticri ■;: :n*orr?ac;cT :s est;H?jcea to a.e'age : ^our oer 'esoc 
oathenna and rnaiptainmg the oata ■-O'eaed. ana ■tcrroietirg inc rev-ewing the :oli9cticn or T.n*c— 
^oi!ec:;on or nror.notian. inducing suggestions for reducing this duroe". :o Washington Heaccua 
Davis Highway, Su.te :20J. Arlington, /i ^22a2--3C?. sna to the C — ve :f Management and 3ucgi 

'S3. nc:-c:ng t.-.e t;rne -or reviewmo instructions, searching existing aata sources, 
ation.  >er.a comments rectarcing this ourden estimate or änv other ascect of this 

rters Services. Directorate :or ■^formation Ooeraticns and Resorts. 12T5 Jefferson 
:. 'aoer-.vcrk »eduction P-o;e:t!370.i-018S). Washington, DC 10503. 

1.  AGENCY üSc ONLY (Ldäve slank) REPORT DAT; 

07/19/96 
3. REPORT TYPE   AND OATHS COVERED 

10/01/91  to 03/31/96 
4. TITLE AND SU3TITLE 

Interpreting the Variability of Near-Surface Optical and 
Biolgical Properties in Marine Waters.      ;; 

5. AUTHCR(S) 

Dr.  John J.  Cullen 

5. FUNDING NUMBERS 

N00014-92-J-1099 

7. PERFORMING ORGANIZATION NAMEiS) AND ACCRESSjcS; 

Bigelow Laboratory for Ocean Sciences 
McKown Point Road 
P.O. Box 475 
West Boothbay Harbor, ME 04575 

3.  PERFORMING ORGANIZATION 
REPORT NUMBER 

3. SPONSORING; MCNiTORI.'iG AGENCY NAMEiSi AND ADDRESSES) 

Department of the Navy 
Office of Naval Research 
Boston Regional Office 
495 Summer St., Room 103 
Boston, MA 02210-2109 

ill    c: ioor :v,-;E'> iRY i'lC'li 

'.0. SPONSORING/ MONITORING 
AGENCY REPORT MUM3ER 

19960724 080 
■Mi. DISTRIBUTION/ AVA;IA2,LI ."*     ». w :— - 

Approved for public release, distribution is unlimited 

jrr. zou were 13. ABSTRACT (;V/, 

The optical properties of surface waters are strongly influenced by biogenic 
particles, hence by particle dynamics and by changes in cellular optical characteris- 
tics. Our principal objective was to describe spatial and temporal variability in 
water clarity, phytoplankton biomass and particle dynamics in terms of downwelling 
irradiance and upwelling radiance, measured at the surface in coastal and oceanic 
waters with newly-developed drifting and moored radiometers. Toward this end, 
extensive optical and biological sampling was conducted during studies in coastal 
waters, culminating with a multi-investigator cruise off the coast of Oregon, during 
which many optical instruments were deployed and evaluated. We demonstrated that 
a radiomenter buoy provides reliable observations of-ocean color, suitable for 
development of algorithms and for quantifying optical variability in surface waters. 
We examined the relationships between biolgical processes and optical properties 
of the upper ocean and made significant steps toward characterizing the relation- 
ships between irradiance, fluorescence, chlorophyll and photosynthesis near the 
sea-surface.  Radiometer buoys have been establised as extremely useful tools 
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GOALS 

Our principal goal was to describe spatial and temporal variability in water clarity, phytoplankton 
biomass, and particle dynamics in terms of downwelling irradiance and upwelling radiance, 
measured at the surface in coastal and oceanic waters. 

OBJECTIVES 

The major objective was to relate measurements of upwelling radiance at the surface in ä variety 
of coastal waters to profiles of optical properties and biological constituents in the surface layer. 
The purpose was to describe quantitatively the links between optics and biology in the sea: in 
particular, we wanted to determine if relatively simple, passive optical measurements can 
accurately characterize variability in the concentrations and community characteristics (i.e., big 
cells vs. small; weakly vs heavily pigmented) of phytoplankton that can dominate in coastal 
waters. We had also hoped to characterize particle dynamics on the basis of diel changes in optical 
properties of phytoplankton. 

APPROACH 

Extensive optical and biological sampling was conducted during studies in Bedford Basin, Nova 
Scotia and the research program culminated with a multi-investigator cruise off the coast of 
Oregon, during which several newly-developed optical instruments were deployed and evaluated. 
Our tethered spectral radiometer buoy (TSRB) measured upwelling radiance in 7 wavebands, 
along with downwelling irradiance at 490 nm. These measurements were analyzed statistically, 
averaged appropriately, and related to biological variability, as assessed by our characterization 
of the phytoplankton assemblage with size-fractionated pigments. These data have been exchanged 
with C. Roesler, who measured dissolved- and detritus-corrected particular absorbance. Flow 
cytometry (T. Cucci and S. Ackleson) complements the pigment determinations, greatly enhancing 



their utility. Estimates of reflectance from TSRB recordings were also compared quantitatively 
to vertical profiles of spectral diffuse attenuation and upwelling radiance as measured with a 
profiling spectral radiometer system. Analysis focuses on describing and explaining how changes 
In the optical properties of the particle assemblage (absorption and scattering) can influence 
reflectance (ocean color), beam attenuation, and diffuse attenuation. It is hoped that profiles of 
spectral absorption and fluorescence excitation/emission (SAFire package, T. Cowles J.R. 
Zaneveld R Desiderio and WET Labs) and in situ measurements of spectral absorption and beam 
attenuation (AC-9; Zaneveld, S. Pegau, Roesler, WET Labs) will be incorporated into a 
collaborative analysis. 

TASKS COMPLETED 

Our optical data have been integrated into our data base of upwelling radiance, downwelling 
irradiance and near-surface chlorophyll in coastal waters. Algorithms are being evaluated to detect 
regional and temporal variability as well as the influence of ambient irradiance on solar-mduced 
fluorescence yield. Samples for size-fractionated pigments were analyzed by HPLC. The optical 
and pigment data are now being shared with our collaborators, and an integrated analysis is 
proceeding. Meantime, results have been reported in a number of publications and presentations. 

RESULTS 

We have demonstrated that the TSRB provides reliable observations of ocean color, suitable for 
development of algorithms and for describing optical relationships quantitatively in surface waters. 
Comparisons between coastal regions showed expected differences in the relationships between 
reflectance ratios and near-surface pigment, due principally to the influence of dissolved organic 
matter and suspended solids. Ratios of blue:green upwelling radiance were shown to be good 
predictors of water clarity (i.e., diffuse attenuation at 490 nm), consistent with the empirical 
relationship described by Austin and Petzold, and also extending its validity to much more turbid 
waters Large differences in phytoplankton community structure had a relatively weak influence 
on this relationship for waters off Oregon. Solar-induced fluorescence was a good indicator of 
chlorophyll in coastal waters. However, the measure was compromised in particularly muddy 
waters The relationship between ambient irradiance and solar-induced fluorescence yield showed 
patterns that can be compared to measurements from the open ocean (Cullen and Lewis 1995) and 
interpreted in a physiological context when more data are available. Advection and patchmess in 
coastal waters prevented us from characterizing particle dynamics on the basis of diel changes m 
the optical properties of phytoplankton. Analysis of data from the laboratory and field showed that 
the approach has merit for waters less influenced by advection. 

ACCOMPLISHMENTS 

Very simple and relatively inexpensive optical measurements were shown to yield extremely 
useful information for characterizing optical and biological variability in coastal waters. The 
TSRB is particularly well suited for collaborative studies of ocean optics, because it can measure 
ocean color continuously while more sophisticated measurements are being made in vertical 



profile and while the particle assemblage is being sampled intensively. Consequently, we have 
been able to examine the relationships between biological processes and optical properties of the 
upper ocean, testing ideas about the influence of community structure on the relationships between 
reflectance and diffuse attenuation. Because the TSRB measures solar-induced fluorescence 
continuously during biological and optical studies, we,have made significant steps toward 
characterizing the relationships between irradiance, fluorescence, chlorophyll and photosynthesis 
near the sea-surface. 
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