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ABOUT THE COVER

The cover art depicts salinity at 3-m depth (upper panel) and sea surface height (SSH)
from satellite altimeter data superimposed on gridded acoustic Doppler current profiler
(ADCP) currents at 14-m depth (lower panel) for cruise N3 in July/August 1998. The
SSH field for 1 August 1998 shows a large anticyclonic eddy stretching along the slope
from just southeast of the Mississippi River deltato the eastern flank of DeSoto Canyon.
The ADCP currents show strong (= 50 cm-s™) near-surface eastward flow along the shelf
edge off the Mississippi River, caused by the anticyclone. These currents extend along
the 1000-m isobath to the eastern flank of DeSoto Canyon and then turn southeastward
over deeper water. They transport the low salinity water from the Mississippi River
discharge along the shelf edge and slope. Note that the salinity during this cruise (and
other summer cruises) increased toward shore because of this transport of low-salinity
river water over the outer shelf.



ACKNOWLEDGMENTS

This report would not have been possible without the contributions of a large number of
people. Each NEGOM-COH principal investigator (Pl) contributed ideas to or authorship of
portions of the text, many participated in the cruises and in data reduction and processing.
The principal investigators, their affiliations, and their tasks are:

Worth D. Nowlin, Jr. TAMU Program Manager, Pl for Task 3

Ann E. Jochens TAMU Deputy Program Manager, Pl for Program
Management and Task 2

Douglas C. Biggs TAMU Co-PI for Task 1

Norman L. Guinasso, . GERG/TAMU Co-PI for Task 1

Matthew K. Howard TAMU Co-PI for Task 2

M. C. Kennicuitt |1 GERG/TAMU Co-PI for Tasks1 and 3

Robert O. Reid TAMU Co-PlI for Task 3

Additionally, Dr. Steven F. DiMarco, Dr. Yaorong Qian, and Dr. Gary A. Wolff contributed
to the authorship of this report. The assistance of Mrs. Susan Martin in preparation of this
report is appreciated.

To all who participated on the nine NEGOM-COH cruises, both the crew of the RV Gyre
and the scientific teams, we extend our great appreciation. We also thank the voluntary
contributions of the scientists and students at the University of Colorado (CU), University of
South Florida (USF), University of Southern Mississippi (USM), Texas A&M University
(TAMU), and TAMU-Galveston who participated in these cruises. We also greatly
appreciate the cruise participation of Dr. Piers Chapman, TAMU.

Thanks go to those who helped prepare equipment and process the data on shore, including
many named above, as well as Bob Albers, Woody Lee, and Ou Wang. Finally, thanks go to
Dr. Joseph Yip for preparation of hourly surface wind and wind stress fields for the NEGOM
field period and to Dr. Robert L. Leben, Colorado Center for Astrodynamics Research,
University of Colorado, for production of the daily sea surface height anomaly fields from
satellite altimeter data.

We appreciate the thoughtful comments of the outside reviewers. These were the Science
Review Board members: Dr. John Bane of the University of North Carolina, Dr. Eileen
Hofmann of Old Dominion University, and Dr. Stephen Macko of the University of Virgina,
as well as external reviewer, Dr. William Schroeder of the University of Alabama. Their
comments helped to improve this report. We also appreciate the time, effort, and advice that
Science Review Board members contributed during the study.

The enthusiastic and timely support of Dr. Alexis Lugo-Fernandez, the MM S Contracting
Officer's Technical Representative, is greatly appreciated.



List of Figures

TABLE OF CONTENTS

LISt Of TADIES. ...t
ALCTONYIMIS ...ttt r e e ne e s e e e nne e san e e ne e s mn e e ane e smreenneesnneenneennneenn
1 EXECULIVE SUMIMEY ..ot
L1 INEOOUCTION ..ottt
12  Feld MeasUremMentS.. ..o
1.3 FOrciNg FUNCLIONS.......ccciiiiirienieeeeeee et
14 MEOr RESUITS ..ottt
2. INEFOTUCTION ...ttt
21 NEGOM Program Objectives and DesCription............cccceeererereneneens
2.2 DataCollECLEU........oeeeeeiite e
2.3 RepPOrt OrganiZation..........coceeerererieieeniesiesie s sne e
3. FOICING FUNCLIONS.......c.eiiiieieiste st
3.1 LONG-EM AVEIBOES......cceiieeeieeie sttt
3.1.1 Meteorological CONAItIONS...........cccereerirereninieieee e
3.1.2 River Discharge RaEs..........ooeeiiiieiirieceeeeeeee e
3.2  Other Time Series During the NEGOM-COH Program...........c.ccceeeee.
3.2.1 Coastal and Selected Offshore Winds...........cceeeveneneneneneene
3.2.2 SeaSurface Temperature from Offshore BUOYS...........ccoceevenene
3.23 SeaSurface Height FieldS........cccooiiiiiniiieceeee e
4. Circulation and itSVariability...........cooerireeieeeses e
4.1  Current Fields Inferred from Multiple Techniques During NEGOM
CIUISES. ...ttt e e b e b et e e b saeebenne s
4.2  TheAnnua Cycle of Currentsfrom Surface Drifters.........ccccvvvereene
4.3  Space-time Patterns of Low-frequency Circulation from ADCP
CUIMTENTS. ...ttt n e
4.4  Examination of Wind Forcing of Nearshore Currents............ccoceeeveenne.
45  Examination of Forcing by Off-shelf Circulation Features....................
4.6 CONCIUSIONS......ooiiiiiiiieieie e
5. Synthesis of PhySiCal Properties..........coviieieiereriese st
51 INTOOUCHION ...ttt
52  Fal: Cruises N1, N4, @and N7.......coooiiiiiiiineneeeeeeeesee e
53 Spring: Cruises N2, N5, and N8........ccooivvievieieeeseee e
54 Summer: CruiSeSN3, N6, anAd N ......ooooiiviiii e
6. PAITICUIBLES. ...t
6.1 INEFOOUCKION ...ttt
6.2  Distributions of Particulate Matter ...........cccoeveiineniineereseesesiens
6.3  Didtributions of Particulate Organic Carbon and Nitrogen....................

Vii



10.

11.

12.

TABLE OF CONTENTS

PAGE

Dissolved Oxygen and HYPOXIa.........cccvieererieieenieseeseesie e esee e 199
4% R 1 (0o (071 (o o OSSP ORI 199
7.2 Surface Oxygen DistribDUtiONS.........cccoecvieeneeie e 199
7.3  Subsurface Oxygen Distributions on Selected Density Surfaces........... 211
7.4  Bottom Oxygen Distributions and Incidences of Hypoxia.................... 217
NUEFTENES. .. vttt sttt et bbb nreene e 227
8.1 BasicVertical Profilesof NULHENtS.........ccccoveveneneninerieesesese e 227
8.2  Seasonadly Averaged Nutrient ConCentrations..........cccceeeeereeeeeseeseennnns 230
8.3  Nutrient Distributions on Selected Density Surfaces..........ccccveveveennnne 242
Phytoplankton PIgMENTS..........ccceiieiieieseese e 255
0.1 INIrOOUCKION ...ttt nne s 255
9.2  Estimation of the Contribution of Chlorophyll a by Algal Group.......... 255
9.3  Pigment Distributions by CruiSe........ccovveererieeieereeiieseese e seesieeeens 259
9.4  DiscussSioN and SUMIMAIY ........ccoeeeueeeerieeieeseesseseesseesseseessesssssseessessenns 287
Integrated Water Column ChEMISITY ......cccceceieeieee e 295
0 50 R 1 1 70 ¥ o1 o] o TP 295
10.2  General Patterns.........ccccoverirerireeee s 296
10.3  Univariate ANBlYSIS.......coeieeieeieseesie e ee et see e 296
10.4  MuUltiVariate ANAIYSES.......cceeieeeieeeerte e st ee st eee st 300
10.5 Propertiesinthe Deep Water Column..........cccevveviercenveeresceseesie e 304
Conclusions and RELrOSPECIVE.........ccuveeeieereeeeseeste e see s ee e sae e ense e 315
11.1  Principal CONCIUSIONS.........coiieieeiesieeiesieesie e siee e eee e aesee e e e snee s 315
11.1.1 Forcing and CIrCUlELiON ........cceevueeeeseeiecee e eeesee e eee e e e 315
11.1.2 Major water masses found over the slope and outer shelf .......... 316
11.1.3 Distributions Of OXYQEN.......cccveiieeeiece e 317
11.1.4 Distributions Of NUIMENES.........cccoveriririnirieeeeee e 317
11.2.5 Chlorophyll.......ccceieeeee e 318
11.1.6 Distributions of particulate Matter............ccovvvevveieriveiesieereenens 319
11.1.7 Maor algal QroUPS........cceeeeieeiieeieseesieseeseeeesee e eseesseesseseens 320
11.1.8 Integrated water column Chemistry.........ccccevvecesceenecce e 321

11.1.9 Interrelationships between the observed patternsin abiotic and
DIOLICVAADIES ..o 321
11.2 Remarks Regarding Experimental Design ........cccecvveeveenieeceeseeniesenn 324
11.2.1 Adequacy of sampling PEriod ..........ccceveviereeieseeseereeseeseeeens 324
11.2.2 SampPling Plan.......ccceceeeececeece e 324
11.2.3 Need for smultaneous measurement program...........ccceeeeeeenns 324
11.2.4 Need for integrating time series and synoptic surveys............... 325
11.2.5 SpacetimeaiasiNng .......cccvveeieeieeeeseeiesee s eee s seeeee e e e 325
LITErature CItEO ..ot 327

vii



Appendix A:
Appendix B:
Appendix C:
Appendix D:
Appendix E:
Appendix F.
Appendix G:
Appendix H:

Appendix I:

TABLE OF CONTENTS

PAGE
Summary of Conditions during CruiSe NL.........cccceevevevieeveereseeseenen, A-1
Summary of Conditions during CruiSe N2.........ccccevvevevceeseeresieeseeenen B-1
Summary of Conditions during CruisSe N3.........ccccevevrvieveereseeseenen, C-1
Summary of Conditions during CruiSe N4..........cccoevevevceveereeeeseenen D-1
Summary of Conditions during CruiSe NS.........cccceveevievceeveere e, E-1
Summary of Conditions during CruiSE NB..........ccceevevevieereeresieeseenen, F-1
Summary of Conditions during CruiSE N7 .......ccccccevveverieeseereseeseeen G-1
Summary of Conditions during CruiSe N8..........cccevevevieeveereseeseenen, H-1
Summary of Conditions during CruiSe N9.........ccccevveverceeveereseeseenen -1



LIST OF FIGURES

FIGURE PAGE
2.1-1. Study area and bathymetry of the northeastern Gulf of Mexico. ............... 8
2.2-1. Typical locations for hydrographic stations on NEGOM-COH cruises,

November 1997 through August 2000............ceeeiiiiiieeeeiiiiee e 11
3.1.1-1. COADS enhanced mean wind field and principal component ellipses

L0 7= 1 U= YRS 18
3.1.1-2. COADS enhanced mean wind field and principal component ellipses

FOr FEOIUAIY. ...oeeieeee e e 19
3.1.1-3. COADS enhanced mean wind field and principal component ellipses

FOr MaICh.....cee e 20
3.1.1-4. COADS enhanced mean wind field and principal component ellipses

L0 gAY o 1 FS SRS 21
3.1.1-5. COADS enhanced mean wind field and principal component ellipses

L0 1Y, Y 2SR 22
3.1.1-6. COADS enhanced mean wind field and principal component ellipses

FON JUNE....eeie e en 23
3.1.1-7. COADS enhanced mean wind field and principal component ellipses

FOP JUIY. oo 24
3.1.1-8. COADS enhanced mean wind field and principal component ellipses

L0 AN U o 11 SRS 25
3.1.1-9. COADS enhanced mean wind field and principal component ellipses

FOr SEPLEMDEN ... 26
3.1.1-10. COADS enhanced mean wind field and principal component ellipses

FOr OCLODES. ..o e e 27
3.1.1-11. COADS enhanced mean wind field and principal component ellipses

FOr NOVEMDES. ... 28
3.1.1-12. COADS enhanced mean wind field and principal component ellipses

FOr DECEMDIET . .....ceieie e 29
3.1.2-1. Rivers discharging into the NEGOM study area and locations of

associated gauging StAtiONS. ........cccuveeeeiiiiiee e 31
3.1.2-2. Discharge rates in 10° m®.day™ for the Mississippi River and Mobile

Bay (AlabamatTombighee). .........ccooviiiiee i 34
3.1.2-3. Discharge rates in 10° m*.day™ for the Alabama River (Claiborne and

MITEIS FEITY). oot e e e e e e 35
3.1.2-4. Discharge rates in 10° m*-.day™ for the Tombigbee River (Coffeeville)

and ApalaChiCOlaRIVES ...........coiiiiiie e 36
3.1.2-5. Discharge rates in 10° m*-day™ for the Tombigbee River (Demopolis)

and Pascagoula RIVEY . .........ccuuiiiiiiec e 37
3.1.2-6. Discharge rates in 10° m*-day™ for the Escambia River (Molino) and

ChoctawhatChee RIVES . ........coociiiiiiiice e 38
3.1.2-7. Discharge rates in 10° m*.day™ for the Suwannee River and Pearl

A= PSSR 39
3.1.2-8. Discharge rates in 10° m*-day™ for the Escambia River (Century) and

OChlOCKONEE RIVET. ......eeiiiiiieeeee e e 40
3.1.2-9. Discharge rates in 10° m*-day™ for the Yellow River and Perdido

A= OSSR 41
3.1.2-10. Discharge rates in 10° m*-day™ for the Aucilla River and Blackwater

A= PR ST 42

Xi



FIGURE
3.1.2-11.

3.1.2-12.
3.2.1-1.
3.2.1-2.
3.2.1-3
3.2.1-4.
3.2.1-5.
3.2.2-1.
3.2.2-2.
3.2.2-3.
3.2.2-4.
3.2.3-1.

3.2.3-2.

3.2.3-3.

3.2.3-4.

3.2.3-5.
3.2.3-6.
3.2.3-7.
3.2.3-8.
3.2.3-9.
3.2.3-10.
3.2.3-11.
3.2.3-12.
3.2.3-13.

LIST OF FIGURES

Discharge rates in 10° m®.day* for the Steinhatchee River and
ECONFINARIVEN ..o
Discharge rates in 10° m®.day™ for the Fenholloway River. ......................
L ocations of surface meteorological stationsin the NEGOM region.........
Along-shelf (a) and cross-shelf (b) wind components for 1997.................
Along-shelf (a) and cross-shelf (b) wind components for 1998.................
Along-shelf (a) and cross-shelf (b) wind components for 1999.................
Along-shelf (a) and cross-shelf (b) wind components for 2000.................
Near-surface 40-hr low-pass water temperature for NDBC stations in
the NEGOM region iN 1997 .......ccooiiiiii et
Near-surface 40-hr low-pass water temperature for NDBC stations in
the NEGOM region iN 1998. ..........coiiiiiiiiiiee e
Near-surface 40-hr low-pass water temperature for NDBC stations in
the NEGOM region in 1999, .........cooiiiiiiiiiee e
Near-surface 40-hr low-pass water temperature for NDBC stations in
the NEGOM region in 2000. ..........cccviieeiiiiieee e ciiieee e e e esvaee e
Sea surface height from satellite altimeter data for (a) 1 October 1997,
(b) 8 October 1997, (c) 15 October 1997, and (d) 22 October 1997..........
Sea surface height from satellite altimeter data for (a) 29 October
1997, (b) 5 November 1997, (c¢) 12 November 1997, and (d) 19
NOVEMDEr 1997. ... bbb
Sea surface height from satellite altimeter data for (a) 26 November
1997, (b) 3 December 1997, (c) 10 December 1997, and (d) 17
DECEMDEr 1997 ..o
Sea surface height from satellite atimeter data for (a) 24 December
1997, (b) 31 December 1997, (c) 7 January 1998, and (d) 14 January
LS TSP
Sea surface height from satellite altimeter datafor (a) 21 January 1998,
(b) 28 January 1998, (c) 4 February 1998, and (d) 11 February 1998. ......
Sea surface height from satellite altimeter data for (a) 18 February
1998, (b) 25 February 1998, (c) 4 March 1998, and (d) 11 March 1998....
Sea surface height from satellite atimeter data for (a) 18 March 1998,
(b) 25 March 1998, (c) 1 April 1998, and (d) 8 April 1998.......................
Sea surface height from satellite altimeter data for (a) 15 April 1998,
(b) 22 April 1998, (c) 29 April 1998 and (d) 6 May 1998............cccveruennne.
Sea surface height from satellite altimeter data for (a) 13 May 1998,
(b) 20 May 1998, (c) 27 May 1998, and (d) 3 June 1998..............cccveruennne.
Sea surface height from satellite altimeter data for (a) 10 June 1998,
(b) 17 June 1998, (c) 24 June 1998, and (d) 1 July 1998...........c.ccecevurenn.
Sea surface height from satellite altimeter data for (a) 8 July 1998, (b)
15 July 1998, (c) 22 July 1998, and (d) 29 July 1998. .........ccceccerrvvveruennne.
Sea surface height from satellite altimeter data for (a) 5 August 1998,
(b) 12 August 1998, (c) 19 August 1998, and (d) 26 August 1998............
Sea surface height from satellite altimeter data for (a) 2 September
1998, (b) 9 September 1998, (c) 16 September 1998, and (d) 23
SEPtEMBDEr 1998 ...t

Xii

62

63

65
66
67
68
69
70
71
72

73



LIST OF FIGURES

FIGURE PAGE
3.2.3-14. Sea surface height from satellite altimeter data for (a) 30 September

1998, (b) 7 October 1998, (c) 14 October 1998, and (d) 21 October

TO08. .ottt e e ae e re e reeeneennes 74
3.2.3-15. Sea surface height from satellite altimeter data for (a) 28 October

1998, (b) 4 November 1998, (c) 11 November 1998, and (d) 18

NOVEMDEr 1998. ... 75
3.2.3-16. Sea surface height from satellite altimeter data for (a) 25 November

1998, (b) 2 December 1998, (c) 9 December 1998, and (d) 16

DeCembEr 1998.......cc e e 76
3.2.3-17. Sea surface height from satellite atimeter data for (a) 23 December

1998, (b) 30 December 1998, (c) 6 January 1999, and (d) 13 January

1999, ..t e et aeenreeeneennes 77
3.2.3-18. Seasurface height from satellite altimeter datafor (a) 20 January 1999,

(b) 27 January 1999, (c¢) 3 February 1999, and (d) 10 February 1999. ...... 78
3.2.3-19. Sea surface height from satellite altimeter data for (a) 17 February

1999, (b) 26 February 1999, (c) 3 March 1999, and (d) 10 March 1999.... 79
3.2.3-20. Seasurface height from satellite altimeter data for (a) 17 March 1999,

(b) 24 March 1999, (c) 31 March 1999, and (d) 7 April 1999................... 80
3.2.3-21. Seasurface height from satellite altimeter data for (&) 14 April 1999,

(b) 21 April 1999, (c) 28 April 1999, and (d) 5 May 1999........c.cccveruenne. 81
3.2.3-22. Sea surface height from satellite altimeter data for (a) 12 May 1999,

(b) 19 May 1999, (c) 26 May 1999, and (d) 2 June 1999...........ccccveruennne. 82
3.2.3-23. Seasurface height from satellite altimeter data for (a) 9 June 1999, (b)

16 June 1999, (c) 23 June 1999, and (d) 30 June 1999...........cccceeevivveeene 83
3.2.3-24  Seasurface height from satellite altimeter data for (a) 7 July 1999, (b)

14 July 1999, (c) 21 July 1999, and (d) 28 July 1999. .........cccevcevrvvenrennne. 84
3.2.3-25. Seasurface height from satellite altimeter data for (a) 4 August 1999,

(b) 11 August 1999, (c) 18 August 1999, and (d) 25 August 1999............. 85

3.2.3-26. Sea surface height from satellite altimeter data for (a) 1 September

1999, (b) 8 September 1999, (c) 15 September 1999, and (d) 22

SEPtEMBDEr 1999, ... 86
3.2.3-27. Sea surface height from satellite altimeter data for (a) 29 September

1999, (b) 6 October 1999, (c) 13 October 1999, and (d) 20 October

1999, ..t ae e reeenee e 87
3.2.3-28. Sea surface height from satellite altimeter data for (a) 27 October

1999, (b) 3 November 1999, (c¢) 10 November 1999, and (d) 17

NOVEMDEr 1999, ... e 88
3.2.3-29. Sea surface height from satellite altimeter data for (a) 24 November

1999, (b) 1 December 1999, (c) 8 December 1999, and (d) 15

DeCember 19909......coo e e 89
3.2.3-30. Sea surface height from satellite altimeter data for (a) 22 December

1999, (b) 29 December 1999, (c) 5 January 2000, and (d) 12 January

2000. ..ot b et e et e e reeanteenneeeneeaneeen 90
3.2.3-31. Seasurface height from satellite altimeter data for (a) 19 January 2000,

(b) 26 January 2000, (c) 2 February 2000, and (d) 9 February 2000. ........ 91
3.2.3-32. Sea surface height from satellite altimeter data for (a) 16 February

2000, (b) 25 February 2000, (c) 1 March 2000, and (d) 8 March 2000...... 92

Xiii



FIGURE
3.2.3-33.

3.2.3-34.
3.2.3-35.
3.2.3-36.
3.2.3-37.
3.2.3-38.
4.1-1.
4.1-2.
4.1-3.
4.1-4.
4.1-5.
4.1-6.
4.1-7.
4.1-8.
4.1-9.
4.1-10.
4.1-11.
4.1-12.
4.1-13.
4.1-14.
4.2-1.
4.2-2.
4.2-3.
4.2-4.

LIST OF FIGURES

Sea surface height from satellite altimeter data for (a) 15 March 2000,
(b) 22 March 2000, (c) 29 March 2000, and (d) 5 April 2000...................
Sea surface height from satellite altimeter data for (a) 12 April 2000,
(b) 19 April 2000, (c) 26 April 2000, and (d) 3 May 2000.............cceeenneen.
Sea surface height from satellite altimeter data for (a) 10 May 2000,
(b) 17 May 2000, (c) 24 May 2000, and (d) 31 May 2000. ............ceeeneen.
Sea surface height from satellite altimeter data for (a) 7 June 2000, (b)
14 June 2000, (c) 21 June 2000, and (d) 28 June 2000...........cccceeeeivrerenne
Sea surface height from satellite altimeter data for (a) 5 July 2000, (b)
12 July 2000, (c) 19 July 2000, and (d) 26 July 2000. .........cceevveerriveernnen.
Sea surface height from satellite altimeter data for (a) 2 August 2000,
(b) 9 August 2000, (c) 16 August 2000, and (d) 23 August 2000..............
Gridded ADCP-measured currents at 10 m and 12 m on NEGOM
Cruise N1, 16-27 November 1997..........oooiiiiiiieeiee e
Trajectories of NEGOM drifters (drogued in the upper meter)
deployed during CrUISE NL. .....coooiiiiiiee e
Gridded ADCP-measured currents at 14 m on NEGOM Cruise N2, 5-
L6 MAY 1O98....... oot
Trajectories of NEGOM drifters (drogued in the upper meter)
deployed during CrUISE N2, ......ceoi i
Gridded ADCP-measured currents at 14 m on NEGOM Cruise N3, 25
JUIY — 7 AUQUSE 1998. ...t
Trajectories of NEGOM drifters (drogued in the upper meter) for
period from 20 July through 4 September 1998...........cccccceveeeiviiieee e,
Gridded ADCP-measured currents at 12 m on NEGOM Cruise N4, 13-
24 NOVEMDEr 1998. ......oeiiiiie e
Trgjectories of NEGOM drifters (drogued in the upper meter)
deployed during CrUISE N4 ......ooo e
Gridded ADCP-measured currents at 14 m on NEGOM Cruise N5, 15-
28 MAY 1999.......co e
Gridded ADCP-measured currents at 14 m on NEGOM Cruise N6, 15-
28 AUGUSE 1999.... ..o
Gridded 38 kHz ADCP-measured currents at 14 m on NEGOM Cruise
N7, 13-25 November 19909..........cceo e
Trajectories of NEGOM drifters (drogued in the upper meter)
deployed during CrUISE NT. .....eee e
Gridded 150 kHz ADCP-measured currents at 12 m on NEGOM
Cruise N8, 15-26 ApPril 2000.........c..oeveiiiiiieeeeiiee e
Gridded 150 kHz ADCP-measured currents at 12 m on NEGOM
Cruise N9, 29 July — 8 August 2000..........ccceviurieeeiiiiieeeeiieee e erreee e
Numbers of observations from winter SCULP |1 drifter releases
February 1996-March 1997...........oooiiiiiie e
Average surface vectors for winter from SCULP Il drifter releases
February 1996-March 1997...........oooiiiiiiii e
Variance ellipses for winter from SCULP Il drifter releases February
1996-March 1997. ......ooiiee e
Numbers of observations from spring SCULP Il drifter releases
February 1996-March 1997..........ooooiiiiiiie e

Xiv

PAGE

93
94
95
96
97
98

102
103
105
106
107
108
109

114

120



FIGURE
4.2-5.

4.2-6.
4.2-7.
4.2-8.
4.2-9.
4.2-10.
4.2-11.
4.2-12.

4.3-1.
4.3-2.

4.3-3.
4.3-4.
4.3-5.
4.3-6.
4.3-7.
4.4-1.
4.4-2.

4.4-3.

4.4-4.

4.5-1.
4.5-2.

6.1-1.
6.1-2.

LIST OF FIGURES

Average surface vectors for spring from SCULP Il drifter releases
February 1996-March 1997...........oooiiiiiee e
Variance ellipses for spring from SCULP |l drifter releases February
1996-MarCh 1997. ....cueiiiieiie et
Numbers of observations from summer SCULP |l drifter releases
February 1996-March 1997...........oooiiiiiee e
Average surface vectors for summer from SCULP Il drifter releases
February 1996-March 1997...........oooiiiiiiie e
Variance elipses for summer from SCULP |1 drifter releases February
1996-MarCh 1997. ....c.eeeiiieiie ettt
Numbers of observations from fall SCULP Il drifter releases February
1996-MarCh 1997. ...ccueeiiieiie et
Average surface vectors for fall from SCULP Il drifter releases
February 1996-March 1997..........oooeiiiiiiee e
Variance ellipses for fall from SCULP Il drifter releases February
1996-MarCh 1997. ....c.ueeiiieiie et
ADCP currents at vertical bin centered at 10-14 M.......coovceeiviieeviieennenn.
Pattern of EOF mode 1 for non-divergent currents at vertical bin
centered at 10-14 m using ADCP data from eight NEGOM cruises..........
Pattern of EOF mode 2 for non-divergent currents at vertical bin
centered at 10-14 m using ADCP data from eight NEGOM cruises..........
Pattern of EOF mode 3 for non-divergent currents at vertical bin
centered at 10-14 m using ADCP data from eight NEGOM cruises..........
Pattern of EOF mode 4 for non-divergent currents at vertical bin
centered at 10-14 m using ADCP data from eight NEGOM cruises..........
Amplitudes of first four EOF modes at times of NEGOM cruises. ...........
Amplitudes of EOF modes 5-7 at times of NEGOM Cruises.....................
Locations near the 20-m isobath at which time series of 10-m winds
were constructed using optimal interpolation from hourly
measurements over the region during the NEGOM field period. ..............
Time series of along-shelf components of 10-m winds at the locations
SNOWN INFIQUIE 4. 4-1. ...t
Plots of along-shelf components of 40-hr low-pass winds and of near-
surface ADCP currents at the time of each of eight NEGOM cruises
forlocation 4 INFIQUIE 4.4-1. ......cooveiee e
Correlation values between along-shelf components of wind and near-
surface current calculated between gridded fields of these values using
datafrom eight NEGOM CIUISES. ......cccoiiuiiieeiiiiieeeciiieee e
Locations at which time series of SSH gradients along the four lines
shown were calculated using SSH distributions prepared by R. Leben. ....
Fields of correlations between SSH gradients at the locations indicated
(solid square) and gridded near-surface ADCP currents for eight
NEGOM CIUISES. ...ooutiieiiieeeieee et rieee ettt et e e e e snee e snaeeas
Linear correlations between PBAC and PM for the NEGOM region
NYdrographiC CrUISES. .....cccoiviiie e
Depth profile of percent transmission for (upper panel) station
N3L07S13 showing surface nepheloid layer and (lower panel) station
N4L02S06 showing bottom nepheloid layer (BNL). ........coeeeviviveeeiiiennn.

XV

123

126
127
128
129

141
142

143

144
146

147
167

171



FIGURE
6.2-1.
6.2-2.
6.2-3.
6.2-4.
6.2-5.
6.2-6.
6.2-7.
6.2-8.
6.2-9.
6.2-10.
6.2-11.
6.3-1.
6.3-2.
6.3-3.
6.3-4.

6.3-5.
6.3-6.

7.1-1.
7.2-1.
7.2-2.
7.2-3.

7.2-4.
7.2-5.
7.2-6.
1.2-7.
7.2-8.

LIST OF FIGURES

PM distribution for cruise N1 in November 1997.........cccccoevviieeiiieenneen.
PM distribution for cruise N4 in November 1998...........ccccceviieeiiieenneen.
PM distribution for cruise N7 in November 1999..........ccccccevieeiiieenneen.
PM distribution for cruise N2 in May 1998..........ccccceiviiiiee v,
PM distribution for cruise NSin May 1999. ........cccoceeiiiiiiee v,
PM distribution for cruise N8 in April 2000..........cccceeviiieeeeiiiiiee e,
PM distribution for cruise N3 in July/August 1998. ..........ccccoccvveeeiiieenn.
PM distribution for cruise N6 in August 1999. .........cccccveeeiiiiiee e,
PM distribution for cruise N9 in July/August 2000. .........ccccoovvvveeevinvennnn.
Average water column PM (g) for stations on the shelf (water depth <
1220 0 1) TR RSOSSN
Average PM (g) in BNL for stations on the shelf (water depth < 200
1) RSP
Particulate organic carbon (ug-L ™) from the near-surface observations
onfall cruiseSNL, N4, and N7. .....ocveiiiiiiiiiieee e
Particulate organic carbon (ug-L ™) from the near-surface observations
onspring cruiseSN2, N5, and N8..........ccvviiiiiiiii e
Particulate organic carbon (ug-L ™) from the near-surface observations
on summer cruiseS N3, N6, and NO. ........cooiiiiiiiiiiieee e
Particul ate organic carbon (pg-L ™) on fall cruises N1, N4, and N7 from
the near-bottom (a and b) and chlorophyll maximum (c) observations......
Particulate organic carbon (ug-L™) on spring cruises N2, N5, and N8
from the near-bottom (a and b) and chlorophyll maximum (c)
(0]015 < V7= 1 0] S0P OTRROPR
Particulate organic carbon (ug-L™) on summer cruises N3, N6, and N9
from the near-bottom (a and b) and chlorophyll maximum (c)
ODSEIVELIONS. .....eeeeiiieee ettt sttt e e s bt e e e sat e e s snne e e snbeeesnneeeans
Example oxygen profiles along the 100- (left), 500- (middle), and
1000-m (right) iSODathS. .......cccoiiiiiieicee e
Surface saturation (percent) of dissolved oxygen from spring cruises
N2 (May 1998), N5 (May 1999), and N8 (April 2000).........ccccceervreruennne.
Surface salinity from spring cruises N2 (May 1998), N5 (May 1999),
and N8 (April 2000)........cceiiiiiiee e
Surface saturation (percent) of dissolved oxygen from summer cruises
N3 (July/August 1998), N6 (August 1999), and N9 (July/August
124000 ) RSP ROTRSRPIN
Surface salinity from summer cruises N3 (July/August 1998), N6
(August 1999), and N9 (July/August 2000). .......ccccerrrreeeiiirieeeeeiieeee e
Surface saturation (percent) of dissolved oxygen from fall cruises N1
(November 1997), N4 (November 1998), and N7 (November 1999). .......
Surface salinity from fall cruises N1 (November 1997), N4 (November
1998), and N7 (November 1999)........ccceeeiiiiiiie e
Near-surface percent dissolved oxygen saturation versus salinity for
fall, spring, and summer cruisesin 1997-2000. .........ccccceeeeviiveeeeeiiiieeeeennns
Near-surface dissolved oxygen saturation (percent) versus chlorophyll
a(ng-L™) for fall, spring, and summer cruisesin 1997-2000.....................

XVi

178
179
180
181
183
185
186
189
190
191

192

193

194
200
201
203

204
205
206
207
209
210



FIGURE
7.3-1.
7.3-2.
7.3-3.
7.3-4.
7.3-5.
7.4-1.
7.4-2.
7.4-3.
7.4-4.

7.4-5.

7.4-6.
8.1-1.
8.1-2.
8.2-1.
8.2-2.

8.2-3.

8.2-4.

8.2-5.

8.2-6.

8.2-7.

LIST OF FIGURES

Mean and standard deviation of dissolved oxygen from nine cruises on
an average sigma-theta level of 22 kg-m™, which represents the
average o, for the near-surface samples.........cooceevieiie e
Mean and standard deviation of dissolved oxygen from nine cruises on
an average sigma-thetalevel of 25.4 kg-m™.........ccovevveeieceeeeeeece e
Mean and standard deviation of dissolved oxygen from nine cruises on
an average sigma-thetalevel of 26.5Kkg-mM>.........ccccvevveveiceeeeeece e
Mean and standard deviation of dissolved oxygen from nine cruises on
an average sigmarthetalevel of 27.15Kg-m>.......c.coevveveieeeeeeece e
Mean and standard deviation of dissolved oxygen (mL-L™) from nine
cruises at the bottom sigma-theta level for each station. .............c.cccc.....
Bottom dissolved oxygen (mL-L™) from spring cruises N2 (May
1998), N5 (May 1999), and N8 (April 2000)........ccceereerererierieerirenieenns
Bottom dissolved oxygen (mL-L™) from summer cruises N3
(July/August 1998), N6 (August 1999), and N9 (July/August 2000). .......
Bottom dissolved oxygen (mL-L™) from fall cruises N1 (November
1997), N4 (November 1998), and N7 (November 1999)...........ccccecevveee.
Percent dissolved oxygen saturation versus stability (kg-m™) near
bottom over the shelf west of 87°W for fall, spring, and summer
CTUISES. eveeteeeteeeuteesteeesteessteesseeabeesseeesseeanbeesseeeseeanseesseeanseeanteesneeennennnenens
Percent dissolved oxygen saturation versus stability (kg-m™) near
bottom in al water depths over the shelf east of 87°W for fall, spring,
AN SUMMIEE CIUISES. ....uteeeitieeesieeeesiteeesieeesbeeesseeessseeeasateessnseeesnneeesnneessns
Percent dissolved oxygen saturation versus nitrate (UM) near-bottom
for fall, spring, and summer cruisesin 1997-2000. .........ccccccvvveeeeviiieeeeennns
Example profiles of nitrate, phosphate, and silicate showing influence
of river water on surface CoONCENLIatioNS. ........c.oceeeiiieeeiieeesiee e
Nutrients versus salinity and nitrate-phosphate property plots for data
below 150 m on all NEGOM CrUISES. .......cceeiiiiieiiie e
Sequential numbering of stations used in presenting average nutrient
(00]9 100 011 7= 1o SR UPROTRTPPR
Seasonal average surface nitrate concentrations plotted by station
number (see Figure 8.2-1) for all (a) spring, (b) summer, and (c) fall
NEGOM hydrography CrUISES. .......cccocuviiieiiiiiiee e
Seasonal average surface nitrate concentrations for stations from lines
3 through 11 plotted by station number (see Figure 8.2-1) for all (a)
spring, (b) summer, and (c) fall NEGOM hydrography cruises.................
Standard deviation of seasonal surface nitrate concentrations plotted
by station number (see Figure 8.2-1) for (@) spring, (b) summer, and
(c) fal for all NEGOM hydrography CrUISES. .......ccccvveeeeiiviieeciiiieee e
Seasonal average surface phosphate concentrations plotted by station
number (see Figure 8.2-1) for all (a) spring, (b) summer, and (c) fall
NEGOM hydrography CrUISES. .......cccoiviiieiiiiiiee e
Seasonal average surface silicate concentrations plotted by station
number (see Figure 8.2-1) for all (a) spring, (b) summer, and (c) fall
NEGOM hydrography CrUISES. .......cccoiviiieiiiiiiee e
Average concentrations of nitrate (UM) over the western and eastern
NEGOM ShEIVES.......eeiiiiiie e

XVii

216
218
219
220

222

225
228

235



LIST OF FIGURES

FIGURE PAGE
8.2-8. Average concentrations of phosphate (UM) over the western and

€aSterN NEGOM ShEIVES. ......oooiiiiiiieee e 240
8.2-9. Average concentrations of silicate (UM) over the western and eastern

NEGOM ShEIVES. ..ottt 241
8.3-1. Mean and standard deviation of nitrate from nine cruises on an average

sigma-thetalevel of 22 Kg-m ™. ........cooeeeecececeeeee e 244
8.3-2. Mean and standard deviation of nitrate from nine cruises on an average

sigma-thetalevel of 25.4 KGM=®. ......oocviiiieeeceeeeeeee e 245
8.3-3. Mean and standard deviation of nitrate from nine cruises on an average

sigma-thetalevel of 26.5KGM™2. ......occviiiececeeeeeeee s 246
8.3-4. Mean and standard deviation of nitrate from nine cruises on an average

sigma-thetalevel of 27.15 KG-M™>. .....cooveiiececeeeeeeee e 247
8.3-5. Mean and standard deviation of nitrate from nine cruises on an average

sigma-thetalevel of 27.45 KG-M ™. .....cooveeieieceeeeeeee e 248
8.3-6. Mean and standard deviation of nitrate from nine cruises at the bottom

sigma-thetalevel for each Station. ..........cccceeeviiieee i, 249
8.3-7. Mean and standard deviation of phosphate from nine cruises at the

bottom sigma-theta level for each station. ...........cccccvveeeiviiiec i, 251
8.3-8. Mean and standard deviation of silicate from nine cruises on an

average sigma-thetalevel of 22 Kg:m™. ........ccovoveeeeeeeceeeeeeee e 252
8.3-9. Mean and standard deviation of silicate from nine cruises on an

average sigma-thetalevel of 25.4 Kg-m=®. .......ccveveeeveeececeeeeeee e 253
8.3-10.  Mean and standard deviation of silicate from nine cruises at the bottom

sigma-thetalevel for each Station. ..........cccceeevviiiee i, 254

9.2-1. Correlation of chlorophylls (sum of chlorophyll a, b, and c)
determined by HPLC and the chlorophylls calculated from the
response of in vivo fluorometry from surface seawater samples during

cruises NL and N3 through NO. ........ooooiiiiiieie e 257
9.3-1. Chlorophyll a concentrations (ug-L ™) from near-surface (~1-3 m

depth) observations on NEGOM hydrographiC CruiSes. ........cccccevveeeeennee. 260
9.3-2. Chlorophyll a concentrations (ug-L™*) from subsurface DCM

observations on NEGOM hydrographiC CruiSes..........ccceevvvveeeeeivieeeeenne 261
9.3-3. Prymnesiophyte abundance, as a percent of chlorophyll a, in near-

surface waters on nine NEGOM cruises from November 1997 through

AUGUSE 2000. ....eeeieieiieeeiieesiee e seeesree e e seeessee et e sree e sne e b sraeenreeeneeenes 263

9.3-4. Prymnesiophytes (as a percent of chlorophyll a) at the deep
chlorophyll maximum during NEGOM cruise N1, 16-26 November

L R PRR 264
9.3-5. Pelagophytes (as a percent of chlorophyll a) at the deep chlorophyll

maximum during NEGOM cruise N1, 16-26 November 1997................... 265
9.3-6. Cyanobacteria (as a percent of chlorophyll a) in near-surface waters

during NEGOM cruise N1, 16-26 November 1997. .........ccoceeeevvvveeeeennen, 267
9.3-7. Diatoms (as a percent of chlorophyll a) in near-surface waters during

NEGOM cruise N1, 16-26 November 1997. ........ccccovieeiiienniiieenieee e, 268
9.3-8. Diatoms (as a percent of chlorophyll a) at the deep chlorophyll

maximum during NEGOM cruise N2, 5-16 May 1998.............ccccveveeennee. 270
9.3-9. Prochlorophytes (as a percent of chlorophyll a) in near-surface waters

during NEGOM cruise N3, 26 July-6 August 1998. ..........cccceevvviieeecnnen, 273

Xviii



LIST OF FIGURES

FIGURE PAGE
9.3-10.  Prochlorophytes (as a percent of chlorophyll a) at the deep chlorophyli

maximum during NEGOM cruise N5, 16-27 May 1999. ..........ccccceeeeennnee. 276
9.3-11.  Prochlorophytes (as a percent of chlorophyll a) at the deep chlorophyl|

maximum during NEGOM cruise N6, 17-28 August 1999. ...................... 279
9.3-12. Diatoms (as a percent of chlorophyll a) at the deep chlorophyll

maximum during NEGOM cruise N7, 13-22 November 1999................... 282
9.3-13.  Pelagophytes (as a percent of chlorophyll a) at the deep chlorophyli

maximum during NEGOM cruise N7, 13-22 November 1999................... 283
9.3-14.  Prochlorophytes (as a percent of chlorophyll @) in near-surface waters

during NEGOM cruise N9, 29 July-8 August 2000. .........cccceeeevivieeeeennen. 286
9.4-1. Seasonal variations in chlorophyll a concentrations and the average

relative abundance of major phytoplankton groups in the near-surface

waters from November 1997 through August 2000. .........ccccoeevveeeeeiivennn. 289
9.4-2. Seasonal variations in chlorophyll a concentrations and the average

relative abundance of major phytoplankton groups in the deep
chlorophyll maximum waters from November 1997 through August

2000. ... et e bt e e et e e reennteenreeeneeaneeen 290
9.4-3. Average chlorophyll a concentrations in near-surface waters grouped

by the station depth into inner-middle shelf (z < 50 m), outer shelf (50

<z <400 m), and continental Slope (2> 400 M)......cceeevieeeiiieeeiieeecieeenns 201
10.2-1.  River discharges into the study area for the 30-day period preceding

BACK CIUISE. ..ttt et e st s e e et e e s sne e e e snne e e nnneeens 297
10.2-2.  Geographic sub-regions within the study area. .............ccccceeeevciieeecccinennn, 298
10.4-1. Dataclassified by time of year to detect seasonal trends............cccccevveeee. 303
10.4-2.  Data classified by geographic location to detect variability due to

distance from the MissiSSIppi RIVES. .........ooviiiiiieiiiiiiee e 305
10.4-3.  Data classified by depth in the water column to detect vertical

variability inthedata. ... 306
10.4-4.  Datafor May cruises classified by depth in the water column. ................. 307
10.4-5. Datafor May classified by water depth. ...........ccoocivieiiiiiee e, 308
10.4-6.  Datafrom May cruises classified by year of sampling...........ccccceeeeviinneenn. 309
10.4-7.  Datafor August classified by year of sampling. .........ccccovveeeiiiieee i, 310
10.4-8.  Datafrom November cruises classified by year of sampling. ................... 311
10.5-1. Representative vertical profiles of NEGOM nutrients, dissolved

oxygen, salinity, and potential temperature. ............cccceeevviiieeeeeiiieee e, 312

XiX



6.1-1.
6.2-1.
6.3-1.

6.3-2.
6.3-3.

7.2-1.
7.4-1.
7.4-2.
8.2-1.
8.3-1.
9.1-1.
9.2-1.

LIST OF TABLES

NEGOM-COH program tasks. ........ccccueeeeiiiieeeesiiieeeeessieeeesssnneeeesssneeee s
Cruiseidentifiersand dates..........cccueeiiuiiiiiiiiiiee e
Summary of data collection and scientific participation on NEGOM-
COH CIUISES. ..veieitiieeiiee ettt st s b e sbe e s b e b e e sneeas
Number of frontal passages over the NEGOM study area during each

Average interval between fronts (days), where "n" means no
MEANINGFUl TNEEIVAL. ......cooiiiiie e
Available monthly COADs data at 167 grid points in the Gulf of
1= (o TSRS
Monthly mean ocean heat storage rates for NEGOM region adopted
FrOM ELLEY . ..o s
Record-length mean daily discharge rate for rivers discharging into the
NEGOM FEJION. .....eviiieeeiiiiee ettt e e et e e e snre e e e e snreeaeens
Mean river discharges associated with the 30-day period prior to each
CrUiSE fOr SEIECLEA MVENS. ....eeiiiiie e
Along-shelf directions at meteorological stations relative to local
DAENYMELIY ...
Variance associated with modes resulting from EOF analysis of
residual 10-14 m current fields for NEGOM cruises N1-N3 and N5-
N SR
Correlations between along-shelf components of 40-hr low-pass wind
and near-surface ADCP currents at each location based on
measurements from all NEGOM CIUISES. ........cceevvieeinieeiniee e
Coefficients of linear regressions of measured particulate matter (PM)
against the particle beam attenuation coefficient (PBAC), where PM =
A FB* PBAC. e

Basic statistics for observations of particulate organic carbon and
particulate organic nitrogen and ratio of POC to PON...........ccccccvveeeennee.
Ratio of POC to PM from near-surface observations. ..........ccccceeeveveeennnen.
Ratio of POC to PM from near-bottom observations (N1 through N6)
or chlorophyll maximum observations (N7 through N9). .........ccccceen.
Correlation coefficients for percent of surface oxygen saturation with
surface salinity and surface chlorophyll a values over the Mississippi-
Alabama shelf West Of 87°W.........ooiiiiiiie e
Bottom bottle dissolved oxygen measurements. ...........ccccceeeevivieeecviienenn,
Correlation coefficients for percent bottom oxygen saturation with
bottom nitrate concentrations over the shelf west of 87°W..........c.cc.........
Ratio of average concentrations on NEGOM cruises of the western to
the easSterN StUAY @r€a. .......cccoiiviiee i
Basic statistics for nutrient concentrations on selected sigma-theta
SUMTBCES. ...ttt ettt e e s bt e e e aa e e e snn e e e nnbe e e nnneeeen
Summary of major photosynthetic pigments present in marine
Phytoplankton QroUPS. ......cc.vviiee e
Pigment algorithms used to partition chlorophyll a biomass among
major phytoplankton groups (Letelier et al. 1993; Mackey et al. 1996;
Write and van den Enden 2000). ..........veveeiiirieee e

XXi

PAGE

9
10
12
16
16
30
30
32
33

45

138

145

221
226
238
243
256

258



9.3-3.

9.3-4.

9.3-5.

9.3-6.

9.3-7.

9.3-8.

9.3-9.

10.3-1.
10.4-1.
10.4-2.

LIST OF TABLES

Percent of chlorophyll a contributed by individual algal groups in
near-surface, deep chlorophyll maximum (DCM), and below DCM
(BDCM) waters on cruise N1 (November 1997). ......ccceeevvveveeeiiiieee e,
Percent of chlorophyll a contributed by individual algal groupsin near
surface, deep chlorophyll maximum (DCM), and below DCM
(BDCM) waterson cruise N2 (May 1998). .......cceevvvieeeeiiiiiiee e
Percent of chlorophyll a contributed by individual algal groups in
near-surface, deep chlorophyll maximum layer (DCM), and below
DCM (BDCM) waters on cruise N3 (July-August 1998). .......ccccceeevvveeenn.
Percent of chlorophyll a contributed by individual algal groups in
near-surface, deep chlorophyll maximum layer (DCM), and below
DCM (BDCM) waters on cruise N4 (November 1999). ........ccccceeeevinveennn.
Percent of chlorophyll a contributed by individual algal groups in
near-surface, deep chlorophyll maximum layer (DCM), and below
DCM (BDCM) waters on cruise N5 (May 1999).......ccccccvveeiviiieeeeciienenn,
Percent of chlorophyll a contributed by individual algal groups in
near-surface, deep chlorophyll maximum layer (DCM), and below
DCM (BDCM) waters on cruise N6 (August 1999).......cccceeeviviveeevinvennnn.
Percent of chlorophyll a contributed by individual algal groups in
near-surface, deep chlorophyll maximum layer (DCM), and below
DCM (BDCM) waters on cruise N7 (November 1999). ........ccccceeeevinvnennn.
Percent of chlorophyll a contributed by individual algal groups in
near-surface, deep chlorophyll maximum layer (DCM), and below
DCM (BDCM) waters on cruise N8 (April 2000).........cccveeeevivveeeeiiiennnn.
Percent of chlorophyll a contributed by individual algal groups in
near-surface, deep chlorophyll maximum layer (DCM), and below
DCM (BDCM) waters on cruise N9 (July-August 2000). .......cccceeeevvvneenn.
Correlations of NEGOM dataL.........ccovueeeiiiieeiiiiee i
VarianCesfroM PCA . ... .o
Principal component [0adings. .........cocvvieeiiiieiee e

XXii

PAGE

262

269

271

274

280

285
299
301
301



ACRONYMS

AAIW Antarctic Intermediate Water

ADCP Acoustic Doppler current profiler

AVHRR Advanced Very High Resolution Radiometer

BB150 broadband 150 kHz ADCP

BNL bottom nepheloid layer

CCAR Colorado Center for Astrodynamics Research, University of Colorado
COADS Comprehensive Ocean-Atmosphere Data Set

COH NEGOM Chemical Oceanography and Hydrography Study
CTD conductivity-temperature-depth sensor

CuU University of Colorado

DCM deep chlorophyll maximum

EIS NEGOM DeSoto Canyon Eddy Intrusion Study

EOF empirical orthogonal function analysis

GERG Geochemical and Environmental Research Group at TAMU
GPS global positioning system

HPLC high performance liquid chromatography

ID identifier for cruises

INL intermediate-depth nepheloid layer

LATEX Louisiana-Texas Shelf Physical Oceanography Program

LC Loop Current

LCE Loop Current eddy

MBT mechanical bathythermograph

MMS Minerals Management Service, U.S. Department of the Interior
MSL mean sea level

NASA National Aeronautics and Space Administration??

NEGOM Northeastern Gulf of Mexico Physical Oceanography Program
NOAA National Oceanic and Atmospheric Administration

N/P nitrogen/phosphorus ratio

osu Ohio State University

PBAC particle beam attenuation coefficient

PCA principal component analysis

PM particul ate matter

POC particul ate organic carbon

PON particul ate organic nitrogen

QA/QC quality assurance/quality control

RV research vessel

SAIC Science Applications International Corporation

SCULPII Surface Current Lagrangian Program Il (over the northeastern Gulf shelves)
SeaWiFS Sea-viewing Wide Field-of-view Sensor

SSH sea surface height

SSHA sea surface height anomaly

SST sea surface temperature

SUW Subtropical Underwater

TACW Tropica Atlantic Central Water

TAMU Texas A&M University

USF University of South Florida

USM University of Southern Mississippi

uTC Universal Coordinated Time

XBT expendable bathythermograph probe

XXili



1 EXECUTIVE SUMMARY

1.1 Introduction

The Minerals Management Service (MMS) of the U. S. Department of the Interior awarded
the contract for the Northeastern Gulf of Mexico Physical Oceanography Program
(NEGOM): Chemical Oceanography and Hydrography Study (NEGOM-COH) to the Texas
A& M Research Foundation in September 1997. Under the contract, scientists at Texas A&M
University (TAMU) conducted the study. The basic study area was between the 10- and
1000-m isobaths from the Mississippi Delta along 89°W to off Tampa Bay along 27.5°N.
Verticaly the study area extended from the sea surface to seafloor.

MMS had three objectives for the study. First was to develop an oceanographic experimental
design of research cruises covering the NEGOM study area with sufficient frequency to
resolve seasonal variations of chemical oceanography and hydrographic parameters. Second
was to collect the ancillary data needed to complement and analyze the chemical
oceanographic and hydrographic measurements. Third was to analyze the data to describe the
vertical and horizontal spatial distributions and temporal variability of water properties and
to describe the processes that contribute to the production of the observed distributions.
Study results will assist MMS in its management of the nation's Outer Continental Shelf
Leasing Program, including oil and gas leases in federal waters of the northeast Gulf shelves
and upper slope.

1.2 Field Measurements

Nine oceanographic research cruises were conducted aboard the R/V Gyre over three field
years from November 1997 to August 2000. During afield year, one cruise was conducted in
each of the spring (April/May), summer (July/August), and fall (November) seasons.
Continuous profiles were made of temperature, salinity, dissolved oxygen, light
transmission, fluorescence, downwelling irradiance, and optical backscatterance. A total of
883 conductivity-temperature-depth (CTD) stations were occupied. Discrete water samples
were drawn at each CTD station for analyses of nutrients (nitrate, phosphate, silicate, nitrite,
ammonium, and urea), pigments, particulate matter, and particul ate organic carbon. Four to
twelve discrete samples per station were taken, totaling over 8000 oxygen and 8000 nutrient
samples, over 1500 pigment and particulate matter samples, and over 1000 particulate
organic carbon samples. Over 800 expendable bathythermograph (XBT) measurements were
made. Acoustic Doppler current profiler (ADCP) observations and underway flow-through
measurements of near-surface temperature, salinity, fluorescence, and calculated chlorophyll
were made continuously along track. Nearly 1000 near-surface chlorophyll samples were
taken to calibrate the underway, near-surface fluorescence data. Ancillary data sets, such as
river discharge, sea surface height fields from satellite altimeter, and meteorological
measurements, were assembled to support the data analysis and interpretation.

1.3  Forcing Functions

The three major forcing functions are winds, river discharge, and energetic off-shelf features.
Winds were examined by time series of meteorological data at offshore buoys and coastal
land stations. These winds were gridded to provide hourly wind fields over the NEGOM
study area. Over the Gulf of Mexico, mean winds are generally toward the southwest from
October through February; toward the northwest from April through August; and westward
in March and September. Conditions during the NEGOM cruises followed this general
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pattern with some variability. River discharge data were assembled for 18 rivers discharging
into the NEGOM bays and estuaries or directly into the Gulf. These included the Mississippi
River, the Tombigbee and Alabama Rivers that empty into Mobile Bay, the Apalachicola
River, and the Suwannee River. Off-shelf features that can impinge on the study areainclude
small diameter cyclonic or anticyclonic slope eddies, Loop Current eddies or filaments, and
the Loop Current. The presence of these features was determined through the use of sea
surface height fields from satellite atimeter data. During NEGOM, neither the Loop Current
nor Loop Current eddies impinged on the study area; however, there were a number of
anticyclonic and cyclonic eddies and a Loop Current filament that occurred over the slope of
the study area.

14  Major Results

Circulation. The circulation over the NEGOM region is described principally using
shipboard 150 kHz ADCP measurements made along the track of each survey cruise.
Comparison of the ADCP currents in the upper bin (centered ~12-14 m) with the surface
geopotential anomaly relative to 800 m, as extrapolated onto the shelf, shows generally good
agreement between the 1000-m isobath and mid-shelf (approximately 50-m isobath). Over
the inner shelf there was less agreement, and frequently the relative geostrophic flow
indicated onshore-offshore flow in regions of along shelf ADCP currents. We attribute such
lack of agreement to the lack of representation in the geopotential anomaly of pycnobathic
current components generated when isobaths and bottom isopycnals are non-coincident.
Fields of sea surface height (SSH) were used to describe and study the surface geostrophic
flow off the shelf. The SSH patterns agreed well with those from ADCP measurements
inshore as far as the upper slope. In water depths less than approximately 500 m, agreement
lessened and we discounted the SSH fields.

Using a combination of ADCP measurements, geopotential anomaly fields, SSH fields,
conservative property distributions, surface drifters, and moored current measurements (as
available), the circulation regime over the NEGOM area was described for the period of each
of the nine cruises.

A general result of our study is the conclusion that interannual variability overshadows
seasonal signals. We attribute this principally to two factors. First, the offshelf circulation,
consisting of both cyclonic and anticyclonic eddies as well as the Loop Current and filaments
thereof, is very energetic, highly variable, and greatly affects the shelf circulation—even
over the inner shelf in the regions of narrow shelf (e.g., Mississippi Delta) and near DeSoto
Canyon. Second, the seasonal cycle of wind forcing over the inner shelf is neither so strong
nor so regular as that needed to ensure a strongly seasonal coastal current regime.

Realizing the large interannual variability and the fact that only three realizations of the
circulation for each season were available, we nevertheless sought space-time patterns over
the area applying empirical orthogonal function (EOF) analysis to surface ADCP currents.
First we combined measurements from 38 kHz ADCP with 150 kHz to obtain eight fields of
near surface currents covering the entire NEGOM region. Each field was gridded and an
overall mean obtained and removed from each individual field. Then, to remove the
considerable noise known to be associated with divergence, the divergent component was
removed from each residual field before applying an EOF analysis. The first four resulting
EOF modes contained 84% of the variance. Mode 1, with 34% of the variance, is essentially
along shelf circulation pattern with maximum speeds over the outer shelf and slope. Mode 2
appears to result from offshelf eddies driving cyclonic-anticyclonic flow regimes over the
outer NEGOM region and accounts for 22% of the variance. The third mode, with 18% of



the variance, focuses most of the energy in an eddy centered over the apex of DeSoto
Canyon. The fourth and higher modes are all associated principally with nearshore currents,
that are apparently wind and river induced. Examination of amplitudes shows no clear
seasonal patterns, as discussed earlier.

Nutrient, dissolved oxygen, and pigment property distributions. The distributions,
inventories, and variability were examined for the variables: dissolved oxygen, nutrients, and
pigments. Then univariate and multivariate analyses were applied to these variables in
relation to conservative variables and forcing functions.

The distributions of dissolved oxygen and nutrients were described and discussed in relation
to the circulation for each NEGOM cruise. Further analysis of surface distributions of
dissolved oxygen was based on oxygen saturation. Most values fell between 95 and 100%
saturation. However, there were numerous cases of extreme supersaturation (>110%) and
some values exceeding 150%; there were considerably fewer values between 70 and 95%.
The relationship of enhanced oxygen solubility with decreasing temperatures and salinity
was clearly demonstrated; the effect of river discharge is clear through salinity. It also was
seen that most stations with high chlorophyll a were also highly supersaturated in oxygen,
illustrating the potential effect of primary production on dissolved oxygen.

Bottom dissolved oxygen concentrations are greatest in fall because of cooler air
temperatures that result in higher saturation oxygen values in surface waters and deep mixing
by energetic wind events. Vaues are lowest in summer due to increased vertical stability that
inhibits renewal of oxygen in bottom waters and to oxygen utilization during oxidation of
organic material. Over the inner shelf there were significant correlations between high
hydrostatic stability and low bottom oxygen in summer but not in other seasons. Over the
western NEGOM region, where nutrient input and primary production are relatively high,
bottom oxygen saturation was positively correlated with high bottom detrital material as
represented by nitrate on every NEGOM cruise. No hypoxic conditions, as defined by
dissolved oxygen concentrations below 1.4 mL-L™, were observed during NEGOM.
However, very low (=2 mL-L™) concentrations were observed on two spring and one summer
cruise off Chandeleur Sound and in one summer cruise near the 30-m isobath south of the
Florida-Alabama border.

Stations on all nine NEGOM cruises were co-located. Average values and standard
deviations for oxygen and nutrients were calculated at each station representative of a series
of density (sigma-theta) surfaces corresponding approximately to the salinity maximum of
the Subtropical Underwater, the oxygen maximum of the 18°C Sargasso Sea Water, the
oxygen minima of the Tropical Atlantic Central Water, and the salinity minimum (and
nutrient maxima) of the Antarctic Intermediate Water remnant. Bottom distributions were
examined also. Variability in the western study area (Mississippi-Alabama shelf) was
greatest on the upper surfaces. Deeper surfaces sometimes evidenced greater variability on
the west Florida shelf. No relative dissolved oxygen maximum associated with the 18°C
Sargasso Sea Water was found. However, a relative oxygen minimum associated with the
Tropical Atlantic Central Water near 425 m and relative nutrient maxima (nitrate, phosphate)
associated with the Antarctic Intermediate Water near 750 m were observed.

At each NEGOM station, nutrient concentrations were averaged for summer, fall and spring
seasons, for the surface observations, over the upper 5 m, and over the upper 60 m. (Sixty
meters being a first approximation to the depth of the photic zone.) Results show elevated
concentrations in areas of enhanced river water and of uplift of density surfaces by dynamic
processes, bringing high nutrient levels into the photic zone. Such processes can include the



presence of cyclones near the shelf edge, divergence between cyclone-anticyclone pairs, and
wind or bottom-induced upwelling.

Temporal and spatial variations in phytoplankton communities are described using analyses
of photosynthetic pigment composition and concentrations. Chlorophyll a concentrations
indicate how much of the particulate matter, and specifically particulate organic carbon, is
living. Identification and quantification of the major algal groups is carried out by analyzing
the types and amounts of photosynthetic and photoprotective pigments in particulate matter.
Many pigments (so-called marker pigments) are restricted principally to one or two taxa and,
therefore, can be used as indicators of the presence of specific taxa.

At each station on each NEGOM cruise, chlorophyll and carotenoid pigment concentrations
were measured in near-surface (2-3 m) waters, the core of the deep chlorophyll maximum
(DCM) as indicated by in situ fluorometry, and just below the highest fluorescence region
(close to the base of the euphotic zone). Marker pigments were then used to identify the
presence of 10 major phytoplankton groups. Algorithms relating chlorophyll a to marker
pigments enabled analysis for the percentage of chlorophyll accounted for by each of the 10
phytoplankton groups.

The four major algal groups present in the NEGOM area were prymnesiophytes
(haptophytes), prochlorophytes, pelagophytes (chrosophytes), and cyanobacteria (blue-green
algae), although locally high abundances of other groups were detected. Prymnesiophytes
were the dominant group on each cruise, accounting for between 31% and 46% of the
chlorophyll present at the DCM. Prochlorophytes, pelagophytes, and cyanobacteria were the
second most abundant groups in the DCM on 4, 3, and 2 cruises, respectively, accounting for
13-23%, 6-18%, and 0-21% of the chlorophyll a.

The highest chlorophyll a concentrations in near-surface water as well as waters at the DCM
were consistently found between lines 1-4 and lines 7-8 during the nine cruises (see Figure
2.2 for location of lines). The high concentrations in these areas resulted from discharges of
the Mississippi and Apalachicola rivers. Chlorophyll a concentrations in low-salinity,
greenish waters from these rivers varied from 0.5 pug-L™* to > 5 pg-L™*. Offshore waters
generally had concentrations below 0.4 pg-L ™.

For the study region as a whole, the average surface and DCM chlorophyll concentrations
were lower in fall-winter (November—March) than in spring-summer (April-October). This
was a consequence of (1) the fact that most stations were over the shelf rather than offshore,
(2) summer transport into the region of low-salinity Mississippi River water with enhanced
nutrient levels, and (3) the presence of various offshelf eddies that contributed enhanced
nutrient levels to the photic zone during summer by uplift of density surfaces. In contrast,
average surface chlorophyll a values in waters of depth greater than 400 m were several
times higher in fall than in spring. This is because the spring phytoplankton bloom depletes
available nutrients leading to low chlorophyll concentrations in summer, whereas wind
mixing and reduced stability in fall leads to an increase in nutrients in the euphotic zone and
asecondary (fall) plankton bloom with increased chlorophyll concentrations.

Spatial distributions of chlorophyll a were similar for cruises in the same seasons. Likewise,
seasonal variations among relative abundance of the major phytoplankton groups generally
were similar in each year. The average abundances of prochlorophytes and pelagophytes in
near-surface waters were higher in November and August than in May; at DCM depths, there
was little seasonal difference for prochlorophytes while pelagophytes were more abundant in
November than in May and August. In both near-surface and DCM waters, cyanobacteria
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were in greatest abundance during May and least in November. Prymnesiophytes showed
little seasonal variation in abundance.

General patterns within the integrated water column chemistry were examined using both
univariate and multivariate analyses. Factors considered included discharge rates of three
drainage basins (Mississippi, Mobile (including both Alabama and Tombigbee rivers), and
Apalachicola), water column nutrients, chlorophyll a, fluorescence, salinity, particulate
organic carbon and nitrogen, suspended particulate matter, and percent light transmission.
Univariate analyses between these factors showed the expected relationships, such as:
negative correlation between percent transmission and particulate matter, indicating
particulates decrease light transmission; chlorophyll a correlates positively with dissolved
oxygen signifying that oxygen is a product of photosynthesis; or nutrients correlate anong
themselves demonstrating that they are removed from the water column in a relatively
constant ratio as they are fixed into biomass.

For multivariate analyses the factors first were subjected to Principal Component Analyses
(PCA) to detect the principal components of structure between the factors (data) considered
and to reduce the number of factors important within each structure component. Sixty-five
percent of the variability in water column properties can be explained by the first three
principal components. Component one indicates that 41% of the variability is related to
particle dynamics and river water inputs as indicated by relationships between chlorophyll a,
fluorescence, particulate matter, particulate organic carbon, and salinity. It also indicates that
phytoplankton biomass is a major source of variability, suggesting that phytoplankton
dynamics exert strong control on water column properties in the NEGOM area. The second
component accounts for almost 14% of water column property variability and indicates
nutrient variability is closely coupled to variability in particulate matter properties because
nutrients are consumed during photosynthetic production of biomass. Finally, river discharge
accounts for almost 17% of the variability (10% in the third principal component; 7% in the
fourth) in water column properties reflecting the regional influence of river discharges on a
range of water column properties both directly and indirectly.

Finer multivariate analyses were performed by dividing the NEGOM region into four sub-
areas (east-west and offshore-onshore) and considering factors from three distinct seasons
(summer, spring, and fall).

Light transmission and particulate matter Particulate matter distributions in the study area
were described in terms of concentrations of particulate matter (PM), particulate organic
carbon (POC), particulate organic nitrogen (PON), and light transmission. Vertically
continuous profiles of transmissometry were used to calculate particle beam attenuation
coefficients (PBAC) as functions of depth for each station. PBAC values then were
calibrated using discrete PM samples from near surface, near bottom, and a clear, mid-water
depth at each station. Correlations between PM and PBAC were obtained for upper and
lower portions of the water column. Excellent correlations were obtained for each cruise. The
resulting relationships were used to calculate vertical profiles of PM at each station.

For each cruise, distributions of PM were considered using three types of contoured fields:
PM concentration, total PM mass per unit surface area, and percent of total PM mass in the
bottom nepheloid layer (BNL). The study area was limited to the continental shelf (water
depth < 200 m) where potential influences of sediments carried in river plumes or re-
suspended by currents and waves can be more clearly identified.



The average water column PM mass within the eastern shelf, defined as east of 87°W, versus
the western shelf was calculated for each cruise. Over the eastern shelf, the averages varied
only between 14 and 19 g-m™, but over the western shelf cruise averages were much larger
and more variable, ranging from 27 to 50 g-m™. Similarly, the cruise average PM per unit
surface area contained in BNLs over the shelf was much lower and less variable over the
eastern than the western shelf. This is evidence for the effects of the Mississippi and other
rivers on PM and light transmission, as well as suggestive of more re-suspension, on the
western shelf.

Comparing PM observations from near-surface and near-bottom samples showed |ower
mean near-surface concentrations in fall and most variability in spring. Near-bottom means
were similar for the three seasons, though the smallest variability was observed in summer.

Both POC and PON were measured near surface and at one sub-surface depth (near-bottom
or the chlorophyll maximum) on all stations. The highest POC levelsin al seasons generally
were associated with high PM plumes near river mouths. As expected, near-surface POC
concentrations are greater and evidence more variability than sub-surface concentrations.
The larger variability in near-surface concentrations was seen in spring and summer
associated with distributions of river discharge; sub-surface POC concentrations showed no
clear seasonal variability. Ratios of POC to PON are near 6 with high correlation, evidence
that the behavior of PON generally mirrors that of POC. On average POC in near-surface
waters accounted for 28% of the PM, but only 12% in near-bottom waters. Indicative of
phytoplankton productivity in the photic zone, and remineralization of organic carbon in the
water column, the quantity of POC accounting for PM was more variable near surface than
within the water column. Near-bottom particulates also may have a contribution from re-
suspended sediments relatively poor in organic carbon.



2INTRODUCTION

21 NEGOM Program Objectives and Description

The Northeastern Gulf of Mexico Physical Oceanography Program (NEGOM) was
supported by the Minerals Management Service (MMYS) of the U.S. Department of the
Interior. NEGOM was divided into six observational components of which one is the
NEGOM Chemical Oceanography and Hydrography study (NEGOM-COH). Other NEGOM
components were the inner shelf study, DeSoto Canyon eddy intrusion study, operational
remote sensing study, NEGOM remote sensing study, and meteorology study. Additionally,
there was a modeling study component. This report summarizes the findings of the NEGOM-
COH component, which was conducted by scientists at Texas A& M University.

The study area, shown in Figure 2.1-1, encompassed the region of the northeastern Gulf
shelves and upper slope from the Mississippi River deltato Tampa Bay in water depths of 10
to 1000 m. Data collection in NEGOM-COH consisted of nine cruises conducted over three
field years and assembly of historical and collateral data. This was followed by data analysis
and synthesis. Continuous profiles were made of temperature, salinity, dissolved oxygen,
light transmission, fluorescence, downwelling irradiance, and optical backscatterance.
Discrete water samples were drawn for analyses of nutrients, pigments, particulate matter,
and particulate organic carbon. Acoustic Doppler current profiler (ADCP) observations and
underway flow-through measurements of near-surface temperature, salinity, fluorescence,
and calculated chlorophyll were made continuously along track. Ancillary data sets, such as
river discharge, sea surface height fields from satellite altimeter, and meteorological
measurements, were assembled to support the data analysis and interpretation. In this report,
the observations are synthesized, interpreted, and reported to provide a better understanding
of the circulation and property distributions over the shelf and upper slope, their spatial and
temporal variability, and causal factors.

The motivation for the NEGOM program comes from the responsibilities of MMS in
management of the nation's Outer Continental Shelf Leasing Program, including oil and gas
leases in federal waters of the northeast Gulf shelves and upper slope. MMS seeks to
understand the physical processes and circulation of the shelf and upper slope waters that
influence the stability of structures, the transport of pollutants, and the evolution of the
ecosystems of regions that may be affected by oil and gas operations. Additionally,
knowledge of the circulation supports MMS ail spill risk analysis models. It was to further
the base of knowledge in these areas that MM S sponsored NEGOM.

The three objectives for the NEGOM-COH study were:

(1) Develop an oceanographic experimental design of research cruises covering the NEGOM
study area with sufficient frequency to resolve seasonal variations of chemical
oceanography and hydrographic parameters.

(2) Collect the ancillary data needed to complement and analyze the measurements collected
in objective 1.

(3) Analyze the data collected in objectives 1 and 2 to describe spatial fields and distributions
in the vertical and horizontal planes, temporal variations, and processes (physical,
biological, or chemical) which contribute to the production of the observed fields and
distributions.
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Figure 2.1-1. Study area and bathymetry of the northeastern Gulf of Mexico. Hydrography stations were located over the

shelf and upper slope region within the area encompassed by the bold line. Geographical names are provided.




Objectives 1 and 2 were met through the completion of the three-year field program of
observations over the northeastern Gulf of Mexico continental shelf and upper slope. Thisis
discussed further in Section 2.2. Objective 3 is met in this synthesis report.

The NEGOM-COH study area encompassed the Mississippi-Alabama-West Florida shelves
and northeastern Gulf upper slope from the 10-m isobath out to the 1000-m isobath. The
study had four tasks: a field task, a data processing task, a data synthesis task, and program
management. The tasks, Principal Investigators, and brief task descriptions are given in
Table 2.1-1. All Principa Investigators are affiliated with Texas A&M University (TAMU).
Each of the tasksis fully described in Jochens and Nowlin (1998).

Table 2.1-1. NEGOM-COH program tasks.

Task Task Name Description Principal Investigators
Program Management Management of al aspects of the W. D. Nowlin, Jr.,
program, including scientific, ~ Program Manager
operational, and fiscal A. E. Jochens,
Deputy Program Manager
1 Field Work and Data Cruiselogistics and completion D. C. Biggs, co-Pl
Collection of datacollectioninthefield N. L. Guinasso, Jr., co-Pl
M. C. Kennicutt I, co-PI
2  DataReduction/Analysisand Data quality control and A. E. Jochens, Pl
Synthesis management; assembly of M. K. Howard, co-PI
ancillary data sets
3  Information/Data Synthesis Report preparation W. D. Nowlin, Jr., PI
and Technical Reports R. O. Reid, co-PI
M. C. Kennicutt 1, co-PI

2.2 Data Collected

The NEGOM-COH field program was undertaken from November 1997 through August
2000. Nine cruises were conducted; three each in spring, summer, and fall. All were aboard
the R/'V Gyre, operated by the TAMU Department of Oceanography. A listing of these
cruises, their various identifiers, and their start and end dates is given in Table 2.2-1. The
NEGOM ID is the shorthand identifier used in this report. The cruise ID number is the
standard cruise identifier in wide use in the oceanographic community. The first two
characters give the year of the cruise, the third character gives the ship identifier, G for Gyre,
and the last two characters give the number of that ship's cruise for that year.

The cruises were designed to characterize the spatial and temporal distribution and variation
of patterns of circulation and water properties and the processes that contribute to them.
Cruise N1 covered the region between the 20- and 1000-m isobaths. The other eight cruises
covered the region between the 10- and 1000-m isobaths to better observe the extent and
possible sources of relatively low salinity water over the inner shelf. Conductivity-
Temperature-Depth (CTD) stations, with rosette water bottle sampling, were occupied on
each cruise at nearly identical station locations. Expendable bathythermograph (XBT) probes
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Table 2.2-1. Cruise identifiers and dates.

Survey Start Date End Date NEGOM ID CruiselD
No.
1 16 November 1997 26 November 1997 N1 97G14
2 5 May 1998 16 May 1998 N2 98G05
3 25 July 1998 6 August 1998 N3 98G10
4 13 November 1998 24 November 1998 N4 98G15
5 15 May 1999 28 May 1999 N5 99G07
6 15 August 1999 28 August 1999 N6 99G08
7 13 November 1999 25 November 1999 N7 99G12
8 15 April 2000 26 April 2000 N8 00G04
9 28 July 2000 8 August 2000 N9 00G08

were launched between CTD stations. A 150 kHz ADCP, a thermosalinograph, and a flow-
through fluorometer were operated continuously along the cruise track. Navigation data and
station locations were determined using differential Global Positioning System (GPS).

Each survey covered 11 cross-shelf lines. Approximately 95-100 CTD stations were
occupied on each cruise, with stations typically at the 10-, 20-, 100-, 200-, 500-, 1000-m and
selected other isobaths. To enhance the resolution of temperature observations to ~10 km,
approximately 70-80 XBT drops were made between the CTD stations. Figure 2.2-1 shows a
typical station location pattern for the NEGOM cruises.

The surveys consisted of continuous vertical profiling using a Sea-Bird 911+ CTD system
and discrete water sampling using a General Oceanics 12-place rosette with 10-liter Niskin
bottles. Continuous vertical profiles were taken of seawater conductivity/salinity,
temperature, pressure/depth, fluorescence, light transmission, optical backscatterance,
downwelling irradiance, and dissolved oxygen. Discrete water samples were taken for
analysis of dissolved oxygen and nutrients (phosphate, silicate, nitrate, nitrite, ammonium,
and urea) at every station, and phytoplankton pigments, particulate matter, particulate
organic carbon, and salinity at selected stations. ADCP data were collected continuously
along the cruise track using either a narrow-band 150 kHz ADCP (N1, N4, N9) or a broad-
band 150 kHz ADCP (N2, N3, N5-N8). Additionally, a 38 kHz ADCP was operated on N7-
N9. The thermosalinograph and flow-through fluorometer provided near-surface (~3-m
depth) measurements of temperature, salinity, and fluorescence at approximately 2-minute
intervals along the cruise track. The fluorescence data were calibrated with approximately
100 filters analyzed for chlorophyll concentrations to produce a 2-minute, near-surface
chlorophyll data set. Table 2.2-2 summarizes the data collection by cruise. Numbers
represent the total number of data points remaining after quality assurance/quality control
(QA/QC) procedures were applied. Specifics of cruise tracks and station locations,
instrumentation and methods, data processing, and additional cruise information are provided
in the three NEGOM annual reports by Jochens and Nowlin (1998, 1999, 2000).

QA/QC procedures were applied to all data collected. This consisted mainly of wild point
editing of continuous profiles and discrete measurements. Additional information is in the
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Table 2.2-2. Summary of data collection and scientific participation on NEGOM-COH
Cruises.

Description N1 N2 N3 N4 N5 N6 N7 N8 N9
Nov. May Aug. Nov. May Aug. Nov. Apr. Aug.
1997 1998 1998 1998 1999 1999 1999 2000 2000

Cruise Duration (days) 11 11 13 12 14 13 13 12 11
Cruise Track* (km) 3283 3380 3817 3815 4497 3743 3659 2825 3195
Total Hydrographic Stations 94 98 98 98 102 98 98 101 98
CTD Stations 94 98 98 98 100 98 98 101 98
Nutrient Stations 95 98 98 98 100 98 98 101* 98
Oxygen Stations 94 98 98 98 100 98 98 101 98
Salinity Stations 94 22 22 22 48 23 22 21 24
Pigment Stations 51 61 58 59 61 60 59 60 60
Particulate Matter Stations 60 60 60 60 61 60 52 50 60
Particulate Organic Carbon Stations 60 60 60 60 61 61 52 60 60
Successful XBT Drops 80 97 101 112 96 89 84 78 75
Nutrient Samples 794 850 883 901 925 913 899 959 912
Oxygen Samples 782 854 833 900 925 913 901 936 912
Salinity Samples 782 179 180 167 357 175 176 195 188
Pigment Samples 183 191 169 163 182 175 170 163 158
Particulate Matter Samples 180 188 181 17/8 174 180 156 174 178
Particulate Organic Carbon Samples 118 120 118 120 115 126 100 118 104
Surface Bucket Salinity Samples 0 0 0 0 33 57 8l 68 95
Surface Chlorophyll Samples 181 71 101 108 102 101 99 99 101
150kHz narrow-band ADCP Measurements v v v v
150kHz broad-band ADCP Measurements v 4 4 v 4 v

38 kHz ADCP Measurements v 4 v
Thermosalinograph 2-min Logging v 4 v v v 4 v v v
Flow-through Fluorescence 2-min Logging V' 4 v v v 4 v v v
Tota Scientific Party 23 24 23 22 23 23 18 24 23
NEGOM-COH Scientists 15 15 13 15 15 13 14 13 15
Guest Investigators 4 7 10 6 8 6 3 7 5
Students (Graduate and Undergraduate) 10 10 12 9 10 10 7 12 11
Complementary Studies 4 6 7 5 4 7 5 10 4

* N1, N2: Pascagoula, MS, to Pascagoula, MS
N3, N4: Gulfport, MS, to Galveston, TX

N5: Galveston, TX, to Galveston, TX

N6: Galveston, TX, to Panama City, FL

N7: Gulfport, MS, to ST. Petersburg, FL ; excludes 1000-m isobath ADCP run
N8: St. Petersburg, FL, to Pascagoula, MS

N9: Pascagoula, MS, to Panama City, FL

N1: nutrients were frozen at 12 stations, for 110 frozen samples
N8: duplicate nutrient samples from 2 stations were frozen, for 24 frozen samples
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annual reports (Jochens and Nowlin 1998, 1999, 2000). All times are reported in Universal
Coordinated Time (UTC) unless stated otherwise.

Major sets of ancillary data assembled to aid in interpretations are briefly summarized here.

Those associated with forcing functions are described in Section 3; others are included in the
synthesis as applicable. Concurrent meteorological measurements were obtained from
coastal airports, weather stations, and the offshore buoys of the National Data Buoy Center.
Historical meteorological information and mean fields were obtained from a number of
sources including the historical review of meteorology by Florida A&M University (1988)
and the mean fields of the Comprehensive Ocean-Atmosphere Data Set (COADS). Record-
length river discharge rates were assembled from the U.S. Geological Survey and the U.S.
Army Corps of Engineers for selected riversin eastern Louisiana, Mississippi, Alabama, and
west Florida that discharge into the NEGOM region. Sea surface height fields, produced
from a blend of TOPEX/Poseidon and ERS-2 satellite altimeter data, were obtained from the
Colorado Center for Astrodynamics Research, University of Colorado. Satellite Advanced
Very High Resolution Radiometer (AVHRR) images of sea surface temperature were
obtained from various sources including the NEGOM operational remote sensing study with
the U.S. Geological Survey, the NOAA COASTWATCH program, and the Ocean Remote
Sensing Group of The Johns Hopkins University Applied Research Lab. Composite ocean
color images derived from the satellite Sea-viewing Wide Field-of-view Sensor (SeaWiFS)
for the periods of cruises N1 through N9 were provided through the NEGOM remote sensing
study by the Remote Sensing Laboratory at the University of South Florida. Hydrographic
data and current measurements, collected from March 1997 through April 1999 under the
NEGOM DeSoto Canyon Eddy Intrusion Study (EIS), were provided to NEGOM-COH by
Science Applications International Corporation. Drifting buoy data, which were from drifters
deployed on NEGOM-COH cruises N1, N2, N3, N4, and N7 as part of the internal MMS
program on Collection of Environmental Data for Oil Spill Risk Analysis Model
Verification, were obtained from MMS.

2.3  Report Organization

This report synthesizes the data collected during the NEGOM field program and provides a
scientific presentation of the results. Section 1 is the executive summary. Section 3 describes
the forcing fields present during the field program. Section 4 describes the circulation and its
variability as observed during NEGOM. Section 5 presents a seasonal synthesis of the
physical properties. Sections 6 through 9 describe particulates (6), dissolved oxygen and
hypoxia (7), nutrients (8), and pigments (9). An integrated synthesis of the water column
chemistry is provided in Section 10. Recommendations for consideration of future studies
and a summary of the main results of this report are given in Section 11. References are
provided in Section 12. Appendices A through | summarize the forcing functions, evidence
of circulation, and water properties during the N1 through N9 NEGOM cruises.
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3 FORCING FUNCTIONS

3.1 Long-term Averages
3.1.1 Meteorological Conditions

The northeastern Gulf of Mexico (north of 26°N and east of 89°W) experiences two distinct
wegther patterns, winter (December-March) and summer (May-October), with quite brief
transitions between. Most of the year the region is dominated by moist, warm maritime tropical
alr masses. In winter, however, cold, dry continental polar air masses intrude into the region.
This is one mechanism that can result in formation of extratropical cyclones. In summer, the
region is influenced by the northeast trade winds, with the northward migration of the North
Atlantic ("Bermuda') subtropical high and the polar jet stream. This leads to fewer frontal
passages in summer than winter, but also results in the northeastern Gulf experiencing tropical
storm systems. An in-depth review of the meteorological data base and climatology of the Gulf
of Mexico is given by Florida A&M University (1988). A recent review of meteorological
conditions over the northeastern Gulf is given by Hamilton et al. (1997).

Frequent frontal passages and the occurrence of extratropical cyclones characterize winter
conditions over the northeastern Gulf of Mexico. Cold air outbreaks and frontal passages occur
a 3- to 10-day intervas between October and March (Fernandez-Partegas and Mooers 1975).
Based on observations, DiMego et a. (1976) caculated that some 8-9 frontal passages per
month occurred over the region during winter. While extreme cold air outbreaks can lead to
freezing conditions over the coastal region (occurring approximately every five years according
to Mortimer et d., 1988), significant effects of such events normally are limited to the region
north of Tampa (28°N). The frequency of extratropical cyclone development in the northeastern
Gulf is edtimated (Hayden 1981) as 2 to 3 per winter season (December-March). This
represents only about 20% of the number of such cyclones developed in the Gulf (Johnson &
al. 1986), the preponderance (order of 10 per year) occur over the Texas-Louisiana shelf (Hsu
1988; Nowlin et al. 1998b).

By contrast with winter, summer is characterized by light and variable wind conditions.
However, those conditions are punctuated with tropical cyclone activity. The nomina hurricane
season is from June 1 through November 30. Hamilton et a. (1997) summarized tropical
cyclone occurrence over the northeastern Gulf for the past 100 years by decade. They found an
average of 10-12 cyclones per decade with a decreasing trend from 14 to order 10 per decade.
Moreover, they aso noted atendency for the frequency of occurrence west of Cape San Blas to
be out of phase (and different by as much as 7 storms per decade) with that for the shelf region
between Cape San Blas and Tampa.

To determine the frequency of cold front passage during the period of the NEGOM study, the
Daily Weather Maps of the Climate Analysis Center of NOAA were examined for the passage
of cold fronts over the NEGOM study area. The maps for 1 November 1997 through 31
August 2000 were examined. The appearance of cold front symbols over dl or part of the
NEGOM study area were counted as frontal passages. Table 3.1.1-1 shows the number of
frontal passages by month and includes the average number for periods in the 1960s and 1970s
as given by DiMego et d. (1976) for the NEGOM study area and Henry (1979) for the whole
Gulf.

The average number of passages was used to determine the typical number of days between
fronts. Thesearegivenin Table 3.1.1-2. During fall cruises, fronts passed over the NEGOM
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Table 3.1.1-1. Number of frontal passages over the NEGOM study area during each field year
and resulting averages of cold front passages. "—" means not aNEGOM field period.

Month 1997 1998 1999 2000 Total Average DiMego' Henry’

Jan — 7 6 6 19 6.3 8.5 5.5
Feb — 6 5 5 16 5.3 9.0 5.7
Mar — 2 6 7 15 5.0 8.0 6.2
Apr — 5 5 7 17 5.7 6.5 45
May — 4 4 2 10 3.3 45 3.0
Jun — 1 1 2 4 1.3 25 2.0
Jul — 0 1 1 2 0.7 2.0 0.8
Aug — 2 2 0 4 1.3 3.0 0.9
Sep — 2 4 — 6 3.0 3.0 2.4
Oct — 2 5 — 7 35 5.5 3.7
Nov 7 5 4 — 16 5.3 6.5 5.2
Dec 5 7 7 — 19 6.3 7.5 6.6

! DiMego et a. (1976) considered the years 1965-1972; values interpreted for the NEGOM study area
from their Figure 1.
2 Henry (1979) considered the years 1967-1977; val ues given are from his Table 1 for the whole Gulf.

Table3.1.1-2. Averageinterva between fronts (days), where"n" means no meaningful interval.

Month NEGOM DiMego Henry

Jan 4.9 3.6 5.6
Feb 5.3 3.1 4.9
Mar 6.2 3.9 5.0
Apr 5.3 4.6 6.7
May 9.3 6.9 10.3
Jun 225 12.0 15.0
Jul n 15.5 n
Aug 23.3 10.3 n
Sep 15.0 10.0 12.5
Oct 13.3 5.6 8.4
Nov 5.6 4.6 5.8
Dec 4.9 4.1 4.7

study area at intervas of 5-6 d on average. During the spring cruises, the average period
between frontal passages increased from 5 d in April to 9 d in May. During the summer
cruises, fronts rarely passed over the NEGOM study area.

For mean background wind fields, we used the COADSPACS Enhanced 1960-1997 data. The
Comprehensive Ocean-Atmosphere Data Set (COADS) is the most extensive collection of
surface marine data available for the world ocean. Monthly summaries on a 1-degree latitude by
1-degree longitude grid were completed in support of the Pan-American Climate Studies
(PACYS) Program, based on COADS Release 1b and la data for 1960-1997. The Enhanced
data set is based on data from ships plus other in situ platforms and employs wide sigma limits
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(4.5) to accommodate more extreme climate events. COADSPACS Enhanced data are provided
by the NOAA-CIRES Climate Diagnostics Center, Boulder, Colorado, from their Web site &
http://www.cdc.noaa.gov. For more information refer to Woodruff et al. (1987).

In determining the monthly mean wind climatology for the Gulf of Mexico, the average mean
wind velocity components were computed for each month based on the total values avallable a
each grid location. The mean vector was then assembled from the mean u and v components. In
Figures 3.1.1-1 through 3.1.1-12 are shown long-term mean monthly COADS wind fields.
Winds at grid locations having less than 6 years of data are not shown. Also shown are €lipses
of the principa axes of variance of monthly means for that month. For each of the 167 grid
pointsin the Gulf of Mexico we examined the number of individual monthly means available to
produce our long-term mean winds for al months. The percent of long term monthly means
versus number of years of individua monthly mean values on which they were based isgiven in
Table 3.1.1-3. Asan example, data were available for 36 years for 44% of the caculated long-
term monthly means.

Over the Gulf of Mexico, mean winds are generally toward the southwest from October
through February; toward the northwest from April through August; and westward in March
and September. Mean winds over the northeast Gulf of Mexico have a westward component in
every month. Beginning in October and continuing through February, there are southward
components to the monthly mean winds. This is especidly true over the inner shelf near
Florida, where mean southward components are seen also in March a some locations. The
mean winds are stronger during mid-winter. Winds with southward components along the west
coast of Florida (October-March) are favorable for coastal upwelling.

From April through August mean monthly winds a most northeast Gulf locations have a
component toward the north. Thisis also true for March and September with some exceptions,
such as near Tampafor March. During June and July the winds along the northern Gulf shelf
from the Mississippi River to Florida are onshore with some eastward alongshore components,
such winds should be favorable for producing coastal upwelling in that area. Winds over the
northeastern Gulf are generaly wesker than over the northwestern region except during
September through December.

In astudy of the heat and freshwater budgets of the Gulf of Mexico, Etter (1983) estimated the
rate of ocean heat storage in the upper 200 m of the water column. Using MBT and XBT data
from 1941-1980, he estimated the mean monthly heat storage for 23 gridded areas. The three
areas representing the NEGOM region are: 1° latitude x 2° longitude centered on 29.5°N, 86°W
and 29.5°N, 88°W; 2° latitude x 2° longitude centered on 28°N, 84°W. We have averaged the
monthly rates of heat storage for these three areas to obtain the rates shown in Table 3.1.1-4.

The mgority of heat loss occurs in the months October through February with a clear

maximum in November. Oceanic heat gain occurs from April through September with a clear
maximum in May and relatively smaller valuesin August and September.

17



8T

1
30N

28°N |—

m\ ﬁ@ﬁﬁ}é)‘@)@@)@@@%f

26°N —
24°N |—

22°N f—~""""%

20°N

Figure 3.1.1-1. COADS enhanced mean wind field and principal component ellipses for January. Data averaged
over the period 1960-1997. NEGOM study areaisindicated.
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Figure 3.1.1-2. COADS enhanced mean wind field and principal component ellipses for February. Data averaged

over the period 1960-1997. NEGOM study areaisindicated.
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Figure 3.1.1-3. COADS enhanced mean wind field and principal component ellipses for March. Data averaged
over the period 1960-1997. NEGOM study areais indicated.
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Figure 3.1.1-4. COADS enhanced mean wind field and principal component ellipses for April. Data averaged over

the period 1960-1997. NEGOM study areais indicated.
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Figure 3.1.1-5. COADS enhanced mean wind field and principal component ellipses for May. Data averaged over
the period 1960-1997. NEGOM study areais indicated.
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Figure 3.1.1-6. COADS enhanced mean wind field and principal component ellipses for June. Data averaged over

the period 1960-1997. NEGOM study areais indicated.
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Figure 3.1.1-7. COADS enhanced mean wind field and principal component ellipses for July. Data averaged over
the period 1960-1997. NEGOM study areais indicated.
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Figure 3.1.1-8. COADS enhanced mean wind field and principal component ellipses for August. Data averaged
over the period 1960-1997. NEGOM study areaisindicated.
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Figure 3.1.1-9. COADS enhanced mean wind field and principal component ellipses for September. Data averaged

over the period 1960-1997. NEGOM study areais indicated.
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Figure 3.1.1-10. COADS enhanced mean wind field and principal component ellipses for October. Data averaged
over the period 1960-1997. NEGOM study areaisindicated.
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Figure3.1.1-11. COADS enhanced mean wind field and principal component ellipses for November. Data averaged
over the period 1960-1997. NEGOM study areaisindicated.
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Figure 3.1.1-12. COADS enhanced mean wind field and principal component ellipses for December. Data averaged
over the period 1960-1997. NEGOM study areaisindicated.




Table 3.1.1-3. Available monthly COADS data at 167 grid pointsin the Gulf of Mexico.

Minimum percent of long- Y ears of
term monthly means avalable data
44 36
66 30
84 20
90 13
96 6

Table 3.1.1-4. Monthly mean ocean heat storage rates for NEGOM region adopted from Etter
(1983; persona communication 1999). Positive indicates oceanic gain of heat.

Month Rate of ocean heat storage (W-m™)
Jan -214
Feb -162
Mar -11
Apr 198
May 294
Jun 200
Jul 142
Aug 83
Sep 59
Oct -203
Nov -270
Dec -216

3.1.2 River Discharge Rates

Locations of gauging stations of the principa rivers discharging into the NEGOM region are
given in Figure 3.1.2-1. Table 3.1.2-1 shows the record-length mean daily discharge rate of
these rivers arranged in descending order of discharge. The mean daily discharge rates
bracketed by one standard deviation for these rivers are shown in Figures 3.1.2-2 through
3.1.2-12. These are based on the entire available record with the number of years of record
length (N) shown. If N is less than four, no standard deviation is shown. Also shown are the
daily discharge rates, as avaladle, for 1997, 1998, 1999, and 2000 through August. Scales are
variable.

Maximum mean discharge for these rivers generaly occurs between early March and mid-
April. The Mississippi River peak is in mid-April. Minimum mean discharge occurs between
early September and late November, with rivers in the west typicaly reaching their minimum
discharges before those in the east. The minimum in mean Mississippi River discharge is in
mid-September. River discharge conditions during each cruise are discussed in the respective
cruise summariesin appendices A through 1.

To comparetheriver discharge conditions preceding each cruise with the mean conditions, the
mean discharge and its standard deviation for the 30 days preceding each cruise were caculated
for selected mgor rivers and the record-length mean discharges for the same periods were
determined. Table 3.1.2-2 shows the mean river discharges associated with the 30-day period
prior to each cruise. In comparing the record-length mean with the cruise mean, the cruise mean
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Figure 3.1.2-1. Riversdischarging into the NEGOM study area and locations of associated gauging stations. Bathymetric
contours shown are 10, 20, 50, 100, 200, 500, and 1000 m.




Table 3.1.2-1. Record-length mean daily discharge rate for rivers discharging into the NEGOM
region.

River name and gauging station location Mean dai Iy Period of record
discharge (m*d™) (mm/dd/yyyy)

Mississippi River at Tarbert Landing, LA 1179905152 01/02/1930 to 11/14/2000
AlabamaRiver at Claiborne L&D, AL 80300248 10/02/1975 to 09/30/2000
Alabama River at Millers Ferry L&D, AL 78841648 05/01/1970 to 09/30/2000
Tombigbee River at Coffeeville L&D, AL 72714752 10/01/1960 to 09/30/2000
Apalachicola River near Sumatra, FL 63376308 10/01/1977 to 04/05/2001
Tombigbee River at Demopolis L&D, AL 57965020 08/01/1928 to 04/05/2001
Pascagoula River at Graham Ferry, MS 25858540 10/01/1993 to 04/05/2001
Escambia River near Molino, FL 18489804 11/20/1983 to 03/14/2000
Choctawatchee River near Bruce, FL 17389676 10/01/1930 to 04/05/2001
Suwannee River at Branford, FL 16984920 07/01/1931 to 04/05/2001
Pearl River near Monticello, MS 16549406 10/01/1938 to 04/05/2001
Escambia River near Century, FL 15352452 10/01/1934 to 04/05/2001
Ochlockonee River near Bloxham, FL 4200082 07/01/1926 to 04/05/2001
Yellow River at Milligan, FL 2826336 08/01/1938 to 04/05/2001
Perdido River at Barrineau Park, FL 1925047 06/09/1941 to 09/30/2000
Aucillanear Scanlon, FL 1340322 09/03/1976 to 10/07/1997
Blackwater River near Baker, FL 857140 04/01/1950 to 04/05/2001
Steinhatchee River near Cross City, FL 769451 03/01/1950 to 01/30/2000
Econfina River near Perry, FL 344564 02/01/1950 to 09/30/2000
Fenholloway River near Foley, FL 130394 10/01/1955 to 09/30/1999

was considered to be similar to the record-length mean if the range of the cruise mean plus or
minus the standard deviation encompassed the vaue of the record-length mean. Cases where
the cruise mean substantially exceeded the record-length mean indicate wet years,; cases where
the cruise mean was substantially below the record-length mean indicate dry years. During dl
cruises in 1998, the discharge from the Mississippi River preceding the cruises was
substantially above the record-length mean, indicating that there likely was an aove average
amount of fresh water over the western part of the study area during those cruises. In fal 1999
and spring 2000, however, the discharge before the cruises was substantially less than the mean,
suggesting there was a below average amount of fresh water over the western part of the study
areaduring those cruises. For the other rivers, only the Apaachicola River (spring 1998) and
Suwannee River (spring and fal 1998) had cruises preceded by discharges that were
substantially higher than the record-length mean. A number of rivers had discharges
substantially below the record-length means, particularly in spring 1999 and spring and
summer 2000. Note that the variability of the Mississippi River discharge is greater in spring
and summer than fall. Other rivers do not show a discernible seasonal pattern in variability.

A strong El Nifio beginning April 1997 and ending July 1998 overlapped cruises N1 and N2.
This event strengthened quickly during the summer of 1997, as evidenced by the multivariate El
Nifio - Southern Oscillation (ENSO) index (Wolter and Timlin 1998) and remained strong
until May 1998 when it diminished rapidly. Over the last 50 years, the 1997-98 El Nifio was
second in strength only to the 1982-83 El Nifio. Cruises N3 through N9 were conducted
during a moderate La Nifia which followed the 1997-98 El Nifio. Review of precipitation data
and the Palmer Drought Severity Index (PDSI) during the NEGOM study period shows that
the coastal regions of the northeast Gulf of Mexico were relaively wet during El Nifio and dry
during La Nifaevents. Thisisreflected further in the non-Mississippi River discharge data
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Table 3.1.2-2. Mean river discharges (in million m*d*) associated with the 30-day period prior
to each cruise for selected rivers. Given are the individual means and standard deviations for the
30-days prior to each cruise (CM: cruise mean; SD: cruise standard deviation) and the record-
length mean for that same 30-day period (RM: record mean). The Mobile Bay discharge rate
isacombination of discharges for the Tombigbee and Alabama rivers. Vaues in bold indicate
CM issubstantially greater than RM; italicsindicate CM is substantially less than RM.

N1 N2 N3 N4 N5 N6 N7 N8 N9

Mississippi River
RM 611.8 1901.7 1100.0 602.2 1871.6 845.5 602.2 1868.1 1061.3
CM 560.2 2262.0 1754.7 850.0 1813.0 973.4 399.5 1213.7 1286.2

SD 52.2 97.9 110.9 124.4 245.9 212.1 35.1 259.2 261.3
Mobile Bay

RM 75.3 268.7 82.1 70.6 214.5 63.5 70.6 323.2 79.2

CM 115.0 248.9 50.5 27.6 107.3 52.7 28.1 305.3 24.8

SD 75.0 80.0 21.8 5.2 53.4 26.4 8.6 160.0 4.0
Apalachicola River

RM 34.5 84.9 52.0 34.1 73.0 50.4 34.1 108.4 52.5

CM 45.3 117.8 40.0 40.1 26.3 45.9 19.3 62.4 13.8

SD 11.0 18.9 8.2 15.3 2.7 4.6 1.6 18.3 0.8
Pascagoula River

RM 9.3 39.1 144 8.9 37.3 12.6 8.9 48.2 14.2

CM 9.3 32.9 9.5 9.1 10.1 7.1 10.2 24.3 3.4

SD 3.2 11.6 3.8 25 24 2.3 10.0 10.0 11
Choctawhatchee River

RM 9.1 25.2 135 9.1 20.1 14.4 9.1 29.8 13.7

CM 10.1 24.7 7.3 17.8 9.9 15.2 7.3 11.6 3.6

SD 4.5 6.5 1.8 135 2.9 5.3 1.4 2.8 0.5
Suwannee River

RM 11.8 27.8 12.6 12.2 24.0 13.6 12.2 30.0 12.7

CM 14.6 44.2 9.7 23.4 6.2 55 5.1 7.2 4.0

SD 8.4 13.1 0.4 8.7 0.4 0.1 0.1 1.3 0.1
Pearl River

RM 4.0 33.3 6.3 3.7 28.5 5.9 3.7 35.2 6.3

CM 4.8 20.4 4.5 1.6 5.2 2.1 2.3 29.7 1.6

SD 2.1 13.6 3.0 0.3 3.7 0.5 1.8 25.9 0.2
Escambia River (Century)

RM 6.1 24.9 9.7 5.8 18.7 10.7 5.8 32.4 9.7

CM 7.1 22.9 6.0 10.6 9.2 11.8 5.2 8.9 19

SD 4.6 8.1 2.2 4.3 4.9 6.3 1.6 3.3 0.8

shown in Figures 3.1.2-2 through 3.1.2-12, where larger than normal river output is seen from
April 1997 through May 1998 and low output from July 1998 through December 2001.

Itismore difficult to interpret the Mississippi River discharge as measured at Tarbert Landing
(Figure 3.1.2-2, top panel) because of the influence of the many different climatic zones of the
central and northern United States that make up the Mississippi River drainage basins.
However, one can see that the Mississippi River discharge tends to be above normal during
1997-98 and at or below normal during 1999-2000. Quantifying the interannua variability that
is solely attributable to ENSO phenomena or a combination of ENSO with decadal scae
climate indicators such the North Atlantic Oscillation or the Pecific Decadal Anomaly is not
possible from the available data sets.
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Figure 3.1.2-2. Discharge ratesin 106 m3-day-1 for the Mississippi River and Mobile Bay
(Alabamat+Tombigbee). (thin line) daily discharge for 1997—2000, (thick
line) mean daily discharge averaged over N years, (dashed line) mean + one
standard deviation. Vertical lines show start and end dates of the cruises.
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Alabama Rlver at Clalborne L&D Near Monroevllle AL
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Figure 3.1.2-3. Discharge ratesin 106 m3-day-1 for the Alabama River (Claiborne and
Millers Ferry). (thin line) daily discharge for 1997-2000, (thick line) mean
daily discharge averaged over N years, (dashed line) mean + one standard
deviation. Vertical lines show start and end dates of cruises.
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Tombigbee River at Coffeevllle L&D Near Coffeewlle AL
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Figure 3.1.2-4. Dischargeratesin 106 m3.day-1 for the Tombigbee River (Coffeeville) and
ApaachicolaRiver. (thin line) daily discharge for 1997-2000, (thick line)
mean daily discharge averaged over N years, (dashed line) mean £ one
standard deviation. Vertical lines show start and end dates of cruises.
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Tombigbee River at Demopolls L&D Near Coatopa,AL
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Figure 3.1.2-5. Dischargerate in 106 m3.day

-1 for the Tombigbee River (Demopoalis) and

Pascagoula River. (thin line) daily discharge for 1997-2000, (thick line)
mean daily discharge averaged over N years, (dashed line) mean + one
standard deviation. Vertical lines show start and end dates of cruises.
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Figure 3.1.2-6. Dischargerate in 106 m3-day-1 for the Escambia River (Molino) and

Choctawhatchee River. (thin line) daily discharge for 1997-2000, (thick
line) mean daily discharge averaged over N years, (dashed line) mean £
one standard deviation. Vertical lines show start and end dates of cruises.
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Figure 3.1.2-7. Dischargerate in 106 m3-day-1 for the Suwannee River and Pearl River. (thin

line) daily discharge for 1997-2000, (thick line) mean daily discharge
averaged over N years, (dashed line) mean + one standard deviation. Vertical
lines show start and end dates of cruises.
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Figure 3.1.2-8. Discharge rate in 106 m3-day-1 for the Escambia River (Century) and

Ochlockonee River. (thin line) daily discharge for 1997-2000, (thick line)
mean daily discharge averaged over N years, (dashed line) mean + one
standard deviation. Vertical lines show start and end dates of cruises.
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Figure 3.1.2-9. Dischargerate in 106 m3-day-1 for the Y ellow River and Perdido River. (thin
line) daily discharge for 1997-2000, (thick line) mean daily discharge
averaged over N years, (dashed line) mean + one standard deviation. Vertical
lines show start and end dates of cruises.
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Figure 3.1.2-10. Discharge ratein 106 m3-day-1 for the Aucilla River and Blackwater River.
(thin line) daily discharge for 1997-2000, (thick line) mean daily discharge
averaged over N years, (dashed line) mean + one standard deviation.
Vertical lines show start and end dates of cruises.
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Figure 3.1.2-11. Dischargerate in 106 m3.day-1 for the Steinhatchee River and Econfina
River. (thin line) daily discharge for 1997-2000, (thick line) mean daily
discharge averaged over N years, (dashed line) mean + one standard
deviation. Vertical lines show start and end dates of cruises.
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Figure 3.1.2-12. Discharge ratein 106 m3-day-1 for the Fenholloway River. (thin line) daily
discharge for 1997-2000, (thick line) mean daily discharge averaged over
N years, (dashed line) mean + one standard deviation. Vertical lines show
start and end dates of cruises.




3.2 Other Time SeriesDuring the NEGOM-COH Program
3.2.1 Coastal and Selected Offshore Winds

The locations of surface meteorological stations from which long time series of winds were
observed is shown in Figure 3.2.1-1. For 1997-2000, the 40-hr low-passed wind components
for the stations indicated by solid triangles are shown in Figures 3.2.1-2 through 3.2.1-5.
Along-shelf components are positive upcoast (Mississippi to Tampa); cross-shelf components
are positive onshore. Table 3.2.1-1 gives the rotation angle rdative to local bathymetry used to
convert earth coordinates to along- and cross-shelf coordinates. A cursory inspection shows
considerable coherence between winds measured at stations in three sets: those shore stations
west of Cape San Blas, those shore stations southeast of Cape San Blas, and the offshore buoy
stations 42036, 42039, and 42040. The frequency of shifts in wind directions as well as wind
Speeds are notably greater in non summer than in summer.

3.2.2 SeaSurface Temperature from Offshore Buoys

Sea surface temperature (SST) was measured a six of the meteorologica stations: buoys
42007, 42040, 42039, and 42036, and stations DPIA1 and VENFL1. Locations are shown in
Figure 3.2.1-1. The 40-hr low-passed SST for each of these stations are given in Figures 3.2.2-
1 through 3.2.2-4. The most notable pattern is the annual cycle of heating and cooling.

Table 3.2.1-1. Along-shelf directions & meteorological stations relative to loca bathymetry.
Angles are given relative to degrees true north. Cross-shelf direction is to the left of the along-
shelf.

Station Along-shelf angle
(° true N)
BURL1 55
42007 45
DPIAL 90
CSFB1 120
KTNF1 135
CDRF1 147
VENF1 160
42040 65
42039 125
42036 140

45



or

31°N

L L Georgia
30°N
KTINF1
29°N cD "‘;‘,
42036
28°N J
)
21°N VENFI
26°N | o °
42001 42003
| | | | | | |
90°W 89°W 88°W 87°W 86°W 85°W 84°W 83°W 82°W

Figure 3.2.1-1. Locations of surface meteorological stations in the NEGOM region. Triangles denote wind component time series
stations in Figures 3.2.1-2 through 3.2.1-5. Except for buoy 42053, all stations were used for computation of the
gridded wind field.
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(b) Crossrshelf Wind Speed
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Figure 3.2.1-2. Along-shelf (a) and cross-shelf (b) wind components for 1997. (continued)
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(a) Along-shelf Wind Speed
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Figure 3.2.1-3. Along-shelf (a) and cross-shelf (b) wind components for 1998.
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(b) Cross-shelf Wind Speed
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Figure 3.2.1-3. Along-shelf (a) and cross-shelf (b) wind components for 1998. (continued)
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Figure 3.2.1-4. Along-shelf (a) and cross-shelf (b) wind components for 1999.
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(b) Cross-shelf Wind Speed
I

oww Wil

KKKKK

TS
%é
?
']
%g
= F

CCCCC

E
& ;
g g ‘ g
w w
- [} O
=
C\B
B——
=
-
T =
[, S
S =
Ek\

| | |
Jan Feb Mar Ap May J Jul Aug Sep Oct Nov Dec
1999

Figure 3.2.1-4. Along-shelf (a) and cross-shelf (b) wind components for 1999. (continued)
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(2) Along-shelf Wind Speed

OMWM

Speed (m-s)
o\{?b\ \
== j.
?é

- ; ;
é%
= £ 4
= =

= @@ =

o O O o
—F= T
—
—
= =
=
=
=

ow Wwww w

)

BBBBB

CCCCC

MWMWWMWW

it At

| \’ g | |

2000

| | | | NB\ | |
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 3.2.1-5. Along-shelf (a) and cross-shelf (b) wind components for 2000.
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3.2.1-5. Along-shelf (a) and cross-shelf (b) wind components for 2000. (con

tinued)
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Figure 3.2.2-2. Near-surface 40-hr low-pass water temperature for NDBC stationsin the
NEGOM region in 1998. The baseline (dashed) for each record starts at
15°C.
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Figure 3.2.2-3. Near-surface 40-hr low-pass water temperature for NDBC stationsin the
NEGOM region in 1999. The baseline (dashed) for each record starts at
15°C.
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Figure 3.2.2-4. Near-surface 40-hr low-pass water temperature for NDBC stationsin the
NEGOM region in 2000. The baseline (dashed) for each record starts at
15°C.
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3.2.3 SeaSurface Height Fields

Sea surface topography derived from satellite atimeter data can be a vauable tool for
interpretation of the off-shelf forcing functions from mesoscale eddies and smilar features
(e.g., see Jochens 1997). Weekly distributions of sea surface height (SSH) for the Gulf of
Mexico north of 25°N and east of 90°W are presented in the figures of this section for the
period of the NEGOM-COH field program.

The SSH fields are based on a product prepared by Dr. Robert Leben of the University of
Colorado (CU) using a combination of dtimeter data from the TOPEX/Poseidon and ERS-2
satellites with 10-day and 35-day repeat orbits, respectively. Sea surface height anomaly
(SSHA) values from the two altimeters are combined by objective analysis to produce SSHA
daily fields at the mid-point of the cycle using tempora and spatial decorrelation scales of
approximately 12 days and 100 km (Sturges and Leben 2000; Hamilton et a. 2000; Lillibridge
et a. 1997; Leben et a. 2002). This processing includes the remova of the Ohio State
University Mean SeaLevel (OSU MSL; Yi 1995). The OSU MSL is an estimate of the geoid
plus an unknown mean sealevel departure from the geoid due to ocean circulation. An estimate
of the mean sea surface height associated with ocean circulation was computed by averaging the
sea surface height output of the high-resolution hindcast implementation of the CU Princeton
Ocean Model for the period 1993-1999 (see Nowlin et a. 2001 for additional information on
the model). The mean departure of the non-geoid portion of the OSU MSL from the mean sea
level for the period 1993-1999 can be estimated from the residual obtained by averaging the
daily SSHA fieldsfor that period. To obtain a best estimate of the SSH due to ocean circulation
for agiven day, the resdua mean SSHA for 1993-1999 is subtracted from the SSHA for the
day of interest and then the model mean sea surface height for 1993-1999 is added to the result.

In this synthesis, near-surface velocity fields prepared from shipboard ADCP measurements,
fields of surface geopotential anomaly relative to a subsurface reference, and fields of SSH
based on satellite altimetry measurements are compared. Often the comparisons are favorable,
but sometimes they are not. We should note and remember that there are various reasons why
the comparisons might not be favorable. First, the ADCP-derived fields are based on direct
measurements that include not only geostrophic but other current components as wdl, while the
interpretations of surface currents based on SSH or geopotential anomaly fields assume
geostrophic flow only. Moreover, the ADCP measurements begin at a subsurface level (perhaps
12-15 m deep), not the surface.

Then, there are the adiasing problems to be considered. Because of the repeat cycles of the
atimetric satellites (10 and 35 d) and the spatial and tempora averaging (100 km and 12 d)
applied in producing the SSH fields, the SSH fields are not expected to capture accurately fast
moving or quite small current features. Moreover, the fact that each cruise took some 8-10 days
to complete means that the ADCP-measured currents and the density profiles used for
geopotential anomalies are aliased aswell. Finaly, it should be noted that geopotential anomaly
fields are relative to a selected deeper reference level. Their computations require the application
of interpolation techniques which, if extended onto the shelf, may result in estimated
geostrophic currents with undetermined errors.

Therefore, we have attempted to keep these problems in mind when interpreting surface current
fields based on these techniques. When there were differences, we have tried to ascertain why
and which representation might be more faithful to redlity. A key technique in such
determinationsisto examine the distributions of observed properties and the timing (order) in
which the cruise track (stations) was (were) carried out.
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Figures 3.2.3-1 through 3.2.3-38 show one SSH field per week from 1 October 1997 through
23 August 2000. Given the tempora decorrelation scale, one SSH field per week provides the
information on the off-shelf eddy forcing conditions necessary for data interpretations. It
should be noted that, because of the spatial and tempora smoothing, features may appear
wesker than they actualy were and small scale features may not be resolved. Contours for
regions with water depths less than 200 m have been removed because Jochens (1997) has
shown that the correlation between SSHA and geopotential anomaly constructed from in situ
data deteriorate with decreasing water depth on the Texas-Louisiana continental shelf.

The SSH fieldsreveal severa general features associated with the off-shelf eddies forcing field.
The Loop Current and Loop Current eddies (LCE) generally were located south of 27.5°N and
did not directly influence the NEGOM study area. Neither the Loop Current nor an LCE were
present in the study area during the cruises. The region most influenced directly by these
features was located in the southeast part of the NEGOM study area over the west Florida
Slope off Tampa. An example occurred from late February through early April 1998 when LCE
Fourchon was breaking off the Loop Current and was adjacent to the shelf edge and sope off
Tampa (Figures 3.2.3-5 through 3.2.3-7).

Cyclonic eddies often were |ocated north and/or east of the Loop Current or LCEs (e.g., Figure
3.2.3-1). Some of these influenced the NEGOM dope and shelf edge regions (e.g., Figure
3.2.3-25). Development of smdl (~100 km diameter) anticyclonic slope features occurred,
particularly adjacent to the Mississippi-Alabama shelf over the DeSoto Slope. These
anticyclonic features sometimes developed the ring-like characteristic of eddies and intensified
when a Loop Current Eddy moved westward and separated from the Loop Current. For
example, in fall 1999 an anticyclonic dope eddy, located over the DeSoto Slope, intensified and
then weakened as Loop Current Eddy Juggernaut moved westward, after separation from the
Loop Current, and then out of the eastern Gulf (Figures 3.2.3-29 and 3.2.3-31; in Figure 3.2.3-
29, Juggernaut is the feature with center about 89.5°W 26°N and the Loop Current is the
feature with center about 86°W south of 25°N). Details on the SSH fields associated with each
NEGOM cruise are provided in the sections describing those cruises.
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(b) 25 February 1998, (c) 4 March 1998, and (d) 11 March 1998.
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Figure 3.2.3-7. Seasurface height from satellite altimeter data for (a) 18 March 1998,
(b) 25 March 1998, (c) 1 April 1998, and (d) 8 April 1998.
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Figure 3.2.3-8. Sea surface height from satellite altimeter datafor (a) 15 April 1998,
(b) 22 April 1998, (c) 29 April 1998, and (d) 6 May 1998.
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Figure 3.2.3-9. Sea surface height from satellite altimeter datafor (a) 13 May 1998,
(b) 20 May 1998, (c) 27 May 1998, and (d) 3 June 1998.
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Figure 3.2.3-10. Sea surface height from satellite altimeter datafor (a) 10 June 1998,
(b) 17 June 1998, (c) 24 June 1998, and (d) 1 July 1998.
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Figure 3.2.3-11. Seasurface height from satellite atimeter data for (a) 8 July 1998,

(b) 15 July 1998, (c) 22 July 1998, and (d) 29 July 1998.
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Figure 3.2.3-12. Sea surface height from satellite altimeter datafor (a) 5 August 1998,
(b) 12 August 1998, (c) 19 August 1998, and (d) 26 August 1998.
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Figure 3.2.3-13. Sea surface height from satellite altimeter data for (a) 2 September 1998,
(b) 9 September 1998, (c) 16 Setpember 1998, and (d) 23 September 1998.

73




31°N 31°N
30°N ) 30°N -
Contou interval Contou interval
is2.5cm 5cm

29°N 29°N

28°N 28°N

27°N 27°N

26°N 26°N

25°N - 25°

90°W 89°W 88°W 87°W 86°W 85°W 84°W 90°W 89°W 88°W 87°W 86°W 85°W 84°W

31°N 31°N
30°N 30°N =
Contou interval Contou interval
is2.5cm is2.5cm

29°N 29°N
28°N 28°N
27°N 27°N

v C
26°N 26°N )

2 \\

25°N o R

90°W 89°W 88°W 87°W 86°W 85°W 84°W 90°W 89°W 88°W 87°W 86°W 85°W 84°W

Figure 3.2.3-14. Seasurface height from satellite altimeter data for (a) 30 September 1998,
(b) 7 October 1998, (c) 14 October 1998, and (d) 21 October 1998.
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Figure 3.2.3-15. Sea surface height from satellite altimeter data for (a) 28 October 1998,
(b) 4 November 1998, (c) 11 November 1998, and (d) 18 November 1998.

75



31°N 31°N
30°N (&4 ; 30°N .
Contou interval Contou interval
is2.5cm 5cm

29°N 29°N

28°N 28°N |-

27°N |- 27°N

26°N 26°N

25°N 25°N

90°W 89°W 88°W 87°W 86°W 85°W 84°W 90°W 89°W 88°W 87°W 86°W 85°W 84°W

31°N 31°N

30°N & 30°N

-

Contou interval
is25cm

Contou interval
5cm

29°N 29°N

28°N 28°N
27°N 27°N |+

26°N 26°N

25°N - 25°N
90°W 89°W 88°W 87°W 86°W 85°W 84°W 90°W 89°W 88°W 87°W 86°W 85°W 84°W

Figure 3.2.3-16. Sea surface height from satellite altimeter datafor (a) 25 November 1998,
(b) 2 December 1998, (c) 9 December 1998, and (d) 16 December 1998.
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Figure 3.2.3-17. Sea surface height from satellite altimeter data for (a) 23 December 1998,
(b) 30 December 1998, (c) 6 January 1999, and (d) 13 January 1999.

77



31°N 31°N

30°N [ 4 30°N

Contou interval

Contou interval
is2.5cm

5cm

29°N 29°N

28°N 28°N |5
27°N 27°N
26°N 26°N

o

25°N

31°N 31°N

30°N B 4 30°N

-

Contou interval
is25cm

Contou interval
5cm

29°N 29°N

28°N 28°N
27°N |- 27°N

26°N [ 26°N

250N ——1- SIS N
90°W 89°W 88°W 87°W 86°W 85°W 84°W  90°W 89°W 88°W 87°W 86°W 85°W 84°W

Figure 3.2.3-18. Sea surface height from satellite altimeter datafor (a) 20 January 1999,
(b) 27 January 1999, (c) 3 February 1999, and (d) 10 February 1999.
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Figure 3.2.3-19. Sea surface height from satellite altimeter datafor (a) 17 February 1999,
(b) 26 February 1999, (c) 3 March 1999, and (d) 10 March 1999.
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Figure 3.2.3-20. Sea surface height from satellite altimeter datafor (a) 17 March 1999,
(b) 24 March 1999, (c) 31 March 1999, and (d) 7 April 1999.
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Figure 3.2.3-21. Seasurface height from satellite altimeter datafor (a) 14 April 1999,
(b) 21 April 1999, (c) 28 April 1999, and (d) 5 May 1999.
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Figure 3.2.3-22. Sea surface height from satellite atimeter datafor (a) 12 May 1999,
(b) 19 May 1999, (c) 26 May 1999, and (d) 2 June 1999.
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Figure 3.2.3-23. Sea surface height from satellite atimeter data for (a) 9 June 1999,
(b) 16 June 1999, (c) 23 June 1999, and (d) 30 June 1999.
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Figure 3.2.3-24. Seasurface height from satellite atimeter datafor (a) 7 July 1999,
(b) 14 July 1999, (c) 21 July 1999, and (d) 28 July 1999.
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Figure 3.2.3-25. Sea surface height from satellite altimeter data for (a) 4 August 1999,
(b) 11 August 1999, (c) 18 August 1999, and (d) 25 August 1999.
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Figure 3.2.3-26. Sea surface height from satellite altimeter datafor (a) 1 September 1999,
(b) 8 September 1999, (c) 15 September 1999, and (d) 22 September 1999.
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Figure 3.2.3-27. Sea surface height from satellite altimeter datafor (a) 29 September 1999,
(b) 6 October 1999, (c) 13 October 1999, and (d) 20 October 1999.

87



31°N 31°N

30°N B 4 30°N

-

Contou interval
is2.5cm

Contou interval
5cm

29°N 29°N

28°N |- 28°N BONS
‘\7\\@3
%

27°N y 27°N K \\\\3

26°N 26°N =~

25°N | ]
90°W 89°W 88°W 87°W 86°W 8 90°W 89°W 88°W 87°W 86°W 85°W 84°W

(]

T — - 2
Co TN

31°N

30°N ¥ %

-

Contou interval Contou interval

5cm is25cm
29°N 29°
28°N 28°
3
27°N 27°N E \?’l\
26°N 26°N S )
=2 |
v 2520 O~ /
25°N - o = a8\
90°W 89°W 88°W 87°W 86°W 85°W 90°W 89°W 88°W 87°W 86°W 85°W 84°W

Figure 3.2.3-28. Sea surface height from satellite altimeter data for (a) 27 October 1999,
(b) 3 November 1999, (c) 10 November 1999, and (d) 17 November 1999.
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Figure 3.2.3-29. Sea surface height from satellite altimeter data for (a) 24 November 1999,
(b) 1 December 1999, (c) 8 December 1999, and (d) 15 December 1999.
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Figure 3.2.3-30. Sea surface height from satellite altimeter data for (a) 22 December 1999,
(b) 29 December 1999, (c) 5 January 2000, and (d) 12 January 2000.
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Figure 3.2.3-31. Sea surface height from satellite altimeter datafor (a) 19 January 2000,
(b) 26 January 2000, (c) 2 February 2000, and (d) 9 February 2000.
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Figure 3.2.3-37. Seasurface height from satellite atimeter datafor (a) 5 July 2000,
(b) 12 July 2000, (c) 19 July 2000, and (d) 26 July 2000.
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4 CIRCULATION AND ITSVARIABILITY

Presented in this section are interpretations of the circulation and its variability as based on
observations collected during the study period and from selected data analyses. In Section 4.1
are presented our inferences regarding surface currents at the time of each cruise based on
multiple measurement techniques. Then, the annual cycle of surface currents from surface
drifters is presented in Section 4.2. It should be noted that the time series is too short to
establish this cycle with any great degree of certainty. The space-time pattern of low frequency
currents, based on EOF analysis of ADCP measurements is given in Section 4.3. Section 4.4
gives an examination of wind fields as potentia forcing of nearshore coastal currents and the
observed response. The potential for forcing on-shelf circulation by off-shelf circulation
features is estimated in Section 4.5, and an attempt is made to relate such forcing to currents
over the outer shelf. Finally, in Section 4.6 we give some conclusions.

Throughout this report we refer to currents with upcoast and downcoast components. These
terms are used in the sense of how a Kelvin wave would propagate on this shelf, with downcoast
having land on the right in the direction of propagation.

4.1  Current Fields Inferred from Multiple Techniques During NEGOM Cruises

In this section gridded fields of currents measured in vertical bins centered between 10 and 14
m are presented for each cruise as indicators of the circulation patterns during the times of the
cruises. They are compared with appropriate off-shelf fields of SSH (presented in Section 3)
and with fields of vector winds averaged over the cruise periods and of geopotential anomaly of
3 mrelaiveto 800 m (presented by cruise in Appendices A through 1). Drifters were released
during five of the cruises. Trgectories are presented and compared with other indicators of
near-surface circulation. In considering these comparisons, the reader is advised to keep in mind
the implications of the aliasng of the fields of SSH, ADCP, and geopotentia anomaly
discussed in Section 3.2.3.

In preparing the gridded fields of ADCP current vectors, repested ADCP measurements over
the same area during individual cruises have been removed; this may have removed some of the
variability that might be seen in the ADCP vectors aong cruise tracks shown in Appendices A
through | describing the individua cruises. Then, gridded fields were produced using GMT.
This may have reduced the effects of inertia oscillations and variability in generd, but the
ADCP measurements still contain high frequency motions such as tides and interna waves.

Current measurements using the shipboard ADCP were not detided prior to analysis for this
report. Tides and inertial motions present in the ocean a the time of the measurements may
introduce unwanted variability and, therefore, may be a source of noise in some of the
caculations. Prior current meter studies from the west Florida shelf indicate that the percentage
of total kinetic energy resulting from tida motions in water depths greater than 50 m is low.
Koblinsky (1979) reports that less than 10% of the total kinetic energy between 50 and 200 m
on the west Florida shelf is due to semi-diurna tides; thirty-two percent is contained in the
diurna band. A considerable portion of the diurnal energy, however, is incoherent with the tida
potential and presumably is related to local wind forcing and inertiadl motions. Marmorino
(1983b) reports that 95% of the total kinetic energy off Cape San Blas (where the shelf narrows
and tidal current ellipses diminish) is in the low (sub-inertial/tidal) frequencies. Inshore of the
20-m isobath on the west Florida shelf, tides can account for up to 85% of the observed kinetic
energy (Marmorino 1983a). Because most of the study was in water depths greater than 20 m
and because tidal current amplitudes decrease both offshore and to the west of the west Florida
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shelf, we consider 20% to be an upper bound for the percentage of total kinetic energy
attributable to tides.

If it is desired in future studies to remove tidd motions contained in shipboard ADCP
measurements, we recommend using the ADCIRC tidal model for the Gulf of Mexico, which is
driven at the open boundaries using aglobal model of the form of Tiernay et a. (2001). Inertia
motions will continue to be a source of unwanted variability; however, estimates for the
percentage of kinetic energy due to inertid motions in the shipboard measurements may be
obtained if nearby long-term fixed or moored observations are available.

To estimate geopotential anomaly values a stations shalower than 800 m, the geopotentia
anomaly relative to 800 m was calculated first for an off-shelf station deeper than 800 m. Then,
following the method of Montgomery (1941), the specific volume anomaly vaues aong the
bottom were extrapol ated to obtain contributions of geopotential anomaly to the deepest sample
depth of successively shalower stations. The implications of this method were discussed by
Csanady (1985). To the extent that the bottom potential density is not uniform along isobaths,
the estimation will not be independent of path of integration and caution is advised in
interpreting results.

The drifter measurements presented here are from water-following drifters deployed on behalf
of the MMS during selected NEGOM cruises. They are designed so they should follow the
water of the upper meter of the water column. Thus, their trgectories are expected to display
more Ekman effect than the ADCP measurements.

Cruise N1, 16-27 November 1997. The gridded ADCP currents at 10-12 meters observed on
cruise N1 are shown in Figure 4.1-1. During this period an anticyclone was located over the
western slope with center near 28.5°N, 88°W and moving eastward; a cyclone was off-shelf to
the southeast centered near 28°N, 86.5°W (Figure 3.2.3-3a). The influence of both these
featuresis clear in the geopotential anomaly field at 3 m relative to 800 m (Figure A.2-5) where
the anticyclonic feature appeared to extend onto the eastern flank of DeSoto Canyon. The effect
of the anticyclone likewise is clear in the ADCP field at the shelf edge south of Mississippi-
Alabama; the cyclone is not seen. In both the ADCP and geopotential anomaly fields there is
evidence of another anticyclonic feature over the slope south of about 28°N.

Winds during this period (Figure A.1.1-1) were downcoast west of about 84°W and there is
some indication of downcoast nearshore flow in the ADCP field. West of Cape San Blas, the
geopotential anomaly inshore of the 50-m isobath does not agree well with ADCP measured
currents—indicating instead cross-isobath flow. Over the west Florida shelf in the Big Bend
region both dynamics and ADCP show a cyclonic circulation centered on line 10. The inshore
closureis not so clear in the ADCP field with indications of upcoast flow on the inshore portion
of thisline, which would agree with an upcoast component of a ong-coast wind in the area.

Trajectories of the four drifters deployed during cruise N1 (Figure 4.1-2) appear to follow
reasonably well the geopotential anomaly pattern over the outer shelf and slope. The drifter
deployed over the inner shelf between Pensacola and Panama City first moved up and
downcoast, probably in avarying coastal current, and then moved southeast.

Cruise N2, 5-16 May 1998. The 14-m ADCP current field is shown in Figure 4.1-3. The
principal features over the outer shelf and slope are a region of apparent divergence centered
near 28.7°N, 86.5°W and three regions of anticyclonic flow: a small feature centered near
88.5°W, a closed fesature over DeSoto Canyon (centered near 29.4°N, 87°W), and part of a
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strong festure with center somewhere off-shelf near 27.5°N. These anticyclonic features are
clearly seen in the geopotentia anomaly of 3 m reative to 800 m (Figure B.2-1). The surface
divergence region was located between the central and eastern anticyclones. These two off-shelf
anticyclones are seen in the SSH field (Figure B.1.3-1).

Over the inner shelf from Mobile Bay to somewhat past Cape San Blas both geopotentia
anomaly and ADCP fields show strong upcoast flow. This might be attributed to a combination
of the effect of the anticyclone over DeSoto Canyon and a wind regime dlightly favorable for
upcoast flow in that same areafor the period of the cruise (Figure B.1.1-1). Over the inner shelf
in the Big Bend area the dynamics and ADCP results generdly indicate onshore drift north of
Tampa and upcoast flow off Tampa and to the south.

The traectories for surface drifters released on cruise N2 are shown in Figure 4.1-4. We
examined the beginning portions of individua trgjectories and found them to be in reasonably
good agreement with circulation indicated by other fields.

Cruise N3, 25 July—7 August 1998. The gridded 14-m ADCP currents are shown in Figure
4.1-5. Shown here and in the 3 m relative to 800 m geopotential anomaly field (Figure C.2-4) is
the strong effect over the outer shelf and slope of an off-shelf anticyclone. That feature was
elongated northwest-southeast with a center approximately at 28.5°N, 87.5°W during the cruise
period (Figures 3.2.3-11 and 3.2.3-12a). The closed circulation in that festure as well as the
strong upcoast flow over the outer shelf and slope are confirmed also by surface drifter
trajectories (Figure 4.1-6).

Over the inner shelf thereisevidence in the ADCP field of a cyclone centered over the apex of
DeSoto Canyon but extending over much of the Alabama-Mississippi shelf as wel, and
probably associated with the northward flow over the Mississippi shelf. A cyclone was over the
inner shelf in the Florida Big Bend centered about line 10 according to ADCP vectors. The
inshore closure of that feature by northward flow is seen in severa of the drifter trgjectories.
Winds were weak during cruise N3 (Figure C.1.1-1) but were consistent with downcoast flow
west of Cape San Blas. The geopotential anomaly field (Figure C.2-4) agrees rather well with
the ADCP field over the inner shelf west of Cape San Blas; the cyclone pictured on the west
Florida shelf in the geopotentia anomaly field is displaced northwestward to give a center
between lines 8 and 9, rather than on line 10.

Cruise N4, 13-24 November 1998. For this cruise period, the SSH fields (Figures 3.2.3-15c, d,
and 3.2.3-16a) showed a weak anticyclone centered about 28.5°N, 88°W and a continued
lowering of sealevel into DeSoto Canyon. The ADCP 12-m vectors for cruise N4 (Figure 4.1-
7) exist only for the region offshore and west of Pensacola. Shown in that pattern is strong
downcoast inshore flow and weak upcoast flow over the shelf edge and slope. Thisis consonant
with strong downcoast wind components west of the Suwannee River during the cruise period
(Figure D.1.1-1) and aweak off-shelf anticyclone.

That pattern of inner shelf flow west of DeSoto Canyon is grestly at odds with the geopotentia
anomaly at 3 m relative to 800 m (Figure D.2-4) which shows cross-shelf contours over the
entireinner shelf. The drifter trgjectories over the Alabama shelf (Figure 4.1-8) showed aong-
shelf currents, al'so at odds with the dynamics. Drifter trgjectories east of DeSoto Canyon give
evidence of upcoast flow for three trgjectories located over the mid-shelf to slope. According to
the dynamics, alarge, if wesk, cyclone extended across the entire west Florida shelf southeast of
Cape San Blas.
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Cruise N5, 15-28 May 1999. During this cruise period alow in SSH was located south of the
region (Figures 3.2.3-22a-c). It was eongated with its center stretching from about 28.2°N,
88.5°W to 28°N, 86.5°W. It was relatively wesk, with center depressions of 15-20 cm, and
extended to the shelf edge only south of the Mississippi Delta. No evidence of that feature is
seen in the gridded ADCP field (Figure 4.1-9) or the geopotential anomaly field at 3 m relaive
to 800 m (Figure E.2-2). Both of the |atter fields agree well over the outer shelf showing a low
around the mouth of the Mississippi, asmall closed cyclone over the shelf edge near 88.5°W, a
week cyclone over DeSoto Canyon centered near 29.2°N, 86.8°W, and a quite strong
anticyclonic feature off-shelf west of Tampa.

Over the inner shelf, the geopotential anomaly field is consistent with upcoast coastal flow west
of Cape San Blas, with a closed clockwise circulation centered south of Pensacola. The ADCP
field shows upcoast flow over the entire shelf (inner and outer) west of Cape San Blas. In the
Big Bend region the geopotential anomaly was essentialy flat while the ADCP field showed a
large-scale cyclonic circulation with strong cross-shelf components (20 cm-s*) but no closure
nearshore was measured. Winds during the cruise (Figure E.1.1-1) were quite varigble,
especialy over the western shelf, with mean along-shelf components upcoast east of Pensacola.

Cruise N6, 15-28 August 1999. Before and during the cruise period, SSH analyses (Figures
3.2.3-25a-d) showed development of an anticyclonic feature centered near 28°N, 87°W as an
extension of a much stronger anticyclonic feature to the south. SSH was shown to decrease
onshore to the 200-m isobath. That is in rather good agreement with the geopotential anomaly
of 3 m reative to 800 m (Figure F.2-1) and the gridded ADCP field (Figure 4.1-10). The
geopotential anomaly field shows strong upcoast currents over the outer shelf and dope with an
anticyclonic extension into the DeSoto Canyon; the ADCP field shows mixed directions south
of Mississippi-Alabama.

Over the inner west Florida shelf, there is some evidence of a clockwise flow pattern in the
ADCP fidds, but the geopotential anomaly shows a cyclone. Both patterns are very wesk and
likely unréliable indicators of the actua flow regime at the time. Wind fields during the cruise
period were weakly downcoast in this area and upcoast west of Cape San Blas with smal to
moderate variability (Figure F.1.1-1) in agreement with the field of geopotential anomaly.

Cruise N7, 13-25 November 1999. The gridded ADCP field (Figure 4.1-11) shows for the
dope: downcoast flow west of DeSoto Canyon, upcoast flow from the canyon axis to about
86.5°W, and evidence of an off-shelf cyclone southeast thereof. This is in agreement with
currents indicated by the SSH fields during the cruise (Figures 3.2.3-28d and 3.2.3-29a).
Those fields show cyclones off-shelf aong the study area west of DeSoto Canyon and to the
southeast with upcoast flow aong the lope in between. Drifter trgjectories a so give evidence of
an off-shelf cyclone in the western study area and upcoast flow over the slope east of DeSoto
Canyon (Figure 4.1-12). Both ADCP and geopotential anomaly fields (Figure G.2-2) show a
low over the southeastern flank of DeSoto Canyon, the cyclonic flow over the slope off Tampa,
and upcoast flow over the slope in between. Otherwise, the geopotentia anomaly field generally
is not in agreement with the ADCP field.

Winds during the cruise (Figure G.1.1-1) were rather strong with moderate variability over the
inner shelf. They had upcoast along-shelf components from Tampa to somewhat northwest of
the Suwannee River mouth; farther westward they were favorable for driving downcoast
currents. Thisis in good agreement with the ADCP field over the Big Bend region. However,
west of Cape San Blas the measured nearshore currents were upcoast. Surface drifters in that
nearshore region generally moved downcoast, presumably in response to the wind forced
coastal current.
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Figure 4.1-9. Gridded ADCP-measured currents at 14 m on NEGOM Cruise N5, 15-28 May 1999.




44"

31°N

30°N
N

29°N —

28°N

Mississippi  |Alabama Florida
Mobile 1

(’é"*/'\rkzoz

VP2 VN O N AV X
NN« ¢ ¢ » N 'v

\\’\'\\&ﬁkka)d

”ﬂ'fMK

/4
k

50 cm-st? \;\/

[ S
1 <
71 v <«

27°N
90°W

89°W 88°W 87°W 86°W 85°W 84°W 83°W 82°W

Figure 4.1-10. Gridded ADCP-measured currents at 14 m on NEGOM Cruise N6, 15-28 August 1999.




€lt

31°N

30°N
N

29°N —

28°N

27°N

Mississippi

A |abama
Mobile 1

Florida

N . g
achicolaz=
5 -

VoV
ﬂ/»/ﬁiv

PMA T S5 5 v e

A Zi\;gk(/

A
N
v N =
~ 2t

vy ™ (~
CER-E

\

7‘222) Lot

90°W

T
89°W

T T
85°W 84°W

83°W

82°W

Figure 4.1-11. Gridded 38kHz ADCP-measured currents at 14 m on NEGOM Cruise N7, 13-25 November 1999.




141

31°N

Mississippi  |Alabama Florida L& Georgia
Mobile 1 @
N Pascagoula’ (Pensagol &1/%. %
) = G £ A \ N\ jl‘_‘\.{- 5 & J
N Ve “Apalachicola:
A ‘ : - 3 <
S g
S
v
29°N -
g S
28°N - = P b
2N SR V
o %% 8 g %%
. N7 Cruise drifters 23 3 \ N
27°N | | | | | | |
90°W 89°W 88°W 87°W 86°W 85°W 84°W 83°W 82°W

Figure 4.1-12. Trajectories of NEGOM drifters (drogued in the upper meter) deployed during cruise N7. Trajectories are
continued for about one month (18 December 1999) past the cruise period. Stars denote drifter deployment
locations.



Cruise N8, 15-26 April 2000. SSH fields during the cruise period (Figures 3.2.3-34a-C)
showed an anticyclone centered over the shelf break near 88.5°W, a week anticyclone centered
near 29°N, 86.5°W, and a cyclonic system further off-shelf and to the southeast. This is in
agreement with the geopotential anomaly of 3 m relative to 800 m dynamic (Figure H.2-3). The
gridded ADCP fidd (Figure 4.1-13) shows a similar pattern south of the Louisiana
Mississippi, but the ADCP currents are not coherent over the DeSoto Canyon region. The
geopotential anomaly field is in poor agreement with ADCP currents over the inner shelf.
Winds during cruise N8 (Figure H.1.1-1) were upcoast favorable at al locations though quite
variable during the cruise period. However, they were quite week aong the Mississippi and
Alabama coadt, strongest in the central study area, and amost onshore closer to Tampa Bay.
The nearshore ADCP currents show good agreement with the expected pattern of wind-driven
coastal currents.

Cruise N9, 29 July—8 August 2000. According to SSH fields, a reatively strong anticyclone
was located over the slope extending from just southeast of the Mississippi Delta to near
86.5°W during the cruise period (Figures 3.2.3-38a-b). This is seen in both the geopotentia
anomaly for 3 mrelativeto 800 m (Figure 1.2-2) and the gridded ADCP field (Figure 4.1-14).
Another large anticyclonic feature is seen in both fields centered near 28.5°N, 86.6°W and
dominating the outer shelf and dslope circulation. In generd, the ADCP currents and
geopotential anomaly field agree rather well for this cruise with two exceptions. From Cape San
Blas to Pensacola, ADCP currents nearshore were westward but isopleths of geopotentia
anomaly were cross-shelf over most of this region. In the Big Bend area, both fields give
evidence of alarge cyclonic feature centered near the 50-m isobath; ADCP vectors do not show
inshore closure (i.e., downcoast flow) although the winds were downcoast favorable over that
areaduring the cruise (Figurel.1.1-1).

4.2  TheAnnual Cycle of Currentsfrom Surface Drifters

Prior to the beginning of the NEGOM Chemical Oceanography and Hydrography study, MM S
supported the release of surface water following drifters (called SCULP 11 for the Surface
Current Lagrangian Program) over the study area. Releases were carried out a two-week
intervals from February 1996 until March 1997. The positions of these drifters were tracked via
System Argos until they |eft the area of interest.

Although this release of SCULP drifters occurred over a time interval too short to establish
meaningful measures of seasonal variability or to give indications of interannual variability, the
resulting patterns of surface currents still seem worthy of examination. It should be noted that
these drifters are expected to have large loca Ekman effects compared with the ADCP
measurements discussed.

We received the drifter locations from the MMS. Raw position fixes were converted to 1.5 hour
intervals prior to our reception. Velocities were caculated by estimating the distance between
successive fixes and dividing by the time interval (1.5 hours). For each 1/5° latitude x 1/5°
longitude box in the region north of 27°N and east of 90°W vector velocities were averaged and
variance ellipses prepared for al observations and by season. Examination showed that the
currents over deeper water showed wildly varying velocities and quite large variances because of
the limited number of observations. We limited our examinations to grid boxes having a least
100 observations.

The resulting numbers of observations, fields of vector mean surface currents, and variance

ellipses are shown in Figures 4.2-1 through 4.2-12 for winter (December - February), spring
(March - May), summer (June - August), and fall (September - November) seasons.
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Figure 4.1-13. Gridded 150 kHz ADCP-measured currents at 12 m on NEGOM Cruise N8, 15-26 April 2000.
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The numbers of winter observations (Figure 4.2-1) generally ranged between 100 and 300 per
grid box and, with the exception of the region south of Alabama, were limited to the inner shelf.
In the latter region, the pattern over the outer shelf shows a poorly organized flow regime with
relatively large variability (Figures 4.2-2 and 4.2-3). Over the inner shelf just west of Cape San
Blas and upcoast from about 85.4°W, winter surface currents were generally upcoast with
variance ellipses oriented in the average flow direction. Both magnitude and variance appear to
increase offshore toward near mid shelf. The nearshore flow direction is consistent with
generaly upcoast components for climatologica (COADS) winds over the Big Bend area of
the west Florida shelf in October—February and downcoast components for
March/April—September (Figures 3.1.1-1to0 3.1.1-12).

Examination of the mean wind fields and variance ellipses for December 1996 and January and
February 1997 show patterns that generally agree with the dominant patterns seen from
climatology. Mean winds during the winter of 1996-1997 are 2-4 m-s* and to the southwest
and west-southwest over the NEGOM region with large variance ellipses relative to the mean.
Variance dlipses and magnitude of winds generally increase with distance from shore. Variance
ellipses are also larger in the western NEGOM region than in the east.

Many more observations were available for spring and grid boxes with 100 or more
observations covered most of the shelf but not al out to the 1000-m isobath (Figure 4.2-4). A
strong downcoast coastal current was present from the middle of the Big Bend area (~26.25°N)
to the Perdido River (near 87°W). Again this is consistent with the COADS climatology which
shows downcoast favorable winds over the northern west Florida shelf beginning in March
(Figure 3.1.1-3) and westward components over west of Cape San Blas for spring (Figures
3.1.1-3 to 3.1.1-5). Currents over most of the west Florida shelf were wesk and poorly
organized. Spring surface currents over the outer shelf were generally upcoast and stronger a
the shelf edge, but both numbers of observations and variance ellipses increased toward the
shelf edge. Cyclonic flow appears over the apex of DeSoto Canyon.

Coverage by observations during the summer was somewhat better than for spring in the far
western part of the study area but not so good in the southeast (Figure 4.2-7). Over the inner
shelf currents were weak and variable in direction, consistent with typical summer wind patterns.
Near coast variance was smal on the west Florida shelf but increased to a maximum near
Mobile Bay. In that region inner shelf currents were generaly larger than elsewhere and may
have been organized into an anticyclonic circulation cdl, though closure at its western end was
not confirmed by these measurements. The summer pattern was of strong upcoast flow aong
the shelf edge, except off the Mississippi Delta where flow was south-southwestward. The
eastward and southeastward flow aong the shelf edge is in agreement with summer
observations during NEGOM and was likely driven by off-shelf eddies.

Fall coverage was quite good over the southwestern region—even extending southwest of the
delta (Figure 4.2-10). However, coverage generaly was reduced reldive to spring and summer
over the outer shelf and near the coasts. The most striking festure seen in the fall surface
currents for 1996 (Figure 4.2-11) was strong westward flow extending from the central shelf
off Cape San Blas across the apex of DeSoto Canyon and aong the shelf edge as far as
observations are shown (90°W). That flow was joined by strong southwestward surface
currents from the mid to inner shelf east of the Mississippi Delta. Average currents were largest
south of the delta. Variance ellipses there (Figure 4.2-12) appear to be larger than in other areas
with larger mean speeds and oriented in the mean current direction. An exception is the region
of large, nearly circular variance ellipses over the head of DeSoto Canyon. Strong southward
flow also was seen leaving the study region west of Tampa

130



4.3  Space-time Patterns of L ow-frequency Circulation from ADCP Currents

The patterns of low-frequency circulation over the NEGOM study area were examined using
shipboard ADCP current measurements obtained during the NEGOM cruises. Near-surface
current measurements were gridded, the mean and divergent components were removed, and the
residual fields examined using an empirica orthogonal function (EOF) analysis to obtain the
most energetic spatia patterns and their amplitudes at the time of each cruise.

ADCP measurements were available from 8 of the 9 cruises over the entire NEGOM study
areg; for cruise N4, good ADCP measures were obtained only west of 87°W. The ADCP
currents were from vertical bins centered at 10-14 m. For each cruise the gridded current field
was analyzed to remove divergent components (Wang et al. 2002a), and so to correspond more
closely to geostrophic current fields. This procedure likely also removed part of the inertia and
tidal signals. The fraction of variance remaining in the non-divergent flow was 68% relative to
the measured variance averaged over al cruises.

A gridded vector average field was obtained using the 8 fields and is shown in Figure 4.3-1.
The current regime west of about 87.5°W is weakly southeastward. That between about 87°W
and Cape San Blas and over the shelf outside the 100-m isobath is upcoast with larger speeds
(10-15 cm-s™). Average currents inshore of the 100-m isobath on the west Florida shelf are
quite weak with an indication of cyclonic flow.

The average field was removed from each of the eight individua fields. An EOF analysis was
performed on the residual fields. The percentage of variance associated with each of the seven
EOF modes is given in Table 4.3-1. The first four modes contained 84% of the variance. The
patterns of the first four modes are shown in Figures 4.3-2 through 4.3-5.

Mode 1, with 34% of the variance, is essentially an along-shelf circulation pattern above the
outer shelf and slope east of 87.5°W (Figure 4.3-2). There also is some evidence of closed
circulation over the MS-AL-FL shelf aswell asa partially closed circulation over the inner shelf
centered off Tampa.

Mode 2 (Figure 4.3-3) shows strong northeast (or southwest) flow over the Mississippi-
Alabama shelf and a large energetic eddy centered near the 200-m isobath and 28.5°N. This
mode contains 22% of the variance. The third mode, accounting for almost an equivaent
fraction of the variance (18%), consists of an eddy centered over the upper DeSoto Canyon.
Flow is strongly on- or off-shelf on the eastern and western limbs of this eddy (Figure 4.3-4).
Another off-shelf eddy appears to be forcing the currents over the upper slope and outer shelf
off the Big Bend region.

Modes 1, 2, and 3 evidence no clear seasona patterns (Figure 4.3-6). We speculate that modes
1, 2, and 3 are driven principally by the off-shelf circulation features.

EOF Mode 4 shows a pattern with the largest currents generally over the inner shelf (Figure
4.3-5). This mode, with 10% of the variance, appears principaly related to coastal circulation
and may be wind driven. It isthe only mode with some apparent seasonality. The amplitudes are
positive for both fall NEGOM cruises, N1 and N7 (Figure 4.3-6). The wind fields for those
cruise periods (Figures A.1.1-1 and G.1.1-1) show winds over the inner shelf with downcoast
components from the upper Big Bend area westward, consonant with downcoast flow in that
region shown in Figure 4.3-5 for positive amplitude. One might also note that the downcoast
winds were quite weak for cruise N1 and strong for cruise N7, corresponding to the relative
amplitudes of mode 4 for fall. The mode 4 amplitudes for times of the three spring cruises are
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Figure 4.3-3. Pattern of EOF mode 2 for non-divergent currents at vertical bin centered at 10-14 m using ADCP data from
eight NEGOM cruises.




GeT

31°N

Mississippi | Alabama Florida
Mobileg,
Pascagoul a
30°N -
-\ A
v
29°N — IS
v < 4
< A b
[
A \
28°N NV v 1 '
v VoW
\‘i‘l‘
N7 v SPRVAN
Mode 3 (17.9%) 22 2 2 %%,
) 33 a 3\ \ \%
27°N I I I I I I I
90°W 89°W 88°wW 87°wW 86°W 85°W 84°w 83°wW 82°W

Figure 4.3-4. Pattern of EOF mode 3 for non-divergent currents at vertical bin centered at 10-14 m using ADCP data from
eight NEGOM cruises.




ocT

31°N

0

AN P L Ly p vu

Lhbywvyypyyp

Mississippi | Alaba Florida
Mobileg
\ ‘. .‘q:
ti’/‘ @ e
C ae
30°N A
P =
t;.'} ‘g‘
& ,? K‘R\\Rg(/[( Q
29°N - /- SRRRer, .

!

S Tampa

28°N - k kv yyvr },,

Lriviever NS
4 i\[
AN (SR U 3NN\
Mode 4 (10.3%) 22 2 2 %%
o 6 3 3 3\ \ \\\X
27 N I I I I I I I
90°W 89°W 88°W 87°W 86°W 85°W 84°W 83°W 82°W
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Figure 4.3-6. Amplitudes of first four EOF modes at times of NEGOM cruises




negative indicating upcoast coastal flow; amplitudesincrease from N2 to N5 to N8. This agrees
with the upcoast components of along-shore winds observed during the spring cruises N2, N5,
and N8 (Figures B.1.1-1, E.1.1-1, and H.1.1-1). Amplitudes for mode 4 during the three
summer cruises were near zero in agreement with expectations based on the weak and generally
onshore winds observed during the summer cruise periods (Figures C.1.1-1, F.1.1-1, and I.1.1-
1).

Table 4.3-1. Variance associated with modes resulting from EOF analysis of residual 10-14 m
current fields for NEGOM cruises N1-N3 and N5-NO9.

Mode Associated variance

34%
22%
18%
10%
7%
5%
3%

~NoOooh~,wWNE

The spatial patterns for modes 5-7 are not shown; together these modes contain only 15% of
the variance. Suffice to say that the currents on al three modes are week, but strongest over the
inner shelf or near the Mississippi River mouth. We believe they are associated with locd
forcing by winds and river discharge. However, their amplitudes show no clear seasonal
patterns (Figure 4.3-7).

For comparison, we may consider the results of an EOF anaysis of near-surface currents
measured a a fixed grid for 32 months over the Texas-Louisiana continental shelf (Cho et d.
1998). Monthly averaged currents were used to produce horizontal EOFs. The first two modes
accounted for 92% of the variance, in striking contrast to our analysis for the NEGOM region.
However, the circulation over the Texas-Louisiana shelf was shown to have a dominant seasonal
pattern (depicted by mode 1 with 89.2% of the variance) and modified by off-shelf eddy
Interactions (depicted by mode 2 with 3.4% of the variance). Based on this analysis, the
circulation in the NEGOM region has no such dominant seasonal pattern.

4.4  Examination of Wind Forcing of Nearshore Currents

We note that the nearshore currents by season given by drifter patterns in Section 4.2 were in
rather good agreement with the expected along-shelf direction as inferred from climatology of
wind fields. Also, there was some indication of such seasona forcing in the pattern and
amplitudes of mode 4 of the low-frequency EOF analysis of near-surface, ADCP-measured
currents, described in Section 4.3.

However, we wished to examine the relationship of along-shelf winds to currents over the inner

shelf based on measurements during the NEGOM field period. First, we examined the character
of the nearshore wind fields as functions of time and location. To do so, we selected eight
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Figure 4.3-7. Amplitudes of EOF modes 5-7 at times of NEGOM cruises.




locations near the 20-m isobath aong the inner shelf (Figure 4.4-1). Four locations were
between Mobile Bay and Apaachicola, representing the upper coast, and four were located
between Apaachicola and Tampa Bay, representing the lower coast. Based on hourly wind
fields for the NEGOM region constructed from measurements by optimum interpolation
techniques (described in Section 3), we constructed 40-hr low-passed time series at each of
these locations. Then, plots were made and examined of aong- and cross-shelf wind
components a each location. Because of the visud difference in character of the variability &
lower and upper coast locations, we averaged the daily values from 40-hr low-passed series a&
the four upper (lower) coast locations and then averaged over the entire period to form an
annualized mean time series of dally wind components for the upper and lower coast. The
resulting along-shelf components for the upper and lower coast are shown in Figure 4.4-2. Also
plotted are daily vaues from the averaged 40-hr time series smoothed using a 14-d low-pass
filter.

For the upper and lower coast regionsit is clear that variability in the magnitude and direction of
the along-shelf wind component is greatest during the period from mid-December into early
spring, less during the period from August into December, and least during the period from
mid-May through about July. Also clear is the difference in the levd of variability between the
upper and lower coast. Particularly in summer, but also to lesser extent from August into winter,
the variability is greater along the upper coast. The tempora patterns of up- and downcoast
wind components are less pronounced than are the clear tempora patterns of different wind
intensity. Nevertheless, it is seen that the smoothed along-shelf winds are generally downcoast
In spring, becoming near zero in May and June. Then, for the upper coast, winds shift to
upcoast for late June, July and most of August; while over the lower coast they remained nearly
zero for this period. In both regions there was a pronounced shift to downcoast wind
components beginning in late August to early September, and this trend continued into or
through October. This pattern would give rise to coastal currents over the upper and lower coast
with large directional variability through the winter and much of spring. Coastal currents should
be weak over the lower coast during the summer and over the upper coast during the early
summer, shifting to upcoast in June and continuing into August. In both regions there should
be a pronounced period of downcoast coastal flow beginning in September and continuing
through most of the fall season.

At each of the eight locations, we examined the along-shelf components of near-surface ADCP
currents measured at the time during each cruise when the ship was nearest the location. We
plotted these values on the same plot with the along-shelf component of the 40-hr low-pass
wind at that time and location. For the upper coast locations these plots showed fair
correspondence (the result for location 4 is shown in Figure 4.4-3); agreement between wind
and current is less good for the lower coast locations. The correlations between along-shelf
components of wind and of near-surface current at each location are givenin Table 4.4-1. There
are few redizations, and thus high confidence levels correspond only to large correlations. At
only one location (4) is the correlation significant at the 95% level. Nevertheless, the vaues do
indicate that there is some correl ation between along-shelf wind and current over the inner shelf
at all locations excepting the two southern locations on the lower coast.

As afina effort to assign some quantitative estimate to the correlation between along-shelf
components of wind and near-surface current, correlations were calculated between gridded
fields of these vaues using data from eight NEGOM cruises. Of course this is just an
extension of the calculations described above but it does ddlineate the spatia distribution of the
correlation values. The result is shown in Figure 4.4-4. Shading indicates regions where the
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Figure 4.4-1. Locations near the 20-m isobath at which time series of 10-m winds were constructed using optimal interpolation
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to represent the lower coast.
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correlation is greater than 0.68, which indicates the 90% confidence leve. This seems clear
evidence of the fact that, based on this limited data set, there was wind forcing of currents over
the inner shelf, perhaps with the exception of the southeastern part of the study area.

Table 4.4-1. Correlations between along-shelf components of 40-hr low-pass wind and near-
surface ADCP currents at each location based on measurements from al NEGOM cruises. The
locations are shown in Figure 4.4-1. A vaue of 0.76 (0.68) corresponds to the 95% (90%)
confidenceleve.

Location Corrdation

0.62
0.57
0.68
0.85
0.53
0.65
0.31
0.39

O~NOOITAWNEF

4.5  Examination of Forcing by Off-shelf Circulation Features

Using the SSH fields of R. Leben, we constructed time series of SSH gradients at three
locations along the four lines shown in Figure 4.5-1. The locations were between the 200-m and
~2000-m isobaths. We plotted each of these time series, overlaid the times of the NEGOM
cruises, and visually compared the gradients at and just before the time of each cruise to the
near-surface ADCP currents over the slope and outer shelf. Asone would expect the agreement
seemed reasonable. We even noted reversals of near-along-isobath currents with reversals in
sign of the SSH gradients aong the lines. In summary, however, this exercise did not produce
any new, unexpected information.

To obtain more quantitative relations between along-shelf currents and cross-isobath SSH
gradients we performed a number of correlations between the two. We averaged the SSH
gradients at each of the 12 locations described above over the time of each NEGOM cruise
(except N4, for which we did not have complete ADCP measurements). Then these average
SSH gradients were correlated for the 8 cruises with the gridded near-surface ADCP current
components normal to the SSH gradient. The resulting correlations likely have little meaning
when considering currents and gradients separated widely, eg., SSH on line 1 with currents
normal to that line south of Cape San Blas. For the locations on each line nearest 1000 m depth
the correlation maps are shown in Figures 4.5-2 a-d. Correations generally are high for the
regions of the slope and outer shelf near the four locations.
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Figure 4.5-2. Fields of correlations between SSH gradients at the locations indicated (solid square) and gridded near-surface
ADCP currents for eight NEGOM cruises. The gradients were along the lines shown in Figure 4.5-1 and were
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A correlation of 0.68 is significant at the 90% confidence level.



814"

31°N

30°N

29°N

28°N

27°N 1 1 1 1
90°W 89°W 88°W 87°W 86°W 85°W 84°W 83°W 82°W

Figure 4.5-2. Fields of correlations between SSH gradients at the locations indicated (solid square) and gridded near-surface
ADCP currents for eight NEGOM cruises. (continued)
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Figure 4.5-2. Fields of correlations between SSH gradients at the locations indicated (solid square) and gridded near-surface
ADCP currents for eight NEGOM cruises. (continued)
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ADCP currents for eight NEGOM cruises. (continued)




4.6 Conclusions

The circulation over the NEGOM study area is very complicated, and cannot be fully
characterized on a seasonal basis. This is due to a number of factors. First, the region is
strongly influenced by the presence of eddies over the continental dope, and these features are
not seasonal or deterministic in occurrence. Second, although thereisa clear seasona pattern in
the climatologica winds over the study area, we have observed much interannua variability.
Moreover, the variability in direction from downcoast to upcoast occurs with great frequency,
leading to rapid shifts in direction of the wind-driven coastal current. Findly, the discharge of
riversto this areafollows a complicated pattern, as compared to the northwestern Gulf shelves.
The dominant river isthe Mississippi and its discharge is often carried eastward aong the outer
continental shelf or over the dope, leading to a pattern of decreasing offshore salinity over the
mid to outer shelf and consequent buoyancy effects.

Key points regarding the circulation:

» Eddies, and at timesthe Loop Current and associated surface filaments, are present over the
continental slope off the study area. They exert very strong influences on the shelf
circulation, especidly over the Mississippi-Alabama shelf and around the DeSoto Canyon.
These off-shelf circulation features appear to account for about three-quarters of the
variance of the near-surface circulation of the study area.

* Nearshore currents may be driven by aong-shelf winds. Along-shelf coastal currents
related to the along-shelf wind components appear to exist over much of the region, perhaps
with the exception of the southeastern most area. However, the wind regime in the study
area is quite variable on both short and interannua time scales, rendering climatological
predictions of diminished value. Only some ten percent of the variance of the near-surface
circulation observed during the NEGOM study showed a seasonal pattern associated with
thewind regime.

* Approximately an additional 15% of the variability of near-surface circulation in the study
region is associated mainly with currents over the inner shelf and may be attributed to the
effects of local winds and river discharge.

» Variability in both circulation and property distributions is judged considerably greater in
the western than in the eastern study region.

Some notes regarding methodol ogy to be used in the study area:

 The Montgomery method (Montgomery 1941) of extrapolating measurements of
geopotential anomaly into shallow water and the approach of Sheng and Thompson (1996)
both gave gross errors in estimating the surface geostrophic currents in the study area
(Wang et d. 2002a; Wang et a. 2002b in preparation). They should be used only with
caution over the inner shelf (depths < 50-100 m) in this area Over the outer shdf,
comparisons between ADCP fields and geopotentia anomaly caculated using the
Montgomery method agreed fairly wel. In contrast, the Montgomery method performed
quite well over the Texas-Louisiana shelf (Nowlin et al. 1998a).

» The SSH fields used gave excellent indications of currents near the 1000-m isobath, but the
agreement with the ADCP fields diminished with decreasing water depths.
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* Asis usualy the case in oceanography, the distribution of conservative properties is a
prudent and accurate method of describing the circulation.
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5 SYNTHESISOF PHYSICAL PROPERTIES

51 Introduction

A discussion of the circulation within the NEGOM study area and its observed variability is
found in the preceding section (4). That discussion considers the generd relationships between
forcing functions and circulation. However, it does not consider the details of the circulation and
related distributions of physical properties for each cruise. Those connections are explored in
Appendices A through |, each of which describes the conditions observed during one of the
NEGOM cruises N1 through NO.

In this section we give an overview of those observed conditions. For fal, spring, and summer,
we summarize the major physical conditions observed on the three cruises conducted during
that season. This servesto highlight the observed seasonality and contrast seasonal differences.

The discussion of cruises in the fdl, spring, and summer seasons generaly explores the
following issues in the order given here: cruise dates, general verticd dratification,
climatologica wind regime, winds during the cruises, nearshore flow regimes in relationship to
along-shelf winds, inner shelf circulation in the Big Bend area, climatological river discharges,
river discharges prior to cruises, surface salinity distributions, off-shelf circulation features and
effects over the outer shelf and dope, general features of property distributions, and small-scale
eddies observed.

The overview presented here does not include references to specific figures. It is assumed that
the interested reader will refer to Section 4 and especidly to the appendices for detalls.
Distributions of geopotential anomaly referred to here are for 3 m relative to 800 m. Surface
distributions of salinity, oxygen, nutrients, chlorophyll a, and temperature are in reaity based on
observations taken from approximately 3-m depth. Near-surface, shipboard ADCP currents are
from the shalowest bin avalable for the data set referred to. The geopotentiad anomay
distributions generally agree well with the SSH distributions and ADCP currents over the slope
and shelf edge. Further inshore over the shelf the geopotentid anomaly distributions have
complicated patterns and often are not in agreement with ADCP currents. They should be
viewed with suspicion and not be taken to represent surface geostrophic currents reative to the
reference depth, for reasons given in Section 4.6.

From this overview, it should be clear that some physical oceanographic characteristics of the
study areawere common for the three cruises of a season and were different from thosein other
seasons. One such example is generd vertica stratification resulting in large measure from the
annua cycles of heating/cooling and of surface winds. Another example is the upcoast
circulation over the inner shelf (driven by surface winds) observed during the spring cruises and
the associated along-coast eastward advection of river discharge. However, it should be
remembered that we have only three samples in each season and that interannual variability of
most forcing functions (surface winds and river discharge included) do occur.

Other physical characteristics were very similar for the three cruises in a given season, but
resulted from phenomena which are not necessarily expected to occur on a regular seasonal
basis. An example is the eastward distribution along the outer shelf and slope of Mississippi
River discharge observed on the three summer cruises. This distribution was due to off-shelf
circulation features which may not occur regularly in summer.
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Finaly, it will be clear that many of the physical patterns observed during the three cruises in a
given season were quite different. This clearly results from the large interannua variability of:
wind fields forcing mainly the circulation over the inner shelf, off-shelf circulation features
forcing dope and outer shelf circulation, and river discharge patterns which affect vertica
dratification and buoyancy forcing of currents as well as help determine the surface
distributions of many properties, including sdlinity, light transmission, nutrient levels, and
sometimes temperature.

52 Fall: Cruises N1, N4, and N7

The three fal cruises (N1, N4, and N7) were carried out during the early second haf of
Novembers; they began on November 16, 13, and 13, in 1997, 1998, and 1999, respectively.

The dratification observed during the three fal cruises was very smilar, with relatively deep
mixed layers, indicating the effects of wind mixing and the beginning of winter cooling.
Excepting areas influenced by river water discharge (and so creating a shallow pycnocline), the
inner shelf was mixed to the bottom, often to water depths of 50 m or more. Over the outer shelf
and slope mixed layers extended to 60 or 70 m and the seasonal pycnocline was found in the
range of 60 to 100 m, unless disturbed by circulation features.

The climatologica surface mean winds during November in the NEGOM area are principaly
toward the west to southwest. Variance ellipses are amost circular and indicative of very high
variability over the inner shelf east of Pensacola and over the entire eastern study area. Winds
during the fall cruises generally followed this pattern.

Average winds during cruise N1 were to the southwest at lessthan 5 m-s*, with variances of the
same magnitude oriented east-west and having semi-mgjor axes of 20-50 m?-s?, increasing to
thewest and offshore. During cruise N4 average winds were westward except off Mississippi
and Alabama where they were to the southwest; variances ellipses were oriented N-S with semi-
major axes ranging from 12-30 m?.s? and again increasing to the west and offshore. Average
winds during cruise N7 were everywhere southwestward at about 5 m-s™ with variances oriented
west-northwest to east-southeast with semi-major axes in the range of 10-25 m?*s? and
increasing to the west and offshore. Two frontal passages occurred during N1 and N4, and
winds shifted toward the northeast one time during N7. This illustrates the large amount of
variability in magnitude and direction of winds during the fall season.

Near-surface currents observed by shipboard ADCP showed wesk nearshore flow during
cruise N1; it was generally downcoast west of Cape San Blas but indeterminate regarding
dominant direction over the Big Bend region. ADCP measurements during cruise N4 (made
only over the Mississippi-Alabama shelf) showed downcoast nearshore flow. Those patterns
would be expected to occur for surface winds with downcoast components over the western
study region. For cruise N7, the nearshore ADCP currents were upcoast west of Cape San Blas
and downcoast just south of Cape San Blas, leading to some convergence and cross-isobath
flow over theinner shelf southwest of the cape. This clearly seems due to the fact that the winds
had upcoast components west of Cape San Blas when the survey worked in that region and
downcoast components when measurements were made on the west Florida shelf.

The west Florida shelf is rather wide the inner shelf (water depths less than 100 m) is
somewhat protected from the influence of off-shelf circulation features and is considerably
wider than the nearshore coastal flow regime. Thus, the circulation over the inner shelf in the
Big Bend area deserves separate note. During cruise N1, no clear closed circulation pattern was
observed in thisarea. On cruise N4, no useful ADCP data were obtained over the eastern study
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area and the circulation pattern based on property distributions is not clear. There was some
evidence in both ADCP currents and property distributions for a cyclonic circulation feature
over the northern part of the Big Bend area (mostly north of 28.3°N) during cruise N7. In
summary, we did not see a consistent pattern on the two fall cruises for which data were
available.

Climatological river dischargesinto the study areaare at minima in the September to November
period. During the summer before cruise N1, the flow rates of the Mississippi River and others
flowing into the area west of Cape San Blas were a or above record-length means, but were
below means during fall. Discharges of the Apalachicola and Suwannee rivers exceeded mean
rates by one standard deviation during the period from October through November of 1997.
The resulting pattern of surface salinity observed during cruise N1 showed a tongue of low-
sdinity water extending eastward along the shelf break from the Mississippi. Salinity values
below 34 extended to 88.5°W, and such values were present around the Chandeleur Islands and
along the coast asfar east as Pensacola. Except for the low-sdinity tongue extending eastward
from the Mississippi River, the overal pattern was of surface salinity increasing from the coast
offshore.

In October and November of 1998, discharge rates were dightly above their long-term means
for the Mississippi and Suwannee rivers and dlightly below their means for other rivers
discharging into the region. The resulting surface salinity pattern for cruise N4 was very smilar
to that for cruise N1, with two exceptions. (1) the Mississippi River low-sdinity tongue
contained considerably lower sadinity water and did not extend quite so far eastward along the
outer snelf, but rather seemed to extend northward into the Mississippi Sound; (2) surface
waters with salinities below 34 were found also off Cape San Blas resulting from the
ApaachicolaRiver and offshore from the Suwannee River extending to the southern boundary
of the study area. Again the overdl pattern was of surface salinity increasing from the coast
offshore.

The Mississippi and other mgor rivers discharging into the study area had discharge rates
nearly one standard deviation below their long-term means for September through December of
1999. Thisresulted in asurface salinity pattern for cruise N7 quite different from the other fall
cruises. With the exception of the Mississippi-Alabama shelf, surface salinity did not generally
increase from the coast offshore; instead, surface salinity values were nearly uniform at vaues
around 35.5to 36. The Mississippi River influence was limited to an area very near its mouth
and nearshore along the Chandel eur 1lands to the north. Vaues less than 34 were limited to the
mouth of the Mississippi and off Mobile Bay; nearshore values less than 35 were found from
the Mississippi to just east of Pensacolaand in asmall area near the mouth of the Apaachicola
River. South of the Suwannee River was found a nearshore band of surface waters with vaues
less than 36, in contrast to dightly further offshore.

Chlorophyll a and percent light transmission in surface waters a so reflect river influence and so
correspond reasonably wel with surface sdlinity distributions. For cruise N1 there was much
greater influence by the Apalachicola and Suwannee rivers on chlorophyll a and light
transmission than on salinity. Nearshore chlorophyll values south of the Suwannee were greater
than those off Pass a Loutre and high chlorophyll values were seen south and southwest of the
Apaachicola River mouth out to the 50-m isobath. Decreased light transmission mirrored this
distribution. The surface distribution of chlorophyll a during cruise N4 was very similar to that
on N1; the surface pattern of percent light transmission was also similar except that values were
not noticeably diminished by the Suwannee River discharge. The surface chlorophyll a
distribution for cruise N7 reflected the surface salinity distribution, except that the influence of
the Apalachicola River was to be seen out to the 50-m isobath south and southwest of Cape San
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Blas (as was the case for N1), and the influence of the Suwannee River on enhanced
chlorophyll aong the coast southward to Tampa could not have been predicted from the dight
freshening of this band of water.

Fields of SSH from satellite dtimetry provide evidence of off-shelf circulation features.
Confirmation of these features over the dope and their influence on the shelf circulation was
provided by shipboard ADCP measurements of near-surface currents. The influence of these
circulation features also is reflected in distributions of surface temperature and salinity. The
SSH field for 19 November 1997, during cruise N1, shows a weak anticyclone centered near
28.5°N, 88.5°W, impinging on the outer shelf edge, and a somewhat stronger cyclone with
elongated center outside the 1000-m isobath extending from 27°N, 85°W to 28°N, 86°W. The
near-surface ADCP currents substantiate this pattern. Eastward currents were measured over the
sope and outer shelf from off the Mississippi Delta to about 87.5°W, and southwestward
currents were measured over the slope around 87°W between the cyclone and anticyclone. The
surface temperature distribution confirms this pattern; seen is an intrusion of wam (>23C)
water aong the northwestern flank of the DeSoto Canyon to 29.6°N, 87°W and cooler water
carried across and off the outer shelf in the region between the two offshore circulation features.
Warm (>23°C) water was seen covering the outer west Florida shelf along the northeastern side
of the cyclone.

Aswasthe case for cruise N1, there was an anticyclone off the shelf in the western study region
during N4. The SSH field for N4 showed a relatively large, but week, anticyclone along the
continental lope extending eastward from 89°W to about 86°W. A weak low was located over
the dlope in the eastern study region. The anticyclone was substantiated by moored current
measurements a 20-m depth from the DeSoto Canyon Eddy Intrusion Study and from the
shipboard ADCP measurements from N4 (unfortunately made only in the western study
region). The anticyclone advected warm (approximately 25°C or greater) offshore water east-
northeastward aong the northwest flank of DeSoto Canyon onto the shelf edge, similar to the
Situation observed during cruise N1. Again on N4 there was a warm water intrusion (dlight in
extent) along the eastern edge of the Mississippi River tongue of low salinity surface. As during
thetime of cruise N1, warm (>25°C) water extended onshore over the outer west Florida shelf
during cruise N4.

SSH for 18 November 1999 during cruise N7 showed the extremely strong anticyclonic Loop
Current Eddy Juggernaut located south of 27°N and generally west of 88°W. One protrusion of
positive SSH from that eddy extended just to the 1000-m isobath near 28°N, 86,7°W, and the
resulting clockwise circulation over the neighboring sope outside of the 500-m isobath is
clearly seen in the geopotential anomaly distribution for N7. Between that anticyclonic feature
and the shelf edge the SSH distribution showed lows south of the Mississippi River deta
extending into the DeSoto Canyon and to the west of Tampa. The effects of those features was
seen in the surface temperature field. The cyclone south of the delta caused advection of warmer
surface water onto the shelf around the eastern end of the Mississippi River influence; the
anticyclonic intrusion also brought warmer surface water over the upper slope; and the eastern
cyclone appeared to draw cooler water from the shelf over the slope. In consequence, the
surface property distributions over the outer shelf during N7 looked much like those for the
other two fall cruises.

Bottom temperatures are expected to decrease with increasing depth, with isotherms generaly
paraleling isobaths, because water temperatures generally decrease with depth. Indeed this is
the pattern for the spring and summer cruises. However, for the fal cruises (N1, N4, and to
lesser extent N7) the pattern is different with the bottom waters nearest shore being colder than
those further offshore out to approximately the 50-m isobath. This reflects the fact that the fall
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cooling reaches the bottom in shallow nearshore waters before cooling the entire water column
further offshore.

Small scae eddies and other circulation features that affect the distribution of physica,
chemical, and biologica properties are found over the outer shelf and slope. During cruise N1,
such asmall cyclonic feature, with diameter of gpproximately 60 km was centered near 29.2°N,
88.5°W, which was just within the eastern end of the Mississippi River tongue extending along
the shelf edge and may account for the northward flow of low-salinity water and termination of
that tongue. Another small-scale feature in property distributions seen during cruise N1 as a
doming of isopleths extending from the outer shelf onto the slope was associated with the off-
shelf flow between the cyclone and anticyclone mentioned above. In the case of these two
features, the upward doming of isopleths resulted in additiona nutrients being available in the
upper ocean, perhaps to be used by plankton in the photic zone. Two cyclonic eddies, with
diameters on the order of 50 km, were observed on N4 centered near 28.4°N, 86°W and 29.3°N,
87.2°W. The doming effects within both were confined to depths greater than 250 m. Likewise
on cruise N7 a cyclonic feature with center near 29°N, 87°W with diameter about 50 km was
observed by the upward doming of isopleths of temperature, nutrients, and other properties.
Bottom observations of temperature and nutrients at the four cruise N7 lines nearest the apex of
DeSoto Canyon gave indications of on-shelf bottom flow across the 100-m isobath, which
could be attributed to a bottom Ekman layer driven by anticyclonic flow near the bottom.

53  Spring: Cruises N2, N5, and N8

The spring cruises N2, N5, and N8 were offset by about two weeks in time of year; they began
on 5 May 1998, 15 May, 1999, and 15 April 2000, respectively. So conditions during cruise N8
were less advanced toward summer than during N2 and even more so relative to N5.

As a result of very large river discharge and movement of the resulting low-sdlinity surface
waters over dl of the shelf west of Cape San Blas, on cruise N2 there was a very strong
pycnocline within the upper 10-15 min that area. In the eastern part of the study area nearshore
Isopycnals were nearly vertical asaresult of the low salinity water being confined to the coastal
regime. Over the outer west Florida shelf the seasonal pycnocline was relatively wesk and
confined to the upper 150 m with maximum strength near 80-100 m. The stratification on cruise
N5 was smilar to that on N2 athough the ared extent affected by very low-salinity surface
waters was confined to the inner shelf west of Panama City and the outer shelf west of about
87.5°W. The effects of very low salinity surface waters were confined on cruise N8 to an even
smaller areain the northwest of the study region than on N5; otherwise the generd stratification
was similar. For none of the spring cruises was there a pronounced surface mixed layer. In the
regions having strong near-surface pycnoclines due to river weter, the replenishment of oxygen
to the bottom waters, where it was being consumed, was precluded. Severd areas with low
bottom oxygen values were noted.

Climatological surface winds over the study area are quite smilar for April and May, athough
historically May represents a trangtion between westward mean wintertime winds and
northward mean summertime winds. Over the outer shelf and sope they are essentially
westward with speeds less than 5 m-s* and standard deviations smaller than the means with little
preferred direction. Over the inner shelf mean directions generally are toward the north or
northwest with standard deviations commonly a least as large as the means. Over the inner
shelf region of the Big Bend means may exceed 5 m-s* and variances are the largest in the
study area.
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The mean winds during cruise N2 were generally wesk (< 5 m-s?) with variances of comparable
magnitudes. They were directed onshore over the Mississippi-Alabama shelf, but had dight
upcoast components from off Pensacola to the Suwannee River and downcoast components
from there southward to off Tampa. Mean wind speeds for the period of cruise N5 were smdl
(1-3 m-s?). Mean directions were northward over the Mississippi-Alabama shelf but were
rotated clockwise with increasing distance upcoast, giving upcoast along-shelf components over
all of the Florida shelf. VVariances during the cruise period were large in relation to means, with
semi-major axes of variance ellipses of order 20 m?.s? in the western study decreasing to 10
m*s?in the east. This variability resulted from frontal passages on May 19 and 24. Mean wind
directions during cruise N8 were to the east and east-southeast, so they were favorable for
coastal upwelling everywhere. However, though mean wind speeds were small (1-4 m-s?), the
instantaneous wind speeds produced during the passage of three fronts during the cruise
exceeded 10 m-s?, giving variance lipses for the cruise oriented northwest-southeast with semi
major axes of 20-40 m*.s?.

There were two upwelling favorable periods of rather weak winds on cruise N2. Nearshore
ADCP currents were variable in direction offshore from Mississippi but eastward (upcoast)
from there throughout the study area. They increased in magnitude eastward to Cape San Blas
and were weak in the Big Bend area. Verticd sections of properties gave some indication, by
upward slope of isopleths toward shore, of coastal upwelling in the region between Pensacola
and Apalachicola. Currents observed with shipboard ADCP during cruise N5 were upcoast and
relatively large over theinner shelf west of Cape San Blas. This Situation was substantiated by
the surface sdlinity distribution which resulted from eastward advection of river discharges with
the strongest effects (lowest sdinities) near to shore. Verticd sections of properties in the
western study area showed indications of coastal upwelling. Nearshore currents over the west
Florida shelf were indeterminate from the cruise data with the exception of a region south of
Apalachicola from about 84.5°W to 85.5°W where ADCP currents were downcoast. The
convergence of nearshore currents off Cape San Blas resulted in offshore flow across isobaths
to the shelf edge. East of Pensacola to Apalachicola the nearshore currents observed on cruise
N8 were upcoast, consistent with the wind direction, with speeds of 20-40 cm-s®. Nearshore
upcoast current speeds were smaller west of Cape San Blas, and south of the Suwannee River
nearshore currents were weak and directionally variable. The surface temperature distribution as
well as the dlope of isopleths nearshore on cross-shelf sections gives some evidence that coastal
upwelling had occurred from near Pensacola to about 83.5°W. This was confirmed by high
chlorophyll a estimates in this region. Nearshore surface currents were weakly northward off
the mouth of the Mississippi River. Over the Mississippi shelf nearshore currents were wesk
and of mixed direction, but between the 20-to 100-m isobaths they were strongly northeastward.
In summary, there was evidence for eastward transport of nearshore waters from the
Mississippi and other rivers in two of the spring cruises. For dl spring cruises the surface
salinities tended to increase offshore, and for al there was some evidence of coastal upwelling,
principaly in the study areawest of Cape San Blas.

During cruise N2, gridded near-surface ADCP currents indicated a weak cyclonic flow regime
over the inner shelf of the Big Bend area. ADCP currents in that area during cruise N5 were
weakly divergent with no closed circulation pattern. Note that data coverage from cruise N5 was
rather sparse. Surface flow over theinner Big Bend area had a quite complicated pattern during
cruise N8. Upcoast (downcoast) current components dominated over the northern (southern)
part of the area and onshore (offshore) current components dominated over the inner (outer)
part of the area. Thus, we could confirm little smilarity between the patterns seen over the inner
shelf for the Big Bend area on the three spring cruises.
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Long-term discharge rates for the Mississippi River reach their maximum in April. Those from
other rivers discharging into the area reach near peak vaues beginning in February and
continuing into the March-April time frame.

During winter-spring 1997-98, the Mississippi River considerably exceeded its 70-yr average
discharge rates, except during April when discharge was about average. Rivers between the
Mississippi River ddta to Apadachicola exceeded long-term average discharge rates during
spring 1998, in some cases by significantly more than one standard deviation. Mississippi River
discharge rates during February, March, and May of 1999 were marked by a series of pulses
which exceeded the 70-yr mean by about one standard deviation. Other rivers discharging into
the study area were marked by spring 1999 discharge rates significantly under their long-term
averages except for a very high discharge peak from the Tombigbee River at the beginning of
May. Thus, much low-salinity surface water was observed on both cruises N2 and N5, but more
limited to the west and with higher salinity values on N5 than on N2. River discharge into the
study areagenerally waslow in 2000. Mississippi River discharge rates were below their 70-yr
average for January through April. Except for pulses of higher than normal discharge, rivers
west of Pensacola also were below their average discharge rates for January through April, and
those rivers to the east of Pensacola generally were well below their average discharge rates for
this period. Thus, much lessriver water was available over the study area during cruise N8 than
for cruises N2 and N5.

On cruise N2 there was widespread influence of rivers. Values less than 34 extended at least to
the 1000-m isobath off Mississippi and Alabama, over the entire shelf as far east as 86°W, and
over the west Florida shelf inshore of about the 50-m isobath. Vaues over the inner shelf west
of Cape San Blas generaly were less than 32, with regional minima of lessthan 24 near Mobile
Bay and 31-32 off the Suwannee River. During cruise N5 the effects of the Mississippi River
were seen to dominate surface waters of the western study area. Salinities less than 34 extended
a least to the 1000-m isobath off Mississippi and Alabama, over the western flank of the
DeSoto Canyon, and to the coast east of Panama City. Salinities as low as 26 were seen east of
the Mississippi River delta and were associated with the highest observed chlorophyll a
concentrations, aswell as enhanced oxygen and nutrient concentrations. Surface sdlinities over
the dlope east of 87°W and over most of the west Florida Shelf exceeded 35.5-36 over much of
the area. Localized freshening near Mobile Bay may be attributed to the Tombigbee River
discharge. On cruise N8, the effects of the river discharge on the near-surface sdinity
distribution was most clearly seen in the western study area, but also was somewhat evident in
the vicinity of Cape San Blas and Apalachicola Bay. In the west, a triangle of low sdlinity (<
35.5) water extended from the Mississippi River deltato east of Pensacola. This low salinity
region was due mostly to the influx of fresh water from Mobile Bay and the estuarine areas
south of Pascagoula and east of the Chandeleur 1slands. The ADCP currents measured off the
mouth of the Mississippi River were generally to the southwest transporting the discharge from
that river out of the study area. The effects of river water also can be seen in the distribution of
chlorophyll a for which high concentrations were seen near the coast with highest
concentrations near the mouth of Mobile Bay and Apalachicola Bay.

During April 1998, a smdl anticyclone began to develop in the vicinity of DeSoto Canyon.
During cruise N2, an anticyclonic system, oriented northwest-southeast aong the DeSoto
Canyon and west Florida shelf with two regions of high SSH, was intensifying. One high was
located near the slope apex of DeSoto Canyon and the other was encroaching over the slope
and outer shelf west of Tampa. A cyclonic system was shown in the SSH field west of the
anticyclonic system, but with wesk gradients near the study area southeast of the Mississippi
River ddta
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The SSH field for 20 May 1999 shows an elongated cyclone with center near 28°N extending
from about 86.5°W to 88.5°W . The Loop Current penetrated northward only to about 27°N
during May 1999, but a smal bulge from its northeastern limb was seen to extend onto the
slope near 27.5°N and 85.5°W by the beginning of June. It is believed that this intrusion was
dynamic during cruise N5, and it may have briefly intruded into the study region during the
cruise.

Based on SSH fields the Loop Current remained south of 27°N during March and April 2000.
A peanut shaped low oriented east-west with center about 27.5°N is shown in the SSH field for
April 20, midway through cruise N8. That cyclonic feature was seen to encroach onto the edge
of the west Florida shelf. Between that cyclone and the Mississippi-Alabama shelf was an
anticyclonic circulation feature.

The distribution of geopotential anomaly and shipboard ADCP currents for cruise N2 confirms
the anticyclonic feature located over the DeSoto Canyon and that encroaching over the outer
shelf edge west of Tampa (both seen in the SSH field). The currents associated with the DeSoto
Canyon eddy were < 40 cm-s™; currents near the shelf break west of Tampareached ~75 cm-s™.
The anticyclonic features also were seen in the 50- and 102-m depth currents. Vertica
distributions of properties did not clearly exhibit the dipping isolines characteristic of
anticyclonic eddies, though there was some depression of isopycnals in waters deeper than 500
m. This is consistent with the fact that the eddies were relatively weak—perhaps they were
spinning up just prior to and during the cruise.

There was a large divergence of flow at the 14-m depth seaward of about the 200-m isobath
between the two anticyclones seen on cruise N2. This divergence weakened with depth, but il
was present in currents at 100-m depth. There was evidence in the SSH field for an intense
cyclone located adjacent to the 1000-m isobath on the west side of the saddle point between the
two anticyclones. This cyclone likely would have induced flow out of the study area from the
region of apparent divergence. Examination of slicate along the 1000- and 500-m isobaths
suggests possible upwelling, which may have replaced fluids removed by the divergent flows,
though other properties show thisless clearly if at all.

Observed on cruise N2 were effects of upwelling of cool bottom waters near the head of
DeSoto Canyon. Vertica sections of hydrographic properties provide clear evidence that
onshore, near-bottom flow, extending in most cases to the innermost stations (10-m isobath),
had occurred prior to cruise N2. There is evidence from ADCP and moored current
measurements for along-isobath flow along the northern reaches of the canyon and cross-
isobath flow directed inshore on the west side of the anticyclone and near the canyon axis. Such
flow would lead to transport in a bottom Ekman layer directed to the left of the flow—Ileading to
more penetration of bottom waters toward shallower depths.

Geopotential anomaly based on N5 data shows a pattern of one mgor high and severd
relaively weak features. Most prevaent is the high encroaching onto the outer shelf a 28°N,
85°W, which is likely associated with a tongue protruding from the Loop Current, as
mentioned. Warm surface temperatures (> 27°C) can be seen over the outer west Florida as
warm off-shelf oceanic waters are advected onto the slope around this anticyclone. Warm
surface temperatures (>27°C) a so can be seen over the Mississippi-Alabama shelf and roughly
correspond to the low salinity and high productivity areas resulting from river waters.

A weak highisseenin the N5 geopotentia anomaly over the apex of DeSoto Canyon close to

shore and between Pensacola and Panama City; another is centered a the 200-m isobath and
88.6°W east of the mouth of the Mississippi River. Lowsin dynamic height are present directly
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south of the Mississippi River delta, over the eastern flank of the DeSoto Canyon at 87°W, and
inshore of the 500-m isobath south of the strong anticyclone. Because good ADCP data on
cruise N5 were limited to water depths of less than 100 m, these features in dynamic height
cannot be confirmed with direct measurements. However, a depths below 50 m aong the 100-
m isobath, the oscillations in the isopycnals can be matched to the major features seen in
dynamic height.

Geopotential anomaly based on cruise N8 data shows a series of three highs and two lows
along the outer shelf and slope. Indeed, there is some correspondence between these and the
verticd distribution of properties along isobaths 200-m and 1000-m isobaths. The ADCP
currents are in genera agreement with the geopotential anomaly distribution. A 50-km diameter
anticyclone was seen east of the Mississippi River over the slope; this is confirmed also by the
SSH field. A cyclone was located over the DeSoto Canyon. An anticyclone was centered near
28.5°N, 86.8°W. A cyclone was seen centered a 86°W, 28.3°N with a diameter of roughly 50
km and speeds of 20-30 cm-s™. This cyclone can be seen in currents measured a 100-m depth
with dightly diminished speeds. A weak anticyclone was seen a the southern line of the study
area. Effects of the two stronger anticyclones were seen as cross-isobath transport of properties.

No evidence was found for small eddies over the outer shelf and upper slope during cruise N2.
Wesak cyclonic features were indicated in property distributions from cruise N5. One was
centered between the 500- and 200-m isobaths at the southeast end of the study area and
another on the eastern flank of DeSoto Canyon. A third was directly south of the Mississippi
River delta at the western end of the study area. They affected property distributions principally
below 50 m. Sizes are difficult to estimate for those a the extreme ends of the region of study;
the low over the DeSoto Canyon might have had a semi-major axis as large as 50 km. Two
small cyclonic and three small anticyclonic eddies were seen over the outer shelf and upper
sdope during cruise N8. All appeared to have diameters of order 50 km.

54 Summer: Cruises N3, N6, and N9

The 1998 and 2000 summer cruises N3 and N9 were carried out in late July and early August,
beginning on July 25 and 28, respectively. Cruise N6 began about two weeks later in the
season, on August 15, 1999.

During these summer cruises there was strong vertical stratification in the upper 100 m, with the
strongest pycnoclines occurring just below thin mixed layers. During cruises N3 and N6 the
strongest pycnoclines were found in the depth range 10-20 m. For cruise N9 this range
extended to 30 m. This strong near-surface dratification in summer resulted from a
combination of summer heating and low surface salinity. More low-salinity water at the surface
resulted in the strongest verticd dtratification being nearer the sea surface; cruise N9 had the
least amount of relatively low salinity surface water and consequently a deeper range of
maximum vertical stratification. The strong vertica dratification may preclude renewal of
oxygen to bottom waters depleted by oxygen consumption processes. Near hypoxic bottom
conditions were found on severa occasions.

The climatologicd winds for July are mainly northward over the outer shelf. Over the inner
shelf they have dight upcoast components west of Cape San Blas but downcoast components in
the Big Bend area. Average speeds are wesk (1-5 m-s*) and standard deviations vary from
about 2 to 6 m-s* from west to east across the study area. August mean speeds over the area are
1-3 m-s* with standard deviations of 2-4 m-s', increasing dightly from west to east. Mean
along-shelf wind components generally are directed downcoast in August.
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The average winds during cruise N3 were quite wesk (2-3 m- sl) with dlight downcoast
components and principally east-west variance elllpses Four days prior to the cruise's end (on
August 2) winds increased to speeds reaching 10 m-s* directed toward the west. During cruise
N6 average winds were northeastward from the Mississippi Deltato just east of Cape San Blas
and northward over the rest of the west Florida shelf. Average speeds were only 2-5 m-s W|th
small but dominantly east-west variances. Instantaneous winds generaly were less than 7 m-s*
and northward, but there were severd periods of directiona changes to east or west. Average
winds during cruise N9 were northward with dlight upcoast components over the Mississippi-
Alabama shelf and downcoast components east of Cape San Blas. As during the other summer
cruises, wind speeds were weak (with strongest instantaneous wind speeds generdly <10 m- 5%
and variance ellipses oriented east-west. In summary, the regional winds were quite similar
during each summer cruise and consonant with the climatological fields for August.

Nearshore near-surface currents as measured by shipboard ADCP during cruise N3 were
northward off Tampa, but from there to past Cape San Blas were generaly small in magnitude
and variable in direction. There was some evidence of a cyclone inshore of the 100-m isobath in
the Big Bend area. West of Panama City nearshore currents had downcoast components,
reversing to strong northeastward flow off the mouth of the Mississippi River. This pattern was
consonant with the surface distributions of sdlinity, chlorophyll a, and glicate, al of which
showed the effects of strong northeastward movement of Mississippi River discharge just off
the river's mouth and rather strong east-west gradients over the inner shelves of Mississippi and
Alabama. During cruise N6, near-surface ADCP currents were upcoast over the inner shelf in
the Big Bend, downcoast from Cape San Blas to Pensacola, and had directions varying from
survey line to survey line further west. This is in contrast to expectations from mean winds
during the cruise, and probably resulted from east-west variability in wind direction during the
cruise. With the exception of sdinity, surface property distributions provided little help in
confirming the pattern of near-surface ADCP currents observed during cruise N6. The surface
sdinity field did show the effects of upcoast flow of the outflow from Mobile Bay and
downcoast movement of the discharge from the Suwannee River. Nearshore currents during
cruise N9 were northward off Tampa, indeterminate in the Big Bend, downcoast from Cape San
Blas, and northeastward off the Mississippi River mouth. This pattern was quite Smilar to that
observed during cruise N3, but different from the situation during cruise N6.

Over the inner shelf (water depths < 100m) in the Big Bend area there was a cyclonic
circulation pattern in the near-surface ADCP currents measured on cruise N3. No clear closed
pattern of circulation was seen in this area during cruises N6 and N9. As was the case for the
fall and spring cruises, no seasonal pattern was detected. Overal, we saw evidence for cyclonic
circulation over the inner shelf of the Big Bend areafor one cruise in each season and no closed
circulation patterns for the other cruises.

The SSH distribution on 5 August 1998, a the end of summer cruise N3, showed a large
anticyclonic eddy stretching along the slope from just southeast of the Mississippi River delta
to the eastern flank of DeSoto Canyon. Also shown was cyclonic flow over the apex of the
canyon and a smaller anticyclonic flow centered over the 200-m isobath west of Tampa. This
pattern is confirmed by geopotentiad anomay caculations from N3 as wdl as by ADCP
currents. Eastward near-surface currents with speeds of 50 cm-s* or more were measured along
the shelf edge off the Mississippi River mouth, extending along the 1000-m isobath to the
eastern flank of DeSoto Canyon, and there turning southeastward over deeper water.

The SSH field for 18 August 1999, taken as representative for cruise N6, shows that the slope

and outer shelf of the western study area were dominated by two areas of cyclonic flow, one
centered near 88.6°W and the other near 87.1°W. South of these features was a large, strong
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(center height in excess of 30 cm) anticyclone, and so eastward flow continued over the outer
dope. The geopotentia anomaly pattern also showed strong eastward flow aong the shelf edge
into DeSoto Canyon, but without the on- and off-shelf flow implied by two cyclones in the
SSH field. The geopotential anomaly field and measured currents both showed the flow turning
southeastward in the DeSoto Canyon and continuing along the along the slope out of the study
region.

On 2 August 2000 the SSH field showed aweak anticyclone (center height ~13 cm) impinging
on the continental shelf from about 88.5° to 87°W. Fields of near-surface ADCP currents and
geopotential anomaly from cruise N9 agree quite wel over the outer shelf and slope. They
indicate strong along-isobath flow along the shelf and outer slope from off the Mississippi
River delta to near 87.7°W. Centered at about 28.7°N, 87.5°W on the shelf edge was a smal
cyclone; it separated the anticyclonic flow to the west from another anticyclonic (not seen in the
SSH field) farther to its east. Indicated was strong eastward flow onto the eastern flank of
DeSoto Canyon between about 85° to 86°W. Slope currents were weaker over the eastern than
the western study region.

Long-term river discharge rates for the Mississippi River are at a minimum in September-
October and thus are faling and aready low in July and August. The long-term maximum
discharge rates for the Mississippi are in April. For most other rivers discharging into the
region, the period of maximum discharges are somewhat earlier, during February-April, and the
distributions are more peaked than for the Mississippi River, leaving along period of relaivey
small discharge. Our summer cruises were within that period of minimum average discharge.

Mississippi River discharge rates exceeded long-term mean values for January-August of 1998;
they exceeded the mean by more than one standard deviation during most of July. Most other
rivers discharging into the study area also exceeded their mean flow rates early in 1998 but were
a or near mean rates during July and August. The Apalachicola River, however, exceeded its
long-term mean discharge during most of March through May, often by one standard deviation,
and the Suwannee River exceeded its mean flow rate from October 1997 through May 1998 by
as much as 150%. In 1999, Mississippi River discharge exceeded its 70-yr mean in May, was
average in June, exceeded the mean in July, and was nearly one standard deviation below its
mean in August. Except for the Tombigbee River, which had a pulse of high discharge in July,
other rivers discharged at or below their long-term means during spring and summer 1999.
During the first 8 months of 2000, river discharge rates were generally low relative to their long-
term means, though there were pulses of high flow rates for Mississippi and Alabama rivers
during April and/or May.

In response to the large Mississippi discharge rates, surface sainities during cruise N3 were
<34 over the entire region except for the inner Florida shelf. The lowest vaues were found (1)
near the river mouth (<27), with values <32 extending northeast over the shelf past Mobile Bay,
and (2) over the outer shelf and ope along the east flank of DeSoto Canyon (<27), with values
<32 extending inshore to the 100-m isobath around the canyon and aong the west Florida
shelf. East of Pensacola (i.e., over most of the study region) surface salinity generally decreased
with distance offshore from the coast. An exception was dightly less salty water near the coast
from the mouth of the Suwannee River southward, probably resulting from the relatively high
Suwannee River discharge. The pattern of low salinity near the Mississippi River mouth and
along the outer shelf and dope is consistent with the indicated circulation. Currents along the
slope were strongly eastward from the Mississippi River delta to and into outer DeSoto
Canyon, accounting for the low salinity water over the eastern flank of the canyon. Northward
currents east of the deltamight have aided movement of river water upcoast over the inner shelf.
Surface distribution of chlorophyll a was very smilar to that of surface sdinity. The surface
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distribution of silicate also was similar to that of sainity with two notable exceptions. Regions
of high silicate were found over the inner shelf from Mobile Bay eastward past Pensacola and
in atongue extending southeastward from off Apalachicolato mid shelf.

The result of river discharge rates prior to cruise N6 and the eastward flow aong the shelf edge
wasthat low sdlinity waters generdly were seen only over the Mississippi shelf and along the
outer shelf and slope eastward from the mouth of the Mississippi River. Consequently, with the
exceptions of somewhat lower salinity off the Suwannee River and from Mobile Bay to just east
of Pensacola, the pattern of surface salinity seen on N6 was of surface sadinity over the shelf
decreasing offshore, smilar to the situation during N3. The cyclone centered near the head of
DeSoto Canyon near 29.5°N, 87.1°W gresatly affected observed property distributions. Waters
with surface salinities greater than 32 were drawn from the inner shelf over the slope on its
western (southward flowing) flank; low-salinity water (<30) was advected onto the shelf up the
DeSoto Canyon along its eastern flank. The anticyclone further to the south impinged on the
upper slope near 86.5°W. This resulted in the transport of waters with surface salinities between
33 and 36 onto the dope between the 500- and 1000-m isobaths. With that exception al surface
waters over the slope in the study area were influenced by the Mississippi River discharge, as
evidenced by their relatively low sdlinities.

Asfor cruises N3 and N6, low salinity waters were found on cruise N9 over the outer shelf and
dope, with salinity increasing eastward from the mouth of the Mississippi River. As a result of
this distribution and of low discharge rates from the minor rivers, the surface salinity during N9
decreased offshore without the exceptions seen on N3 and N6 near the mouths of minor rivers.
Overdl, observed surface salinities were greater, and by inference the influence of rivers less,
during cruise N9 than during N3 and N6. For al of the summer cruises, nutrients were
enhanced in the upper 15 m of the water column in regions of low sainity caused by river
discharges, but concentrations decreased with distance from the discharge points because of
uptake by plankton. Nutrients in the lower portion of the photic zone were enhanced by upward
doming of isopleths related to circulation features such as small cyclones.

On cruise N3, asmall (diameter about 50 km) cyclonic circulation feature was seen in uplifted
property distributions centered near 29.4°N, 87.4°W. A somewhat larger (diameter near 100
km) anticyclone was centered over the apex of DeSoto Canyon near 29.7°N, 86.9°W as seen in
the SSH field, ADCP currents, geopotential anomaly, and distributions of nutrients and other
properties. The former feature may have been a satdlite to the latter. Uplift of isopleths in the
larger cyclone was limited to depths greater than about 15 m. During N6 a small cyclone was
centered near 28.7°N, 85.5°W between the 100- and 200-m isobaths as indicated by the patterns
of geopotential anomaly, ADCP currents, and the doming of nutrient-rich waters into the upper
50 m of the water column. Its diameter appeared to be about 75 km. A second small cyclone
(diameter of 50 km) was seen in ADCP currents and property distributions off the mouth of the
Mississippi River during N6. That cyclone was centered near 28.7°N, 88.6°W between the 500-
and 1000-m isobaths and had near-surface speeds to 50 cm-s*. During cruise N9 one small
cyclone (diameter of order 50-75 km) was detected, centered over the upper slope at about
28.7°N, 87.5°W. Surface currents exceeded 50 cm-s™ and extended a least to 150 m in depth.
In summary, cyclones over the outer shelf and slope with diameter scales of order 50-75 km
were seen on all of the cruises made during this study with the exception of spring cruise N2.
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6 PARTICULATES

6.1 I ntroduction

Particulate matter in the world oceans is derived from a variety of sources including river
discharges, living phytoplankton and bacteria, atmospheric deposition, and detrital remains
of organisms. Particulate matter is organic as well asinorganic and contains living biological
organisms resulting in a complex biogeochemical cycle. The living portion of particulate
matter interacts with water column chemistry through the uptake of nutrients to form
biomass, production of oxygen during photosynthesis, and chemical reactions related to
excretion of waste products and decay of organic detritus. Water column chemical and
particulate matter concentrations and distributions are the end results of these interactions.

Particulate matter distributions in the study area were described in terms of particul ate matter
(PM), particulate organic carbon (POC), particulate organic nitrogen (PON), and light
transmission. Vertically continuous estimates of particulate concentrations are provided by
transmissometry calibrated with the discrete particulate samples. This provides a rapid
determination of the horizontal and vertical distribution of particles and an assessment of
temporal (seasonal and interannual) variability over the three-year observation period.

In the open ocean most particles are biological organisms and associated detritus. However
in near-shore regions, riverine sources of inorganic materials and terrestrial sources of
organic matter can be significant. In the open ocean, particulates detected via beam
attenuation (cp), are believed to be primarily due to particle sizes less than 20 microns in
diameter (Chung et al. 1996) and represent a range of organisms including heterotrophic
bacteria, prokaryotic prochlorophytes, cyanobacteria, eukaryotic picoplankton and smaller
nanoplankton. Beam transmission is converted to a total beam attenuation coefficient (c),
where ¢ = cy+Cptcy (W=seawater, y=yellow dissolved organic matter, and p=particles).
Seawater attenuation is constant and the contribution of yellow dissolved organic matter at
the light wavelengths utilized is generally considered to be minimal (e.g., Pak et al. 1988;
Chung et a. 1996). In coastal waters, this second assumption may or may not be true. Based
on these assumptions, particle concentrations can be estimated from transmissometry
readings. These water column properties can be used to understand the origins of cloudy,
turbid layers in the water column, called nepheloid layers. Particulate distributions and
temporal variations are to be evaluated in the context of the physical processes that operate
within the study area. Particulate matter concentrations, distributions, and temporal
variations are evaluated in the context of water column stability, river discharge, wind fields,
and circulation patterns.

Methods. After quality control processing of the transmissometer data was completed, the
particle beam attenuation coefficient (PBAC) was computed as

0
PBAC = -4.0* In(ﬂ)

max

where %T is the measured percent transmission and T, iS the maximum percent
transmission observed on the cruise (e.g., see Emery and Thomson 1998). The particulate
matter data were collected from near-surface, near-bottom, and mid-depth, "clear" water
samples at selected stations. The water sample was filtered through a filter that had been
weighed prior to the cruise to determine the filter's weight; the filter then was dried and re-
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weighed. The PM data then were determined by the differential between the pre-cruise and
post-cruise weight of the filter divided by the volume of water filtered (Jochens and Nowlin
1998). These PM data were used to calibrate the PBAC data to estimate the PM
concentrations throughout the water column.

Varying sources of particulates result in different particle environments in the surface and
bottom waters. Resuspension of particulates from the sea floor is the major source of
particulates in waters near bottom. In surface waters, however, there are several major
sources of particulates. These include sediments carried in discharges from rivers, bays, and
estuaries, production of detritus and fecal matter from biological activity, and wind-borne
dust. There can be exchanges between the surface and bottom sediments as particles settle
through the water column or, in shallow water, as currents cause mixing of re-suspended
material into upper waters. Because the major sources are different, independent correlations
between PBAC and PM concentrations were determined for the surface and bottom waters.

Correlations were determined for the surface and bottom data sets from all cruises. These are
shown in Figure 6.1-1. All the correlations are positive, indicating that the PBAC increases
(light transmission decreases) as particle loading increases. The squared correlations are all
better than 0.75 and significant at the 99% level. This indicates excellent correlations
between the PM concentrations and associated PBAC values in both surface and bottom
waters for each of the nine cruises.

The resulting linear equations were used to calculate PM from the continuous PBAC data.
Table 6.1-1 shows the coefficients, A and B, used for the equations with the form

PM =A +B* PBAC.

There were two equations per cruise; one for the surface and one for the bottom. The water
column was divided into upper and lower parts, with the surface equation applied to the
upper part and the bottom equation to the lower. To determine where the boundary between
the upper and lower parts was, the vertical transmissometer profiles were examined for the

Table 6.1-1. Coefficients of linear regressions of measured particulate matter (PM) against
the particle beam attenuation coefficient (PBAC), where PM = A + B * PBAC. BNL refers
to the bottom nepheloid layer.

Season Cruise Above BNL Inthe BNL
A B A B
Fall N1 0.02 1.46 0.01 1.75
Fall N4 0.12 1.49 0.13 1.38
Fall N7 0.06 1.70 0.10 1.30

Spring N2 0.12 1.07 0.00 1.67
Spring N5 0.09 1.46 0.01 1.66
Spring N8 0.11 1.28 0.05 1.55

Summer N3 0.10 1.36 0.03 1.49
Summer N6 0.09 1.63 0.02 1.52
Summer N9 0.13 1.16 0.03 1.35
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presence of bottom nepheloid layers (BNLS). The bottom correlation was applied to water in
the BNL, and the surface equation was applied to the rest of the water column. At stations
where intermediate-depth nepheloid layers (INLs) were present above the BNL, the bottom
equation was used for the waters within the INL if there was no water of surface optical
properties separating the layers.

Figure 6.1-2 gives examples of nepheloid layers in the transmissometer data showing a
surface layer strongly influenced by river discharge (upper panel; ~500-m water depth) and a
BNL (lower panel; ~200-m water depth). For cases where profiles of transmissometry data
indicated differences between upper and lower waters, the depth at which the optical
properties changed was chosen to divide the water column. For cases with no obvious
difference, the mid-depth was chosen for the division.

General vertical profiles of particulate matter: Rivers, most notably the Mississippi River,
supply sediments to the NEGOM shelf that are suspended in low-density river plumes. The
sediment in the river plume creates a surface nepheloid layer (Figure 6.1-2, upper panel). As
particles settle out, they are deposited on the sea floor and later may be re-suspended and
transported by the action of currents and waves. Particles traveling close to the sea floor
while in resuspension create a turbid layer just above the bottom that is called a bottom
nepheloid layer (Figure 6.1-2, lower panel).

6.2 Distributions of Particulate M atter

Distributions of particulate matter (PM) are discussed by cruise using three presentation
types. First, the distribution of the surface (~3 m) particulate matter (PM) concentration is
examined. For each station the PM concentration was calculated from the optical data using
the surface equation; these data then were contoured and examined for patterns. Second,
distributions of the total mass of PM in the water column are described. The total mass of
PM was calculated at each station as the total mass under one sguare meter of sea surface.
Third, distributions of the percent of the total PM mass in the water column that is contained
in bottom nepheloid layer is examined. Note that the total mass is a function of the water
depth; the total mass offshore of the 200-m isobath reflects this fact by the relatively large
totals seen in the off-shelf region. Therefore, the discussion of the total mass and percent in
BNL will focus on the results found over the continental shelf, where the potential influence
of sediments carried in river plumes or re-suspended by currents and waves can be more
clearly identified. Descriptions of the PM distributions are given by cruise in the three
seasonal groups. fall, spring, and summer.

Fall Cruise N1 (16 November 1997 — 26 November 1997): Cruise N1 was the first fall
cruise. Low surface salinities (< 32), indicative of possible river plumes, were confined to the
regions immediately adjacent to the Mississippi River at Pass a Loutre and Mobile Bay
(Figure A.1.2-1). Surface particul ate matter concentrations were highest (= 1 mg-L™) near the
coast in three regions associated with river discharges: off the mouths of the Mississippi
River and Mobile Bay in the west, off the Apalachicola River near Cape San Blas, and south
of the Suwannee River in the east (Figure 6.2-1). Offshore of approximately the 50-m isobath
surface concentrations were low, being generally < 0.2 mg-L™. Total mass of PM over the
shelf generally was low (< 25 g-m™®), except immediately adjacent to the Mississippi River,
where values in excess of 50 g-m® were present. Over much of the inner shelf (< 50-m water
depths), 50% or more of the total mass was contained in the bottom nepheloid layer, even
immediately adjacent to the Mississippi River.
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Figure 6.2-1. PM distribution for cruise N1 in November 1997. (Upper) Near-surface (3 m)
concentration (mg-L-1). (Middle) Total mass of PM under one square meter of
sea surface (g). (Lower) Percent of total PM mass|ocated in BNL.
Bathymetric contours shown are 50, 200, and 1000 m.
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Fall Cruise N4 (13 November 1998 — 24 November 1998): The second fall cruise, N4, was
conducted at atime when surface salinities of less than 32 were located only west of 88.5°W.
There was a definite plume from the Mississippi River, with salinities lower than 25
occurring immediately adjacent to Pass a Loutre (Flgure D.1.2-1). Near-surface PM
concentrations exceeded 5 mg-L™ in this plume, and concentrations greater than 1 mg-L™
extended along the inner shelf from this plume to just east of Mobile Bay (Figure 6.2-2).

Elevated concentrations (= 0.6 mg-L™) occurred nearshore all along the Mississi ppi-Alabama
shelf to off the mouth of the Apalachicola River east of Cape San Blas. High total PM values
of 50 g-m™ or more were associated with the Mississippi River plume and extended inshore
to Mobile Bay. Elsewhere over the inner shelf, the total mass was < 25 g-m, with lowest
values over the west Florida shelf. There were substantial regions over the i inner shelf, even
in the plume, in which resuspension of particulates near bottom was important, as indi cated
by those regions where 50% or more of the total mass was in bottom nepheloid layers.

Fall Cruise N7 (13 November 1999 — 25 November 1999): Near-surface salinities were
higher on the third fall cruise, N7, than the other fall cruises. Lowest salinities were located
in close proximity to the Mississippi River mouth, with the innermost observation on line 1
having a salinity of ~31 (Figure G.1.2-1). Low salinities of ~32 also were present south of
Mobile Bay. Salinities elsewhere generally were higher and were over 34. Highest near-
surface PM concentrations were in the region just east of the Mississippi River, reaching 5
mg-L™* off the Pass a Loutre mouth of the Mississippi River (Figure 6.2- 3) Elevated
concentrations of more than 0.6 mg-L™ extended eastward and inshore from the Mississippi
River mouth to just east of Mobile Bay. There also were elevated near-surface PM
concentrations in the nearshore region off Cape San Blas. The outer shelf had generaly low
near-surface PM concentrations of < 0.2 mg-L™. Associated with the high near-surface PM
concentratlons on the shelf off the mouth of the Mississippi was a high total PM mass of >
50 g-m™. The region of the high mass did not extend to Mobile Bay. It was a region where
the percent of mass in the BNL was < 50%, suggesting surface transport of particles was
important in this region. Elsewhere over the inner shelf the BNL contained 50% or more of
the total mass.

Spring Cruise N2 (5 May 1998 — 16 May 1998): Cruise N2 was the first of the three spring
cruises. It was conducted at a time when low-salinity surface water was widespread over the
study area (Figure B.1.2-1). Waters with salinity < 32 covered most of the shelf from the
Mississippi River to Cape San Blas and also inshore of the 20-m |sobath on the west Florida
shelf. High near-surface PM concentrations, exceeding 1 mg-L™, were located from the
mouth of the Mississippi River eastward and mshore to ~87°W, offshore of Pensacola Bay
(Figure 6.2-4). Concentrations of = 5 mg-L™ occurred immediately off the mouth of the
Mississippi. Elevated concentrations of = 0.6 mg-L™ also were located along the nearshore
east of 87°W to ~83.5°W. Unlike the fall season, the concentrations over the outer shelf
generally exceeded 0.2 mg-L™. In the shelf region with high near-surface PM concentration,

the total PM mass exceeded 25 g-m?, but was less elsewhere over most of the rest of the
shelf. In spite of the widespread low- saI|n|ty water, the total PM mass on the shelf was not
high, except immediately adjacent to the discharge point of the river, where the mass was
~50 g- m* . Fifty percent or more of the mass over most of the inner shelf was in the BNL,

evenin the region associated with the elevated near-surface concentrations.

Spring Cruise N5 (15 May 1999 — 28 May 1999). The second spring cruise was Nb.
During this cruise, low-salinity surface water extended over the entire shelf from the
Mississippi River to offshore of Choctawhatchee Bay (Figure E.1.2-1). There was no low-
salinity surface water over the West Florida shelf. Near-surface waters with high PM
concentrations, exceeding 1 mg-L ™, were located over the shelf and slope from the mouth of
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Figure 6.2-2. PM distribution for cruise N4 in November 1998. (Upper) Near-surface (3 m)
concentration (mg-L-1). (Middle) Total mass of PM under one square meter of
sea surface (g). (Lower) Percent of total PM mass located in BNL.
Bathymetric contours shown are 50, 200, and 1000 m.
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Figure 6.2-3. PM distribution for cruise N7 in November 1999. (Upper) Near-surface (3 m)
concentration (mg-L-1). (Middle) Total mass of PM under one square meter of
sea surface (g). (Lower) Percent of total PM mass located in BNL.
Bathymetric contours shown are 50, 200, and 1000 m.
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Figure 6.2-4. PM distribution for cruise N2 in May 1998. (Upper) Near-surface (3 m)
concentration (mg-L-1). (Middle) Total mass of PM under one square meter of
sea surface (g). (Lower) Percent of total PM mass located in BNL.
Bathymetric contours shown are 50, 200, and 1000 m.
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the Mississippi River to ~88°W offshore of Mobile Bay (Figure 6.2-5). As Wlth cruise N2,

most of the remainder of the shelf had PM concentratl onsthat exceeded 0.2 mg-L™. Total PM
mass over the shelf was generally <50 g- m?, and over the nearshore of the FI orida shelf, the
mass was < 10 g-m?. The mass in the BNL exceeded 50% on the inner shelf between the
Mississippi River and Mobile Bay and from Cape San Blasto off Tampa Bay.

Spring Cruise N8 (15 April 2000 — 26 April 2000): N8 was the third and final spring
cruise. It was conducted earlier in the season than the two previous spring cruises, and
consequently, there was much less low-salinity surface water present over the shelf (Figure
H.1.2-1). Only off Mobile Bay was the surface salinity < 32. There were two areas with high
near-surface PM concentrations. One was off the Mississippi River, and the other was
offshore of Mobile Bay (Figure 6.2-6). PM concentrations over the remainder of the inner
shelf generally were more than 0.2 mg-L™* but less than 1 mg-L™*. Unlike the other spring
cruises, however, most of the outer shelf had PM concentrations of < 0.2 mg-L™; this was
similar to the pattern on the fall cruises. Total mass was < 25 g-m? over the i inner shelf
except in the nearshore off Mobile Bay where the lowest salinities were seen. Over the inner
shelf and part of the outer shelf, the mass in the BNL was 50% or more of the total massin
the water column.

Summer Cruise N3 (25 July 1998 — 6 August 1998). The first summer cruise was N3.
During this summer cruise, there were two regions with low-salinity surface water: over the
shelf from Mobile Bay west and over the outer shelf and slope from the apex of DeSoto
Canyon southeast to the boundary of the study area (Figure C.1.2-1). In the reglon with this
low-salinity water, the near-surface PM concentrations exceeded 0.6 mg-L™* (Figure 6.2-7).

In addition to the nearshore off the Mississippi River, Mobile Bay, and the Suwannee River
mouths, there was a broad area over the slope southwest of Cape San Blas where the
concentrations exceeded 1 mg-L™*. The chlorophyll concentrations in this slope region also
were relatively high (Figure C.1. 2-3) suggesting that most of the particles were biological in
nature, as opposed to being associated with sediment discharged from a r|ver In contrast to
the fall and spring cruises, PM concentrations were greater than 0.2 mg-L™* everywhere in the
study area. Over the shelf, the total PM massin the water column under a square meter of the
sea surface exceeded 50 g-m™ only off the mouth of the Mississippi River. The total mass
over the eastern inner shelf generally was less than that in comparable water depths over the
western inner shelf. The BNL constituted over 50% of the total mass nearshore from the
Mississippi River to Tampa Bay.

Summer Cruise N6 (15 August 1999 — 28 August 1999): The second summer cruise, N6,
was conducted during a time when the low-salinity surface water (< 32) extended over the
outer shelf and slope of most of the study area (Figure F.1.2-1). In only a small area over the
slope southwest of Cape San Blas were there salinities > 32 on the outer shelf and slope.
Inshore, salinities were higher than offshore. Near-surface PM concentrations were elevated
(= 0.6 mg-L™) over the Mississippi-Alabama shelf and over the slope of the western side of
DeSoto Canyon (Figure 6.2-8). The chlorophyll concentrations in this region (not shown)
were relatively high, suggesting that many of the particles were biological in nature. The
concentrations in the nearshore off and north of Tampa Bay also were elevated. As with
cruise N3, PM concentrations were greater than 0.2 mg-L™* everywhere in the study area.
Associated with the small area, with the relatively high salinities, over the slope southwest of
Cape San Blas were near-surface PM concentrations that were rel atlvely low compared to
those in adjacent waters. Total PM mass was generally less than 50 g-m™ over the shelf, with
the mass over the eastern inner shelf being less than that of the western inner shelf at
comparable water depths. BNLs carried the majority of the mass in the region off the
Mississippi River and in the nearshore north of Tampa Bay.
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Figure 6.2-5. PM distribution for cruise N5 in May 1999. (Upper) Near-surface (3 m)
concentration (mg-L-1). (Middle) Total mass of PM under one square meter of
sea surface (g). (Lower) Percent of total PM mass located in BNL.
Bathymetric contours shown are 50, 200, and 1000 m.
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Figure 6.2-6. PM distribution for cruise N8 in April 2000. (Upper) Near-surface (3 m)
concentration (mg-L-1). (Middle) Total mass of PM under one square meter of
sea surface (g). (Lower) Percent of total PM mass located in BNL.
Bathymetric contours shown are 50, 200, and 1000 m.
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Figure 6.2-7. PM distribution for cruise N3 in July/August 1998. (Upper) Near-surface (3
m) concentration (mg-L-1). (Middle) Total mass of PM under one square
meter of sea surface (g). (Lower) Percent of total PM mass located in BNL.
Bathymetric contours shown are 50, 200, and 1000 m.
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Figure 6.2-8. PM distribution for cruise N6 in August 1999. (Upper) Near-surface (3 m)
concentration (mg-L-1). (Middle) Total mass of PM under one square meter of
sea surface (g). (Lower) Percent of total PM mass located in BNL.
Bathymetric contours shown are 50, 200, and 1000 m.
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Summer Cruise N9 (28 July 2000 — 8 August 2000): N9 was the third summer cruise.
Low-salinity water (< 32) was present on the outer shelf and slope from the Mississippi
River to southwest of Cape San Blas (Figure 1.1.2-1). Inner shelf waters were more saline.
Associated with the low-salinity waters were near-surface PM concentrations that were 0.6
mg-L™* or more (Figure 6.2-9). Highest values were in the waters extending over the outer
shelf and slope eastward from the Mississippi River to ~87.5°W. The chlorophyll
concentrations in this region were relatively high (Figure 1.1.2-2), again suggesting that
many of the particles were biological in origin. There were elevated concentrations south of
the Suwannee River mouth to just north of Tampa Bay. Total PM mass values were
relatively low (= 10 g-m®) over much of the inner shelf except that part of the inner shelf
offshore and west of Mobile Bay. Highest total PM mass over the shelf was located east of
the Mississippi River, with values exceeding 50 g-m™. Much of the mass over the inner shelf
was contained in BNLs, even in the region of highest near-surface PM concentrations.

Summary of Seasonal Particulate Distributions. Near-surface particulate concentrations
were highly and negatively correlated with low salinity values associated with discharges of
fresh water from rivers, bays, and estuaries (see Section 10). This was reflected in the
patterns of particulate distributions. In all seasons, high near-surface particulate
concentrations (= 1 mg-L™) over the shelf (water depths of 200 m or less) were located
adjacent to the Mississippi River. This is consistent with the high terrestrial sediment
discharge associated with that river. The region of high concentration generally extended
northeast to Mobile Bay. High concentrations also were located adjacent to the discharge
sources for other rivers, bays, and estuaries;, however, these did not occur consistently in a
season off any particular discharge source, likely reflecting the influence of the interannual
variability of localized river discharge on the particulate concentrations adjacent to such
discharge sources. Low concentrations (< 0.2 mg-L™) over the shelf were most extensive in
fall and were located mainly over the west Florida shelf. The N8 cruise in April 2000
exhibited distributions similar to those of fall, most likely because the cruise was conducted
before the peak spring river runoff occurred. Away from the mouths of the rivers, bays, and
estuaries, concentrations over the shelf in summer were generally higher than those in spring.

In all three seasons sampled, high concentrations (= 1 mg-L™) over the slope (water depths of
> 200 m) could occur adjacent to the Mississippi River. This varied between years in fall
and spring. However, only in summer was the pattern consistent between years, with high
concentrations located off-shelf of the Mississippi River and over the slope to the southeast.
Further, the region of high concentration over the slope was more extensive in summer than
fall or spring and occurred even off the west Florida shelf. The summer off-shelf pattern
generally reflected the pattern of high chlorophyll concentrations, suggesting particulate
concentrations in these regions were related to biological productivity. The summer
concentrations over the slope were related to the presence of anticyclonic/cyclonic
circulation features that transported the Mississippi River water and associated increased
phytoplankton abundances southeastward along the shelf edge.

The percent of the total particulate mass of the water column that was contained in the
bottom nepheloid layer was lowest off the shelf (> 200 m) regardless of season. The percent
was highest, often exceeding 50%, over the inner shelf (approximately < 50 m water depth).
This was particularly true of the west Florida shelf in all three seasons sampled. Over the
western part of the study area, the extent of the region where the bottom nepheloid layer
contained 50% or more of the total particulate mass was variable in all seasons, likely
reflecting the variability of river discharge which could increase the near-surface
contribution to the total particulate mass, thus reducing the percent that was in the bottom
nepheloid layer.
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Figure 6.2-9. PM distribution for cruise N9 in July/August 2000. (Upper) Near-surface (3
m) concentration (mg-L-1). (Middle) Total mass of PM under one square
meter of sea surface (g). (Lower) Percent of total PM mass located in BNL.
Bathymetric contours shown are 50, 200, and 1000 m.
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Basic statistics: The average water column PM mass under a square meter of sea surfaceis
shown in Figure 6.2-10 for each cruise by east and west shelf, using 87°W as the division.
Note that these averages do not include data offshore of the 200-m water depth. Over the
eastern shelf (represented by pluses), the average has little variability between cruises,
ranging from 14 to 19 g. Cruise N1 has the lowest average over the eastern shelf. The
averages for al cruises are higher over the western shelf (represented by triangles) than over
the eastern by 10 g or more. There is significant variability between cruises, but there is no
clear seasonal pattern to the highest or lowest values. Cruise N4 had the highest value of any
cruise. This cruise had the highest near-surface particulate concentrations off the Mississippi
River and extending inshore toward the Mississippi Sound. The associated total PM mass in
this region also was higher than on other cruises. Examination of the near-surface salinity on
cruise N4 (Figure D.1.2-1) shows relatively low salinity water (< 30) in a strong gradient in
the region of the high particulates. This suggests that the Mississippi River plume was
present in this region, resulting in the high particulate mass over the western shelf.

Similarly, the mean PM mass under a square meter of sea surface for the BNLs over the shelf
(Figure 6.2-11) islower and less variable between cruises over the eastern shelf (pluses) than
over the western shelf (triangles). Fall values over the eastern shelf are relatively constant
near ~7 g, and, ranging from 5 to 8 g, spring values are slightly more variable than the other
seasons. Summer values are less than those of the preceding or following season. Over the
western shelf, the mean PM mass in the BNL is variable between cruises and even between
cruises within the same season. Comparing the average PM in the BNL from the western
half of the NEGOM shelf (Figure 6.2-11) with that from the eastern half of the LATEX shelf
(see Figure 5.1-17 in Nowlin et al. 1998) suggests the values on the western NEGOM shelf
are higher in summer, comparable in fall, and slightly lower and less variable in spring.

Basic statistics for the particulate matter observations from near-surface and near-bottom
water samples are given in Table 6.2-1. On average the fall season had lower mean near-
surface PM concentrations. The spring season had more variability as suggested by the larger
standard deviation and the wider range of near-surface PM concentrations. Near-bottom
means were similar for the three seasons. The lowest standard deviation and the smallest
range for the near-bottom observations were in the summer season, suggesting near-bottom
particulate concentrations were less variable in summer than fall or spring. Statistical
relationships between particulates and other parameters, such as salinity, chlorophyll,
nutrients, and oxygen, are presented in Section 10.

6.3  Distributions of Particulate Organic Carbon and Nitrogen

Particulate matter can be organic or inorganic in origin and living or dead. As a first
indication of the origins of PM, the particulate organic carbon (POC) content was measured
near-surface on all cruises. On cruises N1 through N6, it was measured also in near-bottom
waters. Because POC values near the bottom had little or no correlation with the near-
bottom PM concentrations, POC was measured at the chlorophyll maximum, rather than near
bottom, on cruises N7 through N9.

The general pattern of both near-surface and subsurface POC concentration is of decreasing
concentration with increasing distance offshore, which coincides with increasing water
depth. Static measurement of POC concentrations reflects the end result of a dynamic
process between in situ production of particles, advective horizontal transport of particles
either from river discharges or shallow resuspension events, and consumption due to in situ
microbial reworking. The observed decreases are probably aresult of several factors acting
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Table 6.2-1. Basic statistics for particulate matter observations.

Type Mean Standard Maximum  Minimum
(Mg-L™) Deviation (Mg-L™) (Mg-L™)
(Mg-L™)
Surface
All 566 1187 15462 40
Fall 393 999 10368 40
N1 287 359 2411 40
N4 607 1601 10368 41
N7 269 384 2219 45
Spring 617 1507 15462 56
N2 482 942 6420 56
N5 1070 2346 15462 59
N8 323 623 4627 56
Summer 685 961 9200 87
N3 787 1254 9200 87
N6 568 424 2616 99
N9 702 1013 5648 99
Near-bottom
All 533 877 9849 5
Fall 596 1011 6471 21
N1 498 933 4967 21
N4 776 1229 6471 59
N7 502 785 3792 70
Spring 525 962 9849 5
N2 471 658 4207 5
N5 459 539 2949 35
N8 650 1457 9849 13
Summer 481 611 3708 37
N3 510 635 2797 44
N6 500 716 3708 37
N9 433 461 2606 51
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in concert. First as we move offshore, we are farther from nearshore sources of particles and
the particles advected laterally through the water column will decrease in concentration
because the larger particles have settled out of the water column during the transport, i.e.,
particulate matter is preferentially deposited near shore. Further offshore also equates to a
longer water column and thus longer settling times; therefore sinking particles are subject to
more reworking by bacteria. Bacterial reworking generally decreases particle size (as
opposed to large animal fecalization processes), disaggregates particles, and converts
particulate forms to dissolved forms all decreasing the concentrations of particles. Thus
increased distance from shore equates to increased water depth and in combination equates to
reduced particulate |oads.

In fall, near-surface POC concentrations decreased with increasing distance offshore (Figure
6.3-1). Only on cruise N1 did high POC concentrations ( = 100 pg-L™) extend beyond the
shelf; this occurred off the mouth of the Mississippi River. In spring, near-surface POC
concentrations also decreased with increasing distance offshore (Figure 6.3-2). However, the
region of high POC concentrations was more extensive than in fall, except for cruise N8,
which occurred early in the spring season. The near-surface POC concentrations of summer
were high across the western shelf and slope in all three years sampled (Figure 6.3-3). On
N3, high POC was seen over the slope of the eastern shelf, reversing the pattern of
decreasing concentrations with increasing distance offshore seen in the fall and spring
cruises. The highest POC levels in al seasons generally were associated with high PM
plumes near river mouths (e.g., compare the region of PM = 0.6 mg-L™ in Figure 6.2-6, upper
panel, with the region of POC = 100 pg-L™ in Figure 6.3-2, lower panel). In many instances,
high POC values were broadly distributed across the shelf, indicative of an in situ
phytoplankton origin (e.g., Figure 6.3-3, upper panel).

The general pattern of subsurface POC concentrations also is of decreasing concentrations
with increasing distance offshore. Highest values (= 100 pg-L™) tend to occur mainly off the
Mississippi and Apalachicola Rivers and the Mobile and Choctawhatchee Bays (Figures 6.3-
4, 6.3-5, and 6.3-6). Thisis the case even on summer cruise N3 when the near-surface POC
concentrations were widespread across the shelf and slope (compare upper panels of Figures
6.3-3 and 6.3-6). Near-bottom POC concentrations were measured on cruises N1 through N6.
At stations in depths of more than 100 m, the near-bottom POC concentrations generally
were significantly less than near-surface water POC concentrations as a result of
remineralization of organic matter during transport through the water column. In shallow
depths, near-bottom water POC could exceed POC in near-surface waters, probably due to
the primary productivity maxima being below the near-surface water depth of collection. At
some locations, resuspension of organic-rich sediments may be occurring. The third year of
sampling measured POC at the chlorophyll maximum, rather than near bottom as in the first
two years. The pattern of regions of high POC concentrations at the chlorophyll maximum
generally mirrored that at the near-surface (compare the bottom panels of Figures 6.3-1, 6.3-
2, and 6.3-3 with those for Figures 6.3-4, 6.3-5, and 6.3-6).

Basics statistics were calculated for the observations of particulate organic carbon and
particulate organic nitrogen (Table 6.3-1). On average, the near-surface POC concentrations
are greater than those sub-surface. There also is more variability in the near-surface. The fall
season has generally smaller near-surface POC concentrations than the other seasons, and the
summer has larger. Note that the near-surface statistics for cruise N8, which was conducted
prior to the time when the spring discharge from the Mississippi River reached the ocean, are
more like those of the fall cruises than the other spring cruises. There is more variability in
spring and summer near-surface POC concentrations, as evidenced by larger standard
deviations and greater ranges, than in fall. Sub-surface concentrations do not seem to have
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Figure 6.3-1. Particulate organic carbon (ug-L-1) from the near-surface observations on
fall cruises N1, N4, and N7. Bathymetric contours shown are 10, 20, 50,
100, 200, 500, and 1000 m.
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Figure 6.3-2. Particulate organic carbon (ug-L-1) from the near-surface observations on
spring cruises N2, N5, and N8. Bathymetric contours shown are 10, 20,
50, 100, 200, 500, and 1000 m.
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Figure 6.3-3. Particulate organic carbon (ug-L-1) from the near-surface observations on
summer cruises N3, N6, and N9. Bathymetric contours shown are 10, 20,
50, 100, 200, 500, and 1000 m.
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Figure 6.3-4. Particulate organic carbon (ug-L-1) on fall cruises N1, N4, and N7 from
the near-bottom (aand b) and chlorophyll maximum (c) observations.
Bathymetric contours shown are 10, 20, 50, 100, 200, 500, and 1000 m.
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Figure 6.3-5. Particulate organic carbon (ug-L-1) on spring cruises N2, N5, and N8 from
the near-bottom (aand b) and chlorophyll maximum (c) observations.
Bathymetric contours shown are 10, 20, 50, 100, 200, 500, and 1000 m.
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Figure 6.3-6. Particulate organic carbon (ug-L-1) on summer cruises N3, N6, and N9
from the near-bottom (a and b) and chlorophyll maximum (c) observations.
Bathymetric contours shown are 10, 20, 50, 100, 200, 500, and 1000 m.
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Table 6.3-1. Basic statistics for observations of particulate organic carbon and particul ate
organic nitrogen and ratio of POC to PON. The units for the mean, standard deviation,
maximum, and minimum are pg-L™*. Sub-surface observations from cruises N1 through N6
were near-bottom; those from cruises N7 through N9 were from the chlorophyll maximum.
The Redfield ratio of C:N is 7:1.

Type Particulate Organic Carbon Particulate Organic Nitrogen Ratio
M ean Stand. Maxi- Mini- M ean Stand. M axi- Mini- POC
Dev. mum mum Dev. mum mum to
PON

Near-Surface
All 98.10 11399 771.25 11.68 17.56 2153 14761 0.18 5.91
Fall 59.60 55.27 403.26 12.78 10.81 10.23 78.14 2.12 5.59
N1 79.51 49.98 235.46 26.54 14.24 8.88 39.53 5.07 5.62
N4 51.56 68.58 403.26 12.78 10.00 13.36 78.14 2.12 5.26
N7 45.91 34.32 160.69 15.03 7.77 5.39 27.53 2.44 5.93
Spring 89.42 12191 77125 11.68 16.40 2341 14084 0.18 6.27
N2 86.70 109.56 666.85 20.59 15.12 18.23  108.50 3.38 5.75
N5 127.65 17259 771.25 15.31 25.28 34.47 140.84 2.28 5.61
N8 55.91 3958 252.33 11.68 9.28 7.10 42.90 0.18 7.42
Summer 144.09 13153 751.97 26.27 25.26 25.08 147.61 4.48 5.88
N3 178.12 144.46 730.26 47.21 31.64 27.23  144.02 8.22 5.67
N6 111.44 76.46 415.43 26.27 17.51 12.00 64.70 4.48 6.38
N9 142.64 154.40 751.97 30.12 26.70 3055 147.61 5.86 5.57
Sub-surface
All 47.90 4954 320.83 0.49 8.64 8.91 49.55 0.12 6.00
Fall 50.35 51.65 320.83 3.74 8.27 8.27 48.97 0.48 6.18
N1 56.06 49.87 211.86 9.41 9.01 8.22 28.89 1.60 6.53
N4 43.05 53.58 320.83 3.74 7.38 8.48 48.97 0.48 5.77
N7 68.13 4471 138.26 22.27 9.97 6.54 20.97 3.73 6.81
Spring 46.05 46.36 301.43 3.97 8.65 8.71 49.55 0.12 6.20
N2 38.79 36.58 180.98 6.08 7.08 6.63 31.77 1.38 5.52
N5 41.35 42.62 169.45 3.97 8.41 9.08 38.39 0.12 6.91
N8 96.95 67.18 301.43 25.79 16.41 11.23 49.55 3.56 6.16
Summer 47.45 50.95 219.07 0.49 9.01 9.74 41.05 0.43 5.61
N3 50.53 51.22 218.63 7.04 9.58 9.74 38.10 1.28 5.35
N6 36.97 46.33 219.07 0.49 6.94 8.72 37.10 0.43 5.91
N9 103.70 4747 205.29 60.39 20.36 9.75 41.05 10.27 5.16

any seasonality to them. However, the average POC concentrations at the chlorophyll
maximum (cruises N7 through N9) are greater than those from near-bottom (cruises N1
through N6).

The ratios of POC to PON also are shown in Table 6.3-1. The average ratio is approximately

6 as compared to a C:N Redfield ration of 7:1. The correlation coefficient was 0.95 or better
for al cruises. Thus, the behavior of PON generally tends to mirror that of POC.

195



Basic statistics of the ratio of POC to PM were calculated for pairs of observations in the
near-surface (Table 6.3-2) and sub-surface (Table 6.3-3). On average, POC in near-surface
waters accounted for 28% of the PM while in near-bottom water POC was only about 12% of
the PM. In general, the quantity of POC accounting for PM was more variable in near-
surface waters than in sub-surface waters, as evidenced both by the wider range of ratios and
the larger standard deviations of the near-surface compared to the sub-surface data. Thisis
indicative of phytoplankton productivity in the shallow water photic zone and
remineralization of organic carbon in the water column. Near-bottom particul ates also may
have a contribution from re-suspended sediments relatively poor in organic carbon. The wide
range of ratios in the near-surface observations suggests a mixed origin of inorganic detritus
and phytoplankton biomass or remains. Section 10 presents correlations of POC with other
parameters including salinity and nutrients.

Table 6.3-2. Ratio of POC to PM from near-surface observations.

Type Mean Standard Maximum  Minimum
Deviation
All 0.28 0.15 0.99 0.01
Fall 0.31 0.20 0.99 0.01
N1 0.40 0.20 0.95 0.06
N4 0.24 0.20 0.79 0.01
N7 0.27 0.16 0.99 0.02
Spring 0.25 0.13 0.71 0.04
N2 0.29 0.13 0.65 0.05
N5 0.19 0.09 0.46 0.04
N8 0.28 0.14 0.71 0.05
Summer 0.27 0.11 0.69 0.02
N3 0.33 0.13 0.69 0.08
N6 0.21 0.05 0.34 0.10
N9 0.26 0.11 0.68 0.02
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Table 6.3-3. Ratio of POC to PM from near-bottom observations (N1 through N6) or
chlorophyll maximum observations (N7 through N9).

Type Mean Standard Maximum  Minimum
Deviation
All 0.12 0.10 0.93 0.01
Fall 0.13 0.11 0.54 0.02
N1 0.20 0.13 0.54 0.03
N4 0.07 0.05 0.23 0.02
N7 0.16 0.04 0.21 0.10
Spring 0.12 0.07 0.32 0.02
N2 0.12 0.07 0.32 0.03
N5 0.10 0.07 0.30 0.02
N8 0.16 0.06 0.25 0.06
Summer 0.12 0.11 0.93 0.01
N3 0.15 0.10 0.45 0.03
N6 0.09 0.12 0.93 0.01
N9 0.16 0.05 0.22 0.08
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7 DISSOLVED OXYGEN AND HYPOXIA

7.1 Introduction

The main source of dissolved oxygen in the ocean is the atmosphere. Surface waters are
generally near saturation, and, in the upper few tens of meters, often are supersaturated by a few
percent, in part from entrainment of air bubbles as well as photosynthesis (Broecker and Peng
1982). Subsurface waters generally are undersaturated due to oxidation of detritus and to
oxygen consumption by animals and bacteria. As will be shown in this section, this pattern of
saturation is true for the NEGOM shelf. In verticad profile, oxygen concentrations are high
near surface, decrease to aminimum near 400 m depth, and increase with increasing depth (e.g.,
Figure 7.1-1). In summer (shown here) and spring, the upper 150 m are quite variable; in fall,
the variability is substantially less because the water column is well-mixed by the action of the
wind.

The distribution and variability of dissolved oxygen is examined by consideration of the percent
of oxygen saturation reative to atmospheric concentration in the NEGOM water samples.
Temperature and salinity observations were used with the equation and coefficients for mL-L™
givenin Weiss (1970) to compute oxygen saturation values. Oxygen concentrations then were
divided by the computed oxygen saturation vaue for the potential temperature and salinity of
the water sample and converted to percent saturation. The solubility of oxygen in water
decreases as either temperature or salinity increase. The relationship of oxygen saturation in
surface waters to surface salinity and chlorophyll a is examined. The relationships of bottom
oxygen saturation to water column stability and bottom nitrate concentrations are considered. In
this report waters with saturation greater than or equal to 110% will be referred to as "highly
supersaturated".

An important aspect of the distribution of dissolved oxygen over the Gulf shelves has been the
observed occurrence of hypoxia. Waters with dissolved oxygen concentrations less than 1.4
mL-L™ are classified as hypoxic. Hypoxic waters contain too little oxygen to sustain healthy
animal communities (e.g., Rabaaiset a. 1999). As found during the LATEX study (Nowlin et
a. 1998a; Murray 1998), one of the factors contributing to hypoxia over the Texas-Louisiana
shelf isthe discharge of the Mississippi River. This discharge adds alayer of fresh water to the
surface, increasing the dratification of the water column. Strong dratification, in turn, can
decrease oxygen replenishment below the pycnocline. The discharge aso contributes
significant nutrients to the marine environment, alowing production of greater biomass in the
upper waters. Greater biomass production then can increase oxygen consumption through
larger quantities of detritus being oxidized below the pycnocline. Because a significant portion
of the Mississippi River discharge extends onto the NEGOM shdlf, the possibility of hypoxic
conditions within the NEGOM study area is examined in this section for the period of the
cruises in November 1997 through August 2000.

7.2  Surface Oxygen Distributions

Distributions of the percent oxygen saturation for near-surface samples on the NEGOM
cruises are examined. Near-surface samples are considered to be those taken within the upper 6
m of the water column. The distributions for the three spring cruises, N2, N5, and N8, are
shown in Figure 7.2-1. During these cruises, most of the NEGOM study area was
supersaturated by at least a few percent, with much of the area being at approximately 105%
saturation. Highly supersaturated surface waters were present over the Mississippi-Alabama
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Figure 7.2-1. Surface saturation (percent) of dissolved oxygen from spring cruises N2 (May
1998), N5 (May 1999), and N8 (April 2000). Bathymetric contours shown are
10, 20, 50, 100, 200, 500, and 1000 m.
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shelf on cruises N2 in 1998 and N5 in 1999. In contrast, on cruise N8 in 2000, the surface
waters were near saturated or undersaturated. These regions of highly supersaturated and
under-saturated oxygen levels likely are related to the discharge of fresh water from the rivers
and the presence of circulation features at the shelf edge.

Cruises N2 and N5 occurred in May, approximately 1-1.5 months after peak pulses in
discharge from the Mississippi River that exceeded the 70-year record-length mean. In 1998,
the discharge of relatively low salinity water from Mobile Bay aso was high due to large flows
in the Tombigbee and Alabama Rivers, with peak discharges in April that exceeded one
standard deviation from the mean. The region of highly supersaturated waters coincided well
with the region of lowest salinity waters (< 30) for those two years (Figure 7.2-2). The region
during cruise N2 was more extensive than that during N5, reflecting the larger flows from
Mobile Bay in 1998 than in 1999.

The distribution of oxygen saturation over the Mississippi-Alabama shelf on cruise N8 differed
considerably from that of the other two spring cruises. This region had surface waters that
mainly were near saturation (100% + 5%), rather than being highly supersaturated as on
cruises N2 and N5. There are severd likely reasons for this difference. First, being conducted
in the second half of April 2000, it was completed earlier in the year when river discharge into
the Gulf was lower and the salinity of the area was higher than in May (compare Figure 7.2-1
with Figure 7.2-2). Any effect of the cooler temperatures during N8, in comparison to N2 and
N5, did not act preferentially over the Mississippi-Alabama shelf and did not compensate for
the effect there of saltier water on the oxygen solubility. Second, the river water discharge 1-1.5
months prior to the cruise was below the record-length mean for the Mississippi River, but had
peak pulsesthat exceeded the mean for the Tombigbee and Alabama Rivers. Third, there was a
cyclonic feature a the shelf edge that moved Mississippi waters to the west, away from the
NEGOM shelf (see Figure H.1.3-1).

Distributions of the percent oxygen saturation for the surface samples on the three summer
NEGOM cruises, N3, N6, and N9, are shown in Figure 7.2-3. On cruise N3 in 1998, the
percent saturation generally was near 105% + 5% over the study area. There was considerable
water of reatively low sdinity over the outer shelf and slope (Figure 7.2-4), but surface
temperatures there were generally warm, exceeding 30°C. During cruise N6 in 1999, the surface
waters generaly had greater than 100% saturation in oxygen. The region extending from the
Mississippi River delta east to about 87°W was highly supersaturated. This region contained
relatively low salinity water associated with Mississippi River discharge (compare Figure 7.2-3
with Figure 7.2-4). Ason cruise N3, the region of relatively low salinity water extended over the
outer shelf and slope and was much more extensive in area than the highly supersaturated
oxygen waters. Again, surface temperatures exceeded 30°C over the study area. The distribution
of percent oxygen saturation for cruise N9 in 2000 consisted of oxygen saturation levels that
were near 100% + 5%, except in a small region east of the Mississippi River mouth (Figure
7.2-3). This region coincides reasonably well with a region of relatively low sdlinity water
(Figure 7.2-4). Surface water temperatures were 29-31°C throughout the study area. On both
cruise N6 and N9, there was an area in the Big Bend of the west Florida shelf that had
saturation percents of less than 100. In these areas, the salinity was greater than 35.5.

Distributions of the percent oxygen saturation for the surface samples on the three fall
NEGOM cruises, N1, N4, and N7, are shown in Figure 7.2-5. These patterns show an
indication of the effect of temperature on oxygen saturation levels, in part because the river
discharge was low prior to these cruises so the effects of sadinity were damped (Figure 7.2-6).
During cruise N1 the surface temperatures were colder over the whole shelf than those during
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Figure 7.2-2. Surface salinity from spring cruises N2 (May 1998), N5 (May 1999), and N8
(April 2000). Bathymetric contours shown are 10, 20, 50, 100, 200, 500, and
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Figure 7.2-3. Surface saturation (percent) of dissolved oxygen from summer cruises N3
(July/August 1998), N6 (August 1999), and N9 (July/August 2000).
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cruises N4 and N7. On N1 temperatures were generally 23°C or less. On N4 and N7, surface
waters with temperatures < 23°C were limited generally to the inshore of the 50-m isobath. The
percent oxygen saturation on N1 was generally 110% = 5%, while those on N4 and N7 were
100% + 5%.

The relationship of surface dissolved oxygen saturation to surface salinity for the fal, spring
and summer seasonsis shown in Figure 7.2-7. Most of the oxygen saturation vaues are a few
percent above saturation, being near 105% saturation (£5%). Saturated or supersaturated vaues
occur over the full range of high to low salinity waters in al three seasons. The lowest percent
saturation is 75%, occurring on spring cruises N5 and N8. Stations with highly supersaturated
values occur on all spring and summer cruises, but only on fall cruise N1 in 1997. In generd,
the spring season has the highest oxygen saturation levels. In 2000, however, the summer cruise
had higher saturation levels than the spring cruise. This may be associated with the low river
discharge from the Mississippi River preceding the spring cruise N8, which also was earlier in
the season than the other two spring cruises, and the occurrence of a relatively high discharge
peak, which was near one standard deviation above the record-length mean in early July,
preceding the summer cruise N9. High oxygen saturation generally seems associated with low
sdinity, although fall cruises N4 and N7 and spring cruise N8 are somewhat exceptiona (but
those three cases had few highly supersaturated waters). This suggests that highly
supersaturated waters are related to river discharge. However, the highly supersaturated surface
waters on fall cruise N1 clearly were not associated with low sdlinity, but rather with low
surface temperatures. The correlation coefficients for surface oxygen saturation and surface
sdinity for stations located over the Mississippi-Alabama shelf west of 87°W aregivenin Table
7.2-1. The associated squared correlation coefficients are less than 0.5 except for the summer
cruise N9, whichisat 0.53. The correlations on one spring cruise and two summer Cruises are
significant at the 95% level. These correlations are negative, indicating that low surface salinities
are correlated with high surface oxygen saturation.

Phytoplankton adds oxygen to the water during photosynthesis, and chlorophyll a is an
indicator of phytoplankton biomass. The relationship between surface oxygen saturation levels
and surface chlorophyll a concentrations is examined for the fdl, spring, and summer cruises.
Asshownin Figure 7.2-8, waters near or above saturation have a wide range of chlorophyll a
concentrationsin all three seasons. Thisis consistent with the major source of the oxygen being
the atmosphere. For the cruises on which there was substantial low salinity over the shelf and/or
dope, there were a number of stations with chlorophyll a concentrations in excess of 1000
ng-L™". These cruises are the two spring cruises, N2 and N5, and al three summer cruises.
Significantly, the spring cruise, N8, that was conducted earlier in spring than the other two, had
no such high chlorophyll a concentrations. Most of the stations with high chlorophyll a
concentrations also were highly supersaturated in oxygen. This suggests that the phytoplankton
blooms can contribute localy to the oxygen concentrations in the surface waters. However,
there are a few stations with high chlorophyll a concentrations that have percent oxygen
saturation levels that are under-saturated. This suggests that high oxygen levels do not aways
accompany high phytoplankton activity. Because river water carries a high nutrient content that
enhances phytoplankton growth, the correlation between the percent oxygen saturation and
chlorophyll a concentrations was examined for the Mississippi-Alabama shelf west of 87°W.
The squared correlation coefficients were less that 0.50 for dl cruises. However, the
correlations for one spring and all three summer cruises were significant at the 95% level (Table
7.2-1). These dgnificant correlations were podtive, which indicates that high surface
chlorophyll a concentrations are correlated with high surface oxygen saturation.
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Table 7.2-1. Corrdation coefficients for percent of surface oxygen saturation with surface
salinity and surface chlorophyll a values over the Mississippi-Alabama shelf west of 87°W.

Cruise Correlation Significance
coefficient level (%)

Percent surface oxygen saturation with surface salinity

N1 -0.31 90
N2 -0.50 99.5
N3 -0.62 99.9
N4 0.32 90
N5 -0.30 90
N6 0.09 <50
N7 0.16 60
N8 0.21 70
N9 -0.73 99.9

Percent surface oxygen saturation with surface chlorophyll

N1 -0.11 <50
N2 0.70 99.9
N3 0.60 99.5
N4 -0.38 90
N5 0.07 <50
N6 0.55 99
N7 -0.19 60
N8 0.13 <50
N9 0.54 99

7.3  Subsurface Oxygen Distributions on Selected Density Surfaces

On al the NEGOM cruises, sampling stations were co-located to provide repeat measurements,
and water samples were taken on selected sigmartheta surfaces. The sgma-theta surfaces were,
in kg-m® 24.6, 25.4 (associated with the salinity maximum of the Subtropical Underwater),
25.9, 26.2, 26.5 (associated with the oxygen maximum of the 18°C Sargasso Sea Water), 26.8,
27.0, 27.15 or 27.10 (associated with the oxygen minimum of the Tropical Atlantic Central
Water), and 27.45 (associated with the salinity minimum of Antarctic Intermediate Water). To
examine the generd subsurface distributions of oxygen, measurements at each station made
within bins centered on these sigma-theta surfaces were averaged over the nine cruises. The bin
boundaries were set at the half-way point between adjacent sgma-theta surfaces (for example,
the boundaries for o, = 26.8 are 26.65 and 26.9). Standard deviations were determined. In
Figures 7.3-1 through 7.3-5 are shown horizonta fields of the average (upper pandl) and
standard deviation (middle panel) on the near-surface, 25.4, 26.5, 27.15, and bottom sigma-theta
surfaces; the number of data points for each station aso are shown (lower panel).

Samples taken near-surface were on sigma-theta surfaces ranging from 23.4 to ~10 kg-m®, with

an average of 21.9 kg-m™. On average, the near-surface oxygen values are high, 4.5 mL-L™ or
greater (Figure 7.3-1). The largest variability was over the Mississippi-Alabama shelf and likely
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dueto variability in river discharge, which not only affects the oxygen solubility of the surface
water, but also results in the wide range of near- -surface sigma-theta values. Off shelf the
standard deviation was approximately 0.2 mL-L™.

The 25.4 kg-m™® sigma-theta surface associated with the Subtropica Underwater has higher
oxygen concentrations over the west Florida shelf than over the Mississippi-Alabama shelf
(Figure 7.3-2). Inshore over the Big Bend region, oxygen concentrations on this sigmartheta
surface exceed 5 mL-L™ on average and decrease going offshore to the slope. Inshore off
Mississippi and Chandeleur Sounds, oxygen concentrations are approximately 3.5 mL-L™ on
average and increase going offshore. In the vicinity of DeSoto Canyon average oxygen
concentrations are fairly uniform across the shelf. Variability is approximately 0.6 mL-L™* over
most of the study area. On the 25.9 surface (not shown), the oxygen concentrations are 3-4
mL-L™?, lessthan those at the 25.4 surface, with typical standard deviations of 0.4-0.6 mL-L™.

Thereisno relative maximum in vertical distribution of oxygen a the 26.5 sgma-theta surface
associated with the 18°C Sargasso Sea Water. The oxygen concentrations on that surface are
approximately 2.9-3.1 mL-L™, bel ng less near the 100-m isobath and more over the dope, with
sandard deviation of ~0.2 mL L™ (Figure 7.3-3). Although the oxygen concentrations on the
26.8 surface are generally lower, being ~2.8-2.9 mL-L™, than those on the 26.5 surface, those
on the 26.2 surface aove are higher being ~3.1- 3.2 mLL? (not shown). The standard
deviations on these surfaces decrease with depth.

Thereisan indication of a relative minimum in the vertica distribution of oxygen at the 27.15
sigmartheta surface associated W|th the Tropical Atlantic Central Water. Oxyqen concentrations
on that surface are ~2.7 mL-L™* with standard deviation of 0.1 mL-L (Fl gure 7.3-4).
Concentrations on the 27.0 surface above are sllghtly higher a ~2.8-2.9 mL-L™, and those on
the 27.45 surface below also are higher at > 3.2 mL-L™ (not shown).

Average oxygen concentrations of the bottom-most samples are shown in Figure 7.3-5. There
IS an oxygen minimum approximately between the 200- and 500-m isobaths. Oxygen
concentrations a the bottom in the Big Bend region are higher than concentrations a
comparable depths on the Mississippi-Alabama shelf. This likely reflects the greater oxygen
concentrations of that region in the surface waters. Variability is highest in the shallow waters
and low off the shelf, with the exception of the region southeast of the Mississippi Delta

74  Bottom Oxygen Distributions and Incidences of Hypoxia

Bottom distributions of dissolved oxygen were examined using the deepest bottle oxygen
measurement at each station. The distributions for spring, summer, and fall cruises are shown in
Figures 7.4-1, 7.4-2, and 7.4-3, respectively. Evident in dl seasons is the oxygen minimum
associated with the Tropical Atlantic Central Water located generally between the 200- and 500-
m isobaths and the increase in oxygen concentration below 500 m. Over the shdlf, the spring
cruises are characterized by higher bottom oxygen concentrations on cruises with less overlying
low salinity water (Figure 7.4-1). Cruise N2, which has more overlying low salinity water than
the other spring cruises (Figure 7.2-2), has the lowest oxygen values. In generd, the
concentrations over the west Florida shelf are higher than over the Mississippi-Alabama shelf.
Cruise N8, which not only has the least overlying low salinity water but also is earlier in the
season, has the highest concentrations over the shelf, with the isolines approximately paralleling
the isobaths over the entire shelf. This distribution is similar to the distribution in fal (Figure
7.4-3). The bottom oxygen concentrations over the shelf on the summer cruises are generaly
lower than those of the spring cruises (Figure 7.4-2). Vaues over the west Florida shelf
typicaly are higher than over the Mississippi-Alabama shelf at comparable isobaths.
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Unlike the Louisiana shelf, incidences of hypoxia over the NEGOM study area are not well-
documented, although Schroeder (1977) noted that in 1973 bottom oxygen concentrations off
Mobile Bay decreased as flooding of the Mobile Bay river system progressed, reaching
saturation levels as low as 30%. To examine the possible occurrence of hypoxia in the study
areq, the bottom distributions of dissolved oxygen were examined. The ranges and spatid
means of dissolved oxygen measurements for the cruises are given in Table 7.4-1. Hypoxic
waters are considered to be those with oxygen concentrations of 1.4 mL-L™ (2 mg-L™) or less
(Nowlin et al. 1998a; Rabalais et al. 1999). By this definition, no hypoxic waters were observed
during the NEGOM cruises, athough near hypoxic water (1.5 mL-L™") was seen a the
innermost station of Line 2 off Chandeleur Sound on spring cruise N5. Minimum oxygen
concentrations (2.1-2.3 mL-L™) also were located there during spring cruise N2 and summer
cruise N6. The minimum on summer cruise N3 (1.9 mL-L™) was near the 30-m isobath on Line
3. All other minimawere in deeper water.

Because dtratification can affect the re-supply of oxygen from the surface to depth, it can
facilitate the formation of hypoxia. In summer, the stability is expected to be higher than in
other seasons because of reduction in wind stress and the seasonal thermocline. Additionaly,
high river discharge can add to increased dtratification. The relationship between water column
stratification and bottom oxygen values is examined using stability computed by

Stability = “un e
where values were not normalized by density. Figures 7.4-4 and 7.4-5 show the percent bottom
oxygen saturation versus stability for the fal, spring, and summer cruises in 1997-2000. Data
are presented as west and east regions relative to the 87°W longitude line, with stations west of
and including 87°W being the west region (Figure 7.4-4).

The distributions indicate three basic patterns. The first consists of a hook-shaped distribution

with stability values centered near 0.01 kg-m™ and oxygen saturation vaues centered near 50%.
This pattern occurs at the deeper stations on the outer shelf and slope. It

Table 7.4-1. Bottom bottle dissolved oxygen measurements.

Cruise, Range of bottom values Spatial average
Y ear (mL-L?) (mL-L?)

Spring cruises
N2, 1998 2.116 to 5.286 3.493
N5, 1999 1.495 to 5.449 3.610
N8, 2000 2.436 to 5.602 3.952
Summer cruises
N3, 1998 1.895 to 5.003 3.441
N6, 1999 2.296 to 5.174 3.346
N9, 2000 2.472 to 4.502 3.418
Fall cruises
N1, 1997 2.699 to 6.134 3.938
N4, 1998 2.575 to0 5.313 3.720
N7, 1999 2.538 to 5.310 3.765
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is seen in both the east and west regions and in all three seasons. It isvery smilar to the pattern
seen over the outer shelf and slope in the northwestern Gulf during LATEX (Nowlin et al.
19984).

The second pattern, which also occurred in the northwestern Gulf, is best seen in the fdll
cruises, which had very little highly stratified water. It consists of stability values ranging from
low (<0.001 kg-m™) to high (>0.1 kg-m™) and near bottom oxygen saturation values centered
about 100%. This pattern occurs a stations located over the inner shelf. In fal, the waters a
these shallow depths are relatively well-oxygenated by the wind-driven mixing that occurs to
near bottom. This pattern is less apparent or absent in the spring and summer cruises, when
mixing to near bottom is reduced. It is more apparent in the region east of 87°W during both
spring and summer, than in the region west of 87°W. Indeed in the western region it is only the
2000 spring cruise, which occurred early in the spring season and had less influence from river
discharge, that shows the second pattern. The difference in the prevalence of this second pattern
between east and west is indicative of the influence of the larger quantities of river water over
the western region during spring and summer.

Thethird pattern consists of high stability values, defined here as a stability of =0.1 kg-m*, over
awide range of bottom oxygen saturation values (30-110%). This pattern occurs during spring
and summer cruises over both the eastern and western regions. The saturation values of this
pattern in the eastern region range from approximately 65% to 110%, while those in the western
region are lower. In generd, the stations with high stability were located in water depths of 50 m
or less.

The linear fit of stability with saturation percentage for stations in water depths of 50 m or less
are shown on the figures (note: this fit does not include the stations deeper than 50 m that are
shown on the figures and are part of the "hook" feature). Associated with these fits are
correlations, which are negative except for summer cruise N3 in the west and spring cruise N2
in the east. With three exceptions, the squared correlations are not significant at the 95% level.
In the eadt, the only significant correlations were the summer cruises N3, with an R? of 0.24,
and N9, with an R* of 0.64. In the west, the only significant correlation was the fall cruise N7
with an R? of 0.63. These results are consistent with the wide range of saturation vaues
associated with the high stability values in spring and summer and with the well-mixed waters
infall.

To examine whether there was an enhanced flux of organic materia to the bottom that resulted
in oxygen depletion from decomposition, the nitrate versus bottom oxygen saturation percents
were considered. Figure 7.4-6 shows this relationship for al bottom stations over the study area
in the fdl, spring, and summer cruises of 1997-2000. The basic pattern is of an increase in
bottom nitrate concentrations from shalow stations (nearly 100% saturation) to deep stations
(40-50% saturation) and then a decrease in nitrate associated with the increased saturation of
thewatersbelow 500 m. The correlation coefficients between bottom nitrate concentration and
percent bottom oxygen saturation over the shelf west of 87°W are shown in Table 7.4-2. They
are negative, reflecting the genera increase of nitrate as saturation decreases. All are significant
a the 95% level and al have an R? greater than 0.5. The correlations over the east shelf (not
shown) are similarly high, negative, and significant.

At some shdlow stations, there was enhanced nitrate concentration (2-10 puM) with reduced
saturation (40-60%). This is most prevalent on the spring cruises conducted in May (N2 and
NS5), but not that conducted in April (N8); it isless prevalent on summer cruises. Note that it is
in spring, not summer, that the fresh water from the Mississippi and other rivers is spread most
broadly over the inner shelf and thereby more gresatly contributesto the stability. In
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contrast, over the northwest (Texas-Louisiand) shelf, the enhanced nitrate associated with
reduced oxygen saturation at shallow stations was most prevaent on the three summer cruises
(as well as one of three spring cruises) when the low sdlinity water associated with the
Mississippi-Atchafadlaya Rivers was pooled over the Louisiana shelf and hypoxia occurred.
This difference between the northwest and northeast Gulf shelves suggests that the opportunity
for occurrence of hypoxia over the northeast shelf is less than that of the northwest shelf
because of the different timing of the greatest presence of the freshwater from river discharge
over the shelf.

Table 7.4-2. Correlation coefficients for percent bottom oxygen saturation with bottom nitrate
concentrations over the shelf west of 87°W.

Cruise Correlation Significance
coefficient level (%)
N1 -0.85 99.9
N2 -0.74 99.9
N3 -0.69 99.9
N4 -0.88 99.9
N5 -0.68 99.9
N6 -0.59 99.9
N7 -0.87 99.9
N8 -0.91 99.9
N9 -0.77 99.9
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8 NUTRIENTS

The distributions and variability of the nutrients, as well as processes affecting them, on each
of the NEGOM cruises are discussed in Appendices A through I. In this section, a description
of the basic vertical distribution and the average seasonal inventories and variability of
nitrate, phosphate, and silicate will be examined.

8.1 Basic Vertical Profiles of Nutrients

The vertical distributions of nutrients in the Gulf of Mexico follow the general pattern of
very low concentrations in the upper tens of meters, associated with the euphotic zone and
the efficient utilization of nutrients there by phytoplankton, and gradually increasing values
with increasing depth, associated with oxidation of detritus. Off the shelf, where water depths
exceed 600 m, there is a maximum in nitrate and phosphate at depths of 600-900 m that is
associated with the Antarctic Intermediate Water, which enters the Gulf with the Loop
Current. A silicate maximum may occur deeper than 800 m. The basic pattern in the euphotic
zone can be altered if the sampling station is in close proximity to the source of river
discharge into the ocean, or if dynamic processes cause uplift of isopycnals bringing nutrients
into the photic zone. In such situations, nutrient concentrations can be non-negligible in near-
surface waters.

Figure 8.1-1 gives example vertical profiles of nitrate, phosphate, and silicate from two
stations sampled on cruise N5 in May 1999. Station 49 ison line 7 and station 98 ison line 1;
both are located along the 1000-m isobath (see also Figure E.3-4). The nutrient data from
these stations show the general pattern of increasing nutrient concentrations with increasing
depth and the maximum in nitrate and phosphate at about 750 m. In the upper 75 m,
however, the patterns of the two stations are different, with that at station 49 reflecting the
usual very low nutrient concentrations in the euphotic zone. Station 98, however, isin close
proximity to the mouth of the Mississippi River, which in 1999 had relatively high levels of
discharge prior to the cruise. This station shows the strong influence of river discharge in the
form of very high nutrient concentrations at the surface. This example is unusual in that the
concentrations were extremely high and wide-spread over the western two lines (see Figures
E.3-4, E.3-7, and E.3-8).

Nutrients are non-conservative in the upper water column due to biological activity. Below
150 m, however, there is no light for photosynthesis, and nutrients are not consumed.
Although nutrient increases can result from microbial decomposition of organic material,
property-property plots of nutrients versus salinity show the generally conservative nutrient
behavior below the photic zone. This is seen in Figure 8.1-2 which shows the property-
property plots of nitrate, phosphate, and silicate versus salinity for all water samples taken on
NEGOM cruises at or below 150 m depth. The squared correlation coefficients, shown on
each plot, are high, exceeding 0.85. The correlations, al of which are significant at 99.9%,
are negative indicating that generally as salinity decreases, nutrient concentration increases.
Note, however, that although the relationship is approximately linear for salinities greater
than 35, it isnot linear over the entire range of salinities measured. Linear fits are shown for
the nitrate and phosphate versus salinity plots, and the slopes of these fits are given. A cubic
fit is shown for the silicate-salinity plot, although the linear correlation coefficient is given.
The banding seen in the plots reflects the strategy of sampling on density surfaces. The
squared correlations for samples above 150 m are less than 0.1, which is consistent with the
non-conservative nature of nutrients in the euphotic zone.
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The nitrate-phosphate relationship is approximately linear throughout the water column
below 150 m (Figure 8.1-2, lower right). The squared correlation coefficient is 0.97 and
significant at the 99.9% level. The correlation is positive, indicating that phosphate increases
as nitrate increases. The slope of the linear equation for these data is 14.5, which is close to
the classical N:P Redfield ratio of ~16 for marine organic material. This suggests that the
nutrient data are of high quality. For the waters above 150 m, the squared correlation
coefficient is 0.87, and the correlation also is positive.

8.2  Seasonally Averaged Nutrient Concentrations

Because phytoplankton growth is dependent on nutrient availability, average concentrations
of nitrate, phosphate, and silicate near surface were examined by season. Each cruise
repeated the stations on the eleven cross-shelf lines and sampled from the same available
sigma-theta surfaces, as well as at the top, bottom, and chlorophyll maximum. Thus, there
generally are three realizations at every station for the spring, summer, and fall seasons. One
caveat to bear in mind is that this sample size of three per season is extremely small, and so
patterns based on this sample size likely reflect the interannual variability more than the
seasonal patterns.

As discussed in section 8.3, below a o, surface of approximately 26.2 kg-m™ (corresponding
to an average depth of ~120 m), the seasonally averaged subsurface nutrient concentrations
typically have variances that are less than 20% of the mean. Thus, if the density surface of
the subsurface sample is known, a reasonable estimate of the nutrient concentration is
known. Higher in the water column, however, the variance tends to be equal to or greater
than the mean.

The variability is greatest near-surface. So, to examine seasona averages and variability, we
considered the data within the upper 5 m. The stations for the nine cruises first were grouped
for display of the results. This was done by numbering the standard stations sequentially
inshore to offshore from line 1 to line 11, beginning with the inner station on line 1. Figure
8.2-1 shows the numbering scheme. For each station, data within the upper 5 m were
averaged over the three cruises of each of season. Typically, there were 3-4 data points at
each station for computation of the seasonal mean in the upper 5 m. Data from cruises N1,
N4, and N7 were used for the fall season; data from cruises N2, N5, and N8 for the spring;
and data from cruises N3, N6, and N9 for the summer. Plots then were made of the seasonal
mean nutrient concentrations versus the station numbers. Stations that were at or inshore of
the 50-m isobath are marked on the figures by a solid circle enclosed by an open sgquare.

Nitrate seasonal mean concentrations are highest on lines 1 and 2 (stations 1 through 12) and
low on lines 3-11 in all three seasons (Figure 8.2-2; spring is the top panel, summer the
middle, and fall the bottom). Lines 1 and 2 are in closest proximity to the mouth of the
Mississippi River, which is the magjor source of nitrate to the Gulf. In spring on lines 1 and 2
and in fall on line 1, the variability between years is high, with standard deviations ranging
from 4 to 46 UM in spring and 4 to 18 uM in fall at the inner three stations. For the majority
of stations on lines 1-3, the standard deviation exceeds the mean in spring. This high
variability is due in part to the unusually high nitrate concentrations observed on cruise N5.
These concentrations were given particular scrutiny during the QA/QC process because of
their unusual levels. Rabalais et a. (1999) summarized nearly 40 years of nitrate data for the
lower Mississippi in their figure 18-6; they showed nitrate concentrations in the 1990s of
order 100 uM. Thus, it is likely that cruise N5 fortuitously occurred when a pulse of high
river discharge first reached the NEGOM shelf and nitrate had not yet all been consumed by
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the phytoplankton. Variability in summer on lines 1 and 2 is less than in spring or fall, with
highest standard deviation being ~4 UM at the innermost station on line 1.

In spring, stations on lines 3-4 have elevated mean nitrate concentrations relative to lines 6
through 11, which have low mean concentrations of |less than approximately 0.3 uM (Figure
8.2-3). Mean summer nitrate concentrations on lines 3-11 are less than ~0.6 uM, and mean
fall concentrations are less than ~0.3 M. In all seasons, variability on lines 3-11 is highest
where the means are highest. In general, the standard deviations are less than the means on
lines 3-11, with spring exhibiting more exceptions (Figure 8.2-4).

Seasonal mean phosphate concentrations also exhibit the pattern seen with nitrate of highest
valueson line 1 in al three seasons (Figure 8.2-5). Values on that line are smaller in summer
than in spring or fall. On lines 2-11 mean values are generally less than 0.1 uM. Except for
line 1 in spring, standard deviations are generally less than or equal to the means. This
reflects the low phosphate concentrations that are everywhere over the shelf except near the
mouth of the Mississippi River.

Seasona mean silicate concentrations are highest on lines 1-3 in spring, lines 1-2 in summer,
and line 1infall (Figure 8.2-6). In spring over the shelf on lines 2-8, stations with the highest
values along the line are located over the inner shelf and concentrations tend to decrease
offshore to the outer shelf where values are low (<2 uM). The peak concentrations over the
inner shelf on lines 3-8 decrease to the east. The summer and fall patterns of distribution of
silicate have similarity to the spring pattern of high values inshore and lower values offshore.
In addition to the higher values located near the mouth of the Mississippi River, however,
summer and fall silicate concentrations have two regions with locally high means. Oneis on
the inner shelf off line 4 (e.g., station 21 in Figure 8.2-6), and likely is related to discharge
from Pensacola Bay or advection of waters with relatively high silicate concentrations from
Mobile Bay. The other is a local high over the outer shelf and slope off lines 6-9 (e.g.,
stations 46 on line 7 and 55 on line 8 in Figure 8.2-6). Thisis consistent with the presence of
river water over the outer shelf and slope observed there during the three summers sampled.
In fall, the mean silicate concentrations were less than 2 uM everywhere except on line 1 and
over the inner shelf of lines 2 through 5. As with nitrate and phosphate, variability of silicate
concentrations is greatest where the mean concentrations are greatest. For the majority of the
stations, the standard deviations are less than the means. The major exceptions are clusters of
2-3 stations on lines 1 and 2 in spring and on lines 6 through 9 in summer over the outer
shelf/slope region.

The genera surface nutrient distributions in all seasons consist of higher concentrations
adjacent to the mouth of the Mississippi River, resulting in non-negligible concentrations
over the Mississippi-Alabama shelf and slope, and very low concentrations over the
remainder of the NEGOM study area. In contrast to the LATEX shelf, there is no clear
pattern of nutrient concentrations decreasing offshore on the majority of the cross-shelf lines.
This likely reflects the difference in how Mississippi River water spreads over the NEGOM
and LATEX shelves. Over the LATEX shelf, there is a nearshore coastal current that carries
the Mississippi-Atchafalaya River water downcoast toward Mexico in non-summer seasons.
Thus, the influence of nutrients associated with river water is greatest inshore and decreases
to negligible amounts over the outer shelf (Nowlin et al. 1998a, 1998b). Over the NEGOM
shelf, the Mississippi River water can be carried inshore onto the Mississippi-Alabama shelf
by wind-driven currents or eastward along the outer shelf edge and slope by the action of off-
shelf cyclones and anticyclones. Thus, the influence of nutrients associated with river water
is greatest over both the inner western shelf and the outer shelf/slope of the NEGOM study
area.
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The NEGOM stations were divided into two regions: stations west of and including the
87°W longitude line for the western region and stations east of 87°W for the eastern region.
For each cruise, the mean concentration for each region was calculated as the average of all
nutrient values in the upper 5 m, representing a measure of the surface inventory, and in the
upper 60 m, representing a measure of the photic zone inventory. The results are given in
Figure 8.2-7 for nitrate, Figure 8.2-8 for phosphate, and Figure 8.2-9 for silicate.

The cruise average nutrient concentrations in both the surface and photic zones are larger
over the western region than the eastern, except for cruise N2 in surface phosphate, as seen in
the ratios of west to east given in Table 8.2-1. The higher nutrients over the western shelf
reflect inputs from the Mississippi River. The surface nitrate was of order 10 times higher in
the west than the east during the spring cruises; the ratios for nitrate in the photic zone also
tended to be higher in spring than summer or fall. These reflect the large input of nitrate to
the western NEGOM shelf from the large, springtime Mississippi River discharge. In
contrast, the ratios for phosphate and silicate tended to be similar in al three seasons. The
effects of interannual variability can be seen be comparing the ratios for the spring cruises.
The ratios for al nutrients on cruise N5 in May 1999 were substantially higher than those for
cruise N2 in May 1998 or cruise N8 in April 2000. This reflects the fact that the sampling
during cruise N5 occurred during atime when higher than average spring discharge from the
Mississippi River had reached the shelf waters.

Average surface nitrate concentrations on spring cruises are higher over the western region
than the preceding fall and following summer cruises, while the average surface
concentrations on fall cruises are lower than on the cruises in the preceding or following
seasons. This aso istrue for the photic zone, except for cruise N8, which may have occurred
too early in the spring to have measured the impact of the springtime Mississippi River
discharge. Over the eastern shelf, no one season is consistently higher or lower than the
others over the three years of sampling. In phosphate, there is a seasonal trend only in the

Table 8.2-1. Ratio of average concentrations on NEGOM cruises of the western to the
eastern study area. The 87°W longitude line was used to separate east from west. Shown are
the ratios for the average data in the upper 5 m, representing the surface water, and in the
upper 60 m, representing the photic zone. Cruises N1, N2, and N4 were in the fall; N2, N5,
and N8 in spring; N3, N6, and N9 in summer.

Cruise Upper 5m Upper 60 m
Nitrate Phosphate Silicate | Nitrate Phosphate Silicate
N1 1.8 2.0 2.2 1.6 1.7 1.9
N4 15.3 55 35 4.0 2.7 24
N7 2.1 1.8 2.1 14 1.8 1.6
N2 11.9 0.8 2.2 24 1.3 1.9
N5 70.5 24 52 21.0 2.0 2.8
N8 10.5 15 2.6 6.8 1.3 1.8
N3 5.7 1.2 25 31 1.7 2.1
N6 15 2.3 2.1 2.7 2.8 2.2
N9 4.4 1.7 34 1.9 14 2.1
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Figure 8.2-7. Average concentrations of nitrate (LM) over the western and eastern
NEGOM shelves. Averages were computed for all samples taken in the
upper 5 m and 60 m. The 87°W longitude line was used to demark the
west (including 87°W) from east shelf. Fall cruises are numbers 1, 4, and
7; spring are 2, 5, and 8; and summer are 3, 6, and 9.
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Figure 8.2-8. Average concentrations of phosphate (UM) over the western and eastern

NEGOM shelves. Averages were computed for all samples taken in the
upper 5 m and 60 m. The 87°W longitude line was used to demark the
west (including 87°W) from east shelf. Fall cruises are numbers 1, 4, and
7; spring are 2, 5, and 8; and summer are 3, 6, and 9.
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Figure 8.2-9. Average concentrations of silicate (LM) over the western and eastern
NEGOM shelves. Averages were computed for all samples taken in the
upper 5 m and 60 m. The 87°W longitude line was used to demark the
west (including 87°W) from east shelf. Fall cruises are numbers 1, 4, and
7; spring are 2, 5, and 8; and summer are 3, 6, and 9.
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western shelf photic zone values. The summer cruises have higher values than the preceding
spring or following fall seasons. In silicate, the fall photic zone average over the western
region tends to be less than the bounding summer or spring averages.

8.3  Nutrient Distributions on Selected Density Surfaces

Water samples were taken for nutrients at all stations on selected density surfaces. These
were sigma-theta surfaces 24.6, 25.4, 25.9, 26.2, 26.5, 26.8, 27.0, 27.15, and 27.45 kg-m*
Additionally, samples were taken near-surface (~3 m depth), at bottom (1 to 5 m off the sea
floor), and at the chlorophyll maximum. Data were grouped into bins centered on each of the
nine sigma-theta surfaces plus a near- bottom bin with o, = 27.60 kg-m™ (average 27.63) and
anear-surface bin with o, < 23.8 kg-m* (average 22.0).

Basic statistics for all nitrate, phosphate, and silicate data were computed for each o, surface
(Table 8.3-1). The genera vertical profile for the nutrients is present in the averages, with
low values near surface and increasing values with increasing density. At the 27.45 o,
surface, there is a maximum in nitrate and phosphate as expected in waters associated with
the Antarctic Intermediate Water (bold numbers in Table 8.3-1). The associated silicate
maximum occurs lower i in the water column. Variability is highest relative to the mean for o,
surfaces of 25.4 kg-m™ or less and tends to decrease with greater density. The range is
greatest near-surface and generally tends to decrease with increasing density.

The horizontal distribution of nutrients is examined in a series of contour plots on specific
sigma-theta surfaces. In each of the figures, the upper panel will show contours of the
average concentration for the indicated o, bin. The middle panel will show contours of the
standard deviation on that surface, and the lower panel will give the number of data points
used to form the statistics on that surface for each station.

Distributions of nitrate concentrations are cons dered first. The average nitrate concentration
in the upper o, bin, which averaged 22 kg-m™ and had an average depth of 10 m, is shown in
Figure 8.3-1. The nitrate is very low over all the NEGOM study area except west of 88°W.
Note that relatively high values extend to the outer shelf and slope in the region adjacent to
the mouth of the Mississippi River. Variability is highest there, with the standard deviations
generally exceeding the mean. The pattern seen in this flgure is representative of the pattern
from the top water samples. At the o, surface of 25.4 kg-m™ associated with the Subtropical
Underwater, at an average depth of approximately 54 m, a nitrate distribution pattern
different from the near-surface pattern emerges (Figure 8.3-2). The lowest mean values are
located over the inner west Florida shelf, and highest values are at and inshore of the shelf
break over the Mississippi-Alabama shelf. Means over the outer west Florida shelf and in the
DeSoto Canyon region are nominally 1 uM. The 25.9 and 26.2 sigma-theta surfaces have a
pattern of low means inshore and high means offshore (not shown). The o, surface of 26.5
kg-m is associated with the 18°C Sargasso Sea water; the average depth of this surface is
153 m. The pattern of mean nitrate distribution is of lowest values (<13 uM) west off Tampa
Bay and highest values (> 13.6 uM) in the DeSoto Canyon region, particularly near its apex
(Figure 8.3-3). The standard deviations generally are less than 10% of the mean. Deeper
sigma-theta surfaces have a pattern of lower mean values inshore and higher values offshore,
as seen in the 27.15 kg-m-3 surface (Figure 8.3-4). This surface is associated with the
Tropical Atlantic Central Water and has an average depth of 416 m. The standard deviation is
low. The maximum in nitrate associated with the Antarctic Intermediate Water (mean depth
of 721 m) can been seen by comparing Figure 8.3-5, showing the 27.45 o, surface, with
Figure 8.3-4, representing waters above, and Figure 8.3-6, representing waters below. The
bottom values shown in Figure 8.3-6 reflect the low mean values that occur throughout the
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water column over the inner shelf and the increasing values with increasing depth. Note also
that the contours tend to follow isobaths.

Table 8.3-1. Basic statistics for nutrient concentrations on selected sigma-theta surfaces.
Surfaces associated with the Subtropical Underwater (SUW), 18°C Sargasso Seawater
(18°C), Tropica Atlantic Central Water (TACW), and Antarctic Intermediate Water (AAIW)
areindicated. The numbersin bold in the average column indicate the highest average for the
sub-surface sigma-theta surfaces shown.

o, surface Average Standard Maximum Minimum
(kgm™) (uM) Deviation (uM) (uM)
Nitrate
22.0 0.58 3.74 82.97 0.00
24.6 0.32 0.68 7.59 0.00
25.4 (SUW) 1.36 1.70 9.20 0.00
25.9 6.10 2.48 11.92 0.02
26.2 10.37 1.52 13.68 453
26.50(18°C) 13.32 1.35 17.22 7.24
26.8 18.42 1.33 23.94 13.88
27.0 23.56 1.01 27.17 20.07
27.15 (TACW) 27.81 1.29 30.92 23.49
27.45 (AAIW) 29.67 1.05 32.12 25.52
27.63 26.59 0.81 28.15 23.42
Phosphate
22.0 0.05 0.09 1.80 0.00
24.6 0.05 0.05 0.49 0.00
25.4 (SUW) 0.10 0.10 0.61 0.00
25.9 0.32 0.13 0.73 0.01
26.2 0.54 0.09 0.84 0.24
26.5 (18°C) 0.72 0.09 1.02 0.43
26.8 1.04 0.09 1.36 0.73
27.0 1.37 0.07 1.62 1.08
27.15 (TACW) 1.66 0.10 1.99 1.36
27.45 (AAIW) 1.85 0.06 2.12 1.68
27.63 1.69 0.05 1.83 1.55
Silicate

22.0 2.42 3.98 66.02 0.01
24.6 1.71 1.87 16.34 0.00
25.4 (SUW) 2.34 2.43 21.31 0.00
25.9 3.33 1.57 13.61 0.14
26.2 4.34 1.27 11.70 1.75
26.5 (18°C) 5.42 1.13 9.54 2.74
26.8 8.21 1.29 13.60 461
27.0 11.81 1.10 18.54 8.27
27.15 (TACW) 16.37 1.85 22.76 11.60
27.45 (AAIW) 24.17 1.05 27.25 20.56
27.63 25.77 0.89 28.42 23.07
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The distributions of phosphate follow patterns that are similar to those of nitrate. The average
from the bottom samples is shown in Figure 8.3-7. The phosphate throughout the water
column over the inner shelf islow, indicating consumption of this nutrient by photosynthesis.
Note however that the mean concentration over the inner Mississippi-Alabama shelf is
generally higher that those over the inner west Florida shelf. This reflects the high nutrient
inputs from the Mississippi River as compared to other rivers, such as the Apalachicola and
Suwannee, discharging to the west Florida shelf. As with nitrate, the phosphate
concentrations increase with depth and isolines of phosphate tend to follow isobaths. The
phosphate maximum associated with the Antarctic Intermediate Water is seen in the pattern
of 1.8 uM concentration between the 500 and 1000-m isobaths.

Distributions of silicate also follow the general patterns exhibited in the nitrate distributions.
The near-surface (o, of 22 kg:-m™) mean silicate distribution is shown in Figure 8.3-8. The
major difference between the nitrate pattern and the silicate pattern seen here is that the
relatively high silicate values extend over the entire Mississippi-Alabama shelf to the western
Florida Panhandle shelf. Additionaly, there is alocal high in average silicate over the slope
on lines 6 through 8. This also is aregion with relatively high variability as indicated by the
standard deviation of 2.5-3 UM, reflecting the presence of low-salinity water that carries high
silicate concentrations that are not used up by photosynthesis.

The silicate distribution deeper in the upper water column also has differences from the
nitrate pattern. At the 25.4 kg-m™ surface (Figure 8.3-9), the highest average silicate values
are inshore over the Mississippi-Alabama shelf. There also is alocal high off Cape San Blas.
Patterns of average silicate near the bottom show the characteristics of the nitrate patternsin
the low values throughout the water column over the inner west Florida shelf, increasing
values with increasing depth, and silicate isolines generally following isobaths. The average
near-bottom silicate value over the inner Mississippi-Alabama shelf, however, is relatively
high (Figure 8.3-10). A minimum is seen at about the 100-m isobath on that shelf, with
valuesincreasing inshore in shallower water and offshore in deeper water. Additionally, there
is no silicate maximum between the 500 and 1000-m isobath as seen in nitrate and phosphate.

Several major characteristics of the nutrient distributions have been discussed here; these
characteristics are well-known. Except as associated with regions of large river water
discharge, values of nutrients within the photic zone are generally low, with very low to
negligible values in the near surface, indicating efficient biological uptake of any nutrients
that reach the shelf. Highest near-surface values are adjacent to the Mississippi River. Near-
surface values over the west Florida shelf are low even adjacent to rivers, but sampling did
not extend inshore of the 10-m isobath. Relatively high silicate concentrations in the photic
zone show the silicate either is not fully utilized in photosynthesis or additional processes
that re-suspend particulates are at work, particularly in the nearshore environment (see
Section 6). Nutrient concentrations increase with depth to about 700-800 m, at the level
associated with the Antarctic Intermediate Water, below which they decrease with increasing
depth.
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Figure 8.3-7. Mean and standard deviation of phosphate from nine cruises at the bottom
sigma-theta level for each station. Number of observations are shown.
Bathymetry contours are 10, 20, 50, 100, 200, 500, and 1000 m.
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Figure 8.3-9. Mean and standard deviation of silicate from nine cruises on an average
sigmartheta level of 25.4 kg-m-3. Number of observations are shown.
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9 PHYTOPLANKTON PIGMENTS
9.1 Introduction

As evidenced by the high chlorophyll concentrations observed in the photic zone, NEGOM
shelf waters are highly productive. This productivity is due to a combination of freshwater
input from rivers that drain into the study area and outflows from adjacent estuaries. Periodic
onshore flow of deep nutrient-rich seawater mediated by shelf circulation and eddy patterns
has been implicated as an additional factor in high productivity in the study area. Shelf
circulation and riverine input of nutrients exert a strong influence on the distribution of water
column properties over the shelf including phytoplankton composition and distribution. (See
Section 10 for a detailed discussion of these relationships.)

Phytoplankton exert major control on the chemical properties of near-surface water,
especially within the photic zone. Phytoplankton are an important source of particulate
matter, produce oxygen during photosynthesis, and fix water column nutrients into biomass.

Temporal and spatial variations in phytoplankton communities can be described based on
photosynthetic pigment composition and their relative concentrations in particulate matter.
Chlorophyll a concentrations can be used to estimate how much of the particul ate matter, and
specifically particulate organic carbon, is living. Particulate pigment compositions can be
used to estimate the relative abundances of major algal groups.

Identification and quantification of phytoplankton assemblages is performed by analyzing
the types and amounts of photosynthetic and photoprotective pigments in particulate matter.
Many pigments (the so-called marker pigments) are restricted to one or two taxa and are used
as indicators of the presence or absence of specific taxa in the water column (Table 9.1-1).
The use of marker pigments in the identification of phytoplankton classes in seawater, so-
called chemotaxonomy, has greatly increased in the past decade, mainly due to the
development of high performance liquid chromatographic (HPLC) analytical techniques and
algorithms that quantitatively assess the presence of various algal types (e.g., Gieskes and
Kraay 1983; Letelier et al. 1993; Mackey et al. 1996; Wright and van den Eden 2000; Gibb
et at. 2001). These methods have provided a more rapid alternative indication of taxonomic
identity than traditional labor and time intensive microscopic counting methods.

Chlorophyll and carotenoid pigment distributions were used to infer phytoplankton
taxonomic composition and document spatial and temporal variations in phytoplankton
biomass in the northeastern Gulf of Mexico during the sampling period. Phytoplankton
pigment concentrations and compositions were measured in near-surface waters (generally at
2-3 m), in the core of the subsurface chlorophyll maximum (here called the deep chlorophyll
maximum or DCM) as indicated by in situ fluorometry, and just below the highest
fluorescence region of the DCM (and so at or close to the base of the euphotic zone). In the
discussion below, the term near-shore denotes regions where the water depth is less than
approximately 100 m and offshore denotes regions where water depth is more than 100 m.

9.2  Estimation of the Contribution of Chlorophyll a by Algal Group

Sample collection and analysis methods for phytoplankton pigments were described in
Jochens and Nowlin (1998). Preliminary comparisons between on-board fluorometric
measurements and post-cruise HPLC measurements of chlorophyll concentrations also
briefly were described. To summarize, at most of the CTD stations a calibration sample was
drawn from the seawater line to the shipboard fluorometer when, or shortly after, the CTD
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Table 9.1-1. Summary of mgjor photosynthetic pigments present in marine phytoplankton
groups. Chlorophyll and carotenoid pigments in bold are diagnostic markers (Andersen et al.
1996).

Algal Group Major Pigments Present

Prochlorophytes Divinyl chlorophylls a and b, monovinyl chlorophyll b, zeaxanthin, a.-carotene,
chlorophyll c-like pigment

Cyanobacteria ~ Monovinyl chlorophyll a, zeaxanthin, 3-carotene, phycoerythrin, phycocyanin,
alophycocyanin

Diatoms Monovinyl chlorophyll a, chlorophyll ¢, and c,, fucoxanthin + diadinoxanthin,
diatoxanthin, p-carotene

Prymnesiophytes Monovinyl chlorophyll a, chlorophyll ¢, and c,or ¢, and c;, 19’ -hexanoyloxyfucoxanthin,
fucoxanthin, diadinoxanthin, diatoxanthin, p-carotene

Pelagophytes Monovinyl chlorophyll &, chlorophyll ¢, and ¢, 19'-butanoyloxyfucoxanthin,
fucoxanthin, diadinoxanthin, diatoxanthin, p-carotene

Chrysophytes Monovinyl chlorophyll a, chlorophyll ¢, and ¢, fucoxanthin + violaxanthin, p-carotene

Chryptophytes ~ Monovinyl chlorophyll a, chlorophyll c,, alloxanthin, phycoerythrin or phycocyanin,
crocoxanthin, monadoxanthin, a-carotene

Dinoflagellates  Monovinyl chlorophylls a, chlorophyll c,, peridinin*, dinoxanthin, diadinoxanthin,
diatoxanthin, p-carotene

Prasinophytes Monovinyl chlorophyllsa and b, prasinoxanthini, chlorophyll c-like pigment (Mg 3,8
DV Pa;), zeaxanthin, neoxanthin, violaxanthin, .- and p-carotene

Chlorophytes Monovinyl chlorophylls a and b, lutein, neoxanthin, violaxanthin, antheraxanthin,
zeaxanthin, a.- and p-carotene

* some speci es possess fucoxanthin-related pigments instead of peridinin.
1 Some species possess lutein (e.g., Pyramimonas), siphonaxanthin instead of prasinoxanthin.

started down. The sample was filtered, and after 12 to 24 hours of extraction in 90% acetone,
the amount of chlorophyll was determined fluorometrically aboard ship following the
standard procedure of Parsons et al. (1985). These quick-look, fluorometric analyses of
chlorophyll generally agreed well with the quantitative analyses of chlorophylls a, b, and ¢
performed after the cruise in aland-based laboratory using HPLC methods. HPLC samples
were taken from Niskin bottles tripped on the upcast of the CTD. Depending on the water
depth at the station, the time difference between when samples were drawn for onboard
fluorometric analysis and for post-cruise HPLC analysis ranged from 5 to 60 minutes.
During the time on station, the ship sometimes drifted tens to hundreds of meters, depending
on local wind and current. In genera though, differences between calibration samples drawn
from the flow-through seawater system and the near-surface Niskin bottle at the same station
were generally less than 10%, although some paired samples varied by more than 50%.
Greatest variability occurred at stations with turbid water near river plumes indicating a
relatively heterogeneous water column (see Hu et a. 2001).

The relationship between shipboard flow-through fluorescence and HPLC-derived
chlorophyll valuesisillustrated in Figure 9.2-1. Data from each of the cruises were evaluated
for intra-cruise and inter-cruise variability. The overall slope of the linear correlation of
chlorophylls in near-surface waters between the shipboard fluorometric measurements and
laboratory HPL C analyses was 0.84, with a correlation coefficient (R%) of 0.72 for eight of
nine cruises. This was significant at better than a 99.9% confidence limit using the Student's
t-distribution test. Comparisons of results from cruise N2 were not included because most of
the fluorometric data were not co-collected with the bottle stations, thus confounding direct
comparisons.
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Figure 9.2-1. Correlation of chlorophylls (sum of cholorophyll a, b, and ¢) determined by
HPL C and the cholorophylls calculated from the response of in vivo
fluorometry from surface seawater samples during cruises N1 and N3 through
N9. Correlation was significant at better than 99.9% confidence limit.
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The ratios of accessory pigments to chlorophyll a characteristic of each algal group were
obtained from previous studies and the analysis of phytoplankton cultures (Table 9.2-1).
These ratios were further refined by inverse methods to determine the least-squares best
solution to the equation following the approach of Letelier et al. (1993). Using these
algorithms, biomass can be assigned to specific taxa. This approach assumes that (1) the
species of the taxonomic groups present in the study area produce pigments in approximately
the same ratios as those in culture, and (2) any unknown agal groups in the sample do not
significantly contribute to total phytoplankton biomass. These assumptions have been
confirmed by Anderson et al. (1996). Therefore the error associated with the use of culture
derived algorithmsis expected to be small.

The equations of Letelier et a. (1993) were used to calculate the contribution of individual
algal groups to chlorophyll a concentrations in the near-surface, DCM, and below DCM
waters. The accessory pigment to chlorophyll a ratios of Mackey et al. (1996) and Wright
and van den Enden (2000) were similar to those used by Letelier et a. (1993). Equations for
chlorophytes and chryptophytes were derived from Mackey et al. (1996) and Wright and van
den Enden (2000). In cases of negative values and/or overestimates (sum of contributions to
chlorophyll a by all algal groups greater than 120%), a least square regression was used to
optimize the solutions of these algorithms by varying the ratios of accessory pigments to
chlorophyll a per Mackay et al. (1996).

It iswell known that the cellular content and ratios of carotenoid and chlorophyll pigments
can vary with physiological state, which, in turn, is dependent on factors such as nutrient
concentrations, light intensity and spectral quality. Estimates of phytoplankton community
structure using pigment compositions and mathematical equations have additional intrinsic
limitations. The algorithm solutions from one study may not be directly applicable to another

Table 9.2-1. Pigment algorithms used to partition chlorophyll a biomass among major
phytoplankton groups (Letelier et al. 1993; Mackey et a. 1996; Wright and van den Enden
2000).

Algal Groups Chl a/pigment seed values Equations
Prochlorophytes  Chl a:Chl b 0.87 [Chl a] ., = 0.91([Chl b]-2.5[prasino])
Zea:Chl b 0.29
Cyanobacteria Chl a:Zzea25 [Chl &] ¢yan, = 2.1{ [xeax]-0.07([Chl b]-2.5[prasino])}
Prymnesiophytes Chl a:19'-hex 1.6 [Chl ]y, = 1.3[19-hex]

Fuco:19'-hex 0.05
19'-hex:19'-but 54.27
Pelagophytes Chl a:19'-but 3.82 [Chl a] 4, = 0.9 [19'-but]
Fuco:19'-but 1.39
19'-hex:19'-but 0.14

Dinoflagellates  Chl a:perid 1.55 [Chl a] 4, = 1.5[perid]

Diatoms Chl a:fuco 0.8 [ChlI &) 44 = 0.8{[focu]-(0.02[19' -hex]+0.14[ 19" -but])}
Chlorophytes Chl a:viol 9.2 [Chl a] o = 9.2[ViOl]

Chryptophytes  Chl a:allox 4.3 [Chl &] g, = 4.3[all0X]

Prasinophytes Chl a:prasino 2.54 [Chl a] = 2.1[prasing]

Chl b:prasino 2.62
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environment. Optimization of the algorithms to calculate the biomass contributions of
different algal typesisrequired for each environment.

The major groups of phytoplankton in the NEGOM area were cyanobacteria (blue-green
algae), pelagophytes (chrysophytes), prymnesiophytes (haptophytes), and prochlorophytes.
In general, chlorophytes, chryptophytes, diatoms (bacillariophytes), dinoflagellates and
prasinophytes were minor contributors to living biomass, although locally high abundances
of some of these groups were detected. Because not all algal species can be identified with
this approach, the resulting sum of the contributions to chlorophyll a by all groups of
phytoplankton identified by phytoplankton pigment analyses varied from 30% to 120% of
chlorophyll a with the majority of the samples between 60% and 100%.

9.3  Pigment Distributionsby Cruise

Distributions of chlorophyll, major accessory pigments, and, by inference, major
phytoplankton species present, are discussed first on a cruise by cruise basis. As the cruises
constitute atime series of observations, these general distributions also indicate changes over
timein the study areaincluding seasonal variations.

Cruise N1: In November 1997, chlorophyll a concentrations varied from 0.08 to 3.9 pg-L ™
for near-surface waters and from 0.09 to 2.8 pg-L ** at the deep chlorophyll maximum (DCM)
with most samples having concentrations < 0.9 pg-L ™. The spatial distribution of chlorophyll
a in near-surface waters (Figure 9.3-1, top left panel) was similar to that for the DCM
(Figure 9.3-2, top left panel). Chlorophyll a concentrations were highest for samples
collected near-shore and off river mouths, particularly in near-shore waters between Tampa
Bay and the Suwannee River (between lines 9 and 11), near the mouth of the Apalachicola
River (between lines 6 and 9), and clos