OCS Study
MMS 2007-015

Archaeological and Biological Analysis
of World War Il Shipwrecks
In the Gulf of Mexico

Artificial Reef Effect in Deep Water

U.S. Department of the Interior
Minerals Management Service

Gulf of Mexico OCS Region




OCS Study
MMS 2007-015

Archaeological and Biological Analysis
of World War Il Shipwrecks
In the Gulf of Mexico

Artificial Reef Effect in Deep Water

Authors

R. Church

D. Warren

R. Cullimore
L. Johnston
W. Schroeder
W. Patterson
T. Shirley

M. Kilgour

N. Morris

J. Moore

Prepared under MMS Contract
1435-01-03-CT-73095 (MO3PC00012)
by

C & C Technologies, Inc.

730 E. Kaliste Saloom Rd.

Lafayette, Louisiana 70508

Published by

U.S. Department of the Interior
Minerals Management Service New Orleans
Gulf of Mexico OCS Region April 2007



DISCLAIMER

This report was prepared under a contract between the Minerals Management Service (MMS) and C & C
Technologies, Inc. with Subcontractors, Droycon Bioconcepts, Inc., University of West Florida, University of
Alabama/Dauphin Island Sea Lab, University of Alaska, and the PAST Foundation. This report has been technically
reviewed by the MMS, and has been approved for publication. Approval does not signify that the contents
necessarily reflect the views and policies of the MMS, nor does mention of the trade names or commercial products
constitute endorsement of recommendation for use. It is, however, exempt from review and compliance with the
MMS editorial standards.

REPORT AVALIBILITY

Extra copies of this report may be obtained from the Public information Office (Mail Stop 5034) at the following
address:

U.S. Department of the Interior
Minerals Management Service

Gulf of Mexico OCS Region

Public Information Office (MS 5034)
1201 Elmwood Park Boulevard

New Orleans, Louisiana 70123-2394

Telephone: (504) 736-2519 or
1-800-200-GULF

CITATION

Suggested Citation:
Church, R., D. Warren, R. Cullimore, L. Johnston, W. Schroeder, W. Patterson, T. Shirley. M. Kilgour, N. Morris,
and J. Moore. 2007. Archaeological and Biological Analysis of World War II Shipwrecks in the Gulf of

Mexico: Artificial Reef Effect in Deep Water. U.S. Dept. of the Interior, Minerals Management Service,
Gulf of Mexico OCS Region, New Orleans, LA. OCS Study MMS 2007-015. 387 pp.

ABOUT THE COVER

The cover art was drawn by Andrew Hall, a research associate with the PAST Foundation, Columbus, Ohio.

il



TABLE OF CONTENTS

PAGE

LISt OF FI@UIES. ...tteutieiieeiiesiieciteie ettt et et et et e et e st e e b e e s e ensesseessee st esseesseanseesseseenseasseessensaenseenseansesnsesnsesseenseensennns ix
LSt OF TADIES ... ettt ettt ettt b et h et ettt b e bt bbbt bt et ettt he bbbt aeaens xvii
PROJECT OVERVIEW ...ttt sttt ettt ettt e sttt e st e st estens e s s e seseeseeseeseeneensensasseasesseaseeneensensansenns 1
1.0 INEEOAUCTION ...ttt ettt be et eb e st em e s et e eb e et e ebeeateneentensenseaseebeseeeseeneensensanean 1
L1 PrOJECE ODJECLIVES . .etitiiuieiieuieiteteete ettt ettt eet et et et e bt e bt et e e bt esees e e e e teabeeseebeeseeseemeansensansebeeseebeeneansensenean 1

1.1.1  Archacological ObJECHIVES........ccuieiieieeiieriieiieieetestesee st e steebeeaeeeesaeesseeseesseessesssenseensens 1

1.1.2 BiologiCal ObBJECIVES. ...ccuiiitieiieieeieeiieiieieeieeteete sttt e st erteea e e aeentesseesseenseenseensesnsesseenneas 1

1.2 GCOZIAPNIC OVEIVIEW ...cuvvetieniieieeiiesiesiee st et e et steseeesseesseesteessesssessaeseenseansesnsesseesseenseanseanseensesssesseensen 3

1.3 Project OTZaniZatiON ........ceueitieiuieiieeiieeiesiee et et ettt e et te st e bt et eaeeeseesseesaeeseenseeneeeneeeseanseenseeneeeneenseennean 4

2.0 Historical BACKGIOUNA. ..........iiiiiiiieeee ettt sttt ettt e et esae e et e teenteeneeeneeeneennean 7
2.1  World War IT in the GUIf 0f MEXICO ....cuveieieitiriiitieiteiieeeee ettt ebe e e e 7

2.2 Oil and Gas Development and Shipwreck DISCOVETY ......cueruiriiiiiiiiiieieeee e 8

2.3 Regulatory Role of the Minerals Management SEIVICE ........c.ecverueerierierieneerieeieereeeesseesseesessessnensens 8

3.0 IMLEEROMS ...ttt et b ekt b e e bt b e a e s et et b e h e bbbt e st e et et bbbt e neent et entan 9
TN 31 7 ALY, (511 Vo Ta 0] Lo . 2RSSR 9

3.1.1  Support Vessel and Remote Operated Vehicle...........cceeieiiiiiriiiiiieriee e 9

3.1.2  MATINE SUIVEY ..ueieuiietieitieteeteeteeetesetesteeste e et eneeeaeeeseesteenteanteemseeseeaseenseenseensesneesseesaeanseanseans 9

3.1.3  Sampling EQUIPMENL ......ooiuiiiiiiiiiieiee ettt ettt 14

3.2 Archaeological MEthOMS ........coeeuiiieieie ettt ettt ettt at et et st be et ae e enaeeen 15

32,1 FIeld MEthOAS ..ottt sttt 15

3.2.2  Exceptions to the SUrvey Plan ..........ccoocveviieiieiiiiieiieceie ettt 16

3.3 Biological MEthOQS. ... .eiiiieieiieiiee ettt sttt ettt e s et et et e easeenbeenaesseeseenseenneenneenes 16

TG T8 B O 1<) Ua 1Y 114 10T (PSR 16

SITE REPORTS ...ttt ettt ettt e sttt e st e st eseensensess e et e eseestessensansesseeseaseeseeseeneensenseseeseeseaseensansensens 27
4.0 VIRGINIA SITE.... ettt ettt ettt et e bt e et eh e st et e b e et e e bt eeeeb e eneens e s e nteeaeseeeseeneensensaneas 27
4.1 Historical Background of the Tanker VIrgiNia...........ccociiuieieieiieiiiiceeceeeeeeee et 27

4.2 Previous INVESTIZAtIONS ......ccuievieierierierieetestestesteesteeteesteessesseesseesseesseessesssesseesseessesssesssesseesseessesssenns 28

4.3 GEOZIaphiCal SETNE. ... ccviecvieiiieiieitieitieteeterte et ettt et e e teesteesseesbeesseessasssesseesseesseassesssesssesseenseesenns 29

4.4 Discussion of Archaeological FINdings .........cccccceviiirierieiiieiieiesiecee ettt ee e 31

O R o 1 3 1 1 R PR 31

442 SItE PreSEIVATION ...ocuieitieiieit ettt ettt sttt ettt e et e st e bt e bt e e esteestesneesaeeneeneeenes 34

4.5 Discussion of Biological FINAINgS ........ccccoriiiiiiiiiiiieieieeeseee ettt 34

451 MICTODIOLOZY ..ottt sttt ettt sttt be et e st et e e b et e sbeebeeneeneenteneeneenes 34



4.5.2  INVErtebrate ZOOIOZY .....cceevviervierieieetiestieieeieetestesteesteeseesbeessessaesseebeesseessesssesseesseenseenes 35

4.5.3  Vertebrate ZOOIOZY ...ccvevieriieiieiieieetieieeie ettt sae et et ete et e esbeetbestaesteenbeenbeeneenaes 46
4.6 Sediment COTe ANALYSIS......ceeiuerieriierieieeiestestesteerteeteesteetesseesseenseasseasaesseesseesseensesnsesnsesssesseenseenseans 50
HALO SITE ...ttt ettt ettt s e st e s e s e se et e et e entessensenseeseeseeseeneansensansensesseaseeneansensansenes 51
5.1 Historical Background of the Tanker HalO.............coeveiiiiieiiiiicicecceeee e 51
5.2 Previous INVESTIZAIONS ....couiiiiiiiiiieie ettt ettt ettt ettt et e bt e sbeebe e e eae 52
5.3 GeOZraPNICAl SEELINEZ. ... c.uiiuietieiieeieieeete ettt ettt ettt ettt et et e st e e bt e beebeese et ensesseeteaaeeseeneeneensennan 54
5.4 Discussion of Archaeological FINAINGS ........ccccouiiiiiiiiiiiiieeee ettt 54
SA.1 PRYSICAL STLE 1uvieeiiiiiiiieiieieete sttt ettt ettt ta e beesbeesbesseesseebeenseesbeesaensaenreas 54
542 Site PreSETVALION ...cc.eeuiiuiiiiitiriiitieieeitetet ettt sttt ettt st 58
5.5 Discussion of Biological FINAINGS ..........cccveiiiiiiiierieiieie ettt 58
R TR TR B Y 613 (o] o1 1o [0 <R SS 58
552 INVErtebrate ZOOLOZY ...cc.eerueerueiieiieetiestt et ettt et et e te et st e st ettt et e st e n e e b e te et eneas 59
5.53  VErtebrate ZOOLOZY ......coueruiruiruieeienieieie sttt ettt ettt st ettt et et et e sae et beeaeene e e e e nes 67
5.6 Sediment Core ANALYSIS......ucitiriirieiieieeieet ettt ettt et sttt e bttt et ea e bt e sb et e e b nae e eae 76
GULFPENN SITE ..ottt ettt sttt et b e sb e bt et e e st e et e e bt bt ebeeaeenseneens 77
6.1 Historical Background of the Tanker GUIFPENN.........c.ccviviiiiiiiiiieieieeee e 77
6.2 Previous INVESTIZATIONS ......cueiieeieriieie ettt ete st tete et tesee s te st e st e b e esteeseesseenseenseensesnsesseesseensennsesnnesnns 79
6.3 GeOoGraphiCal SEHNE......c.cccieiieeieie ettt sttt ettt e st e s st e st et enseenseseaesseenseenseenseennennes 79
6.4 Discussion of Archaeological FININg...........cccooiiiiiiiiiiiiieeeee e e 82
6.4.1  PRYSICAL STLE ..eieiiiieiieii ettt sttt ettt neeaean 82
6.4.2  SIte PreSEIVAION ..c..eetieiiiiiiiiiieitiest ettt ettt sttt ettt ettt e b et et eaeenaean 88
6.5 Discussion of Biological FINAINGS ........cccccieciiriiiiiiiiiiicii ettt esbe e ens 89
6.5.1  MICTODIOIOZY ..vevvieiiiieiietieie sttt et ettt et et e e besaesaaesseebeesseesseeseesseenseesseessenssesees 89
6.5.2  INVErtebrate ZOOLOZY ...cceervieiieiieiieriieste et eteetestte e e e etesaesneesseeseenseensesssesseeseensennsesnnas 90
6.5.3  Vertebrate ZOOLOZY ......ccvervieriirieeieiiestesit et ete et e stte et eteeteseaessaesseesseeseennesneesseenseenseans 100
6.6 Sediment Core ANALYSIS......coiieiieiieieet ettt ettt ettt e e ste et e e e e s s eesbeeabeeteentesneesneenaeenteens 109
DEUSTCHE KREIGSMARINE (DKM) U-166 SITE........ccecotiteirieieierieee et 111
7.1 Historical Background of DKM U-166 ..........cccooiiiiiiieiiieieese ettt st 111
7.2 Previous INVESTIZATIONS ...cc.eiiuiiiieiieiieet ettt ettt ettt ettt s bte s bt e s be et estesatesbeenbeenteens 115
7.3 GeographiCal SEHNE.........cccevieiiieiieieeieeeeie ettt sttt et eee e et este e se e b e esbessaesseesseesseessesseesseeseensenns 130
7.4 Discussion of Archaeological FINAINGS ..........ccceeeviiiiiiiiieniieiieieeieseee et ve e sreerees 132
TAL PRYSICAL STLE 1uvieuiieiiiiieiieeee ettt ettt ettt et e st e s e e e et e ensesnaesseenseenseenneens 132
742 Site PreSeTVALION ...cc.eouiiiiiiiieriiriceitetetet ettt ettt st 134
7.5 Discussion of Biological FINAINEGS .......ccceouiiiiiiiiiiei ettt 134
751 MICTODIOLOZY ..uveeuienienieie ettt ettt ettt ettt ettt ee et st est et e e e te e bt sbeebeeneeneeneenean 134
7.52  INVErtebrate Z0OIOZY ....c.coiiiiieieiieieieeteee ettt sttt sttt 136
7.5.3  VErtebrate ZOOLOZY ......coueeuiruiiieuieieieie ettt ettt sttt eae st et et et be st ebeeneeneeeenean 139

vi



7.6 Sediment Core ANALYSIS.......ccvvirrieriieiieieriesteeteetesee st esteesseessesseesseesseesseessessaesseesseessesssesseesseesseessenns 144

8.0 ROBERT E. LEE SITE ...ttt sttt et sttt enaen 145
8.1 Historical Background of the Freighter RODEIt E. LEE .......ccoovvvvevieviriiieiiieieeieeeeeecieee s 145

8.2 Previous INVESTIZAtIONS .....c.eiiuiiiieieeeet ettt sttt ettt et e et e e e ste s st e sseenseenteeneeseeenaeeneeens 148

8.3 GeographiCal SEHINE........coiiiieiieie ettt ettt sttt ettt et et et et e et e e et ens 152

8.4 Discussion of FIndings — ArchaCology .........ccoiiriiiiiiiiiiiiieeeeee et 155

841 PRYSICAL STLE ..ottt sttt et ettt e st be bt ebe et eneennans 155

842 Site PreSerVatiOn ..cc.ccuiiiiiiiiiitiiteeietete ettt ettt 162

8.5 Discussion of Biological FINAINGS ........c.cccviierieriieiiiiesierieee et eee e enee e 162

8.5.1  MICTODIOIOZY ..eevvieeiieiieiieieete ettt et ettt ettt e seeesseessee s e enseennesneesseenseenseans 162

8.5.2  INVErtebrate ZOOLOZY ....c.eeiuieruieieiieetieettest ettt ettt ettt ete st e st e b e te et eneesneesneeteenneens 164

8.5.3  Vertebrate ZOOLOZY ......ccueeiuieiieieeie ettt ettt ettt sttt et e st ens 165

8.6 Sediment Core ANALYSIS. . ...coueiieitieiiiieie ettt ettt ettt e ei e b e bt e be e bt s ee st e sbee bt enteenteens 169

9.0 ALCOA PURITAN SITE ..ottt sttt sttt sttt sttt sttt sttt st 171
9.1 Historical Background of the Freighter AlCOa PUFItaNn ............cccoooiviiiieieieieieieceeece e 171

0.2 Previous INVESTIZAtIONS ........coieriieiieieeiieeieeieeteetesteseesteesteesseessesseeseesseessessaesseesseesseessesssesseesseessenns 173

0.3 GeoGraphiCal SEHNE........cccveruieiieiieieete ettt ettt e ste e e et e entessaesseeseenseensessnesseenseensenns 177

9.4 Discussion of Archaeological FININGS ..........ccceeviroiiriieriinieiieieeieeeeee et 178

0.4.1  PRYSICAL STLE ...eeeniieiiiiietiee ettt ettt sttt ettt st ens 178

0.4.2  Site PreSEIVAION .....eieieiieiieiie ettt et ettt e et et eee e st e s et e sae e et eneeeneeeneenseeteens 184

9.5 Discussion of Biological FINAINES ......cccueivuiiiiriiiiiiiiieeeeeee ettt 184

0.5.1  MICTODIOIOZY ..vvevvieiieiieiietieie ettt sttt et ettt et e e b e esbesebessaessaesseenseensesssesseenseensenns 184

0.5.2  INVErteDIrate ZOOLOZY ....cceevveerieeieiieiierieesieesteeteeseesteeteesseessesssesseesseesseessesssesseesseessesssenns 185

0.5.3  Vertebrate ZOOIOZY ......cccvervierieeieiieiieieesie et eteeetesteesteebeessesssesssesseesseesseassesseesseesseenseans 187

9.6 Sediment Core ANALYSIS.......cccveriieiieieeierteieeteeteste st e et esteetessee st e teessesssessaesseeseesesnsesseesseesseansenns 189

LO.0 ANONA SITE ...ttt ettt b st et b e st et eb et et eb et et eb e st et ebe st et enesaeeenens 191
10.1 Historical Background of the Steam Yacht ANON& .........ccveiiiiiiieiiiiee e 191

10.2 Previous INVESTIZAtIONS .....cc.eiitiiiiiieiie ettt ettt sb ettt et st esb et et e enteseeesbeenbeas 192

10.3  GeOZraphiCal SN, .....c..eeiieieitietieit ettt ettt et e ettt e bt eaeese e st e s s e e e sbeabeebeebeeseeneeneansenes 197

10.4 Discussion of Findings — Archaeology and Biology...........ccereiiiiriiiiiiieeeeee e 197
COMPARATIVE ANALY SIS ettt sttt ettt et et b e s bt bt e bt e st e st et e be st e e bt e bt sbeebeeaeennennens 199
11.0 SHIPWRECK DEBRIS DISTRIBUTION MODEL......cccccceeitriiiiiiieieninienieseeieeceteteseesie e 199
12.0  MICROBIOLOGY ..ottt sttt sttt sttt sttt sttt e et a et st seeueste e enesaennenens 205
13.0  INVERTEBRATE ZOOLOGY ..ottt sttt sttt sttt sttt sttt ettt sttt ene st saeneenens 209
14.0  VERTEBRATE ZOOLOGY ....ootitiiiiiiieiirienicestesteetsetee ettt ettt ettt sttt sttt et ebe et ebe st ne s saenaenens 217

Vil



15.0  CONCLUSIONS ... oottt ettt ettt sttt et et eteste st etesse st etesseseesesseseasesseneesesseseesesseseesessesessensesessensenens 221
LI BN e o 110 ) Lo .y 2SSOSR 221
LI 23 10 Lo 4 Y USSR 222
16.0  REFERENCES.......cooiitiieietiietetetett ettt ettt sttt sttt b et etesbestetesbeseetesbesa et e s esaesaseseesessessesensessesensesens 225
APPENDIX A ..ottt ettt ettt ettt e st et e s e st ese s ese et e s esees e sess et e s ese et e b es s et e b essese s e st et e s entese s ens et e bessesesensenn 235
Temperature Profile
Salinity Profile
Density Profile
Dissolved Oxygen Profile
Sound Velocity Profile
APPENDIX Bttt ettt ettt e st et e et et s bbbt h b a et bt n ettt e st st b e st et e be st st beneenn 255
Science Logs
APPENDIX C...ooovtiieiietiieitetet ettt ettt ettt ettt et ese e s e st ese e b ess et e asessese s assese s ass et s s ass et e esessess et e s assesesessesebessesesensanis 363

Sediment Core
Chemical Analysis Data

viii



Figure

1.1
1.2
3.1
3.2
3.3
34
3.5
3.6

3.7

3.8

3.9

3.10

3.11

4.1
42
43
44
45

4.6

4.7

4.8

LIST OF FIGURES

PAGE
OVEIVIEW IMAD. ..ottt ettt ettt ettt et et e et e bt et e e m et eaeesaeesae e et emteemeeesee st enteeseanseenseemeesneesneenseenteens 3
oo [T A o (=T LY o TSRS 4
Scatter plot of USBL position accuracy at the VIrginia Site. .........ccceevrerierirririerieriieiresieesresseeeeseessesens 10
Scatter plot of USBL position accuracy at the HalO Site. ..........ccocivueiririeiniieireieeeeeeeeee s 11
Scatter plot of USBL position accuracy at the GUIPENN SIte. .........cccvvvirieiriirieiriiieieeee e 12
Scatter plot of USBL position accuracy at the U-166 and Robert E. Lee Sites.........cccvevvevirerieiniecieerienennen 13
Scatter plot of USBL position accuracy at the Alcoa PUFitan Site............cccvivievirerieinenieirieecseeeseeee 13
Sediment push core taken using the Triton XL ROV......cccocoiiiiiiiiiiiiieece et 14
The vertebrate and invertebrate traps in the basket about to be lowered off the stern of HOS
DIOMINGLOT. ...ttt 15
Multi-chambered rusticle collection CONLAINET. ............coererieieiiririere sttt 15
Digital images of a) a 270-millimeter slimehead, Hoplostethus occidentalis, collected at the
Gulfpenn, b) opening the fish’s opercular cavity and exposing the gills, ¢) scraping the gills free of
the braincase, c¢) opening the otic capsule, e) removing the right sagitta, and f) a pair of extracted
LT L1 2 1< SRS 23
a) Region of transverse section made through the core of a 683-millimeter TL red snapper sagitta
and b) the resulting thin section. Five opaque zones are apparent in the thin section. ............ccccecererenennne 25
Plot of Reader 1 opaque zone counts versus Reader 2 opaque zone counts for otolith sections of 84
adult fish from 37 different species sampled from among all sites in this study. Symbol-color
combinations are unique for each species SAMPLEd. ........c.eecviriirieiieriieie et 26
SS Virginia, United States Coast Guard photograph taken two months prior to the vessel’s loss. ............... 27
The second SS Virginia, U.S. Coast Guard photograph taken on June 24, 1944. ........ccooceveireinineenenn. 28
Side scan sonar image of the Virginia site, 2001..........ccociivieiiieiieieieeseee ettt ess e essens 29
VIrQINIA SItE OVEIVIEW IMAD. .euvevieviieeietiiteiietistetetesteetetesteseetesseseesestessetesseseesesseseesesseseesessessesasseseesassesessassasens 30
Starboard side of Virginia’s bridge telegraph. Drawing indicates the handle’s position...............ccceevevennene. 32
Photo mosaic of Virginia’s bow with close-up of the damaged area and close-up of the starboard
bow hawsehole from a StarbOard VIEW. ..........ccueiiiriiiiiiiiieieeie ettt 33
Siratus beauii found on the VIrginia WIECK. .........c.ccviiiiiiiieiieiee ettt 37
Stichopathes sp. cf. S. pourtalesi black Wire COTal. ..........ccooiiiiiiiiiiiecicee ettt 39

X



4.9

4.10

4.11

4.12

4.13

4.14

4.15

4.16

4.17

4.18

4.19

4.20

4.21

4.22

4.23

4.24

4.25

4.26

5.1

52

53

54

5.5

5.6

5.7

5.8

Extremely dense concentrations of Stichopathes sp. cf. S. pOUrtalesSi.............ccoevveieieviiviinicieiceeieeie, 39

The densely branched, fan-shaped, black thorny coral Antipathes furcata. ..............ccoccoevevieieiiiiecieieienn, 40
Small cluster of ANtIPALNES TUFCALA. .........ccueriiriieiiciiciciee et er e sa e sse s 40
Antipathes furcata in association with a Stichopathes sp. cf. S. pourtalesi assemblage.............c.ccccevreennee 41
A piece of a Madracis MYFIAStEr COLOMY. ....c.oiuiiviiiiieieieieeie ettt ettt ettt esbe b sbesbesseesaessessensensas 41
Colonies of Madracis myriaster and Pourtalosmilia conferta on a standpipe ..........cccceeveevveeniecinenieeenennen. 42

An example of the sturdy, thick, irregular shaped form of Madracis myriaster with sunken

[07a) 1 1 RSSO 42
Examples of PoOurtalosmilia CONTEITAL ...........c.ooiiiiiieieceeeec ettt 43
Examples of OCUIING VAFICOSA. ........ccveviiriirierieei ettt ettt et ettt et eseets et eteeaeesse e esesseeseeaseasessessenseneens 43
The cup coral Paracyathus PUICHEIIUS..............c.ooviuiiieeeeec et 44
Section of a branch from a colony of MUricea PeNdUIa. ...........c..coevieieiiiieriiiee e 44
Oculina varicosa colony near the top of the main superstructure at a depth of ~73 m. ........ccocoveveieiiinnnnn. 45
Large Muricea pendula colony on top of the main superstructure at a depth of ~71.0 meters. .................... 45
(a) A vermilion snapper and (b) a red snapper associated with the Virginia.............ccoccoeevveriniiieciecienienns 48

(a) A scamp associated with the Virginia and (b) rock sea bass and vermilion snapper samples
COLIECEEd 1N FISH TLAPS. ..e.eienee ettt ettt ettt et et et e e st e e st e bt e bt enteemsesmeesneeeneenneeneeneeens 48

Prey taxa contribution to diets of fishes sampled at Virginia. .........cccooeverieiiieieinieieeceeeeeee e 49

Results of stable isotope analysis of fish muscle samples collected during biological sampling at

VIEGINTAL .ottt ettt ettt ettt et et e et e e teeteeteeseese e st et e et e etseteetsenseas et e teeaseteersennensenteanas 49
Total length versus estimated age (sagittal otolith opaque zone counts) in three reef fish species

collected at the VIFGINIA. .........cooiiiieeiieecee ettt ettt ettt ettt ae et e eteeveeaeeasessensensesens 50
Tanker Halo, photograph by the United States Coast Guard, May 1, 1942, .......c..ccocoevieiiieieieieieieienns 51
Drawing of Oil Tank Steamer similar to Halo, built by the Bethlehem Shipbuilding Corporation .............. 51
Side scan sonar and subbottom profiler images for HalO. ..............ccooieiiiiiiiiiceeee 52
HAIO SItE OVETVIEW IMAP. .....ecvivieiieiieiieieieeie ettt et et estesbesteeteeaeetaestessessesesseeseeseessessassessassessesseeseessassessassenns 53
Bow (starboard VIEW) OF HAI0. .........ccueiiiiiiiiieiceteee ettt ettt sb et et esaessesbensens 55
HAUO SILE PIAN. ©..viiiiiieiieieiec ettt ettt et eta e st essesbebeebeeseeseestessessessessesesseeseessessensansenns 56
Nets tangled around Hal0 s SEEIML. .......coiviieiiiiieiiicieectetet ettt ettt b et e b et eseebesneseas 57
Halo’s stern section with key components 1abeled............ccueirieiiirieiiinieiiiieieeeesee e 57



59

5.10

5.11

5.12

5.13

5.14

5.15

5.16

5.17

5.18

5.19

5.20

5.21

5.22

5.23

5.24

5.25

5.26

5.27

5.28

5.29

6.1

6.2

6.3

Possible capsized lifeboat, lying 14.3 meters off the port BOW. .......cccevcveiiiiiiiiecieie e 58

Voltages (millivolts) detected on bio-battery coupons deployed on Halo..............cccevveviiniiieiiiiieieien, 59
Examples of the cover and structure provided by clusters and assemblages of Madracis myriaster. ........... 62
Madracis myriaster colonies living on the sediment adjacent to Halo’s hull. ...........ccocooeiniininnincnnn. 63
Large, solitary colony of Pourtalosmilia CONferta. ...........cccooeoieiierniieeree e 63

Structurally complex cover resulting from the co-occurrence of Madracis myriaster and
Pourtalosmilia CONFEITAL .........c.oveveviueiiiiiir ettt 63

A complex habitat formed by Madracis myriaster and Pourtalosmilia conferta in association with

other encrusting epibenthic fAUNA. ..........coooiiiiiiiie ettt b 64
(a) Thesea sp. cf. T. grandiflora and (b) Thesea sp. Cf. T. rUDIa. .........c.ccoeviviieiiiceeeeeeeeeee e 64
PIACOGOTGIA FUAIS. .....c.veveeeeeeeeeee ettt ettt ettt et ettt ettt et e et e eteeaseaeess e s et e saeeteeasereessensensenns 65
A cluster of Placogorgia rudis colonies on the main SUPerstruCture.............cecvevvevierierreereereereeeeeereeeeenens 65
A cluster of Placogorgia rudis colonies on top of the standing portion of the mast on the aft deck............. 66
Large colonies of Placogorgia rudis on the deck of HOS DOMINALOY . ........cceovvvirieininieieeieeeeseeeeeeeeene 66
TRESEA SP. c.viviteetieitetet ettt ettt ettt et et et e be e te e bt estesbes b es b e b e b e be ekt et s eRt e s b e s e b e b e eheeteese et b ensesbeseeseeseessassensenbensans 67
(a) Amberjack, and (b) a large Warsaw grouper over or adjacent to HalO............ccccoereinineninineieen 73

(a) A batfish adjacent to Halo. Three species of Anthiinae basses captured with the ROV suction
sampler are pictured in panel (b). From top to bottom are a yellowfin bass, roughtongue bass, and
LT B0 11 o 1<) USSP 73
Prey taxa contribution to diets of fishes sampled at the HalO. .........c.ccooveieiieiiiieeeee e 74

Stable isotope analysis of fish muscle samples collected during biological sampling at Halo. Filled
Symbols are Species-SPeCific MEAN VALUES. .......cccueriiiiiiiiiiiieeie ettt st s e e 74

Results of stable isotope analysis of fish muscle samples collected during biological sampling

AWAY TTOM HAIO. ..ottt ettt b ettt te ettt sb e b e et e teeteetsersenbenaans 75
Size at age estimates for reef-associated fishes captured at HalO.............ccooooviiiiiiiiiiiii, 75
Size at age estimates for Anthiinae basses captured at HalO. ...........c.cooeoieireininineeee 76
Size at age estimates for benthic and demersal fishes captured away from Halo. ............cccccoevveieiiiennennnn. 76
Tanker Gulfpenn, photograph taken by the United States Coast GUATd. .........c.ccoeverieirereerenieeneeeerenene 77
Architectural drawing of the tanker Agwihavre or “Gulfpenn,” by the Sun Shipbuilding Company,

JULY 8, 1920, ettt ettt ettt et et h e a ettt a et en e et e e bt e bt e bt e teenneenteeneeeneenteeteens 78
Side scan sonar image of Gulfpenn from the TAMU deep-tow SYStEM. ......cccveverirreeererieierinieeesresesesseeenes 79

xi



6.4

6.5

6.6

6.7

6.8

6.9

6.10

6.11

6.12

6.13

6.14

6.15

6.16

6.17

6.18

6.19

6.20

6.21

6.22

6.23

6.24

6.25

6.26

GUITPENN SItE OVEIVIEW AP, ..cvviuvitieierieiieiieieetiete et et et et ebesteeteeteeteessessassesseeseeseessessessassesseeseessessassessessessans 80
BOW Of the GUIFDEINN. ..ottt ettt ettt e aeeteeseess e s esbesseebeessessessessessessans 82
Site drawing of GUITPENN’S MAIN SEIUCTUTE. .....cveveieiiieeie ettt ettt ettt eea et sb e b e s b e sbeeseeseessessessessenns 83

Top of Gulfpenn’s superstructure showing the bridge telegraph lying across the exposed deck

20 TS 1) 010 ) £ PO TR 84
Breach in the hull along the vessel’s starboard SIde. .........cccoevieiiieiiiniinieee e 85
Foot of the main mast lying on the deck. ..........oooiiiiiiiiie e 85
Remains of the docking helm control on the aft deckhouse. ..........cooieiieiiiiiiiii e, 86
Possible section of the vessel’s detached STEIM. .......c..cccririiciiirieiininicee e 87

a) Vent hood lying near the separated stern section. b) Vent hood lying near the northern extent of

the dEDIIS TIE1A. ...uetiiiiiitiic ettt sttt 87
Lifeboat from Gulfpenn in the debris field (PhOto MOSAIC). ......cc.evviviiriiirieriieieeieieieiect ettt 88
Gulfpenn’s main stack, lying to the vessel’s starboard side (Photo MOSAIC). ........ccvevvevveriiiviereirieiieieieienins 88
Voltages (millivolts) detected on bio-battery coupons deployed on GUIfpENN..........cccveviiviieiiiiiiieieieen, 89
Eumunida picta collected from GUITPENN. ......c.couiiieiiiieieee s 92
Pourtalosmilia conferta attached near the top of the extant Mast. ...........ccecvecieieriereneniee e 94
Tubular ecotype growth form of LOPhelia PErtUSA..........ccoeirieieiiieieieieieeeteee et 95

Lophelia pertusa growing on (a) the starboard bower anchor, (b) the starboard hull below the main
superstructure, and (c) the starboard aft side of the main superstructure from the second (lifeboat)
deck dOwn t0 the DUIWATKS. ....c.eiuiiiee ettt ettt eee et e e neens 96

Lophelia pertusa growing on (a) a davit on top of forward starboard corner of the aft deckhouse
and (b) a mast and booms on the aft deCK. .........ccveiviiiiiiiiii e 97

Lophelia pertusa colonizing deck piping and a catwalk on the port side of the aft deck. .........cccocerveernrnnnne. 97

(a) Aggregating colonies of Lophelia pertusa on the railing and upper hull along the starboard
foredeck. (b) Solitary Lophelia pertusa colony on railing along starboard aft deck. ..........cccevveirieinennene. 98

Looking down on the upper cluster of coalescing Lophelia pertusa colonies. ..........ccceceveereneerenenenenenn 98

Examples of horizontal surfaces with no Lophelia pertusa colonization: (a) the stern end of the aft

deck; and (b) the collapsed mMain StACK. ..........ccuieiiiiiiiiieiiei et ees 99
Lophelia pertusa colonizing forward portion of the aft deck beneath a coral encrusted mast and

BDOOMMN ..ttt ettt b e st h et a et a e bt bt e h e bt et ettt benh e bt et sn et enten 99
Large Lophelia pertusa colony growing on sediment adjacent to the hull...........cccecveveieinevieenieieeienenn, 100

xii



6.27

6.28

6.29

6.30

6.31

6.32

6.33

6.34

7.1

7.2

7.3

7.4

7.5

7.6

7.7

7.8

7.9

7.10

7.11

7.12

7.13

7.14

7.15

7.16

Small Lophelia pertusa colonies growing on (a) wreckage in the debris field 106 meters northwest
of Gulfpenn and (b) an upright piece of metal rod in the debris field 70 meters west of Gulfpenn............. 100

(a) Blackbelly rosefish, (b) Atlantic thornyhead, (c) slimeheads, and (d) deepwater tonguesole
over or adjacent to GUITPENN. ........coiiiiiiie ettt e ete et ss s nbe e 105

Prey taxa contribution to diets of fishes sampled at Gulfpenn. Sample sizes indicated for each
] 015 1< APPSR 106

Results of stable isotope analysis of fish muscle samples collected during biological sampling
(o) 0 0N 101 7 1] o o TR 106

Results of stable isotope analysis of fish muscle samples collected during biological sampling
away from Gulfpenn. Filled symbols are species-specific mean values. ..........ccooveeveerieieenierieenieeeeeenens 107

Results of stable isotope analysis of invertebrate tissue samples collected during biological

sampling at Gulfpenn. Filled symbols are species-specific mean values. .........cccecveereeiriniererienierenienienenes 107
Size at age estimates for fishes captured over the GUIFPENN...........ccocoiiiiiiiiiiiice e 108
Size at age estimates for fishes captured away from the GUIfPENN.........c.covivviiiiiieiiiee e, 109
U-166 at $€a 10 €arlY 1942, .....oiiiieiieeiieeiieeee ettt ettt ettt et e e tesstessaesseesseenseensesnsesseenseeseenseans 111
Schematic 0f @ TYPE IXC U-DOAL. ....ccveirieiiieiieieeie ettt ettt ettt ae e st e sseeseessesseenseenseenseans 112
Oberleutnant zur See Hans-Giinther Kuhlmann. .........c..coccoceiiiiiiiiiinininincccccc e 113
An undated photograph 0f PC-566............ccooiiiiiiieieee et e 113
High-resolution side scan sonar image of U-166, 2001 ............ccieiiiiiriiiiiiieeee e 116
Bathymetric data collected in 2001 showing the U-166 wreck Site..........occevoieiriienieiiniiiieceeceeeee 117
Artistic representation of how a Long BaseLine (LBL) positioning correlates with a Global

Positioning SyStEM (GPS). .....oouiiiiieee ettt sttt ettt et be e as 118
Microbiological experiments with BARTS and etch tests and test platforms. ..........ccccceeevveienienieeciennenen. 119
The "Lucas Stein" with rusticles from U-166.............cccocoreiriniiiiininieeneeeseecneseeeseeee e 120
Site drawing Of U-L66 S DOW. ......coieriieiiieiiiiiiieiierie ettt st s e ste e teebeesseesaesaaessaesseesseessesssesssesseesseesenns 121
U-166 images showing indentation and damaged area near the forward torpedo-loading hatch. ............... 122
Overhead view of the 105-mm forward deck SUN. .........ccooouiiiiiiieiiiiiee e 122
Overhead view of U-166's conning tOWer DIIAZE ..........evvveriieiirierieiiesieee ettt 123
Starboard side of conning tower and 20-mm deck gun on WIintergarten. .............ccoceeveveenreeeenreceeesrennes 123
U-166’s aft deck of showing the 37-mm gun and intact deck railing............cccceeeeroiiiiniieniiiieeeeeeeee 124
View showing aft torpedo hatch on stern Wreckage. ........cooveiiiiiiiiiiieieieeeeeee e 124

xiil



7.17

7.18

7.19

7.20

7.21

7.22

7.23

7.24

7.25

7.26

7.27

7.28

7.29

8.1

8.2

8.3

8.4

8.5

8.6

8.7

8.8

8.9

8.10

8.11

8.12

A 0.6-meter long section of U-166’s bulkhead found in the debris field (Artifact No. 60). ..........c............ 125

Pressurized cylinder from U-166 (Artifact NO. 47)....cocvuieiiieeiieieiierieeieeie sttt eveeseeeseseeeaees 129
A Dréger Lung from the U-166 (Artifact NO. 127). .eoooieiieiieiieie ettt 130
U-166 SIt€ OVEIVIEW IMAP. .uveeuvierrerreriresiienteenseanseeaestesseesseesseansessseassesseesseessesssesssesssesseesseesseessesssesseessesssenns 131
Hull remains in large crater located during 2004 inVesStigations. ..........ccvevveereereeriereeieeeeneeeseeeseeeeseeeneens 133
Remains of a uniform from U=-166 SIte..........ccceceerieriiriinirininieieieteeneeene ettt 133
Photo moSaic 0f U-166"S DOW. ......ocuiiiiriiriiiiiiiicieccercetre ettt s st 134
Two red deep-sea crabs (Chaceon quinquedens) found at the U-166 Site.........cccoevevereieererieenierereeennns 137

(a) Cutthroat eels around a chevron fish trap, (b) a large unknown Ophidiiform fish over the ship,
and (c) a six-gill shark near a chevron fish trap at UL66. .........cccoeoieiieiiiiiiiiiiieeeeee e 141

Prey taxa contribution to diets of fishes sampled at U-166. ............cceieiiiiiiiiiieeieeec e 142

Results of stable isotope analysis of fish muscle samples collected during biological sampling at

the deep wreck sites 0f U-166 and RODEI E. LEE..........ccovviviiiiieiiiiieiieieieeee ettt 143
Results of stable isotope analysis of invertebrate tissue samples collected during biological

sampling at U-166 and RODEIT E. LEE. ......c.ociiieieieieieetece ettt ettt b et sreete s ssessenses 143
Size at age estimates for fishes captured at U166 and Robert E. Lee sites.........ccooevvevierieeieeieieieienennnn 144
Robert E. Lee while in service to the Old Dominion Line. .........cccveeirirueiririeeininieeeiseescseeiece e 145

Page 6 and 7 of the Eastern Steamship Line Brochure, May 24, 1941. Page 6 shows the deck

layout and page 7 shows the schedules and fares for SS George Washington and SS Robert E. Lee. ........ 146
RODEIT E. LEE, €AY 1942, ...ouiiieieeiieeietiietetetet ettt ettt ettt ettt st ettt et s be e sesb et esessensesesseneesanseneas 147
Robert E. Lee, Deep-tow side scan sonar image, 1986. ........cccvivveieirieininieieiinieieesiee e seee et seeesaesaenens 149

120 kHz side scan sonar image of Robert E Lee, from the 2001 “grid survey” with C- Surveyor |

AUV ettt bbb bbbttt 150
410 kHz side scan sonar image of Robert E Lee, from the 2001 “site specific survey” with C-

SUNVEYOT [ AUV oottt ettt ettt ettt et e st e e beesb e s sbesseesseesseesseesseessessaesseesseensesssesseesseenseensenns 150
The telegraph from the bridge of the Robert E. Lee as found in 2001. .........cccoceveririnenineneereeeeeen 151
Lifeboat from Robert E. Lee, documented during the 2003 ROV Investigation. .............ccocvecveverereriennenn. 152
RODEIT E. LEE SIt€ OVEIVIEW IMAD. .. .cuueieieietietietiertetesiessessessesseeseessessessessessassesseesesssessessessessessessesssessessenses 153
Robert E. Lee’s bow and both BOWEr anChorS. .........c.evriiieiririeiirrieieeeiereie et 155
Looking down on the remaining forward structure of the promenade deck. ..........cccoevveiiniiniiiiniinen. 156
The gun mounted on RODEIt E. LEE'S STEIM. ......cuivveuiiiiieriiiiieeieieieiietet ettt be s ns 157

X1V



8.13

8.14

8.15

8.16

8.17

8.18

8.19

8.20

8.21

8.22

8.23

8.24

8.25

9.1

9.2

93

9.4

9.5

9.6

9.7

9.8

9.9

9.10

9.11

9.12

9.13

Shoes and Other Textiles in the Northern Debris Field...........oooviiiioiiiiiiiiiiiiieeeee e 158

Dishes off the Starboard Side 0f the VESSEL ........ooiiuviiiiiiiieeeeee et 158
Bathroom Stalls found in the Northern Debris Field............oooovviiiiiiiiiiiiiieeeeee e 159
Section of Bridge debris located to the starboard side of the Vessel.........ccocvevereierienieniecceeeeeee 159

(a) Bridge signal bell, (b) Engine Order Telegraph lying across the Base of the Rudder Controls,

and (c) Close-up of the Rudder Controls’ Face. .........cceoouiriiriiiiieiieeee et 160
One of many vent hoods found within the debris field. ...........oocoiiiiiiiiii e 160
Engine Order Telegraph stands upright south of RODErt E. LEE. ......ccceevvvviieiiiinieieiieeeeeeeeee e 161
The second of two telegraphs found on a deck section in the southern debris field............cccceoeieieennenn 161
Two lifeboats in the southern debris fleld. .........coeoeiriiiiiiniiiii e 162
Voltages (millivolts) detected on bio-battery coupons deployed on Robert E. Lee..........ccocevveiviererennene. 163
(a) A purple belly skate, (b) a thickbeard grenadier. ............cccooieviieeiieierieieieeeceese e 168
(a) Brotula (Cataetyx laticeps), and (b) distate cuskeel from video captured adjacent to Robert E.

L. et h ekt bbbkt b et bt b ettt be e 168
Prey taxa contribution to diets of fishes sampled at the RODert E. Lee. ........ccoeeiieneiiineieeeeee 168
Alcoa Puritan, United States Coast Guard Photograph, November 11, 1941 .........c.ccoooveieieieienieiiienne 171
Side scan sonar image of Alcoa Puritan from the FGSI DeepTow I SYStem .........ccccovveeveiriecvererieenreienns 174
Multibeam image of Alcoa Puritan from FGSI DeepTow II SYStem. ......ccccevveirrerieenreieinieieeeereeeeeevenens 174
120 kHz side scan sonar image of Alcoa Puritan from the C-Surveyor | AUV.........ccccvvevieieenieieeniennn, 175
410 kHz side scan sonar mosaic image of Alcoa Puritan from the C-Surveyor | AUV.........ccccovvveennee. 175
AlCOa PUFItaNn SIt€ OVEIVIEW MAP. .....ccvicviivietiieieteeeeeeeteeteete e eteete et eeae et e eseeteeteeteeteessessessesseeseesseseessensensensens 176

105-mm shell damage on Alcoa Puritan’s starboard side. The breach is approximately 47

CONLIMELETS ACTOSS. -..uveuteveterteeteettententertenteateeteeteestestestentesseateabessteseenteaten s et enbesbeebeeseestententenbesbeebeeseeneeneensenee 178
Mosaic of the vessel’s port side torpedo damage just below the superstructure’s aft section. .................... 179
Two views 0f the Ship’s WINAIASS. .......ceeiieriiiiiiiieieit ettt ettt b e e s este e b e esseesseessessaessens 179
Starboard views of the buckling at AIC0a PUFItAN’S DOW. ........ccveviivieriirieiiieiciieieieieie et 179
The top of the foremast laying over the No. 1 hold........c.cccoririieiiiieeee e 180
On the port stern quarter the word “ALCOA” is visible with the word “NEW” beneath, and on the

starboard stern quarter the word “PURITAN?” is visible with the word “YORK” beneath......................... 180
105-mm shell casing found near Alcoa PUritan wreck Site. .........cooevirierieinieieinieieieeieeeeee e 181

XV



9.14

9.15

9.16

9.17

9.18

9.19

10.1

10.2

10.3

10.4

10.5

10.6

10.7

10.8

10.9

10.10

10.11

10.12

11.5

13.1

13.2

13.3

Top of one of the masts from Alcoa Puritan found embedded in the seafloor in the wreck’s

NOTthern debris fIEld. ........coeiiiiiiiii ettt 182
Bridge telegraph or rudder control from Alcoa Puritan within the northern debris field.............ccceceueeee. 182
Chair found lying on the seafloor within the northern debris field. .........ccccoccevieiiiiiiinininne 183
Hatch cover section found lying on the seafloor north of the wreck site. .......c.ccoceveneninieninniiiieiencne 183
Voltages (millivolts) detected on bio-battery coupons deployed on Alcoa Puritan. ............ccccecevvevevennenee. 185
(a) a tripod fish and (b) a halosaur captured during video sampling at Alcoa Puritan. ............cccccceceeveneene. 189
Steam Yacht ANONa circa 1900-1915. ..c.oiiriiiiiiiiicee ettt st 191

Out board profile of the steam yacht Anona, drawn by the George Lawley and Sons Corporation,

APTIL 20, TO04. ..ottt b et b et b ettt 192
Cabin plan and elevation drawing of the steam yacht Anona, by the George Lawley and Sons

Corporation, JUNE 8, 1904, .........ooiiiieiieieeie sttt ettt ste et e et e st estaeste e seesseessesseesseesseesseessesssesssesseeses 192
High-resolution side scan image 0f ANONAL .......ccocoviiiiiieiieiieieeie ettt ae e sreesseesseesseesseessessaeseas 193
Fledermaus multibeam image of ANONA WIECK SILE........c.eecuerrieriieriieieeiteseeseese et eee e seee e eneeenseeeeessaenseas 194
Profile drawing of trail board 0n ANONA’S DOW. .......cecuieiiriiriieiieieeie ettt neees 194
Detailed floral scrollwork depicting a plant on ANONA’S DOW. .....ccuevivrierieiieieie et 195
Extant decking and exposed piping on ANONA’S fOrecastle. .........ocoeiiriirririeiierieeee e 195

Debris on Anona’s deck; the rectangular object in the upper right may be a condenser or small

5341014 U< PSR UPSPSTP 196
Filtered image of Anona’s steering mechanism and internal framing. ...........cccceoeveieriniinieieieee e 196
Hull profile of Steam Yacht ANONE. ........c.cccuiiiiiiiiiieie ettt ettt reere b saesreesreebeesveesseessessaeees 197
Waterline view of Steam Yacht ANONEL .....c.ccorueiririiiiriiienee et 197
Debris field scattered out from a wreck site. Based on Robert E. Lee’s debris field.........cccocoeeenecennnnee 199
Scattered debris trail leading to the wreck site. Based on Gulfpenn’s debris field............cccceeveieieiennnnn. 200
Dense debris field way from the wreck site. Based on Alcoa Puritan’s debris field.........ccccooeevrervernnene. 200
Debris field distribution at the U-166 SIte. ..........cccceivieiiiirieiriciiieeeee e 201
Debris diStribDUtION GEAPN. ....cuieiieieeiieiierie et see ettt ettt et e e e e ssessaesseesseeseensesseesseenseenseensennsessaeses 202
Changes in average meiofauna density (number per 10 cm?) with bathymetric depth...........cc.ccocovevenene. 210
Changes in species richness with depth (meter) among the wreck Sites...........ccooceeiieriiiiniiinieiieeeieeas 211
The spider crab Rochinia crassa was abundant at the GUIfPENN Site.........cocvevveirierieinieieiceeeceeeee 212

XVi



Table

1.1

1.2

1.3

3.1

32

33

34

3.5

3.6

4.1

4.2

43

4.4

4.5

4.6

4.7

4.8

4.9

LIST OF TABLES

PAGE
Project Principal INVESTIZALOTS. ......eeiuieitiiiiiieiie ittt ettt sttt sa e ettt sa e b et et eatesbeesbeenbeas 5
Project FIeld PErSONNEL........cc.ieciieiiiieiiieteeie ettt ettt ettt et e et e s eaestaesteesbeesseessesssesseesseensesssenssenseensens 5
Other Key PErSONNEL. ......cc.ioiiiiiiiiiieieeieete ettt eeb e s e et e et e esbessaesseesseenseesseensesssenssesssensens 6
Position of Metal Coupons on Bio-Battery Deployed 2004 ..........c.oocvevieiiieiiieieiieceesieeie e 17
Proposed Classification of Deep Sea Attached and Associated Microbiological Growths
O StEE1 SHIPWICCKS ...ttt ettt ettt et et e et e esteesaessaesseenseensesnsesnnesseenseenseenseans 18
Properties of Chevron (large) and Baitfish (small) Fish Trap Deployments Adjacent
(ship) to and 300 Meters from (distant) Shipwreck Sites. ........cccoioiiiiriiiiiiieeeeee e 20
Properties of Transects Flown by the ROV to Document the Fish Community Over,
Adjacent to, and 300 Meters from ShipWIeCKS. ......cooiiiiiiiiiie e 21
Total Video Time Analyzed for Fishes Presence from ROV Video During Shipwreck Site
Visits for Biological and Archeological Sampling.”..............co.coovivioiooeeeeeeeeeeeeeeeeeeeeeee e 24
Analysis of International Atomic Energy Agency Standard Reference Materials for 8'°C,
1IN, A1 §7%S. oot 25
ROV Navigation Fix Points at VIFQINIA ..........cccoeieiiriiiiiiiiticiccceeteiet ettt ebesae v eae s s essesnens 31
Gravimetric Elemental Composition of a (C1) Rusticle from Virginia............ccccooevevveviiviiniiieicieieieienns 34
Density (number per 100 m?) of Invertebrates Observed on Transects Over and Distant
(300 M) from the VIFQINIA STLE. .....ceeieieieieieciietect ettt ettt ettt e b et teetaesaesbesbesseeseeseessessessessessens 35
Density of meiofauna (numbers per 10 cm?) from Sediment Cores Collected Adjacent to
(Core A) and Progressively More Distant (Cores B to D) from Virginia...........ccocveeveevieieeniecieenieieesienens 36
Crustaceans, Mollusks, and Polychaets Collected from The Virginia Site. ........ccccooveeveeriecinenieieneieeerenens 36
List of Scleractinia, Antipatharia, and Gorgonacea Found on the Tankers Virginia, Halo
AN GUITPENN. Lottt ettt ettt et e et e e teeaeeteeseeas et etesteeteeaseasessensenseeens 38
Abundance and Density Estimates for Fish Taxa Identified from ROV Video From
Biological Transects Over, Adjacent to, and 300 Meters Away from (distant) the
VIEGINTA. oottt ettt ettt ettt ettt e te e st e ss e s s e b e et e eteeseetsessessessebeebeeteetsessessessessesseeseetsereessensensas 46
Abundance of Fish Taxa Identified from ROV Video at Virginia From Sampling Other
than Biological Transects. Location Indicates if Video was Collected Over or Away from
11 0 TSI 11§ o J TSRS 47
Estimated Total Fish Lengths Observed on ROV Video at the Virginia Site with Both
ROV-mounted Lasers Striking TREML...........cooiiiiiiiiiiiee et ens 47

Xvil



4.10

4.11

5.1

52

53

54

5.5

5.6

5.7

5.8

59

5.10

5.11

6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

Fish Taxa Caught in Chevron (large) and Baitfish (small) Fish Traps Deployed Adjacent

to (wreck) and 300 meters Away from (distant) VIrginia. ..........cccceevevieviiniieiiiiieieieieeee e 48
VIFQINIA COTE ANALYSIS. ..evieviiiiieieieetecteettet et estetetesteeteeteeteestessessessessesseeseeseessassessessensessessesssasseseassassessasss 50
ROV Navigation Fix Points at HalO...........c.cocoeiiiiiiiiieiceceeeeeeese ettt esa e 54
Gravimetric Elemental Analysis of a Brown Rusticle (C1) from Halo...........cccoooieiiineiiieee 58

Density (number per 100 m™ of Invertebrates Observed on Transects Over, Adjacent and
Distant (300 m) from the HAl0 SIEe..........c.oouiiviieieeeceeece et et eneas 60

Density of Meiofauna (numbers per 10 cm®) from Sediment Cores Collected Adjacent to
(Core A) and Distant (Core C) from HalO...........c.ocoiiiiiieceece e 60

Macroinvertebrate Species Collected at the Halo Site Including Number and Proximity to
Wreck, Substrate and DEPthi. .........ccoiiiiiiiieee ettt et ee bt een 61

Abundance and Density Estimates for Fish Taxa Identified from Video Collected with the
ROV During Biological Sampling Over, Adjacent to, and 300 Meters Away from

(AIStANt) At HAIO. .....oiiiiciicieee ettt sttt ettt e b e b e b e beebeetaesbesb e b e b e ebeeseesaeseesbensens 68
Abundance of Fish Taxa Identified from Video Collected at Halo During Sampling Other

than Biolo@iCal TTANSECLS. .......ecviecuieieeieriiesierieetestestestte st eteesteeseesseesseenseenseessesssesseesseenseensesnsesssesseenseenseans 69
Estimated Total Lengths of Fishes Observed on Video at Halo.............ccccooiveieiieieinieieeeeeeeeee 71

Fish Taxa Caught in Chevron (Large) and Baitfish (Small) Fish Traps Deployed Adjacent

to (Ship) and 300 Meters from (Distant) HaAlO. ...........cccovieiiiiieiiieieieieee et 71
Fishes Caught with the ROV Suction Sampler During Biological Sampling at the Halo. ............................ 72
HEIO COTE ANALYSIS. ....vvirieeietiieiietiiettetet ettt ettt ettt ettt s et et e e b e s eseesesseseesenseseesenseseesensesesansesessensesin 76
ROV Contacts from FIGUIE 6.4. .........ooiiiiiiiiiiiiieie ettt sttt ettt e b e e et eas 81

Gravimetric Elemental Analysis of Brown Rusticles (C1) from Gulfpenn’s Port and
STATDOATA STAC ...ttt bttt et et s bt b e bt e st et e e b et b e aeebe et et nee 90

Density (Number Per 100 m™?) of Invertebrates Observed on Transects Over, Adjacent
and Distant (300 m) from the GUIFPENN STEE. ......cveriiriiiiiiiieiieieieiet ettt ettt eea s sbesens 91

Density of Meiofauna (numbers per 10 cm”) From Sediment Cores Collected Adjacent to
(Core A) and Progressively More Distant (Cores B And C) from GuIfpenn.............ccoceeevieniiiiieieieiens 91

Macroinvertebrate Species Collected at the Gulfpenn Site, Including Number and
Proximity to Wreck, Substrate, and Depth. ..........ccooiiiiiiiiie e 93

Abundance and Density Estimates for Fish Taxa Identified from ROV video During
Biological Transect Over, Adjacent to, and 300 Meters Away from (Distant) Gulfpenn. .............ccco........ 101

Abundance of Fish Taxa Identified from Video Collected at the Gulfpenn on Other than
Bi010ZICAL TIANSECLS. ...euvievvieiiieeiieiieieesteeteeteste st et esbe et eeteeste e seesbeessessbessaesseesseessesssesssesssenseessenssesssensennses 102

Estimated Total Lengths of Fishes Observed on Video at the GUIfPENN. ...........ccocoveieviiiiiiiicicieice, 104

xviil



6.9

6.10

6.11

7.1

7.2

73

7.4

7.5

7.6

7.7

7.8

7.9

7.10

7.11

7.12

7.13

8.1

8.2

8.3

8.4

8.5

8.6

Fish Taxa Caught in Chevron (large) and Baitfish (small) Fish Traps Deployed Adjacent

to (ship) and 300 Meters Away From (distant) GUIFPENN...........ccociiiiiiiiiiieiccceceeeeee e 104
Fishes Caught with the ROV Suction Sampler at GUIfPENN. ..........c.ccoeiiiiiiiiiiieeee e 104
GUITPENN COTE ANALYSIS. ..evvivveiieiiitieiieiieietetet ettt et et et et et esbesseeseeteestesaessassessesebesseaseessassessassassassensas 109
Artifact Table from 2003 SUIVEY .....ccvieiirieeiieiieie et stese ettt ettt et e et e s esseeseensesssessaesseensesnsesnsenens 126
ROV Navigation Fix Points at U-166 ...........cccoeiiiiiiiiiiiiie ettt 132
Status of Bio-Deterioration of the Coupons on Platforms A, U-166..........ccccceviiiiiiiiiiiiierereeeeee 135
Gravimetric Elemental Analysis of a White Rusticle (C2) from U-166...........cceccvriiiiniinieiieeeeeeee 136
Density (number per 100 m™? of Invertebrates Observed on Transects Over, Adjacent,

and Distant (300 m) from the U-166 STte. ..........cceeviiriieiiieiiiiectieire ettt reesreereesseeesessaesees 137
Density of Meiofauna (numbers per 10 cm?®) from Sediment Cores Collected Adjacent to

ANA AWAY FTOM U=L166........cciiiiiiiiiiiciicieseeceete ettt ettt e et e st e ste e beesbeesbessaesseesseesseessenssesssenseensens 137
Macroinvertebrate Species Collected at the U-166 Site, Including Number and Proximity

to Wreck, Substrate, and Depth. ..........ccooieiiiriiiiieeeeee et nees 138
Abundance and Density Estimates for Fish Taxa Identified from ROV Video During

Biological Sampling Over, Adjacent to, and 300 Meters Away from (Distant) U-166...........c..cccceveeennen 139
Abundance of Fish Taxa Identified from Video Collected at U-166 on Other than

1) (o a (et I 1 YT £ USRS 140
Estimated Total Lengths of Fishes Observed on Video at U-166. ..........cccceooeerieiiiiiiiiniiieeeeeeeeen 140
Fish Taxa Caught in Chevron (Large) and Baitfish (Small) Fish Traps Deployed Adjacent

to (Ship) and 300 Meters Away from (Distant) U-166...........cccoceeirrieiierineiiiieeeeee e 141
Fishes Caught with the ROV Suction Sampler at U-166. ..........cccceeiieiiiiiiiiiiieieeeeee e 141
U-166 COTE ANALYSIS. ...vievveevieiieiieieetestesteesteeteetestesseesseesseesseesseassesssesseesseessesssesssesssesseesseessessessseessesssenns 144
ROV Navigation Fix Points at RODEIT E. LEE.........ccooviiiiiiiciieiieiieeieeeeteeteee ettt 154
Gravimetric Elemental Analysis of a Brown Rusticle (C1) from Robert E Lee........ccccevveciinvieneenieennnnen. 163

Density (number per 100 m™ of Invertebrates Observed on Transects Over, Adjacent and
Distant (300 m) from the RODEI E. LEE SIte. .....ccueivuirieiriiieieiesieeteee et 164

Density of Meiofauna (numbers per 10 cm”) from Sediment Cores Collected Adjacent to
and Away fTom RODEI E. LEE. ......cioviieeiieeieiiieeeet ettt ettt s b s se et s ne e 164

Macroinvertebrate Species Collected at the Robert E. Lee Site, Including Number and
Proximity to Wreck, Substrate, and Depth. ..........ccooiiiiioiiiee e 165

Abundance and Density Estimates for Fish Taxa Identified from ROV Video Over,
Adjacent to, and 300 Meters Away from RODEI E. LEE........ccovviieiiieieiieeeeeeeee e 166

X1X



8.7

8.8

8.9

8.10

8.11

9.1

9.2

9.3

94

9.5

9.6

9.7

9.8

12.1

12.2

12.3

13.1

Abundance of Fish Taxa Identified from Video Collected at Robert E. Lee on Other than

Bi010ZICAL TIANSECLS. ...cuvveviieiiieeiieiieiteesteeieeteste st et ebeesteeseesteeteesseessesssassaessaesseessesssesseesseesseessesssesssensenses 166
Estimated Total Fish Lengths Observed on Video at RODert E. Lee. .......ccoovevvienieiiineiiieceeeeee 167
Fish Taxa Caught in Chevron (Large) and Baitfish (Small) Fish Traps Deployed Adjacent

to (Ship) and 300 meters Away from (Distant) RODEIt E. LEE. .....c.ooueieiriiiiiiieeiee e 167
Fishes Caught with the ROV Suction Sampler at RODEI E. LEE........ccocvvviieiiiieieiceeeeeeee e 167
RODEIE E. LEE COTe ANALYSIS. ...eoveivieieiiitiieiiiteeietiiteetete st etesteesetessessesessesaesesseseesasseseesessessssessessesassesessansesens 169
ROV Navigation Fix Points at AICOA PUFITAN .........cc.ooveiiiiieiieeieeeeee e 177
Gravimetric Elemental Analysis of a Brown Rusticle (C1) from Alcoa Puritan ............cccoceeeinecieenienenn. 184

Density (number per 100 m™? of Invertebrates Observed on Transects Over, Adjacent,
and Distant (300 m) from the AICOa PUFITAN SItE. ........ccoiviiviiiiieiieeee et 186

Density of Meiofauna (numbers per 10 cm”) from Sediment Cores Collected Adjacent to
and Away from AICOA PUFITAN. .........c.ooviiiiiiiiiciceeiet ettt ettt b bbb e reete e ens e s ense s 186

Macroinvertebrate Species Collected at the Aloca Puritan site, Including Number and
Proximity to Wreck, Substrate, and Depth. ...........cccoovieiieiieieiereeee et 187

Abundance and Density Estimates for Fish Taxa Identified from ROV Video During

Abundance of Fish Taxa Identified from Video Collected at Alcoa Puritan on Other Than

Bi010@ICAL TTANSECLS. ....veteetieieenieieiete ettt ettt ettt sttt eeae e st es e e e et e et e et e ebeeaeeseeneensensenseasesaeebeeseeneeneensenes 188
Estimated Total Fish Lengths Observed on Video at AlcOa PUFItan.............cceevieiienieieenieieeeeeeienes 189
AICOA PUITTAN COTE ANALYSIS....cuiitiieeieieietieieietteteiete ettt stestetestesteteste st etesseseetesseseesesseseesesseseesessessesenseneans 189
Shipwreck Debris DiStriDULION ......ccueicviiiiiieiiereeie ettt ettt aeste e seesbeeaessaesseesseesseessesseesseesseensenns 202
Av01dance Criteria EStIMAES ........coeiiiiriiieieieeere ettt ettt ettt st sb e et 203
Semi-Quantitative Dominance of Attached Organisms on the Project Shipwrecks..........ccceovveviiecieniennnns 205
Average Millivolts Recovered from Bio-battery COUPONS..........cvevieriieriieiiieieeieeeieeieeve e nee e 207
Deployment of Mark II Steel Test Platforms in Ship Cluster, 2004............cccecveriineneninienineneeeeeeeeeenns 208
List of Micromollusks Identified from Four Shipwreck Sites. ........ccovvviiriiiiierienieieieeeeeee e 213

XX



PROJECT OVERVIEW
1.0 INTRODUCTION

During World War II German U-boats wreaked havoc on merchant shipping along the American Coast. The Gulf of
Mexico contains one of the greatest concentrations of Allied vessels lost to German U-boats worldwide. These
casualties include oil tankers, cargo vessels, passenger ships, and fishing boats. The significant role played by these
vessels and their crews during an important period in American and World history, paired with their presence on the
seafloor for over 50 years makes them eligible for inclusion in the National Register of Historic Places. In addition,
a Presidential Proclamation signed January 19, 2001, states that “the United States will use its authority to protect
and preserve sunken state craft of the United States and other nations, whether they are located in the waters of the
United States, a foreign nation, or in international waters” (Bush 2001). Since many of these vessels carried U.S.
Navy gun crews and were chartered by the United States government to transport oil and fuel for the war effort,
many are likely to be considered “state craft.” At present, the remains of eighteen (18) such vessels and the only
known German U-boat sunk in the Gulf, U-166, have been identified in Federal waters as a result of the United
States Department of the Interior, Minerals Management Service (MMS) required oil industry surveys. Taken
together, these sites represent an underwater battlefield, and a vital historical resource documenting a little studied
area in a crucial period in American History. These sites preserve information vital to scholarly and popular
understanding of the U-boat war’s impact in the Gulf of Mexico, on the American home front, and the global
conflict. In addition, these sites represent artificial reefs from well-documented dates of a similar time period
thereby offering biologists a unique opportunity to study the “artificial reef effect” of man-made structures in
deepwater (USDI MMS 2004).

This multidisciplinary study focuses on the biological and archaeological aspects of seven World War II era
shipwrecks in the north-central portion of the Gulf of Mexico. Six of the vessels (Virginia, Halo, Gulfpenn, Robert
E Lee, and Alcoa Puritan) were lost to wartime activity between early April and late July 1942. The seventh vessel,
the Steam Yacht Anona, was lost to an accident in 1944 after all the U-boats had left the Gulf of Mexico. All seven
shipwrecks were discovered during Oil and Gas surveys and reported to the MMS as required by Federal
regulations. Water depth at the investigation sites ranges from 87 to 1,964 meters. Each shipwreck was investigated
to determine site boundaries, National Register eligibility, preservation state and stability, and the potential for man-
made structures or objects to function as artificial reefs in deepwater.

1.1. Project Objectives

1.1.1  Archaeological Objectives

1. Confirm each shipwreck identity and establish its type and date of construction, nationality,
ownership (past and present), use history, mission, and cargo at time of loss.
2. Determine each vessel’s past and present condition, state of preservation, assess any

environmental impact caused by the wreck, and make observations relating to its deterioration and
future research potential.

3. Determine the visible extent of the debris fields surrounding each casualty.

4. Analyze imagery and historical documentation to determine nomination eligibility for the National
Register of Historic Places.

5. Assess the impacts of bio-fouling communities to these shipwrecks to determine the site’s
stability.

6. For vessels determined to be eligible for nomination, prepare a National Register nomination
form.
1.1.2  Biological Objectives

1. Characterize the environment at each site (e.g. water depth, bottom sediment type, currents, etc.)

2 Determine the biological effects of shipwreck artificial reefs at selected sites, and include detailed

imagery surveys of the sites at a variety of scales.

3. Determine the extent of physical and biological modification of sediments in the immediate area
of wreck sites compared to sediment conditions at sites distant from wreck areas. Sampling will
include sediment coring close to and distant from wrecks to determine any “artificial reef effect.”



4. Conduct limited sampling of fauna attached to hard substrate for taxonomic and other potential
analyses such as isotope studies.

5. Analyze imagery and sample collection to address spatial heterogeneity of any fouling community
and motile fish and invertebrate association with wrecks.

Microbiological

The main focus of the microbiological component of this investigation was the form and level of microbial activities
observable through imaging and detection using three different methodologies. On-site experiments were deployed
to examine the rates at which ship’s metals are compromised by microbial activities and the functional ability of the
indigenous microbes to manipulate and impress electrical charges through biofouling. These experiments used both
steel test platforms and bio-battery platforms with each being deployed on four wreck sites (Halo, Gulfpenn, Robert
E Lee, and Alcoa Puritan). Recovered concretion and rusticle samples were the subject of laboratory investigations
to determine the microbial loadings and chemical composition. Additionally, laboratory investigations were
conducted to determine differences related to depth and potential nutrient loading at the wreck sites. This report
includes an interpretation of the on-site observations and subsequent laboratory investigations. A prime interest was
the determination of whether there were significant differences between the ships in the form of attached
microbiological growths from dendritic concretions (shallower depths) to very mixed growths including aggressive
sea anemone populations (deeper depths) to a virtual dominance of rusticles and concretious growths on the deepest
ship Alcoa Puritan, at 1,964 meters.

Marine Invertebrates

The primary objective of the invertebrate component was quantifying the use of deep-water shipwrecks by
macrofaunal invertebrates. Geological or biogenic outcrops of hard substrate are rare in the northern Gulf of
Mexico; shipwrecks represent hard substrate and might best be considered as surrogates for artificial reefs.
Considering the rarity of hard substrate, the question is whether macroinvertebrate assemblages colonizing
shipwrecks will differ from fauna adjacent to the wrecks. Do invertebrate fauna (or their larvae), specialized for
attachment and utilization of hard substrates, exist in sufficient quantity to represent distinct faunal assemblages? A
related question addressed colonization rates by fauna on hard substrate in the otherwise level bottom, soft habitat.
Determining the age of many invertebrates is notoriously difficult because of the lack of retention of structures with
ontogeny. Shipwrecks of known age provide a ‘natural’ experiment to answer questions about colonization rates,
growth rates of individuals and community development. Another question concerned the effect of depth on
invertebrate diversity and abundance. Is bathymetric zonation evident for species, faunal assemblages, or different
life history stages? With these considerations in mind, the objectives of the invertebrate portion of the study were
to: 1) compare the composition, species richness, and abundance of macroinvertebrate assemblages associated with
the shipwrecks, to the adjacent macroinvertebrate fauna on level bottom sediments away from the shipwrecks; 2)
compare differences in composition, species richness, and abundance of macroinvertebrates as a function of
bathymetry.

Marine Vertebrates

The goal of the marine vertebrate component of the project was to document the utilization of deep-water
shipwrecks as fish habitats. Artificial reefs in shallow (< 100 meters) continental shelf environments have been
studied extensively in the last few decades because of their hypothesized positive effect on rebuilding depleted fish
stocks by alleviating hardbottom habitat limitation. A growing scientific debate has ensued, however, as to whether
artificial reefs in shallow environments produce novel biomass or merely aggregate fishes from surrounding natural
habitats (Bohnsack 1989). In the northern Gulf of Mexico, this debate has centered around the ecology of
commercially exploited species and the fact that artificial reefs constitute only a small percentage (i.e., < 5%) of the
total hardbottom habitat on the shelf (Bohnsack 1989; Bortone 1999; Parker et al. 1983; Patterson et al. 2001a and
2001b; and Patterson et al. 2003). It seems there is greater potential for hardbottom habitat to be limiting to
structure-associated fishes in the southeastern U.S. slope rather than shelf environments due to the perceived paucity
of hardbottom substrates beyond the upper slope (Gardner et al. 2001; Reed 2002; Sulak et al. 2001). Few data on
deepwater hardbottom habitats and their associated fish communities in the northern Gulf of Mexico exist to
evaluate the hypothesis that habitat is limiting for structure-associated fishes. Therefore, the objectives of this
portion of the study were to 1) examine the community structure of fishes associated with deepwater shipwrecks in



the northern Gulf of Mexico; 2) perform gut content analysis to examine trophic structure within the fish
community; 3) analyze stable isotopes of carbon and nitrogen in fish tissue to estimate source(s) of carbon to wrecks
and corroborate trophic structure inferred from gut content analysis; and, 4) estimate age and growth rates of
abundant species via examination of otolith microstructure.

1.2 Geographic Overview

The Gulf of Mexico is a semi-enclosed small ocean basin that formed by Late Triassic to Early Jurassic rifting
followed by Late Jurassic to Early Cretaceous seafloor spreading. The Gulf has been receiving sediment influx
dominated by the Mississippi River since Late Jurassic. Sediments accumulated along the Gulf of Mexico’s
northern margin during the Mesozoic and the Cenozoic have attained a thickness in excess of 14.9 kilometers.
Rapid deposition along the northern margin of the Gulf of Mexico during the Tertiary and the Quaternary resulted in
the accumulation of particularly thick sedimentary sequences and an up to 296 kilometers basinward migration of
shelf edge since the Cretaceous at an exceptionally high rate of 4.8 to 5.9 millimeters/year (Coleman et al. 1991).
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Figure 1.1. Overview Map.
Mississippi Canyon and Fan Region

The Mississippi Canyon is the conduit for source materials moving seaward into the Mississippi Fan. Bouma
describes the Mississippi Canyon as a major erosional and partially filled structure. Initial development of this
canyon is suggested to have begun about 50,000 to 55,000 years ago in the middle continental slope and
retrogressed onto the shelf 25,000 to 27,000 years before present. Retrogressive large scale slumping on an unstable
shelf-slope area during a sea level low stand or during the initial sea level rise are believed to have caused the
canyon to widen and lengthen further up-shelf. Several other smaller scale canyons create fans by similar processes
east and west of the Mississippi Canyon on the shelf-slope area (Bouma et al. 1985).

In the east-central Gulf of Mexico, a large regional, deep-water feature exists that is identified as the Mississippi
Fan. This feature was the subject of the Deep Sea Drilling Project Leg 96 in 1983 and was interpreted as a channel-
levee-overbank complex. The Fan is approximately 560 kilometers long and up to 600 kilometers wide. It extends
southeast from the base of the continental slope at a depth of approximately 300 meters, across the continental rise
and onto the abyssal plain, to a point roughly halfway between the Campeche Escarpment and the Florida
Escarpment. The Mississippi Fan is bounded by the Texas Louisiana Slope region to the west and the Florida
Escarpment to the east. Water depths for the Mississippi Fan range from approximately 300 meters at the base of
the slope to 3,200 meters on the abyssal plain. The fan has been described as a broad arcuate submarine fan
comprised of a number of fan lobes separated by pelagic oozes or muddy sediment (Bouma et al. 1985).



In 1989, following an examination of the most recently deposited fan lobe Bouma and others suggested a sea-level
driven model which effectively divided the Mississippi fan into three sections for descriptive purposes: upper fan,
middle fan, and lower fan. The upper Fan has a slightly convex shaped surface with a wide channel at its apex
flanked by laterally discontinuous reflectors believed to be overbank deposits. The middle fan holds the greatest
accumulation of sediment and is imaged on sonar data as a leveed, sinuous channel complex that averages 1.2 to 2.5
kilometers in width. Less prominent channel complexes that undergo rapid channel abandonment define the lower
fan. It can be assumed similar fans have been active during the geologic past in the entire Mississippi Canyon,
Atwater Valley, and Lund Areas. Channel deposits consist of fining upward turbidite sequences (gravel to clay size)
with the base of the gravel representing the time of the episodic event (Bouma et al. 1989).
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Figure 1.2. Project Area Map.

1.3 Project Organization

The MMS and the National Oceanic and Atmospheric Administration’s Office of Ocean Exploration (NOAA OE)
organized the study under the auspices of the National Oceanographic Partnership Program (NOPP). C & C



Technologies, Inc. (C & C), the primary contractor for the study oversaw the survey and archaeological analysis. C
& C contracted the following organizations and individuals for the biological analysis: Droycon Bioconcepts, Inc.
(DBI), William Schroeder with the University of Alabama/Dauphin Island Sea Lab (UA/DISL), University of West
Florida (UWF) and University of Alaska, Fairbanks (UAF). C & C contracted the PAST Foundation (PAST) for the
educational outreach component of the project. PAST partnered with Montana State University to provide the
media team for field operations. C & C made agreements with Texas A&M University and the University of Rhode
Island for two PhD candidates in deepwater archaeology and a molecular biologist from The Institute for Genomic
Research (TIGR) to participate in the study. The Key Personnel for the project are listed in the following tables.

Table 1.1

Project Principal Investigators.

Personnel Title Organization
Robert Church, MA Chief Scientist/Marine Archaeologist P.1. C&C
Daniel Warren, MA Marine Archaeologist Co-P.1. C&C
Roy Cullimore, PhD Microbiologist P.1. DBI
Lori Johnston, MS Microbiologist Co-P.1. DBI
Thomas C. Shirley, PhD Invertebrate Zoologist P.1. UAF
William Schroeder, PhD Invertebrate Zoologist Co-P.1. UA/DISL
William Patterson, PhD Vertebrate Zoologist P.1. UWF
Annalies Corbin, PhD Education Outreach Director PAST
Dennis Aig, PhD Film Producer/Media Coordinator MSU
Table 1.2

Project Field Personnel.
Personnel Title Organization
Government
Jack Irion, PhD Contract officer Technical Representative MMS
Daniel "Herb" Leedy, MS Biologist MMS
Michael Overfield, MA Cruise Coordinator INOAA
lan Zelo Project Specialist INOAA
Archaeology
Robert Church, MA Chief Scientist/Archaeologist P.1. C&C
Peter Hitchcock, MA Archaeology Intern (PhD Candidate) TAMU
James Moore, MA Archaeology Intern (PhD Candidate) URI
Biology
Lori Johnston, MS Microbiologist, Field-P.1. DBI
William Schroeder, PhD Invertebrate Zoologist Co-P.1. UA/DISL
William Patterson, PhD Vertebrate Zoologist P.1. UWF
INicole Morris Vertebrate Zoologist (MS Candidate) UWF
Aaron Baldwin, MS Invertebrate Zoologist, Field P.1I. UAF
Morgan Kilgour Invertebrate Zoologist (MS Candidate) UAF
Garry Myers, MS Molecular Biologist TIGR
Education and film




Personnel Title Organization
Dennis Aig, PhD Film Producer/Media Coordinator PAST/Hunter Neil/MSU
Keene Haywood, PhD Assistant Producer/Film Intern (MFA Candidate) |[MSU
Korey Kaczmarek Sound Mixer/PA MSU
Lansing Dreamer Director of Photography MSU
Survey
Ryan Larsen Surveyor (Acoustic Specialist) C&C
John Petterson Surveyor (Acoustic Specialist) C&C
ROV
Joey Lekovich ROV Superintendent Sonsub, Inc.
Mike Stephens ROV Supervisor Sonsub, Inc.
Phillip Spearman ROV Supervisor Sonsub, Inc.
Chris Talasek ROV Pilot & Technician Sonsub, Inc.
Wes Fenner ROV Pilot & Technician Sonsub, Inc.
Lucas Cribley ROV Operator Sonsub, Inc.
Bryan Whipple ROV Operator Sonsub, Inc.
Table 1.3

Other Key Personnel.
Personnel Title Organization
Tony George Geophysicist/Geosciences Manger C&C
Kimberly Eslinger, MA Marine Archaeologist C&C
Bruce Samuel, MS Marine Geologist C&C
Lynn Samuel Marine Geologist C&C
Charlie Broussard Cartographer C&C
Tim Badeaux Cartographer C&C
Shelley Smith, PhD Education Outreach Coordinator PAST
Dave Ball, MA Senior Marine Archaeologist MMS
Chris Horell, PhD Marine Archaeologist MMS




2.0 HISTORICAL BACKGROUND
2.1 World War II in the Gulf of Mexico

Three factors have influenced the Gulf of Mexico’s role in trade, economic development, and maritime commerce:
exploration, warfare, and natural resources. Deep canyons mark the Gulf region’s submerged bottomlands. Natural
resources around the Gulf of Mexico including cotton, tobacco, and petroleum products have driven the Gulf’s
economy and shipping since the sixteenth century. Shipping routes follow traditional patterns, and shipwrecks are
often found near those trade routes. The Gulf of Mexico is no exception, and shipwrecks from the age of
exploration through modern day have been located near traditional shipping lanes (Garrison et al. 1989).

World War I saw an increase in Gulf of Mexico tanker traffic as petroleum products became more important to
American industry. The Gulf’s maritime community was affected little during the First World War, but World War
II was different. During World War II, several German U-boats operated in the Gulf of Mexico using shipping lanes
and navigational beacons to locate and torpedo unsuspecting prey (Blair 2000:467, 498).

In 1942, the world was at war and Germany controlled most of Europe. Hitler launched Operation Drumbeat under
Admiral Karl Dénitz’s command. Using Germany’s Unterseebootes (U-boats), Operation Drumbeat brought the
war to United States coastlines, just as in World War I. The U-boat mission was simple: disrupt Allied supply lines.
World War II U-boats struck shipping along the Atlantic coast, and infiltrated the United State’s undefended
backyard - the Gulf of Mexico. U-boat’s specifically targeted tankers carrying valuable petroleum products from the
Gulf coast to American refineries and abroad. During the early war years Americans had a false sense of security
created by the vast oceans that kept the war at a distance. When U-boats entered the Gulf of Mexico many German
commanders noted coastal lights burned as in peacetime.

The spring of 1942 was an opportune time for U-boats in the Gulf of Mexico. The Commander of the Gulf Sea
Frontier had not yet ordered mandatory convoys and naval escorts. Likewise, many merchantmen sailing Gulf
waters were unarmed and unaware of the U-boat threat. Until July 1942, the Gulf remained a German pond where
the U-boats hunted and attacked at will (Blair 2000: 588).

U-507, under Korvettenkapitdn Harro Schacht’s command, claimed the first vessel sank in Gulf waters on May 4,
1942 when she torpedoed the freighter Norlindo off Key West Florida (Wiggins, 1995). Norlindo’s sinking
unleashed a wave of destruction in the Gulf of Mexico. Korvettenkapitdn Harro Schacht’s crew aboard U-507 sank
eight vessels in the Gulf of Mexico, making it one of the most successful U-boats in this theater of war. U-507’s
fourth victim was the cargo freighter, Alcoa Puritan. U-507 also sank the tanker, Virginia on May 12 (Schacht
1942: 13, 32, 52). In May 1942, U-506 joined the Gulf campaign, sinking the tankers, Gulfpenn on May 13 and
Halo on May 20, and six other merchant vessels (Wiirdemann 1942: 12, 22, 30).

Within twelve months, twenty-four German U-boats entered the Gulf. Seventeen U-boats sent 56 merchant vessels
to the bottom and badly damaged 14 others (Church et al. 2002). U-166, commanded by Kapiténleutnant Hans-
Ginther Kiihlmann, joined the fray in July. U-166 took position off the Mississippi River’s mouth in operational
area DA-90. The U-boat’s mission was to lay mines and attack merchant shipping (War Diary 1942: 36, 53, 92; and
Blair 2000: 633). Although the nine TMB mines were successfully laid only a few hundred yards off the jetties in
the Southwest Pass of the Mississippi River, none detonated. Kithimann sank the passenger freighter SS Robert E.
Lee approximately 45 miles southeast of the Mississippi River on July 30, 1942. PC-566, the naval vessel escorting
the freighter then sank U-166 (Blair 2000: 633; and USS PC-566 1942). Deep water and conflicting first hand
accounts from 1942 hid U-166’s actual location for nearly 60 years. Although 75 percent of all U-boats were sunk
by the war’s end, only one was lost in the Gulf of Mexico, U-166 (Blair 2000:704).

By July 1942, the United States increased efforts to protect shipping in southern waters. Coastal lights were shut
off, lighthouse beacons were dimmed, and strict information blackouts enacted. Aerial reconnaissance and radio
listening posts helped American naval and Coast Guard units track the U-boat threat. Merchant vessels were
ordered to travel in convoys with naval escorts. These efforts diminished the number of vessels sunk by U-boats by
August 1942 and turned the tide of the U-boat threat in American coastal waters. For 56 ships, the American
response to German U-boat attacks in the Gulf of Mexico came too late. Hundreds of merchant mariners lost their
lives and ships to German torpedoes. Many tankers became floating bombs when torpedoes ignited the petroleum



products in the holding tanks leaving the crews either entombed in a fiery hull, or afloat in the blaze. The Gulf of
Mexico war zone was a submerged and surface war front for military and non-military vessels alike. The German
U-boat freely hunted these waters until late 1942, when American antisubmarine measures improved and helped
turn the tide (Blair 2000: 696).

2.2 Oil and Gas Development and Shipwreck Discovery

The oil and gas industry by far supports the largest percentage of commercial marine surveys in the Gulf of Mexico.
The increased interest in developing deepwater prospects has also led to significant advances in marine survey
technology and equipment such as sophisticated deep-tow survey systems, improved Remote Operated Vehicle
(ROV) technology, Autonomous Underwater Vehicles (AUV), and precision acoustic positioning systems. The
development and use of these systems has made easier the identification of potentially significant shipwrecks,
biological life forms, and geological formations. The increased deepwater oil and gas exploration in the Gulf’s
deepwater areas has also increased shipwreck discoveries. The shipwrecks investigated for this study were found on
oil and gas related surveys and further significant discoveries can be expected as the search for natural resources
moves into increasingly deeper waters.

23 Regulatory Role of the Minerals Management Service

Increases in deepwater oil and gas exploration, development, and production coexist with the development of new
technologies that reduce operational costs and risks and the discovery of high volume oil and gas reserves.
Examples of extraordinary solid platforms include the Cognac and Bullwinkle platforms in 311 meters (1,023 feet)
and 412 meters (1,353 feet) of water, respectively. The use of subsea completions is rapidly increasing. The
number of subsea completions have risen from 4 per year in 1990 to 23 in 2001 with more than half of these
occurring in deepwater (>300 meters) (USDI MMS 2004).

Expanding deepwater commercial development brings increasing challenges for managing Submerged Cultural
Resources on the Outer Continental Shelf and Slope. The MMS requires a clearer understanding of the size of
debris fields that can be expected around deepwater wrecks, as well as their state of preservation and research
potential to fulfill obligations stipulated by Section 106 of the National Historic Preservation Act of 1966 (36 CFR
800). This information is critical for determining disturbance avoidance areas. Part 36 CFR 800.4(c) states that “the
Agency Official shall make a reasonable and good faith effort to identify historic properties that may be affected by
(an) undertaking and gather sufficient information to evaluate the eligibility of these properties for the National
Register.” Sufficient documentation must be provided to the MMS on each site to carry out an adequate evaluation
of National Register of Historic Places (NRHP) criteria (USDI MMS 2004).

The MMS played an instrumental role in the development of the Rigs-to Reefs program in the Gulf of Mexico. The
Agency’s efforts led to the National Fishing Enhancement Act of 1984 and publication of the National Artificial
Reef Plan in 1985. Converting offshore oil and gas structures is well accepted as beneficial to fisheries on the
continental shelf of the entire Gulf of Mexico. Forty-nine (49) structures have been converted to artificial reefs from
a total of 383 structure removals between 1999 and June 2002. In the near future, decisions will be required for the
removal of structures located in waters beyond the continental shelf. Current guidelines outlined in 30 CFR Part
250.1728 allow the MMS Regional Supervisor to approve alternate plans for removal of structures when the water
depth is greater than 800 meters (2,624 feet). Removal options for shallower depths have previously relied on the
concept that the structure left behind serves a positive fisheries enhancement or other beneficial environmental
function. The MMS now needs information that will help describe the ecological role (if any) man-made structures
may have in the deepwaters of the Gulf of Mexico (in this case, greater than 91.4 meters (300 feet) (USDI MMS
2004).



3.0 METHODS
3.1 Survey Methodology

Each site was systematically investigated using an acoustically positioned Remote Operated Vehicle (ROV)
following a pre-established survey grid (See Section 3.3 Archaeological Methodology). The ROV survey was
designed to maximize the efforts and time for both the archaeological and biological studies. It carried the necessary
equipment (See Section 3.2) to obtain high quality imagery, accurately measure artifacts and biological organisms,
document seafloor conditions or features, and analyze water column attributes (e.g. depth, temperature, pH, salinity,
etc.). Detailed visual inspections provided needed data to document each wreck’s cultural and biological
characteristics. Although different specific elements were of interest to the biologists and the archaeologists, the
video footage collected was used for both the biological and archaeological studies undertaken.

A monitoring station was available for all key personnel during each of the comprehensive shipwreck inspections to
insure video data was adequate to meet study objectives. A minimum of one archaeologist and one biologist were
available at all times to monitor and document the investigations ensuring important features were not missed.
Direct communication was available between each scientist and the ROV operators during operations. Video
footage was recorded continuously during ROV operations at each site and digital still photographs or screen
captures were taken of pertinent archaeological and biological features.

3.1.1  Support Vessel and Remote Operated Vehicle

ROV operations were conducted from Sonsub’s vessel M/V HOS Dominator. Dominator is 72.54 meters in length,
16.46 meters at the beam, and displaces 1,815 gross tons. The vessel is powered by a 4,520 horsepower caterpillar
engine with two 800 horsepower bow thrusters and one 800 horsepower stern thruster. There is 752 m® of deck
space and a 30-ton stern mounted A-frame. The vessel was fitted with three science labs and additional crew
quarters to accommodate the project’s science personnel.

Triton’s XL 2500-meter ROV was utilized for this project. The Triton XL is a 100-horsepower system measuring
3.13 meters long by 1.50 meters wide and 1.84 meters high. It utilizes a bottom enter (top hat) tether management
system. It was equipped with multiple cameras forward and aft, a five-function and a seven-function manipulator,
and sector scanning sonar. The ROV was also equipped with a variety of other specialized equipment and sensors
(See Section 3.2.3 Sampling Equipment).

3.1.2  Marine Survey

Survey control was maintained using the C-Nav globally corrected differential GPS. C-Nav’s GPS receiver
combines a dual-frequency geodetic grade GPS receiver with an integrated L-BAND communication RF detector
and decoder integrated into a microprocessor. Using a series of reference stations around the globe C-Nav provides
accuracies on the order of 0.1 meters. The technique, developed by the Jet Propulsion Lab for the National
Aeronautics Space Administration, uses a global network of reference stations to track the entire constellation of
GPS satellites. The GPS observations are transmitted via the internet to a network control center where the satellite
orbital corrections and clock-offset values are calculated and modeled in real-time. These corrections are
universally valid and can be applied to GPS measurements from any location on earth (C & C Technologies, Inc.
2005).

Survey personnel tracked the ROV using a Sonardyne, Inc. model 7784 Ultra-Short BaseLine (USBL) acoustic
tracking system mounted on a through-hull ram. The system measures a beacon’s range and direction relative to the
transceiver’s known location and orientation. The USBL transducer head contains three or more elements that can
both transmit an interrogation and receive the acoustic reply. The elements are positioned in a phased array
describing an equilateral triangle in which the separations between each element are known (C & C Technologies,
Inc. 2005).

The support vessel’s position was established using C-Nav. The ROV’s position was acoustically triangulated from
the vessel position using the USBL system. Navigation control was processed on a PC using WinFrog integrated
navigation software. The ROV’s positioning accuracy was calculated at each site using a static accuracy test (only



one test was conducted at the U-166 and Robert E. Lee sites because of their proximity and similar water depth).
The overall accuracy of the signal was calculated as a percentage of water depth at each shipwreck site and is
included in the discussion.

At the Virginia site an accuracy test (scatter plot) was conducted in 87.5 meters of water depth. While the ROV
hovered stationary, 80 USBL positions were recorded with an average standard deviation of 0.28 meters. The
maximum deviation of all recorded positions from the mean position was 1.08 meters. Thus, the survey accuracy at
the Virginia site is calculated to be between 0.32 percent (.0032) to 1.24 percent (.0124) of water depth (Figure 3.1).

At the Halo site an accuracy test (scatter plot) was conducted in 146.3 meters of water depth. While the ROV
hovered stationary, 283 USBL positions were recorded with an average standard deviation of 0.26 meters.
Maximum deviation of all recorded positions from the mean position was 1.17 meters. Thus, the survey accuracy at
the Halo site is calculated to be between 0.18 percent (.0018) and 0.80 percent (.0080) of water depth (Figure 3.2).

Virginia - USBL Positioning Scatter Plot
Water Depth 87.5 meters
80 USBL Positioned fixes
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S.d Northing 0.26 meters
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Figure 3.1. Scatter plot of USBL position accuracy at the Virginia site.
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Halo - USBL Positioning Scatter Plot
Water Depth 146.3 meters
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Figure 3.2. Scatter plot of USBL position accuracy at the Halo site.

At the Gulfpenn site an accuracy test (scatter plot) was conducted in 550 meters of water depth. While the ROV
hovered stationary, 265 USBL positions were recorded with an average standard deviation of 0.35 meters.
Maximum deviation of all recorded positions from the mean position was 1.97 meters. Thus, the survey accuracy at
the Gulfpenn site is calculated to be between 0.06 percent (.0006) and 0.36 percent (.036) of water depth (Figure
3.3).
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Gulfpenn - USBL Positioning Scatter Plot
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Figure 3.3. Scatter plot of USBL position accuracy at the Gulfpenn site.

At the U-166 and Robert E. Lee sites an accuracy test (scatter plot) was conducted in 1,457.3 meters of water depth.
While the ROV hovered stationary, 64 USBL positions were recorded with an average standard deviation of 0.56
meters. Maximum deviation of all recorded positions from the mean position was 2.48 meters. Thus, the survey
accuracy at the U-166 and Robert E. Lee sites is calculated to be between 0.04 percent (.0004) and 0.17 percent
(.0017) of water depth (Figure 3.4).

At the Alcoa Puritan site an accuracy test (scatter plot) was conducted in 1,963.4 meters of water depth. While the
ROV hovered stationary, 527 USBL positions were recorded with an average standard deviation of 1.03 meters.
Maximum deviation of all recorded positions from the mean position was 4.73 meters. Thus the survey accuracy at
the Alcoa Puritan site is calculated to be between 0.05 percent (.0005) and 0.24 percent (.0024) of water depth
(Figure 3.5).
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U-166and Robert E. Lee

USBL Positioning Scatter Plot
Water Depth 1457.3 meters
64 USBL Positioned fixes
S.d. Easting 0.40 meters
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Figure 3.4. Scatter plot of USBL position accuracy at the U-166 and Robert E.
Lee sites.

Alcoa Puritan - USBL Positioning Scatter Plot
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Figure 3.5. Scatter plot of USBL position accuracy at the Alcoa Puritan site.
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3.1.3  Sampling Equipment

A Seabird Seacat CTD profiler with dissolved oxygen sensor was used to measure temperature, salinity, density, and
dissolved oxygen (CTD and DO2 profiles and data are provided in Appendix A). The CTD profiler was mounted to
the ROV to provide continual real time data logging and sensor communication at each site.

The ROV was equipped with multiple cameras for navigation, tether management, and biological collection
monitoring. The three main cameras used for scientific data collection included the West Tech SD3000 Digital Still
Camera, Kongsberg Simrad OE14-121 3CCD color camera, and two Remote Ocean Systems (ROS) Color Cameras.
Both the SD3000 digital still camera and OE14-121 3CCD camera malfunctioned during the expedition and could
not be repaired. As a result, the majority of the video data was collected with the ROS Color Cameras.

Sediment core samples were collected at each site. Sediment core samples were taken with the ROV using a push
core sampler (Figure 3.6). The push core samplers were lowered to and recovered from the seafloor using a drop
basket sent down on a cable from HOS Dominator. The ROV retrieved each core labeled barrel from a holster on
the basket (3.6 a & b), took the core at the designated location (3.6 ¢ & d), and then return the core to its
corresponding holster.

A variety of methods were employed for biological sampling. A total of four vertebrate and five invertebrate traps
were deployed at each site. The traps were lowered to the seafloor in the same basket as the push cores and then set
by the ROV at designated locations (Figure 3.7). A suction sampler, attached to the ROV, was used to collect small
vertebrates and invertebrates. The sampler intake nozzle was held by the ROV’s five-function manipulator. The
samples were deposited into a clear collection box fixed to the aft portion of the ROV. Operators monitored the
contents using a camera mounted above the box. Some samples, such as coral and rusticles were collected with the
seven-function manipulator or by using collection containers carried in the manipulator claws. The Sonsub crew
constructed many of the collection devices in the field. One specifically built for collecting rusticles is shown in
Figure 3.8.

Figure 3.6. Sediment push core taken using the Triton XL ROV.
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Figure 3.7. The vertebrate and invertebrate traps in the basket about to be lowered off the stern of HOS
Dominator.

Figure 3.8. Multi-chambered rusticle collection container.

32 Archaeological Methods
3.2.1  Field Methods

Standardized investigation methods were used at each study site. The archaeologist’s priorities varied depending on
whether previous inspections had positively identified the shipwreck. At unidentified shipwreck sites (e.g. Virginia,
Halo, and Gulfpenn sites) the first priority was vessel identification, mapping the site boundaries/extent, and
producing an accurate site plan. At previously identified shipwreck sites the priority was mapping the site
boundaries/extent and producing an accurate site plan. Site maps were produced using real-world coordinates to
allow importation into a GIS database.

The investigation methodology used all available information and survey data for each site to plan field operations.
The survey data included side scan sonar, magnetometer, subbottom profiler, bathymetric data, and video footage.
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Previously acquired survey data was key to determining the “expected” boundaries of each site and developing an
efficient survey plan.

The ROV surveys began with a comprehensive visual inspection of the wreck’s main structure, documenting
pertinent vessel features for later analysis. The ROV then conducted a systematic survey of the seafloor around the
main wreckage. The area survey extended at least 30 meters beyond the observed debris field, but was not less than
33,500 m” centered near the main wreck structure per the MMS project specifications, except at the Virginia and
Alcoa Puritan sites (See Section 3.3.2 Exceptions to the Survey Plan). Fifteen meter line spacing was maintained to
the greatest extent possible during the area survey. The ROV was acoustically tracked using an Ultra Short Base
Line System (USBL) to minimize coverage gaps. The operators flew the ROV along pre-established track lines at
an altitude of 1 to 3 meters depending on visibility. Video imagery was collected continuously along each survey
line and sector-scanning sonar was monitored to insure any outlying debris was investigated. Investigation lines
were extended to document additional materials observed outside the planned survey area. When key artifacts were
encountered the ROV hovered over the object as operators took close-up video images and a position fix. The ROV
then resumed the grid survey repeating this process for each new target.

Following the systematic area survey, video mosaic lines were run over the wreck’s main structure and key site
features. In some cases a complete plan view mosaic was impossible because of entanglement hazards. In this
event, plan view mosaics of key wreck site features and vessel profile mosaics were attempted.

3.2.2  Exceptions to the Survey Plan

Extremely poor visibility at the Virginia site made an area survey and a main structure mosaic impractical. Poor
visibility and entanglement hazards also prevented mosaicing all of Halo’s remains. In August 2004, Tropical
Storm Bonnie, followed by Hurricane Charlie, entered the Gulf of Mexico. The storm tracks cut short operations at
the Alcoa Puritan site and canceled planned operations at the Anona site.

33 Biological Methods
3.3.1  Field Methods
Microbiological Field Methods

Two Mark IB steel test platforms were deployed on U-166 in 2003. These platforms included a mixture of metal
and wood coupons. Metal coupons included three low carbon steel, high carbon steel, and aluminum coupons, along
with mahogany and oak coupons. For the metal coupons, one was the control while a second was twisted
longitudinally through 180 degrees and the third was subjected to hammering at 3,000 psi. One platform was placed
within the bow’s severely damaged section forward of the explosion point. The second platform was placed on the
deck members in front of the conning tower of the submarine’s stern section. Due to stability problems with the
Mark TA platforms, which were set vertically on sites during various other projects, the Mark IB platforms were laid
laterally so the coupons formed a shallow staircase. Both platforms were examined in-situ for bio-deterioration.

Mark II steel test platforms were deployed on four ships in 2004. These platforms were an improved version of the
Mark I platforms, which suffered several key design failures related to stability, cross growth of rusticles between
coupons as well as between the ABS supporting panels, and losses to rusticle growth assessment due to spent
rusticles breaking off and gathering under the platform. Mark II steel coupons were hung vertically within separate
enclosures to prevent connective (bridging) growth and allow all spent rusticles to drop into a confining chamber.
To study the importance of the oxidation-reduction potential (ORP) on rusticle growth the coupons were placed with
one major surface directly exposed to the marine environment (oxidative). A vertical ABS tube confined the
coupon’s other large vertical surface, rendering it more reductive. To improve stability the platform was weighted
with pea gravel inside an ABS pipe beneath the platform.

Ships lost at sea have the potential to develop significant electro-magnetic forces (EMF) where electrically
dissimilar metals are in close proximity. The EMF could be particularly significant in the ship’s electrical
generating and battery rooms. Given that EMF are likely present within a shipwreck, they are a potentially
important factor driving the ship’s deterioration from two primary points of view: (1) strong EMF is likely to affect
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the location of rusticle activity with a tendency for these organisms to cluster at anodic sites; and (2) the rate of
metal loss from the structure is likely to be severely compromised by any electrolysis associated with EMF. To
examine EMF potential, biological batteries were deployed on several vessels in the study.

The biological batteries consisted of sixteen 1" x 1" coupons of various 1/4" metal alloys. The coupons were
arrayed laterally on a plastic supporting frame with each having an intimate contact with the neighboring coupons.
Arrangement of the metals (Table 3.1) was based on attempting to gain the maximum electrochemical differences
between neighboring coupons.

The biological battery platforms were deployed on four wrecks while the ROV work was performed at those sites
(one to three days). The primary objectives were to determine whether there was any biological focusing of activity
(observable as slimes or encrusted growths), and whether there were detectable voltages when the platforms were
recovered.

A 6" x 6" mild steel coupon coated with "Royal Copper,” a mixture of copper flakes in an epoxy binder, was also
tested. The coating is used widely on surface vessels to prevent fouling on the hull’s exterior and between the
double hulls. Many ships are now treated with this hard non-leaching and abrasion-resistant coating. Given the
extreme nature of the deep-sea environment at Alcoa Puritan, the microbiologists decided to separately deploy a
Royal Copper coupon at that location at the same time as the bio-battery. Exposure time at the site was two days
before the coupon was recovered.

Table 3.1

Position of Metal Coupons on Bio-Battery Deployed 2004.

Cast Iron
Cl2L14 Brass 65-45-12 1045
Low Carbon Steel Ductile Carbon Steel
iron
Flat Bar y )
Aluminum
Stainless Steel EN30B Aluminum Bronze
T-304 Ni-Cr-Mo alloy 6061 954
01 Beaver D2

Tool Tool Copper Tool
Steel Steel Steel

Note: the array in the table reflects the relationship of the coupons to each other.

An initial challenge for biologists is to develop a unique and robust classification system for the types of microbially
influenced growths (MIG) visible on the various shipwrecks in the cluster. While, over the course of history,
extensive systems for biota classification have been developed, no such attention has been directed to the MIG that
range in form from tight encrustations through various commonly layered forms of biofilm to a range of suspended
particulate structures dominating the biocolloids in the marine environment. A novel classification system for the
MIG based primarily upon form and function will allow a qualitative and semi-quantitative evaluation for each
vessel that is part of this investigation. A common feature of all of the MIG accounted for is that the growth is
either directly attached to some viewable part of the ships’ structure, or located in a fixed position in close proximity
to the ships’ hull or superstructures. Based upon this limitation a MIG classification is proposed that will utilize the
characteristics listed in Table 3.2.

From examination of video imagery from the project wreck sites, it is apparent that the six ships included in the

2004 study exhibited different forms of microbiological infestation when classified in the manner presented in Table
3.2. Each ship will be assessed by the qualitative and semi-quantitative level of the various microbial groups
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observed associated with the shipwreck with emphasis on determining the similarities and differences among the
ships.

Laboratory Microbiological Methods

Evaluation of the bio-batteries was performed immediately upon recovery. Each coupon’s metal surfaces were
tested using a Model DM-301 multimeter. Any coupon combination showing a charge was recorded. This
methodology allowed scientists to measure the electrical potentials being created at the millivolt (mV) level between
the coupons. During bio-battery recovery, composite rusticle samples from different areas of the ship were collected
for ICP (Inductively Coupled Plasma) analysis using an AES (atomic emissions spectrometer). ICP-AES analysis
was conducted under the standard methods ISO 17025 as a part of the Canadian Association for Environmental
Analytical Laboratories (CAEAL).

Table 3.2

Proposed Classification of Deep Sea Attached and Associated Microbiological Growths on Steel Shipwrecks

Type Characteristics Common Name
Cl Iron rich encrustation that coats a surface but can also | Brown rusticle
hang down from a supporting iron structure
C2 Aluminum, calcium or silicate rich encrustation that coats | White rusticle
a surface but can also hang down from a supporting iron
structure
C3 Amorphic concretion that tends to attach to a surface with | Dendritic and amorphous
diffuse or dendritic (finger-like) extensions into the water [ slimes
C4 Columnar concretious structures commonly resembling | Microbial Concretions

tubes often with extensive branching and resembling tree
branches in form

B1 Biofilms forming a thin generally tightly attached growth | Slimes
that can include fungal mats that generally do not become
thick nor develop as encrusted growth

B2 Stable biocolloidal structures that have a clear form and | Blobs
appear to be attached to nearby solid objects including
various forms of life. Generally these structures last a
matter of hours before spontaneously dispersing.

B3 Stable biocolloidal structures that have some control of | Slime clouds
buoyancy and appear to float within the water at a
relatively constant height above the sea floor.

B4 Dense particles that contain microbes as an intrinsic part | Sea snow
of the structure and adopt a distinctive form as a sphere,
thread, irregularly shaped object, or a long often spirally
shaped structure.

Invertebrate Zoology Methodology

Scientific observers interpreted video and recorded notes during each ROV dive. The videos were reexamined later
in more detail for substrate type, slope, depth, biological data, and identification and biota counts. To standardize
methodology and allow count comparisons between research groups, the videos analyzed for macroinvertebrates
were the same as those analyzed for vertebrate zoology; attributes of the transects, including number, location,
lengths, and widths are in Table 3.3. Voucher specimens collected with the ROV or in traps were identified prior to
quantification for many organisms recorded on the videos. Substrate type was determined by estimation of particle
size, following the Wentworth scale when applicable, at each 30-second interval or per linear distance of transect.
These categories may include soft substrate including sand, silt, possibly clay and granules, (<4 millimeter particle
size), pebble (4-64 millimeters), cobble (64-264 millimeters), boulder (>264 millimeters), and wall (near or vertical
bedrock). All substrate was tentatively identified as silty clay. Slope was estimated by determining the distance of
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the 20-centimeter laser separation on the video screen and the submersible’s distance off the bottom. Slope was
classified into categories, e.g., flat (0°), 1° -10° slope, 11°-20° slope, 21°-30° slope, 31°-40° slope, 41°-50° slope,
50°-75° slope, and walls (>75°). Most slopes were flat or low angles.

Sediment cores were collected at varying distances from the wreck site’s main structure (e.g., near, midway, and
far). The cores were collected in such a manner as to have minimum disturbance of the surficial sediments, i.e. the
sediment-water interface, where smaller biota are typically most abundant. The upper 5 centimeters of a subsample
of each core was examined for meiofauna, metazoans that pass through a 500-pm mesh sieve but are retained on a
63-um mesh sieve. Staining with Rose Bengal was used for quantitative extraction and identification of meiofauna.
Another core subsample extending to 5 centimeters depth was sieved for macroinfauna, those metazoans retained on
a 500-um mesh sieve. Comparisons of meiofaunal assemblages were analyzed for distance from wreck sites,
between sites, and by depths. Sediment cores were also used to verify substrate types estimated from photography
and the sample’s degree of enduration.

All macrofaunal species observed from videos were identified to the lowest possible taxon, or placed in broad
categories when identification was not possible. For some taxa such as large crabs, sex and reproductive state was
recorded, when distinguishable. In addition, the number, sizes, and distribution patterns of the sessile megafauna
(e.g., Lophelia pertusa, gorgonians, and antipatherians) on the various wrecks were compared to similar
assemblages that occurred on natural substrates at comparable depths. Other relevant observations included
observations of macroinvertebrates coincident with other taxa for consideration of predator-prey or commensal
relationships. Species richness, diversity, and abundance of macrofauna were calculated for each wreck site and
comparisons made for distance from the wreck, between sites, and with depth and other hydrographic variables.
Numerical classification techniques, e.g., multivariate techniques such as clustering and ordination, were utilized for
analytical comparisons of assemblages within and between sites after all video identifications were made.

Collection of voucher specimens is crucial to validation of species identification for many taxa. Sessile, sedentary
or slow moving macroinvertebrates were collected with the ROV’s manipulator, placed in a basket, and brought to
the surface for examination, photographic documentation, narcotization, and fixation, as appropriate for each taxon.
Specimens or subsamples were preserved in ethyl alcohol or frozen to facilitate their potential use in genetic and
other studies. Appropriate measurements for specimens of different taxa were recorded to the nearest millimeter
with vernier calipers. Identification of some macrofauna required dissection in the laboratory. Final identification
of some specimens required submission to individual taxonomic experts.

Although it was not logistically feasible to collect larger macrofauna with traps suitable for deployment with the
ROV, some smaller macrofauna such as shrimps, isopods, and amphipods, were collected with small baited traps.
Small, inverted-cone, minnow traps equipped with small mesh (e.g., 0.250 millimeter) were effective for collecting
both smaller invertebrates and fish at depth. The fish traps were perhaps the most effective method of collecting
motile macroinvertebrates, especially crustaceans. Voucher specimens collected with baited traps were treated in a
manner similar to those collected with the manipulator arm.

Vertebrate Zoology Methodology

Community structure of fishes associated with shipwrecks was examined to determine if significant differences in
the fish community existed among the wrecks, and to test if significant differences existed over ships versus nearby
natural bottom habitats. Community structure was estimated primarily with video from ROV transects. Using
ROV-collected video to estimate fish community structure at deep wreck sites suffers from similar limitations to
video collected with divers or ROV’s in shallower environments. Some fishes may avoid the ROV because of the
noise it generates, or its lights may cause fishes to move away from a sampling transect when the ROV approaches.
Other fishes may be attracted to the noise and lights. Small cryptic species may be overlooked because of scale of
sampling and the ROV’s altitude as transects are flown. Turbidity may also affect video sampling of small site-
attached fishes, as well as large gregarious ones. In high turbidity environments, thus low visibility, fishes
maintaining a moderate distance from the ROV might not be seen. A secondary effect of high turbidity is the ROV
pilot may fly transects at higher altitude to avoid contact with the wreck, which is mainly detected with sonar and
not video when visibility is poor. Despite video sampling limitations, others have successfully utilized video to
examine community structure of deep-sea ichthyofauna (e.g., Felley and Vecchione 1995; Krieger and Wing 2002).
In the current study, trap and suction sampler voucher specimens aided species identification seen on the video.
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Sampling the fish community during primary visits to all wreck sites followed a standard methodology. (Note: Fish
sampling during second and third visits to sites was conducted principally to collect additional tissue and otolith
samples and did not precisely follow methods described below). Once the archaeological survey of a given wreck
was completed, two standard Marine Resources Monitoring Assessment and Prediction Program (MARMAP)
chevron fish traps (dimensions = 150 centimeter width x 180 centimeter length x 60 centimeter height; opening =
44.5 centimeter x 10 centimeter; mesh = 5 centimeter plastic coated wire) and two small baitfish traps (dimensions =
75 centimeter width x 75 centimeter length x 50 centimeter height; opening = 10 centimeters x 10 centimeters; mesh
= 2.5 centimeter plastic coated wire) were baited with menhaden and squid, and fished for between 5 and 15 hours
(Table 3.3). One small and one large trap were set immediately adjacent to the wreck and the second pair of traps
was set approximately 300 meters away from the wreck. While traps were soaking, ROV transects (n = 3) were
flown over the ship’s long axis. Video was also recorded over transects immediately adjacent to the wreck (n = 3)
and approximately 300 meters away from it (n = 3) to estimate the biological communities at varying distances
(over, adjacent, and distant) from the ship’s main structure (Table 3.4). During biological transects, attempts were
made to sample encountered fishes with the ROV’s suction sampler. The size of the suction sampler opening
limited sampling to fishes less than 12.5 centimeters deep or wide.

Table 3.3

Properties of Chevron (large) and Baitfish (small) Fish Trap Deployments Adjacent (ship) to and 300 Meters from
(distant) Shipwreck Sites.

Wreck Site Date Trap Type Location Time Start | Time End Total(r']rr:ﬁrﬁr:)lshed

Virginia 31 July — 1 Aug Large Ship 11:38 0:01 12:23
Large Distant 8:11 21:17 13:06
Small Shin 13:13 0:43 11:30

Small Distant 8:48 21:01 12:13

Halo 2 Aug—3 Aug Large Ship 18:35 4:55 10:20
Large Distant 17:00 6:07 13:07

Small Shin 19:04 4:42 9:38

Small Distant 17:08 6:00 12:52

Halo (2) 14 Aug Large Shin-bow 0:17 8:32 8:15
Large Ship-stern 0:09 8:13 8:04

Gulfpenn 4 Aug Large Ship 8:00 23:45 15:45
Large Distant 7:18 22:16 14:58

Small Ship 8:15 23:43 15:28

Small Distant 7:14 21:55 14:41

Gulfpenn (2) |11 Aug—12 Aug Large Ship 19:25 6:00 10:35
Robert E Lee 8-Aug Large Ship 13:36 2:00 12:24
Large Distant 12:05 3:28 15:23

Small Shin 13:23 1:57 12:34

Small Distant 12:11 3:28 15:17

U-166 6 Aug—7 Aug Large Ship 18:15 23:12 4:57
Large Distant 17:22 0:24 7:02

Small Shin 18:34 23:17 4:43

Small Distant 17:18 0:37 7:19

Alcoa Puritan 9 Aug Large Ship 2:49 13:52 11:03
Large Distant 1:19 14:42 13:23

9 Aug Small Ship 2:51 14:05 11:14

Small Distant 1:25 15:01 13:36

(X) Designates the number of visit.
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Table 3.4

Properties of Transects Flown by the ROV to Document the Fish Community Over, Adjacent to, and 300 Meters
from Shipwrecks.

Site Transect Relati_on Date Time Time Tgtal Distance Average Total ,
Line | to Ship Start End Time m Width m | Aream

Virginia | 321 Over 31Jul | 3:59:47 | 4:26:03 0:26:16 162.80 2.19 357.20
322 Over 31Jul | 3:34:23 | 3:58:55 0:24:32 163.10 2.19 357.90

323 Over 31Jul | 3:02:56 [ 3:30:40 0:27:44 171.00 1.71 291.90

300 Distant | 31Jul | 5:31:47 [ 5:42:28 0:10:41 151.50 1.07 161.60

301 Distant | 31 Jul | 5:22:25 | 5:32:58 0:10:33 151.80 1.28 194.30

302 Distant | 31 Jul | 5:08:43 | 5:22:00 0:13:17 152.70 1.16 176.90

Halo 119 Over 1 Aug | 22:35:01 | 22:42:38 0:07:37 15.20 1.73 26.30
120 Over 1 Aug | 16:11:09 | 16:17:54 0:06:45 59.40 2.23 132.80

121 Over 1 Aug | 18:34:53 | 18:49:14 0:14:21 53.00 2.88 152.60

122 | Adjacent | 2 Aug | 4:41:53 | 4:51:28 0:09:35 137.50 1.52 209.00

123 | Adjacent | 2 Aug | 5:04:01 | 5:08:59 0:04:58 138.40 1.39 192.40

124 | Adjacent | 2 Aug [ 5:22:47 | 5:27:55 0:05:08 135.90 1.24 168.50

138 Distant | 2 Aug [ 10:57:08 | 11:32:14 0:35:06 178.90 1.02 182.10

139 Distant | 2 Aug | 11:35:50 | 12:15:32 0:39:42 147.50 0.94 138.50

140 Distant | 2 Aug [ 12:19:30 | 13:04:24 0:44:54 139.00 1.02 141.50

Gulfpenn | 225 Over 4 Aug | 6:39:18 | 6:41:37 0:02:19 28.70 2.54 72.70
226 Over 4 Aug | 4:22:18 | 4:49:47 0:27:29 136.90 3.66 500.60

227 Over 4 Aug | 5:51:29 | 6:00:24 0:08:55 65.20 6.43 419.70

222 | Adjacent | 4 Aug | 9:29:13 | 9:38:13 0:09:00 142.30 4.04 574.90

223 | Adjacent| 4 Aug | 8:02:39 | 8:13:48 0:11:09 142.00 3.05 433.10

224 | Adjacent | 4 Aug | 7:47:13 | 7:53:49 0:06:36 145.10 4.11 596.40

200 Distant | 4 Aug | 22:45:32 | 23:07:38 0:22:06 160.60 2.47 397.10

201 Distant | 4 Aug | 23:09:57 | 23:29:56 0:19:59 161.50 2.15 348.10

202 Distant | 4 Aug | 23:31:24 | 23:51:34 0:20:10 163.10 2.00 326.50

R.E.Lee | 420 Over 7 Aug | 7:11:43 | 7:25:26 0:13:43 114.50 8.89 998.80
415 | Adjacent| 7 Aug | 12:55:19 | 13:07:56 0:12:37 121.30 4.31 522.80

416 | Adjacent| 7 Aug | 12:05:32 ] 12:21:06 0:15:34 122.20 5.99 732.00

417 | Adjacent | 7 Aug [ 11:40:20 | 11:49:55 0:09:35 118.90 6.67 793.10
438 Distant | 8 Aug | 0:49:28 | 1:07:43 0:18:15 207.90 5.42 1,127.50
439 Distant | 8 Aug | 1:10:35 [ 1:38:55 0:28:20 229.20 7.14 1,636.90
440 Distant | 8 Aug | 1:43:54 | 2:01:17 0:17:23 226.80 491 1,112.80

U-166 1 Over 6 Aug | 7:24:33 | 7:40:00 0:15:27 55.50 4.11 228.30
2 Over 6 Aug | 7:40:00 | 8:11:58 0:31:58 51.80 4.18 216.50

3 Over 6 Aug | 8:20:39 | 8:29:12 0:08:33 3.00 6.22 19.00

446 Distant | 6 Aug | 13:29:09 | 13:35:12 0:06:03 57.90 2.52 146.20

447 Distant | 6 Aug | 13:37:15 [ 13:44:20 0:07:05 61.00 2.88 175.60

448 Distant | 6 Aug | 14:38:45 [ 14:42:56 0:04:11 57.60 2.38 137.00

AlcoaP. | 519 Over 9 Aug | 15:35:19 | 15:44:16 0:08:57 10.40 11.43 118.50
520 Over 9 Aug | 12:53:01 | 13:00:01 0:07:00 114.00 8.63 984.30
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Site Trapsect Relatipn Date Time Time T(_)tal Distance A\(erage Total ,
Line | to Ship Start End Time m Width m| Aream
521 Over 9 Aug | 14:26:47 | 14:27:43 0:00:56 6.10 1.34 8.20
516 | Adjacent | 9 Aug | 20:03:01 | 20:14:23 0:11:22 132.90 5.05 671.10
517 | Adjacent | 9 Aug | 19:25:33 ] 19:39:18 0:13:45 131.40 3.16 415.20
518 | Adjacent | 9 Aug | 18:18:21 | 18:29:22 0:11:01 131.40 4.32 567.60
500 Distant | 9 Aug | 22:18:09 | 22:57:08 0:38:59 167.90 5.94 998.20
501 Distant | 9 Aug | 23:01:11 | 23:28:05 0:26:54 150.00 6.85 1,028.00
502 Distant | 9 Aug | 23:33:57 | 23:53:24 0:19:27 142.30 6.18 879.40

Fish traps were collected from the seafloor and brought to the surface upon completion of biological transects.
Fishes were removed from traps and placed on ice until biological samples were extracted. Similarly, fishes
collected with the ROV suction sampler were removed from the sampler basket and placed on ice. Individuals from
both collection systems were identified to species and measured to standard and total length. Following species
identification, three types of biological samples were extracted from each individual. Otolith samples for age
estimation were removed from the braincase with steel chisels and forceps, and then stored in centrifuge tubes or
small plastic Ziploc bags (Figure 3.9). Stomachs were extracted and preserved with 10% buffered formalin in
plastic bottles for gut content analysis. Last, up to 100 grams of muscle tissue was dissected from each fish’s lateral
white musculature for stable isotope analysis. Samples were placed in plastic Ziploc bags and frozen after skin was
removed. Samples larger than 5 grams were subsampled such that approximately half the sampled tissue was frozen
and the other half preserved with ethanol in plastic bottles as a backup.

Fish Community Structure

Scientific personnel analyzed the video in the Fisheries Laboratory at the University of West Florida with a
computer system dedicated to estimating fish community structure from video. Fishes were identified to the lowest
taxonomic level possible and enumerated using the Min/Max Method developed by the National Marine Fisheries
Service for analysis of Southeast Assessment and Monitoring Program Reef Fish Survey video (USDC, NMFS
1989). Fish of a given species were counted two different ways with this method. The most fish seen in any video
frame is the estimate of the minimum number of individuals present, or the min count. The total number observed
throughout a transect’s video constitutes the estimate of the maximum number of fish present, or the max count.
The max count is likely an accurate estimate of inactive, site-attached or benthic fishes occurring along a transect.
For gregarious species that follow the ROV, the min count is likely to be more accurate than the max count because
double counting is avoided for fishes moving with the ROV and in and out of the video. Total length was estimated
for fishes observed whose profile was hit by both ROV-mounted lasers. This was accomplished by dividing the
length of the fish on the video monitor by the measured distance between lasers on the monitor and then multiplying
by the known distance between lasers (12.7 centimeters).
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Figure 3.9. Digital images of a) a 270-millimeter slimehead, Hoplostethus occidentalis, collected at the Gulfpenn,
b) opening the fish’s opercular cavity and exposing the gills, c) scraping the gills free of the braincase,
c¢) opening the otic capsule, e) removing the right sagitta, and f) a pair of extracted sagittae.

Video analysis was performed for biological transects and for all video footage collected at each site (Table 3.5).
Statistical tests of community structure were performed on transect data, and the additional video was analyzed
mainly to document other species present at sites but not seen in the biological transect video. For transects, fish
density was estimated by dividing min or max count estimates by the area covered on a given transect. Density
derived from max counts was used for most species to provide statistical analysis of community structure, however,
there were a few species on the shallower sites that obviously followed the camera. Density estimates computed
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from min counts were used in statistical analysis for those species. Once density estimates were computed, analysis
of similarity (ANOSIM) was used to test for differences in fish community structure among wreck sites and transect
locations (Clarke 1993; Clarke and Gorey 2001). Density data first were square root transformed. A Bray-Curtis
similarity matrix then was computed among all transects with the Primer software package (Clarke and Gorey
2001). Last, a two-way nested ANOSIM model was computed with site (wreck) and transect locations nested within
the site as factors. Results were evaluated at a significance level of 5%.

Table 3.5

Total Video Time Analyzed for Fishes Presence i
from ROV Video During Shipwreck Site Visits for Biological and Archeological Sampling.’

. . Biological Transect Time Additional Video Time
Site-Visit (hh:mm:ss) (hh:mm:ss)
Virginia 1:53:03 22:19:58

Halo 2:48:06 36:39:39

Halo (2) Not applicable 8:39:20

Gulfpenn 2:07:43 38:55:13
Gulfpenn (2) Not applicable 10:58:51
Gulfpenn (3) Not applicable 4:10:13
Robert E Lee 2:16:19 36:51:55

U166 1:13:17 15:28:37

Alcoa Puritan 2:25:21 28:04:50

T Multiple visits to single sites were analyzed separately.
(X) Designates the number of visit.

Diet and Stable Isotope Analysis

Gut contents were identified to lowest taxonomic level possible with the aid of a dissecting microscope. Prey were
separated by taxa, dried, and weighed. The mean percent of total diet that prey taxa constituted was plotted to
compare differences among fishes captured at each site.

Gut content analysis provided direct evidence of fish diet but only yielded information of prey consumed within a
time span of hours to days. Stable isotope analysis of muscle tissue, on the other hand, integrates a diet signature
over a time span of weeks to months (Fry and Sherr 1984; and Fry 1988). Another advantage of using a stable
isotope approach to infer diet and trophic position of deep sea fishes is that fishes coming from depths even as
shallow as the outer shelf tend to have everted stomachs due to gas bladder expansion, thus gut contents are lost.
When possible, combining stable isotope analysis with gut content analysis allows one to investigate the source(s) of
production, trophic level, and specific diet of a given species.

Sample preparation for stable isotope analysis of muscle tissue occurred at the Center for Environmental Diagnostics
and Bioremediation at the University of West Florida. All frozen muscle samples (n = 113) were lost because of a
power failure during Hurricane Ivan in September 2004. Therefore, the backup samples preserved in ethanol (n =
79 fish and 28 invertebrates) were processed and analyzed. Fish samples were removed from the ethanol and
associated bone removed. Likewise, shell was removed from all but the smallest invertebrate samples. All samples
were rinsed with distilled water for 30 seconds and placed in glass vials to soak in distilled water for 24-48 hours.
Samples were removed from vials, rinsed again with distilled water, and placed in pre-weighed aluminum drying
cups. Cups were weighed and placed in a drying oven where samples were dried at 60° C for 48 hours or until dry.
Dried samples were weighed and stored in glass vials. Stable isotopes of C, N, and S were analyzed by Iso-
Analytical, a contract analytical chemistry laboratory in Cheshire, England, with a Europa Scientific GSL/Geo 20-20
isotope ratio mass spectrometer. Analytes included 8"Cy.pep (813C), N uir (615N), and 8*Sy.cpr (6348).
International Atomic Energy Agency (IAEA) standard reference materials (SRMs) were run periodically to assess
machine performance (Table 3.6). Analytical precision was estimated from duplicate analysis of 20 randomly
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selected samples. Mean difference (+ SD) between replicate sample runs was 0.05 %o (£ 0.18) for 8"°C, 0.03 %o (+
0.11) for "N, and -0.03 %o (£ 0.32) for 8**S.

Table 3.6

Analysis of International Atomic Energy Agency Standard Reference Materials for §°C, §"°N, and 5**S.

Analyte IAEA SRM Accepted Value | Replicates | Mean Analysis Value (£ SD)
8 Cy.pep IAEA-CH-6, Cane Sugar -10.43 %o 8 -10.39 %o (+ 0.10)
8 Cy.pp IA-R005, IA-Beet Sugar -26.03 %o 8 -26.02 %o (+ 0.04)
8" Nair IAEA-N1, Ammonium Sulfate 0.40 %o 6 0.21%o (£ 0.10)
8"”"Nar | TAEA-R007, Ammonium Sulfate 7.39 %o 6 7.09%o (£ 0.05)
83*Sv.cor IA-R027, Whale Baleen 16.30 %o 12 16.45 %o (+ 0.34)

Stable isotope analysis results were used to infer source of production and trophic position of fish and invertebrate
samples. Typical oceanic phytoplankton ranges of -20 to -18 %o for 3'"*C, 5 to 9 %o for 8"°N, and 18 to 20 for &*'S
were assumed (Fry 1988; MacAvoy et al. 2002) for the northern Gulf. Trophic fractionation (enrichment) from prey
to consumer was assumed to average 1 %o for 8"°C and 3 %o for 8"°N (Fry et al. 1984; Fry and Sherr 1984; Fry
1988); fractionation was assumed not occur for 8**S (Connolly et al. 2004). Thus, trophic level was inferred from
apparent enrichment of 3"°C and 8"°N values. Values of §**S were used to estimate if the source of production for
shelf species was pelagic or benthic, as benthic production imparts a 8°*S signature depleted relative to pelagic
phytoplankton (Connolly et al. 2004). In the deep ocean, both §"°C and 5*'S were used to infer the relative
importance of chemosynthetic versus phytoplankton production as the base of the food web. MacAvoy et al. (2002)
reported consumers associated with western Gulf seep environments where significant sulfate reduction occurred
had very depleted 5°C (~ -30 %o) and &*S (~ -7 %o) values, while an area with significant production from
methanogenic bacteria imparted depleted 3'°C (~ -55 %o) and 5"°N values (~ -12 %o).

Age Estimation

Sagittal otoliths were extracted from adult and juvenile fishes collected with traps and the ROV suction sampler.
Sagittae were prepared for age estimation by first embedding them sulcus side down in epoxy resin. Once the epoxy
hardened, samples were mounted on microscope slides and sectioned with an Isomet slow-speed diamond-bladed
saw, with the resultant thin sections being approximately 500 pm thick. Sections were secured to microscope slides
with Cryastalbond thermal setting epoxy. Final preparation included polishing first with 3200 grit sandpaper and
then 0.3 pm alumina suspension on a felt polishing cloth. Opaque zones in otoliths were counted by two readers
under a microscope with reflected and transmitted light (Figure 3.10).

Figure 3.10. a) Region of transverse section made through the core of a 683-millimeter TL red snapper sagitta and
b) the resulting thin section. Five opaque zones are apparent in the thin section.
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Juveniles of several Anthiinae bass species were captured over Gulfpenn with the ROV suction sampler (see section
6.5.3). Otoliths from those individuals were mounted sulcus side up on microscope slides with epoxy. Otoliths
were sanded to near the core with 3200 grit sandpaper and then polished with 0.3-pm alumina suspension on a felt
polishing cloth. Daily growth rings were counted by two readers as above.

Opaque zone formation has been validated in previous studies as forming on an annual basis for adults of several
species captured during this study. For other species, annual opaque zone formation has only been validated for
congeners or fishes within the same family. Ageing precision in this study was estimated by computing the average
percent error (APE) between the two reader counts of opaque zones in both adult (hypothesized annuli) and juvenile
(hypothesized daily formation) otoliths (Campana et al. 1995). In total, otoliths were prepared for 97 fish; 84 adults,
and 13 juvenile Anthiinae basses. Average percent error among all samples was 3.61% (Figure 3.11). Typically,
production-ageing facilities aim to produce APEs of less than 5 percent. The APE we report should be viewed as
remarkable given the diversity of species (n = 37) sampled. Therefore, we are confident in the high precision of
opaque zone counts for otoliths prepared in this study. The issue of whether opaque zones accurately reflect age
(verification or validation) is discussed for individual taxa in wreck-specific vertebrate zoology sections.
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Figure 3.11. Plot of Reader 1 opaque zone counts versus Reader 2 opaque zone
counts for otolith sections of 84 adult fish from 37 different
species sampled from among all sites in this study. Symbol-color
combinations are unique for each species sampled.

Reader 2

Methodology for Core Samples

At the designated sites, core samples were obtained for hydrocarbon component analysis. Each sample was tested
for benzene, ethyl benzene, toluene, xylene, hydrocarbon C6-36, and the total petroleum hydrocarbon content. An
accredited/certified laboratory was used for the organic chemistry analysis. Methods followed the recognized
procedures from sources such as Environment Canada, the U.S. Environmental Protection Agency, and CANMET.
The use of core samples for this analysis would indicate if any hydrocarbons have impacted the surrounding area.
This impact could be benign, but the determination of the extent of hydrocarbons leaching from the sunken
structures is still important for biological interpretation. These hydrocarbons either cause a beneficial or detrimental
effect on the surrounding biota. Core samples were taken at four specific sites at the sunken structures: directly
beside the structure, 30 meters, 152 meters, and 305 meters away. Samples taken by the ROV were brought to the
surface and preserved for analysis.
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SITE REPORTS
4.0 VIRGINIA SITE
4.1 Historical Background of the Tanker Virginia

Figure 4.1. SS Virginia, United States Coast Guard photograph taken two months prio to the vessel’s loss

(Courtesy of Mariner’s Museum, Newport News, Virginia).

Welding Shipyards, Inc. of Norfolk, Virginia constructed the bulk carrier Virginia (Official Number 40389) in 1941.
The vessel was 501 feet (152.8 meters) long and 69.8 feet (21.3 meters) at the beam. Virginia, completed in March
1941, was the first ship delivered by the yard. National Bulk Carriers, Inc., a shipping firm established in 1936 by
Daniel K. Ludwig, owned the tanker. Ludwig, who eventually became the owner of the world’s largest bulk
carrying fleets, founded Welding Shipyards, Inc. in 1940 soon after the beginning of World War II. The yard
consisted of one berth 590 feet (180 meters) long and employed around 800 men. All vessels constructed at the yard
were welded together and no riveting was employed during ship construction (Sawyer and Mitchell 1974).

During its short existence, Virginia was primarily utilized for carrying oil and petroleum. On May 12, 1942 the
tanker transited from Baytown, Texas to Baton Rouge, Louisiana loaded with 180,000 barrels of gasoline. The
weather was fair with calm seas and a light breeze. Virginia stopped near the sea buoy at the Southwest Pass of the
Mississippi River waiting for a “bar pilot” to take her into the river (Burch 1942b).

The bar pilots were rowed to the ship from the pilot boat in a yawl boat, or a dory. The bar pilot then took the ship
over the sand and mud bar at the river’s mouth and up to Pilot Town. There the bar pilot exchanged with a river
pilot who took the ship on up river. The same procedure was done in reverse for vessels coming down river and
heading out to sea (Michell 2004).

Bar pilots Captain Albro Michell and Captain Paterson, who were working from the pilot boat Jenny Wilson on May
12, 1942, recalled the events related to Virginia’s loss. When Jenny Wilson was along the leeward side of Virginia,
“not along side the ship, but right close,” the pilot was lowered down in the dory to cross to the tanker. Just as the
dory was crossing, two of three torpedoes passed under the pilot boat and struck Virginia. The first torpedo struck
aft along the port side at the No. 8 tank, breaching the hull and spilling gasoline onto the sea. Within two minutes a
second and third torpedo struck the ship causing tremendous explosions. Virginia was immediately engulfed in
flames as the gasoline-filled tanker exploded. The flames spread over the water, surrounded the tanker, and made it
nearly impossible for many of the crew to escape. Portions of the pilot boat and some of her crew were also covered
with gasoline, but Jenny Wilson managed to escape the flames. The pilots circled the burning tanker searching for
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survivors. Out of a crew of forty-one only 14 men survived the encounter. Captain Michell learned two days later
from a newspaper that his brother was among those lost (Michell 2001; Michell 2004; Peterson 2003; and Burch
1942b).

The vessel was still ablaze the following day. Witnesses reported the partially submerged superstructure was still
visible in the flames. U-506, commanded by Kapiténleutnant Erich Wiirdemann, was waiting 56 kilometers away to
rendezvous with U-507 and wrote in his logs that he could see the glow of a burning tanker. Wiirdemann correctly
guessed the flames were from a ship that the commander of U-507, Kapitdnleutnant Harro Schacht had sunk
(Schacht 1942; and Wiirdemann 1942).

In November 1942, Welding Shipyards launched another tanker of the same type and configuration as Virginia. The
new tanker, hull no. 11, was given the name Virginia, to replace the one that was lost. The two tankers were similar
in appearance except that the new tanker had guns mounted fore and aft (Figure 4.2).
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Figure 4.2. The sond SS Virginia, U.S. Coast Guard photograph taken
Museum, Newport News, Virginia).

4.2 Previous Investigations

Marine archaeologist Dr. Rob Floyd identified a large shipwreck near the Mississippi River as the Virginia during
an oil and gas survey in 2001. Gulf Ocean Services, Inc. conducted a survey of the area in the summer of 2003 for
the Remington Oil and Gas Corporation. Sonar, magnetometer, and bathymetry data collected during the survey
revealed a partially buried wreck with a debris scatter extending away from the vessel (Figure 4.3). Water depth at
the wreck site averages 87 meters BSL. No video imagery was previously collected at this site. The archaeological
assessment report from the 2003 survey indicated the shipwreck was possibly moving along the seafloor as a result
of a mass movement sediment flow (Marmaduke 2003). A review of the shipwreck’s recorded locations from three
surveys over seven years (1997, 2003, 2004), however, indicated no obvious wreck movement since 1997.
Evidence for the movement of the shipwreck is based on the vessel’s reported location in 1950 according to the
Automated Wreck and Obstruction Information System (AWOIS). It is more likely that the 1950’s location is
incorrect, than that the wreck moved 11.30 kilometers over 50 years. This hypothesis is supported by the fact that
the wreck site’s current location is at the edge of the Kriegsmarine’s designated grid area reported in U-507’s logs
for its attack on Virginia. The 1950 position is approximately 2.7 kilometers out side the designated grid area.
Furgo Chance Inc., however, conducted the most recent survey of the area between December 22, 2005 and
February 1, 2006 for ChevronTexaco. Hurricane Ivan had crossed near the area in September 2004 causing massive
mudslides across this portion of the Gulf of Mexico. The post Ivan survey revealed Virginia was approximately
1,200 feet down slope of the previously recorded location. This evidence suggests the vessel may periodically
progress down slope during mudslides instigated by larges storms or similar events (Henning 2006).
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Fiéure 43. Side scan sonar in.lagé of the §/i'rginia site,. 2001 (subfnittéd b;f Rob F.l-oy-(i
courtesy of KC Offshore LLC.).

Gulf Ocean Services” 2003 survey of the Virginia site and surrounding area utilized side scan sonar and
magnetometer systems. The survey data did not indicate extensive debris scattered around the site. Only one sonar
contact was noted approximately 400 meters east of the shipwreck, and a single magnetic anomaly was recorded
approximately 650 meters south-southwest of the shipwreck. An unidentified sonar contact and three magnetic
anomalies were also recorded approximately 1.5 kilometers south of the shipwreck’s location (Marmaduke 2003). It
was unclear before the ROV investigation whether the southern targets were related to the Virginia wreck site.

