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)NTRODUCTION

2EEF�lSH�SPAWNING�AGGREGATIONS�HAVE�
GAINED� DISTINCTION� IN� TERMS� OF� THEIR�
IMPORTANCE� IN� SPECIES� CONSERVATION�
AND� THEIR� SOCIO
ECONOMIC� CONTRIBU

TION� TO� MANY� #ARIBBEAN�� TROPICAL�
WESTERN�!TLANTIC��AND�'ULF�OF�-EXICO�
lSHING� COMMUNITIES�� 7ITH� THE� NEAR�
EXTINCTION� OF� MANY� SPAWNING� AGGRE

GATIONS�OF�LARGE�GROUPER�AND�SNAPPER�
THROUGHOUT�THE�#ARIBBEAN��'ULF��AND�
TROPICAL�WESTERN�!TLANTIC��IT�IS�ESSENTIAL�
THAT� WE� INCREASE� OUR� ABILITY� TO� STUDY�
AND�DOCUMENT�THE�REMAINING�KNOWN�
�AND�UNKNOWN	�AGGREGATIONS�TO�PRO

VIDE�BASELINES� FOR� THEIR� CONSERVATION�
�3ADOVY�� ������ 3ADOVY�� ������ 3ALA� ET�
AL���������#OLIN�ET�AL�������	��

4HE� .ASSAU� GROUPER� �%PINEPHELUS�
STRIATUS	� IS�A�COMMERCIALLY� IMPORTANT�
TROPICAL� REEF� SPECIES� THAT� FORMS� DIS

CRETE�SPAWNING�AGGREGATIONS��TYPICALLY�
AROUND� FULL� MOONS� FROM� $ECEMBER�
TO�-ARCH��3ADOVY�AND�%KLUND������	��
(ISTORICALLY�� SPAWNING� AGGREGATIONS�
OF� .ASSAU� GROUPER� HAVE� OCCURRED�
THROUGHOUT� THE� #ARIBBEAN�� TROPICAL�

.ASSAU�GROUPER��%PINEPHELUS�STRIATUS	��
SPAWNING�AGGREGATIONS��HYDROACOUSTIC�SURVEYS��
AND�GEOSTATISTICAL�ANALYSIS
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!BSTRACT�7ITH� THE� NEAR� EXTINCTION�
OF� MANY� SPAWNING� AGGREGATIONS� OF� LARGE�
GROUPER� AND� SNAPPER� THROUGHOUT� THE�
#ARIBBEAN��'ULF�OF�-EXICO�� AND� TROPICAL�
!TLANTIC�� WE� NEED� TO� PROVIDE� BASELINES�
FOR� THEIR� CONSERVATION�� 4HUS�� THERE� IS� A�
CRITICAL� NEED� TO� DEVELOP� TECHNIQUES� FOR�
RAPIDLY� ASSESSING� THE� REMAINING� KNOWN�
�AND� UNKNOWN	� AGGREGATIONS�� 4O� THIS�
END� WE� USED� MOBILE� HYDROACOUSTIC� SUR

VEYS� TO� ESTIMATE� THE� DENSITY�� SPATIAL� EX

TENT�� AND� TOTAL� ABUNDANCE� OF� A� .ASSAU�
GROUPER� SPAWNING� AGGREGATION� AT� ,ITTLE�
#AYMAN� )SLAND�� #AYMAN� )SLANDS�� "7)��
(YDROACOUSTIC� ESTIMATES� OF� ABUNDANCE��
DENSITY�� AND� SPATIAL� EXTENT� WERE� SIMILAR�
ON�TWO�SAMPLING�OCCASIONS��4HE�LOCATION�
AND� APPROXIMATE� SPATIAL� EXTENT� OF� THE�
.ASSAU� GROUPER� SPAWNING� AGGREGATION�
NEAR�THE�SHELF
BREAK�WAS�CORROBORATED�BY�
DIVER� VISUAL� OBSERVATIONS�� (YDROACOUSTIC�
DENSITY�ESTIMATES�WERE��OVERALL��THREE
TIMES�
HIGHER�THAN�THE�AVERAGE�DENSITY�OBSERVED�
BY�DIVERS��HOWEVER��WE�NOTE�THAT�IN�SOME�
INSTANCES� DIVER
ESTIMATED� DENSITIES� IN� LO

CALIZED�AREAS�WERE�SIMILAR�TO�HYDROACOUSTIC�
DENSITY� ESTIMATES�� 4HE� RESOLUTION� OF� THE�
HYDROACOUSTIC� TRANSECTS� AND� GEOSTATISTI

CAL� INTERPOLATION� MAY� HAVE� RESULTED� IN�
OVER
ESTIMATES�IN�lSH�ABUNDANCE��BUT�STILL�
PROVIDED�REASONABLE�ESTIMATES�OF�TOTAL�SPA

TIAL�EXTENT�OF�THE�AGGREGATION��,IMITATIONS�
IN� BOTTOM� TIME� FOR� SCUBA� AND� VISIBILITY�
RESULTED� IN� POOR� COVERAGE� OF� THE� ENTIRE�
.ASSAU� GROUPER� AGGREGATION� AND� LOW� ES

TIMATES� OF� ABUNDANCE� WHEN� COMPARED�
TO�HYDROACOUSTIC�ESTIMATES��!LTHOUGH�THE�
MAJORITY� OF� lSH� IN� THE� AGGREGATION� WERE�
WELL�OFF�BOTTOM��lSH�THAT�WERE�SOMETIMES�
IN� CLOSE� PROXIMITY� TO� THE� SEAmOOR� WERE�
NOT�DETECTED�BY�THE�HYDROACOUSTIC�SURVEY��
7E� CONCLUDE� THAT� DIVER� OBSERVATIONS� OF�
lSH�SPAWNING�AGGREGATIONS�ARE�CRITICAL�TO�
INTERPRETATIONS� OF� HYDROACOUSTIC� SURVEYS��
AND� THAT� HYDROACOUSTIC� SURVEYS� PROVIDE�
A� MORE� ACCURATE� ESTIMATE� OF� OVERALL� lSH�
ABUNDANCE�AND�SPATIAL�EXTENT�THAN�DIVER�
OBSERVATIONS�� 4HUS�� HYDROACOUSTICS� IS� AN�
EMERGING�TECHNOLOGY�THAT��WHEN�COUPLED�
WITH� DIVER� OBSERVATIONS�� PROVIDES� A� COM

PREHENSIVE�SURVEY�METHOD�FOR�MONITORING�
SPAWNING�AGGREGATIONS�OF�lSH�

WESTERN� !TLANTIC�� AND� "ERMUDA� �3A

DOVY��������3ADOVY�AND�%KLUND������	��
.ASSAU� GROUPER� OFTEN� MIGRATE� GREAT�
DISTANCES��IN�SOME�CASES�DOCUMENTED�
ON� A� SCALE� OF� ����S� OF� KM	� TO� AGGRE

GATE� ON� REEFS� AT� PROMONTORIES� OF� IS

LANDS��#OLIN�ET�AL���������#OLIN��������
"OLDEN������	��,ONG
TERM�MONITORING�
AND�ANECDOTAL�EVIDENCE�FROM�lSHERIES�
HAVE�DOCUMENTED�USE�OF�THE�SAME�SITE�
BY� SOME� AGGREGATIONS� FOR� AS� LONG� AS�
���YEARS��SUGGESTING�HIGH�SITE�lDELITY�
BY� THE� SPECIES��#OLIN������	��.ASSAU�
GROUPER�HAVE�BEEN�THE�MOST�VALUABLE�
lNlSH� IN� THE� INSULAR�#ARIBBEAN�AND�
THE�TROPICAL�WESTERN�!TLANTIC��3ADOVY�
AND�%KLUND��������3ALA�ET�AL�������	��
AND�HEAVY�EXPLOITATION�PRIMARILY�DUR

ING� SPAWNING� SEASONS� HAS� RESULTED�
IN�LOCAL�EXTIRPATION�OF�MOST�AGGREGA

TIONS�IN�THE�#AYMAN�)SLANDS��"AHAMAS��
AND�"ELIZE��3ADOVY��������3ALA�ET�AL���
����	��

(YDROACOUSTICS� HAS� EMERGED� AS� A�
VALUABLE� TOOL� IN� FISHERY� POPULATION�
ASSESSMENTS� THROUGHOUT� THE� WORLD��
(YDROACOUSTICS� PROVIDES� A� METHOD�
OF� �	� NON
INVASIVELY� SAMPLING� FISH�
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COMMUNITIES���	�COLLECTING�SPATIALLY�CONTINUOUS�DATA�IN�
THREE�DIMENSIONS�ALONG�TRANSECTS�PROVIDING�DISTRIBUTION�
INFORMATION�ON� SUB
METER� TO�KILOMETER� SCALES�� AND��	�
RAPIDLY�ASSESSING�lSH�ABUNDANCE�AND�DISTRIBUTION�OVER�
LARGE�AREAS�WITHIN�MARINE�SYSTEMS��7HILE� THE� TECHNOL

OGY�PROVIDES�ACOUSTIC�SIZE�OF�lSH�TARGETS��SUPPLEMENTAL�
SAMPLING�OR�GROUNDTRUTHING�IS�STILL�NEEDED�TO�IDENTIFY�
SPECIES�COMPOSITION�AND�VERIFY�SIZE�DISTRIBUTIONS��

!PPLYING�lSHERIES�HYDROACOUSTICS� TO�ASSESS� REEF� SPE

CIES�IS�RARELY�DONE��BECAUSE�IT�IS�DIFlCULT�TO�VERIFY�SPECIES�
AND�RESOLVE�lSH�TARGETS�CLOSELY�ASSOCIATED�WITH�BOTTOM�
RELIEF��(YDROACOUSTICS�MAY�BE�USEFUL�IN�SITUATIONS�WHERE�
lSH�FORM�VERY�LARGE��SINGLE�SPECIES�AGGREGATIONS�DURING�
SPAWNING��AS�OBSERVED�IN�COD��'ADUS�MORHUA	��,AWSON�
AND�2OSE������	�AND�ORANGE�ROUGHY��(OPLOSTETHUS�ATLAN

TICUS	��"ULL�ET�AL�������	��&ORMATION�OF�VERY�LARGE�AGGRE

GATIONS��������lSH	�MAKES�UNDERWATER�VISUAL�CENSUSES�
BY�SCUBA�DIVERS�AND�ASSESSMENTS�OF�SPATIAL�DISTRIBUTIONS�
DIFlCULT�DUE�TO�LIMITATIONS�IN�BOTTOM�TIME��ESPECIALLY�AT�
DEPTHS�EXCEEDING����M	�AND�VISIBILITY��OFTEN�REDUCED�
DUE� TO� LOW�WATER�CLARITY�AND� LOW� LIGHT�CONDITIONS	�� )N�
SUCH�CASES��HYDROACOUSTICS�MAY�PROVIDE�A�SUITABLE�MEANS�
TO�ASSESS�REEF�lSH�ABUNDANCE�

&IGURE��
.ASSAU�GROUPER�SPAWNING�AGGREGATION�SURVEY�SITE�AT�,ITTLE�#AYMAN�)SLAND��#AYMAN�)SLANDS��"7)��AS�INDICATED�BY�STAR�AND�
SPAWNING�AGGREGATION��30!'	�IN�INSET��2EEF�%NVIRONMENTAL�%DUCATION�&OUNDATION��2%%&	�MARKER�BUOYS��NORTH�AND�SOUTH�
BUOYS	�INDICATE�LOCATION�OF����
M�DIVE�TRANSECT�LINE�PARALLEL�TO�SHELF
BREAK��)DEALIZED�RECTANGULAR�HYDROACOUSTIC�TRANSECT�
DESIGN�IS�OVERLAID�ON�INTERPOLATED�BATHYMETRY��WHICH�IS�REPRESENTED�AS�GRAYSCALE�SHADING��4HE�HYDROACOUSTICS�TRANSECT�WAS�
COMPLETELY�SURVEYED�TWICE�IN�TWO�SEGMENTS�

4HE�OBJECTIVES�OF�THIS�WORK�WERE�TO��	�TEST�THE�APPLI

CABILITY�OF�MOBILE�HYDROACOUSTICS�AS�A�REPEATABLE�SURVEY�
METHOD� TO� RAPIDLY� ASSESS� A� .ASSAU� GROUPER� SPAWNING�
AGGREGATION���	�APPLY�GEOSTATISTICAL�MODELS�TO�PRODUCE�
OBJECTIVE�MEASURES�OF�THE�SPATIAL�EXTENT�AND�TOTAL�ABUN

DANCE�OF�GROUPER� IN�AN�AGGREGATION��AND��	�COMPARE�
DISTRIBUTION�� DENSITY�� AND� ABUNDANCE� ESTIMATES� WITH�
DIVER
VISUAL�SURVEYS��&OR�THIS�PAPER��WE�FOCUS�ON�A�SURVEY�
OF� A� SINGLE� .ASSAU� GROUPER� SPAWNING� AGGREGATION� AT�
,ITTLE�#AYMAN�)SLAND��#AYMAN�)SLANDS��"7)��IN�*ANUARY�
�����

-ETHODS

3TUDY�SITES

(YDROACOUSTIC�AND�DIVER�SURVEYS�WERE�CONDUCTED�NEAR�
,ITTLE�#AYMAN�)SLAND��#AYMAN�)SLANDS��"7)��ON����*ANU

ARY�������&IG���	��4HE�SITE�IS�LOCATED�ON�A�PROMONTORY�ON�
THE�SOUTHWESTERN�END�OF�,ITTLE�#AYMAN��4HE�SHELF�SLOPES�
FROM�SHORE�OUT�����KM�TO�A�DEPTH�OF���n���M�AT�THE�SHELF�
EDGE� �&IG�� �	�� "OTTOM� RELIEF� AT� THE� SITE� IS� AS� MUCH� AS�
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��M�AND�MADE�UP�OF�HARD�AND�SOFT�CORALS��SPONGES��AND�
LARGE�EXPANSES�OF�SAND��3CIENTISTS�HAVE�OBSERVED�ANNUAL�
SPAWNING� AGGREGATIONS� OF� .ASSAU� GROUPER� AT� THIS� SITE�
SINCE�������7HAYLEN�ET�AL�������	��

5NDERWATER�VISUAL�SURVEY

3CUBA�DIVERS�CONDUCTED�UNDERWATER�VISUAL� SURVEYS�BE

GINNING� AT� ����H� ON� ��� *ANUARY� ������ -ARKER� BUOYS�
WERE�DEPLOYED�BY�2EEF�%NVIRONMENTAL�%DUCATION�&OUN

DATION��2%%&	�AT�THE�END�OF�A����
M�TRANSECT�LINE��4HE�
TRANSECT�LINE�RAN�PARALLEL�TO�THE�SHELF
BREAK�AND�SERVED�
AS�A�GENERAL�MARKER�FOR�THE�LOCATION�OF�THE�AGGREGATION��
)T�WAS�LOCATED�APPROXIMATELY����M�INSHORE�OF�THE�MAIN�
GROUP�OF�AGGREGATING�.ASSAU�GROUPER��&IG���	��4HREE�
DIVERS�SPENT�APPROXIMATELY����TO����MINUTES�IN�THE�WA

TER�AND�EITHER�SWAM�ON�THE�SHOREWARD�SIDE�OF�THE�����
M�TRANSECT�LINE��SWAM�AS�FAR�AS�����M�TO�THE�SOUTHEAST�
OF�THE�LINE��OR�MAINTAINED�POSITION�AT�A�POINT�ALONG�THE�
TRANSECT� AND� DOCUMENTED� lSH� BEHAVIORS�� COLOR� PAT

TERNS��AND�ESTIMATED�TOTAL�ABUNDANCE��$IVERS�ESTIMATED�
THEIR�AREA�SEARCHED�USING�THE����
M�TRANSECT�LINE�AS�A�
REFERENCE��$IVERS�ALSO�USED���
CM�MEASURING�POLES� TO�
ESTIMATE�lSH�LENGTHS�UNDERWATER��4HE�TOTAL�NUMBER�OF�
lSH�AT�THE�AGGREGATION�SITE�WAS�SUBSEQUENTLY�ESTIMATED�
BY�AT�LEAST�ONE�OF�THE�DIVERS��$ENSITY�ESTIMATES�WERE�CAL

CULATED�BY�DIVIDING�THE�TOTAL�COUNTS�MADE�BY�DIVERS�BY�
THE�ESTIMATED�AREA�SEARCHED�

(YDROACOUSTIC�EQUIPMENT�DEPLOYMENT

4HE� HYDROACOUSTIC� SURVEY� WAS� CONDUCTED� DURING� THE�
AFTERNOON� IMMEDIATELY� FOLLOWING� THE�DIVE�SURVEY��4HE�
HYDROACOUSTIC� SURVEY�DESIGN�CONSISTED�OF�A� SET�OF��� TO�
���PARALLEL�TRANSECTS�����TO�����KM�IN�LENGTH�AND�SPACED�
APPROXIMATELY���
�TO���
M�APART��4RANSECTS�RAN�PERPEN

DICULAR�TO�SHORE�FROM�THE���
M�DEPTH�CONTOUR�NEARSHORE�
TO�����
M�DEPTHS�OFFSHORE��&IG���	��4HE�COMPLETE�SET�OF�
TRANSECTS�WAS�COVERED�TWICE�IN�TWO�SURVEY�SEGMENTS��4HE�
lRST�SEGMENT�BEGAN�AT������H��AND�THE�SECOND�SEGMENT�
BEGAN�AT������H�

7E�USED�A�(4)�-ODEL���������K(Z�SPLIT
BEAM�ECHO

SOUNDER� �(YDROACOUSTIC� 4ECHNOLOGY� )NCORPORATED��
3EATTLE��7!	�COUPLED�WITH�A�CIRCULAR���ª�NOMINAL�BEAM�
DIMENSION	�TRANSDUCER��4HE�TRANSDUCER�WAS�MOUNTED�TO�
A����
M�LONG�TOWBODY�TOWED����
����
M�BELOW�THE�WATER�
SURFACE�RIGGED�FROM�A����
M�BOOM�ATTACHED�MID
SHIP�ON�
THE�STARBOARD�SIDE�OF�A��
M�DIVE�SUPPORT�VESSEL�TRAVELING�
AT� ABOUT� �� M� Sn��� 2IGGING� OF� THE� TOWBODY� INCLUDED� A�
SHOCK
DAMPENING� SYSTEM� THAT� MINIMIZED� THE� OSCILLA

TIONS�DUE�TO�PITCH�AND�ROLL�OF�THE�VESSEL��0ING�RATE�WAS�
��PULSES�Sn��AND�THE�PULSE�WIDTH�WAS������MS�DURING�ALL�
TRANSECT� RUNS�� 4ARGET� RESOLUTION� WAS� CALCULATED� BASED�
ON�PULSE�WIDTH�AND�SOUND�VELOCITY�AND�FOUND�TO�BE�AP

PROXIMATELY�����M��HOWEVER�DUE�TO�SIGNIlCANT�BOTTOM�

RELIEF��lSH�TARGETS�WERE�USUALLY�NOT�RESOLVED�FROM�REEFS�
AT�DISTANCES�LESS�THAN�ABOUT���M��!T�THE�BEGINNING�OF�THE�
CRUISE�WE�CONDUCTED�AN�IN�SITU�SYSTEM�CALIBRATION�USING�
A� TUNGSTEN
CARBIDE� REFERENCE� SPHERE� OF� KNOWN� TARGET�
STRENGTH�PLACED�GREATER�THAN��
M�FROM�THE�TRANSDUCER�
�-AC,ENNAN�AND�3IMMONDS������	��4HE�DATA�WERE�AC

QUIRED�IN�REAL
TIME�FOR�SPLIT
BEAM�AND�ECHO
INTEGRATION�
DATA� PROCESSING� �(4)� $%0� V�� ������ (4)� 3EATTLE�� 7!	�
AND�STORED�AS�TEXT�lLES�ON�A�LAPTOP�COMPUTER�FOR�DATA�
ANALYSES��

(YDROACOUSTIC�DATA�PROCESSING

(YDROACOUSTIC� DATA� WERE� POST
PROCESSED� USING� SPLIT

BEAM�AND�ECHO
INTEGRATION�ANALYSES��3PLIT
BEAM�ANALYSIS�
WAS�USED�TO�DETERMINE�ACOUSTIC�SIZE��TARGET�STRENGTH	�OF�
INDIVIDUAL�lSH�TARGETS�IN�DECIBELS��D"	��!LGORITHMS�WERE�
USED� TO� ACCUMULATE� SEVERAL� CONSECUTIVE� ECHOES� FROM�
INDIVIDUAL�lSH�TO�PRODUCE�AN�AVERAGE�ACOUSTIC�SIZE�AND�
�
DIMENSIONAL�POSITION�WITHIN�THE�WATER�COLUMN��(4)�
%CHOSCAPE�V��������(4)��3EATTLE��7!	��4ARGET�STRENGTH�IS�
PROPORTIONAL�TO�lSH�SIZE��-AC,ENNAN�AND�3IMMONDS��
����	��AND�USING�ESTABLISHED�EQUATIONS�FOR�REEF�SPECIES�
ENCOUNTERED� DURING� PREVIOUS� STUDIES� �%HRHARDT� AND�
$ELEVEAUX�	�� TARGET� STRENGTHS� WERE� CONVERTED� TO� lSH�
SIZE��CM�4,	�AND�VERIlED�TO�SPECIES�DURING�DIVE�SURVEYS��
/NLY�lSH�TARGET�STRENGTHS�BETWEEN�n���AND�n���D"�WERE�
USED�FOR�SPLIT
BEAM�ANALYSIS��REPRESENTING�THE�RANGE�OF�
lSH�SIZES�OBSERVED�BY�DIVERS��3PLIT
BEAM�ANALYSIS�WAS�USED�
TO�LOCATE�AND�ENUMERATE�LARGE�TARGETS�THAT�LIKELY�REPRE

SENTED�.ASSAU�GROUPER��/N�NUMEROUS�OCCASIONS�DURING�
THE�SURVEYS�OF�THE�AGGREGATION�SITE�AT�,ITTLE�#AYMAN��lSH�
TARGETS�WERE�DENSELY�PACKED��MAKING�SPLIT
BEAM�ANALYSIS�
DIFlCULT�DUE�TO�OVERLAPPING�ECHOES��)N�THESE�INSTANCES��
INDIVIDUAL�TARGETS�THAT�WERE�ON�THE�PERIPHERY�OF�THE�AG

GREGATION�WERE�USED�TO�GENERATE�SIZE�ESTIMATES�

7HEN�TARGETS�OVERLAPPED�AND�INDIVIDUAL�ECHOES�WERE�
NOT�DISCERNABLE��ECHO
INTEGRATION�WAS�USED�TO�ESTIMATE�
DENSITY�OF�lSHES�PRESENT��%CHO
INTEGRATION��%)	�IS�BASED�
ON�THE�PRINCIPLE�THAT�THE�TOTAL�SOUND�ENERGY�RETURNED�
FROM�AN�ENSONIlED�VOLUME�OF�WATER�IS�PROPORTIONAL�TO�
THE� lSH� DENSITY�� 7HEN� SCALED� TO� THE� AVERAGE� lSH� SIZE�
OBSERVED�� VOLUMETRIC� DENSITIES� �lSH� Mn�	� CAN� BE� ESTI

MATED��2ETURNING�ACOUSTIC�ENERGY�WAS�BINNED�INTO�GEO

REFERENCED� �LATITUDE�LONGITUDE	� ELEMENTARY� DISTANCE�
SAMPLING� UNITS� �%$35	� HAVING� DIMENSIONS� OF� ��
M�
ALONG�THE�HORIZONTAL�AXIS�AND�����
M�ON�THE�VERTICAL�AXIS��
&OR�EACH�%$35��THE�AVERAGE�lSH�SIZE�WAS�DETERMINED�
THROUGH�SPLIT
BEAM�ANALYSIS��EITHER�FROM�ANALYSES�OF�lSH�
IN�THAT�CELL�OR�MEAN�SIZE�OF�THE�lSH�OBSERVED�ALONG�THE�
TRANSECT�WHEN�SINGLE�TARGETS�WERE�NOT�DISCERNABLE�WITHIN�

�� %HRHARDT��.��-���AND�6��$ELEVEAUX��������2EPORT�ON�THE������.AS

SAU�GROUPER�STOCK�ASSESSMENT�IN�THE�"AHAMAS��5NIVERSITY�OF�-IAMI�
23-!3�-"&��-IAMI��&,������
�����
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A�CELL��4HE�TOTAL�ACOUSTIC�ENERGY�WAS�THEN�STANDARDIZED�
BY� THIS� AVERAGE� lSH� ACOUSTIC� SIZE�� WHICH� ALLOWED� FOR�
ESTIMATES� OF� ABSOLUTE� lSH� DENSITY� �lSH� Mn�	� FOR� EACH�
%$35��4WO
DIMENSIONAL�DENSITIES��lSH�Mn�	�WERE�THEN�
CALCULATED�BY�SUMMING�THE�DENSITY�ESTIMATES� FOR�EACH�
%$35�IN�THE�VERTICAL�DIMENSION�

!BUNDANCE�ESTIMATES

-EAN�lSH�DENSITY�� SPATIAL� EXTENT�� AND� TOTAL�lSH�ABUN

DANCE�WERE�CALCULATED�FOR�EACH�OF� THE�TWO�SURVEY�SEG

MENTS�� !N� ESTIMATE� OF� TOTAL� SURVEY� COVERAGE� WAS� ALSO�
CALCULATED�USING�THE�GEOREFERENCED�TRANSECTS�IN�A�')3��
4OTAL� ABUNDANCE� WAS� CALCULATED� USING� ARITHMETIC� EX

TRAPOLATION� AND� GEOSTATISTICAL� MODELING�� &IRST�� MEAN�
lSH� DENSITY�� CALCULATED� FROM� ALL� %$35S� IN� THE� ENTIRE�
SAMPLING�REGION��WAS�EXTRAPOLATED�OVER�THE�TOTAL�SURVEY�
AREA��3ECOND��WE�USED�A�TWO
STAGE�GEOSTATISTICAL�MODEL

ING�PROCEDURE�TO�ESTIMATE�THE�SPATIAL�EXTENT��lSH�DENSITY��
AND�TOTAL�lSH�ABUNDANCE�WITHIN�THE�AGGREGATION��%CHO�
INTEGRATION�DATA�FROM�EACH�TRANSECT�WAS�RECLASSIlED�AS�
A�hMARKv�AND�SCORED�AS�A�ONE�WHEN�lSH�WERE�PRESENT�
WITHIN�AN�%$35��WHEN�THEY�WERE�ABSENT��THEY�WERE�NOT�
A�hMARKv�AND�SCORED�AS�A�ZERO��4HE�SPATIAL�STRUCTURE�OF�
THE�hMARKSv�WAS�CALCULATED�USING�A�CLASSICAL�VARIOGRAM�
ESTIMATOR�AND�A� SPHERICAL� VARIOGRAM�MODEL�WAS�lTTED�
WITH�WEIGHTED�NON
LINEAR�LEAST�SQUARES��#RESSIE������	��
4HE�SURVEY�AREA�WAS�DIVIDED�INTO���
M�SQUARE�CELLS�AND�
INDICATOR�KRIGING�WAS�USED�TO�PREDICT�THE�PROBABILITY�OF�
A�hMARKv�OCCURRING�IN�EACH�OF�THE�CELLS�BASED�ON�THE�VAR

IOGRAM�AND�PROXIMITY�TO�THE�SAMPLED�LOCATIONS��2OSSI�ET�
AL�������	��#ELLS�FOR�WHICH�THE�PROBABILITY�OF�OCCURRENCE�
WAS� GREATER� THAN� ���� WERE� DESIGNATED� AS� hMARK�v� 4HE�
NUMBER�OF�MARKED�CELLS�AND�TOTAL�AREA�WERE�CALCULATED�
TO�DETERMINE�THE�SPATIAL�EXTENT��IN�M�	�OF�THE�AGGREGA

TION�DURING�EACH�SEGMENT��4HE�SECOND�STAGE�OF�THE�MOD

ELING�PROCEDURE�USED�BLOCK�KRIGING�TO�DETERMINE�THE�AV

ERAGE�DENSITY�WITHIN�THE�PREDICTED�hMARKv�REGION��)SAAKS�
AND�3RIVASTAVA��������#RESSIE������	��"LOCK
KRIGED�MEAN�
lSH�DENSITY�WAS�EXTRAPOLATED�OVER�THE�ESTIMATED�SPATIAL�
EXTENT�OF�THE�AGGREGATION�TO�PRODUCE�A�GLOBAL�ESTIMATE�
OF�lSH�ABUNDANCE�FOR�EACH�SAMPLING�SEGMENT��!LL�SPATIAL�
ANALYSES�AND�VISUALIZATIONS�WERE�PERFORMED�IN�30,53��V��
�����)NSIGHTFUL�#ORP���3EATTLE��7!	�AND�!2#6)%7��V�������
%32)�#ORP���2EDLANDS��#!	��

2ESULTS

$IVE�SURVEY

$IVERS� COUNTED� A� TOTAL� OF� ���� GROUPER� OVER� APPROXI

MATELY�������M��SEARCHED��&ISH�WERE�OBSERVED�IN�THREE�
SEPARATE�GROUPS��ONE�GROUP�SOUTH�OF�THE�SOUTH�BUOY�OF�
THE����
M�TRANSECT������lSH�IN�APPROXIMATELY�����M�	��

ANOTHER�GROUP�ON�THE�SOUTHERN�END�OF�THE����
M�DIVE�
TRANSECT� ����� lSH� IN� APPROXIMATELY� ����� M�	�� AND� A�
SMALLER�GROUP�OF�lSH�LYING�ON�THE�BOTTOM�TO�THE�NORTH

EAST�AND�CLOSER�TO�SHORE�����lSH�IN�APPROXIMATELY������
M�	�� /BSERVATIONS� FROM� DIVERS� IDENTIlED� AND� VISUALLY�
ESTIMATED�LENGTHS�OF����.ASSAU�GROUPER�WITH�AN�AVERAGE�
OF����CM�4,�AND�A�RANGE�OF����TO����CM�4,�

(YDROACOUSTIC�SURVEY

$ENSE�AGGREGATIONS�OF�.ASSAU�GROUPER�WERE�OBSERVED�
DURING� BOTH� SEGMENTS� OF� THE� HYDROACOUSTIC� SURVEY�
RESULTING� IN� OCCASIONS� WHERE� INDIVIDUAL� ECHOES� WERE�
NOT� DISCERNABLE� DUE� TO� lSH� TARGET� OVERLAP�� 3TATISTICS�
ON� TARGET� STRENGTHS� WERE� LIMITED� TO� TRACKS� THAT� HAD� A�
MINIMUM�OF�FOUR�ECHOES�IN�A�SEQUENCE�AND�PRODUCED�
TRACES� INDICATIVE� OF� A� SINGLE� lSH� PASSING� THROUGH� THE�
ACOUSTIC�BEAM��4YPICALLY��THESE�TARGETS�WERE�LOCATED�ON�
THE�OUTER�BOUNDARIES��EITHER�VERTICALLY�OR�HORIZONTALLY	�
OF� THE� AGGREGATION�� )NDIVIDUAL� lSH� SIZES� RANGED� FROM��
n���n��n���D"��5SING�ESTABLISHED�CONVERSION�EQUATIONS��
THESE�TARGET�SIZES�EQUATE�TO�.ASSAU�GROUPER�OF�APPROXI

MATELY���n���CM�4,��4HERE�WAS�NO�SIGNIlCANT�DIFFERENCE�
BETWEEN� lSH� SIZES� OBSERVED� DURING� THE� TWO� SEGMENTS��
�+OLMOGOROV
3MIRNOV�TEST��0����	��THOUGH�THE�NUMBER�
OF�TARGETS�DIFFERED�BETWEEN�SEGMENTS��!�TOTAL�OF�����AND�
���TARGETS�WERE�TRACKED�DURING�THE�lRST�AND�SECOND�SEG

MENT��RESPECTIVELY��

4HE� LOCATION� OF� THE� AGGREGATION� WAS� RESTRICTED� TO�
THE�SHELF�BREAK�ON�THE�SOUTHERN�PORTION�OF�THE�SURVEY�
REGION� �&IG�� �	�� )N� MOST� CASES�� THE� .ASSAU� GROUPER�
AGGREGATION� WAS� WELL� OFF� THE� BOTTOM� �&IG�� �	�� /THER�
AGGREGATIONS�OF� RELATIVELY� LARGE�ACOUSTIC� TARGETS�WERE�
OBSERVED�OUTSIDE�THE�REGION�TYPICALLY�OBSERVED�BY�DIV

ERS��"ECAUSE�WE�COULD�NOT�BE� SURE� THAT� THESE� TARGETS�
WERE�.ASSAU�GROUPER��THOSE�MARKS�WERE�NOT�INCLUDED�
IN�ESTIMATES�OF�AGGREGATION�SPATIAL�EXTENT�OR�lSH�ABUN

DANCE�� &ISH� DENSITY� ESTIMATES� FOR� THE� TWO� SEGMENTS�
RANGED� FROM� �� TO� ����� lSH� Mn�� ��� TO� ����� lSH� Mn�	�
AND��� TO������lSH�Mn����� TO������lSHn�	��RESPECTIVELY��
!VERAGE�ESTIMATED�lSH�DENSITY�OVER�THE�ENTIRE�SURVEY�
REGION�� IGNORING� SPATIAL� CORRELATION� IN� THE� DATA�� WAS�
�����AND������lSH�Mn��FOR�SEGMENT���AND����RESPECTIVELY��
4OTAL�SPATIAL�COVERAGE�OF�THE�SURVEY�WAS�APPROXIMATELY�
��������M���%XTRAPOLATING� THESE�AVERAGE�lSH�DENSITY�
ESTIMATES�OVER�THE�ENTIRE�SAMPLING�REGION�RESULTED�IN�
TOTAL�lSH�ABUNDANCES�OF������AND������lSH�IN�SEGMENT�
��AND����RESPECTIVELY�

"OTH�SEGMENTS�PRODUCED�SIMILAR�SPATIAL�EXTENT�MAPS�
WITH�lSH�LOCATED�FROM�JUST�SOUTH�OF�THE�NORTH�BUOY�TO�
NEARLY�����M�SOUTH�OF�THE�SOUTH�BUOY��&IG���	��%STIMATED�
SPATIAL�EXTENTS�FOR�THE�AGGREGATION�DURING�THE�TWO�SEG

MENTS�WERE������M��AND������M���RESPECTIVELY��!VERAGE�
DENSITY�WITHIN�THE�AGGREGATION�WAS������AND������lSH�Mn��
FOR�SEGMENTS���AND����RESPECTIVELY��!BUNDANCE�ESTIMATES�
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&IGURE��
$ISTRIBUTION�OF�.ASSAU�GROUPER�DENSITIES�FROM�TWO�SEGMENTS�OF�THE�HYDROACOUSTIC�SURVEY�OF�THE�,ITTLE�#AYMAN�SPAWNING�
AGGREGATION�SITE��"ATHYMETRY�AND�2%%&�MARKER�BUOYS�ARE�SHOWN�AS� IN�&IG�����7HITE�CIRCLES� INDICATE�ZERO�lSH�OBSERVED��
POSITIVE�DENSITIES�ARE�ACCORDING�TO�GRAY�SCALE�IN�LEGEND��2ESULTS�OF�INDICATOR�KRIGING�OF�SPATIAL�EXTENT�OF�THE�lSH�AGGREGATION�
ARE�NOTED�BY�OUTLINED�GRAYSCALE
SHADED�POLYGONS�INDICATING�PROBABILITY�OF�OCCURRENCE�

USING�THE�TWO
STAGE�KRIGING�PROCEDURE�WERE������lSH�FOR�
SEGMENT���AND������lSH�FOR�SEGMENT���

$ISCUSSION�

7E�SUCCESSFULLY�LOCATED�THE�.ASSAU�GROUPER�SPAWNING�AG

GREGATION�OFF�,ITTLE�#AYMAN��"7)�DURING�BOTH�SEGMENTS�
OF�THE�HYDROACOUSTIC�SURVEY��)N�GENERAL��THE�AGGREGATION�
WAS�OBSERVED�AT�OR�NEAR�THE�SHELF
BREAK��ALTHOUGH�DIVERS�
OBSERVED�A�SMALLER�GROUP�OF�lSH�SHOREWARD�OF�THE�SHELF

BREAK�THAT�WAS�NOT�OBSERVED�DURING�THE�HYDROACOUSTIC�
SURVEY��4HIS�MAY�BE�BECAUSE�THE�ACOUSTIC�TRANSECTS�DID�
NOT�COVER�THIS�AREA�ADEQUATELY��THE�lSH�WERE�TOO�CLOSE�
TO� THE� BOTTOM� TO� BE� DETECTED�� OR� THE� GROUPER� HAD�
MOVED�PRIOR�TO�THE�HYDROACOUSTIC�TRANSECT�COVERAGE��)N�
SOME�CASES��OTHER�GROUPS�OF�LARGE�ACOUSTIC�TARGETS�WERE�
LOCATED�WELL�OUTSIDE�THE�REGION�OBSERVED�BY�THE�DIVERS��
"ECAUSE� PREVIOUS� SURVEYS� OF� .ASSAU� GROUPER� SHOWED�
THAT�IN�CERTAIN�INSTANCES�TARGET�STRENGTHS�OF�OTHER�SPE

CIES� WERE� SOMETIMES� QUITE� SIMILAR� TO� .ASSAU� GROUPER��
WE�WERE�RELUCTANT�TO�ASSIGN�THESE�TARGETS�TO�THE�.ASSAU�
GROUPER� ABUNDANCE� ESTIMATE� �4AYLOR�� %GGLESTON�� AND�
2AND��UNPUBL��DATA	��5NFORTUNATELY��IT�WAS�NOT�FEASIBLE�
TO�USE�DIVERS�TO�VERIFY�THE�SPECIES�IN�THESE�OUTER�GROUPS��
SO� THEIR� IDENTITY� REMAINS� UNKNOWN�� %STIMATES� OF� THE�
SPATIAL�EXTENT�AND�ABUNDANCE�WERE�RESTRICTED�TO�THOSE�
REGIONS�THAT�WERE�SURVEYED�BY�DIVERS��

/THER�SPECIES�ARE�KNOWN�TO�USE�THE�SITE�AT�,ITTLE�#AY

MAN� AS� A� SPAWNING� AGGREGATION� SITE� �7HAYLEN� ET� AL���

����	��$URING�OUR�STUDY��THE�,ITTLE�#AYMAN�AGGREGATION�
SITE�DID�CONTAIN�A�MIX�OF�SMALLER�SPECIES�IN�CLOSE�PROXIM

ITY�TO�THE�.ASSAU�GROUPER��7HEN�SMALLER�lSH�WERE�MIXED�
IN� WITH� THE� .ASSAU� GROUPER�� IT� WAS� EASY� TO� DELINEATE�
LARGER�TARGETS�THAT�WERE�LIKELY�GROUPER�FROM�THE�SMALLER�
TARGETS� THAT�REPRESENTED�OTHER�SMALLER�SPECIES��,ARGER�
SPECIES�SUCH�AS�BAR� JACK��#ARANZ�RUBBER	�AND�HORSE
EYE�
JACK��#ARANX�LATUS	�WERE�ALSO�PRESENT�AT�THE�AGGREGATION�
SITE�DURING�OUR�STUDY��BUT�THESE�SPECIES�WERE�LOCATED�OVER�
DEEPER�WATER�OR�WERE�DISTANT�FROM�THE�MAIN�CONCENTRA

TION� OF� .ASSAU� GROUPER�� 4HESE� MARKS� WERE� EXCLUDED�
FROM�THE�ACOUSTIC�ANALYSIS��

!VERAGE�DENSITY�OF�.ASSAU�GROUPER�OVER�THE�ENTIRE�SUR

VEY�REGION�ESTIMATED�ARITHMETICALLY�FROM�HYDROACOUSTIC�
DATA�WAS�SIMILAR�TO�THE�AVERAGE�OVERALL�GROUPER�DENSITY�
ESTIMATED�FROM�THE�DIVE�SURVEY��'ROUPER�DENSITIES�WITHIN�
THE� AGGREGATION� SITE� ESTIMATED� USING� HYDROACOUSTICS�
WERE� ON� AVERAGE� THREE� TIMES� THE� AVERAGE� DENSITY� OB

SERVED�BY�DIVERS��HOWEVER��DENSITIES�AS�HIGH�AS������lSH�
Mn��WERE�OBSERVED�BY�DIVERS�IN�ONE�OF�THE�THREE�SEPARATE�
GROUPS��$URING�THIS�SURVEY��IT�WAS�CLEAR�THAT�lSH�DENSITY�
WAS�NOT�UNIFORM�OVER� THE�AGGREGATION� SITE��/THER�OB

SERVATIONS�USING�UNDERWATER�VIDEO�PROVIDE�INDICATIONS�
THAT�VOLUMETRIC�DENSITIES�VARIED�THROUGHOUT�THE�AGGRE

GATION�AND�WERE�EVEN�TWICE�AS�HIGH�AS�THOSE�OBSERVED�
USING�HYDROACOUSTICS��2AND��UNPUBL��DATA	��4HESE�HIGH�
lSH�DENSITIES�WERE�RESTRICTED�TO�A�VERY�LOCALIZED�REGION�
WITHIN�THE�AGGREGATION�SITE�AND�MAY�HAVE�BEEN�MISSED�
BY�THE�HYDROACOUSTICS�OR�DIFlCULT�TO�QUANTIFY�BY�DIVERS��
0ATCHY�OR�NON
UNIFORM�DISTRIBUTIONS�OF�lSHES�AT�SPAWN
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&IGURE��
%CHOGRAM�EXAMPLE�FOR�A�.ASSAU�GROUPER�SPAWNING�AGGREGATION�POSITIONED�AT�THE�SHELF�BREAK�AT�THE�,ITTLE�
#AYMAN�SITE�HIGHLIGHTED�BY�HASHED�OVAL��&IFTY�PINGS�ALONG�THE�X
AXIS�REPRESENT�APPROXIMATELY����M�LINEAR�
DISTANCE�

ING�AGGREGATION�SITES�HAS�BEEN�OBSERVED� IN�OTHER�REEF�
lSH�SPECIES��3HAPIRO�ET�AL�������	�

!LTHOUGH�ESTIMATES�OF�AVERAGE�GROUPER�DENSITIES�OVER�
THE�ENTIRE�REGION�WERE�SIMILAR�BETWEEN�DIVERS�AND�HY

DROACOUSTICS��TOTAL�ABUNDANCE�ESTIMATES�WERE�NOT��4HE�
LARGE� DIFFERENCES� IN� AREAS� SEARCHED� BY� EACH� METHOD�
MAY�HELP�TO�EXPLAIN�THE�DISCREPANCIES�BETWEEN�THE�TOTAL�
ABUNDANCE�ESTIMATES�FROM�THE�TWO�METHODS��4HE�DIVERS�
WERE�ONLY�ABLE�TO�SURVEY�A�TOTAL�OF������M��COMPARED�TO�
OVER���������M�� SURVEYED�USING�HYDROACOUSTICS��$IVER�
OBSERVATIONS� ALSO� MAY� HAVE� BEEN� CONFOUNDED� BY� LOW�
WATER� CLARITY� AND� LIGHT� LEVEL�� WHICH� LIMITS� VISIBILITY�� ES

PECIALLY�DURING�DUSK��)N�SOME�CASES��ESPECIALLY�DURING�
PERIODS� OF� HIGH� GROUPER� DENSITIES�� IT� MAY� HAVE� BEEN�
DIFlCULT�FOR�DIVERS�TO�MAKE�ACCURATE�COUNTS�OF�lSH�THAT�
WERE�EXHIBITING�RAPID�MOVEMENTS��$UE�TO�LIMITATIONS�IN�
BOTTOM�TIME�USING�SCUBA��DIVERS�WERE�NOT�ABLE�TO�SEARCH�
THE�ENTIRE�AREAL�EXTENT�OF�THE�GROUPER�AGGREGATIONS�AS�
REVEALED�BY�THE�HYDROACOUSTICS��

4HE� EXTRAPOLATION� OF� THE� ARITHMETIC� HYDROACOUSTIC�
DENSITY� ESTIMATES� OVER� THE� ENTIRE� SURVEY� REGION� PRO

DUCED� ABUNDANCE� ESTIMATES� THAT� WERE� TWO� TO� THREE�
TIMES�HIGHER�THAN�THE�ESTIMATES�USING�THE�GEOSTATISTICAL�
MODELS�� 4HE� ARITHMETIC� ESTIMATES� WERE� ALSO� AN� ORDER�
OF�MAGNITUDE�HIGHER�THAN�THOSE�MADE�BY�DIVERS��4HIS�
RESULT�COMES�AS�NO�SURPRISE�AS� THE�PRESENCE�OF� SPATIAL�

CORRELATION�IN�THE�DATA��PARTICULARLY�THE�PATCHY�NATURE�
OF�SPAWNING�AGGREGATIONS��CAN�RESULT�IN�SIGNIlCANT�BIASES�
IN� GLOBAL� ESTIMATES� OF� ABUNDANCE�� 0REVIOUS� EFFORTS� TO�
ESTIMATE�.ASSAU�GROUPER�POPULATION�ABUNDANCE�USING�
A�SIMPLE�EXTRAPOLATION�METHOD�HAVE�BEEN�CRITICIZED�FOR�
NOT�RECOGNIZING�SUCH�BIASES��%HRHARDT�AND�$ELEVEAUX���
'ASCOIGNE�	��!BUNDANCE�ESTIMATES�CALCULATED�USING�THE�
TWO
STAGE�KRIGING�METHOD��ON�THE�OTHER�HAND��IMPLICITLY�
INCORPORATE�THE�PATCHY�NATURE�OF�THE�DISTRIBUTION�PAT

TERN�AND�PRODUCE�A�MORE�ROBUST�ESTIMATE�OF�ABUNDANCE��
3TILL�� THERE� MAY� BE� SOME� LIMITATIONS� TO� THIS� TWO
STAGE�
KRIGING�APPROACH��&IRST��ABUNDANCE�ESTIMATES�USING�THIS�
METHOD�ARE�DEPENDENT�UPON�ACCURATE�ESTIMATES�OF�THE�
SPATIAL� EXTENT� OF� THE� AGGREGATION�� 4HE� HYDROACOUSTIC�
TRANSECTS�WERE�SPACED����M�APART�AND�KRIGING�PROBABILITY�
INTERPOLATIONS�MAY�HAVE�INTERPOLATED�HIGH�DENSITIES�OF�
lSHES�BETWEEN�TRANSECTS��WHEN�IN�FACT�THE�GROUPS�MAY�
HAVE�BEEN�SEPARATED�BY�AS�MUCH�AS����M��4HIS�WAS�LIKELY�
THE�CASE�FOR�OUR�ESTIMATES�OF�GROUPER�ABUNDANCE�AND�
SPATIAL�EXTENT�ON�THE�MID
DAY�SURVEY�OF����*ANUARY�������
SINCE�DIVERS�REPORTED�A�DISAGGREGATED�PATTERN�OF�DISTRI
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BUTION��!�CLOSER�EXAMINATION�OF�THE�DENSITY�DISTRIBUTIONS�
DURING�SEGMENT���INDICATES�A�POSSIBLE�BREAK�IN�THE�HIGH

DENSITY�MARKS��IMPLYING�THAT�THE�.ASSAU�GROUPER�WERE�IN�
SEPARATE�GROUPS��4HE�REGION�OF�THIS�SEPARATION�WAS�NOT�
SAMPLED�DURING�SEGMENT����&IG���	�

0REVIOUS�APPLICATIONS�OF�HYDROACOUSTICS�COUPLED�WITH�
GEOSTATISTICAL� APPROACHES� HAVE� WORKED� WELL� ON� OTHER�
AGGREGATING�SPECIES��2IVOIRARD�ET�AL�������	��&OR�DEEP

WATER�SPECIES�SUCH�AS�COD��'ADUS�MORHUA	�AND�ORANGE�
ROUGHY� �(OPLOSTETHUS� ATLANTICUS	�� ACOUSTICS� PROVIDE� THE�
PRINCIPAL� METHOD� FOR� FISHERY� INDEPENDENT� POPULA

TION� ESTIMATES� DURING� SPAWNING� PERIODS� �,AWSON� AND�
2OSE��������"ULL�ET�AL�������	��4HE�ORANGE�ROUGHY�TYPI

CALLY�FORMS�A�CONTIGUOUS�GROUP�OVER�DEEP�SEA�MOUNTS�
�$OONAN� ET� AL��� ����	�� 5SING� A� STAR
TRANSECT� PATTERN�
AND�ANALYZING�THE�DATA�USING�A�SIMILAR�TWO
STAGE�KRIGING�
MODEL��$OONAN�ET�AL�������	�ESTIMATED�ORANGE�ROUGHY�
ABUNDANCE� WITH� GOOD� PRECISION�� (OWEVER�� THEY� DO�
NOTE�THAT�ACCURATELY�POSITIONING�THE�AGGREGATION�IN�THE�
TRANSECT�PATTERN�CAN�AFFECT�THE�PRECISION�OF�THE�SPATIAL�
EXTENT�AND�ABUNDANCE�ESTIMATES��$OONAN�ET�AL�������	��
)F�lSH�ARE�NOT�IN�A�CONTIGUOUS�UNIT��AS�WAS�THE�CASE�IN�
OUR�STUDY��ABUNDANCE�ESTIMATES�MAY�NOT�BE�AS�RELIABLE�
�$OONAN�ET�AL�������	��

$ESPITE� DIFFICULTIES� MAKING� ACCURATE� ESTIMATES� OF�
ABUNDANCE� UNDER� PATCHY� FISH� DISTRIBUTIONS�� MOBILE�
HYDROACOUSTIC� SURVEYS� COUPLED� WITH� THE� GEOSTATISTICAL�
PROBABILITY�MAPPING�STILL�PROVIDES�AN�OBJECTIVE��REPEAT

ABLE�MEASURE�OF�THE�SPATIAL�EXTENT�OF�THE�AGGREGATION��
%STIMATES�SUCH�AS�THESE�ARE�VALUABLE�WHEN�ESTABLISHING�
BOUNDARIES�FOR�RESERVES�OR�AREA�CLOSURES�DURING�SPAWN

ING�SEASONS��AND� IN�ESTIMATING�OVERALL�lSH�ABUNDANCE�
�'LAZER�AND�$ELGADO��THIS�ISSUE	�

!� RECOGNIZED� LIMITATION� OF� THE� ACOUSTIC� METHOD� IS�
THAT�THE�lSH�NEED�TO�BE�GREATER�THAN��n��M�FROM�THE�
BOTTOM�RELIEF�TO�BE�DETECTED��,ARGE�REEF�SPECIES�SUCH�
AS�SNAPPER�AND�GROUPER�ARE�KNOWN�TO�BE�CRYPTIC�AND�
CLOSELY� ASSOCIATED� WITH� THE� STRUCTURE� OF� THE� BOTTOM�
�3ALE� AND� $OUGLAS�� ����	�� 0REVIOUS� EFFORTS� TO� SURVEY�
HARD
BOTTOM�HABITATS�HAVE�DOCUMENTED�DIFlCULTIES�IN�
DETECTING�lSH�TARGETS�WHEN�THEY�ARE�IN�CLOSE�PROXIM

ITY����
M	�TO�THE�BOTTOM��'LEDHILL�ET�AL�������	��$IVER�
OBSERVATIONS�DURING�OUR�AFTERNOON�SURVEY�OF�THE�.AS

SAU� GROUPER� SPAWNING� AGGREGATION� AT� ,ITTLE� #AYMAN�
FOUND�NUMEROUS�lSH�ON�OR�VERY�CLOSE�TO�THE�BOTTOM��
/BSERVATIONS� MADE� BY� DIVERS� DURING� SURVEYS� OF� THIS�
.ASSAU�GROUPER�SPAWNING�AGGREGATION�AT�OTHERS�TIMES�
OF�THE�DAY�FOUND�THAT�MOST�lSH�WERE�WELL�OFF�BOTTOM�
DURING� DUSK� AND� EVENING� SURVEYS�� PRESUMABLY� WHEN�
lSH� WERE� EXHIBITING� MORE� SPAWNING� BEHAVIOR�� 7HEN�
ABUNDANCE�ESTIMATES�ARE�DESIRED�FOR�.ASSAU�GROUPER��
HYDROACOUSTIC�SURVEYS�MAY�BE�BEST�SUITED�FOR�DUSK�OR�
NIGHT� PERIODS� WHEN� THE� lSH� ARE� WELL� INTO� THE� WATER�
COLUMN��7HAYLEN�ET�AL�������	��)N�ADDITION�TO�VERIFY

ING�SPECIES��OBSERVATIONS�BY�DIVERS�CAN�PROVIDE�CRITICAL�

DATA�ON�THE�DIEL�BEHAVIORS�OF�THE�SPECIES�AND�PROVIDE�
VALUABLE�INSIGHT�INTO�THE�BEST�APPROACH�FOR�CONDUCTING�
MOBILE� HYDROACOUSTIC� SURVEYS� OF� A� KNOWN� SPAWNING�
AGGREGATION�

#ONCLUSIONS

4HE�MOBILE�HYDROACOUSTIC�METHOD�PROVIDED�A�VALUABLE�
SAMPLING�METHOD�FOR�SURVEYING�.ASSAU�GROUPER�SPAWN

ING�AGGREGATIONS��/UR�TECHNIQUE�PROVIDED�A�MEANS�TO�
RAPIDLY�COVER�LARGE�����������M��IN�LESS�THAN���H	�AREAS�
WHEN�COMPARED�TO�UNDERWATER�VISUAL�SURVEYS�USING�DIV

ERS��������M��IN�����H	��!NALYZING�THE�DATA�USING�THE�
GEOSTATISTICAL�PROBABILITY�MAPPING�PROVIDED�AN�OBJEC

TIVE�MEASURE�OF�THE�SPATIAL�EXTENT�OF�THE�AGGREGATION��
)N�OUR�STUDY��THE�PRESENCE�AND�LOCATION�OF�THE�.ASSAU�
GROUPER�AGGREGATION�AT�,ITTLE�#AYMAN�WAS�WELL
KNOWN��
)N� MANY� CASES�� HOWEVER�� THE� LOCATION� OF� AN� AGGREGA

TION�IS�UNKNOWN��OR�MAY�HAVE�MOVED�SEVERAL�HUNDREDS�
OF�METERS�ON�A�PROMONTORY� �#OLIN��������3ALA�ET� AL���
����	�� )N� THESE� CASES�� HYDROACOUSTICS� CAN� PROVIDE� A�
METHOD� TO� INITIALLY� SURVEY� A� RELATIVELY� LARGE� AREA� AND�
LOCATE�LARGE�TARGETS�BEFORE�USING�DIVERS�FOR�MORE�lNE

SCALE�OBSERVATIONS�OF�lSH�DISTRIBUTION�AND�ABUNDANCE�
PATTERNS�� AND� SPECIES� IDENTIFICATION�� !LTERNATIVELY��
COARSE�TRANSECTS�COULD�BE�USED�TO�LOCATE�PATCHES�OR�AG

GREGATIONS�OF�GROUPER�FOLLOWED�BY�A�lNER
SCALE�TRANSECT�
DESIGN� TO� CHARACTERIZE� THE� SMALLER
SCALE� SPATIAL� STRUC

TURE� OF� THE� GROUP�� 4HIS� ADAPTIVE� SAMPLING� APPROACH�
CAN�HAVE�SIGNIlCANT�ADVANTAGES�OVER�A�SIMPLE�RANDOM�
STRATIlED� APPROACH� FOR� RARE�� PATCHY� OR� AGGREGATING�
POPULATIONS� �%VERSON� ET� AL��� ������ (ANSELMAN� ET� AL���
����	��/THER�ADVANCES�IN�TECHNOLOGY�SUCH�AS�REMOTELY�
OPERATED�VEHICLES��!DAMS�ET�AL���������*OHNSON�ET�AL���
����	�MAY�PROVIDE�ADDITIONAL�MEANS�TO�IDENTIFY�LARGE�
TARGETS� PRIOR� TO� USING� DIVERS� TO� MAKE� VISUAL� OBSERVA

TIONS��4HUS��HYDROACOUSTICS�IS�AN�EMERGING�TECHNOLOGY�
THAT��WHEN�COUPLED�WITH�DIVER�OBSERVATIONS��PROVIDES�A�
COMPREHENSIVE�SURVEY�METHOD�FOR�MONITORING�SPAWN

ING�AGGREGATIONS�OF�REEF�lSHES�
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