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1 . INTRODUCTION.

THE FLORIDA POWER AND LIGHT COMPANY CURRENTLY HAS IN OPERATION A

FOSSII FUEL POWER PLANT LOCATED AT TURKEY~POINT ON THE WEST SHORE OF BISCAYNE

BAY APPROXIMATELY TWO ( ) MILES SOUTH OF HOMESTEAD BAYFRONT PaRK. AT THE

PLANT THEY ARE CONSTRUCTING TWO (2) ADDITIONALNUCLEAR UNITS. THE EXTRACTION

OF I.ARGE QUANTITIES OF WATER FROM THE BAY FOR COOLING THE PLANT S CONDENSERS
I

AND ITS SUBSEQUENT RETURN AT AN ELEVATED TEMPERATURE HAS CAUSED CONSIDERABLE

CONSTERNATION AMONG CONSERVATION INTERESTS AND SOME GOVERNMENT AGENCIES. OF

PRIMARY CONCERN IS THE EFFECT OF SUCH. LARGE QUANTITIES OF HEATED WATER ON THE

ECOI OGY AND CIRCULATION OF THE AREA. THIS CONCERN IS HEIGHTENED BY THE EXIST-

ENCE OF THE BISCAYNE NATIONAL MONUMENT NEARBY . SEE F IGURE 1 . THIS STUDY

WAS PERFORMED FOR THE PURPOSE OF ANALYZINGTHE PHYSICAL EFFECTS OF THE

PLANNED DISCHARGE TO DETERMINE IF THEY MAY BE HARMFUL TO THE ENVIRONMENT OF

THE AREA IN GENERAL AND PARTICULARLYTO THE NATIONAL MONUMENT.

2. OESCRIPTION OF THE AREA

THE AREA UNDER CONSIDERATION HERE IS BISCAYNE BAY SOUTH OF HOMESTEAD

BAYFRONT PARK AND CARD SOUND. THIS PORTION OF BISCAYNE BAY IS APPROXIMATELY

SEVEN (/) NAUTICAL MILES WIDE AND EIGHT (8) NAUTICAL MILES LONG. ON THE WEST

SIDE NEAR THE MAINLANDEXTENSIVE SHOALS EXIST. AN AREA OF RELATIVELYDEEP

-'ATER OF / TO 8 FEET EXISTS IN THE EASTERLY HALF OF THE BAY FOLLOWED BY A

SHOAL AREA ADJACENT TO OLD RHODES KEY. THIS PORTION OF THE BAY IS SEPARATED



FROM CARD SOUND TO THE SOUTH BY A SHOAL AREA ENCOMPASSING THE ARSENICKER

KEYS AND CUTTER BANK, A SMALL NAVIGATION CHANNEL HAS BEEN DREDGED THROUGH

CUTTER BANK TO CARD SOUND. CARD SOUND IS APPROXIMATELY . 50 NAUTICAL

MILES WIDE AND 5,50 NAUTICALMILES LONG. IT IS BOUNDED ON THE WEST BY THE

FLORIDA MAINLANDANP ON THE EAST BY NORTHERN KEY LARGO AND ADJACENT KEYS

IT IS SEPARATED ON THE SOUTH FROM LITTLE CARP SOUND BY CARD BANK THROUGH

WHICH A SMALL NAVIGATION CHANNEL HAS BEEN DREDGED. 'HE DEPTH OF CARP gPUNP

IS QUITE UNIFORM AVERAGING ABOUT 10 FEET WITH DEEP WATER PREVAILING NEARLY

TO THE SHORES.

SOUTH BISCAYNE BAY AM CARD SOUND ARE UNDERLAIN BY SHALLOW BEPRPCK

DEPRESSIONS HAVING A DEEP AXIS OF 13 TO 24 FEET IN DEPTH AND EXTENDING ALONG

THE EASTERN SIDE ~ THE BEDROCK ON THE MAINLANDSHORE RISES TO APPROXIMATELY

MEAN LOW WATER AND ON THE KEYS TO THE EAST TO ABOUT 6 FEET ABOVE MEAN LOW

(>)WATER .. SEDIMENTS CONSISTING OF CARBONATE SANDS ANP MUDS FORM A

SHALLOW COVER OVER THE BEDROCK, IN THESE AREAS A MODERATE TO DENSE COVER

OF TH*LASSIAAND CALCAREOUS GREEN ALGAE EXI S I..

FRESH WATER INFLOW TO THE AREA IS MAINLYGROUND WATER FROM THE

MAINLANDWITH SOME CONTRIBUTION OF SURFACE FLOW FROM A FEW CANALS AND THE

SWAMPY FRINGES. THE SOUTH 8 I SCAYNE BAY AREA IS CONNECTED TO THE ATLANTIC

BY CAESAR CREEK> A FAIRLY DEEP BUT NARROW INLET. CARD SOUND IS CONNECTED

TO THE OCEAN BY BROAD CREEK, ANGELFISH CREEK AND SEVERAL SMALLER CHANNELS



BETWEEN MANGROVE ISLANDS,

TIDES IN THE AREA ARE CHIEFLY SEMIDIURNAL. THE OCEAN TIDE HAS A MEAN

RANGES OF 2,44 FEET. THE TIDE IN SOUTH BISCAYNE BAY~ AS MEASURED BY SCHNEIDER (2)

HAS A MEAN RANGE OF APPROXIMATELY l. 6 FEET. HIGH TIDE LAGS THE OCEAN TIDE BY

APPROXIMATELY 2 HOURS AND 15 MINUTES AND LOW TIDE BY APPROXIMATELY 2 HOURS AND

45 MINUTES, CARD SOUND HAS A MEAN TIDAL RANGE OF 0. 74 FEET WITH HIGH TIDE

LAGGING THE OCEAN TIDE BY 3 HOURS AND LOW TIDE BY 3 HOURS AND 20 MINUTES.

CIRCULATION IS RELATIVELY LIMITEDAS EVIDENCED BY RATHER HIGH SALINITIES RE-

CORDED DURING THE SUMMER MONTHS,

P REVAILING WINDS ARE EAST AND SOUTHEAST WITH 23 PERCENT FROM THE EAST

AND 28 PERCENT FROM THE SOUTHEAST. WINDS FROM THESE DIRECTIONS DO NOT NORMALLY

EXCEED 10 TO 12 KNOTS. THE STRONGER WINDS ARE FROM THE NORTHEAST 17 PERCENT

OF THE TIME. 'HESE WINDS ARE NORMALLYASSOCIATED WITH NORTHEASTERLY STORMS

(3)
AND FREQUENTLY EXCEED 20 KNOTS, ALTHOUGH NO DETAILLED STUDIES HAVE BEEN

MADE IN THE AREAi IT IS HIGHLY PROBABLE THAT THESE WINDSi PARTICULARLY THOSE

OF HIGHER VELOCITY HAVE A CONSIDERABLE AFFECT ON THE CIRCULATION IN THE AREA

3. THE PROPOSED PROJECT

THE FLORIDA POWER AND LIGHT COMPANY PROPOSES TO DISCHARGE A MAXI-

MUM OF 10'25 CUBIC FEET PER SECOND OF CONDENSER COOLING WATER FROM ITS

TURKEY POINT PLANT INTO CARD SOUND IN THE VICINITYOF THE MODEL LAND CO
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CANAL. SEE F IGURE I, THIS WATER, IS TO BE TAKEN FROM SOUTH Bl SCAYNE BAY,(4b

4i 250 CUBIC FEET PER SECOND WILL PASS THROUGH THE CONDENSERS WITH A MAXIMUM

0
RISE IN TEMPERATURE OF 15 F ~ NEAR THE Dl SCHARGE FROM THE CONDENSERS 6g'75

CUBIC FEET PER SECOND OF BAY WATER WILL BE ADDED THUS REDUCING THE TEMPERATURE

TO 6 F, ABOVE THAT OF THE INTAKE. THIS WATER WILL THEN FLOW SOUTH IN A CANAL

FOR APPROXIMATELY SIX MILES TO THE OUTLET IN CARD SOUND, AT THIS POINT~ IT IS

ESTIMATED THAT THE TEMPERATURE WILL EXCEED THAT OF THE BAY BY 5. 8 F. (~)

THE INTAKE WATER PASSING THROUGH THE CONDENSER WILL BE TAKEN FROM THE

EXISTING NAVIGATION CHANNEL AT TURKEY POINT„SEE FIGURE 1. THIS CHANNEL EX-

TENDS IN A NORTHEASTERLY DIRECTION FROM THE PLANT. IT IS 100 FEET WIDE AND

10 FEET DEEP AT MEAN LOW WATER. THE WATER FOR DILUTION WILL BE TAKEN FROM

A CHANNEL TO BE CONSTRUCTED ALONG THE NORTH SHORELINE OF TURKEY POINT, THIS

CHAN~EL iS TO BF. 3,200 FEET LONG, 100 FEET WiOE AND 0 FEET DEEP. SEE FiGURE 2.

THE CANAL LEADING FROM TURKEY POINT TO CARD SOUND WILL CARRY A TOTAL

OF 10'23 CUBIC FEET PER SECOND OF THE DILUTED COOLING WATER+ IT WILL HAVE A

BOTTOM WIDTH OF 200 FEET„A TOP WIDTH OF 227 FEET 9 INCHES AND A DEPTH OF g0

FEET,

THE IMMEDIATE OUTLET TO CARD SOUND WILL HAVE A DEPTH OF -0 FEET,

BOTTOM WIDTH OF 200 FEET AND SIDE SLOPES OF 1 ON 3 (1 VERTICAL TO 3 HORIZONTAL).

APPROXIMATELY 400 FEET INTO THE SOUND, THE BOTTOM OF CHANNEL WILL BE WIDENED
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TO APPROXIMATELY 330 FEET AND THE SIDE SLOPES DECREASED TO I ON 5. AT THE

POINT WHERE THE NATURAL DEPTH OF THE SOUND REACHES 8 FEET AT MEAN LQW WATER,

THE BQTTOM QF THE CHANNEL WILL BE SLOPED FROM A DEPTH OF 20 FEET TO MEET THE

NATURAL BOTTOh1 TO PROVIDE A SMOOTH TRANS ITION.

THE SCOPE OF THE STUDY

THIS STUDY WAS AUTHORIZED BY VERBAL AUTHORITY OF THE FLORIDA POWER

AND LIGHT COMPANY ON I() MARCH (970 CONFIRMED BY LETTER DATED 6 APRIL 1970'6)

PARTICULAR, EMPHASIS WAS PLACED ON REQUIREMENTS OF THE DEPARTMENT OF NATURALS

(i)RESOURCES, STATE OF FLORIDA WHICH STATED:

BECAUSE OF THE VERY LARGE VOLUME OF WATER TO BE DISCHARGED INTO CARD SOUND

THROUGH THE PROPOSED FLORIDA POWER AND LIGHT CohIPANY CANAL, REFERENCED

ABOVE, WE ARE CONCERNED THAT TIDAL FLOWS AND CURRENT PATTERNS MAY BE ALTERED

TO SUCH AN EXTENT THAT SHORELINE AND BOTTOM STABII ITY WILL BE AFFECTED. THERE-
FORE, CERTAIN HYDROGRAPHIC DETERMINATIONS MUST BE MADE.

NORMALLY, OUR CONSUI.TANTS, THE DEPARTh1ENT OF COASTAL AND OCEANOGRAPHIC

ENGINEERING OF THE UNIVERSITY QF FLORIDA
~

WOULD'MAKE DETERMINATIONS REGARD-

ING HYDROGRAPHIC EFFECTS OF PROJECTS SUCH AS THIS. HOWEVER, SINCE THEY HAVE

BEEN INVOLVED WITH FLORIDA POWER AND LIGHT COMPANY QN OTHER PHASES OF THIS
PLAN, IT WILL BE NECESSARY THAT SUCH DETERMINATIONS BE MADE BY SOMEONE ELSE,
THE INSTITUTE OF MARINE SCIENCES OF THE UNIVERSITY OF MIAMIWOULD BE QUALI-
FIED TO REVIEW THIS MATTER AND MAKE THE NECESSARY DETERMINATIONS, SUCH

DETERMINATIONS WOULD DERIVE FROM A REVIEW OF AVAILABLEDATA AND FROM ADDI-
TIONAL FIELD STUDIES IF FOUND TO BE NECESSARY. WE WOULD ACCEPT THEIR FINDINGS
AND RECOMMENDATIONS .

A CONSIDERABLE AMOUNT OF GENERAL DATA FOR THE AREA IS AVAILABLE. S IGNI-

FICANT INFORMATION ON THE PHYSICAL ASPECTS IN ADDITION TO REFERENCES CITED ABOVE

IS CONTAINED IN REPORTS BY BAOER~"), BAOER ANO TABB~, PR ITCHARD~ 0, HAEUSSNER~

AND OTHERS.





SPECIFICALLY APPLICABLE TO THE PROPOSED PROJECT IS THE WORK ACCQMPLISH-

ED BY THE DEPARTMENT OF COASTAL AND OCEANOGRAPHIC ENGINEERING OF THE uNIVERSITY

OF FLORIDA DURING I')A9 AND l 970. THIS WORK CONSISTED OF THE EVAI UATION OF

TEMPERATURE AND CIRCULATION FIELDS CAUSFD BY THE PROPOSED INSTALLATIOhlUNDER

VARIOUS CONDITIONS OF DISCHARGE., MOST OF THE DETERMINATIONS WERE BASED QN
P

(j2)
~ NUMERICAL MODELLING TECHNIQUES AS EXPLAINED BY VERMA AND DEAN . THE MQDEL

USED WAS QF A RATHFR SMALL SCALE BASED ON A SERIES OF ONE NAUTICAI Mll E GRID

(13)SQUARES, F IELD DATA WAS USED TQ CALIBRATE THE MODEL . THE RESULTS OF THIS

ANAI'YSiS ARE REPORTED BY THE DEPARTMENT OF COASTAL AND OCEANOGRAPHIC

ENGINEERING, IN ADDITION TO THE NUMERICAL MODEL A SMALL SCALE HYDRAULIC( I 4)( I 5)

MODEL WAS CALIBRATED AND OPERATED FOR A SERIES OF TESTS AiMED PRiMARiLY AT DE-

TERMINING TRAVEL TIME AND RECIRCULATION OF THE HEATED EFFLUENT. RESULTS OF

THESE TESTS ARE REPORTED BY THE DEPARTt IENT (

THIS STUDY IS CONCERNED PRIMARILY WITH THE ANALYSIS OF THE AVAILABLE

DATA. FIELD WORK FOR THIS SPECIFIC PROJECT WAS LIMITED TQ A GENERAL RECONNAIS-

SANCE OF THE AREA. IN THIS CONNECTION IT SHOULD BE EMPHASIZED THAT THE IN-

VESTIGATOR HAS DONE A CONSIDERABLE AMOUNT OF WORK IN THE AREA FOR hiORE THAN

1P YEARS.

IN VIEW OF THE FACT THAT HYDROGRAPHIC AND TOPOGRAPHIC SURVEY INFORhiA

TION TAKEN BETWEEN 1852 AND l890( ") CORRESPONDS VFRY CLOSELY TO CONDITIONS AS

THEY PRESENTLY EXIST, IT CAN BE ASSUMED THAT THE RCGlhlE OF CURRENTS AND





SEDIMENTS HAS REACHED A STATE OF STABILITY. THEREFORE THIS STUDY IS CONCEN-

I

TRATED QN THE CHANGES WHICH MAY BE CAUSED BY THE CIRCULATION OF THE COOLING

WATER AS PROPOSED.

RESULTS OF THE ANALYSIS

A GENERAL UNDERSTANDING OF THE RELATIVE EFFECT OF THE EXTRACTION AND

DISCHARGE OF THE COOLING WATER CAN BE GLEANED FROM THE AREAS AND VOI IJMES

VOLVED. FOR THIS PURPOSE, MAXIMUMCONDITIONS CORRESPONDING TO A MOVEMENT

QF ]0,625 CUBIC FEET PER SECOND ARE ASSUMED. DURING ONE" HALF TIDALCYCLE

(6.2 HOURS) THIS AMOUNTS TO .38 X 10 CUBIC FEET.
0

HYDRODYNAMICALLYTHE AREA IS CONVENIENTLY DIVIDED INTO TWO BASINS:

9ISCAYNE BAY SOUTH OF FEATHERBED BANKS (SOUTH BISCAYNE BAY), AND CARD SOUND.

WITHIN EACH OF THESE THE TIDAL AMPLITUDES ARE NEARLY CONSTANT ALTHOUGH THEY

VARY CONSIDERABLY FROM THOSE OF THE OCEAN AND ADJACENT BASINS.

SOUTH BISCAYNE BAY HAS A SURFACE AREA OF 3. ] X ]0 SQUARE FEET AND

I

A VOLUME AT MEAN TIDE QF ]9. 8 X ]0" CUBIC FEET. ITS MEAN'TIDALRANGE IS 1. n
I

()FEET SQ THAT A VOLUME OR TIDAL PRISM OF 5. 0 X I () CUBIC FEET WILL ENTER OR

LEAVE THE BASIN DURING EACH HALF-TIDALCYCLE . THE INTAKE'OF WATER BY THE
I

PLANT REPRESENTS SLIGHTLY LESS THAN 5 PERCENT OF THIS VOLUME. IF THE BASIN

1

WERE ENTIRELY CLOSED THE INTAKE WOULD REDUCE THE WATER LEVEL BY LESS THAN

] INCH, ACTUALLYTHE WATER LOST WILL BE REPLENISHED CONSTANTLY FRO51 THE
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OCEAN AND CONNECTED BASINS,

CARD SOUND HAS A SURFACE AREA OF ~ 62 X 10 SOUARE FEET AND A VOLUME9

AT MEAN TIDE OF 6, 2 X 10 CUBIC FEET, ALTHOUGH ITS MEAN TIDAL RANGE IS ONLY

0, 74 FEET, THE UNIVERSITY OF FLORIDA MODEL STUDY'INDICATES A TOTAL EXCHANGE

OF 2. 14' 10 CUBIC FEET OF WATER WITH OTHER BODIES DURING EACH HALF TIDAI

CYCLE. THE PLANT DISCHARGE REPRESENTS A LITTLE LESS THAN ONE-NINTH OF THIS

AMOUNT AND A LITTLE OVER 7 PERCENT OF THE VOLUME OF THE BASIN AT MEAN TIDE

LEVEL, IN CONSIDERING PLANT DISCHARGE IN RELATION TO'THE NORMAL TIDAL FLOW~

CONSIDERATION SHOULD BE GIVEN TO THL FACT THAT THE WARM EFFLUENT I 5 LESS DENSE

THAN THE NORMAL WATER. IT THEREFORE REMAINS NEA'R THE SURFACE WHERE BETTER

T I DAL C I RCULATION EX I STS.

THE EFFECTS OF TI< INTAKE AND DISCHARGE FROM A POINT OF VIEW OF EROSION

WOULD BE CONCENTRATED IN THE VICINITYOF THE INTAKE AND OUTFALL CHANNELS AND

IN THE RELATIVELY RESTRICTED ALAS CONNECTING CA'RD'OUND WITH THE OCEAN AND

WITH 8ISCAYNL BAY,

IN NEARLY ALL AREAS OF SOUTH BISCAYNE'AY AND CARD SOUND THE GREATEST

EFFECTS ON BOTTOM SEDIMENTS AND FLORA CAN PRESENTLY BE ATTRIBUTED TO WAVE

ACTION. THEREFORE A COMPARISON OF VELOCITIES AT THE INTAKE AND DISCHARGE WITH

NORMAL WAVE PARTICLE VELOCITIES IS hELPFUL THE PARTICLE MOTION FROM WAVES

IS ORBITAL IN CHARACTER AND HAS ONLY A VERY SLIGHT VERTICAL VELOCITY NEAR THE
\

BOTTOM.



RECOGNIZING THE INFREQUENCY OF HURRICANES» THE COMPARISON CAN BE

BASED ON THE WAVES GENERATED BY A 30-KNOT NORTHEASTERLY WIND AS A CONDI-

TION EXCEEDED ON SEVERAL OCCASIONS EACH YEAR, FOR PREDICTION ON THE BASI 5

OF METHODS USED BY THE U. S ~ ARMY CORPS CjF ENGINEERS A FETCH OF(~8)

60f 000 FEET WAS USED, A LL OF THE SHALLOW WATER SOUTH OF TURKEY POINT

WOULD BE EXPOSED TO WAVES DEVELOPED IN A FETCH EXCEEDING THIS VALUE,

uNDER THESE CONDITIONS WAVES HAVING A HEIGHT OF 2 FEET AND A PERIOD OF 3, 8

SECONDS WOULD DEVELOP~ WATER PARTICLES IN THESE WAVES UPON REACHING A

DEPTH OF 3 FEET JUST PRIOR TO BREAKING WOULD HAVE A t IAXIMUM HORI ZONTAI

VELOCITY OF 2. - FEET PER SECOND AT THF BOTTOM„

(>9)
QN THE BASIS OF HIS WORK IN THE BAHAMAS'AY FOUND THAT STRONG

TIDAL CURRENTS OF 1 (1„7 FT/SEC) TO 2 (3.4 FT/SEC) KNOTS PROMOTE DENSE

GROWTHS OF THALASSIA. THIS CORRESPONDS TO THE EXPERIENCE OF THE PRESENT

INVESTIGATOR WHO MEASURED NORMAL TIDAL CURRENTS OF 3, 3 FT/SEC OVER DENSE

GROWTHS OF THALASSIA IN THE VIRGIN ISLANDS. INASMUCH AS SUCH GROWTHS HOLD

THE BOTTOM SEDIMENT IT IS DOUBTFUL THAT EROSION WILL OCCUR AT VELOCITIES OF

2 FEET PER SECOND OR LESS. NEAR THE INTAKE AND OUTFALL~ THF. BED ROCK IS

COVERED BY LESS THAN 6 INCHES OF SEDIMENT . CHANNELS EXCAVATED INTO THIS(~)

MATERIALWOULD NOT ERODE EVEN WITH MUCH HIGHER VELOCITIES.

THE INTAKE TO THE PLANT FOR CONDENSER COOLING WILL BE BY WAY OF THE

EXISTING NAVIGATION,CHANNEL AND BASIN A MAXIMUM FLOW OF 4p 2 )0 CUBIC FEET



PER SECOND WILL OCCUR AT THI S INTAKE. VELOCITIES OCCURRING AS A RE5ULT OF

THIS INTAKE CANNOT BF. ACCURATELY DETERMINED UNTIL THE DE SIGN DETAIL HAS BFEN

WORKED OUT AND STUDIED TO DETERMINE NOT ONLY THE EFFECTS OF THE COOLING

WATER INTAKE BUT ALSO'HOSE OF THE DILUTION WATER INTAKE WHICH I 5 CLOSELY

ASSOCIATED. NO PROBLEM IS FORESEEN IN KEEPING MAXIMUMVELOCITIES BELOW

2 FEET PER SECOND BY PROPER DESIGN. FURTHER ANALYSIS OF THIS PROBLEM IS

NECESSARY PRIOR TO CONSTRUCTION.

DILUTION WATER INTAKE WILL BE FROM A CHANNEL TO BE DUG ALONG THE

NORTH SHORE OF TURKEY POINT. SEE FIGURE 2„THIS CHANNEL WILL BE 3200 FEET

LONGi 100 FEET WIDE AND 20 FEET DEEP. ITS MAXIMUMFL'OW WILL BE 6375 CUBIC

FEET PER SECOND. THE CHANNEL IS BOUNDED ON THE NORTH BY SHALLOW GRASS FLATS

HAVING A MINIMUM LOW WATER DEPTH OF ONE FOOT, F LOW ACROSS THESE FLATS INTO

THE CHANNEL WILL HAVE A VELOCITY OF ABOUT 2 FEET PER SECOND. THE DILUTION

WATER WILL FLOW INTO A BASIN DUBBED LOCALLY AS LOCH ROSETTA FROM WHICH IT

WILL BE PUMPED INTO A CANAL AND MIXED WITII THE CONDENSER WATER DISCHARGE ~

THE BASINS AND CHANNELS INVOLVED IN THIS PROCE55 ARE CUT FROM ROCK, 'O THEY

WILL PRESENT NO PROBLEM OF EROSION ~ FURTHER STUDY IS NECESSARY TO DETERMINE

~ THE, INTERRELATION OF FLOW BETWEEN THI 5 CHANNEL AND THE COOLING WATER INTAKE

AS NOTED ABOVE,

THE MAIN CANAL TO CARD SOUND WILL HAVE A BOTTOM WIDTH OF 200 FEET,

A TOP 'WIDTH OF 227 FEET 9 INCHES AND A DEPTH OF,20 FEET. ON THE BASIS OF A
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TOTAL MAXIMUMFLOW OF 10'25 CUBIC FEET PER SECONDS THE MAXIMUMVELOCITY

AT THE DOWNSTREAM END WILL BE 2. 50 FEET PER SECOND. A S THI S CANAL Wll„l BE

I

DUG IN ROCK> NO EROSION IS EXPECTED.

lNITIALLYTHE DISCHARGE CHANNEL INTO CARD SOUND HAS A BOTTOM WIDTH

OF 200 FEET AND A DEPTH OF 20 FEET WITH SIDE SLOPES OF 1 ON 3 ~ THIS GIVES AN

EFFECTED AREA OF 5200 SQUARE FEET FOR A MAXIMUMVELOCITY OF SLIGHTLY OVER

2 FEET PER SECOND. AS THE CHANNEL EMERGES INTO THE SOUNDS THE AREA IS IN-

CREASED TO 1 lp 000 SQUARE FEET WHICH WILL REDUCE THE VELOCITY TO LESS THAN

ONE FOOT PER SECOND,

FOR A STUDY OF THE EFFECTS ON THE CHANNELS CONNECTING CARD SOUND

WITH OTHER BASINS'ESULTS OF THE NUMERICAL MODELLING CONDUCTED BY THE

UNIVERSITY OF FLORIDA WERE USED, THESE FLOWS ARE SHOWN ON FIGURE 3 TO 6

INCLUSIVE,

UNDER PRESENT CONDITIONS, MOST OF THE EXCHANGE FOR CARD SOUND

OCCURS THROUGH BROAD AND ANGELFISH CREEKS TO THE ATLANTICOCEAN, FIGURE

3 SHOWS THE RATE OF THIS EXCHANGE AND ALSO FORECASTS THE RATE WHEN THE PLANT

DISCHARGE IS ADDED IT SHOULD BE NOTED THAT UNDER EXISTING CONDITIONS THE

MAXIMUMFLOW RATE OF 68'00 CUBIC FEET PER SECOND OCCURS ON THE INCOMING

TIDE, QN THE OUTGOING TIDEp THE RATE IS 52, 300 CUBIC FEET PER SECOND. THE

ADDITION OF THE PLANT DISCHARGE DECREASES THE MAXIMUMINFLOW TO 66'00 CUBIC

I
FEET PER SECOND AND INCREASES THE MAXIMUMOUTFLOW TO 54'50 CUBIC FEET PER

FLOW FIGURES ARE ROUNDED FROM THE ORIGINAL DATA,



SECOND WHICH IS STILL FAR BELOW THE MAXIMUMEXISTING FLOW, THEREFORE~ THE

MAXIMUMFLOW RATE AND CONSEQUENTLY THE MAXIMUMVELOCITY WILL BE DECREASED

WHEN THE PLANT EFFLUENT ~IS ADDED. THE NUMERICAL ANALYSIS SHOWS A TOTAL

DIFFERENCE IN FLOW.THROUGH THE INLETS FROM THE OCEAN DUE TO THE PLANT

EFFLUENT TO BE 1. 40 X 10 CUBIC FEET PER TIDE OR ABOUT 29 PERCENT OF THE

TOTAL PLANT DISCHARGE ~

THE NEXT MOST IMPORTANT EXCHANGE OCCURS WITH SOUTH BISCAYNE BAY

AT THE RATES SHOWN ON F IGURE 4. AGAIN'HE MAXIMUMFLOW RATE OCCURS ON

THE INCOMING TIDE AND IS REDUCED BY THE ADDITION OF PLANT EFFLUENT, ON THE

INCOMING TIDQ A MAXIMUMFLOW OF 72, 000 CUBIC FEET PER SECOND INTO CARD

SOUND OCCURS WITHOUT THE PLANT DISCHARGE ~ THE ADDITION OF THE PLANT DISCHARGE

REDUCES THIS TO 66'00 CUBIC FEET PER SECOND, ON THE OUTGOING TIDE~ THE NORMAI

DISCHARGE OF 25~ 500 CUBIC FEET PER SECOND INTO SOUTH 8 I SCAYNE EIAY IS INCREASED

TO 31'00 BY THE PLANT DISCHARGE. AS THIS IS'LESS THAN HALF OF THE MAXIMUM

FLOW UNDER PRESENTLY EXISTING CONDITIONSp MAXIMUMVELOCITIES CONSIDERING THE

PLANT DISCHARGE WILL ALSO BE LESS THAN HALF OF THOSE PRESENTLY OCCURRING ON

THE INCOMING TIDE. THE PLANT EFFLUENT CONTRIBUTION TO THE EXCHANGE TO

8BISCAYNE BAY IS ESTIMATED TO BE 3. 35 X 10 CUBIC FEET PER TIDE OR 71 PERCENT

OF THE TOTAL PLANT EFFLUENT. THIS MEANS THAT ONLY 29 PERCENT OF THE PLANT

INTAKE FROM SOUTH B I SCAYNE BAY WILL HAVE TO BE MADE UP BY FLOW FROM OTHER

AREAS INTO SOUTH 8 I SCAYNE BAY. THIS WILL COME FROM THE ATLA(ITICOCEAN AND

B ISCAYNE BAY NORTH OF THE FEATHERBED BANKS. THIS AMOUNT OF '. 40 X 10 CUBIC

12
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FEET PER TIDE REPRESENTS LESS THAN lo 5 PERCENT Of THE NET TIDAL EXCHANGE FOR

SOUTH BI SCAYNE 8AY DURING A FULL TIDAL CYCLE ~

THE EXCHANGE BETWEEN CARD SOUND HAS A MAXIMUMON THE OUTGOING TIDE

OF 38> 650 CUBIC FEET PER SECOND. THE PLANT DISCHARGE INCREASES THIS TO

38,800 OR BY LESS THAN ONE-HALF PERCENT.

6 CONCLUSION 5

THESE STUDIES INDICATE THAT THE ALTERATIONS IN TIDAL FLOWS AND

CURRENT PATTERNS BY THE INTAKE AND DISCHARGE OF THE LARGE VOLUME OF COOLING

AND DILUTION WATER ARE EXTREMELY SLIGHT AND ARE OF SUCH A NATURE AS.TO ACTUALLY

REDUCE MAXIMUMVELOCITIES IN THE I N LE T S FROM THE OCEAN AND OVER CUTTER

~ B ANK. THIS OCCURS BY VIRTUE OF THE FACT THAT MAXIMUMVELOCITIES OCCUR ON THE

INFLOW TO CARD SOUND. THESE VELOCITIES ARE ACTUALLYREDUCED BY THE PLANT

DISCHARGE, VELOCITIES IN LOCAL AREAS AT THE INTAKE AND DISCHARGL. CAN BE MAIN-

TAINED AT LESS THAN 2 FEET PER SECOND WHICH CORRESPONDS TO WAVE INDUCED

CURRENTS WHICH OCCUR FREQUENTLY. WE THEREFORE CONCLUDE THAT IT WILL HAVE

LITTLE EFFECT ON SHORELINE OR BOTTOM STABILITY,

A COMPLETE ANALYSIS OF THE INTAKE CHANNELS COULD NOT BE MADE AT THIS

TIME. NO PROBLEM IS FORESEEN IN KEEPING VELOCITIES IN THESE CHANNELS BELOW

2 FEET PER SECOND BUT ADDITIONALNUMERICAL ANALYSES AND POSSIBLY A MODEL

STUDY SHOULD BE MADE TO ELIMINATE THE POSSIBILITY OF LOCALIZED EROSION+

IN ADDITION TO DETAIL DESIGN STUDIES'HE PROJECT SHOULD BE CAREFULLY

13





ANALYZED DURING THE PERIOD THAT IT I S OPERATING UNDER PARTIAL LOAD SO AS TO

ASSURE THE ADEQUACY OF THE DESIGN,

FURTHER STUDIES ARE NEEDED BEFORE THE PROJECT IS COMPLETED AND

WHILE IT IS BEING OPERATED UNDER PARTIAL LOAD~ THIS WOULD PERMIT MEASURES

TO BE TAKEN TO COUNTERACT ANY POSSIBLE CONSEQUENCES THAT MIGHT NOT BE FORE-

SEEN AT THIS TIME.
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ADDENDUM TO

TECHNICAL REPORT

MAY 1970
ANALYSIS OF THE PHYSICAL EFFECTS

OF THE DISCHARGE OF COOLING WATER INTO

CARD SOUND BY THE TURKEY POINT PLANT OF

FLORIDA POWER AND LIGHT COMPANY

THIS ADDENDUM IS PREPARED ON THE BASIS OF ADDITIONALSTUDY AUTHORIZED BY,

THE FLORIDA POWER AND LIGHT COMPANY CONCERNING THE CONCLUSION OF THE SUBJECT

REPORT AS STATED ON PAGE 13 OF THE TECHNICAL REPORT DATED MAY 1970 ON THE

ABOVE SUBJECTS

A COMPLETE ANALYSIS OF THE INTAKE CHANNELS COULD NOT BE MADE AT

THIS TIME. NO PROBLEM IS FORESEEN IN KEEPING VELOCITIES IN THESE

CHANNELS BELOW 2 FEET PER SECOND BUT ADDITIONALNUMERICAL ANALYSES

AND POSSIBLY A MODEL STUDY SHOULD BE MADE TO ELIMINATETHE POSSI

BILITYOF LOCALIZED EROSION,

A PRELIMINARY NUMERICAL ANALYSIS WAS MADE IN DETAIL OF THE INTAKE CHANNELS

WITH THE VIEW OF KEEPING VELOCITIES IN THEM AND OVER THE ADJACENT SHOALS WITHIN

THE 2 FEET PER SECOND CRITERIA AS ORIGINALLYESTABLISHED. THIS ANALYSIS SHOWED

THAT CERTAIN MODIFICATIONS OF THE ORIGINAL PLAN AS SHOWN ON FIGURE 2 OF THE RE-

PORT WOULD BE DESIRABLE. THE REVISED PLAN IS SHOWN ON FIGURE 1 OF THIS ADDEN-

DUM, CHANGES INCLUDE INCREASING THE CHANNEL DEPTHS IN LOCATIONS WHERE HIGH

FLOW IS INDICATED AND PROVIDING GRADUAL SIDE SLOPES IN TRANSITIONALAREAS. THIS

SHOULD PREVENT THE OCCURRENCE OF EROSION, RESULTS OF THE NUMERICAL ANALYSIS

ARE REPORTED IN TABLE 1 OF THIS ADDENDUM~

AT THE TIME OF THE ORIGINAL REPORT THE POSSIBILITY OF A HYDRAULIC MODEL

WAS STRONGLY CONSIDERED' BUT FROM THE RESULTS OF THE NUMERICAL ANALYSIS AL-

EADY PERFORMED IT WOULD APPEAR TO BE PREFERABLE TO PERFORM A SERIES OF TESTS





ON THE FACILITY AFTER ITS CONSTRUCTI ON AND PRIOR TO SUBJECTING IT TO FULL LOAD

CONDITIONS

THESE TESTS WOULD BE CONDUCTED UNDER LOADING CONDITIONS AS SHOWN ON

TABLE 1. ACTUAL CURRENT AND FLOW MEASUREMENT WOULD BE MADE IN THE CHANNEL.

BY COMPARING THEM Wl'PH THOSE SHOWN ON TABLE lp AN IMMEDIATE EVALUATIONOF

THE ACCURACY OF THE NUMERICAL ANALYSIS WOULD BE OBTAINED. ANY FLOW ASSUMP-

TION AND BOUNDARY CONDITIONS FOUND TO BE UNREALISTIC COULD BE MODIFIED TO MAKE

THE ANALYSIS MORE PRECISE,

lN VIEW OF THE CONSERVATIVE RESULTS OF THE ANALYSIS UPON WHICH THIS

ADDENDUM IS BASED~ IT IS UNLIKELYTHAT ANY CHANGES IN THE CONSTRUCTION WOULD

BE NECESSARYo HOWEVERS IF NECESSARY'HEY COULD BE MADE PRIOR TO LOADING

CONDITIONS THAT MIGHT EXCEED THE DESIGN CRITERIA.

THIS WOULD HAVE THE EFFECT OF TESTING A MODEL. AT A SCALE OF 1 ON 1

WHICH WILLYIELD MUCH MORE PRECISION THAN A SMALLER SCALE MODEL TESTED UNDER

LABORATORY CONDITIONS.
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TABLE 1

ANTICIPATED FLOR VELOCITIES UNDER VARIOUS LOAD CONDITIONS

1, LOAD CONDITION UNITS 1, 2, 3 5 4
(1) (2)UNITS 1,2 5 3 UNITS 1 5 2

2, TOTAL FLOW (FT /SEC) 10, 600 6, 600 4, 000

3. MAXIMUMVELOCITY (FT/SEC) AT(3)

1.'8 0.7

1.5 0.9 0.6

1.5 0.9 0.6

D 1.5 0.9 0.6

1.4 0.9 0.5

OVER SHOALS 0.5 0.3 0.2

NOTES:

(2)
(3)

UNITS 1 8t 2 ARE EXISTING I=OSSIL FUEL UNITS~ UNITS 3 Et 4 ARE NUCLEAR

UNITS PRESENTLY UNDER CONSTRUCTION.

INCLUDES DILUTION WATER.
SEE F IGURE 1 FOR STAIONS AT WHICH VELOCITY IS COMPUTED.

-4-
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July 23, 1971

Broth & Root, Inc.
Post Office Box 3
Houston, Texas 77001

Attention: Mr. Carl L. 'Fick

Gentlemen:

We are pleased to submit herewith our report,
"Geohydrologic Conditions Related to the Construction of
Cooling Ponds, Florida Power & Light Company Steam Generating
Station, Turkey Point, Florida, for Brown & Root, Inc."

The scope of work undertaken was as outlined in our
initial proposal with extensions and modifications. planned in
discussions with representativeq of Brown & Root, Inc., Florida
Power & Light Company, Central and Southern Florida Flood
Control District, United States Geological Survey and. the Dade
County Water Control. During the course of the study, meetings
were held with the above mentioned agencies and organizations
at t'e Central and Southern Florida Flood Control District offices
in West Palm Beach, Florida. These m etings served to review and
discuss preliminary information and- results prepared by Dames &

Moore concerning the geohydrologic conditions related to the
proposed Turkey Point cooling pond.

At'this time, some additional analyses of the available
data have been requested. These supplementary studies Will be
presented on completion as an Addendum to this report.
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Pe appreciate the cooperation and assistance provided
us during the progress of tnis study by all of the ab'ove mentioned
agencies and all other participants. ~ Xt has been a pleasure,
performing this investigation for you. Should .you have any questions
concerning the contents of this report, please feel free to contact us.

. Very truly yours,

DAME MOORE

0

denj min V., ersons

97.
Leo M. Page

Porter-C. Knowles

BSP/L4P/PCK: ds «

~jN 2 pp
y~ wg~9,11F I Cq~ ~lg;

~4 Cr g Pp:
cf'«

t«
No.
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STATE OF
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REPORT

GEOHYDROLOGIC CONDITIONS

RELATED TO THE CONSTRUCTION OF COOLING PONDS

FLORIDA POWER & LIGHT COMPANY

STEAM GENERATING STATION .

TURKEY POINT, FLORIDA
'OR

BROWN & ROOT

INTRODUCTION

This report presents the results of our study of ground water

conditions related to the construction of cooling ponds at the Florida
'Power and Light Company Steam Generating Station at Turkey Point, Florida.

The study involved a testing program to obtain,'data on the three dimensional

aspect of th6 aquifer system in the area and included the obtaining of

information on lithology, permeabglity.', transmissibility, storage coefficient
and geophysical properties. Based on the results obtained from the testing
program and using published reports for additional background information to

define the aquifer s'stem, a mathematical model was used which was applicable

to the conditions at Turkey Point. A digital computer'rogram was developed

and used to determine the validity of the'mathematical model for the 30 square .

I

mile study area under the natural ground water conditions which existed during

the 'recent drought and under conditions of the imposed cooling pond reservoir.

Detailed analyses were made on the ground and surface water

regimes near Levee 31 and the proposed cooling pond with its associated.-

interceptor ditch. An electric analog model was constructed,'nd tested

simulating the various alternative methods of Constructing the cooling. pond

and interceptor ditch with relation to Levee 31 Borrow Canal:.

Findin s and Conclusions
1

1

==-=-Ba'sed on the recent investigation and previous work done by

Dames and Moore in this area, it appears that by pioper conqtruction of the

(I

(t

te RR pre jtCi g ',t Q 0 i P ~



S

El

l

S



cooling pond interceptor ditch and by maintaining appropriate head relationships „

I~

, between the Levee 31 Borrow Canal and the ditch, the proposed cooling facility
can be operated without causing sea water intrusion to the west of Levee 31.

I The details of, the proposed construction and operation are included in the

main part of the report.

Recommendations

The above conclusion is based on field investigation and

geohydrologic analyses both=detailed and regional in extent. The results
of the testing program and the engineering analyses indicate that although

there is some variation in the quantitative aspects of the aquifer character-
istics in the study area there is regional uniformity of lithologic and

geohydrologic conditions .

It is recommended that a monitor system be established to compare

the actual and predicted effects of the proposed facility on, the geohydrologic

regime, with particular attention to the areas'here geohydrologic control
was not obtained.

Many of the'ells that -were ins tailed during this inves tigation
can be used as part of the monitor system. It is advisable to begin making

l
periodic measurements in the near future on these wells including the obtaining
of information on ground water levels, chloride content 'and 'temperature

measurements at various depths. These data will provide background information

necessary to determine the regime of the aquifer system prior to the construe-

tion of, the proposed facility. Before final construction of the cooling pond

and interceptor ditch additional monitoring devices should, be installed in''

the critical area between the proposed ditch and Levee 31 Borrow Canal.

Special attention should be given to observe for possible piping
effects near the proposed cooling pond levee '- particularly'uring the first

e

several months of the operation of the cooling pond. A prqgram should be

established to periodically inspect the reservoir perimetex'or excessive

seepage, turbid water or other evidence of piping.

DAMP+ 4 MOO(1 Cz
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PURPOSE AND SCOPE

The purpose of this study was threefold:

1. Determine by detai.led study what would b'e the effects of
the proposed 'cooling pond facility on Levee 31 from the

standpoint of salt water intrusion and loss. of water from

Levee 31 Borrow Canal.

2. Determine the effects of the proposed cooling pond on regional
geohydrologic conditions .

3. Determine optimum methods of construction and operation of
the proposed cooling pond facility.

Plate '1, Map of Area, shows the location of the study area (about

I 30 square miles) with relation to the surrounding environment and Plate 2,
';I Plot Plan, shows the locations where field testing was done for this investiga-
it

tion. The vertical relationship of geohydrologic .conditions'is shown on
1Plate 4, Geqhydrologic Cross Section A-A, where the most complete information

was available. The detailed analyses of the ground water flow pattern near
1Levee 31 Borrow Canal and the proposed cooling pond were'ade at section B-B

(See 'Plates 9610) where the greatest decline in ground water levels was

recorded in the study area for the period of study.

Pxo'ect Staff

The following staff members within, the firm provided principal
contributions to the 'information, conclusi'ons, and recommendations

'resentedherein:

P.

S.

C.

Knowles

Ku~elian

Logic

Markham

W. Moore

S.K. Dj'ou

V. Edwards

C. Farrell
D. Gibeaut

S. Kozlowski

Senior Projects Engineer ~ {2)

Field Geologis t
Field Geologist
Senior Engineer (4)

Staff Meteorologist (5)-',

Staff Geologist (3)
. As s is tan t, Engineer

Project Engineer (4)
1

Field Geologis t
Advis ory Partner
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L. Page Senior Geologis t (1)

»/
I

-;I (1)

1»
»

~» (3)
iI
»

~ B. Persons

J. Stogner
S. Wampler

Responsible for
Responsible for

Responsible. Par tner
'taffMeteorologist (5)

Field Geologist
I

developing and executing this 'effort.
adapting digital program for use in ground water model

study of Turkey Point.
Responsible for technical calculations an'd supervision of report
preparation.

(4) Responsible for construction and calculations involved in electric
analog model studies.

'I(5) Responsible for all programming work related to ground ~ater model.

*. FIELD INVESTIGATION

The field work was begun on April 19; 1971 and completed on June

26, 1971. forty-two test holes were drilled at twenty-two separate locations
with a total fo'otage drilled of over 2200 feet. Cores were recovered from,
14 holes and are stored in core boxes on Florida Power and I,ight Company

property at Turkey Point, Florida. The locations of the test borings are shown-

on Plate 2, Plot" Plan, and the logs are included in 'Appendix F (Plates 13
'o

54). Data obtained durigg the test drilling included information on

geologic conditions, inflow test rates, 'percent core recovery, drilling rates,
E-logs, chloride contents of water obtained from different depths in the wells,
and ground water levels obtained from wells of different depths at the same

location. All field work was done under the supervision of a ground water
geologist or engineer.

Two methods, pump tests'nd inflow tests, were used to obtain data
used in'making quantitative'valuations of the'quifer parameters of permeability
transmissibility. A description of the procedures used in mking the pump

and inflow tests is included in Appendices A-3 and A-4.

. -"=—21'ESTS - Three pump tests were performed in the .study area-
two at GH-14 (GH-14A and GH-14B) and one at GH-11 (GH-llB)., The pump tests

,were run from two to four hours, during which .time the effeeIts of pumping
I

tt
I



'
t.

on the water levels in the wells essentially. reached equilibrium. The

values of transmissibility determined from the pump tests at GH-14 and

GH-11 w'ere of the same order of magnitude with higher Transmissibility
values obtained at GH-ll.

INFLOW TESTS — These tests were made on most of the test borings
that were cored and on some of the uncored holes. .The 'results of the inflow
tests were generally the same as the pump tests, — the transmissibility
values.; particularly in the depth range from 3,0 feet to 40 feet, were higher
in the southerly portion of the study area. At location GH-11 the trans- .

missibility values were obtained using both pump test and inflow test
'ethods, and were of the same order of magnitude.

ENGINEERING ANALYSIS

The engineering analysis.was separated into'two categories:

1. Regional verification of the aquifer system over a large
area (30 square miles) and covering relatively long time

periods — October 1970 to
April.1971.'2.

Detailed analysis of ground water flow patterns as affected
/

by the proposed cooling pond near Levee 31 'Borrcm Canal.

Re ional Verification — The first analysis done was the regional
verification of the aquifer system. It was considered that if the

quantitative values of aquifer parameters determined from the field
investigations could be used to predict ground water levels over

large areas it would allow for a higher confidence level to be
'lacedon the extrapolation of subsequent detailed analyses to

the'arger areas. Details of the ground water model which was used

in the regional yerification aie included in Appendix B of this
report.

Detailed Anal sis — The detailed analysis of the ground water flow
patterns in the area near the proposed cooling pond facility and

. Levee 31 Borrow Canal was made using the information on transmiss-

. ib&ity'hat,was obtained during the fiel'd investigation.
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An electric analog model was used to study the effects on the

aquifer system for various methods of constructing and operating
the proposed cooling pond facility. A detailed des crip tion of the

electric analog model is included in Appendix C of this report.

RESULTS OF INVESTIGATION

REGIONAL GEOHYDROLOGY

I

The regional geohydrology has been fully described in previous

reports on the area. Essentially th'ere are two principal aquifers in the area
-'he

Biscayne Aquifer which is a highly permeable limestone, water table aquifer
extending from the ground surface to depths of about 70 feet; and the Floridan
Aquifer which underlies the Biscayne Aquifer at considerable depth. It is

I

the shallow Biscayne Aquifer which has been considered in this report.

The Biscayne 'Aquifer has been subdivided into two principal
formations — the 1'fiami Oolite and the Fort. Thompson. In,the study area the

aquifer is capped by a muck layer which vari.es in thickness from about 1 foot
near Tallahassee Road to 4 or 5 feet near Biscayne Bay. The vertical relation-
ship of the formations is shown on Plate 4.

The ground water flow regime in the study area varies throughout
i

the year. During times of high ground water level (end of rainy season, about

October) the ground water basin is nearly full, the general slope of the ground
t

water surface is toward Biscayne Bay and there is considerable discharge of
fresh ground water into the Bay causing a decrease of salinity content of
waters in the Bay..

During times of low ground water levels (generally near the end

;of >iay) the ground water levels inland can be drawn below sea level due to

the high natural rates of evapotranspiration, and sea water intrusion occurs.

During the drought conditions which existed between January and June 1971

the wedge of saline water had moved inland a considerable distance. On
P

Plate 4 are shown the chloride contents of wells which had been drilled and
I

sampled duri.ng this investigation — the 16,000 part per million isochlor
was'oun'd at a depth of 40 feet at a distance of more than one half mi'le west

of Levee 31. During the drought the high evaporation rate from Biscayne Bay

I





and the lack of fresh water recharge caused an increase of chloride content
of Bay water to over 28,000 parts per million, which is more than 1.4 times

that of natural sea water. It can be expected that normal rainfall conditions
I

in the rainy season will cause the wedge of highly saline water to be moved

seaward and the discharge 'of surface and ground waters into Biscayne Bay

will cause the chloride content to decrease to less than 20,000 parts per I

million.
lAll the local water that recharges the Biscayne Aquifer is derived

from local rainfall which averages about 60 inches per year. Of the 60 inches,
it is estimated that about 22 inches is dischar'ged by evaporation and surface
runoff without reaching the water table, and 38 inches reaches the water table.
Of this 38 inches, about 20 inches is discharged as ground water flow towards

and into Biscayne Bay, and 18 inches is discharged by evaporation of ground

water and by pumping from wells.

In the study area there is no ground. water pumpage for irrigation
and all outflow is from ev'apotransporation and effluent flow to canals and

the Bay. The inflow to the aquifer system is" from rainfall, influent flow
from canals during certain conditions', sea water intrusion, and since the

area is a ground water discharge area,'here is a component'f ground water
inflow from depth in the Biscayne Aquifer.

Samples of water were obtained from most of'the test wells drilled,
generally at depth intervals of 10 feet for the entire'epth of the hole.

I

Samples of water were also obtained periodically of surface water at select
locations in the study area as shown on Plate 2, Plot Plan. The samples of
water from wells and the surface water sampling locations were tested for

- chloride content using a conductivity measuring cell. The tabulation of data

for chloride content of waters is'hown on Table 3 with details on the

sampling procedure included, in Appendix A-5. ~

.





DETAILED GEOHYDROLOGY

The following geohydrologic conditions were observed during

the recent inves tigation:

1. There is regional uniformity of geologic conditions in the

arep. The sequence and depth range of formations that were

generally encountered included:

0-5' Huck

5-12
'2-40

'0-50'0-70'Hami

Oolite
Fort Thompson — Void Zone — low core

recovery, high permeability
Fort Thompson — high core recovery, lower

permeability
Fort Thompson — zones of low to moderate core

recovery, moderate to high permeability

2. In northerly portion of study area the upper void zone (depth

range 12 feet to 40 feet) is not as well developed as in the

southerly portion and the transmissibility of the zone is lower.

3. Zone of extremely high chlorides (>20000 parts per million)
of gro'und water — equal to or greater than chloride content

of normal sea water — extends more than 1 mile west of

Biscayne Bay.

3 (a) Wedge of saline ground water (in excess .of 16000 parts

per million chlorides) encountered in test „borings over

one half mile west of the Levee 31 Borrow Canal (See Plate 3,

Geohydrology Section).

3 (b) None of the ground water or surface water ~~hich was tested

in the study area contained less than one thousand parts

per million chloride ion. This water would:be unsuitable for
r ~

use on most crops, and is-well above the U.S. Public Health

Drinking Water Standard of 250 parts per million.
~ ~

3 (c) The soil profile in the upper 5 ta 10 feet depth range

throughout most of the study korea consists, of several feet
fl





of muck and peat overlying solutionized limestone. With
this'oil

profile there would be a potential for piping to develop

under the conditions of abnormally high hydraulic gradients

on muck and peat overlying solutionized limestone. With this .

soil profile there would be a potential for piping to develop

under the conditions of abnormally high hydraulic gradients

which would exist with a raised cooling pond. Piping,
which is the removal of fine particles by erosion from a

soil mass, would .be most apt to develop near the edges of
the proposed cooling pond embankment levees. The adverse

effects of piping would be: . excessive shallow seepage from

the reservoir, difficulty in maintaining water levels in the

reservoir, and in extreme conditions — embankment failure.
The condition can be prevented from becoming a serious

problem by maintaining a surveillance program to detect
'videnceof incipient piping. ~ If the condition is detected

\

in the early stages, it can be corrected by:

~ fe

~ ~

1. Constructing an impermeable membrane such as a

bentonite blanket on the reservoir side of the

levee.

2. Construction of filter blankets and relief
ditches or wells on the downstream side of the

levee.

Based on the results of the investigation the Biscayne Aquifer has

been subdivided into the following geohydrologic zones:

Transmissibility
De th 'ormation GPD/FT

Storage

Coefficient

0-12

12-40 I

Il
40 70

I'uck, Miami Oolite
Fort Thompson(void Zone)

Fort Thompson(Less Permeable Zone)

20 $000.

3 >000 >000.

1>000 >000.

0. 35

0.35

0.20
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GROUND WATER MODEL — REGIONAL VERIFICATION
I',,

The above data on transmissibility and storage .coefficient. were
l,

)I
used as part of the basic input to the computer pxogram that was used to-

'~ verify the mathematical model of the study area. The study area was sub-
I

l
'ivided into 35 separate nodes as shown on Plate 5, Plan of Nodal Layout. The .

~ long narrow nodes represent canals and the larger squares and polygons represent
the ad),acent land areas. Ground water contour maps were obtained from

Dade County Water Control for the periods October 1970, January 1971 and

j
April 1971 (Plates 6, 7 and 8.)

The computer was given a starting set of historic ground water

elevations for each node for the time January 1971 (Plate 7). Using the

values of transmissibility and storage coefficient previously listed and the

estimated amount of surface flow into or out of each node for the period

January to April 1971 the computer generates a.set of values of ground water

levels for each node for time April 1971. If the computed set of ground water'

levels for April 1971 is in close agreement with the measured historic ground

wate'r levels as shown on Plate 8, then the model can be considered to be

verified.

Table 4 is a computer printout sheet showing a list of generated

water levels (designated as H) for April 1971, and the historic measured

ground water levels for each node which are designated as HH. A comparison

of H and HH values on Table 4 shows that most of the generated values are
I

within 0.1 feet or 0.2 feet of the measured historic water levels. Considering

that the total range in fluctuation 'of ground water levels at the nodes

in the study area averaged about 0.8 feet between January and April 1971

d.t appears that the values of the parameters and other input used in the
I

computer run were of the right order of magnitude.
I

GROUND WATER MODEL — EFFECTS OF COOLING POND WITHOUT INTERCEPTOR DITCH'CONTROL

With proper design of the cooling pond facility, the seepage from

the pond would be picked up by the interceptor ditch as shown by the
1

result~f. the. electric analog model studi:es. However,, it was considered

advisable to evaluate the effects on the regional ground water regime if
a small portion of the cooling pond seepage was not intercepted. The digital

I

progxam was used to model the effects of this condition.
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In order to impose this condition on the giound water model, nodes
, ji

814 and //9 were considered to be the area of the cooling pond. It was

assumed that a subsurface flow of 2 gallons per minute per linear foot of
pond levee went past the interceptor ditch foi the ground water conditions

t

'hich existed from January to April 1971.
I

The regional effects of the'ooling pond'at nodes -8'l4 and 8<9, and

the seepage past the interceptor ditch, are shown in Table 5, Computer Printout
Sheet.: The sisntftcent effects were:

I

I 1. Effluent flow (QS) which developed in nodes adjacent to
nodes /r'14 and Pi9.

2. EU.se in ground water level of the nodes in the study area.

~;
~ '

t

! in the study area was more than one half foot.
l

i
The results of the ground water model study with the cooling pond

I

imposed on the system are indicative of what the qualitative effects- on the

regional ground water regime would be i.f proper interceptor'ditch control was

not attained. The quantitative information if probably of the right order

of magnitude.

ELECTRIC ANALOG MODEL

The effluent flow amounted to about 80 cubic feet per secon'd, mostly occurring
1

in canal nodes 4, 8, 13 and 19; and the rise in ground water level of the nodes

Based on previous studies and the present field investigation,. it
I

appears. that it would be possible to construct the proposed cooling pond and

associated interceptor ditch, and operate it in such a way 'that there would

not be an adverse effect on the Levee 31 Borrow Canal and/or the regional
geohydrologic,conditions. The e'lectric analog model provided a method of
making detailed studies of the effects on the ambient groun'd water flow regime

of various alternative methods. of constructing and operating the proposed

cooling pond facility.
\

Essentially the analog model is a scaled geohydrologic cross section
e \

correspanding. to the aquifer system in the cr'itical area between the Levee 31
s

Borrow Canal and the proposed interceptor ditch..The model was used to
I

generate the approximate configuration of equipotential lines fr'om which it
I

l
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I ~

was possible to determine if salt water intrusion would develop from cooling
pond seepage —or'if there would be excessive loss of fresh water recharge

I from the Levee 31 Borrow Canal. ~

I
I The following conditions have been'simulated in the electric analog

study of the.proposed cooling pond, interceptor ditch and Levee 31 Borrow Canal:
t

Dis tance from Water Elevation Water Elevation Water Elevation
L31 Canal to Ditch I;31 Canal (HSL) Ditch (MSL), West of L31 (HSL)soo'0.3 -5.0 -0 'k

soo'oo'oo'oo'000

1000'000'QQ'

-0.3
-0.

3'0.3

+1. 3

-0.3
-0.3
+1. 3

+l. 3

-3. 0

-2.0
-1..0

0.0
0.0

-4.0
-0;3
-3;0

-0.5 (Plate 9-I)*
-p,5*
-p,s*A
+l. 5*

-0.5 (Plate 9-II)~*
.-0.5 (Plate 9-III)'".
-0.5 (Plate 10-I)*
+1.5 (Plate 10-II)~:

~: No salt water intrusion
*< Salt water intrusion occurs

Plates 9 'and 10 show the equipotential lines that would develop for
various conditions listed above.- On Plate 9-II is shown the condition when

salt water intrusion would occur - the equipotential lines from the cooling pond

extend to the west under Levee 31. Plates 9-I, 9-III, 10-I'nd 10-.II show the

equipot'ential lines when no salt water intrusion. occurs. Under these conditions
I

a subsurface divide occurs where the equipotential lines from the west meet

the equipotential lines from the cooling pond and no horizontal ground water
flow would occur in either direction at this location.

On Plate 10-.I are shown the equipotential lines that would develop

if recharge water was used to raise the water level in the ~vee 31 Borrow

Canal to Elevation +1.3 (>iSL). Based on a flow net analysis for this condition
it can be seen that the outflow of fresh water from the Borrow Canal to the

interceptor ditch would be negligible. The flow lines from the Borrow Canal to
the east possibly. would discharge to some extent at the gro'und surface through

I ~

i the upper impermeable zone. Under the recharge condition s(:own on Plate 10-1:
I
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the shallow seepage from the Levee 31 Borrow Canal to.the ground surface would

develop even if the cooling and interceptor ditch were not constructed.

Based on the results of the electric analog analyses it appears

that salt water intrusion could be controlled by using any one of the several
alternatives listed above, ~here salt water intrusion would not occur. The

natural ground water levels used in the e'lectric analog model study occurred
during the drought of 1971 and from 'this standpoint> the analyses can be

considered to be con'servative. However, the values of permeability used were

average values in each of the three layers used in the model, and in view
'

of the fact that there are large variations between maximum and average values

of permeability of the formations in the Biscayne Aquifer, the results of the

analog model study should be used conservatively.

SECTARY

It is possible to construct 'and operate a raised cooling pond

within 500 feet of the Levee 31 Borrow Canal without causing serious salt
water intrus~n by maintaining certain head differentials between the water
levels in the Canal and in the ditch. For the extreme ground water conditions
which existed in Hay 1971 one favorable scheme would be to construct'an
interceptor, ditch 19 feet deep and operate at a pumping water level elevation
of -3.0 feet, 1fean Sea Level, as shown on Plate 9-I.

II It may be difficult to insure that the conditions for maintaining
the required pumping level in the ditch can be attained during adverse

conditions such as hurricanes and power shortage. If this critical head

relationship is disrupted for long periods of time such as several ~~eeks—

serious salt water intrusion could occur;

III A monitor system should be established to make it possible to detect
excessive seepage conditions which could develop. The monitor system would

include wells installed in critical areas. The. wells would be checked

periodically for. ground water levels,-ground water quality ~d temperature.

IV In view of the potential for a-condition of piping<to develop, special
1

precautions should be, taken to observe for the development of this condition.
Remedial measures such as use of bentonite membrane. of the water side of the

cooling pond near the dike; relief ditches and/or wells with, filter blanket
I

on the discharge side of the Levee, should be considered.
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APPENDIX A

FIELD INVESTIGATION

t1

~

1. GENERAL

I

The field ivdstigation was performed in order to obtain qualitative
and quantitative information "on the three dimensional aspect of geohydrologic
conditions in the study area. The work includqs test drilling, pump tests,
inflow tests, water quality sampling of surface and ground waters, and

obtaining E-logs of the test borings.

~ I

I

The field program was conducted under the technical direction and

supervision of Dames & Moore Engineering Geologists, Hydrologists and Soil
Mechanics Engineers. The investigation was coordinated with and reviewed

by representati'ves of Brown and Root, Central and Southern Flarida Flood

~
Control District, Dade County hater Control and the United States Geological
Survey, as the work progressed.

Many of 'the test borings drilled during the recent and previous
investigations by Dames 6 Moore can be used as part of the permanent monitor
system which willbe established. The monitor system will be .used to obtain
detailed information of the natural variations of the geohydrologic regime

and to determine the effects of the proposed cooling pond facility after it
is in operation.

2. DRILLING

The subsurface conditions in the study area were explored by drilling
forty-two.borin'gs at tw'enty-two locations; Bore hole depths ranged- from

fifteen to eighty feet with a total footage of two thousand two hundred thirty
seven feet (2,237). Information was obtained at each boring on subsurface.
materials and rock, by utilizing one or more of the following techniques:

Visual logging of rock and soil 'cuttings, examination of core recovery,
recordi'ng of drilling rates, inflow tests to determine transmissibility of
specific strata during drilling, electric logs, chlorinity determinations and

three'ump tests at two locations to further define aquifer transmissibility.
I

n
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Nine drilling locations were on fillmaterial composed of limestone

~

and coral rubble. The remaining twelve locations were on muck under
semi-dry'I

mangrove swamp conditions. Some borings in specific well clusters were

~~
utilized as point piezome'ters, generally at a.depth, of sixty feet.

I(

Allborings 'were drilled 'by. Geotechnical, Enc., of Lakeland and

Miami, Florida under Qe supervision of one .of our ground water geologists
or engineers. Boring locations on fillmaterial were drilled with a trailer-
mounted, rotary'igs. Drilling in the swamp areas was accomplished by mounting

I

', rotary rigs on Pochets, a mobile, pontoon mounted platform designed for.-rig
mobility in swampy areas.

The logs 'of borings are listed in Appendix F, Plates 13-54.

3. PUMP TESTS

iI

~ I

The rpain objective of the pump test program was to obtain information
on the transmissibility of the'quifer to a depth of 70 feet. The original
plan was to drill two'umping wells at each location — one to a depth of 70

feet and the. other to a depth of'0 feet. The'.wells were to be cased to a,

depth of about 15. feet with 8 inch diameter casing, and drilled 'open hole,
6 inch diameter, to the bottom. Separate pump tests were to be made at the

two wells of different depth at both pump sites and the transmissibility values

of the 40 foot wel'ls could. be subtracted from the transmissibility values of
the 70 foot wells. Because of the drilling conditions — material caving into
the hole - it was not possible to maintai'n open hole to a depth of 70 feet at

any of the pump test sites.

The three sites developed- for pumping tests GH-11, GH-14 and CH 16,*

are shown on Plate 2, Plot Plan'. 'Pump tests were made at two locations GH-ll

hnd GH-14 and based on the results of 'these tes'ts it was not con'sidered-

necessary to run the pump test at GH-16..

The locations of the pumping wells and observation wells at GH-11

and GH-14 are shown on Plates 3-A and 3-B. The procedure for conducting the

tests was simila'r at both locations.'utomatic water level recorders were

installed on observation wells at both locations prior to the start of the

pumping tests, and left in place after the completion of the test. This
was'one'n

order to screen out the fluctuatiohs in ground 'water level caused
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,,:by natural conditions such as tide and rainfall. Mater levels were measured =

.,> periodically in all the observation wells and the pumping wells by tape,
',, electric sounder, or automatic water level recorder. The manual measurements

r

I! were continued throughout the pumping phase for several hours and during the
~~. recovery phase. Pertinent .data obtained during the pump tests are tabulated
l'n the Appendix (Tables 1-A, 1-B and 1-C). At GH;14 the chloride content
;"; of water from the wells was measured before, during and after the pump test
]i

(See Table '2).
I

At GH-14 two pump tests were run — one at GH-14 A for 4 hours and the
I

, other at GH-14 B for 2 hours. The drawdown in the pumping wells for both'tests
was about 3 feet while pumping at a rate- of about 1380 gallons per minute. *

The ground water. levels at this location were definitely affected by tidal
Ifluctuation which was shown on'he hydrograph from the automatic water, level-

recorder.

At GH-ll one pump test was made on well GH-ll B for a period of 4

hours. The mare.mum drawdown in the pumping well was about 1 foot while
pumping at a rate of 1380 gallons .per minute. 'here was no observable tidal
effect at site GH-11.

The pump tests. were useful as a source of information on the
transmissibility values of the portions of the aquifer that were tes'ted-
from about.l5 feet to 50 feet in depth..The values of transmissibility that
were obtained'rom the pump tests were about 3 000 000 gallons per day per foot

-Iat GH-ll and about 1,000,000 to 1,500,000 gallons per day per foot at GH-14.
The estima'tes of transmissibility for the aquifer from 50 feet to 70 feet
depth are based on inflow tests in the various test borings. ''

4. INFr.OW TESTS

Inflow tests were performed on most of the
cored and on some of the uncored holes. The data on

on inflow tests are indicated on the logs of borings
report.

test, holes that were

transmissibility based

in Appdndix F of this

1
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The general procedure for making an inflow test was as follows:

1. The test hole of known diameter was drilled to a depth of 5

feet to 10 feet, without casing i,f this was possible.

2. The static ground water level in the test hole was measured.

3. The drill rods were inserted in the test hole so that the bottom

of the rods was about one foot above the bottom of the hole.

4. Water was put into the test hole through the drill rods at a

measured rate of flow for a period of 10 minutes or more — when

the rate of change of water level was very slow'. The water level *

in the test boring was measured'with an electric sounder during

the period of inflow.

5. The inflow of water to the test hole was shut off and the static
Mater level was 'again measured. I

W

I

The casing was then installed in the depth interval where the inflow
'i test had been performed and the hole was drilled to a depth of 5 feet or more
I

~'. below the casing. Observations were mhde of drilling water return after the

~

cas ng was ns a e'asing was installed to determine if the casing had formed an effective seal.

j The uncased portion of the test boring was then tested using measured

i'uantities of inflow and obtaining static and inflow water levels as descrioed
l
'. above. Plate 11 shows a typical setup for an inflow test including casing, *

'i
', open hole static and inflow water levels.
I

The entire depth of the cored test borings was tested in this manner,

by alternately driving casing and testing, the uncased portion of the
hole'elow

the casing. The. casing was driven in stages, generally to depths of
about 40 feet.'n the uncored borings the casing was installed. xn the upper

~

10 feet to 15 feet of the hole and the inflow.tests were generally made at
i;)'0 feet to 20 feet depth intervals below the casing — to the. bottom of the

;
hole.

By measuring the rise in water level for the known. rate of inflow
it is possible to determine the specific capacity for the depth interval tested.

)I

,', This value of specific capacity i<as used together ti~ith the length of tim, of
I

.', the test, to determine transmissibility da'ta for the various zones. The

~ ~
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jnformation obtained on transmissibility based on inflow tests is of limited
accuracy but it is very useful in determining major changes of transmissibility
with depth.. It is probable that the transmissibility values which were based

inflow tests are of the right order of magnitude.

5. MATER UALITY SPJPLING
'ne

of the more important aspects of the geohydrologic regime is
the natural variation in quality of surface and ground waters. Based on

previous studies of geologic and hydrologic conditions in the Biscayne Aquifer
of southeast Florida a considerable amount of information is available
concerning the general relationship between fresh water and salt water.
During the recent investigation a sampling program was carried out that made

it possible to delineate the extent of sea water intrusion in portions of the
. study area, and to determine the chlorinity of surface waters which existed
, 'during the extreme drought conditions .of 1971.

The sampling of ground waters to determine chloride content was

,, done on most of the test borings drilled. Two types of casing were installed,
perforated and unperforated, in order to obtain information on the variation
of ground water quality with depth at various locations in the study area.

', The perforated casings were installed to depths of about 40 feet with the
I

perforations extending the entire length. The ground water levels in the, '

unperforated casings is generally within a foot of the ground surface.
'Ground water samples were obtained from both perforated and unperforated
j casings at 10 foot depth intervals using the Foerst Water Sampler.

Surface water samples were periodically .taken at the. intake structure
]j on Biscayne Bay, the Grand Canal, Card Sound Canal and the Levee 31 Borrow

Canal during the investigation. The samples were taken at the surface and at
;,several intervening depths to the bot'tom of the channel using the. Foerst

," Sampler.

Conductivity measurements of the water samples were made in the
field to determine salinity and chloride contents. Some of the water samples

'ere also tested for chloride content using the Mercuric Nitrate method to
8 ~

. determine the accuracy of the field determinations.
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A tabulation of the chlorinity data for surface and ground waters

as determined during the recent investigation is shown on Table 3. The

~~j) Qride content of surf ace waters from the intake s tructure, the Grand

and Card Sound Canal was considerably in excess of normal sea water

which contains about 20,000 parts per million. The zone of sea water intrusion
in the ground water basin had reached a'oint more than one half mile inland

from the Levee 31 Borrow Canal as shown by the 16,000 part per million
jsochlor on Plate 3, . Gedhydrologic Section. The chloride content of ground

water was equal to, or greater than, the normal chloride content of sea water

at test borings GH-S, GH-10 and GH-14,'which are at distances of more than

a mile inland from Biscayne Bay.

l

l

The program of monitoring surface and ground water quality which was

begun during the recent investigation should be continued in the coming months

in order to determine the effects of various climatic conditions on, the natural
variation of water quality in the study area.

6. ELECTRIC LOGS

Spontaneous potential and resistivity logs were performed in many

borings under. the supervision of one of our ground water geologist or engineers.
These logs were made with a Video Portalogger utilizing standard geophysical

'echniques to obtain spontaneous potential and resistivity readings on a

continuous recorder. The electric logs were analyzed in the field and in our

i Atlanta Office for correlation pruposes in determining physical parameters of the
~ materials encountered. The resistivity logs have been presented on the Log
I'f Borings, Plates 13 to, 54.
I

)I Prioi to the running of an electric log, the borings. were sounded

to determine the depth of open hole in the boring and to determine the general
condition of the open hole. Continuous recording of the spontaneous potential

. and resistivity utilizing appropriate scales, were made from the bottom of the
open hole to the ground surface or bottom of casing. In come. cases, borings
were cased for ten'o fifteen feet to prevent caving of the soft upper soils
which prevents electric log iecording in this zone. In other cases, loose

- and/or soft materials from the highly transmissible void zones caused caving.
'problems in the boring and prevenrted electric logging of the original drilled
.dearth.

~ W
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The spontaneous potential and resistivity curves were utilized
to provide another correlative tool in the determination of the physical
parameters of the aquifer system. Electric curves performed on cored and

uncored borings were analyzed to provide an indication of rock characteristics
and changes in lithology.





APPENDIX B

GROUND MATER YODEL

INTRODUCTIO-l

A thirty square mile area near Turkey Point, Florida was studied
from a geohydrologic standpoint using a

digital computer. The digital computer

patterned after a proven model from the

mathematical model programm d on a

application used at Turkey Point is
State of California, Department of

Mater Resources developed for the Chino Ground Mater Basin in Orange County,
California and modified by Santa Clara County. Flood Control and Mater District.
The program was revised by Dames & Moore to make it applicable for-the
conditions vhich exist at Turkey Point, Florida.

MATHEMATICALBASIS
I

The formulation of a mathematical model requires simplicication of
the elements. of the ground water basin, yet it must correspond to the basic
hudraulic properties of the aquifer system. The reliability'f the model is

4y

also dependent on -the geologic and hydrologic input data to the mathematical
model,

The continuity equation and Darcy's equation were used to establish
a generalized ground water equation which defines storage and ground water
movement of any unit area in the saturated zone. 1

I~ Continuity equation: Net subsurface flow + net surface flow change

in storage

Darcy's equation:
I

Quantity of subsurface flow equals. transmissibility
'I

times vidth of flow path times hydraulic gradient

Q=TJI = YAH

For a branch connecting node "n" to node "i", the'ubsurface flov
.. in direction from "i" to "n" will be equal to Y (H. - H ),'. The netni i

n'ubsurfaceflow from all the branches surrounding the node ."n" willbe equal
Z iY (H. — H ) ~ A typical layout shoving the arrangement of nodes cann i i n

be seen in Plate 12-I.
I

If the water levels at node "n" changed from HO at the beginning ton
H 'at the end of time interval (Delta), the rate of storage change will be



I
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AS (H -HO ) /Delta, where AS is the nodal capacitance. The continuity.n n n n
equation can be written as 2 iY . (Hi-H ) +'Q =AS (H -HO )/Delta, for whichn,i i n n n n n
the water level elevations H, are to be solved. This relationship is presented"
in schematic form in Plate 12-II.

A definition of the 'terms used above is as ~ follows:

Q ~ Quantity of flow in gallons per day

T ~ Transmissibili ty in gallons per day per foot
J ~ Width of flow path
I =

an,i

H

H
n

AQn
1

PROCEDURE FOR

Gradi'ent along flow.path
Conductance factor at midpoint in flow path in acre-feet per year
per foot width of aquifer between nodes "n" and "i,".
Difference in elevation between 'midpoints of nodes on flow path
Water elevation in feet (HSL) at node "i"
Water elevation in feet .(HSL) at node "n"

Net external flow rate in node "n"

i~fODELING

The general approach to modeling is as follows:

Set up a nodal pattern for the study area considering geology,
'ydrologyand topography. The distance between. two adjacent

nodes,'epresents

the length of the flow path, 'and the polygon side
common to the two nodes represents width of- flow path.

2.

3 ~

Establi'sh storage'factors (area in acres times storage coefficient
for each nodal polygon, and conductance factors (transmissibility
times width of flow path divided by length) of each flow path.

Establish a time'eriod for verification (October 1970 to
April 1971) and also a unit duration (three month period) for the
s tudy.

4.

5.

Establish histor'ical surface inflow and outflow data and estimate
subsurface inflcws and outflows for each unit time duration, '

Establish change's in ground water stora'ge i'n each unit duration,
check hydrologic balance.
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i
I

6. „Using the above data as input to the computer program the

computer generates water level elevations for each node for a
I

given time period. The generated water level elevations are
compared with historic measured water level elevations for each

node for the given time period as a.measure of verification.
I

i~rECHANICS OF PROGRAM

The period of study is divided into intervals called "TltK", and

each TltE interval is further divided into subintervals called "DELTA", the
time integration step.

The Turkey Point study area is divided into 35 nodes and there will
be 35 equations and 35 H's as unknowns. These equations aie solved
simultaneously for each integration time step. DELTA. Using estimated values
of storage factor, conductance factor, source flow rates and historical
water elevations (HH), together with the physical characteristics of the

ti

basin as in'put data, all the node to node subsurface flows and the change of
storage flow are calculated. Then the subsurface flows, source flow rates

l and change of storage flows are balanced at each node by setting their sum

equal to the residual term. Mater level elevation at the node is then adjusted
using a relaxation technique.

All nodes have a limiting water elevation above which the water level;
I will cease to rise. If a node has its water level fixed at'he 1fmiting

elevation because of this condition it is sai.d to be clamped. If a node is
Ij

clamped there will be no storage change at the node and the excess of net
inflow over net cutflow wi1 1 appear as surface f1 ow. At su'ch a node the
residual flow is converted to surface flow and the residue is set'o zero.

II
~ g

PROGRAiM FOP. TURKEY POINT
I

For the Turkey Point s tudy there were two conditi4ns that made the
'l modeling effort more difficult than usual:

l
ll

i 1. The'lack of data on surface inflow and outf lot~ of the study area.
'.

The lack of detailed information on 'ground water levels through-
out the study aiea. The information obtainedr'rom Dade County

C. >l'iWJ I O~ 4 <w'i 0 Q )1 e
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I

Mater Control was the basis for the ground water contour maps but
in a considerable portion of the area there'were no data available
and the- ground water contours were based on estimates.

The effect of the lack of information on surface inflow and outflow

was decreased by selecting a period of study during the drought conditions of
]971 when inflow and outflow were at a minimum. The observation wells installed
during. the recent investigations can be used as a source of ground water level
information to determine more'ccurately the shape of the ground water

surface for past and future ground water studi'es of the area.

Based on the field investigations at Turkey Point the aquifer syste'

was divided vertically into three main layers:

0 — 12 feet, Much & Miami Oolite, relatively impermeable

12 — 40 feet, Ft. Thompson (void zone), very high permeability
"

40 — 70 feet, Ft. Thompson, high permeability
The digital program was designed so that the aquifer system could be tested as,

l.
a three layer model. The values of trpnsmissibility were based on inflow and

. pump "test data obtained during the recent field work. Storage coefficients that,
', were used in the first computer runs were obtained from previous studies of
-,the Biscayne Aquifer and were subsequently changed based on the results of the

; computer runs.

Another feature of the digital program that was useful in the
'urkey Point study was the capability of the program to be used to obtain
I

information on effluent ground water flow. This feature was particularly
useful when the model was used t'o test the effects of the proposed cooling pond

- reservoir on the regional geohydrologic conditions.

The main objective in using the ground water model:was to test on a
C

«g<onal basis; for lorig periods of time, the accuracy of the values used for
I

]or parameters of the aquifer system including transmissibility, "storage
coefficient, surface flow in and out of'study area, and water balance. Based

I

th«esult's obtained from the modeling study it is concluded that the values
used a«of the right order of magnitude. Wi;th additio'nal work it would be

~""s<b>e to'use the model to determine the effects of various schemes of recharge
~ ~'"- ",,'<<h«awal on the regional geohydrologic regime.



APPENDIX C

ELECTRIC ANALOG MODEL

The electric analog model consists essentially of thin sheets of
'electrical conducting paper in which an electrical current flow pattern is set

up y means oans of suitably attached and energized electrodes. The resultant
potential drop pattern established by the current flow is detected and marked

directly on the paper by means -of a searching stylus used in con)unction with
a highly sensitive detecting instrument.

The model permits the direct visual plotting of an approximation of
the two dimensional pattern of the equipotential lines in'the ground water flow

regime near Levee 31 Borrow Canal and the proposed cooling pond facility. The

definition of ground water equipotential lines makes it possible to obtain
information of the effects of the proposed cooling pond on the aquifer system.

The model used at Turkey Point was prepared as follows:

l,

j i'

~

2.

3.

A geohydrologic cross section, similar to Plate 3, was drawn to
scale. The section.was transformed to allow for a ratio of
horizontal to vertical permeability of 9 to

l.'ayers

of electrical paper of different conductivities were used .

to simulate the three zones of varying permeabilities shown on

Plate 3. The least conductive paper was used for the top and

bottom layers of the aquifer system, and the most conductive paper

was used to correspond to the highly permeable middle zone. The

ratio of the le'ast conductive paper'o the most conductive paper
I

~for most of the modeling was 1 to 4.5 and several tests were made

with a ratio of 1 to 18 and 1 to 36.
P

Four main control points were used on the section to apply vol>age
I

differentials to the model:

(a) Cooling pond, at Elevation +7.3. feet (MSI,)

(b) Interceptor ditch at Elevations +0.3 to -',5.0 feet (MSL)

"(c) L-31 Borrow Canal, at Elevations -0.3 to i.3 feet (MSL)

(d) Area west of L-31, at Elevations'0.5 to 1.5 feet (MSL)
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I

4. The ground water surface between the main control points was
I

'imulated by painting in sections with silver conducting aint.

levels used in stressing the model correspond to historic water levels. in
Levee 31 Borrow Canal and the area to the west, and various proposed pumping

levels in the interceptor ditch. A tabulation of various conditions
for which the model was tested is shown on page 12 of the text. On Plates
9 and 10 are shown cross sections of various conditions that were studied with
the electric analog model.

C

The results of the electric analog model studies were useful in
determining the general 'configuration of the equipotential lines and the

subsurface hydraulic divides of the ground water basin in the study area. The

monitor well system which will be installed-in the area can be used to
accurately,-determine the geohydrologic conditions.

P
I
l

The model was tested using a spacing of 40 feet between the toe of
the cooling pond levee and the interceptor ditch, and distances of 500 feet

3000 feet between cooling pond and Levee.'31 Borrow Canal.,The water

I
C





APPENDIX D

PARTICI PANTS

A encies Contacted

United States Geological Survey

Location

Miami, Florida

Persons Contacted

Mr. Klein
~ .Mr. Meyer

Mr. Appel

Central and Southern Florida
Flood Control District

West Palm Beach, Mr. Storch
Florida Mr. Taylor

Mr. Walker

Dade County Water Control Miami, Florida Mr. Parks

Mr. Brooks

University of Miami

School of- Marine and

Atmospheric Sciences

Miami, Florida Dr. I. Tabb

Dr. M. Roessler

United S tates Dep ar tmen t
of Agriculture,.Soil
Conservation Service

Homestead, Florida Dr. Dalton.
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APPENDIX E

REFE~1CES

Brown and Root', Inc., Report on Turkey Point Pilot Reservoir

Study for the Florida Power and Light Company

Dade County Mater Control, ground water base map and contour

maps for October 1970, January 1971 and'pril 1971

3.= Dames 6 Moore, Report on Environm ntal Studies for Proposed Nuclear

Power Units, Turkey Point, Plorida for the Plorida Power and Light .

Company

4. Florida Geolo ical Surve , Report of Inv'estigation No. 17, "Biscayne

Aquifer of Dade and Broward Counties, Florida".

5. Florida Geological Survey, Report of Investigation No. 24, Part 1,

"Hydrologic Conditions in the vicinity of Levee 30, Northern Dade

County, Florida".

6. Florida Geol~oical Su~rveRep,ort oi Investigation No. 36, "Hydrology

of tne Biscayne Aquifer in the Pompano Beach Area Boward County,
Florida".'.

Illinois State Wat~er Surya , Bulletin 49, "Selected Analytical Methods
l

j II

f ~

jf
I

i" l
„~

~ 1 '-.
f

I

for Mell and Aquifer Evaluation".

8. Journal of Geo h sical Research, "Cyclic Plow of Salt Mater in the

Biscayna Aquifer of Southeastern P1.orida", Volume 65, Number 7.

County, Califor'nia, Unpublished report, "Tha Ground Mater Model".

9. Santa Clara C~ount Flood Control and Water'District, Santa Cla

ra'0.

United States Geol~o ical Surya~ Water,Supply Paper 1255, '%later

Resources of Southeastern Florida".

University of Miami~ School of Marine and Atmos heric Sciences, ",

S'alinity data for Biscayne Bay (1963 to 1971) rainfall data and

ground water levels at Homestead, Florida.

~
*
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TABLE la

Drawdown on

(not subject

Date - 6/17/71

Pump Capacity - 1386 gpm

Pumped Well GH 11B

to tidal influence)

TINE
1013:20

1412:20

ELAPSED TBK (MIN)
0

1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
6.0
7.0
8.0
9.0

15.0
20 .0
30.0
35.0
40 .0
45.0
50.0
55.0
60.0
80.0

100 .0
120 .0

'180.0
240 .0

RECOVERY

0.5
1.0
1.5
3.0
3.5
4.0

- 7.0
9.0

11.0
12.5
13.0
14. 5
16.0
23.5

DRAPED OMNL

0.00
0.50
0.92
1.00
0.83
0.88
0.90
0.85
0.90
0.88
0.92
0.94
0.92
0.94
0.94
1.02

. 0.81
0.83
0.92
0.92
0.98
0.96
0.92
0.92
0.96
0.96
0.96
0.96

-0 .04
-0 .04
:0 .04
-0.08
-0 .08
-0.08
-0 .04
.-0 .04
-0.02
-0.04
-0 .04
-0 .02
-0.02
-0.02

(FT
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TABLE lb

Date - 6/18/71

Drawdown on

(subject to

Pumped Well 14A

tidal influence)

Pump Capacity - 1386 gpm

TIl'K
0959:00 .

1404:45

ELAPSED TPK (MIN
0

0.5
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0

10 .0
15.0
20.0
30.0
35.0
40.0
45.0
50.0
55.0
60.0'0.0

100.0
120.0
150.0
180.0
240.0

RECOVERY
0.5
1.5
2.0 ~

3.0
3.5
4.0
4.5
5.5

10 .0
15.0
20 .0

DRAWDOWN

0.00
3.00
2.96
2.92
3.04
3.08
3.14
3.06
3 .00
3.00
3.14
3'. 14
3. 16
3. 18
3. 16
3.23
3. 13
3. 19
3.21
3;16'.16
3.16
3. 16
3.25
3.29
3.33

0.46
0.37
0.44
0.27
0.25
0.25
0.25
0.25
0.21
0.21

- 0.21

(FT
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TABLE'lc

Drawdown on

(subject to

Date - 6/18/71

Pump Capacity - 1386 gpm

Pumped Well 14B

tidal influence)

TPK
1500:50

1705:20

ELAPSED TIME iIN
0.0
1.0
2.0
3.0
4.0
5.0

10.0
15.0
20.0
25.0
30.0
35.0
40.0
45.0
'0.0
55.0
60 .0
80.0

100 .0
120 .0

RECOVERY

1.0
1.5
2.0
2.5
3.0
4.0
5.0

10.0
15.0
20.0
25.0
30 .0

DRAWDOWN

0 .00
3.21
3.31
3.33
3.29
3.33
3.18
3.21
3. 25
3.25
3.26
3.23
3.25
3. 23
3.21
3.21
3.21
3.21
3.29
3.17

0.07
0.05
0.05

-0.04
-0.02
-0 .02
«0 .08

'0.05"
-0.12'0.08

-0.12
-0.12

(FT

w
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TABLE 2

MATER QUALITY ANALYSES

Pump Test Chlorinity. Data (PPm).

Before Pump Test During Pump Test,

Boring

H 14A 5160

10

5400

20 30

8000

Sample Depths (ft)

40 50
Bottom
de th/
23 ft./

10,800

Tim'e

l010
1040
1200
1400

Chlorinity (ppm)

10800
11600
12800
13200

14B

14C

11C

6400

16200

1120

6320

16800

1120

9000

18400

2600

14400

19600

11600

19800

19800

20200

20000 58 ft/
20,200

37 ft/
16200

1510
1600
1650

15600
15600
15600





DATE
BORING (1971)

L-1 6-25

TME 5

TABLE 3

WATER QVALITY ANALYSES

Chlorinity Data (ppm)

Sam le De ths (ft)
10 15 20 25 30 40

1100 3,210 3,280 — 4,080 — 11,800 ~ $6,000

50

56*
19 200

60

L-3 6-25 1100 1,800 1,800 — 2,600 — 6,730 17,400 19,000
18 800

L-5 6-26 1030 1,980 2,000, — 2,280 — 10,600 12,200*

L-6 6-26

GH-l 6-14

GH-2 6-14

0900 1,240 . 1,400 l,400 4,300 9,600 8,400 9,200 11,200*

7,400 7,080 — 9,800 — 12,000 18,800 18,800 — 18,000

13,600 14,000 — 14,600 — 17,000 19,600 20,000 — 20,200

GH-3

Gll-4 '-25 1230 13,200 18,400 — 20,400 — 22,400 22,800

GH-5 6-25 '200 14,000 14,000 — 15,400

6-23 1510 20,000 20,600 — 23,200 — 25,600 26,800
59*

28 OOO

57A
25 200

32k
17 000

GH-.6A 6-14 2,360 2,380 — 2,400 — 3,120 13,200 16,200 — 16,400 /16 600

G)I«.68 6-14

CH-7 6-14

GH-8 - 6-14

2 )240 2,240 — 2,400 — 3,880 16,200*

1,620 1,800- — 3,120 — 14,000 14,000 16,000

16,000 16,000 — 16,000 — 17,000 20,800 20,800

67*
16,000 16 000

GH-9, 6 15 1700 17~600 17 ~200 19~200 19 ~200 „19 200 19 200

CH-10A 6-16 1800 10 600 11 600 . — 18 000 — 18 800*

CH-llC 6-12

GH-12A 6-9

1,120 1,120 — 2,600 — 11,600

1~080 1~080
=

1~080 1~240 2~080

GH-10B 6-16 1800 19,600 '19,600 — 19,600
'

19,800 20,000 .
52*

19,800 /19,800
37A

16 200

6,720 — 11,600 / 2

GH-12B 6-9

CH-14A 6-18

CI<-14'-18

760 960 — .2,160 — 7,600

5,160 . 5,400 — 8,000

1410 6 y400 6 y 320 9 IOOO 14 y 400 19 ysOO 20,200

2 3*
10 800

-CH-14C (-ls 0900 16,200 16,800 -' 18,4% — 19,60II 19,800
5g*

20'000 /20 ?00

"bottom of l><le in feet.
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TABLE 3 (Continued)

SURFACE SAMPLING STATION CHLORINITY (ppm)

Sampling
Station Remarks 6-1-71 6-11-71 6-22-71 . 6-23-71 6-25-71 6-26-71

Grand Canal At
Boy Scout Camp ~ 29,600 29,600 311600 31,200 32,400 28,800.

Grand Canal At
Card Sound Canal 27$ 600 30,000 31,200 31,200 33,200 28,800

3
Card Sound Canal
Tidal Station 20,800 ~ 20,200 235600 23,000 24,400 21,700

Intake Canal
Tidal Station 27,200 28$ 000 30,.000 29,200 29,600 27$ 200

S - 20
Landward

De th=
1'epth=
8'480

1500
1900
1800

1800
1760

S-20
Seaward

De th =
1'epth=
8'600

9530
9400

10,600
8000

I

10,400

S — 20A
Landward

De th =
1'epth= 7

3400
3700

3320
3960

3360
3600

i

3180
3340

S — 20A
Seaward

Do
th~1'epth 7'400

3560
3040
4120

3100
4080

2900
' 3920 -'
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TABLE 5

REGIONAL GROUNINATER MODEL
COMPUTER OUTPUT

PROPOSED COOLING POND SUPERIMPOSED
ON NODES 9 AND 14 NITHOUT INTERCEPTOR DITCH CONTROL

LEGEND
(see TABLE 4)

~ 2500 ~ ViQ ~ Ol" ITEPAT I QLVS = 2 1 iV THE CURRENT DE'K S TEP

NOflE SUYiSQ AQ'~S S RES QS DSF'

n

3
IS

-5
6
7
8
9

10ll
12
13
1 ~s

15
16
1,7
18
1.9

21
22
23
2ls
25
26
r.i r/

28
29
30
31

,= 32
d3
34
35

1 753 ~ 1 -1 866 ~ 7
20'/0 ~ 3 "2126 ~ 7

~ o Q ~

666 ~ / -666«7
1210 ~ 5-1321 «3

-1 3} 8 «6 -5/s 6 7
75=4 -733 ~ 3

1057 ~ 3-1057 ~ 3
-3106~s ~ 5~s0226 ~ 7

2150 1-2266 '
-100}.2 - /06 ~ 7
-le'/ ~ 9 -}/s6:.7
}200 0 "1200 ~ 0

"4620 7 ~ 980 8-'s0 0- ~ 9 Q ~

2750 ~ 6 "2921 3
688.4 -732 ~ 0

-1 ~ 2 Q ~

1060 ~ 0 "}060 ~ 0
Q ~ 0 ~

"a3 ~ 3 53 ~ 3
-49} «l3'293 ~ 3

-91 .~s -60.0
-90 ~ Q is ~ Q

.-59. ~s -80.0
518« / -52i).3
50 3 ~ 6 ".792 ~ 0
3 Q/s ~ 2 -~!00 ~ 0

"3 9 0 ~

/23„.6. -:/96 ~ 0- ~ / . "0 ~

-2}u ~ 5 '"2/s0.0
"21 ~ 9 2 ~ /
151 ~ 2 "293 '
248«l 265 '

21 ~ 5 -27;8
20 ~ 1 "16 «~s

~ 1 -.0
11' 2 0 ~

21 ~ 5 -26 ~ 8
896 0-1620«3
7~st 3 "551 6

23 ~ 1 ~ 0 ~ '

4 /0 ~ 0 8688 ~ 0
26 ~ 6 -2'7 ~ 6

1120.0-1503 ~ 8
5}6 ~ 6 "169 ~ 9

2'/ ~ 6 0 ~

332ls.033926. 5
~ 1 - ~ 1

21 ~ 5 „"18 ~ 7
-'s ~ 0 -1 «3

~ 1 - ~ 0
,,15 ~ 1 0 ~

~ 1 0 ~

336 ~ 0 0 ~

~s/s 8 «0™509~ 8
89 ' -4'
l 1 «2 "~s ~ 1

362 ~ 3 -91 «1
}1 ~ 0 1 ~ cs

21 ~ 5 -15 ~ 1

3 ~ 0 -2 ~ 1

~ 1 "~ 1

-19 1 -4 ~ 6
'I

~ 1 "~0
2/s7 ~ 1 "271 «6

6 ~ 1 -3«Q
209 ~ 0 -66 ~ 5

6 ~ 1 "}.9

-85 ~ 8 0«
-40 ~ 0 0 ~

«« ~ 5 0 ~

0 ~ 955 / ~ 2
"8/s ~0, 0 ~

-2~s5 ~ 0 0 ~

'1064 0 ~

0 ~ }90cs'/. /
4 7'1 0 ~

"81 ~ 0 0 ~

-20/s ~ 0 0 ~

-}04 ~ 6 0 ~

0' '225/s 8 ~ 5
/05 ~ 7 0 «'

~ 8 .0 ~

-152.n 0.
i!2 ~ /s Q ~

2 0 ~

0 ~ 622 I) ~ 80«16 ~ 1

0 ~ 6222 ~ 9
-2 /". ~ 5 0 ~

-105 ~ 9 0 ~

-81 '8 0«
-48 3 0 ~

9 ~ 2 0 ~

-2 73. -'s 0 ~

"13 7 0 ~

-j«9 0 ~

-67 ~ 8 0 ~

~ 7 Q ~

-186 ~ 9
'

0 ~

"}6~ 3 0 ~

-bb ~ 7 '
~

o ~0, 0 ~

~ 3
~ 6.
~ 8
~ 8
~ h
~ 5
~ 8

1 1

3 I
~ «s

~ 6
1 ~ 0

~ 2
'3 «7

~ ll
~ Q

~ 9
~ 9

'1 ~ 0
~ 8
~ 6
~ 4>

« I
I ~ 7
~ ~ 8

~ 6
~ ls
~ 5
~ 6

) r/

~ 6
~ ~

~ (j
7

~ 5

~ I2

~ ls
r

~ o
2

~ ~

~ Zl

~ /s
1

~ 2

'«3
~ Ls

~ 1

~ 1

0 ~

0 ~

~ 3
~ I!S

5
~ 1

Q ~

~ 3
~ 5
~ }
~ Q
~ L«I

~ 3
~ 5
~ {'l

~ J
~ 2

5

~ 1

« ls
~ ~

~ 3

~ 6
/

2 ~ 6
~ 3

~ y
~ «g

8
1 ~ 0
3 ~ «,

«3

~ 9
~ 9
«8
~ ~s

~ 1

«Q
~ /

I

~ 3
}

~ 2
~ c.S

~ «s

1 1

~ Lj

TOT/!L SU!eI< ACE FLOE!
TOTAL SUliFP<Oi'; FLO'.i

I

63 622' 2
3} 686 ~ 8
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P UM P AND OBSERY4TION bV ELL C QNFI QURPTIOg

GH I } (A-E)
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SCALE IN FEET
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P UMP AND OBSERVATtON VlELL. C ONF I GU RATlON

eH l4 (A.-F)
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D
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REGIONAL GROUNDWATER COMPUTER MODEL

LAYOUT OF NODES TURKEY POINT, FLA.

FLCRIDA CITY CA AL

2 '3

5 ~ 6 7 8 9
TURKEYPOINT

10 ~

15 ~

16

3

.12

„"18
17 19 .20

AIODEL LAND CANA

27 '"23 24

y29
31
3532 33 34.

28 - 3o

BISCAYNE BAY

5CALK IN MILK5

0 N LO 50
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WATER LEVEL 'CONTOURS

OCTOBER I970
DATUM"-MEAN SEA LEVEL

2.0 ~ 2.0

2.0
~ 1.8

g 2.0

FLOrtlDA CITY CAtlAL 4 2 ~ 1

/
f.

l
t
I.8

~ 2~1

~l

I Ilj

Jt'
/.

/
] 1.9

S20-A

////

t

l
//,

TURKEY POINT

BISCAYNE BAY

hIODEL LAND CANAL

1.6 i~

CANAL

CANAL

1.8, S-20 ".7
//

///

~ 1 5

SCALE IN MILES

0 .5 I

ref Dade County Water Control Board g7AMKS G IVIOQP4Ct





NATER LEVEL CONTOURS

J A NU ARY l97 I

DATUh1 ~ MEAN SEA LEVEL
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PALM OII I VK

I

. l 1

1 1
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~ 0.9
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1.0
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roat Dade County Rater Control Board p.5 l.p ~ 2.0 DAaet-.S 0 MOOAQ
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V/ATER LEVEL CONTOUR S

~ 5 APRIL I97I

DATUh1,MEAN SEA LEVEL

--, 2

0 2 .0.2 , ~ L
2 0.2 ~

ALIA DRIVE

0.2
0.)

~ 'V
0.3

oo

y'l l „:/l -"

!/ / 2-20IE

(

r 0.63 I

O.2 ~,,:~ . ~/
.
'o'
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0.0
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/
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0.4
(

$ -2$ !/

/z

y/
0.0 //
r //

O'.I0'

IN BILES

0 0.5 I-0 ~ 2 0

r ~ f. 2 Dade County Water Contro I Board DhAM~O G MO&iZQ
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CROSS SECTION — TYPICAL INFLOW TEST

INFLOW PIPE
Pme (aO - 3O t;Pm)

GROUND SURFACE

DRILL RODS

SEDCA

NXH CORE BARREL

.re OPEN

HOLE

STATIC WATER IEWEL

WATER LEVEL DURING INFLOW (EXAGGERATED)

PLATE . I I
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~~p I '44

SCHE MATlC. DRANlNGS OF

f'HATRED)ATlCA,L . R ELATlONSHlP

'.
)

I POLYGON GEONITRY

et Subsurface flows .+ Net Surface flows = change in
storage

Equation H. - IIi n
n 1Ln i n, i.I

+ AQ
n

AS '(Hn — EIC
n

DELTA.

Sur face Xnflow. — Out flour .

AQn

Change in Storage
'AS (E1 E10 ) /DELT~;

Subsur fa=.'e Xnflour — Out flo'r
AT ~ J

l'n, i'

I

SCHEtQTXC 'YXTCiI OF GENEtiALlZED
GROUND 4'ATER FLON EQUAT1ON

PLAYe.' 2





BORfge L- t

SURFACE ELEVATIONt +7.7'SL

TRANSIIIISSIBILITY
(IOOOGPO/FT ) SYM8QLS

.'M
l'ESISTIVITY OcSCRIPTICtl

TILL LICH'T GRAY TO WHITE
LIMESTONE FRAGIIENTS AuO CLAMEY
SILT.

5

{0
OL MUCK IA7TTLEO DARK ANO LIGHT GRAY

CLAYEY SILT WITH HIGH ORGAttlC
CONTENT.

)5

55~

ST

Po

MIAMIOOLITE WHITE TO CrIAY WHITE
MODERATELY FOSSI'FE DUS
OOLITIC LIHESTONE Wl H 25'S TO
SITS VOIDS. N'r>ERCUS OOL I TESF80'6 TO 31 I'EE . VOIDS
PARTIALLY FILLED WlttI FINE TO
HEOItPI CALCAREOUS SA'R Ate
SECONDARY CALCITE.

25I-

30

X
O.

35

IIO

CAYI TY(2).

INCREASEO PARtl ALI.Y FILLED
CAVITY.

PX THOMPSON LIMCSTONE ''llTE'HALKY
LIMESTONE INCREASED PARTIALLY
FILLED VOIDS TD 40 I'ED.
CAVITY(t)

PARTIALLY FILLED CAVITY.

PARTI At.LY F ILLED CAVITY.

40

45
. 6o

o7

LICHT TAN AND GRAY LIHESTGNE
VESICULES At'O VOIDS PARTIALLY
FILLED WITH PALE YEL'~~ GREEN
SECONDARY CAt.CITE'O 48 FEET.

CAVITY('2).

WHITE FOSSILIFEROUS LIHESTONE.
INCREASED VOIDS.
PARTIALLY FILLED CAVITY.

60

65

42

*
~ltOICATES CORE RECOVERY IN Pl RCEttt,

PARTIAL{.YFII.LEO CAVITY
WHITE FINE TO HEOIIPI (RAINED

CALCARENITE WITH SKANGULAR TO
ROUNDED QUARTZ GRA It S.
PARTIALLY FILLED CAVI'TY.

PAII'TIALLYFILLED CAVITY

PARTIALLY FILLED CAVITY.

BORING TERMINATED 4 21-71.

LOG . OF BORINGS

~aaCTSS ES a"~atS

PLATE I5
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BORING L-2—
SURFACE ELEVATION> p7.7>

TRANSMISSIBiLITY
(IOOOGPO!'F T ) SYMBOLS

GM

RESISTIVITY DESCRIPTION

LIGI(T GRAY'O Wl(ITE
L It>ESTONE FAAGHEtlTS AND CLAYEV
SILT.

(0
[,

oc MUCK-- IA)TTLEO DARK At;0 LIOIT GRAV
CLAYEY SILT WITH HIGH ORGANIC
CONTENT,

l5
>t>AM( (to(tTE —(,IGNT GAEDI OOLITIC

L INESTONE.

20
FCTHOMPSON Lt>(ESTGHE (P) TAN

CALCAREOUS LINESTCNE Wt TH S(P(E
SECO.'4ARY CALCITE. SOFT.
PARTIALlY FILLED CAVIT'.

25

30
4l
4l
4.

35

I-
G.
4Ja 40

45

75

77

46

75

PARTIALLY FILLED CAVITY.
MHE STA I Nl tY~,

CAVI'TY (T).

INCAEASEO VOtDS ( 5'().

GAAY Lit>ESTOHE. UECACASEO VOIDS.
~ CAVITY.

SOI(E SECONDARY CALCI IE.
~PARTIALLYFILLED VOIDS.

CAVITY.

HEDIUtt TO DARK GRAY Llt>ESTOI(E
WITH SOHC SHALEY Lit>ESTO><E
LAYERS.

LIEST TAN CALCAAE'ITE.

PARTIALt.Y FILLED CAVITY

SGHC ROVtlDED QUARTZ GRAINS

IOO

GAAOIIK> WITH SCt(E AOVt(OED Fit(E
GRAINED OAAK PARTICLES.

55

PAR'AXIALLY F I LLEO CAVI ~ Y.

60
INCREASED O'JARTZ GRINS

,65

70
63

PARTIALLY FILLED CAVITY.

INCREASED VOIDS
r

'ARTIALLYFILLED CAVITY.

I
PARTIALLY FILLED CAVITY.

75
Q> ~ >

'>

~ I.CHICA TES C(V>E AECOVI'RY IN PERCENT

TAN BROWN Lit>ESTO!E> P"R('US.

SORING TEA>i>HATED 4-ZE Tl

Los OF iOa~zas '
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BORlNG L-Z
suRFAGE ELEvATIGNJ t6.3 ~ Hsl.

TRAIISMiSSISILITY
(IOOOGPO!FT )

IGM

RESISTIVITY OESCRIPTIOH

tLL I f GRAY to 'R<t IE l.lHESTCtif
FRACHEttTS ANO CLAYEY SILT.

,5

IO i '\ ~

NVCX HOTTLEO DARK AND LIGHT CRAY
CLAYEY SILT 'WIM HIM CRCANIC

'CONTENT.

l5 GRADING H'ARI Y LIHrSTONE

I
IJI
LJ
I'

20

AFANJ OGattE -- GRAY CALCARECus
OOLITE. SCHE RCIF'OED GuARYZ
GRAIIIS ANO SECONTJARY CAt.CI TE.

FT. T lfOJJFSON LWESTONE P ), SGF T

PART'ALcY FILLED CAVITY
PARTIALLY FILI.EO CAVITY

ItICPEASEO FOSSILS AND OECREASEO
COLITES. MAOINC TO RNITE
CHALKY Swt IJY I.IHJ.STQtiE.

PARTIALLY F'ILLEO CAVIYY

PARTIALLT FII.I.EO CAVITY

I-

a 35

. PARrIALVY I'L'D CAVITY

CRADIttCi SOFT.

G0

FC 5

HEOIVH TO DARK CPAY LIHESTONr.

1

'INCREASEO FOSSILS.

55
JC

fria~4

V

PARTIALLY FILI.ED CAVITY

PARTIALLY FILLE'D CAVITY OR SOFT
LIHESTONE

AltiOICATES C Jr. 'JECt VERY IN PFRCEtlT. BOttlt'C TFRtttttATPP 4 R'I-Tl

LOG OF. BORINGS,
'I

~eaan Eh ~-..E:

PLATE l5
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BORING L-4
SlÃACE ELEVATION: w7.0'SI.

0

TRANSMISSISILITY
(IOOOGPO/FT I SYMSQLS RESISTIVITY OESCRIPTION

<ILI I.ICHT CRAY TO WHITE LIMESTONE
FRAGMENTS ANO CLAYEY SILT,

IO

'OL MLL'K~TTLEO OAIIK ANO LIGHT GRAY-
CLAYEY SILT WITH HIGH ORGANIC
CONTENT,

MIAMIOOuTE-WHITEOO IT~CL[MESTONE.

l5

~ 20

25

FT. THOMPSON UMESTCWE If) I.IGHT TAN TO
LIGHT GRAY LII'ESTONE, SG~E
THIN LAYERS OF LIGHT 8RIAIN SNALY
LIMESTONE WITH SUBANGULAR OUARTZ
GRAINS,

30
IAI
4J

2 .35

40

45

120

4

38

33

L

4

PARTIALLY FILLED CAVITY.

GRAOING GRAY CALCARENITE.

" PARTIALLY FII.LEO CAVITY.

PARTIALLY FII.LEO CAVITY.
PARTIALLYFILLEO CAVITY MITH
SOME FOSSILS.

~ ~ ~

GRADING SOFTER.

TAN TO WHITE HIGHLY FOSSILIFEROtD
LIMESTONE WITH SOME SECONOARY
CALCITE

55 '-

60 LIGHT TAN TO WHITE CALCARENITE,
LESS FOSSILS.

65

70
*

~INDICATES CORE RECOVERY IN PERCENT.

GRAOING LIMESTONE,SOME OOLITES.

SORING CON I INUEO

LOG OF BORINGS

CagLtAESO O C.AC4aa
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BORING L-4 cowv'o

70

75
x
I

80

TRANSMISSIBILITY
tlOOOGPO/FT ) -SYMSOLS RESISTMTY OKSCRIPTKW

@RING TKWIXATKOIt-2S-TI

LOG OF

'a .n

I

BGRINGS;
'1

\

1

I

~gggl & DOC't~.1H

PLATE l6A





BORlNG L-S
SURFACE ELEVATION> +8.3'SL

,
0

TRANSNISSI8ILITY
{IOOOCPO/FT ) RESISTIVITY OESCRIPTIOIt

FILI, LICHT CRAY TO VillIE
LINESTO>JE FRACNENTS AND CLAYEY
SILT.

IO

I5 .;3 t00r
»

OL MuCK NOTTLED DARK AND LIGHT GRAY
CLAYEY SILT'lTH HIVI ORGANIC
CONTENT,

>AAMIOOVTE- SOFT 4HITE COLITIC
L INESTCtiE.

GRADING HARDER ANO GRAY,
CRADING TAN TO L>HITE.

FE THOMPSON LIMESTONE \2 1 ~ SOFT.

I
xl5IKI

0

25 GRAY LINESTIIE MlTH SECO>iCARY
CALCITE~

30

ILI
Ia.

35
x'-

40

r~'-'',

l'~l

L~ri~~!
P

M~r»i+~irmi~e
0»

PARTIALLY FILLED CAVITY.

CRAY TO TAN CALCARENITE.
LIF>ONITE Grain>»G A>;0 SECO>»CARY
CALCITE PRI>iCIPA'.Y PART I ALLY
FILLED CAVITIES TO 35.5 FEET.

PARTIAt.t.Y FILLE'0 CAVITY~

CRADING TAN TO t>HITE CALCARENITE»
SOME COL I TES.i

GRADING CHALltY'» SON». FOSSILS
AND QDARTZ GRAINS ~ SOFT.

I
»

55- I>0

GRADING VERY SOFT.

i

*»

25

SOME DCLITES. ~

i
» i

PARTIALLY I'lCEO CAVITY,
i

65 GRADING
SOFT,'0

~ +A

L.e4

r»
CRAOING VERY SOFT.

?5
~ INDICATES C>>RE RECOVERY IN PERCENT 80RING TER>IINATED II 30 71 ~

. LOG OF BORINGS ',



Q

Cl

Cl



BORfNG 'L-6
.SURFACE ELEVATION{ +3.0{ HSL

TRANSIEIISSI8ILITY
(IOQOQPO/FT ) SYIASDLS

OL

RESSTIVITY DESCRIPTION

GRAY TO WHI TK LIMESTONE
FRACNKNTS AND CLAYEY SILT.

MUCK CRAY CI.AYEY SILT WITH HIGH
ORCANIC CONTENT,

GRADING NARLY LIMESTONE.

IO

l5

20

a EP+t

t

ErrEEE

MIAN{ OOLITE LICHT TAN TO I{HITE
OOLITIC LIHESTONE.

DECREASING POROSI TY

E THOMPSON LIMESTONE I?)
HOTTLEO LICH? eRa{N ANO

mire'HALKYLIMESTONE, PCROUS.

CRADING LESS CHAI.KY.

SGHE SECONDARY CALCITE,
PRIMARILY PARTIALLY f'ILLLO
CAVITIES.

25

30
4J
4J
4

35
XI-
O.

40

~ 20

63

LICHT SRCWII-GRAY FINE TO
HKOIIAI GRAIticO CALC4RENITE
WITH SOME QUARTZ GRAINS,
GRADING VERY SOFT,

GRADING SOFT,

GRADlhG VERY SOFT

GRADING LIGHT TAN AND LIGHT
GRAY LIMESTONE. SOME ONE
INCH PARTIALLY FILLED CAVITIKS.

45

55-

60-

65.

10

30

83

LIIEONITK Sl'A I NING.
~ INCREASED FOSSILS.

SOKE OOLITES.,

\
LIOIT TAN TO I{HITE CHALKY
FOSSIL IFEROUS LIMESTONE.

CRADING TAN-GRAY C4LCARENITE
WITH SORE QUARTZ GRAINS AND
OOLITES.

70
INCRKASKO FOSSILS AND SECONDARY
EEEEEEE. VEEE SEEE

~ ~ - ~ - ~ IhDICATES CORK RKCOVERY IN PERCENT. BORING 'CONTINUEO

E

OF BORINGS,



I



70

I-'5
z

80
4J
CI

85

TRANSNSSIBILITY
(IDODGPDiFT ) SYMBOLS

14'

t2

RESSTIVITY DKSCRIPTIDN

GRADING SOFT,

~ SORIN'ERNINATEO $ 5 7I.

P

LOG OF BORINGS
't

I

1



. 8

8



BORING 'GH-I
SNIfACC CLCVATION~

TRANSMISSI8ILITY
~ tloooGPolFT'l sYMeol.s

0L

.'ESSTIVITY 'ESCRIPTION
MOCK . GRAY CLAYCV SILT

ARITH

>llfA
ORGANIC CONTENT.

MIAMIOOLITK I?)

~ IO fT. TIOMPSOH LNCSTONK'? I

l5

20

25
IAI
4J

30
zI-
CL

35

40

45

55
~ = l

60
8ORING TCRHINATKO ~ $ l7 Tl,

OF'ORI NGS

PLATE 19

I.



Il



BORfNG GH-2
5NIFACE ELEVATION( I.Q'5L

0

TRANSMISSIBILITY
tIoooopoiFT'> STMeoLS

},)PL

iKSSTIVITY DESCRIPTION

IWO( GRAY CLAYEY 5IL NIIH HIGH
ORGANIC CONTENT.

MIAMI OOLITE ITI

Ip R'2 THOMPSON LIMESTONE (Tl

l5

20

25

35

z 40

I-
Q

45

55

60

+ ~

I I

~
~

I ~

e< ~

70

75

80
SIVIIQi TERMINATEC 5 20 TI ~

)t
LOG OF BORINGS .

CaaILOTTa O C. a~ra

v

~ ~

,»v v, t ..» ~ » v... M'LATE20





80R ING GH-3
SVRFACE ELEVATICN M,S'SL

0

5-

i

TRANSMISSIBILITY
tOOOCPO~FT ) SYMBOLS

GM
OL

RESSTIVITY DESCRIPTION

FN.L 'lkIITE LIHESTCNE FRACFiENTS
'NOCLAYEY $ ) LT,

MUCK LICtll B~Oift.'LAYEY SII.T WITH
HICH ORGANIC CONTENT.

IO

7$ F

IAMI OCLITE GRAY OOLI TlC
LIMESTONE WITH SOME SECONDARY
CAI.CI TE.

)5

20

25

67

I6

~ 27

FT. THOMPSON LIMESTO% I.ICHT TAN TO
WITE FOSSILIFEROUS LIHESICNE.

PRINCIPALLY PARTIALLY FII.LEO
CAVITIES (SECONOARY CALCITE)

GRAOING TO CREAMY WITE
LIMESTONE WITH SORE I OSSILS.

30

35

40

.33

63

PARTIALLY FILLEO CAVITY,

GRAY CALCARENITE.
POROUS,

GRADING SOFTER.

IOTTLEO GRAY AhO TAN LIMESTONE.

45

50

33 t~
IP'C

ry
~ ii

SOME SECONOARY'CALCITE.

SOME SHALE

LIGHT TAN TO WITE FOSSILI FERGUS
LIMESTONE.

55

60 .

65

CRAY FINE TO I>EOIIAII CRAINEO
CALCARENITE Wl IH SECONOIRY
CALCITE,

70 LINDITE STA I NING.

I

~IÃOICATES CORE RECOVERY IN PERCENT SORING TERMINATEO 5 I> TI ~

LOG . OF BORlNGS
'I

\

P~TE 2l



~ >

A% ~



BORING GH-4
SWFACE ELEVATIONt V5.5'. HSL

0 ~

TRANSMISSIBILITY
(IOOOGPO/FT ) SYMBOLS

GM

RfSISTIVITY OfSCRIPTNN

WITE LIMESTONE FRACNENTS
ANO Ct.AYEY SILT.

OL
Ct AY EY S I t T W I TH H I GH

ORGANIC CONTENT.

IO VSW OOUTE . OOLITIC LIHESTONE.

(5

20

JTTHOUDSCN LUIESTOC I2I MIITE
LINESTONE. PRINCIPALLY
PARTIALt.Y fit.LED CAVITIES Of
SECONDARY CAI.CITE ANO ARENACEOUS
LIHESTONE.

17

25
SONK LIHONITE STAINING.

30
tent

IAI
U

35
TI-
Q.
IJIo

40'5II0

22 SONE LIKNITE STAINING,

DECREASING PARl'IALLY F ILLEO
CAVITIKS.

45
ao

~ 27

WHITE L IHESTONE 'WITH SONE
OOt.lTES. OECREASEO POROSITY.

55- GRAY FOSSIL I FERGUS t. IHESTOtIE.

60

65'5
~INOICATES CORE RECOVERY IN PERCENT

I
WHITE CHALIIY LIMESTONE 'Wllll
SOHE FOSSILS.
INCRE'ASEO FOSSILS ANO.POROSllY.

'AVITY (2). !
CAVITY (2).

I
w ~

BORING TERMINATEO 5 22 71.
I

PLATE 22





r

BORING GH-5
SURF'ACE ELEVATIONt +3.0i MSI.

TRANSMISSIBILITY
. (OOOOPOIFT ) SYMBOLS

'jg GM

; '.QL

RESISTIVITY OESCRIPTIOII

tlLL Llt It'rh Prsrs ANO
CLAYEY SILT, ~

aaCtt-- GRAY Ct.AYEY SILT Wl IH NIGII,
ORGANIC COttTENT,

)0
MIAMI OOLITE - CALCAPEOUS COt,lTE

WITH SCttE CRAY CLAY.

)5
63 PXTMOttPSON LtMESTOhC ITI CRAO INC

OOLITIC LIHrSTONE

20

SOME QUARTZ GRAINS.

WITE LIMESTOtiE WITH FOSSILS
AND OOLITES IN FILLED
CAVITIES.

25
DECREASING POROSITY.

M
III

— 35
-ZI-
IL

40

ttHITE LIMESTONE WITH PARTIAt.tY
FILLED CAVI TIES (CALCAREttt TE) .

45

130 WITE LIMESTONE ttITH SOME SHALL
FILLED CAVITIES(SECONDARY
CAt.CtTE).
SOME QUARTZ GRAINS.

75

55-
INCREASEO FOSSI I.S L4) OECREASEO
PCROS I TY.

WITE FOSSIL IFEROUS LIMESTONE.

60

65

70

44'3
CAVITY (2).
ItHITE LIHESTCIE WITH FILLED
CAVITIES (SECONDARY ZAECITI').
SOME QVARTZ GRAINS At LtbChfi
STA I N I NG.

SOME FOSSILS.

r

I NCREASEO CAY IT I ES.

INRINC TERMINATED 5 18 TI~

rINOICATES CORE RECOVERY IN PERCENT

LOG OF BORINGS

'RSLMKACT ZS M~TS

PLATE 23



BORING GH-6A
SURFACE ELEVATION? «l. ~ ~ MSL

0

TRANSMISSIBILITY
(IooooP»FT ) SYAIaoLS RESISTIVITY DESCRIPTION

MUCK GRAY CLAYT+ 5 IL ~ « I Tri ?ili'8
ORCINIC CONTENT.

5 MiAMI OOu?E I?I

IO

15

l5

fT. THOMPSON LIMES?4NE IPI,

I.OST CIRCULATIO4 MATER.

20

25

«

ps~«?

«'

LOST CIRCULATION 'HATER.

LOST CIRCULATI0 I WATER.

30

z 35
XI-

40

45

«~Wig

r

55
« CAVITY(?) .

CAVITY(T).

60-

65-

70

. ~ i
«s«- ~

g «.$ 1

LIMESTONE. VERY "-rr.

CRAOINO NARCER,

CAVITY(?), ~

CAVITY(?),

I

PERFCRATEO CASINO DRIVEN TO &'.

LOG OF

BORING TERHINATEO r '? T>.

I

BORlNGS



Il



BORtNG GH-6B
SURFACE KLKVATIC'N: +I,9f NcL

0

TRANSMISSIBILITY
(IOOGPO/FT ) SYM80LS

OL

RESSTlVITY DESCRIPTION

NOCK CRAY CLAYEY SILT NIW NICN
ORCANIC CONTENT.

NIANI OOLITE COLltlC LINKSTONK.

IO

15 St. TNONPSON LINKSTONE Igl.

20x
Q.
IAI

25

35

40- PKRPORATKO CASINO ORIVK'I TO
IIO'ÃINO

TKRNINATKO 6 3-7I.

LOG C3F BORINGS

pmvE 25



S



BORlNG GM-6C
5LAII'ACC ELOIATIL)N \ 6'I5$

0

I-
LLI
4J

Z
Z

IOtL
LIJ
C)

TRANSMISSIBII.ITY
IOOOGPOIFTE)

"I)h
,q'') OL

RKSESTIVITY OKSCRIPTC)I

RCY CCAYC< SIC'1 'M) TH )IICN
L)l)CANIC CCNTCNt.

IIIANI 01)CITE I 5)

FX THGMPSON LNESTONE LP)

E

I5
BNIING TEAVINATD6 E 71

I

LOG OF BORINGS
t

~ g

~*:» I
'LATE 26
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BORING GH-7
SURfACE ELEYATIONI +I ~ 1'SL

0

TRANSMISSIBILITY
{KQOQ'DIFT ) SYMBOLS

,', 'OL
I

I

RESISTIVITY DESCRIPTION .

NIICX GRAY CLAYEY SILT WITH HIGH
ORGANIC CONTENT.

NIAIII OOLITC ITI,

IO ST. TNOIIPSON LINCSTONC I? I

l5

20

25

30
4l

35
X
CL
IAIa 40

45

50

55

60

65.

70
BORING TERHINATEO 6 I 71

LOG OF BORfNGS

DPKCSCIC5 I ~~ CLT

PLATE 27
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BORING GH - 8
SURFACE aLEVATICN: >.p NTL

0

5

TRANSMISSIBILITY
(IOOOGPD/FT )

OL

RESISTIVITY DESCRIPTION

Mggg GRAY CLAYEY SILT wlTI! Nl(gl
&GANIC CONTENT,

lltaQI OOLITE COLI'TIC LIKESTONE,

SGNE SECONDARY CALCITE.

(0 FT. TNOUPSQN LIMESTONE IF) WHITE
FOSSIL IFERWS I.lNEST"NE.

'(5

25

INCREASED FILLED CAVITIES
(SECONDARY CALCITE) .

GRADING CALCARENITE

30 WHITE LINESTONE. WITH SON FOSSILS
ANO SANO SIZE CALCITE~

35
xI-

n .40 WHITE LIHESTONE.

45

, . SOHE CALCITE'SANO.

55

60 .
DECREASING CAI.CIT< SAND

65-

70
BORING TERHINATED $-22 7'I.

LOG C)F - BORINGS





BORtNG GH-9
SURFACE ELEVATION'1.1'SL

TRANSMISSISILITY
{l000&D/FT ) SYAtagLS

OL

30~

RESISTIVITY OESCRIPTIOII

uuCtt — GRAY CLAYEY SII.T Wl TH NIGH
ORGANIC CONTENT.

VII OOLITE WHITE TO LIGHT TAN
OOLITE.

27
IO SOPE FOSSlt.S,

l5 47

FT. TNOIIPSON LODESTONE IPI ~ WHITE
LlttZSTGÃETIITrl I'ILLL'O'AVITIES

5ECONOARY CALCITE)...SGNE
OSSILS.

20

25

30
L/J
Ll

35
xI-
LJJa 40 ~

:I

30

55

75

'30

SP

SONE
OOLITES.'NCREASED

CAVITl ES.

GRAY CALCARENITE.

SONE IOSSILS.

VERY FINE GRAINED WHITE QUARTZ SANO

WHITE CALCARENITE.
'WHITE LINESTGNK Wl TN SOME
FOSSILS.

45
2l

33 INCREASING PARTI ALLY F ILt.EO
CAVITIES,

0

55

60

65
O'I ESIIIOIC CGRF RECOVERY IN PE'ICEnt, SONING TIRMIJQTED 6-R-71.

LOG OF BOR1NGS





BORlNG GH- lOA
SVRfACC CLEVATI ONl +I ~ 2 MSI

5

'RANSMISSIBILITY
tIOOOOPO~FT ) SWeOLS

f

OL

fKSISTIVITY OESCRIPTIOH

MUCK GRAY CLAYCY SILT MITH MICE
ORCAMIC CI'MTKMT.

MIAMI OOLITE ITI

IO

l5
IAI
IAI

20
xI-
IAI

25

FT, THOMPSOM LIMCSTOIC ITI

35 E

8oRIMG TERMINATE 6-$-71.

~ ~
C

P

0; LOG OF BORINGS



a

\



80RlNG GH-.IOB
SURFACE ELEVATICM) ~).3'SL

0

TRANSMISSIBILITY
(IOOOGPOIFT ) SYMBOLS

OL

RESISTIVITY OESCRIPTION

MUCK GRAY CLAYCY SILT )I)TH HIOt
ORGANIC CONTENT,

M)AM) OOLITE ITL

IO

(5

5

6R

FT. THOMPSON LIMESTONE I?) LIQIT
TAN TO )tNITE LINESTCNE

INCREASEO FII.LEO CAY)TIE'S
(SECOAOARY CALCITE).

,20

TAN FOSSIL)FERGUS CAI.CARENITE'.

25

xI-

35

55

on

tt t%
K

~~~?

t~)F?~t
1

t'~P

t

~ '

+S
.t

~<tf~et

: -j-l.
1

~ ~
t'
m

L%

JJTr;i:

Vi'.}4'

IIK))GATES CORE RECOVERY IN ItFRCENT.

SOME GRAY LIMESTONE,

OECREASEO FOSSII.S ANO )NCREASEO-
F)LLEO CAVITIES.

SOME ECONOARY CAI,CITE

LICHT GRAY TO )OIITE LIMESTONE
FILLEO CAVITIES (SECONOARY CALCITEI

INCREASIIA FOSSILS,

SCNE CALCITE SANO.

TAN TO WITE L)MESTONE )IIT)},~J'l-'E
FOSSILS ANO FILLEO CAVITIES
(SEC.}tDARY CA'ITE).

TAN CALCARENITC )II))I SOME FOSSI } S
At:O CI)ARTZ SANO
SOME L)~l)TE STAI}i)It»
CASIN- CRIVERS Tn 55~t

BORING TERt)INA)EO 5 'I')),

LOG OF
t

BORtNGS,
II

I

)





BORING GH-I IA
SIIRFACE c LEYATImt } I. St

0

TRANSMISSI8ILITY
tlOOOOO<FT ) SYMeOLS

OL

RESSTIVITY 'ESCRIPTION

MUCK CI(AY CLAYEY SILT 'wl 'ftt ttIQI
IIRIAtIIC C"'ITE}P

IIIAttlOOUTEET).

)0

)5
III

20

I-
IAI

25

35

( 4'(I

(I ~
tt J

"P(A»

t~

fT. TIIOM(}SOII Llt(ESTOIIE I~) ~ - t}I»lTE TO
. LIWT CRAY Llt(ESTG':. SME FOSSILS

AKO l'ILLED CAVITIES TSECO'.IDARY
CALCITE).

40
RHIIIC TERHlhATED S-7 $ 1 ~

I

LOG OF BOR1 NGS
t

PLATE 32





BOR t NG GH - I I B
SURFACE EI.KYAT ION: I,7'SI,

0

5

TRANSMISSIBILITY
(OOOGPO/FT ) SYMBOLS RESISTIVITY dESCRIPTION

MUCK GRAY CLAYEY SILT WITH MICH
CRGANI C ONITKIlT,

~nun OOLITE IPle

IO

I5

FT. THOMPSON LIMESTONE VI—WHITE TO
TAN LIMESTONE WITH I'II.LEO CAVITIES
(SECONOARY CALCITE) .

SOME FOSSILS.

20

25
CAVI TY.

30-
lxJ
ILI

35
xI-

40 'lV
C'.

SOME FOSSILS.

GRAY LIMESTONE.

SOME QUARTZ SQINS. CECREASEO
FOSSII.S.

45

INCREASEO FILI.EO CAVITIES
(SECONOARY CAI.CITE).

I

55

60 ~ ~ I

65

70

CRAOING '4~IITE CALCARENITE Wl TH
SOME QUARTZ GRAINS ANO FOSSILS.

KCRING TERMINATEP 4 4 71.

I

LDG OF BORlNGS i

PLATE 33
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BORiNG GH-lie.
S RFACE ELEVATICNt +1.)t HSL

TRANSMISSI81LITY
{IOOOOROiFT ) SYM8OLS FFSISTIVITY DESCR IPTIOH

5- 1 - ~ I

OL

g4-

MUCK GRAY CLAYEY SILT WITH HICct
ORGANIC COIITENT,

tttAMI OOLITE I?I.

IO
FT. TttOMttSON LIMESTONE I?) V4I ~ E

TO LIGHT CRAY
LIMESTONE'5;

IcI

z
20

I-

25
~ ~

c

SOME OUARTZ CRAINS.
'I

TAN TO GRAY LIMESTONE MITH SOME
FOSSILS.

35

GORING TEILVINATEOIt-10 71.

I

LOG OF BORlNGS

RSttASMTSe a hOESn a

PLAYE 34





BORING GH-I I 0
SURFACE ELEVATION< +I.Et HSI.

TRANSMISSIBILITY
t IOOOGPDIET ) SYMBOLS

OL

RfSISTIVITY DESCRIPTION

HOCH GRAY CLAYEY SILT Wl IH HIGH
ORGANIC CONTENT,

NIA'kl OOLITj I?) ~

10

I5

20

25

I-

30

X
35

4J
O

40

tt~KB

e
—»»

~t
t»ttt

t

~~a. =ttt

?»

~z'T.

THONItSON LINES?ONE (?I WHITE
TO LIGHT GRAY LINESTONE WITH
SOHE,FOSSILS.

SCNE OOLI TES AND SECONDARY
CALCITE.

GRADING HARDER„,

45

I

GRADING WHITE'.TO GRAY CALCARE',I TI
'WITH SCt4E OOLITES AND FOSSILS.

55

60 "

DECREASEO FOSSII.S.

65 CASING DRIVEN TO 66'.

DOR I NG TERHI?.'A?ED 6-I I 71,

t
I

LOG OF EIORlNGS I

1



E

l
g1,



BORlNG GH-I lg
SDRFACE ELEVATION: +I ~ 7'SL

TRAIISMISSIBILITY
{KeOCPD/PT ) SYLIBOLS

OL

REStSTIVITY OESCRIPTIQII

lalCK .CRAY CLAYEY SILT WITH HIGH
'ORGANIC CONTENl ~

MIAMI OOLITE ltl

15

IO

)5 .

7E5

FT THOMPSON LIMESTONE I~I~ WHITE
LIHESTONE WITH SDHE FOSSILS.

CRADING TAN

20

25
I-
Q
4J

30

35
100

Z

~C

WHITE LINESTONE WITH FILLED
CAVITIES (SECONDARY CALCITE)

LIGHT CRAY LIMESTONE,

SOME FOSSILS.

TAN TO,LIGHT,GRAY LIMESTONE
WITH FOSSILS At(0 F lt.t.EO
CAVI7 I ES (SECONDARY CALC I TE) .

CRADING LIOIT CRAY CALCARENITE.

40

45
WHITE TO LICHT GRAY LIMESTONE.
SCNE LIMONITE STAINING,

I

~ INDICATES CORE RECOVERY IN PERCENT, BORING TERMINATED 6 12 71

I

LOG OF BORINGS ],

Il

I

fi ~aZTXCS O LM'rMZES



BORING GH-l2A
SORFACC CLCVATI~NI 1.' NSL

0

TRANSMISSIBILITY
(IOOOGPQ/FT ) SYMBOLS

OL

RESISTIVITY OESCRIPTION

MUCK GRAY CLAYCY SILT-VlTN NIG
ORGANIC CONTENT.

5 MIAMI OOLITC (?)

IO
0

FT THOMPSON LIMKSTONC IT)

l5 H

20

25
IJJ
IJJ

30

IJJ
35

45

55

60
8ORINC TERMINATED 6 R-71.

I

LOG OF BORINGS

PLATE 37





~ BORING GH.I2B
SURFACE ELEVATICNI 1.7'SL

0

.TRANSMSSIBILITY
(1000 GPO/FT ) SYMBOLS

E

RESISTIVITY DESCRIPTION

MOCK GRAY CLAYEY SILT Ml ~ t4 HI+I
ORGANIC CONTENT.

w 5

x
IO

O.
IAI
O

I5

I-'le'

-awQ

~j

IAAMI OOLITE I?)

PT. THOMPSON LIMESTONE I?)

BORING TERHINATEO 6-5 71.

LOG OF BORINGS

CRCKRPCTE) ES grCI

PLATE Akl
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BORING GH-l2C
SUIIPACE ELEVATIDNs Z.D'SL

TRANSMISS!BILITY
t IOOOGPD/FTA) SYLESCLS /KSSTIVITY DESCRIPTION

I

glib .

OL AIUCII— MEY CLAYEY SILT WITH HIGH
CIIGANIC CCNTENT.

AII A Q I 0 0 LITE lPI

IO
PT THOMPSON LIMESTONE I>)

l5

4.

20

IAIa 25

35

40
'BORING TEIIHINATED 6 7 7I.

LOG OF BORINGS

~ ~



BORING GH-ISA
SVRFACE ELEVATIOht +«Ti MSL

0

5-

TRANSMISSIBILITY
Iloooo oiFT ) SYTABoLS

OL

LL
1

. tr-r

fKSISTIVITY DESCRIPTION

MuC« — CRAY CLAYEY SILT MI TH Ml&
CRGATII C CCIITEIIT.

SOME MARLY LIIIESTOIIE,

MIAMIOOIITC t21,

IO

I5
PT TIIONPSOII LIMESTONE IT)

20
IAI

z
25rI-

O gp

35

40

45

I
a@It- TERMIIIATEO E-B-TI.

LOG OF BORINGS

I

'I ~aaETa ES r~ES

PLATE 40



'BORING GH-l38
SURFACE ELEVATION: l. i'SI.

0
I
4J
4J

5

xI-
o. IO
4J
C)

TRANSMISSIBILITY
(IOOOGPOIFT ) SYMBOLS

OL

t'ai'~

F~
~l.~ iZ.j

RES6TIVITY DESCRIPTION

MiK'K GRAY CI.AYEY SII Y Wl YN ?IICH
CYIGANIC CCNjENT.

WAMi OOutE IV)

FE YNOMPSON UMESYONE I?I

l5
5QRING TEOIINAZEO 6-7-7I.

~ '

I

LOG OF
I

BQRtNGS

I

~MIYI&D t

PLATE 4t





BORING GH-ISC
SNIFACE ELEVATIONl +1.8'SL

0

TRANSMISSISILITY
(IPPOGPO/FT ) SYMSPLS

OL

RESSTIVITY DKSCRIPTIPII

MUCK GRAY CLAYEY SILT WITH HII2t
ORGANIC COlltENT,

SOME MARI.Y LIMESTONE

IO
MIAlllOOLITE ttl CRAY COLITIC

UMESTONE WITH SOME CLAY.

l5 .

20

75

DECREASING OOLITES ~

FT. THOllPSON LIMESTONE ttl WHII'E
FOSSILIFERCUS LI<ESTCt E WITH FII.LEO
CAVITtES (SECONDARY CALCtTE).

25

z
30

35

3o

C

INCREASEO FILLEO- CAVITIES,

CRAOING MIITE LIMESTONE WITH
FILLEO'CAVITIES(SECCNOARY CALC(TE)

GRAY TO LttlTE LIMESTONE Wl TH
SOHE FOSSILS.

I'l
M
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I
~ ~

tt

t
~ L

I
~ 1

40

45

55 ~

38

23

INCREASEO FOSSILS.

CAVITY(t).
CAVITY('I).

CRAY FOSSILIFglOUS LIMESTCKE
WITH FILLEO CAVITIES (SECOiOA>Y
CALCITE).

CAVITY(2).

60
~ INOICATES CORE RECOVERY IN PERCENT.

CASING CRIVEN TO 60'.:

BORING TERMINtTEO 6 11 jl

LOG OF BOR1NGS
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MIAMI OOLITE ITI
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ILI

R
20z

I

IAI

25

PT. THOMPSON LIMESTONE IT),

35

BORING TERHINATEO 5-RO 71
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BORlNG GH- l48
SURFACE ELEVATIONt +1.2 ~

0

TRANSMISSIBILITY
(IOOOGPO/FT ) SYMBOLS

OL

RESSTIVITY OESCRIPTIOII

MUCK GRAY CLAYEY SILT MITH HIGH
ORGAtllC CCtlTENT.

5 MIAMI OOLITE I?I,

IO

I5

FT. THOMPSON LIMESTONE IPI

20
HHITE TO GRAY SILTY LIHESTONE
WITH Se<E SANO.
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30
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4I
M.

35
xI-
O.
LIJo 40-

INCREASING FOSSILS.
SOME OCLI TES.

SCHE GUARTZ GRAINS.

GRAY FOSSILIFEROUS LIHESTONE
WITH SECONDARY. CALCITE

45

GRADIIIG GRAY CAI.CARENITE'l TH
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55 . SCHE INRL.

GRAY LIHESTOWE W TH SCHE FOSSILS
ANO OSLRTZ GRAINS,
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1

SCRING TERHINATEO 6 1 jl.
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BORiNG GH-l4C
SLYIFACE ELEVATIGNI tI.O'SL

0

TRANSIF!SSIBILITY
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RESISTIVITY DESCRIPTION
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25
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35
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LOG OF BORINGS

aaCaeaETET C E-Oa a=.a

PLATE 45



BORING GH-IOD
SNFACE ELEVATION: ' E> HSL

0

TRANSMISSIBILITY
(IOOOOP0/FT ) SYMBOLS

I

1"
RESISTIVITY DESCRIPTION

NUC>I CRAY CLA»E» SILT WIIH HIOI
ORCANI C CCNTEHT.

NIAIII OOUTE ITI,

IO
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I5
ILI
ILI

20
X
I

25

-'?Rd

LK.

LICHT CRAY TO WHITE LIMESTONE.

SONE OCLITES

LICHT CRAY CALCAREHITE WITH
WITH SC»E FOSSILS Ah OOLITES,

'NCREASEO FOSSILS. SOHE QOARTZ
CRAI I4"i

35

40
BORI>Ir TEAI>IATEO 6 Z 71.

1

I
I ~
~ >
> ~

~

r'OG

OF BORINGS

gLCLFASJCS ES S'ClCIICS



BORfNG GH-l4E
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Z
20 .
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4Ia. 25
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40
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FT. THOMPSON LIMESTONE I?) MIITE
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BORtNG GH-l5A
SNFACE ELEVATION: +1,5'+MSL

0

TRANSMISSI8IL1TY
(IOOOGPD/FT ) SYMaOLS
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RESISTIVITY DESCRIPTION
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FILLED CAVITIES (SECONDARY CALCITE) .
SOME FOSSILS.

'5

20

100'0

65

INCREASED FOSSILS.

DECREASED FOSSILS.
'I

'25

30x
I
Q

i IAI

35

40

E5

DECREASED SECONDARY CALCITE.

SOME FOSSI LS. INCREASEO
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CAVITIES.(SECC'SARY CALCITE).

CRAOING TAN CALCARENITE.

GRAY FOSSIL I FEROUS LIMESTONE.

TAN FOSSILIFERCUS CAI CARENITE.

INCREASED FOSSILS,

TAN CAI.CARENITE.

INCREASED FOSSILS. SCHE OCLITES.

55

60

~INDICATES CORE RECOVERY IN PERCENT,

CASING NIVEN TO 60',

BORING TERMINATED 6 17 71.

LOG OF BORINGS
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0
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SURI;ACE ELEVATION: ~I.4'SL

0

TRANSMISSIBILITY
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l5

—20
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40
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I
caoaIAaaEs Es ~sea

pLAvE 52



I/



BORING GH-l68
SURFACE ELEVATION: ~I.Z'SL

0

TRANSMISSIBILITY
tIDOOCS'0/FT ) SYMBOLS

OL

RESGTIVITY DESCRIPTION

suCK CRAY CLAYEY SILT 4I TH Hl&
ORGANIC CONTENT.

4IANI OOLITE ITI

IO

l5
IAI

R
20x

I

IAIo 25

FT. THORPSON LIUESTONE ltl MHI Tr'TO
LICNT TAN LIMESTONE VlTN FILLED
SYALL CAVI'TIES.
SCNE FOSSILS.

SCHE'ECONOARY CALCITE IN CAVITIES,

35

40
TAN TO GRAT CALCARENITE WITH SCHE
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August 31, 1971

Brown & Root
Post Office Box 3
Houston, Texas 77001

.Attention: Mr. Carl .L. Fick

Gentlemen:

We are pleased to submit herewith the requested Addendum to
our report "Geohydrologic Conditions Related to the Construction of
Cooling Ponds, Florida Power & Light Company Steam Generating Station,
Turkey Point, Florida, for Brown & Root, Inc." dated July. 23, 1971.

Our scope of work was outlined in a letter from Mr. William V. Storch
of the Central and Southern Florida Flood Control District dated
July 19, 1971. Additional quantitative analyses have been made as
requested.

It has been a pleasure preparing this Addendum for you. Should
you have any further questions concerning the Addendum or original
report, please feel free to contact us.

Yours very truly,

DAME MOORE
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en - min . ersons

97.

Porter-C. Knowles

,
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ADDENDUM REPORT

GEOHYDROLOGIC CONDITIONS

RELATED TO THE CONSTRUCTION OF COOLING PONDS

FLORIDA PONER & LIGHT COMPANY

STEAM GENERATING STATION

TURKEY POINT, FLORIDA

FOR

BROWN & ROOT, INC.

INTRODUCTION

SCOPE

This addendum was prepared in response to a request from Mr. William

V. Storch of the Central and Southern Flood Control District in his letter of

July 19, 1971 for additional analyses to be made using the available geohydro-

logic data. The objectives of this addendum report were discussed further by

Mr. Leo Page of Dames & Moore, and Mr. Storch.

The additional analyses consisted of:

l. Evaluation of the quantities of pumpage that would be required

from the interceptor ditch to maintain specific water levels for

various conditions of the ground water — surface water regime.

2. Evaluation of the flow patterns and the quantities of subsurface

flow that would occur in an easterly direction from the L-31

Borrow Canal under natural conditions and with conditions subject

to interceptor ditch control.

3. .Evaluation of Muck-Miami Oolite. sensitivity in the electric

analog model and analog construction techniques.

DAMES C NOOAQ



FINDINGS AND CONCLUSIONS

On Table I is. shown a, summary of the pertinent data and the

j

estimates of pumpage and/or seepage for the various conditions studied in

detail. The artificial conditions with interceptor ditch control as shown

on the attached Plates 1-4, are listed as A, B, Bl, B2, C, D and E. Con-

dition F represents a flow net of the natural condition of the ground water
J

regime similar to that shown on Plate 4 of Dames & hfoore report of July

!
23, 1971. From the requested electric analog conditions, detailed flow net

evaluations were made on foux'f the analog models and are presented on

Plates 5 & 6.

The maximum estimated xates of pumpage (30 gpm/lineal foot of

ditch) shown on Table I for conditions B2-1 and D-1 were based on analyses

of conditions for the southerly portion of the proposed cooling pond where

txansmissibility values are highest. 'sing 30 gpm/lineal foot of ditch,

the total pumpage for the 28,000 lineal feet oE ditch adjacent to the

L-31 Borrow Canal would be about 1800 cubic feet per second. Considering

the effects of lower transmissibility, and the configuration of the proposed

pond in the northerly poxtion of the area, it is probable that the total

required pumpage would be less than this by several hundred cubic Eeet per

second.

The estimated rates of instantaneous seepage from the L-31 Borrow

Canal in an easterly direction range from about 1.5 to 5.4 gallons per minute
P

per lineal foot of canal, affecting the phreatic surface between the Canal

and Ditch. Under present conditions without a ditch, seepage of about 2.7
l
1

gpm/lineal foot of canal is estimated toward the salt water wedge. These

estimates are based on the assumption that the bottom of the Borrow Canal

is excavated some distance into the void zone. From the irtformation available

DANCES G MOOR4





on canal depth and elevation of the top of the void zone it appears that the

Borrow Canal does not penetrate the void zone throughout the length of the

Canal. Therefore, the estimated rates of seepage to the east are considered
)I

to be on the high side. However, under Ditch control, Levee 31 waters will
not cross the hydraulic divide and flow into the interceptor ditch.

)I

The limit of error of the quantitative calculations of pumpage

from the interceptor ditch to maintain specific water levels for the various

lj'onditions is considered to be within 50 percent. If more accurate information

is required it would be advisable to perform field tests on. a portion of

the L-31 Borrow Canal or on the existing interceptor ditch at the pilot pond.

ELECTRIC ANALOG CONSTRUCTION

Analyses of flow conditions near Levee 31 were made by utilizing

electric analog techniques . The following construction evaluation is in

response to specific technical questions that have been made.

Different graphite conduction paper physically representing layers

of different permeabilities were connected with conductive silver paint. The

painted connections between layers were generally at a spacing of 1/2 inch

along layer boundaries . The success of this method of connection was concluded

from a small test model after utilizing experimental connection distances under

control conditions prior to construction of the full scale electric analog

aquifer model. Conductivity of different papers were determined empirically.

The horizontal permeability of all three aquifer layers was con-

structed at nine times the vertical permeability. For construction of the

analog model under this condition, it is only necessary to, shrink the

dimensions -of -a cross-section in the direction of greater permeability .

If the average vertical permeability is expressed as k and'he horizontalv
I

j as k., the natural horizontal distances are multiplied by the square root
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4

of k over k . The horizontal scale at one inch equal to fifty feet in the
v h

electric analog model, therefore, is one-third'f the vertical scale of the

1

model at one inch equal to sixteen and two-thirds feet.

In dealing. with aquifer salinity and temperature gradients on the

electric analog, it may be possible to model these parameters by treating the
I.

parameters in terms of equivalent fresh water head. This theoretical treat-

I„'ent, however, was not applied to the presented analog models in the report

of 7/23/71 or this addendum. In view of the magnitude of operating head

conditions, it is our opinion that this mathematical technique, imposed

upon an already complex aquifer system, will have no significant change on

the developed data, and .could possibly imply a'egree of accuracy incon-

sistent with the final quantitative values.

MUCK"MIAMIOOLITE LAYER SENSITIVITY

The muck layer overlying the site, averaging 3 feet in thickness,

could possibly vary in the cooling pond area and influence predicted ground

water flows. To test this possibility, the Muck-Miami Oolite layer was

varied in the electric analog model by doubling the permeability and would

effectively represent a 50%%u, decrease in layer thickness.

Condition E on Plate 4 was performed with the Muck-Oolite layer
I

permeability twice that of the layer analyzed for Condition A with Plate 1.

Minor changes in equipotential lines can be seen. The hydraulic divide,
j I

nevertheless, has remained in the same relative position between L-31 and

the ditch.

FRESH MATER DISCHARGE FROM LEVEE 31

A comparison has been requested between the avera'ge fresh water
I

discharge east of Levee 31 under present conditions versus .those of fresh
I
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-5-
'" water discharge occurring with the interceptor ditch and cooling pond in
I

operation. Referring to Plate 1, Condition A and Plate 4, Condition F, it
i,

can be seen that fresh water would be discharging to the west and east of

Levee 31. At present, fresher waters pressing eastward would meet the salt

water wedge interface and build up head till eastern movement of the wedge

occurred. As shown on Condition F, Plate 4; approximately 2.7 gpm per lineal
i1

foot of Levee 31 would build up against the salt water wedge as defined on

I, Page 4 of the original report. Gradients and flows would vary under changing

, dynamic conditions of the wedge.

After installation of the proposed cooling pond and interceptor

ditch, there will also be eastern and western movement of water from Levee 31.

~

Levee 31 waters would build up behind the dynamic hydraulic divide, created

from interceptor ditch pumping, similar to waters flowing to the west under

present conditions. This rate of flow, however, would persist till equi-

librium with the phreatic surface occurred, at which point, rates would drop

to those required to replace evapotranspiration losses in the area. Flows

from Levee 31 would not pass .through the hydraulic divide to the interceptor

ditch. In other words, the operation of the proposed cooling pond would

result in similar effective utilization of proposed fresher ground waters

from Levee 31.

It has been concluded that in the critical area between Levee 31

Borrow Canal and the interceptor ditch, some standing water might occur under

anomalous surface conditions. Theoretically, however, no surface flow will

occur between the Borrow Canal'nd the interceptor ditch due to the amount

of head required to force ground water up through the muck layer above

the phreatic surface.
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CONDITION ANALYSIS

A summary table, Table I,of all the detailed conditions quantitatively

analyzed is presented on the following page with the calculated net quantity

of 'flow per foot of interceptor ditch.

It can be seen on Plate 1, that" a hydraulic divide was not created

for requested Condition B with water level in the interceptor ditch at -1.5

!I
feet mean sea level. $n attempt was made to create the divide utilizing -2.0

feet and -3.0 feet on .Plate 2. A hydraulic divide was developed for the latter

condition and it was this condition that has been utilized in quantitative

analysis on Plate 5.

Plates 1 through 4 are the electric analog models showing equi-

potential lines for the requested condition. Plow lines have also been

developed for your use in calculating velocities and discharges at applicable

strategic points in Plates 5 & 6. The expanded scales on these plates were

developed for permeability ratios of 1:20:1000:300 for the respective layers

to aid in quantitative evaluations.

Although conditions occurring during the 1971 record drought have

been considered, and from this standpoint the analyses can be considered to

be conservative, values of permeability could have large variations between

maximum and average values in the Biscayne aquifer formation. It should

be clearly emphasized, that, although the estimated pumping values should

be used conservatively, final operating control of the proposed interceptor

ditch will lie in an effective monitoring system of the area between Levee

31 Borrow Canal and the interceptor ditch. Effective use of this control

system should prevent sea water intrusion to the west of Levee 31 by pro-

viding the location and movement of the hydraulic divide which, in turn,

may require the adjustment of interceptor ditch pumping.





I

I
I

I
I

I
I
)

Condition

Elev.
L31 Borrow

Canal
(ft.mal)

Elev.
Interceptor

Ditch
ft.msl)

Elev.
Cooling

Pond
(ft.msl)

Dist. Between
L-31 &

Int. Ditch
(ft.

TABLE I
COOLING POND OPERATIONAL ESTIMATES

Flow Quantities
Pumped from Ditch

(gpm/lineal
ft. of ditch

Ins tan taneous
Seepage from L-31

to East (gpm/lineal
ft. of Levee 31

A-1
'Plate5)

B -1
(Plate 5)

C-l
(Plate 6)

D -1*
(Pla)e 6)

+le3

-0.5

+l. 3

-0.5

0.0

-3.
0'.0

-3.0

-7. 1

7.1

7.1

7.1

500

500

1000

1000

21

30

21

30

2.7

5.4

1.5

3.0

F
(Plate 4)

+l. 3 +l. 2 500 2.7

+ . Modified.Condition .- Interceptor Ditch Elevation -3.0 feet.

0

n

0
0



ERRATA
II

Corrections of the July 23, 1971 report that should be brought
li

to your attention are: a typing duplication of the top three lines on
It

Page 9, and Boring GH-2 transmissibility of Plate 4 between 20 and 30 feet

should read 600,000 rather than 6 million. Transmissibility data was omitted

jj
from Log of Borings, GH-2, Plate 20 and should be as shown on Plate 4.

ti

The following plates are attached and complete this addendum:

Plate 1 — Electric Analog Model, Condition A & B

Plate 2 — Electric Analog Model, Condition Bl & B2

Plate 3 — Electric Analog Model, Condition C & D

Plate 4 — Electric Analog Model, Condition E

Equipotential & Flow Lines Condition F

Plate 5 — Equipotential & Flow Lines — A-1 & B -1
2

Plate 6 — Equipotential & Flow Lines — C-1 & D -1
1

Respectfully submitted,

DAME 'OORE,

J

Porter-C. Knowles

BSP/uZ/Pm/~.

Attachmen ts
ig(5 ~. Pp
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AFFIDAVIT

STATE OF FLORIDA

COUNTY OF DADE

Personally appeared before me the undersigned

authority, James B. Lackey, who being by me first duly

cautioned and sworn, deposes and says:

My name is James B. Lackey. I live at Melrose,

Florida. I have a PhD from Columbia University in

Protozoology, with graduate work also in Algology. I
have spent some 12 summers at Moods Hole, Massachusetts,

at the two oceanographic institutions there, one at the

marine laboratory of the University of Rhode .Island, and

two at Scripps Institution of Oceanogr'aphy at LaJolla,

California. Other marine research has been on Guanabara

Bay, Rio de Janeiro (for the State of Guanabara), San

Francisco Bay for the University of California, Logy Bay

for the Memorial University of Newfoundland, and a summer

at Plymouth, England, at the marine laboratory there.

I was the fi.rst aquatic biologi.st the TVA eyer
Ii

had, have taught in colleges, and was for about ten years
II
I

Senior Biologist, U.S.P.H.S. at the Stream Pollution
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Investigations Station, Cincinnati, Ohio. Now I am retired

with emeritus status from the University of Florida, and am

a consultant for;various industries, cities arid states. I
am a partner in Water and Air Research, Inc. of Gainesville,

Florida.

I have published more than 125 papers and chapters

in several books. I belong to several societies including

Sigma Xi, and am a member of the Aquatic Life Advisory

Committee for the Ohio River Valley Water Sanitary Commission,

and have been on the Office of Economic Corporation Develop-

ment delegation from the United States.

PROPOSED TURKEY POINT POWER PLANT
COOLING WATER SYSTEM

Based on my long study at the Turkey Point Power

Plant, I do not consider that any significant damage has

occurred at up to 95 F, or that any significant damage will
occur at 95 F which is the maximum temperature at which the

interim system proposed will discharge water into Biscayne

Bay and Card Sound.

I consider that this temperature will cause an

absolute minimum, if any, damage, and under no circumstances
E

will it be irreparable. I

I

As to the subject of entrainment of microorganisms
I
I
Iin the plant system, my studies at Turkey Point have'roduced

no evidence that the effects of the plant are detectable on

2
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the phytoplankton and zooplankton of thc Bay. Neither

standing crop nor species list are affected.

These studies show no effect oi entrainment other

than a slight reduction at times of the microscopic algae

and protozoa going through the plant. Numbers entering the

plant are generally small and sometimes more living ones on

the effluent side than on the influent side.

Even if these studies have shown some death rate

on zooplankton because of entr'ainment, the simple fact

remains that the net effect on the Bay i undetectable,

principally because in my judgment the replacement potential

of: these waters is so great as to provide quick repopulation.

T. can, therefore, easily forecast that the cooling

water system plan for this plant in this decree will produce

no net effect on the microorganism population of waters

involved.

These are forecasts after careful examination of

the interim and ultimate cooling water systems, contained

in the proposed Turkey Point Power Plant consent decree

before this court.

Subscribed and sworn to
before me this 2nd day
of September 1971.

.:"!ai!''~'.I,<, 5!;!o of Flailed.J h! ldlgc
nl)'!:,...;i l;n sp:c5 .a~) 13, !/IJ

4>nJe.C Cy Ai.~ t',cirI lit~ (. Cisvitly Co.





AFFIDAVIT

Drs. Bader, Roessler, Voss and de Sylva came before me on this 8th day of September,

1971 and af firmed the following:

This statement prepared by Drs. R. G. Bader and M. A. Roessler, G. L. Voss

and D. P. de Sylva of 'the Rosenstiel School of Harine and Atmospheric Sciences

has been read and agreed to by the Principal Investigators of the thermal addition

studies, Drs. T. Lee, M. Reeve, D. Segar, D. Tabb and A. Thorhaug.

I, Richard G. Bader am a Professor and the Associate Dean of the Rosenstiel

School of Marine and Atmospheric Sciences. I received my B. S. Degree from the

University of Maine and S.B., M.S. and Ph.D. Degrees from the University of
'I

Chicago. I have been.an active scientist in the field of marine geochemistry

j. since 1950 and have worked in the Hiami area since 1967. I have been the principal

investigator and coordinator of the programs of the Rosenstiel School of Harine
I
I.'. and Atmospheric Sciences concerning the effects of thermal additions on the
)

~ ! ecology of Southern Biscayne Bay and Card Sound since .July, 1968.

I, Hartin Roessler, am an Assistant .Professor at. the Rosenstiel School of
'I
L,

.',Marine and Atmospheric Sciences of the University of Miami. I am employed in,
(

the d'ivision of Fisheries and Applied Estuarine Ecology. I received my education

at the University of Miami and received the degree of Doctor of Philosophy in

Marine Sciences in 1967. I have been actively engaged in research on th'e ecology

of the Everglades Estuary.and/or Biscayne Bay since 1960. Since June 1968, my

research has been aimed at the study of the effects of thermal additions on the

fishes and benthic invertebrates of the Turkey Point and I have acted as coordinatort with Dr. R. G. Bader on the School's program sponsored by the United States Atomic

Energy Commission, Environmental Protection Agency; National Science Foundation,
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~ Nat1onal Oceanic and Atmospheric Agency (Sea Grant) and Florida Power and Light

Company on the ecology of Southern Biscayne Bay and'ard Sound.

I, Gilbert L. Voss am a.Professor and Chairman of the Division of Marine

Biology at the Rosenstiel School of Marine. and Atmospheric Sciences. I received

my B. S. and M. S. Degrees from the University of Miami and my Ph.D. Degree from
I

George Washington University. I have been: active in research on the ecology of

the South Florida area for 15 years. I have conducted stud1es in Biscayne Bay
'

with regard to the Biscayne National Monument and ecological surveys of the

upper Keys region.

I'; Donald P. de Sylva am an Associate Professor of Marine Biology at the

Rosenstiel School of Marine and Atmospheric Sciences. I'eceived my B. S. Degree

. from Cornell University, my„ M. S. Degree from'he Un1versity of Miami and my Ph.D.

~ Degree from Cornell University. I have been actively engaged in the study oft sports fisheries and fish larvae in Biscayne Bay for the past 10 years.

After briefly examining an abbreviated copy of. the Turkey Point Cooling

Water Plan, we have concluded that the plan represents a workable compromise to
'i

the problem of environmental protection and the need for power.

As stated above, Drs. Bader and Roessler have coordinated and participated
I

in an extensive (3-1/2 years) program which has studied the ecology of South

Biscayne Bay and Card Sound, Florida and Drs. Voss and de Sylva have been 'active

in research in, the area for more than 10 years. The results'of )his program,
1.

sponsored by the United States Atomic Energy Commission, Environmental
Protection'gency,

National Science Foundation, National Oceanic and Atmosjheric
Agency'Sea

Grant) and Florida Power and Light Company 'have recently been summarized
i

in a report to the United States Atomic Energy Commission (AT[40-,3.]-3801-3),.
I

The work has considered circulations stud1es, chemistry studies and biological

studies.
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The existing power-plant has caused changes in the circulation pattern, in

the chemistry of the bay water and in'he distribution of plants and animals in

an area of about 300 acres'any of these changes have been detrimental to the

quality of the environment.

The thermal plume into Card Sound proposed by Florida Power and Light Com-

pany should resemble the plume now being discharged into South Biscayne Bay at
3

a rate of 2800 ft. /sec. This estimated Card Sound plume is shown in the attached .

Figure A.

From the biologists estimates the 3'C (5.4'F) thermal anomaly should not

cause lasting death of plant communities. However, the effect of a 2750 ft. /sec.3

discharge may reduce the direct oceanic input into Card. Sound, thereby, isolating

Little Card Sound, and Barnes Sound from exchange with the ocean. If the engineer-

ing is feasible, it may be better from a .water exchange viewpoint to
discharge'750

ft. /sec. into South Biscayne Bay and 1500 ft. /sec. into,Card Sound.
3 3

Our biological field observations which consist of diving and counting

algae and sea grasses in permanently marked squares at selected stations and

trawling at 20 to 40 stations with a ten foot otter trawl lined with fine mesh

(1/4" bar) have been conducted since July, 1968, and'are continuing. Stations

have been concentrated around the present discharge site near Turkey Point and

at the planned discharge site in Card Sound, although control stations have

also been maintained elsewhere in the region.

Our observations indicated that areas which average 4.5 F. above the ambient

bay temperature (as measured on Pelican Bank) have reduced standing stock of

benthic plants and animals during the summer months in an area of about 200 acres;

however, in other seasons the production of the normal biota is enhanced by the

higher winter, temperature and the result is that on an annual'basis no decrease

in production occurred. At stations which averaged 6."3'F above the ambient temp-

erature the plants and animals were severely depleted during the summer months





t I
in an area of about 75 acres.

but the net effect is lowered

Some recovery is noted in winter and early spring

annual production., The recovery in winter does;

however, indicate that if the discharge were terminated this 75 acre area would

recover.

For example with an average ambient'ay temperature in summer of about 89

to 90'F the addition of the temperature anomaly would develop temperatures of

95 to 96'F. Although 95'F is biologically detrimental, it appears that if. the

macrobenthic flora and fauna in Card Sound which is similar to that in Biscayne

Bay is exposed .to no mo'e than 95'C it will recover after the discharge is

curtailed.

We have observed that in an area of about 30 acres elevated 8.1'F or to

an average summer temperature of 98'F, there is virtually no recovery in winter.t The high temperature effects added to the increased cur'rent veloc'ity at the'ut-

fall has caused a barren area and this area will probably only recover slowly

if it recovers at all.
The proposed values of temperature and flow rate for the interim period are

very close to those which appear as critical for permanent damage and every pre-

caution should be taken to insure that a temperature of 95'F and a discharge
of'750

cfs in Card Sound and 1500 cfs in Biscayne Bay are not exceeded.

The discharge temperature of 90'F and flow of 1200 cfs recommended after

construction of the cooling system will still produce some change in the Card

Sound Environment but the impact of these changes on the use of the

sport and commercial fishermen as well as recreational users should

Sound by
I
l
be minimal.
I

I

I
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Ric)iard G. 3'ade
'l

Martin Roessler

Donald P. de Sylva

Gilbert L. Voss

Sworn to snd subscribed before me this

A.D. 190;/.

r

/i
day of M. I, ( o c,sA~

J

Notary PUblic,

tiOTART PUBUC, STATE OF 'Fl.CPlDA AT LhPSK

iSSiO«>PireS ''f QQMMlsslQ)) fiplQEQ FLr<; 22, ]~7)
BONDED THPiU FllKO >Ye DlES1FUlORSl





ROSENSTIEL SCHOOL OF MARINE AND ATMOSPHERIC SCIENCE

UNIVKRSITr OF Mlk<Lv

Rickenbacker Causeway-

Miami, Florida 33149

Title:

AN ECOLOGICAL STUDY OF SOUTH BISCAYNE BAY AND CARD SOUND

Principal Investigators

R. G. Bader and M. A. Roessler

Progress Report to U.S. Atomic Energy Cormission (AT (40-1) — 3801 — 3)t and Florida Power 6 Light Company

ML 71066 July, 1971
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See Table XI-1 for details of time and numbers of.
test organisms. XI-30

~xiv



I. INTRODUCTION

'I

This report concerns a quantitative study of the ecology of South
Biscayne Bay and Card Sound, Florida, with particular attention to the areas
adjacent to Turkey Point and the mouth of the Model Land Company Canal. The
Turkey Point program, begun in 1968, has continued and a study of the
existing and relatively unspo'ed biological situation of Card Sound has
been conducted over'he past year. This included an investigation on hydro-
graphy, chemistry, vegetation, p'anktonic and b nthic organisms. The biology
of the o'rganisms has been considered..in relation to temperature., radio-
activity, salinity ranges and selected chemica'haracteristics. The effect
of higher temperatures on the dominant and sub-dcminant species has also
been" studied both in the 'aboratory and in the field.

Additional studies sp"nsored in part by the Environmental Protection
Agency, National Science Foundation, National Oceanic and Atmospheric
Administration (Sea Grant), and National Institute of Health have provided
data supplementary to that obtained in the Atomic Energy Commission and
Florida Power and Light Company study.

B'iscayne Bay is apporximately 35 miles long and its maximum width is
8 miles (see Figure I-1). The bay is "A"-shaped, enclosed to the east by
a series of barrier islands which extend north and south, leaving a shoal
area (known as the "Safety Valve") open in the center. The greatest depths
of 12 ft, occur in the south central area, shoaling toward the mainland.and
the. barrier islands. The mainland side of the south bay is fringed by
mangrove swamps and soft organic sediments. The southern boundary of the
northern portion of the bay may be defined as Rickenbacker Causeway, which
runs eastward across Virginia Key (location of the School of Marine and
Atmospheric Sciences of the University of Miami) to Key Biscayne. The
central portion of the bay is separated from the south by Featherbed Bank.
Turkey Point is a narrow spit of land proj'ecting from the mainland into
the bay about halfway between Featherbed Bank and the south end of the bay,
which is separated from Card Sound by a shallow bank (Cutter Spoil Bank)
and the Arsenicker Keys. Figure I-2 shows the sampling stations in the vicinity
of Turkey Point.

Card Sound is a small bay approximately five miles long and three miles
wide. It is bordered on, the north by shallow grass flats extending from
Mangrove Point on the west to Long Arsenicker Key and between East Arsenicker
Key and the Florida Keys. Figure I-3 shows the sampling stations in Card
Sound.

National attention has been brought to bear on this site by the 1970,
Federal hearings and injection procedures on thermal effects of Florida Power
and Light Company's Turkey Point power plant. The Florida Power and Light
Company announced, on June 1969, that it was seeking the permits and access
necessary to alter the site of thei" cooling water discharge from its present
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II. CIRCULATION*

GENERAL STATEMENT

The objectives of this study. as stated in the proposal, are to determine':
(1) existing circulation patterns in Card Sound as a function of tide and wind
forces; (2) exchange characterist cs of Card Sound with surrounding water;
(3) resident time and flushing rate; (4) spatia'1 and temporal patterns of water

mass properties; (5) fi.ture alterations of flew patterns and water level with
the planned discharge of thermal effluent into Card Sound .

A review of the available literature shows that very ..li.ttle .information is
available as to the circulation of Card Sound Basin; however~ a first look at
the basin suggests that the circulation is driven by tidal forces. An Atomic
Energy Commission safety analysis report (1966) made for Florida Power and Light
Corporation concluded that currents in the Biscayne Bay~ Card Sound System,
are completely tidally driven. Using a mean tidal rang~ of 2.6 ft., the tidal
prism for Card Sound was calculated to be 2.02 x 109 ft and a ratio for the
mean low water volume to the tidal prism volume of. 2.6/1. Thusp the basin was
considered to be well flushed in 32 tidal cycles or 16 days. Schneider (1969)
evaluated. a year of data from 10 tide ga ges positioned in the Atlantic Ocean
Biscayne Bay, Card Sound, and Barnes Sound, He iound that the predominate
semidiurnal lunar tide progressed south thro gh Biscayne Bay~ Card Sound and
into Barnes Sound with a decreasing amplitude and increasing lag due to frictional
dampening by the var oua hoa'-'. He calcu'ated a mean tidal range for Card Sound
of 0.74 ft. Using the values for area and mean depth from Dean (1969) of 0.62 x
109 ft2 and 10 ft.~ respectively~ the vo"ume of mean low water becomes 5 95 x

9 . 3 ~ ~ 3109 ft and the tidal prism is 4.59 x 10't~ ~ This gives a ratio of mean low
water volume to the tidal pr sm volume of 13/1. klowever, if one considers that
the tidal prism of Barnes Sornd must'pass through Card, Sound, then this ratio
is roughly cut in half. If the observed currents in Card Sound are mainly
produced by tidal forces; tnen the basin water will undergo longitudinal oscilla-
tions over the tidal excursion with small net'motion in or out of the basin. The
wind-driven circulatiorn will be superimposed upon the tidal motion and help
to increase the flushing rate.

ligTHODS

The observational program consisted of intensive investigations on a
seasonal time scale coupled with semimonthly synoptic surveys of temperature
and salinity. The seasonal program consisted of deploying instrumented towers
for one month periods in the interior of Card Sound and in the major exchange
regions connecting Card Sound wi.th the surrounding waters. The attached instru-
ments (Aanderaa current meters) record in situ on magnetic tape current speed~
direction, temperature, salinity~ and pressure. These efforts were closely
coordinated witn the observational programs of the U. S. Park Service and the
U. S. Geological Survey. Synoptic surveying was performed with a moving boat
using a Bissett-Berman, continuously recording, thermosalinograph. Ifeteor-

~~

~~

~ ~

~~ ~~

~ological.information was obtained from Florida Power and Light Corporation and
tidal data from the U. S. Geological Survey.
* Thomas N.-Lee and Claes Rooth
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RESULTS AND DISCUSSION

Observations
r

On June 25, 1970, a spatial survey of temperature and salinity was conducted
by making rapid traverses with a thermosalinograph (Figure II-I). The survey
took place on an ebbing tide during a period of heavy rains. The low salinity
runoff from'odel Land 'Company Canal formed a mixing-dispersion plume toward the
dredged navigation channel across Cutter Bank. The shape and orientation of this
plume is. believed to be the result of several days of mixing the mean runoff
with the semidiurnal, longitudinally asyrmnetric tidal currents of Card Sound,
during quiesence wind conditions. The planned discharge of thermal effluent,
via Model Land Company Canal~ should also form a mixing-dispersion plume with
a similar orientation. A well-defined'rontal zone was apparent along the axis
of the sound indicating much greater mixing in the longitudinal direction than
in the lateral,

An initial current survey was conducted on August 13 and 19 with the assistance
of the U. S. Coast Guard, Seventh District. A Coast Guard helicopter was used
as a platform to obtain synoptic photographs of surface dye releases. Light
winds prevailed during the experiment. Aerial photographs revealed that observed
tidal currents were spatially coherent in the interior and aligned with the major
axis of the sound. The photographs also revealed parellel'ows of free drifting
Laurencia Foitea aligned in'the direction of floir (Figarre XX-2) and atrong
gradients in water clarity, changing from clear to turbid in an easterly direction.
These early experiments gave rise to a theoretical formulation of asyrmetric,
tida'l.y induced mixing processes in Card Sound and the surrounding embayments,
whicn has prevail.ed throughout our work and is, included in the modeling section
'of this report.

The first seasonal intensive field investigation was conducted during
November 1970. It consisted of surveys of temperature 'and salinity in conjunc-
tion with aerial photography of dye releases using the chartered services of
Sea Fl.ight Corporation. Borrowed current meters were installed with negative
results due to equipment failure. The results of this experiment are graphically
shown in Figures II-3 through II-6. The observations of November 5 were
conducted dur"ng the passage of a cold front wit n accompanying winds out of
the north-nort'hwest at 10 m/s c. The low salinities in the western region of .

South Biscayne Bay are believed to be the result of wind transport from the
north during the cold front passage. Continuity wou'd then suggest that a
mean flow out of the bay is formed with strong northerly winds. The light wind
cond. tions of November ll and 13 show an essen'tiai.ly linear water mass dis-
placement associated with the semidiurnal tides', Based on the observed'eak
tidal currents of approximately 20 cm/sec.~ the tidal excursj.on l.ength for the
interior is + 1.5 km. These displacements occur essentially in parallel with
the main Card Sound Basin.

The-exchange processes of Card Sound begin to be unders'tood from the
temperature and salinity patterns of Figures 11-3. through II-7. It appears that
wind forcing is the. most important factor contro?.ling the mixing processes. One
can sepearate the wind influence into two periods: (1) quiescent'period, where
tidal mixing predominates and, (2) agitation periods, where wind stirring

lmasks tidal effects.
. l
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During quiescent periods~ the preferred longitudinal tidal mixing in. the
interior tends to produce isohalines alinged with the major axis of the sound.
This asymmetric mixing will tend to develop a front along the center line of
Card Sound, which inhibits exchange of interior wate" with the ocean.

Thus,'he

exchange pattern is seen as communication between the inshore region of
Card Sound with Biscayne Bay and Barnes Sound and the eastern section with the
coastal waters through Broad and Angelfish Creeks. This mixing pattern is sub-
stantiated by the ease-west gradients of sediment found by Earley and Goodell
+1968), by a similar gradient in water clarity, and by the development of
north-south para11el rows of Laurencia ~pi@ca. The exchange patterns of Card
Sound are r'epresentative of the general coastal-estuarine exchange of the
Biscayne Bay system as shown by the similarity of isohaline patterns in upper
Biscayne found by DeSylva (1970),

At,present~ the;observations,of, the vertical,tstructuze .in Card .Sound, are
too scattered to draw firm conclusions. The data now available show that
normally the interior can be considered vertically homogeneous with differences
between surface and bottom temperature and salinities of approximately 0.2 C and.

0.1 /oo~ respectively. However, during periods of strong atmospheric heating
and low »ind velocities~ temperature and salinity stratification as great as

- 1,0oC and 1.0 /oo may develop. In the mouth of Model Land Co. Canal~ low surface
'alinity runoff and turbid water produces intense stratification. Salinity

differences from surface to bottom 12.6 /oo and temperature differences of 2.0 C

have been measured. The major exchange passes through which Card Sound communicates
with the surrounding water bodies have consistent'ly been found to be vertically
homogeneous due to intense turbulent. mixing generated by the strong currents.

Tidal induced exchange between Card Sound and the ocean is further reduced
due to the phase lag between the tide traveling south through Biscayne Bay and
'the ocean tide at the inlets. Michel (1970) reporting on the work of Dean (1970);
showed that the tide at Cutter Bank lags the ocean tide in Broad and Angelfish
Creeks by approximately three hours (90 ). This means that a large portion of
the tidal inflow through the inlets is caught up in the ebb across Cutter Bank
reducing the oceanic input to Card Sound.

)

The poor flushing of the interiors of Card Sound and South Biscayne Bay
is also indicated by the large salinity differences which develop between the
embayments and coastal waters during dry periods (February through May), This
salinity contrast clearly shows the region of coastal-estuarine interaction
as a jet of low salinity water from the tidal inlets, extending approximately
one nautical mile into the sound on 'flood tide (Figures'II- 8,II-1R„ gnd II~g,,~);w

I

The effect of wind forcing on exchange processes can be seen in Figures
II-8 through Il-l3, A cold front passed through the area on February 13 and 14

with wind speeds of 10m/sec. out of the north-northwest, The observations were
all made near the end of the flood tide. The effects of the frontal passage
decreased bay temperatures approximately 3 C, mixed the interior waters and0 ~ . ~ f

created a mean circulation, which transported bay water through the inlets and
retarded jetting of coastal water into the sound on flood tide'. Thus, wind
stirring and the production of a mean circulation~ ev'en though it may be

weak'n

magnitude compared to tidal motion, can greatly increase the flushing rate
of the inshore bay waters. This also implies that a mean flow'n the order of

I
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4~000 ft /sec. or greater as originally planned by Florida Power and Light may
greatly inhibit the inflow of coastal water into Card Sound.

' second seasonal intensive measurement program vas conducted during Harch~
1971. Aanderaa current meters were installed in Broad Creek, Angelfish Creek
and in the interior of Card Sound on a line bet:ween Pumpkin Key and Hodel Land
Co, Canal. The meter" recorded over the interval from Harch 4th to April 21th.
An intensive field program by the U. S. Geological Survey and National Park
Service was also conducted during this time. Due t:o the fact that at the time
our tape conversion unit was not completed, the tapes were sent back to the
manufact:urer for cotiversion onto an I.B.H. capatible tape. The current. meter
data has just been returned, t:hus, there has not been time for a detailed time
series atialysis. Figure XI-18 showers tvo days of the current meter data along
with vind dat:a obtained at Turkey Point by Floxida Power and Light and tide
elevations at the Hiami Harbor entrance. These two days were chosen to show
the light wind condition of Harch 16t:h and the strong wind condition of Hax'ch
17th during the passage of a cold front. The curxents in Broad and Angelfish
Creeks were in phase, responding to the semidiurnal ocean tidal forcing. Tne
int:erior observations showed the longitudinal, asymmetric nature of the tidal
currents witn the direction of flow ranging between 230'o 240'n the flood
and 30'o 50'uring ebb. Tidal currents in the interior tend to lag t:he
inlet currents by 'approximately one hour. On Harch 17th, the cold front winds
attained a velosity of 22 mph from the north,'.parallel with t:he major axis of
the sound, 'It appears that these winds have a large effect on the interior
currents, increasing the magnitude and duration of flood currents, and decreasing
t:he duration of the ebb. Also thc magnitude of ebb currents in the inlets
appears to be slightly greater t:han normal, suggesting a mean wind induced cir-
culation out of the sound. Inspection of Turkey Point wind data revealed t:he
presence of t:hree cold fronts in November, one in December, foux in January,
tvo in February, seven in Haxch and one in April. The result:s discussed above,
based on Figure IX-lS, are only t:entative since they are based on visual
inspection. In order to obtain valid conclusionsz time series analysis must be
conducted with the data to determine the t:idal harmonics and the wind induced
flow.

Seasonal salinity patt:erns of South Biscayne Bay and Card Sound appeax to
be dominated by wind-induced circulations and the vet-dry seasons of southeast
Florida. Figure XI-19 is included to show a comparison between a long time
series of salinity data t:aken at Bear Cut (next to the dock of the School
of Harine and Atmospheric Science), with the accumulation of dat:a collected
during the biological st:udi'es at Turkey Point over the past year. The comparison
of these seasonal salinity data for the North and South Biscayne Bay basins,
suggests a profound influence by sea breeze in the mixing of this est:uary syst: em.

Of the two annual salinity minima ~rhich occurred with the xainfall maxima in
spring and in late summer.. the latter shoved large salinity differences between
the basins in contrast to the spring case where the bay seems quite well
mixed. This phenomenon correlates with the essential absence of sea breezes
in late summer. due to minimal land«sea temperature contrasts at the time of
maximum water temperatures. This finding suggest maximum pollution sensitivit:y
og South Bay in late summer, a time when the thermal stress is also at: its greatest
on.-the local biological systems.
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Temperature data for a control station (D) and several stations elevated
above ambient are shown in Figures 11-21 - II-32, The graphs show daily
maxima~ minima and mean based on 8 (3 hour interval) observations from Ryan
continuous recording thermographs.

Thus, there is an apparent-dileam'.a~ fcr when bay temperatures increase
greater dilution of the thermal effluent is needed ~~hich in turn reduces exchange
with the ocean. The answer may be the recycling cooling pond~ recently proposed
by Florida Power and Light.

~lfode1in

Tidal Induced Nixin in Semi-enclosed Coastal Estuaries: A detailed
understanding of estuarine mixing processes 'is becoming ever more important~ as
we begin,to .face the questions of,management,and protection of the. coastal
environment. The evidence gained from observing 'at close hand some of the
complexities in Card Sound suggests a substantial anisotrophy in the mixing
conditions, with mixing being enhanced in the direction parallel to the longer
sides of the nearly rectangular basin. This direction coincides with the major
flow of the tides.

It is well known from studies of exchange in the atmospheric boundary
layer, as well as in shallow estuaries~ that the combination of vertical shear
in the mean velocity field, and vertical turbul'ent diffusion, leads to a horizontal
dispersion effect, which can be described as an anisotrop.c diffusion process.
As shown in a detailed treatise by Bowden (1965)~ this induced diffusivity is
dependent on the ve'l.ocity shear and on the ve tical diffusion time scale in
such a way that a stable stratification enhances the effect. This concept is
obviously of profound significance for the analysis of pollution problems and
for ecological applications in shallow tidal estuaries. Since it seemed to
provide a qualitative rationalization ior the observations, it was decided to
undertake an attempt to extend the approach presented by Bowden (loc. cit.)~
together »ith similar considerations of the mixing effects due to frictional
and inertial distortions of the tidal flow patterns~ into a rational framework
for the analysis of tidal mixing.

The fresh water tongue emanating from the Model Land Co. Canal (shown in
Figure II-1) is maintained by drainage from an illdefined area of coastal low
lands during tne period of strong summer rains. Flow volume measurements for
this period are not available but the fairly high. salinity of the canal water
(30'/oo) indicates a weak fresh water outflow, The shape of this tongue
suggests a simple outflow pattern~ however~ from our analysis it appears that
the dominant mechanism shaping the salinity distribution is the anisotropic
diffusion effect induced by vertical'shear of the tidal mixing.

For a detailed account of the problem of effective horizontal exchange in
a shallow shear flow~ the reader is referred to Bowden's (loc. cit.) treatise;
here only the essential argument involved will be described. Consider a fluid
layer of 'depth H, within which a turbulent shear flow of characteristic velocity
U-maintains a mixing process, defined by a vertical mixing Lime scale t . Letv

- the. distribu'tion of a conservative property be defined by a scalar measure of
concentration S. Suppose the vertically averaged concentration- (sub-script 'So)
is a linear function~ So sx. Now~ the advection of the property is given by,:
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U is the vertically averaged horizontal mean velocity. The covariance
of U and S depends on the profile shapes, but the way the problem variables
enter can be deduced by elementary considerations. Firstly~ the characteristic
fluctuations in S must clearly be of order SUot . If furthermore~ the vertical
exchange time scale to be determined is taken as the depth divided by the
friction velocity, the following estimate is obtained;

cov (U2 S) = -
@CD I

U
I
HS (2)

Here CD is a coefficient dependent on such aspects of the physical situation
as bottom roughness, Richardson number, etc. The covariance term (1) is thus
seen to have the form of a diffusive flux~ driven by the gradient.S, with a
diffusion coefficient:

K pCD IUo (H =
ClUQ ]H

In Bowden's (loc. cit.) study the combined coefficient C in the above
expression~ was found to range between 0.26 and 1;Xl, dependent on the assump-
tions made about the profiles~ implying values of p between 0.01 and 0.04.

If in equation (1) U is purely an oscillatory function of time, with zero
mean value~ only the diff8sion term remains. Provided the diffusing property
has only small effects on the density, asymmetric diffusion efrect will ensue.

~ From the form of the expression (2) it can be seen that the maximum displacement~
an easily observed quantity, may be used to provide a first estimate of the mean
diffusion coeif'icient. Denoting the displacement: by L and tidal period by T
gives:

T
T (U )dt = 2LT " (4)

This estimate will not be degraded significantly by the fact that the
assumption of profile similarity is likely to break. down for low values of the
velocity. Using C = 0.6 as a reasonable value based. on Bowden's results~ the
following expression for the apparent time averaged diffusion coefficient
follows:

Ka = 1„2LHT
-1

d 'I

'I

Now LH is the water volume displaced between ebb and flood, or tidal prism
per unit coast line length. Thus, the simple rule of thumb for tidally induced

per tidal c cle. l

I

i

I
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If the variations in Richardson number are not negligible~ an asymmetry
ensues, with enhanced horizontal mixing- effexts during the stably stratified
phase. If one is concerned with the diffusion of the density determining property,
the most important aspect of this is the possibility of a breakdown of the uniform
turbulent regime. Since the vertical mixing time t , must be much shorter than
the tidal period for these arguments to apply, one must exercise some care in'he
extension of the simple mixing theory to cases involving substantial density
fluxes.

The diffusion in the cross current direction is given solely by the
turbulence in the stream. In the neutral case, symmetry between vertical" and 'cross
stream mixing is to be expected, but stable stratification will lead to enhancement
of the lateral mixing due to the horizontal spreading of decaying eddies, Bowden
estimates the cross stream diffusivity at most a few percent "of the streamwisediffusivity as long as the st;ratification..is sub-.critical.

Another type of induced mixing due to inertial effects on the flow willarise in the vicinity of inlets. The incoming tide may give rise to a jet-like
motion~ while on the falling tide the flow towards the inlet is likely to besimilar tb an ideal potential flow towards a sink. The net results when
averaged over a complete tidal cycle, is a mean circulation corresponding to a
double vortex sheet along the edges of the widening jet. A first order estimateof the penetration distance of such a jet can be made in the following manner.

Let M0 be the momentum flux through the mouth of the inlet. Let further
the width of the jet be L~ its characteristic ve'locity U, and the bottom friction
Cd U . Using further the standard type of linear entrainment law, .~hich has been

2

found experimentally to work in most cases of turbulent jets~ gives the following
equations governing mass and momentum flux in the jet:

—LU sU: a

ax

2 "1 2~LU ~ "CH LUX D (7)

H is again the depth of the fluid, X is a horizontal coordinate in the
shear direction and s is the entrainment constant. These equations can be
immediately integrated, to give:

cH -1 -1
L ~ (L'-'t —) exp(C XH ) -~HC

C D D
D

where L's the initial width of the current. Note that the result is indepen-0dent of the momentum flux. It is~ however, naturally dependent on the momentum
flux exceeding some critical value ~equired to provide a significant inertial
effect. It is concluded that sighificant inertial effects will be limited to a
region of approximate radius of about 500 H inward from an inlet. The strenth
of the induced circulation is defined by the asymptotic transport rate estimate:
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LU-> LU (1+cHC L ) 2

0 0 D

By setting CD at about 100, and the inlet width L at about 20 H, the.0
asymptOtic transport vill. be nearly two and a half times the discharge.

This appears approximately as a doublet field wi.th a source sink separation
of the same order as the p'enetration distance of the jet. Its effects will be
limited to a region of the similar linear dimensions. Thus, a semicircle is
roughly defined with .a radius of 500 H as the region of inertial mixing at each
inlet narrow enough to produce noticeable j et effects.

A simple laboratory system for demonstration of this type of inertially
induced circulation was developed by a high school student, Mr. Fellman, under
a cooperative laboratory study program with Dade County Public School System.

A Method for,Estimating Thermal Anomal Areas: The accurate prediction
of water temperatures in estuaries under different thermal loading conditions
is hampered by several fundamental difficulties; first, basic knowledge of the
heat transfer processes is only qualitatively satisfactory. But even with a perfect
quantitative theory, the number of parameters influencing the problem, an'd which
have to be observed or themselves predicted, precludes precise analysis without
a substantial data gathering effort. It is frequently of interest to consider
not the actual temperature, but its deviation from what it might have been without
the thermal discharge under consideration. A,perturbation analysis is now being
undertaken. This is a task which can be carried through in general with a
much greater degree of precision than the determination or prediction of absolute
temperatures. Xf, as is frequent;ly the case, one is primarily concerned with
the problem. under conditions where the environmental mean temperature is already
quite high, the tasks is further simplified due to the increasing predominance of
evaporation as the main cooling process.

The graphical approach to the determination of heated areas which is pre-
sented herem is intended to provide a first quick look guidance in design consider-
ations. Because it deals only with the prediction of surface area associated with
certain thermal anomaly levels, it cannot'be used alone for the consideration of
problems where, for example, ecological impact on bottom drdelling, benthic
communities is involved. The basic physical concept underlying the approach is
that since the cooling is a surface process, the rate of heat loss, which has

to balance the excell thermal loading, depends only on the surface area distri-
bution of thermal anomaly, and not at all on the thickness .of the warm layer.
The latter only adds thermal inertia to the system, I.E. determines rate of
reaction to changes in loading, or ambient conditions.

The prediction of water temperature is based on the principle of. thermal
energy conservation, expressed as a balanced heat ~bud at, stere various physical
processes acting on the system are identified hy corresponding items in the
balance sheet. By considering a shallow layer of water, perhaps of variable
depth, flowing out from a source at a discharge rate q (volume/unit time), and

with some initial temperature T , the problem of combining the ensuing variable
velocity distribution with temperature change predictions into a theory for the
distribution of temperature anomalies seems a formidable trask at first sight.
But some simple physical consideratio'ns suggest that one part at least of the
problem may be simpler than expected. Consider what happens to the temperature of
flowing water, if a constant rate of heat transfer occurs qt the top surface.
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The heat capacity of the column is proportional to the depth. The rate of coolingof the water, like the flow velocity at fixed discharge rate, is thus inversely
proportional to the depth. It follows that the downstream. temperature gradientis uniformy and independent of the local depth~ and flow velocity. Now a general
fs!rmulation extending this argument to arbitrary flow geometries is presented,

A steady state flow pat',tern, where an initial temperature anomaly decreases
gradually away from the source is first assumed with, the steady temperaturefield described by a set of iso!.hermal curves. If the vertically averaged vectorvelocity is V, and the component perpendicular to the local isotherm is V, then
the total volume flow across the isotherm is:

fhV dsn
T ~ const

where h is the local depth~ q the prescribed discharge rate and T is constant.
The heat advection rate Q across the same isotherm is:a

Q (T) ~ cpThV ds = cpTqT. n

Now, the divergence of the advection of heat must balance the surface
exchange rate:

dQ (IQ

dT dA dr . (3)

Here A(T) is the surface area enclosed by the corresponding isotherm, and
is the total heat loss rate over the same area. Elimination of the heat

a3vection term between the last two equations .finally gives a differential
equation for A(T):

'Q. dA
dA dT

An approach to the determination of Q must now be found. As indicatedsabove, this is in general a task which can be carried out only subject to
severe approximations. But if it is postulated that the ambient environmental
conditions are only slowly varying, then it may be assumed that the environmental
exchange would balance out at any one point, if the'emperature were equal to
the ambient temperature, and if the'heat advection effects wer'e neglected.
Consequently, it is concluded that in the compleCe heat budget.', the latter must
be balanced by the perturbation in surface heat exchange, due:to the surface
temperature ~anomal relative ro tha ambient conditions. It isi thus~ formally
expected to be able to find a law governing Q of the form:s

.- dQ
F (T-T X )dA





where Xi denotes a set of parameters defining the ambient exchange conditions~
and T the ambient equilibrium temperature. Tne wind speed U defined at a
suitable reierence level~ and T ~ are the main parameters to consider.

An imoortant assumption under ying our arguments is, of course that it is
meaningful to define an unpertubed ambient condition, as a reference state. It
is implied~ that the thermal perturbation studied is small enough in its inte>sity
and geographic extent not to influence appxeciably the meteorological processes
outside a thin boundary layer along the surface. Incoming radiation fluxes
and the ambient wind conditions m~y then b taken as being control" ed by other
processes and independent of tne thermal perturbation rield. There remain~ in
the heat budget balance sheet three items sensitive to the actua'urface tempera-
ture~ namely the latent heat used in evaporation of water, the sensible heat trans-
fer by convection and the outgoing infra-red radiation. Since the first t»o pro-
cesses both depend on turbulent transfer, they are treated together. In full
appreciation of its limitations, c.f. e.g. Kraus (1969), the bull: transfer
coefficient method of estimating the fluxes is used. The evaporation ( , and
the sensible heat flux S, are given by:

()X~CUp s (TT)
aT a

S C UPC (T T )
D p a

3 0

w'th C =- drag coefficient (1.4x10 ), U ~ w'ind speed aL refexence level~ p
density of air at ambient temperature and pressure, X a saturation mixirg
ratio for water aL'

~ and C = specific heat of "ir Kt constant pressure..aP p

(6)

The heat loss associated with the evaporation is found by multiplying
the'vaporationrate. by the latent heat of evaporation T.~ thus allowing us to write

the sum of sensible plus latent heat fluxes El, as:

lii S+LE
U CD P„[C (T-T )o ~ LX ( ) ~s (Ta))

= UCD P> [ C + 0.06' (T-T )
p

's a
(7)

The sensible heat flux, represented by the first term C , in the square
brackets contributes only about 20% in the range of'emperatures considered here.
This is barely significant~ considering tne uncertainties involved in the applica-
tion of the bulk aerodynamic flux method. Since the effect is systems".,$ c,it should be included in computations, EEowever, for the purpose of analytical
ca1culations, the temperatuxe dependence of H wi11 be represented by a simple
exponential expression. This corresponds to tne use of an "equivalent evaporatioh
potential"~ based on an adju"ted saturation mixing ratio xs, and a weaker
temperature dependence of ca 5%.per C, as compared to ca 6% per C for the water
saturation curve. Our simpl. fied expression for H is then:j

EE = UC p Lx'exp 0.05 (T-T ) - 1)
D a s

(8)



The allowance for radiation effect:s can be developed along the same lines.
A nomogram approach is being developed including all of these effects in a
heated area estimates at constant wind speed of 10 knots,,or ca 5 m/sec has been
derived and compared with 'data from Turkey Point. Figure II-33a gives a set of
curves 'for various discharge rates, evaluated for evaporation, alone. Temperature
scale can be read in any units, since the decay is expon'ential. The dashed lines
represent the effect of dilution of initial water flov (in parenthesis) to twice
the original volume, thus, halving the temperature anomaly. It should be noted
that the anomaly areas are identical by the time the temperature excess is down
to of the outfall temperature anomaly. Beyond that point, increased flow
rate makes the heated area larger for the diluted flow situation than without
dilution. For an initial flow of 600 ft /sec, Figure II-33a gives the following:3

~Discbar,e
Initial

Tem . Exc ss
Transition

Tem
Txansition

Area

Und iluted
2x dilution
4x dilution

600
1200
2400

6
30

1.5 0.94
580 acres
770 acres

The transition point is the point at which the dilution causes an increase
rather than a decrease in heated area. For comparison, Figure II-33b presents
data on plume areas from IR surveys made on August 5, 1968 at Turkey Point. The
discharge rate typical at this time was ca 1230 ft /sec, This line is similar
to the 1000 ft /sec line on Figure II-33a, although. agreement: appears satisfactory,
further information is necessary to establish its prevailing nature. It should
also be kept in mind, that excessive initial dilution may lead to enhanced
circulation perturbations. A balancing of the different factors is therefore
essential in design considerat:ions for cooling water circulation.

SIRMARY

This yeax a systematic data collection program was initiated, it consisted
of intensive seasonal measurements with'nstrumented towers and synoptic surveying
of temperature and s ' ''.. These activities vere closely coordinated with the
data collection programs of the U. S. Geological Survey and U. S. National Park
Service.

Initial result:s shov that Card Sound and South Biscayne Bay are poorly mixed
by tidal act:ion alone. Tidal. exchange'etween these embayments and the ocean is
restricted t:o a small area on the eastern side near Caesar, Broad and Anglefish
Creeks and has a time scale on the order of a fev days. The central and western
sections of Card Sound exchange vith South Biscayne Bay and Barnes Sound due to
longitudinal reversing tidal currents with maximum speeds of about 20 cm/sec.
Exchange between t: he interior and the ocean is believed to be enhanced by wind
stirring;— Passage of cold fronts with winds greater than 6 m/sec, with a duration
of at least one tidal period are be'lieved to mix'the interior and set up a mean
circulation that'ransports interior vater in a southerly direction and out the
inlets, thus, increasing the "'ushing rate.

These initial investigations suggest that a mean flow of the magnitude

"e
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XIX BOUNDARY CONDITIONS

GENERAL STATEMENT

This phase of tho work is based on the promise that circulation in an area
such as that affected by the Turkey Point Plant can be directly correlated to
water surface elovat:iona, surface stresses and bottom stresses,

Water surface elevations result from the astronomical tide coupled wit;h
the effects of wind and the geometry of the system. Differences in these
elevations, along with surface stresses caused by wind, drive the circulation
which is impeded by bottom friction,

Therefore, if these effects are correlated for. a variety of conditions, a
simple model of the system utilizing only variables that are easy to measure can
be developed, These axe: a) water surface elevations, b) astronomical t:ide,
and c) wind velocity and direction.

To orient the investigative efforts along the most productive lines
possible, two distinct but related areas ~ of study'ave be'en select:ed: the shoals
and inlets,- and the relatively deep, large basin areas, Over the shoals and in
the inlets, velocit:ies re generally high and bottom stresses are significant
in the fluvial relationships. On the ot:her hand; as these areas are relatively
small, surface stresses are much loss important, The basins havit~ much larger
areas and volumes are significantly affect:ed by the wind and t:ide and much less
by bottom stresses except: a they contribute to wind set-up. Differences in the
water surface elevat:iona between basins provide the driving force for the cir-
culation in the inlets or shoals connecting them, Figure XII-1 shows the divis-
ions, between the basin and shoal.-inlet areas.

METHODS

Inlet Studios

Fox the study of shoals and inlets, 'the Broad Creek, Angelfish Creek and
Old Rhodes Channel complex connecting the Atlantic Ocean to Card Sound was
selected as the first to imvostigate. As this is by far the most complicated
area, methods developed for modeling it would be likely to apply elsewhere.

Taylor (1971) applied a system based on Manning's formula to this inlet,
" This system originally utilized by Michel (1968) for studies of Bear Cut divides-
an inlet into a series of„areas on a'rid system. The size of the areas depends
upon the geometry of the 'inlet ox channel, The resistance of the areas to flow
is calculated by means of Manning's:formula and integrated over the width and
length of the channel to determine a coefficient of resistance "k" so that

2'qn~ kQ

* J. F. Michel
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where: An = difference 'in head between ends of the channel in ft. and Q ~
total flow through the channel in ft3/s.

The inlet studied consisted of a gxoup of 46 separate int jrconnected
cha~nels h~ving resistance coefficients varying from .25 x 10 to 13.798 x
10 s /ft (see Fi„~re XIX-2), A standard computex program utilized for flow
in pipes was modified to analyze this n'etwork at varying stages of the tide
in the ocean and in Card Sound,

A limited amount of field work was done to check the calibration of the
model by the occupation of selected stations. 'At these stations, current
velocity and direction were measured. Data on water surface elevation was
obtained from the Coastal and Oceanographic Engineering Department of the
University of Florida which had tide gauges in operation at the time,

Basin and Mind Stress Studies

In studying the basin areas, it was decided to concent ate efforts on
the water sui face elevations with special emphasis on their xelationship to
the speed and dixection of the wind. If the water surface elevation at both
ends of an inle't can be determined accurately for a variety of conditions, flow
through the inlet can be predicted,

The effect of wind can best be related to watex surface elevation byutilizing a wind stress parameter which is commonly used in studies of wind
set-up. This parametex, the product of the wind speed and its component i.n
a selected base direction, is commonly used in studies of wind set-up. On
enclosed bays and lakes the base dixection giving the best correlation with
set-up is toward shore. On the shore of the open ocean, the component parellel
to the shoxe must also be considered due to the Coriolis effect of the along-
shore current. A study of this relation for the Hiami Beach Tide Station was
made by Fisher (1968) of conditions prior. to and during Hurricane Betsy as a
thesis proj ec t under the direction of this inves tiga tor.

Prior to the commencement of this project the investigator with the help
of funding under the Sea Grant Program had managed to assemble considerable
data alx'eady available fox the area, These data consisted of wind speed and
direction as recorded by the Meather Bureau at tfiami International Aixport
and by the Florida Powe'r and Light Company'at Tuxkey .Point as well as copies
of actual charts for nine tide gauges utilized by Schneider. (1969) of the U. S.
Geological Survey in his excellent study of tidal relations in the area, Hourly
gauge heights for the National Ocean Survey master, tide gauge at Hiami Beach
were also available (see Table XXX-)).

IXX-3



I,

I

II

l

t
I

f



21155

3
319700

279570
7

10600 1789

467100

ll
42

I

12

39442

4783
27

4689
26

135
28

2994
25

221000
21

46090
20

180

24

475

336019
40

11300
19

191700
18

797
22

.3293
44

11320
17

345
16

91162
29

2659

1481
15

6556
30

2907
10

46

45

3 2466

57

n
0

618

537
2

1957
43

160
39 540

38

240

37

1689
32

101
35

103
33

1 7

16534
36

25
4

PXGURE XXX-2 Plow resistance network model for the Broad Creek, Angelfish
Creek, and Old Rhodes Channel complex





TABLE IIX".1

0 .

TXDE GAUGE STATXONS,

1. Miami Beach Primary Tide Station (U. S. Coast 6 Geodetic
Survey)~

2, Biscayne Bay at Coconut Grove

3, Biscayne Bay at Key Biscayne

4, Cutler Drain at Structure 123 (Central and Southern Florida
Flood Control District)

'5, Biscayne Bay near. Homestead

6, Biscayne Bay at Elliot Key ~

7, Card Sound at Model Land Canal

8. Barnes Sound at Card Sound Road

9, Manatee Bay at Canal 111

10, Garden Cove on Key Largo (ocean)

Originally it was intended to deduce the components of the astronomical
tide by analyzing records of watex surface elevations during periods of lo~1 wind
stress. From these the astronomical tide during periods of high wind stre s
could be separafed from'the ac(ual ~ater surface elevation to give the wind
set-up for correlation with the wind stress. In 1 ebruary 1971 it became evident
that this program was too ambitious for the limited funds available. Therefore,
a moro direct, if less thorough, approach was sought,,

'

Screening of the tide chaxto showed that during the period 1-7 June 1968,
extremely high and extremely low tides occuxred at all stations, The wind
records for the same period showed a slow but steady increase in velocity to
30 miles per hour from a generally easterly direction, a shift during a 24-hour
period to the southwest and then a steady decline in velocity„This wind pattern
was caused by the passage, at a considerable distance to the west, of tropi'cal
Hurricanelhby which had a typical cyclonic wind circulation. Rough plots
and curve fittings by visual m ans confirmed that the variations in t'e mean
tide level were clo"ely in phase with the w'nd stress, It was therefore
decided to concentrate effort on the period 1-7 June 1968 to relate water
sur face e leva tions t o wind stress,

About this time an APL terminal connected to the Univergity Computer
Center became available; this system allows the storage and processing of data
from a typewriter 'texminal. The language is extremely simple and powerful

4 Unless otherwise noted, all gauges were opera'ted by t;he U. S. Geological
'urvey,





and a good selection of programs for statistical analysis and plotting is
ava ilab le.

To develop and test the plan for processing the data, a library was
loaded with hourly values for wind speed and direction at Turkey Point and
houxly tide gauge readings for lfiami Beach, Elliott Key, Homestead, Card Sound ~

and Baxnes Sound. Tri-hourly wind reatlings for ifiami International Airport
wex'e also entered. Programs were developed to select'ata for any period of
time and to convert wind speed and direction into a wind speed parameter related
to any selected direction.

Initially one data point was selected for'ach six hours of record and
the wind stress from 90 (East) was c'omputed. Xn order to filter short term
fluctuations a least squares fit to a fifth degree polynomi.l was made. A
curve of actual values and the fitted data is shown on Figure III-3. ~ The
astronomical tide was filtered by the same method from readings of the Card
Sound Tide Gauge giving Figure III-4.

It was immediately seen that the filtered values of wind stress and
water level were closely related in phase and that the maximum variation
occurred during the second 48 hours of record (0100 3 June to 2400 4 June).
Hourly data during this period were analyzed in the same manner to give the
curves shown on Figure III-5 and 6, Xn addition, the net average hourly flow
into Caxd Sound and differences in elevations between the Ocean and Card
Sound are shown on Figux'e XXX-7,

I

At this point it should be stressed that the tidal data had not all been
correlated to the same datum, nor was it related to mean half tide as determined
by Schneider (1969): Therefore, trends are shown accurately but absolute values
are not.

RESULTS AND DISCUSSION'l

In le t Ana 1 s is

So far, only the inlets between the ocean and Card Sound have been
studied, Values obtained for the tidal exchange through these inlets are
in accord with those obtained by the Department of Coastal and Oceanographic
Engineering of the University of Florida in a separate study as shown by
Dean (1970) and presented in Table III-2,

On 1'igures "II-3 through 7 the circles represent actual data points, The line
of asterisks shows a lease squares fit to the data,

\
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TAHLF. IXI"2

COMPARISON OF TIDAL EXCilANGE AND FLOM RATE RESULTS MITII
DEPARTMENT OF COASTAL AND OCEANOGRAPllIC ENGINEERING DATA

Item

Peak Q t (ilood)

Peak Q t t (ebb)

Tidal Exchange (flood)

Tidal Exchange (ebb)

Department of Coastal and
Oceanogtaphic Engineering

Dean 1970

68059 ft /sec

52325 ft /sec3

0,913 x 10 ft3

1,002 x 10 ft39

This S tud

57094 ft3/sec

59534 ft /sec.3

0,97254 x 10 ft
1,01754 x 10 ft

Net Transport (to sea)
I89'06 ft 45x 10 ft

Volume of 0.97254 x 10 cubic feet (flood) and 1.01754'x 10 cubic feet
(ebb) indicate a net transport of 45 million cubic feet of water irom Card
Sound to sea per tidal cycle. This value is approximately one-half of the net
transport to sea as determined by Dean (1970).. The mean value of the tidal
exchange represents approximately 16 percent of the 'total volume of water in
the Card Sound basin and 46 percent of the total amount of '«ater exchange in
Card Sound per tidal cycle. In comparison, the volume of heated effluent to be
discharged into Card Sound f om the Turkey Point facility, during one tidal cycle,
assuming maximum flow conditions of 10,625 ft /sec, is 4,473 x 10 cubic feet
or 7,2 percent oi the total basin volume,

Flow rates as calculated from the inlet. model are di.stributed as follows;

Ocean side

Broad Creek
Angelfish Creek
Old Rhodes Channel
Pumpkin Creek
Little Angelfish Creek

54. 1%

31, 5%

11. 2%

2. 9%

0. 3%

i~as ide

Broad Creek
Angelfish Creek
Old Rhodes Channel
Middle Creek
Linderman Creek
Little Pumpkin Creek
Others

49, 7%

12, 0%

10, 3%

10, 1%

7. 7%

.5. 8/
4 ~ 4%





Field work to establish accurate batlrymetry and current profiles for
the shoals of the Cutter Bank-Arsenicker platform and Card Bank has not yet been
co'mpleted. Although the system we have developed appears'to be the best avail-
able method for representing these conditions, additional work must be done,
Since the resistance coefficient is dependent on the depth, it will vary with
the tidal level. This variation is more important in shallow axeas than deep
ones. A correction for this effect can bh introduced by computing thc coefficient
for several stages of the tide and using it as a variable when indicated, When
these are established, these areas can be incorporated into a useful model by
utilizing the same technique as fox'he inlets already studied,

Basin and Wind Stress Anal sis

At this time no quantitative results can be reported for this phase oF.

the work. However, a good model to analyze the effect of wind on water'suxface
elevation is available,

Xt is interesting to note fxom Figure IXX-7 that during a part of the
period, discharges from Card Sound were considerably higher than those caused
by the astronomical tide, A detailed study vill probably show that conditions
during this time approximate the effects of the proposed discharge from the
power plant.

Nore work is necessax'y to standardizd the data for the 1-7 June period,
but this will- be mi.nor, Once this i.s done,'he following data can be accurately
hindcast for that period; a) water surface e'levations on both sides of each
of the inlets, b) net hourly flows into and out of South Biscayne Bay, Card
Sound and Little Cax'd Sound,

By combining these data with the inlet models, a composite circulation
model of the entire system can be made, grata from later periods of observations
including fresh water runoff, temperature and salinity can be incorporated into
the model with very little difficulty,

So far the results of the study corroborate the original premise that
the cixculation of an area such as this can be monitored on a long term basis
by means of recording tide gauges and a wind station, Data from thermographs
and salinographs can 'oe included where necessax'y.

SP IMARY

Notwithstand'ing a severe'uxtailment of the anticipat d funds, „work has
progressed to a point where additional effort vill really pay off in establish-
ing base line data and in providing a system to monitox future conditions.

The syst: em developed for describing inlets and shoal axeas in accordance
with Manning's formula shows a good correlation with measurements in the "ield.
Zt 'is simple to use and it can be developed into a highly accurate tec'rnique.

The computer xoutines developed to analyze tne-relation. between wind and
w'ater surface elevations and circu:.ation is accurate and extremely ef .icient.
Xt »ill. be extremely us«ul in processing data ga-hered during this .-" .uay an-

":it can'be readily adapted co include other parameters such as iresn wa-.er runoff,
temperature and salinity.
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IV . CIIEHISTRY<

GENERAL STATEHENT

The chemistry of semi-enclosed ecosystems such as Biscayne Bay and Card
Sound is synergistically related to the physical and the biological properties
of the ecosystem. Thus, for example, the chemistry of the water, sediments,
and biota is contro3,led by, and in turn controls the quantity and quality of
the living organisms, while the physical dynamics of the system primarily
control the distribution of the chemical constituents of the water and sediments.

This report concerns a study of the ecological effects of a power plant
utilizing natural estuarine waters for cooling purposes. It is instructive to
review briefly the various ways in which such a utilization of natural waters
can alter the chemistry of the ecosystem. Two distinct types of effects can be
envisaged, diiect effects of added pollutants or altered chemical equilibria in
the discharge water, and tne indirect effects brought about by changes in the
physical parameters acting directly upon the biota within the ecosystem to
produce consequential chemical changes.

Among the direct effects are the addition of pollutants to the cooling
water during its passage through the plant and canal system (e.g., trace metals,
radionuclides, and particles producing increased t;urbidity), and altered solu-
bilities or speciation- equilibria (e.g., d's olut'cn or precip.'tation of CaCo3,
exchange of gases, alteration in stabilities of organic-inorganic complexes).

Indirect effects due to changes in the biota induced by increased temperature,
turbidity or turbulence will be manifested in a number of ways. The concentration
of certain chemical species such as the dissolved inorganic micronutrients and
dissolved organic carbon will be altered if organisms are being killed or thermally
stressed so that they cannot maintain the normal concentration gradients of
chemical- species across their cell membranes. The distribution and the chemical
nature of sediments may be altered if the contributing plant and animal life is
killed or substantially modified in its distribution. The trace element regula-
tion of organisms themselves may be altered so that they accumulate higher or lower
than normal concentrations of these elements (e.g., Roosenberg, 1969).

The=chemical changes taking place due to a power plant effluent may be
relatively small, nevertheless, it must be recognized that they can be of profound
importance in regulating the ecology. Thus, because of the diverse nature of
possible effects and their expected magnitude, sophisticated and extensive
studies are necessary to determine the effects of thermal pollution.

.>'<D. Segar, S. Gerchakov and T. Johnson





A limited chemical investigation of the area currently receiving thermal
discharge from Turkey Point Power Plant has been carried out starting in early
1969. The results of this study up to Dec. 1970 are presented in Chemistry
Appendiz II of this report. This investigation indicated that many chemical
properties are indeed altered by the operation of a cooling system using
natural bay water. However, a considerable problem has arisen in interpreting
the data obtained because of the total lack of baseline information relating to
the chemistry of the ecosystem of which the thermal discharge area is a part.
The- Florida Power and Light Company's plan to alter its discharge point to the
center of Card Sound represented an opportunity to obtain baseline data for a
discharge area before the inception of the discharge. In addition, the Card Sound
basin represents a similar, but not identical ecosystem to that found at Turkey
Point so that data obtained in Card Sound may be cautiously used as comparative
information relative to that obtained at Turkey Point.

The primary objectives of this program during the past twelve months have,
therefore, been twofold. To upgrade the instrumental and technical capabilities
of the chemistry group working on this pxoject so that more extensive and more
specific studies can be made and to'btain baseline information for the chemistry
of the water, sediments, and when possible, the biota within Card Sound, so that
any changes due to the projected discharge can be more cleaxly identified. In
addition to these primary objectives, research has continued in the area of the
present discharge with emphasis being placed upon the study of specific problems
indicated by the earlier work.

METHODS

A number of necessary instrumental analysis systems have been acauired under
the aegis of this program and elsewhere during the past twelve months. A pro-
portion of the effort has been devoted to the setting up and calibration of
these instruments and the training of the necessary personnel in their use. The
following instruments are now in regular use for the Turkey Point-Card Sound
studies.

A Technicon CSM6 six channel A'utoAnalyzer is in routine use for nutrient
analysis. At present, only four channels, those for the determination of
nitrate, nitrite, silicate and phosphate (Grasshoff, 1970) are in satisfactory
operation. It is hoped that a fifth channel will be operational soon for ammonium
ion determinations and that the sixth channel can be used eventually for either
organic phosphorous or, preferably, organic nitrogen. Prior to January, 1971,
nutrient analysis were carried out by the manual methods of Strickland and
Parsons (1968). AutoAnalysis methods now ena'ole the completion of sample analysis
within 24 hours after the return of samples to the laboratoxy. As many as 250
samples can be easily handled during a normal working day.

A Beckman 915 Total Organic Carbon Analyzer is in use for the determination
of dissolved organic and inorganic carbon (Van Hall and Stenger, 1967).
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Samples are fixed with mercuric chloride in amber glass bottles and analyzed
within 48 hours from collection.

A Perkin Elmer 403. atomic absorption spectrophotometer equipped with an
HGA-70 graphite tube furnace is in use for the determination of trace metals
in water samples and will be utilized in the analysis of biological samples and
.sediments which are at present stored (see below). Some modifications of the
tube furnace were required (se'e Chemistry Appendix III), and two successive
trained technicians have left for other employment so that this instrument is
as yet not being operated routinely to capacity.'

Hater samples are analyzed for trace metals by a modification of the method
of Brewer, et al. (1969). Prior to January 1971, Cu and Fe were determined by
methods of Alexander and Corcoran (1967) and Corcoran and 'lexander (1967),
respectively. It should be noted that the methods used prior to January 1971,
determine total dissolved metal concentrations, that is all forms of the metal
that pass a 0.45p filter, whereas the currently. employed method will determine
only the fraction capable of complexing vith pyrrolidine dithiocarbamate in
the acidified water samples. This differential. is discussed below.

A Perkin Elmer 240 CHN analyzer is being us'ed for caxbon, hydrogen and
nitrogen elemental analysis of biological samples, sediments and suspended
particulate matter. Due to the long delivery time and set-up procedures, this
instrument became fully operational only in April, 1971. An R-F lo~v temperature
asher is being used for the oxidation of organic carbon in biological materials
and sediments.

. There are two other essential instruments used in this study. A Perkin
Elmer 180 infra red spectrophotometer is being used for partial characterization
of organic matter and minerals in particulat:e matter and sediments. The Perkin
Elmer 356. dual beam double wavelength spectrophotomer is not yet totally
operable due to faults in manufactuxe. Alternative instruments have been avail-
able elsewhere for the woxk requiring this type of

analysis.'he

radioactivity study of the Card Sound program utilizes alpha, beta and
gamma counting systems and has been set-up according to the guidelines of the
Atomic Energy Commission and the Bureau of Radiological Health. These agencies
have provided a technical basis for criteria in establishing environmental
radioactivity surveilla'nce programs (Harley, 1967; ITAC., $965)

The overall surveillance program is outlined in Table XV-'.1. The water
samples for gross aloha and beta counting are prepared using procedures similar
to the State of Plorida, Radiological Laboratory ac Orlando (Sohnson tt. Personal
Communication) and counted on a nuclear Chicago Hodel 1152, low background, gas
proportional counter, calibrated with Plutonium-'239 and Strontium-90/Yttrium-90
standards for. ~al ha and beta activities respectivel'y. Calibrated ~al ba, beta
and gasma standards vere obtained from the Analytical Quality Control Service,
!bational Center for Radiological Health, Hinchester, Hassachhsetts. These
same standards vere used to determine counting efficiencies,i elf-absorption
coefficients and backscatter factors.

I
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TABLE IU-1

CARD SOUND ENVIRG~ii NTAL RADIOACTIVITYSURVIELLANCE PROGRAM

SAlPLES
SAMPLING FREQUENCY

1970-71 1971-72 1970-71
ANALYSIS

1971-72
SAMPLING

.LOCATIONS

Hater Quarterly Bi-Monthly Gross Beta (GPC)
Gross Alpha (GPC)

Diff. Gamma-
(Gamma Spec.
Ana"ysis for
Selected Radionu-
clides)

Gross Beta K
(GPC)

Gross Alpha (GPC)
6 selected Alpha
Spect.

Diff, Gamma

Intake 6 Dischaxge
Canal 6 Card Sound

1Ãater - H Pew Back-
ground samples

Monthly Tritiom (LSC),
vith some Elec-
trolysis enrich-
ment

Intake Canal
Discharge Canal,
Card Sound, South
Biscayne Bay,
Open Ocean

Bottom
Sediments

Semi-annually Semi-annually Gross Beta (GPC) Gross Beta- K
40

Gross Alpha (GPCP . Gross Alpha
D-ff. Gamma (GSS) Diff. Gramma

Card Sound

Aquatic Biota Variable Variable Gross Beta
Diff. Gamma

40
Gross Beta- K
Diff. Gamma

Card Sound 6

South Biscayne
Bay



Each planchet is counted for 40 minutes at the beta plateau and 40 minutes
at the ~al ba plateau. Tha raw data is computed marually for determination of
the activity in terms of pCi/unit weight and pCi/unit volume of sample, and then
analyzed by computer for statistical variation and statistical (0.05 level) sig-
nificance.

Gross a~1 ha and gross beta activities in fractionated sediment samples are
currently being measured, using the mechanical sieving technique described by
Johnson and Abrahams (1966) to enhance the detection efficiency for low level
environmental radioactivity. Sediment part'cle size ranges being studied are;
coarse (>17 7u), fine (61-1779), and silt ((61M) .

Gross beta activity measurements of selected samples of biota are to be
carried out as soon as the samples can be collected.

Gamma spectrum analysis is being carried out to determine the preoperational
background levels of selected natural and artificial gamma amitters in water,
sediment and selected biota samples as outlined in Table IV,-1. One liter water
samples are counted for gamma activity for 40 minutes in cylindrical (7 x 14.5 cm)
plastic containers lined with plastic bags as illustrated in Figure IV-1, while
sediment and biota samples are counted in small plastic disposable beakers. The
gamma counting system (Figure IV-1) consists of a heavily shielded counting
chamber (6" steel walls with 1/8" lead and several layers of 1/8" tin) housing
two matched 4 x 8" Harshaw Nal(TI) crystals, each w'th three photomultiplier
tubes and a mixer. The signals from th'e mixers go to an anti-coincidence unit,
then to the pre-amplifier and are then analyzed using a Nuclear Data 5'2,
No. 180 FHIZ Analyzer. Data from the analyzer can be printed out on an

IBt~f'ypewriter,plotted by an X, Y plotter or fed into the interface system for
storage on high speed magnetic tape. The Nuclear Data 512 unit will be replaced
shortly by a Nuclear Data 1024 unit with an on line 8D computer.

Data acquisition and storage fot tha gamma samples has been achieved by
-use of a Cypher model 71/ magnietic tape unit, which require ,3 seconds for complete
transfer o1 512 channels of data from the Nuclear Data 512 analyzer to the tape.
All electronic equipment order or fabricated for this syst: em in the fall of.
l970, e.g. interphase system, gamma-gamma-coincidence amplifier, sample changer,
nin-bin and power supply, magnetic tape recorder and mixer preampliiier were
installed and operating by 11arch, 1971. The 'system in routinely operated at
3.9 KeV. per channel, has good linearity over the energy range used ( 0.1 to 1.95
MeV), has less chan a 1 channel drift and has a background soectrum comparable to
those routinely obtained by other laboratories with low backgound, NaI-Nuclear
Data Systems. Table XV-2 lists tha eleven gamma emitters being studied in this
program and the corresponding pbotopeak efficiency and minie.pl detectable
activities for this system. The photopeak efficiencies and minimal detectable
activities values for this system will be improved significantly upon installation
of the new ND-1024 analyzer.

The gamma spectrum data stored on magnetic tape is analyzed for the gamma-
ray energies and incensities of the eleven selected'amma emitcers using a modified
Fortran IV, Sisyphus-II, program described by Helmer et al.;(1967). In order to
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TABLE XV-2.

GAKfA EHITTING RADlONUCLIDES ANALYZED IN CARD SOUND SAMPLES

RADIONUCLXDE

TOTAL
P1fOTGPEAK
F~PPICI NCY

hfXNDfAL
DETECTABLE

ACTIVITY*
(pci/liee+r

144Ce 144p

131X

106 106 hRu

137
Cs

95Zz95

Hn

65Zn

22
Ns

Co(1 33)

140B

8.0

18 ~ 3

2.2

14. 6

911, 1

12,4

5.0

4,8

Q1,0

913. 2

17,0

15.0

13. 6

13,0

10,2

11. 1

9.3

7,9

8.5

820

9,2

*-"'Counting

time - 40 minutes)
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utilize this sophisticated program for gamma analysis with our system, consider-
able effort was required for: (1) modification of data c'ollection equipment and
verification of data input to the magnetic tape; (2) the writing of a new program
for interfacing data collection and data print out; (3) a second new program to
allow data from the magnetic tape as input into the Sisyphus-IX program and;
(4) technical modification in the program to allow more effi.cient machine utiliza-
tion and permit the use of the XBH 370 Hodel $55 computer. system located at the
University of Hiami.

RESULTS AND DISCUSSION

,~Turks point

Xnvestigations carried out during the past year in the immediate Turkey
Point area (Figure XV-2) have been limited because of the necessity of of install-
ing and calibrating new instrument systems and the priority placed on obtaining.
sufficient baseline data for Card Sound. Nevertheless, a certain amount of work
has been carried out for nutrient species to provide correlatable data for
continuing biological investigations. A study, of the Eh, pH, dissolved organic
carbon, iron, and copper has been conducted. Sediment samples from each station
have been collected and partially analyzed, and the suspended particulate load
'in the effluent canal has been investigated. All of the data obtained during
the period September 1970 — Hay 1971 is reproduced in Chemistry Appendix I.

The chemical and associated hydrographic data obtained at Turkey Point
during the period January 1969 to December 1970 has been collated and interpreted.
The results of this assessment were presented at the Third National Symposium on
Radioecology at Oak Ridge, Chemistry Appendix XI. The findings can be briefly
summarized as follows:

(1) Heasurements of sediment temperatures have revealed that
benthic infaunal, bacterial and fungal populations may not be sub-
jected to as wide a range of temperature fluctuations as organi.sms
living in contact with the water column itself. This phenomenon and
its possible importance has been further discussed in a paper submit':ted
for publication Chemistry Appendix IV.

(2) Some evaporation due to the heating effects of the power
plant was detectable from the salinity measurements. The extent of
this evaporation was small enough as to alter the salinity by less
than 1 ppt., a very small change when compared to the natural seasonal
variations..

(3) Oxygen concentrations were never below levels required for
respiration and normally indicated supersaturation. The frequency of.

. occurrence and extent of supersaturation at st:ations very close to
the effluent canal mouth was reduced with time. This. was presumably
related to the death of algae and sea grasses in these areas.
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(4) Nutrient concentrations were with a very few exceptions
enriched in the di"cha ge as compared to the intake water. This may be
related to the death or thermal ..t csQ of entrained planktonic organisms
or it may be derived from leaching. of he canal wills and the limited
biota within th canal.

(5) The sp cafic alkalin..ty was urusua11y high within the area
of the plum . The'total inoxg."..nic carbon was also higher in the plume
tIian elsewI.ere. Tnis would ind'c" t that active carbonate dissolution
is taking place within 'he CQ"..al and plum», particu3.arly QQ the pH
within thc area was almost con"=ta..". This conclus-'on -." so'i-,ewhat
tentative and should be furthe" iinvestigQLcd, Dissolution of carbonates
may be aided by comple~ation of c~lcium wi n dissolved organic matt . which
was observe'd 'to "be *highex within 'the Qx'e'a "of -the'"p'lume.

(6) 'Ine dissolved organic carbon content o= the mater close to
the mangrove "ringe and particularly -n "he exfluent water from the power
plan" was high. Some of the excess d "solved organic carbon within the
effluent plum may "e der.. red from mangrove runoff; however, it is believed
that soma of tha excess iQ dereved from ly..is of entrained organiams or
released to the wa'ex by the organismQ when subjected to thermal stress.

~ (7) No discernable pQttern wa., observed in the distribution oi
total dissolved coppe'n LIee Turks.y Point area.

(8) High concentra Liens Gf t otal dissolved (0.'45@ fi 1 terable) iron
were observed within the ~lu .e. Concentrations romaiiied high during periods
of drought. i'nus, it io unlikely th L'EM i"on 's derived exclusively
from land runoff addiL'ion, ™itis exc QQ ""'on may x=present corrosion prcducts
from L'he power plan", leacnirg ox i on f'm th" canal system walls and
bottom or leaching from the fcw plants witI>in the canal syst: em. Heasure-
ments of pH did not reveal any significant acio'if cation due to the powe"
plant that would lead to solubi.lizat.'on o" n"on. 'heasuxem nt" of Eh have
so fax not been reliable due to instruriental di i.ulties. However, as
the wa'tex i Qlways nca ox Qbo- e 8Qtu . ion with t~ pcct 0 oxygen
would seem unlikely that i"Q En would be co low ars to reduce ferric to
ferrous ircn. Solubilizat'on ox t¹ ." cn mQy be aided by complexaLJon wi.th
dissolved organic matter z'.hich wQQ found in high concentrations within
the plume. I'o time seriea study of the eschaxge of xon from tI:e effluent
canal has been m"de„H waver, the data available so fa" would seem to
indicate thQt the O'Qcharge is probably of som what sporadic natuxe.

SubsequenL to this ansi.ysis cx the results Obtained at Turkey Point further
information nas been obta'ned with rospect to several o~ the conclusions above.

'Satin% "g: Du".-'rd th-"d-,ar"ht .--'„rd ur.: y-„."::.Sara.d in Sou"h ylrtida dton June
-1970 through Nay 1971, e" linity;.-;lua" ir. ter. Tu.:hny ya'nt vicini"y have been
consistently higher than'hose observed at corree ponding times in previous years,

'The. highest salinity ob."erved durivg this p xiod wa 44.4 ppt. at Q station
* close, to tl:e mangrove fringe but not wi''..in thc mair. bo=y of the thermal plume



(Chemistry Appendix I, Tables 3 and 4) .

Nutrients: Data obtained in Card Sound can be used tentatively as a
baseline comparison with the data obtained at Turkey Point.. No significant
difference appear to exist between the concentration levels of nutrients
(NO , NO , PO<, SiO<) at Turkey Point (Chemistry Appendix I, Tables 7 - 15)
and with Card Sound (Chemistry Appendix I, Tables 34 - 42) . However, nutrient
concentrations almost always appeared slightly higher in the area of the discharge
than in the area of the intake canal despite the lack of fresh water runoff
and the very low fresh water table caused by the twelve-month drought. This
differential became less clear in the latter stages of the drought as the nutrient
levels became consistently low throughout the area, approaching the detection
limits of the analytical system employed. Values obtained in Harch 1971 were
within the following ranges: silicate, 0.2 to 1,11'g,at, Si0 .Si/1 (5.6 to 311ug.
-Si04"Si/1);"nitrate, 0:09-to- O.llug:at. N02.'N/1 (1.3 to 1;-5'. "NO -.N/1');'nitrite,
0.01 to 0.10Vg.at, N03.N/1 (0.14 to 1.4l-'g. N03.N/1); and reactive phosphate,
0.05 to 0.253lg.at. PO P/1 (1.6 to 7.79g. P04.p/1), Only phos'phate concentrations
were within the z'ange'observed during 1969 and 1970 (see Chemistry Appendix II)
and it is possible that the phosphate concentrations may be overestimated due
to the interference of arsenate in the determination methods. Arsenic compounds
are used extensively in Florida agriculture and thus may be present in solution
at significant concentrations. A limited number of arsenate analyses are
planned for the near future to resolve this possible error.

Nutrient data obtained from Turkey Po'nt indicate that although ecological
damage has taken place in the area of the mouth of the discharge canal, no
m j or de truct"'ve " t ration ha- occurred to the overall ecosystem of South
Biscayne Bay. As discussed earlier, some evidence is apparent to suggest that
entrainment of planktonic organisms may lead to increases in the nutirent
and dissolved organic'arbon concentrations in the discharge water as compared
to the intake water, the increase being probably derived either from lysis of
the organisms or stress induced excretion. This problem will shortly be more
closely studied by means of integrated biological, biochemical and chemical
studies within the canal system itself.

Carbonate e uilibrium: Total inorganic carbon values obtained at Turkey
Point (Chem'istzy Appendix I, Tables 16 and 17) are high compared to most, ocean
and estuazine waters . Preliminary indications that carbonate dissolution might
be occuring within the effluent canal have not been confirmed by the later
analyses. Total inorganic carbon values in the region close to the outfall are
often lower than those close to the intake. This may be due .to partial loss
of carbon dioxide in the entrainm nt process and it is not possible to
predict from, the data obtained what effect this'will have upon the carbonate
balance. In addition, the values of dissolved inorganic carbon concentration
observed at Turkey Point are within the same range as obsezved in Card Sound .

High dissolved inorganic carbon concentrations appear to be naturally
occurring in Biscayne Bay and sufficient information is not presently available to
determine-the effect of the power plant operation upon the carbonate equilibrium in
the entrained water. Simultaneous measurements of alkalinity, total carbon dioxide
and pH within the intake and outfall canals would be required to study this effect.

I
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Dissolved Or anic Carbon: Total dissolved organic carbon (TOC)'concentrations
in the area of the effluent discharge are consistently higher than those observed
close to the intake canal (Chemistry Appendix I, Tables 18 and 19). Concen-
trations are sometimes high at stations removed from the canal system but
close to the mangroves and also in the Card Sound basin (up to 24.4 'ppm).
nevertheless, the highest TOC concentrations at Turkey Point are always associated
with the effluent plume. Xt is considered likely that some of this dissolved
organic carbon is derived from lysis or excretion of stressed organisms during
entrainment. TOC concentrations have become somewhat lower during the progress
of the drought reflecting the probable origin of a fraction of the dissolved
compounds from mangrove detritus during periods of normal runoff. However,
insufficient data is available to delineate a seasonal variation in the TOC or
the seasonal effect, if any, upon the differential of TOC between the intake and
outfall. Thus, the -need is indicated-.for .time.;s.tudies,.for .d'ssolved,.organic
carbon within the canal system itself.

Trace Hetals: The distribution of trace metals in the Turkey Point area has
also received study. Prior to January 1971, total dissolved iron and copper
concentrations were determined by the methods of Corcoran and Alexander (1964) and

zinc concentrations have been determined by a modification of the method of
Brewer et al. (1969). An important differential exists between the currently
used and previous methods, The trace metals present in the "dissolved" state in
sea water may be present in one or more of a number of different forms. For example,
Cooper (1948) has uggested four different types of dissolved iron: ionic iron, in-
organically complexed iron (e.g., ferrifluoride), crystalloid or dispersed
colloidal organic complexes, and colloidal inorganic compounds. All other trans-
ition metals may also exist in one or, all of these forms as well as in truly
dissolved organic complexes. The methods of Corcoran and Alexander (1967)
determine the total dissolved metal and do not differentiate between the various
forms listed above. The method of Brewer et al. (1969) determines only that
fraction of the metal which is brought into the ionic dis olved form upon acidi-
fication and subsequently complexed with pyrrolidine dithiocarbamate (the
"ionic" fraction). Thus, metals locked up in colloidal organic molecules, very
strong organic complexes and some colloidal inorganic compounds (e.g., ferric
phosphates) will not be determined. For the purposes of study of power plant
effluents, the "ionic" fraction is the most important fraction of the dissolved
metal because metals and radionuclides added as pollutants by the plant operation
would be expected to be in this or in particulate form. However, differential
studies are also indicated to delineate the speciation of dissolved metals in
the area of thermal di.scharge.

The high total iron concentrations of the water in the Turkey Point
area were also found in Card Sound so that addition from the power plant cannot
account for the major fraction of the total ir'on concentrations in the Turkey
Point area. boost of the total iron was probably colloidal inorganic, or colloidal
organic derived from mangrove detritus. Values obtained for "ionic" iron both at
Turkey Point (Chemistry Appendix I, Tables 20 and 21) and in Card Sound represented
about 10-30% of the total dissolved iron although this conclusion is somewhat





tentative as both techniques of- analysis have as yet not been employed for the
same samples. Highest values of "ionic" iron observed at Turkey Point did not
exceed those observed in Card Sound but the values observed at Turkey Point
within the area of the plume were somewhat higher than the average values in
Card Sound, As was true in the case of the total iron concentrations, "ionic"
iron concentrations tend to be highest in the mouth of the outfall canal and
to fall with distance from the axis of the plume and the canal mouth. Only one
set of "ionic" iron analyses for. the Turkey Point area are available at the
moment, and more analyses are requi;red before the areal distribution can be
fully delineated with respect to the thermal plume.

"Ionic" copper concentrations found both in the Turkey Point area and
in Card Sound represent about 10% of the total copper concentrations previously

, determined. ,The„.sing1e .set .of .ana1yses .of ionic .copper at Turkey Point
(Chemistry Appendix I, Tables 22 and 23) indicates a possible tendancy for
increased values to be found within the thermal plume area. Such a tendancy was
not found for total copper concentrations but, with the limited available data,it is impossible to say at present that "ionic" copper is being introduced by
the power plant operation and other forms of copper are not. Further data should
become available. within a few months.

"Ionic" zinc concentrations have also been determined in the Turkey Point
area (Chemistry Appendix I, Table 2I>). In the single set of analyses so far,
the range was from 0.32 to 3.51ug/Kg with the highest values being obtained
within'he. mouth of. the outfall canal and close 'to the shore within the plume.
The thermal plume was deflected towards the southeast during this sampling
per.'od with strong winds blowing so that correlation of "ionic" zinc with the
plume was not well defined. However, from the results obtained, it would appear

-likely that the concentration of "ionic" zinc in the outfall water is increased'y the power plant operation.

The graphite tube furnace atomic absorption technique has been utilized to
analyze a fcw selected samples for Co, Ni, Cd and Pb concentrations after
extraction by the method of Brewer et al. (1969). Very few such analyses
have so far been carried out and the results fall close to the detection limits
wi.th the sample volumes taken and the extraction syst: em utilized. Thus, no
conclusions can be drawn, at present, from the results. The levels of samples
showing values of up to 1ug/Kg, Cd almost all below O.ling/Kg, Co below O.ling/Kg,
anQ Ni less than 2pg/Kg.

Trace metal data so far obtained indicate that there may be a significant
increase in the concentrations of at least the "ionic" fraction of several trans-
ition elements in .the cooling waters during passage through the power plant and
canal system. This may indicate either the intioduction of "ionic" metals by
the power plant or the altering of the speciation of dissolved metals in the
entrained water, or both. Further studies are planned to include analysis of
the intake and outfall waters for trace metals in "ionic" form, those brought into
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solution by UV oxidation (Armstrong et al. 1966), those that are associated
with organic matter, and total dissolved trace metals determined after stong
acid digestion (Alexander and Corcoran, 1967; Corcoran and Alexander, 1964).
A study will be made of the distribution in these dissolved fractions of radio-
nuclides derived from t:he power plant after the nuclear generators are act:ivat-
ed. This is an important consideration as the different forms of trace elements
in solution have different uptake and accumulation patterns in the biota
(Bowen, 1966).

Particulat:e 51attex: Visual observations 'in the area of the discharge canal
have revealed the presence of appreciable quant:itites of flocculent particulate
matter in fhe discharge water, which 'appar'ent.ly -se't.tl'e's out and "Eorms a layer
on the surfaces of grass and algae. This layer may inhibit the photosynthesis
of the plants and, thus, it is important to study its nature. A preliminary
investigation has been carried out of the nature of the pax'ticulat:e suspended
mat:ter collect:ed in the mouth of the discharge canal. It is intended to follow
th'is up with comparative analyses oi the particulat:e load within the intake and
discharge systems and of the material covering the algae.

About 20 1. of water from about 10 ft. depth within the discharge canal wexe
filt:ered with a peristalt:ic pump through a 0.45tt membrane filter, using positive
pressure. Visual and microscopic examination of the filter did not reveal the
presence of flocculent material. 'locculent material may have been broken up
during passage through t'ne peristaltic pump, but visual examination of the water
before filtration indicated that the flocculent material previously observed was
probably eit:her not present or. present at: much lower concentrations than ex-
pected. This may be attributable to the lack of fresh water xunoff as sampling
was carried out during a period of severe dr'ought. Nevertheless, considerable
quantities of particulate matter were collected by the filter and this material
was subjected to microscopic and partial chemical analysis.

1

Under the microscope, the bulk of the particulates appeared to be a mixture
of amorphous and crystalline whit:e particles. Also present; were three other
types of particles; small black or dark coloured particles of uncertain character
and irxegulax shape; particles of irregulax shape but exhibiting an apparently
met:allic shean under cext:ain light condit:ions; a few green .regularly shaped
particles which appeared to be intact chlorophyll cont:aining plant cells of un-
determined taxonomy.

(

The freeze dried part:iculat:e mat:ter «as subject:ed to limited chemical
analysis. Total carbon, hydrogen and nitrogen cont:ent were 10.11%, 0.32%, 0.86%
respectively with an ash content of 30.9% after ignition at" 1000'C in an
oxygen atmosphere. Differential carbon determination aft:er the method of Konrad
et al. (1970) showed that: t:he part:iculate material cont:ained 2.77% of organic
carbon and thus, by difference, the inorganic carbon cntenti was 7.34%. Assuming
that: all of the inorganic carbon was present as calcium carbonate, the par'tic-
ulate matter contained a maximum of 61.2% calcium carbonate'. The infrared ab-
sorpt:ion spectrum of a KBr pellet containing 2.1%w/w of the particulate matter

I
was determined. Absorption bands for calcite and aragonite were identified.

I
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.Although rigorous band assignment was'not attempted, bands in the stretching
region of aliphatic carbon/hydrogen bonds were observed. These were: 2960 and
2873 cm (asymmetrical and symmetrical stretching respectively for CH3) and,
2925 and 2855 cm (asymmetrical and symmetrical stretching respectively for CH2).
The bands near 2890 cm 1 and in the region of 3000 to 3100 cm corresponding
to CH, and aromatic carbon hydrogen stretching frequencies. respectively were
absent.

Sediments: Sediment samples were collected from each of the chemistry
stations at Turkey Point (Figure XV-2). Samples were collected with a hand
corer. Immediately the samples were brought on board the boat, the Eh and pH
were determined by inserting electrodes into the sediment.

Sediments were classified'by visual examination into the three somewhat
arbitrary classifications of sand, mud and peat and combinations thereof (Chemistry
Appendix I, Table 27). Sandy sediments contained predominantly large mineral
particles. with no fibrous organic materiaL, mud consisted of fine silt size
particles, and peat comprised primarily fibrous low density material, The dis-
tribution'of the various types of sediments is shown in Figure IV-3. The bound-
aries draw!i between the different types are not clearly defined and serve only to
show the general trend'in,the nature of .the sediments.

The Eh of sediments appears to be a useful parameter in describing the
degree of stagnation of their pore waters although no quantitative significance
can be drawn from it (Hhitfield, 1969). The pH of sediments can also be of
significance in describing the nature of a sedimentary environment (ZoBell,
1946) but does not appear to be. helpful in the present study.. The range of values
of the pH's observed for these sediments was relatively small (6.5 to 7.4) compar-
ed to the range observed in other studies (6.4 to 9.5, ZoBell, 1946), and also
in comparison to the errors inherent in measuring pH's in sediments particularly.
under the nonideal conditions on a small boat, ox after a time lapse if the
samples are re tuxned to th laboratory.

The Eh of a sediment is determined primarily by two factors; the quantity of
organic material undergoing bact'erial decomposition within the sediment and the
degree of stagnation of the pore water of the sediment. Thus, the distribution
of sediment Eh at Turkey Point (Figure IV-4) can be discussed with reference to
the nature of the sediments (Figure IV-3) and the known circulation patterns of
the bay water in the area. Xdeally, the organic carbon content of the sediments
should also be considered but these analyses are not yet completed for the Turkey
Point area.

The Eh of sandy sediments at Tuxkey Point should be positive or at most near
zero as the organic carbon content of such sediments is usually low and the large
grain size allows relatively free percolation of pore'waters out of the sediment
and oxygenated overlying water into it. This is true in almost all instances of
samples taken at Turkey Point. The only exceptions were at stations 02 and 34.
The sediment from station 02 comprises relatively fine grain sand but the sediment
from station 34 appeared to be anomolous. Peat type sediments should also have
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Although rigorous band assignment was not attempted, bands in the stretching
region of aliphatic carbon/hydrogen bonds were observed. These were: 2960 and
2873 cm (asymmetrical and symmetrical stretching respectively for CH3) and,
2925 and 2855 cm 1 (asymmetrical and symmetrical stretching respectively for CH2).
The bands near 2890 cm and in the region of 3000 to 3100 cm corresponding
to CH, and aromatic carbon hydrogen stretching frequencies respectively were
absent.

Sediments: Sediment samples were collected from each of the chemistry
stations at Turkey Point (Figuze XV-2). Samples were collected with a hand
corez. Immediately the samples were brought on board the boat, the Eh and pH
were determined by inserting electrodes into the sediment.

Sediments were classified by visual examination into the three somewhat
arbitrary classifications of sand, mud and peat and combinations thereof (Chemistry
Appendix I, Table 27). Sandy sediments contained predominantly large mineral
particles with no fibrous organic material, mud consisted of fine silt size
particles, and peat comprised primarily fibrous low density material. The dis- .

tribution of the. various types of sediments is shown in Figure IV-3. The bound-
aries drawn between the different types are not clearly def'ned and serve only to
show the general trend in the nature of the sediments.

The Eh of sediments appears to be a useful parameter in describing the
degree of stagnation of their pore waters although no quantitative significance
can be drawn irom it (Mhitfield, 1969). The pH of sediments can also be of
significance in describing the nature of a sediment"ry environment (ZoBell,
1946) but does not appear to be helpful in the present study. The range of values
of the pH's observed for these sediments was relatively small.(6.5 to 7.4) compar-'d

to the range observed in other. studies (6.4 to 9.5, ZoHell, 1946), and also
in comparison to the errors inherent in measuring pH's in sediments particularly.
under the nonideal conditions on a small boat, or after a time lapse if the
samples are returned to the laboratory.

The Fh of a sediment is determined primarily by two factors; the quantity of
organic material undergoing bacterial decomposition within the sediment and the
degree of stagnation of the pore water of the sediment. Thus, the distribution
of sediment Eh at Turkey. Point (Figure XV-4) can be discussed with reference to
the nature of the sediments (Figure.IV-3) and the known circulation patterns of
the bay water in the area. Ideally, the organic carbon content of the sediments
should also be considered but these analyses are not yet completed ior the Turkey
Point area.

The Eh of sandy sediments at Turkey Point s'hould be positive or at most near
zero as the organic carbon content of'uch sediments is usually low and the large
grain sire allows relatively free percolation of pore waters out of the sediment
and oxygenated overlying water intq it. This is true in almost all instances of
sample's taken at Turkey Point. The only exceptions were at stations 02 and 34.
The sediment from station 02 comprises relatively fine grain sand but the sediment
from station 34 appeared to be anomolous. Peat type sediments should also have
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positive Eh's as percolation is facili.tated by the open fibrous nature of the
surface layers of these sediments. Thus, even i.f considerable oxidation of the
organic matter in this type of sediment does occur, unless the sediment is
compacted, the oxygen is not exhausted in the pore r aters and Eh 's 'remain
positive. Each of the stations described as peat at'Turkey Point did indeed
follow this rule except 'for Station ~~1, a sediment containing a proportion of
fine silt and located in an area of low overlying water velocities. Mud samples
should show negative Eh's as the grain size of the sediments inhibits percolation.
This should be true except in those areas where rapid bottom currents increase
percolation and reworking of the sediments. Thus, of all the stations labelled
as mud type, only the sample from Station 32 exhibited a positive Eh. This
station is close to the canal outfall, an area with relatively high velocity
currents in the overlying water.

The study of sediment Hh va'lues is of p'areicu1'ar'wntere t '-because of
'herecent suggestion that decaying organic material and a reducing potential

within the sediments may be vital to the reproduction of Thalassia testudinum
(Tabb, personal communication). Further studies are planned particularly in the
area of 'Station 32. Samples. will be collected both within patches of Thalassia
testudinum and from adjacent areas where the plant is not found.

The sediment samples obtained at Turkey Point are being analyzed for organic
carbon and inorganic carbon and, when time permits, will be analyzed for. various
major and trace elements. Of particular interest is the composition of sediments
close to the outfall canal which are pr sumably partially or wholly derived from

'heparticulate material brought into the bay by the cooling water canal.

Card Sound

Sixty-two stations have been established within Card Sound (Figure XV-5) on'
hali mile grid pattern. This array of stations covering the entire Sound and

also part oi Little Card Sound permits the study of the large scale exchange
processes of chemical species within the Sound and the use of Little Card Sound
as a comparative baseline. The primary objective has been to obtain sufficient
baseline data of the chemical ecology of Card Sound in order that any significant
changes occurring after. the planned introduction of cooling water irom the nuclear
reactors at Turkey Point, may be detected. Chemical constituents of the'bay water
sediment and biota tnat are being'measured include micronutrients, inorganic hand

organic carbon, trace metals and radionuclides. Sediments are collected every
six months, biota on an irregular schedule and water. samples once a month. 4'ater
samples are routinely collected from the stations occupi.ed by other investigators
in the biological phases of this investigation (see Sections V and X). Thil data
not only provides the necessary chemical baseline but also will act as directly
applicable 'data for the study of chemical mediation of the distribution of the
vari.ous marine organisms under study. In addition to the sampling carried out
at the limited number of biological stations, sampling has been extended to cover all
of the 62 stations marked on three occasions. Subsurface and nearbottom samples are
normally obtained from all stations except those with depths less than 2-3 ft. This ha
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provided'a good overall synoptic view of the circulation and distribution of
chemical species and the suspended particulate matter. as discussed below. Un-
fortunately., baseline data is only available ior one particular set of

clim-'tologicalconditions; winter and spring periods during the passage of success-
i.ve cold fronts and severe drought conditions. The drought in South Florida
has produced twelve successive months of below average rainfall (June 1970
through Hay 1971) and, during the period of study of Card Sound reported here
(September 1970 — May 1971) rainfall runoff has been excepti.onally small and
the water table unusually low. The water table level is important in Card Sound
because of the reported existence of several fresh water springs particularly
along the western

shore.'t

is hoped that if the summer rainfall during June, July and August reaches
normal levels, baseline information with regard to the distribution and circu-
lation of chemical species in a high runoff period will be obtained. Xn any
event, baseline information for extended calm summer weather and thus poor mixing
should be obtained.

Complete analysis of all the data obtained in Card Sound has not yet been
carried out. The results to date are discussed in terms of the ranges and di. tri-
butions of the different parameters and then '.aspects of the data are discussed in
terms of the overall dynamics of the Sound and the possible distribution of any
pollutants introduced by the power plant eHluent into the Sound.

Snide~it ~tee exatuxe, di.:solved oayaen: Salinity distxitutions in Cnxd
Sound are more fully discussed in the circulation studies section of this report
(section XX). However, salinities are routinely measured on all chemistry
sampling stations to provide details of the status of Lhe bay-water/ocean-water
mixing system at the time oi sampling. The results are tabulated in Chemistry
Appendix I, Tables 30 and 31.

Salinities ranged from 30.0 to t'i2el ppt. >iuch lower salinities are ex-
pected when rainfall returns to normal. Salinity distributions for three dates
are shown in Figures IV-12, XV-19 and XV-27. These figures will be discussed
below.

tlater temperatures were uniform in the Sound during the entire period of
study to date (Chemistry Appendix I, Tables 28 and 29). The range of temperatures
observed was usually only 2 or 3'C and no geographical pattern was observed.
Somewhat higher temperatures were observed in the shallow parts of the bay than
in the deeper cen'tral section.

The entire body of water within the Sound appears to be well oxygenated
(Chemistry Appendix I, Tables 32 and 33). .Values observed have been close to
saturation in all ca es.

No significant vertical stratification in salinity, temperature, oxygen or
any chemical constituent measured has been observed. iso rainfall runoff has
been 'present at the times of sampling and wind mixing has been appreciable during
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the entire period of study. However, stratification may be observed in the
future particularly during the summer with high rainfall, surface solar heat'ing
and generally liglit southeasterly winds. The intxoduct:ion of the heated effluent
from the Turkey Point nuclear reactors may under some conditions enhance such
stratification and duritig periods oi prolonged calm weather, it is conceivable
that an essentially stagnant bot:tom water layer may be formed within Card Sound.
Biological activity on the bay bott:om is sufficiently intense that chemical
changes may. occur in any such occluded layer. OX particular interest might be
.the oxygen/carbon dioxide equilibrium as the eifluent from the power plant
could be turbid as at Turkey Point. This may inhibit photosyntnesis particularly
if a strong pycnocline,is formed that will decrease the sedimentation rate.

-Studies "of"possible stwat.ifacation.will cont inue "in- conjunction wit'h .the physical
oceanographers. This may permit predictiors to be made as to the possibility of
formation, and the effect:s of, stratification due to t:hermal discharge int:o Card
Sound under varying climatological and hydrological conditions.

Nitrate, Nitrite, Phos~>hate, S11icate: Concentrations of tha micronctrients
observed in Card Sound are tabulat:ed in Chemistry Appendix I, Tables 3l> — 42.
Nitrite has been within the range 0.01 — 0.20„g. at. XO2.N/1 (0.14 — 2.8)jg N02.N/1),
nitrate within the range 0.01 — 1.7;>g.at. N03 N/1 (O.lf'> — 23.8t,g. HO3.H/1) with
a small number of except:ions'iscussed below, inorganic phosphate within t:he
range 0.05 — 3.2,tg.at. POI,.P/1 (1.55 — 96.1 „g.POg,.P/1,, tot:al di..solved phosphate
0.19 — 1.Jtjg.at. P/1 (determinations only carried out on one date), and silicate
from below detectable levels to 7.0~g.at. SiOff,.Si/1 (19.6~g. SiOC,.Si/1).

These concent:rations fall within thc levels found during the previous two
years of studies at Turkey Point except for the lowest values, which were ob-
served during Hay 1971. During Yiay, the concentrations of silicate and nitrite
were exceptionally low whilst the concent:rations of nitiite and phosphate
approached the lowest levels previously det:ermined at Turkey Point. These low
levels are almost certainly related to t: he lack of runoff addj.tion of nutxietits
to t:he bay because of the drought, and tkie spring increase in biological pro-
ductivit:y.'n normal weather conditions, considerable xunoif occurs during "fay
and, t:hus, nutrient levels observed in previous years have not reached except:ion-
ally low levels. Thus, it appears that the South Biscayne Bay Card Sound area
may receive its nutrients during t:he calm summer months from r'unoff addition,
and duxing t:he winter months by regeneration and stirring of the bot:tom deposits
and input of ocean wat:er aided by wind induced mixing. Closely spaced nutrient
data is not: available for any station in the ar'ea to adequately test this
hypothesis.

During the sampling on February 17, 1971, three surface samples from
adjacent: stations showed anamolously higli nitrat:e concentratipns (Chemistry
Appendix I, Table 36) while t:he corresponding bottom samples snowed no similar
enrichment--(Chemistry Appendix I, Table 37). No expl nation can be foxwarded
for t:hese results. Xt seems unlikely that tliey are due to contamination as
surface and bottom samples are drawn and analyzed in alternate sequence.
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centrations observed in Card Sound range from 16.8 — 35.3 mg C/1 with most
samples falling within the rarige 17 — 25 mg C/1 (Chemistry Appendix I, Tables
43 and 44)'. During relatively calm periods, the lowest values are generally
found in the northeast corner of the bay where tidal exchange with the ocean ~

occurs (Figure IV-6), The theoretically expected values for sea water over
the temperature and salinity range observed for Card Sound, with a pH range of
7.8 to 8.4 would be about 20,to 25 mg C/1.

Dissolved organic carbon: Total dissolved organic carbon concentrations
varied over a wide range of 0.3 to 40.3 mg C/1 (Chemistry Appendix I, Tables
45 and 46). The distribution of organic carbon within the Sound appears to
be complex (Figure IV-7). Results so far indicate that highest concentrations
are usually observed along the western shore of the Sound and lowest concentra-
.tions .are"of'ben -observed d;n .the-water exchanged.tidaU..y with .the ocean- and in
the center of the Sound in calm periods.

Limited spectral and chromatographic investigation of the nature of the
dissolved and colloidal organic compounds have been carried out. This study
is important because of the detrital nature of the food chain in South Biscayne
Bay, and because of the large iraction of organically bound trace metals.

Appendix I, Table 53) varied between 0.126 and 0.184. Lowest values were
observed in the northwest of the Sound where mixing with ocean water takes place.
The highest values were observed at stations close to the mangrove fringe along
the western shore of the Sound, The high spec'f'c aUcalinities combined with
high total dissolved inorganic carbon concentrations indicate th» possibility
of carbonate dissolution.

Trace metals: Iron, copper and zinc have been determined in Card Sound
water samples and some preliminary analysis have been made for Pb, Co, Ni and
Cd. Total dissolved iron was present in concentrations of 16-127Pg/Kg, while
"ionic" iron was present in concentrations between 1.0 and,55pg/Kg, (Chemistry
Appendix I, Tables 47 and 48) with a few higher values observed particularly in
bottom water samples during periods of strong wind induced mixing (up to 490pg/Kg).
Total dissolved copper was found in concentrations of 5 — 25ug/Kg, while
"ionic" copper was in the range 0.15 — 4pg/Kg (Chemistry Appendix I, Tables 49
and 50). The difference between the total dissolved trace,'metal determinations
and the "ionic" dissolved trace metal determinations has been discussed above.
"Ionic" zinc ranged in concentration from below the minimal detectable level
(approx. 0.01pg/Kg) to 31.5pg/Kg (Chemistry Appendix I, Tables 51 and 52). Dis-
tributions of these trace metals particularly'ron and zinc appear to'e closely
related to the major circulation pattern within the Sound hand are discussed
further below. Generally, however, the highest values of trace metal content are
observed in bottom water samples in shallow areas and along the fringes of the
Sound.

Trace metal concentrations appear to be extremely patchy in many parts of
the Sound. The patchiness appears to be genuine as revealed by a set of
analyses where one station, was resampled after an adjacent. station had been run.

I
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Thus, stations weze sampled in the following order: 1105, 1206, 1106, 1107,
1106 again, 1007, 1006 and 1005. Surface and,bottom samples were taken at
each st:ation. The results obtained for Cu, Zn and Fe axe shown in Figure XV-G.
A very large scatter ox results can be observed with.'n this m le square area
but the resampling at station 1106 shows a trace element distribution very
similar to t:he earlier sampling. !lowever, all of the results except for the
surface copper deteonination show values clearly tending towards those observed
considerably earlier (29 minutes) at station 1'05. Thus) it can be seen that
either. the water from station 1105 has moved towards st:at:ion 1106 or the boat
was positioned on the east side of t:he 1105 marker buoy the first time and the
west side subsequently. Hore significantly, this provides direct evidence t:hat
t.'he patchy 'd'istx'ibution o'."trace elements wi't'.h 'concentrat'ions 'grat?ing over on
order of magnitude within half a mile is a genuine feature and is not related
t:o sampling or analysis errors.

i
5

)

t

A limited number of samples have been monitored ior "ionic" Pb, Cd, Co

and Ni concentzations using the graphit:e t:ube furnace atomic absorption technique.
"Xonic" Co and Ni concentrations were all either very clohe to or below the limits
of detection of the present analytical method i.e., Co O.lttg/Kg, and Ni 2?tg/Kg.
These detection limits will be improved by an order of magnitude in future.
"Xonic" Cd and Pb concentrations also fell normally below the currently utilized
detection limits i.e., Cd O.lttg/Kg/ and Pb O.jpg/Kg. 1!owever, several samples
had concentrat:ions of between 0.8 and 1.0?jg/Kg/ of Pb and. of up to 0.5t!g/Kg
of Cd. Host of t:hese samples came from the stations in t:he northwest corner of
Card Sound (0304, 0305, 0404,0405) but insufficient numbers of samples have so
far been analyzed to attetnpt to delineate distribut:ion patt:erns within the Sound.

A small ult:ra vio3.et oxidation unit is currently under construction and
future t:race element analyses in Card Sound will be extended to include the
"ionic" iract:ion of the met:al, t:he organically bound metal released by UV ox-
idation and the total dissolved metal determined aft:ez strong, acid digestion.

Sediments'ediments samples have been collected from each of the 62
marked stations in Card Sound (Figure IV-5). Some st:at:ions have been sampled
in duplicate. The Hh and pl! of t:he s'ediment: samp3.es wexe det:ermined innnediately
aft:ex collection and t?>e'rganic carbon content of samples front most station"
have been det:ermined. These results together wit:h a visual descxiption of the
nature of t:he sediments are given in Chemistry Appendix X, Table 54. The pH's
measured were within a narrow range ('7.01 — 7.75) and the values for duplicate
samples differ appreciably. Thus, pl! does not seem to be a reliable paran.eter
foz the description of sediment variations within the Sound. The values for E!l
(Figure XV-9) and organic carbon content: (Figure IV-10) show significant geo-
graphical variations.

The sediments of the Sound can be visually separated into five zones al-
t:hough the boundaries of these zores are by no means clear (Figure XV-ll). The
distribution of organic, carbon cont:ent and Hh's agree well wit:h this delineation.t A3ong the northern shallow f3ats from the western shoreline, south of the
Arsenicker Keys and down the eastern shoreline to below Broad Creek and Angelfish
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Sta. 1005
Surface Bottom

S ta 1006
Sutfaee Bottom

S ta. 1007
Surface Bottom

Pe '9, 3 11,.3
Cu 0. 97 0. 76
Zn 0„79 1. 64

Fe
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Zn

7,8 9,1
0.59 0.92
0.04 ~ 1„77
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Cu

'n

10,0 7.3
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6 49

" -Sta. " 1105
Surface Bottom
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~.c1lllple'
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~: S ta. 1107
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Pe 55 0 314.
CU 0,94 0.91
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0. 60 0. 70
BDL l.35
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Cu
Zn

6,9
0. 69
0. 15
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28.2

I'
Cu
Zn

2nd Sample
'urface'ottom

17. 2 16„1
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5. 11 '2„50
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Surface Bottom

Fe
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Zn
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0.45
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18,4
0. 78
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FXGURE XV-8 Xndication.of patchy distribution of trace metals
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Creek, the sediments are of a fibrous peaty nature. Oxgani.c carbon contents
are of intermediat: values vit:hin t: he Sound and the Eh's are variable but
mainly negative. The very high grass and algae productivity in these regions
(see section X) produces considerable amounts of detrital organic matter which
decomposes rapidly. Thus, alt:hough water movement is rapid at some of these
stations and the sediments re relatively fibrous and open to percolation of
oxygenated overlying vaters, the decomposition of t:he abundant organic matter
is probably responsible for maintaining negative Hh's within the sediments.

The sediment:s vithin the western half of the deeper part of the Sound
consist primarily of coarse grained sand with some peaty organic matter at
stations close to the shoreline. Organic carbon contents are re3.ative3y lov
'ex'cep't a': the shoreline stations and the Eh values axe vax'iable. Positive
Fh's 'were observed along the shoreline except in the immediate vicinity oi the,
mouth of the ?todel Land Canal, vhere sediment:s of high oxganic content: are
found. Negative Eh's vere observed in the deeper. parts oi the Sound despite
the low organic carbon content: and may be indicative of slov movement of the
overlying oxygenated water, and of 3.ow rat:es oi percolation.

Mithin the east:em half of the Sound the sediment:s are fine mud with much
higher organic carbon contents t:han those on t:he western side. Eh values are
negat:ive with the exception of samples from tvo dist:inct areas. Xn the cx-
t:reme southeast cornex of the Sound and, in an area running out into the bay
from t:he Key Larg'o Ocean Reef development. The positive values in t:he south-
east: corner ar difficult: to expl:i.n but: may be caused by frequent reworking of
the sediments by vave act:ion during the passage of cold fronts (see belo«).
The positive values offshore from the Ocean Reef development are interesting
in that they mighL be caused by the deposition of a layer of sediment derived
from suspended material released during development: of the yacht basin. TIte
high organic carbon cont:ent of the sediment: sample from immediately adjacent
to t:he yacht basin could possibly be due to deposition of particulates from
sevage effluents. This area deserves further st:udy as the effect of particulate
material introduced during the development of the Bay front may be analogous to
the effects that will be produced by the opening of the Card Sound canal.

The shallow area of Card Bank consists of a predominantly fine grained
peaty mud vit:h high organic carbon content and expect:ed negative Eh values.
This area seems to act as a collecting ~gent for the fine grained sedimentary
mat:erial within the Sound. Sediment dept:hs on the Bank and within Little Card
Sound often exceed six feet vhile depths vithin the deeper part of Card Sound
average only a fev inches. The fev stations sampled in Little Card Sound all
have fine mud sediments with high organic carbon contents and low or negative
Eh's.

The results of the sediment analyses so far obt:ained agree with, and comp-
lement, the findings of Earley and Goodell (1968) . The grain size dis t:ribu ti.on
found by Harley and Goodell (1968) and the distribution observed in the present
study is di.scussed belov vhen sediment- txansport mechanisms are considered.
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Chemical analyses fox tx'ace and major elc...ents and mine alogy of the sediments
already collected are planned. Purther sediment samples will be obt:ained,.t about
six monthly interval.". The stations. close to the mouth of the pxoposecl canal vill
be more inrensively sampled imrumediately af ter the canal is opened.

Trace metal analyses of the sedimenxs are of considerable importance. The
major port:ion of many xadionuclides intxoducecc int:o the aquatic environment by
power plant operatiors or other means, are strongly soxbed by c3.ay mineral
part:icles and, thus, are removed from solution and xenclered unavailable fox up-
take by most: marine organisms. Har).ey and Goodell (3.968) have reported the
absence of any clay minerals within Cax'd Sound. They'eport that the sedi„.ent-
ary minerals are "predominantly calcite, aragonit'.e and-quart.r.. - =i%one of these
minerals have st:rong sorbtive properties similar to those of the clay minerals
and, thus, it is likely that trace metals introduced ro t:he Sound in solutioi~
will either xemain in solution, be soxbed to precipitat:ing humic material, o- be
taken up by organisms. The cleath of tice organisms will transport the trace
metals t:o t:he sediments but it is necessary to determine whet:her. ox not t:he
metals axe recycled back into so3.ution during de ay process of the organisms and
humic mat:erial in the sediment:s.

gadioa~ctivft: '1'he mean gro"s ~al !>a and gross b'eta activities determined
in Carel Sound warer samp3.es are shown in'ab3.e IV-3. ~Al ha ctivities for
individual samples are 3.ist:ed in Chemistry Appendix I, Tables 55 to 58, and
beta actlvi "ies are listed in Chemi.",try .",ppcndia 1, Tables 59 to 62. got''h ~al he
and bet:a activities were cletermined in the particulat:e matter and in solution
in samples of bot:h surface and bottom water. Activity levels per litxe were
consist:ently lower in the particulate matter than in t:he dissolved salt:s.

/aralyses of ~al ha and ba! a d-La did not short any statistically significant
differences in var'iance or between the means of surface and bottom water samples,
or of samples from different st:ations. Thus, gross alpha and beta activities in
Card Sound water appear to be uniformly dist:xibuted in the entixe body of water
samplecl. In adclition, no statistically sfgnificant: differences were iound be-
tween activity levels in wat:er samples obtained in January, Pebruaxy or llaxch
1971. Apparently background activities of aloha and beta radiation are in-
variable in Card Sound and sufficienr. data has nor been collected to clearly
est:ablish these backgrouncl levels prior to the operat:ion of the nuclear re-
actors of Turkey Point.

Cross ~al ha and beta act'lvities in the dissolved solids of rater samples
fxom Card Sound are higher than values reported for Gulf of Hexico seawater
(Plora and Wukasch, 1965; Stewart and Wukasch, 1966). llowever, the. difference
can be accounted for by the inclusion of potassium-AO in activities measured
in the Card Sound samples. 'dater samples from Homestead Bayfront Park (about
5 miles north of Turkey Point) and Turkey Point were assayed (Hay 1966 — August
1969) by the State of Plorida, Dept. of Health and Rehabilit:at:ive Services for
~al ha and bars activities by analytical and coun "ing techniques similar to
those ample!ed in this study. Those samples vere found to have gross aloha and

. 1>eta activities in rhe p!issolved solids of 7 to 15 pCi/1 and 40 "o 300 pCi/1
respectively. These values agree well with those currently determined in Card
Sound.
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TABLE IV-3

iMMN GROSS ALPHA AND BETA RADIOACTIVITYXN CARD SOUND HATER SAMPLES

NASSER
OF

SAMPLES

2-17-71 71

3 24 71 x 70

DATE
GROSS ALPHA

11-13-17 38 5+7 <3

<3 <3

4+5 <3

pCi/gm ASH pCi/L
IN IN

PARTXCULATr.S PARTICULATES
pCi/gm RES
iN SALTS

<3

<3

'13+29

46+41

24+22

5+7

<3

<3

<3

4+6

. <3

<3

<3

32+41

30+36

35+31

pCi/gm ASH pCi/L
pCi/.L Xij iN pCi/gm RES'Ci/L

XN HATER PARTXCJLAT S PARTICULATES IN SALTS IN HATER

GPSS BETA
1-13-71 38

2-17-71 41

3-24-71 "c 70

49+70

15+16

23~19

<6

<6

<6"

7 ~ 3

7+2

251+107

259+71

265+88

46+60

23 19

35-'26

<7

<7

<7

7+2 . 266+92

7+2 236+70

10+6 252+83

Data Incomplete





~ifost of the water samples monitored for al~ha and beta .activity have been
subjected to pamma sprcctral analysis.. No si„niticant gramma-ray peaks other
than potassium — 40 (approx. 300 pCi/1) were detectable u ing manual calculation
procedure's. In order to facilitate more precise analysis for the low level g~amma
emitters, a computer spectzum analysis program (SISYPflUS-II) has been obtained
and modified for use on the University of Miami IBbf-370 comput: er. This program
achieves bac!<ground subtraction, spectrum fit ot selected ~mma etsitters using
a direct search method fox producing a converging set of iterations, and cor-
rections for gain shift encountered during spectrum accumulation.'he pxogram
is not yet.in fully acceptable operation, but rhe ~anna spectrum data ior a
large number of water samples is stored'on magnetic tape and vill be analyzed
'using the'-pxogram"when it 'can 'be 'perfected.

Hanual analysis of the spectra obtained from Card Sound water samples are in
good agreement with those obtained by the State of Florida, Dept. of Health
and Rehabilitative Sexvices for water samples from Homestead Bayfront Park, nd
Turkey Point.

Gamma spectral analysis of sediment samples from Card Sound have not yet
been completed. However, State of Florida, Dept. of Health and Rehabilitative
Services samples from Biscayne Bay showed detectable activities of cerium-ll~l~;
ruthenium-106, caesium-137, zirconium-95; manganese-5~i, iodine-131 and potassium-
i'i0. Analysis of the sediments from Card Sound will be compared with the results
obtained for these samples.

General Discussion: Llhen considering the effects of a thermal dischazge
from a power plant, not only the distribution and effects nf the excess heat
but also the fate oi specific pollutants such as radionuclides in the effluent
must be elucidated.

The chemistry data when considered synoptically with the results of
circulation studies in Card Sound allows u . to establish a tentative qualita-
tive model for the distribution of any pollutants which may be introduced into
the Sound from a point source such as the Hodel Land canal or the projected
Florida Power and Light canal.

The data ior this'odel is drawn mainly from the chemistry observations
made at all 62 stations marked in Card Sound on only three occasions: January 13th,
February 17th and Harch 17th, 1971. Data obtaine<1 during chemistry sampling on a
more limite<l sampling grid is not extensive enough to be useful in studying the
large scale circulation processes.

Cold fronts are considerable factors in determining Card Sound circulation
patterns-as they provide strong northerly winds aligned with the major axis of'he
Sound. E'ortuitously, cold fronts passed thxough the Card Sound area on the samp-
ling date in Viaz'ch (17th) and two to four days before the sampling date in
February (13th to 15th). A weak front passed through the area three to four days
before .the sampling in January (9th — 10th). The distribution of various para-

...meters in the Sound for each sampling date is discussed below to illustrate the
" .basis fox the model of circulation and pollutant: distzibution discussed sub-

sequently.
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(1) The surface salinities on January 13th, 1971 are shovn .in Figure
XV-12.. Calm weather prevailed during the period before this set of observations
with a weak cold -front (maximum vinds 13 m.p.h.) having passed through the area
on the 9th and 10th of the month. The salinity patterns indicated that an ill
defined salinity front separated the northeast quarter from the main body of
the Sound, Mixing'with ocean water vas taking place due to tidal flushing
within this NE quarter vhile the rest of the bay remained partially cut off
from exchange with the ocean. Distributions in the surface vater of nitrite
(Pigure XU-13), nitrate (Figure XV-14), inorganic phosphate (Figure IV-15),
dissolved "ionic" iron (Figure XV-16), dissolved "ionic" copper (Figure XV-17)
and dissolved "ionic" zinc (Figure XV-18) are shovn. Examination of. these
distribution patterns shows much more clearly the extent of isolation from ex-
chang'e with 't'e oce n of all except the northeast quarter of the Sound. Thus,
nitrite, nitrate and "ionic" zinc vere all present in lower concentrations in
the northeast quarter of the Sound and presumably were also lover in the ocean
water than in the rest of thc Sound. "Xonic" iron vas present in variable
amounts within the Sound and had a somewhat patchy distribution as discussed
above, but the more uniform values in the'northeast q'uarter of the Sound clearly
shows the enhanced mixing in this area. "Ionic" copper and inorganic phosphate
concentrations do not follow the pattern established by tf>e other parameters as
concentrations in the ocean water mixing into the northeast quarter appear to be
similar. to those present in the rest of the. sound.

An important feature of tlute di'stributions of all the chemical constituents
discussed is the higher concentrations usually observed in Little Card Sound;
over Card Bank and in the southeast corner of the Sound., lligher concentrations
of some constituents vere also observed at points along the western shoreline
and along the eastern shoreline close to the Ocean Reef de'velopment.

(2) The surface salinities observed on March 17th, '1971 are shown in
Figure XV-19. A strong cold front passed through the Caid Sound area during
the morning of March 17th after a period of about 10 days of calmer weather.
Winds up to 22 m.p.h. were observed (Turkey Point weather data).'trong winds
from the NNE to NE were bloving from 0800 hrs EDT until about 1300 hrs HDT

when the vind began to moderate and veer towards the south. Sampling of all of
the 62 stations within the Sound vas completed during the period 1000 hrs to
lli00 hrs EDT. The salinity distribution indicates that a body of water from
the northeast corner of the Sound having a salinity close to that of ocean
water vas being transported southwards and tovards the vest by the action of
the wind. Water of slightly higher sal'inity vas entering the northeast corner
presumably from South Biscayne Hay. Distributions of nit'.rite (Pigure XV-20),
nitrate (Figure XV-21), inorganic phosphate (Figure XV-22), silicate (Figure IV-
23) "ionic" iron (Figure XV-24), "ionic" copper (Figure IV-25) and "ionic zinc
(Figure IV-26) are shown. Nitrite, ni.trate, silicate and "ionic" iron vere
distributed in a pattern which correlated well vith the s'alinity distribution.
Lower-concentrations of each of these parameters vere predominant in the center
of the eastern section of the Sound in the vater mass presumed'o be derived
from the northeast quarter of the Sound. "Ionic" copper and inorganic phos-
phate concentrations vere relatively uniform vithin the pound while the "ionic"
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tt

zinc distribution was consistent with the salinity pattern except that the
former appears to have been in low concentration in the entire southern
secLion of the Sound.

Ba
lfighex concentrations of different constituents were not found over C dover ar

ank as they had been in January although some higher concentrations were
found in Little Card Sound. The water from Card Bank may thus have been
transported southeastward into Little Card and Barncs Sounds and the water
mass sampled over Card Bank at the time of these observations may have been
derived from the central part of Card Sound.

lligher concentrations of all dissolved'constituents investigated were
present in .the .extreme southeast corner.= of the'Sound hand a't woul'd appear that
the waLer in this area might not be readily flushed out by the action of cold
fronts.

ffi higher concentrations of some constituents particular3y silicate and
"ionic" zinc were observed in the nortlnrest corner of the Sound. Tnis might
indicate the forcing of water from the shallow flats in South Biscayne Bay
southwards over the Arsenicker platform.

Visual observations during the passage of the cold fronL through Card
Sound are of inierest. During the period of m zi.num wind, approximately three
foot waves wexe observed building up along the length of the Sound. The waves

i a
were reaking on Card Bank, particu).ar3y in thc southeast corner of the Sound
~>i e Little Card Sound remained xclatively calm with ':rave heights of about

inc es. The turbidity of the water particularly in the western half of the
Sound was maxkedly increased as the wave heights built up.

Xnformation gathered by current meters during March correlated well with
the chemical observations discussed above. These current meter observations
are summarized in the circulation studies report (section XX).

(3) The surface salinity distribution observed on February 17th, 1961 is
shown in Figure XU-27. A strong cold front with maximum winds of 20 m.p.h.
iassed through Card Sound during the 13th, 14th and 15th of February. This
ras preceded by another series of fronts on the 8th, 9th, 10th and 11th. Thus,
:or eighL days preceding the series of measurements, winds had been predom-
'.nantly from the north and northeast. The salinity within the Sound was ex-
:remely uniform reflecting the almost complete flushing of the Sound during the
rreceding days. Observations of this flushing during February 13th and l~rth
<re discussed in the section of this report dealing willi circulation (Section XX).

The nitrite (Figure XV-28), nitrate (Figure XV-29), inorganic phosphate
:Figure XV-30), "ionic" iron (Figure XV-33.), "ionic" copper (Figure XV-32), and
'ionic" zinc (Figure XU-33) distributions observed on February 17th are shown.

.-'he distribution of these chemical constituents tended to confirm the completely
'lushed state of the Sound indicated by the salinity distribution.'o distinct
.istribution pattern could be seen such as was observed in the January andt:arch investigations. Variations in each of the chemical parameters measured
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vere observed vithin t:he Sound. However, the only distinct area was in the
southeast: corner. which was high in nitrite, nitrate, phosphate and "ionic"
iron, and low in "ionic" zinc. Xn a<ldit:ion, highex values of'all trace metals
and of. nitrate were observed over. Card Bank. This might repre'sent deconposition
products of newly deposited organic detritus on the Bank and/or interactions of
the wat:er vith suspended fine particulate material thrown up from the botto!n by
wave act:ion.

The dist:ribution of "i.onic" zinc was int:cresting as values t:hxoughout the
Sound were higher than had been seen in the ocean vater mixing zone in January
and March. This might indicate that the water flushing the Sound during th

,.passage .of .cold,fronts v«s ..dexived.mainly,from South,3is,cayne Bay and not from
t:he ocean. This conclusion is in agreement wit:h the findings discussed under
the circulation studies program (Section XX). Unfortunat:ely, no direct measure-
ment of the "ionic" zinc concentration in the ocean 'water or inlets was made at
the time of sampling so that this conclusion is somewhat tent:ative. A sampling
st:at:ion in Angelfish Creek and one just offshoxe in the ocean vill be added to
the station grid in any future synoptic surveys.

The result., of the circulation st:udies (section XX) and the chemistry
studies in Card Sound as described above, can be interpreted with respect to
the probable fat:e of pollutants such as radionuclides added to Card Sound
from a point: source canal on t:he western shore near the center of the Sound.
Pollutant:s may be added either in the dissolved state or «s particulate matter
and will have many different: possible patl!ways in the enviro!!ment according
t:o their react:ions with the hydrosphere, biosphere and sediments. Nevertheless,
some generalized prediction can be made with respect t:o t:he initial dispersion
patterns of pollutants in Card Sound.

During periods oi calm weather when wind induced transport is negligible,
t:he nort:heast quarter of the Sound vill be well mixed with tidal flushing while
t:he rest of the Sound will mix to some extent with South Biscayne Bay and

Little Card Sound. Dynamical models predict that even the mixing in the north-
east quarter of the Sound vill be restrict:ed to a much smallex area by the
volume of water introduced by the projected discharge from t:he Turkey Point
nuclear power plants. Hater introduced into the Sound from t:hese reactors will
mix north and sout:h with the tidal flow. Diffusive mixing will transport
fractions of dissolved pollut:ants into South Biscayne Bay over the Arsenicker
ridge and to t:he South, over Card Bank, into Little Card Sound, and into t:he

Sout:h East corner of Card Sound. A small fraction will be transported out
into the ocean across the salinity front when i.t is present. Unless the pollut-
ants are removed from solution, the extent: of their dispersion will be over a

greater area t:han that subject:ed t:o incxeased temperatures. To the nort:h mixing
wi.ll disperse t:he pollutants into Sout:h Biscayne Bay over, a wide area as South

Biscayne Bay is somewhat better flushed than Card Sound. To the south, however,
the .area of dispersion is severely limited as Little Card Sound is very poorly

. flushed. Thus, pollutants vould tend to accumulate in the south end of Card

Sound and in l.ittle Card Sound until their concentrations will reach a steady
state equal in magnitude to those at the outfall. Xf processes such as biological
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uptake aocl removal into the sediments t:ake place th n an accum«lotion of pollut-
ant. vill ocuux in Litt:le Card Sound and on Card Banlc. Peri'oc!ic f3ushino by the
act:ion of cold front induced '.vinds ~rill only minimize this accumulat:ion during
the vinter period.

Furing periods of calm weather, suspended particulates introduced int:o
the Sound by the power plant eifluent vill settle out in the deeper parts of
the Sound as the velocity of the effluenx water drop" during its init:ial
clispers'ioo at: the outfall Etcistiog sediment (!is txibutions (i."arley aod Goodell,
l~)66 and this report) indicate that the fine fraction of this particulat:e
material wil3. oot remain in the original site of. deposition in the center of
the Sound. Fina sediments are being introduced Exon the xunoff on the vest:em
coastline of the Sound and probably have been so introc'tucec! for. a considexable-
length of. time. llovever, sedimeor in the deep basin of Card Sound are very
shallov in depth and consist: predominantly o coarse grained part:icles. Sed-
iment transport ta'.ces place during periods of high winds when fine particles
are resuspeoded in the water column. Iligh winds whx.ch produce significant wave
action are primarily produced by occasional hurricane 'nd by 'the frequent
passage of cold fronts during t:he winter. Yot considering h«xricane , the
major wind induced waves are produced by the nort:neast winds associa'-cd with
cold fronts. The wave action vill res«spend fine particulate material at t:he
same time that the water mass wi.thin t:he Sound is being transport:ed southward
to Card Bank. The wave breaking action of Card Bank and th" calm waters io
I,ittle Card Sound will allow the transpoxted particulate. to be redeposit:ed
.l.eading to thei.r accumulation in t:his area.

I

Haoy radionuclides are known to be associ.ated with parti.culat:e material
in discharges from power plants. The situat:ion may be somewhat'ifferent in
Card Sound clue to the absence of c3.ay minerals (see above). Nevertheless,
removal of radioouclides to the sedimenrs wi.3.1 t:ake place in the absence oi
cl.ay mineral!> by mechanisms such as biological uptake, precipj.t;ation due t:o

solubilit:y equilibria, and scave»ging by humic materi..3.. Thus, if. any radio-
ouclides are ,.dded to the water they may be expected ro accumulat:e in'he sediments
of Card Baolc, Little Card Sound and just north or Card Bank itt the sout:heast.
cornex'E Card Sound.

Although winter cold Eront induced flushing of rhe Sound:vill tend to
remove accumulations of dissolved substances, it may also tend to concentrate
particulate pollutants in one area and therefore affect the 3.iving organism"
in this area, particularly the filter feec!ing animals.

Considering this model of parti.culate transport in Card Sound, it voulcl
appear to be more acceptable to complete t:he Card Sound Canal and int:roduce
the first flow of cooling wacer into Card Sound in the early part: of the »intei
than at any other time of rhe year. A consic!erable quantity df particu3.ate
material trill undoubtedjy be iorroduced into t:he Souncl at thiq time despite any
prec,.utions taken t:o minimize ix. Thus, it would bc.better to aller; thi" to
happen during rhe period when the fine mat rial would be transported to a de-
.posit:ioo site already consisting of fine g ained material. Xt~ t:his way, the
risk of smothering plant and animal life in the central p rt or. the Sound would

t
be minimized, Organisms within the depositional sites already naviog fine grained

I
sediments should be less affected by the rapid depo..ition of. a layer o" mater'.al

I





SUÃfARY
IE

The chemical ecology of any estuary is complex. The study of a tropical
marine estuary is particularly dif icult because of'he sparsity of knowledge
of tropical oceanography and tropical marine biology. Thus, the present study
must include not only investigations aimed directly at. the dqlineation of the
ecological effects of the Turkey Point power plant, but also more general
studies Lo improve our understanding of the natural processes fundamental to

, the maintenance of the natural ecological balance within the estuary.

Accordingly., the, results of this study are many and varied, and provide
only an outline for. the understanding of the chemistry of the South Biscayne
Bay and Card Sound ecosystem. ln addition, the specific study of the possible
effects of the power plant operation has indicated a number of changes in the
chemistry of the Bay water which can be tentatively ascribed to its use fox
cooling by the power plant.

P

The results of the Turkey Point study to date can be briefly summarized

!

'as follows:

;! 1) The temperature fluctuations within the bottom sediments underlying
(he thermal plume axe of smaller magnitude than those in the overlying water.t''1'hus, organisms living 6ithin the sediments will experience a diffexent
t;emperature stress pattern to that experienced by those living free within
)he water. This may either aid the survival ox hasten the death of such

I"organisms.
j v

,' 2) The increase in temperature of the discharge water irom the power
,'Plant: aids evaporation and increases salinities in the Bay, but only by a
<mall fraction of the natural range,

I

! ', 3) Passage of cooling water thxough the power plant allows the water
; to degass or dissolve atmospheric oxygen to bring the concentration closer.
'f;o the saturated value. The temperature and salinity of the water determine
saturation value and thus oxygen concentrations in L'he heaLed discharge

'~ater are normally lower than in the intake water. The lowe t oxygen con-
centrations in the discharge water are observed at thc highest temperatures

'nd salinities.

~~) Xnorganic micronutrient concentxations (Y03, N02, Si0(,, and P04)
and total dissolved organic carbon are usually slightly enriched in the water
discharged into the Bay compared to the intake watex. This increase could be
related to the death or extreme stress of entrained organisms. lurther study
particularly within the intake and discharge canal systems is essential to
investigate this possibility.

S) Some evidence has been obtained which su„gests that the dissolvedt carbon dioxide/carbonate system in the entrained water i altered by the
power plant. This system appears to be naturally variable within the Bay.

1





Thus, furthex research vithin the canal system vould be required ro investi-
gate the possible effects of;tl;e pover plant.

6) The trace transition ele...ents i"on, copper and zinc are enxiched in
the area of circulation'of hearec! vacer vithin the Pay. The "ionic" fraction
of these elemenrs appears to be partic 'laxly enriched in this area and in tl:e
outfall canal. A more intensive study of the speciation of trace metals v'th-
in the canal system is planned, The possible addition to the discharge vaxer
of other metals such as Pb, Co, Hi, Cd and Nn vill also be investigated.

7) Preliminary analyses of sediments collected vithin the area of. t:he
d'i:scharge .plume have "been carried'out. Purt..her analyses partieul<trly for =trace
met:als are planned in order to determine xhe effect:s of t:he particulate material
introduced to th bay from the discharge canal and 'the ultimat:e face of any
polluting metals.

8) Preliminary chemical analyses of. the particulate load in rhe dis-
charge vater from the Pover Plant indicate that this material probably
cons1.sts of. calcit:e an<1 aragoni.te crystals vith some organic carbon contain-
ing particles and perhaps other ma erial. Further analyses of rhis mat.erial
are planned. The results of'such analyses vill be compaxec! vith the sedimentary
analyses carried out on samples from t:he a<ca clo e to t.he discharge canal mouth.

The results of the Card Sound envcstigat"'on can be su«mmarized as follovs:

1) Baseline data of the chemi.cal ecology of 'Card Sound ltas been obtained
for. vinter and spring 'climatological conditions under rhe influ<'.nce of
severe drought. The effects oi changes in these condit:ions vill be studied
during the coming summ<.x and fall. Param<.ters that hav<t been ~ cletermined in
Card Sound vat:er are nitrite, nitrate, inorganic phosphate, silicate, tot:al
dis olved phosphorus, temperature, salinity, oxygen, allcalinity, total in-
organic carbon, total organi.c carbon, ror.al dissolved iron q toral di.ssolved
copper and'ionic" dissolved i.ron, copper, zinc, lead, cadmium, nickel and

cobalt «

2) Sediment samples from Card Sound have been collecte<1'and partially
anaiysed. i'urther analyses vill be carried out on these samples and compa.ed

vith analyses of samples obtained subsequent to the introduction of heated
effluent int:o Card Sound.

3) Mater and sediment samples have been monitored fox tlte background
levels of ~al ha aaa bee!«acrivlry ae«t for Sa«rea emicciap radfoacclldes. 'L'his

data is not vet complete but sufficient samptes have been obtained to clearly
f

establi: h Che baseline activiry levels in che varer -nd sediments. Iliologi al
organisms-=are to be collected and moniroxcd for bal kgxound levels of activity.

Synopt:ic chemical srudies completed vithin Carer Sound considerably
cortp'ement physical observations of circulat:con patterns and permit the

I





folloving initial predictions of the distribution of pollutants introduced by the
projected effluent canal:

l) Dissolved pollutants vill be mixed nortln<ards into South Biscayne
Bay'nd

soutIrwards over Card Bank into Little Card Sound. Flushing of I.ittle Card
Sound and L'he water in the .southeast corner of Card Sound is very limited except
under the action of cold front induced southvard water tran port Thus, these
areas represent probab'le accumulation sites of dissolved pollutants particularly
those that vill be slowly removed from solution by biological uptake or sedimenta-
tion processes.

2) Suspended paxticula'te material introduced to the Sound from the prc-
"jected canal vill settle out on the bottom of the deeper centxal part of the
Sound during periods of calm weather. During the passage of cold fronts,, the
Zine .fracti.on of Lhis material 'i"illbe resuspendcd and transported to Card Bank
and Little Caxd Sound where it will be redeposited. Thus, Card Bank and Little
Card Sound vill be the primary accumulation sites of pollutants such as some
radionuclides vhich are associated with particulate material;

3) As the frequency of cold fxonts is greater in the winter and spring,it would be favorable to open the effluent'anal into Card Sound and to begin
pumping water. during the early part of the winter season. ~ This vould minimize
the build up in the center of Card Sound of a layer formed from the considerable
quantities of particulate ma'terial that will be introduced at that ti .r TI
.I I, c'l . It ~ ~, ~, ~

1 1m' lus )
t >e c >ances of smothering" organisms in this axea vould be minimized and the
parLiculate maLarial would be,spread over Little Card Sound and Caxd Bank which
already consist of very fine grained sediments.
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V ~ BI'NTIIXC ANXiIAIS AND FXSIIES ':

GENERAI. STATEi~IEÃZ

The overall objective oi: the benthic animal and fishes study is to
quantitatively determine the kinds and numbers of animals present in South
Biscayne Bay and Card Sound and to relate changes in abundance to changes in
other variables in the environment.

Jn order .to,accomplish thi.s objective, seven replicate trawl samples
were taken at each of 10 stations in Card Sound on a monthly schedule. Xn

addition 20 stations in South Biscayne Bay and 10 additional ones in Card
Sound were sampled under an Environmental Protection Agency supported study.
The net, a 10 foot otter trawl, lined with 1/4" bar mesh was selected because
it was successfully used in upper Biscayne Bay by Roessler (1965) and Tabb
(personal commupication) in Everglades National Parle. Statistical analysis
by Roessler and by Tabb indicated the need for seven replicaLes at each station
to detecL 50% change in populaLion with 95% confidence. The gear was
successful in catching iishes and larger invertebrates in the previous
studies and is believed to be an adequate sampling gear in Card Sound. Low
catch'es of fishes in the Turkey Point area and Card Sound have been substanti-
ated by diving in the area of fishing; few fishes were seen.

Certain animals are not adequately represented by trawl samples. These
include cryptic fishes and invertebrates, benthic infauna, sponges, corals and
alcyonarians. Also selecLed species of pelecypods which were too numberous and

difficult to count because of spat settlement and attachment on the red algae
Laurencia and Direnia are not properly represented. Separate studies to cover

'hesegroups are in progress or preparation. Also detailed biological studies
have been conducted by Dr, H. B. Hoore. on selected species and fouling organisms.
Dr. Hoore has previously reported on dredging and grab sampling in the Turk y Point
area (Badery 1969; Bader and Tabb, 1970). Hr. Ilatfield plans to extend this work
into Card Sound. Hr. J. Cilio has completed a sin month survey on Srachiodontes
enustus (mussels) in Card Sound. ir. R. Smith i s "udy.'.ng "he grov,".h oZ

commercial sponges and conducting a quantitative survey of the other sponges in
Card Sound by visually counting them on a quadrant basis. Hr. R. Hilton has con-

'tructedtraps and artificial habitats to investigate the cryptic fish and io-
vertebrate populations and these traps are to be placed in the Sound in June.
Hr. Perkerson of Environmental Protection Agency i" working on the coral and

alcyonarious of the sound and his associates are also working with artificial
habitats.

a

The data collected in Card Sound thus far serve as a baseline to interpret
anticipated changes due to the pl'armed discharge from Florida Power 6 Light
Company's fossil and nuclear power generators. Relat ons between th fauna
and physical, chemical, and floral variables are being examined and hopefully
these analysis will be able to allow the separation of these variables from the
effects of temperature.

~i1. Rocssler, II. Hoore, R. Rehrer, J. Gar" iap N. Kenny, J. Norris, N. Iiatfield,
R. IIixon and R. Smith
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HETHODS

Trawling was conducted by making a two minute two with a, ten foot mouth
opening otter trawl lined with 1/4" bar mesh. Seven replicale samples were
made at each station once a month. Samples were placed in wash tubs and rough
sorted aboard the vessel. The algae was weighed to the nearest 1/2 lb. and
discarded. The animals were preserved in 10% formalin and later sorted to
species, identified a'nd counted. Sponge studies involved transplants and counts
in situ. Trap expeximents are just ge'tting underway. Autecology methods are
considered in the results and discussion section.

RESULTS AND DISCUSSION

Trawlin Surve

Six hundred thirty trawl samples have been collected at the ten stations
in Card Sound. Data on temperature, salinity and oxygen have been recorded at
each station - each month during the trawling operations. Since Harch additional
data on nutrient chemicals have also been obtained. The animals have been identi-
fied, counted and, the data for the fix'st 4 months have been transfered to
hollarith cards fox latex analysis, An additional 840 samples have been taken
in Card Sound at 10 additional stations under Environmental Protection Agency
support. A one year baseline study in Card Sound will be completed as of July
1971 and data on the numbers caught is snown in Table V-l.

In addition 1680 samples were taken in Biscayne Bay during the past year
with the support of Environmental Protection Agrncy bringing the total since
July 1968 co about 4900. Data on catches arc presented in Table V-2. A direc4
comparison of Biscay'ne Bay and Card Sound is difficult because the time period,
effort and number of stations are unequal. flowever, during the month of October
1970, twenty stations in each area vere visited and a rough'comparison can be
made. Figure V-1 indicates that Card Sound is more productive than Biscayne Bay.
11owever, if one divides the catches of. animals by the amount of vegetation
(mostly Laurencia) the numbers of animals per pound of weed is similar (Figure
V-2). Exceptions are mollusks, porifera and echinoderms which are more abundant
in Card Sound. This pattern of greater abundance in Caxd Sound was true through-
out the fall and winter but we are cuxxently obtaining lower catches in Card
Sound and considerable seasonal variation may be present. This drop in spring
catches could explain the low catches reported by Iversen and Roessler (1969)
and emphaiszes the need for data on a monthly. basis for at 1'east one year before
predictions are made on the suitability zor power plant sites. Another
possibiiity is that during the spring of 1971 salinities in excess of ~i3 ppt
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have. been observed and these hypersaline conditions may be adversely effecting
the algae and animals.

Card Sound has produced 24 species of animals not collected in Biscayne
Bay. These axe organisms such as bxittle stars, mollusks and crustaceans
which are associated vith the sponge corn...un'ty, and are found only in the eastern
poxtion of Biscayne Bay but occur close to the mainland shore in Card Sound.
The differences in distribution of sponges in t.'he tvo areas probably reflects
circulation patterns and salinity gradients. At least one economically important
species Panel!rue arzus is kno>o> to utilize sponges for shelter in !:heir juven-
ile stages (Khand>ser, 196<>) .

Biscayne Bay has produced 153 species not found in Card Sound. These are
generally mainland shelf forms or very ttncommon organisms. Because of. the much
greater effort: expended in Biscayne Bay — 5,000 tows compared t:o 1,"500 in Card
Sound, this is not unexpected as t:he probability of capturing rare animals
increasesas the amount of sampling increases. An unusual species of nudibranch
described by Marcus and Marcus (1967) from two specimens taken near Riclcenbackex
Causeway and known only from Biscayne Bay is -relatively common in Card Sound, A
small Rissoid gastropod, apparently an undescribed species oR t:he genus Baxleeia,
occurs on the Cutter Bank — Arsenicker Key shallows. The role of these organisms
is not known but it is not unexpected to find new species in this unique area
which has been partially protected by the establishment of Biscayne National
Monument::

Analysis of data collect:ed under the support of Environmental Protection
Agency in Sout:h Biscayne Bay in the vicinity of the present: discharge of Turtle
Point has revealed that t:empexatures elevated 3-4' or higner. pxoduce low
catches of animals. Temperatures elevated 2-3' produce lov catches in ummer
when temperatures exceed 33' but recover in winter and the annual production is
equal to or higher than in control area.. Figure V-3 shows dat:a for one species
of cariclean shrimp Thox floridanus from a control area station SZ IT1, st:ation
F elevated by 1.6' and. station SE 1 elevated by 3;5'. The precipit:ous drop at
33' is shown by several ocher species but many more are found at station F
raised 2-3' but are virtua13.y absent at hot:ter stations. This could be direct-
ly caused by temperature or may be the result of temperat:ure killing the algae
which are necessary to the animals as food or she3.ter (see Zieman, 1970 and
section X of t:his report), Data for 15 species is presented in Table V-3.
:lultivariate analysis using weed. weight, temperat:ure and salinity are being xun
presently to attempt t:o separate the effects of these three variables.

For t:he data collected from July 1968 — June 1970 the cat:ch per tov of each
species vas t:abulated at 1' intervals. The range of temperature vas irom li't" C

to 39'. A total of 354 species tvvere collected. The maximum temperature, minimum
temperature and temperature vhere the highest catch per tov vas recorded'for each
species. Frequency distributions were constructed and the cummulative percent of
the numb..r of species vas plotted against temperature. A curve was mathematically
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plotted through the data points by the use of a px'obit transiormation and least
square regression oi temperature versus the probit of the cu'mulative probability.
This produces three curves: (1) Upper exclusion temperature curve (2) Lower ex-
clusion temperature curve, and (3) "!aximum catch per tow curve. The upper ex-
clusion temperature curve indicates the percent of. the species excluded at or
below any temperature. - The 1'ower exclusion temperature curve indicates the per-
cent of species excluded at or above any given temperature. The intersection
of these two curves indicates the optimal temperature where the greatest diver-
sity of species will occur. The maximum catch per tow curve indicates the
percent of species which are above or below their optimal temperature (indicated
by highest catches). The temperature corresponding to intersection of. this line
with the 50% line is the optimal temperature or the median where exactly half
the species were caught in greatest numbers. Above or below this temperature
less than 50% of the species have the highest catches, therefore this temperature
should represent the optimum temperature with maximum numbers of individuals.

Figure V-6 shows a graph of the above data. Six points of interest are
signified by the graph. Number 1 represents the temperature '(14.3') where 75%
of the species are excluded by cold. Number 2 represents the temperature
(19.1') where 50% of the species are excluded by cold. Number 3 is the optimal
temperature for numbers of individuals (25.7') where 50% of t;hc species have their
highest catches. Number 4 is the optimal temperature for diversity (26.3')
where the greatest number of species occurred. Number 5 is the temperature
(33.f'~') where 50% of the species were excluded 'by heat. Number 6 is the
temperature (38.7') where 75% of the species were excluded by heat.

Xt is interesting to note that the 50% exclusion temperatures are close to
the normal bay temperature ranges and that the two estimates o'. an optimal
temperature, for numbers of individuals and for diversity, vary by less than 1',

Data for each major taxa (Fish, Hollusks, Crustacea, Porifera, Coelente-
rates, and Hchinoderms) will be presented in the final report of Environmental
Protection Agency.

The mathematically fitted line deviates from the observed points at the
high end of the upper exclusion temperature curve of all species combined
because the number of species excluded between 30 and 3I~' is greater than would
be predicted with the normal distribution. Direct linear interpolation of the
temperature would produce a 50% upper exclusion temperature of'2' and a 75%

upper exclusion temperature of 37'.
S on e Studies

The hey Brass spouse Soo~n ia rramminea, uhich is commerci'ally harvested
in south Biscayne Bay and Card Sound has been selected for extensive study. ln
April, 1971 sponge transplants were set out at five stations ip Card Sound. These
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stations axe 0603, 0504, 0405, 0306, and 0207 (See Figure I-3) . This forms a
diagonal line from the mouth of the projected effluent canal to Broad Creek.
Studies have not been undertaken in South Biscayne Bay as this sponge is located
east of Arsenicker Keys which is outside the influence of effluent.

I

Subseouent examination in Hay indicated that the transplants have survived
and all had grown slightly except those at the inshore station 0603. "

In addition a one hundred meter by 2 meter transect at each station was
permanently established. All sponges in the transect are being identified
and counted. These counts will form base line data to measure potential changes
when the effluent enters Card Sound.

Five fish traps have been built and placed in Card Sound; studies of this
nature have not been conducted for the Turkey Point area. The traps are 1 meter
cubes and are filled with an artificial weed like substance (3H Company extruded
vinyl Ho. 200 conservation net). The traps are expected to attract fishes such
as mangrove snapper (..:.t'.anus gri iaqs) and grunts (kiaemulon spp) ehich are
not adequately sampled by the. travl gear because of their abi3ity to avoid the
net and because of their preference for obstructions, such as rock, roots and
other snags. The artificial. habitat should also attract invertebrates including
important forms such as Panulirus argus the spiny lobster (Ingle 6 Llitham, 1969).
In addition to the larger forms, the fouling organisms are sampled by removing
the panels and collecting the animals from the -panels. These specimens will be
identified, sorted and counted in the laboratory. The sea onal succession of
settlement can be determined and later compared between heated and unheated areas.

Autecolo

For a number of. years studies have been based on the premise that:- it is
necessary to understand the animal under "normal" conditions before the effect of
pollution can be assessed. [lith support from the Department 'of Eiealth, Education
and LJelfaye and later from the Environmental Protection Agency, studies have been
conducted in the upper part of Biscayne Bay. Data on about 15 invertebrate species
are now available. Xt must be remembered that there are about ten times as many
species in such a tropical habitat as there are in comparable temperate ha'tats
and there are fewer dominant species so correspondingly more'studies are needed
here. Studies conducted in this laboratory cover abundance, growth rate, spawn
production and productivity of selected invertebrates. The latter is important
since one of, the most vital aspects of pollution is what is pill do to the
productivity of the area. In general, the annual somatic and gonad production
of these invertebrates amount to one to thxee times the standing crop. Relation-
ships of productivity and survival to temperature and salinity have also been
studied.

I



Because the work supported by AEC and that supported by EPA interlocks so
closely and so profitably, some of the vork. cannot properly be attributed solely
t:o eit:her agency. The first step in the study of t:he Turkey Point and Cax'd
Sound areas, was a survey of: the species present and their. relative abundance.
The result:s af this survey have already been documented in previous Annual
Reports. The next step vas to select species with.good background information
which occur in areas of normal condicxons. A study of these should allow the
mapping of their "well being" in different parts of the bay and relaLe this to
environments~ conditions. Data from the labo atory experimental studies
(Sect:ion Xf: '., also fit into this st:udy.

The f'rst animals to be studied vere barnacles; data has been collected in
the upper bay ior 28 years. Such studies, and those of Smith, Nilliams and

.Davis (1950) and of licNulty -(1970), have indicat:ed that both rate of settlement:
and rate o! Srowtb of Balanus aaobitrita, B. eburueus end B in.iorovisus will be
favoured by sswata pollution and increased temperature. STate test panels arrears
exposed in the Turkey Point area, and are currently exposed in Card Sound, As
predicted, settlement and growth have been considerably less than in t:he more
polluted waters of the upper bay. Both settlement and growt:h vere high in the
warmed waters of-t:he discharge canal (Nugent, 1970). Settlement was very low
away from the discharge water.

Stations D 6 E at Turkey Point, both outside t:he temperature plume, showedlittle barnacle settlement. Stateon D produced no barnaci"s, station E produced
2 specimens in June 1970. Station F elevated about 2' produced 26 b rnacles in
June 1970 and 104 barnacles in January 1971. Station SEE'l voted about 4" C px'oduced
5 barnacles in June and 213 in January. The Card Sound panels vere not: set ouL
early enough to obt:ain larval settlement from the summer spawning season of 1970.
The low sett:lement rate observed so far is perhaps associated with the nox'mal lov
temperatures of winter, heavier settlement may occur this summer.

Along with the barnacle studies in the upper. bay data on wat:er temperature
vas obtained. Figure V-5 shows the deviations ox the annual mean temperature in
the upper bay since 1943. For the last ten.years there has been a steady drop of
about 3'. Ef this is part of a iong term cycle, it: may be assumed that the
temperature vill rise again. Since relatively small temperature changes due to
thermal addition may be ecologically important, a temperature regulation on degrees
above ambient must take into account the possibility of having the ambient
tempexature at least 3' higher than the present annual temperature.

In setting such regulations there is another aspect t:o be coasidered. En
temperate waters growth rate increases with increasing temperat:ure througitout
the normal range of the locality (lloore, in press). In tropical waters, on the
ot:her hand (Fig. V-6), many species grow in the winter, and become relatively
dormant in summer. The seriousness of raising winter temperatures as well as
summer ones must be considered.
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plays an imporranL Yule in the Bay since it is one of the few species which directly
r.ats the sea grass Tl>alassia. The cages used for field growth study of Lvtechinus

.pere. periodically moved and a substantial decrease in the amount of Thalassia was
noted in the areas of the .urchin cages. Other species either graze on epiphytes
on the 'l'hslessie or eat. the iragmenrad datritis of tha original plant. Aithough
preyed on by f. u other an'imals. Lytocht r u ."produces a large siccant of eggs and
sperm which are available to the many filter feeders of the bay. Ten years of
observations on the. gonads of this species have been analysed and correlations
exist on the urchin's gonad size, spawning date and pattern of spawning with
temperature and rainfall. On the basis of these the 3.971 spawning has been
predicted with errors of only twelve days in date and ten percent in gonad size.
(I'ig. V-7) .

,.continue as well as the established control of a 'sindhi'lar population on East
Arsenicker Key. Gonad size of populations in different parts of Card'Sound are
now being used as an index of their well-being. Preliminary observations have
proved very promising, though, and a marked difference in gonad index has been
found in different parts of the sound. The index at Station SV was 0.15; at
Station 0205, 0.61; at Station 0211, 0.26; and at Station 1102, 0.39. The results
of studies on die eff cts of temperature and salinity on this species will be
described in Section XT.

Xn order .'.o rc: sur.e grouch rates oi Lvtechinus they have been kept in eire
mesli pans at severai 'orations. The pens have not bean set ior long and there has
beI'n some loss by interference, thus, 3.ittle data is now available. A method
'ebcribed in Jensen (1969) of interpreting annual growth rings in the plates of
he < est of gLrtechinus will be tested. This method was successfully used on a

tetnperate urchin 8"l.:r us (Hoore, 1935). Xf the method proves effective, it should
be. possib3.e to d=.te«~.tie agc and growth rates in different parts of Card Sound
and r'elate thes.. to.the lo'ra3, condittons.

Another «rsimr.l whi.ch has been investigated for a number of years is the bi-
vaivc Chione can< ellata (Moore and Lopez, 1969) . The gonad size of this pelecypod
is':determined by season-1 changes in tissue weight. Studies on this species in the
upper bay as a cont;;y). population are continuing. The species is common also in.
Cafd Sound. Chi~.~ie p'.ays an important role in the productivity of the bay a
teqtative estin:;ate c f its a"..n.." production'in the area from Rickenbacker Causeway
down to the, A eni <kyar Keys was eighty metric tons dry tissue weight, of
which abdut half zs xn the form of spawn.

Studies of another imporatnt species Brachidontes have been commenced. This
small mussel which may occur in dense sheets on hard surfaces was also found
attached to the sea grass Thalassia and red algae Laurencia and ~Di enia. Xt may
prove to be one vf the most abundant invertebrates by weight in Card Sound. There
are at least two species of Brachidontes present, B. exustus and B. dominauensis,
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growth rate was estimated to be 6-7 mm. This organism apparently lives for three
years or more, as the largest individual observed was 18.7 nm in length. Slightly
over 12 months were needed for this organism to reach sexual maturity. The rate of
growth is higher in the fall than in winter. The slow growth apparently coincided
with gonad development.

Another abundant species under investigation is the gastropod Anachis avara.
There are doubts about its taxonomy, but it should be distinguishable from Anachis
translirata and other columballids also present in the area. A. avara is found in
large numbers on Thalassia flats in sourheastern plorida. pro|a observations to date,it breeds continuously from late wincer through the middle of the summer. Its small
size, up to approximately 13 mm., makes Anachis available to predaceous crabs which
can easily cut through its shell. Continuing studies of this organism and other
abundant micromollusks should add .an impoxtant aspect,to .the consideration of product-
ivity and food chains in the Card Sound area. Investigations on the pen shell Atrina
rigida one of the intertidal 'I'halsssia flat inhabitants, has just begun. One month's
~grove of rhis bivalve held at conscant temperatures i.n laboratory aquaria shows growth
at 27' to be appreciably higher than at 23' and several times that at 31' and35'.

CONCLUSIONS

Exclusion temperatures have been calculated 'which indicate the optimum bay
temperature is near 26-27'C. The 50% upper, exclusion temperature is at 32-33'.
The 50% lower exclusion temperature is at 19'.

A strong relation between types and numb'ers of animals and the presence of sea
grasses and algae particularly the red alga baurencia has been observed. As discussed
in the section "Grasses and Algae" tha heated affluent adver.,ely effects the algae.
Thus the exclusion of. animals may be directly related to temperature or may be a
consequence of heat damaging the algae and thus removing helter or a food source
for the animals. Laboratory studies have shown animals are killed at temperatures
considerably higher than the exclusion temperature calculated from field data.
However, animals very likely move from an area beiore death occurs, Research on
the diet of the invertebrates living in the sea grass and a3.gae might indicate if
the algae is used as food or as shelter or both. A qualitative food web study is
needed to plan more extensive energy flow systems ecology which will permit evaluation
of the effects of stresses on the productivity of the system and may answer the
question of how to channel the exsisting productivity into a more useful end.

Dynamics studies are already in progress on some species puch as the urchin
Lvrechinus variepatus, the clam Chione canceilata and the mussel Brachidontes exustus.
Productivity figures for these species are being compared between control areas and
heated areas.

t
The 50% exclusion temperature data together with analysis of seasonal abundance

of species such as Thor f3.oridanus indicate that maximum summer temperatures in excess
I





of 33' caused damage to the fauna. Temperature elevations of 2-3' above ambient
appeared to cause damage during the hottest month., of summer but increased numbers
of animals are present"in the winter. Thus the standing crop viewed on an annual
basis is avexage or above, average in this zone. Temperature elevations of 3-4 C

cause decreases in the ani'mal populations which are not reversible in the winter
and hence the standing crop on an annual basis is low.
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TABLE V-1

SPECXES, NUHBER OF XNDXUXDUAI.S AND CATCII PER UNIT OF
EFFORT XN TRAWL SA~IPI.ES AT CARD SOUND SEPTEi~IBER 1970—

FEBRUARY 19 71

Fish S ecies
Stations

0104 0208 0405 0503 0504 0603 0604 0608 0703 1004

Ginglymostoma ci.rratum
Raja texana
Urolophus jamaicensis
IIIrinobatos lentiginosus
yarcine brasiliensis
Anchoa mitchilli
Synodus foetens
Gymnothorax nigromarginatus
Lucania parva
Corythoichthys albiros tris
Hippocampus erectus
Hippocampus zos terae
~alicrognathus cri'nigerus
Syngnathus floridae
Syngnathus louisianae
Syngnathus scovelli
lfycteroperca microlepis
Lut5'anus analis
I.ut:5anus apodus
Lutjanus griseus
Lutjanus jocu
Lutjanus synagri.s
Astrapogon al,utus
A. trapogon stellatul
Eucinostomus argenteus
Eucinos tormis gula
Hacrnulon aurolineatum
Haemulon carbonarium
Hacmulon parrai
Haemulon plumieri
Haerr.ulon sciurus
Haemulon sp. (juv.)
Bairdiella chrysura
'Calamus calamus
I.agodon rhomboides
Kicholsina usta
Scarus coeruleus
'Sparisoma rubripinne
Garmannia rnacrodon
Lophogobius cyprinoides
Gobiosorna robus tu.n
Unidentified goby
Scorpaena brasiliensis
Scorpaena grandicornis

1 2

2 1

1 3
16

2

1 1 1
2

1 ~ 12
1

2 1 2

9 3 1

2
1

2 1
1

1 1 1 3
2 1 4 3 4

6 44 23 11 31 8 20
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TABLE V-j. (CONTZNUED)

Fish S >acies
S tations

0104 0208 0405 0503 0504 0603 0604 0608 0703 1004

Prionotus scitulus
Opis thognathus maxillosus
Dactyloscopus tridigitatus
Calli onymus pauciradiatus
Paraclinus fas ciatus
Paraclinus marmoratus
Chasmodes saburrae
Ogilbia cayorum
Sphyraena barracuda
Bothus ocellatus
Citharichthys macrops
Citharichthys spilopterus
Paralich thys albigutta
Achirus lineatus
Trine c tes ins crip tus
Symphurus plagiusa
Alutera schoepfi
Nonacanthus ciliatus
~fcnacanthus hispidus
Acanthostracion quadr'ornis
Lactophrys. trigonus
Lactophrys triqueter
Sphaeroides nephelus
Sphaeroides spengleri
Sphaeroides testudineus
Chilomy cterus s choep fi
Opsanus beta

'yaciumpapillosum
Corythoichthys brachycephalus
Diplectrum formosum
Astropogon puncticulatus
Haemulon album

, Orthopristis chrysopterus
liemipteronotus novacula

'obiesox strumosus
Balistes capriscus
Porichthys porosissimus

.1,2,.3
1

1
2
1

1
10

4 1
1 14 13 6 11

1

2
1

6 4 4 2 3
3 3 16 22 11

1 1
1 5

2 10
3 8 53

1
1 1- 1
2 2

6 3 7

1 26 6

3 2

19 22

1
1

3 9
. 10

No. of species

Total animals

Cat ch/ tow

7 21 13 10 10 12 14 29 10 16

24 58 49 90 59 33 84 153 42 90

0. 57 1. 38 1. 17 2. 14 l. 40 0. 78 2.00 3. 64 1.00 2, 14
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TABLE V-I (CONTINUED)

I
~ ~

Mollusc Species

Acmaea sp.
Acteon punctostriatus
Aequipecten gibbus nucleus
Aequipecten irradians
Amygdalum papyria
Anachis obesa
Anachis pulchella
Anachis transli rata
Anomalocardia cuneimeris
Anomia simplex
Area imbricata
Area sp.
Area zebra
Arcopsis adamsi,
Arene tricarinata
Astraea americana
Astraea caelata
Astraea phoebia
Bailya intricate
Balcis intermedia
Barbatia cancellaria
Batillaria minima
Bittium varium
Brachidontes exustus
Bulla umbilicata
Busycon spiratum,
Anadara notabilis
Cardiidae
Calliostoma adelae
Cardita floridana
Cerithidea scalariformis
Cerithiopsis latum
Ce rithiops is erne rs oni
Cerithium algicola
Cerithium eberneum
Cerithium literatum
Cerithium muscarum
Cerithiun variable
Cerodrillia thea
Chione cancellata
Codakia orb icularis
Columbella mercatoria
Columbella spp. (juv. )
Columbella rus ticoides
Congeria leucophaeta
Conus jaspideus
Crassispira fuscescens

2 1 112 6 - 6 4 15 14 4
2

2
1 1 . 1 1 1 2 1 4

27 ~ 1 5
2 1 13 12 15 7 23

2 1 1 2

1 28

7 1 9

1 2
2 2 7 2 1 2

6 3 ' 1 4

4 .1 1 3
1

112 3 6 10
5

24 49 24 1 34 1 16
5

19

15

17 2 2
5 1 13 12 1 1

17 11 5'4 5'2 - 45

12 10 6 1 1 6

8
13

43,9 7 6 9
26 27,„22 22 ~ 30

5 9
24 41

2 2 4

Stations
0104 0208 0405 0503 0504 0603 0604 0608 0703 1004



TABLE V-1 (CONTZNUED)

i~follusc S ecies
Stations

0104 0208 0405 0503 0504 0603 0604 0608 0703 1004

Crassispira leucocyma
Crass ispira nigresccns
Crassispi,ra ostrcarum
Crassost'rea virginica
Crepidula aculeate
Crepidula glauca
Crepidula fornicata
Crepidula plane
Cyclos tremiscus bcauii
Cylichna krebsi.
Dentalium texasianum
Diodora caycnensis
Diodora dysoni
Diodora listeri
Epitonium echinat:icostum
Epitonium foliaceicostum
Epitonium rupicolum
Eupleura sulcidentat:a
Fas cinlsr 'ae
Fasciolaria hunteria
Fasciolaria tulipa
Glbberulina ovuliformis
Haminoea elcgans
Hyaline avcnacea
Hyalina tenuilabra
flyalina torticula
Laevicardium laevigatum
Laevicardium mort:oni
Lima pellucida
I.itiopa melanostoma
I.obiger souverbii
Lucapina soverbil
Hacoma sp.
Hactridae

6 19 4 3 2 1 2

2 2

3 1 1 1
3

'.10 1

3
1

3
1
1

29 4 9 10

10 55 '6 8 31 1 26

3
22 48 57

1 1
19 104 3 12 14i

16 10 29 12 18 5 6 14

Hangelia plicosa-
i'larginella aureocinct:a
'.farginella eburneola
~fitra gemmata
Nitra hanleyi
"fitrella lunata
."fitrella sp.
ifodulus modulus
iiurex cellulosus
Hurex florifor
Yassarius albus

'assarius vibev
ahatica spe

1 33 28 9 23

17 1 10 552 139 ll 338
2 5 2
1 1

17 4 9 6 16 22 13
1 4
1
4 1 3 4 ~ 19

3 4i6

6 20
1
1

8 35
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TABLE V-1 (CONTZNUED)

Nollusc Species
Stations

0104 0208 0405 0503 0504 0603 0604 0608 0703 1004

Neritina vir8inea
Nitidella sp.
Nitidella ocellata
Octopus )oubini
Odostomia canaliculate
Odostomia niveus
Odostomia laevi'gata
Parviturboides interruptus
Persicula catenata
Persicula lavalleeana
Pteria lon8isquamosa
Prunum apicinum
Pseudochama radians
Pseudoneptunea multan8ulus
Pteria colymbus
Pyramidella candida
Pyramidella sp.
Re tus a b ullata
Rissoina broogniana
Rissoina 'ancellata
Rissoina chesneli
Seila adamsi
Tagelus plebeius
Tegula fasciata
Teinostoma sp.
Teinostoma cryptospira
Tellina martinicensis
Tellina meria
Tellina texana
Trachycardium e8montianum
Tricolia af finis
Tricolia bella
Tricolia tessellata
Triphora nigrocincta
Trivia quadripunctata
Turbonilla sp.
Turbo cas taneus
Turridae
Turridae stellatopoma stellata
Vermicularia spirata
Volsella americanus
i'Ktra floridana
Nudib ranchs
Chi tons
Americardia india
Alabina cerithio'ides
Atys caribaea
Cerithiopsis greeni
Crepidula,maculosa
Felimaie,bayeri
Lyropecten- antillarum

1 2 4 2 1 2 5
1

1 2 4 1

2

10

241 1 46 . 3422 99
1

3 4 1

2

216 178

4
2 2

122 233

65

15 25 120
48

1 1
9

20 4 26
6

2
1
4

96 268
4 34
6 1
8 14

26 27
1

2
2

28 135
5 10
1
4 10

17 22
4

13 31 85
3 3 15

10 2 5
6 25 58
1 1

2 1

1
18 '0 5

1

1
4
1 2

1
4

2 7

1

14
1

2 17 1 4 3 2 51
2 1 24 21 54 12 38 8 1 18
3 1 10 2 23
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TABLE V-1 (CONTINUED)

Scllesc Species
Stations

0104 0208 0405 0503 0504 0603 0604 0608 0703 1004

.SNusculus lateralis
Oxynoe antillarum
Stipmaulax sulcate

No. of species

Total animals

Catch/toss

38 15 39 52 51 37 50 20 29 42

562 47 620 4717 933 502 1149 89 330 821

13. 38'1. 12 14. 76 112 '1 22. 21 11.95 27. 36 2.12 7.86 19. 55
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TABLE V-1 (CONTIHUED)

Crustace;Ul S ecies
S ta L' on s

0104 0208 0405 0503 0504 0603 0604 0608 0703 1004

Alpheus armillatus
Alpheus formosus
Alpheus heterochaelis
Alpheus normanlli
Callinectes dani
Callinectes ornatus
Callinectes sapidus
Callinectes similis
Callinectes spp (juv.)
Epialtus dilatatus
Eucratopsis airssimanus
Eurypanopeus depressus
Eurypanopeus dissimilis
llippolysmata wurdemanni

5
1 4 2 3 9 1 21

5 1
10 23 11 2 15

20

3 2
1

2 23

Hippoly te pleuracantha.
Latreutes fucorum
Leander tenuicornis
Libinia dubia
Nacrocoeloma camptocerum
Hacrocoeioma trispinosum
Ihnippe mercenaria
~ilicrophyrys bicornutus
Nithrix pleuracanthus
Neopanope Lexana
Neopanope packardii
Paguristes tortu8ae
Pa8urus bonairensis
Palaemonetes intermedius
Panopeus herbstii
Panopeus occidentalis
Panulirus argus
Pelia mutica
Penaeus aztecus

, Penaeus brasiliensis
Penaeus duorarum
penaeus spp. (juv.)
Periclimenaeus vilsoni
Periclimenes americanus
Periclimenes longicaudatus
Periclimenes sp.
Pilumnus dasypodus
Pilumnus holoserecus
Pilumnus lacteus
Pilumnus marshii
Pilulllnus pannosUs
Pitho anisodon

2 6 6 1 1 1 13

1 5 1 14
1 1. 1

1 2
1 3 2

1 3
1 1

2 1

1 1
1 1

3 10
2 ll

5 2 1

6 1 21 89 13 56
16 4 144 21 31
85 1 9 187 7 154

28 5 37 222
73 4 34

7 3 80 163

6
1

1 1
7 1 2 9 . 3

3 1 '1 1

6
1

1 1 . 2 7 4

9 1 2

1

3 1 2

2 1
3

11 3 5 4 7 3 4 1 11
2
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TABLE V-1 (CO'ATIRJED)

Crustacean Species

Portunus deprcssifrons
Portunus gibbessi
Portunus sebae
Portunus spinimanus
Portunus sp.
Processa bernudensis
Synalpheus minus
Thor floridana
Tozeuma carolinense
Uca minax
Balanus sp.
Balanus improvisus
Balanus eberneus
8 a 1 anus titanab ulum
Pycnogonid

No. of species

No. of animals

Ca t ch / tcM

Stations
0104 0208 0405 0503 0504 0603 0604 0608 0703 1004

2
1

2 1 6
685 23 909 2504 1361 457 1558 95 136 942

3 1 1
'

1 1

11 16 19 15 14 22 14 17 16 21

803 66 980 2977 1447 770 1720 .143 273 1475

19, 12 1. 57 23. 33 70. 88 34. 45 18. 33 40.95 3.40 6 '0 35. 12
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TABLE V-1 (CONTINUED)

Porifera species
Stat:ions

0104 0208 0405 0503 0504 0603 0604 0608 0703 1004

Spongia barbara
Spongia cheiris
Spongia graminea
Hippiospongia lachne
Ircinia fasciculat:a
lrcinia campana
Xrcinia strobilina
Verongia sp,
Dysidea etheria
Haliclona molitba
Haliclona viridis
Neopetrosia longleyi
Spheciospongia vesparia
Tethya diploderma
Geodia gibberosa
Cinachyra cavernosa
Chondrf.lla nucula
Brown bay sponge
Unidentified sponges
Clione sp.
Tedania ignis
Scypha sp.
Aaptose aaptose

1 1

7 13
1
2

5 13
5
8 14
1 6

1
1 3
8 22

33 . 5
9 3
1 1

1 1
3

1 1

37 .20
4 1
3

10 1
3 4
9 6
3 5
2 . 4
6
6 90
4 6

27

2
3
7
8

14
3
7

15
12

288 221
4

13 5

177

20 5
3 6

15
8
3

7 12'7 14 6

30 18

6.

4

1
7
1
7
3
7

21

8
3

29

1 i 1
3

, 8
~ 12

8
7

'5
2 8

10
5

10 1161;,?
3

15

1
1
6

32
3

4

1
5
6
2

39
3

178

2

1
1

9
2

7 4

No. of species

No. o f animals

Ca t ch'/ tow

13 16 16 16 17

81 90 418 392 327

5 17 14 16 12

15 239 121 98 238

1.93 2.14 9.95 9.33 7.78 0.36 5.69 2.88 2.33 .5.66
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TABLE V-1 (CONTXNUED)

Ifiscellaneous groups
Stations

0104 0208 ~ 0405 0503 0504 0603 0604 0608 0703 1004

Hanicina areolata
Porites porites
Si,derastrea siderea
Solenastrea hyades
t iillepo,ra
Jelly fish
Sea anemones
Eunicea asperula
Pterogorgia anceps
Pseudopterogorgia acerosa
Unidentified gorgonids
Huricea elongata
jiydroids
Bryozoans
Tunicates

10 . 1 2 4 2
2
1

,1 ,2
1 16: 2 4

2
2
3

16 2
2 1 4

.3

2 3
1 1

3
1

1 1

No. of groups

Total animals

0 1 6 6 8 2

0 10 27 9 22 4

'7 3 3 2

16 8 5 2

Catch/tow 0 0.24 0.64 0.21 0.52 0.10 0.38 0.19 0.12 0.05
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~ TA1)LE V-1 (COilTINUED)

Echinoderm s eci.es
Statiorls

0104 0208 0405 0503 0504 0603 0604 0608 0703 1004

Diadema antillarum
Lytechinus variegatus
Luidia alternate
Edrinaster sentus
Amphiura s ti.mpsoni
Ophiophragmus sp.
Amphipholis squamata
Amphipholis pachybactera
Ophiostigma isacanthum
Ar..phiodia pulchella
Ophiactis savignyi
Ophiothrix orstedii
Ophionereis squamulosa
Ophiopsila riisei
Ophioderma brevi.spinum
Holothuria floridana
Cucumarii.dae
Leptosynapta parvipat:ina
Ctriridota rotifera

2 1
2

13 7 66
1 3 5

28 4li

117 155
2 5

7 68
1 2

34 125
6

1
1 13

1
6 72 24
4 2 6

2 41
3 2
2 2

72 22'3
12 . 20

5

36 2 37 14!i 8li

7 137
2

23'3

1
15 73

11 13 5
3 2

6 1

1 75 1
4 1 1

45 3
'

1 7 2 3 3 20

No. of species

Total animals

Catch/toe

8 5 9 8 8 9 8 10 10 8

62 59 161 388 537 87 436 37 188 64

1.48 1'.40 3.83 9.24 12,79 2.07 10.38 0.88 4.li8 1.52

Grand Totals of species and numbers of individuals and catch per unit of effort by
station of trawl samples in Card Sound Sept:ember 1970 - February 1971.

No, of species

No. o f animals

Catch/tow

~ 77 74 '02 107 108 87 110 93 84 101

15 32 330 2255 85 73 3325 llil1 36li4 551 9 36 2690

36.48 7.86 53.69 204.12 79.17 33.59 86.76 13.12 22.28 64.05
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TABLE V-2
I

SPECIES, NIMBER OF INDIVIDUALSAZ) CATCH PER UNIT EFFORT IN TRAM SAlCPLES AT TURK& POIM' JULY 1968 — JUNE 1970

EISH

~ At Ntl Nil! NIV NV NE! 'CEtl 'rrtll NLlV V'V SEt SEtl SEtl! Stlv SKV St Sl! Stll SIV SV A 0

Ctnelvnoa! na rtrrarun
Visa ra wana
Narc!nc brastltencle~"'

"'arenEulap<ncocnlae
An I~i9 nfrrtul I t
S noCus tnetens

I
2 2

3
I

I

Lucan!a Eorva

H. rosterae

e ~ a ~ cus
S. tonic!anne
S. scoveltt ~li
~~Lur ..As! anal!a
L. ~nodus
L. grtceus
L. ~ocu
L. svnarrla
Asrro~o~nn flu\us
A. scot!acus

E. yuta
ltaenulon auroltnearun
H. carbonartun

2'.2tuntert
H. natures

177 610 359 17
4

I I
4 6 7 7

37 4 49 i 53
I I 2

152 139 73 14

4 I I
20 16 11
68 143 16$

I 3 2 I I

C 3 I I I I
2 6 3 2 4 2 I

I
IC 2

2 I 4
C C 9 7

27 4 2 147
I

I
2

36
I 14

IC

3 2
10 11

138 16
2 2

4 I

3 7
I 5
I

9
I

2 2
5 11 23
2 3 64

I
2
I

5 28 2
I 3 I

4 I
i

2 2 4
20 7 2
57 8 2

I I

I I

I
11 - I

5

66 49
I
2

6 6 8
7 8 92

I I

6 5

7 2 3
6 I

5
2 15

22 28
2 I

6 6
4 3

3
3 I
3

18
I
2

6 6
I 34

2
I

17 I
2

I I



TABLE V-2 CONTINUED

SI 'ill SIII IIIV hV SEZ SEII SEItl SEIV SEV SEZ SEII SEIII SEIV SEV SZ SII Stlt Sl'I'V A S C 0 E F 0 1!

H. sprcii ~

0rthevristts chrvsosterus
Flit !tello cllrvsufs
Cv.. iei n rriiut i~ is
Arc'ws trent rnonho idol is
Csl xis eels. Js
I S..bren rhr.&idee
Strh Isiui uitn
Srntiis c srruteus
S,tr!r"n.s ruhrtgtnne
«sreanns i n.orred!vn
Er s.'c robtus cvsrtnotdes

Seorsstes hrectt ion is
I~ -. 1 tdie '<nis
Pr enttus ssitu Us
P. t r i'iiii
u is!hi nithus next) iriius
r~lltenv >s esuetrsdtetus
Pkfket trus teaeio iis

S.sti r s tiis henshtl ZI
Chssnwrs 2ihurroe
0 iit is covorun
Sv'r ter t 5 irrveuds

'>~thusocvilarus
Cith ri~ hthv ~ uaerons
?er.'il'C..'h c J~tbl otto

p- I

1

1

7 26 10 4 17 3 5 7 4$ 4 9 I 27 4 4
I I I 2

1

1
l6 SI IS6 5$ SS9 46

1

6S 42 12 2$

2
I

29 I 4 SZ

2 I

9 2

I
2 7 2 1 8 6 I

3 1 S 2

1
7

2
I

1

2 I
3

I
2
I 2

I 3

2
1

I
6
I

3 2 3
1 6

2

7 1 3 3 13 I 3

13 11
1 I
1

I I
10 I

29 16

2 2

I
2

I

15 IO I 4
I
1

2 I IZS

I
I

5

1 2

2l
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TABLC, V-2 CONTTNUFD

Nl hII IIII ÃIV hy 'gll SEII ÃFtll APIV NFV SFI SFII SFtll SFtV SPV Sl Sll Slit SIV SV A '5 C D 5 F 0 N

~l

Sv shurus ~la)tuse
Alutefa ~aches
'to iat.'lnthus cillotus
)'.. ~h)s tdus
* ..: *i ).d i

~5aef )tdps n~ehelus
5. ~son 'tert
S. sF.
S. tes'iutlneus
Chttesvcrerus ~echne fi
~ps)rue beta

1
2 1 1 9

1
2 1

7
1 1 1 13 1

16 37 121 '2 239

1
1
1

2 8 14 20
1 1 . 1

2 1
1

3 2
C 3 10 3

39 CO 77 3

1
2 1

14 11
3
1

1
1 3

1
1$

6 8 12

1

I CO

1 1 16
8 6 39 1
1 3 2

4 2
2

2 2

11
3 2

83 5 1 6

1
1

9 3
1
1

3
1

2
4 12 2

49 18 7

1
6

31

1l
5 3 4
2 24 9

29
2
1
1
I

1, 1
4 IC
1
5 2

1
7 16 2$ 2

32 13 26 1$ 2 16

SKKCIKS

Total Catch

CatchlKffort

16 21 22 17 17

276 766 767 214 1333

18 21 21 16 17 21 23 '26 23 23 28 21 22 21 22 16 1C

3CO 382 36812 47 161 2$ 0 326 82 140 121 26$ 15$ 66 8$ 174 116

23 23 24

200 109 150-

1$ 8 '6

310 29 168

1.62 4.S1 4.Sl 3.$ 1 22.22 2.00 2 ~ 2S 2.17 1.20 0.78 0.9C 1 ~ C1 I ~ 92 1.31 2.33 0.11 1.56 0.93 1.10 1.47 1.12 0 92 I 59 0 $ 7 1 19 2 46 0 23 1 33
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TABLE V-2 CONTIQJED

rdfmSXS

NI ÃIt sttt Nttf hnt Nst vstt ÃSttl v.iv vip sst sstl still sIIv svr st stl slit slv sv A 8 C 0 I F 0

Amass eF,

~aero! ect n gfhhus nut!sue
A !trad ane
AneIrafuu gjd lvrta
Arachis avara

A. 2utchella
A rant!irate
Antdara e its%flic
Arena!oretc!a cunefnerfs
Anrnia ~sfn !tcexx

Arcs 1nhrfcaca
Arcs sp.
A, .r!ra
~Atco s 1 s ada at 1

Arete tr!carir.sta

haf!va intricate
tatcfs fnterncdfa

ISarhatia can c! arfa
tartrate sF.
tart!!arts ntntna
t!1'!1un varies
lrachidcntes exustus
tulle unh!tfcata

ausvron snfratuu
Cantharus tfnrtus
CarCttCae
Oattfostont adolae
Cardfta flee!dana

1 ~l

49 55
I

I 2 120

I 36
77
I

I
15 82 IC I

I
I 2 56

3
2

hot couattd very
hot counteC - very

285 748 709

5
ahundant ln atlas stations
abundant on Iaurrncfa and Oteenta

342 39 2089 713 SO

2

3
I I

25 2 219 3!,8 4 34
2 13 66 5 3678

18 I I 17 45 3 I
4 9 Ie 16

I
I

I
80 119 4 6
I

42 9 4 I

24 10
I

3

I 49
13

25 43 42
I

18 97 I
6 15

5
2

5

5 26
I

8
I I
I C

11 l.

17

16 23

I
I 32 2S 8

2 6I I
I

I I I
2 9 I

I
4 4

4 41 2

22 20
6 IO

2
21 4 23

I 2 9
I

I
18

4 7 104 215 129 3 53 692 147 1430 9S 17 5 56 1030 3 689

l4 331
I

'5 13
2 I

I
I 3 IS

4 175 179 82 17 14
2 2 4 7





TABLE V-2 CONTX)hrUED

Mt 'AII NIII IIIY NV ÃPt SEII MZIII hrtv EEV SEI SFtI SEItI SEIV SEV St S'I1 Sttl SIV SV 4 8 C 0 E P C tt

Cirftbfooefs tutus
C.en<rene\

Crrfthtun «horn«tee
Cerftbfun s
C. Ifterstlm
C nus Jrun
C. vsrfshte
CeroJrfllfs tbes

I
CNfskfs orhicutsrf ~
Cotundetts r..restorfs
C. sPP. ()uv)
C. rustfeofaes

Creseftn'.«situs«eeeens
C. Ieeeeevra

C oft res run
C

C. ~ Isu«s
C, fornf«sts
C. ptsns
~C'tches hrebsf
Ocr«stion terssfsnun

0. Sister!
I I

Z. Iotts«cfeostua
II

18 77 107

623 2160
6 49

1
468S

22

7 6 106
I
4
4
2
1

12 47

19

16 14
1S 186 1

1
8
9 3

410 . 153
11 12

36 37
1

3
57 2

104
5 1193

5 1470

22 8
17

69 1

3
19 7

2 16
2 16 142

379 615 142
3 7 7

3
5
6 466

4
11 6 1939

10

11 44 16
I
5

3 2S S30
1 20 360

'15
49 2 6
15 1

1
1 1 20

1

8 1
3

5 2
25 28

4
1 1
1 5

8

1
12 34 73

1
13 2 1

1 1 2
14 7 6

1

5 4

7 3
1 7

54 2
3$ 3 63 13

319 352 54
11 1 5

1

41 3

14 S2 16
639 143 38
463 183 4

2
1'6

14 . 11 3
1
4

1

1" ll 1
2 . 30 3

63 13 4
2

1
6 3

I
4

71
1 4 2272

2 30
1 2

1
2 214

55
1
1

1
2

6
1

2 ll
2 26

33

2 2SO 2827
7 41

8
1$
14

153 8

1)2 31
19

1

15 8
1
1

390 4
166 11

14

2

23

6
6

1 28
$ 6

1

39 26
4 5

I

4 2
87 183
39 52

1
6 ll

1
5 12
7

'

2
2 38
1 144 17
1

48 43 12 7 5 5 49

5 4 '
2

3
24

76 6 39
1

3 891 106 11
1 6 1

2
1
1 3 2 2
2

2
2 8 10 130

7 15 45

2
2

10
230

2
9$

503$
71

5 1834
10

18
1

10

Sl 21

2 3
22 1 4$



TABLE V-2 CONTINUED

Euol ~ uri a«le!dentate
F-ic!olarldac
Favclolarla h«nterl ~

CIZ'cru]rna ovullrornls
II!!aetna .» c]crena
I!vs]tna aycnacca
tt. Ivnl»r la»ra
Hydrolbildae ~ll
L nof 'c»I
!.II .I «"'«cl !a
Lcb!ccr couverhtl
'u a Ina Gccetbil
Litter!na rrehu]osa
Atone s7

Hart rldse

:an ella trS];nests
iarZlnclla aurcottncta

I I. \
I '.

!Iera hawlevt
Hltrel]a Ilxtata
.!I trails sp.
!» '«Iui nodulus
'Ares ceil »locus
:cvrex I lot!icr
'.:uicul».i ]stere]Is
Saisarlui a]hui
Si iar!ui «ibex
Settee sp.

ocei'ata
gl ccotna c~xv

101

2
9
3
5

9 91
3

1

22
2 4

5
6

1 2 2
1 1
2 I 318jl

1
C

2
2 3

29 115 129
2

1
C 2
4 ~ 4
7

20 2
3 35

2
1
2

5
13 2

2 1

1
7

1 8
1

33 34 4
9 5 36

1 1
2
2

51 22
9

6
8
2
C

22 5
1 3
1

1
10
26

1
12 252 284

1
31 12

31
2

233 5 1
5 1 1

4 21
1 6 19

1
1

3 10
3 28 214

16

2 1823

10 5
24 1

13 2 1

1 12
1 10 66

1

C 51
1

14
6 2

9 Cl
1 7

16 12 C]5
2

]C se 5

2 1

7 31

3 3 19

17 ]C

e6
6 1

823 1100 8830 9CC 18,071

9S4 1118 304 65C 3

2 10 3 1
1

8 12

96 106 26
5 2 93

17 4 6
CO

3
2022 1854 36$

865 sss 2s7
6

2C

1 112
4 C

1 2 5321

4 - 3 1C65 114

19 21 326
6
2

1 1

12
47

198 181

C9 7

234 37
1

3 27

1
11

6
1 6

371 3873

2 22 1SS1

ll
1

48 1
39 1
4

54
3

152 3
1

100 48 6

1 3 l

25 8 15
1 2

1 ]00
2

787 543 28

102
1

19

4 54

18 1
13 2

4 7
81 3

2
16 3551

10S3 318 101 1S 6C 1430

39
20

7
3
1

13 2133

314

1

19 15 34

S 68 8

1
270 332 9988

9 53 11 15 20

69

3671 18
1 9

1016 124 211

1
19 19

1 206 jed Ct

15 64

1

2734
61

6 2

1
3 1 11

1

132
291 208 21

3
8 72

9 . 99
1$ 118'479

19

2
3 1961

Vr Hrr Hrrr SIV HV HEI hier] Herr] hce]V mr SEI Serr S rrr SE]V SEV Sr Sir Srrr SIV SV 4 8 C 0 E F C H



TABLE V-2 CONTIttUED

El SII. 'Cll'I 't!V hV ÃEl SZII EElll EEIV ÃEV SEI SEII SEI II SEIV SEV SI Sll Sill SIV SV 4 8 0 !k E F 0 H

C'rra rue tnuhtnt
0'.is!us!.a ran>i!rutsts
O. ntvrus

!.>i vtv.at.a
akttvett nut!co
caxv>aar Jnttl lstu'1

I'crs!culs cstcnsts
P, I Jv.alt r:a J.a

Prusu . Jwtitnars
Pseud>ackasw rsd!slav~al
Pterts c.aat "bus
P. Icnltc,>sross
Pvran tcr a l J i J >ad!d J
rvtsr.!de'.ls sp.
Re!usa k»lists
Rtsssa".s c'ance>let J
Sc'!ls sdsns!

Tsrol>s
Te>a>!s Ease ~ Jts

~ ~ l ..: '. l
Tell!..J, er! J
T teasna
.hats nsa setous !lot!dens

I 1

3
8

I

6
9

2 7
186 1071 1325

14

12

5 19

4 17
272

23

8
63

10

13

3
I'

59

3 5
21 198 176

I
8

7 22
I

13 3
I I

17
I 8

24 I
120

I
28 I

1
20 7

19
12
15 I

I I 30
65 124

I 17

3 33

7

2 57
15

3 I
2

2 8

71
I 4
I '4

77 21

2 1

29 *

I
4
2

3 I I I
4

2
50 2

161 I
27 1

27 4

55 2
I
2

7
2 2
I 2

2
4 207

15

2

16 Ikk I

31 4 4

5 57
7 5
2 6

S

20 8

2
159

I
4 6

I I 4
87 11

I 21 '
I

I 8 5

2
1

2 4 3
3

I 3

I 40 74
2

I

2 3
4 431

16
I

21 10
1

2 3
39 6

76

7
I, I

3

21
264

10
45

l f.
T. k>et le
T. teste!lets

l

Turnpost is ip.
Turk>o csstsneus

169

I
28

6 27

8 169

2 11
2 4

46

81 254 2303. 147

6 I
29 88 52 I

6 1 4
28 33 17

I
56 9 252

I
31 24

I66'2
2

4
4 2 3 18

I 7

3 3

2
1 40 1048 22

1616 315 6 5 IS2 400 6 237 96 449 1518
2 '2

4 3
63 22 7 3

431 237 3 108

2 I
20 564

I
498

25 I 9 9
1 2 2 I 596 24 '





TABLE V-2 CONTINUED

ÃI VII VIII ÃIV Nf ÃEI EEII XE I'I hEIV SEV SEI SEII SEIII 8 IV SEV SI SII SIII SIV SV 4 8 0 0 E P C Ii

Eurrirac
el..iculefin ~citato

roieeiia enerrcanus

I
5 5 21 144

3 8

1 1 2
5 33 653 . 70 17 3 1636 121

6 11 2 1 18
25 7 13 1496 920 195 15 8 59 355

6 7 8 I 6
44 647 290

2 S
51

Sudfbrancha
Pe'iin re ~ba eri
Ohitone 1 3 C 11 8 10 12

61 94 107 90 1 186 472 174 8 5 10 108 37
I

5 12 33 3 2 1 9 22 38 I1S 14 38 . 91 7

9 8 143 IOC 5 22 76 33 33 17 79 98 79

132

SPECIES I
Total Catch

Catch/Efiort

45 38 60 , 53 48 CS 61 72 56 32 44 74 75 51 22 41 74 74 47 39 Cl 39 63 54 67 59 9 60

3583 8057 277CI 7C21 26941 7246 6136 6593 535 153 4714 7dd9 5S92 969 97 929 16848 4117 609 174 5409 1805 1909 2785 2826 18283 53 8601

21.1 47.4 163.2 123.7 4C9.0 42.6 36.1 3S.8 8.9 2.6 27 ' C6.4 34 ' 16.2 1.6 5 ' 99.1 2C.2 10.2 2.9 34.7 14.3 15.2 22.2 22.4 145.1 O.C 68.3
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TABLE V-2 CONTINUED

CRUSTACEAN

A!oh»us arnfiiatua

A. hetcrechielfs
A. nor»oaf

B. »terr ~ us
B. tfcoiwbufuw
B. veri»Ce is nfveus
B. arsicttrfte
Coffin»etc» ornatua
C. ~ss idu.

In!»Itis dtlatatus

K. dfssizili~

La!rent»a fur»run
Lean!or cons!corn!a
Lfhfnfa du'afa

«fcroshvrvs hfcornutu»"'"'"i—
"""""'""'ech»edit

8, »7
Paeurfstes tortures
~Pa urus has»fr»usta
pats on-fiorf-aau
Paiaernncccs fntcrnedius
~Pano eus hechstff
P. occtdentaf!s

44 15
20

101 2
2 3

1 I
1 1 ~ 1 2

5 7 6 23 1
9 6 1 22 I, 3

1

1

31
19

9 2

6 ~ 2
5

5
1 5

27
2
2
8

27

33
4

24
1

1
23 29

7
I

22 6
7 25

3 2

11 2

89 1I
41 3

2

35 4
26

1

1'6
18 3

4 131 28 20 11
30 6 2

6 2
61 11

3 5 3

3
C 1

1010 837

8
9

1145 225
1
4 5

15 6
1

2 1 7
1

8 2
357 401

3
218

4

CC17

2

12- 1 8
1352 7817 4588

122 8 4

BS9 1366 1271 267

7
14

5 5
11

3
2

4 21 4

5 C

445 6C2
44

1236
13

C01

2
9

' 57 162

1 1 1
12'

1 I
3 1

1 1

3
66 30 125 289

116 2
1

3
6
6 2

1
7
1
4
7 2

461 23

2221 S978
1

310

106 102 16 97 81
7041 5401 '61 23 1093 4187 2861 73

12
1

190 198

1
9 6

2
I

3 71
5 2

321 73

1 12 53
8 C95 69Sl 22CS

2

19

2
S4

1 416 205
2

4 2

3
1

1

2 30 27

1

12 1461 1282

2 2 23 2 10 31
1

15 15 2 3 8 4 1 29 5 2

N JII SIII SIC! hsI h»I %II 8IIII itBICf Lnr 881 SIII BIIII SB!CC Ber SI BII »III CICC SV A

2 34
3 22

8 1

1
18

1
4 2

15

27 40 22

5 12 3
1 1C

13 11 22

2 2

1
72 84 377 460

14
1

5 12 C 2

1

130 35 23
1

374 3 75

182 13 60 15
'062230 940 8993 78 3C70

1
1

36S 2 16
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TABLE V-2 CO%i'TXhtJED

8! 8!7 V!IZ mlV hV ss! XS!I Sel!2 mtV der Sdt Sdt! Sf!!I SZIV Set S! S!I S!!! S!V SV 4 8 C 0 8 P 0

Paoul true arses
Folie rotten
Perseus aztecan
P. bract!!costa
P. duorarun
F. spp. ()uv.)
Per!cl!eenaeus v!leon!
Perlcll ence anertcanua
P. tIneteaufatuc
Ptlunru's dasvoodus
P. holocerecus
P, Iarrruc
P. narshtt

aenocus
Ft Iw an!codon
Podnehela rtlsel
Fer un s decrrsslffons
P. ~ihbesst
P sni. t acus
Procecsa sp.
P. hereudensts
shtthr ccnoccus harrtstl

I 19
9 37

2
I

9 2 4 4
21 6 35 22

I 3 I 14.
2 2 2

2 4 I
S 8 2 2

6 79 23 34
I I

6 6 8 11 I I

S 11 8 lo 2

3 8 I — I

3 27 3

X 2 2
X

2

4C 4 I I 8$ 6
9$ 8 11 3 2 204 X4

3 36 282 3 2 3 6
I I, 2

1$ 16
I 2

I I
S 7

27 9

16 6 8

2
I I

X
I

I I

$ 13
I 3I
I

5 14 7 2
3 2 2

4 6
3 8

2 I 4.

6 I
I 2

5 2 58 93 lo 20
I I I

6 Io
32 24

Srrss~lheuc sp.
- S, otruc

S. tevncendt
!her flortdana

oteuna caro!teer' a

tc\ 'ctnax

786 1231141 7$ 2
2 3 4

7 1253 2871 4317
I I 2

4 2

274 IC7
I I

10

97 C$ 2$ 4980 2$ 0 15 4C 2856 3337 1$ 9'I I 9 2

I
7
I.

26 583
I 5

265
I

1725 769 Iih1 3811
2 2

I IC27
I

I

Fycnodc n!C
1 t.

I
5 2 6

2
26 9 Cd

I 2 I
2 22d CS

I
14

I I 2
5 13d

I
30

I
16 8 209 I

SPECIES

,otal Catch

Catcb/Kffort 38.6 LS.C 62.6 101.2 81.8 54.1 69.2 64.7 13.0 4.8 10.1 56.6 52.9 6.6 1.0 6.9 61.8 36,1 5.2 1.6 16.4 IC.S 26.7 9.9 24.8 109.3 1.7 44.0

21 21 28 22 22 21 27 32 22 20 22 27 29 IC 23 19 24 2C 26 2316 14 26 16 19 26 17

esss 262s Loess eo72 49oe 9192 117e9 Lloos 777 287 1709 S616 8936 398 57 116$ losod 61CS 313 Sd 2556 18053364





TABLE V-2 CONTINUED

FOR IFERA

ÃI SII RIII RIV RV Rtf 'rtfl 'rv!'I iu'IV 'O'7 Svf Stff SEIII SWt r tvV Sl SII SvII $17 SV A 5 C 0

Ssonrfa barbara
Sp nels chrfrfa
5ron fa erantndsu
~ffl~tfo~snngfa latbne
Irrfnfa faerYrufafa
I

car�..tna

I. strubflfns

Dvsfdea etherfa
Halfcluna eolttba
N. vfrldfs
Reo~et rosfa lan~le
S~Secln~~mnc f.s ~ves arfa
~Te'.h a ~df lurterna
Ccodfa rfbberura
Cfnuchvrs cevernosa
Chendrfff» t.ucula

roun bay epunde
Tcdanfa fenfa
l'nfdcnffffcd apontea
tc~vba sp,

~Aa tuse ~all tolc

6 '2 19 2
214 6 14 63

13 2 3 48
17 79 2

6 29
2 7

1

6 5
5 4

7
2 2
2 6
1

1 7

10
7

1
10

1

4
3

1 9 28
134 125

39 65
10 11

56 I
14 3

5 8
7 32
5
1

2 22 174
1 $ 2

2 4
13 4

1 2 6 3

1
4

22 3

CS 13 10
2 7 1

6 1
3 2

11 7 1
5

8 2
1 1

9 8 I
178 I 2 7

8 3
3 5
6 1 3

1

I 2

14

53
8
I

22
9

16
39
21

3

41

220
2 24

21
8
I 10

12
1

2 99
7

1
I
4

24
1 104

4
8

1 3
103

$ 1 79 23
12 42 3

3 5
1

8 $ 1
2

22 19 9
2 4

14
5

21 1822
15 1

C

4

12
15
13

5

2 2 5
1 3 1 1

7
4 2
6 1 I

88
5 1

919 6
4 95

1 ld
4 1 I

SIKCIKS

Total Catch

Catch/Effort

4 4 S S 1 5 5 15 14 ll 1 12 15 16 9 I S 9 18 18 3 4 13 12 13 $ 1 6

250 11 117 116 1 194 230 115 118 $ 1 22 256 309 58 26 7 68 IN C09 274 2$ 4 28 105 1953 67 . 936 1 180

1.47 .07 .69 1.93 ~ 02 1.1C 1.3S ~ 68 1.97 ~ 8$ .129 1.S1 1 ~ 82 ~ 97 .C3 ~ 04 ~ 40 .79 6 ~ 82 4.$ 7 I~ 63 .22 ~ 82 15 ~ 2$ , .52 7 ~ 31 .01 1.41
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TABLE V-2 CONTINIJEO

COIL ITERATES

NT Ntl NIIT NTV hy NEI NEI't NET II METV ÃEV SEI SET I SET)I SEIV SEV 8't 8'tl SIII SIV SV A 8 C 0 8 7 ' 8

Ken)etna areolata

Sid 'fast res sidelea
Sotenastrea h adrs
l'.l))s ora sp.
Jellyfish
Sea anesones
Condylactis sp.
Euntcea ~as erula
Ptecn~or ia ~ance s

I)nidcntitied SorSonids
)tyd ro Id s

2 6
18 3 2

1 3
I 3

1
1

1 2 1

1 1 2 10

I
12

4

1 1

14 4

2
7 26

1 2
2
1 1

22
1 1

I
13'I

2 1

ll
16
28

4

1
1

5
10

1 2

1

I I 1 7

21 9 1 1

SPECIES

Total Ca c'h

Catch/ Effort

2 1 1 3 1 2 3 5 8 $ 1 3 2 5 5 1 0 2 2 9 0 1 3 6 2 3 0 2

20 6 3 4 1 2 5 16 2$ 1$ 1 16 5 14 33 1 0 3 2 97 0 1 16 2S 10 4 0 '

~ 12 .04 .02 .07 .02 .01 .03 .09 .42 .2$ .01 .09 .03 .23 .55 .01 .00 .02 .03 1.62 .00 .01 .13 .22 .08 .03 .00 .06

ECKIhODEENS

Nl NT't Nltl 't)V NV NET NEII NEIII 'NETV NEV SEt SEI't S'SITT SEIV SEV SI STT Sill STV SV A 8 C D ~ E y G K

Dtade. s anti))arun

Echinastcr cantus

0 htoehra . us iiio raneus
1

1

5 151

6 36
1

7 316 8 1 106

2 2

l.
2 3 42$ 1 187 56

95 4 1 4 61 1 2
1'

3 1 I
2

I
2

1

117 22 68 122





TABLE V-2 CONTTNJED

NI NII NIII NIV NV NEI hEII NEIII NEIV NEV SEI SEII SEIII SEIV SEV SI SII SIII SIV SV A 8 C 0 E F 0

AnEhht h x t a Eua I~Ihlet at d
0 htn .t laws tnnesnthum
Asaht Waax udtrhat to
Axuhtun'.ua tt|r uihodas
Onhtlat to ~t'Ivt n~t
Ouhtnthrtx nrstadtta

O~~hio attn rt tent
0"htod t brivl~ntnun
Pntothauata ttnrtdsnn
ttBll. t tnrtdsns X naxtesns
Cueuntrttdde

Chtrtdotn rotttorn

1
146

1
4 14C

4

1
I 1 29

89

I 16
18

14 1

36 15
73 11

7

Cl 16
4

30

65 130 270'C6 25

3, 204
10

6
24

62
$ 7

7
4

13

6 2 6
7

3
6
5
2 2

1
C 11 12
2 1

216 34 113
61 58

.2
I 104 67
8 1 6

11 6
I

803 C0$ 56 2 2 274 736 28 1C

1

I I 33
114

1 45
83

1

4 13 322
1

1

1 9

8 140
9 2

104
6 45
9

$ 4 348
I 3

1 4

2 1$

SPECIES

Totsl Csteh

Csteh/Effort

C 10 10 12 3 0

6 18 72$ 113 72$ 4 0 LC1

0 I 3 6 0 3 4 9 12 9 1 8 11 IL 5 3 7

0 1 10 4CS 0 67 139 745 374 107 3 1163 6$ 1 95 432 6 291

9 10 13

1030 439 349

.00 .01 .05 7.C2 .00 .39 ..82 C.SS 6 ~ 23 1.78 .02 6.84 3.83 1.5S 7.20 .04 1.71 6.05 2.$ 8 2.05 .04 .14 5 ~ 75 ~ 90 5 7$ 03 ~ 00 I~ 12

IISCEr aMÃBVJS

NI NII NILI NIV hV NEI NEII NEIII NEItt XEV SEI SEII SELII SE!V SEV SI SII SII SIV SV 4 8 C 0 8 P C N

Fist vottts
Sryotosns
Tuntestes 9 1 4 8 1

4 29 3 9 6 16 13 5

8 1

1 9

69

1 6 9 6 3 13 2
3

I 2 1 5 1 4

SPECIES 1 2 2 1 0 I 2 2 0 0 *2 2 0 0 1 2 1 0 1 2 1 2 3 2 2 0 l.
Tocsl Cscch

Csteh/E!/orc

9 5 33 3 0 9 14 17

.05 .03 ~ 19 .05 .00 .05 .08 F 10

7 0 0 21 6 0 0

.OS .00 .00 .12 .04 .00 .00

1 78 4 0 1 7 2 10 LC 4 17 0 2

~ 01 45 ~ 2C ~ 00 ~ 02 ~ 04 .01 .OS .OS .03 .13 .00 ~ 01
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TABLE V-3
CATGUT (LOG CATCH + I) OF AYiYGDALIMPAPYRIA BY MONTH AND STATION EACH VALUE IS THE S'il OF ANIKGS TAKEN IN 7 TO'MS

NI
STATION

NZI NIII 'NZV NV NEI NEIX NEIII NEIV NEV SEZ SEXX SEZIX SEIV SEV SI SZI SIII SIV SV TOTAL
1968
July
AVS o

Sept.
Oct.
Nov
Dec.

0.60
0. 30

0.60
0.60

0.30 0.90 16.25
9.09
5.88
5.51
2. 10
4. 37

0.30 0.60
0. 30

0.30

0. 30

0. 48
0. 30

0.

30'7.939. 39
6.48
6.11
3. 60
5. 87

Total 0.60 l. 20 0. 60 0.90 Z3. 20 0.00 0. 30 0.00 0.00 0.00 0.60 0. 30 0.00 0.00 0.00 0.60 0.78 0.30 0.00 0.00 49.38

NI NZZ NIII NEZ NEZI NEIII SEI SEXX SEZII SI SIZ SIIX A B C D E F 0 H TOTAL

1969
Jan.
Feb.
Narch
April
Nay
Jltne
July
Aug.
Sept ~

Oct.
Nov.
D c.
Jan. '0
Feb.'arc.l

April
Nay
Juae

1.56
0. 30. 3. 62
1.68 3.68

1.98
0.30

0. 30
0. 48 0.90 0. 30 0 '0 l. 86

0.60 6.50
5.36
1.98
0. 30

Total OAO -2.2.8 ~ 10.%4 - -4.00 0.00- 0.00 ~ 3 0.48 0.90= 0.00 0.00 0.3Q . 0,00 0 00 0,00 Q 3Q Q QQ 0.60 16.00
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TABLE V-3 CO'ATINUED

NI
STATION

NIZ NIII NIV NV NEZ NEZI NEIII NEIV NEV SEZ SEZ SEIII SEZV SEV SI Sii SIII SZV SV TOTAL
1968
July
Aug
Sept.
Oct.
Nov.
Dec.

0. 30 5.67
0. 30

2. 30 l. 86
0. 30 2. 32

1. 38

3. 13 1. 86 3 ~ 18
2. 11 4. 29 0.90
0.60 0.90 0.30
1. 3S 1. 73
0.60 2.16

0.30

1. 56 1. 18
3. 64 3. 84 1.94
4. 24 1. 56
0.30 3.25 0.30

0.30

0. 30
O. 30 1. 30

0.60 1.08
5.94

0. 30 O. 30
0.30 0.60 2.67

0. 30
1. 78 0. 30
1.26 0.30
1. 08
0.95
1.60

3. 85
5. 36

3. 11 1. SO

0. 70 1.91
3. 28
2. 70

O. 30
1.92

0,78.
0.30

0. 30

0.60
0.30
0.60

21. 63
26. 36
22.43
19. 51
10.65

8. 47

Total 2.90 11. 53 7. 82 11 '4 4. 38 9. 74 8.95 3.42 0.90 '50 0. 30 10.99 6.97 ~ 0.60

Ni NII iNIIZ NEI N II iNEIII SEI SEII SEIII Si SZI SIII A E

0.00 3.81 18.90 3.30 1. 80 0.00 109.05

C D E F G H TOTAL
1969
Jaa.
Feb.
iare 1

Apri1 3. 03
Nay 3. 38
Joe 1.08
July 4.03
Aug. 6.22
Sept. 6.40
Oct. 4. 32
Nor. 2.28
Dec. 2. 32
Jan.'70 1.08
Feb. 0. 60
March l. 26
Ap ri1 0.90
Hay 0. 30
Juae 0. 78

0.90
0.90
5.22
6.07

11. SO

1. 08
0. 78
7.54

1. 20

l. 60

1. 26
1. 38

0.60

0. 60
2.76
1.08
1. 81
9.05
6.46
5.24
5.43
6.45
4. 26
4. 20
2.58
2. 88

0.78 0.60
0. 30
0. 30
8. 25
8. 71
6.18

13.59
10. 19

8. 41
9.51
?.63
0.90
0.60
0.78
2.55
2.33

10.12
2.38

1. 38
3. 04
3. 73
1.98
8. 11
7. 88
4. 33
3. 51
0. 30
2. 65
0.60
3.95
1. 68
0.90
5.26
4. 89

0. 90
1. 38

0.90
2.95
1.56
0.30
1. 3S
2.03

0. 30
l. 26

0. 70
0.30
0.48
2. 28
1. 64
5.27
3. 59
0. 48
1 ~ 56
0. 48
0. 30

0.60

0. 30

2.41 -1.90 0.48
l.08 1. S6 1.08
2. 46
0.30 1.OS 0.90

l. 48
0. 30 l. 20 l. 51
2.65 0.95 0.78

0. 70
l. 78
1.90 0.60=
2. 89
l. 20
0. 78 0. 30
1.00
0.90 0.60
1.20
0.48 1.98
1.98 5.07

5.51
4. 14
6. 22
2. 61
0. 30
1. 7S
3. 11
3. 05

0. 60.
3.20
0.60
4.56
6.65
7.37
3. 77
5. 65
2. 51

0. 30
1. 38
3. 28

0.90
0.60

0.60
1. 78
1. 30
4. 11

3. 66
0.30
1.60
1.0S
0. 30
3. 48

1.98
2. 26
7. 46

14. 41
3. 23
l. 38
1. 20

0.60
0.90
5. 35
1. 60
1. 90
0. 30

0 ~ 30

0. 78
3. 45
3. 29
0.90
0 '0
1.38

l. 81
0. 30
2. 86
l. 81
0. 48

0.60

0. 30
0. 60

0. 30
0. 30
0. 30
1. 56

0. 30 3.27
4. 76

0.48 7.95
0.95 5.19

4.02
0.30 0.78 1.68 4.83

0.30 8.18
1.48 10.93
1.08 5.51
0.60 2.16
0.30 3.75
0.78 2.03
0.30 5.06

0.30
1.85
3.00
6. 82

2.66 0.60

2. 85
2.03
1.56
8. 58
5.52

0.90 5.64
2.46
0.60
2 '1
7.40
2.56
1.08
2. 26

. 6.81
3. 33
3. 38
1.56
3.16

19.40
16. 93
26.21
40.77
42.59
53.61
76. 84
52. 10
48. 11
47. 88
30. 94
20.22
26.85
28. 96
31. 59
25.16
41. 04
31. 11

Total 37.98 40.51 54.00 89. 73 54. 19 12.96 17.98 23.31 16.82 5.65 61.63 24.67 42.57 17.96 4.26 0.78 10.91 80.21 0.90 63. 29 660.31
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TABLF, V-3 CONTINUED

NI
STATION

NII . NIII NEI NEII NEIII SEI SEII SEIII SI SII SIII A B C D E P G H TOTAL
1969
July
Au8.
Sept ~

Ocr..
Nov.
Dc c.
19 70
J an.
Fcb.
Narch
April
May
June

0. 30

0. 30

3,02

0.48 3. 47
2.23 5. 80 0.78

0.06
0. 48

0. 30

0. 60
0. 30
1,08

0. 60
0.95
0. 30
1. 08 12. 16

6. 14

1. 98

2. 03

4. 12
1. 38
3. 36
1. 08
1. 68 0. 90
l. 18

2. 10 1.00
2.56
2.46 1.51
1. 30

3.92 2.05

8. 98
14.65

1.08 5. 70
3. 38
6.66
l. 88

10. 15
8 '0

ll.08
7. 89
5.07
3. 72

1. 38
0. 30

0.60

3. 53

l. 75
l. 38

3. 49

0. 78

3. 45 0. 30

0. 30

0. 30
2. 18
2. 73

1. 43

0. 48 4 ~ 91
3. 88
2. 73

0.60

0. 30 1. 30
0. 48

0. 85
0. 30

0. 48
2.60

0.95

l. 48
3. 24
1.90

0.90
2. 74
1.08
1. 18
0. 30
0. 30

19. 88
18.96
24. 31
31. 87
16. 11
12.00

19. 28
16. 16
18. 73
13.25
8. 33

21. 92

Total 3.01 8. 82 4,55 0. 60 2,76 13.08 ~ 12. 16 25. 14 5.46 1.08 87.26 12.43 3.45 1.08 5.51 0.00 4.94 15.40 0.00 14.07 220.80
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TABLE V-3 CONTINUED

NZ

STATION
NII t NIII NIV NV NEZ NEIX NEZIZ N ZV NEV SEX SEXI SEIII SEZV SEV SI SZZ SIZZ SIV SV TOTAL

1958
July 0.60
Aus. 3. 26
Sept. 3. 20
Oc . 0.48
Nov. 0.90
Dec.

1.08
2.08 2. 87
l. 86 2.03
2.51 '. 76
1. 30 2. 35
0.48 1.26

4. 48
0. 90 3. 36
1.08 2. 80
0. 48 1. 20
4. 27 0. 30
1. 95 0. 30

1.48 1. 38
5. 08 1. 20
3. 68 2. 41
0. 30 1. 68
0. 30 1. 26

0.60

5 ~ 30
2.05 0.60
0.90

0.60
0.30

0.95
1. 38
3.91

0.30 1.08
0. 70 1. 68

1.00
5. 07
0.48
4.03
0. 78
4.52

3. 75
2.98 1. 08
0.90 2.00
1. 45 0. 30
2.08 0. 78
3.07 0. 78

4. 85
6. 17

0. 30 0.30 4.94
0. 90 3. 11

5. 32
0.48 4.71

2.16
1.68 1.08
0.60 2.46
0.30 0.30
0.78 0.60
1.51 2.08 0.30

27.03
40. 84
33. 85
22. 78
23. 70
22.04

Total 8. 44 9. 31 12. 27 8. 68 12. 44 10. 84 8.53 8. 25 l. 50 1.00 9.00 15. 88 14.23 4.94 0.30 1 ~ 68 29.10 7 ~ 03 6.52 0.30 170.24

NI NII NIII NEI NEII NEI I SE'I SEXI S" III SX SI SI I A 8 C D E F 0 - 8 TOTAL
1969
Jan.
Feb .
March
April
tay

June
Jut.'y
AuS.
Sept.
Oct.
Nov.
Dec ~

19 70
Jan
Feb
Narch
April
, iay
June

l. 68
7. 27
2.08
4. 80
4. 77
8.95
4. 36
8. 10
3 ~ 81
0. 78
2. 38
2. 35

8.07 2.56
1.73 5.52
5.09 . 4.10
1.58 4.63
8.1G 6.55
9.79 10.89

12. 81 9. 69
7. 78 12. 78
3 05 12 ~ 34
2. 38 8. 79

7. 41
3. 13 8.96

1. 08
1. 08
5. 47
4. 68
5. 98
3. 10
1.98
2. 28
l.08
1.26
3.11

0. 30 6. 36 12. 12 l. 81
2. 1G 3. 36 10. 93 2. 28
0.90 12.38 12.21 4.02
4.33 9.77 10.02 2.23
3.96 6.92 12.47 2.58

1. 08
0. 30
2. 89.
5. 98
4. 58
2. 76
2. 42
3. 49
4. 77
1.68
0.90
2r68

1. 48
4. 61
6 ~ 95
5..56
4. 76
2. 82

0.60
2. 64
l.08

0. 60

l. 56
3. 13
2.08

1:95
0. 30

1. 62
0. 48
0.90
0. 30
5. 68

10.05
11. 58

4 ~ 36
13. 42
5.81
7. 55
3. 30

7.01
1. 08
3. 96
0.48
0.30
1.65

4. 88
5.61
2. 58
0. 60
0.48
0.90
0.60
0.90
2.83
2.64

0.60

0. 30

1.08
1. 08

5. 23
5. 36
3. 49
2.98
1. 81
1. 26
2. 26
0. 70
0.78
0.60
2.33
0.30

0.60
0. 30
0.60
0.60
1.86
2.58

0.95
2. 81
5. 88
1. 38
1.00

2. 45

0.30 0.30
2.81 1.20
6.06 1.81

12. 77 0. 78
6.54 '.38

12.67 0.30
7.98 0.78
1. 60

0.48

0.60
0.30
0.78

12. 56 0. 78
9.92
8.94
4. 74 0. 30
4. 08
5.16 1.38

7.38 2.48
2.98 6.95 2. 16

2.98 5.09

1. 30
0. 78
l. 92
4. 24
5. 16
9.97
8. 98
5. 64
4. 70
3. 32

0. 30

5 ~ 09
0. 78
6.97
l.98
1 ~ 38

„1. 51

2. 64
3. 23

2. 73
0. 90
2. 33
1. 78
1. 51
0. 30
1. 08

0. 48
0.95
l. 68

.0. 30

0. 60
0. 30
0. 30

1.08

0. 30

0.78 - G.SG
2.97 0.78 4.70

0.48 6.48
0. 48 1. 51

4.02
1.08 0. 70 4. 79

0. 70 12.00
0.30 1.08 17.27
0. 30 0.30 12.64
0. 30 0.60 7.60

10. 80
9. 21

12.32
7. 84
7. 71

0. 48 3. 32
6. 17
6.50

0.30 9.28
8.62
8.67
9.00
7. 22

0.60 8. 70
0.48
3. 16
,3. 65

0. 30 4. 89
7. 6o
2.56

6.27
9.28
7.51
8. 28
1. 86
5.91

56. 74
63. 46
48.91
44.30
56.76
85.87
85.37
87.11
77.25
54. 82
53. 45
38. 40

67. 48
53 02
73. 70
54.07
48. 20
28. 89

Total G2.98 102:3o 151r97 44;02'59.71 - 13.94. 79.53 25;08 33.64 19.61 '13.44 18.74 64,02 19.61 . 2.88 5.73 5.60 141.74 1.20 113.00 1078. 80





TABLE U-3 CONTINUED

NI NII 'I'll NIV NV
STATION

NEI NEII NEIII NEIV NFV SEI SEII SEIII SEIV SEV SZ SII SIZI SZV SV TOTAL
1968
July
Aug.
Sept.
Oc
Nov,
Dec.

j

3. 96
l. 30
0. 48
0.60
l. 81

0. 30 0.60
4. 74 0.48
0.30 0.60

1. 38 0. 30
0.90 2.16

0. 30 3. 16
1.98 0. 60
2. 58 2. 64
0. 30 2. 38
O. 30
1.40

l.08
3. 45
1. 68
2. 46

0. 30
0. 30 0. 70

2.16

2. 16 2. 99 l. 20 0. 30

0.48
3. 43
1. Sl

0.90 0.60
0.30

0.60
2.38
0.30

0. 30 1. 51

1. 20 0. 30
0. 30 0. 30

0.78 0.30
0. 30

0. 30

8. 74
17. 11
9. 70

10. 94
7. 39

21. 38

Total 8. 15 7.62 4. 14 6. 86 13. 32 10. 83 5. 75 1.90 0. 30 0.00 5. 72 0.90 0.90 0. 30 0.00 4. 79 2.58 0.90 0.30 0.00 75.26

NZ NII NIII NEZ NEIZ NEIII SEI SEIZ SEIII SZ SZI SZZ'I A 8 C D E F 0 H TOTAI.
1969
Jan.
Feb.
March
April
'M+y

June
)uly

Sept.
Oct.
Nov.
D c..
1970
J an.
Feb.
Narch
April
'vay
June

6. 65
7. 40
2. 33
3. 64
4.03
6.96
4. 52
5.68
2.56
1. 56
0. 30
1. 98

4.09
6.78
6. 71
5.52
'3. 40
3.91

9.00
1. 68
7. 28
3. 53
4.92
2.53
6. 49
2. 45

3. 36
0. 90
3. 36

6. 58
12.06
13.40
16.08
12. 30
13. 91
12.93
l.98

12.42
8. 16
8. 85
7. 68

5. 33 12. 19
3.48,10.88

'10. 15 12. 80
4 ~ 77 10.03
3. 66 10. 17

2. 43 8.62
3. 54 4. 70
2. 94 5. 35
9.44 4.80
8. 38 5.97
1.81

4.38'.04

2. 76
3. 25 0.90
5.70 4.02
4.52 3.69
1.08
0.90 3. 71

2.92 6.65
10.16 8 '8
11. 94 6. 3S
10.69 9.32
9.73 10.28
5.85 6.85

2. 53
R. 41
0.60
0. 30
0. 30

6.64

6. 46
2. 40
3. 58
4. 26
4.29

1. 38
0. 48
2. 96
3. 89
5. 73
2. 49
0. 48
0. 30
l. 26
l.

56'.

66
11. 00

12. 17
2. 65

10. 88
0. 30
6. 79
2. 79

1 ~ 68 0. 60

1.08
3. 06
l. 20
l. 32
1. 60
2.96

2.08
0.90
0.48
0.90
0.48
0.90

l. 48
0. 30
1. 86
0.30 '.60

0. 60
. 0.30 2.53

0. 30
0. 30

2,86

3. 51
6. 91
1. 85
2.69

1. 86
0. 30

2.05
1. 51
1. 15

0. 30 l. 51
1.08

1.68'.

30

2.28

5,94
4.58
0. 70

12. 30
10.49
15.53
12. 97.

10. 89
1'2. 80

4. 37
2. 08
5. 82
l. 86
0.90
1.9S

3.05
3. 33
4. 70
2.03
2.98
3.10 0.30

. 0.30
1. 38

2. 88 7. 23
1. 48 9. 64
2. 43 1. 56
5. 30 3.00
4. 57 2. 56
7. 68 7.03

10.04 4.20
2.68 1. 81
3. 55 1. 68
2.08

0. 30

2.66 0.60
2.94 2.05
7.52 3.96
2. 46 2. 13
1. 48 1. 70
1.26 1.08

1.08

0. 30

0. 30

1. 08

l.90
0. 30
0.90

0. 30 8. 80
0. 30 8. 31

0. 30 10.59
0.48 7.16

F 16 7.56
0.30 0,30 8.13
0. 30 5. 79

5.04
0.30 0.30

1. 68
2. 05-

0. 30 1. 60 7. 25

0.30 11.55
0.78 9.88

11.20
6. 26

0.60 13,20
9.42

0. 78 4.20
5.99
4.48
8.69

1.68 6.50
5.24

0.30
1. 30
1.97
2.98
2.28

3. 68
13. 40
9.53
9. 16
3.58

0.78 11.58

69.42
71.66
64. 14
73.08
70, 24
69. 15
56.45
26.07
36.25
30. 39
22. 58
53.96

84. 25
95. 75

122.44
87. 85
83. 72

~ 67. 35

Total 78.02 72. 89 182.42 103. 32 97.06 33. 77 70. 77 2~0 10.67 32. 30 102.82 22. 62 61. 31 50.23 5. 86 4 '4 3. 88 1313.17 3. 24 94. 86 1184.65
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TABLE V-3 CONTINUED

STATION
NI NXI NZII NIV NV NEI NEII NEZII NEZV NEV SEI SEIX SEIII SEXY SEV SZ SZI SIII SXV SV TOTAL

1968
July
Aug
Sept.
Oct.
Npv,
Dec.

2. 30
4. 31
2. 81
0.

60'.

30
0. 30

0.90 0.90 1. 86
0. 30 3.03 5. 10
0.78 2.95 4.78
2.05 2.28 5.98
0.60 0.30 5.78

2. 76

0. 30 1. 38
2.28
3. 83
0.90
0.30

0.30 0.90

0. 30
1.56
1.73
2. 16
0. 78
0. 90

1. 08
1.00 0. 30
0.60

0.78
2.26
0. 30

0.30
0.30

0.60 0.78

0. 30

3.64
1. 60 4. 24 1. 08
0. 30 l. 51 Z.48
2.28 l. 30
1. 48 0. 48
2.26 2.62 0.78

2.90 0. 30
0. 30 0. 48 4. 30 0. 30

0.90 1.78 0.60
l. 26 1. 81

1. 73 0. 60

0. 30
1.08 0. 30
l. 86

l. 26
0. 60 0. 30

16. 46
31. 86
27. 29
21. 40
13. 54

Total 10. 62 4. 63 9. 46 26. 26 0. 60 9. 59 -7. 43 2.98 1.08 0.60 1.68 6. 44 15. 57 3. 34 0. 30 2. 64 14.00 2. 28 5. 10 0.60 125. 20

NI NII NXII NFI NEII NEZIX SEX SEXI SEZII SI SII SIII A B C D E F 0 !! TOTAl.
1969
Jan.
Fcb.
Parch
April
..ay
June
July
Aug
Sep't ~

Oct.
'\To g

Dec.
1970
Jan.
Pcb.
Narch
April
a.ay
June

0. 78
0. 60
2.03
6.08
7 ~ 61
9.11
7. 53
4. 56
4. 06
7.68

3.68
5.97
5. 33
6.07
6.28
0.60

l. 38

1. 08
2. 81
7. 04

12. 29
8. 78
7,45

12. 80
0. 78

„4. 25

8. 05
1.56
8.57
5.08
8. 57

0.78 0.48
1.26 0.60 0.60
0. 70 1.98 3. 60

3. 51 4. 36
0. 60 4. 77 4. 21
0.60 6.16 1.26
0.90 2. 61 4. 46
0. 60 2. 48 3. 54
3 ~ 36 3.73 5.10
1.68 6.95 3. 33
2.08 6. 17 0. 60
2.28 5.98 3.16

3. 33 5. 13 4. 35
2.98 6.54 6.38
3. 84 8. 38 5. 10
5.23 9.26 5.96
8.12 5.53 5.00

l. 86 2. 33

2. 62 2. 70
1.51 2.10
4. 79 l. 48
1.08 l. 30
0.60 1.68
2.11 2.08
3.33 1.56
3.58 3.88
4.87 0.78
3.71 0.60
0.60 3.58
l. 86 0. 48

0. 30
0.48

0. 70
l. 26
5. 01

2.94
2.64
2.11
2.19
1. 68

0. 48 4. 13

0. 30
0.60
0. 85
0. 30
3. 40

1. 26 0. 78
0. 95
0.60 0.30
l. 38
0. 30
0. 30 l. 48
l. 51
4.72 0.30
3. 37
l. 00
1.92 0.30
4.01

5.62
0. 48 4. 12

6. 70
3. 59

0. 60 3. 36
0. 30 6.08
1.08 11.10

9.95
2.73
7. 37
4. 41

5.54
2.16

0. 30 3. 51
0.90
3.36
3.49

0.90
2. 18
0.60
1. 38
3. 62
'.68
0.60
0.30

0.90

1. 20

0. 78
l. 18

2. 86

3. 54 4. 79
4. 31

0. 30
1. 78 2. 48
3. 71 1. 86
8. 14 3. 64
7. 78 2. 26
7. 76 1.68
9. 50 3. 16
2.64 1.5o
0.60 5.19
0.60 1.68 .

3. 74 2. 70
4. 03 4. 66
6.55 6.12
0.48 1.08
3.13 2.46
1.08 0.90

0. 30
0. 90
3. 32
3. 54
2. 69
0. 78
0.30

0. 30
0. 30
1. 73

0. 30
1.08 0. 78
0.60 0.90
0.48 1.08

0.60
2.26
1. 86

0.90 2:08
1.08

0. 30 0.30
0.60

0.30 0.78

2. 16

2. 88
3. 08
3. 16
3. 18
5.01
7.03

12. 50
ll.46
6.25
3. 84
7. 07
3. 83

4. 00
3. 86
4.52
2.65
7. 18
5. 29

1.56
0.90
1. 56
1;51
0.95
3.04
2. 28
0. 30
1. 68
3. 03
6. 31
l. 98

3. 24
7.83 .

5.15
3. 10
1.08
4.02

28. 69
22.67
29.63
28. 31
35.37
64.54
78. 35
74. 41
63. 21
53. 97
45. 17
38. 87

48. 20
49. 39
60. 86
45.03
54.05
39.34

Total 77.97 90. 49 38.34 82. 82 63 ~ 82 29.43 3.64 . 46 ~ 35 ~27 6 2.76 83.79 18. 18 65. 36 50.53 14. 16 3.66 14. 78 96. 79 0.00 49.52 860.06
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TABLE U-3 CONTINUED

1968
July 0.60
Aug. 2. 32
Sept. 2.60
Oct.
Nov,

l. 68
2. 56
1.08 0. 30

0. 30 0. 90
0. 78
0.30 0.30

0.60
0. 70

0. 60
1. 38 0. 60
0.30 1.08

0. 30
2. 73
0. 78
0. 78
0.60
1.20

0.60 6.S6
3. 70

.1. 60
1.95 0. 78 1.56
0.60 0.60 0.60
0 .30 0.30.

0.90
0.30

12. 84
18. 28
8. 42
3. 48
3. 88
5. 88

0. 48
0. 30

O. 60
0.60
1.00
0.78Dec. ~ 3. 00

Total 5. 52 6. 39 3. 15 2.58 3. 76 2. 28 l. 68 l. 30 0.00 0.00 0. 60 4. 38 12.94 0.00 0.00 0.30 7.30 0.60 0.00 0.00 52.78

STATION
NIZ NIIX NZV NV NEX NEZI NEZII NEXV NEV SEI SEXI SEIXI SEXY SEV SI SIX SIII SIV SV TOTAL

Ni NZI Niii NEX NEZX NEIIX SEX SE I SEXII SI SII SIZZ A B C D E F G H
1969
Jan.
Feb.
~arch
April
~lay
June
JVly
Aug.
Sept.
Oct.
Nov,
Dec.
19 70
Jan.
Feb.
~'a "ch
April
i(ay
June

1. 75
2. 51
0. 78
0. 30
0. 30
1. 38
2. 58
4. 21
3. 86
0. 78

7. 83
0.60
4. 07
0. 60
7. 28
7.95

10.69
3. 96

. 0.48
6.08

0. 78
0.90
2.28
3. 62
2 ~ 35

4. 35
2. 56
9. 34
5.41
3. 61

1.08 1.56

0.60

1. 38
2. 38
8>87
4.65
7. 86
8. 15
2.65
3. 79
2 ~ 94

7. 97
7. 39
9.53
8.06
8. 30

0. 48
0. 30 0. 30
0. 48
3. 34 1. 84
0. 78 0.60
0. 78
0.90 1.86
1.56 0.60
1.95 1 ~ 92
2.38 0.30
2.03
2.64 2. 15

0. 60 1.08
1. 38 4.02
4. 31 2. 83
3. 76 3. 30
2. 28 1. 08
0. 60 2. 25

0. 60
0.60
0. 30
1. 68
2. 64
0. 70
0. 30
0. 78
3. 78

0. 85

0. 30
0. 30
2.02

0.60

0. 60
1.60
4.05
0.60

0.48

0. 30

1. 86

0.60
0.30

0. 60

2. 05
l. 26
4.66
1.00

0. 60
1. 30
2. 46
0.60
3. 06
0.30
0.30

0. 30
l. 51
2.55

0. 30
0. 78

2.08
1. 86
0. 30
0. 48
0. 30
0. 30

0. 30
0.30
0.48
1.32

1. 20
1.00
1.20
1.30
0.30

0.48 1.38
0. 30 4. 23

1. 3S
0. 30

0.60
0.48

1. 08
0.60
0.90

l. 51
l.00
1.68 0.90

1.73 1.08
0.90

'.16

0.30

0. 78 2.64
0. 30 3. 91
0. 30 0. 30
2.64 3. 80
1.92 0.90
3.03 0.78
4.75 1.20
1.08
0. 30
1.08

2. 08
0.60
4. 91 1. 78
0.90 0.30
0.48 0.30
0.60 0.30

0. 48
0.30
0.30
l. 26

0. 30

0. 30

4. 93
3. 14
4.03
0. 78
0. 30
3. 30

0. 30 6. 28
0.30 3.50

1.26
1.46
6. 17

3.84'.88

l. 38'.76
1. 48
4.68

0. 48 0. 85

3. 23
5.46
4.63
4. 19
2. 28
2. 60
0. 30
0. 30
0. 30
l. 68
1.91
1. 56

1. 75

3,41
2. 33
3. 18

1. 56

27. 57
21. 24
21. 35
23. 33
20.02
37. 18
42. 52
32.01
20. 30
19. 74
17. 79.
21.05

30. 11
24.00
43. 52
32.72
25.16
14.24

Total 29.46 7G.37 84.52 30.07 24.61 14.85 ~1.5 ~5. 7.42 '.78 29.39 G.24 25.75 16.21 2.94 0.00 1.08 55,99 000 40 67 473.85
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TABLE V-3 CONTINUED

NI NII NIII NIV 'NV NE NEZI NEIIZ NEIV NEV SEZ SEIZ SEIIZ SEZV SEV SZ SII SIII SIV 'V TOTAL
1968
July
Aug.
Sept.
Oct.
Novi
Dec.

0. 30
0. 78 0. 30

0. 30

0. 30

0. 78

0. 30
0.30 2.68 6.45

1. 48
0.30

0. 30
1. 90

0. 70 1.08
1. 38 0. 30 2.08
1. 38 0. 78 0.60
0.90 l. 68

12. 11
0. 30

0.90 1.15
0. 30
1.60 3.57
0. 78 1.30 0.90

0. 78

0. 30
0.90 0. 30
0. 30 0.60

0.60
0.60

0.48 0.60

12. 71
4. 30

15. 24
7. 70
9.13
6.64

Total 1.08 0.60 0.00 0.00 1.08 0. 30 2.98 ~c 5.56 1.00 0. 78 5. 74 ~ 6. 32 0.90 0. 78 0. 30 1. 80 1.68 0.90 55. 72

NI NII NIII NEI NEII NEIXI SEI SEXI SEIII SI SXI SIXI A 8 C " D E F G H TOTAL
1969
Jan.
Feb ~

Natch 0. 30
Ap~f1 1.08
Hay 3. 29
June 7. 47
July 1.92
Aug. 0,60
Sept.. 3.17
Oct. l. 68
Nov
Dec,
Jm. '70
Feb.
Yiarch
Apr'1
Nay 0. 30
June 0. 30

0 ~ 30
0. 30

0.30 2.08
0. 30 1.00 2.57

2.26
0.90

0. 30 0. 78 2.32
3. 98

0.30 0.60 0.48

0. 30
1. 18
4. 46
4. 41
4.60
1. 08

2.46
5.32
0.30
3.94
0.60
0.78
0.60

1.68
0.90

1. 68
1. 90
4. 15
3. 89
2. 89

0. 30
5. 49

12.97

8. 15
0. 70
0.78
1. 86
3. 66

l. 86
2.08
4. 60
3. 28

1. 38 2.08
0.30 0.90

0.60
0.48

0.78
3,11
2.90.
0.48
1. 30
0. 30

0. 30

7. 57
1.58
6.2'.00

7. 12
l. 98
0. 30
0.30
0. 30
5. 82

4. 44
0. 70

0. 90
1 ~ 48
0.60

0.30 2.17
0.60

0.30 3.26

0.48

0.90
0. 30
l.08
l.20

6.45
0. 30
3. 10
2.98
4. 46
3.05
2.03
0. 30
0:78
0. 70
7. 46
2. 31
l. 18

1. 68
0.60

l. 48
3. 03
8. 57
0.60

0.78

0.30

0. 30
1.95

0.48
0.30
0.90
1.78
5.08

0. 78
0.60

0 60
1. 34

0. 30

3. 33
0.78 1.08
0.48 0.78

0. 30
2. 58
1 ~ 38
0.60
5.68 0.30
2.16 0.30
1.00 3.06
0.48 6.72
5.18 4i.64

5.60
2.03 7.95
1.20 6.89
1.18 3.78
0.60
5.38 1.45

1. 86
2. 16
0. 30

0. 90.
1.45
0.90
1. 98
1.68
3.13
4.10
7. 85
2.00

3. 33

O. 70
5.07
5. 57
4. 53
3. 75
4,43

0. 90

0. 78
.0. 30 3 ~ 78

2. 79
1. 20

0. 30

0 '8 0.60
1.20 0.60 0.78

1.38 0.60 0.30
0. 30

15. 10
24. 18
20.99
35.00
44.05
55. 85
11.

81'0.

42,
17.43
25.74
29.07
41.90
14.30
21.51
15.90

. 7.24
8.28

17. 72

Total 20.11 1.20 4.94 12.63 ~s. 1 50.28 1.68 24.04 76.77 0.60 12.07 32.88 15.06 12.76 30.71 46.17 33.32 27.23 0.90 10,53 416.49
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~ i TABLE V-3 CONTINUED

STATION
HI NII NEZI NEV HU NEE NEII HEIEI NEIV 'NEV SEE SEEE SEEII SEIV SEV SI SII SIII SIV SU TOTAL

1968
July 0.30

AUST'ept.

Oct. 0. 30
Nov.
Dec.

0. 30 2. 51 0. 30
0. 30 1. 26 0. 30

2. 86 1.98
0.48 .1.00

0. 30

1. 20 2. 53 1. 26 0. 30
l. 56 2. 80
1.90 1.30 0.78

l.00
0.30 0.48

0.30 2.16 0.60

2.92
7. 24
4. 80
5. 46
0. 30
8.29

3. 23
1. 85 0.90

0.78 i.GS
2.76 0.30

0. 30
0.60

0. 30
0. 30

1 ~ 00 1.08

6.46 3.10
5.66 1.38
4.64 1.20
3.71 2.89
4. 84 1. 68
6.50 3.28

4. 26 0. 30
3. 11 0. 30
l.95
1.98
4. 53 0. 30
5. 87 l. 48

29.27
27. 26
21. 41
17. 12
14. 89
33. 62

Total- 0.60 0.78 0.30 7.68 0.00 0.00 2.88 4.96 10.09 2.52 0.90 29.01 8.62 2. 28 1. 30 2. 28 31. 81 .13. 53 21.70- 2.38 143.57

NZ NXI NI'lE NEZ NEII NEIEI SEI SEII SEIIE SX SII SIXI A B C D E F G H TOiAL
1969
Jan.
Feb.
ifarch
April
iMay

June
July
Aug.
Sept.
Oct'.
Novo
Dc c.
19 70
Jan.
Fcb.
.".arch

April
Hay
June

0. 30 0. 48

0. 30
0. 30

0. 30 0. 48

0. 30
0. 30

0. 30 0. 30
0. 60 0. 30.

1. 20
0. 78 1. 08
0.60
0.70 0.90

0.60
0.30

0. 30 0. 30 0. 30

0.60 0. 30
0.30

4. 74
2.98
3. 16
2. 56
2. 16
0.90
4.26
4.59
3.24
2.03
1 ~ 90
9.00

0.90
5.99
1. 08
0. 48
0. 30
3. 80

5.92 2 '3
7.51 2.05
9.02 1.86
3.46 1.38
3.34 0.78
2.28 0.48
7.98 0. 30
7.60
6. 50
5.74 0.90
3.98 0.60
4. 88

3. 38 1. 75
4. 42 0. 78
3. 41 l. 86
1. 38
0.90
1.92 0.30

0. 30
0.60

0. 30

0.30

9. 75
3.69
8.12
3 32
1. 65
6.68
8. 31 ~

6. 54
1.20
1.98
3. 71

1. 60
0. 30
O. 60
0. 30

0. 30

4. 58
4.93
9. 89
4.08
3. 46

15
4. 64
4.47
2.56
0.95
6.55
1.64

6.50
1.98
5. 86
2. 11
0. 30
l.60

2. 53
3. 58
O. 90
0. 30
0.90

0. 30 1.08
0. 30 0. 90

1. 20
0.60

0. 30
0. 30

0.30 4.53 5.00
1 86 3 36 6 38 2 '8
2.08 1.08 5.36 2.56
0.70 0.48 2.26 3.64

0.30 0.90 3.03
3.53 9.60 6.45 4. 37
3.79 3.22 7.07
6.10 0.70 2 '5 1.08
1. 56 0. 48 2. 57 1.08
0.60 0.60 0.60
0.78 0.78 0.78
1.18 0.30 3.80

0.48 0.30 2.53
0.90 0. 30
0. 30 0. 30
4.00 1.68
2. 78 2. 33
2.08 3. 36

1.
51'.

48
0. 78
1. 85
0.30
1.92
2. 11

0. 30
0. 30

0.60
.0, 30

41.69
40.00
24.23
24.93
17.72
36.72
45.04
35.63
21. 39
14.00
19. 98
22.30

18.64
15. 27
14.01
11.03
6.61

13. 36

Total 0.90 0.48 5.08 l. 50 4. 56 54.07 0.00 83. 8)2 15. 57 1.50 58.05 72.25 1.20 11.99 33.02 7.90 ~9. 31.49 0.00 10.45 443.43
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TABLE V-3 CONTINUED

STATION
NI NII NIII NIV NV NEI NEII NFIII NEXV NEV S I SEIX SEIII SEIV SEV SI SIX SIII SIV 'SV TOTAL

1968
July 1. 38
Aug. 4. 75
Sept. 4. 26
Oc~

Nov. 3. 41
Dec. l. 34

2. 33
7. 42

0.60
2.08

0.78
1. 08
1. 30 0. 78 0. 48

l. 26
0 '8 1.38 0.90
4.23 1.20 5.5G

3. 00
4. 54
2. 11
1.26
2.33
0.60

0. 30
1. GS 1.08
0. 30
2.08
3.30
4.01 2.08

0. 30

0.78

0. 30 0. 30
0.60 0.78

0.60 0.60
0. 30 0. 30
0. 30 2. 20 2.56 0. 30

0.30
0. 48

0. 30 0. 30

0.30

6.06
16. 84
17.25
6.58

13. 30

0. 30 28. 14

To al 15.14 12. 43 7. 39 5. 40 6. 94 13. 84 11. 67 3. 16 1.08 0.00 0.60 3. 70 4. 54 0. 30 0.00 0.60 0. 78 0.00 0. 30 0. 30 88. 17

NI NII NIIX NEI NEII NEXXX SEI SEII SEIIX SI SXI SIII A B C D E F G N
1969
Jan. 5.59
Feb.. 3.16
Nares'.67
Apri1 4. 18
Haik 1. 86
Juae 6.45
July 6.93
Aug. 7.01
Sept.. 6.39-
Oct. 1. 38
Nov. 1. 78
Dec. 7. 22
1970
Jau. 3. 13
Feb. 7: 20
Narch 5. 89
April 7. 64
Nay 6.06
June 1. 92

8. 44 '2. 43
1.98 4. 72
5. 51 3. 26
1. 38 6. 34
3. 84 5. 53
5. 72 8. 25
0.90 7.91
l. 30 7.02
5. 70 5. 21
0.48 5.94

3.00
2 ~ 43 3. 71

0. 60 3. 81
2. 16 l. 26
1. 60 3. 24
3. 20 1. 56
2.58 1.56
5.24 5.25
4.74 4.44
2.92 5.48
8.67 1.60
7.93 8.64
7.22 0.90
6.31 4.39

5.45 7.26 6.26 4. 32
4 '3 9.18 8.62 8.65
9.50 8.45 11.27 7.10
5.02 4. 85 6.99 8. 16
5. 17 6. 38 6.07 8.62

4.02 8.24

5.53
0. 78
0.78
0.30
0. 30
2. 89
0. 30
0.90
0. 30
0.60
1. 78
4,83

3. 02
l. 08
1. 30
4. 40
4.98

1. 00
2. 08
0. 30
0.60

1,38

0. 90
0. 78

l. 98
0. 30

1. 20
0. 30
0. 30

2. 76
1. 08
3. 19
0. 30
0. 30
0. 30

.0.78
0.30

1. 98

1.81
l. 45
0.60
1.95
1. 08
4. 56

4.24
1. 38
1. 68
0. 48
0. 30
2. 16
0. 30

0. 30

2. 11

0. 78

0. 30

0. 30
2. 28

0.30 0.60 1 00
0. 30 1. 20 0. 30
0. 48 1. 56 1. 20

0.30 1.68
1.18 1.51

0. 48
0.60

1. 20
3. 84
4. 80
4. 07

0. 30 7. 72
3. 70

0. 60 2..76
0. 78 1. 20

0. 90
1. 20

5. 33
1.56
5.64
2.46
0.30
4.40

5.29
l.68

10.48
l. 26
0.90
0.90

0.60 0.60
1.00 0.30 '.30
0.95 0.30
0.48 2.05
1.08 1.0S

4.95
4. 81
0..30
2. 53
1. 81
3.19
1. 30
0 '0
0.90
0. 30
0 ~ 30
0.60

0 ~ 30
1 ~ 38
5 '4
3. 38
0 '5
0. 30

l. 38
0.30 0.90

0.60
0.30

1.38 0.30
0. 30

0. 30

1. 70

2. 82
3. 85
3.94
0. 30
0.60
2.60

4 19

3. 76
5.08
1.90
2.40
5.35

1 ~ 08
2.35
1. 56
l. 53
2. 78
3.64

1. 65
2.40
1. 81
1. 60

1. 56
0. 78
0. 30
0. 90
0. 78
6. 21

7. 18
6.43
4,41
1. 51
3. 55
1. 38

3. 15
5. 63
5. 30
3. 61
1. 38
7. 25

3. 32
0.90 1. 86

0.60 0.30 4.21 4.26
2.28 1.00 0. 78 3.48 '.30

50. 12
34. 62
35. 79
25. 17
27. 20
59.65
31.97
26 '3
33.99.
29.28
29. 89
42. 25

64. 55
69.06
'82. 29
55. 34
49.92
51. 58

Total ~ ~ 99.93 92.94 94.29 35. 37 ll.42 22 44 ~ 2. 76 76. 43 29. 71 35. SO 33. 14 17.20 12. 54 13.61 47. 16 0.00 YK77 799. 40
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TABLE V-3 CONTINUED

) (
t

NI
STATION

NZI NXII NIV NV NEI NL'ZX NEIII NEZV NEV SEI SEII SEIII SEIV SEV SI SII SIII SIV SV - TOTAL

1968
July 2. 64
Aug. 6.66
Sept. 4.72
Oct. 0. 78
Nov. 2. 33
Dec. 1. 43

0. 30
0.95

0.60

1.08 3.41 11.50
4.22 4.59 10.07
l. 26 3. 46 S. 82
6. 35 6.07 7 ~ 29
2. 00 8. 07- 7. 66
4.02 5.37 7.62

3.64 3. 46
6.95 4.62
4.83 2.13
2.30 5.19
2. 16 7. 78
0.90 4.91

3. 97
4. 43 3.06
6. 79 0. 30
1.20 2.52
0.30 1.78
1. 78 0.60

0 ~ 30 l. 26
1. 18 2. 86

0. 60 l. 56 1. 81
0. 78 1. 38 3. 55

4. 78
0. 30 1 ~ 08 6. 09

6.52
3.75
0.48
2.11
2.42
4.57

0. 60
0. 78

0. 30
2. 10

0. 48 0. 70
0. 30
0.90
4. 11

„
~ 0.60

0.30 2.58

3.04 0. 30
2.90 1. 38
1. 38 0.90
2. 99
3. 36 1. 20
2.51 0.90

0. 30
0. 60

0 '0
0.60
1.20

42.60
58. 47
41.67

'7.52

45. 34
48 ~ 68

Total 18.56 1.85 18.93 Ã.97 52.96 20.78 28.09 18.47 8.26 1.98 9.98 15.57 19.85 3.78 0.78 9.19 16.18 4.68 3.60 0.00 284.46

NX NII NZII NEI NEII NEIIi SEI SEIX SEIII Si SIX SiIZ A B C D E F G H

1969
Ja»
Feb.
March
April
May
June
July
Aug.
Sep ;
Oct.
$ '

uovo
Dec:
1970
Jan.
Feb.
March
April
May
Junc

3. 58
1.08
0.95
0. 90

0. 30
l. 73
0. 30
0.60

0. 30

l. 18
. 0.30

0. 30
0.48

1,56
0. 30

0. 30
0.90
0.90
0.48

0. 30

2. 46
0. 30
0.60

4.05
4. 49
3. 11
4. 14
4. 21
3.08
1. 48
l. 86
l. 26
0.60
1. 51
0. 30

1. 20
1. 81
2. 70
1. 30

.1. 98

1. 51
3. 11
0. 60
4. 02
l. 30
l.08
l.68
0. 30
1. 56
0. 78
0. 30
0. 78

0. 30
2. 38
5. 98
2.95
1.98
0. 78

3. 61
2. 38
2. 16
3. 72
l.98
0. 30
1. 56
1. 38
2. 40
1. 20

0. 30

0. 30
1.08
1. 68
1. 51
2. 86
1.56

5. 87
4. 29
2. 64
3. 33
2. 75
1 56
2. 28
3. 08
1. 80
2. 15
0.90
4.36

3. 96
0. 30
0. 48
0.60
3. 27

3. 10
1. 20
0. 78
0. 78
1. 20
l. 92

0. 60
0.90
1.26

0. 30

0 '0

5. 16
2. 58
5.61
1.30

'.

48
~ 0.90

0.48
0.78
0.78
1.08
1.08
1. 08

l.08
2. 33
2. 51
0.90
0.30
1.00

5.26
6.02
5.49
3. 66
0. 60
l. 68
1. 38
0. 30
0.30

1. 38

0. 30
0. 48
1. 86

1.00

0.30 2.68
2.08 2. 35
l. 18 2. 11
0. 90 0. 30

0. 78
l. 38

0. 30 3. 17
4.24
3.03
3 22
2. 68

4.14
2.69
4.43
1.60

0.30 2.51
1. 38

1. 20
0. 30
0. 78
0.60

l. 20
.0.60
0.60

0. 48
0. 48

0.60
0.78 0.30
0.30 0.60
0.30 0.30

0. 30

0. 70

0. 48

1. 30 0.90 0. 30

1.86 0.30

2. 89
1. 08

0.90

1. 98
0.60
0. 30

0. 30
1. 08
1. 78

0. 30 2.50
2.05
2. 32

0.60 0.60
O. 30
1. 78 0. 30
0. 30 0.90

0.90 2.46

0.30 1.56 0.48
0. 48 1. 65 1. 78

0.60 0.30
0.30 0.60
0 78 0 '0 2 05
1.60 0. 30 0.90
0.60 0.78 1.26

1.56
0.60 1.38

0. 30

3. 67
l. 30
3. 55
3. 48
2. 33
2. 00
4.00
3. 10
3. 58
3. 24
3 33.
3. 11

5.46
3.11
4.94
4. 36
5. 46
2. 56

2. 38
2. 21
1. 86
I.. 08
0.60
1.56
0.30
0.30
0. 30
0. 30
0. 78
0. 90

0. 78
0. 30
l.00

0. 30 1. 15
Q. 30

0.48 2.03

46. 87
38. 68
32.62
29.71

'0.26

20.96
22.50
18.98
18. 19
14. 73
13.70
13.63

17. 82
19. 52
37. 77
21. 43
19. 54

.21. 12

Total 12.00 8. 10 39.08 31.39 29.98 43. 62 12. 64 ~ 29. 71 5.06 42.69 12.97 7.24 6.69 21.94 8.24 5.76 62.58 0.78 18.13 428.03



TABLE V-3 CONTINUED

STATION
iXII NIII NIV iNV NEI NEII NEIII NEIV NEV SEI SEII SEIII SEIV SEY SI SII SIII SIY SV TOTAL1968

July
Aug.
Sept.
Oct.
Nov.
Dec.

10. 07
11. 42
12. 3G

/i. 35
8. 40
2.71

1. 78
7. 7G

4. 41
1. 68
0. 30
1. 51

G. 87 7. 58
8.22 9.63 .1.78
5.97 7.44 G.OS

10.53 11.16 1.60
7.08 12. 80
5. 86 6. 77 4.07

8.56 4.93
10.64 7.41
11.06 7.13
6.62 10.54
5.22 12.28
2.33 5.98

6. 81
9. 35
7. 30
3. 35
0. 30
3. 46

1.08 0.60 5.90 9.39
5.13 0. 30 10.12 6.91
0. 30 1 ~ 34 2. 38 6.98 1. 26
4. 16 1. 68 7. 59 „3. 40
4.13 0.30 6.08 1.00 6.57
2.S9 2.94 9.77 8.70

1.00
2. 43

2. 68
2. 49

0. 85 0 '8 8.29 7.17
10.1 I 10.11

1.68 5. 74 3. 73
1.56 8.22 4.35
0.90 9.04 2.71

0.30 3.81 6.72 4.02

0. 30
1.68
0.60
0.30
O.GO
1.08 0.90

80. 96
)11.57
88. I9
81. 09
80. 39
76. 31

Total 49.31 17.44 44.53 55.38 l3.53 44.43 48.27 30.57 17.69 1.64 13.98 41.36 36.23 8.60 1.15 8.73 48.12 32.09 4.5G 0.90 518.51

NI iNII NIII NEI NEII NEIII SEI SEII SEIII SI SII SIII A 8 C D E F G H
1969
Jan. 8. 28
Fcb. 8. 45
.'larch 7. 32

Ap7I 1 8. 29
.'la / 8. 96
June 13. 39
July 10.01
Aug. 12. 18
Sept ..10. 36
Oct. 5. 21
Nov. 3. 33
Dcc. 7. 72
1970
Jan. 6.05
Fcb. 9.48
Narch 8.35
April 10.17
.'lay 8. 84
Junc 5.64

8.07
3. 35
7. 25
1. 73
7.57
9. 78
7.69
4. 81
l. 38
3. 91

2. 46

. 7.11
10. 54
9. 05
9. 79
9. 75ll.31

10. 64
13. 18
13.12
11. 37

8. 17
10. 21

6.68 12.60
5. 17 13. 18
7. 50 13. 90
4.91 10. 47

12.92 20.94

4. 38 8. 86
7. 50 S. 85
4.97 9.03
9. 15 10.46
9.67 11.62

12.27 11. 74
9.81 11.25
6.55 11.30
8. 31 10. 17
7. 61 5. 87
8. 56 2. 98
9. 36 6. SS

7. 42 6. 39
12.11. 12.08
13.54 12.60
14.43 12.39
11.60 12.44
10.12 11.71

10. 63
7. G9
9.G4

11. 32
9. 34
8. 83
9.66

11. 74
9. 29
5. 55
5. 84
9. 71

8. 79
2. 03
7. 84
9.52

13.03

9 ~ 27 8. 65
3. 80 8. 51
7. 58 12 ~ 60
7. 73 7. 55
9.42 6.61
5. 75 8.91

10. 52
8. 57

0. 90 8. 42
G. 53

0. 70 1. 08
2. 83 5.26

3.99 3. 36
0.78 G.05
3.94 8.23
5.59 6.45
0.95 4.79
2. 18 12. 77

1'1. 68
8. 65
7. 46
8. 35
4. 21
9.47
6.42
3. 86
2.02
0. 30

. 3.13
0.90

5.50
2.19
7.98
4.09
5.44

11.44

2.94 10.32
8.92 9.22
6.67 9.70
3.08 4.68
2.08 5.05
2.88 6.20

11.38
10. 92
5. 47

0.30 10.12
3.45 9.27
1.65 5.72

6.67 15.83
14. 33

5.02 14:65
2.60 10.25

10. 77
8. 72

3. 91
4.81
6.64
3. 29
6.98
9.29
6. 75
7. 00
4. 69
l.98
5. 16
l. 81

8. 81
5. 17

10. 73
5. 82
2.16

12.12

2. 38 7. 38
1. 15 10. 03
1.62 2.60
5.21 8. 72
6.40 S. 85

10. 48 9. 46
11.95 8.29
6. 11 5. 72
/i. 50 3. 78
1. 73 2.00
0.30 1.68
1.08 0. 60

4. 26 0. 70
4 ~ 95 4.92

10. 32 4. 89
3. 29 4. 84
4.63 2. 76

3 ~ 14 1. 85

0.60 4.04
2.95 3. 76
3.06 3. 4G

1.00 0. 60
6.53 0.60
6.59 1.45
5.33 0.30
3. 74 1.08
4. 69 0. 30
0.30 1.68

1. 75
1. 98 0. 90

1.95
6. 08 3. 20
l. 30 4. 30
6. 39 2. 83
686 030
9. 66 1. /i5

2.21 11.47
3.15 10.57
3.83 11. 79
6.46 8.60
4.06 8.99
6.67 7.99
3.11 13.79.
2.80 11.82
2.83 11.76
1.48 9.06
1.08 11.42
2.94 11.23

1.38 16.30
1.08 13.G1
1. 92 11. 81
/>.34 13,23
1.38 13.52

12.57 10.81

l.08
0. 30
l.56
1. 38
3. 97
1. 20

2. 33

, 1.08
0. 30

0.90

7. 08
10. 39
7.07
6.65
6. /iS
7. 59
6. 59
7.67
4.55 ~

3. 18
6. 42
4. 42

5. 7/i
13.98
12. 87
ll.43
6. 11

13. 15

130. 34
132.6 i
132.90
124.04
137. 14
161. 25
143. 49
129.05
106. 54

78. 18
'76, 65
57'.66

I!3.63
137. 15

~ 156 ~ 96
141.66
135. 93
141. 27

Toral 152.03 95. 18 195. 33 167. 36 176.62 150. 45 65.41 ~ 103. 10 46.26 172.60 107. 12 83.50 89.08 67.07 33.95 63.29 207. 77 14. 10 141. 37 2266.45
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TABLE U-3 CONTlNUFD

STATION
N NII N EI NEV NV NEI NEEI NEIII NEIV NEVi SEE SEEE SEII I SEIV S 'V SI Sl I Slr I SIV SV . TOTAL

196) S,
July
Aua.

Occ.

Dec.

5.54
10.6G
') u't
0. 30

0. 30
-0. 30

7. 10

5

5.51 7.03 0.30
6.04 5.61, 0.90
!).40 3.69

'3. 11
0.30 2. 7G

2;76 0.30

623 6 18 789 0 78
9.48 7.58 '7.80 3.28

10. 76 5. 23 7. 10 0. ()0
4.08 2. SG 4.03
').3G 0.30 1.9S
2. 15 1. 88 I . 5 I

0. 78 5. 70
0. 78 0. 78 7.!)3
2. 35 l. 38 8. 39
O. 30 O. 30 8.22
0.95 2.65 O. 85
0. 30 10.99

13. 97 0. 78
10. 49 3. 67

3.47 6.82
6. 40
8.!)8 3. 41
7. l2 2.68

0.78 0.30 7.23 6.66
0.90 1.3S 6.47 4.49
0.30 3.00 2i87 5.82

0. 30 4.95 5.06
3.92 2.64

1.00 0.60 1.08 1.08

0.78 0.60
2.70 1.20
3. 73 0. 30
3.58

'.t)8 0.48
2.1G 1.68

77. 34
91.94
SG. t) 5

43. 'i)
40. 06
37. 29

Total 2o.14 7.70 16.25 24.96 1.50 26.47 34.58 27.83 12.18 lt. 68 5. 89 lg) ..58 49.93 17.36 2.98 5.58 26.S2 25.75 14.91 4. 26 377.07

Nrr NIII NEI NFII NEIII srI sfrr SEIII sr srr srrr i 8 (: 0 E F c n
1969
Jaa.

Qb

a ca
1

.ai'u

ly
Au
s';=:.

i. ~

; ou
Dec.
1970 .
J i)a
Feb.
Natch
Aptr 1

'ia
J)ne

0. 30

O. 30
3. 11
o )8
1. 56
2.56
2.83
l. 78
4. 37

0. 30
1.51

2. 11
3. 24
3. 62

0. 60
0. 30 2.11'8

1.08
0.60

0.60 * 6.02
0.30 4.04

7. 62
7. 47

2. 28 7. 41
2.63

0. 48 3. 78

4. 08
3. 00

0. 30 5. 22
l. 58

0. 30 12. 50

O. 30 4. 07
1. 56
1. 95

0. 30 3. 56
1.26 3.20
2.68 7. 38
2.33 10.92
0.60 10. 79
4.62 10.37
8.20 11.26
6. 35 1.51
5.27 5.96

2.26 2. 26
4.10 6.51
5.43 9.37
3.36 7.00
6. 36 5. 35
6. 15 9. 68

8. 34
5. 84
1,5G
5.04
4. 77
5.4G

11. 49
13. 03
10. 10
5. 43
5.85

12. 72

0. 60
5. 74
0.60
1. 51
l. 56

10. 71

1. 52 9. 28 12. 02
7.07 8. 34

0.60 11.65 8.24
0.30 3.13 6.98
0.60 3.G«',53
3.51. 8. 35 11. 74

13.06 6.14
0.30 8.98 0.30
0 90 7 95
2.21 6 '3 1.00
1.8G 4.49 10.48
0.78 5.45 1.08

4. 20 3.95
4. 24 0.90
4.15 " 2.56

0.30 3.59 0.60
3.47 1.38

0.90 12.45 7.58

0. 30
0. 30
1. 38
0.90
0.90
0. 30

0. 30

0. 30

11.00

4. 75 3.65
4. 38 4. 23
4 43 6 t)')

l. 78 3.60
4.52 6.41
9.22 12.86

8. 03
5.57 7.66
4.0S 3. 77
9. 71 4.43
9.40 10.89
3.03 . 1.95

1. 08
0. 95

1. 20
9.12
7. 84
5. 29
3.11
2.68

0.90

12.29 9.40, 3.82
7.58 2.64

10.08 9.47 7.01
5.46 5.45
7.41 0.90 1.60

11. 7S 11.41 3.81

4. 63 0. 30
4.45 l. 30

0. 30
1. 85
1. GO 4. 94
5. 60 7. 77
3. 53 6. G4

3. 37 6. 96
2. }6 5. 31
0.90 2.46
0.30 0.48
1. 00 4. 68

2. 35

1. 20 4. 19
2. 62 2. 36
0.60 6.01
0.90 '.07
1.5G 9. 34

3.18 2.00
3. 58 3.06
0. 90 1. 81
l. 04 0.90
0. 30 0. 48
2.46 7.41
0. 30 5. /0
0. 30 3.99
l. 32 4. 13
3. 73 3. 64
3.00 2. 33
4.68 4. 71

3. 35 3. 11
3.18 0. 30
4.67 1. 56
l. 68 1.08

3. 92
1. 49 14. 38

6.59
7. 71
S. 16
5. 49

"7.46
10. 48
0.90

8. 38
7. 83

11. 64
9. 77

12. 81
7. 22
7. 34
G.03

12.42
12.17

l. 86
l. 98
0.60
O. 30
2. 64
8. 37
4. «9
3. 05

4. 17
ll.5!t

3. 03

2. 49

7.60
6.59
5. 39
3. 28

0.30 12.20

64.49
57.IG
48.50
36. 73
47. 35

123.04
88. 49
79. 37
76. 23
8(). 90'
84. 53
73. 64

67. 57
59.91
79. 33
51. 85
69.66

129.53

Total 30.07 4.56 70.92 59.57 112.70 110.35 13.78 121.58 85.82 4.68 115'.47 113.G7 4S.41 36.29 70.46 39.16 64.51 T««4rr 0.30 79.58 .1324 ~ 28
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TABLE V-3 CO'ATiNUED

NI
STATXON

NXI NIII NIV NV NEI NEII NEIII NHIV NEV SEI SEII SEIII SEIV SEV SI SXI SIII SIV SV TOTAL

1968
July
AuS.
Sept.
Oct.
hov
D c.

0. 30
0. 30 0.48 1.26

1.08 0. 30
0.60 0.90 0.48

~ 1. 18
1. 26

0. 30
0.60

0.90
0. 78

0. 70 0.60 0.90
2.47 0.90
0.90
0. 78 0. 30

0.90 0. 30 0.60
0.78 0.60 0.30

0. 30

4.24
5. 35
3. 78

0. 60 3. 76

0. 30 4. 14
0.48 0.48 . 2.64

Total 0.00 0.00 0.00 0. 30 0. 30 0. 60 4. 90 2. 04 0. 00 0. 00 1. 38 1. 20 6. 53 0. 30 0. 60 0. 90 2. 10 0. 60 0. 78 1. 38 23.91

Ni NII NIII NEI NEXI NEIII SEI SEIX SEXII SI SII SIII A B C D E F C H

1969
Jan.
Feb.
Narch

April
Nay
June
July
AUS

Sept.
Oct.'ov
Dec.
19 70
Jan.
Feb.
var ch
April
%ay
June 1. 38

0.30 0.90

1. 08
0.48

0.70 0.30

0. 30
0. 30 0. 95 1. 08
0. 30 0. 30

0. 30

1. 08

0.30
0.48
2. 16

1. 00
0.60
0. 85

. 0.60

0. 30
0. 30 0. 30

„ l.3g
1. 30

0. 78
0.90

0. 30

3. 43
1. 81
2. 16
1. 20
0.78

l. 68

3. 11
1. 38
1.92
2. 41

2.05
1. 68
0,?8
0.48

3. 08

4.71
0.78

2. 30
~ 2. 08
0.95

~ 0.48
3. 38
0. 48
1. 68
l. 75

" 0.60

0 ~ 78
1. 38
0. 30

0.70 -1.20
'.48
1.08 l. 78

-1.95
0.30 0.60
0.30 0.48

0. 70
0. 30 0. 30

0. 78
1. 08
1. 20 1. 85

0. 90 1. 60

0.30 0.85 0.48

1 ~ 56 1,45
0.48 0.78

1.08 0. 60

3.98 0.60

4.00

1.60 0. 70 0.30
2.28 0.30 1.00
2.80 0.30
1. 81 0.30

0. 30
0.60 0.48
0. 78 0. 48 0. 48
0. 30

0. 48
'1. 38

10. 83
8. 85
9. 35
2. 51
3. 98
6. 41
3. 15
8. 73
8. 10

11. 88
8. 62
6.98

4.93
5. 02
3. 94
2. 20
0.60
4,44

0. 30 4.93
5.78
6.25
2.64
1. 88

0. 30 3.98
0. 30 2.90

3. 83
3. 53

0.90 2.98
7. 37
4.23

0.60 5.98
0.30 2.89

4. 38
2. 79

0. 30 5. 79
4.96

0.90

0. 48

0.30

29.90
22. 28
24.98
15. 69
10. S2

13. 80
10.95
18 22
18.81
22.18
23. 67
19. 18

16. 19

11. 57
19. 52

~ 7. 63
11.99
17. 14

Total l. 3S 0.60 3.33 1.68 1.90 9.45 2.88 27.95 20.87 0.00 9.86 14.10 20.91 3.34 3.98 110.52 3.00 77.09 0.00 ~ 314.52
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TABLE V-3 CONTINUED

1968
July
Aug.
Sept.
Oct.
iNOV

Dec.

NI NII - NIII NIV NV

4. 59
0. 30 5. 89 0. 48
0.60 6. 35 5 '3 8.68

1. 51 1.9S 2.08
j. 78 5. 75 1.45
1.68 1.00 1.98 8.22 3.61
0.48 4. 76 2. 55
2.00 3. 79 0.30 0. 30 0. 78

3. 16 0. 30 8.09 2. 78

2.46 2.S4
Ai.98 2.48

0.30 8.69 3.83
1. 98

2. 33 0. 48 5.0
0. 78 . 0. 30 5.47

0.60
0.90
2.23

0.48 0.48
0.78
0.60

0.30 0.60
0.90 0.60

17.02'4. 79

53. 10
9.77 "

16. 23
22. 38

STATION
NEI NEII NiEIII NEIV NEV SEI SEII SKIII SEIV SEV SI SII SII I SIV SV TOTAL

Total 0.00 0.00 0.90 16. 83 0.00 5. 33 9. 46 7. 45 7.95 2. 58 0.00 29. 10 13. 25 6. 84 0. 48 0. 60 16. 13 21.65 1.68 3.06 143. 29

NI NII NIII NEI NEII 'NEIII SEI SEI SEIII SI SII SIII A 8 C D E F G H
1969
Jan.
Feb.
Narch
April
t!ay

IJune
July
Aug.
Sept.
Oct.
Nov.
Dec ~

19 70
'Jan.
Feb.
Narch.
April
v.ay
June

0. 30

Total 0.00 0.30

0. 30

0,30 0.00 0.00

l. 38
0.60

0. 30

2.08
0.90
6.11

6. 37

2. 81
3. 54
0.30
0. 78

5.97 6. 29
3. 78 3. 46
3. 24 1. 98
2. 35 3. 36
2.64 3. 36
1. 38 2. 25
0. 78 0.90

2.20 0.78

7.05 8.52
5.99 0.95

5. 74 3.21
5.94 5.48
3. 75 3. 88
2.43 0.60

0.90 1.20 2.20

26.07 0.00 54.44 ~i

0. 78 5. 11
0. 60 4. 19
3. 80 6.67
1.08 i. 51
1.08 0. 85
0. 90. l. 81

0.60
0.90

1.56

5.30

7. 30
4. 32
6.41

1.08 0.90
0.78

0. 30

0.00 10.10 56.25

0. 78 0. 60
1. 20 2. 35

0. 78 2.08 0.90
0.30 0.30 0.60

5. 36
3. 23
l. 20

0. 30
1. 08
2.90 0.90

1. 86 0. 30
3. 95 0. 30

3.44 0.60
6.48 1.68
1.51 1.00
2.08 0.78
2.81
5.43 0.78

2. 28
4. 36
6. 76 0. 30
l. 86
0.60
1. 86

1.98
2. 12
3. 18 0. 30
3. 32
4. 86

2.96
l. 38
0. 70

3. 94

0.00 2.94 ~ 10.79 VFT6 0.60

0 .60

0. 48

0.30

2. 38

0.00 3. 76

23. 79
20.54
26.51
11.66
14. 37
11. 43

3. 78
5.26
7. 08

15. 25
21.05
30. 10

.26. 36
28. 82
17. 55
8. 65
7. 53

10. 81

290.54

Catch is hig'her than average

Catch is lover than average
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VI ZOOPLA;tKTON»

GENERAL STATEMENT

The major thrust: o4 this study has been to acquire detailed information on
the species composition and biontass of zooplankton seasonally in Sout:h Biscayne
Bay and subsequently in Card Sound, since there are no quantitative data ext:ant

. for either of t:hese localities. In the first case, some degree of thermal addi-
tion had already begun, and more vas expected; in the second case, thermal addi-

,.,tion,.appeared .imminent but .had, yet,t;o occur,. Xhere vas a need to obtain a good
estimat:e of the existing zooplankton community structure prior to t:he addition of
thermal effluent. Addit:ionally, some attention vas paid to the possibilities of
assessing the effects of the Pover Plant over short periods using these environ-
;nent:ally collected, preserved samples. A secondary area of study involved an
evaluation of the problems concerned with determining effects of entrainment through
the Power Plant on particular organisms.

The research goals have changed during the course of the program because of
modifications in plans for discharging the heated water, because less profitable
avenues are dr'opped and more profitable ones developed, and because some projected
operations proved to be logistically impractical. In order to preserve a sense of .

continuity, therefore, the "Results and Discussion" section is presented chrono-
logically, to better relate the. various phases of the study and demonstrate the
direction in which future work might be planned.

~iiET$10DS

South Bisca ne Ba

Seasonal Surve of Zooplankton: Five surface stations (Figure I-2) vere
sampled approximately twice each month from November, 1968, t:o November, 1969.

'Station 1 was near the head of the outflow canal, just downstream from the out:fall
of,the plant itself. Since passage of water through the plant requires only a fev
minutes, station 1 received water which was recent:ly removed from the sea adjacent
t:o the intake canal. Station,2 vas in the bay, 200 yards east: of the opening of
the outflow can 1. Station 3 vas immediately offshore from the Point. These three-
stations are collectively referred to as the "inshore" stations.

Station li vas located on the eastern side of the buoy at t:he eastern end of
Pelican Shoal, about 1 1/2 m les east of Turkey Point with a water depth of 6 feet:.
Station&. vas three miles east of Turkey Point at the Intracoast:al Hatervay in 8

feet of water,. These two stations are together referred to as the "midbay" stations.

-.Plankton samples vere collected using tvo nets. The first vas a macroplank-
.ton,net of mash-opening size of 300 p and mouth diameter of 1/2m (20 inches), and

". the second was a microplankton net of mesh-opening size of 35 ti and mouth diameter of
- '30 cm (12 .inches), A small flowmet:er was suspended in the mouth of each net. Samples

were preserve:! in 5K buffered formalin. Temperat:ure, salinit:y, and dissolved oxygen

concentration were also measured at each station.

» ~ii. Reeve and E. Cospcr.





Summer Plankton S no tic Distxibution: On June 16, 1970, a sequential series
of samples were t:aken over 2.5 houxs using two boat:s which covered 42 stations
beginning north of Turkey Point near the intake canal and ending south of the Point
in the vicinity oi the mouth of the cooling canal. The siting of stations was
governed by the locations of ezisting buoys, vhich precluded any regular grid
pattern. For speed, samples (comprised of single t'ows using a 1/2 meter 64tt-mesh
net) were dry weighed. On this occasion very small amounts of detritus vere pre-
sent, and any samples est:imated visually t:o cont:ain more than lOX detritus were
not weighed. The dry weights (in mg/m ) derived, therefore, refer substantially
to living zooplankton..

Summer Plankton Se uential Distribution: Plankton samples vere collect:ed
approximately every two weeks from June to October, 1970, north of Turkey Point
imm d'iately outs'ide the intake canal and south of the Point just offshore of the
mouth of the outflow canal in the thermal'lume. At each station 4 tnws t:ere usu-
ally made using both 64 and 200'-mesh 1/2-meter nets.

Entrainment Studies

Acartia tonsa'n the Laborator : Plankton were collect:ed vith the aid of a
300'-mesh net from the Rosenstiel School of Marine and Atmospheric Sciences dock
between March, 1970, and January, 1971. Approxunately 100 copepods vere trans-
ferred by pipette into each of several glass tubes which were 30 cm long and con-
tained 250 ml of 1.2)i-filtered seavater at ambient temperature. Apart from the
ambient: cont:rois, 2 tubes vere placed in each of several vatex baths at tempera-
tures between 32 and 37'C (+0.05) for .periods up to 6 hours, aftex vhich time they
were returned to an ambient water bath. The folloving morning animals in each tube
were recovered by filtering t:hrough gauze and rinsing int:o a tray, where total num-
bers and numbers dead vere counted vith the aid of a micxoscope.

Xnouhation Experiments: One minute shore town were made within 15 minutes
of each other at the Turkey Point power plant int:ake and outfall using a 200 and
64„mesh net. The samples wexe gently transferred into plastic insulated 3-gal.
containexs filled with vater from the same location. Since there wer no facili-
ties for dealing with these samples at Turkey Point: they vex'e returned to the
laboratories at the School of Marine and Atmospheric Science some 35 miles away.
Three hours from the time the outfall samples vere collected they vere allowed to
cool down t:o the t:emperature of the intake samples, and all the samples vere
transferred to 4-liter separatory Eunnels. Any material which set:tied to the
bottom was drawn off. This contained detritus, dead animals and a fev live ani-
mals vhich were replaced. The rest was preserved. AEter 24 hours the process
vas repeated and the xemaining live animals were also collected and preserved.

Card Sound

'ea'sonal Surve of Zooplankton: The sampling progxam was start:ed in Novetn-
ber, 1970, and consists of occupying 'four stations, evexy 2 veeks. Past expe-
rience indicated that several toms on each of fewer stations would reduce
variability due to errors of random sampling and micro-patchiness. Three sequen-
tial'quantitative samples vere, therefore, taken by each n: thod described below

"nn each of four stations.. These were at stat:ions 0404, 0604, 0804 and 0606.
From the. station located off the mouth of the canal, the other three radiat:ed one
mile along the'horeline northerly and sout:herly and cross the Sound.

VX-2
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Two'/2 m mouth diameter nets are used having 200 and 64'esh openings. The
200If mesh has been adopted as the dividing'line between "macro and micro" plankton.
This is also practical in that: the 200@ mesh xetains quantitatively. the adults of
the major copepod species (except Oi.thona). The 64'esh clogs less xeadily than
35'ets used previously and so provides more reliable flow meter readings. For
the smallest micro-zooplankton, whole water samples (24 litexs) were sieved thxough
20'loth. Between these. three meshes, it is assumed that all stages of all orga-
nisms axe quantitatively recovered. This suppo'sition was checked by using both
larger and smaller meshed nets from time to time. Aliquots of the net samples were

. immediately frozen over dxy ice for subsequent dry weight, carbon, and nitrogen
analysis, and the rest preserved in fonaalin. Samples. for pigment analysis were
also -t.aken. .A11,64'amples .were,,passed through,a 200'et in the laboratory to
remove macroplankton.

S no tic Surve : On January 6, 35 stations were sampled in Card Sound by
making a single tow on each with a 64'et. The standard 1/2-mile grid system of
buoys were used starting at the northeast and working down to the southwest end of

'Card Sound.

Vertica~l Surya : .In order to sample at a point balos the surface, a net was
modified'by attaching a thin cane pole across the mouth ring to project about 8 ft.
in one direction. Xn the water the buoyancy of the pole caused it to project
vertically upwards from the net when the lattdr was weighted. By marking clearly
one-foot intervals along the pole, the towing speed'could be- adjusted so that the
net fished at a specified depth, which was chosen to be five ft. Over most of the
tow, this was maintained to within +1 ft.
RESULTS AND DXSCUSSXON

South Bisca ne Ba

Seasonal S~urve of Zooplankton: Preliminary results of one year of zooplank-
ton sampling around Turkey Point were included in their raw form in the pxevious
annual report. The data were subsequently worked up in detail and presented in a
paper (Reeve, 1970).

Xn summary, the seasonal variation in zooplankton from five stations in South
Biscayne Bay (Figuxe -2 ) were analyzed and the data condensed into t«o groups,
inshore and midbay. The inshore stations (1, 2, and 3) were characterized by
generally lower and more variable salinity and higher temperature compared to the
midbay (4 and 5). Two nets were used with mesh sizes of 35 and 300@ to cover. as
wide a range of organisms as possible. The quantitatively important copepods
were coniined to six genera, which were dominated by a single species. These were
Acartia tones, Paracalanus parvus, Tenors turbinate, Labidocern s corti, Oithona

c~ch-(Figure VX-1) which could be related to temperature and salinity. Paracalanus
' and" l,abidocera, for instance, disappeared during the height of the summer. Since
-. numbers provide a poor basis for comparison of variously-sized species, dry-weight

. estimates were obtained'hich emphasized that the numerically dominant but dim'nu-
"nitive Oithona had a biomass in the same order of magnitude as the numerically

unimportant but many times larger Labidocera (Figure VX-2 and VX-3) . The inshore

VX-3
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population of copepods was dominated largely by Acartia and Oithona with a substan-
tial contribution by Labidocera in the winter. Small amounts of Metis and Temora,
mostly confined to the summer and inshore, alleviated a'ummer low in copepod bio-
mass which was much more marked in midbay where Paracalanus and Labidocera
dominated.

The suggestion of summer minimum, and a major autumnal burst in biomass of
copepods at both locations (Figure Vl-4) agreed with phenomena reported by pre-
vious workers, and reinforced several years of personal observations in this
region.

Both the mean naupliar count and copepod dry weights were similar over the
-year wnshore and in tthe midbay. The.major"meroplankt'.onic components (Figure VI-5)
were decapod larvae, molluscan veliger larvae, and the larvae of polychaetous anne-
lids. All were more abundant inshore, partly due to the concentrating effect of
the shallower water column. The decapod larvae, especially, were very reduced in
number during the summers

This study provided useful information on the distribution of zooplankton in
South Biscayne Bay. It indicated that biological fluctuations could be rapid and
extreme and that gross physical characteristics of the environment varied widely.

In an attempt to use this survey to distinguish any Power Plant effects, the
average number of organisms at the outfall (station 1) was compared with those at
the end of the canal (station 2) over 16 summer (1969) samp'e dates (Table VI-l).
It was assumed that some of the organisms damaged by passage through the Plant
would die en route down the outflow canal and sink out of the range of the surface
nets at tha end of the canal. In some cases, (copapod nauplii, Metis, Oithona,
gastropod and polychaete larvae) there "as some evidence og reduced numbers at
station 2, in some cases there was no clear trend, and the decapods showed the
reverse pattern. Presumably, the decapods have be:n 'added from the mangroves
fringing the canal, but this could also have happened in any of the other groups,
which could lead to underestimations o'f any effects in terms of thermal kills.

The results are also inconclusive because nothing is known of the prior
physiological condi.tion of subsequently preserved animals at station 2, some of
which might have subsequently died. For a detailed account of this study, the
reader is referred to Reeve (1970).

The inherent natural variability of physical parameters, the patchiness of
plankton, the poor„reliability of single samples as a measure of true population
levels, year-to-year variation anc rapid life cycles of tropical environments all
minimize the lilce'lihood of detecting any effects of disturbances such as .that
produced by artificially heated water by analysis of preserved environmental
samples-.- This tentative conclusion based on the limited sampling program above
was examined more closely during the following summer (1970) when any effects
might be expected to be at their most extreme.
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TABLE VI-1

DIFFEREl'CES BETt EEÃ NUi«BERS AVERAGED OVER THE SU|QPR FOR
SPECIr IED ORGANIS«S AT THE OUTFALL (STATION 1) AND IN

Acartia
I

'Tomooo

Mol:is

OUTFALL
~No /m~ )

219

'4'6

2470

BAY
~No/m3)

215

'46

33

1198

NU'tKERS IN BAY AS A
PERCENTAGE OF OUTFALL

98

44

Nauplii

~So idea

Decapod .crab larvae

Shrimp larvae

Gast:ropod veligers

Bivalve veligers

Polychaete larvae

20,400

5570

4170

490

7670

20

3520

4470

330

38

850

63

107
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FIGURE VI-4 Seasonal variation in total dry weight: of adult copepods inshore (crosses
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VI-9



ss

300

?00

i00 s

1
I I

s

s

CRAB LARVAE

s
s

\

s
's

s
1

I

300

200

IOO

1
ss

~ ~

~ ~

g
~

~
~

~
~

~ s

~ ~

I ~ ~

ss
~ s

~ ~

t ~

~ ~ p
1 ~ 's

~ s

h ~ ~
s

1 ~r 1

SHRIMP LARVAE

24,000

~ I8,000
CL

M
~ I?,000

Z
eooo

0

s

s
'

1

s s s

1
i'ss, s

1

BIVALVE VELIGERS
1
ss
~ s

s
~

s

s ~
~ ~
~ ~
~

~I

~ ~
s s

~ s
~ ~
~ s
~ ~
s s
~ s

s
~

1 ~

sI
~ ~ ~

~ s

~ ~

~ ~

s

s

I2,000

8000

4000

0

1
s

1

1
s

'1

1 1 t
ss
1

1

1

\ 1

GASTROPOD, VELIGERS

1
s ~

~ ~

~
~

~ ~
s ~

~ I
~ ~
~ ~
~ ~
~ ~

~ ~
~ ~
s s
s s t,

1 ~ ~ ~
~ ~ ~

s ~ ~

~ ~ ~
~ ~

~ ~
~ ~
~s

~ I
1

1

ss
~ ~

~ ~

~ ~

~ ~

~ ~

~ s

~ ~

p s

s

1

3000

2000

s's
~ ~

s s
~ ~

,'

~
~

1

POLYCHAETE LARVAE

~ sss
~

~'s
~ ~

s
~ s

I000
s

s

s

s ~
's

s

sr

s

~
s
s

~
~

s
~ ~

~ s
~ ~

1 I 1
T ~

I ~

~r. t 1,
' j

N D J F M A M J J A S 0 N

MONTH
N D J F M A M J J A S 0 N

FIGURE VX 5 Seasonal variation of meroplankton inshore (crosses with broken lines) and
midbay in South Biscayne Bay, 1968-69



Cl

0

S



S no tic Distribution: The dry weight of particulat'e material at each station
is indicated in Figure VI-6 except when the detrital content was estimated to
exceed 10%. Contours have also been drawn on the basis. of biomass ranges namely
less than 10,.10 to 20, 20 to 50 mg/m .'hese indicate that the distribution was3.
not random on this occasion in the area but subject to considerable patchiness.

'earlyhalf of the total stations lie in the intermediate 20 to 50 mg range, and
are both north and south of Turkey Point. A denser patch occurs in the immediate
vicinity of the intake canal, while south of the Point biomass density diminishes
progressively towards the shore. As determined by simultaneous temperature measure-
ments, (and elsewhere'n this report) the thermal plume followed a course the
northern boundary of which approximates the 20 mg contour, i.e., the low density
regions we'e outside the plume and at temperatures similar to those north of the
Point. The plankton densities in the plume were lower than those in the immediate
vicinity of the intake, but this appears to be a patch of very limited size and not
characteristic of the area in general. There is evidence(based on the st " where
sampling was limited to two sites in order to reduce the volume of material to be
analyzed but replicated over the summer) that the rich patch was fortuitous.

Summer Plankton Se uential Distribution: The total number of zooplankton in
each net is shown in Figure VI-7. Nhere three or more replicate samples were
taken, confidence intervals were established for thqir averaged values by first
transforming the data to logari.thms on the basi.s of which 95% confidence intervals
were cal'culated, this was done for 11 of. the 16 pairs. In none of these cases were
the means found to be significantly different. In four or" the other five pairs, it
is obvious that their closeness is such that the same conclusion would apply. On
tne basis of this series, then, there were no discernable effects attributable to
Power Plant operation. The results, however, are of considerable further interest
in this connection from two points of view.

First, the smoothness of the curves which extend over four months is remarkable
when compared with the erratic frequent peaks of the, seasonal study above. This
is, no doubt, partly due to the fact that multiple samples on one statio'n tended to
reduce variabi.lity due to random sampling and patchiness of the order of the length
of the tow track. It might also suggest that the normal seasonal pattern of rapid
fluctuation resulting from the interplay of a variety of variable parameters (food,
salinity, temperature, etc.) is being overshadowed by a single dominating effect
over the summer, The obvious correlating factor would be sustained temperatures
above 30'C. If this single dominating factor is accepted, the second point becomes
very significant. This is the shape of the curves indicating low plankton numbers
sustained L yond two-week interval- and as low or lower than any other low points
throughout the year. This sustained summer minimum may be compared with the
seasonal survey extending over the previous summer as reflected in total copepod
dry weight (Figure VI-4) where in the midbay a summer minimum covered five sampling
dates between July and September. An inshore summer minimum was in evidence also
but was broken by one sample in August caused by a burst of cyclopoids and harpacti-
coids. For further details see Reeve (1970) in which it was noted that 'a low
point in zooplankton numbers was a1so seen by Smith et al (1950), Hoodmansee (1958)
~nd, Reeve (1964) in other parts of the Bay. Further comparison is possible for
the. following months with data for Card Sound (Figure VI-12) which .will be dis-

'ussed'elow.
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The earlier conclusi'on that environmental sampling to detect current Power
Plant effects does not work appears to hold, especially in the summer. Natural
environmental changes, themselves possibly temperature effects, extend over at least
one order of magnitude and apply throughout the region tending to swamp any effects
of lesser magnitude over a very localized area. This situation is probably no
different throughout the rest of the year when fluctuations, though less extreme,
are more frequent because natural low-level stability gives way to rapid fluctua-
tion (e.g. Figure VI-12). This approach would have possibilities only if there was
greater long-term stability and/or a larger heat input. These will be discussed
in connection with Card Sound below.

Entrainment Studies

Concurrently with the work described above, limited preliminary attempts were
made during 1970 to obtain more direct assessments of the effects of temperature
on zooplankton. The best documented study was that described in a paper presented
to the FAO Technical Conference on Harine Pollution in Rome (Reeve and Cosper, 1970)..

Acartia tonsa in the Laborator : A. tonsa was chosen as the test
because it shared with Oithona dominance of the copepods around Turkey
(Figure VI-8) and being much larger than the latter was eas'er to work
species ubiquitous along the coast of the entire eastern seaboard (and
physiological responses of'his southern population may be compared to
other latitudes.

organism
Point
with. As a
elsewhere)
those at

The experimental series continuing over one year was designed to assay the
acute effects of elevated temperatures in a regime similar to that imposed by the
Power Plant.

The dates of the experiments and ambient water temperatures are recorded in
Fi ur VI-8, A . , which graphs the results of each experiment in terms of percen-
tage survival (taking control survival as 100%) at each temperature for periods up
to six hours. Experiment A took place at the end of the winter when ambient tem-
peratures'ad been below 21'C for several months. Shock temperatures above .32'C
produced over 50/ mortality within three hours. By April 6, 'the bay water had
warmed rapdily and the population appeared to have acclimated, yielding higher
experimental survival rates th'an before. The bay water stabi:lized in this tempera-
ture range for over two months, during which period further acclimation occurred,
except at 37'C. By the middle of July, when summer temperatures had been reached,
acclimation had proceeded to the point where no more than 25% mortality occurred
over six hours at 36'C. There was, however, still no acclimation at 37'C. This
temperature, therefore, appears to be beyond the limit of tolerance of Acartia
tonsa over three hours whatever the season. At the beginning. of October, there
had been little change in either ambient temperature or acclimation ability.l
Rapid environmental cooling reduced the ambient temperature te 22'C by December
resulting..in-the. previous winter acclimation pat'tern. By late January, only a
slight further reduction of acclimation was detectable.

i
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The paper discussed the applicability of the experimental regime to the actual
conditions of the Power Plant, as well as problems of control mortality criteria
of death and the possibility that the deriv d mortality rates for any temperature
were conservative. Under conditions of temperature tress, other stress factors
not considered here might assume importance such as mechanical effects of entrain-
ment, and low salinity which tends to occur during the summer. More important than
this, perhaps, in underestimating the adverse effects of any 'specific temperature,
is the acute death criterion. Some portion of the population might suffer death
beyond the period designated, and it is almost inevitable that a specific thermal
shock would produce a train of lesser effects in those which did not suffer rapid
death.

During the early,summer, of,1970 .a .few tests, were also,run on other species.
No attempt was made to continue these systematically throughout the year. This
preliminary data is interesting in that it suggests that within the range of tested
temperatures, although some degree of mortality occurs in each species, the form of,
response is variable, and that within this group at least, Acartia tonsa has a
higher tha'n average thermal tolerance. The lesser tolerance of the other two cope-
pods (paracalanus and Labidocera) and Sagitta correlate very well with the fact
that they are totally absent from samples over varying periods during the sumter
(Figure UI-9) .

~ '

~
I
i

Of interest also is the temperature range over which death occurs. In the
casa of ~ga itta the temperatur'a spread between 100% and zero survival is much nar-
rower. This may be nothing more than an effect of dying rate rathe" than lower
population variability. A dying chaetognath appears to lose control over its
internal hydrostatic balance within seconds becoming opaque and shrivelled even
before it has sunk to the bottom of the container. There are no intermediate
stages which would require an interval of 24 hours to detect such as seen in Acartia
tonsa.

Te'sts performed on groups likely to contain several species, such as "nauplii"
and "d'ecapod" larvae, produce more erratic results depending, one assumes, on the
exact species composition at the time of the test.

Incubation Ex eriments: The above experiments were laboratory exercises. A
more satisfactory experiment, in theory, would utilize the Power Plant itself by
attempting to directly assess mortalities of organisms which had actually passed
through it. Such a procedure, in practice, poses many problems. Ideally, organ-
i.sms would be withdrawn from the intake canal and the end of the cooling

canal,'nd

the relative proportion of live and dead determined. However during passage
down the cooling canal, some organisms may be added from the mangroves which had
not passed through the Plant, and any dead might have sunk down out of the range of
the collecting nets. To avoid these possibilities, plankton may be collected
immediately following passage t'nrough the Plant at the head of the cooling canal.
Since they would then avoid passage down the canal during which they would be
exposed to several hours of continued elevated tempe atures, they must be main-
tained in some kind of incubation experiment designed to simulate that condition.
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The maintenance of marine zooplankton is not a routirie laboratory procedure.
There are very few organisms that have been successfully kept over a period of days
and even fewer which have been maintained in a breeding'ulture. The act of catch-
ing itself introduces a serious possibility for damage. The attempted maintenance
of a mixed sample in which the"e may be active carnivores also obviously introduces
a'second problem. The most difficult problem, and the one which probably accounts
for most of the mortality seen in (control) samples which have not passed through
the Plant is that of "water quality".

Experience makes it clear that in experimental procedures involving biological
systems at ambient temperatures in the upper twenties and above, situations are
highly sensitive to even the slightest"modification,'including removal and isola-
tion from the original system. A better understanding of the factors working to
stabilize the natural, system may be the most important requirement in laboratory
studies of tropical environments. These problems are evident in two experiments
performed towards the end of the summer, 1970, when temperatures at the outfall were
36.8 and 34.5'C respectively.

The data from these two incubation exper'ments appear in Tables VI-1 and VI-2.
On the first date, the intake (control) mortality was very high after 24 hours
(38 and 77% for the macro and microplankton, respectively),- which would obviously
cast doubt op the experiment as a whole. On the assumption that overcrowding might
have contributed to this, the samples of the second date were set up at a much lower
density. In this case, control mortalities were reduced to 20 and 18%. Although
some entrainment mo tal'ty was evident'n the macroplankten, this did not manifest
itself in the microplankton. Since control mortalities are still substantial
compared with any effect in the entrained plankton, the only certain conclusion can
be that more study is required to refine such incubation-type tests to the point
where control mortalities are reduced below 10% over 24 hours; and then to extend
the capability over longer periods (i.e. 48 or 96 hours). ~ Only in this way would
relatively small effects in the range of 10 to 30%: be adequately demonstrable.

Other. possibilities for direct examination of. entrainment effects were con-
sidered. One of these was in the use of dyes wnich could be applied to a sample
in the hope of differentiating living and dead organisms. After subsequent pre-
servation of the whole sample, it might then be left for later examination whenever
convenient. Hethylene blue stains dead organisms, but living animals convert it to
a colorless form. Experience showed that dying animals were less efficient at this;
and so, grades of staining resulted which had to be arbitrarily divided into the
two categories. Neutral red, on the other hand, stained only the living animals
and resulted in less intermediates. It was also found to resist fading over several
weeks after animals were preserved in formalin. Of course, application of dyes to
samples withdrawn from the outfall or end of the canal suffered all the objections
detailed above. The only real advantage in the use of dyes would be in the incuba-
tion-stodies if it was not convenient to analyze the ratio of living and dead

..directly immediately following the. incubation per'".
'-- An alternative to laboratory 'nc >ation would be the conf''::."-... n" o a sample

ca~~ht at the outfall in a floating contain which was allowed to drift down the
c~oling canal. The advantage of this would ~e in reproducing exactly the time/
temperature regime of the outflow canal. Capture and small container problems
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TltRKEY POTNT lNCUBATiON EXPERleeENT
SEPTEM>ER 22 1970

Xeteke
Temp. 30 C

Salinity 38,4 /oo

Outrall
36. 8o

37, 1 /oo

200uh "t
COPEPODS LARVAL TYPES

Calanoid Har acticnid C clooofd Veli er Decapod Larvacea Polvchsete Chaeto natha

Tntake
% Total Catch 18 0.5 0.5 .0,3 0.7

% Dead
.3 hours

24 hours

36

60

33

60

78

30

31 100

100

0

41

28

32

Outzall
% Total Catch 26 67 0.1 0.1 ~ 0,6

% Dead
.3 hours

24 hours

50

74

50 96 12

47

63

85

100

100

0

20

89

97

-- " -- - =..GRAND"TOTAL % CEAD AT 24 HOURS: - Intake- 38
Out ail 57
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TABLE VI-2 "f'T.

TURKEY POINT INCUBATION EZPERI'llENT
SEPTET ER 22 1970

66uRaa

Intake
% Total Catch

'~Nau lii Co e odites Veli er

81

LaRVAR
Pol chaete

% Dead
3 hours 82 22 53

24 hours 87 47 14 80 52

Outfall
% Total Catch 84

% Dead
3 hours 88 53 78 69 70

24 hours 95 73 83 94

GRAND TOTAL % DEAD AT 24 HOURS: Intake 77
Outfa11 93
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t would still exist, organisms
for some hours after passage

,ing their passage would have
I

Card Sound

would still have to be held at ambient temperatux'e
down the canal, and the time involved in monitor-
to be taken into account.

In October 1970, when'll the above-described studies had been performed,it appeared that a new outfall canal might terminate in Card Sound. Si..ce t+™re
were no detected zooplankton t.'.ges in the Turkey Point region, studies were
discontinued and started in Card Sound where the main aim has been to accumulate
good environmental zooplankton data.

Since this study is only six months old in terms of data collection,, it
, must -be appreciated that'much of the data has yet to be worked up. The results
that are presented below, therefore, provide an indication of the scope of the
study rather than any final, or even provisional, analysis of it.

Seasonal Surve of Zoo lankton: Three levels of progressive'ly detailed ana-
lysis of these samples might be undertaken. The most detailed, size/frequency
distributions for each species, is out of the question because of .the time
involved and the. taxonomic problems associated with most larvae. A few of the
more significant contributors to the total biomass vill hopefully be treated in
this manner. A start is being made by measuring the size/fxequency distribution
of da~itta ~hisoida because the information can be combined with accumuiatint data
on its growth rate and fecundity from 1'aboratory studies to estimate its produc-
tion in Card Sound. At an intermediate level of analysis, selected groups and
species which constitute the bulk of the biomass in each sample are being counted..
These categories are largely those used in the South Biscayne Bay studies cited
earlier. The average counts for these are graphed (Figures VI-10 and UI-11) fox
the six months from November, 1970, to April, 1971, inclusive. Since a year of
data has not yet been collected, and no statistical analyses have .yet been made,it is premature to go into any extensive discussion at this stage. Suffice -it
to say that the plankton composition in Card Sound, with Paracaianus parvus domi-
nating the larger copepods, and substantial numbers of Labidocera and the chae-
todnath ~Sa itta ~his ida more ciosaiy resembles the midbay rather than Turkey
Point South Biscayne Bay fauna. This could be predicted simply on the basis of
the high salinities and low temperatures.

On a gross level, estimates of total biomass are being sought. The great
pxoblem here, which has traditionally plagued planktonologists, is.'n easy
rapid method of distinguishing detritus from zooplankton. Visual examination
and counting achieves this, but totalized counts provide only a relative compa-
rison and depend on a constant counts/biomass ratio. The consistency of this
ratio may be a reasonable assumption, especially if, as in Figure VI-12, two
size fractions are recognized and are mutually exclusive. With enough measure-
ments, an average counts/biomass ratio could be derived to convert the data
into dry weight values- as was attempted .fox copepods in Figure VI-4. Figure
UI-12 ddoes at least demonstrate that, as noted for Sodth Biscayne Pay, seasonal
fluctuations can be large and rapid, but compared to summer events (for TurkeytPoint) are usually neither so long-sustained or of as great magnitade.
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would still exist, organisms would still have to be held at ambient temperature
for some hours after passage down the canal, and the time invol'ved in monitor-
ing their passage would have to be taken into account.

Card Sound

In October 1970, when all the above-described studies had been performed,it appeared that a new outfall canal might terminate in Card Sound. Since 1~ere
were no detected zooplankton i.'ages in the Turkey Point region, studies were
discontinued and started in Card Sound where the main aim has been to accumulate
good environmental zooplankton data.

Since this study is only six months old in terms of data collection, it
must be appreciated that much of the data has yet to be voxked up. The results
that are presented below, therefore, provide an in~ication of the scope of the"
study rather than any final, or even provisional, analysis of it.

|'ysis.of these samples might be undertaken.. The most detailed, size/frequency
distributions for each species, is out of the que'stion because of the time
involved and the taxonomic prob.'.ems associated with most larvae. A few of the
more signif cant contributors to the 'total biomass will hopefully be treated in
this manner. A start is being made by measuring the size/frequency distribution
of ~Sa itta ~his ida because the information can be combined with accumulating data
on its growth rate and fecundity from laboratory, studies to estimate its produc-
tion in Card Sound. At an intermediate level of analysis, selected groups and
species which constitute the bulk of the biomass in each sample axe being counted.
Tnese categories are largely those used in the South Biscayne -Bay studies cited
earlier. The average counts for these are .graphed (Figures Vl-l~ and VI-11) for
the six months from November, 1970, to April, 19'7l, inclusive. Since a year of
data has not yet been collected, and no statistical analyses have yet been made,it is premature to go into any extenCive discussion at this stage.. Suffice it
to say that the plankton coisposition in Card Sound, with paracalanus parvus domi-
ating the larger copepods, and substantial numbers of Labidocera and the chae-
opnath ~Sa itta ~his ida isora closely resembles the midbay rather than Turkey
oint South Biscayne Bay fauna. This could be predicted simply on the basis of.
he high salinities and lov temperatures.

On a gross level, estimates of total biomass are being sought. The great
roblem hexe, which has traditionally plagued planktonologists, is an easy
apid method of distinguishing detritus from zooplankton. Visual examination
nd counting achieves this,,but totalized counts provide only a relative compa-
ison and depend on a constant counts/biomass ratio. The consistency of this
atio may be a reasonable assumption, especially if, as in Figure, VI-12, two
ize fractions are recognized and are mutually exclusive. Pith enough measure-
ents, an average counts/biomass ratio could be derived to convert the data
nto dry weight values as i<as attempted for copepods in Figure VI-4. Figure
I-12 does at least demonstxate that, as noted for South Biscayne Bay, seasonal
luctuations can be large and rapid, but compared to summer events (for Turkey
int) are usually neither so long-sustained ox of as great magnitude.
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TABLE VI-3

TURKEY POINT IKCUBATIOM EXPERIMENT
OCTOBER 6 1970

Intake Outfall
0 0

emp 27 8 C 34.5 C

Salini.ty 25 /oo 25 ./oo

~200 Het
COPEPODS LARVAL TYPES

Calanoid Haroacticoid C clo oid Deli er '' 'Deca od Iarvacea Pol choate Chaeto natha

Intake
% Total Catch 48

% Dead
3 hours

0.5 20

25

0.450'.3
100

16

21

0,9

21

24 hours 12 48 50.'00 27 21'

Outfall
% Total Catcn 51 23 20 0,3 0,09 0,7

% Dead
3 hours

24 hours

14 88

96 32

19 0

0

0

100 '26

0

13

GRAND TOTAL % DEAD AT 24 HOURS: Intake 20
Outfall 36
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uot
Rapid gross biomass estimates can be made using the rozen samples. Ali-

xe ui e
q'o s immediately deepfrozen at Card Sound are ke t i Iare ~ept n tais condition until
requ red for analysis. On being d fxos ted dupli . t: b- 1up icat:e su -samples of approxi-
mately 5 to 10 mg will be passed through a 25 1 -f b
the a

mm g ass- i er filter on which
e particulate matter is retained, this is rinsed with a sol

formate to remove h
rinse wit a solution of ammonium

e t e seawater. The filter and contents axe then dried at
60'C and reweighed. The dried samples must be t d de res ore eepfrozen until the
can be analyzed for organic carbon, nitrogen and hydrogen.

Th
amount of

e above analyses concern total particulates whichs w c contain a variable

de
amoun o non-animal material. This non-animal fxa t' 1ac ion is argely organic
etritus, and in the finer net can also consi t f h 1 ks o p ytop ankton (in bloom

conditions) and fine sediment (in rough weather) . A method hasi h f '

is b'ase'd
a raction of,the.,total -pard:culates is zoopl kt Than on. is

1'
on an examination of a cleared millipore f'lt hi er onto w ich a preserved

a iquot from the same sample has been colle t d Ad d f'.c e . apte xom microstereolog
techniques, a Veibel graticule is employed on which is .inscribed

y

fixed points. By determinin the n ' r eacining tie nature of the particulate material under each

of t Ilat c v
o these points, a figure for the relative area of animal mate i 1

covered by the total particulate material in the field can e
er a as 'a unction

This fraction can then be a i in e 'ie can be obtained.
len e applied to the values determined for dxy weight, etc.

to obtain a corxected dry weight of animal t ' Thma eria . ere are several assum —-
tions inherent in the technique which are b h k d.e eing c ec e . Even if the method

p

attains a minimal accurac it:cy, i 'rovides valuable information which cannot be
gathexed any other way short of ctual se
mpossi le on a large scale.b

q ua separation by micxomanipulative procedures

An
date b all

indication of the extent of data routinel be' ' fy eing o taine for any sample
a e y a these methods, see Table UX-4 for January 23 1971. Th

informa iot n is not exhaustive since the samples hav t b
e available

e no een examined with re-
gaxd to detailed size/frequency analysis w'th'' 1i in in ivi ua species or groups.

s befoxe, the survey was not truly synoptic, it tookS no tic Suxve : As b
nearly three hours to collect all the samples during which time water . tmovemen s

g p . The samples were processed by passing each throu h a 200
net in the laboratox in oy in ox'dex to separate the macro and microplankton. Total
counts were obtained for each fraction and appear as the bot't d'be o 'm istri ut ons

deca od 1
'g — . istributions for three copepods a chaetognath tun cates an d.
p larvae also appear. The dis tributions are based on lo ' 'se on ogarit lmic frequency
rva s correspon ing to those of the previous survey around Turkey Poi t

( 'g - ). For total microplankton the numbers must be multiplied by 10
n

The pattern for microplankton was not unlike th t b '
a o taine on some occasions for

isso ve'utrients (see Section IU). The two patches higher than average were
near the western shore and t:he shallow banks at either end of the Sound. The
stations with lower densit oc

h
y curxed in the creeks connecting with the ocean

w ere water may have been of mixed inshore and offshore'rin o s oxe'rigin. The pattern was
no seen as c ear y or t:otal microplankton; here, where concentration was 2
orders of-magnitude lower, the patches were strongly influenced b d'd 1y in ivi ua

s can e seen clearly for the eastern highest density patches which

I
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FIGURE VI-13 Density of total micro and macroplankton (lower row) and specified components
at 35 stations over Card Sound, January 6, 1971. Densities for total micro-
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TABLE VI-4

STANDARD ANALYSIS FOR A SINGLE SAMPLING DATE IN CARD SOUND

STATIONS:

Chl a m3

Plankton No. $P/m
3

~200 Net
A tons a
P. parvus
.abidocr

~S huis ida
Tunica tes
Decapodlarvae

To ta 1

64u Ne t
Nauplii
Copepodites
Cyclopoids
Veliger s
Tintinnids
To ta 1

~20
Net'auplii

Copepodites
Cyclopoids
Veligers
Tintinnids
To ta1

0404

0.298

657
2,011

13
. 33

"204
20

2,972

2,234
5,508
3,813
3,158

'7

14', 791

16,800
2,310
4,200
9,765
7 980

41, 160

0604

0. 267

464
1, 116

20
45
'32
43

1,736

5,409
53819
5,245
6r 3il

328

23,114

26,407
8,330

12,229
12,937

4 076

63,978

0804

0. 396

537
1,163

.16
29
'1'6

12

1,780

11,666
3 333
3 31888

444
972

24,305

30,492
.2, 911
2,911
1,802

11 365

49,480

0606

0. 261

2,282
1,125

45
72
28
28

3,585

9, 646
3, 804
2, 785
1, 155

272

17,663

17, 220
840

2,940
2,940
8 610

32>550-

>tEAN

0. 305

985
1,354

24
45
70
26

2,518

75238
4,616
3p 932
3,767

412

199968

22,729
3,597
5,570
6,861
8 007

'46,790

Dry Weight 200LI
mg/m3 64LI

3,58
4. 51

3.81
7e51

5.37
6.93

5.55
4. 65

4.58
5.90

200LI
De tritus . 64LI

-7

17
5

18
6
7

~

6
12

s/t

Ash
200LI

64LI

12
3

7
26

2 '.

0
6.5
8

0/

N
200LI - - — 7,90

64LI 7. 94
. 9.16
5.47

6,39
5.52

9,38
9.'66

8. 20
7. 15

0/

C

0/

H

200LI
64LI

200LI
64LI

51. 15
52,54

6,89
7,46

52. 25
36. 76

6. 97
4.59

39, 64
39.72

5.28
4. 65

52.31
43.'64

7.t62
5e?3

48, 83
43, 16

6. 69
5. 60
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were largely Acartia while the patch off the Ifodel Land Canal was composed mainly
of paracalanus and Labidocera. Sasitta ~his ida was localized in the southwestern
part of the Sound while tunicates were aligned north to south down the length of
it. The decapods, probably composed of a large variety of species, were somewhat
more uniformly distributed. This type of survey if taken together with chemical
and hydrographical studies, could provide much better data for correlation with
localized effects such as thermal addition at one point in time.

Vertical Surve : Figure Vl-14 shows the results of a series of tows made
between noon and 2000 hours on one station at the surface and at five feet depth
in terms of total micro and macroplankton. Clear indications of diurnal migra-
tion of plankton are seen. A second attempt to quantify this phenomenon was made
recently using a '50 gal/min. submersible pump and hose system, which permitted a
very accurate depth determination. A similar series of samples were made utiliz-
ing three depths (near bottom, mid-depth and surface); the'se have not yet been
analyzed. Similar experiments will continue to be performed in order to obtain a

factor which may be applied to daytime surface samples thus giving average water
column counts. They will also be used to investigate the role of the hyperplankton
in mediating sediment/water column interchanges.

SUKfARY

A seasonal survey of. zooplankton in South Biscayne Bay showed there were
differences in community structure between inshore waters adjacent to Turkey
Point and the midbay but the total quantities (as indicated by adult copepod dry
weight or naupliar count) were similar. Despite extreme and rapid fluctuation, a

major pattern of a summer minimum and autumn bl'oom were suggested. No effects
could be correlated'ith certainty to power plant activity. ~

By sampling an extensive grid pattern around Turkey Point, patches of varying
density could be identified but this operation could not be repeated for logistic
reasons. A more limited survey sampling intensively at twq stations over the
summer confirmed the summer paucity followed by an autumn burst of plankton, as

well as'he inability to identify thermal effects upon plankton over the period
through examination of preserved environmental samples. It is believed that tem-
peratures over 30'C in the summer in Biscayne Bay may be the single most impor-
tant dominating effect depressing plankton biomass which would tend to swamp

effects of lesser magnitude over any very localized area.

Laboratory tests for acute thermal shock effects on the copepod Acartia tones
were conducted over one year and demonstrated'ts changing tolerance with season,
although it had an upper absolute temperature limit of 37'C; some other species
had lower tolerances. The problems of assessing direct effects due to entrain-
ment were discussed together with two preliminary experiments involving incubation
of entrained organisms.

The current seasonal survey of Card Sound plankton was outlined to demon-

strate the relatively more detailed approach resulting from experience gained in
the previous studies. Methods to obtain total biomass estimates and distinguish

I
non-zooplankton particulate material were outlined as well'as those designed to
estimate vertical distribution of organisms.

l
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FIGURE VI-14 Distribution of total micro and macroplankton at stations at the surface
and a.depth of 5 ft. over an eight hour period up to 20.00 (one. hour after
darkness).
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These studies suggest that future work 'should be conducted along the fol-
lowing lines. After a year of twice-monthly samples in Card Sound, sampling
should be concentrated into synoptic surveys conducted at the same time as water
chemistry measurements every two months over the entire Sound. Wide-area synop-
tic surveys can probably yield more information concerning small-scale influences
than limited time-series samples. Zooplankton entrainment studies should concen-
trate on improving control survival by better experimental techniques so that
entrainment mortalities in excess of 10% of control animals could be reliably
measured. Longer term, sublethal effects on entrained plankton should be studied
especially in the areas of fecundity and growth rate, since these may be more
important than initial death rates. Greater attention should be focussed on the
effects of the Power Plant prior to and following the. summer when plankton biomass
may be over an order of magnitude greater and summer ambient temperatures little
reduced. A 10% kill-offat the initiation o'f the autumn bloom could potentially-
lead to much greater biomass losses than 90% kill-offat the height of the summer.
A third line of inquiry which may have great significance in the ecology of Card
Sound is the interrelationship between the sediment and plankton food chains and
the role of detrital degradation.
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VII DD TOHS"

GENERAL STATEHENT

The principle purpose of this work was to determine if a diatom population
can be used as an indicator of thermal stress conditions. The investigation
provides a comprehensive description of the epiphytic diatom. population in the
Turkey point area and attempts to relate chemical and physical data with changes-'n this population. The major difficulty has been the dearth of'knowledge relat-'ing marine diatoms to the environment. Since this study began in September 1969
a major effort has been made to overcome this handicap, The first six months
were spent establishing methods, determining significant sampling intervals and
seeking a suitable substrate for diatom attachment.

Host of the data were obtained between Harch 1970 and April 1971. However,
the basic species distribution began in September 1969. Station locations are
shown in Figure VXI-1. Host of these are the same stations used by Zieman (1970)

'nstudying the effects of thermal stress on sea-grasses and macroalgae. Station
SE-I, not used by Zieman, has a Ryan constant-reading thermograph installed. The
temperature data were obtained during physical ahd chemical measurements discussed
in sections II and IV, and averaged for the time period of the sampling interval.

Estimates of chlorophyll-a content of the diatoms is also being made with the
hopes that they will result in a measure of the potential photosynthetic capacity.
Although the chlorophyll content will vary with species, age, size and various
physiological conditions such information should provide a more reliable measure
of relative productivity than cell counts. Chlorophyll content and cell count
data may not correlate but if the composition of the diatom population is taken
into account, the source of most discrepencies should be revealed. This has been
demonstrated by Graham (1943) who showed that in a well mixed sample the chlorophyll
content will correspond with the cell count.

HETHODS

Field Collection

Two glass slides are placed at each station held approximately 14" above the
sediment in a plexiglas stalk (Figure VII-2). The diatoms are allowed to accumulate
on the glass slides for approximately one month in the autumn, winter and spring
and for two week intervals during the summer. The plexiglas stalk has proved to be
sea worthy and inexpensive. A beneficial modification, would be to reduce the
overhang on the edges which cause a small strip on both sides of the slide to have
atyp ca x diatom distribution, At the time of collection the back of the slides are
carefully wiped clean and only those diatoms on the front of the slide were identified

J, Sprogis
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FIGURE VII-2 Plexiglass Stalk
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t and'nalyzed. The slides were kept in sea water and in the dark while being return-
ed to the laboratory.

Chloro h ll-a Anal sis

To preserve the pigment structure the samples were freeze dried (Corcoran,
personal communication). This occurred during the night following the collection.
Hhen dried each slide was placed in 35 ml of 90'/o, acetone for 18 hours. Optical
density readings for the extract were made on a.Beakman DU-2 spectrophotometer at
wave lengths of 700, 665, 645, and 630m'ave lengths. The chlorophyll calculations
were made based on the equation of Richards and Thompson (1952) with the modification
made by Strickland and Parsons (1970) for turbidity correction when using a 10-cm
light path. Tne calculation for Chloroph'yll-a is as follows: subtract the 700~

'value 'from each o'f the values -at 665, 64'5, and 630-mp and emp'loy the'equation:
Ch (chlorophyll-a) 15.6 E665-2.0 E645-0.8 E630 ~ Multiply this va3.ue now by a
constant (3.5) to express the chlorophyll-a m pg/slide..

The DK-2 Beckman Ratio Recording Spectrophotometer has been used to verify
the DU-2 values. The correlations were excellent. The DK-2 showed no skewing in
the peaks which is'evidence that the extraction methods are satisfactory.

Visual Examination

The slides were made ready for visual examination, identification and cell
counts by bathing th m in concentrated HC1 for approximately 1/2 hour, followed
by a thorough rinsing in distilled water, and air drying. A cover slip was mounted
using Permount mounting preparation. This bathing process dissolved the calcareous
and organic matter, leaving clean diatom frustules (Hood, personal communication).

The slides from the Thalassia blades were made by scraping the diatoms from the
blades with a razor. This conglomerate of epiphytic material was boiled in a
solution of concentrated hydrochloric acid and sodiurh nitrite for five minutes,
The diatoms were then centrifuged and washed three times; permanent slides were
made using Permount mounting preparation. These collections were compared with
those that accumulated on the glass slides.

A Reichert Zetooan phase contrast microscope was used to make a detailed
examination of the slides to determine: 1) all species, 2) dominant species,
3) species associations, 4) general mode of accumulation, i.e., patchiness, even
spacing, touching, and layering, and 5)'ell counts. A significant portion of
this detailed examination has yet to be completed.

RES%.TS AM) DISCUSSION

'Table VXI-1 is a list of all species of diatoms collected at the Turkey Point
area from September 1969 to April 1970 as identified by Professor Ferguson Hood.
The majority of these are epiphytes but a few sediment samples are included-
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TABLE VII-1

LIST OP DIATOi~f SPECIES

Acbnanthas ~brevi es:
A. cur v1ros trum
A. delicatula
A. ~ion i es

C. liber
C. povelli

C. crebrecosta tus

A. ~ai antes

A.
A.
A.
A.
A.
A.
A.
A.
A.
A.
A.
A.
A.
A.
A.
A.
A.
A.
A.
A.
A.
A.
A.
A.
A,
A.

hors acute
acu tiuscula
~an usta
~bi ibba
~bi ibbosa
binodis
caoensis
coffeaeformis
cos tata
dubia
~erepia

antes
crenulate
~hei ina
laevis
laevissima
lanceolata
meandrina
mexicana
obtuse
ostrearia
~orcellus
p r0 t au s.

lobuste
terroris
~tur ida
ventricosa

Auricula ~mar inata

2—'"
C'.~ldhneis brasiliensis
C. formosa

Chaetocerus cinctus

Cocconeis disculoides
C. disculus

|!
C. seudomaroinata
C. scutellum

C. striata
C. stolorum

C. lorenziana

~Cmbella cistula.

D.
D.
D.
D.
D.
D.
D.
D.
D.
D.
D.
D.
D.
D.

bombus v.'ombiformds
camovlodiscus
chersonensis
crabro
eudoxia

~eu enia
musca
giebelli
mediterranea I
notabilis
ovalis

t
seudobombiformis.

smithii
suboirb icularis
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Fraeillaria constricta
ninnata

G.
G.

oceanica
ser entina

Frustulia s,xonica v. rhomboides H.
If.
1f.
bf.
H.

pracilis

~ranulete
prunowi
horvanthiana

.jelineck
labuensis

Gvros~ima bal ticum
M.,laminaris
M. lanceolata

Licmophora abbreviata
M.
M.

lata
latercostata

L.
sL.
L.
L.
L.

curvata

flabellata
prandis
remulus

H.
lf.
1f.
H.
H.
H.

H.
M.
H.
H.
H.
M.
H.
M.
H.
1f.
M.

lf.
M,
M.
H.

1f.
H.

acutiuscula
affinis
affirmata

~an ulata
~an usta
~aiculata
'lsoerllla

H.. foliolum
tf.
H.

frickei
~ibbosa
eilberti

bahamensis
bald~ikiana
barbadensis

binotata
braunii
cocconeiformis
concinna
cribrosa
crucicula
~deci iens
densistriata
~ale ans
entoleia
~er threes
eu:<ina
fallax
fimbriate

M.
p's ~

H.
M.
H.
M.
M.
M.
M.
H.
M.
M.
M.
M.
H.
H.
M.
M.
H.
M.
H.
H.
M.
H.
M.
H.
H.

latercia
linea ta
manifera
ova1 is
overs
ovulum
ovum paschalc
parve
~era alii
j>ulcheiia
Pulllile

pusilla

~re ula
robusta
rostellata
schmidti
smithii
~slendida

subaffirmata
submarginata
tenera
undulate
varians

Navicula acus
N.
N.
N.
N.
N.
N.
N.

N.

~ca ensis
clematis
~cus idata
directa
~ele ans
forcipate
granulate
~henrcd. i v. rranca
lacustris
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R.:~lon a
N.
N ~

N.
N.
N.
N.
N.
N.
N.
N.

macula ta
marina
~ere rina
rhombicula
subcarnata
subtilissima eleve

var a.dula
varrensis
zos ter et ti

P. affine
P. ~an ulatum
P. ~com actum
P. decorum
P. fozmosum
.n

P. ~lon um
P.'aviculaceum
P. spencerii
P. ~stri osum

Neidium a'ffine
iridis Pseudonitzschia,sicula

Nitzschia sp. Rhabdonema adriaticum
N.
N.
N.
N.
N.
N.
N.
N.
N.
N.
N.
N.
N.
N.
N.
N.
N.
N.
N.
N.
N.
N.
N.
N.
N.
N.
N.
N,
N.

acicularis
~aiculata
closterium
circumsuta
gracilis
grandis
granulate
~hun aries
kittli
linearis
longissima
lorentiana
martiana
mediterranea
navicularis
palea
|! "
plane

2'="'unctate

seriate
~si ma

~si ma v. pmxima
sipmatella
slgmoidea
socialis
trvblionella
vermicularis
vitrea

~Rho alodla gibba
R. gibberula
R. musculus

Striatclla ~interru ta

Surirella fastuo a
S. gemma

~Sandra acus
S. bacc'llaris

S. frauenfeldii
S. ~ful ens
'S. gailloni

S. ~eland ida
S. ulna
S. undulata

T. siesta

Peridinium sp.
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Figure VII-3 is a bar graph of the total number of these species found at each
station during the period. The data indicates a distinct decrease in diversity at
those stations 'strongly influenced by the effluent outflow. Further spe ifxc
identifications have not beeri carried out by the present investigator due ro lack
of time. The average temperature for each sampling interval is recorded in Table
VII-2.

:~;; le VIi"3 ihows the species and temperature distribution of the dominant
epiphytic diatoms at the Turkey Point area; the two major dominant species were
Cocconeis placentula and Frustulia saxonica v. rhcnCooides. Periodically, the
genera ttastosloia and Svnedra appeared as the dominant. species. 1n most ins'cances,
the mixture of species within the genus Hastoatora was so diverse thee the specific
names have not been given. The most abundanc species within che genus was >~la..to loia

two distinct species with different temperature optimums, One of these is directly
associated with Frustulia. Temperature relations and seasonal appearance indicate

Frustulia growth.

The optimum growth period for Cocconeis was withir the cooler temperature range
of 25 to 27' with a second peak between 30 co 33'. C (Figure VII-4). This second
growth peak was found during the fall transition period. Cocconeis never was the
dominant species at the two stations (52 and 28), farthest away from the effluent
and least effected by it. Cocconeis occasionally dominated at; both high and low
temperatures at Station 45, farther offshore than Station 28 and equally as deep
as Station 52. This suggests that something in the plume area is necessary for
its dominance or that something offshore is inhibiting it; neither possibility is
directly related to temperature.

At all stations during some interval tnroughout the year Frustulia was found
to be dominant. Even though it is eurythernic, it has its primte dominance in late
spring, lasting through the summer at a temperature range of 31 to 36" C.

During the spring (23 to 29') and fail (28 tb 30') there was a tendency
for Cocconeis and Frustulia to appear as co-dominants, Also there is a suggestion
that cooler stations approach transitional stages before the warmer stations, thus
though cyclic patterns may be similar, there is a lag or gain in phase at some
stations in fall and spring respectively, at the effluent effected stations.

Table VII-4 shows the average daily chlorophyll concentrations at each station
per sampling interval. The equation Ca (chlorophyll-a) = 15.6 E66 -2.0 E645-0 ' E630
was used to derive these values. Ric,hards arid Thompson (1952) u~e a version of
this equation on pigments that were extracted in 1 litre of 90/ acetone and measured
in a 1-cm spectrophotometer cell and thus their chlorophyll-a units were in mg
Chl.a/L. In this investigation the pigmerits are extracted in 35 ml of 90/ acetone
and measured in a 10-cm cell, therefore, the values given in Table VII-4 may be
converted into units of pg chlorophyll-a per 1" x 3" slide by multiplying by 3.5.
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SAMPLING
INTERVAL

1970
3/23 - 4/22

„J

4/22 " 6/.2

6/2 - 6 18

6/18 - 7/21

7/21 - 8/4

8/4 - 8/17

8/17 - 9/3
I

9/3 - 9/25

TABLE VII"2

AVERAGE TEMPERATURES AT ALL STATIONS PER SAMPLING INTERVAL

hfARCH 1970 - APRIL 1971

SEI 24 35 34 . 26 45 13 52 18. 28

29. 2 28. 4 28. 4

30. 7 29. 9 29. 9

28. 1

29. 6

27. 5 27. 3 26". 2 25. 9 25. 7 25. 2 25. 1

29. 0 28. 8 27. 7 27. 4 27. 2 26. 7 26. 6

35.0 34.2 34.2 33.9 33,3 33.1 32.0 31.7 31.5 31.0 30.9

35.8 35.0 35.0 34.7 34.1 33.9 32.8 32.'5 32.3 31.8 31.7

36.2 35.4'5.4 35.1 34.5 34.3 33.2 32.9 32.7 32.2 32.1

35.5 34.7 34.7 34.4 33.8 33. 6 32.5 32.2 32.0 31.5 31.4

33,2 32.4 32.4 32.1 31.5 31.3 30.2 29.9 29.7„ 29.2 29.1

35.1 34.3 34.3 34.0 33.4 33.2 32.1 31,8 31.6 31.1 31.0

0-

'27. 0

28. 5

26. 8

28. 3

31. 1 30.8 "

33. 0 32. 7

32,8 32. 6

33. 6 33. 4

34. 0

33.3

33. 8

33. 1

'.:TOTAL AVG. 'TOTAL"AVG.
TEWi. MITH TEhP. M/0

SEI SEI

9/25 - 10/21

10/21 - 11/18

11/18 - 12/16

31,0 30. 2 30. 2 29. 9 29. 3 29. 1

28. 2 27. 4 27. 4 27. 1 26. 5 26. 3

28. 0

25. 2

27. 7 27. 5 27. 0 26. 9

24. 9 24. 7 24. 2 24. 1

20. 9 2~. 1 20. 1 19. 8 19. 2 19. 0 17. 9 17. 6 17.4 16;9 16. 8

28. 8

26. 0

18.7

28. 6

25. 8

18. 5

1971
12/16 - 1/23

1/23 - 2/24

2/24 - 3/29

3/29 - 4/30

25,5 24.7 24.7 24.4 23.8 23. 6 22.5 22.2 22.0 21,5 21.4

23.3 22, 5 22.5 22. 2 21. 6 21.4 20. 3 20. 0 19.8 19.3 19. 2

26.2 25.4 25.4 25.1 24.5 24.3 23.2 22.9 22.7 22.2 22.1

27. 2 26.4 26.4 26. 1 25. 5 25. 3 24. 2 23. 9 23. 7 23. 2 23. 1

23;3

21. 1

24. 0

25. 0

23. 1

20. 9

23. 8

24. 8
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TABLE VII-3

SPECIES AND TEMPERATURE DISTRIBUTION AT ALL STATIONS

SEPTE'AABER 1969 - APRIL 1971

8TATTOiN:

DEPTH:.

1969

SEI

l. Tm
I

24 35 16 34 26 45

~l. 3m/ ~1. ~8m ~1. Om ~1. 8m ~1. 6m ~2. Om

13 52 18 28

~1. Om ~2. ~Om ~1. Om ~1. ~6m

9/3 - 10/1
C

33. 0 32. 2
F-C

32. 2
F

31. 9
C

31. 3
C

31. 1
C

30. 0

C-*F

29. 7

.F-mS
29. 5

P mS-P
29. 0 28. 9

10/1 - 10/15 31. 4 30. 6

P-C
30. 6

F
30. 3

F
29. 7 29. 5

C

28. 4
mS

28. 1 27. 9 27. 4 27. 3

10/15 - 11/13 ' 25.4 24. 6
C C

24. 6 24. 3
F

23. 7

C

23. 5
C

22. 4
C "P mS mM

22 1 21 9 . 21 4 21 3

I1/13 - 12/31
C

24. 6 23. 8
C-mS

23.8
C

23. 5
C

22. 9
C

22. 7

mS-C
21. 6

C

21. 3
aH-mS

21. 1

F-mM
20. 6 20,5

1970
12/31 - 3/23

C

23. 7 22. 9 22. 9

C

22. 6
C

22. 0 21. 8
P

20.7
C

20,4
F

20. 2
F-mS

19. 7 19. 6

3/23 - 4/22

4/22 - 6/2

F
29. 2 '8.4

mM

30.'7 29 ~ 9

28. 4

mM

29. 9

C-F
2S:1

mM

2986

P
27. 5

mM-F

29,0

mM-F

27. 3

mM-.F

28.8

26. 2

mM

27. 7

25. 9

27.4

25. 7

mM27.2'5.
2 25. 1

mM

26,7 '6.6
6/2 - 6/18

F
33.2 32.4

F F
32„4 32„1

F
31.5

F
31.3

mM

30,2
P

29. 9
F F F

29,7 29. 2 29. 1

6/18 " 7/21
F

35,1 34.3 34.3
m

34.0
F

33.4
F

33. 2 32,1
C

31. 8
P F F

31„6 31. 1 31,0

7/21 ' 8/4
F mS F Pms P F P F P

35. 0 34„2 34. 2 33„9 33. 3 33. 1 32. 0 31„7 31. 5
F F

31.0 30,9

S;.,' 8/17
P P F

35 ~ 8 35„0 35.0 34.7
F mS F F m

34.1 33,9 32„8 32.5 32„3
F F

318 8 31.7
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TABLE VII - 3 CONT

SPECIES AND TEMPERATURE DISTRIBUTION AT ALL STATIONS

I

STATION:

DEPTH:

SEI 24
I

~15m ~1. 3m

16 34

~18m ~10m ~1. 8m

26

1„6m 2. Om

13

l.Om

52

~2. Om 1 Om

28

l. 5m

8/17 " 9/3 i

F mS

36.2 35.4
F

35,4
F

35,1
mS

34,5
mS

34„3
F

33.2
C

32„9
F

32. 7
F

32.2
F

32.1

9/3 - 9/25
F 'S

35.5 34„7
F F

34.7. 34.4
mS

33.8
mS

-33. 6
F

32.5„
C F

32.2 32.0
F

31. 5
F

31.4

9/25 - 10/21

10/21 - 11/18

i11./18 - 12/16

28„2
F-C *

27.4

20,9 C'0,1

F C-F
31.0 30. 2

C-mM
30. 2

C-F
29. 9

F C-mM

29.3 — 29„1

C C F C

27 ' 27. 1 26.5 26,3

F-C . F F C

20. 1 19.8 19 ' ~ 19,0

28 '
m

25,2

17. 9

C

27.7

C-F
24. 9

F-
17. 6

mS

27.5

mS-F
24.7

F
17.4

C

27,0

C

24.2

C

16„9

F
26. 9

F-mS
24,1

F
16. 8

1971
12/16 - 1/23 25,5

C

24,7
C C

24,7 24,4
C mS-mM

23,8 ..23„6
C

22.5 22.2
mS-m'2.9 C

21.5
mS

21,4

1/28 - 2/24
C

23.3 22 5
C C-mS C

22 ~ 5 22, 2 21. 6 21.4 20.3
C mS C mS

20.0 19,8 19.3 19,2

2/24 - 3/29

3/29 - 4/30 27„2
C m'&mS m C m m m mM m m

26.4 26,4 26. 1 25.5 25.3 24.2 23.9- 23.7 23.2 23.1

C C C m C m C m m

26,2 25.4 25„4 25.1 24,5 24.3 23 ~ 2 22.9 22.7 22.2 '2 ~ 1

C

F
m

mM

mS

Frustulia saxonica v. rhomboides
mixed dominents

mixed species of ~Snedra
unctifera
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O.
- TAB'L'E-VH 4-

AVERAGE DAILY CHLOROPHYLL a CONCENTRATIONS "< PER SAMPLING INTERVAL

SAMPLING
INTERVAL

NO. OF
DAYS

MARCH 1970 - APRIL 1971

SEI 24 35 16 34 26 45 13 52 18 28

TOTAL AVG. TOTAL AVG,
vliTH MITHOUT
SEI SEI

1970
3/23-4/22

4/22-6/2

6/2-6/18

6/18-7/21

7/21-8/4

8/4-8/17

8/17-9/3

9/3-9/25

30

41

16

33 .

14

17

22

9/25-10/21 26

10/21-11/18 28

11/18-12/16 28

.026 .036 .054 .030 .052 .059 .024 .019 .064

. 040 . 078 . 056 . 047 . 064 . 036 . 024 . 044 . 024 . 044

. 113 . 135 . 188 -.. 100 . 181, 129 . 087, 068 . 071

.076 . 022 ' 060 .057, 041

,118 .108 - .112 .193 .088

. 195 . 059 .085, 103 . 101

.153 .062 .019 .021

, 124 . 047 . 014 . 028

. 216 . 031 . 014 . 026

.043 .030 ,032 .048 .055 .027 .046 .045 .031

.039 .045

..039 .065

. 028, 048

. 052 . 059

.060 .043 .039 .026 ,043 .042 .068 .017 .040 .026 .082

, 216 ' 033 . 024 . 043, 036, 027 . 030 . 020 . 013 . 014, 031

. 023 . 049 . 035 . 100 .080 .058 . 014 . 034 .030 , 051

. 184 . 024 . 039 .080 . 031 . 064 .027 . 013 ,023 ,049 . 045 .053

. 054

. 085

. 082

.043

'. 044

. 044

. 040

. 046

. 119

.031

.040

.052

.082

.071

. 043,

. 043

, 027

197i" '
*'2/16-1/23 38 . 066 . 016, 032 . 032, 023 . 053 . 020 . 017 . 014, 015 . 032 , 029 .025

1/23-2/24 32

2/24-3/29 34

3/29-4/30 , 33

.072 .021 .046 .028 .026. . 017 . 020 008 , 027

. 065 . 044 . 015 . 024 . 022 . 024 . 015, 015 . 015 . 018

. 040 . 044 . 045 .024 .051 .037 ,023 .025'015 .027

. 029

.026

,033

. 024

.021

.032

* To obtain ug chlorophyll a/1"x3" slide, these values are multiplied by 3,5.
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Thil unit of measure is designated throughout this report by the label, chlorophyll-a
concentration (~).

Figure VII-5 shows temperature plotted against chlorophyll-a concentration,
can be throughout the entire year the 'chlorophyll-a values were generally higher
at those. stations within the effluent plume (Stations SE-I, 24, 35, 16, 34, 26).
During the winter when the temperature was 17 to 25' Cocconeis was the dominant
species at these stations and the corresponding chlorophyll-a values are relatively
low. The transitional qtations 45 and 13, show either Cocconeis, Frustulia, or
mixed Svnedra as dominant (except Station 13, which was generally anomalous) during
the winter intervals.

During the spring and fall when the temperature ranged from 25 to 31' there
was an increase in chlorophyll-a content, at all stations (there is no data for
the spring of 1970). At Stations 28, 13, 52, and 18, away from the plume, the
spring and/or fall chlorophyll-a averages were the highest values for the year.

The highest chlorophyll-a values occurred during the summer (31 to 36')
at the stations within the effluent plume (Sta. SE-I, 24, 35, 16, 34, 26) and these
values correspond vith dominance of prus tulia and mixed. species of ~Snedra. At
each one of these stations the values fluctuated between the highest for,the year,
to those typical of the spring and fall concentrations. At. Station 24 and 16, the
chlorophyll concentrations dropped to extremely low values. These extreme

fluctua-'ions

may indicate that the organisms are thriving at.a temperature so close to
their critical level, that any change of another parameter could drastically alter
productivity.

During the summer months the stations with little or no influence from the
effluent, (Stations 52, 28, 18, 13) were also dominated by Frustulia (except for
Station 13 which has both Cocconeis and Frustulia showing .as dominant), but the
chlorophyll values were not high. At Station 52, 28, and 18, they were similar to

'hespring and fall concentrations 'and at Station 3;3 they were lover than the winter
concentrations. Further analysis of this data is being conducted,

Figure VII-6 shows average daily temper'ature, chlorophyll-a, and diatom weight
values for the entire Turkey Point area at each samplinz interval. There is an
apparent correlation between chlorophyll-a concentration and weight, but the ratio
of diatoms to the total accumulated weight has not been calculated. Analysis of
individual stations, such as SE-'I shown in Figure VII-7, may supply some answers
concerning the relationship of the diatoms to the accumulation of other periphyton.
For example, an extremely high chlorophyll concentration and a corresponding low
weight value occurred during the interval ending December 16, 1970, at a time
where the species population of the slide was 99% Cocconeis. The oval Frustules
of the Cocconeis on the slide were touching one another at all points possible
but there was no overlapping or second layer formed. The corresponding low weight
may indicate that with a high, number of this particular type of diatom cell covering
the entire 'surface of the slide, there was little surface room available for
attachment of other organisms, thus the weight max be attributed mainly to diatoms,
and..its low value to the lack of attachment of other periphyton (Table VII-5),

VXX"15





t ~

~ ~

~ ~

~ ~

~ ~

~ ~

~ ~

~ I

~ ~

I ~ ~

~ ~ ~

~ ~ 0 ~





.200
STAT lON 26

.I 50

. 100

0
\ 0

.050

O
R
O .200
O

. I50

S TAT I ON 34

a loo

.0500"

Q.
0
0

.200
O

. I5 0

~(
X

S TAT l ON l6

. Ioo

.050

X

jc

0

I4 I6 IS 20 22 '4 26 20 30 32 34 36 38 40

TEMPERATURE (oC)

LEGEND X FRUSTULIA
2 COCCOWEIS

0 MIXED MAS.TOGLOIA

0 MIXED 'YNEDRA
0 MIXED

FIGURE VII-5 .Continued

VII-17



0



.200

.I.50

. I op

-050

O
.200

X p 0 00

Q
-l50

. IOO

x
~ 050

0
K
0
.J

O .200

.I50

S TA t l 0 I'j 4 5

;ID 0

.050
0

0 0
X".

XX

l4 l6 IO 20 22 24 26 20 30 32 34 36 38 40

TEMPERATURL (DC)

LEGEND X FRUSTULIA
Q COCCONEIS

0 hIIXED hIASTOGLOIA
0 MIXED SYNEDIIA

0 hllXED

FIGURE,VII-5 Continued





.200 STAT l ON I 8

~ I50

.IOO

O
0500

0 Is a

x

xx

0-
. 200

0
0

. I50
0
X .IOO
O

. 050

x Q ~ 0@A O

STAT tOIN I 3

l4 l6 IS 20 22 24 26 28 30 32 34, 36 38 40

T EMPERATURE (DC)

LEGEND x FRUSTVLIA
Q COCCONEIS

tl Ml XE D MASTOGLOIA

0 MIXED SYNEDRA

0 MIXED

FIGURE VII-5 Continued





40.
ld
Cc

I-

~U 20.
uJ 0
0

uj
I-

.I2

loi

0

0 ~r

oo
Ir O
0
x

.OG

~ OG

.04

.02

3.0

2.0

I.o

~ ~

0-

C} 4/22 G/2i 7/2l i8/17'/25 IO/2l i l2/IG I/23 2/24 3/29 4/30
G/IG G/4 9/2 II/IG

l970 l9? I

FXGURE VXX-6 Total Averages of All Stations —
,
excluding SEX Per Sampling

Xnterval (March 1970-April 1971)
A. Temperatures ('C)
B. Daily Chlorophyll a Concentration (* See Table VXX-4)
C. Daily Weights (mg)

VXX-20





40.
R

50.

K t3
0 20 ~

Q.

10.
I-

.200

X ~ .150
n. ~
o~

.Ioo
0

.050

I.500
E

1.000

I-
0.500

O.1 00

4/22 9/211 7/21(6/17$ 9/25 10/21 g 12/16 1/25 2/24 g 4/50
G/I G 9/4 9/2 I I/18 5/29

1

1970 1971

FIGURE VII-7 Total Averages For Station.SKI (August
A. Temperatures ('C)
B. Daily Chlorophyll a Concentrations
C. Daily Weights (mg)

1970-April 1971):

(» See Table VII-4)
I





SAMPLING
INTERVAL

r

I
I

I

NO. OF
DAYS SEI 24 16 34 26 13 52

TABLE VII " 5

AVERAGE WEIGHT IN MILLIGRAMS PER DAY PER SA'AAPLING INTERVAL

MARCH 1970 - APRIL 1971

18 28

TOTAL AVG, TOTAL AVG,
WITH WITHOUT
SEI SEI

1970
3/23-4/22

4/22-6/2

6/2-6/18

6/18-7/21

7/21-8/4

8/4>8/17

8/17-9/3

9/3-9/25

. 9/25"10/21

30. . 193 . 300 . 527 . 537 . 613 . 287 . 223

41

16

33

14

14

,461 .763,466 .512 .695 .446 .498,591 .456 .756

2.994 .3.200 3.069 2.975 .825 2.987 2.906 3.076 3.006 2.900

.042,152 .127,215 .200,382 .291 .136 .370,109
1.486,600 .936 .736 .721 .936 .650 .536 . 671 ..671

22'.059 .. 655 . 691 ,855 . 895 .1,491 .391 .459 .532 . 623

'26 ,246 ,250 .215 ,262 ,296 .200 ,235 .312 ,412 .239 .292

1. 129 . 650 . 671 . 707 . 786 1.. 150 , 650 , 500 . 614 . 614 . 629

1.365 .971 1.188 1.435 .982 1.029 .682 .394 .465 .682 .918

.794

, 736

. 919

. 765

. 269

. 383

. 564

2. 794

. 202.

.717

. 697

.875

.732

. 271

10/21-11/18 28 , 671 . 279 . 271 .221 ,346 ,396 ,536 . 211 .350 .329 . 711 .393 . 365,

11/18-12146. 28 ..136 ..F1.... 214 . 150 . 254 -.236 -.293 .168. -,200 .104 ,436
r

. 215 . 223
1971

12/16-1/23 38 . 413 . 058 . 261 . 145 . 150 . 245 . 168 . 113 . 121 . 329 ,216 . 1'92

1/23-2/24

2/24-3/29

32

. 832 . 291 . 347 . 168

. 463 . 250 . 238 . 291 . 356 . 181 . 228 . 194

.253 .144 .206

.466

. 303

, 296

. 318

. 276

. 245

3/29-4/30 -33 .403 .403 .303 ,203 .300 . 276 . 342 . 224 . 485 . 276 . 322 .312





The two high chlorophyll»a peaks shown during the summer month correspond to
Frustulia dominance and the overall high values of these peaks all seem to arise
from the high values of those stations with strong influence (Figure VII-5).

Table VII-6 shows the dai"y average chlorophyll-a concentrations weights and
temperatures of SE-I, the stations und r strong 'effluent influence grouped and
averaged together as did the stat ons with little or no effluent influence. These
values were then used to plot the graphs in Fig.'.res VII-8 and VII-9. Once again
there are two noticable summer peaks in both chlorophyll-a concentration and weight
values, the heights of wh'ch may be attributed to the influence of the effluent
plume,

SU>MARY

This preliminary investigation has surveyed the epiphytic diatom population
.at .Tuxkey Point, defined .the dominant species,and their .respective temperature
ranges, detected seasonal cycles, and determined a distrinction in speciation and
diversity of species between stations within the thermal influence and those
stations out of it.

There was an overall correlation between chlorophyll-a concentration and
weignt values and these correspond with changes in speciation. The distinction
between stations within the outside thermal influence was evidenced by all the
parameters investigated;. change in speciation, chlorophyll-a concentration and
weight values.

i
(

I

The diatom Frustulia flourished in the warmest water and produced the highest
average chlorophyll-a valu s, b t individual analysis of these values at each
station within the effluent shows =apid and extreme increases and decreases in
chlorophyll-a concentrations within the 31 to 36 C temperature range. This
suggests that during the summer months the diatoms at these stations are extremely
'close to their critical temperature level and that alteration of another parameter
could drastically alter producti~-itv. Detailed analysis of this will be under-
taken in con)unc"on with the c!:em='cal data. The possible effects of short term
temperature fluctuations will also be examined.

Cell counts and mode of cell attach":ert will be. undertaken to determine if
there is a significant relationsnip between diatom numbers and chlorophyll-a
concentration. The mode of attachment of th diatoms may effect the accumulation
of other periphyton and thus a ratio of specific diatoms to total weight may be
established with further investigation.

The locations of the stations now being used have served adequately for a
'reliminarystudy, but the information on diatom -distribution, the constancy of

the thermal plume and the circu"ation pattern extending from the effluent canal,
would suggest a more efficient and informative set of stations. One series would
follow the axis of the p"ume and a second series of control stations would be set
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rABLE VII - 6

TOTAL AVERAGES QLh!<CII I')7~ to APRIL 1971) OF DAILY CHI.OROPII'"L a CO'.lCENTRATIO"S (~') .

INFLUENCE STATIONS 24. 35. 16. 34. 26) B. STATIONS V'I; TII LITTLE OR NO EFFLVENTi

SAHP LING
INTERVAL

SEI B

(24,35, (13,52,
16,24, 18.28)

~26

CHLOROPHH.L a AVG

SEI
ti'F.:GHT AVG

A 6
(24,35, (13,52,

26'i

SEI A

(24,35,
16,24,'26

B

(13,52,
13,28)

TEMPERATURE AVG.

1970
3/23 - 4/22

4/22 - 6/2

6/2 - 6/18

6/18 - 7/21

I 7/21 - 8/4

8/4 - 8/17

8/17 - 9/3

9/3 - 9/25

9/25 - 10/21

.184

, 076

, 118

. 195

. 040, 036

. 057, 034

, 143 .075

.057 .032

.048 .033

,067 '.031

.125 .037

,372 .029

.038 .047-

,389

.579

2. 613

. 147

1,486

1. 129

.786

. 793

1, 059

. 246

, 917

.245

1. 365 l. 121

. 255

.575

2. 972

. 227

. 626

.589

, 615

,538

. 314

35,0

35.8

36. 2

35.5

31,0

27.9 25.5

29.4 27.0

31. 9

33. 8

29 ~ 5

32.4

33 7 . 31 3

34.5 32,1

29. 7 27.3

34. 9 32. 5

34. 2 31. 8

3.0/2L.- 11/3.8......0.60 ......,039 ..041 . 671 .303, .400 28. 2 26,9 24,5

11/18 - 12/16 . 216 ,033 . 020 , 136 . 205 .227 20. 9 19. 6 17. 2

1971
12/16 - 1/23

1/23 - 2/24

2/24 - 3/29

3/29 - 4/30

*See TABLF, VIZ-4

.066

. 072

, 065

, 040

.029 .020

.030 ,018

,026 .016

. 041 . 023

. 413

,463

, 832

,403

.200

, 284

. 269

.302

. 188

,296

. 218

.332

25.5 24.2 21. 8

26. 2 24. 9 22. 5

27. 2 25. 9 23,5

23.3 22.0 19,6



outside the plume but at similar depths. Perhaps the close. inshore stations should
be eliminated (except at the mouth of the canal), as they are greatly influenced
by land runoff, solar xadiation, and a circulation pattern significantly different
from the stations off shore. This is suggested by the anomalies that appear at
Stations 13 and 18. A more effic'ent set of locations would reduce the number of
stations necessary and make it more feasible to have constant reading thermographs
at each station to achieve spec fic temperature data. While the calculated
temperature data used to date may not vary significantly from the actual temperatures,
constant temperature data should be taken at each station.

The one month sampling interval seems satisfactory, as suggested by preliminary
studies offshore at Key Biscayne, to show seasonal changes and differences between
stations of similar and dissimilar.,nature, but.,a detailed .evaluation, of .the.vates
of accumulation of diatoms at the Turkey Point area should be made. A series of
slides for such an investigation has been collected, but the data has not been
analyzed. Xt should be pointed out that a diatom population can and does changewithin one or two days, so other parameters must be considered as well as the
number of 'days involved.

Comparison of the dominant species on the glass slides and the Thalassia blades
has recently shown some selectivity between the two substrates. Further investigationwill be made, but because of this, all consideration of data to date is based on a
comparative study using glass slides, a technique employed by Patrick, Hohn and
Wallace'1954).

There may be more definitive methods of chlorophyll-a or pigment analysis
than the procedure employed, but thc strong correlation of chlorophyll-a data
with speciation, seasonal changes and weight data support its adequacy for a base

byline

study. Other techniques are being researched as to feasibility in terms of
time, expense and application to this situation. Further consideration of these,
techniques is eminent for some measure of primary productivity essential (see
Section IX).

The overall results to date are that basic seasonal patterns and relation-
ships between stations have been established which may be used as the foundation
for more detailed analysis, and significant problems for future investigations
have been indicated.
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VIXI MICROBIOLOGY*

GENERAL STATEMENT

Experience over the last few months has lead to the conclusion that the
microbial component of the Card Sound system is likely of major importance in
the production and turnovez of organic materials. Certainly, we are convinced
that the system cannot be described or understood without good information on
miczobial activities..

Good information in this are can be obtained only if support is avail-.
able for the development of reliable techniques. A recent meeting convened
by the Scientific Couricil on Oceanographic Research, at which Dr. Bunt was an
invited consultant, made this fact especially apparent. Given suitable tech-
niques, the distance of Card Sound and its biological variability are such
that adeq'uate personnel and field laboratory support is crucial to make pro-
grams of this description minimally effective.

METHODS

Station Kee in

The success of programs which call for the assessment of microbial stand-
ing stocks and activities is critically dependent upon facilities for rapid
processing of samp'les and experimental materials. Card Sound is sufficiently
distant from laboratories at the School of Marine and Atmospheric Science that.
a small research vessel is as essential as the most remote oceanic investiga-
tion. Faced with inflexible experimental needs and the logistic problems of
providing an assortment of working equipment in the field, early efforts with
small boats were frustrating and abortive, Measurements of carbon fixation
and other processes in situ were not feasible and time inadequate for sample
treatment following a day of collecting.

Ultimately, a minimal program was initiated as an extension. of studies
being conducted with National Science Foundation support using R/V CALANUS

for 24 hour periods roughly at monthly intervals as permitted by existing
ship scheduling. Under these conditions, it is possible to occupy three sta-
tions on each visit to the Sound. Station positions are shown in Figure I-3.
All samples are collected using SCUBA with assistance, where necessary, from
the ship's winch equipment. Routinely, water samples are taken in Niskin
samplers held horizontally and manually tripped immediately below the surface,
immediately above the bottom and at middle depth. Sediment samples are col-
lected. in plastic cores in tr'plicate at each station to a depth of 5 cm.

After pouring away the supernatant, the sediments from each station are
bulked together and mixed in sterile plastic bags.

* Dr. J. Bunt





S tandin Stocks

Photosvnthe "ic Pion-"nt.".: 'fhe final method of analysis mas essentially
" that described by Strickland and Parsons (1965) although our spectrophotometer

cannot accommodate a 10 cm cuvette, This fact creates d. "':iculty in filtex'ing
suxfic'ient water for extraction. In the past, this has limited the number of
water samples that could be handled because the rate of filtering through stan-,
dard 0.45)'illipore filters is too slow. Cprrently >re a e using slightly
coarser teflon-coated glass 'b"r filtex's and these are giving promising results,
making it possible to .t.eat surface, midwater and bottom water samples at each
station, Even with 10 cm cuvettes it is likely that it would be necessary tofiltex inconvenient volum s oz water for this analysis,

For the determination of pigments in sediment materials, samples of known
volume are placed in 90% acetone for extraction. immediately after collection
and stored below freezi.g and in darkness pending return to the laboratory.
Thexe, a final extraction is made by repeated ac tone washing and centrifuga-
tion. Parallel sediment samples are u™ed for determination of wet and oven-
dry weight. In reduction of data, no allowance is made for the existence of
breakdown products of chlorophyll and other pigm=nts. Expression of results
in terms of chlorophyll a, etc., a:e, therefore, assumptions.

Particulate Carbon: The analysis for particulate carbon follows the
method described by Parsons and Strickland (1965), Hater samples axe filtered
dixectly through glass fiber filters, .Sed'ment samples are taken from dilu-
tion series prepared fox microbial viable counts and other purposes.

Plate Counts for IIeterotro hi.c Microor.anisios: This procedure has been
adopted routinely to provide supplement 1 information to index the microbial
populations, It suffexs from all the shortcomings of such techniques but, in
accumulation, is expected to provide data of comparative value.

Samples of water are taken w'ith hand-held sterile syringes, measured
aliquots of which are filtered thri~isgh sterile assemblies supporting 0.45~
Millipore filters. The zilters are t:ransferrcd aseptically to the surface
of a seawatex nutrient agar based on a medium devised elsewhere for soil
microbial populations, This m d'um, the composition of which appears below,
has been found to give markedly higher colony counts than several other media
tested. Dilution "eries are pxep'axed from sediment samples and aliquots
filtered from selected dilutions.

CULTuRE MEDIUM FOR HETEROTROPIIS

K2iIP04
IQ 03
Asparagine
Mannitol
Agar
Seawater

2 . mg
20 mg

0.5 g
1.0g.

15.0 g
1 liter
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Only one f'iter eacl! was plated 'from the surface, mid and bottom water as
wall as sedia!ent "t each station; replication was not possible. Plates so
prepared are in.ubated at 30 C ar.d counted aft'er 2-3'days and again after, 14
days ~

Cs;-bon .".'i.. =,t'.n Ru phot~ca"n".h ..-.is: photo" pathetic ectivity.is rsea-ured
dn s'u cs'-rm ..'nca"c'. p"o-ad- "c.". c. sent ally ".he same as desc::ibad by
Strickland a..n P"rsons (1965),:-'or logistic reasons, incubations o» all water
and sed»ment samples are made at: Station .l. One light ar;d one dark bottle are
filled with water taken at the surface, mid-depth and bottom at each station,
An aaditior.=-=l ligi;t and clark bott:le receive -l.ml each of v =elected sedimei!t
clilution a"..d a.-e filled with filte ed water. Hach bottle is then injected with
10@ Ci 5'aH14003 and the bottles suspended on moored 1 nes away from the influence
of the ship's hull., Xncu ation»s ailoved to continue for four hours from 1000-
1400 hours aft=r which the contents of the bottles are filtered through 0,45~
Hillipore »ilteros and :~ried for t: ansport back to the laooratory. The iilt:ers
are not »umed with ll"1 out are washed vith a small volurre of "cold", filtered
estuarin water.

The f»lters a"e counted for 10 minutes in a low background, high efriciency
end window gas flow counting system using precounted planchettes.

Some e:<,".loratcry mcas..r ments have been made also of carbon-14 uptake by
selectec rr™croaigae using l.quid scintillation techniques for counting. A
number of technical problerA have nad to be solved in t:he course of this work;
hopefully the procedures vill be improved,.

At tee present ti..e the t~~hr!ique being used involves exposure of small
p eces cf algal thallus to NaH C03 in unen".iched filtered estuarine water
either on de k or ".'.n situ, A*ter various incubation times, both lignt and *

daric. sample cf t:!alii are removed from the flasks washed rapidly and then
store'r. plastic viais in t:he freezer, tfti»r return to the laboratory, the
trailus samples are d-ied to constant weight, powdere$ and tl!e activity of
s,all al'quo"..s dete mired by 1'quad scintillation. Samples al-o are counted
from tl;e»i.'»d in which the "lgae were suspended,

irma ~cA I:i"i b", f.".'S aspe"'f the work has raised a number of
t chnical o='ff»cultic,, Early attempts to measure the oxygen cor!sumption of
all pla.:~ on =:.,"-. eriais la»ge'" thans 0.45@, proved impractical because we
lacked the p=rso";;! 1 and "re facilitues to f»lter suf icient:ly large water
samples to satisfy even the highly sensit:ive oxygen electrode assembly being
used. The same elect ode v=s ch«micaliy poisoned when exposed to the I!ighly
anaerobic se 'ir,"...."s o the Sound,

Some er" ort 'rwas made to use lbarburg te"nniques alt:hough it is doubtful
what mean»ng al auld be attacs!ed to results based on materials which normally
are oxygen tarved and not engag.di in aerobic proces-es except, perhap-, at
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the immediate surface. In any case, routine use of manometry could not be
contempla'ted because th- production of unidentified gases sometimes obscured
any oxygen consumption that may have been taking place,

Currently, degradative metabolic activity including detection of methane
production with g s chromatography are being explored, it is important that
a solution be found to this difficulty so that some indication be available
of microbially induced organic overturn,

Nitro en I:ixation: Under anaerobic conditions, or in situa'tions support-
ing heterocystous blue-green algae, it would be expected that biological
nitrogen fixation might contribute significantly to estuarine fertili"y. To
explore this possibility, a technique modified by Bunt, et al. (1970) for
underwater use and depending on acetylene reduction to rerlect the existence
of nitrogen fixation has been applied. Until recently, incubation of sediment
samples has been for 2-3 hour.".. Tnis -ncubation was too short, however> good
positive data now has been obtained by extending incubations to 24 hours or
even longer.

RESULTS AND DISCUSSiON

Photos n the tic Pi. ments

Levels of chlorophyll a found in the sediments are lis't:ed in Table VXXX-1
and levels in the overlying water. in Table VX1I-2, Concentrations of chlor-
ophyll a in the water have been remarkably low up to the present but relatively
uni.form between stations and with depth. Xn contrast, concentrations of the
pigment in the sediments have been high and widely variable, Accordingly, it
is our intention to take a larger number of cores on subsequent samplings and
to make extractions of each core individually.

If all the chloropnyll a determined came from viable a'lgal cells and if
one assumes a reasonable ratio of 50 for cell carbon: chio"ophyll a, one
would reach the conclusion that phytoplankton standing stocks have been no
greater than 13,5 mg carbon/m3 while the benthic microalgal, populations have
been in the range of at least 50 mg carbon/m2 up to as 'nigh as 630 mg
carbon/m2. it will be necessary to establish what proportion o the recorded
pigment came from living cells.

Particulate Or anic Carbon

The few data for this parameter are given in Tables VXXX-3 and VXXX-4.
Levels in the water may be considered in comparison with coin@on open ocean
values around 250 mg carbon/m3. ine bulk of the standing stocks of carbon in

'I

the water presumably are non-algal and are believed to be detrital. It is "his
material that makes ifillipore fi1tration so slow.'

Only a very small part of the organic carbon in the sediments can be asso-
ciated with living microalgae and it is safe to assume thati the bulk is detrital.
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TABLE VIXX"1

CONCENTRATIONS OF CHLOROPHYLL a IN THE SEDIMENTS AT
THREE STATIONS IN CARD SOUND DRY HEIGHT SEDDKNT

STATION

November, 1970

February, 1971

March, 1971

May, 1971

1. 75

3.50

5. 88

l. 58

1. 88

2,78

8,00

0. 99

1. 78

10, 80

12. 60

2,05

TABLE VXXI-2

CONCENTRATIONS OF CHLOROPHYLL a IN WATER SAMPLES AT
3TK<EE STATIONS XN CARD SOUND . /m

STATXON

~ 3

December, 1970

Surface Water

Bottom Water

0. 27

0,25

March, 1971

Midwa ter

May, 1971

Surface Water

Midwater

Bottom Water

<0,25

0. 21

0,17

~0.17

~0,25

0,23

0. 25

< 0,17

0,32

0. 09

0. 21

z 0.17
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TABLE VIIX-3

5TANDXNG STOCKS OF ORGANIC CARBON IN TiiE SEDQr'NTS
AT TiiiZEE STATIONS m / DRY HHIGIiT

STATION

March, 1971

May, 1971

2.6

22,0

3.5

5.0

ll.1

17. 1

TABLE VIII-4

STANDING STOCKS GF PART>CULATH ORGANIC CARBON IN TiiH
'i/ATER AT lriREE STATIONS m /m~

STATION

Midva ter

March, 1971

May, 1971

85

300

890

392

189

431

TABLE VXII-5

PLATE COUNTS OF ViECROOPGANISMS MAINLY BACTERIA IN
SHDIHHNTS AT TkBHE STATIONS i~iILLICNS/ .d.v.

STATXON

December, 1970

February, 1971

2. 15

8. 10

2. 90

0. 80

3.35

2. 33

March, 1971 Method Failure 0. 41

May, 1971 0. 75 0. 22 l.73
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On the basis of present analyses, the mean organic carbon content is 460 g
carbon/m2 in the surface 5 cm but can range as high 'as 1245 g carbon/m as in
the samples from Station 1 in May.

We consider it important to take more extensive sediment samples to better
characterize the distribution of detrital oxganic materials.

Plate Counts of Heterotro hic Microor anisms

With the medium in use, only bacteria have been recovered up to the present
--time. Viable counts in -.the water, as"shown 'in Table VIIX-6 are remarkably low

but relatively uniform in terms of density.

Much higher numbers have been recovered from the sediments (Table VIII-5).
Considering the strongly anaerobic nature of the sediments, these counts prob-
ably represent only a small proportion of the total population. Assuming an
average cell size of 2 x lp<, a cell moisture content of 50% and that 50% of
the cell organic matter is carbon, it may be calculated that, in May the
populations recorded would have amounted to 17, 6 and 16 mg carbon/m in the
surface 5 cm at Stations 1, 2 and 3 respectively, With total particulate
carbon levels of 1245, 360 and 410 g/m2 in the top 5 cm at the same stations
at this time, the bacterial populations recovered represent respectively
0.0013, 0,0016 and 0.0039% of the detrital carbon, The total population
could represent at least 0.01% of the organic reserve, not including xungi,
protozoa, etc.

Were the microbial populations to replace themselves every two hours,
on the average, then complete. turnover of the organic reserve would require
something like three years. Although this is a purely speculative argument,it will be one useful point of reference in attempting to establish whether
or not the Card Sound estuary is changing in character with time.

According to Heald (personal communication), mangroves in South Flori'da
produce around 1-2 g carbon/m /day. If this material alone were to reach
Card Sound at these levels/unit area, it is likely that total decomposition
could be accomplished by the indigenous microflora. It is hoped that addi-
tional data and a refinement of techniques will improve the reliability of
this type of budget keeping.

Carbon Fixation b Photos nthesis

Data for this work is listed in
able increase in activity was found
the sediments and the water column.
carbon fixation were much higher in
Note that in March highest rates of
In May, however, highest rates were

Tables VIII-7 and VIII-8. A consider-
to occur between March and May both in
Further, the .levels of photosynthetic

the sediments than in the water column.
carbon'ixation were recorded in midwater.
found close to the bottom.
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TABLE VIII-6

PLATE COU>ITS OF HICROORGANISt1S kfAINLYBACTERIA IN
MATER. AT THREE STATIONS COLONI;S/ml)

STAT ION

February, 1971

Surface Mater

Midwater

Bottom Mater

March, 1971

Surface Mater

Ib.dwater

Bottom Water

74

39

38

38

17

38

36,

25
'0

91

May, 1971

Surface Water

Hidwa ter

Bott'om Water

25

27

27

23 .

32

24 ~

31

TABLE VIII-7

RATES OF PHOTOSYhZHETIC CARBON FLOTATION IN~l/ *

STATION

3

%larch, 1971 30.8 65.9 68.5

190.0106.4 237.0Ifays 1971

"=Assumes all photosynthetic cells are
Data based on sampling surface 5 cm.

at surface of sediment.
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TABLE VXIX-8

}V.TES OF PHOTCSYNTHETXC CARBON FIXATION XNTO CELL
~l»

STATXON

1 Mean 2 Mean 3 Mean

F bruary, 1971

Su"face Wa ter

Mfdvater,

Bottom Water

0.91

l.50

March, 1971

Surface Water

Mkdva ter

Bottom Water

1,15

1,69

1,74 ',53

0,73

1 60

0, 91 1,08

0,73

2.44

1,66 1,61

, May, 1971

Surface Water

Mldwater

Bottom Water

2. 65

2. 60

3. 07 2. 77

3. 25

3. 69

4. 62 3,85

2,64

3,86

4,24 3,58
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Xt is especially interesting that the mean rate of fixation/m /day'(based
on the hourly rate x 10) of 1.8 g carbon is at least equivalent to the rates
of mangrove leaf and twig production close to 1.2 g carbon/m2/day reported by
Heald (personal communication). These data place microalgal photosynthetic
processes in the sediments equal to other major productive components of this
ecosys tern.

A number of measurements of carbon fixation by several species of macro-
algae have been obtained; all indicate extremely low levels of activity,
Until the reliability of these data are checked more fully, this information
will not be presented. The problem, ii there .is one, may be associat d with
seasonal growth and we require time to explore this possibility.

'

hitro en Fixation And General Metabolic Activit

Initial results suggested that nitrogen fixation was not'ccurring in
Card Sound. Vow, however, on th basis of much longer incuba tions, there is
clear evidence for this type of activity, The quantitative basis, to date,

~ is not particularly gocd so the data is not t'abulated here. However, recent
trials demonstrate that this activity and, at the same time, methane produc-
tion can be measured at least as well as other processes, L'arly difficulties
appear to have been associated with failure to maintain anaerobic conditions
completely. The nitrogen fixation indicated by these stud'ies is likely the
activity of a mixed microflora rather than any particular species, Blue-green
algae certainly do not appear to be important in this respect, at least to the
present,

Xn future studies, reliable information should be obtained on oxygen con-
sumption at the sediment surface, methane production. below the surface, and
nitrogen fixation. The capacity to measure these activities should place us
in a strong position to evaluate the microbial component of the system in
acceptable and useful quantitative terms,

SPifKARY

A program has been initiated to measure standing stocks of photosynthetic
pigments, particulate carbon and microbial populations in the water and sedi-
ments at three stations in Card Sound. Xn addition, measurements are made of
carbon fixation into cell material in the phytoplankton and benthic microflora
as well as rates of sediment respiration, niirogen fixation and methane
production.

Data to the present indicate that microbial processes in the sediments
must play a crucial role in the function of the Card Sound~ecosystem.

I
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. It is especially interesting that the mean rate of fixation/m /day (based
on the hourly rate x 10) of le8 g carbon is at least equivalent to the rates
of mangrove leaf and twig production close to 1. 2 g carbon/m2/day r epor ted by
Heald {personal communicatio'..). These data place microalgal photosynthetic
processes in the sediments equal to.other major productive components of this
ecosystem.

A number of meas'urements of carbon fixation by several species of macro-
algae have been obtained; all indicate extremely low levels of activity,
Until the reliability of these data are checked more fully, this information
will not be presented. Tne problem, if there is one, may be associated with
seasonal growth and we require time ''to explore this possibility,

Hltto eo. Plxatlon Ann Genetal Metobollc~Activit

Initial results suggested that nitrogen fixation was not occuxring in
Card Sound. Now, however, on the basis of much longer incubations, there is
clear evidence for this type of activity. The qu ntitative basis, to date,
is not particularly good so the data is not tabulated here. However, recent
trials demonstrate that this activity and, at the same time, methane produc-
tion.can be measured at least as well as other pr'ocesses. Early difficulties
appear to have been associated with failure to maintain anaerobic conditions
completely. The nitrogen fixation indicated by these studies is likely the
activity of a mixed microflora rathe- than any particular species, Blue-green
algae certa-nly do not appear to be important in this respect, at least to the
present.

In future studies, reliable information should be obtained on oxygen con-
sumption at the sediment surface, methane production below the surface, and
nitrogen fixation. The cap city to measure these activities should place us
in a strong position to evaluate the microbial component of the system in
acceptable and useful quantitative terms,

A program has been initiated to measure standing stocks of photosynthetic
pigments, particulate carbon.and microbial populations in the water and sedi-
ments at three stations in Card Sound. In addition, mea urements are mad of
carbon fixation into cell material'in the phytoplankton and benthic microflora
as well as rates of sediment re"piration, niirogen fixation and methane
production.

Data to the present indicate that microbial proces es in the sediments
must play a crucial role in the function oi the Card Sound ecosystem,
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IX FUNGI*

G ENERAL STATEHENT

A major source cf organic material in Biscayne Bay is contributed by the
myngrove system. In a study of the mangrove forests in Everglades National
Park, Heald (1969) and Odum.(1970) determined that over 80% of the organic debris
produced by mangrove trees is through the leaves and that the annual contribution
of debris to the estuarine ecosystem, through leaf. fall, exceeds 3 tons (dry
wt.) per acre. These authors reported that the fallen leaves are converted by
microbial activity to detrital particles which support large populations of
detrital consumers such as amphipods, nematodes, polychaetes, small crabs, shrimps
and fishes. In turn, these detrital consumers are a primary source of food for
game and commercial fishes such as tarpon, 'snook, grey snapper., sheepshead and
spotted seatrout.

Because of the importance of this food chain to the estuary, it is necessary
to ascertain the sequence of events in the depredation of the mansrove (Rhiao~hora
mangle) leaves and the subsequent consumption of detritus by tmc2rin-;... ~r! ~', ~;„'~-
should be possible -through culturing and rearing studies to reproduce the system
under laboratory conditions and study the effects of alterations of environmental
conditions.

Fungi and nematodes, functioning independent:ly and in association, are two
of the important links, in this food chain. It is the current assumption, that fungi
play a major role in the convexsion of mangrove lear carbohydrates to microbial
protein which in turn is consumed by small invertebrates., such as nematodes that
inhabit the decaying leaves. The heavy fungal infestation of. the .leaf is evident
.upon sectioning and microscopic examination of the leaf. In a study of elm leaves
{Ulmus americana) Kaushik and Hynes (1968) observed an increase in protein during
the degxadation of the leaves in fresh water streams and attributed this increase
to the associated fungi and not to the bacteria. It is quite feasible that a
substantial basis for productivity in Biscayne Bay is dependent on the production
of fungal protein as a food source for the detrital consumers..

A critical problem is the potentia1. alteration of the composition of fungal
communities, and theix functions, within the ecosystem with consistently higher
than normal temperatuxes. Such alterations in environmental conditions may cause
an imbalance in stable fungal-plant or animal relationships. 'For example, the
wasting disease of eel grass was caused by an infection of Labvrinthula (Johnson
and Sparrow, 1961) effected by changes in salinity and possibly temperature.
The addition of various other industrial and domestic raaterials to the Bay, such
as sewage, insecticides, fuel oils, etc. could similarly affect fungal relation-
ships in the mangrove detrital system and as a result the entire food chain. The

*J. Fell, I. "i. '!aster, R. Cefalu, S. Newell. Principle source of funding
NIH Grant 5g01 FD 00031. I
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program that we have developed is designed to: (1) determine, on a seasonal
basis, Lhe fungi associated with th degradation process of the mangrove
(Rh~izo horn ~aanzle ieavoa; (2) ezanine the protein prodnotion and aaeertain
whi"i~ sp"c'f'c fungi are in.".txuvt"ntai in the conversion process; (3) develop
lobo-atcry techniques fo= pure or mi<ed culture p eduction of this protein in .

ord to examine Gnv OBxe 'l of ec s cn the de"radation process and (4) through
rearing tudies to examine the subseqr emit ef e ts on. the feeding and life cycle
responses of selected invertebrates.

Another source of organ=c mate —al f=om the mangroves is made available
through the degradation of ':".e mangro;'e seedii".gs. These seedlings range in
length =om 15 to 29 cms„with an average d=y weight of 10 gms. According to

'Davis (19~0) each tree produ cs an average of 300 seedlings/year. The amount
of organic mat rial contributed by the n ngrov ecdlirgs has not been determined
p-'e-iseiy, but i" ""," 'est" na'Led to 'bo. nearly 'equarl 'to 'tra't conL~ ibutc'd by the
1.c"-vos A program has been developed, aa a do" toral dissertation by 1L".. Steven
Y. Nowell, to ascertair the importance cf this rr "te=ial to the ecosystem and to
exam-ne the sequence o evenLs in the breakdown process.

Xn ad"ition, because nematodes are one of the pr"ncipal con"umers of organic
m teri"ls, we have un ertaaen an a~alysis of the nematode community structure in
Card Sound and at Turkey Point in o"der to evaluate e" ecLs of alterations in
environmental conditions, Kematodes are an excellenL'hoice of biological organ-
isms with',which to work due to Lheir small size "'nd to the great numbers of
ind=:viduans usually encoun'ored from relativeg s-.all ar ounLs of su stratum,
i.e. up to more t..an 500 specimens in 10 cc'of su=:ace bottom sediment. Harine
re atodes .."=ve the further ad;-an".".ge that ectvve migrat cn is curtailed by "h
lack o p 1"gic life stages, along with morphological adapLations insuring
agaR. s acclQ nL 1 lo.l val. om tnQP. I.- o". t-

p 2. e. "re use of cauaal aahesxve
G gans and the hab" t of la=gc= species or Lzwisti-.~tp =ound particles of substratum
when disturbed, Xt would seem that only catastrop'nic movement of bottom
sediments would be suf cient to ser-:.ously confuse the population structure
a" relatively sta~le localities. Even those areas continuously e<poscd to
surf action are known to have nematode populations adapted to such extreme rigors.

1|E s..".ODS

Hangrcve Leaf De radation Studies

Fn"ee collection areais have been selected for. study: the m, ng ove swamp at
'urkeyPoint, which is acjaccnt to the power pl nt and subjected to therL "1

ef=luerts; ~mangrove Po.nt, wl ich es approx=m~tely 3 1/2 mi1es south of Turkey
Po ." "nd ree =rem any power pl"nt in"-lu=:.ccs; ari c "hore stat" on in Ca d
Scund. inis o . sho='e tat=on was ."cluced because of th la=ge number of mangrove
leaves that are .cept into th, bay whe "e hey are degraded. At the insnore
collect=on-areas, several station .". tes have bee= .,elected to reflect dif erences
in temperature, salinity and tide.
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The sequences of fungal infestation and protein formation .were obtained by
the followin'g met1:ods: dead yellow leaves were picked from the trees and placed
in mesh bags with pore sizes of 2.5 mm sq (50 leaves/bag); these bags were tied
at ground level below the low tide line. Samples were taken at 1-2 week intervals
for a total of 3 months, Fungi were sampled by modifications of standard culture
techniques and protein levels in the leaves by the Price (1965) modification of
the Lowry et al. (1965) method. Relative amounts of carbon and nitrogen were
determined with a Perkin-Elmer CHN analyzer.

in vitro dearadation studies utilize naturally iniested leaves, houever,
once the p"incipl.,". protein producing fungi are determined, pure culture studies
will be unaertaken. .Emphasis will be, placed on determining levels of proteins
that are formed, under natural and abnormal environmental conditions, and the
feeding and life cycle responses of various invertebrates, such as nematodes and
harpacticoid copepods, to these alterations. In addition to temperature and
salinity effects, various effluents such as fuel oils and pesticides will be
considered.

Methods of studying degradation processes in mangrove seedlings are similar
to the plan outlined for the leaves.

Nematode Communit Anal sis

The species and their abundance in several different habitats.are nc'::r '.~.".'.ng

determined; this should give basic diversity indices. Subsequently, a model of
the community structure along predetermined trophic levels will be developed and
statistically evaluated. Eventually, additional widely separated habitats will
be compared, not necessarily on the basis of the same species being present, but
on a comparison of energy conversion. The information from the various areas
should result in a direct comparison of productivity and the effects of alter-
ations in environmental conditions such as additions of pollutants.

Samples were collected on a quarterly basis in October, January, April and
July in order to ascertain seasonal variations in populations that may reflect
normal changes in temperature and salinity. Four stations were sampled in Card
Sound and three at Turkey Point (see Fig. IX-1 and Table IX-1). At each station
8 sediment samples were collected with a corer made prom a 30 'cc plastic syringe.
Each ~ample wa." taken to a s":diment depth of 2e6 cm, and had a volume nf 10 cc,
~re sediment sampi.es were frozen and sto"ed until proce,sings,'ater temperatures
and salinities were recorded at each station„

Nematodes were extracted from the sediment in two steps. '. First; the thawed
sediment was processed through the separator (see extraction procedure in progress
report) where 90% of the animals were concentrated along with ',small particles of
organic detritus. The coarse, heavy fraction was di ca'rded. .The nematode-
detritus mixture was then fixed by adding an equal volume of 10% seawater-formalin.
After at least 24 hrs. the nematodes were hand picked from the detritus using a

dissecting microscope and a fine needle, and put into 10% glycerine in methanol
for clearing. This solution was placed in a 55' oven for 20< min. to evaporate
the methanol. The nematodes prepared in this manner can be savored indefinitely
in a desiccator.
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TABLE XZ-1

DESCRIPTIONS 01'EMATODE SOLING STATIONS

Station Location
Description of

Sediment Water Deoth

0603

0604

0404

1004

At mouth of present canal

1/2 mile east of 0603

1 mile north-east of 0604

2 miles south-west of 0604

Sof t sand/peat

Very coarse sand

Similar to 0604

Very soft silt'/clay

8 ft. depth

8 ft, depth

10 ft, depth

8 ft, depth

Turkey Point I
Turkey Point D

Mouth of hot ~ater outflow

1 mile nor th-west of I, within
hot water effluent

Shallow sediment

Very dense grass

4 ft. depth

3 ft. depth

Turkey Point E 1 mile south-west of I, not
affected by effluent

Very dense grass 3 ft, depth
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Identifications were made by examination of the nematodes under a compound
microscope. Eqsily recognized species were recorded, .but unusual or unknown
specimens were prepared in permanent mounts and kept in a special collection for
reference or further identification. The majority of the taxonomically difficult
specimens were shipped to B. E. Hopper (Research Scientist, Nematology Section,
Entomology Research Institute, Canada Dept'f Agriculture, Ottava, Canada and
Adjunct Professor, RSIfAS) for identification.

The current sampling schedule will be continued until the results of at least
three years activities have been .accumulated. Such an extended period is necessary
to avoid errors which may accompany results gathered from a single seasons investiga-
tion. Sampling for three full years at the Card Sound sites, for example, will
yield a total of 12 sampling periods, 48 sampling sites, 384 individual samples
and a conservative es'timate of some '4'0,000 nematode specimens distributed in over
100 species. This sampling program should be sufficient to detect seasonality
within and between populations.

I

Data has been and will continue to be recorded in such a manner a to detect
aberrations in the sex ratios of the various species. It is possible that physical
events may be expressed not only in the ultimate population size of any particular
species, but also in the distribution of the sexual forms of that species. Harine
nematodes exist essentially as dioecious species, there being very few hermaphro-
ditic and parthenogenetic forms. There is some evidence that more than one mode
of reproduction may be operative in some species, i.e. of the genus Viscosia.
Hopper and tfeyers (1966) found that populations of V. macramohida (Chitwood, 1951)
e..;::-.:;..':.".,» in degrading cellulosic water filters, maintained themselves under
laboratory conditions without the males customarily. encountered in their more normal
sandy, oceanic hahitats. Sinilarly, Soiloohorella pasadena (ds Sfan, 1888) appears
to e. ist in two reproductive forms, a dioecious population consisting of normal
sized males and females, and a second form composed of enlarged individuals having
the appearance and function of females. It is probable that these have a poly-
ploidal chromosome number (unreported observations).

RESULTS AND DISCUSSION

t~fangrove Detrital System

Funzi associated with leaf de radation: The fungi isolated from the leaves
are still in the process of being identified, in .most cases the'dentification
has been limited to the genus. Species identifications were not usually attempted
due to the considerable time required and the difficulties in f'ungal taxonomy.
However, later in this study specific identifications -will be made of those organ-
isms found to be important in the food chain. To date, 56 different genera have
been identified (Table IX-2) which probably comprise more than .90 different species .

1

Although ~any of the genera listed were only encountered infrequently, certain
genera were prevalent and a sequence of infestation was apparent. The fresh growing
leaves were of ten parasitized by Pestalotia, Colletotrichum Phvllosticta and
three unidentified ascomycetes. Several saprophytes also inhabj.ted living leaves:

l
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TABLE IX-2

PRELIMINARY LIST OP 1'WGI ISOLATED
PRO'8 lfAiiPGROVE LEAVES

nilialesOrder Mo
Gen era

Helmint~hr.'" orium
~Glades orium

Fu.".azium
Vs:t'cillium
C lindroce halum
~Aer".,il.lu"
Penicillium
Arthzob~otr s
Gliocladium
Trichoderma
StachEbbotz ss

Bo tr os orium
Dendr ohiella
G~loeos orium
Tr icho clad ium
Geo tr ichum
t fonoc il1ium
Curvularia
Alternaria
herooe".,

Deuteromyce tes
Order Melanconiales

Genera Pe'stalotia
~ Cclletotrichum

Order Sphaeropsidales
Genera Phoma

~Phomo sis
Ph llosticta

Ascomyce tes
"Order 'Chae tom"a"les

Genus Chae tomium
Order Sphaeriales

Genus Lulworthia

Phycomycetes
Order Saprolegniales

Genera Schizoch trium
Thraustoch trium

Order Mucorales
Genus Mucor

Order Peronosporales

Order Chytr idiales

Myxomycetes
Order Labyrinthulales

C 'lindrocladium
S orotrichum
Z~~o.". orium

Actinomycetales

isa"ia
Scolecoba"idium'ere~os

ora
Beltr nia
~Eicaccum
Monilia
D~f.et o.", orium
P~ithom co.".

V~ir aria
Aur'eobasidium
~H,.othecium

Va" ' os or ine
Cholobotr um
Idriella
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Cvlindrocenhalun, Cuzvulecia, ))ondrv~hialla and Cladosooi'ium. activities ot the
parasites probably diminish with the initiation of decay as their occurrence was
less frequent with progression of decay.

In the early stages of decay, after 1-3 weeks of submergence in the water,
tuo phycomycetes, phvtoohthora and Rhisooh'.cium sere extremely abundant, particular-
ly in the spring and early summer. They sere arely encountered aA ar three seeks
of decay or at other times of the year. Certain genera, particularly Cenhalos orium,
Pusarium and Verticillium, were found throughout the decay process. In later stages
of decay, generally after three weeks, the cellrulolyt.c fungi wc e prevalent,
Lulsorthia, Cirrenalia,:c vos-or=:cm and Z..lc-'pon.

Host species are ubiquitous in the study area, a3.though there.are„some species
that appeared to have -geographic "ad tide limitations. However, at present the
data is insufficient to rule out sampling error.

It is not possible at this time to ascertain which fungi are instrumental in

Penicillium and Trichoderma, are transients. Evidence for this is that they were
removed by surface sterilization of the leaf.

Fun i associated <rith man rove seedlines: Mr. tlewell has finished 6 months
of his doctora3. research and has made the following preliminary observations.
The normal seedlings which were placed in the water had not undergone any external«
ly noticable decay, although there were a considerable number of fungal genera
associated with the epidermal and cortex layers. It is normal for a large percent-
age of the seedlings to be injured by insects, etc., while they are on the tree;
also they are partially eaten on the ground by land crabs, hermit crabs, rabbits,

'tc.Therefore, the seedlings enter the estuarine system in an injured state
where they decay at 'varied rates. The decay of artificially injured seedlings
was studied and it was found that the fungi invade primarily those tissues exterior
to the vascular tissue, i.e. the cortex, epidermis and phelloderm. It is suggested
that the role of fungi in the degradation of the seedlings is to breakdown the
epidermal and cortex layers, hence the seedlings physical defenses, and allow a
heavy colonization of the interior by bacteria, protoza, and nematodes. Presumably
they obtain their nourishment from the large amounts of starch in this interior
region.

~ Protein levels associated with leaf degradation: Portions of the leaves
that were incubated in the field an sampled for fungi chere dried, g ound and
sampled for protein and total nitrogen. This study has not been completed and
these results must be considered as preliminary observations.

ln general, it was found, that there was an increase in protein after 7 to
14 days of incubation that may continue for 2 months. This increase varied
consid rably, but on the average doubled the protein content; starting at about
2% protein/leaf dry wt. with an increase to 4% and an extreme high of 8%. It
must be emphasized that the increases observed were variable and not consistent





as 'the protein levels may continue to increa..e, level off, or decrea e.
Nit'ogen valu s, as determ ned with the C11N analyzer, ind'icated similar,
though e rat-'c 'ncreases; beginn'ng at about 0.4% N/dry wt, with increases
to about 0, 9 to 1, 0% after 6 weeks.

The- are difficulties in this type of sampling pa" ticularly where
the data is u"ed in interpreting the xeasons for the protein increase. Hicro-
organisms, particularly fungi, are not the only organisms Inhabiting the
leaves, As previously.d scussed, the leaves were heavily infested with
a;ariety of invextebrates; the hypothesis that the protein originates largely
irom the utilization of le'af carbohydrates (plus inorganic nitrogen from sea
water) requires cons'derable scrutiny, 'It is felt that the best approachwill be through controlled degradation studies In the laboratory, The fixst
at temp ts have ."ho "n . promi se 'of su@cess; using .na tu ally:infec ted leaves -it
appears that the same degx'adation process that occurs in the field ca-.. be du-
plica"ed in the laboratory. Th"'s includea'he growth of the vax'ious
invertebrates as well as the micxobes. In exper'ments now unde@1~ay, the
population components of the syst: em are being examined individually in pure
culture to determine specific contributions to the protein formation process,

date ha" been lim- ted to temperature effect- on available- laboratory systems.
The first set of experiments compared the isolation of ungi from leaves
Incubated at the routine isolation temperature of 25 C and at 37 C which is
the sunm~r high in the Turkey Point mangroves. While a wide variety of
fungi were isolated at lowe temperatures, no fungi wexe. observed to be
growing nn any of the leaves at 37 C, Th's study was ollowed by an examina-
tion o» 53 isolates xepresenting more than 25 different genera of fungi,
These fungi had been isolated fxom mangrove leaves and seedlin9 s and were
gxown on corn meal agax at 24, 31 and 37 C. All isolates grew at 24 and
31oC, but only 10 grew at 37oC and 18 isolates vere killed at 37 C, It would
be possible to postulate a significant effect on the food chain by this
temperature inc=ease, but considerable additional experimentation will be
xequircd before any conclusions can be developed.

Culturi~n o associated nematodes: Although a fairly new innovation in
marine n matology, cultur ng ha" been proved to be fea ible by several
researche=s (Dougherty, 1960; Lee, 1970; Nicholas, 1959; Tietjen, 1970).
Our in"crest in nematode cultur'ing is to determine the role of these organisms
=n the detr'=al food chain and to examine the effects of alterations in
environmental conditions,

A monhysterid nematode, tentatively identified as Diololaim'.ll'.)ides
d~el i (Andnaa-y, ~ 1958; Time, 1966), hae been Tound eo, be abundant: ttiehin
decaying mangx'ove leaves and seedlings. This animal is considered an
omnivorau microbial feeder that appears to consume bacteria and fungi, Itha:, during these studies, been observed inserting it.". head i:.to
phycomycete sporang-'a apparently consuming the cytoplasmic contents,

e

Cultux"'.ng techniques have been success ul; the animals can be=raised onartificial media, u" ing bacteria as the principal iood source, A wide variety
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of media has been employed with varying degrees of success; however, optimal growth
and repxoduction occur with corn meal agar. All stages of the life cycle of the
nematode can be observed and, through subculturing, they have been maintained for a
period of 5 months with an average life cycle of 6 days.

Studies on the ability of this animal to utilize vax'ious food sources, par-
ticularly a variety of fungal species,'re underway. There are some preliminaxy
indications, that with alterations in food source, significant changes in the life
cycle occur. As soon as it is possible to produce artificially decaying leaves,
the re'sponses of the nematode populations in that system will be examined.

Nematode Communit Anal sis

Extraction rocedures: Because of the need for accurate quantitative data,
considerable experimentation was devoted to obtaining a technique for extraction
of nematodes from the sediment samples. For various reasons the reported methods
such as decanting and sieving, the Baerman funnel, flotation and centrifugal
flotation techniques were found un uitable for this work. ln contrast, extraction
by elutxiation gave significantly higher yields. Because of the rather elaborate
equipment used in previously reported elutriation techniques, an inexpensive, easily
constructed apparatus, for simultaneously processing all 8 samples from a collection
site, was developed. Separation was effected. in a glass tube, by an upward current
of sea water passing thrqugh the sediment sample so that the nematodes and par-
ticles of low specific gravity (organic matter, plant detritus, silt clay) were
carried over, while the heavier IIiaterial (sand, shell fragments and othex large
particles) remained. The overflow was collected in a sieve with 42'iameter open-
ings. The sea water was recirculated through the system by a positive pressure
pump. The material collected on the sieve was preserved and the nematodes were
later picked by hand fox'he .final separation. The extraction yield was 90% or
better; the loss was 1% from that which remains with the heavy fraction, 1-6% that
passes through the sieves, and 3% that is lost in handling, picking and counting.

Effects of thermal effluents on benthic o ulations: Currently a baseline of
community structures under existing environmental conditions is being established;
this will permit the interpretation of any alterations that accompany any changes
in water temperatures at Turkey Point and Card Sound.

At Turkey Point samples were taken yearly (November, 1968, 1969, 1970) and
quartexly following the 1970 sample (January and April, 197'1). Card Sound collec-
tions were quarterly beginning in November, 1970. These collections axe in various
stages of completion and the results discussed below are based on this incomplete
data and can only be considered as tentative observations.

Card Sound appears to have a unique nematode fauna; th'e species that occur
there are either rare or have never been collected from the rest of Biscayne Bay.
The most prevalent families in Card Sound are Desmodoridae 'and Desmoscolecidae,
whereas in Biscayne Bay members of the Oncholaimidae, Nonhvsteridae, C atholaimidae
and Chromadoridae are frequently encountered (Hopper and Heyers, 1967; 4'eiser and
Hopper, 1967). These preliminary results in Card Sound indj.cate that Station 1004
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(Figure IX-1) has the most numerous nemic fauna (275 animals/sample, 80 different
species); 0603 has the most diverse fauna (60/sample, 32 spp.); while Station 0404

(30/sample, ll spp.) and 0604 (30/sample, 13 spp.) were quite similar. This simi-
larity could be a reflection of similar environmental c'onditions including the
types of sediments (Table IX-1). Species distributions followed a similar pattern.
Although many of the same animals appeared throughout the entire area, certain
species were prevalent at specific stations. The prevalent species at Station 1004
were either restricted to low numbers at the other stations or were not found.
Stations 0404 and 0604 had nearly identical community structur s. Station 0603,
with its diverse populations, contained many of the species found at the other sta-
tions plus several that had not been previously collected. These results support
.unreported observations by Hopper and ifeyers in Biscayne Bay, that discrete
community structures were attendant within specific habitats of relative stability.

In evaluating this data, the particular concern was with the statistical accu-
racy resulting irom the sampling procedure. As anticipated, variations were found
among samples taken at a particular station. However, statistical computation
showed a comparable variance among the four areas and that the improvement of these
variance figures by two would require taking four times as many samples; this is
not feasible under existing conditions.

The collections from Turkey Point were quantitated for 1968 and 1969 but identi-
fications have not yet been made. As explained under Extraction Procedures,
techniques used at that time were not sufficiently refined to produce data that
could withstand rigorous statistical treatment. Mhat can be reliably seen is that
Turkey Point Stations I and E had larger numbers of nematodes per sample than three
of the Card Sound areas, approaching the large numbers found at Station 1004. Tur-
key Point Station D, however, contained lower numbers of animals, more like the
three Card Sound stations.

SUER 1ARY

the mangrove seedlings, contributes a. si.gnificant portion of the organic material
that is the basis for the estuarine food chain. Because of the rapidly chan'ging
conditions in Biscayne Bay, it is important to understand the degradation system
and, through laboratory modeling, to determine the effects of differing environ-
mental conditions on the system. Our present studies are designed.to determine
the specific micro-organisms that convert the mangrove carbohydrate to microbial
protein during the leaf degradation process and to study the incorporation of this
microbe-mangrove complex into the food chain through detrital feeders such as, the
nematode populations.

Currently, the individual components of the system are being examined.
Fifty-six different genera of fungi have been identified from the degrading
leaves and preferential seasonal and sequential infesta+ions have been noted.
Temperature studies suggest an inhibiting effect on, the degradation process
at high (37'C) temperatures. Studies of the seedlings are also underway. Pre-
liminary protein and nitrogen studies have indicated significant increases



t during the degradat-on process. Laboratory controlled degradation studies
have been initiated and cultur"'ng of nematodes associated i7ith the degradation
'leaves has been successful.

Because of the possible imoortance of nematodes in the focd cnain as a
direct lin1c from the detritus to the estuarine fishes and invertebrates„
the poss.ble effects of thermal effluents on community struc'tures a e being
examined in Tu"key Poin'nd Card Sound. Baseline '.", "„'.es of the community
structures in both regions are in progress and will be continued through the
shif ts in the location of thermal discharges.
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X GRASSES AND KKCROAE.GAE<

INTRODUCTION

The most important community in Biscayne Bay is that of the turtle grass,
Thalassia testudinum. This community acts as a primary producer and substan-
tial contributor to the detritus. In addition,. the plants axe necessary fox
the shelter and the substrate of the small organisms including foraminifexa,
polychaetes, car'deans, molluscs, crabs and small fishes. Also, the extensive
root system of the grass and rhizoids of the algae act as sediment accumulator
and stabilizer (Hay, 1967) . Some of the 'inorganic sediment comes directly'rom
the, tests of foraminfera and from the calcareous algae.

The grass is often thickly interspersed with macroalgae such as Penicillus
~ca itatus, Halimeda incrassate, and Laurencin poitei (artremely abundant in soma
areas). Less frequently encountered macronlgae are dmadyomone stellata, ~Di ania

~Bate hor- oerstedii, ~Cauler a ser ularioidas, Dict os haeria cavernosa, yalonia

The role of the grass and algae in the conversion and storage of energy has
not been studied so that at present its relative importance is not clear. How-
ever, the large standing crop in the Bay and the rapid rate of turnover would argue
that a large amo nt of carbon is fixed, and that a large amount of energy is stored
by the Thalassia. Although Odum (1970) argued that in some regions close to shore
the primary source of the detritus is from mangrove leaves, i.t appears that the
grass-algae community is a significant contributor both offshore and inshore.

Humm ( - f3..) and Voss et al (1969) reported on the grass and algae in the Bay
and Jones (1968) has summarized the literature on Thalassia. Although no previous
work prior to the Turkey Point investigations was done on Thalassia temperature
limits, Beibl and McRoy (1971) carried out work on heat stress on Zostera marina,
a subtidal temperate marine grass related to Thalassia. They found that it could
withstand temperatures only up to 30'C after 12 hours exposure. The tolerable
midsurrzner high temperature was 27'C'and the photosynthetic rate fell dramatically
very near 30'C. Beibl (1962) also studied the temperature dependencies of several
tropical maxine species which are important in Biscayne Bay, including Laurencia
poieei which he found could withstand temperatures up to 33'C for 12 hours. This
research by Beibl and co-workers was of limited applicability because of the
limited number of plants observed and the very short time period of observation.
Jones (1968) noted a marked decrease in the rate of photosynthesis of Thalassia
in situ in Biscayne Bay at 30'C to 35'C.

Zieman (1970) measured the growth rate of leaves, the number of blades, and
the rate of emergence of new blades of Thalassia at Turkey Point. He stated
that 50 to 60 acres at the mouth of the canal'delivering heated effluents had
been denuded of Thalassia between June, 1968, and September, 1969. In addition,
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an area of 50 to 60 acres was "virtually bare"; another 70 to 75 acres had some
I'ha3.assia popu3. tions, but the algae populations were "almost cooipletely destroyed"
An additional 160-170 acres showed some dam..ge to the algal populations.

The investigation now underway inc3udes a study of the effect of heated
effluents at Turkey Point and -the formulation of a baseline'or Card Sound. tJhen
Zieman (1970) began his study at Turkey Point, the, effluent was already present.
In this rep'ort, data from April, 1970 to Hay, 1971, are presented and an attempt
is made to incorporate Zieman's earlier data. The study at Card Sound will provide
information on the distribution, abundance, growth, turnover rate, and seasonal
variation of grass and macroalgae. In addition, it is hoped that this information
will assist in evaluating the Turkey Point data. Hopefully, useful predictions of
'he effect of heated effluents on tropical marine grasses and algae will result.

HET}JODS

The effect of heated effluents on marine grasses and macroalgae is a compli-
cated ecological and physiological problem. It is made more difficult when
tropical organisms are being tested since scant information is available on the
ecology of tropical estuaries. With the exception of the data presented in Sec-
tion XI of this report and a very small amount of information on some of the
dominant species in Southeast Florida (Biebl, 196?), no information is available
about the death of these tropical marine plants. To assist in the design and
interpretation of this work, a panel of distinguished investigators in marine
plant ecology and temperature responses of marine plants was consulted. They
include: (1) Prof. L. R. Blinks, Harine Algal physiologist and ecologist, Stanford
University; (2) Prof. Harold Jtumm, Marine plant ecologist and systematist,
University of South Florida; (3) Prof. Richard Biebl, Algal physiologist, Univer-
sity of Vienna, Austr'; (4) Pro . Jack Dainty, Plant ecologist and biophysicist,
Chairman, Dept. Botany Univ. Toronto; (5) Prof. Richard Newe3.1, Marine ecologist
and physiologist, University of London and (6) Dr. >Jilliam Doyle, Harine algae
ecologist, University of California at Santa Cruz.

These investigators suggested various procedures and the following methods
were devised from their advice, keeping vithin the budget, time and personnel.

Field Procedures for Thalassia

Eight of the 15 stations of Zieman (1970) vere continued in the present study.
In addition to these, 16 stations vere selected in Card Sound (Figure I-3) after
consulting with Dr. Rooth and Hr. Lee regarding the most prob'able effluent path in
Card Sound.

In the Turkey Point area counting was done .with 1/25m2 aluminum (6061-T6
alloy) sq'uares. An additional smaller square 1/100m was used to define the area
in which'the Thalassia blades were marked for growth and production studies.

In Card Sound a 1/25m frame was used for counting in sthtions where2

Thalassia blades were abundant (>1,000 blades/m ) . In areas 4here Thalassia was2

2sparce (<1-,000 blades/m ) a square 1/4m- was used. Comparative counts were made2

to permit statistical evaluations.
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In both Turkey Point and Card Sound the field sampling procedure was:
a) Grass blades were counted biweekly during the first and third weeks of each month
(Zieman, 1970). During the summer of 1971, weekly counts are being made at Turkey
Point to obtain better resolution of heat-induced .changes in Thalassia density;
b) The marking square w .s place'd near the permanently fixed counting square and the
individual blades weremarked in the first week of the month with plastic-coated
staples (Zieman, 1970). The staples were placed at the point where the grass blades
emerged fromthe stipes; 'c) Collecting was accomplished by breaking off at the point
where the blades emerged from the stipeq all of the blades within the marking square;
d) Each counting square was photographed during the third week of each mon'th. This
was'cconplished trithan unde~~atcx camera and strobe. The same camera angle to the
square was usedeach time so that the pictures for any one square may be superimposed
and a sequence of plant succession recorded; e) Peripheral data, including infor-
mation on attached animals and plants, fish, watex turbidity, wind, current, etc.

Field Procedure for Al ae

Of the original 15 algal stations at Turkey Point, 8 have been retained. In
Card Sound, aluminum frames were placed at 16 stations in Haxch, 1971. The sam-
pling procedures weresignificantly modified from those of Zieman. (1970) and consisted
of: a) The algae in a one square metex area were counted biweekly (during the sum-
mer of 1971 counting is being done weekly). Each of the meter squares was subdi-
vided into 4 equal sections with 1/8" polyethlene cord to facilitate counting. The
number of each species present in each quadrant was recorded and can be used .as
replicate counts. The number of plants of each species which were in the repro-t ductive phase were recorded. The number of juvenile, scenescent and dead and/or
dying plants of each species was also recorded; b) .Growth of algae was determined
by measuring plants in one of the 1/4m- quadr'ants on a biweekly basis. Heasure-2

with vernier calipers according to the methods of Thorhaug. (1965). A method'or.
measuring the anastomosing red alga Laurencia and for identifying an individual
plant of this "roily moss" is being devised; c) Photographs weretaken of the algal
squares in a similar manner to that described for Thalassia.

Laborator Procedure fox Thalassia Growth and Wei ht

The blades collected in the field were measured in a mannex, similar to that
of Zieman (1970). For each station: a) Blades were measured from the bottom of
the blade to the bottom of the staple; b) Length of all blades ~ras measured;
c) Width of all blades was measured; d) The blades were divided: into two groups
for weighing: new blades and mature marked blades;. e) Each group was washed in
5% reagent grade phosphoric acid for 1-5 minutes (until clean) while being shaken.
.This removed attached organisms, predominately foraminifera and aiicxomolluscs.
The blades were then washed with tap water; f) The new -growth (below the staple)
was divided from the rest of the blade; g) The two groups (new blades and new
growth of mature blades) were ashed for 3 days at 110'C, then cooled in a desic-
cator and weighed in random order.
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Hathematical Procedure

The abundance of grasses i ." reported in RESULTS as the number of blades/in ,.calculated directly from field counts. Growth was reported as cm /blade/day. It
was c -.:","."".d -om marked spec. mens by multiplying w'dth times length of growth
since marking. The thickness was relatively constant and below our precision of
measuring.) Dr'y weight was reported as g/m /day. he have selected these methods of
analyzing the grasses and algae for several reasons. First, the total abundance
growth and biomass reflected our visual estimations quite well. Second; with many
non-biologists utilizing this data, we felt that the most direct expression would
be the clearest.

Two major criticisms are involved in the use.of H measurements of algal
diversity previously used (Zieman, 1970). First, these tropical marine macroalgae
do not follow the usual cycle or distribution patterns for which these theories
were devised. Second, can heat stress and "indirect" heat deatn (Levitt, 1956)
adequately be described. by information theory?

The assumption that thermal stress can be identified and explained in the
context of information theory has been made by Yockey (1958), who compares high
temperature heat killing in insects to scenescence and radiation death in these
species and explains all three in terms of information content of these systems.
Zieman (1970) assumed that what Levitt terms "indirect" heat death (death due to
temperatures close to those naturally encountered and'urvived), not high temper-
ature death such as that studied by Yockey, could be described by information
theory, Even without a discussion of the basic thermodynamic principles it is not
clear, and has never been adequately tested> what occ"..".s t~, "';... ent""".y or '.".ccr-...a-
tion content of the organism under heat stress. Thus, to m'ake this assumption
that information theory can d scribe indirect heat death appears premature. A
straigj tforward description of abundance, growth rate, state of health, (a strong
indicator of temperature. stress) and biomass appears ~"zferable.

The original diversity concept. of Nargalef (1968) was based partially on a
population of planktonic organisms. The comparison with other methods of measur-
ing diversity was developed by Saunders (1968) who studied populations of shallow
tropical and deep-sea polychaetes and bivalves which were usually in excess of 200
individuals. It is stated by Saunders in his conclusions that in small-sized
samples, this'nformation function will not hold. In addition, the chief method
of propagation in the algal species studied is asexual. This produces large clumps
of daughter plants around a parent plant and ultimately leads to extreme patchiness.
Thus, there are often a great number of individuals of one species in a particular
area -while a few meters away there are a great number of a second plant. This
decrease in diversity is often not associated with stress as discussed by Saunders
but rather by time and space domination due to asexual propagation.

h'e have noted from field and laboratory experience that temperature stress
above the mean mid-summer high eventually weakens the green and red macroalgae.
The temperature-stressed physiological condition identified by morphological
changes can be measured due to the cooperative field and laboratory work and

'ppearsas a better indicator of stress than the H index.
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RI'.SULTS A.'iD DISCUSSION

Turl<e Point

The following result:s vill include the work of the present investigators from
summer 1970 to I'Lay, 1971. h'here possible, the data of Zieman (1970) has been
utilized to give a long-range viev to interpret the event:s ve have seen during the
past year.

The principal findings of the past year for the grabs and macroalgae were that:
1) In an area'ear the mouth of the exfluent canal in which the mean temperature
was elevated 5'C, blue-green algae became the dominant species and grass and macro-
algae virtually disappeared. 'Thalassia, PcnicQZus,"Halimc.'da and L'aurencia'vir-

during the winter months; 2) In an area where t:he mean annual temperature vas +4'C
above ambient growth and abundance of Thalassi.a and other macroalgae vere much less
than at stations with lower temperature.

Station 52 (see Figure I-2) was situated well away from the shoreline and fur-
thest: from the mout:h of the effluent: canal. The seasonal fluctuation of mean
temperature vas from 16'C in December, 1970, to 32.5'C in mid-summer 1969 and 1970.
Abundance of Thalassia blades and grovth per blade fluctuated seasonally (Figures
X-1 and X-2). In the spring of 1969 and 1970, there vas an incxease in numbex of
blades as the temperature increased. ';/hen the temperature exceeded 31'C, the abun-
dance of blades fel'l. In the fall, as soon as the mean daily temperature fell
below 30'C, there vas an increase in the. number of blades (especially in the fall of
1969). However, as the temperature dropped further, the abundance fell to a lov
winter value, which was retained until warming in the spring. Other conditions

as shortened length of day vere also minimal in winter and lov temperature'-.. net be isolated presently as the single cause of low abundance. It was note'd
that: the lov vint:er level in 1969 (approximately 1,700 blades/rn") vas lower than
either 1970 (approximately 2,800 blades/m ) or 1971 (approximately 2,800 blades/m-).. 2 2

The abundance in the vinters of 1969 and 1970 could be interpreted as shoving a
dormancy period or time of no appreciable changes in growth at temperatures below
about 22'C.

Biomass (measured as g/m2/day) increased in the spring of 1970 from the low
December values, There was a drop in July followed by, an increase in August.
Finally a drop occurred in Decetnber and a minimum vas reached in April (Table X-1) .
The increase in biomass was much stronger in the fall of 1971 than t:he fall of 1970.

The algae at Station 52 were mainly Penicillus ~ca 1t:atus, Dalimeda incrassate,
Acetabularia crenulata, Laurencia and Valonia. Anadvmone was common in spring and
summer. ~Di enia si~mlex was found in July and Decerioer, 1970. ~ghi ace~halos and
~Bato hors ware occasionally present. Although incomplete information is available
from the summer of. 1969, the general pattern (Table X-2) appeared to be that
H ~ .jncrassata was abundant in spring and surmner and less abundant in vinter. In

.December, 1970, there vas an increase in Halimeda, but it vas 'not as strong as thatt -seen at Station 35. There i not a large population of Halimeda at present, nor
J
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Table X-l, Turkey Point, Key Biscayne', Florida Stations, Thalassia abundance per
sq'uare meter, mean grams of dry weight (biomass) of new growth per blade per days,
and mean square centimeter of growth per blade per day versus monthly temperatures,

TURKEY POTNT TfiALASSIA SlfiUfhRY

DATE

STATT.OH 13

T C ABUiiI, BIOKASS GROWTH

STATXON

T C
14'BUN.

BIOiAS,SS GROHTtj

3/7/69
3/20/69
4/23/69
5/9/69
5/22/69

~ 6/4/69
6/25/69
7/10/69
7/22/69
8/6/69
8/19/69
9/3/69
10/1/69
10/14/69
11/ll/69
11/25/69
12/29/69
1/13/70
3/3/70
3/23/70
4/29/70
5/12/7O
6/18/70
7/8/70
7/21/7O
s/5/7o
8/20/70
9/2/70
10/2/70
10/15/70
11/9/7O
11/23/70
12/16/70
1/4/71
1/19/71
2/4/71
2/19/71
3/1/71
3/19/71
4/6/71
4/23/71
5/6/71
5/1S/71
6/2/71

21. 3
20,7
29. 1
28. 3
30. 6
30. 5
30.8
30.4
30,8
31. 4
32,8
30. 7
29.0
27.7
22. 0
21. 5
20. 9
16. 7

19,9
18,8
29,1
25.4
30,9
31. 0
32. 2
32,4
32,8
33,0
29,9
26,7
23,6
23. 6

18,2
20,4
23. 2
2o,4
17. 5
24,0
23,5
21,2
25. 3
28,4
29,8
28. 1

2450
2850
4225
4"650
4925
4725
4900
4900
4900
4350
4900
5425
4225
5300
5800
5025
3525
3275
2850
3700
4750
4650
5200
5625
4800
4750
4600
4600
4575
4750
4625
4775
3525
3200

3875
3875
4675
4300
3450
4325
4950
5550

, 062

. 036

. 040

. 047

~, 064

, 032

. 024

, 142

.073

.196

. 203
A

.294

.177

.167

. 031

. 031

, 106

, 121

, 149

. 085

. 072

, 113

.094

, 102

,079

,'148

, 110

. 121

, 059

,068

,094

, 071

23,0
22,4
30,8
30,0
32. 3
32. 2
'32. 5
32. 1
32.5
33. 1
34,5
32,4

, 30.7
28. 4
23,7
23.2
22. 6
18,

4'1,6

20. 5
30,8
27,1
32,6
32. 7
33. 9

* 34.6
34,5
34. 7
31. 6

~ 28,4
25. 3
22 3
19. 9
22. 1
24.9
.22 1

19,2

25. 7
22. 9
27,0
30. 1.
31 5.

.29,8

2525
2425
3625
3500
3750
3650
4275
4500
4550
3750
4000
4850,
5175
4925
4850
4450
342S
2700

2875'600

4075
4425,
4825
4475
4775
4625
4875
4425>
4600
4850,
4300

4150'600,

3700

3550'500

4775)
4100I
5175
5325
5525'

093

. 040

. 037

, 028

. 041

, 050

. 045

". 163

. 103

. 154

. 168

. 154

. 259

~ A31

;038

. 046

.. 110

, 113

. 128

.071

, 098

. 123

, 138

. 116

, 127

, 168

. 112

. 124

. 099

. 137

, 079

. 074

. 123

, 113

ind ica tea miss ing
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STATXOH 16

T C ABUN ~ BIOffhSS GROHTH

STATION 24
T O ABUH BIO?fASS GROffTH

3/7/69
3/18/69
4/22/69
5/6/69
5/21/69
6/3/69
6/25/69
7/10/69
7,,/22/69
8/6/69
8/19/69
9/3/69
10/1/69
10/14/69
ll/11/69
11/25/69
12/29/69
1/13/70
3/3/70
3/2s/7o
4/30/70

. 5/12/7o
6/18/70
7/8/7O
7/21/70

'. 8/5/7o
8/20/70

:, 9/2/7O
10/2/70
10/15/70
ll/9/70

; ll/23/70
'. 12/16/7O
: 1I/4/7.1

Q 1/19/71
2/4/71
2/19/71
3/1/71
3/19/71
4/6/71
4/23/71
S/6/71
5/18/71
6/2/71

23.5
22.9
31,3
30.5
32.8
32.7
33,0
32.6

„33.,0
33,6
35.0
32. 9
31. 2
29. 9
24. 2

23.7
23.2
18,9
22,1
21.0
31. 3
27,6
33. 1
33.2
34.4
34„6
35.0
35,2
32. 1

28.9
25,8
22. 8
20. 4
22,6
25. 4
22„6
19,7
26. 2
25. 7
23,4
27,5
30. 6
32. 0
30,3

2250
2725
4625
3825
3800
5200
4225
4025

,.3875
4275
4225
'3950
3725
4175
4100
3600
2575
2925
3075
3800
4450
4600
4325
4550
4075"
3875
4075
4025

, 3375
3650
3650
3525
2950
2650

3075
3075
3200
3400
3850
3800
4175
4925

, 160

,073

,039

. 019

.050

. 041

.053

. 168

. 127

.134

. 168

,243

. 185

,119

, 060

, 143

,089

,118

.071

.147

,171

. 116

.123

, 134

,169

. 175 ,081

. 059

. 070

. 114

, 185

, 210 ., 059

23. 2
31. 6
30. 8
33. 1

33.3
32,9
.33. 3
~ 33.9

'5.3
33.2
31. 5
30.2
24.5
24.0
23,4
19. 2
22. 4
21. 3
31. 6
27,9
33,4
33.5
34.

7'4,9

35.3
35.5
32.4
29. 2.
26,1
23,1
20,7
22. 9
25.7
22.9
20. 0
26. 5
26. 0
23 ~ 7
27. 8
30,9
32. 3
30. 6

2175
2775
3400
3625

3150
3350
3300
3325
2675
2950
3650
4025
3875
3750
3425
3325
3350
4200
4900
5175
5950
5325
4500
3575
4325
3625
2325
2200
5125
3925
4875
4300

3600
3900
4525
4800
5200
5475
5700
6150

, 103

, 040

.041

, 022

.062

.018

, 118

. 139

.235

, 149

.098

. 149

.085

, 037

. 040

, 193

, 179

. 'i06

, 064

,085

,039

,047

, 126

, 124

.084

, 088

.022

.074

,059

,068

, 121

, 104



DATE

3/7/69
3/18/69
4/22/69
5/6/69
5/21/69
6/3/69
6/24/69
7/8/69
7/23/69
8/5/69
8/20/69
9/3/69
10/1/69
10/14/69
11/12/69
11/25/69
12/30/69
1/19/70
3/3/70
3/23/?O
4/3o/?o
5/12/?o
6/18/70
7/8/?O
7/21/70
8/s/?o
8/20/70
9/2/?o
10/2/70
lo/ls/?o
11/9/70
ll/23(70
12/16/70
1/4/71
1/19/71
2/4/71
2/19/71'/1/71

3/19/71
4/6/71
4/23/71
5/6/71
5/18/71
6/2/7,1

T C

22,7
22. 1

30. 5
31. 7

32.0
31.9
32. 2
31,8
32:2
32. 8
34. 2
32,1
30. 4
29. 1

23.4
22. 9
22. 3
18. 1

21,3
20. 2
30,5
26. 8
32. 3
32,4
33,6
33,8
34,2
34,4
31,3
28,1
25,0
22,0
19. 6
21,8
24,6
21. 8
18. 9
25,4
24. 9
22. 6

26,7
29.8-
31,2
29. 5

ABUVi,

2050
2250
27?5
2900
3300
3225
3100
2525

'2500
2700
2275
2550
2150
2325
2000
1700
1625
1675
1550

1800
2000
2675
2625
2350
2150
1900
2025

'525
2425
2250
2375
1625
2000

2400
3075
2225
1850
1625
2075
2100
2250

STATION 26

. 102 , 214

. 134 . 344

~ 032 . 084

, 019

. 024

. 063

, 033

. 048

. 061

, 121

. 06'1

, 052

. 188

, 087

, 132

. 171

. 167

. 203

,166

, 153

. 105

. 077

, 138

. 122

, 039

.082

.067 .025

. 080, 017

"'IOMASS . GROWTH

. STATION

T C

21. 4
22. 3
30.7
29. 9
32. 2
32,1
32.4
32. 0
32.4
33.0
34,4
32. 3
30,6
29,3
23,6
.23.1
22. 5

F 18,3
21,5
20. 4
30,7
2.7, 0
32. 5
32. 6
33,8
34.'0
34,4
34. 6
31,5
28. 3
25. 2

22. 2
19. 8
22. 0
24. 8
22.0
19,1
25,6
25,1
22,8
26. 9

30. 0
31, 4.
29,7

1250
1775
2075
2550
2300
3050
2425
2775
3250
3350
3050
2900
3525
3950
3950
3225
2400
2525.
2150
2800
3475
3850
3900
3750
3325

3125'175

2925'950

3500,
3700
3425:
2900.
2800

2775'175

2900
3000(

2800,'200,

3225
3300

. 125 . 212

. 058

. 063

. 036

. 051

. 046

. 026

. 171

. 147

.234

, 182

, 161

,259

-, 179

, 210

, 171

, 105

, 151

, 113

, 056

, 099

. O9O

, 149

. 130

,106

. 112

,061

.099

,064

, 056

, 165

. 090

34'!!UN,
BIO'!ASS GRO!1 TH

X-10



0



DATE

2/27/69
3/20/69
4/23/69
5/6/69
5/22/69
6/5/69
6/24/69
7/8/69
7/23/69
8/5/69
8/20/69
9/3/69
10/1/69
10/13/69
11/12/69
11/26/69
12/30/69
1/19/70
3/2/70
3/23/70
4/29/70

f 5/12/70
6/18/70
7/8/70
7/21/70

) 8/5/70
8/20/70

:. 9/2/70
10/2/70
10/15/70

: 11/9/70
t'l/23/70

12/llew/70
1/4/71
1/19/71
2/4/71
2/19/71
3/1/71
3/19/71
4/6/71
4/23/71
5/6/71
5/18/71
6/2/71

T'C ARUN.

32. 9
3'3 . 3
33. 9
35.3
33.2
,31. 5
30. 2
24.5
24. 0
23,4
19. 2
22,4
21. 3
31. 6
27. 9
33.4
33.5
34.7
34.9
35.3
35,5
32.4
29.2
26. 1,
23. 1

20. 7

22. 9
25. 7
22. 9
20. 0
26. 5
26. 0
23. 7

27. 8
30,9
32. 3
30. 6

2575
2775
2875
3025
2500
2425
2625
2450
2075.
2225
1900
2100
2100
2700
3050
3175
3350
3300
3350
3275
3100
2900
2525
2775
2625
2575
2175

2525
?500
2450
2725
2300
2650
2675
3300

STATION 35

3IOi1fAS S GROHTH

. 122

.090

. 129

. 131

. 092

,082

. 045

, 064

, 151

. 166

. 025

. 044

. 061 . 075

, 031

. 110 . 235

. 074 . 103

.220, 128

. 215 . 131

, 158 . 101

,189( '066

. 156

STATION

T C

19.
6'0.

5
28. 9
28. 1

30,4
30. 3
30,6
30.2
30„6
31. 2
32. 6
30,5
28,8
27;5
21,8
21. 3
20. 7.

17. 2
19,7
18. 6
28. 9
25.2
30. 7
'30, 8
32,0
32,2
32. 6
32,8
29. 7

26,5'3.

4'3.4

18,0
20.2
23:0
20.2
17.3
23.8
23.3
21,0
25. 1

28. 2
29. 6
27.9

52

ABUN, B2074KBB GRO7|TH

1725
1975
3150
3500
3825
3675

.089

. 088

. 137

.211

3925
4050
3650
3400
3125
3100
3625
3125,
2850
2875
2775
3050
3750
4600
4300
4000
4375
3 650
3625
3650
3700
3575
3625
3250
2700
2575

. 2800

,143

, 215

. 173

, 041

, 058

,073

,116

.182

.207

,234

,192

, 101

. 087

, 020

.255

, 172

.375

.358

. 317

,396

;239 . 101

2825
3600
4275
4175
4300
4625-
5450

, 046

. 044

. 151

.089



Table X-2, Abundance of the predominate species of Algae per square meter at Turkey Point,
Biscayne Bay, Florida, stations from lIarch, 1969 to Yiay, 1971.

SUt&fARY TURKEY POINT ALGAE ABUNDAXitCE

Stati.on 13

Pen. Hal. Acetab. Anad. ~Dt en, Laur. Rhtoo. Udot, Avon. 8~ate h. ~ Cfoul

3- 7-69
4-23-69
5-22-69

10-14-69
11-11"69
12-29-69
3- 3-70
4-29-70
6-18-70
7-21"?0
8- 5-70

10- 2-70
11- 9-70
12-16-70
2-19-71
3- 1-71
4- 7-71
5- 3-71

123 71
131 84
113 74
440 51
407 54
515 24
489 24
180 76
237 60
124 56
166 84

55 67
98 57

110 31
228 '1
237 51

94 54
105 62

0
54

110
3
0
0

16
244
400

'0
105

10
0
0
9
0
6

11

1. 0%

6. 0%

5.0%
7. 0%

I

5.'0%
16. 3!
3.4%
2.5%
5. 0%

4
20

4
8
1

15
31
60
2t
3)t

30
44

e





Date

.Station 14

Pen. Hal. Acetab. Anad. ~Di en. Laut . Rhino. Udot. Avan. ~Bate h. Caulo.

3- 7-69
4-23-69
5-"22-69

10-14-69
11-11-69
12-29-69
3- 3-70
4-29-70
6-18-70
7-21-70

.8- 5-70
10- 2-70
11- 9-70
12-16-70'-19-71

3- 1-71
4- 7-71
5- 3-71

480
67
'55

34
46
35

138
169
188
40

123
910
138

88
aol.
134

94
105

68
70
75
18

9

11
15
26
12
19
12
12

7
7

13
7

54
62

0
9

4
0
0
0
8

0
0
0
0
0
0
0
6ll 2.5%

'5.0%

2

1
11

Station 16

3- 7-69
4-23-69
5-22-69

10-14-69
11-11-69
12-29-69
3- 3-70
4-29-70 "-
6-18-70
7-21-70
8- 5-70

10- 2-70
11- 9-70
12-16-70
.2-19-71
3- l-jl
5- 3-71

422 .

430
331

0
0
0
0

-3--
3
7

7
17
47
92

123
171

188'4

58
68

0
0
0
0
0
1
0
0

"0

0
0
0
0
0

0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

2.0%
2.0%
5.0%

19.0%
4.0%

1.0%
1.0%
a.sx
0.5%

50



0



Date

Station 34

Per.. H,.l. Acaoab. Aoad, D~iau. Lauv. R~hf o. Udot. "Avau. B~ato h. C~aul

3.-20-69
4»23-69
5-21-69

10-14-69
11-11-69
12-30-69
3-03-70
4-29-70
6-18-70
7"21-70
8- 5-70

10- 2-70
11- 9-70
12-16-70
2-19-71
3- 1-71
4- 7-71
5- 3-71

Station 35

85
22
18
14
18
24

'72
16ll
25

7
7
7

0
0
0
0
0

12
0

20
39
59
42
51

0
2
5
7
6

36 0
42 0
12 0

3
117
300

13
0
2

14
60

3
25

4
0
0
0
0
0
0
0

1

3
2

5
5
5
a

2. 5%

1,3%

1,3%

a6o
285
ao5

3

7

50
140

21
6

39
22

10-14-69
11-11-69
12-30-69
3- 2-70
4-29-70
6-18-60
7-21-70
8- 5-70

10- 2-70
11- 9-70
12"16-70
2-19-71
3- 1-71
4- 7-71
5- 5-71

0
0
0
1

0
1

5
4

14
9

27
49
52
51
48

0
1

2
8

27
0

58
90
82
98lll
88

114
170
199

124
250
255
315
400

0
177
164

19
4

18
39
34

131
250

5
19
10

2

11. 3%

7. 5%

2,8%
5.5%
3,0%
5. 0%

8. 0%

2 1,5%
lO 2.0%

5 3,8%
2 5,3%
a 5. o%

7

4
36
22

4
1

50
20
29

198





Date

Station 24

Pen. Hal. Encl..ih, Anad. ~Di en. hour. ~Rhi o. Vdon: Avon. ~Bato h.

3-20-69
4-23-69
5-28-69

'10-14-69
11-11-69

,12-30-69
3- 3-70
4-29-70
6-18-70
7-21-70
8- 5-70

10- 2-70
1L- 9-70
12-16-70
2-19-71
3- 1-71
4- 7-71
5- 3-71

Station 26

3-18-69
4 Q3-69
5-21-69

10-14-69
11-11-69
12-30-69
3- 3-70

~ 4-29-70-
6-18-70
7-21-70
8- 5-70

10- 2-70
11- 9-70
12-16-70
2-19-71
3- 1-71
4- 7-7a

~ 5" 3"71

502
242
212

0
3
3

14

2
2
0
0
0
0
0
0
0
0

502
29

437
0
0
0
0

-9
24

1
0
0
0
0
0
0
0
n

22
26
31

4
2
2
5

24
51
13
25
13

0
1

34
49
62
84

22
24
29

0
0
0
0

.0
14

0
3
1
3

ao
51
66
84

83
415
500

24
35
36
80

304
191

3
2
0

33
32

0
0
0

28

83
1
a

402
155

9
132

15
187

5

97
~ 0

0
0.

0
0
0

4(

1

3
4

ao 7.5%
5 1.3%

15 2.5%

6 6.25%

10 8.0%
20 3.0%
30 6.0%

1

1 3
12 1.0%
26 1.0%
30 3.0%
20 3.0%

107
153 6.0%
268
189 1.0%

2 182 1.0%
0.5%
0.5%
a.o%

60
30
12

2
4

21
13
25
L2

60
12

6
2
1
4
3

35
6

105
3
2

50



0



iC

Datet

Station 52

Pen. Ual. Aoetah. Anad. ~D1 en. Lant. ~Rhd o. Udot. Avan.. ~Bate h. Cauln..

3-20-69
4-23-69
5-22-69

,10-15-69
'11-11-69
12-30-69
3- 2-70
4-29-70
6-18-70
7-21-70
8- 5-70

10- 2-70
11- 9-70
12-16-70
2-19-71
3- 1-71
4- 7-71
5- 5-71

6 40
3 709, 97
9 40

12 23
7 29

11 17
2 25
0 60
6 53
3 38
6 37
3 26
2 56
2 35
8 52

15 50
6 62

12
108
136

13
3
1
5

24
68
16

7

0
0
0
0
1

. 2

14

2
2
3

6
1
3
2

20
55

0
30
35
20
32
11

5
60ll

2
2

32
0
0
0
0

18. 8%

15.0%
3.8%
4.0%
1.8%
7.8%

17.5%
5.0%

36.3%
65.0%
70.8%
86.3%
57.5%
88.0%
80.0%

'8.0%
84.0%

12 18
22 14
17 9
14 2

5 2
9 7

15 4
17 5

0
17 9
21 17
16 10

1 6
2 10
2 1

11 2
5 1

12 13

10
12
10
65
40
25
30

110
17
40

4

11
25
18

+ LEGEND:

Pen.
Hal.
Acetab.
Anad.
D'en.
Laur.

— Penicillus- Halimeda
— Ace tabularia
— Anadvomene
- ~Di,cola
— Laurencia

Rhiyo.
Udot.
Avane
Batoph.
Gaul@.*

— Udotaa
— Avanv1111a
— Batoohora
— Caulatoa



was there when the counts vere begun by Zieman in 1969. This may be explained by
the covering of Laurencia vhichvas often encountered at thl's station. This mat-like
covering over rooted algae may cause less light penetration and therefore lowered
photosynthesis and slower growth (Section XII).. One of thc most abundant species

Acetabularia population increased in the spring of 1969 and 1970, vith low numbers
being observed in surlier and winter.

Station 13 vas the station considered as a control. Sea grasses were firm and
their color was good.„ Hovever, a great deal of sediment had settled in this area.
As in Station 52, there are large fluctuations in abundance of Thalassia (Figure
X-3) and its growth (Figure X-4) between summer and ~inter. In the spring of 1969,
1970 and 1971, as the temperature increased, there vas an increase in abundance of .

fhalassla (the blades approfcit:ately doubled in number — Table X-il..1n .the summer
of 1970 ~ vhen the mean temperature increased from 31 to 32'0, there vas a decline in
the number of blades/m . The blade count continued downward until the temperature
dropped to 30'C in September. At this point, there vas an increase until the drop-
ping temperature in the fall months curtailed growth. In October, the abundance
fell to a minimum fall value. Growth (Figure X-4) decreased both in 1969 and 1970
when the temperature reached 33'C. There vas a decrease in the growth rate as the
temperatures neared 31'C. This was followed by a rise in the growth rate which
continued until mid-summer (late July to early August: ). Slowest growth rates vere
encountered from October to Narch in 1970 and 1971.

The Laurencia cover seemed to be more dense toward the middle of the Bay
(Station 52) and less dense near the shore. This general pattern vas modified when
winds vere strong enough to move the unattached l,aurencia. Depressions in the bot-
tom which are suitable for collection of Laurencia.accumulated large populations at
such times. When the Laurencia became less dense at Station 13 larger populations
of Halimeda and especially Penicillus vere found to occur in this area (Table X-2} .
In October, 1970, a large Penicillus population vas measured. The abundance fell
in Harch, then increased slightly until June,'hen fell again to a lov level in
the summer months. In October, when the temperature fell, the population increased.
This might be explained by winter temperature conditions above'normal which alloved
increased growth. Studies in spring and summer from many parts of the Bay (Section
XIII) showe'd Penicillus abundance generally increased in tne summer months. Data
from Card Sound shoved that 9 stations had increased populations of Penicillus in
summer, while 4 had decreased. Until further information is available about the
patchiness and dynamics of Penicillus growth, ve can only speculate that either the
summer decrease was due to heat stress or it was due to random causes such as seen
at stations 0805 in Card Sound. The silting may .also be a fact'or at Station 13..

0

Halimeda wasless abundant in the winter at Station 13 than in the summer.
Halimeda observed in laboratory experiments (Section XI) appea-'ed to have a

slightly higher temperature tolerance than Pen'cillus. We may be seeing the effect
of a slight differential betveen their upper temperature limits> reflected in the
dominance pattern at this station which is 1.5'C above the mean Bay temperature.
~Bato hors increased in nutbers from winter to spring 1970. Abundance decreased in
the summer. >fany of the algae 'found at Station 52 and in Card Sound were not
found here.

s

I
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(dotted line) and Thalassia abundance (solid line) per square meter
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FIGURE X-4 Turkey Point, Biscayne Bay, Florida, Station 13, Yean Thalassia
growth (cm2) per blade per day. (Dotted line indicates unavailable data)



. Station 26 was slightly offshore and to the south of the mouth of the effluent
'canal..It was in an area which averaged 2.9'C above ambient with some fluctuations
due to tide, wind direction and other. factors. The abundance of Thalassia (Figure
X-5) showed less seasonal variation than at Stations 13 and 52. The abundance of
Thalassia blades increased 50% from February, '"."9, to February, 1971. The maxi-
mum for. 1969 was 3,300 blades/m in April and for 1970 only 2,700 in Hay. The
growth rate observed in spring 1969 climbed as the temperature neared 31'C to a
rate comparable to that observed at Station 13 in August. During summer months the
growth rate at Station 26 fell precipitously but recovered in September when the
temperature fell below 30'C (Figure X-6). This agrees with measurements of photo-
synthesis of Biscayne Bay Thalassia by Jones (1968) who found photosynthesis reached
a peak at 30'C a"..".. hen fell abruptly when temperatures rose above 30'C. This
information would imply that growth, which .in .plants is a direct result of the r..te
of photosynthesis, would reach its maximum in a temperature interval around 30'C
and decrease above this. The obvious problems in extrapolating from Jones'easure-
ments are that fluctuating temperatures such as encountered at the stations under
discussion were not considered and that long term measuremcnts at 31'C and above
were not considered.

Me are aware that certain theoretical and methodical arguments pertain to
photosynthetic and respiratory investigation conducted in situ. However, the sur-
prising similarity between Jones'easurement and our growth results at Turkey
Point reinforce our opinion that temperature is a fundamental factor in the ecology
of Thalassia as well as other tropical marine estuarine organisms. Thus, despite
the three different approaches (laboratory studies, in situ photosynthesis and
field growth) used to examine temperature dependence and the errors inherent in each
of the various methods employed, the same controlling temperature is obtained.

The Penicillus population was large in the winter of 1969, fell to low levels
during summer and never recovered. The Halimeda population increased in the spring
of 1969 but fell to zero during the summer. It began to recover during the spring
of 1970, but fell to very low levels in June, 1970, when the temperature climbed
above a mean of 32'C. In October a recolonization began, which climbed

steadily'ntil

a high in Hay, 1971. Observations'n June 3, 1971, showed that many of the
plants were becoming unhealthy and the temperature was above 32'C. Laurencia was
very prevalent here in June, 1970, and then disappeared. ~gate hors appeared to
increase during the summer of 1970. Some ~hnad one and Digenia appeared in June,
1970, but rapidly disappeared during the next several months.

Station 34 had an average mean temperature about +3.1'C above the Bay ambient.
The station lies out from shore northeast of the mouth of the effluent canal. It
differed somewhat .. om Station 26, also within the +3 C isotherm, because the wind
and tidal conditions have less effect thereby producing a more stable temperature
regime.

The abundance of Thalassia (Figure X-7) was low and similar to Station 26
with the maximum population in October, 1969, being approximately 3,900/blades/m2
and the high for 1970 approximately 3,900/blades/m" in June. .The seasonal vari-
ability during 1971 was lower than that seen in 1969. Like most Thalassia sta-
tions, this station experienced increased abundance in the spring of 1969. In ~lay
when the temperature rose from near 30'C to 32'C, both the growth (Figure X-8)

X-20
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(dotted line) and Thalassia abundance (solid line) per sauare meter
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FIGURE X-6 Turkey Point, Biscayne Bay, Florida, Station 26, Mean Thalassia
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and biomass (Table X-3) decreased. In October c"hen the temperature dropped below
30 C 7 the g row th increased . In ab out a mon th the biom as re z 1 e c te d t hi s inc re a s e

pay 1970 when the tern, erature jumped above 32'C, the growth decreased and
remained low until September when the temperature jumped above 32'C, the growth
decreased and remained low until September when the temperature fell below 30'C.
This slight increase in growth chas reflected by increased biomass. After the fall
bloom, the biomass remained low over the winter. The February, 1971, number of
blades of grass was 133% higher than in February, 1961. The biomass in fall 1970
also was substantially above that observed in the fall of 1969.

This pattern of increase in number of blades of Thalassia was seen at several
.bf the stations. There are several possible explanations, none ot which can be
dezinitely proved with the presently existing data. First, the severity of the
'3.'968 su~1,er he'at.-ed e'ifluents which "exceede'd the 'temperatures recorded 'during 1969
and 1970 may have severely damaged the population and thus the area is returning
to a less severely stressed level. Second, the opening. of the canal was coupled
with siltation, which well may have had a detrimental effect on the grasses. This
has been witnessed many times in Biscayne Bay and the Florida Key's during"dredging.
Eventually, the plants may return. The third possible hypothesis for the increase
in blades is that since the blades do not winter over at the normal low tempera-
tures in these areas, a higher productivity per year may be realized despite the ~

drop in summer growth due to haa"- stress. The fourth possible explanation is that
a rapid increase in growth may occur and then suddenly this explosive system will
collapse and die.

The algae at Stat-'on 4 shoe.-ed more stress than the grass. I'enicillus abun-
dance decreased in June, 1969, remained low throughout the summer and fall, but
retuzned in the winter of 1970. There was decreased abundance in the spring of
1970 and then increased abundance until October, 1970. March, 1971, produced
maximum numbers for the year. Halim da had an increase in abundance in spring
but counts in July and August were low. Laurencia was found here in the spring
only in small amounts. ~gate hors was found in larpa nu'mbers in the spring and
diminished steadily until August. Few other macroalgae were seen.

Station 14 was near shore and near the mouth of a secondary thermal effluent
canal. It had a mean temperature of 3.2'C above the Bay ambient but the duration
of exposure to high temperatures is restricted to the period of time when effluent
comes through the canal. The extent of these tidal variations was not measured.
The Thalassia abundance has decreased from 1969-70 to 1970-71 (Figure X-9) ~ How-
ever, in February, 1971, there were almost 100% more blades (4,400/m ) than in2

February, 1969, (2,400/m ). When the temperature exceeded 32'C, the abundance
fell. The growth also fell abruptly in ~1!ay of 1969 and 1970 (Figure X-10).
There was little available data for the winter and spring of 1970, but December,
1970, figures are the highest for the entire study period.

'P.-c'aoitatus was abundant in Harch '1969, ,and fell abruptly when tha tempera-
ture exceeded 30'0 in April. By Barch, 1970, there was racolonisation. In June,
1970, as the temperature jumped from 27.5 to 32'C; the population fell. Penicillus
increas'ed to more than 900 plants/m in October, 1970 when the temperature fell,2
below 30'C.
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Table X-3, Frequency of 'Tltalassia reproductive bodies per square meter at Card
Sound and Turkey Point: st:ations for Nay, 1971..

CARD SOUND AND TURKEY POINT THALASSIA

REPRODUCTIVE BODIES

DATE

Card Sound
5/3/71

STATION

0104
0204
0304
0403
0405

5200
3950
2550
2250
2225

100
0

50
50

0

0
0
0
0
0

ABlJN .Flotooto/m Bud" /m Ftutt/m2

0
0
0
0.

0

Totals

100
0

50
50

0

AVG. RB/m

40

Turkey Point
5/6/71

13 4325
14 5175
16 3800

'244725
26 2075
34 3200
35 2650
52 4625

25
0
0
0
0

25
75
25

0
0
0
0
0
0
0
0

0
0
0
0

'

0
0
0

25
0
0
0
0

25
75
25

19

Card Sound
5/17/71

0104 5875
0204 4675
0304 2900
0403 2500
0405 0

100
25

~ 0
0
0

75
0

25
0
0

0
0
0
0
0

175
25
25

0
0

45

Turkey Point
5/18/71

13 4950
14 5325
16 4175
24 5700
26 2100
34 3225
35 2675
52 5450

0
0
0
0
0
0
0
0

25
0
0

25
0
0
0

75.

0
0
0
0
0
0
0
0

25
0
0

25
0
0
0

75

16
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Halimeda abundance decrea ed in the summer of 1970 and did not recover until
the pring of 1971, Acetabu,'.aria and Laurencia vere scarce until the spring of 1971.
~gato ihara had been s en on various occasions but had aluays been sparse.

In summary; the surrmer temperatures of 3 C above ambient made the Thalassia
growth and abundance, as well as the macro-algal population levels, abnormal and
somewhat erratic compared to other populations fo~nd at lower tempexatures in Card
Sound, at Turkey Point and in various other localities in Biscayne Bay.

Station 16 averaged about 3.7'C above the Bay, temperature and was located near a
shoreline mangrove community." It is located south of the mouth of the effluent
canal. Even more than Station 26, this station had a variable temperature regime
depending on the wind, tides and other hydrographic conditions. The abundance
(Figure X-ll,) and,growth „(ligure,X-.12) of'halassia dropped:::. n the .temperature
rose above 32.5'C. From ~tray to mid-September, the biomass arid abundance of
Thalassia was depressed. In mid-September, when the temperat ire fell below 31'C,
there was some recovexy. A 37% increase in abundance from February, 1969, to
February, 1971, was observed at this station.

The abundance pattern of Penicillus was similar to that at the last station.
The original population seen in spring of 1969 fell duxing summer of 1969, but
recovered during the fall. Halimeda decreased in numbers in the summer of 1969 and
has not recovered. The alga Batonhora vas occasionally observed. In July, 1970,
Lauroncia increased but abruptly fell never to recolonize t'ha area. Fev of tbe
other normal forms of macroalgae were found.

Station 24 was located away from the shore and northeast of the mouth of the
effluent canal. The average temperature was 4'C above ambient. Mhen the tempera-
ture in the spring of 1969 increased from 31 to 33'C, the abundance (Figure X-13)
and growth (Figure X-ll~) of Thalassia declined abruptly and remained low until
September when the temperature fell from 31 to 30'C. In the fol'owing spring,
there was an increase in biomass followed by a drop when the temperature rose from
28'C to 33'C in Hay. The abundance continued to drop from 6,000 blades/m in Nay
to 2,200 blades/m in September. Then, when the temperature fell from 32 to 29'C,
the abundance increased to 5,100 blades/m2 wi"':tin a month. The sequence in 1970
was a clear demonstration of the effect of temperature on Thalassia. At this sta-
tion abundance fell sharply when temperature rose above 32 or 33'C. The abundance,
however, increased from ?1arch, 1969, to ~inarch, 1971.

Penicillus counts fell drastically from neax 500 pla'nts/m to near zero after
the high temperatures measured in the summer of 1-".a9. This population never
returned. flalimeda abundance was low in 1969 and remained low until the wintex
of 1971 when the population began to increase. The increase in abundance continued
until Hay. The observation of June 25, 1971, indicated that the growing tips of
Halimeda were unusually thin and lighter green than those seen on growing tips of
normal plants. Acetabularia had a spring bloom in 1970 but counts dropped in July.
gatoohora vas occasionally present here. There rptas no Laurencia in the area during
the study. Only macroalgae with hnosn sexual propagation appeared in 1970 and 1971.

X-29
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Station 35 had an average temperature of 4.0'C above the Bay ambient. There
was a relatively small Thalassia population with little fluctuation between summer
and winter (Figure X-15). The health of the Thalassia 'n summer app ar d poor
(flaccid leaves and drab green color). Growth appeared to Eall when temperatures
rose from 28 to 33'C in May (Figure X-16). The abundance remained constant during
the summer. Growth and abundance appeared to increase in the following spring...

The algae population was abnormal. As at Station 24, most of those greens
without known sexual stages were not present; for instance, Penicillus populations
were almost non-existent except for some small recolonization during this past
spring. Halimeda exhibited a low population in the spring of 1970, began to grow
back in the fall and by the spring of 1971 was large. Acetabularia was abundant
in April, 1970, but dropped greatly by June. 'In the spring of 1971 a large recolo-
nization occurred. Laurencia was seen here in the winter and spring but declined
in August. ~gate hors increased in the fall of 1970.

Card Sound

To meaningfully interpret field studies, it is necessary to have a cycle of
at least one year to understand seasonal fluctuations. It was hoped that the Card
Sound study would provide background data on the natural conditions before thermal
additions altered the ecology. However, heavy fall storms delayed palcing of sta-
tions, and therefore a full year's pre-stress measurements will not be available
until this fall. Another factor, the lack of rain from July, 1970, until June, 1971,
produced one of the worst droughts experienced in south Florida. Th.'s drought
caused hypersaline conditions in Card Sound which may produce atypical algal commu-
nities and sea grass growth figures in the base-line.

Although much of Card Sound has shallow sediments with patchy Thalassia and
macroalgae, the northwest corner. of the Sound and much of the Arsenicker Key/(utter
Bank area has dense Thalassia stands. Blade counts as high as 5,500 blades/m
vere observed in gay. 'i'nese figures indicate production is as high as observed in
temperate marine Zostrea grass beds and comparable to pine forest communities
(Odum, 1957) .

The sediment fringe along the shoreline appears most productive. Patchiness
is evident even in this area as can be seen by aerial photography (See Figure X-17) .

The'ark areas correspond to thick patches of Thalassia and the light areas appear
as flat coral rock substrate with sparse populations of macroalgae when surveyed
underwater.

The Thalassia-sediment relation in Card Sound needs further evaluation. The
Thalassia generally decrease in abundance toward 'the southeast corner of the Sound
and in the center of the Card Sound Basin.

The total number of algae- were greater in the northwest than in the southwest
of the Sound although there is great patchiness seen for any one species. The
area in front of and north of the model land canal (Stations 0603 and 0503) appeared
to be one of the least productive of both Thalassia and macroalgae (Table X-4 and
X-5). This may be due to land run:.ff in this area causing lowered salinities and

X-34
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i
Table X-4, Card Sound, I'lorida stations, Thalassis abundance per square meter,

mean grams of dry weight (biomass) of new growth per blade per day; and mean
square centimeter of growth per blade per day. versus monthly temperatures.

DATE &
STATION T C ARUN~ ~ BTOMASS GROttTH T C ABUN. BTOHASS GROWTH

0403
2/2/71
2/21/71
3/10/71
4/8/71
4/22/71
5/3/71
5/20/71
6/2/71

16. 2
20. 5
20.9
22.4
24.3
26,4
27. 5
27. 0

1750

Vis.'150

2375
2400
2250
2500
2775

"0" - rough seas
099 .03

~ 042, 05

0803
16. 6
19. 6

20. 9
22. 3
24,8
27. 7

28,9
28,8

364
436
428
464

, 008

Stn. buoy missing
452
480
500

.09

0503
2/2/71
2/21/71
3/10/71
4/8/71
4/»/71
5/3/71
5/20/71
6/2/71

22. 0
24,6
26,8
27. 9
27. 1

404
'404
472
464
524

16. 5 308
20. 8 376.
20. 8 436 .007

. 008

,,08
i

,09

1103
16,8
18,0
20. 5
22. 3
75. 0
27. 6
28. 8
27. 9

1300
0950
162S
1700
1625
1725
1750
1800

, 065

. 065

,12

.12

0603
?/2/71
2/21/71
3/10/71
4/8/7 1

4/22/71
5/3/71
5/20/71
6/2/71

16,5
20. 7

20. 8
22. 4
24,4
26,5
27. 7

27. 6

480
512
546
640
584
628
620
672

. 009

. 006

.10

,07

0104
13. 5
18. 7

20. 8
19. 5
23,6
27. 0
28,1
29,1

3 50
3700
3725
4900
4450
5200
5875
5750

. 042

. 142

, 10

.08

0703
7/2/71
2/21/71
3/10/7.1
4/8/71
4/22/71
5/3/71
5/20/71.
6/2/71

16. 8
19. 8
21. 0
22. 1

25. 0
26. 9
28,0
27. 7

. 352
372
440
580
520
600
656
584

.006

. 006

.07

,06

0204
16. 4
18. 9
20. 2

21. 8
23. 9

.27. 7

28,9
29. 0

1900
2650
2675
3575
3375
3950 .

4675
4800

, 047

, 044

,08

.08

X-38





DATE 6
STATION T C ABUN~ BXOi%ESS GROHTH T C ABUN, Bro~fASS GRQ/TH

0304
2/2/71
2/21/71
3/10/71
4/8/71
4/22/71
5/3/71
5/30/71
6/2/71

16,5
18,7
20.4
22,1
25. 3
28. 0
29,0
28,6

2225
2225
2075
2400
2250
2250
2900

-3050

,027

,018

.05

..03

0704
16;5
18,4
20.4
22.0
25,1.
27. 8
28. 8
28. 0

880
824
992

1236
1168
1412
1500
1584

,006

,006

,07

.07

0404
2/2/71
2/21/71
3/10/71
4/S/71
4/22/71
5/3/71
5/20/71
6/2/71

16. 6.
19. 1
20. 3
22. 0
26. 0
27.3
28.3
28. 0

668
688
780
944
924

1008
1008
1040

. 007

. 007

,09

..09

0405
16. 2
18. 7
19. 9
21. 8
23. 5
26,7
27. 8
27.7

860
1475
1650
2000
1775
2250
2250
2028

,084

, 031

,16

.07

0504
2/2/71
2/21/71
3/10/71
4/8/71
4/22/71
5/3/71
5/20/71
6/2/71

16. 3
19. 2
20. 3
22. 0
25. 1
28. 0
29. 0
28,3

824
1300

948
1100
1164
1192
1508
1276'006

. 007

.07

,08

0805
16. 8
18'. 2
20. 2
22. 1

23. 8
27. 0
27. 9
27. 8

764
680
892

1064
1120
1194
1268
1296

.007

. 009

.08

.10

0604
2/2/71
2/21/71
3/10/71
4/8/71 .

4/22/71
5/3/71
5.l20/zl
6/2/71

16. 5
19,4.
20,4
22. 0
24,0
25.-8
28,9
28. 1

776
1400
896 ,006
948

1120 ,005
1232,
1336
1248

.08

.05

0606
16. 2
18. 5

20. 1

22. 1
25. 3
27 ~ 1
28. 1
27'. 6

869
524
880

1068
1072
1380
13.64
1340

.006

.006

.08

.08

X-39





Table X-5, Algal abundance of predominate species per square mater in Card Sound
stations, including the number of:healthy, unhealthy, and juveniles for each species.

CARD SOUND ALGAE SUIQIARY

Date &

St tion Condition Pen. Hal. Acetab. Laur. Rhino. Udt.
No.

Bat. S ecies
0104
2-02-71 Ii

U

J
T

11 19
6 3

17 22

.5%

.5%

C'i

3-10-71 H
U

J
T

,12 20
8
1 1

21 21

.5%

.5%

4 5

4-07-71 H

U

J
T

10 20
4

- 1
15 20

.5%

.5%

30

30

5-04-71

~ .

H

U

J
T

6 20
6

12 20

90%

90%

37

2 37

0204
2-02-71 H

U
J
T

4 5

4 5

300

300

3-10-71 H

U

J
T

3 4
2
1 1
6 5

.5%

;5%

1 220
2

3 220

4-07-71 H
U

J
T

6 5

6 5

.5%

.5%

170

170

5»04-7.1

~-
H

U

6
3

10

1%

1%

85

85





Date & No.
Station Condition Pen. Hal. Acetab. Laur. Rhi o. Udt. Bat. S ecies

0304
2-'02"71 H

U

J
T

3 13
1 4,

1
4 18

.5%

.5%

4 . 3
2
1
7

'

85

3-10"71 H

U

J
T

1 14
3 3

4 17

2 1%

2 1%

1 150
1

2 150

4-07-71 H

U

J
T

1,9
3 5

3
4 17

.5%

.5%

...3
1

,.3.5.0 .8

1 150

5-04-71 H

U

J
T

1 8
2 2

.2 1
5 11

2%

2%

2
2

95

95

0403
2-02-71 H

U

J
T

1 6%

1 6%

1600

1600

3-10-71 H

U

J
T

1 30%

1 30%

2 1800
1

3 1800

4-07-71 H

U
J
T

2
1

1 35%

1 35%

1 150
3

4 150

10

5-04"71 H
U

J
T

9%

9%

150

150

X-41
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Date
Station Condition Pen. Hal. ~ Acetab. l.aur .. Rhi o. Udt.

No.
Bat. S ecies

0404
2-02-71 H

U

J

2%

2%

9
5
2

16

2 100

2 100

3-10-71 H

U

J
T

2%

2% 14

1 200

1 200

4-07-71 H
U
J
T

4 ey

4% 13

1 240

1 240

5-04-71 H
U
J
T

2
3

11% 9
4

11% 13

2 450

2 450

0405
2-02-71 H

U

J
T

3 5 105

3 1
10 5 106

4% 3 32 55

4: . 32 55

3-10-71 H
U
J
T

1 9 100 10%
6 1 30

15
.7 10 145 10%

2 11 130
2 8
1
5 19 130

4-07-71 H
U
J
T

2 ll
1 2
3 13

j

75 25%
19

94 25%

4 4 95
3 11

7 15

5-04-71 'H
U
J
'T

1
17

59 36% 10
3

10
69 36% 13

2
4

85 7

x-42
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Date & No.
Station Condition Pen. Hal. Acetab. Laur. Rhi o. Udt. Bat. S ecies

0304
2-02-71 .H.' - 3 13

U 1 4,
J 1
T 4 18

.5%

.5%

4 3
2 ~

1
7

'

'5

85

6

3-10-71 H

U
J
T

1 14
3 3

4 17

2 1%

2 1%

. 1 150
1

2 '50
8

4-07-71 H
'U

J
T

1 9
3 5

3
4 17

.5%

.5%

3
1

150

1 150

5-04-71 H
U

J

1 8
2 2
2 1
5 ll

2%

2%

2
2

95

95

0403
2-02-71 H

U
J
T

2 1 6%

1 6%

1600

1600

3-10-71 H

U

J
T

1 30%

1 30%

2 1800
1

3 1800

4'-07-71 H
U
J
T

1 35%

1 35%

1 150 10
3

150

5-04-71 H
U

'

T

9%

9%

4
150

4 150



Date
Station Condition Pen. Hal.. Acetab. Inure. Rhi o. Udt.

No.
Bat. S ecies

0404
2-02-71 H

U

.J
T

2% 9
5
2

2% 16

2 100

2 100

3-10-71 H
U

J
T

2%

2% 14

1 200

1 200

4-07-71 H

U
J
T

4%

4% 13

1 240

1 240

5-04-71 H

U
J
T

11%

11%

9

13

2 450

2 450 .

o405
2-02-71

U
J

3 5 105
4
3 1

10 5 106

4%

4%

3 32 55
1

32 55

3-10-71 H
U

J
T

1 9 . 100
6 1 30

15
7 10 145

10%

10%

2 11 130
2 8
1
5 19 130

4-07-71 H

U

J
T

2 11

1 2
3 13

75
19

25%

25%

4
3

4
11

95

15 95

5-04-71 H
U-
J
T

16 59

10
69

36% 10
3

36% 13

2 85

6 85

X-42





Date & No.
Station Condition Pen. Hal. Acetab. Laur. Rhino. Udt. Bat. 8 ecies

0503
2-02-71 H

U

J
T

5
2

6%

6%

3-10-71 EE

U

J
T

2.
5

4
1
2
7

2%,

2% 4.

4-07-71 H

U

J
T

5 8
1

4
9 9

5%

5%

4

5-04-71 EX

U
J
T

1, 6

3 2
8 9

9
2

8%

8%

5 40 11
2

~ 7 40

0504
2-02-71'

U
J
T

7 14
4 4
8.

19 18

20
2

22

.5% 2
4

.5% 6

110

110

3-10-71 EE

U

J
T

5 17
1

3
13 18

12
3
1

16

1%

1%

4
:l.

4-07-71 'H
U

J
T

7 13
7 1
1

15 14

1%

1%

5-04-71 H
U

J
T

10 10
5 2
2

17 12
1

14

1%

1%

4
1

3 170
2

5 170

X-43





Date & No.
Station Condition Pen. Hal. Acetab . Laur. Rhi o. Udt. 'at. S ecies

0603
2-02-71 H

U
2
9
1

12

7%

7%

17
2

19

3"10-71 7

1 8
3

1 18

1%

1%

4 13

, -4-07-.71 -.H
. U

J
T

1 7
7
4

1 18

2%

2%

7 10
3

7 13

5-04-71 H
U

J
T

29
7

5. 2

5 38

2
1
2
5

9% 9 13
1 . 7

9% 10 15

10

0604
2-02-71 H

U

J
T

6 10
2

2
8 12

.1% 3 ll 45
4

.1% 4 15 45

3"10-71 H
U

J
T

6 2
3 .2

9 4

33
7

14
55

1%

1X

7 65
2

9 65

4-07-71 H

U

J
T

3
3 2
2
9 5

87
22

109

2%

2%

2 4 240
3

7 . 240

5-04-71 4 6
4

13 6
8

60

.5% 2
1

.5% 3

2 . 180
4

6 180

X-44





Date & No.
Station Condition Pen. Hal. Acetab. Laur. Rhi o. Udt. Hat. S ecies

0606
2-02-71 H

T

20 17
13 4

8
41 22

75 2%

2%

14 45
2

16 45

3-10-71 H
U

J

15 , 10
15 2

232'2

75
12
14

'100

8% 5

3
8% '2

4 160

4 160

4-07"71 H
U

J
T

24 9
10 1

6 3
40 13

'0
61 4%

5 80

9 80

5-04-71 H
U
J
T

33 18
17

9
59 18

48
2
5

55

3%

3%

2
1

3 115
2

5 115

0703
2-02-71 H

U

J
T

5 9
3 3
1 19'3

7%

7%

22 5

22 5

3-10-71 H
U
J
T

3 4
2 6
2
7 10

3%

3%

4

2:

4-07-71,

5-04-71

H
U
J
T

1 3
5. 6
7 4

13 13

H 1 9
U 2
J 9 1
T 10 12

2%

2%

5%

5%

5
1

1 40

1 40

1 55

X-45





,Date & ~ No.
Station Condition Pen. Hal. Acetab. Lauz. Rhi o. Udt. Bat. S eciest 0704

~ 2-02-71 H
U '

T

5 *

7
1

13

75

75

-2 220

2 220

3-10-71 H

U

J
T

8
8
2

18

4 60
10
30

100

1%

1%

1 250

1 250

4-07-71. H
'U

J
T

8 6
'6 "1

3
17 7

64

15
79

.5%

.5%

1 340

1 340

5-04-71 H
U'

T

9 9

9 1
1

19 10
12
77 155

0803
H

U

J
T

3 4
5

3 9

.1% 2

.1% 2

1'0
1

2 70

3-10-71 H
U

J
T

1 15
3 1

2
4 18

3
1

4%

4%

200,

200

4-07-71 H
U

J
T

1 12 ~ 2
3
3

1 18 2

4%

4%

3
1

250

250

5-04-71
U

~ - ~ J
T

3 5 3
3'
1 1 '

6 S.

1%

1%

6
2

450 ll
2

7 450

X-46
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Date & No.
Station Condition Pen. Hal. Acetab. Laur. Rhino. Udt. Bat. S ecies
0805
2-02-71

U
J

35
35ll81'24

2
28

4

3-10-71 H

U
J
T

26
24

7
57

15 3
4 15
1

20 18

25

4-07-71 H

U
J
T

13 10
1

3' 4
32 16 14

5-04-71 H
U
J

22
14

7
43

15 16
3
1 2

19 18

27

27

1103
2-02-71

U
J
T

14
19

5
38

H
U
J
T

7
4ll

4-07-71 H
U
J
T

5-04-71 H
U
J
T

7
5

.12

LEGEND:
,Pen-
Hal.
Acetab.

, .Laur.

—Penicillus
—Halimeda
--Acetablaria
—Laurencia

Rhipo. —Rhipocephalus
Udt.. —Udotea
Hat. — Batophora

H — Healthy
U — Unhealthy
J — Juvenile
T — Total

X-47
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physiological stress to the plants. The oxygen, phosphate,'nitrate, light, and
temperature regime did not appear markedly different here. Another. area (Station
0803) had lowered grass and algae populations and this may also be due to runoff
in the wet season. Across Card Bank at Station 1103 the sediment became quite
thick (Wanless, 1969) however a relatively low algae population was seen there.
This region received little influence from land, runoff. Thus, it appears that
sediment and lowered salinities may be important for the Thalassia and algae
communities.

From diving observation's it was determined that the eastern shoreline is simi-
. lar to the western shoreline although the southeast area has higher abundance of
Thalassia than the southwest. This again may suggest a relationship to land runoff.

The stations close to shore in the northwest showed much higher populations of
Thalassia (average 3,325 blades/m ) and macroalgae (average 77.6 g/m2) than did the
shoreline stations near the mouth of the oanal. Thalassia averaged 561 blades/m2
and the maoroalgaa averaged 62 g/m . The stations in the middle of the gay statd.on .

lower Thalassia density (average 1,981 blades/m2)(Figures X-18 and X-19). Station
0104 had 5,875 blades/m and was not close to the mainland shore. This high density
was apparently a result of the proximity to a mangrove key. In other words, despite
its distance from the mainland shore, it was a "shore-like" station.

There was'more flowering Thalassia in Card Sound (Table X-3) than in Turkey
Point. On May 35 1971 Card Sound stations averaged 40 flowers and buds/m ; where-
as, Turkey Point stations averaged 19 flowers and buds/m .. On May 17, Card Sound
had 45 flowers and buds/m , while Turkey Point had 16/m . Host of the flowers and
buds in Biscayne Bay were observed at Station 52, a relatively normal (1.5'C above
ambient) station. The part that flowering plays in the total propagation of new
Thalassia is not understood. This is an area which must be studied more fully
preferably under controlled laboratory conditions.

1

The Penicillus counts (Figure X-20 and Table X-6) increased at 9 stations,
decreased at 4, and decreased during the period February to May, 1971. This demon-
strates the typical patchy behavior and year-'round growth of, these tropical green
macroalgae. The grass, which is an angiosperm, recolonizing the sea after long
land evolution, would be more likely to show the seasonal cycle typical of both
temperate land and marine plants and thus it is not surprising that we see just
that. Halimeda abundance declined from February (168 total) to i~fay (149 total)
(Figure X-21 and Table X-6) , On the other hand, the total number of species per
station increased from February to i~lay, although not significantly.

Figures X-20 an'd X-21 of Penicillus and Halimeda life stages demonstrate the
typical turnover rate which 'occurred during the winter. The number of juveniles
of both species wasrelatively low and there was a substantial percent of each in a
scenescent phase. In general, the numoer of juveniles increase slightly as the
spring proceeds, although not as rapidly as Thalassia. The Laurencia cover, .as
determined by diving'nd with -aerial photographs, was greater in the middle of the
north section of the Sound than in the south (Figure X-22 ). The +urencia stands
could be detected quite well from the photographs. In several of the photographst of the region our buoys could be identified and thus the flora at that point com-

."pared with the photographs. Laurencia, was moved by water currents and tended to

X-48
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Table Z 6 Total moan grams dry weight fo the predominate algal opec" es in Card Sound stations
with per cent Thalas.",ia cove"., reproductive stages present, and total numoer of algae speciea also included,

CARD SOUND ALGAL BOTTOM COVER "

Date Station Pen. Hal. Acetab. Rhipo. Udt. Bat. Total
Reoro. Total

Thai. Stages Ho'. Species

2-19-71
3-01-71
4-07-71
5-05-71

2-19-71
3-01-71
4-07-71
5-os-7a

2-19-71
3-01-71
4-07-71
5-05-71

0504
0504
0504
0504

0603
0603
0603
0603

0604
0604

.0604
0604

36.1
24.7
28.5
32.3

0
1.9
1.9
9.5

15.2
17.1
17.1
24.7

72.0
72.0
56.0
48.0

48.0
72.0
72.0

152.0

48.0
16.0
20.0
24.0

2.2
1.6

0
1.4

0.4
0
0

0.5

1.9
5.5

10.9
6.0

13.2
11.0
8.8

11.0

4.4
8.8

15.4
22.0

8.8
6.6
4.4
6.6

0
3.0

0
7;5

6.0
3.0

19.5
22.5

22.5
13.5
10.5
9.0

5.5
0
0

So5

1.0
19.5

0
~ 0

0
3.3

12.
0'.0

129.0
112.3

93.3
108.7

59.8
105.2
108.8
206.5

96.4
62.0
74.9
79.3

1
1
5

10

1
1
5

15

Bat.
Bat.
Bat ~

6
6

7

8.

7

8
8

10

0606
0606
0606

2-19-71
3-01-71
4-07-71
5-05-71 '606

77.9
60.8
76.0

112.1

88.0
48.0
52.0
72.0

7.5
10.0
6.1
5.5

6.6
26.4
6.6
6.6

24.0
6.0

2.3
8.0

13.5 4.0
7.5 5.8

206.3
159.2
158.2
209.5

2
5

10
as Bat.

2-19-71
3-01-71
4-07-71
5=05-71

2-19-71
3-01-71
4-o7-71
s-os-7a

2-19-71
3-01-71
4-07-71
5-05-71

0703
0703
0703
070$

0704
0704
0704
0704

0803
0803
0803
0803

17.1
13.3
24.7
19". 0

24.7
34.2
32.3
36.1

5.7
7.6
1.9

13.3

52.0
40 '
52.0
48.0

0
16. 0
28.0
40.0

36.0
72.0
72.0
24.0

0.2
0
0" 0.1

7.5
10.0

7.9
7.7

0
0.4
0.2
0.5

8.8
- 13.2
'11.0
13.2

0
8.8

17.6

33.0
0

1.5
1.5

3.0
1.5
1.5

0

3.0
0
0

ao.s

0.3
0

2.0
2.8

11.0
12.5
a7.o

7.8

3.5
10.0
12.5
22.5

111.4
66.5.
91.2
84.6

46.2
74.2
86.7
91.6

52.6
90.0
95.4
88.4

10
15
35
35

10
1
1
2

Bat.

Bat.

7

8
8

11





CARD SOUND ALGAL BOTTOM COVER

Date Station Pen. Ace tab. Rhipo. Udt. Bat.
Repro, Total

Total % Thai. Sta'dies "No. Species

2-19-71
3-01-71
4-07-71
5-05-71

2-3.9-71
3-01-71
4-07-71
5-05-71

2-19-71
3-01-73.
4-07-71
5-05-71

0104
0104
0104
0104

0204
0204
0204
0204

0304
0304
0304
0304

32.3
39.9
28.5
22.8

7.6
11.4
11.4
19.0

7.6
7.6
7.6
9.5

128.0
84.0
80.0
84.0

20.0
20.0
20.0
24.0

72.0
68.0

'8.0
44.0

0.1
0.1

0
O.l

0
0.1 '

:.0

0
0.2
0.1

0

0
0
0
0

0
0
0
0

15.4
6.6
8.8
8.8

0
6
6

1.5

.0
4.5

0
0

4.5
3.0
1.5
3.0

0
0.3
1.5
1.9

15.0
11.0

8.5
4.3

4.3
7.5
5;3
4,8

160.4
130.3
116.0
110.3

42.6
47.0
39.9
47.3

103.8
92.9
91.3
70.1

70
75
75
85

1
1
2
3

Bat.
Bat.

Bat.
Bat.

4
'8

5
5

0403
0403
0403

2-19-71
3-01-71
4-07-71
5-05-71 — 0403

0 . 8.0
0 8.0
0 12.0
0 . 8 0

0.1
O.l
0.1

0

0
2.2
2.2
2.2

0
4.5
7.5
6.0

80.0
90.0
7.5
7.5

88.1
104.8

29.3
. 23.7

2
25
30
20

Bat.
Bat.
Bat ..

7

9
10

8

2-19-71
3-01-71
4-07-71
5-05-71

0404
0404
0404
0404

1.9
0
0

5.7

0
0
0
0

35.2
30.8
28.6
28.6

3.0
1.5
1.5
3.0 =

5.0
10.0
12.0
22.5

45.1
42.3
42.3.
59.8

0
0.5

1
1

Bat.
6

6
6
7

4-07-71
5-05-71

0405
0405

-2-49-71 -0405-
3-01-71 0405

~ 19.0
13.3
5.?

0

- 20.0-
40.0
52.0
68.0

10.5
14.5

9.4
6.9

8.8
11.0
15.4
28.6

48.0
28.5
22.5
9.0

4.8
4.3

109.8
116.8

2.8: 109.1.
6.5 113.8

15
15

Bat.
Bat.
Bat.

2-19-71
3-01-71
4-07-71
5-05-71

0503
0503
0503
0503

0
9.5
9.5

15. 2

28.0
28.0
36.0
36.0

0.3
0
0

1.1

0
8.8
8.8
2.2

0
1.5
6.0

10.S

0
0.8
0.3
2.0

28.3
48.6.
60.6
67.0

2
20
15
15 Bat. Thai.





0
SOUiXD ALGAL BOTTOM COVER

ON

Date
Repro. 'otal

Station Pen. Hal. Acetab. Rhioo. Udt. Bat. Total % Thai. Stages'o. Species

2-19-71
3-01-71
4-07-71
5-05-71

0805 153.9 92.0 0 0
0805 108.3 80.0 1.8 0
0805 60.8 64.0 1.4 '-
0805 81.7 76.0 1.8 0

1.5 0.3 247.7
0 1.3 191.4
0 O.l 126.3
0 1.4 160.9

5
15
20
35 Bat.

4
4
5
5

2-19-71
3-01-71
4-07-71
5-05-71

1103 72.2 0 0 . 0
1103 20.9 0 0 0
1103 5.7 0 - 0 0
1103 22.8 0 0 0

0 0 72.2 2
0 0.2 21.1 0
Q Q 5" 0
0 0 22.8 0

2
1
1

(Grams/meter found by multiplying the mean weight of each of the 6 major species by the
No. of that species at each 'station)

LEGER)'en.

Hal.
Acetab.-
Fhipo ~

— Penicillus
— Halimeda
—Acetablaria
—-Rhipocephalus

Udt.
Bat.
Thai.

Udo tea
Ba ">hora

.a 'assia





line up parallel to the shoreline in the western half of the upper and central
Sound. In the eastern half Lau .cncia appeared more-or-less random in alignment.
A preliminary interpretation of this was discussed in connection with water cir-
culation and flushing in Section II. Batophoxa (Figure X-23 nd Table'-6) was
extremely patchy with 1,700 at one 'station and 10 at a nearby station. Ac..eta-
hularia showed a similierly confusing pattern (Pigurc X-2<>). Although by number
these two appear to be dominant, they are very slender, delicate p.'.";nts and their
biomass seldom approaches that of the previously discussed plants (Table X-6).

The algal diversity (Figure X-25) did not reflect the different types of
habitat within Card Sound whereas measures of abundance, health and biomass did
indicate differences associated with bottom type,'urrents, and chemical variables.

The macroalgae which were most abundant were essentially the same algae as
Tound near Turkey Point in Biscayne Bay. Penicillus csoitatus, Halimada ~auntie
and Laurancia poitei fomned the major part of the algal biomass.

COiNCLUS IOitS

The past year's study of the gxassefs and macroalgae in Turkey Point and Card
Sound resulted in the finding of a strong relation between artificially elevated
temperatures in the area of effluent and the di. txibution and abundance of the
grasses and macroalgae." The normal Thalassia community was virtually absent in
areas elevated 5'C above ambient. Blue-.green algae supplanted the normal Thalassia
algae community. It appeared that blue-green algae did not form a suitable food
material for most of the normal invertebrates and fishes of Biscayne Bay. The shel-
ter and habitat provided by the large volume of grass and macroalgae was not pro-
vided by the blue-green algae because they grew in a very thin. layer on the surface
of the sediment. The sediment stabilization and accumulation which was previously
maintained by the extensive root system of the grass and algal rhizoids disappeared.
Thus, some erosion of the area was appearent.

The vegetation in the +4'C zone consisted of a very sparse Thalassia community
with a low number of algae species, especially when the temperature was elevated
above 32'C in the spring. The growth and vigor (or health) of the plants living
here declined markedly in the months when the temperature became elevated above 32
to 33'C. Blue-green algae increased in this area. The field ..studies of course,
did not prove that temperature alone was the cause of this mar'ked decrease at the
number, species, growth and vigor of the Thalassia community because there were so
many simultaneously varying'arameters. The physical, chem cal and biological .

factors affecting the plants are temperature depg:ndent themse3ves and we are
observing the end result or cumulative effect of all of these, However, our
laboratory results (Section XI) strongly point to lethal tempdrature limits for
the sublittoral, green macroalgae such as galimeda, Penicillus aed Valor|is
whicl| ara surprisinply close to those observed in the field. This evidanc..
lends strong support to the hypothesis that elevated temperature was the major cause
of the observed effect in the areas near the effluent which had temperature eleva-
tions of 4-5'C above ambient. It should be pointed out that further work on
normal summer populations under lowered and raised salinity conditions with high
temperatures must be explored. Other important aspects such ats reproductive abil-
ity, growth, aging and scencscence versus temperature are being observed in the
field and studies have been initiated under controlled laboratpry conditions
(Section XII).
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XI. LABORATORY THERMAL TOLERANCES+

INTRODUCTION

The temperature limits of tropical estuarine organisms have-had scant atten-
tion in the past. Thus, in order to predict the effects of elevated temperatures
on these organisms, eitner natural or by heated effluents, essential basic infor-
mation must be obtained. In field conditions many factors are changing simulta-
ne'ously, making it impossible or. difficult to separate out with any degree of
accuracy the sole effect of elevated temperature. Also, due to limitations of
personnel and time, field sampling was done at relatively widely-spaced time
intervals. The chief problem of interpreting these data in terms of heated effluent
is the lack of know'dge of the temperature at which heat death occurs to the
various organisms. It is not yet clear whethe" the lethal temperature observed in
the field is the mean temperature over a period of time or the„highest temperature
encountered and the period of exposure to this temperature.

In an effort,to help overcome these problems, laboratory investigations were
conducted to examine the effect of temperature alone on viability. They were
designed to concentrate on important organisms at various trophic levels so .that
the data could be closely integrated with field information. Investigators in the
experimental program were also involved in field studies, thus, field data was
directly related to laboratory observations and laboratory experimental designs
were constantly improved and directed tow'ard important field observations. In
addition, results from the benthic trawling work aided tne laboratory studies.

The organisms used in this investigation were selected from the many found
, living in Biscayne Bay and Card Sound. Over 18,000 individual Organisms were

examined as to temperature effect on their viabxlity and lethal temperature 1.imits
have been determined for 27 different species and life stages.'ine species of
plants were studied; Penicillus capitatus, Halimeda incrassata, Acetabularia crenu-
la a, Laurencia poitei, and five species oi Valonia. The ea".ly life stage oi "so
commercially important species were also observed under identical labo'ratory
conditions, namely: the stone crab (~henio e mercenaria) and -he pink shrimp
(Penaeus duorarum). The caridean shrimp is an important member of the food chain
and resides at an intermediate trophic level, thus five species were studied:
Tozeuma carolinense, Periclemenes americanus, Palaemonetes intermedius, Leander
tenuicornis, and ~lii ol te ~s

It is essential that the test organism to be used in the controlled labora-
tory -experiments be j.n optimum condition in order'o assure that the data is
related to the effect of temperature on "healthy" organisms. Thus, great precau-
tions were taken to ensure that only specimens in apparently perfect health were
used. For the algae, a preliminary laboratory study of growth,and health was
conducted (See Section XIII). The fact that growth and reproductive rates did
not differ-significantly in the field and in the laboratory encourages the belief .

that normal cells were being used. The crabs and pink shrimp were obtained from
the University of Miami Sea Grant mariculture facility with the cooperation. of
Drs. Yang, Idyll, and Tabb.

*A. Thorhaug, H. B. Moore, and H. Albertson





METMODE

The Pol thermostat

The basic instrument used in the controlled temperature experiments was an
aluminum bar bored to fit plass tubes, heated at. one end and cooled at the other
to provide the desired temperature. Selected organisms were placed in each tube
and held at the observed temperature'or the desired time and kept under near
constant surveillance. Improvements over similar'emperature control devices
include the ability to fluctuate the temperature over short or long cycles, pro-
viding aeration for adequate oxygen for animal experiments and a constant accurate
temperature readout for each tube.

~

'pecifically, the polythermostat is a block of aluminum (6' 3" x 9")
precision bored to fit 24 sets of 19 x 150 mm glass cuvettes. The holes were
spaced every 2.5 cm starting 24 cm from both ends of the bar. Twenty-four 3/32
inch thermocouple fittings were also bored -'n the block 0.5 cm from each tube
(permitting temperature monitoring on each set of tubes); ten holes were bored for
thermometers. One end of the block was heated with two strio heaters (750 and 400
watts) and the other end cooled by pumping a 50:50 mixture of ethylene glycol and
water at -10'C through cooling fins cut into the aluminum bar. A 55-gallon drum
containing the glycol-H20 mixture was cooled by a constant flow portable

cooling'nit.

The mixture was pumped through 1/4 inch copper refrigeration tubing to the
cold end of the temperature gradient bar. Both ends of the bar were temperature

0regulated to +0.15 C by two electric mercury thermoregulators inserted directly
into the bar, one at each end. These were, in turn, controlled by a special relay
variable transformer circuit. Recbrding accuracy was better than +0.05'C.

Insulation was found to be critical for. maintaining the desired temperature
gradient in the labor'atory. Three inches of styrofoam sheeting was placed on
the bottom and sides of the bar and the entire assembLy mounted in a wooden casing.
Strips of 1/4 inch styrofoam were fitted on the top of the bar. Laboratory air-
conditioning was kept at 22'C for best results.

For fluctuating temperature experiments, a tripper switch was hooked into
the circuit with the polythermostat. The switch could turn the machine on for a
given length of time and then turn off, and the chart recorder would give the
thermal history of each set of tubes during the specific time period. Also, the
amount of heat produced could be varied and thus, the extremes of the fluctuating
temperature regime by resetting the mercury thermoregulators. Fast and slow
cycling can thus be accomplished.

Bubbling was supplied with an aquarium pump, with the air pa sing through as
an interconnected system of aquarium gang valves connected by plastic tubing to
disposable Pasteur pipettes. The pipettes were inserted through corks and into
the cuvettes containing the experimental organisms; penetration into the seawater
was controlled. Under rates of bubbling ample to maintain the organisms, using
this system, no temperature error or variability was observed.



~ Using two or three polythermostats at the same time permitted the fine discri-
mination over a large temperature range, for example one polythermostat could be

set from 10 — 40'C; the other from 25 - 35'C also, one broad temperature range and
one narrow finely divided one could be observed. In short, many combinations of
temperature ranges from 0 — 100'C could be selected; therefore, the system pro-
vided a way to set up finely divided and accurate temperature gradients for the
purpose of examining the effects of both fluctuating and constant temperatures on
living processes.

Plant and Animal Culture

The experiments during the past year were designed to hold the organisms at
optimum condi'tions prior to the experiments "and during the experiments at essen-
tially the same conditions while varying the temperature. This required knowledge
of the culture methods and physiology of each organism used. 'or this reason,
organisms on which work had already been accomplished were chosen. Since pink
shrimp and stone crabs, both important commercial species, have been reared in the
University of Hiami Sea Grant facilities (Tabb and Yang, personal communication),
their tolerances were studied. The caridean shrimp Tozeuma has been kept in
culture by Ewald (1965 and 1969) and is an extremely hardy ordanism. All collected
caridean shrimp were, handled with great care and those demonstrating any ill
effects of captivity or show'ing damage were discarded.

Single cell green marine alga; Valbnia, has been grown for 70 years and its
culture conditions are well known. The laboratory growth of the oth r green and

red species was a continuation of earlier work; the methodological details are
gi.ven in Thorhaug (1965).

Pink Shrim (Penaeus duorarum) Culture: 'The basic culture methods used in
this-.investigation were those of Dobkin (1961) as refined by Idyll, et al (1967).
Prior to each experiment, seatwater (31'/00),was filtered through a Hhatman ."I50

Hillipore filter and 17 ml was placed in each of 60 test tubes; these were then
put in the polythermostat to attain temperature equilibrium. During this period
air bubbling was initiated and all necessary adjustments made to assure proper
aeration. The temperature intervals chosen for the experiments were approximately
1'C. The range for the nauplii was 10.0 to 38.0'C; for the protozoea 25.0 to
43.0'C; for the mysis 10.0 to 41.0'C; and for the post-larvae 10.0 to 41.0'C.
Replicate tests were run for each stage.

The nauplii were obtained fro'm spawning females collected in the field. The

identification of stages of nauplii and protozoea development were taken from
Dobkin (1961). The eggs were allowed to hatch under optimum:conditions and the
most active selected. The more developed stages were obtained from specimens

raised at the University of Hiami Sea Grant shrimp mariculture facility. They

were transported directly to,the laboratory in oxygenated water.

Stone Crab ( Heniooe mercenaria) Culture: Ovigerous females of the species
H. mercenaria were kept in 10-gallon glass 'tanks with flowing seawater at,a
salinity of 30.0'/00 and a temperature of 27'C: When the larvae were released

I

by the female they were collected and transferred to 4-gallon glass tanks
(
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equipped with air stones. The water was changed daily and the salinity 30.04/00
and temperature (24.0'C) recorded. The larvae were fed daily with freshly hatched
Artemis from San Francisco. Following this phase of their growth which was under
the supervision of Dr. Yang of tha School of garine and Atmospheric Sciences, they
vere transported to the experimental laboratory in 5-gallon plastic jugs and main-
tained in 15-gallon all glass aquaria. Heaters kept the temperature at 24'C + 1.0'.
The water was changed daily; the salinity during the experimental period averaged
33.9'/00 + 0.20'/00. After one day in aquaria, ten zoea were removed with a pipette
and immediately placed'n a test tube containing 17.0 ml of freshly filtered sea-
water with salinity of 33.9'/00. Nineteen such tubes were then placed in the poly-
thermostat and aerated. No change *in.salinity vas observed in any of the test tubes
in the polythermostat during a 24 hour period of monitoring. The temperature of
,each, test tube in the polythermostat; was constant to + 0.10'C. The number of zoea
alive in each tube was recorded at four hour intervals. Larval stages were deter-
mined according to Porter (1960).

i~for holo ical Criteria of Death

Despite common notions, it is often not too easy to determine when an organism
~ is dead or dying; definitions are vague or non-existent. At times, the transition

from the living to the dead is almost imperceptible, in other instances it proceeds
slowly but with noticeable clarity and in some cases, as with the sporulation of
Valonia, it is shockingly sudden. All species used in this investigation were
observed over extended periods under a variety of conditions and the following mor
phological criteria have been developed.

Halimeda: (1) A color change from deep green to pastel green to pale yellow-
green to white. All these may exist in small sections of a completely healthy
specimen but when terminal segments are dramatically lighter than proximal ones
death is indicated. (2) Individual segments crack easily.. (3) Separation of
segments on slight touching or shaking of tube. (4) Loss of turgor with a rubbery
flexibility to branches, basal stalks, and the entire plant. (5) Care must be
taken to note original condition of healthy plants which may be quite pale, with
individual Bead or damaged terminal segments, broken branches, etc., but with full
turgor, and to individually observe changes from this point on.

Penicillus: (1) Color change from a healthy dark green to pale green to
yellow green and then vhite, especially the filaments. (2) Loss of turgor of
filaments. (3) Stalk becomes rubbery and then brittle. (4) Actual decay of
plant with filaments decaying first, then interior of stipe.

Acetabularia: (1) Loss of color, change from green to white. (2) Sporula-
tion and spores released from cap. (3) Breaking away of cap fiom stipe and
decay of stipe.

Valonia: (1) Outright plasmolysis which is not reversible. (2) The forma-
tion of aplanospores. (3) Separation of plasma membrane from outer cellulose
membrane forming a gap especially in medium and small cells. (4) The develop-
ment of patchy grid-like reticulations on the cell vali. (5) Chango from a

'arkgreen homogenous opaqueness or translucence to a spotty oi complete
I
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transparency. (6) Loss of positive turgor; concavity may be introduced on the
cell surface by slight pressure. The cells may not have plasmolyzed. (7) A
loss of sheen to the cell wall.

Laurencia: (1) The foremost criteria is the condition of the vegetative buds
on the tips, including color, shape, and degree 'of translucency when viewed under
low power of a dissecting scope. Death caused the buds to become opaque and
lighter in color, and to swell. (2) Secondary indications are color changes on
t;he stem and slightly bloated appearance. When 50% of the buds were dead the
entire tip was called dead; Bi'ebl (1962a) used staining techniques and noted that
the cells swelled upon thermal death. This is interesting because Valonia cells
among others shrink upon thermal death.

Crustaceans: (1) The cessation of swimming or other characteristic motion
of a given stage (e.g. "whirring of zoeae) after a two-minute'bservation.
(2) Lack of movement of antennae, antennules and limbs. Occasional twitches must
be looked for after the two-minute observation. (3) Lack of movement of appen-
dages associated with respiration and feeding (i.e. mouth parts) . (4) No telson
flexing; often the last movement of a dying specimen are twitches of the telson.

~ (5) Cessation of heartbeat; this readily observable in nearly all larval stages
and sufficiently transparent adult forms. — (6) A. loss of body translucence; many
larvae and some adults turn to opaque white. (7) Gross color change; crusta-
ceans often turn pink rapidly upon thermal death due to carotenoid changes; this
is often accompanied by an unnatural curling of the abdomen. (8) The formation
of a mucus-like shroud; this is observed mostly in larval forms.

liolluscs: In the snail Nassarius vibex the appearance of death differs for
low and high temperatures. (1). When heated, the snails cease to cling to the
sides but instead lay in the bottom with their foot, antenna and siphon even more
extended than usual. (2) At high temperatures the foot loses„ its gloss and
becomes dull colored and limp and the animal doesn' move when prodded. (3) At
less extreme temperatures the animal lies on the bottom extended from she'l with
only siphon motion observable. (4) At low temperatures death is evidenced by
the animals not clinging to the walls of the tubes and pulling back into their
shells rather than extending. (5) The operculum cover is closed and the siphon
barely visible.

RESULTS AND DISCUSSION

Halimeda incrassata
I

An earlier investigation (Thorhaug, 1965) showed that Halimeda incrassata
could be successfully grown under laboratory conditions with iates of growth
close to those in the field. In view of this and the fact that this ubiquitous
algae is very abundant in Biscayne Bay and Card Sound it made,'an excellent
experimental plant. Specimens were obtained from the field and gently cleaned
to remove epiphytes and debris. The results of three experiments indicated that
exposure of eight days at temperatures from 32.9 to 34.8'C caused death (See
Table XI-1). Field studies indicated that those stations at which the tempera-
'ure rose above average daily temperatures of 33'C or a measured mid-day tem-
perature of 32.6'C produced no young Halimeda and the general<condition of the

!
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algae began to deteriorate. Temperatures rose to this, level, in late ofay and early
June, 1971. 'Mien the temperature dropped below 30'C, Halimeda began to recolonize.
Earlier information obtained by Dr. Zieman was not available at this time, butwill be used in future comparisons.

Acclimation studies were attempted by holding Halimeda in a.controlled
environment for 2 weeks. One group of plants held at 15'C had upper lethal tem-
perature 1'imits between 33.2 to 34.7'C. A group held at 30'C had upper limits
between 32.6 to 34.2'C. Obviously, before valid statements on acclimation can be
made, one must investigate various acclimation periods ranging from days to
several generations. However, these preliminary results, coupled with experimental

acclimation occurs with some tropical algae; if anything those plants held for
extended periods close to their upper thermal limits have a lower lethal limit than
than those held at lower temperatures. This is different than what was sc"..s 's".. -:.ome
fishes (Brett, 1956).

Penicillus ca itatus

The Thalassia community contain d an abundance of Penicillus. Specimens of
P. ~ca itat:us from the Florida. Keys were used in five temperature tolerance caper
iments that ranged from 3 to 12 days duration (see Figure XI-1 and Table XT.-1) .
As an additional control, Penicillus.plants were held in the polythermostat at
24'C for 8 weeks; they continued to be in excellent health. Previous laboratory
studies demonstrated that specimens and their clones cou'd be hc'd for a year o"
more (Thorhaug, 1965). The temperature tolerance experiments showed that after
8 days Penicillus kept at temperatures below 31.5'C were all alive while those
held above 34.7'C were dead. This compared well with the field studies at Turkey
Point where Penicillus was stressed or non-healthy when the temperature in Hay and
early June rose to 32'C. Xn June, 1970, 95% of the adults were dead at stations
SE 1, 16, 24, 26 and 35. There was growth reriewal only after the temperaturesfell below 31'C in the fall of 1970; however, stations SET, 24 and 26 did not
attain the previous abundance. This observation was in agreeme=i" with laboratory
experiments which showed H. incrassata w':..-'":,'emperatures slightly higher
than did Penicillus ~ca itatus.

Acetabularia crenulata

Specimens were taken from the field attached to small rocks. The 'rhizoids
were carefully detached with needles and held for several days before use in
order to insure that. the alga was not damaged in handling. Mien kept under care-
fully controlled conditions the plants reacted favorably to tr'ansplanting and
detaching. Thirty replicate tubes each containing 5 specimens of Acetabularia
crenulata were held at temperatures between 10 and 45'C. Betwe'en 38.1 and
39.1'C the specimens were no longer able to survive. One might well expect the
lethal temperature of Acetabularia to be higher than th'at seen for any of the.
other algae since it is an intertidal form. Such plants and animals are well
known to be very resistant to many physical stresses including temperature.
These data are summarized in Table XI-1. .I
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FIGURE XI-1 . Percent alive versus temperature after 8 to 10 days for Penicillus

~ca itatns from thc Florida Keys. Each spot represents 10 organisms.





Since 1891 when Meyer performed the first physiological experiments with
Valonia, it has been used as an indicator of marine algal physiological proper-
ties by many investigators. This plant is a large single-celled, tropical benthic
green algae found only in the marine environment and can attain a diameter of more
than 10 cm. Because of its large size, morphological observations which indicate
cell death are relatively easy. Valonia grows in Biscayne Bay, Card Sound and in
the waters of the Florida Keys as a part of the abundant green algal community.
In addition, Valonia is a member of the Order Siphonales which includes the impor-

families include most of the major macroalgae in Biscayne Bay and Card Sound

For these above reasons, it was decided to use Valonia as. the tool to study
many of the details of thermal stress. It was most thoroughly investigated during
this study and many of the findings are applicable to Penicillus, Halimeda, Aceta-
bularia, Laurencia and even Thalassia. The understanding of the gradual process
of heat death by observing these giant cells was invaluable. for comprehending the
events in this field.

One very important consideration in thermal stress studies is the ability of
and ease to which an organisms can ac'climate to changing 'conditions. In order to
investigate this, five species of Valonia from eight locations were used. The

Dry Tortugas in the moat at Fort Jefferson, Puerto Rico, (La Parreguera), Jamaica,
(Port Royal), Curagao, (Pescadera Baai), Bermuda, (St. Georges) and Venezuela
(Cuman/) . They were flown directly to Hiami and immediately used in the experi-
ments. Other algae collected local'ly were maintained in the laboratory under
culture conditions resembling the natural habitat in an aquaria outside the labora-
tory that had continuously running seawater percolating up through the sand and
rock on the bottom (Thorhaug, 1965) .

Valonia macro h sa: A number of experiments, including ail the acclimation
studies, were conducted using this species. A summary of the results is given in
Figure XI-2 and in Table XI-1.

In one set of experiments different sized cells of each of three species of

were differences in temperature tolerances between different sizes (age) of cells
within a species. We concluded that temperature tolerance was not dependent on
cell size in any of the three species. Naturally, as in all these experiments,
encrusting growth was removed from the plants and only healthy 'cells were selected.
The cells"in the -polythermostat were observed at appropriate intervals, the light
was kept at less than one foot candle and the light-dark periods were 14 hours
and 10 hours, respectively.

XI-8
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Two experiments vere conducted using cells from Biscayne Bay and the Florida
Keys. Tho first consisted of two replicates of 19 sots of six cells held at tem-
peratures ranging from 7.0 to 36,6'C for a period of three days, at a salinity of
32'/00. The cells maintained a healthy condition between 15 and 31.5'C. Irre-
versible plasrnolysis occurred abruptly below 14'C and above 33.5'C. Death began
at 15'C and 31.5'C. A similar experiment conducted at: a lovered salinity (25'/00)
gave the same thermal tolerance limits.

Another experiment used 16 cells held at: 30 different temperatures ran~ing
0from 8.0 to 38.2 C for a period of five days. The temperature interval vas 1.1'C,

a more closely-spaced interval than used in the previous experiment. During the
first 24 hours all cells remained healthy; ..after 48 hours of exposure above '31.5'C
they began to shov distress. On i:he third day, complete irreversible plasmolysis
occurred below 15'C and above 33.5 C, partial mortality took place at 13.3 and
31.5'C. No change occurred over a two week period.

To determine if acclimation due to long-term growth at various temperature
regimes in the tropics would cause the thermal. limits to chango, experiments were

was 28.5'C. Nineteen sots of 24 cells each were held at temperatures ranging from
7.9 to 38.1'C for 72 hours. Almost all the cells hhd undergone.irreversible plas-
molysis at temperatures below 15.6'C and above 29.7'C. Partial mort:ality was
observed between 14.6 and 15.6'C and between 29.7 and 30.7'C. All cells appeared
healthy at the intermediate temperatures.

Since acclimation at the warmer temperatures of Puerto Rico did not affect the
lethal limits of Valonia the effects of acclimation on cells living in a cooler
area vere tested using Boxmuda specimens whore the mean annual temperature vas 22.6'C.
ln one polythermostat, sets of 16 cells each were held at temperatures ranging from
8.0 to 38.0'C at intervals of 1.5"C. The results showed that below 13.9'C and
above 33.6'C, all the cells died after three days. In t:he second polythermostat
30 sets of 13 cells each wore placed at 0.33'C int:ervals between 24 and 34'C. The
results show that between 32.0 and 32.6'C more than 50% of the cells died after
three days.

Cells from the Dry Tqrtugas, located at the tip of the Florida Keys and close
to Yucutan, where the mean annual temperature is 27.0'C, vere examined. In ono
polythermost:at 19 sets of 12 cells each were held between 9.8 and 36.8'C. After
five days death occurred in all cells held belov 12.3'C and above 32.8'C. In

a'econdtrial, four sets of 10 cells were test:ed in the range of 29.3 to 32.8'C.
Betveon 31.3 and 31.6'C more than 50% of the cells died .after five days.

Two final acclimation experiments were run using specimens from Biscayne Bay.
Over 500 cells vere held for 10 and 14 days at 30'nd 15'C. Subsequently, they
were placed in a polythermostat and held for 160 hours.'ne cell of each sample
survived at 33.4'C; all cells died above this temperature. At lover temperatures,
14% or less n.ortality occurred in the 30'C acclimated cells vith 1% or less -—
occurring in the cell acclimated at 15'C. The critical interval was 32.3 to 33,4'C
for those acclimated at 30'C and 33.4 to 34.5'C for those at 15 C. It should be
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observed that those cells held for extended periods (acclimated) at the higher
temperature not only had a lower upper th anal limit but also had a much highernortality at "normal" or "optimal" temperatures. This observation matched that
found with the Valonia from Puerto Rico where the mean annual temperature was
28.5'C, the highest for all specimens examined. These results were emarkably col.se
to those using "non-acclimated cells" and suggested tha the a1"al the"m I lim.t was
very closely confined with little possibility for acclimation. This, of course,
is in variance with what is known about bacteria and fishes. In addition,.it
strongly indicated that although the thermal limit peared abruptly the G ganisms
were u.""c'evere thermal stress at temperatures below the death point and that
exposure to slightly higher temperatures for short periods will prove fatal.

Valon'ia utricularis: "Comparative experiments were conducted utilizing
V. utricularis specimens from two locations, Be'rmuda and the Florida Keys near
Niami. Two sets of 13 cells from Bermuda were held at 30 different temperatures
ranging from 8.6 to 37.1'C for five days. The results showed that those cells
exposed to temperatures below 13'C and above 31.0'C died within three days. For
the Florida Keys specimens, 30 sets of 10 cells each were held at temperatures
ranging from 26.6 to 32.7'C. Hithin the range of 31.0 to 31.4'C there was over
50% mortality after 5 days (see Figure XI-3 and Table XI-1). The similarity of
temperature tolerance for cells from the two areas >s obvious; there is also good

Valonia ventricosa: Specimens of this third species from the Florida Keys,
Curacao and Jama'ica were examined; the results are shown in Figure XI-4 and
Table XI-1. For the Florida Keys specimens, 19 sets of six cells each were held
at temperature intervals between 7.7 and 38.9'C. After three days of exposure,
over 50% of the cells underwent irreversible plasmolysis below'4.3'C and above
33.0'C. Cells from Curacao, where the mean annual temperature is 24.5'C, were
held between 9.7 and 36.9'C in 19 groups of six each. The cells were unable to
survive a six day exposure below 12.1'C and above 31.5'C. Three additional
trials using Curacao cells showed that this species had a lower tolerance limit
of 14.5'C and an upper limit of 33.0'C with death beginning at 31.5'C. Cells from
Cumana, Venezuela had a 100% mortality below 15.5'C.after five days. The uppercritical limit was between 29.1 and 31.9'C.

Nineteen sets of 17 'cells each collected in Jamaican waters, where the mean
annual temperature is 27.4'C, were held between 9.7 and 37.0'C. Tne results
showed that below 12.2'C and above 31.5'C more than 50% of the cells were unable

- to survive after five days. Irreversible plasmolysis began to take place at 13.8
and 29.9'C; cells held between 23 and 26'C for a period of three weeks remained
healthy. These limits are very similar to those found for V. ventricosa for
Curacao and only tenths of a degree from the Florida Keys specimens. The striking
V. utricularis is also obvious.

~ Valonia ocellata: Cells from the Florida Keys were tested over the temper'-
ature range of 8.1 to 40 C. After a three day exposure to temperature below
14.7 or above 34.0'C all cells died; those from Curacao had a very similar limit
of 34.6'C. .Temperature intolerance began at 32.8'C (see Table XI-1).
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Valonia ae ro hilia: This is a very small, relatively. rare species collected
from the Dry Tortugas. Nineteen Sets of 32 cells each we'e held between 9.5 and
37.0'C. After three days cells survived ceased below 10.5 and above 33.0'C. Thecells began to die at 12.0 and 31.4'C (see Table XI-1) .

Laurencia

The rad algae, Laurencia poitei, is found in many tropical and subtropical
waters and is a dominant species in Biscayne Bay and Card Sound, It exists in
non-attached clumps of single strands and masses which'move freely with the tide
and current except when caught on projections of the bottom. It is not known
whether herbivores use it directly as food but it.does form a significant portion
of the biomass and thus is a major contributor to the bottom detritus. In addi-
tion, 'i't'yrovi'des a subs'trate 'for many algae and sessi'le animals as well asshelter for small fish, polychaetes, molluscs and crustaceans as suggested in
Section V, Bei>thic Biology. The color of the plant ranges from a light yellow to
a dark purple-red; in summer it tends towards lighter colors..

The algae were collected by hand from the Card Sound and brought back in largeplastic containers equipped with aeration systems. Debris, animals, and other
~ ~ a ~ ~ S 's e ~a.o .: 'n ma 't ' we.. gt ~ ~ . ~ .y re tiovu'y mec sa..ls.. 1 c e 'g is unnin ' taws t er 'e

plants were held in 5 gallon glass tanks, the wate" wa. changed every two days and
the sal'nity, pli, and temp'....'.:".:"- recorded.

A plant tip (6 to 10 cm) was placed'in each of 48 cuvettes containing 20 ml
of filtered sea water; the salinity, pH, and appearance of the tip were noted.
The temperature gradient used was fr'om 6 to 45'C for a period of 10 days. The
tips were examined daily and the water replaced with water of the same temperaturt .
Three trials showed that at the end of 10 days more than 80% of'he cells held
below 30.1'C were healthy; even those held at 6.3'C were alive. At temperatures
from 31.7 to 33.3'C less than 40% of the tips were living and above 34.9'C all
were dead. Due to the difficulty in establishing indications of the morphological
death point, the upper tolerance can only be expressed as a range of 31.7 to 34.9'C.
This information is presented in Figure XI-5 and Table XI-1'nd agrees with field
data which 'indicates that no healthy Laurencia occurred above a temperature
averaging 33'C for 10 or more days. The benthic biology studies show that the
animal populations closely associated with Laurencia b""arne 1e s abundant after
sustained periods with average daily temperatures in excess of 33'C. In addition,
these values agree with Biebl (1962) for Laurencia poitei held at 32 to 35'C for
12 hours.

Pink Shrim

The pink shrimp, Penaeus duorarum, is a major member of the animal community
of Biscayne Bay and forms one of the most important commercial<fisheries in
Florida. Juvenile shrimp leave the area and migrate to the sph~ning grounds, the
offspring -return =as four spine larvae, settle to the bottom an/ grow to

juveniles.'reshlarvae from three different spawning periods wege used in these experiments.
Nine individuals were placed in each tube for the nauplii experiment, 10 for the
protozoea, six for the mysis and 25 to 40 for the postlarval ejperiments. The
data is summarized in Table XI-1.

l
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~Nau lii: Over 500 individuals were used in rhis exparimenr and exposed ro a
temperature range of 10 to 38.3'C; the nauplii held belovr 15'C and above 37.'C for
12 hours were unable t:o survive. Abnormally vigorous swimming activity was observed
at 35'C; this may be a response to stress cond: tion. After 18 hours the tempera-
ture tolerance vas lowe'r', with one exception 50% of the nauplii or 1ess survived
at 33.0'C and under 15'C. Between 15 and 23'C many individuals reseed on the bot-
tom of the tubes and required prodding to elicit movement. Between 24'nd 30'C
the organisms swam actively and remained in a healthy condition.

The nauplii metamorphosed into protozooa ~onl between 25.0 and 31.5'C. In
the temperatuxo range of 23.0 to 32.6'C the shrimp attained the f'fth nauplii stage,
above and below these temperatures development vas negligible; the ability to
develop decreased more rapidly at the hot temperature.. This has been discussed in
deta'i'1"by 'Thorh'aug'"(1970) .

First Protozooa: Nineteen tubes, each containing 10 individuals, were held
in a temperature gxadient of 28 to 42'C for 18 hours. All specimens held above
37.6'C died; death became evident at 37.0'C.

Third Protozooa: Nineteen groups of organisms vere subject:ed to a tempera-
ture range of 12-43 C. After 17 hours all specimens kept abovo 37.7'C wore dead.
Exposure for 22 hours above 36.7'C caused total mort:ality; death to individuals
began at 35.7'C.

range of 12.6 to 42.0'C. After 20:.""rs a"'pecimens held above 36.9'C were
dead, while all those below 35.9'C were alive. All individuals remained in the
third mysis stage. After 34 hours 100% mortality occurred above 36.9'C, thus
prevent:ing development to the first post-larval stage. Death was first observed
at 34.9'C.

First Post-Larvae: Nineteen groups of first: post-larvae vere hold between
temperatures of 12.6 to 47.0'C fox 25 hours. All specimens kept above 37.8'C were
dead; all those retained below 33.5'C survived. Survival of 60-70% was attained
at 34.9 to 36.3'C.

Second Post-Larvae: Two experiments were conducted; in the first, 7 tubes,
each containing 22 second post-larvae were subjected to a temperature range of
36.7 to 41.0'C. After 45 minutes all specimens kept above and at'39.1'C died
while the shrimp at 38.5'C and below had 100% survival. An exposure of 128

—minutes proved fatal to all individuals r.",-'.";."."=i"..od at an" abo"" ~m-".5'C t..i = those
at and below 37.9'C remained alive. In the second experiment:, 30 posh-larvae
were placed in 7 tubes ranging from 36.7 to 41.0'.C. Temperatures lethal to all
'individuals were 38.5 and 33.0'C, for exposures 'of 30 minutes and 2.5 hours respec-
tively. All post- larvae survived 37.2'C.

Juvenile: Young shrimp were aquired from an autumn brood hatched at the
University of Hiami Sea Grant mariculture faculty at Turkey Point:. Because of the
large size of the shrimp, only one individual was put in each cuvette. The
critical 'temperature for a two hour exposure vas 37.9 to 39.6'C; decreasing to a
range of 36.0 to 37.9'C after 16.5 to 24 hours. All specimens kept above 40.7'C
died vithin five minutes and the lower temperature limit has been set tentatively
at 12.8'C but this requires further investigation.





Stone Crab

The stone crab, ~Heni e mercenaria, a shallow water burrowing organism, is a
significant contributor to the commercial fisheries of Biscayne Bay. The female
carries a spongy mass of eggs which, upon hatching, become planktonic. Larvae
settle to the bottom in the megalops stage and thence grow to adults. In addition
to comprising a fi.shery in themselves, they ax'e part of the food chain for many
fish. A series of experiments using the polythermostat vore conducted using eggs
first, second, and third zoea; megalops and juvenile stages. The results are tabu-
lated in Table XI-1.,

s

~Es: In the first of a series of experiments 19 tubes containing six eggs
each were held at temperatures ranging 'from 10 to 50'C. After 40 hours of expo-
sure:at ..29..1,to 36,3'C-hatching into the "firs't zoeal stage ~~as observed. No
hatching occurred below 29.1'C and eggs failed to survive above 36.3'C. In the
temperature range of 23.4 to 36.3'C normal development of the eggs to the first zoea
was observed after 70 to 90 hours exposure. The eggs appeared to be tolerant of
cold as they remained alive after 280 hours at 12.6'C.

First Zoea: Over 315 individuals, were examined over, a temperature range of
29.0 to 50.0'C for 36 hours (see Figure XI-6). After 20 minutes all individuals
were dead above 42.8'C; those kept below 40.3'G remained alive. A two hour expo-
sure lowered the upper lethal limit; all zoea above 40.3'G died; 39 ~ 1'C proved
compatible. The downward trend continued as expected after a 3.5 hour period; no
zoea were alive above 38.0'C while those kept below 34.5'C were actively swimming.
After 36 hours the lethal temperature deer ased to 36.7'C 100% remained alive under

034.5 C as was the case af ter only 3.5 hours. A second experiment of nine hours
duration showed that temperatures above 37.8'C were fatal while 33.0'C was tolerated
for the same time period; the 50/ survival point was 34.8'C. A compilation of all
data indicates that the upper lethal temperature for ~Mani e first zoea ranged from
36.1 to 37.4'C.

Second Zoea: Four replicates of 19 tubes with 10 individuals per tube held
for 13 hours over a range of 25 to 46'C demonstrated the same general trend as
shown for the first zoea. After four minutes all individuals died above 43.8'C'

~below 42.8 C life was sustained. Twenty six minutes later the lethal temperature
was lowered by 1'C. Temperatures over 38.5 and 37.5'C were fatal to all indivi-
duals after 3.25 hours and 13 hours respectively; life was sustained at a tempera-
ture of 1'C lower. A later 22 hour experiment showed that the second zoea could
not tolerate temperatures above 37.3'C'or such an extended period; while about
90% could take less than 36.1'C. The 50/ survival point was between 36.1 and
37.3'C, almost identical with the first zoea experiment.

Third Zoea: Nineteen tubes each containing 10 third zoea were subjected to
temperatures ranging from 28.0 to 46.0'C for 23 hours. After five hours no zoea
were alive above 37.6'C; -survival was 80% at 36.9'C and 100% at 32.9'C. After
23 hours no third zoea remained alive above 36.7'C. During these experiments an.
increase in activity apparently related to increased temperatures was noted.
Temperatures sligntly below the lethal level appeared to increase cannibalistic

— .activity but further behavioral observations are required to define the signifi-
,. cance" of this phenomenon.

P
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FIGURE XI-6 Percentage survivaI of Neniope mercenaria first zoea after twenty-

four hour surviva1 versus temperature. Each point represents 20
crabs.



~Me alo s: This stage is by far tha most difficnlt one to raise and to handle
experimentally. Although few specimens were observed, the data is quite impressive
(see Figure XI-7). The first experiment lasted for 24 hours; fifth zoea were
placed in the polythermostat tubes just prior to metamorphosis into megalops. Those
individuals maintained in the temperature range of 16.7 to 30.5'C achieved the mega-
lops characteristics." An additional experiment showed that 23 hours above 30.5'C
was lethal. It is not known whether death was due directly to temperature or indi-
rectly because the elevated temperature prevented metamorphis.

Juvenile: ,One experiment,was performed using a brood of fully metamorphosed
juvenile M. mercenaria, placed singly in cuvettes to avoid damage from hostile behav-
ior. One hundred percent survival was maintained between 12.6 and 37.0'C over a
period of 42 hours. Death occurred at 42.7'C within 15 minutes, 41.3'C within 29
minutes, 40.3'C within 44 minutes and at 38.0'C after four hours of exposure.

Caridean Shrim

As adults these shrimps comprise part of the benthos of Biscayne Bay and as
larvae they are important members of the planktonic community. They are reported
to live in the Tha'assia community which includes macroalgae such as Halimeda,
Penicillus and Laurencia. These small shrimp are important .,embers of the food
chain, they are eaten by stone crabs and young. fish, especially the sciaenids such
as sea trout, red drum and silver perch. The results of these experiments are
summarized in Table XI-1.

~;
Tozeuma carolenenses: The taxonomy, distribution and ecology of this shrimp

treated by Ewald (1969). In an experiment with mostly gravid specimens, those kept
at 39.5'C were killed after 20 minutes; after 4 hours 100% mortality was observed
at 33.9'C and above. After 48 hours the critical temperature decreased to 32.8'C..
In an additional test, all specimens kept at and above 38.7'C died in less than 18
minutes, while after 24.5 hours all shrimp held at 34.3'C were dead. After 128
hours exposure the critical temperature was 32.8'C. Another set of experiments with
a 72 hour duration showed that after 47 hours all specimens held -'- temperature above
33.9'C were dead and only 14% survived between 30.6 and 32.3'C. After 72 hours the
critical temperature was the same but stress was evident at lower temperatures.
Less than 50% survival was recorded between 29.0 and 32.3'C while below 29 .O'C at
least 80% of the shrimp survived.

Palaemonetes interme'dius; Mature females were obtained from Matheson Hammock
Beach during April, May, June and July. They were placed carefully in a 30 gallon
plastic container supplied with air from a portable air pump and transported to the
laboratory. Before being used as test specimens, they were maintained in a 15
gallon all glass aquaria for 24 hours at 25'C. Control organisms lived for more
than two weeks at 25'C. Five experiments were performed, each utilized 19 sets of
tubes containing 2 individuals held at temperatures varying from 10.0 to 45.0'C.
All animals kept below 36.2'C survived; those above 37.8'C died. No difference in
temperature tolerance was observed between the April and July specimens.

Periclimenes species: These shrimp were obtained in Thalassia beds at
Bear Cut; the collecting and holding procedures were similar to those used for
P. intermedius. The shrimp were conditioned at a salinity of 36.2'!00 over a
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FIGURE XX-7 Percent alive versus Camps"-enure af er 24 hours for H~eni e nercenaria
megalopa stage. Each dot represents 2 specimens.



temperature range of 24.0 to 26.0'C and were fed one Oppenheimer pellet per shrimp
per day. Under these conditions the control animals lived more than two weeks.
For the experiment one shrimp was placed in each of the 38 polythermostat tubes;
the temperature range was 1.0, to 45.0'C at 2'C intervals. This experiment was

replicated 15 times with freshly obtained specimens in order to obtain statistical
significance. The results showed that" the animals lived adequately between 14.0
and 35.0'C, but 100% moitality occurred below 14.0'C and above 37.6'C. ho differ-
ence was observed in the thermal tolerances between individuals collected in April
and those. in 'July (see Figure XI-8) .

~Hi ol ta: This is a hitherto undescribed species eristing in B-'scayne Bay

and adjacent waters. Gravid females were collected and handled as described ear-
lier. One experiment showed an upper tolerance limit of 35.5'C after 1 hour and
32.1'C a'f ter '5:5 hour'. In another run there was 100% mortality in shrimp kept at
temperatures above 34.7'C after 90 minutes. An upper critical level was noted at
32.8'C after 48 hours and did not change for the remainder of the 5 day experiment.
A lower critical level of 10.0'C was observed but only after 5 days exposure.

Leander tenuicornis: This is a robust, predatory caridean shrimp. Held at
temperatures above 38.7'C all individuals died wi'thin 15 minutes, those held above
35.5'C were dead within 5.5 hours. Thus Leander may be more temperature tolerant
than ~gi ol te ~s

Holluscs

The small snail, Nassarius vibex is an important part of the intertidal com-

munity, It is a saprotroph, feeds on dead animal tis ue, and j.s equipped with a

chemosensory apparatus which enables the sensing of food at great distances. It
exists between the high and low tide marks on mud or other suitably soft substrates
and spends its time with the shell just beneath'he mud and the siphon projecting
upward into the water. This species would be expected to have a higher temperature
tolerance than open water organisms due to its intertidal adaptation (Newell, 1970).

t

The snails were collected in mud flat tidal pools at low tide just to the
north of the Miami Seaquarium, placed in a mud bottom holding tank and observed
for several days. Specimens were then put in cuvettes with 22 mls of filtered sea-
water (changed twice daily). After one hour in the polythermostat all Nassarius
held above 46.7'C were dead. All specimens held above 40.2'C for 24 hours and
37.5'C for 72 hours expired; the lower limit was 8.0'C. Some signs of stress were
observed above 32.2'C; however, upon reducing the temperature .they became vigorous.
This information;" similar to that found by Professor H. iioore.
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TABLE XI-1

UPPER TEHPERATUR" LIHITS OF SELECTED TROPICAL
ESTUARINE ORGANISHS D1 TI1E LABORATORY

~Or anism

2.
3.
4.
5.

6.
7.
8.
9,

acclimated 15 C

acclimated 30 C

Penicillus caoitatus
Acetabularia crenulata
Valonia ventricosa

acclimated 30oC
acclimated 15 C

V. utricularis

V. ocellata
laurencia Eoitei

I. Plants
1. Halimeda incrassat'a

Time of
Ernosure

8 days
15 days
15 days

8 days
4 days

72 hrs.
42 hrs.
72 hrs.
72 hrs.

120 hrs.
72 hrs.
72 hrs.
10 days

Upper
Limit

32.9
34.7
32.,7
31.5
38.1
30.0
32.0
32.6
33.2
31.0
31.4
32.8
31.7

Lethal
in C

34.8
36.6
34.6
34.7
39.1
31.5
33.6
34.2
34.7
31.4
33.0
34.0
34.9

No. of
~Or anisms

152
41
40

159
600

9725"

144

t II. Invertebrate Larvae
l. Penaeus duorarum nauplii
2. P. duorarum 1st protozoea
3. P. duorarum 3rd protozoea
4. P. duorarum 3rd mysis
5. P. duorarum 1st postlarvae
6. P. duorarum late juvenile
7. ~Eeni e mercenaria eggs
8. H. mercenaria 1st zoea
9. H. mercenaria 2nd zoea

10., i4. mercenaria 5th zoeall. H. mercenaria megalopa
12. H. mercenaria zoea/mega.
13. H. mercenaria mega/juve.

22 hrs.
18 hrs.
17 hrs.
72 hrs.

1 hr.
'40 hrs.
40 hrs.
24 hrs.
91 hrs.
44 hrs.
16 hrs.
24 hrs.
24 hrs.

30.5
36.0
36.8
36.8
37.9
36.3
36.3
34.4
33.1
34.7
36.0
30.5
28.9

31. 5
37.6
37.8
37.8
40.7
38.5
38.5
36.0
34.2
35. ~ 5
37.0
31.4
30.5

2159

3886

3.

5;

Paraclimenes sp.
~gi ol te sp.
Leander tenuicornis

III. Caridean Shrimp
'.

Tozeuma carolenensis
2. Palaemonetes intermedius

72 hrs.
72 hrs.

168 hrs.
48 hrs.
24 hrs.

32.3
36.2
36. 1
31.0
34.4

33.9
37.8
37.6
32.8
35.5

768
570
190

66
24

IV. tfollusca (intertidal)
1. Nassarius vibex 72 hrs. 37.5 40.2 48

TOTAL 15,572

>"Valonia of all species
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Tem ~erature and Salinit Tol'erances

Under the direction of Dr. H. B. Hoore, Hiss Helen Albartson has undextaken a
separ'ate laboratory approach to the. problem of determining. upper lethal temperatures
of Biscayne Bay organisms under tha support of Fli'QA (DIP-01433) . The method employed
a running seavater system in which the water was replaced at a rate of a liter per
minute, thus reducing the build up of metabolic vastes arid the lowering of dissolved
oxygen. Up to 200 organisms can be tested at one time. Moore and Gray (1968, 1969,
1970) and.Albertson and Gray (in preparation) have described the apparatus used.
The following method was employed in all tests.. A preliminary test vas made to
determine the approximate upper lethal temperature; a fev specimens were taken from
ambient seavater, placed into pre-heated seavater and held at the predetermined
temperature for 15 minutes. The animals vere then returned directly to ambient
conditions to be watched for per cent survival. This preliminary test is repeated

, at intervals of 5'C. above ambient until an approximate lethal temperature is found.

,ln.,the..actual, test,,specimens.vaxe placed;in cthe experimental tank.and the
temperature was raised at a constant rate of 1'C. per hour. As the temperature
approached the approximate lethal point as determined by the preliminary run, 25
animals were removed from the tank at 1'C. intervals for a range of 8'C. These
organisms were placed in jars killed with water at the temperature at which they
vere removed and allowed to cool to ambient. The jars were then placed in running
seawater where the. animals vere held 24 hours prior to the determination of per
cent suxvival.

The criterion for the determination of life differs vith each taxonomic group;
however, it generally involves some form of movement. In echinoderms, for instance,
animals are considered alive if they can move their tube feet. A 'gastropod is
considered alive if it moves its foot in response to prodding. For acceptable
results all animals removed in the first sample (i.e. at the lowest sample tempera-
ture) must be alive and all those from the last sample must be dead.

Any salinity can be maintained in the running seavater system by the apparatus
described in ifoore and Gray (1970). I%en this eauipment is combined with the
temperature programmer, lethal temperature runs can be .made at lov salinities For
these runs, the animals ware placed in the test tank and the salinity reduced to
the desired value over a period of about. 5 hours. The determination of lethal
temperature vas performed as previously described. When the jars cooled to ambient
temperature, they were placed in running seawater of test salinity and then returned
to ambient salinity over a period of five hours. As in ambient salinity runs, the
animals held for 24 hours before detaxminating the per cent survival.

Up to the present time, 35 different species have been tested; including 13
gastropods, three echinodarms, 'three bivalves, four crustaceans, ten enidaxians,
and one fish. The upper lethal temperatures of these organisms are shown in
Figure XI-9.

Changes in the upper lethal temperature of Nassarius vibex with lowered
salinities are seen in Fig. X1-10.As might be expected with the added stress, the
lethal temperature is lower at reduced salinities. In addition, the coefficient
of variability rises'with reduced salinity. Thus as the stress on the animals
increases, the variability of individuals of a species becomes greater..

. Consideration is presently being given to the possibility of using the coefficient
of v'ar"'-ability as a general index of stress. Upper lethal temperatures have been

,determined for a fev species, collected both in summer and in winter. So far there
h'as been little shift of the upper lethal temperature of a species from summer to
winter.
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FIGURE XI-10 Changes in the upper. lethal temperature and coefficient of
variability with lowering salinity in Nassarius vibex.
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FIGURE XI-9 Upper lethal. temperature of the 35 species of Biscayne Bay
organisms tested.
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In 'addition to work on upper lethal temperatures, the effects of long term

increased and decreased temperatures on the sea urchin, Lvtechinus variegatus,
have been observed. Urchins were kept for 6 months at four different temperatures
in running water aquaria; Growth and, gonad volume were greatest in urchins kept
at 28'C. (Fig.XI-11) At temperatures both higher and lower than this gonad volume
and growth. were greatlv reduced. Although the upper 1ethal temperature determined
by. Ihe previously described laboratory test for h. va~rie atua bras 36'C., it can
be seen that a population is threatened at temperatures much below its lethal
point. The ability to grow or develop gonads may be lost under the stress of
temperatures much below those at which the adults are killed outright.

CONCLUSIONS

,One of the m'ost important conclusions from the laboratory'data is that
tolerance limits obtained in the polythermostat conformed closely to those
observed in the field. The laboratory results also aided in the interpretation
of the complex field data. The information from the field studies on benthic
animals (Section V) and plants (Section X) served. to orient 'the experimental
work, thus making the laboratory data compatible with that found in the Beld.
Also, the daily laboratory observations of growth and death of plants proved
valuable for the field separation of vigorous mature plants from those
scenescent or thermally stressed.

The laboratory experiments, using some 18,000'individuals','have given the
most accurate account of thermal tolerances for marine estuarine organisms
available to date. The expected Gaussian or skewed curve for lethal thermal
limits did not materialize; instead, an abrupt death point occurred often
within an interval of 1'C and in many cases within 0.5'C resembling a step
function.

The upper temperature limit for many of the plants examined as well as the
sensitive stage of the pink shrimp and crab larvae and several of the caridcans
was 31 to 33'C. This was corroborated in field observations (Section X) where the
mean monthly temperature exceeded these limits in areas near the mouth of the
effluent canal at Turkey Point. These critical temperatures w'ere only 1 to 3'C
above the mean mid-sumner temperature encountered under natural conditions. Thus,
some of the temperature sensitive tropical organisms appear to live much closer
to their upper lethal limit than do either temperate or Arctic species whose
limits have been described by Kinne (1970) and Beibl (1971). This is in agreement
with the work of Professor H. B. Moore.

The upper lethal temperature limits were time-dependent:, ',but an "equilibrium
temperature!'.was.found beyond which prolonged exposure. no longer caused death.

In general, the invertebrates examined appeared to have a higher tolerance
than the algae, mature pink shrimp, stone crabs and several carideans had 1'imits
near 35 to 37.5'C, while most algae had limits of 30 to 33'C. ~ One exception was
tne intertidal algae, Acetabularia, which had an upper limit between 38 to 39'C;
this was expected since organisms living in the inter tidal zone are constantly
exposed to extreme thermal stress.
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FIGURE, XI»11 . Growth of the urchin Lytechinus at four controlled temperatures.
h'hole line - growth of the test, broken lines - growth of the
gonads. The experimentally determined upper lethal temperature
was 36oC.
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~ The commercial pink shrimp (Penacus duorarum) had temperature limits near
36 to 37'C in all its life stages. However, the early naupliar stage did not

'etamorphose to a protozoea at temperatures above 30.5 to 31.5'C., The commercial
stone crab (~Hini e mercenerin) bad upper limits between. 36.3 end 37.8'C ior
eggs and the first larval stage; but, the sensitive megalopa stage had limits
near 30'C. Two caridean shrimp (Palaemonetes intermedius and Periclemenes sp.),

,'mportant to the food web in the Bay, had temperature limits at 36sl to 37.8'C.

Five species of Valonia collected from six different estuarine regions of
the Caribbean and Bermuda had an upper thermal tolerance near 31 to 33.5'C.
Acclimation to higher 'temperature was not demonstrated. Halimeda had slightly
higher limits than Penicillus (See Table XI-1), Temperature tolerances for all
of the species examined are shown in Figure XI-12.

'The information obtained from the snai'1 Nassarius vibex showed that after
one hour exposure at 46'C, death occurred to all specimens in the studies by
Professor H. B. Moore and in the polythermostat method. After 72 hours exposure,
the death point ranged from 37.5 to 40.2'C. The comparison of the two procedures
indicates that long-term exposure to thermal stress yields lower lethal temperature
limits than short-term exposure (e.g. Professor Moore's experiments of a one degree
temperature increase for only one hour). If these two methods of study are to
be critically examined, a more thorough investigation is necessary. This is

The data presented in Section V show that there are several species of benthic
animals with strong temperature responses. It is necessary to explore the
temperature limits of these organisms in order to determine whether this dependency
is direct or indirect.

The individual variability, a subject of great importance in most physiolo-
gical studies, appeared amazirigly small. The largest error was establishing
the criteria for the identification of dead organisms; this had to be empirically
defined for each species. Temperature variation due to experimental procedure
had no discernable effect, and culture problems were kept to a minimum by working
closely with experts for each species.

It must be emphatically stated that if tropical ecosystems are to be effectively
managed, a more basic understanding of lethal temperature limits is essential'.
Tropical organisms live very close to their upper lethal temperature limits and
have little tolerance to temperature change. In view of this, it is necessary to
employ extremely refined methods in investigating the cause of thermal death at
the cellular and subcellular level. During the past year a method for maintaining
the intracellular and extracellular temperature at any level between 0 and 50'C
(+0.01'C) has been developed and will permit precise determinations of temperature
effect and temperature'limits on the living cell.

The 'work by Thorhaug (1970) on temperature controlled perfusion in algal
membrane systems addressed itself to'nd proposed an hypothesis for the cause

of'eatdeath: Several investigators have concurred (Brock and Darland, 1970;
Daniell et al., 1970; Pierson et al., 197l). This hypothesis basically states

"that .indirect'hermal death is caused by the impairment of membrane transport.
';.This may not be the only possible reason for cellular death; but at last it-

represents a beginning point which may be tested.
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acclimated 15 C

acclimated 30'C.
Penicillus ~cs itatus
Acetabularia crenulata
Valonia ventricosa

acclimated 30'C

.acclimated 15 C

V. utricularis

V. ocellata
Lauxencia poitai

Invertebrate Larvae
Penaaus duorarum nauplii
P. duorarum 1st protozoea
P. duorarum 3rd protozoea,
P. duorarum'3rd mysis
P. duorarum 1st postlarvae
P. duorarum late juvenile
~liens >e mercenaria eggs

H. mercenaria 1st zoea
H. mercenaria 2nd zoea

H. me rcenari a 5 th zoea
H. mercenaria megalopa
H. mercenaria zoea/megalopa
H. mercenaria megalopa/juvenile
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Caridean Shrimp
Tozeuma carolenensis
Palaemonetes intermedius
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Leander tenuicornis

Mollusca (intertidal)
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FIGURE XI-12 Upper temperature limits of selected tropical estuarine organisms
in laboratory investigations. Black line indicates near 100%

'urvival,dotted line indicates interval to near complete mortality.
See Table XI-l for details of time and numbers of test organisms.
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Chemical field studies in the area of thermal discharge at Turkey Point
(Section IV) indicate the possibility that thexmal stress or death of entrained
organis'ms may be manifested in the release of nutrients, dissolved organic
compounds and possibly other chemical species into the water. This indicates a
need for controlled laboratory studies of this phenomenon.

Another important area of study is time-temperature relations. The short
time period at an elevated temperature may well be more important than any longer
time period at a lower temperature, but more data must be accumulated in the
area of 29 to 45'C for various organisms befoxe any definitive statement can be
made. Fluctuating temperature versus sustained temperature at these elevated
levels must also be examined.

i~larked changes in the behavioral-pattern .of crab and shrimp larvae were
observed at elevated temperatures. When at ambient temperatures found in
Biscayne Bay the organisms live together satisfactorily. However, when exposed
to temperatures just under their lethal limit, attack and cannibalism occurred.
This represents another possible means whereby the ecological situation of the
Bay could be upset. It is essential that the behavioral patterns, and the
effect of thermal stress upon these patterns be examined for many forms including
fishes'nder

the direction of Dx. H. B. Moore, upper lethal temperatures for 35
species of Biscayne Bay organisms have been determined. Changes in the upper
lethal temperatures at low salinities have also been investigated. In these tests,
the coefficient of variability of individuals within a species 'ncreases with
stres . No significant differences were found in upper lethal temperatures

temperatures for 6 months showed pronounced optimal growth and gonad developement
at 28'C with significant decreases in both at higher and lower temperatures.
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XII. PLANT CO~iPiiUiNITY IVifESTIGATION"

GENEsSAL STA'1'EHE1tT

One of the most important bottom communities in South Biscayne Bay
and Card Sound is the wide expanse of the grass Thalassia; thus information
from an independent study is included in this report. The work encompasses
observations from many areas of southeastern Florida and was conducted in
order to.better understand the composition of the Thalassia community as well
as the growth characteristics,.life span, turnover rate and developmental patterns
of selected species. Such field information, obtained at many locations from
Bear Cut in Biscayne Bay to Key Hest, makes available data on numerous "typical"
communities free of man-made thermal stress. Thalassia and six species of
algae were. observed, however, most of the effort was devoted to Penicillus and
Halimeda, two calcareous green Siphonales that comprise an important part of
the tropical estuarine and back reef communities.

A laboratory investigation was also initiated with an immediate objective
to raise green calcareous macro-algae in the laboratory in a state of health
comparable to that observed in the field. This,'f course, is necessary if
experimental laboratory results are to be e'ffectively used. in 'conjunction with
field observations. Also, measurements such as chlorophyll content were used
as preliminary information on investigations os the effect of heat stress.

In addition to contributing significantly to calcareous sediments (Chave,
1965), these two alga , plus Thalassia, are very important to the total eco-
system of South Florida estuaries. ~thny animals such as forams, micromolluscs,
crabs, shrimp, polychaets, adults and larval forms, spend all or much of their
life in the rich stands of grass and algae that affords food a'nd protection.
For example, the capitulum of the mature Penicillus plants provide food for
small organisms. blany types of gastropods such as Astraea phoebia, Bulla
striate, Turbo castaneous, and Pasiolaria ~tuli a have bean observed feeding on
Penicillus. Also fish such as Holocanthus sp. consumed Penicillus (Thorhaug,
1965) .

Besides the early taxonomic literature (summarized in Thorhaug, 1965),
very little research has been conducted on these algae. A sexual stage has not
been substantiated for Penicillus. Although Ernst (1902) reported sexual
reproduction, Fritsch (1956) found it to be an epiphyte, and Thorhaug (1965)
observed only asexual reproduction, by budding from rhizoids.,'his same

hand, has been observed to reporduce asexually via a rhizoid system as well as
via gametes formed in gametangia which are proliferations of 'the axial filaments.

One of the very few in situ studies on these algae was done by Goreau
(1963), who in his work on calcium carbonate deposition measured the rate of

'hotosynth'esis.Penicillus was observed to photosynthesize at a rate similar
to that of Halimeda but slower than the calcareous reds and faster than litho-
thamniods. Calcium accretion rate was also measured, and iniplied to be

'I
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associated with photosynthesis as with Coccolithophores (Isenberg, 1963).
Penicillus has been 'Lhe subject of geological investigations involving
contribution of calcareous algae tc scdim'nts. Lowenstam (1955) for example,
found that some of the Bahama Bank sediments were of algal origin. In a

further effort to ascertain the origin of the sedimentary carbonates of the
Bahama Bank, Lowenstam and Epstein (1957) measured the 0-16/0-18 and C-13/C-14
ratios in the sedimentary carbonates and then compared these ratios with those
in the algae, oolites and grapestones. They established that the isotope ratios
of the sediment were in median range of algal carbonates and were not in the
range oi either grapestones or oolites. In a similar study, Chave (1965)
'analyzed the magnesium content. of various organisms inc"uding Penici~lus in
Lhe Bahama Banks. These studies and other" demonstrate that panicillus and
other algae contributes significantly to the fine calcareous sedimonts of
the Florida estuarine and Bahama regions. However, quanti.tative yearly .con-
tribution and the decay pattern of the organic parts is still unknown.

iiKTHODS

Laborator Techni ues

Specimens of Penicillus caoitatus and Halimeda incrassata were success-
fully grown in plastic coated marine plywood aquaria (4' 4' 9") located
outside the laboratory in order to expose the plants to normal daily sunlight.
Debris was kept out by a screened cover and when necessary a plastic cover
was used to exclude excessive rain water.

A subsand filter system was placed on the bottom and covered with a thin
layer of fiberglass fibers (glass wool) to prevent clogging o'1 the filter
apertures. A three-i!!ch layer of sand was placed on the glass. wool. The
depth of the sand was sufficient to allow algal hold-fasts and rhizoids to
elongate to lengths such as observed in the natural habitat and for plants to
send out rhizoids for asexual propagation. A source of continuously-running
sea water was connected to the filter system'o that the water passed through
the subsand filter and percolated from the bottom of the tank"upward .through
the layer of sand creating a deep aerobic'layer. The sea water was pumped from
Bear Cut in Biscayne Bay through polyvinylchloride (PUC) tubing to an elevated
settling tank and finally fed by gravity to the aquarium.

Plants were collected at various locations in Biscayne Bay and Card
Sound and transplanted. Bealthy plants (P. ~ca itatus and B. incrassate) were
dug out so as to retain as much of .the rhizoid as possible and quickly brou'ght .

to the aquarium in large plastic buckets. During transport to the laboratory>
the algae were kept submerged in aerated sea water and were planted imn!ediately
upon arrival at the laboratory. The holdfast system was set to a depth of
about two inches. Specimens and their clones were successfully maintained in
this aquarium for periods of more than a year.

Plan't growth 'was carefu11y followed by tagging with plastic numbers and
a record was kept of a number of variables affecting'rowth. .Light intensity
in the aquarium was measured by a General Electric exposure meter which was
placed at the water surface in the aquarium with the photocell oriented in the
direction of the sun. Growth mea urements were made by placi9g one arm of a





new shoots in about a week. These new shoots developed into plants which
continued the life cycle by producing rhizoids. A colony was often established
around the parent plant in two or three weeks. Prom daily observaLion, the
pattern of senescence and death was observed. The first sign of decline was
the loss of all filaments; they dropped into the sediment and decayed. The-
organic material in the stipe 'decayed leaving behind the calcium carbonate
deposit. This structure resembled a serpulid worm case and usually remained
standing until upended by another plant or an animal. Then it would drop
into the sediment and become buried by sand or disintegrate and become
incorporated in the sediment. Daily observations of Penicillus in the poly-
thermostat at elevated temperatures indicates that it takes several days to
die, the same sequence of events were as readily observed as in stands of
Penicillus in the natural environment.

A comparison of the, algal growth in the aquarium and.in the. natural. environ-
ment was measured from April to October. The primary purpose was to determine if
there was any marked difference between field and experimental observations, The
gronrth parameters were: (l) the growth rate of young shoots of. the p ~ca itatus
measured while they grew to mature plants (measured in terms of'ean rate of
growth in cm per week), (2) the mean height of the mature plants, and, (3) the

.mean longevity of plants from the appearance above, the sediment until the plant

.died.

The mean growth rate of young P, canitatus in the Coral Shoals environment
was 0.7 cm per week, with a standard deviation of'H4.4 cm per week. The rate
in the aquarium was 1.1 cm per week with a standard deviation of -R.7 cm per

~

~

~

~

~

~

~

~

weak. Tho standard error sas 0.3>. The mean height of tha p. angst-'tus plant: in
the Coral Shoals sample was 5.7 cm with a .standard deviation of +1.2 cm. In
the aquarium the mean height was 4.5 cm with a standard deviation of +2.0 cm.
The standard error was 0.13 for the two mean heights and the cr'itical ratio was

'2.31 which shows a definite significance at the 0.05 level. The mean length oilife for P. canitatus in the aquarium, excluding those eaten by predators, was
approximately 3 months (see Tables XII-3, XII-4, and XII-5).

s

iHalimeda was found to grow more rapidly in an exposed environment Lhan. in
a calm, sheltered position. The growth rate was fairly rapid, averaging about.
1.7 cm/week in exposed areas and 1.2 cm/week in sheltered areas'. In culture, the
plants grew as in sheltered locations, 1.1 cm/week. A period of rapid growth
occurred in the spring. This spring spurt would affirm the work done by Bass-
Becking (1933 and 1936), where the nitrogen content (high in actively tissue-
building organisms) was shown to be highest in March and April, followed by a
second spurt of growth in the summer; Goreau (1961) also has reported growth in ~

spurts of shorter duration - 36 hours.

RUM IARY

'lhe difference in growth rates and mean height of the astute p. ~ca iLatus
plant in Coral Shoals and in the experimental aquarium indicates that these two
environments were somewhat different, however, the experimental'lants grew
virgorously for generations and reproduced abundantly.'he plants in the aquarium
grew to a mean mature height of 4.5 cm +1.3 cm; this approximatf.s iield observa-
tions. The mean growth of the mermaid shaving brush plants in the natural
environment was less than that found for the aquarium studies. tThis may be
attributed to differences in current, temperature,'nd turbidity. The Coral
Shoals area was subjected to strong tidal currents and high silting and turbidity.





The aquarium water remained clear, flowed steadily and slowly,

Xt can be concluded from these experiments and observations that at best;
some species of algae can exist successfully under controlled laboratory conditions,
Thus they may be used in experiments without the fear. that laboratory results are

7

influenced by plant damage,
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TABLE XXX-1

'ENSITY OF PENXCILLUS PI>NTS DURING TWO SEASONS PLANTS/m

i

LOCATXON

BEAR CUT

>fATHESON HAMMOCK

S. W. POINT

SEWAGE BEACH

CORAL SHOALS

SOLDIER KEY

SAND KEY

-ELLXOT KEY

UPPER KEY LARGO .

(Harry Harris Public Park Lagoon)

LOWER KEY LARGO

IfATECUHBE KEY

KEY WEST

WHITEWATER BAY
I

EVERGLADES (FLAMINGO)

SHARK RIVER i~fOUTH

SPRXNG

20

,0

12

.10

30

25

35

20

0

0

45

20

0

12

35

49

115

35

60

0

0

0

TABLE XIX-2

ALGAL POPULATIONS XN THREE LOCA IONS JULY 1964

PLANT

PENICILLUS

THALASS IA

HALE fEDA

S YR INGODXUf4

RHIPOCEPHALUS

UDOTEA

DIPLANZHERIA

TOTAL

BEAR CUT

45

30

3

100

CORAL SHOALS

37

55

6

112

KEY WEST

60

144
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TAID.E XXX-3

GROxlTlf RATE DATA POR P CAPXTATUS

CORAL SHOALS

'PLANT HEN PLANT
RO BATH RO

HEAN
RATE

PLANT
NO~

A~UARX|Rt

MEAN PXANT
RATH RO.

IfEAN
RATE

2
3
4
5
6
7

9t 10

15
16
17
18

1,0
0.3
0,4
0,4
1.2
1.1
1.3

0,5
0.8
0„4
0„3
0,3
0,6
0,4
0,5
0,3

19
20
21
22
23
24
25
26
27
28
29
30

0,5
1.1
0.8
0,4
1.1
0.6
0.4
0.8
0,4

0,3

1
2
3
4
5
6

. 7
8
9

10
11
12
13
14
15
16
17
18

1.0
0,6
0.6
0.3
1„4

0.7
0.7
1.4
2.3

0.2

19
20
42
51
55
57
58
60
63
64
65
69
72
77
78
79
96
99

1.4
0.6
1,6
0.3
0.6
2.1
2.2
0.6
0,1
1.4
1.7
2.4
1.9
1.5
0,4
1.9
0.4
0,3
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TABLE XII-4

MEAN HEIGHT DATA FOR PENICILLUS CAPITATUS

~;

~,

CORAL
PLANT NO

1
2
3
4
5
6
7
8
9

10
'1'1

12
13
14
15
16
17
18
19
20
21
22
23
24.

25
26
27
28
29
30
31
32
33
34

.35
36
37
38
39
40
41
42
43 ~

44
45
46
47
48
49
50

SHOALS
HEIGHT

6.5
6.6
6,2
4.1
7.6
5.3
6.2
'5.4
6.2
5.4
'9;2
6.5
5.0

'.0

5.2
6.3
6'. 0
6.5
4 '
6.9
5.0
6.3

'.2

9.0
6.6
6.3
6.9
6,2
5.2
5.4
3 4
4.5

~0

4.5

4.9
4.1
4.2
5.0

4.8
3.6

5.0
4.5
6,4
4,3
6.4

PLANT
1
2

:3
4
5
6

"7
8
9

10
'1'1

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

NO.
A~VARI|Et

flEIGHT
3.9
2.3
4.9
4,0
5 ~ 3.
4.4

~0

3.1 .

2.2
3,9
5 .'4
4 . 9

2 , 9 ,

5 . 0
1 , 0
1 ;0
3 . 4
4 . 9
4 . 5

1;8

4.6
3.9
1.4
1.6

PLANT NO.
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86'7

88
89
90
91
92
93
94
95
96'7
98
99

HEIGHT
3.3

5.2
3.5
4.2
2.4
7.4
7.8
5.4
.5.5
3.3
3,4
3.3
7.8
7.8
5.5
4.0

5.8
4.8

10.8
6.5
8.0
5.8
5.8
5.4
6.6
6.8
7.7
2.8
4.8
2,9
1.8

3.8
lt

3,1
8.8
4.0
4.6
3,8
3.9
5.3
5 ~ 5
7.9
1.7
2,8
2.5



TABLE XIX-5

HEIGHT AND GRO'.s'TH RATE FOR PENXCXLLUS CAPXTATUS

(APRIL, 1964 TO OCTOBER, 1964)

HEASURDENT CORAL SHOALS

Mean Height of
Ifature P. ~ca itatus 5g7 cm 4,5 cm

Standard Deviation
from Mean Height +1,3 cm +. 2,0 cm

Standard Error of
the two Measurements 0,34

Mean Grow th Ra te of
Youat P. ~oa itatu.,

Standard Deviation
from Mean

0.7 cm per week

0,4 cm per week

1; 1 cm pc- week
I

0,7 cm per week

Standard Error oi
the two Measurements 0. 13

Mean Life Span
(Length of Life)
for P. ~oa itatus

12. 6 weeks or
approximately
3 months,
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The studies on circulatitn.and flushing indicate the mixing is poor and pri-
marily the result of tidal action. Exchange between Card Sound and the ocean
appears to be enhanced by wind stirring. Two types of theoretical models have
been developed to evaluate mix''ng and the extent of the thermal plume. Work is
needed to collect adequate data to test'hese models. The wind records for Home-
stead Air Force Base should be evaluated to permit the evaluation of the frequency
and magnitude of cold front wind'ystems which would enhance mixing. Further work
is also needed to evaluate the effects of engineering design of the effluent canal
and discharge shape on the size of the area effected by the thermal anomaly.

The studies on inlets and boundaries has developed a workable model which can
be used to predict flow through the various mazes of channels of Ceasars, Broad
and Angelfish Creeks. Additional tide and meteorological data's well as current
data are needed to further quantify and test this model.

Chemical studies have provided base line values for nutrients, carbon, trace
metals and radioactivity levels. There are indications that the chemical species
and solubilities in the effluent canal are anomalous: Furth'er work in this region
may provide a means of evaluating the effects of the power plant on tne planktonic
organisms which pass through the cooling system. 'he sediment, chemistry appears
to be related to abundance and diversity.of algae and sea grasses and this possibi-
lity needs further examination. The apparent sink area in southern Card Sound
needs furthe inv stigat'on in conjunction with studios on the c'rculation of the
'Sound. Radioactivity levels in the dominant organisms and those organisms which
may be utilized by people must b'e measured. In addition, routine sampling must
continue as a service to the biologists working on the ecosystem model.

Trawling studies have shown that animals are adversely affected by tempera-
tures above 33'C. An exclusion model has been developed to predict the optimal
bay temperature and allows enforcement personnel to calculate the temperature
required to protect any fraction of the species deemed advisable. Recommendations
are suggested that the level of protection should be near the 50% upper exclusion
temperature which is 33'C.

Work should be continued in Biscayne Bay to measure recovery rates when the
effluent is moved to Card Sound. The Card Sound studies should be supplemented
with samples of the benthic infauna; In addition, food studies are needed to
qualitatively evaluate the trophic web. Heasurements of weigh> are needed for
evaluation of biomass changes and work should be initiated on carbon-hydrogen-
nitrogen analysis to permit later ecosystem modeling.

Zooplankton studies have indicated seasonal cycles are present but larval
forms are present in all seasons. Due to the large variation in catches and patchy
distribution, it is impossible to relate plankton catches to the thermal discharge.
Laboratory studies have shown that the upper toleranc'e for thei copepod Arcatia
tonsa is 36'C despite'cclimatization to high temperatures. >fore emphasis must
be placed on the entrainment problems. An attempt will be madh to improve hand-.

ling conditions to'permit the evaluation of temperature effects on organisms in the
intake and discharge canals'he possibility of passing small~ capsules with organ-
isms inside through the cooling system should be examined.

R. G, Bader and V.. A. Roessler
XIII-1



-0



Diatom studies have indicated that diatom counts, weight and chlorpohyll-a
content is related to the thermal effluent. A cool water form Cocconeis is
dominant in winter and replaced by Frustulia which appears heat tolerant ovex the
ranges experienced in Turkey Point. The relative importance of the phytoplankton,
benthic microalgae, macroalgae and detritus as a food source must be evaluated
for this ecosystem.

The microbiology studies have provided a base line of productivity in Card
Sound. The importance of the benthic microbes to the productivity of Card Sound
is apparent. A much greater emphasis must be placed on these dynamic studies of
productivity. The higher 'txophic levels must be incorporated into this primary
producti.vity work so that an energy flow model may be developed and the effects
of the addi.tional heat energy can -Qe studied to "find its-effect on productivity.
It is important to map this energy flow to try to ensuxe that i.t goes to a useable
product such as commercial" or sport fishes or organisms of aesthetic appeal.

Studies of fungi and nematodes which are impoxtant in detritis breakdown have
indicated'hat these organisms may be influenced by elevated temperature, In

an'stuarywhich appears to depend on a detritis based food chain the rate of breakdown
of detritis under different thermal conditions is essential to proper, evaluation of
the effects of thermal outfalls.

~ J

The sea grass and macroalgae studi.es have demonstrated 'that elevated tempera-
tures cause lowexed growth or death to most of the plants. In the hottest areas
the macxoalgae have been replaced by blue-green algae. Hhcn the macxoalgae and
seagxasses di.e, the associated animals also disappear, more work is needed on the
growth of algae and the sublethal effects especially on the flowering and fruitii ui ng.
of 'halassia. recovery in Biscayne Bay should be investigated when the discharge

-canal is moved to Card Sound. The grass and algae studies are essential in intex-
preting animal data since about 60% of the variability in catches of the 15 most

'ommonanimal species can be explained by weight of vegetation in the catches.

Laboratory studies have demonstrated that many species of algae have an upper
thermal limit between 30 to 35'C. Acclimatization on a short-tern basis or over
many generations does not appxeciably change the upper lethal temperature. Ani-
mals generally appear more tolerant to elevated temperature. The laboratory deter-
mined temperatures of exclusion and death'gree very well with field observations
indi.cating that temperature is probably the most significant factor in causing the

-observed changes at Turkey Point.

In the future, emphasis must be placed on the larger organisms and in parti.c-
ular the sublethal changes in behavior, condition and health must be elevated.
The polythermostat work should be directed toward detexmining the effects of fluc-
tuating temperatures, i.e., a natural cycle as observed in Turkey Point.

Thus,'hile several questions have been answered by our efforts in South
Biscayne Bay and Card Sound, we have really succeeded only in determining the
proper questions to ask in order to predict the impact of thermal additions in
this subtropical estuary. It is hoped that the hypotheses formulated in this
report will be useful throughout the tropics.

The follow"ng is a list of m,".nu.".cxip"...". and publications which indicate the
.".cope of our work so far„

XXXX-2



LIST OF REPORTS RESULTING FROM TkjERMAL POLLUTION STUDIES

1969. An'ecological study of South Biscayne Bay in the. vicinity of Turkey
Point. Prog. Rep. to U.S.A.E.C., University of Miami Rosenstiel
School of Marine and Atmospheric Science. Mimeo. Rep. 63p.

Bader, R. G. and D. C. Tabb
1970. An ecological study of South Biscayne Bay in the vicinity of Turkey

Point. Prog. Rep. to U.S.A.E.C., University of Miami, Rosenstiel
School of harine and Atmospheric Science. Mimeo Rep. HL 70008. A, 81 p.

Bader, R. G.
1970.

, H. A. Roessler and A. Thorhaug
Thermal pollution of a tropical marine estuary. FAO World Conf. on
-Pollution in,the Ocean.- FIR:HP/70/H-4:1-6.

deSylva, D.
1969.

p.
The unseen problems of thermal pollution. Oceans Hag. 1 (1):37-41.

deSylva, D.
1969.

p.
Theoretical considerations of the effects of heated effluents on marine
fishes. In Biological Aspects of Thermal Pollution; edited by
P. A. Krenkel and F. L. Parkev, Vanderbilt Univ. pp. 229-293.

deSylva, D.
1970-

p.
Ecology and distribution of post larval fishes in Southern Biscayne Bay,
Florida, Rosenstiel School of Marine 6 Atmospheric Science. Mimeo. Rep.
7-1015. 198pp.

deSylva, D.
1970.

P. and A. E. Hine
Ciquatera — - marine fish poisoning — — a possible consequence of
thermal pollution in tropical seas. FAO Worl'd Conf, on Pollution
xn the Ocean, Mimeo. 8 pp,

Drost-Hansen, W.
1965. The effects on biological systems of higher-order phase transition in

'ater. N. Y. Acad. Sci. Ann. 125(2): 471-478.

Drost-Hansen, W. and A. Thorhaug
1967. Temperature effects in membrane phenomena. Nature '215: 506-508

Drost-Hansen, W.

1969. Allowable thermal pollution limits -'a physico-cherhical approach.'hes.
~ Sci. 10(3-4): 281-288.

Fell, J. W. and I. M. Master
1971. Fungal degradation of mangrove leaves and its possible importance in

the estuarine food chain. Belle W. Baruch Symposium in Estuarine
Microbiology. iis.

Gerchakov, S. H., D. A. Segar and R. D. Stearns
1971 Chemical and hydrological investigations in the vicinity of a thermal

discharge into a tropical marine estuary. Rosenstxel School of MarineJ

and Atmospheric Science.. Mimeo. Rep. 26pp.

XIXX-3



'8



t Gerchakov, S. M., D. A. Segar and R. D. Stearns
1971., Sediment temperatures in the vicinity of a thermal discharge. Mimeo.

Rep. 23pp.

Iversen, E. S.
1969. Preliminary description of the biolog'ical zones of Card Sound, Lower

Biscayne Bay, Florida. Rep. to Fla. Power and Light Co., Univ. of
Miami, Rosenstiel School of Marine and Atmospheric Science. Mimeo.
Rep. 12p. ~ .-.i.:.,

Xversen, E. S. and M. A. Roessler
1969. Survey of the biota of Card. Sound. Rep. to Fla. Power & Light Company.

Univ. of Miami, Rosenstiel School of Marine and Atmospheric Science.
Himeo. Rep. 34p. (ML69126)

Master, I. H., R. Cefalu and B. E. Hopper
1971. (ms) A new method for the extraction of nematodes from marine sediments. (ms)

Michel, John F.
1970. An analysis of the physical effects of the discharge of cooling water

into Card Sound by the Turkey Point Plant of Florida Power and Light
Company. Univ. of Miami, Rosenstiel School of Marine and Atmospheric
Science. Mimeo. Rep. 23p.

~ -' Michel, John F.
1970. Addendum to Technical Report dated Hay, 1970, Analysis of the Physical

Effects of the Discharge of Cooling Hater into Card Sound by the Turkey
Point Plant of Florida Power and Light Company. (ML71001)4pp.

Moore, H.
1968.

B. and M. K. Gray
A pilot model of a programmer for cycling temperature or other condi-
tions in an aquarium. Univ. of Miami, School of Marine and Atmospheric
Science, Mimeo. Rep. (ML68161): 4p. and ll figures.

Moore, H.
1969.

B. and M. K. Gray
A temperature control system for running sea water. Univ. of Miami,
School of Marine & Atmospheric Science, Mimeo. Rep. (ML69090): 8p.
and 10 figures.

Moore, H.
1970.

B. and M. K. Gray
A pilot model of a salinity control system for running sea water.
Univ. of Miami, School of Marine & Atmospheric Science, Mimeo. Rep.
(ML70073): 9p. and 12 figures.

Moore, H. B. and N. N. Lopez
1969. The ecology of Chione cancellata. Bull. Mar. Sci. 19(l): 131-148.

Hoore, 1i. B. and N. N. Lopez
1970. A contribution to the ecology of the lamellibranch Telling alternata.

Bull. Mar. Sci. 20(4): 971-979..

XXIX"4



-0

I p*'



Moore, H. B. and N:.N. Lopez
1970. t contribntion to the ecoloyy of the lamellibrahch Dosina ele"ans.

Bull. Ifar. Sci. 20(4): 980-986.

Newell, S. Y.
1971. Succession and role of fungi in the degradation of Red Hangrov'e Seed~lings.'elle f1. Baruch Symposium in Estuarine Microbiology. Ms.

Nugent, R.
1970. Elevated. temperatures and electric power plants. Trans, Amer, Fish,

Soc. 99 (4): 848" 849

Nugent, Richard S., Jr.
1970. The Effects of Thermal Effluent on Some Hacrofauna of a Subtropical

'Estuary. Ph:D. 'Dissertation, Univ. of Miami. '198p.

Overstreet, R. H.
1969. Digenetic trematodes of marine teleost fishes from Biscayne Bay,Florida. Tul. Stud. Zool. 15(4): 119-176.

Reeve, M. R.
1964. Studies on the seasonal variation of zooplankton in a marine sub-tropical

inshore environment. Bull. Mar. Sci. 14(1): 102-12?.

~.
Reeve, M.

1970.
R.

Seasonal changes in the zooplankton of South Biscayne Bay and some
problems of assessing tne effects on the zoop3.ankton of natural andartificial thermal and other fluctuations. Bull. Mar. Sci. 20(4):
894-921.

Reeve, M.
1970.

R. and „E. Cosper
Acute effects of power plant entrainment on the copepod Acartia tonsa
from a subtropical bay and some problems of assessment. F.A.O. Morld
Conf. on Ifar. Pollution in the Ocean, Mimeo. 8 pp,

Roessler,
1965.

Roessler,
1970.

M. A.
An analysis of the variability of fish populations taken by otter trawl
in Biscayne Bay, Florida. Trans. Amer. Fish. Soc.'4(4): 311-318.

H. A.
Environmental changes associated with the Turkey Point Power Plant on
Biscayne Bay, Florida. Presented Har. Tech. Soc. Conf. Coastal Zone
Ifanagement, Washington, D. C., November 17, 1970. Mimeo.

Roessler,
1971

Roessler,
197la

H. A.
Environmental changes associated with the Turkey Point Power Plant on
Biscayne Bay, Florida. Har. Poll. Bull. 2 (6): 87-90.

H. A.
Effects of a steam electric station on a subtropical estuary in Florida.
Presented NAE Conf. Power Plant Siting, t4ashington,', D.C., March 17,
1971. Ifimeo.

= XXII"5



Roessler, M. A. and J. C. Zieman
1970. Effects of thermal additions on the biota of Southern Biscayne Bay,

Florida. Proc. Gulf and Carib. Fish. Inst. 22nd Ann. Session: 136-145.

Rooth, C.
1971. A method for estimating thermal anomaly areas from hot discharges in

estuaries. (ms.)

Rooth, C. and T. N. Lee
1971. Tidal induced mixing in semi-enclosed coastal estuaries. (ms.)

Stearns, Bob
1970. Heat waste. Sea .Frontiers, 16(3): „154-163.

Taylor, R. B.
1971. Numerical modeling of tidal circulation of inlet systems as applied to

Broad Creek, Angelfish Creek, and Old Rhodes Channel complex in South
Florida. Tech. Report Mimeo. (ML71034): 96 pp.

Thorhaug, A.
1965. Developmental Morphology and Aspects of the Biology of the Genus Penicillus.

Master's Thesis, University of Miami, Coral Gables, Florida.

Thorhaug, A.t 1969. Temperature effects on the membrane potential of Valonia. Third Inter-
national Congress of Biophysics. Boston.

I

Thorhaug, A.
1970. Temperature limits of five species of Valonia. Journal of Phycology,

6: 27.

Thorhaug, A.
in7:.. Tempexatnxe effects on yalonia bioelectxic potential. Biochem. et

Bioohys. Acta 225: 151 158.

Thorhaug, A.
1971. A temperature cont;rolled perfusion'echnique for a single cell marine

~ alga. Proc. First European Biophys. Congress. (In press).

Thorhaug, A., T. Devany and B. Murphy
1971. Refining shrimp culture methods: the effect of temperature. Proc. Gulf

Carib. Fish. Instit. 23: 31-38.

Thorhaug, A. and M. Drost Hansen
1966. Thermal anomalies in membrane properties. Second International Congress

on Biophysics, Vienna.

Thorhaug, A. and M. Drost Hansen
1967. Thermal aspects of membranes: phase transitions. Seventh international

Contress of Bioshemistry. Tokyo.

)



Thorhaug, A. and A. Katchalsky *

1971. The role of thermoosmosis on marine macroalgae. Proc. Ull International
Seaweed Symposium. (Xn press)

Thorhaug, A., T. Devany and S. Pepper
1971. The effect of temperature on Penicillus capitatus survival in laboratory

and field investigations. J . Phycol. 7: 5-6.

Thorhaug, A. and R. Stearns
1971. A field study of marine grasses in a tropical marine estuary before

and after heated effluents. American Journal of Botany. 68(5): 412-413.

Wanless, 'H. R.
1969. Sediments of Biscayne Bay - distribution and depositional history.

Univ. of Miami, Rosenstiel School of Marine and Atmospheric Science.
Mimeo. Rep. (ML69110): 260 pp.

Wood, E. J. F., and J. C. Zieman
1969. The effects of temperature on estuarine plant communities. Ches. Sci.

10 (3-4): 172-174 .

Zieman, J..C., Jr.
1970. The Effects of a Thermal Effluent Stress on the Sea Grasses and Macro-

algae in the Vicinity of Turkey Point, Biscayne Bay, Florida. Ph,D.
Dissertation, Univ. of Miami, Coral Gables, Fla. 129pp.

XIII-7



h

~
I

1$

L

/

J
%C


