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ABSTEACT

Biological pollution in Bigcayoe Bay is a problem requirving retional decisico-making.

Dralnoge patterns to che pay have been altered leading to incressed peint-scurce drainage. Shorelinme
vegetacien and wegetation at che mowchs of ¢anals has thus been altered. Canals themselwes create new
niches for maringe crganlems and microbial populaticss. Dredge and Fill has bad direct and Indicece
elfects vn the biota of Blscayne Bay. The primary ewample being the changes in flora apd faups of Horth
Bigcayne Bay, Gewage pollution has caused changes at cutfalls, TProblems of human pathogens {(bacceria,
viruses and fupgi) sssociated with sewage outfall sre seill being studied and paccerns of disteibution
are ot clear. Heated effluents have been studied and provide & model of cooperaction becween Industey,
governoent and sclentists im defining the problem, gathering dats sdeguate For rational decisfon-making
and finding compromise solutions to pellutlon of the bay. Pesticides, hesvy metals and petroleun
products have oot been studied intensively in Blscayne Bay acd thedr effect fs mor fully understood.

Gur recommendallons are for continued scudies on the distribution of natural resources snd basic
reseatch oo energy flow and nuteient cycling im the food-web and the effect of pollutancs co inhibit or
alter the metabolism of the ecosystens of Biscayne Bay, In the fnterim we tecomoend that problems which
require declsions should be reviewed by 4 board of scientists familiar with Bilscayoe Bay and whose
specialtdes are In the area under discussion, These scientists should be patd for chelr services and
regponsible to the comsunity for thelc dnput into che declafon-making process.
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IRTROOCTTON

Pollucicn becomes s problem because living organisms are iotegratiog the eoviromment they Live in. I
the chemisery of the water is changed, the organisms respond to it. Response patterns alac oceur to changds
in physical of geclogical parameters. Whereas a change in the klological crganisms does not oecessabily
change the physical or chemical syacems, changes to changing envircnoent iz a prime characteriscic of che
evolucion of organisms over geclogical history; so that it is mot only man's activities which cause drastic
change, but rather change is an integral pagt of any living system.

The key is how much man can chasge the system and met alter it te become a less desirabla ecosystex
lies in the talsrapce 1imics of the species present. The individual epecles are prohably of less wvalue
than the role played by the specles, but chis is a decision-nakisg walie tudgnent for which we need a
gocd deal of functionsl Information oo & sclentific level. Each organism has 8 renge of talerance for o
specific parameter and a certain point at which it cannot telerale this paTameter. As loog @ the changes
are small and within the tolersnce raoge, the organism will live. A similar pattetn lg seen for an eco-
svsten, The key Co Tacional management is to underscand chese limits and ce atay wichin them o the
changes made ta henefit man's use of the ecoAYRCEm.

In ceviewing the histery of Biscayne Bay, lirtle thought has been given te ataying within the
tolerance linits of the ecosystem. We have mmerous axamples of man's uses of rhe bay which exceed che
linits of the ecosystem, We will review the major ways in which man has changed Biscayne Bay and then
present our suggestions for future use.

Hush of the previous material presented im this volume cutlises che major hicloglcal processes Which
pocur in Bimcayne Bay. Clearly each of the major constitwents of the ecosystem have been effected by man'=
use aod activizles of che shoreline and the bay, We will divide the Bay wp inte shoreline, scuth, siddle
and nerth bay for purposes of desceiptfon. The major changes in the biota of Biscayne Bay and its shore-
lines have resslied from drainage, from dredge and £11l, from sewage pollutien, from pesticide pellutlon
and From heat pollution.

RESULTS

l. IDraipage

Prior te major drainage activities In the greater Misml apea, durimg L900-1925, large gquaotivies of
raimeater collected in the lpcerior flatlacds called rocky plades acd old drainage swales leading to
Eiscayne Bay. This flowed sast until it resched che rock ridge which scted sz & parcial dam that formed
impoundments in the swales. This clder fresh-water storage head, which may occasionally have sgood 4 to
# feet higher tham st present, poured over and through the ridge of limestone, now known as Miamd Dolite,
creating springs., seeps and surface runs all along the ridge and pushed the salt Eront Ear seaward of it
present location (Parker, et al., 1953). Under those conditlons frash-water marl soils Fermed In che
pastern "glades” and swales and over most of the cosstal flat land betwesn the ridge snd Biscayoe Bay,

Tequesta Indians occupied the site, perhaps as early as 2,000 years age and left signe of thefir cul-
tural evolution which still Temain. At that time thelr view to the cast would have encempassed broad,
sedsonally flooded, grasslands dotted with cabbage palm bammocks thteugh which passed arch Creek, Hisml
River, Snapper Creck and other stresms, Large mangroves cutlined che course of streams along the samsnrd
end; pood apples &md leather ferns probably formed a dense but narrow band in black eeil &t the seep zone
along the eastern toe of the ridge. Cypress amd other aemi-squatics grew accund Che lakes inland from the
partially effective rocky barrier of the ridge ftself. At very high srages of flooding, cataracts and
large boiling springe flowed over barriers at low spots.

Seaward of the coastal marl prairie doninated by grasses there was a barrier forest of red and black
margroves of wery advanced age and large size. Since those earlier times most of that early forest has
heen eroded gway by storms and, perhaps, by & rising sea, ao that by early 1936 only & saall Temmant
remaiped. The great storm of Septepber 18, 192F seems to have destroyed che remaining old forest. The
peats Ecom that ¢ld forest scill can be found under Biacaype Bay at least 600 feet esst of the present
ghore (Wanless, 1968) and in pockets farther offghore (Zieman, 197Z), {alse Taps, this volume].

Prigrine Wes: Indian hapdwnod hammocks were to be found along the tidge vherever flowing water had
carved sinks, chapnels and caoverns. Most hamwocks contained ferns, air plaots aod erchids, as well as
sEher moisture-loving plants. Where the sfone was more resistant, hence drier, pines, palmettos and 1lva
maks grew.

In the mid=1800's whice settlers came and bullp homes and gardens for fuch Che Amme reasons that had
arrracred the carlier Indians, There wig water in abundance, relarively dry, fertile hmmmock soil, and
accens by boat to the Bay via ereeka. Earliest plantings of mangos, sapodillos and deor-yard plants,
which still persist were their legacy.

Tn 1912=13 the Snapper Creek Canal, Coral Gables Waterway, Cutler Camal, &fc., were excavated. Thess
canals quickly lowered the watey table to near sea level. The lakes dried out and mach of the marl scil
was farmed. Later springs failed and salt intrusion becsme a problem. This colminsted, in the 1940°'s by
inland sdvance of the salt Eront by more then BOD feet per vear, abacdomment of coastal well flelds acd &
cessaclon of farmipg in the cesstal marl prairdes. Inmstallaties ef "palt-contrel™ dams near the seadard
erdds of the canals halced and then reversed the saline Intrusion dnland, but coald not halt the salting of
formerly fresh-water marshes seawsrd of The ridge {see Kohout, 1960, 1967: Kchout et al., 1964] .

The post-1960 sale freat adjusted to a positfion near the "tae" of the rock ridge, helped no doubt by
numerous Farm draisege canals and canals cut during the decades hecween 1910 and 1%40.

Thers has also been an apparent rise 1n sea level which, when combioed wich effects of dralnage aed
loss af an effeckive cosscal barrier bero, now permits tidal Isntrusion onto most of the Perrine marl
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prairie, It ls noc entirely clear to us which major event, rising sea level, dimdnished fresh water supply,
dicehing, or a combimation of these, has actually dominaced, but we beliewe that drainage was Che major
factor. The results hag been & widespresd invasion of the entire coastal tract by tide-disseminated mac—
groves and ageociaced salt-tolerant animals (Teas and Wanless, this wolume}.

Prior to drainage the Perrine marl prairie fresh water phase (Figure 1) had sawgrass (Caladium
jomaicen=es), Gull spike rush (Eleochris cellulesa),cabbage palm {Sabal palmecto),leather fern
(acroatichun}, pond apple {finnona glabral, black rush {Jumcus 't'l}ﬂ“i!-ﬁuaj. cattail (Typha app),and prim-
roae willow (Jussiaea pecuvisna}, In the brackish phase of the marl prairie the above plants intermized
with bunch copdgrass (Sparcima hakeri), salcmarsh cordgrass ESErti'u..: ulttmiflnr_gr‘.ubul:tnnml.". (Comocarpus
srecfual, white mangrove IEEunqu‘.n:lu. racemosa) , black mangroeve (Avicennis germinans),saltwart (Barie
paricima),glasswort (Salicornis begelovii and 5. virginica), saltgrass (Discichlis splcata) ,saltmarsh
fimbrisrylia (Fimkriscvlis mApadicea) and sea-oxeye daisy (Borrichia frutescens).

Relics and living remmants of thess plant comsunicles acill persist in undeveloped areas along the
coast but farming, development and salt Intruslon has gemerally destroyed most of the fresh water communi-
tiea, Dralnage of the swales westward of the ridge has reduced subsurface low and the remaining hammooiks
are seversly stressed, Ferns, bromeliads acd erchids mo lomger chtain sufficient melasture to thrive, and
even che rraen ahow scress and replacement with drier specles.

The water budget of Hatheson hamnock might be restoréd if o small conal were builc from Soapper Creek
Canal to the hammock edge and water thus diverced from Snopper Creek Canal allowed to flow through the
limescome, via old solution channels, to che Bay. If this attempt at restaration were guccesalul, cther
hazmocks might alse be restored in 8 =inilar mannet, Thers are thres reasons for che suggestion of di-
varting fresh water from exisring canal syatems to subterranean flow through hammocks. First, the
hammocks would benefit from the increased humidity; second, the wsderground flew through forests and grass-
lapd would tend to "scrub" putrients, pollutants, bacteria and virus Erom the water entering Biscayne Bay;
apd third, the point sources (canal mowchs) of Eresh water would be parcially dissipaced te the original
spring and "sheet flow" conditions which were found In earlier cimes {ses Kohour and Xolopinski, L19467].

Capala with aaltwater intrusion have not recelived a great deal of scientific actention wntll
recently apd these iovestigations are still in press (gee Sallman et al., chis volume; and Seigel ot al.,
this valume]. The sedimencs and warter as well as fish and certain other crganisms are being stuwdied with
respect to cheir microbiclogy. Fish diseases such as “whicling Eish" and fish kllls have been Teported
with increasing frequency in the canals, Humen baecrerin and viruses {(human wiruses wsually die in salt
water] have been found i suprising mmbers at cimes in these canals. The problem of these artificial
drainage strucctures as a new biological habitat which opens to and mixes with the Bay for ceganisms pre—
sents &4 series of problems which are nec yer clearly defined, not resolved. (1) Drainage previously was
sheel Fun of [ chrough shallow wegetation and rock, both of which altered the drainage water., How drainage
comes direccly through muech deeper canals and is poloe soures Tien off, These desper eanals concain a
different biological compastion, (@) Auman aed domestic animal microbes surrive in the waro water of these
aubtropical canala. What 18 the fate of these microbes, and do they enter other animals, especially
comeercially fished species? (3) The Flushing appears te be slugglish in chese canals which ate pre-
dominantly on the western shareline, especially in norchern Biscayne Bay where circulation has been altered
algnificancly. However, larger animals such as fish can freely migrate back and forth from anal o Bay,
[4} Huch of the natural vegetation such ss botiem grasses, fringing mangroves etc., was altered when the
canalp wetre copmtbuctad and often bulkheaded with fill behind the bulkhead. Often the ares hag not fe=
vegetated so that denuded areas frequently are found.

Bopefully, the studies vnderway can defime che processes occurring in the camals and lead to bhetter
puldelines for managing these man-made additions to the Bay.

The interaction of the canals with the Bay ecosystéem 18 complax and not fully wederstood.

& statfon in scurh Biascayne Bay located off Mowry Canal, at which trawling was condocted monthly from
July L94E=Deceaher 1968, shows the dromatic effece of point seuree fresh water discharge, In Auguac D948
the dominant wegetation was the red algse (Digenis simplexiand che mmber and diversity of animals collectk-
ed wae high., In Derober 1948 aalinicy dropped to 5 ppt and the algae were killed. Table 1 shows the
before apnd after discharge catches of algne and andmals, The mmber of anlnal species decreaged by abouc
3% and the mmber of individuals decpressged by & factor of five.

& mecond aration in south Biscayne Bay located off the mouth of Morth Canal shows the more sobble
cfferts of point source draimage, Table I shows catches from a control stacion, the station off Horch
Canal, & stacion locared in the chermal effluent of the Turkey Point Plant ard a mid-Bay shallow water
stacion adjacent to West Arsenicker Hey. Vegetat{ion at the contrel was dominated by Thalsssls testudipum
and a conplex of red algas; the statfon of f Horch Cansl was dominated by Haleodole wrightid; the station
in the thernal pluse was dominared by microalgae, especially blue-greens in sumer and the algae Acetshu-
larin eremalata acd Bataphora cerstedil and seme Nalodule io winteér; and the mid-Bay staclen had Thalassia
and Laurencia poited (see Thothaug, 1974a).

The catches show that che impacts of point sources of fresh water do oot dramatically aflect species
richness but the runbers of mollusks and crustacesns were lower 81 the canal stacion. The heated staciom,
likewise, showed little difference Iln species rlchness, although there were fower kinds of mollusks and
mate kinde of polychaetas,echinoderms and flatworms. Numbers were matkedly lower even though the cateh per
unit of effort reflects winter sampling and sampling afeer the effluent was diverced o Card Sound. The
nid-Bay station shows greater species rlchness and mest of the gain 45 in the relatively moTe steno-
haline forms.
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2. Dredge and Fill:

The most direct effect of dredge and fill, which inclwdes charmel snd canal boilding, causeway and
artificial island construction as well as bulkheading and backfilling, s o remove the bottom com-
munity In that srea. Secondary effects inclede curbidity and decrensed light penecracion, causing bottom
vegetation o recedve less Light for photosynthesis. In addition, silting effects on surrounding areas i=
aoften severe unless strict precautions are taken. There is an onfortunate cycle to these processes. The
peagrasses, discussed by Thorhaug (rhis volume) a8 the dominantc Blscayne Bay submerged vegetation, acc to
maintaic water clarity and cot doen turbidity by thelr baffling effect. However, seagrasfes Ara aften
rthe major plant removed by the dredge and 411 process and subsequeant increased turbidicy and siltation.
Thercfore, che baffle disappears and turbidity increases, cften making it impossible For seagrasses to
revegerate becauss of lack of Lighe.

There are short-térm and loog-term dredge and fill effects. One additiomal statiom in South Biscayne
Bay compared to those discussed above under drainage was located adjacent to Homestead Bayfront Park
Marina Chapnel. It illustcates the efFfect ol short-tecm dredge and 111 preogramsa. When the chanoel was
deepened, silt from che operation reduced light penetration at the station. Grasses and algae sghosed Com=
porary stress but recoverywas rapid. &ndmal catches showed oo detectable tremds. Thus, thia shart=-tarn
dradge project did not create marked changes 1o che blotsa except In the immadiste area dredged and filled.

A major loog-term result of dredge and fill ds continwed turbidity and decreased Lighet transmlisglon,
guch aa found 1m Morch Biscayne Bay (see deSylva, 1970), which will kill seagrasses and has a marked effect
on che faune. The works of McRulty (1961 and 1970) show the faune in Morch Biscayne Bay to be dominated
by polychaetes, brittlestars aod mollusks. From Smith (18%6), the photos of La Goree (193 and Charden
{thiz volunme) we may assume chat Horth Biscayne Bay was gimilar to Souch Bay prior to 1900, Thus a coo-
parison of the flora and fauma from porth and mid Bay described by McBulty (1961 and 1970}, HeHulty, Work
& Woore {196Za, 1961b), Hoore er al., (1968), 0'Gower and Wacasey (1967, Low [1973), and Hosenberg (1973)
and that of gouth Bay by Woss and Voss (1955}, Woss ec al., {1968}, Bader {1969), Bader acd Tabk (19700,
Bader and Boessler (1971, 1971}, Smicth (1973}, Thorhauwg (1974}, Thorhaug et al., [1974), Eeessler ec al.,
{1974, 1975), Brook (1975}, Sprogils (1975), Thorhaug and Roessler (1976) and Bixen (1976) can be vsed o
demonstrate presumed changes which have occurred in Horth Bay. Also 8ee papers lo chis volums by Teas, Humm,
Thethoug, Fenbale and Sprogle, Voss, deSylva, and Snedekar and Brook.

However, we cannot speclfically idemtify che source of tha changes in Korth Biscayne Bay because of
the multiple stresses which ioclude massive dredge and 111 {see McHolty, 1970; and Compron, 1900, couse-
way and laland congtruction and tesulting changes In borrom communities and circulation, sewage pollution
addimg turbldicy as digsclved and suspended solids, excess nutrients Tesulting in phytoplankcos blooms and
reduced light penetration for benthic plants, starm discharge from uwrban amd subarban areas, ilnduscrial
pollutanes and Incressed erceicn of shoreline aress from boat wakes.

The work of Rosenberg (1975) compares mid-Bay stabions studied by HeWulcy, Werk apd Heore (1962} and
McHulty and Lopez (1969) im che 1950's asd the same area im 1975. The principle changes were an increase
in the toral numbers of seimals w2 in 1974 but & decrease in che biomass Erom the 1950'a. Thus, more
small individuals are present in the area. Anlmal diversicy hes increased and pelychaeces have increased
in abusdames while mollusks hawe decreased. A shifr toward smaller more generalized forms hag occurTed
im tha animals.

The bottom wegetationm has not shewn the same patteca, Originally, Horth Blscayne Bay had a relatively
similar borcom vegeration type co South Bisgcayme Hay. Hy 1861, when BcHulby published his extepsive work
the floral commmity had decreased in species and standing ccop compared to Sowth Biscayna Bay. Herween
this study and the present time, certain areas bave become desuded of becgon vegatacion
{Eresaler e al., and Thorhaug, unpublished). Unfortunately oo guancitative study of che wegecatien of
Horth Biscayne Bay has been attenpted, so that the above patcerns are qualitacive rather than quoantitatiwe,

In genecal, the Borth Bay ares has o commuoley of filter fesders such as baroacles, “coon' cysters,
cunicaces and sponges on plling and seawalls and of small-particle detritus [eeders such as polychasces
and brittlestars., PFew of the mollusks, crustaces and larger echinoids, that utilize the larger particles
al seagrasa and manprove detritus found in abundance In the southern Bay mow occur in northerns Blacayme
Bay. In addition, the clear water, stable salinity forme Found mear che Blscayne Katlonal gapupente are
ahagent [ubther aoech. Tha middle reach of the Bay is incermediate in nature (turbidity belng soméwhac
higher tham in South Bay) amd the crend hare is coward the Morth Bay commumity . Anyrhing more than a
generalized qualitative comparison is haspered because a synoptlc servey of the Bay with fdestical
gear and mechods hag Bor been dope excepr for srudies of plankton by deSylwa {1970} and the cursory Aurvey
of wegetation shosm in Hoessler and Beardsley (1975).

3. SEwage !

The major study of sewape pollution on the biota of Biscayne Bay by Helolcy (1970} compared flora and
fauna from Nowember 19%3 o July 1981, This was before and after a dooestic sewage dispeeal plamr bagan
operation in the fall of 1956, Changes took place after the plant began cperacing. In an area 100 Ea
740 m seaward from the outfall benthlic macrolnvercebesara populacions declined Erom abnormally large nun-
bers of species and lndividwals te whar MeHuley calls "nommal" nuobers on the hard botgom. Soft botetom
populations changed qualitatively, but pot quanticatively. Zooplankton volumes decreased to abouot one-
half the pre=abatement valued. The amphipad tuhas declined markedly, but other fouling orgsnisms remaimad
aboul Che same, MeRuloy copcluded chat chers was oo evidence that improved commercial and sporc fishing
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fallowed abatemenc, which he interpreted as & long=tern detrimencal effect from sewagae pollution and
dredging.

In microbiologleal studies, human pathogenic enteric wiruees have been recoversd In and arousd the bay,
There are larger mumbers In the sewage offluent area than of Virginia Eev in Borth Bigeayne Bay or Miamd
Beach {ses Selgel er al., this velume), This is significant since viruses cend ro dis in sEavAcEr and
atlll they are found in numbers.

Bacterial studies summarized by Sallman et al., (this volume) have shown survival of sutfall organisos
indicating the cleser to the cutfall, ehe bhigher the nwsbers. The warm waters allew longer survival amd
blgher rates of multiplication of bacteris, presenting problens oot encountered in morthern waters,

[Mamspa has shosm chat even with the present Virginla Key outfall located 4,500 feat offshore thae
there ig a significant movement of effluent into the Bay via Bear Cut, Norris Cut and Government Cut.
Froposed pipeline excepsion evidently will not climinate the problem. Propesed expansion of the plant
further complicates this issue.

Other snaller tréatment plants in Dade County contribute affluent to the Ba¥ via canal svstems. In
addition, vwiruses have been found in canals in wall-gewered areas, presumably from doge and cats, Further
complicating the miceebial problems in the Bay,

Toe of the major concerns lies in che safety of hamans wcilizing water for swimming, wading, etc.,
which has pathogesic microbial flora present. A secomd concern 18 the uptake of chese microbes by fish-
efles organiszs which may be eaten by man, The last major problem is the long-term effecr of chemical
enrichment by the cutfalls im the sediment and water of the Bay and subgequent changes in the biogs. Do
lesser levels of outfall than that stsdied by McHulty have long=term detrimencal effecrs on the bicta?
What are the telerance limits of the Bay to moderste to low sewage pellution levels brooght in by rides
and wind copditlons from ccean cutfalls?

4s the population of Miami expands, as does the tourist industry, further answers te these questions
mustc ba found.

%,  Heat

Tharnal effluents from induscry hawe been emitted intc Biscayme Bay since the Cutler Rid*e Power Flant
resched full capacity In 193f. This plant was enly studled before the release of affluents by aerianl
photagraphs. The area which was denwded of wegetation in 1956 was B.% ha. By 1973 the area of bape sedi-
nent had reached 3% ha, Evidently, this plant acts as a sump for fine sediment. The relaticmship of chis
aile to destruction of boctom wegetation is not clear (Smigh and Teas, 1976).

The mest extensive study of the effects of heat has been done at che Turkey Point Power Flanc comples.
Thls is one of the coly exsmples in Biscayne Bay, whers the underlyiog tolerance limics of majer organisms
were Studied alomg with the effects of the pollutant on the scosystem, The data wes utilized im rational
decisicn making about the siting of che meuth of a second effluoent canal.

Tt is to the great credit of the concerned governmental agencies as well as the industry fteell that
a final decislon was made for disposing of effluents in such a way as to de minimal harm to the ecology of
the Bay. In addition, the far-sightedness of the U.5. Energy Besearch and Davelopment Cemmigsion (Formerly
AECY, Ses Gramt, and Florida Power & Light Corporation allowed am opportunity to revegetate the 25 ha
denuded by beatad effloents. This is che enly large-scale ewample of resteration of a seagrass comunity
In the U.5. coday, and provides a model for Biscayae Bay restoration efforts as well as theouphout the 0.5,

The Turkey Feint planc did mor heve a quantitative investigacicn prict to the opening of the Crand
Canal. Howevar, the events after the iniciation of heat were as follows: The Thalassia comsmunity disap-
peared in an area of about 9.3 ha off the mouth of the casal, 5% abowe ambienc. [n an ares of approx-
imately 3 ha 3 eo 4°C above ambient, the Thalassia community declined by abeut 30T and important macro-
alpse fell co about 30 of che former populations. As & result, selected entities of the animal population
iecreased temporarily, due o feeding on dying plant materfisl. After exploiting this food mamy mobile
forms departed. This, coupled with sgrong current from the effluent removed considerable nutrients Fran

the area, which chen becams covered with hlu—ﬁnm alghe .
Incraased cemperalure is oot mecessarily derrimental oo & Aubbroplesl wcosystem: control and limita=

tion in the essencial factor. For example, in the areas were a +39C isotherm was maintalned the macroalgae
and grass populations fell markedly in the summer as temperatures excasded 31°C. However, during the
wintar menths Thalassia rebounded. Comparatively speaking the +I%C lsctherm was extremely productive,
excesding that of the control stations ourside the obvicus influence of the chetmal plume. This may be
dug te a number of factors, the incressed avallability of oltrogen wia decaying decritus, modifficatlon of
circulation and elevated winter temperatures, etc. Regardless of the reason it does dndicate that with
sufficient understanding and adequate control, man’s activities normally detrimental to che envicooment
can b2 put fo peeduective wse,

The catch of animals correlated well with the data om benchic macroplants. Fredictive models based
an 330 species of animals caught with a 10-foot otter trawl over a perlod of two and a half yeats near the
Turkey Point effluant Imdlicate that maximum nushers of species and nusbers of Individuals of benthic macra-
lovargebrates aod fishes will cecur near Z6°C. About half che species are excluded ar 3390, 751 abowve 379C,
Laboratory studies oo the macropbytes show an oprimus neat 28°C. Laboratory fovestigation oo lechal
tenperature limits corrohoraced [iled data on both plants and amimais.

Hultiple regression analyses of dominant specles of mollusks, echinoderms, and sponges Endicated that
the principle varlables related to catch were wegetatlon and salinity. Those species most clesely related
to vegetation were near-ghore forms, while those related most closely to salinlty were of [ahore forms such
ad echinoderms, sponges, wormshell geasceopods and the checkered pheasant shell. Analysis of variance af
The mean number of animals per trawl drag (approximately 100/5i) indicated that areas elevated & to 500
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ahowe asbient produced few specimens of those specles of andmals which comprised one per cent or more of
the cotal onumber of macroanimals.

Seations located In areas eléevated betwsen 3=47C had low numbers of animals in the summer, but showed
pame recovary Iln winger; however, the average anmeal standing crop was lower than at contrel statfoms.

ar scations elevated between 2-37C, the catches were low In puemer, beo high in winger apd spring:
this praduced above averapge ancual agasding cropa. A stacions elevated less than 29C, no stacistical
differences between controls and affected staticnms could be detecced.

snalvsis of total nomber of individuals of major taxa comprising B0 species of fishes, 147 of mol
Tusks, &6 af cruagaceans, 23 of achinaderms and 27 of sponges, showed similar resules to those found Cor
the domdnant indicator orpanléms.

Freliminary resplces from ascudies of rhe Card Sound effluent camal, opened in February, 1973, Ondi-
catad che affleent was 29C abawe Bay anhient and carried a considerable load of suspended macter. In
the immedlate afea of the cansl mouth, the macreplant cosmunicy in approximacely 2-3 ha disappeared. In
rhe area where che warer concained nociceabkly more suspended matter, the seagrasses decressed in produc-
rion of dry welght blade material from 20 co 30X that in 1971, Control statioms incressed 10X compared
with 1971, probably doe to a alighely warser winter. Howewer, the animal populations in 1972 at the
affected stacions wers similar im abundance and diversity to those found prior to the canal mouch opening.
(Thorhaug, Hoessler & Segar, 1974},

A& mecond 9.7 kn canal was conatructed to diacharge hear into Card Scund, and the Grand Camal was
cloged. The decision of siting of the canal mouth was made by Florida Power snd Light Company wich input
from scientists at the University of Miami, AEC {now ERDA), EFA and Deparcment of Incerior as well as
arare and county agencies. A srudy before, during, and after release of effluents from this canal was
made (Thochaug &t al., 1976), Except n an area of 2 te 3 ha adjscent teo the canal mouth, little
damage te the benchic communicy was chserved (Thorhaug et al., 1976). This was quite different from che
effect of the first canal at Tuskey Point and polnts cut the besefics of racional declsion  with co-
pperative fnput Irom induescry, government and concerncd saclentlsca.

The rhernal colerances for many of the majer species affected by hear dlsposed in Biscayne Bay have
been determined in the laboratory amd correlated te [leld data (Thovhaug, e al., 1971: Thorhaug and
Hizen, 1%75; Therkaug, 1976: Tharhaug and Hixem, 1976; Albertson, 19 ; Hoberg, 1975), This ls one
of the few examples where exact limdcs of tolerance have been ascertsined so that decisions may be made
based on quantitative data.

3. Festicides:

Fow arudies have been made in Biscayoe Bay as to levels of pesticldes In the warer. Meyer {L871]
and Corcoran {wnpub.) hawe found levels of certain chemicals such as DDD, DOE, dieldris, PCR and S501vex,
Fresent work of Sallman er al., {this volume) promises pore daca. Tomic lewels in certain flshes and
invertehrates have been studled at other Lecaticoms both 1o field and Laboravory. Cualizatlve dndica-
cicn of pesticide kills of marine lnwertebrates (Voss, this wolume) ate available, but no gquantitatiwe
atudy has been dome co dare.

. Oeher Pollutants:

Certain other toxle subsbances such &8 ofl, heavy mecals, radipaccive materdals, chlorine, ete., do
enter the Bay waters and could be affecting organisms. Litcle 18 knowm on theic affect oo tropleoal orf
pubrropical apecies or chedr discribucion and levels in Biscayne Bay,

7. Restararion:

Sinee man's early scrivicies in Biscayne Hay were carried out with almost eatal disregard for che
marine ecosystem chere are many areas where the only selecion for & wiahle, natural bay is restoration.
Hamy other areas are marginal and restaratleon efforrs aleng wich cessation of activities causlng damape
might bring hack a narural cemmunicy. Cost of restoration alee provides a messuring sriek for the cost
of measures designed to mmeliforate the pollutant dm an area where che declsico-making on a new fsgact
i= being made.

In gereral, the bootem and certaln physles-chemical parameters swst be suictable for restoraticn.

The problem then is e vestere the major wvegetation to previde a suicable food, shelter and warer quality
base inte which che andmals may return, Restorarion techniques presently wnderway in Biscayne Bay
include seagrasses, mangrove and shorelise modifications such as rlp-rap snd less bulkheading.

Seaprass resloration £8 now possible on a large scale. Ffforcs in Horth and South Biscayne Hay
{Tharhaug,l974; Thorhaug & Hixon, 1973) haw® ghown that thoussnds of seeds have token root amd gpown in
areas previsusly denuded by man's accivities. Thalassin, the dominant species dn the Bay ls mest Searihly
planted by ssed, aichougha technigue for plugglog has been devised by the Floclda Peparmment of Ratural
Hesources. Pluggiog has the Felloving unforrumste featuzes: (1} existing heds of seagrasses are otillzed
to obtain the plugs,thus deing damage (2) plugs do oot expasd larerally co create prowing beds as de
geeds (31 rhe present method is limdted to water in which one can wade (6) pradigious amount cof hand
lakor which creates a  high cost per acre.

The =esding methed of Thorhavg, has none of the above drawbacks. dptimm location Por revegeracion
{2 a pesty sediment swch as found alonp the Western sfde of Biscoyne Bay, Studies shew chat areas of
kigh currenc, extensive wave actionm or wery cearse sediment are less optlsum For planting:  although
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chege areas, once planced, are ofren excellemt for ewpansion of the commmity.

Dualitative observations have shownm a large recolonization of these replanced arean by certain
invertebrates and Fish which are members of the Thalassis communicy. Ho quanticacive scudy has bean
wilartaken in chis ares, but it is necessary to ascertain che resteration potential of the Thalassia con-—
municy. Planting of other grasses is also underway. I

Horth Biscayne Bay ia capable of belmR restored in many aresas based oo cur results &t 10 statlopn. Tha
hesr place to begin restoration would be between the 36ch and T9th Sereet C seseways and work oatuard from
this area.

Hangrowe reatoracion is alsc & highly viable cechnigue as accomplished by Teas (this volume) in a
series of locations around Biscayne Bay., FPropagules of three species have been planted in a serles of
locaciens including different bottom cypes, varlows energy regimes, tidal lewels and pecgraphlc areas
{including Viet Ham via helicopter). Success of growth and maturity has been high, &o that & falrly
extensive techoology now existe in this area. It appears fo be an excellent tocl for restoration of
shoreline ino many Biscayne Bay areas.

Other methods fop physical restovation of parts of Biscayne Bay hawe been menticned in this volune
which fnclude causeway, camal, &nd shoreline modification. Most notable from a biological podint of wie
is the discossion by Voss (this volume) on replacing bulkheaded sea walls by rip-rap. This makes a far
werter habicac for orgenisms and in some caper In Bilscayne Bay has showm a lobster Eisheries potentisl.

DISCUSSIO0N

&n fntensive survey of blologleal resources in Biscayne Bay, especlally Horeh Bay wouald be a walu-
able first step in evaluating changes which have occurred. Hosewer, even thess studies would nar lead
to the capability to predict changes in biota which will aceur &8 the result of management decisicos on
usg of the Bay, The bhaslc processes (phecosynchesis, detritus production, nutrient uptake and cycling
through the blological feed web)l must be learned firet and then che effect of pollutants on these processes
and tolerance limits of major organisms to each pollutant muest be understood before impact cun be quanti-
fied or predicoed.

Thus basic scientific research in food webs, cycling of macter, Elow of energy and effects on these
systems by pollutants 1 needed. In che meantime, the adyice of competent scientiste must be sought and
utilized in deciding 1f a proposed wse of the Bay will be a biclogical catasteophy &8 pradicted by the
preservation extremlsts or an ecenemic boon, comparable o introducing tourdsts to Florida, as claimed
by backers of che proposed uee.

In che event that hard menagement decisions must be made in the sbeence of che abose-nased definitive
research then such declafons probably cem hest be made using a review board composed of responglble Lay-
men and scientists working together.

A recommendation Ter the Intermediace peried befores full scdentific understanding Le avallable for
manAgement ia A review board of professiomal scientists balanced as to familiarity with various aspacts
of Biscayne Bay, who could evaluats permits for contreversial projects if local amd/or state sclemtiste
and develapers could Bor agres. Such & panel should be paid for their time and susc alae ba held respon-
gible for their decisions so that proper decisioms are rvewarded and fmproper cnes would be o Liabilitr,
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FIGURE 1.
Approximace 1940 boundaries and bay shore communicy Cypes-
Legend
1 = Tidal mamgrove
i - Marl prairie, brackish phase
3 - HMarl prairie, fresh water phase

High hesmock

-
]

= Live ocak/pine

o, e

= FPFineland

-
i

Marl swale, Snapper Cresk Lake
B - Rockland adge
4 = Sand
10 = Vegetated shallowa
11 - 0Old tidal channels
= Commmity margine
™ » = [resk chammels

i Subaquesus boundaries
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TABLE 1

CATCHES OF VEGETATLON AMD ANIHALE AT & STATION OFF HOWBY CABAL
BEFOFEAND AFTER FRESH WATER DISCHARGE

Before Aog. 1968 Alfter Hov. 1963
Species Individuals Species Idividuals

Figh L3 113 b 1149
Mol luaka 1B 1114 5 54
Crustaceans 9 123 6 124
Total il L560 17 188

Vegetation 46 pounds 13 pounds

TAELE 2

COMPARISON OF CATCHES (NUMBER OF GPECIES AND CATCH/TOW) AT A MAILNLAND SHORE CONTROL STATLOM, A
STATION OFF MORTH CAMAL, A STATION ELEVATED + 4.5°C OFF a POWER PLANT DISCHARGE CAMAL
AHD & MID-BAYT SBORELIHE COMTROL STATION

Hid=bay cemiral Hainland Shore Comtrol Canal Heated Effluent

Efforrl! 68 247 247 180
Vegetation [lbs/tow) 6.3 5.7 6.7 Q.1

Hpmlui" Tod / Lo Specles  Tod/tow Species Ied f tow Species Ind{ tow
Fisces 27 1.5 22 3.1 22 3.5 19 1.9
Malluaks % 37.1 58 112.13 57 ik L9 B.&
Crustacen 34 M3 2B §3.0 23 6.7 24 Z.1
PDlJ'ChIEI‘.IEI]"I [ 0.1 KD 2P 5 4,3 17 b.8
farifera 16 1.3 5 0. 47 & b.0% 3 0.40L
Coelentecata [ 0.07 1 0.0L I 0. 04 F Q.02
Echiooderms 12 2. B4 1 0,18 L] 0.048 9 0.&8
Miax. X .02 b4 0.03 4 0.05 i 0.52
Tatal 180 &2 120 154.1 119 99.5% L27 19,1
1S

Z'Effort [er polychaetes = 36 pows af mid=-bay control; 0 tows mainland contreol, 35 tows at canal and
210 tows at heated effluent.

2fPalychsetes only idencified fo Eamily.
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