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INTRODUCTION 

The red mangrove (1-Ui Izophora mangle L.) detrital system is a basic 

energy source for certain food webs in estuarine environments (Odum, 1970). 

The degrading leave- are converted by microorganisms to a high protein 

material that is c..u:jtimed by small invertebrates which, in turn, are con-

sumed by commercially important fishes and crustaceans. Similar leaf 

degradation systems have been observed in terrestrial (Hudson, 1968; Clark 

and Paul, 1970; Preece and Dickinson, 1971) and freshwater (Cairns, 1969; 

Odum, 1971; Kaushik and Hynes, 1971; Ilynes, 1970) communities. Freshwater 

community structures; are dependent, to a large extent, on the import of 

degradable organic materials (Chapman, 1966; Nelson and Scott, 1962; 

Cummins ct_ al., 1973; Minshall, 1967). During leaf decay there is an 

absolute increase in nitrogen that is 2 to 3 times the original (Kaushik 

and Hynes, 1971). Fungi, rather than bacteria, have b een considered to 

bo the principal source of this nitrogen increase, and Kaushik and Ilynes 

(1971) found that animals feed preferentially on microbi.ally infested 

leaves. A microbial decay process also takes place in Spartina salt marsh 

communities (Burkhoider and Bornside, 1 957); these marshes have a twofold 

importance to the adjacent estuary, as a nursery ground for a variety of 

animals and for the production of organic materials (Teal, 1962). 

The only mangrove detrital system that has been studied in any detail 

is R. mangle. lleald (1969) observed, during the degradation of mangrove 

leaves, a significant increase in the relative amount of protein similar 

to that observed in freshwater systems due to fungal activities. Heald 

conjectured that fungal protein might be an important food source for the 

detrital consumers. 

Casagrande (19 70) examined some of the ciiemical changes during leaf 
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decay. He analyzed the amino acids in living and dead plant material 

(R. mangle and CladLun) in the Everglades (Florida) and found considerable 

increases in amounts of protein and non-protein acids in the surface litter. 

While it was difficult ^o distinguish the added proteins in the surface 

litter from those originally present in the protoplasm, most of the non-

protein acids were either not present in the plant or were in much higher 

concentrations in the litter than in the living plant. Some of the non-

protein acids such as y-aninobutyric acid, a-y-diaminobutyric acid and 

a-f.-diaminopimelic acid are constituents of bacterial cell walls, whereas 

rt-aminobutyric acid, citrulline, ornithine and cysteic acid are metabolic 

breakdown products of microbial protein amino acids. Casagrande assumed 

that fungi were involved in the conversion process; however, it was not 

possible to prove this biochemically due to the lack of amino acids that 

are specific to funga^ cells. 

There have not been any extensive studies of fungi from mangrove leaves. 

The available reports (Creager, 1962; McMillian, 1964; Ciferri and Fragaso, 

1927; Batista et al., 1955; Guba, 1961; Stevens, 1920; Vizioii, 1923) have 

been examinations oi parasites and saprophytes on living leaves. Additional 

mycological studies :_n mangrove habitats include the extensive research of 

Kchlmeyer (1969) o\ the woody parts; Lee and Baker (1973) of roots; and 

Lee and Baker (1972a,b), Rai ct al. (1969), Swart (1958, 1963), Cribb and 

Cribb (1955, 1956, 1960) and Ulke:- (1970, 1972) in soils. This research 

lias been reviewed by Newell (1975) who studied the fungal successions on 

red mangrove seedlings. 

As far as we are aware, the meiufauna associated with degrading mangrove 

leaves have not been studies, although certain mangrove sediment groups such 

as the foraminifo :m (Bronniman and Zaninetti, 1948; Saunders, 1958), nematodes 



(Gerlach, 1957; Tinmi, 1966) and polychaetes (Hartmann-Schroder, 1959) have 

been Investigated. 

The purpose of the present program is to suudy the degradation processes 

in mangrove leaves; in this paper we will discuss the fungi that are asso-

ciated with various stages of leaf degradation, the alterations in nitrogen 

levels that take place, an I some of the population responses of the primary 

consumers (meiofauna). 

ME'II10 DS 

Rhizophora nanele leaves were collected from the following locations: 

1) Stations from the north to south ends of Biscayne Bay (Miami, Fla.) in-

cluding Turkey P oint, Mangrove Point, West Point, Matheson Hammock, Bear 

Cut; 2) Card Sound, which is south of Biscayne Bay; 3) Several other loca-

tions in Florida including Windy Key in the Florida Keys, Ten Thousand 

Islands and Flaminro Key on the west coast, and Ft. Pierce on the east 

coast; A) Bahamas including Andros Island, Conception Island, Long Island, 

Great Kxuma and Man-O-War at Abaco Island; 5) The Caribbean including 

(ronave Island (ilai.^i), Jamaica, Grand Cayman, Curacao and Bonaire (Nether-

lands Antilles), Columbia, Costa Rica, Trinidad; 6) Viet Nam; 7) Selangor, 

Malaysia; 8) Seychelles in the Indian Ocean. The leaves from the Indian 

and Pacific Oceans were not identified but they were from mangrove species 

other than R. manr: 

At all of the stations, random samples of leaves were obtained that 

usually includc-d those that were pre-senescent, senescent and post-

senescent: as estiirned by color (green, yellow, brown). Samples were trans-

ported to the laboratory in sterile plastic bags with enough water from the 

field to keep the material moist. Some of the Caribbean and all of the 



Pacific and Indian Ocean samples were sent to us by cooperating investi-

gators (see acknowledgments). 

For the succession studies, collections were made of senescent yellow 

leaves that easily detached from the tree and were considered ready to fall. 
?r, T.o 

The leaves were placed in nylon mesh bags with a 2.5 sq. mm mesh size. The /v 
bags, with 50 leaves/bag, were tied to mangrove roots so that they were 

continuously submerged and lay on the bottom in the leaf litter. Leaves 

were removed from the bags weekly or bi-weekly for 3 iuonths. At each 

sampling period, lv:o leaves were removed from each bag and placed in sterile 

plastic containers for transportation to the laboratory. Succession studies 

we re in the Miami area at Card Sound, Matheson Hammock, Mangrove Point, 

Turkey Point in July 1S70 and at Turkey Point in April 1971. A study "was 

made at Andros Island, Bahamas in August 1973. This was a 5-day study of 

2 stations, 5 mi Los apart; samples were collected every 24 hours. 

Fungal isolation techniques (Fell and Master, 1973) employed incubation 

of 4 mm dia. leaf di^cs on corn meal ag^.r (Difco, prepared with 15 ppt (parts 

per thousand) scnwJ-^r and 0.0?% Chloromycetin) with and without prior leaf 

surface sterilization v:u.h a mercuric chloride-alcohol wash. A water culture 

technique was used for some of the lower fungi. This consisted of placing 

leaf discs in 100 >: 15 a\a dishes containing 25 ml of 15 ppt seawater with 

0.05% st rcptomycia »>u l£ate and 0.05% penicillin G. Temperature tolerances 

were tested by measuring the daily radial colony growth on corn meal agar 

at 15 ppt salinity. 

For meiofaunnl studies, the leaves were placed in clean glass petri 

plates and then gently scraped with a rubber policeman, using a washbottle 

of seawater for rinning .einove all of the detrital coating. The rins-

ing and detritus wore ..ought to a 50 ml volume. Ten ml aliquots were 



examined in a co:::;l :. . chamber. The number and types of meiofauna were 

recorded and the . extrapolated to the total volume* The numbers 

o£ meiofauna per centimeter of leaf surface were calculated. The 

mangrove leaf s«*.rfacL* area was approximated by determining the area of an 

ovai (2ilab), t o iaciada the two leaf surfaces. The animals were cultured 

by placing the leaves cn the surface of half-strength Difco corn meal 

agar plates prepared '.vi:.b 15 ppt seawater (Hopper et al,, 1973). Most of 

the rneiofaunal . : - migrated into the agar, carrying with them the 

microorganisms whica they utilized as a food source. The microbes, mostly 

bacteria, proliferated on the corn meal agar. This particular medium was 

chosen because of it: transparency which facilitated microscopic viewing 

of the meiofauna i a. a dissecting microscope and in many cases permitted 

the elucidation of their life histories. Temperature tolerances (12--37 C) 

were carried out by ihc establishment of monospecific meiofauna1 cultures 

on separate 15 ppt corn ,r.eal agar plates (Hopper et al. , 1973). 

In a separate acudy the habitat range of the mangrove associated 

meiofauna, within ra estuary, was examined on two diverse substrates: 

subl.ittorai sediments of Card Sound and marsh grasses (Juncus and Cladium) 

on the adjacent coaat. Sediment collections were obtained October 1968 

at 4 stations in Card Sound, varying from 500 to 1800 meters offshore 

at water depths e. 1 co ;; m. Eight surface sediment cores (10 cc each) 

were collected at each station. Nematodes were extracted from the sediment 

by differential cent raf ligation and sieving techniques, then preserved in 

UZ seawater forr.al: . for later identification. Marsh grasses were examined 

by the same litter ba;; techniques as used for mangrove leaves. 

Relative carbon and nitrogen values were determined from leaves col-

lected from .i sequential litter bag study, November 1973 - March 1974, in 



Card Sound. The aore washed to eliminate surface debris and animals, 

and then oven drie.: >5 C for one week or until a constant weight was 

reached. The s;r . e ground in a Wiley mill and the powder stored in 

a vacuum desiccat processing in a Perkin-Elmer 240 Elemental 

Analyzer. The r-;. aa* recorded on a per weight basis. Absolute 

values required taa ... ilticnal step of a constant volume throughout the 

series which was . ! by cutting 21 mm diameter discs with a cork 

boror. These ; . iried, weighed and the percent of carbon and 

nitrogen determvr. . . percentage was multiplied by the weight of 

the disc. Thirt;* y leaves were tested from each of 0, 15, 24. 50, 

and 115 days. . The its of each sampling period were subjected to an 

analysis of va^laa * i ..t followed by the Student-Ncwman-Keuls test (« = 

0.05). 

L SiJLTS AMD DISCUSSION 

M y c o i lora 

The initial j a. : . . of mangrove leaf degradation were designed to 

obtain a general ; . of the decay process and to ascertain the asso-

ciated fungi. *iav v. v. ..Its were published by Fell and Master (1973), who 

isolated 66 r̂ em .-. . f 4 aa:i and observed a sequence of infestation. Senes-

cent leaves, prior u; leaf fall, harbored several parasitic and saprophytic 

fungi. iVsta lot I i .nu: ahyl l.os ti eta were readily discernable due to their 

largo frui.Llnj; in>..' . a it were visible as small dark spots in the upper 

epidermis of the .leaf. : ome of the other fungi, particularly Aurcobasidiun 

and Myrot hecium, v.a . a adventi tious or leaf surface colonizers. Many of the 

fungi, e.g., Clad>a orU;:::, C y 1 i n d r o c e p h a 1 u i n and Nigrospora, penetrated the 

internal layers oi die leaf. These fungi varied in their ability to survive 



when the leaves : 1 the water. Pestalot i a, the most prevalent g*snus, 

persisted througho a. ... he cay process whereas Phy 1 lost i eta disappeared 

after the first - he water, and the remaining genera diminish* i in 

prevalence at d: * ates. A variety of fungi invaded the leave.*; as 

they decayed. aiia;a • first week of submergence the most abundant 

initial invaders Phycomyceces Th raus tochy t r 1 nr.i f Sen i ;:cahy z r um, 

Paylophtaor i vos L a. . a:, several undcscribed species of Phytophthora. 

In some instances . ere the only fungi isolated from the leaves. Other 

prirary invaders «. cr>: ill us, Penici .Hum. Trichode rna. Fusariti: .it 

Cnrvnlnrin and ___ . .a * Ln the Fell and Master report (1073), Drechslera 

was mis-identified a ' : yph fell a, also Fusarium was listed as a 

Ccpi;a 1 os\_r_l t1*t: aa-".V rc : c: Ilium compJex. Subsequently, we incubated 

that complex of cr • at 37 C and found that they all produced typical 

Fusar ium maeroco. . ae only significant invader that appeared a tor 

the second wee! . • ;ence was h llwo rthi a , a ccllul oly tic marine 

A-Jcomycete. The c .. a.. technique that we used is preferential for 

several of the uh i ; ... .a hyphomycetes. The water culture technique, which 

was designed for ^ aetes, uses a low nutrient medium and therefore 

was also of valu ; r *.>rving slow growing marine forms. Of particular 

interest was Z^ih r iarnv, which was found on the majority of the leaves 

after the second a a. third weeks of submergence ir the litter bag studies. 

Another incubation technique that should be considered, in future studies, 

is the Keyworth (.• >1; damp chamber. 

The majority : la genera isolated from the mangrove leaves are 

ubiquitous saprophyrcs tint are often associated with the breakdown of 

plant material. *'anv of these genera have been isolated from a variety 

of substrates including terrestrial soils (Barron, 1968), terrestrial leaf 
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1 Ltter in tor. : ..oils (Hering, 1965), in freshwater (Kaushik and 

Hynes, 1968) . :„. ̂ awa:;er (Anastasiou and Churchland, 1959), the marine 

grass TUa la is et_ , 1965), mangrove muds (Rai ct al. , 1969; 

Swart, 1938) . .nrshes (Dickinson, 1965). In contrast, the fungal 

populations r i rom mangrove wood (Kohlmeyer, 1969) are quite dis-

tinct from t... -al;.t.loas in leaves. Only Phoma and Lulworthia were 

fo umi in bo Li; . : ira -CS. 

As iruiieai i phycomycetes were prevalent during the initial 

phases of dec;. . • Little is known about the role of phycomycetes in 

marine detrii . Perkins (1973) suggested that labyrintlrilids 

and thraustocLy .t be significant in the detrital formation of 

uon-nar;ne spe . t;e material. Anastasiou and Churchland (19')9) des-

cribed Phytoi .viciiia from arbutus (Arrutns mensiesii) and laurel 

(iVujuia la in - . loaves that were submerged at brackish and marine -

sites near Van- ..:*.. -.v*. The incidence of J?. ves Leu la was high, 71% of 

the 750 leave . : . u contained the fungus. Volz and Jerger (1972) 

reported *. :*'. and '11 \ fa u s t o c h y t r i um from marine soils, mangrove 

wood and n.lgae o island, Bahamas. Ulken (1970, 1972) also observed 

those two gen • n : arine soils in Brazil. The genus Phytophthora has 

not been reports, iVo:n v.angroves, in fact, Leo and Baker (1973) remarked 

about the absence' of pbycomyeetes on ir.-ngrove roots in Hawaii, but 

suggested it migau i>c due to the isolation techniques. Methodology is 

important; usin-\ t;.e water culture technique we found P.- vesicula and 

an uiuiescribed .'_.• y:.cjnthora species to be prevalent in leaves from a 

variety of location;; (Table 1). Phytophthora sp. has a spiny globose 

sporangium (Fig. 1), a characteristic that has not been described in 

the genus. As indicated in Table 1, this species appears to have a 



TABLE i 

r ilamentous P h y c c : % c c f r o m decaying mangrove ( R h i phora mangle{ leaves. 

- "7 Fla. Florida Baharas 

-j 

SPECIES 

— rr 

o 
O a 

v- rj 
a: U IT. 
3 wl 
H 

Phytophthora veslcuia A 

Phytophthora sp. A 
(Globose spiny sporangium)! y X X X X 

Phvtophthorn. sp. A 
(Lobate spiny sporangii::./ 

Phvtophthora spp i 
(Fungal parasites) A Y 

•J! 

r] 
X 

O —» 
^ o 
•H O 
G O C2 -H O 

O 

M •H 

A X X 

X. x x 

Caribbean 
r* 
•—« 

-a x 
c: »-« 
r3 » 1 M t" 
f f t r " . Uj w »-

W 
o o 
u V, J3 t? 
< < 

i-l L.5 Ci. M 
c 
r: c 
o c 

cj 
lJ 

O 
cj r3 -J 

01 q U c O 
w a o 

t-i fc » J a > -a 
rj f3 r: 
c; r—i « u • 

o o o p O • J u 
« u o O *-3 

Pacific-
Indian 

r—i 
W 
O r: a ri 

f* rj r—< 
s -n rj u »-« a c v-i <v ; ; 

V V V V • t A A X A X A A X X X X X A 

A A A X X A A A X 

v 

V v > fc .1 X 

1. Mangrove species n o : i d e n t i f i e d 

2. Morphologically, the Malaysian isolates are distinct from those isolated 
elsewhere. 



distinat a 1 at r i hution is it has not been isolated from 

Asian or India; a-.:: pies. Those areas nave a similar species or 

variety with ... at lobuie sporangium (Fi£. 2). 

The .studies at Andros Island, Bahamas demonstrated 

that the two - , ; . la.a.e:-..tha: a inhabit 75 to 1002 of the leaves 

within the f;. : . • ;*.s gi submergence and retained this level for the 

entire 5-day , . ,-iod. The results of the long-term experiments in 

Florida were v hhe 1970 study indicated a 20a infestation after 

7 days of sua. , whereas the 1971 testing at the same time period 

indicated a 1... tat ion by the Phy to pl.t ho cq spp. In all cases the 

phycomycetes • . . or not present after four weeks of submergence. 

Our sa; j liag : * : not sufficiently extensive at present to ascer-

tain the envir . .1 ae.-dittoas that affcct phycomyccte colonization. 

The specific ..hose phycomycetes is not known; they are probably 

sapro| hytes t.. . . *e the readily available c.arboa compounds. 

P'hyioohth- _ aave an additional role in the mangrove degxadation 

:-ystcm. We i\ - . ; ecales at several locations in Florida waters that xs 

parasitic on . . -a , particularly Peat a lot ia , A me r o s n ori.un a n d 

ianair i aru The a a .. of the parasitized fungi are attacked by appressoria, 

twining and hy, al : v.asion (Fig. 3). Formal descriptions of these and 

other mangrow* associated phytophthoras are being prepared. 

Phycomycetes ar also parasitic on the animal populations. During 

our study of n<*;aitadea associated with mangrove leaves, Newell and 

Cefalu (unpubl l ass:) :o\\:ul a lagenideaceous species, Myaocytium (vermicc lum?) 

(Fig. A) that was pathogenic on marine rhabditid nematodes. Zoospores of 

tlyzocytlnm attach, by na adhesive process to the cuticle of the nematode, 

Khabditis marlna. The zoospore penetrates the cuticle and grows as a hypha 
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throughout the no:. . ; ie's pseudocoelom. The hyphae digest the nematode's 

internal organs . . antually convert entirely to zoospcrangia; tubes 

form through the: cin ;.cle and the motile zoospore stage is released. 

In addition phycomycete, Newell and Cefalu encountered two 

hyphomycetous fun;;., H rposnorium that destroyed nematodes of the genus 

I) iplolalmelloidoa and Paecilomyces (Fig- 5) that attacked a tylenchj.d 

nematode. The hypnae infect the animals internally and develop external 

conidia. Also, Zu' o r i ra varinm, a common mangrove fungus, has been ob-

served "trapping'' ::-:.atodes of the genus Honhystera. Most of these nema-

tode destroying i'un:;i can be readily observed in culture and will destroy 

an entire nematode :uAture population. However, their role in controlling 

nematode population--: in nature is unknown. 

Carhon-Nitrogen . ;;; #•.:e_s 

The alteration.; La nitrogen content, as an indication of protein con-

centrations and the potential food value of degrading leaves, have been1 

examined for several litter systems. Kaushik and Hynes (1971) observed 

absolute increase- in nitrogen with various leaves in freshwater streams. 

In their review, th;ey noted that in woodland litter studies, absolute 

nitrogen levels va \ica; it was suggested that the available phosphorous 

and nitrogen was the determining factor. In Spartina, Odum and de la Cruz 

(1967) reported a relative increase in nitrogen during the decay process, 

as did Heald (1969) in studies of red mangroves. 

As there is aoma question as to the meaning of an increase in the 

relative amount oI; nitrogen, we compared relative and absolute nitrogen 

and carbon values (Figs". 6 and 7) as well as dry weight loss and C:N levels 

(Fig. 8) from l e a v e s in Card Sound. The results of dry weight loss and 



relative nitrogen ehaaaes are essentially the same as those presented 

by Heald (1969) for La Everglades. The mean values in Figs. 6-8 are 

given with 95% confidence intervals. Within the first 15 days there was 

a 36% dry weight less which gradually increased to a 59% loss at 115 days. 

Paralleling this loss was a decrease in C:N from 109 at day 0 to 55 at day 

115. In terms of relative nitrogen there was a 58% increase during the 

115-day period, suggesting enrichment. In contrast, significance was not 

detected between mean absolute nitrogen values at day 0 and day 115, 

although there was a 16.V- increase from day 15 to day 50. The relative 

amount of carbon Ja- . 6) increased by 17% from 0 to 115 days; however, 

absolute caxbon values (Fig. 7) indicated a 51% loss for the 115-day study 

period. Thirty-two'-percent of this loss took place during the first .1 q days. 

It would app:\.;r that there was a rapid loss of materials due to 

leeching, followed by microbial colonization which increased the nitrogen 

content of the leaf. This increase was considerably smaller than previously 

indicated by relative nitrogen. These results demonstrate nitrogen standing 

crop and do riot take into account the constant and rapid turnover that is 

taking place in and OP. Liie leaf due to the activities of large populations 

of microbes and inelofauna. 

Assuming a rapid production and utilization of protein, the question 

is presented as to the origin of the nitrogen. Nitrogen concentrations in 

the mangrove intertidal waters have not been measured. The only available 

information is from surface waters in Card Sound (Segar et al., 1971) which 

demonstrated that nitrates ranged from 6 to 93 ;jg/liter and nitrites from 

4 to 8 ug/liter. These figures suggest that ambient nitrogen levels are 

low, as tiiey are in most marine areas. Therefore, Taylor (personal communi-

cation) considered another source of nitrogen, specifically, nitrogen 



fixation by bacteria on the mangrove leaves. In preliminary field oegra-

dation studies of 2 to 23 days, Taylor found that the rate of nitrogen 

fixation ranged from to 96 ug/day/gm dry wt of mangrove leaf. The 

nitrogen values in degrading leaves reported in Fig. 3 for the days 15-50 

are equivalent to 54 ug/day/gm. This would suggest that bacteria aie 

capable of contributing a considerable portion of the required nitrogen. 

Heiofauna 

Within the first 24 hrs of submergence there is an accumulation of 

detritus and sediment particles as well as fungal spores, meiofauna and 

unicellular algae on the leaver. In many cases, a bacterial slime will 

coat the leaves and ncc as a matrix for adhesion of these particles and 

organisms. Stud ..a at Andres Island (Table 2) indicated that during 

the first six day-: there was a gradual increase in the numbers of animals 

to approximately 2 to 13 animals/sq cm of leaf (a sq cm averages 1.4? of 

the leaf surface area). Longer term studies in Florida (Table 3) demon-

strated peaks at j to 7 weeks in the range of 34 to 71 animals/sq cm of 

leaf. Those data are insufficient to withstand statistical scrutiny; 

however, thoy inaicate a trend of increasing population densities during 

the decay process. The majority of the animals were nematodes and copepods. 

In an examination of 30 samples (3 leaves/sample) over a year in Florida, 

29 to 95% of the meiofaunal populations were nematodes (average 73%), 1 to 

58% were copepods (average 21%) and 1 to 21% (average 6%) were a variety 

of other animals. There is considerable variation, quantitatively and 

qualitatively, in the mciofaunal populations on the leaves at any particular 

site. This has not been statistically evaluated. As an indication of the 

observed community structure, a "typical" degrading mangrove "'eaf usually 



TABLE 2 

9 
Total number c: neiofauna per cm*- surface area of leaf with time 

of sub. Andros Island, Bahamas (average of 3 leaves/ 
sample). 

Number of Days Submerged 

1 2 3 4 5 6 

STATION 1 

Exp, 1 0.1 0.4 4.6 — 5.2 7.0 

Exp • 2 0.5 1.9 0.9 - 1.6 3.6 

STATION 2 

Exp, 1 3 1.0 3.2 - 7.1 13. Z 

Exp. 2 0 0.2 1.2 — . 0.9 1.5 



TABLE 3 

9 
Total number of meiofauna per cm" surface ar-̂ a of leaf with time 

of sufcr-.erger.ee, West Point, Biscayne Bay, Florida (average 
of 3 leaves/sample). 

Number of Days Submerged 

11-12 17-20 23-25 28-34 38-42 47-48 50-53 59 64 

STATION 1 

<1 2 6 2 34 11 

STATION 2 

Exp. 1 

Exp. 2 

7 15 61 71 43 57 

4 16 42 15 17 20 11 



includes 10 species of nematodes, 1 Co 3 copepod species, 1 to 2 polychaete 

species, several species of foraminifera and large ciliates, and one species 

each of flatworins, insect larvae, mites, oligochaetes, ostracods, tardi-

grades and testacies. Ecological studies of this type are particularly 

difficult due to the lack of taxonomic information on the various meio-

faunal groups. Man/ of the species that we have examined appear to be 

undescribed. The lack oi in- depth taxonomic studies has resulted in a 

compromise that i.s useful in the laboratory but unsatisfactory for report-

ing purposes. V.'e ha. a maintained permanent slide mounts and drawings for 

the majority of the. unidentified species in order to recognize and compare 

animals from different locat,ions. These comparative studies have indicated 

that certain pop':l:.i'.ions are cosmopolitan in distribution, whereas the 

occurrence of other populations will vary with location and environmental 

conditions. Specie."? Lnat appear to be ubiquitous components of the leaf 

habitat (Tables 4 and 5) include the nematode Diploic i. niello ides sp. 1, 

the copepod Leptocr.ris l risetosa, the polychaete Cnpitell:? des giardi. and 

the foraininifera Tri;:hohvalis sp. and Ouinqueloculina sp.. Many of the 

geographical restrictions observed in Tables A and 5 may be due to sampling 

error, for example there was considerably more sampLing in Florida than 

in Viet Nam, which makes it difficult to confidently distinguish specific 

geographical groups. Possible exceptions are Dip1olaimelloidcs spp. 3 and 

A, Mononchoides :jp. uml Onciiola ir.n:s spp. 5 anu 7 from Malaysia. This parti-

cular difference n,. io faunal populations nuy be host dependent as K. 

mangle docs not. oo..r.:r in Malaysia. 

Tab c 6 imii. bns.tc results of meiofnuii.il distribution studio:; 

in mangrove lcav:• r. % ; ;;:>I ittor.il sediments and marsh grasses. These lists 

are restricted to L'.se : ;-e abundant spccics, for example, over 100 spp. were 
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Meiofauna, other than 
leaves at various locr. 

TA-'l E 5 

itcJeo, found on decaying mangrove (Rhizopuora mangle) 
: ions. 

Miami, Fla. Florida Bahamas Caribbean Asia 

l c ! 3 ' o i oo 

o •U) o 
•5 I o c 

o c a c Pj -H 

Meiofauna 
o w >, P-, O CD oo ^ u C -u n to n ra a <u 2 2 H IS 

C0PEP0DS 

Leptocaris trisetosa 
Leptocaris vermicularis 
Nitocra & Nitocrell.. spp. 
Paramphiascella robinscnl': 
Microlaophonte sp. 

P0LYCHAETES 

Capitellides giardi 
unidentified with spines 
unidentified with ter.tacic 

FORAMS 

Trichohvalis sp. 
Quinqueloculina sp. 

CILIATES 

Keronnpsis rubra 

OLIGOCHAETES 

Marionina sp. 

TURBELLAR1ANS 

2 unidentified spp. 

HYDRACARINES 

several unidentified .-r-p. 
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Mangrove species not identified. 



TM ' I E 6 
Nematodes found on shoreline decaying manjiove leaves (Rhizophora mangle) and grasses 
(Juncus roemerianus and C î i'.rp. .jamaicens:! s) and in sublittotal sediments of Card Sound. 

Nematode Taxa ^ Sediments Decaying Mangrove Leaves Decaying Grasses 
| (36°/oo)2 (13-44°/oq) (C-28°/oo) 

C y a t h o l a i m i n a e X X X 
Oichromadora scandula X X X 
E p s i l o n e m a t i n a e X X X 
llalalaimus i X 

X3 
X X 

Monhystera parelegantuln I 
X 
X3 X X 

Gncholaiminae X X X 
Oncholaimus X X X 
1'tvcholaimellus X X X 
Syringolaimus striatocaudcta X X X 
Theristus X X X 
Actinonema X X 
Anticoma X X 
Axonolalmus X X 
Chromadorinae X X 
Chromaspirina X X 
Desmodorinae X •x 
Eubostrichus dianeae X X 
Eubostrichus parasitif^vus X X 
Huchromadora X X 
Halicoanolaimus X X 
Linhomoeinae X X 
Monhys tera s p . 1 x3 X 
Odontophora X X 
Parodontophora X X 
f.pilophorella paradoxal X X 
lerschellingia X X • 

Viscosia X X 
Diplolaimelloides sp. 1 X X 
llaliplectus dorsal is X X 
Microlaimus ; X X 
Neochromadora bonita i X X 
Tylenchidae X X 
Diplolaimella ocellat:. I X 
Eurvstomininae ! X 
Aphelenchidae 1 X 
Cephalobidae I X 
Dorylaimldae 1 X 
Ethmolaimus i X 
Pleetus I t X 
K h a b d i t i n a e ! X 
Ceranonemn i x 

Cheironcisus X 
Croconema X 
Epacanthion ! x 
Metonvx X 
Moversia minor X 
Monhystorinae X 
K c o t e n c h u s V 
Phanoderr-opsis 
Psel ionutaa 

X Phanoderr-opsis 
Psel ionutaa X 
Klchtersia X 
Sphaerolaitsus X 
Tr icoma A 

1. Taxa listed only a; family, subfamily, or genus may contain more than one species. 
2 . S a l i n i t i e s recorded .>t ; le c o l l e c t i o n s . 
3 . In scd i:r.t':»' Mn'.os f >!.,'• '' md but not I d e n t i f i e d t o s p e c i e s . 



found in Che sediment samples. Also additional sampling could alter some 

of the apparent habi'at limitations of some of the species. However, the 

study establishes. -lie mangrove leaves do not have a specific nematode 

fauna. Some of the r-an&rove associated nematodes were ubiq^tDus to all 

of the habitats, others (in sediments an- mangrove leaves) were restricted 

to the more saline environments and some, such as Diplolaimelloides sp. 1, 

may be specific constituents of decaying plant material. Tills species is 

particularly significant due to its widespread geographical distribution 

(Table 4). 

One of the main environmentax concerns in the study of food webs is 

the potential disn. Lien of one or more of the links due tc natural or man 

induced perturbation.:.. As a preliminary indication of tolerance levels, we 

examined the temperature effects on two of the components of the lea? 

degradation systc... .'.. litc laboratory. Figure 9 indicatss that the optimal 

growth temperature .'or .-.trains of Phytophthora are at or below 33 C and that 

most strains arc inuanabie of reproducing at 37 to 39 C. Similarly, the 

mangrove associate.! nematodes (Fig. 10) studied by Hopper et al. (1973) 

do not reproduce ... , vo 35 C. Although laboratory experimentation of this 

type requires confirmation in the field, it is suggested that high tempera-

ture, as occurs iur: in the summer in some areas, and abnormally as a 

result of industrial effluents, may disrupt the entire food web. 

SUilMAKY AND CONCLUSIONS 

Fungal invasion of mangle leaves initiates while Che leaves ore 

on the tree. Several :.;*ecies of fungi inhabit the leaves; some penetrate 

the epidermal layers, others are leaf surface inliabitants. Their survival 

and continued activity in the water vary with the individual species. 



Within the firs'. 1- hrs of submergence, the leaves are attacked by phycomy-

cetes of the genus '. I;, tc. nhthora; subsequently they are infested by a variety 

of other saprophytes such as Fusarium and Penicillium. In the second and 

third weeks the ccllulolytic fungi (Zalerion, Lulworthia) appear and by the 

end cf the third week the majority of the phycomycetes have disappeared. 

The sequence is probably a reflection of the availability of carbon com-

pounds initiating vith the utilization of simple carbon compounds by the 

phycomycetes through to the consumption of the more complex compounds by 

the other saprophytic fungi. Eventually, cellulose and lignin are the 

major remaining ccr.ponents. 

During the first two weeks of submergence there is considerable leach-

ing of water soluble materials, during which time the carbon level drops 

by 32%. Absolute nitrogen values then increase by 16% during the next 

5 weeks of submergence. This nitrogen increase reflects standing crop of 

microorganisms .Iocs not take into account the rapid utilization of 

energy sources. Under optimal conditions fungi and bacteria can repLicate 

within minutes and of the nematodes can reproduce in 1 to 2 days. 

The agents responsible :or the nitrogen increase are probably fungi, but 

this has not been proven experimentally. The inference is based on onala-

go us roles in terrestrial and aquatic litter systems. Nitrogen levels in 

the water probably are not sufficient to account for the entire increase. 

It is suggested tiu.t bacterial nitrogen fixation on the leaves contribute 

to the nitrogen pool. 

The major mciofauna! constituents are nematodes and copepods, although 

a variety of other invertebrates are present. These animals inhabit the 

surface layers of the leaves within the first 24 hrs of leaf submergence. 

Generally, the ani:.vtls are interstitial within a detrital layer that 



accumulates cn th 1-̂ af surface. Animal nutrition may be dependent to 

some extent, upon degradation of detrital material that accumulated on the 

leaf from externa, sources as well as decay of the leaf. Peak meiofaunal 

population densities are reached after three weeks of leaf submergence, 

which coincides v:i:i the leaf nitrogen increases. 

Bacteria undo.::- tediy are important in the detritai system. In many 

instances, they produce a heavy slime layer on the leaf during the first 

week of submergence. This slime acts as a matrix for accumulation of 

detritus, algae, : jlof :una and fungal spores. Bacteria are also a primary 

food source for .any jC the meiofauna. While some animals, such as the 

amphipods and polychaet^s, consume leaf particles and appear to derive 

their energy from leaf and fungal material, the majority of the animals, 

particularly the ; .uodei-, ace bacterial feeders. This suggests an 

additional step *.:. l he . d chain, i.e., bacterial utilization of break-

down products c; . and plant degradation. The postulated food chain 

is depicted as 

c.-.ogcaoiis 

st ructures are .si throughout the world. Some populations are ubiqui-

tous, whereas i:he occurrence o£ other populations may be dependent on a 

variety ot factor n.eluding environmental conditions, host substrates or 

geography. Because oi this basic similarity in microbial communities;, 



the mangrove leaf degradation food webs are probably similar in all red 

mangrove regions. Certain normal and induced environmental perturbations 

potentially can al-ar these food webs. The only paramecer that we have 

studied is temperature. The results indicate that individual components 

(phycomycetes and nematodes) are unable to reproduce at temperatures of 

35 to 39°C. Temperature is only one of many possible stresses; also of 

concern are effects of changes in salinity, and additions of insecticides, 

fungicides, industrial and domestic wastes, etc. These effects must be 

taken into account •.-.hea considering future uses of estuarine regions which 

can range from annihilation of mangroves, to dumping of industrial and 

domestic wastes. This is particularly critical as the studies of Oclum 

(1970) and Austin 5. Austin (1971) have shown a dependence upon the mangrove 

detrital system by a large variety of fishes and invertebrates. 
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Figure 8 

Dry weight ana ca :> r. :.itrogen 

wangle leaf discs. ry weight 

Figure 9 

Colony size of * .». i.rphthrra spp. after seven days on corn meal agar. 

r. i o ^ A t c s p i n y s p o r a n g i u m . & p c c « e s * i s 

'o*«\:. leaves, in the Indian-Pacific region. 

determination in decaying Rhizophora 

confidence intervals % ± 2.8 ng. 



I.I5T OF FICURES (continued) 

Figure 10 

Durations c£ 11: u v. of marine nematodes at various temperatures 

in laboratory 15°/oo salinity (Fron Hopper et al., 1973). 
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Phyconvcetv.-s copiiihora spp.n. and Pythiiij:: sp.n.) 

associated with degrading mangrove (*\hizcphora r.ar^Ic L.) leaves^ 

v * i« SiZStei 

Biolocv and Living Resources. 
vTncI; Fell and I. 

i/.i.vi. v -or 
Rosenst:icl .-clvrol of Marine and Atmospheric Science 

University of Miami 
Miami, Florida 

1 Contribution from t h e "'osenstiel School of Marine and Atmospheric Science, 
University of Mi run L, r.iarai, Florida 3314S. 
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i\.os trae t 

Fungi of thj . ^rrhthora were found to be associated wit; the 

initial stages o 1 f litter decay of Rhlzophora xr:; . and ouhei 

Rliizonhora specie-; i.i estuarine and coastal marine ŵ .t.-r... Phytopli11 ora 

appears to be an : • rca:\t component cf red mansrovu litter degradation systems 

throughout the including the Atlantic, 1 acific a:vd Indian Oceans. 

The distributions of 1' '•>"-"• phL.-.ora ve^icula Anastasiou Churchland, 

and four nev; : • • jd.yf.^phthora are discussed, at: well as their 

occurrence in od:,; Icj I marine aliochchonous . spe- ..aic; i;y :ic leaf litter. 

The -inscriptions of r:ev: species and varieties, I: •. y L. > p;:rhorg bah ar c n s i s, 

il- op lstQ!:i inm, • v . .i.:tica, spinosa vur. sp i.r.osa Ci\id 

spinosa var. . _ ;;re presented. 

Py thl n"i was .*. r y i/bservod la the mangrove litter system, alt 4*0 ugh 

one spoci.cs > i ^J i .;•.. i s s o sanulun sp. n., is descrf 1-v;. 



i n t r o d u c t i o n 

. . l .i:;ei*iais , such as J nr. cu:,, Sp~ ana nanproves 

contrioutc a ::;ajer • r .. tne or tic. nic inateria - certain 

estuarine ioou c". 

L.), it has been 

approximately 7 3 0 

' 1 t h e case of the red n;angro (h!:i:;ophora r.nngl* 

al. 1973) that che : ..aves contribute J (C a urn et 

1 t./ / t — i v r f o r g a n i c r..iilci tna estuarv, 

Ilea Id (1969) rep*; • . tuat this material is converted eobial protein 

which is consul; -.«V C1 «. C'j I C i w j ) es % va i - en by 

comme rein 1J v i. taccams ana lis.i• 

in freshvat.r * .1.U4. systems, i i rd c «.o . . wirca to uc dl 

primary importance . n d :;;."adir.£ plant rr.a aerials (i,'c.u.c.'..iu and nyn.es 1971) • 

The association c . .. the mangrove d e t r i c a l sy;. uer. w a s report ed by 

Fell and Master 'h* y noted that p a y e d . ; y . adJny, haytophthora. 

S c i i: ::c c. 1 r>* t: r I.. »r.; . trm:.'.y were r.tci*.aevs o <-. " ac.a t io a t lo ra • 

Similarly, 'v'.;',/. Led that l a w y r m t..i.,i. inraustocay trids 

might be si:;aicr.. . • aotrital formation of nor.-. ..rine spei*r.ato.>hy te 

r.ia C c r i a 1 • 01; r r v 

important in the. 

the presence of 

noted the a b s e n t 

; indicate tin ': the fenus .'.. 

; Previous siiiM.o., !..:vc not indicated 

'..the- ::a ir iy be 

.n m e ;nangrove ecosyst :. . ee ana baker (1973) 

^t:Les on n;an. Jove roott i ... .11, out suggested 

it mij;ht be due to methods tney used. Vol;: ana . , • or (1572) specifically 

examined the marine ,. % r.nngrove wood and algae at .\bace Island, Bahamas 

for phycoinycetes. .i populations of Vhrac.d. . ,y and Sch 7.0 chy t r i ur.i, 

but did not re;: : .. . - h a. Rai et al. -11 Lndia, and Swai t 

(19.5S, 1963) in . . :a, » >:a. ined mangrove soils and i. ;oed tano phj coinycetes 

were not xnipor tant 1 e.:.i.crs of the soil ray coflora. In contrast, U^lcen 



(1970, 1972) r tOi.V L K » -riss ana so sis i 1 JITi mangrr V2 

soils of Brazil; i n v.̂ cil r lo;i, she "escribed a new* spsj. _s. . M y : _r eh\ trium 

mnngrovii. 

There is » — T - - . • 1 i - > ••» • oi tne 

genus Phy Less 11: h s , 's ; . . v . ... orts (Fuller and P e y t o n i y £ 4 dohnk 1956; 

Siepmann 1959) ha- presence el Psvto-s; •.i srackis i or 

marine waters /.ccora in g b o c r. •* • c " o V — - - ' A u s t i c k ( unp ub-

lished) observed a ' . t d o . cn Spart s.. tov The first 

report o a "es l. j .'or s..vto:;hthora in the renment was 

bv Anastasiou snd v:963). T..e; isoiatce -v.. ics, v..ich thev 

described as V. u a r b u t u s ( A r 1 u L . sd laurel 

(P run us lr.ure ce .1 i' t were submerged i) s a c s c i s s Wllu mariae 

sj ces near .ar.eeis . i.e i n c . l e s s e e oi. s s a:.. 7 LZ of 

the 730 leave* s .. • i -i. i . 

In contras w - • — * • nrovaic iSv' 1 rc ssr.en •:s and 

as been isoi. . s c d 1;t.c..Ls r. .rasite oi r 

invertebrnte O Y -a o v o o r . n s o n a n u s p a r r o w 

r u r p o s o •>ort i: f ̂  i n d i c a t e LO p s c s e r of the 

Pythiaceae ..•.her a l l o c h t h o n o u s c s o . . _... t s y s t e m s . 

Dccause the spr.s h.svo been observed in thc.-.o .. systems are 

unique among Loot • C V - - g o n e a esc rip m e n - O- i. V ss is-w specie;, of 

P h y L c p h t h o r n a n d o f s y c s l u m a r e p r e s e n t s 

. . . c vj 1. i • . • illla . *e tSC s 

C o I l e d i o n S i.te: 

i l i n g r o v e t,. Ie) leaves were colicc so.:; :sc follow-

ing locations: 1) . • :.s in Miami, Florida area fso;., the north to 



south end of Biscay.:e Lny? including Bear Cut, wasu I'cint, .-latheson Kammock, 

Turkey Point, Kan;;rc\ . Paint; 2) Card Sound, which is sooth of Biscayae Bay; 

3) Windy Key in the Florida Keys; A) 10,000 Islands, ::: *.ha vest coasc of 

Florida; 5) Flamioeo, Florida; 5} Costa Rica; 7) the n.:as, including 

Andros Island, Conception Island, Long Island ana Abaco; £) Ccnaves Island, 

Haiti; 9) Jamaica; If/; Curacao and Bonaire, Netherlands Antilles; II) Colombia 

12) Trinidad; 13) how aiian Islands at Kaneohe ^uy, Oah : and Kona, Hawaii; 

14) Vietnam; 15) ^eioo.oor, Malaysia; and 16) SeyehcI. ;.eo. maian Ocean. Leaves 

from the Indian Pacific Occaas, except for Hawaii. .-.era -rem unidentified 

Rhisopliora species o ther than jl. man,rile. 

Collection Techn 1 • eo 

At all the o... oi random samples of mangrove leaves were obtained 

that usually inc .-.. i -hose t..ac were presenescent, jnt and postsenes-

ccnt as estimated color (green, yellow, brown). Submerged samples were 

transported to the b ooratory in sterile plastic hags wit:, enough water from 

the field to keep oh«- material moist. Some of the Caribbean ana the majority 

of the Pacific a d Indian Ocean samples were sent to us by cooperating inves-

tigators (sec Achnoooicd;;aeuts). 

For the fun;; i . accession oradies, collections wore, i.-ade of senescent 

yellow leaves that easily detached from the tree and were considered ready 

to fall. The leaves we re placed in nylon bags with a mesh sine of 2.5 sq 

ram. The bags, with 50 leaves/bag, were tied to mangrove roots so that they 

were continuously submerged and lay on the bottom in the leaf litter. Leaves 

were removed foe..; the bags weekly or biweekly for perieoo up to 3 months. 

At each sampling p.»r^od, two leaves were removed from each bag and placed 

in sterile plastic oontainers for transportation oo the laboratory. 



0 

Succession s l u u .. .v* ̂  t taree u.ccaUioiiS t a _ C.Tlc; l u l u 

Sovnui, ..angrove Lurkay Point in July 1970, . 

April 1971. A . i : an Ancrcs island % . — s.ts a.. jl.j i ais 

was a D-aav st is. miles apart; sa:. _ callectcd every 

24 hours. 

Other plant . s . titer Lai was sampled using c\ a lifter ".a.g technique. 

*M ants included is.-; sj.o rapine trees : M a s k man., row. (/.vie an ala gcrminans) , 

buttonwcod .dr.. . _ ts.ds:.-'> Australian pine Cp" a; s.. an I s. t i foL la) , 

coconut palm (. . ii: a s ea grape ' r c•. • ; snoreline 

lie r os : j uiicrs ''a.iiit; t .:••-. .1: or mis , jaata, ?hiloxerus 

vermi.cn la;a , , .a'•^ast: rum, Salioorsla vi r<_ 1 r. • s^ and Sporobolus 

sp.; marine &ras: • • lies tad: nun aad Svr . f :li formis; and 

a marine a] a..: 

Sampling Technic ;• 

Plant net a::..; s .sally sampled within a i.r.i.rs but could oe 

stored up to a a a : 3 ..ay detritus or mud w a s biased off with sterile 

water. All samt ' hsidLss; was performed with alcssol--tlnme sterilized 

instruments. S, s d ^ • w e r e ta.-movca from the leaves wi t a a 4 mm (i.D.) cork 

borer. Eight s s ; . r . : -s v , a o t a k e n from each leaf and t r e a t e d with two techniques: 

four discs were p l a c e d cn an isolation agar medium a a d four in an isolation 

water culture ( s e e b e l o w ) . 

All water used for rinses, media, water cultures- slide preparations, 

etc., was seawatcs dilated to 1 5 ° / o o with deionised water and autcclawed. 

Fresh or aged ser. water was used with crual results. vi th the. exception of 

agar media, the water had. to be used within a few days r d a r autoclaving; 

water stored for ova* a week usually did not permit speiaas;iai production 



wit. h even the : - . \ ! .-.o in tier.. For a m Lie;: :.r, f iitcr-steriiized 

water was nc t • : - • . . t-vc; , it ale are ..; .. . v/e .e time 

limitations. 

Plastic pe .. J a 25 re.) co.. ir... 1." a. : edi*. were used 

lor water cult arc ; . a. :r .-lates. ..a agar iooia.i. a . •. (ChA-f) consisted 

of Difco corn me,. enriched with C.CiZ Diiv.o extract^ j. 001% NBC 

liver extract, d. : .. hi.'eo cholesterol, O.OC^d!. fcrrcw. .v....,fata, and 0.002% 

Chloromycetin. . . v r. vcre maintained or: thin . ' I.-.*. (Ch'lA-f) , but 

without chiorc:.:yc. t in., 'normal" growth woo obtam_ : .-a corn meal agar 

lacking additive - . Isolation water culturen croc.1.: of 15°/©o 

seawater witl: 0 . C f . r e ; . tomycin sulfate and C • 05/1 penicillin G, added 

aseptically after .. .to j^r'inf. Th»e observation wa^er culture, wnich consisted 

of 15°/co seaweo • ; i m o:t any additive, was used — " s- !* eultaring, measure-

ments and othe r :•« or 

Isolation . o r .v.. e.ros ware examined ti.e first . oec r.d days after 

sampling, with a o.or,: ..pe with sub stage lighting. .rangia and sporangio-

phores were visih. • r adiating from leaf discs. Wneu i.oiy one type of phycomycete 

was present in d;.Vr... t a cultures were, made by halting wit.; a sterije crushed 

sesame seed, w h i m , .."ter 1-2 days of incubation, was transferred to the 

isolation medium, . iron more than one type of phycorny .:ete was present., the 

fungus was isolate.; by is sect ion of the sporangia or byph^u with* fine-tip 

forceps which v.as then transferred to the isolation medium. 

Isolation agar piafcrs were observed for the. t-gre.%ing saprophytes 

2 and 3 days after saryliog. Observations employed a stereoscope wit i substage 

and suprastago 1.1. hting. The distinctive hyphae and o.orangia were visible 

around or on the leaf eises, growing slightly farter m a n the higher fungi. 

Subcultures Were-made with agar cuts at the colony periphery or by removing 



sporangia a ad sp.::s.s a spue res with .Co reaps. 7 da ii- were 

inspected at 10—d ... :a r .a; rasitic payecmyeetas. . a-d.: . ; arc aria were 

observed mixed v.a .._ ...a*, of the host fungi. yuj sumycetes were 

sub cultured a:-.<; ; 1 •• . . * .•' t ransferring agar blocks et tsa s. La to a water 

culture and ba.tls., a.e taosp. res with sterile assssad . a same seeds, or by 

micromaninu 1 at.1 n,; a «a..s.!da.i free from the host aad placing it on CMA4-

for direct germinal,., aai.jr than zcosporula ti on. 

The majorit" a. ossarvations and measurements far descriptions were 

made from inoca. .a:.. saeds in observation water sal;arc.- 24 hours after 

inoculation us.in; ad 1 r.iffareatial interference c u.trast microscopy. 

An exception was 2d_y ;• s.̂.., ;a s^lnosa which was described from CldA plates. 

Ail hyphai measure;a-ats ware from C1IA for j?. splnosa aad CsLA-r for the other 

species. 

Attempts t o • s t a r s t ses i.al reproduction invoivas t s a a i a s s i c a i methods 

of Emerson (ilJ5 3) , S p a r r r a ( i t u O ) and Waterhousa ( t v s a , ; said the biochemical 

stimulation of B r a s s i e r [1971), Reeves and Jackson C1 -12) and Sandrix (1964, 

1965, 1970). 

Temperature and saliai:y tolerances were testaa on 47~mm tightly sealed 

plastic potr.i disbar; \/.ilicpore Corp.) utilising CM\~ rape.red with distilled 

water, 15°/oo, 30c/ Vo t:a 45°/oo. The latter was o-as ascs by the addition 

of artificial sea /alar salts (Triton Marine Salts). Pi a;as were incubated 

in the dark at 31, 3J. 33, 37 and 39 C. Radial growth was measured daily 

for one week. All cultures were then tested for viabili ty at room temperature., 

acsai ts and Discuss ion 

Random sampling isssi a variety of locations including Florida, the 

Bahamas, the Caribbean, Malaysia, Vietnam, Hawaii ana the Seychelles has 



shown a wanes >re i n roe of filamentous y.rycc:.yect b^.io I). The 

results inaicat. t r h y c o m y c e t e r were assoc-.no v . *:: ta fre^hl*- ; alien 

leaves, i.e., the:.. . L. 1 '' e 1 1 o w t o v e 1 1 o w — b r. ic aves 

picked directly f.:. m e e ureas r r those that had cec .. .. o con-

siderable period oa.: a. a become dark brow:*, to black. ' : sequential 

studies at Andres o-.i Ir. dim to/. ee t ..at two apec-os, '..to : ra ves leula 

anc* H« splnosa, could inhabit 75-100% of the leav tae hrs 

of leaf submergence .no! o o : m thi: o iavei lor tr.e e..ii .'-na> ae..t period. 

The results of era _a rborocia were vanaooe. iv/j a:us. ' indicated 

a 20% infestation at m e ^pling, which was ears of submer— 

o ;ence, whereas the 1 7 * testing indicated a 100% ie • t — i o n bv cue Phvtonhthora 

spp., also alter 7 eayo. In all cases the phycomycetes -.ore rare or not 

present after four weeks of leaf submergence. This saa.ulin oreoram oas 

not sufficiently .. ri.r ve to ascertain the environ;. conditions that 

affect ph.yco.vy a l a a a i: n. 

Sampling of o h c r .lano materials indicated u h a t _ h e p..yco:r.yceuc s were 

not restricted to oa.. roves. Paytophthoras were isolated from decaying leaves 

of sea grapes, Auorred ban pine, buttenwood, white r.iangrove> coconut palm 

and salt grass. ib.y ob.cihoras may not irdiab.it all pleau materials, as we 

did not isolate ti.o.r f r o m o.-irgass urn, £yri..;:;o..boo, oai ab.-.:, Cak I le, Philoxerus, 

Sporobolus or Seouv.ba:n . s this was a limited sampling program., additional 

collections are required of these and other plant materials to determine 

the substrate range of these fungi. 

I'hy Lophthor.w . was the most prevalent specie;.; it was for. id at 

all locales (Table 1) on a variety of alloc!* t ho no a s p^ant ;.:a aerials including: 

sea grape, Austral La- pine, buttonwood, white mangrove, olack mangrove, 

coconut palm and y> h-u. 1 cio: lis, and the me r is tern of dine as od oa] ass la seedlings 



I t l 4.11 W(l X i l ' w t l 4. • . « 4. .4. . I * 4. V * . A i :e : c r i t y or. - a c r e similar 

to the cescrirv 1: ..V- V • .... ̂  C . . t a . , fc • ... 4. • r • — — •» i—• ^ 

cussed in t..c v. . -v/...a r.1 uiiier— 

cnces were on o r 

i n 

Florida, the nan. . .. , a. . • .rib* ean aaa the aawsiian -t.r. nh . in addition 

to d. man" 1 ie ;\n . nas t e a n o n . .at .ao:!:tnonous 

materials such a . » - > r ^eaves or sea 

grape, Austra IJ a. .*.. v v j cocoa..t . .11 - •. — i r.\ o c a . i i»e 

species uni- • . t 1 - • * , • a •»• • . V 4 • • V. .. W 4 . - 4. .1 • 4 kt r. i...u.y spiny sporangium 

(Figs. 20 ::: a sa.es «.ra elongate <gt —• — v. .} with a hollov 

base, and the sp r a. l .L a;. trplasm extends into the. . m e r e is sonu 

v a. . < D i 1 i. I.' / - .'4 a i. o rraa 11t. a * an*a ra: a. .lar esitures 

we re asua 11 y ab a. whereas in were* a" asines acre 

restricted to t.. a or a a re ccmoletei * laelaan . isa orasenca of 

s p i n c s o n e; o s * . ;..e g e n u s , o u t 

has been report. . .. . :r riflaguliatea and ur. i 11 a 1 c 11 a t u .. species such 

as Pvtni rm sp as- • , ' i. 1 i ' . . 1 .14.4 (A nd R h -arsis, a. s h e r iLinojdiilum 

(Waterhouse I v d .; a a r e ! ; . 

1 . ssi nosa v.. r . appears to have a distinct jerv>raphical d>.stribu-

ti on from the v . - a e s ; ap ' a • a a . Isolations of var. 1 : aa t a were from Vietnam, 

Malaysia and l i s . an area that is inhabited s p ... ^s.ophora nucronata, 

a n : cn.i a t ; 1 iii.. 1 . a v i u a p but not R. maa?lo. The sporangia of the var. 

Ion a ta are s p i n y ; h o w e v e r , t h e basic difference from t s e v a r . splnoss is 

the mui tile bate c h a r a c t e r i s t i c of the sporaagi. (I;ig. Is). ina sporangia 

initiate as a s i a u a a u n ~ . t , t h a n develop lateral lobes v/aLch increase in 

size and number ua.il a single sporangium resembles a eaeryose group of fused 



sporangia. This or. ; . _1± functions as a single . / .. ~ a.. as only one 

papilla per spor ... . .. a- vetoes. 

While v >• • h• . _ a.:. . _ . rp i no sr. vera the . . . • . a .. .a. _ ... ecics .».n 

the decaying r. nigra - . . .. a3 throe other Payee ahr a a , a , were encountered. 

These species, Je. _ ___ _ , £. er.. l o r n a n a ;/e .anaaelca, 

differ from other members cf the genus by the presence af aiegged dehiscence 

tubes. Tl.ese dehi secnee taaes ana the plugs form as rr.e sporangium develops. 

The plug of fb a. a a a-a a. a (i'ig. 7> Is hyaline, gelateaa.-, and nearly cylindri-

cal. The distal er. .i f ihe plug extends sliy.h tly ;_yra.. tne aehi_ceree 

tube. At zoospore rel-; a: aha plug is forcefully e ecaee »a. . appears to 

expand to approximately three times the original length. t plug dissolves 

within an hour of ep oa tit . Ph mycoparasltlea has a .sia. . " ..r type of plug 

(rig. 12). Within the .hhiscence tube there appear; ec . a some initial dis-

solution at either end e. the plug, followed by e ] eet-.cn af the remainder 

of the plug. Anca* er dis air. at ci*a r a c t er is tic of : -r ̂ earn.: I ̂  Lea is the 

denticulate s p o r a n a j .. spines are are short (x = l.d a:.} as compared 

to the spir.es of a. aplaean (x = 20 am). 

In contrast .... d. saJ ncsn and bnhnmennla„ which appear to he niprophytes 

on decaying plant : .atari ai, jy. i a cop a rat si t i ca it- a faculty tive parasite of 

other fungi, particularly ['est a lot la and I'enlc ? : -_u.a. Tae hyphae of ahe 

parasitized fungi are attached by appressoria, twining . :f. h.yphal invasion. 

Z* Lstomlum is also n facultative fungal parasite; however, th.e sporangium 

is smooth and the dehiscence plug (Fig. 12) is distinct from that of the 

two other speciea. : he dehiscence tube is elongate - 27 am) compared 

to the tubes of •• oa.nm^nr J a (x = 5 pm) and my. •. a a a (x = 8 v»m) . 

The dehiscence plug of epistomlum is elongate (x p- -.1 , cylindrical 

and extends well bavor.d the end of the dehiscence tube. There is a . 



constrict ion 

tnr OQ spec ics n s ' v . . e . a t - n o n . ..... s t a u t s e p ar.. - v.: a s e e . ».»; cs from 

ti iC Jehisc .a a ii li a n i s 

f o l l o w e d b t h o r s w e p t 

awav. The de!. ::-:ceptJ.on 

13 ti tu p l in 0 1 t_ a _ c 1 S v* -J Jenxscence 

tubes and pi up ;iv 1 :1 T» * vc seen 

any reports of t: . r * In ethc.r phvcot.y. :a-

b a a ; * 2 v. . ' . i. :a: uneant 

Xll o u r CO i I C O L V.'.iS l S O _ i t a S . - - v . - - ' . . i-ii tie 

D a b a m a s a n a V»* I 13 a n x s r r si:;: t a : n o d three 

locations in h i s s s .. • . a s 1 '"ret: Costa iaca. ~a * •.* .;: l e a was col-

l e c t e d in :isi. j. .: 

D u r i n g a > l a s e r.s - C i -.i we f s id 

species of Ipt late- i **.: r>: sa:iata 

a n d a l a d i a m • n • xs 

dis t mguisuen si.ape oi taa sporaag .. / •f > whica is 

i Ji'sxiorm s h a p e ( 3 5 - 1 3 0 x 2 2 - si am; with 

a tapering n a e a ( - 5 2 1 :u. C •-• w . sal icar.tn 

ranges from Vi-h . r a x o n >:.. scallv o.. i. a:'. ...a. at oris tics include 

t n c large (x - o. cogonia, the pleura tic -v.nlleu (x = A p m ) 

oospores and t'ae 1 ana of internal proliferation. 

Waterhouse -1 eonsxeera ral aar.c; ' L • g i a x sxz-j a s 

a species criterion. ^ . .a poraap. La within the genus ge:.aPaily range «.ro:n 

6-80 pin. with the —«• tnan 5 0 (Waterhoeso O.t I. v t\'0 

species have sporangia ovar 100 pm. Phy tophthora sty, i . s- . Sytsinm hell-

candrum) was descrii a d w...:h sporangia of r " i i O l - l x O aav-aver, tins species 



- 1 3 -

proliferates iacc: . u 1 has a spiny oogoni. . 2b • • • • a cum var. 

lit to rale llelink has syero.o la measuring 42-162 o.o ao.i toe .-pcrangia are 

lcbate. 

in using tee ..... or ho- . - e ^—.o.} nay, tno c-idscat oo _o_. a r on o p.— 

sporangium are ar. oaua hohnh. j?. traaheieh : ' .:" Matte no b. r looot icum 

Ito. In addition to ohe differences in sine c J the speraagiun;, oogonium 

and oospore wall, aha sporangium of ?_. plero tic urn produces nyphae rather 

than zoospores. ?. . . : a. oporar.gia o.re globose oo sub ooobose, while 

traclielph il,...i pro^.ereo or y fa.,/ores and has globose to sobglobose sporangia. 

The sexual structure, e . . ra.ndlsporaagi..... are sialic.: to j?. iwayamai 

Ito in that obey are yohl-aioh in color and plerotic> and t.:Ot the artoheridia 

are never iiypogyno. . " oyaaei differs by terminal or intercalary oogonia, 

the presence of .hi :a. -v.ospo reo ana smaller, generally opaor~caI, sporangia. 

-* - - r» * --. . ̂  (-. •• -- (• 1 - .1 .< . " N. • J-lw.J U ^ O U . x , ' 

riiv tophthora bob... a j j ̂  . p . n. 

llyphae - bra a cue a, r:;:octh-walled, 1-3 pn, - 2.2 ,a.a ala...a.ar; develops 

lunate or umbonnto v;ith age; vacuoles and oil brcy.'.̂ os are present. 

The colony is rose: to in appearance, superimposed with concentric growth 

rings in some isolates. Growth rate., of the isolates vary, 1.5-1.5 mi/day 

on CMA+, 1.5-1.9 am /da> on dMA. 

Sporang i.opI.or i - indistinct from vegetative hyphae, intra- or oaitra— 

matrical, simple; p.' 11. oration or branching is rare. Length up to J. mm, 

width 1-6 ara, x = 3 . 

Sporangia - hyaline to aubayaliae, thin-walled, ooth, oermina] . non-

deciduous; prior oo zoospore differentiation the sporangia ere filled with 

prominent irregular vacuoles. The sporangium is sep.irat; ̂  i'rem the 



sporangiophore by a . ya: ine plug or septum which is a.ah.. m ..a diameter, 

thickness, shape aad 1neation. Usually the plugs r.s: ». -at twice the thick-

ness ct the i S , • - t~ i - v e fc. e dk. — L - IZ • - <"» j t " a . . , a 

may protract rang a.t, The saupe ts tha a is sigaly 

variahle. In son.e 1 sa • atcs tFig. 1) rhe sporar.j La .i. .J-e-L form, single 

to multilobed C26--1L9 a .d-a3 em, x = 61 :< 2 a am) > a. _ : one or more 

septate or aseptats setaform appendages, up to 1 , ... " m e r e xs one 

dehiscence tube, c vet. in eh a multilobad sporar.si.: % waits is distal or lateral 

to the long an is a." s eraaaxum. Otner xso. 2) ; a v e e b p y r i i o r m 

to obclavate snoran ia A —si .-1;, a - t:•: - . t.. . t lack, appendages 

and have the dehiscence tat; at the tapered distal er.a the sporangium. 

Zoospores are rei.se ad t.srsugh a short (3-7 pm, x - 5.1 a:) plugged dehiscence 

tube. The dehisce, so pis? is hyaline, gelatinous, t_a:ay cyiir.lrical and 

fills the dehiscence tub a The dehis xeace t taa p a ; f e d a r i n g early 

stages of sporang Lai deva op merit. In the initial ; the. piag is undif-

ferentiated (Fig. d), becomes distinct m :r: eaa protoplasm vFig( 

4). A split develops dxstally (Fig. 5) and the cuter wail of the tip ruptures 

as the plug, becomes extended (Fig. o) . a r c t o p 1 asm :o n t a in s 

numerous vacuoles aad the protruded end of the plug la rags;d in appearance 

(Fig. 7). Prior to zoospore release the vacuoles sit as:.a:: and the protoplasm 

cleaves into zoospores. A smal mass of semisolid aaeerxna separates the 

zoospores from Lao dehiscence plug. This plug is fore a... oat of the dehiscence 

tube at zoospore release (Fig. 3) - The plug approxit a... • triples in length 

after release and sometimes-has a banded appearance' it then dissolves in 

less than one hour. 

Zoospores - reniform, laterally biflageliats, e. :.a,.tr 3-5 .an, x ~ 

2.6 mn when encysted, gtrmination usually by one germ tube, occasionally 2-3. 



Sexual re: a, • : onso rveu. 

Sailn tv ec 1 or; bl C) growth in a. — , weak; 

opt imal grow th v. r 1 c . w 1 .. a o. a a e, 15-4 5 iao s a l i n i t y 

tested (45 °/ o o) alrc>n ea we«.o. 

Tr»r emneratar o: > - w - 15 * / o o) growth ac , . i * T ' • • . *-^ — u X . C « l% w 

35 C, weak. 

ha it d.isn a: sesame seees ana agar cioehs . a reaeiiy colonized, 

with abundant s-orn; ;:al ,motion. 

uaoita •_ t..'«L -w w i.i±octcu rem a . : eoo m o r a 

mangle submerged an ow-awater ..t conception -.Sxana,- ranre Octcser IS'/2. 

Another isolate was e.-sorved on yellow II. ...ar.?_;I e leaves .ha. a Grand r-. n a n , 

April 1974. 

Type cultur- - a bur si form culture isolated hrom a. m.inrle leaves 

submerged in seta;.;- ,:r ua .'oncer tie n Island, a-nnamas, O^tcaar , 1, was 

selected as the top ... V. w .I.HUCVJ C- «_ 
« r<- f. f~> V « *t> 

No. 28297, was an ra-y.ab:an to obciave.ee cult .4. 'e col leer _d at Con ceo': ion 

Island. 

P. hahamcnsls is distinct in the genus by the p.woe. a _e of smooth-walied, 

variable-shaped spa.aon b. o.aor. a short congenital dehiscence tuoe and a 

cylindrical evanesaca a aehlicence plug. 

Phy tophthora en is a a* 1 u a: ;a >. n. 

Ilypliae - in axenic culture the growth is slow (0.8 mm/day on CMA-f-, 0.7 

mm/day on CI',A), hyphae ai*e irregular, smooth-wailed, 2-i :.m, x - 3.1 am in 

diameter, infrequently septate with age; frequently branch and form iater-

calary scierotia. bhen aixed with a fungus (Pc&ralotla, Vnsarinm and A i r g t o -

sporium) that P. op is torn inn: is capable .of parasitising! eho .ayphae grow 



considerably aster sad are leas branched. Ti.a hypaae , 1 er.e parasitized 

fungi are attached by tw..aiing and appressorial :aa.:als. {Fig. y,. 

Sso ransie»s , r .a - cat rata: tricai on natural sues inertmetrical 

on agar; simple, up to 3 -ong. Width :1s d-9 pa, a - . ' pa. at Jae lower 

portion, often randomly developing many fine, hair—like branches along the 

entire length. Adjacent to the sporangium, the s so rang i enhor a may widen 

to 19 pm (x = 8.8 am) a.t: become thick-walled (to 3 am) . 1'roiiferation is 

rare. The spornngtarn is separated from the sporata. Lophore by a thick, hyaline 

false-pedicellate p.". sg (.Fig. 10). When the sporaagiapaose wails are thick, 

they oftea constrict at a point below the subspcrant in.:. _ lag to form a sec-

ondary plug (Fig. 10). 

Sporangia - hyaline to sabhyaline, noadecidaous. terminal, lageniform 

to obpyriform (43-13's x 3f:-ls7 i:m, x = 127.6 .:•: 63. 3 at.) ith an elongate 

(10-51 x 9-10 jit., :•: •- 2 .a x 9.7 js/j dehiscence tube east contains a dehis-

cence plug (Fig. II) . .Sporangia! walls are smooth asin, although they 

may be thick near ;s satsparsngial plug and are always thick near tl.e base 

of the dehiscence tube. The dehiscence tube (Fig. 12) is straight, bulges 

slightly at the c:i/tn'i end, then constricts sharply, apparently to grip the 

plug, and terminates in a feared skirt. The walls ta* the .a a tscence tube 

are thick at the ba;>o at. pradaaliy become thin at Li a dista- tad. The 

dehiscence plug is cylindrical (14-90 x 9-10 pin, x ~ al.O a 9.7 urn) and 

sometimes bears a f.a iait indentation where it was gripped by the end of the 

tube. The distal re; mi a. us extends beyond the dehiscence she and is convex; 

the proximal base is concave or cucullate. A small gelatinous mass separates 

the zoospores fr a th • dehiscence plug. Zoospores may er t .y not be visibly 

cleaved before release, /.oospores arc released by forceful ejection of the 

dehiscence plug from is a dehiscence tube (Fig. 13). Tin slag is followed 



by the gelatine u s r.aos , r a p i d l y e v a n c s c c s c : 1- .-.a out away„ T h e base 

of the plug becoir .es a t a n : t i y c u e a l l a o e - b u l l a t e . Sp. r a n :.n on:, dehiscence 

plugs are p e r s i s t e n t f e e a t I . e s t s e v e r a l da \ a l i \ : g . T re a e h i . i - c e n c e 

tube and p i n g a r e e r : p ' . . .our on t e r e s d u r i n g e a r l y :>t. .... o f sa-orangial 

development. 

Zoospores - r e n i f o r a t o irregular, laterally b l f l a g e l l a t e . Encysted 

zoospores are 7 - 9 :: = b . I am diameter, one g e r m i n a t i o n tube is produced. 

Sexue 1 iu.o rooaonh?n - n:a ohse.rve d. 

Salinity rc 1 era o - a - (at 21 C) growth ir. discii 1 eo w^ter media, positive; 

optimal growth and ^ p o r a n g u a i production, 15-30 V o o ; g r o w t h a t 45 °/ o c, 

weak. 

Tempera tu re -'o r. .ac .a - (at 15 -v" /i> o ) grow tit a t d o d, positive; at 

35 C, weak. 

Lai t d a s n e . o — sc a a. :e a«_ens are coj.ono.aca oa«... - p ; sporangia are 

formed. 

] lab it a a - r r r e 1; o > s • * a v e d ; f ̂ rsu is o la t ed fr o .a a ..aid en titled 1 ea f, 

Bear Cut, Miami, ri aJu, : larch IS70; several isolates o a a found on submerged i 

decaying IVhiaophoro rwunai^y 1 at Kachcson hammco: . h i e m i , April 1^72; 

Key Siscayne, F i o r i u u , J u l y 1 9 7 b ; Puntarenas, Ce.;::a h i o , A u g u s t 1973: and 

from a submerged, d e c a y i n g l e e f of hymenora 1 l a s lr. t: i f > ; L. or Jonathan Dickinson 

Park, Jupiter, Fie ride, May 19 73. Other fungi i s o l a t e u h i ; m e:>I stomium 

included Pest a i o: I. harr I. urn and Amerosporlum. 

Type culti;re - isolated at Bear Cut, Mie.i, Florae. fro:a an unidentified 

leaf, March 1570. eoo.a U m at ATCC ho. 2d291. 

The distinctive feature of op:so io a cenge .it̂ .i dehiscence 

tube with a persistent cylindrical dehiscence p i u g . 



1 • 

Phy Lopill hora s .pa. . _ - . . a_ s p . a . 

Hvphac - variable, slow growth (•"• 0.26 nr.;/day) la an talc ealt.^re; branch 

frequently, irrrgu: -a, 1-: an. a = 2a'' at; in dieaastsr -a eras Itic culture, 

• the hyphr e of . ya... • was sip i.e. a grow faster .ess are ;ar • spa rsel; s .ranched, 

ilyphae are smoo t n-w a lied aad develop numerous unboitac. or Innate septa with 

age. Hyphae of parasitised fungi are. attacked by apprsrsoria, twining and 

sometimes hyphal invasion (dig. 15). 

S n o r a a p i o n a a r a — i a t r a t a t r s c s i o n a g a r , c a t r a t . a t r t . e a . . . la w n i e r c iitures 

on sesame seeds or agar • ast.. . Sporangiopkores are simple, 1-9 em, 

- 5.4 am wide, raraly prca iferate, are often mu 11 i Sep r.a t e« The sporangium 

is separated from the. aporangiophore by a tiackened nyaline plug or septum 

which may or may not protri.de into the sporangia.... 

Sporangia - hyaline to snbhyaline (26-15.1 x 14-11] at., x - 82 x 51 pm), 

nondeciduous, terminal. ahsepiiorm wien a short (:•: -- 2a a> . tapering dehis-

cence tube (Fig. ". . . The a:rfaee is denticulate, ti.e spir.es (1-4 pm, x 

= 2.5 ».m in length; ..are tinstones in small, irref ......r proa., a with tne spines 

angled towards the can. >.r of the group (Fig. 17). pornnpiai wails fairly 

thick, especially nets* the base of the dehlbce-.ee tt.be. Tae dehiscence plug 

is hyaline, gelati.a • , cone-shaped (5-15 :< 3-10 am, . - v. a a 7,7 am); the 

proximal end is cr -'c..vc, an v. the distal end, vrhicn ex ten 1 '• ; tad the end 

of the tube, is muereante. The dehiscence tube ana pas, form during early 

stages of sporangia! development. The dehiscence plug nrrtiaily dissolves 

from both ends, the remainder is forced cut of the teck to release the zoo-

spores. The plug has not been observed after ejection a .e pre; ably cvanesces 

rapidly. SporaaaLa have a en observes on CMVr, oa. s.t.sa seeds ia water 

cultures and in parasite:;* a:aar plate culture. 

Zoospores - ran 1 form, iateiraily biflageiiate wit!, epproximately equal 



length flageila. dncya: - 1 .-oospores aerminato by o -JL . , w i. i t n n -

u-• o or., a -- 7.6 • r. 1:'. a i. cine c e r 

Senna! r-arolaet too - roc observed. 

Temperature end sa Tiavijv rc le ranees - net r e s t 

halt dish st .:d 1 -a - sesame seeds and CMA agar bio oh ere coionined 

slowly, sporangia are produced. 

Habitat - isolated "rem a suemergo.a, decomposing d.:.leo;d. :ra sp. leaf, 

collected Septer.frer .972, Sonaii 1'ulah, Seiangor, Ha-.ay;, it. by dr. ... Sase 

Kumar. On the in it : irelation plate, P. apccu.maiar . o parasitized Pestalotia 

sp. In tests vrith this . -...Ionia isolate and .a soa* . c o i _ 

lectcd in Florida, . wrong parasitism by appresseria ear coining occurred, 

with suppressed growth of the acstolaa la spy. ana via; enhancement of growth 

and sporang i a 1 a ra d a a t .1 r. mvcoparnsitica. eon ro. was aj.so 

found to be a host, a.: ..ppressorin, toining aao . ' i. W i. . * 1 ' V. aetration. 

Type culture - f.a-po: i . t AVdC Fo. ddd: 

The distinctive . .::a;a,: of ; v a.~ ' maa ' :. f -a as ...e spiny sporangium 

with a congenital do....a .ace tid e and conical onrws.a'.a *..aisconce plug. 

Phvtoph thorn sr. Ia a f, — r;0:.n aar.n 

hyphaa - -.aa. i. .. . .. .7 ra: 'day on C'd-. . o n • 

lnitial.Lv at the a .er ;>l4r. . oe .die hvphae are tortutu.. . a.1 rie.Ty branched, 

after two days bt. on: . p. more submerged and hyphae are irreg-

u l a r , 3 - 9 h'in, d i a m e t e r , . mo • • _ • . »'• .4. . tate at ail 

ages. The cole: ... ,i • , .% .«. .. . . • . v. O v. w V 1. i- . . «-4 . ..liwv- • 

Sg o r o n «- -v- •, • *, t i v . m n t r i c o i 

on natural suborra . • r«ui "viv»' ..ores are ava.i... etative hyphae, 

are simple, proi i f orate irregularly and infrep. .at.e . ~„ , - 7.8 pm 



in diameter. Tis spern : - , s l u m is s e p a r a t e d f r o m t h e sr st l o p h o r , . jy a 

hyaline plug or s s p t ur: v3-l pm, x = 6.5 nr.: i n l e n g t h ) t h n c is 

slightly b o l e v tin: t / o r a a g i e . s i n a f a l s e pc-..tcel. T i e s e h s p c r n n plug 

begins f o r m i n g a s s : ii«. n e t-shaped c o n s t r i c t i o n i n t h e . p o r n n g i o p h o r e (Figs. 

18 & 13). 

Sporangia - hyaline to subhyaline, thick-wailed; entirely, partially 

or non-aculeolate; terminal, noadecaducns, globose to ovate or obovate (Figs. 

20 & 21), 60-107 pa., a - SO am in diameter, dis tally • ipsv'. - s u e , papilla 

inconspicuous. Sporangia! size and degree of spine coverage appear to be 

nutritionally determine.. Sa rangia formed on a rich substrate tend to be 

large and fully sp^^ccl, v. sale those formed on poorer sals trawls are smaller 

and have fewer proximal spines or no spines at ail. dr. CT., sporangia develop 

in 24-48 hours, sa. . r,,e and .a the surface. spines (Fift. 22) (12-23 x 

4-6 pm, x - 2 a x t. 3 ... a re often hollow aut.r tas a... - and partially filled 

with sporangia! p : . • It. . which is pr/.nalar. tfeta •—:a irregular vacuoles. 

Zoospore release !.•• tares the formation of a persist c..t > thin-wailed, short 

or long, fiask-saapee d.a.i.ans.ee tube (Fig. 22* ; \es tci a a. rmation is absent. 

Dehiscence tube f o r : a .a t a pins and is complete- i j us1 before the zoospores 

are cleaved. This ; >r; .. a .. years to be sydrotrophc; if no water rovers 

the papilla the : aae wi !. i annate in tne direction ..f water for distances 

greater v hnn t h e i. is.meter a. t ; ? sporangium. F r o s t o r e r e ...ease follows 

evanescence of t h e e i s t a l portion of the del. iscer.ce as -a. 

Z o o spy : • • - : * .. ' aat i r r e g u l a r , l a t e r a l l y h:.a.. . . . . . ,c. dr. cys ted 

zoospores 7-11 ...-a s ~ •••• in diameter. Germination is via 1-2 germ 

tubes. La tae .a -aeo af a nutrient substrate, the .a cspores form vet / small, 

globose, smooth-wa t i.e r , p teeoeious germ sporangia .pvt. o: releasing one 

or more zoospores.. 



So:<unl r._ w.' - :. •: a obsar va a. 

Sal in i; y It.! or ; -,. - ... t 31 C) growth on aistilled water raoc la, negative; 

optimal growth, j.3~":G a rowoh at hi; salinity tested (4 j c / o O > 

positive. 

Toiti r. ]" • ' •• - - - — ' '3 r •, " / ^ r- - » * i-'a '>"' - ;.- r- -* -. - . „ 1 L-i.., . -- - • • -- L / o o J - - - O 3 ; - - a t_ 

39 C, weak. 

Rait dish sr. : e ~ veal-: colonisation of sesame seeds, cellophane coated 

with egg albumin and sterile pieces of hhtec;;.. »r a r e :•' leaves. 

Habitat - }\ sp in-r-ra var. spinosa was first isolated Ilarcli 19 69 from 

a Rhiaophora mangle leaf that had been submerged in sea water .'discayne Bay, 

Florida) for one week. Subsequent intensive sampling indicates t..^t nearly 

all R. mangle leaves are colonized during the firbo coo weeks of submergence, 

often in less than 2a hoars. This species was not observed on senescent 

leaves still on the tree, and was rarely isolated from leave:* tnat had decayed 

for three or more weeks. Isolations were also ...,ide fro;., k. aai..glu leaves 

collected at severe: roc..tieas on th.e east and wear coasts of Florida; in 

the Bahamas at Han-O-Far Cay (Abaco), Conception Islnac: anu Andros Island; 

in the Caribbean at donavon island (Haiti), Co Lorain> Graaa Cayman, the 

Netherlands Antilles ana irinidad; in the Hawaiian Islands Fa Kaneohe Bay, 

Oahu and Kona, Hawaii. Other substrates include jk aa r .• i j seedlings, and 

leaves of sea grape, Australian pine, white mangrove coconut paim and button-

wood. Suestrates or: which 1. spinaoa var. so iaasa v. not observed include 

the sea grasses V'ha ! as., ia , Svr:S ngodlum and Dip tan the r a; a m shore pleats 

Ses11vlum, A;-.en .ay, Fi. ? lea;• rns, Salicorral o , Jun t us ;a:.: :kite . 

Type culture - isolate from nhl;..ophcra .raiF.e end do una submerged 

in senwater at Hear Cut, Miami, Florida, January lo'/l. jeposited at ATCC 

No. 28294. 



sp:L;iosa differs from other met hers of the genus by the presence 

of a spiny sporangium .; tn s thir.-wal~~d, hyatv-trophic aeaieeeae. wule that 

forms j ust prior to e • a spure release. 

Phy to pa p r a a a sp. a. var. -a:?: a var. a. 

This variety was isolated from Maiaophora sp. leaves collected ia Viet-

nam, the Seychelles and h'aiaysia, and has the basic charaeterestics of the 

variety spinosa with the following exceptions: 

1. Growth rate of the hppaae is considerably faster, 4.5-6.0 mm/aay on CI!A, 

depending on isolate. 

2. The sporangium (digs. 21 d 23) initially is obpyriform, ^ccoming auriculate, 

then continuously develops lateral lobes until a single sporangium 

resembles a botryose group of fused sporangia. 

3. The sporangium is ur.ipapillate (Figs. 24 d 25). The papilla is incon-

spicuous , located 1,. a prominent p ' c t . a a a c c at the apex of the 

sporangium. 

4. Zoospore germination i.s restricted to one germ tn.,e. 

5. Growth in distilled water medium positive to 32 C; on do ° /»«, medium 

growth tests were posi t ive to 37 C. 

6. Habitat - The variety waas first observed from a 1. ... f a" a a: paora sp. 

collected in a mangrove swamp, April l-T/2, near hung ^nt, South Vietnam. 

Another isolate, was found on a submerged leaf o: ;<h F:o shorn sp. from a 

mangrove swamp near Sur.zii Pulah, Selangor, Malaysia, September 1072. 

Additional isolr.tes were obtained from Fhisonhora sp. leaves at Rung Sat, 

December 1972 and February 1573.. and from '.hitcea -ra sp. leaves from 

the Seychelles, Indian Ocean, April 1974. 

7. Sizes - hyphacs diameter 3-12 pm, x = 6.8 am; speraagicphore, diameter 



5-12 am, :-: = S.I . ; nb5pnrangiai plug, length 1—1; am, x = 13.2 

jnn; snorantic! Itpa1. ;p~ a. to papilla; 51-" 1 . . a - 11 p.: ana width 

56-150 am, :•: - 17 aa ..when single iobed); apical p aae .asian, width 13-

36 pm, x = 25. a a; spines, 11-15 x 3-5 pan x = 13.4 :•: 3.5 pit; 

cncysted noes;arc, dia .eeer 7-9 x = 7.s pm. 

Type-onI car*- - isolated frc.a khlra" phora sp. collected April 1972 near 

Rung Sat, Soul:. Vietnam. ddfdC Ma. 202>_.. 

Phytophthora v e - . a : ; ..a A n s a t e f l o n e__ daurchland 

The rr.aj o r.:. •: y o £ o a r o t s ̂  r v at ions a gr ee a w i t h ' r. a a original d es c r i p t io n; 

an exception was the rate of tae vesici. following see spore release. Ar.astasiou 

and Chutchland (196:') reported that the vesicle collapse d and evanesced. 

The vesicle, in the isolates that we examined, gradually Jnt\.an back to the 

papilla and then disappeared. in addition, we ware not able to induce oogonial 

or an the rid iai prodaetisn. H a r e v.-ere some morphological variations among 

certain strains. as. isolate from Long Island, bahat.aa had lens—shaped papillae 

(3-9 x 12-20 pin, x - 5.2 ;•: a 6. d pm) it. contrast tc ehn narrower papilla of 

the typical I\ vesica., a (5-10 x 7-15 pa, x - 7.3 x 10.0 ait). The growth 

rate of this Bahamian isolate was .approximately 1 ...a/is;, (radial growth) 

on CMA and CMVK whereas taaat of v sulcata was 5 ; m/d;.y. 

The subsporangial plag of ia sesla^la was describe-a as having an apophysis-

like knob on the sporangia! side, or less frequently on the sporangiophore 

side. While the majority of tae isolates that we oaserve! are an agreement 

with the description, isolates from Vietnam and Malaysia differed by laving 

the knob-like projections on both sices o, the plug. Outer septa in the 

sporangiophore often have a sr.:ail knob in the center. d 1 1 r atypical j?. 

vesicnla strains were isolated from R. maa le loaves Andros Island, 



Bahamas, ana iron; J eased aa iossln tear^. iluo.. seadd :.. s a-.J ac: od a ear 

Grand Bahama Islam*. The .porangicphare branching In- d. v :-s i cel.: is usually 

sympodial; however, In these atypical isolates ; he crcn.ca ing was pinr-are. 

The succeeding b roach originated well, a alow tie tie." sporangium . .ac developed 

at a right angle to it. he sporangiophore trenches were duoiform, swelling 

in the middle to about three times t,.e thickness at tin. ends (era oi the 

sporangiophore was d-3 a, x = 2.3 am in diameter; micdie wno 5-9 ar*, x 

= 7.9 pm in diameteO . Tne growth rate od these strains on ClaA-r- was rapid, 

8.7 mm/day. 
\ 

dy th ium granelspar u ; . . p.n. 

liypliae - snood., relatively straight ana anoranehod, 2-5 ^m, - 3.3 

jan in diameter, the f.e la. growth it. cast - rp to j.7.5 am. radial growth per 

day; hyphae e.vci p : h: oho ted h;:. a c septa with ago. 

Sno tangle a.-.a, . - ....1̂  tin at h'oa vegota t ny a . .e , antra- or extra— 

matricai, simple, .-a. p ao •aide ration or branching race, .;-'/ or., x = 5.9 

pm in diameter. t n t rani pi oil Jurat iar. does »o- c oc-.. ar. 

Snorang > • t - s a e o ;d i- a i I e a , s •: h hy aline to y e 11 e v.-1 a * r e r i a a 1, eft en 

with the io.g . aas p. a ri pl.t des to :d. <: a era .ant hyphae (trans-

verse) . 1 he ui.npa .. . j is i rregular burs 1fotar-or.11...eosa (id-131 :•: 22-74 

um, x = 85.4 :•: o J. . ) ;d:,. a tapcrin;.;. r.ech a:a x - C 1. •;> am long), 

ending in a pap Id L: e -1' , - id. 3 am in e^e. et w d . Vur total sporangial 

length was 91-235 .a.», >. r: 147. i um. Vesicle (Id a 2-0 sessile, produced 

either tor; in n r .r.a. . ij/. , evanescent in a pprcximutely 5 m.r.. Zoospore 

cleavage begins ••: -2 mi- . aft r vesicle formation, i cvwiete after 3-4 

min. ; zoospore a a y la.:k tes r.nd eav.nuunl...y 1 ursts. .ha vesicle. 

Zoospore:: - • . .»ure.; tar.iform, laterally bird age.! ..ate, diameter 7-8 



-

Min, x = /. 0 pm Wucn an '.pa-ad, germinat usually ^y germ a a j, occassion— 

ally up to four. 

Oo^onia 
. >. _ n 

. u i ta a an :avs 

sub hyaline, termin.nl, siaoci;, spherical, diameter :a a - -1 pr.a wall 

thin (Fig. 29). 

An Ulier la in - formed with the oogania on C-tVr .in less than thro j cays, 

usually roonoclinous, occasionally diclinous, cne ro several east are tightly 

adpressed to the oca 3ni 

Oospores - sis ale, p bar • tic, yellowish, spherical, ..-mooch, 29-26 am, 

x = 33.1 pm in diameter tarreunded by a wall 2-3 pat, x - a.i ,.m in thickness 

(Fig. 30). 

Salinity test - . e u U xci i. grewtn rate r ti .0.0 m t/day, 

on Cib\/DhT - 5.2 mm/aa\ a Oa. onia developed on d'll/iVh .:• •.e die net mature into 

oospores. 

Habitat - •rc coiieccea trom L i O W e ie n n o r a 

mangle submerges Vi.:.; i . L»J 1 aves .a. at a sub-

merged in 19 / O ft I *l»vi veirow a e a v e s e i. v- . » O . 

submerged 1 0 a rove stea ani-mc 

from Little earn donna, dinrida, wct^bcr-hovcmaer 19 

T y p >c culture rc. e : sn.mergea in 

30 °/ o o C V J • * x n ;e a v e march xn bovemaer mj 1 en Ob . tea ivinL 

Mo. 28295. 

grand ant c: x si. a a a j s: *. e a du rsxror; i-

ventricose sporangin ("1-233 pra) witn tapering ne-aa-, that end in a papilla, 

the sine of the •n a a {j .no. us;esaess e t,.e oospore wn .11 

(2-5 nm). 
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.at la aanosc.:-

Phvtoplithorn 1. .uc.e a. . .. • . * _ . — — 

Sporangiop'.;or.. hy..ale non distinracis. bporara: i :. .:;ra intramatricalia 

aut extramatricalia. Sporanaia ax a: craogicphoris .acta onturamento 

hyaliao. Sporangia ayaliua, haud daeiv.ua. teta .ir.al ̂ a, oursiior.aia (x = 61 

x 28 ura) ad maitllo:ata appendicubus setifcrmus aua obturbinata ad obciavata 

(x = 6S x 22 pm) exnppcanirulaca. Tubus daaisccas proa, m e n s (diaactea x 

- 5 >;m) ep is coralo. W .iciu . aosens. Zoosporue reairormes, iatcraliter 

biflageliatae (die...., tor (a -- b a: gerninances au'^is gormiea.:.ue 1-3. Sexus 

non observacus. dab iauio: d ... .s r.u.ri..us . a .. .erg . . 1. atus putrescentibus. 

TYPUS: ATCC bo. 2?a-d. 

Phytophthor I er 1 a: - a 'a .a. 

Sporaa.,iophnra Late ..-aaricniia nut exar:.watra no." ...... eporaagia cx 

sporangiophcris a- one a. a. ;.uramonto alir.o craaso. SaorongLa hyalina, 

haud decidua, tt ai .laal.. ., lagenifora:ia ad obpyr^formia h-: - 123 x do pm). 

Tubus dehiscers icaaus (a ~ 25 x 10 em; prcmi reus eoistomlo elongate (x 

- 41 :< 10 am). Soxua i.ou ohoerrut as« Zoo spa rue (ci va:e ..er x - 8 pin) reniforraes 

ad i.rregul ares, 3 a t. aa . irer lifingeiiaoae. aarmin.untcs taoo germ in a in singulari, 

Habitalic: fungus marines :,ucmcr>ua., paras :.tra in fua a; c" praeseti um 

Pestalotin et hero r ; • a. . IVadd: ATdd ho. 23293. 

Phy tophi l.ora ; uc.p.na.slPi en sp.n. 

Sporangiupin re. (;.rrrituao x 5 ;:m) intramatricaiio aut extrair.atrieal.ia, 

simplicia, proilfo: : ra r i f .1 or a, saepe multiseptato.. d4 o rung la ex sporangio-

phores sejuncca ohturamento hvalino crasso. Sporangia (x - 82 x Go jim) haut 

decidua, terminaiia, denticulata, obnapiformia, tubo echiscenti brevi (x 

= 22 lira). Epistomii.n de'niscens hyaiinum, gelacinum, er.niciua (>. - 9 ;; 3 pm). 



Vesicula abscns. .a:p: r_.e ranifcrr.es (diameter x - £ ...... , lateral iter 

biflngellatae, p e t s t i a o p~r:: naii siaanlari. Scans a or, etservatus. 

Habita tio : fur gas sarinns svi.ssjrpus, parasitas ia id.r.gra- at srnesetium 

Pestaiotia at Pesie . . "IVldS: A.Cd bo. 23til. 

Phy tophthorn sp I .a s i s.p. n. var. s-; incs-s var. a. 

Spo r an g i o pho r a i-y ./sis a no a distinctis. tporangio pi. sra in tramatricalis 

ant extramatrical ta, hssVLctt, prolifera i r regal aria, * (diameter x = 3 pm) . 

Sporangia ex spoi angiophores . epuncta wtmramento hyaline (i. tatado x - 6 

pm) • Sporangia hyn l i n n b a n a deeidn , terminalia/ glososa ad ovate (diameter 

x = 80 pm), acalcsta s.:: non aeuieato, unipapallata. Tubus deniseens ampulli-

formis; longitude var Let lii.is. Vesicula absans. .Tocsperac liberati evanes-

centi ad apicem tell dehiscentis. Zcc.-porae realtor :tes ad irregniares (dia-

meter x = 0 jit), laeeraliter hi tlagei.la tae > germinnntes tab is germinaius 

1-2. Sexus non ebsorv ta; . liasitatin: fangas masinns submerges plantis 

putrescent iiuis. dYtPS: ATdC bo. 2829'-. 

Phytophthorn spi.to sa sp . a . var. lob..1s vsr. n . 

Sporangia obpy rianrmin, anrieuiata ad x.iui tilobatit. TYPUS : ATCC No. 

28291. 

Py tli ium grand isso ra n g i n sp. n . 

Sporangiophorn a by phis nor. cistinctis. Sporangiopdarn in trama tricalia 

aut extramatricaiia, singularia (diameter x = 3 pm), proiifera externa rari-

flora, prolifera interna not. praesen tin. Sporangia lacvi a. sab by a lino ad 

flava, terminal in, :c rreguiaria bursiformia ad ventricosa (>: = St- x 61 i»m); 

collum contractum (longitude x = 62 ,.m) papillate terminal! (diameter x 

= 1.1 pm). Vesicula sessiiis 9 terrain a'lis ad lateralis. boosporae reniformes, 
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lateraliter bifinge: a n a c (diameter x = 7 pm) g^rmis-aites ,d.os gorminalus 

1-4. Oogonia subhyalir.a, iaevia, sphaerica a - -i am). Antheridia 

monoclina aut diciina* un at ad pi auria. lasso:;..a singulares, p.leroticae, 

flavae, sphaericae (diameter x - 3d , m) . Cr..ssiries par-is cosaorae x 

= 4 pni. Habitatio: plantae putrescen;es aaluae saline. I1TUS: ATCC So. 

28295. 
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Table 1. Phytophthora and Pychium spp. isolated from decaying mangrove (Pdnizophora mangle) leaves. 
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ABSTRACT 

Field studies on the effects of thermal additions from the Florida 
Power and Light Company's discharge at Turkey Point have been conducted to 
determine the effects of this effluent on the macro-invertebrates and fishes 
of the area. 

Replicate samples with a 3 m (10 foot) otter trawl lined with .63 mm 
(1/4 in.) bar mesh were made monthly at 51 stations. Data on temperature, 
salinity and oxygen were collected during each sampling period. Additional 
chemical iata were collected when opportunity existed. 

The experimental results suggest that maximum summer temperatures 
above 32°C cause detrimental changes in the environment which are reversible 
in the winter, while temperatures above 33°C cause damage which does not 
recover during the cooler months. Intermittent flow of discharge water is 
not as damaging as constant flow. 

Card Sound was occupied by a sponge-brittle star community but many 
organisms were common to both the Sound and Biscayne Bay. The discharge 
into Card Sound lasted about one year and temperatures in excess of 33°C 
were uncommon> Only a few indicator species showed stress and higher ap-
parent abundance of others offset their decrease. Generally no lasting 
damage occurred in Card Sound. 

Recovery after closing Grand Canal was relatively complete at station 
SE I, 200 yards from the effluent. Station G showed signs of recovery, but 
time is needed to allow colonization by sea grasses before the area recovers 
fully. 

iii 
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I N T R O D U C T I O N 

Concern over the effects of thermal additions from steam electric 
stations has been expressed by numerous scientists and conservation organ-
izations. Adams (1968) reviewed most of the pertinent literature at that 
time in an 87 page manuscript. Since 1968, research and the literature on 
the effects of power plant operations has expanded exponentially (see 
Coutant, 1969, 1969b, 1970; Ulrikson and Stockdale, 1970). Until recently, 
little work has been done on the problems in tropical or subtropical es-
tuaries. However, extensive research is now being conducted in Puerto 
Rico by M. J. Cerame-Vlva8, in Guam by Jones, in Hawaii by P. L. Jokiel 
and in South Florida by the Rosenstlel School of Marine and Atmospheric 
Science, which has an ongoing multi-disciplinary study of the problem in 
Biscayne Bay and Card Sound. 

In 1964, Florida Power and Light Company began construction of a major 
power generating station approximately 25 miles south of Miami at Turkey 
Point on the western shore of Biscayne Bay. The generating station con-
sists of two fossil fuel units and two nuclear fuel units. The first unit, 
a fossil fuel unii:, produces 432,000 KWeand utilizes 635 cu ft/sec of cool-
ing water. This unit began producing in 1967. The second unit, a dupli-
cate of the first, began producing in 1968. Unit three, a nuclear fueled 
reactor, rated at 760,000KWeand utilizing 1490 cu ft/sec of cooling water, 
began testing in the summer of 1973 and began on line production in November 
1973. Unit four, a second nuclear reactor, became operational early 
in 1974. 

Initially, cooling water was borrowed from Biscayne Bay from north of 
Turkey Point and was discharged south of the point back into Biscayne Bay. 
During the period June 1968-February 1971, approximately 901 of the dis-
charge occurred througih the southernmost Biscayne Bay effluent canal called 
Grand Csual. 

After a Federal Court Ruling (Atkins, 1971) an alternate cooking 
scheme was developed. A closed system of radiator canals was constructed 
for cooling. In the Interim dilution with unit 3 and Unit «i pumps, dis-
charge into Car-1 Sound, and operation In a closed mode have been used In 
an effort tc mluimlze the environmental impact on the receiving waters. 

The objectives of this study were (1) to predict the effects of the 
heated discharge from the Turkey Point nuclear power units on the benthic 
fauna; (2) to measure the effects of the fossil fuel units; and (3) to 
study the benthic fauna and fishes of southern Biscayne Bay and Card Sound. 

METHODS 

Hydrographlc Studies 

Temperature was recorded during each trawling trip at each sampling 
station with a mercury thermometer or thermister probe. In addition, con-
tinuous recording Ryan Model F thermographs were maintained at stations 
SEI, I, A, B, D, E, and F (Fig. 1). 
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FIGURE 1. Location of stations in Biscayne Bay 
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Surface and bottom measurements of salinity and oxygen were made at 
each trawling station during each trawling trip. Oxygen was measured with 
a YSI model 54 in situ recorder. Salinity was determined with an American 
Optical refTactometer, with a Beckman RS5-3 portable salinometer, or by 
determination on the Wheatstone conductivity bridge. 

Biology 

Seven trawl samples were taken at each of the trawl stations at monthly 
intervals. An otter trawl, with a foot rope length of 3 m, lined witr 0.63 
mm bar mesh was used for all samples. The tows were made with the wind. 
The net covered an average distance of 43 m ± 2.7 m (95% C.I.) on measured 
tows in September 1972. The net opening was generally slightly over 2 c 
while being towed and thus, the catch per tow represents approximat_ly the 
catch per 100 m2 of bottom. Due to differences in mouth opening vith load-
ing, distance trawled under varying wind speeds, and depth of station, plus 
the uncertain escapement and selectivity, the authors only use an index of 
apparent relative abundance, the catch per tow. At the completion of each 
2 minute tow the net was emptied into a wash tub. After seven tows were 
completed t h e contents of each tub were rough sorted. The kind and weight 
of vegetation were recorded and the animals preserved in 10% formalin. 
Later t h e reduced s t o l e s were sorted and counts of each species ma-1e. Pricr 
to January 1S71, no polychaetes were identified or counted. Starting in 
January 1971, polychaetes were identified and counted to the family level. 
Amphipods, Isopods, the gastropod, Batillaria minima, and the pelecypod, 
B r a c h i d o n t e s e x u s t u s , were not counted because of their small size which 
allowed escapement and inadequate sampling and their extreme abundance in 
some seasons. 

Day catches were compared to night catches for twenty Biscayne Bay 
stations, -with a non-parametric paired t-test. Night samples were collected 
within 24 hours of the day samples. Five different stations were sampled 
each -ionth for a period of four months during the summer of 1969. Two tows 
were made at each night station and the relative abundance of animals was 
compared with two of the seven daylight samples which had the closest 
vegetation weights. 

Analysis 

Statistical treatment was confined to major taxa (i.e., phyla) and 
sp.^^s chat comprised more than 1% of the total animal catch. For the 
phyia, a Friedman's non-parametric analysis of variance was used to detect 
differences in catch among stations with the effects of months removed by 
coding. A simple arithmetic mean and 95% confidence interval was used to 
judge which stations produced high and low catches. 

For the more abundant species the logarithm of the catch plus one ras 
determined and the total catch calculated by summing these log values for 
the seven tows. Parametric analysis of variance was performed on the 
catches with stations and months representing primary components. Inter-
actions were tested against the error mean square and the principal compo-
nents against t^e pooled interaction and error maan square (Brownlee, 1965). 
Confidence intervals were calculated for month and station means. 
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Observations of catches falling outside these limits were declared signifi-
cant. In addition a stepwise multivariate regression with the logarithm 
(catch + l)/tow as the dependent variable and vegetation weight, temperature, 
salinity, deviation of temperature from mean and deviation of salinity from 
mean as independent variables was conducted for e^ch of the dominant species. 
This indicated the major variable controlling the catches of each species 
and allowed the determination of the importance of temperature in the control 
of catch. 

Finally, for each phyla and the combination of all taxa, three indices 
of diversity (Odum, 1971) were calculated for each station each month. The 
indices were: 

where Ni = number of individuals of a species 

N • total number of individuals 

e (evenness) = S — 
loge S 

where H = Shannon General Diversity Index 

S * number of species 

Philosophy of Station Design 

During the first phase of this study four radiating lines of stations 
were selected in Biscayne Bay to establish information on the extent of im-
pact from the fossil units and to establish background data for measuring 
effects of the entire power station. The stations used were NI-V, NE I-V, 
SE 1-7, and S I-V. During the next phase of study more emphasis was placed 
on learning the effects of temperature on the distribution of animals sub-
jected to various degrees of heating. Thus, stations A-H were added as 
controls and affected stations. In phase three we attempted to obtain 
background information in Card Sound and finally the effort was reduced to 
five stations in Card Sound and two In Biscayne Bay to monitor the effects 
of the effluent in the Sound and to measure recovery in Biscayne Bay. The 
locations of the stations in Biscayne Bay are shown in Figure 1 and those 
In Card Sound in Figure 2. Physical descriptions of these stations, in-
cluding distance from the effluent, distance from shore, water depth, sedi-
ment depth, sediment type, vegetation type, s.3 well as observations on 
temperature, salinity and dissolved oxygen were presented by Roessler, Tabb, 
Rehrer and Garcia (1974). 

where S = number of species 

N = number of individuals 

E (Shannon General Diversity) - -Z [ft] (§*] 
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RESULTS 

T e m p e r a t u r e — B i s c a y n e B a y 

From July 1968 to February 1972, Florida Power and Light Company 
operated two units each of which produced 432,000 KWe and utilized 615 cu 
ft/sec of cooling water borrowed from the Bay north of Turkey Point. Water 
temperature was raised 6-7°C while passing through the plant. There was a 
1-2°C drop In temperature as the water passed down the canal to the mouth 
of Grand Canal (Nugent, 1970). 

Monthly temperatures for each trawling station were presented by 
Roessler, et al. (1974) for the period July 1968-Juns 1971. Additional 
data from 32 hydrographic stations were presented by Segar, Gerchakov and 
Johnson (1971) and data collected independently by the Environmental Protec-
tion Agency was reported by Tebo, Estes and Lassiter (1968) and Hagan and 
Purkerson (1970). Figure 3 shows seasonal temperature data for stations 
NE III, SE III, D and SE V, other stations are illustrated in the section 
on animal distribution. 

Station N III was used as a control to measure ambient temperature 
during July 1968-December 1968 and station D on Pelican Bank was used as 
a measure of ambient temperature from January 1969-June 1972, After that, 
when the work in Biscayne Bay became primarily concerned with the recovery 
of stations SE I and G previously damaged by the effluent, station 0104 
in Card Sound was used as the control temperature station. 

The average winter ambient temperature was about 17°C. The lowest 
observed temperature was 9°C. In summer, ambient temperature was about 
31°C with a maximum near 35°C occurring in shallow areas in mid summer. A 
few stations generally out of the influence of the thermal plume experienced 
temperatures of 37-38°C in September 1968. These anomalously high tempera-
tures may have been "hot pockets" of effluent water which quickly passed 
over the stations, but more likely were observer errors. 

Off the Grand Canal where approximately 1100 cu ft/sec of discharge 
wi-ter entered the bay, an area of 30 to 50 acres was elevated 5°C above 
ambient. Proceeding outward, succeeding areas were elevated as follows: 
75 acres to +4°C, 170 acres to +3°C and 300 acres to +2°C above ambient 
(Gerchakov, Segar and Stearns, 1971). These areas and temperatures were 
predicted by a model of Lee and Rooth (1971) and confirmed by comparison 
with infrared aerial measurements of temperature in the Turkey Point plume. 
Temperatures typical of winter, spring, summer and fall are given in 
Figure 4. 

In general, the plume was oriented in a northeasterly direction. Out 
of 86 observations the plume traveled northeasterly in 80 cases and was 
deflected to the east or southeast only during periods of northwesterly 
winds which generally accompany cold fronts (Fig. 5). This northeasterly 
transport was relatively constant and occurred on both ebb and flood tides 
(Fig. 6). On several occasions, it was noted that the thermal plume curved 
around Turkey Point and recirculation occurred. 

Stratification occurred only during ebb tides and only during periods 
of calm (0-5 mph) winds which lasted for 12 hours or more. Such low wind 
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FIGURE 3. Seasonal distribution of temperature at stations 
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FIGURE 4. Temperature profile in °C in (A) winter, 
(B) spring, (C) summer, and (D) fal1 
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FICURE 6. Tidal changes in surface temperature profile at (A) late 
flood, (B) early ebbf (C) late ebb, and CD) early flood 
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speeds are unusual in the Miami area and climatological data from Homestead 
Air Force Base (approximately 3.5 miles west of Turkey Point) indicated that 
wind speeds less than 5 mph occurred only 13% of the year. This varies 
seasonally; the largest percent of calm wind (17%) occurred in August and 
the smallest (9%) occurred in March. 

It was believed that the long-term average properties of the thermal 
plume could be ascertained by measurements of the temperature distribution 
in the sediments. This assumption was based on the theory that the sedi-
ment temperature is determined by the diffusion of heat from the water-
sediment interface and would provide a history of the thermal conditions of 
the waters above. 

Figure 7 indicates the temperature of (a) the bottom water, (b) the 
sediment surface, (c) the sediment at 10 cm, and (d) the sediment at 20 cm 
on 12 August 1969. In view of the persistence of the thermal plume axis, 
it was not surprising that the thermal pattern in the sediments was similar 
to the water above. Gerchakov, Rooth, Segar and Stearns (1973) have dis-
cussed the sediment temperature profiles in detail. 

Diurnal variations of 2-3°C or more were common. Figure 8 shows ther-
mograph traces at two stations SE I, 200 yards northeast of the effluent, 
and station A, a control area, during a 5-day period during July 1969 when 
temperatures were extremely high. The effects of tide are indicated by 
the lower curve: ESSA Coast and Geodetic Tide Tables (1969) corrected by 
data from Schneider (1969). Plant load, solar radiation, and time of high 
tide, combine to produce maximum temperature around noon during spring 
tides. The temperature was not elevated as much during neap tides when 
high water occurred in morning and evening hours. 

The seasonal pattern of daily maximum, minimum and average temperature 
(based on eight three-hour intervals starting at 0000 hours) for station D 
Is shown in Figure 9. The Ryan thermographs have a 30°C range and the 
lower limit was 15 or 20°C, therefore, temperatures below these values were 
not recorded. 

The thermograph was in continuous operation from January 1970 until 
March 1971. Minor gaps in June and November were due to instrument repair. 
Temperature drops were obvious in the general warming trend during March 
and April. The cold front activity is again observed in November and 
throughout the winter months. During the summer, temperatures remain rela-
tively constant except for diurnal variations. Heavy thunder showers, 
when they occur near low tides, can cause large diurnal variations. At 
station D the average daily temperature reached 33°C during a single day 
in June 1970. The maximum daily temperature exceeded 33°C on 17 days and 
exceeded 35°C only on one day. ' 

A thermograph was in operation at station A from February 1969-December 
1970. Figure 10 indicates the dally maximum, minimum and average tempera-
ture is about 1.5°C higher than at station D. The large daily variation 
is the result of tidal influence which allows the thermal plume to pass 
over this station during the ebb tide and retards it on the flood tide. 

Average daily ccuperatures exceeded 35°C on one day in July 1969. The 
maximum dally te-4 stature exceeded 35°C on 5 days in Jul" and A days in 
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August 1962; 2 days in June* 1 day in July and 3 days in August 1970. The 
average daily temperature exceeded 33°C on 11 days in July and 6 da>s in 
August 1969; 2 days in June, 2 days in July and at least 5 days in Acgust 
1970. The daily maximum was above 33°C on 4 days in Jun.s, 18 days in July, 
at least 16 days in August and 2 days in September 1969; 7 days in June, 
15 days in July and almost all of August and early September 1970. 

The thermograph data for station F which averages about 2eC above that 
at station D is shown in Figure 11. This station was generally in the path 
of the thermal plume and also exhibits greater daily temperature fluctua-
tions than D. 

At station F, average daily temperature exceeded 33°C for 5 days in 
August 1969 and the daily maximum exceeded 35°C on 2 days. In 1970, 
average daily temperatures exceeded 35°C on 6 days in June, 10 days in July 
and from mid-August through early September. Average daily temperatures 
exceeded 33°C from mid-June through September or for a period of about 4 
monchs. 

Thermograph data for station SE I is presented in Figure 12. This 
station, located 185 m BE of the mouth of the effluent canal, is continu-
ously in the thermal plume. Temperatures at this station averaged 3.5°C or 
more above those at station D. Maxicum temperatures in excess of 35°C were 
recorded from May-Octobec 1969; June-September 1970 and in May 1971. Daily 
averages exceeded 35°C in May-August 1969 and June-September 1970. The 
maximum and average daily temperatures exceeded 33°C in April-October 1969 
and April-September 1970. Thus, the temperature exceeded 33°C for a period 
of six months. 

Station I, located in the mouth of Little River, a minor discharge 
canal which receives about 8X of the discharge, is subjected to tidal vari-
ations in temperature (Nugent, 1970). The flood tide backs up the canal 
and cooler bay water covers the station. On ebb tides the effluent covers 
the station and high temperatures are experienced. 

A copy of the thermograph trace and adjusted tidal cycle is shown in 
Figure 13. This results in about a 5°C difference between daily maximum 
and minimum temperatures (Fig. 14). Thus, although the daiJy maximum tem-
peiatures exceeded 33°C from June-mid-September 1970 and part of April and 
May 1971, the average daily temperature only exceeded 33°C,on 7 days in 
July and 4 days in August 1970. The daily average temperature never 
exceeded 35°C,but the maximum daily temperature was in excess of 35°C on 
23 days during the summer of 1970 and on 3 days in May 1971. More detailed 
analysis of the temperature structure within the canal system was given bv 
Nugent (1970). 

Temperature — Card Sound 

Baseline temperature data xn Card Sound was gathered for approximately 
one year prior to the February 1972 completion of the cooling canal exten-
tion. Information gathered between then and February 1973 indicated the 
temperature field occurring when both Card Sound and Biscayne Bay received 
the diluted effluent. Data collected between February and June 1973 
represents temperature conditions when the extensive closed cooling system 
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was operational. Temperature data were presented in Segar, Gerchakov and 
Johnson (1971) and analyzed by Lee and Rooth (1971). Data for stations 
0104, 0503, 0603 and 0604 are shown in Figure 15. Generally the effluent 
did not exceed the ambient bay (0104) temperature by more than 3°C, and 
only ones was the temperature at 0603 in excess of 35°C. 

Chemistry 

During each trawling trip salinity and dissolved oxygen were measured. 
In addition, measurements by others—see Segar, Gerchakov and Johnson (1971) 
and Lee and Rooth (1971)—have been made in their chemical and physical 
studies. 

Salinity in Biscayne Bay was correlated with rainfall values but 
this relation was somewhat modified by the influence of runoff when flood 
control dams on Florida City Canal, Mowry Canal, Moody Canal, and others, 
were opened to permit drainage. Normally, there was a salinity gradient 
with low salinity near the western shore and an upward gradient as one 
proceeded eastward. This phenomenon is also discussed by Kohout and 
Kolopinski (1964). During the 1970-71 drought period, this salinity 
gradient was reversed. Figure 16 illustrates a typical wet season and dry 
season isohaline distribution. 

The mainland shore stations were subjected to large salinity fluctua-
tions, those in mid-bay experienced a smaller range of salinity and those 
stations near the passes which connect directly to the ocean received the 
least salinity variation (Fig. 17). Station N II is a mainland station 
influenced by Homestead Canal runoff, station G is the effluent, station 
D is a mid-bay station and station S V is near the Florida Keys and in-
fluenced by oceanic waters via Ceasar and Broad Creeks (see Taylor, 1971). 

Data on salinity at 32 additional hydrographic stations in Biscayne 
Ray and at times other than when trawling was done are summarized by 
Segar, Gerchakov and Johnson (1971). 

Additional salinity data for Biscayne Bay and Card Sound are avail-
able; Tebo, Estes and Lassiter (1968), Lee and Rooth (1971). 

Lee and Rooth (1971) have examined the salinity in Card Sound and 
have indicated that the normal salinity gradient implied little mixing of 
the western portion of the Sound with the Atlantic except during periods 
of strong northwesterly winds such as accompany cold fronts. 

Data for stations 0104, 0504, 0603 and 0604 in Card Sound are shown 
in Figure 18. The salinity tended to be oceanic to hypersaline during 
the period of study. Only a surface lens of low salinity water was evi-
dent off the Model Land Canal in the rainy season. 

Oxygen 

Measurements of dissolved oxygen indicated that the water was generally 
well oxygenated Subsequent to passage through the plant a slight reduc-
tion in oxygen occurred probably due to pimple equilibration with the 
atmosphere at the elevated temperature. An additional decrease occurred 
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FIGURE 16. Isohalines in Biscayne Bay during (A) dry season and (B) vet season 
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when large amounts of organic materials were being contributed by runoff 
from the mangrove region adjacent to the plant (Nugent, 19 70). 

Diurnal oxygen cycles were particularly evident on calm days. Oxygen 
values were low in early morning hours and increased to supersaturated 
conditions by afternoon. This was the result of photosynthesis by sea 
grasses and macroalgae. A typical diurnal pattern is shown in Figure 19. 
Extreme oxygen values ranged from 83% saturated (3.4 ml O2/I) to 230% 
saturation (11.1 ml 02/l). 

In the area immediately around the canal mouth, supersaturation was 
rarely observed. This was probably due to the lack of macroalgae and sea 
grass, combined with the swift currents and high turbulence. 

Generally, oxygen values followed a natural seasonal curve with 
higher values occurring in the colder winter months and lower values in 
the warm sumner months. The supersaturated conditions, which occurred 
in summer over dense grass or algae beds, was an exception to this pattern 
but can easily be attributed to photosynthesis and little wind-induced mix-
ing of the water. Monthly oxygen measurements for stations G, SE I, F 
and D in Biscayne Bay are shown in Figure 20. Additional uata for 32 
hydrographic stations and for times other than during- trawling operations 
were summarized by Segar, Gerchakov and Johnson (1971). Oxygen at Card 
Sound stations 0104, 0504, 0603 and 0604 are show;; in Figure 21. 

Other chemical parameters could not be related to animal distribution 
due to the sporadic nature of collection and analysis, of water samples 
and the lack of funds to continue the chemistry program. Data collected 
under the support of the AEC were summarized by Segai, Gerchakov and 
Johnson (1971) and interpreted by Gerchakov, Segar and Steams (1971). 

Measurements of the nutrients, nitrite, nitrate, phosphate, total 
phosphorous, silicate, total dissolved inorganic carbon, and total dissolved 
organic carbon were made as veil as measurements of dissolved iron, copper, 
zinc, pH, alkalinity and Eh of the sediments. In addition, in Card Sound, 
mersurements of gross alpha and gross beta radiation were iradc together 
witn ganora spectra analysis for selected ions. 

Segar, Gerchakov and Johnson (1971: IV-60-6 s" ..rî ed their find-
ings and stated that micronutrients (NO2, NG3, Si J3 and PO4) .rere slightJy 
enriched in the discharge vrater. The carbon dioxi de/ carbonate system of 
the heated water may have been altered by plant operation. Tr :ce transi-
tional metals (Fe, Cu, Zn) are enriched in the ares of heaicci .nter. 

More recent findings from Card Sound have been published '>y Thorhaug, 
Segar and Roessler (1973) and Segar, Gilio and Pellen^arg (197.' and 1973). 

In general, nutrients were found to be low in the Sound and in runoff 
water. The effluent was slightly enriched in nitrate, nitrite, phosphate, 
silicate and total dissolved organic carbon (Gerchakov et_ al., 1973). 
Trace transition metals appear low in the sediments and biota but normal 
to high in the water. This tray be due to the lack of clay minerals in the 
sed<n*»r.t. Tn general, the sedlr>ert«! of the Sound hav; lower concentrations 
of V, Fe, Cd, Pb, Zr., Cu and Ni than do the sedlsu nts in the effluent at 
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Turkey Foint, The silver concentration is about the same at both places. 
Values are given for both areas by Thorhaug, Segar and Roessler (1973). 

Exclusion and Optimal Temperatures 

For each of the 491 taxa collected in the trawl samples, a 10 by 45 
matrix of catch at each 5 ppt salinity increment (5 = 0-5) and 1°C (15 = 
14.1-15.0) was constructed for each species. Data on catch and effort 
for stations N I, N II, N V, NE II, SE II, SE III and SE V in September 
1968, and station S I in November 1968, were excluded because of tempera-
ture discrepancies. All other station month combinations were used. 
To obtain the catca matrix, the number of animals of each species from 
each station each month was summed for the seven tows. Then the proper 
salinity-temperature coordinate was located and the sum of the individuals 
of each species added to the previous total. Simultaneously, the effort, 
seven tows, was added at the appropriate salinity-temperature in an ef-
fort matrix. Upon completion of the 491 catch matrices and the effort 
matrix, catch per tow matrices were computed by dividing the catch matrices 
by the effort matrix. The catch per tow matrices for polychaetes was not 
computed because polychaetes were not identified or counted prior to Jan-
uary 19/1. 

Row totals of the catch matrices divided by the row total for the 
effort matrix provides data on the catch per tow at 1°C intervals. Simi-
lar treatment of column totals provides data on catch per tow by 5 ppt 
salinity intervals. 

For each species it was possible to select the highest temperature at 
which the species was caught, the lowest temperature at which the species 
was caught, the temperature at which the highest catch per tow was made 
(mode), the temperature above which 50% of the catch per tow was made 
(median), the temperature below which 75% of the catch was made (UETy^) and 
the temperature below which 90% of the catch was made (UETgg). These 
data for the 56 most abundant species is given in Table 1, together with 
the numbers of individuals caught and the whole wet: vs'.^t bioir.ass. 

The modal (highest - itch per tow) temperatur vai . ?d from a low of 
13°C for the rainwater killifish, Luc an-' 3 parva, ' a high of 37°C for the 
commercial shrimps of th genus Penaeus. The average of the modes for the 
four abundant fishes was 22.5°C, for the 31 abundant moHusks the average 
of the modes was 24.4, for the eight abundant crustareans the average of 
the modes was 22.9°C, for the five abundant sponges the average of the 
modes was 22.0°C and for the eight abundant echinoderms the average of the 
modes was 20.0°C. 

The median temperature (half the catch per tow above and half below) 
ranged from a low of 18°C for the snail, Triphora nigrocincta, to a high 
of 37°C for the shrimps, Penaeus spp. The average of the medians for 
fishes was 22°C, for mollusks 23.5°C, for crustaceans 24.1°, xor sponges 
27°C, and for echinoderms 23.3°C. The UET75 (75% upper exclusion tempera-
ture") ranged from ?1°C for the snail, Triphora nigrocincta, to a high of 
17°C. for the shrimp, Penaeus spp. The average of the UETyc for fish was 
2ti.3, for mollusks 27.0, for crustacea 28.4, for sponges 27.2 and for 
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Table 1. Temperature range, ope. .. i f ̂ mperature 
Bay and Card Sound 

Modal 
Species Temp. Range Temp. 

FISHES: 
Lucania parva 13-35 13 
Micrognathus crinigerus 13-35 17 
Gobiosoma robustum 13-35 30 
Opsanus beta 13-37 30 

Average 13-35 23.5 

MOLLUSCS: 
Acmaea sp. 14-34 24 
Argopecten irradians 14-38 24 
Amgydalum papyria 14-33 30 
Anachis pulchella 13-33 16 
Anachis translirata 14-34 24 
Bulla striata 13-35 33 
Cardita floridana 13-32 26 
Cerithium eberneum 14-35 33 
Cerithium muscarum 13-37 33 
Columbella spp. 14-37 33 
Columbeila rusticoides 13-34 24 
Congeria leucophaeta 14-33 30 
Crassispira leucocyma 14-32 19 
Crassostrea virginica 13-34 14 
Crepidula maculosa 13-35 30 
Diodora cayenensls 13-35 20 
Haminoea spp. 14-35 30 
Hyalina torticula 13-33 24 
Lima pellucida 14-34 20 
Litiopa melanostoma 13-32 29 
Nitra gemmata 14-34 24 

exclusion temperature for 56 species from Biscayne 

Biomass 
Median 75% 90% Total!' whole wet 
Temp. Exclusion Exclusion Catch wt. gr. 

3/ 
1 9 2 9 32 2 , 0 9 7 N o n e ^ 
21 27 31 2,602 173 
2 5 3C 32 2 , 1 2 7 355 
23 29 32 2,096 30,895 
22 29 32 

22 24 28 1,344 7 
25 29 31 2,961 10,073 
29 30 30 3,785 None 
22 26 28 1,576 58 
22 25 29 1,280 24 
29 32 33 11,946 717 
25 27 29 1,176 129 
31 33 34 7,059 1,186 
31 33 34 25,225 5,196 
28 31 33 6,12b None 
22 fifi 30 3,328 799 
30 31 32 1,203 None 
22 25 28 1,002 10 
14 26 30 1,523 70 
24 29 31 1,205 12 
22 26 30 1,753 130 
30 31 32 1,288 10y948 
23 24 28 2,176 9 
22 27 30 6,802 231 
29 29 30 2,103 None 
22 25 29 13,271 173 



IrAle i. Continued 

Modal 
Species Temp. Range Temp. 

Mitrella lunata 13-•35 31 
Modulus modulus 13-•37 34 
Pirctada imbricata 13-•34 20 
Prunun apicinum 14-•35 14 
Rissoina chesneli 13-•37 20 
Teeula fasciculata 15-•33 26 
Tricolia affinis 13-•34 19 
Triphora nigrocincta 15-•34 17 
Turbo castaneus 13- 37 16 
Vermicularia spirats 13- 37 20 

Average 13-•37 24 

JSTACEANS: 
Callinectes ornatus 13-34 22 
Hippolyte pleuracantha 13-34 14 
Neopanope packardii .3-37 14 
Paguristes tortugae 13-34 24 
Pagurus bonairensis 37 25 
Penaeus spp. 13- 37 37 
Periclimeres americanus j-34 24 
Thor floridarus 3-37 23 

Average 13-37 23 

fPONGEH: 
Ircinia fasciculata 13-34 20 
Haliclona viridis 13-34 16 
Tethya diploderma 14-35 21 
Chondrilla nucula 14-35 23 

Biomass 
Median 75% 90% Total" whole vet 
Temp. Exclusion Exclusion Catch wt. gr. 

24 30 31 49,716 348 
30 33 34 16,749 1,905 
22 26 28 2,367 123 
23 30 33 5,456 295 
23 28 33 32,787 164 
23 26 29 1,182 343 
20 24 27 68,709 482 
18 21 28 1,980 8 
24 28 30 4,546 2,158 
23 31 33 15,157 3,789 

24 28 30 

24 30 32 1,140 18,103 
19 24 29 10,707 171 
22 28 32 8,499 3,907 
22 25 29 3,888 657 
24 30 33 89,616 22,135 
37 37 37 1,006 None 
21 24 29 1,213 115 
24 29 33 138,325 4,703 

24 28 32 

22 27 29 1,972 1,789 
21 27 30 1,046 None 
23 27 30 1,256 5,697 
23 27 32 18,711 42,436 



Table 1. Cmtinroci 

Species Temp. Range 
Modal 
Temp. 

Median 
Temp. 

752 
Exclusion 

90% 
Exclusion 

Total-'' 
Catch 

Bioma 
whole 
wt. g 

Oligoceras hemorrhages 14-35 30 23 28 30 1,082 None 

Average 13-35 22 22 27 30 

ECHINODERMS: 
Lytechinus variegatus 15-32 17 23 28 30 1,253 73,889 
Echinaster sentus 13-34 25 24 27 30 1,413 6,952 
Ophiostigtna isacanthum 14-34 21 24 28 32 3,090 68 
Ophiactis saviguya 13-34 21 22 26 29 6,819 143 
Ophiothrix orstedii 15-34 18 24 28 30 1,009 271 
Ophiopsila riisei 15-34 21 23 28 29 10,732 741 
Ophioderma brevispinum 14-34 21 24 28 31 1,516 388 
Leptosynapta parvipatina 13-35 16 22 27 31 13,132 525 

Average 13-35 20 23 23 30 

1/ Includes catches at stations excluded for Temperature anomaly 

2/ Sponges weighed in kilograms. 

3/ None weighed for biomass 



echinoderms 27.5. The UETgg (90% exclusion temperature) ranged from a low 
of 27°C for the snail, Triphora nigrocincta, to a high of 37°C for Penaeus. 
The average UETgQ for fishes was 31.8, for mollusks 30.5, for crustacea 
31.8, for sponges 30.2 and for echinoderms 30.3°C. The exclusion curves 
(sighted by eye) for selected species are shown in Figures 22 and 23. 

In addition to determining the optimal and upper exclusion temperatures 
for the 56 indicator species, it is possible to examine the preference and 
exclusion temperatures of the various phyla and the total species. From 
the data on the maximum temperature at which a species was caught, it is 
possible to construct an upper exclusion curve. If the cummulative percent 
of the number of species never occurring at a temperature in excess of T^ 
is plotted against Tj_ where Tj_ covers the temperature range ovserved (i.e., 
13°C to 37°C) an ogive is formed. The ogive is close to the cummulative 
normal curve and a probit transformation provides a straight line relation 
between temperature and exclusion of species. From this relation the ex-
act temperature needed to exclude any percent of species can be determined 
or conversely the temperature needed to protect any percentage of species 
can be calculated. The distribution of effort is shown in Figure 24. 

A similar relation can be obtained using the minimum temperature at 
which a species was caught; and it is possible to predict the lower limits 
of temperature needed to protect any percent of the species. 

The intersection of these two curves indicates the temperature at 
which the conditions are optimal for species richness. Below this optimal 
temperature cold limits tropical species and causes a decrease in richness; 
above this optimal temperature heat limits thermal sensitive species. One 
will rote that even at the optimal temperature some species (either 
thermophilic or psvchrophilic) are eliminated. These normally seasonal 
migrants can only be maintained with fluctuating temperature. 

A third curve, the maximum catch curve, is derived from the catch 
per tow matrix. Because of the unequal effort, polythaetes were not in-
cluded in this analysis. A plat of the cummulative percent of the number 
of species exhibiting maximum :atch per tow at or below each 1°C interval 
versus temperature can be used to calculate the temperature at which the 
maximum number of individuals occur. This te .. itr- ts i.here t.kc curve 
intersects the 50% line. 

The combined upper and lower exclusion curv.-s for all 451 taxa com-
bined, for 99 species of fish, for 199 species of mollusks and "or 80 
species of crustaceans is shown in Figure 25. The maximum catch per tow 
curve for the same taxa is shown in Figure 26. 

The data shown in Figure 25 were transformed to their prcbits. The 
lower exclusion temperature where 75% of the species ere lcs*. to cold 
(LFT75), the lower exclusion temperature where 50% o the species were 
lost due to cold (LET_n) , the maximum diversity op^^u: (r.ex. ,:iv.) 
temperature ft the intersection of the two curves, the upper exclusion 
temperature at which 50% of the species were lost to heat (UET^q), and the 
upper exclusion temperature at which 75% o-" the species were lost to heat 
(ULT75) were calculated. These values were calculated for all taxa com-
bll'P.rl. for fir'Hps. irollMplfc!. pnrl ( rrsta-"-"S • ' l 1 1 f r d, ^nH for 



TEMPERATURE °C 

FIGURE 22A. Exclusion curves for dominant fish 
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TEMPERATURE °C 

FIGURE 22B. Exclusion curves for dominant mollusks 
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TEMPERATURE °C 

FIGURE 22C. Exclusion curves for dominant sponges 
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TEMPERATURE °C 

FIGURE 22d. Exclusion curves for dominant echinoderms 
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TEMPERATURE °C 

FIGURE 23. Exclusion curves for four species 
of the dominant crustaceans 
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FTCURE 24. Distribution of effort by temperature 
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TEMPERATURE °C 
FIGURE ExcLusion curves for fish, mollusks, crustaceans and total 

taxa 

-41-



TEMPERATURE °C 

FIGURE 26. Cummulative catch per tow versus temperature 
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33 families of polychaetes, 30 species of porifera, 17 species of 
coelenteraces, and 28 species of e^hinoderma. The results are summarized 
in Tabie 2, together with the optimal tettp-^ature for nunbers of indivi-
duals (max c/e) calculated from the maximum catch per tow curves (Fig. 26). 
Polychaetes were not analyzed and the total taxa reflects the absence of 
33 families of polychaeces. 

Although only 50 and 157, exclusion temperatures were calculated, any 
percent exclusion can be computed using the computed slopes and intercepts 
in Table 3. This Table also shows the coefficient of determination for 
each of the relations. 

An examination of Figure 25 indicates the predicted UET^q is generally 
1-2°C below the observed temperature and the predicted UETyij is generally 
also l-2°c below the observed values. The L^T^q and LETy^ values predicted 
by the probit transform are considerably above those observed in the field. 
A linear interpolation between points gives the estimates in Table 4. 

While the optimal temperatures, UET values, and the LET75 are reason-
ably close (within 1 or 2°C), the predicted LET^q is above the observed 
values by as much as 3-4°C. The discrepancies between predicted and ob-
served lower exclusion temperatures arise from a more gradual decrease 
between approximately 17-25 and a more rapid decrease below 17 for the LETcq 
than predicted. Similarly, the UET observed values increase more gradually 
between 25 to 29° than predicted and more rapidly than expected at temper-
atures in excess of 29°C. 

Obviously, 100% of the species cannot be protected because some 
tropical (warm water) and temperate (cold water) forms are excluded at the 
optimal temperature. The maximum number of species would be present if 
temperatures were kept near the optimum diversity temperature of 24°C. 
However, this does not consider the necessity of fluctuating temperatures 
needed to induce sexual development, spawning, or larval survival. It is 
believed, that the best conditions would include seasonal fluctuations 
from 20 in winter to 30°C in summer. This is approximately the normal 
seasonal averages. 

As was previously stated, the summer ambient temperature was near 
31°C with maximun daily temperatures near 33°C being common during the day 
in shallow water. The winter average ambient temperature was near 19°C 
but recordings as low as 9°C were made. Thus, both cold spells which have 
dropped temperatures to 9°C and increaseu summer temperature in the 
effluent could be expected to cause mortalities or emigrations. 

On 9-10 January 1970, the temperature fell to 9-10°C and a massive 
fish kill was observed in the Bay and adjacent shallows of the ocean. 
Fishes affected included Haemulon spp., Scarids, Harengula, Sphyraena, 
Acanthostracion, Eucinostomus and Sphoeroides. Blue crabs (Calllnectes 
sapidus) 'ere also killed. Gray snapper (Lutjanus griseus), mullet (Mugil 
spp.), and toadfish (Opsanus beta) were apparently unharmed. 

On 26 June 1969, a fish kill was observed in the effluent plume. The 
water temperature was approximately 35°C. Most of the dead fish were 
Opsanus beta (toadfish). Hagan and Purkerson (1970) reported dead 
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Table 2. Exclusion and optimal temperatures for animals in Biscayne Bay/ 
Card Sound, Florida — July 1968 - September 1972 

Taxa LET75 LET 5 0 

Max. 
C/e 

Max. 
div. UE? •50 

I 

UET75 

I unprotected 
at 

max. div. 

Fish 17. ,2 20. ,5 23. ,2 24. 1 27. ,6 30. ,8 23 

Mollusks 16. ,4 20. ,0 23. ,4 24. 8 28. ,7 31. 6 18 

Crustacea 16. ,8 20. .5 23. ,4 25. ,0 28. ,7 31. ,8 21 

Polychaetes 15. ,4 18. .7 * 23. ,8 29, ,3 32. ,8 15 

Porifera 15. ,0 17, .6 21. ,4 23. ,0 31. ,2 35. ,0 08 

Coelenterates 15. .0 18, .7 21, .1 26. ,9 29, .4 30. ,6 07 

Echinoderms 17, .1 20, .5 23. .3 25, .9 29, .5 31. .7 14 

Combined 16, .6 20, .0 23, .0* 24. .5 28, .5 31, .6 19 

Polychaete families not calculated due to unequal effort. They were 
also eliminated from the combined taxa. 
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Tabic 3. Equations for calculating optimum and exclusion temperatures 

a b r2 

FISHES LET 9.15 -C.2029 0.81 
99 species Max C/e .30 0.2022 0.77 99 species 

UET - .78 0.2091 0.86 

MOLLUSKS LET 8.69 -0.1847 0.78 
199 species Max C/e - 0.04 0.2150 0.94 

UET - 1.61 0.2301 0.86 

CRUSTACEA LET 6.77 -0.1837 0.76 
80 species Max C/e 1.07 0.1677 0.90 

UET - 1.29 0.2189 0.85 

POLYCHAETES LET 8.82 -0.2044 0.59 
33 families UET - 0.61 0.1917 0.62 

PORIFERA LET 9.53 -0.2581 0.60 
30 species Max C/e 0.17 0.2254 0.91 

UET 0.40 0.1732 0.56 

C0ELENTERA7ES LET 8.42 -0.1831 0.49 
17 species Max C/e 0.36 0.2194 0.76 17 species 

UET -12.42 0.5918 0.86 

ECHINODERMS LET 9.07 -0.1990 0.65 
28 species Max C/e 0.03 0.2131 0.88 28 species 

UET - 3.96 0.3035 0.74 

ALL SPECIES LET 
C/ei/ 

8.94 -0.1973 0.81 
4 58 species Max C/ei/ 0.51 .1947 0.95 

+ 33 families UET - 1.29 .2206 0.86 

— All species Max C/e excludes polychaetes (458 species) 
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Table Predicted and observed optimum and exclusion temperature 

LET75 LET50 Max. C/e Max. div. UET50
 UET75 

Pred. Obs. Pred. Obs. Pred. Cbs. Pred. Obs. Pred. Obs. Pred. Obs 

FISH 17 15 21 17 23 22 24 25 28 30 31 32 

MOLLUSKS 36 15 20 17 23 24 25 26 29 30 32 33 

CRUSTACEA ] 7 15 21 18 23 23 25 27 29 30 32 33 

POLYCHAFTES 15 14 19 15 1/ 1/ 24 27 29 32 33 33 

PORIFERA 15 14 18 15 21 21 23 27 31 33 35 34 

COELENTERATES 15 15 19 16 21 21 27 27 29 29 31 31 

ECHINODERMS 17 15 21 18 23 21 26 28 30 31 32 33 

ALL COMBINED 17 15 20 17 23 23 24 25 29 30 32 33 

1/ Polychaete families not calculated due to unequal effort. They were also eliminated from the com-
bined taxa. 



Menippe mercenaria (stone crabs), pistol shrimp, bottom dwelling fish, 
spider crabs, blue crabs, small clams, snails, sponges, bay corals 
(Siderastrea sp.) and algae at that time. 

On the morning of 22 June 1971, another fish kill was recorded. 
Approximately 2,000 fish were killed in the discharge canal. Plant records 
showed the temperature of the discharge water was 37.2°C at the time of the 
kill, but temperatures as high as 40.5°C were observed during the previous 
days. Most of the dead fishes were Harengula pensacolae (scaled sardine). 
Also observed were Lutjanus griseus, L. synagris, Sphoeroides testudinus, 
Sph\raena barracuda, Haemulon album, Eucinostomus spp., Caranx sp., 
Arc? osarkus probatocephalus t Centropomus undecimalis, Lagodon rhomboides 
and the swiTuning crab Callinectes oraatus. 

Field observations (see Se;ar et al., 1971) have indicated that about 
30 acres of Bay area are elevated 5°C or more, about 100 acres are elevated 
more than 4°C, about 250 acres are elevated more than 3°C, and 424 acres 
are elevated more than 2°C over the ambient for each ronth. In summer, 
when the ambient Bay temperature is 30-31°C, these temperature elevations 
produce about 150 acres at 33-34°C in which (based on the observed all 
species exclusion values), approximately 71% (349 species) are excluded, 
about 70 acres between 34-35°C where 80% (442 species) are excluded, and 
30 acres above 35°C where 97% or more (476 or more) species are excluded. 
At the normal summer temperature 45% (221 species) are excluded. 

In winter, when the Bay ambient is near 20°C, the higher temperatures 
should permit a greater survival and diversity of species. Our field 
observations indicated this was true only when the "sea grass-macroalgae" 
community recovered in the fall and winter. In the area elevated more than 
4°C above ambient, the vegetation did not recover seasonally and the stand-
ing crop of animals did not increase significantly in winter. In addition, 
with the loss of the flora, nearly all species of animals caught in trawls 
were absent during the summer. 

Aniral Distribution and Abundance 

Supplemental Experiments 
1. Day-Night Comparisons 

Compared to other Ft.ud.zes (F.oessler, 1965; Tabb and Manning, 1961) 
done with identical iv cs and procedures, catches of fishes and invertebrates 
appeared lew in the area of lurkey Point. Roessler (1965) indicated that 
night samples taken in other k arts of Biscayne Bay produced significantly 
greater numbers of fishes than day samples. Difficulties of navigation 
and sample handling procedures precluded routine night sampling. However, 
a series of day-night comparisons were made at Turkey Point during the 
summer of 1969. The results (Table 5) indicated no significant differences 
between day and night catches of fishes. 

Although the trawl did not adequately sample the larger fast swimming 
species, nor the snapper and grunt populations which prefer to congregate 
r'ro 'nd rocir ledges, coral heads, or submerged trees, gear selectivity If 
not the sole, reason for low catches Similar gear used in Biscayne Bay 
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Table 5. Night-day comparisons of catches at 20 stations at Turkey Point 

Taxa 
Number of 
Species 2 Pr 

FISHES IP .28 .400 ns 

MOLLUSKS 57 2.63 .004 * * 

CRUSTACEANS 19 2.61 .005 * * 

P0R1FEFA 8 .11 .460 ns 

ECHINODERMS 8 .42 .340 ns 

ns = not significantly different 
** = significant!;, different Pr - .01 
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(Roessler, 1965) and Everglades National Park (Tabb and Manning, 1961; Tabb, 
unpublished) have collected significant numbers of fishes. In addition, 
observations made while diving to obtain information on the efficiency of 
the net in the Turkey Point area indicated few fishes were present. 

The day-night comparisons (Table 5) indicated significantly more 
mollusks and crustacea were taken at night. Other animals, such as sponges 
and echinoderms, were caught in equal abundance in daylight and night samples. 
Despite the greater abundance of mollusks and crustacea at night, no species 
were caught at night which were not also taken in daylight. 

2. Distance of Tow 

In order to obtain quantitative estimates from trawl samples the dis-
tance towed, the mouth opening during the tow, and the escape rate for 
each species must be determined. Otherwise, only apparent relative abun-
dance can be discussed. In September 1972, experiments were conducted on 
the length of tow at 7 stations in Biscayne Bay and Card Sound. The trawl-
ing procedure was identical to that described in the methods except at the 
start of the tow a measured line attached to a 5 pound weight was dropped 
overboard at the headline of the net. At the end of the two minutes the 
distance trawled was recorded to the nearest meter. 

Figure 27 depicts the results of the experiment. The mean distance 
towed was 43.1 m with a 95% confidence interval of i 2.7 m. There was a 
significant difference in distance towed among stations and those in 
shallow, inshore areas tend to have shorter towing distance than those in 
deeper offshore areas (Table 6). This may well be due to the greater ef-
fect of wind on the vessel at offshore stations. 

The net when first starting to fish had a 2 m opening. Therefore, 
the average tow would be 2 x 43 or 86 m^. However, as the amount of 
material (algae, sponge, rock, etc.) caught in the net increased, the mouth 
opening would decrease. Thus, the 86 m2 area is an rverestimate of the 
area sampled. 

In addition, no measure of selectivity for the 491 taxa caught could 
be obtained. Hence, we discuss only relative catch or catch per tow in 
the general biological section to follow. 

3. Diversity 

In addition to studies on relative abundance of individuals as a 
composite, by taxa and selected indicator species, the community structure 
va: examined with diversity indices. Three indices were computed for sach 
station each month for fishes, mollusks, crustacea, polychaete families, 
potifera, coelenterates, echinoderms, and miscellaneous taxa and a combi-
nation of all of the above. The indices calculated were: 

(d^) Species richness, 

(H) Shannon General Diversity, and 

(e) evenness 
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2 0 3 0 4 0 5 0 

DISTANCE TOWED (meters) 

FIGl'KE 2','. Cori>ari:;on of distance of tow at 7 stations trawled •'.n 
September 1972. Vertical line represents mean, hori-
zontal line represents range, solic* box represents 
)5 perci .(.r,} idence inter' ;tl. . 'rf?. c<i. 
tov s 
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Table 6. Comparison of distance towed in 7 satnpJes at 7 stations in 
Biscayne Bay and Card Sound 

Station ?E I G 0503 0603 0604 0504 0104 

Mean 38.7 27.1 45.9 40.9 54.0 52.4 42.9 

Source df MS F 

Among Stations 6 574.45 28.37 ** 

Error 42 20.25 

Total 48 

Significant at Pr _ .01 
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Additionally, the number of species and number of individuals vas 
listed. The indices for individual taxa are not correlated with the 
indices for the composite. The composite d^ is always larger than the 
component taxa. The H value is variable and was generally some weighted 
average of the individual taxa but it nay exceed that for any of the com-
ponent taxa (see station SE I, Table ?). In August 1972, the range of 
species was from 7 at G to 72 at 0604 and the individuals range from 37 
at G to 805 at 0604. The combined *e' value appears to be a weighted 
average except when it is lower than the individual taxa data, as at SE I 
where the polychaeta are represented by 1 family uith 69 individuals. The 
evenness here is small but cannot be computed because Lcge S = 0 and divi-
sion by zero is undefined. In such cases, we choose to set e = 0.0. In 
cases where N = 1 and S = 1 we choose to set e = 1.000. Because of the 
lack of relation among the various tcxa and combined taxa, and our belief 
that, in the absence of data on trophic levels, a better representation of 
the "community" is obtained by using the combination of all taxa only <"he 
total species richness, general diversity and evenness is discussed. 

Figure 23 depicts the temperature cycle, species richness, generaJ 
diversity and evenness index of the total animal catches at inshore control 
stations in Biscaync Bay for the periods sampled. All of these stations 
are on the sediment shelf. Station N III is a control and has a richness 
index of about 4, the general diversity is about 2 and the evenness shows 
some variability but is somewhat above 0.5. Station NF. II is near Turkey 
Point Peninsula and is generally unaffected by the effluent. The richness 
index is near 4-5, similar to N III. The general diversity index is about 
2 and the evenness is about 0.6. N II is also unaffected by temperature, 
but during the 1968 and 1969 rainy seascr., the salinity fell tc near 0. 
The richness is about 3, somewhat lower than nearby stations which received 
less salinity perturbations. General diversity is near 2 or about the sare 
as other nearshore control stations. Evenness is about 0.7 or about norral 
for control stations. Station H was south of the effluent and occasionally 
was affected by the discharge. It was elevated about 1-2°C above ambient. 
Richness was between 4 and 5, general diversity vas betv?een 1.5 and 2, 
while the evenness index was near 0.6. Station F did not appear different 
than control stations. The scant data available for station I are included 
because this station located at the mouth of a minor r'f'uent c^nal reccivec 
heated effluent on ebbing t M e but not or flood- tiieK. The richness nnc1 
general diversity indices are similar to control -tatior.s, but the evennpst 
component is higher. This station is of special significance because it 
indicates intermittent discharge has a less adverse effect than continuous 
discharge. 

Figure 29 depicts a series of nearshore stations which vrere affected 
by various amounts of temperature increase. Station G is in the mouth of 
the effluent and is usually about 5°C above ambient. The species richness 
was about 1 until early in 1972 after the Card Sound C-.nal diverted part of 
the effluent away from Biscayne Bay and dilution became a commor practice 
to lower temperature. After February 1973, when Grand Janal was closed, 
the species richness was about 5, very similar to control stations, 'ihe 
general diversity was near 1 until the diversion and dilution. After 
closure of Grand Canal is was near 2 or close to control stations. Dur-
ing the period of maximum discharge the evenness cc-ponent was extremely 
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Table '/. Comparison of diversity indice (i!̂ , H, e) for individual taxn ar.H composite! of all taxa. Data fror,i 
7 stations sampled in August 1972 

Station Taxa 

SE I 
Biscayne Bay 

Pisces 
Molluska 
Crustacea . 
Polychaeta — 
Porifera 
Coelenterata 
Echlnoderma 
Misc. vermes 
Tunlcata & 

Bryozoa 

COMBINED 

No. of 
species!/ 

No. of 
individual? 

8 
2 
5 
1 
0 
0 
2 
1 

1 

20 

28 
5 
57 
69 
0 
0 
5 
1 

1 

166 

*1 H 

2.1007 
.6213 
.9894 
.0000 

.6213 

.0000 

.0000 

3.7168 

1.8586 
.6730 

1.3537 
.0000 

.5004 

. 0 0 0 0 

. 0 0 0 0 

2.1184 

.8938 

.9710 

.8411 

.0000 

.7219 
1 . 0 0 0 0 

1 . 0 0 0 0 

.7071 

Biscayne Bay 

0104 
Card Sound 

Pisces 
Molluska 
Crustacea 
Polychaeta 
Porifera 
Coelenterata 
Echinoderma 
Misc. vermes 
Tunicata & 

Bryozoa 

COMBINED 

Pisces 
Molluska 
Crustacea 
Polych'cta 

0 
0 
2 
3 
0 
0 
2 
0 

0 

7 

2 
17 

6 
5 

0 
0 
4 
3 
0 
0 
30 
0 

0 

3 7 

1 

1 6 
24 

.7213 
1.8205 

.2940 

1.6616 

1.442? 
3.1565 
1.8034 
.RS04 

.6931 
1.0986 

.1461 

.8968 

.6931 
1.8753 
1.5607 
. 7298 

1 . 0 0 0 C 
1 . 0 0 0 0 

.2108 

.4608 

1 . 0 0 0 P 
.6619 
.8710 
.4534 



Tahle 7 Continued 

No. of No. of 
.̂ tatio* Taxa speciesi' individuals d^ H 

0104 Porifera 11 
Sound Coelenterata 1 

'cont.) Echinoderma 3 
Misc. vermes 2 
Tunicata & 

Bryozoa 1 

COMBINED 48 

68 2.3699 1.7262 .719? 
4 .0000 .C000 .000( 
6 1.1162 .8676 .789' 
4 .7213 .5623 .811' 

2 .0000 .0000 .00CC 

375 7.9299 2.8934 .747< 

•)[.. Pisces 3 
Molluska 22 
Crustacea 10 
Polychaeta 6 
Porifera 13 
Coelenterata 0 
Echinoderma 5 
Misc. vermes 1 
Tunicata & 

Bryozoa 0 

COMBINED 60 

0504 Pisces 4 
Card Sound Molluska 18 

Crustacea 6 
Polychaeta 6 
Porifera 13 
Coelenterata 0 
Echinoderma 6 
Misc. vermes 1 
Tunicata & 

Bryczoa 1 

3 1 . Wi-V^ i .0986 1.000! 
167 4.1C2 1.6724 . 541 ( 
42 2.4079 1.1968 .519" 
18 1.7299 1.5380 .858' 
34 3.4029 2.3793 .9271 
0 - - -

28 1.2004 1.4903 .925' 
1 .0000 .0000 1.000( 

0 - - -

293 10.3870 2.9599 . 722' 

p 1.4427 1.386? 1.0000 
100 3.6915 2.3263 . 004 F 
74 1.1617 1.1765 .6 56f-
26 1.5346 1.7028 . 950'-
92 2.6538 2.241: . 

V 
128 1.5494 . 864F 

9 . COOP . 0 0 0 0 . 0000 

1 . a r c (V V J..rnrr 



Table 7. Continued 

No. of Mo. of 
Station Taxa speciesi' individuals dl P. e 

0504 
Card Sound COMBINED 55 431 8.9019 3.4229 .8542 

(cont.) 

0603 Pisces 4 7 1.5417 1.1537 .8322 
Card Sound Molluska 14 85 2.9262 1.8165 .6883 

Crustacea 6 18 1.7299 1.3031 .7273 
Polychaeta 9 41 2.1543 1.5565 .7084 
Porifera 8 48 1.8082 1.2967 .6236 
Coelenterata 0 0 - - -

Echinoderma 7 52 1.5185 1.4145 .7269 
Misc. vermes 1 2 .0000 .0000 .0000 
Tunicata & 

Bryozoa 1 1 .0000 .0000 1 . 0 0 0 0 

COMBINED 50 254 8.8490 3.1647 .8090 

0604 Pisces 4 7 1.5417 1.2770 .9212 
Card Sound Molluska 25 323 4.1539 2.1619 .6716 

Crustacea 11 118 2.0961 1.4022 .5847 
Polychaeta 6 69 1.1809 1.6877 .9419 
Porifera 14 90 2.8890 2.3904 .9058 
Coelenterata 2 6 .5581 .6365 .9183 
Echinoderma 7 185 1.1493 1.7313 .8897 
Misc. vermes 1 5 .0000 .0000 .0000 
Tunicata & 

Bryozoa 2 2 1.4427 .6931 1.0000 

COMBINED 72 805 10.6115 3.4659 .8104 

Polychaetes identified to family 



YEARS 
FIGURE 28A. Diversity and temperature at unaffected inshore Biscayne 

Bay stations. 
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YEARS 

FIGURE 31A. Diversity and salinity at Card SountI stations 
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FIGURE 2 8 C . 
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YEARS 

FIGURE 28D. 
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YEARS 

FIGURE 29A. Diversity and temperature at affected inshore stations 
ii Riscayne Bay 
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YEARS 

FIGURE 31A. Diversity and salinity at Card SountI stations 
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FIGURE 29C. 
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FIGURE 31A. Diversity and salinity at Card SountI stations 
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erratic but after diversion and dilution and after closing Grand Canal 
it approached 0.5. Station SE I averaged about 3-4°C above ambient. The 
species richness was about 3 until diversion and dilution when it increased 
to about 4. After Grand Canal was closed richness increased to 6. At 
SE I the general diversity was about 1.5, while the Grand Canal was oper-
ating fully, but increased to abcut 2 after dilution and diversion. The 
pattern of evenness was cyclic and difficult to interpret. Station SE II 
was elevated between 2 and 3°C in the period sampled. The richness index 
was near 7, which is high for nearshore or shallow soft sediment stations, 
but similar to offshore stations. The general diversity was near 2.5 
again similar to mid-Bay and offshore stations. The evenness index was 
quite variable but was near 0.7. 

In Figure 30, three mid-Bay stations and one eastern Bay station are 
compared. None are seriously effected by temperature anomalies. Station 
D was used as a temperature control and is located in shallow water on a 
bar covered with Thalassia in mid-Bay. Here richness averaged about 5, 
general diversity about 2 and the evenness was variable but was near 0.6-
0.7. The two high peaks in evenness occurred in spring to summer when 
natural sclar heating may have driven some species from the shallows. 
Station SE III is also shallow, buc is associated with an island. The 
richness is near 6, general diversity near 2.5 and the evenness near 0.65. 
Station S III is also a mid-Bay station, in deeper water and has harder, 
coarser substrate than the previous stations. It has a richness index 
near 6, a general diversity near 2-2.5, and an evenness of about 0.6. 
The evenness component is irore stable than the shallow stations. Although 
only scattered data are available for the eastern Bay station S V, it is 
obvious that richness is higher (near 9) than inshore and mid-Bay stations; 
general diversity is higher (near 3) than inshore stations and evenness 
also tends to be high compared to inshore stations. 

Card Sound stations with salinity values are shown in Figure 31. 
Effluent was discharged from February 1972-February 1973. The thermal 
anomaly was only 1-2°C at station 0603. At all stations, richness was 
considerably higher than in Biscayne Bay. General d i v e r s i t y and evenness 
a3sc tended to be higher. Nr effect of the effluent was e /ident at any of 
the; stations examined. Ger.t?/ lly, hypersaline conditions at inshore 
stations during the f.isL 1 ^ the study depnssed the richness compo-
nent After return to salinities between 25-35 ppt richness increased, 
the fall in the evenn. • component during the winter and spring of 1973 
was due to a large inil-x of ricolia affinis. 

Examination of sper..L«?s richness, general diversity and evenness indi-
cate that enly the mo-~t severe!-, affected st-tions, i.e., those elev.ted 
3-4°C above ambient or more showed deviations. 

4. Total Counts 

In July 1968-June 1970, 3360 samples produced about 288,000 anirals 
from Biscayne Bay in the vicinity of the Turkey Point power pl?nt. n'he 
catch of each species at. each station was reported by Roessler, Tabb Reh er 
and Garcia (1974) and Bader and Roessler (1971, Tables l-l and V-2). 
Analysis of the d ltd us' " -cnr.ritfJ into twe time o*»t<cHs b® piss 
differences in station lrcrtionr and sortir^ techniques. £ summary of 
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effort by station by yea" is presented in Table R. 

Analysis of the 20 stations sampled from July 1968-December 196£ indi-
cated that a total of 48,128 animals were collected (Poessler, Tabb, Rehrer and 
Garcia, 1974;. Nonparar.etric analysis of variance indicated that the abun-
dance of organisms at the 20 stations was not homogeneous, catches were 
significantly higher than the average (57 animals per drag) at stations 
N V, SE II and SE 111. T~b]e 9 summarizes the vegetation type and abundance 
fnr each of the stations and examination of these tables indicates that 
the three stations with greatest abundance of animals shaie large catches of 
vegetation, principally I.aurericia cr Diger.ia. Seasonal distribution cf 
vegetation in trawl samples at Biscayne Bay stations N II, F, SE I and G is 
shown in Figure 32 and vegetation at Card Scvnd stations 0104, 05C4, 0603 
and 0604 is shown in Figure 33. 

Catches were below average at stations N II, NE IV, NE V, SI I, SE TV, 
SE V, S I and S V. These stations all produced low catches of vegetation as 
well as low animal catches. There appears to be three major causes for low 
catches of vegetation at certain stations. First, Zieman (1970), Roessler 
and Zieman (1970) and Thorhaug (1971), have shown that in an area of about 
300 acres from the mouth of the Turkey Point effluent canal the amount of 
algae -nd sea grass is seasonally reduced by temperature effects. .At sta-
tions N II and N V located near the mouth of the Florida City Canal and 
Moody Canal the vegetation is killed during periods of freshwater discharge. 
This was particularly evident at station N II located 150 m from the mouth 
of Florida City Canal and less so at K V located 300 m from the mouth of 
Moody Canal. However, at N V the dense Digenia growth observed in July 
and August 1968 was totally killed in September, but quickly replaced by 
Laurencia. The freshwater influence at station N V xcas also indicated by 
the presence of the pelecypods Crassostrea virginica, Amygdalum papyria, 
Congeria leucophaeta, and Anomalocardia cuneimeris. The third reason for 
low catches of vegetation is due to stations located on Thalassia flats. 
The otter trawl does not uproot the Thalassia but only catches the dead 
fragments of the blades. The Thalassia beds are dominant on the shallows 
near the Arsenicker Keys on Pelican Bank and near the Florida Keys on the 
eastern side of the Bay. 

Thus, we believe the low abundance of animals at stations S I and 
SE I which were in the thermal plume and were elevated 5.26 and 5.25°C above 
ambient, was the direct result of temperature increases or indirect result of 
temperature which adversely affected the algae and sea grass, used as food and 
shelter by the aniirals. Further study is needed to separate these alterna-
tives. The low catches at station N II are probably caused by fresh water dis-
charge from a point source at the mouth of the Florida City Canal, and low 
catches at stations NE IV, NE V, SE IV, SE V and S V result because these off-
shore stations have sparse, vetetation or nearly pure Thalassia communities with 
little unattached vegetation. 

After January 1969, a washing technique was used in field sorting which 
made the collection of small molluscs and other animals more efficient. In 
the period January 1969-June 1971, the ^ean catch per tow was 91.8 animals 
pei tow with a 95% confidence interval of 66.1 to 117.5 for stations N I, 
II II, K III, NE I, NE II, NE III, SE II, SE III, S 1, S II and S III. Sta-
tic.ic, " III, end F tt, t.rere abnvo average in catch ?>nd stations N I and ^ T 
were below average. Station SE I with a catch per unit cf 67.0 for the period 
January l?69-June 1973, was within the confidence limits, but was at the low 
end of the range (Table 10). 



Table 8. Summary of distribution of effort (number of tows) 

7/68- 7/69- 7/70- 7/71- 7/72-
Station 6/69 6/70 6/71 6/72 6/73 Tota] 

N I 84 86 77 0 0 247 
N II 84 86 77 0 0 247 
N III 84 36 77 0 0 247 
N IV 48 12 0 0 0 60 
N V 48 12 0 0 0 60 
NE I 84 86 77 0 0 247 
NE II 84 86 77 0 0 247 
NE III 84 86 77 0 0 247 
NE IV 48 12 0 0 0 60 
NE V 48 12 0 0 0 60 
SE I 84 86 84 84 84 422 
SE II S4 86 77 0 0 247 
SL III 84 86 77 21 0 268 
SE IV 48 12 U 0 0 60 
SE V 48 12 0 0 0 60 
5 I 84 86 77 0 0 247 
S II 84 86 77 0 0 247 
S III 84 86 77 0 0 247 
S IV 48 12 77 0 0 137 
S V 48 12 77 0 0 137 
A 70 86 77 0 0 233 
B 42 86 0 0 0 128 
C 42 86 0 0 0 128 
D 42 86 77 0 0 205 
E i • "> 86 77 0 0 205 
F 42 86 84 42 0 254 r, 42 86 84 84 84 380 
H 42 86 77 0 0 205 
I 0 0 77 0 0 77 
J 0 0 77 21 0 98 
K 0 0 77 0 0 77 
0104 0 C 84 84 84 252 
0204 C 0 63 0 0 63 
0208 0 0 77 49 C 126 
C304 0 0 70 28 0 98 
030b 0 0 63 28 0 91 
0<j 03 0 0 70 49 0 11S 
0404 0 0 70 49 0 119 
04 0* 0 0 84 49 0 133 
0503 0 0 84 84 84 252 
0504 0 0 84 84 84 252 
0603 0 n 84 84 84 252 

0 0 84 84 84 252 
0606 0 63 28 0 91 

0 77 o 0 77 A70 < 0 84 4.0 0 133 
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Table 8. Continued 

7/68- 7/69- 7/70- 7/71- 7/72-
Station 6/69 6/70 6/71 6/72 6/73 Total 

0704 0 0 63 28 0 91 
0803 0 0 63 0 0 63 
0804 0 0 63 0 0 63 
0805 0 0 63 28 0 91 
1003 0 0 77 0 0 77 

-75-



Table 9. Temperature and vegetation data for Biscayne Bay and Card Sound trawling stations 

BISCAYNE BAY 
July - December 1968 

Bottom Temp, Average 
Station Max. Min. t Dominant Vegetation Pounds/Tow 

N I 37.6 13.5 -0.17 laurencla, Thalarsia 7.32 
N II 36.6 15.7 -0.68 Lau*"encia, Diplanthera 6.68 
N III 30.4 15.4 -25.08* Laurencia, Thalassia 5.70 
N IV 30.7 13.8 -0.85 Laurencla, Thalassia 3.77 
N V 37.3 14.2 -0.02 Digenia, Laurencia & Thalassia 17.29 
NE I 30.4 14.2 -0.76 Laurencia, Diplanthera & Thalassia 7.69 
NE II 38.1 14.8 -0.35 Laurencia, Thalassia 9.46 
NE III 32.3 15.3 -0.11 Laurencia, Thalassia 5.23 
NE IV 30.4 15.4 -0.41 Udotea, Penicillus & sponges 1.33 
NE V 30.5 15.6 -0.63 Thalassia 0.01 
SE I 37.5 22.4 +5.25 Digenia & peat 1.78 
SE II 36.3 20.4 +2.20 Laurencia, Batophora & Thalassia 4.13 
SE III 37.8 16.5 +1.17 Laurencia, Thalassia 6.31 
SE IV 31.4 17.6 +1.31 Thalassia, Laurencia 1.29 
SE V 38.7 17.7 +0.37 Thalassia 0.23 
S I 38.0 22.7 +5.26 Diplanthera 1.23 
S II 32.9 18.0 +2.25 Laurencia, Thalassia 3.75 
S III 31.8 18.J +0.93 Laurencia, Thalassia 1.43 
S IV 30.1 20.0 +1.05 Some Thalassia & sponges 0.73 
S V 30.8 18.2 +0.41 Alcyonarians & sponges 0.03 

January 1969 - June 1970 

N I 30.2 15.0 +0.35 Laurencia, Thalassia 11.46 
N II 32.0 15.0 +0.29 Laurencla, Diplanthera 9.36 
N III 31.5 15.0 + 0.24 Laurencia, Thalassia 20.67 

Average ambient temperature 



Table 9. Continued 

Bottom Temp. Average 
Station Max. Min. t Dominant Vegetation Pounds/Tow 

NE I 30.9 15.5 +0.57 Laurencia, Thalassia & Diplanthera 10.70 
NE II 31.0 15.8 +0.60 Laurencia, Thalassia 

Diplanthera 
13.25 

NE III 30.7 15.1 +0.27 Laurencia, Thalassia 9.87 
SE I 34.1 19.8 +3.59 Diplanthera, Laurencia d peat 3.12 
SE II 34.0 16.1 +0.74 Laurencia, Thalassia & Batophora 7.91 
SE III 32.1 14.8 +0.26 Thalassia, Laurencia 

Batophora 
4.97 

S I 35.3 21.0 +3.65 Diplanthera 1.30 
S II 34.2 19.4 +2.39 Laurencia, Thalassia 11.16 
S III 34.1 16.1 +0.75 Laurencia, Thalassia 6.09 
A 31.5 15.8 +1.48 Laurencia, Thalassia 6.06 
fi 31.1 15.9 +0.89 Thalassia, Laurencia & sand 4.53 
C 31.9 15.4 +0.18 Udotea, Penicillus 3.69 
D 31.0 15.2 24.13* Thalassia 2.00 
E 32.0 15.1 +0.31 Laurencia, Thalassia 3.66 
F 35.0 15.8 +1.82 Thalassia, Digenia & Laurencia 15.79 
G 34.5 22.5 +4.56 Acetabularla (winter) & i blue-green diatom mat 0.09 
H 35.0 18.2 +1.46 Laurencia, Thalassia 9.91 

July 1970 - June 1971 

Bottom Temp. Ave. Average 
Station Max. Min. Temp. Dominant Vegetation Pounds/Tow 

N I 30.8 15.1 24 Laurencia, Thalassia 8.50 
N II 30.6 15.1 24 Laurencia, Diplanthera 7.38 
NE II 31.3 15.2 25 Laurencia. Thalassia 10.48 
SE I 36.0 20.6 29 Diplanthera, Laurencia 4.36 
SE II 30.8 15.7 26 Laurencia, Thalassia 4.47 
SE III 30.4 16.1 25 Laurencia, Thalassia 3.53 

mean ambient temperature 



Table 9. Continued 

Bottom Temp. Ave. Average 
Station Max. Min. Temp. Dominant Vegetation Pound8/Tow 

S I 36.0 21.9 29 Diplanthera 1.43 
S II 35.4 21.1 28 Laurencia 4.72 
S III 30.6 16.2 26 Laurencia 7.48 
S IV 30.1 16.1 25 Laurencia, Thalassia 3.17 
S V 30.3 16.0 25 Laurencia, Thalassia 4,59 
A 32.3 .1 . 2 26 Thalassia, Laurencia 5.. 65 
D 30.1 15.9 24 Thalassia, Laurencia 2,89 
E 30.3 15.6 25 Thalassia, Laurencia 3.62 
F 33.0 16.0 27 Laurencia 5.42 
G 36.0 21.7 30 microalgae 0.37 
H 31.2 17.3 26 Laurencia 9.87 
I 32.7 17.0 27 Thalassia, Diplanthera 2.22 
J 33.2 16.0 26 Laurencia, Thalassia 6.90 
K 32.0 15.1 26 Thalassia, Laurencia 2.47 

July 1971 - , June 1973 

SE I 34.1 19.3 28 Laurencia, Diplanthera 3.68 
G 34.0 19.3 28 microalgae 1.08 

CARD SOUND 
July 1970 - June 1973 

0104 31.1 13.5 25 Thalassia 3.4 
0503 32.0 16.5 26 Laurencia 5.7 
0504 31.8 16.3 26 Laurencia 4.1 
0603 33.5 16.5 26 Diplanthera, Laurencia 3.9 
0604 32.0 16.5 26 Laurencia 8.9 



Table 9. Continued 

Average 
Dominant Vege tat ion Pound s/Tow 

July 1970 - December 1971 

0208 30.4 14.2 26 Thalassia 0.4 
0405 30.9 16.2 26 Laurencia 3.6 
0703 31.3 16.8 26 Laurencia 2.4 

July 1970 - May 1971 

0608 30.7 15.1 25 Thalassia 0.7 
1004 30.3 16.8 25 Laurencia. Thalassia 3.5 

September 1970 - May 1971 

0204 27.9 16.4 23 Thalassia, Laurencia 5.7 
0304 28.0 16.5 23 Laurencia. Thalassia 21.2 
0306 27.9 14.8 23 Thalassia 4.7 
0403 27.9 16.2 24 Laurencia, Thalassia 11.6 
0404 27.9 16.6 23 Laurencia 11.7 
0606 28.1 16.2 23 Thalassia, Laurencia 10.3 
0704 28.0 16.5 23 Laurencia, Thalassia 11.8 
0803 27.9 16.6 24 Laurencia, Thalassia 5.6 
0804 28.0 16.8 23 Laurencia, Thalassia 18.2 
0805 ?8.0 P 23 Laurer.cia 10.8 

Bottom Temp, Ave. 
Station Max. Min. Temp. 
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Table lo. Catch per tow of all species combined at selecte : stations in 
Eiscsyr.e Lay ar.J Card Sound 

Station 

C/e 
July 1968-
June 1971 Station 

C/e 
Jan. 1969-
June 1971 

C/e 
July 1970-

Stsuicn June 1973 

N I 
N II 
N III 
.\T. I 
NF. II 
NE Til 
SF, JI 
SF III 
S I 
S 
S 

SE 

Sx 

II 
III 
I 

62.4 
99.5 

159.1 
6S.9 

103.4 
76.2 

103.8 
82.2 
13.9 

13S.6 
99.5 
67. Gi/ 

11.7 

91.S 

A 
D 
E 
F 
H 

57.1 
51.1 
6 0 . 1 

163.7 
161.2 

19.12/ 

26.1 

98.6 

01(" 4 
0503 
05 f i 
06C 3 
06 C 4 

70.4 
104.2 
116.2 
94.1 

208.0 

23.6 

118.6 

95% CI 
66.1 - 91.8 - 117.5 

1/ 

2/ 

95% CI 
25.5 ^ 98.6 i 171.7 

July 19fS - June 1973 
January 1968 - June 1973 

95% CI 
52. •> i 118.6 - 184.6 



The m a n catc: per Lev Lor stations A, D, E, F and F for the period 
January 196S-June 1971 was 98.6 animals per tow. The 95% confidence limits 
were 25.5 to 171.7. All of the stations i^re within this range. Station C 
had a mean catch of 19.1 for the period January 1969-June 1973. It there-
fore, had significantly low catches. 

The mean catch/tow for Card Sound stations 0104, 05C3, 0504, 0603 and 
06OA was 118.6. The 95°\ confidence interval was from 52.6 to 184.6. Sta-
tion 0604 produced high catches while the other stations fell within the 
expected range. 

Above average catches occurred at stations where vegetation predomi-
nantly Laurencia spp. was abundant. Low catches occurred at stations G 
(the Biscayne Bay effluent mouth), station S I (185 m ea:-::-southeast of 
the effluent) and station P T (north of the intake canal) Station SE I 
(1S5 m east-northeast of the effluent) was within the 95"' confidence inter-
val, but at the low end cf the range. This catch per to\ includes a year 
of samples after the effluent was diverted to Card Sound and when this 
ear was not included, the catch per tow at SE I was significantly low. 

Therefore, we conclude that stations elevated betwee:. 3-4°C above 
ambient and those between 4-5°C above ambient had significantly less anitna:. 
biomass than other stations in the Bay and Sound system. 

While total counts of animals per tow and community diversity are in-
structive, it is of considerable importance to examine the various taxa to 
see how each is affected and for the most abundant species or those of eco-
nomic importance it is essential to examine the changes in the species itself. 

Fish 

Fishes were poorly represented in trawl samples and the 8479 trawl hauls 
produced 14,173 individuals or 1.8% of the animal catch. The total fishes 
taken in Biscayne Bay was 10,097 in 5784 drags or 1.7 fishes per tow were 
taken, while in Card Sound 4076 fishes were taken in 2695 drags or 1.5 fishes 
ner tow were taken. Hence, the catch per tow of fishes in both areas was 
sirn lar 

Examination of fish catches in the period July-Decemner 1968 indicated 
significantly higher than average catches (3.27 fish/tow) at station N V and 
lower than average catches at stations SE I and F I (Roessler, Tabb, Rehrei and 
Garcia, 1974). The low catches at stations S I and SE I are probably the re-
sult of elevated temperatures and the resulting lack of algae and sea grasses 
(Table 9). 

During the period July 1968-June 1971, the catch per tow of fishes for 
stations N I, N II, N 111, NE I, NE II, NE III, SE III, S I, S II, S III 
(basic stations) was 1.7 fishes per tow. The 95% confidence limits were bet-
v.een 1.2 and 2.3. Stations N II and N III produced above average catches 
while S I elevated 3.5°C above ambient produced below average catches. Con-
sidering the 5 year study period, catches at station SF. T were within the 95% 
confidence interval despite the fact that it was elevated 3.5°C during the 
period July 1968-February 1972. 

The average catch per tow at stations A, D, E, F and H (added Biscayne 
Bay stations) for the period January 1969-June 1971 was 1.43 fishes per to^. 
The 95% confidence interval encompassed a range from 0.8 to 2.1 fishes per 
tow. Station H produced above average catches, station C. sampled between 
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January 1969 and June 1973, had an average catch of 0.3 fishes per tow and 
was significantly below average. 

Stations 0104, 0503, 0504, 0603, and 0604 (Card Sound) were sampled 
from July 1970-June 1973 and produced 1.3 fishes per tow. Catches at station 
0104 (0.82) were below the 95% confidence limits (0.84-1.74) and station 0604 
(1.75) had catches above average (Table 11). 

Ninety-nine species of fishes were collected, but no species comprised 
as much as 1% of the total catch. Cowfish (Acanothostracion quadrlcornus), 
code gobies (Gobiosoma robustmn), rainwater killifish (Lucania parva), 
fringed pipefish (Micrognathus crinigerus) and Gulf toadfish (Opsanus beta) 
were the dominant fishes contributing 7, 15. 15, 19 and 15% of the total 
fish catch respectively, or a total of 71% of the numbers of fish. 

The cowfish was represented by 1024 Individuals. The average catch per 
tow in Biscayne Bay was 0.06 cowfish per tow and varied from a* low of 0 at 
N V, A and I, to a high of 0.65 at SE I. Generally, catches were highest 
near the Florida Keys and low near the mainland. In Card Sound the average 
catch per tow was 0.23 with a range from a low of 0.12 at station 0403 to a 
high of 0.88 at 0608. Again in Card Sound, catches were low near the main-
land shore and higher near the Florida Keys. Cowfish appear to be back reef 
forms which enter the Bay areas. Their greatest abundance occurs where Lee 
and Rooth (1971) indicate tidal exchange is greatest. The low relative abun-
dance (0.008 at station G, 0.004 at S I and 0.002 at SE I) may be attributed 
to the inshore nature of these stations and variability of salinity rather 
than thermal additions. 

The code goby was represented by 2143 individuals. In Biscayne Bay the 
average catch was 035 individuals per tow. The low was (0.00) at NE V and 
SE V and the high was 14.82 at N V. In Card Sound the average catch per tow 
was 0.04. The low was (0.00) at 0208 and 0703. In general, this is an in-
shore sediment wedge species adapted to variable salinity. Thus, the low 
catches at G (0.02 fish/tow), at SE I (0.09) and at S I (0.02), were signifi-
cant compared to other inshore stations. The code goby appears to be most 
ahvndant at temperatures near 30°C although 90% of the individuals were col-
lected at temperatures below 3-?.cC. 

The rainwater killifisi. wrs represented by 2i 0 individuals. The 
average catch in Biscayn- Bay was 0.37 individuals per tow. The low was 0.00 
at NE IV, NE V, SE TV, SL V and C and the high was 2.66 at N II. Only 11 
specimens were taker, in r rd Sound. This species was abundant only along the 
north (N) transect and a. - few other inshore stations subject to occasional 
fresh xcater inputs from drainage canals. It is primarily t fresh water species 
which is carried in great, abundance to the Bay during the i ainy season. Eco-
logically, it is important as a link between fresh water nu.rsh production and 
the estuary but it has little value as an indicator of thermal stress. 

The fringed pipefish was represented by 2688 individuals and was the most 
abundantly caught fish in the survey. The average catch in Biscayne Bay was 
0.28 individuals per tow. They were taken at all Biscayne Bay stations. The 
catch per tow was low at stations N II (0.04) and N V (0.0f), which were in-
fluenced by fresh water discharge. Stations NE V (0.07), 5E V (0.03) and S V 
(0.07) were offshore stations with low catches. Stations C.K I (0.36), S I 
(0.03), F (0.06), G (0.16) and i (0.01) had low catches, probably as a result 
cf thermal stress which limited the amount of vegetative cover. Station B 
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Table 11. Catch per tow of fishes at selected stations in Biscayne Bay and 
Card Sound 

C/e C/e C/e 
July 1968- Jan. 1969- July 1970-

Station June 1971 Station June 1971 Station June 1973 

N I 1.36 A 1.04 01C4 0.82 
N 11 3.54 D 1.05 0503 1.35 
N III 3.11 E 1.21 0504 1.48 
NE I 1.38 F 1.56 0603 1.07 
NE II 1.83 H 2.28 0604 1.75 
NE III 1.49 
SE II 1.41 
SE III 1.52 
S I .83 
S II 1.34 
S III 1.22 . 

0.27^ SE I 1.92—• a 0.27^ 
Sx .25 .23 .16 

X 1.73 1.43 1.29 

95% CI 95% CI 95% CI 
1.18 < 1, .73 < 2.28 .79 < 1. 43 < 2.07 .84 < 1.29 < 1.74 

July 1968 - June 1973 
2J January 1968 - June 1973 
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(0.06) also produced catches and had small amounts of Laurencia. It was 
not, however, thermally stressed. Two inshore stations N IV (0.88) and H 
v0.85) produced the highest catches. 

In Card Sound the average catch was 0.3* individuals per tow (Table 12). 
No fringed pipefish were taken at offshore station 06C8 and only a single in-
dividual was taken at C208. The highest catch (1.63 individuals per tow) was 
taken at 0304. The species prefers shoreline areas with a large amount of red 
algae, Laurencia spp. Catches are depressed in areas of thermal stress and in 
areas where fresh water is discharged into the Bay via drainage canals. 

The Gulf toad fish Opsanus beta is known to hybridize with 0_. tau in Bis-
cayne Bay (Schultz and Reid, 1937) and some of the 1124 individuals reported 
here may be hybrids. Examination of pectoral fin pigment pattern indicates 
the incidence of hybrids was low, Opsanus was present at all stations but was 
most numerous where red algae Laurencia spp. or D-genia simplex was abundant. 
Tne catch rate was 0.25 individuals per tow, 0.24 fish per tow In Biscayns Bay 
and 0.28 in Card Sound. In Biscayne Bay catches were low at the most severely 
stressed stations G (0.01), S I (0.05)," SE I (0.06), I (0.09) and K (0.04). 
They were also low at stations located offshore: NE I (0.10), SE IV (0.08), 
SZ V (0.02) and S V (0.04) and in areas where Lauren'-in spp. was not common: 
N 1 (0.09), B (0.07) and D (0.09). The highest catch occurred at station N V 
(3.98) during a period of heavy Digenia growth. The small mussel, Brachidontes 
axustus, probably served as food and the heavy algal growth protected them from 
predators such as cormorants. Almost all of the fishes were small. (15 gm wet 
weight) and large individuals which dwell in holes were mostly missed by the 
t rawl. 

In Card Sound catches were low at inshore stations 0104 (0.10), 0603 (0.08), 
0703 and 0803 (0.02) and 0208 (0.03) near the Broad Creek Channel. The wide-
spread low catch rate at inshore stations implies the effluent at 0603 was not 
the cause of lew catch rate. Stations 0304 (1.18) and 0804 (0.43) produced high 
catch rates and were also r.oducers of large quantities of red algae (Table 12). 

Fishes of sport or conmercial importance collected included 4 silverperc^, 
Bairdiella chrvsura, 14 pcrgy, Calamus calamus, 2 spotted seatrout, Cynoscion 
nebu1osus, 15 sand perch, Biplectrum formosum, 77 grunts, Haemulon spp., 10 pig-
"i h, Orthoprl- lis chrysop terns 5 hogfish, T.achnolaimus "naximus, 583 pinfish, 
Lagc-con rhotnboides, 133 Lt: "Janus s*, - , 8 ag V eroperca iicrolepis, 
." flounder, ^ jali ..ht> .t£ and 5 barric ., S^hyraena barracuda. 

I.agodcn rhonibcido ? n-t appear to be adversely affected on an annaul 
basis by the temperatures o" .• . ve-d. Too few specimens were available to examine 
seasonal patterns. »: -c •• 1 -;0) trapped these fish in the effluent canals. Re 
found that pfnfic.h * c : • : e nl uncart in the heated canals in winter and less 
abundant in .-'-t̂ mei then ir r.is control station. The dependence of this species 
o.i ti-. -ea grasses or attach l ,-! gae is well documented and Caldwell (1957), 
Darnell (1:"-) and Springe- r t "eodburn (1960) indicated that these fishes 
feed or. vegetation. 

Mo.llusks 

,vollus;ks were the n-ist abundant group of animals ir. - ur collections. 
• 363, 'nd ' vtf'uni r * - i s - d of 199 species. This represented 

i'-f total nr.." 1 'fr ^r'.J'icantcs exustus, Bit'.ium varium and 



Table 12. Catch and catch per tow of fishes, and catch per tow of cowfish, 
code goby, rainwater killifish, fringed plpefir.h and toadfish 

CAT:H CATCH PER TOP 
Code Rainwater Fringed 

Station Fishes Fishes Cowfish Goby Killifish Pipefish Toadfith 

N I 336 1 . 3 6 . 0 0 8 . 0 6 9 . 8 1 4 . 2 0 2 . 0 8 5 
N I I 875 3 . 5 4 . 0 0 4 . 2 8 7 2 . 6 5 6 . 0 4 0 . 2 2 3 
N I I I 767 3 . 1 1 . 0 0 4 . 7 5 3 1 . 4 5 3 . 1 9 8 . 4 9 0 
N IV 214 3 . 5 7 . 1 5 0 . 9 1 7 . 2 8 3 . 8 8 3 .700 
N V 1328 2 2 . 1 3 0 . 0 0 0 1 4 . 8 1 7 2 . 4 5 0 . 0 5 0 2.380 
NE I 340 1 . 3 8 . 008 . 1 8 6 . 5 6 3 . 2 7 5 ,15£ 
NE I I 453 1 . 8 3 . 0 7 3 . 3 2 0 . 3 5 6 .613 .202 
NE III 368 1 . 4 9 . 0 5 7 . 1 7 0 . 0 5 7 .660 . 3 1 2 
NE IV 72 1 . 2 0 . 3 3 3 . 0 5 0 0 . 0 0 0 . 4 5 0 .050 
NE V 47 0 . 7 S . 2 3 3 0 . 0 0 0 0 . 0 0 0 . 0 6 7 . 1 0 0 
SE I 811 1 . 9 2 . 0 0 2 . 0 8 5 .443 . 0 3 6 . 0 6 2 
SE 11 347 1 . 4 1 . 0 7 3 . 1 5 4 . 0 0 8 . 749 . 0 5 7 
SE III 406 1 . 5 2 . 0 4 1 . 1 7 2 . 0 7 8 .608 . 3 5 8 
SE IV 82 1 . 3 7 . 1 0 0 . 0 1 7 0 . 0 0 0 . 2 6 7 . 0 8 3 
SE V 1 4 0 2 . 3 3 . 6 5 0 0 . 0 0 0 0 . 0 0 0 .033 . 0 1 7 
S 1 206 0 . 8 3 . 0 0 4 . 0 2 4 . 0 1 2 . 0 2 8 . 0 4 6 
S II 332 1 . 3 4 . 1 3 3 . 3 8 9 . 0 4 1 .326 . 2 5 1 
S III 300 1 . 2 2 . 0 7 3 . 0 6 1 . 0 4 9 . 5 0 6 . 2 1 1 
S IV 139 1 . 0 2 . 0 5 1 . 1 1 7 . 0 2 2 . 1 1 8 . 1 0 9 
S V 190 1 . 3 9 . 5 8 4 . 0 0 7 . 0 1 5 . 0 6 6 . 0 4 4 
A 242 1 . 0 4 0.000 . 1 4 6 . 3 8 2 . 5 1 5 . 1 5 0 
B 116 0 . 9 1 . 0 1 6 .125 . 3 8 3 . 0 6 3 . 0 7 0 
C 200 1 . 5 6 . 2 2 7 . 0 3 1 0 . 0 0 0 . 7 1 9 . 2 5 0 
D 215 1 . 0 5 . 0 2 4 . 0 1 0 . 0 0 5 . 1 5 6 ,08F 
E 247 1 . 2 1 .083 . 0 1 2 . 0 0 5 . 2 8 3 . 1 6 6 
F 396 1 . 5 6 . 0 0 4 . 5 7 1 . 0 5 9 . 0 5 5 . 7 1 3 
G 104 0 . 2 7 . 0 0 8 . 0 1 8 . 0 0 3 . 0 1 6 . 0 0 3 
H 467 2 . 2 8 . 0 1 0 . 6 4 4 . 1 3 7 . 8 4 9 . 4 7 8 
I 226 2.94 0 . 0 0 0 . 4 5 5 1 . 3 0 0 .C13 . 0 9 1 
J 95 0 . 9 7 . 0 4 1 .122 . 0 3 9 . 2 7 6 , 102 
K 36 0 . 4 7 . 0 3 9 . 0 2 6 . 1 1 7 . 4 2 9 . 0 3 9 
010', 207 0 . 8 2 . 1 2 3 . 0 4 0 . 0 3 2 . 1 4 7 . 0 9 5 
020 83 1 . 3 2 .206 . 0 1 6 0 . 0 0 0 . 5 4 0 . 1 5 9 
C20 94 0 . 7 4 . 2 4 6 0 . 0 0 0 0 . 0 0 0 . 0 0 8 . 0 3 2 
030' 357 3 . 6 4 . 1 8 4 . 0 6 1 . 0 1 0 1 . 6 3 3 1 . 1 7 3 
030f 100 1 . 1 0 . 3 0 8 . 0 3 3 0.000 . 0 9 9 . 2 4 2 
0401: 123 1 . 0 3 . 1 1 8 . 0 3 4 0.000 . 3 8 7 . 2 1 0 
0404 206 1 . 7 3 . 2 3 5 . 0 1 7 0.000 . 5 8 0 . 3 3 6 
0405 160 1 . 2 0 . 3 3 8 . 0 0 8 0.000 . 1 2 0 .256 
0 5 0 ' 339 1 . 3 5 . 2 4 6 . 0 5 6 0.000 . 1 0 2 . 1 8 3 
050^. 373 1 . 4 8 . 2 9 4 . 0 2 8 0.000 . 3 1 7 . 2 U 
0603 270 1.0? .250 . 0 3 6 . 0 0 4 . 1 7 9 .079 
0604 440 1 . 7 5 .282 .016 0 . 0 0 0 .444 . 3 2 1 

214 2 . 3 5 . 1 6 5 .022 0 . 0 0 0 .901 . 7 5 8 
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Table 12. Continued 

CATCH CATCH PER TOW 
Code Rainwater Fringed 

Station Fishes Fishes Cowfish Goby Killifish Pipefish Toadfish 
0608 211 2.74 .883 .013 0.000 0.000 .117 0703 85 0.64 .233 0.000 0.000 .098 .045 0704 171 1.88 .220 .066 0.000 .824 .297 0803 45 0.71 .143 .016 0c000 .413 .016 0804 246 3.91 .222 .302 0.000 1.175 1.429 0805 235 2.58 .286 .121 0.000 .670 .516 1003 118 1.53 .351 .091 .013 2.60 .156 



In the peiiod July 1568-June 1971, the average catch per tow at the 
11 original Biscayne Bay stations was 44 mollusks per tow. The 95% confi-
dence interval was from 24 to 64. Stations N II, N III at d S II were above 
average, while S I produced low catches. Station SE I sat-pled through 
June 1973 produced 34 mollusks per tow and hence, falls within the confi-
dence limits. 

The added Biscayne Bay stations sampled from January 1969-June 1971 
produced an average catch of 4i mollusks per tow. Catche* at station F 
were above the 952 confidence limits (11 76). "f rtation G, sampled 
through June 2 973, is compared to the above 5 stations the catch per tow 
is significantly lower than expected. 

The five (.ard Sound stations sampled July 1970-June 1973 produced an 
average catch of 53 mollusks per tow. The 95% confidence Interval was 
from 18 to 89. Station 0604 produced above average catches (Table 13). 

Only three species of mollusks were taken which are considered of 
sport or commercial value. These were the oyster Crassostrea virginica and 
the scallops Argopecten irradlans and A. gibbus nucleus. Several other 
species are eaten, but are seldom used or are rare in the study area. 

The scallop Argopecten gibbus nucleus was represented by 222 specimens, 
tost, 81%, of these came from Card Sound and of these most came from the 
effluent canal station 0603. Most specimens in Biscayne Pay came from 
near Ceasar's Inlet, but SE I near the Biscayne Bay effluent produced 
nearly as many. 

The more common bay scallop, Argopecten irradians. was represented by 
3385 individuals. Together these 3607 scallops made up 17 of the mollusk 
catch and 0.5% of the total animal catch. The catch per tow for Argopecten 
spp. is shown in Table 14. In Biscayne Bay the catch averaged 0.29 indivi-
duals per tow. Catches were low at N II and N V, influenced by freshwater 
caials; NE IV, NE V, S V and C, offshore stations; S I, S II and C, in-
fluenced by heat; A and H, near shore; and I, J and K, occupied after 
scallops became scarce in the area. Over 93% of the scallops caught in 
Biscayne Bay were caught between July 1968 and June 1970, thus, stations I, 
J «»nd K, sampled from July 1970-June 1971, would not be e>pected to produce 
nary scallops when control areas were not producing. The highest catch 
C>.3 scallops per tow) occurred at N IV. 

In Card Sound scallop catches averaged 0.72 per tow. Catches were low 
at 0204, 0208, 0306, 0403, 0405, 0608 and 0803. High cat< tes occurred at 
0603 and 0604. The spotty distribution is common in scallops and the high 
catches at 0603 and 0604 indicate no damage caused by the "ard Sound dis-
charge. 

Juvenile oysters, Crassostrea virginica, were represented by 1524 
individuals. Station N V, off Moody Canal, accounted for 1470 or 96% of 
the catch. N V received heavy fresh water in the summer of 1968 when 
those animals were taken. Oysters are scarce at all other stations reflect-
ing the lagoon nature of the Bay and lack of suitable substrate for attach-
ment at the sampling stations. 
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Table 13. Catch per tow of nvllusks at selected stations in Biscayne Bay 
and Card Pound 

C/e f/e C/e 
July 1968- Jan. 1969- July 1970-

Stdticn June 1971 Station June 1971 Station June 197"> 

N T 23.6 A 3C.0 0104 37.5 
N II 64.6 D 21.4 0503 54.8 
N III 112.3 E 23.6 C504 28.9 
NE I 29.3 F 77.8 0603 44.3 
NE II 37.9 H 64.3 0604 101.1 
NL III 26.7 
SF. II 41.8 
SE III 37.1 
S I 4.1 
S II 76.0 
S 177 31.9. . 9 / SF. I 34.2— G 8.6^ 

Sx 9.0 11.6 12.7 

X 44.1 43.4 53.3 

95% CI 95% CI 95% CI 
1 1. — -r • 3 - 4 4 .1 - 63.9 n . 9 - 43. .4 - 75.9 17 7 ^ 53.3 £ 88.' 

y July 1968 - June 1973 
January 1 % S - June 1973 
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Table 14. Catch and catch per tow of moHusks and catch per tow of 
Argopecten spp., Crassostrea and Acmaea sp. 

CATCH CATCH PER TOW 
Argopecten Crassostrea Acmaea 

Station Mollusks Mollusks spp. virginica sp. 

N I 5832 23.6 
N II 15948 64.6 
N III 27741 112.3 
N IV 7421 123.7 
N V 26942 449-0 
NE I 7246 T9.3 
NE II 9379 :s,o 
NE III 655 3 26.7 
NE IV 535 8.9 
NS V 155 2.6 
SE I 14442 1-4.2 
SE II 10330 41.8 
SE III 9943 37.1 
SE IV 969 i6.2 
SE V 97 1.6 
S I 1002 4.1 
S II 18773 76.0 
F> III 7884 21.9 
fc TV 1336 9.3 
S V 1022 7.5 
A 6986 30.0 
E 1805 14.1 
C 1909 14.9 
D 4380 :i.4 
E 4831 23.6 
F 19769 77.8 
G 3280 8.6 
H 13188 <4.3 
I 695 9.0 
J 2805 78.6 
K 415 5.4 
01 OA 9441 27.4 
0204 2134 .'3.9 
0208 133 1.1 
0304 19568 1*9.7 
0306 655 7.3 
0403 9437 79.3 
0404 4279 36.0 
0405 3105 23.3 
0503 13817 54.8 
0504 7287 28.9 
0603 11169 44.3 
0604 25479 101.1 

.11 .02 .01 

.01 .01 .01 

.89 .08 0 
5.30 .08 0 
.07 24.50 0 
.14 .03 0 
.20 0 0 
.22 .01 0 
.08 0 0 
.02 0 0 
.20 .01 .01 
.72 0 0 
.68 0 0 

1.42 .02 0 
.58 0 .02 
0 .01 0 
.07 0 0 
.33 0 0 
.89 0 .01 
.03 0 .13 
.03 0 0 
.19 0 0 
.08 0 0 
.13 0 .01 
.21 0 .01 
.17 0 .01 
.01 .01 .01 
.03 0 .01 
0 0 0 
0 0 .01 
0 0 0 
.95 0 .30 
.05 0 .05 
.04 0 .07 
.29 0 .10 
.03 0 .54 
.05 0 .40 
.20 .02 .56 
.05 0 1.56 
.51 0 .33 
.58 0 .50 

2.61 0 .53 
2.25 0 .26 
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Table 14. Continued 

CATCH 

Station Mollusks Mollusks 

0606 5232 57.5 
0608 265 3.4 
0703 1893 14.2 
0704 3078 33.8 
0803 2642 41.9 
0804 5704 90.5 
0805 3854 42.4 
1004 918 11.9 

CATCH PER TOW 
Argopecten Crassostrea Acmaea 

spp. virginica sp. 

14 0 4.28 
03 .03 .27 
11 0 .05 
09 0 .45 
05 0 .02 
84 0 .18 
28 0 .66 
14 0 .05 



The limpet, Acmaea sp., was represented by 1443 Individuals. Thirty-
five came from Biscayne Bay and 1408 from Card Sound. In Card Sound the 
catch rate was 0.52 individuals per tow. Catches were low at stations 0204, 
0208, 0703, 0803 and 1004. Catches were high at 0606 and 0405 (Table 14). 
Stations in the middle part of the Sound appeared to be favored. The catches 
at 0603 and 0604 were not significantly low and there is no evidence t~> 
indicate the discharge affected Acmaea. 

The paper mussel, Amygdalum papyria, was represented by 3785 indivi-
duals. Ninety-seven percent of these were taken at N V during low salinity 
periods (Table 15). None were taken in Card Sound. The restricted distri-
bution and apparent dependence on Digenla simplex makes this a poor indicator 
species. 

The dove shell, Anachis pulchella vas represented by 1623 individuals. 
In Biscayne Bay the catch rate was 0.15 individuals per tow. None were 
taken at N III, N V, SE V, B, D, G, I and K. High catches occurred at 
SE III, S III and E. Relative abundance is related to the presence of 
red algae, Laurencia spp., and catches are low where the algae is scarce 
and high were the algae is most, abundant. In Card Sound the catch rate was 
0.27 individuals per tow. Catches were low at stations 0208, 0306, 0405, 
0606, 0608, 0703, 0704, 0803, 0804, 0805 and 1004. High catches occurred at 
0104 and 0304. The distribution of A. pulchella is related to the availa-
bility of red algae. 

The well-ribbed dove shell, Anachis translirata, was represented by 
1528 individuals. In Biscayne Bay A. translirata was uncommon and the 
catch rate was only 0.05 Individuals per tow. Twenty-seven percent of the 
283 animals occurred at NE III and if we include the catches made at SE III, 
S IV, S V, D and E we account for 71% of the catch (Table 15). In Card 
Sound the catch rate was 0.46 individuals per tow. Catches were low at 
0208 and high at 0304, 0604 and 0606. 

The Adam'n miniature arc, Arcopsis adamsi. was represented by 1057 
specimens. In Biscayne Bay the catch rate was 0.18 while in Card Sound it 
was 0.27 individuals per tow. The species was absent from Biscayne Bay 
stations N I, NE I, NE II, NE IV, NE V, SE IV, SE V, B, D and I. Generally, 
those were stations with low vegetation catches. Catches were high at N 
III and N IV which had high vegetation catches. In Card Sound the species 
was not taken on 0403, 0803 and 1004. These too, were stations with little 
red algae. Stations 0304 and 0805 produced the highest catches, 1.09 and 
1.86 individuals per tow respectively. 

Bulla uabilicata. the striate bubbleshell, was one of the dominant 
mollusks chosen as an indicator species. This species together with 
Cerithium eberneum, C. muscarum, Mitrella lunata, Modulus modulus. Prunum 
apicinum. Rissoina chesnell and Tricolia affinis are discussed in detail in 
a later section. 

Bittium varium (variable bittium) and the scorched mussel, Brachidontes 
exustus, were not counted. The former was so numerous and small that most 
were lost through the net. The latter when small, are firmly attached to 
Digenia simplex and the time needed to separate and count them was greater 
than our resources. After the first t«*o years Brachidontes became scarce, 
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Table 15. Catch per tow of Amygdalum papyria, Anachis pulchella. Anachis 
translirata. Arcopsls adamsi, Cardita floridana from Biscayne 
Bay and Card Sound 

A m y g d a l u m A n a c h i s A n a c h i s A r c o p s i s C a r d i t a 

S t a t i o n p a p y r i a p u l c h e l l a t r a n s l i r a t a a d a m s i f l o r l d a n a 

N I . 0 1 .05 
N I I . 05 . 0 1 
N I I I .27 0 
N IV .08 . 0 3 
N V 6 1 . 3 0 0 
NE I 0 . 01 
NE I I . 01 . 0 1 
NE I I I 0 .15 
NE IV 0 . 3 0 
NE V 0 . 02 
SE I . 0 1 . 1 1 
SE I I . 0 1 .10 
SE I I I 0 .61 
SE IV 0 .05 
SE V 0 0 
S I . 02 . 01 
S I I . 0 3 . 0 1 
S I I I . 0 1 .88 
S IV 0 .27 
S V 0 .15 
A 0 . 01 
B . 01 . 0 1 
C 0 . 3 8 
D 0 .32 
V 0 . 8 3 
F . 01 .01 
G 0 R> 
H .01 . 0 3 
I 0 c 
,T 0 .01 
K 0 0 
010; 0 1 .14 
0 ^ 4 0 .31 
0208 0 . 01 
010^ 0 3 .45 
0*06 0 0 
0403 0 .46 
0404 0 .07 
C'05 0 0 

0 .05 
0 .02 

oc>: 0 0' 
06>' 0 .04 

0 0 0 
0 .06 0 
.01 .33 0 
0 .23 .02 
0 .02 0 
0 0 0 
.01 0 0 
.31 .05 .01 
.07 0 0 
.15 0 0 
.02 .01 .01 
.06 .13 .06 
.10 .01 1.52 
0 0 0 
0 0 0 
0 .01 0 
.04 .14 .02 
.02 .14 .10 
.15 .06 .18 
.15 .04 .01 
.03 .02 0 
0 0 0 
.10 .01 0 
.15 0 .08 
.13 .14 .01 
.02 .11 0 
.01 .01 .01 
0 .CI .02 
0 0 0 
.01 .08 0 
0 .04 0 
.10 .02 3.62 
.21 .03 .05 
.02 .02 0 

?.37 1.09 .02 
.43 .01 0 
.IT C • C2 
.56 .36 0 
.41 .OS 0 
.11 .06 .03 
.41 .59 .01 
it .11 0 

1.33 .42 0 
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Table 15. Continued 

Amgydalum Anachis Anachis Arcopsls Cardita 
Station papyria pulchella translirata aiamsi floridana 

0606 0 0 1.18 .63 0 
0608 0 0 .08 .04 0 
0703 0 0 .06 .02 0 
070<r C .01 .29 .40 0 
0803 0 .02 .18 0 0 
0804 0 0 .56 .08 0 
0805 0 0 .44 1.86 0 
1004 0 0 .40 0 0 
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generally, throughout the area. 

Cardita floridana, the broad ribbed cardita, was represented by 1256 
individuals. Ninety-one percent of the individuals occurred at stations 
SE III in Biscayne Bay and 0104 in Card Sound. Both of these stations were 
on sediment ban!-s associated with mid-Bay islands and this seems to be the 
preferred habitat of Cardita. 

Sma1! chitons (Ishnochitonidae) were represented by 3611 individuals. 
The catch rate in Biscayne Bay was 0.24 individuals per tow. Catches were 
low at N I, N II, N III, N V, NE I, NE III, NE IV, NE V, SE I, SE IV, S£ 
V, S I and G (Table 16). The stations S I, S? I and G elevated above 
3.5c'C are among others with low catches. However, other inshore stations 
N I, N II, N III, etc. also have low catch rates. Catches at A, B, D, E, 
H and I were high. These animals prefer pure Thalassia on which they are 
attached and stations with lush stands of the seagrass had numerous chitons. 
This included I in the minor discharge which was subject to +5°C water on 
the ebbing tide. In Card Sound the catch rate was 0.83 individuals per 
tow. Low catches occurred at 0204 and 0208, while high catches were "aken 
at 0603, 0606, 0704 and 0804. Station 0603 was in the outfall canal and 
hence, the effluent in Card Sound did not adversely affect tuis species. 

Columbellids were represented by 240 mercatoria (common dove shell), 
3683 .C. rusticoides (rusty .iove shell) and 7315 juveniles which could not 
be assigned to species. Thus, Columbella spp. was represented by 11,238 
individuals which is 1.4% of the total catch or 3.1% of the mollusks. The 
catch rate In Biscayne Bav was 1.08 individuals per tow. Catches were low 
at N I, N II, N III, \' V, ME I, NE V, SE I, SE V, S I, A, F, G, I and K. 
Catches were high at NE III, SE II, S III, D and E. Generally, catches 
are related to the presence of red algae, Laurencia spp. In Card Sound 
the catch rate was 1.86 individuals per tow. Catches were low at 0208, 
an offshore station, and hig>< at 0604 and 0804, inshore stations with high 
catches of Laurencia spp. Tu«i low catches a t S E I , S I , F , G , I and 
0603 indic?t? thermal stress was effective in limiting this species group. 

The turret, Cra.- • ispira teucocyma, vas representee1 by 1041 indivi-
duals. In Biscayne Bay cnl •-̂ rcir.-ir.s verr> taken for a catch rate of 
0. >3 individu Is p?r t w "n ate Sound >62 ind-' iduals were taken repre-
senting a catch rate ct .32 individuals per tow. The highest catch was 
2.62 at station 0304. 

The spotted slippcr-shel1 Crepidula maculosa, was represented by 
1393 individuals. <"f t-.i-se 1- 3 c; 92% were taken in Bis ayne Bay. The 
catch rate vas Q."2 in ividualt per ow. Catches were gr -.atest at N II 
and at I. rione were taken at f tations N V, NE III, fT. I* , NE V, C and E. 
The tpedes appears to prefer inshore stations and was ra-e in Card Sound 
'. 'icre only 11- ppttimers were t.?ker. for a catch rate of 0 04 individuals 
p~r tow. 

The Cayenne keyhole limpet, Diodora cayenensis, was represented by 
0,1 individuals. In Biscayne Bay the catch rate was 0.16 individuals 
- • tow "Hie species was abser. at stations SE V, S T an \ D. Catches 
•erp lov at K V, Nr v. CF T. A. B, C, G and I; and high a: N IV, E and H. 

frrt Sound the catc' rat? was 0.42 individuals per tow It was taken 
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Table 16. Catch par tow of Ischnochltoridae, Columbella spp., Crasslspira leucocyma, Crepidula 
maculosa, Dlcdora cavener.sls and Haminoea spp. from Biscayne Bay and Card Sound 

Columbella Crasslspira Crepidula Dlodora Haminoea 
Station Ischnochltonldae spp. leucocyma maculosa cayenensls spp. 

N I .03 .01 0 .01 .09 .05 
N II .01 0 .01 2.06 .15 1.03 
N III .02 .03 0 .01 .19 1.15 
N IV .18 2.73 .07 .28 1.15 .85 
N V 0 .03 0 0 .02 .37 
NE I .03 .02 .01 .10 .05 .13 
NE II .19 .19 .01 .16 .18 .14 
NF. Ill .05 3.62 .08 0 .30 .02 
W IV 0 1.32 .02 0 .22 .07 
NE V 0 . 08 0 0 . 03 0 
SE I .10 . 04 . 01 .55 . 04 .13 
SE II .13 6.22 .13 .02 .37 .05 
SE III .36 1.96 .06 .11 .06 .02 
SE IV .05 .97 .05 .05 .07 0 
SF V .03 .02 0 .02 0 0 
S I .01 .01 0 .01 0 .04 
S II .12 1.10 .01 . .11 .23 .40 
S III .17 6.60 .10 .03 .34 .02 
S IV .36 .39 .02 .06 .39 0 
S V .10 ' .2* .C4 ,C3 .09 0 
A .80 .07 0 .64 .04 .09 
B .92 .20 0 .13 .04 ."2 
C .11 1.38 .18 0 .04 0 
D .95 2.88 .13 .04 0 .03 
E 2.20 4.95 .17 0 .94 .01 
F .23 .02 .01 .09 .25 1.26 
G .05 .01 0 .01 .02 .24 
H 2.97 .69 .16 .68 .86 .34 
I .55 0 0 1./0 .03 .01 
J .30 .10 .02 . .01 .28 .01 



Table 29C. Continued 

Columbella 
Station Ischnochitoridae spp. 

K .32 .04 
0104 .58 1.07 
0204 .02 .79 
0208 .09 .01 
0304 .63 3.48 
0306 7 .66 
0403 .57 .40 
0404 .87 .73 
0405 .65 1.13 
0503 .92 2.89 
0504 .68 1.42 
0603 1.66 .90 
0604 .94 6.28 
0606 1.68 7.12 
0608 .22 0 
0703 .48 .90 
0704 1.04 1.74 
0803 .62 1.54 
0804 2.41 6.05 
0805 .08 1.50 
1004 .82 .78 

Irassispira Crepidula Diodora Haminoea 
leucocyma maculosa cayenensls spp. 

0 
.44 
.60 

.0 
2.62 
.04 
.34 
.29 
.14 
.52 
.14 
.29 
.09 
.13 
0 
.02 
.14 
.13 
.14 
.58 
.03 

.01 

.02 

.05 

.01 

.04 

.01 

.01 
0 
.05 
.06 
.08 
.08 
.02 
.16 
.04 
.01 
.06 
.03 
.05 
.02 
.01 

.08 

.02 

.10 

.01 

.65 

.12 

.03 

.43 

.39 

.14 

.47 

.46 

.57 
1.69 

.22 

.13 

.57 

.38 
1.73 
1.44 
.25 

0 
<.01 
0 
0 
.01 
.02 
.01 
0 
0 

< . 0 1 
.01 
.02 
.07 
0 
0 
0 
0 
0 
0 
.07 
0 



at all stations and was most abundant at 0608, 0804 and 0805. The stations 
0603 and 0604, most affected by the effluent, were at the average and thus, 
the Card Sound discharge did not appear to reduce this species. 

The paper-bubble, Hami.ioea. sp., was represented b * 1383 individuals. 
Biscayne Bay stations accounted for 97% of these individuals. The catch 
rate was 0.23 individuals per tow. N II, N III and F had high catches and 
accounted for 64% of the Biscayne Bay specimens. Adding S II and G brings 
the percent accounted for to 78. There is a trend which indicates inter-
mediate temperature rises (2.0-3.5°C above ambient) encourage this species. 

The knave marginella, Hyalina torticula, was represented by 2256 
individuals. In Biscayne Bay the catch rate was 0.14 individuals per tow. 
The specics was absent at stations N V, NE V, SE I, SE IV, SE V, S I, G, 
I and K. These are offshore stations except for S I, SE I, G, I and K, 
which were affected by the effluent. Station N V was also an inshore 
station but subject to low (0 ppt) salinity. Catches were highest at N IV 
and H, both Inshore stations with high catches of red algae. In Card Sound 
the catch rate was 0.52 individuals pe.r tow. The species was absent at 
offshore station 0208 and most abundant at inshore station 0804. Catches 
at 0603 were below the average but at 0604 the catches were average (Table 
17). The relative abundance of this species was reduced by the effluent 
in Biscayne Bay and in Card Sound. 

An unidentified hydrobiid was represented by 2103 Individuals. All 
of the specimens collected were from Biscayne Bay. Eighty-seven percent 
were taken at station N V. SE I also produced high catches and contributed 
another 11% of the hydrobiid catch. 

The Antillean lima, Lima pellucida, was represented by 7881 individuals. 
This represented 1.0% of the total catch and 2.2% of the mollusk catch. 
The catch rate in Biscayne Bay was 0.32 individuals per tow. Catches were 
low at N I, N II, N V, NE I, SE I, SE IV, SE V, S I, S IV, A, B, G, I and 
K. Catches were high at stations :TE III and SE II. The species appears 
to prefer mid-Bay stations where red algae are common. It is not abun-
dant at any inshore stations. In Card Sound the catch rate was 2.24 indi-
viduals per tow. Catches were low at 0104, 0204, 0208, 0306, 0403, 0405, 
0608 and 1004. All of these stations were low in the production of 
Laurencla. The highest catches occurred at 0604 and 0804 where Laurencla 
spp. was abundant. 

The Antillean scallop, Lyropecten antillarum, was rare in Biscayne Bay 
where only 7 specimens were collected. Six of these were taken at S V on 
the border between Biscayne Bay and Card Sound. In Card Sound 833 speci-
...3ns were taken and the catch rate was 0.31 individuals per tow. None 
were taken at 0204, 0403, 0608, 0703, and single individuals were taken at 
0208 and 0803. Catches were hi>h at 0404 and 0604. These scallops occur 
where Laurencia is common. 

A variety of nudibranchs contributed 3096 individuals. In Biscayne 
Bay the catch rate was 0.41 individuals per tow. If we add the 996 
Tridachia crispata taken at 0 and SF T during the spring of 1973, the catch 
rate of nudibranchs increases to 0.58 individuals per tow. Catches were 
low at N V, NE V, SE I, SE V, SI, G, (except for the T. crispata taken in 
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rab c? !7, Catch per tow of PyaHnp torticula. Hydrobildae, Lima pelluclda, Lyropecten antlllarum, 
Nudibranchia, Parviturboldes mterruptus from Rlscayne Ray and Card Sound 

Hyallna Lima Lyropecten Parvlturboides 
Stn :lun torticula Hydrobiidae pellucida antlllarum Nudibranchia interruptus 

N • .04 .05 .01 0 .32 0 
N .1 .02 ,01 .07 0 .46 0 
N II .08 .03 .27 0 .43 0 
N V 1.43 .03 .40 0 1.50 0 
N 0 30.38 .02 0 .02 0 

.40 0 .02 0 .75 0 
NE I .48 .01 .15 0 1.97 0 
Nr. IT .n 0 1.11 r .70 0 
NE V .03 .05 .23 0 .13 .02 
NE • r - .27 0 °8 0 
SE i 0 .55 .06 .01 .07 0 
SE II .10 .01 1.77 0 .47 0 
SE III .09 .01 .22 0 .16 
SE IV 0 0 .08 0 .15 0 
SE V 0 0 .02 0 0 0 
S I 0 .02 .02 0 .03 .01 
S IT .03 .01 .36 0 .70 0 
S :ri .27 .01 .85 . 0 .48 0 
S C7 .04 .01 .07 0 .10 0 
S 7 .02 0 .37 .04 .19 .25 
A .12 0 .02 0 .36 0 
3 .06 0 .03 0 .26 0 
C .1? 0 .40 0 .26 0 
D .02 .05 .38 0 .25 0 
E .11 0 .78 0 1.12 0 
F .01 0 .58 0 .39 0 
G 0 0 .05 0 .01 .01 
H 1.29 .02 .29 0 2.46 0 
I 0 0 .01 0 .03 0 
J .06 0 .19 0 .25 0 

0 0 .04 0 .01 0 



Table 17. Continued 

Hyallna 
Station toillcula I'ydrobiidae 

0104 .22 0 
0204 .18 0 
0208 0 0 
0304 l.K 0 
0306 .12 0 
0403 .20 0 
0404 .39 0 
0405 .11 0 
0503 .53 0 
0504 .20 0 
0603 .14 0 
0504 .59 0 
0606 1.15 0 
0608 0 0 
0703 .06 0 
0704 1.13 0 
0803 .52 0 
0804 6.05 0 
0805 .97 0 
1004 .35 0 

Lima Lyropecten Parviturboidea 
pellucitia antillarum Nudioranehia in ten apt us 

.19 .03 .05 0 

.33 0 .08 0 

.01 .01 .03 0 
4.40 .40 .57 .14 
.14 .06 .21 .06 
.64 - 0 .13 0 

3.42 1.00 .49 .02 
.36 .46 .41 6.38 

1.43 .03 .08 .06 
1.93 .51 .15 .06 
3.43 .06 .08 0 
7.33 1.16 .54 
2.52 .52 .74 3.14 
.17 0 .20 .27 

1.04 0 .05 0 
2.29 .28 .55 .02 
1.00 .02 .11 0 

10.56 .29 .86 0 
1.19 .73 .91 .09 
.25 .03 .13 0 



the recovery period), I and K. Catches were high at stat ons N IV, NE 
II and E. Thus, nudibranchs appear no be relatively common inshore species 
which have lowered abundance at the stations elevated 3.5cC or more above 
ambient temperature. The 1;rge influx of JT. crispata during the spring 
of 19 73 occurred at G after the effluent was diverted to Card Sound. 

In Card Sound the catcl rate was lower than Biscayne Bay and was 0.27 
individuals pej tow. Catches were lew at 0104, 0204, 0208, 0503 and 0603. 
Generally, these are statiors with low catches of vegetation. Station 
C603 was in the effluent plume and may indicate thermal or current velocity 
induced stress, 

Parviturboides interru^tu^, was represented by 1437 individuals. 
Thirty-seven were taken in the 5784 tows made in Biscayne Bay and 1400 were 
taken in Card Sound. Three stations 0405 (848 specimens). 0606 (286 speci-
mens) and 0604 (181 specimens) accounted for 94% of the Card Sound catch. 

The Atlantic pearl oyster, P-mctada radiata , was represented ty 
2821 Individuals. The catch rate in Biscayne Bay was only 0.07 individuals 
per tow. The highest catch rate was 0.40 per tow at station F (Table 18). 
In Card Sound the catch rate was 0.90 individuals per tow. Catches were 
low at 0104 y 0204 and 0208. Catches were high at 0304, 0404, 0405, 0604, 0606, 
07G4, 0804 and 0805. The highest catches were associated with high rela-
tive abundance oi Laurencia to which the spiny oyster was attached as 
juveniles. * 

The smooth Atlantic tegula, Tegula fasciata, was represented by 1593 
individuals. In Biscayne Eay the catch rate was 0.13 individuals per tow. 
Catches were highest at stations D and E. In Card Sound the catch rate 
was 0.31 individuals per tow. Station 0104 produced the highest yield. 

The black lined triforo, 1riphora nigrocincta, was represented by 
2067 individuals. Eighty-eight percent of these were takt.n in Biscayne 
Bay, and stations F and H accounted for 59% of the Biscayne Eay catch. 
The numbers taker, at other stations are too few to discuss. 

T* e chestnut " irbon5 Turv j ' v s rr presented by 5084 indivi-
:1s. T1 at or rate v ' ^ Bey v s 0 59 individuals per tow. Two 

stiitions, SE i n nJ D royucou 68% of this tot,:, catch. In Card Sound 
the catch rate 0. 'ndJviouals per tow. Station 0104 produced 80% of 
the catch. Th- t r̂ .e r* tions which produced high catcher of Turbo were 
mi- -Bay stations in ve shsiJow water v 1th Thalassia. T* ? stations, 
010 a'u' 3K II 5 were associated with the Arsenicker F?ys while D was on 
the shallc-- Pelican Bank. 

T'le t lip musseJ , Volsella (= ?Iodic 1 us) amerlcanus was represented by 
1294 individuals. Only 118 individuals were taker- in Biscayne Bay, and 
most of these * •re taken at mid-Bay or offshore stati ns. In Card Sound 
the catch rate was 0.44 individuals per tow. The spe .ies was absent from 
stations 0204 and 0208. It was most common at mid-Bay stations 0606, 0804 
and 0805. The relatively low catches at 0603 may well be due to the insho>e 
location of the station; catch* s at 0604 are not depresse '.. Therefore, 
efiects from the discharge canx-ot be demonstrated. 
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Table 18. Catch per tor of Pinctada radlata, TgguJa fasciata, Triphora nigrocincta, Turbo castaneus, 
Volsella amerlcana from Biscayne Bay and Card Sound 

Pinctada Tegula Triphora Turbo Volsella 
Station radiata fasciata nigrocincta castaneus americana 

N I .07 .02 .03 .15 0 
N II .11 .02 .07 .06 .01 
N III .08 .01 .68 .02 .01 
N IV .22 0 .77 0 .13 
N V .03 0 .02 .02 0 
NE I .03 0 .12 .11 0 
NE II .14 .31 .39 .24 .03 
NE III .09 .31 .21 .07 .05 
NE IV .12 .35 .02 0 .03 
NE V .05 0 0 0 .02 
SE I .06 .09 .09 .58 .01 
SE II .16 .13 .10 .47 .08 
SE III .13 .21 .09 4.80 0 
SE IV .07 .03 .05 .37 0 
SE V 0 .02 0 .07 .05 
S I 0 0 0 .01 0 
S II .07 .01 .27 .03 .02 
S III .07 .04 . .20 .64 .04 
S IV .04 .12 0 .34 .03 
S V .07 .05 .01 .07 .09 
A .03 0 .28 .02 0 
B .01 .01 .17 .02 .01 
C .06 .31 .06 .01 .05 
D .08 1.38 0 13.29 .07 
E .40 2.43 0 1.96 .14 
F .06 .01 2.23 .03 0 
G .02 .14 .01 .18 .01 
H .22 .04 6.48 .04 0 
I .01 0 0 .01 0 
J .01 .07 .03 .25 0 
K .01 .01 0 .70 0 



•bLe 18. Continued 

Pinctada Tegula 
Station radiata fasciata 

0104 .12 1.95 
0204 .10 .02 
0208 .03 0 
0304 1.53 .50 
0306 .66 0 
0403 .34 .12 
0404 1.23 .06 
0405 1.49 .02 
0503 .50 .43 
0504 .85 .07 
0603 .68 .50 
0604 1.50 .09 
0606 3.46 .01 
0608 .30 0 
0703 .22 .03 
0704 1.28 ,01 
0803 .27 .03 
0804 3.48 .02 
0305 1.76 0 
1004 .34 0 

Triphora 
nigrocincta 

Turbo 
castaneus 

Volsella 
americana 

0 
.05 
0 
.20 
.01 
.03 
.02 
.13 
.05 
.06 
.08 
.21 

1.07 
.03 
0 
.03 
0 
0 
.08 
0 

5.34 
.02 
0 
0 
.01 
.56 
.34 
.30 
.21 
.04 
.60 
.13 
.01 
.01 
.01 
0 
0 
.03 
0 
.01 

.05 
0 
0 
.35 
.14 
.04 
.35 
.59 
.15 
.53 
.15 
.62 

2.26 
.14 
.11 
.47 
.08 

1.51 
2.59 
.21 



Crustaceans 

The second most abundant group of organisms were the crustaceans. 
Amphipods, Isopods and Pagurapseudes were not identified nor counted. 
Even without these numerous small animals the 80 species of crustaceans 
produced 264,078 individuals, nearly 34% of the total animal catch. The 
catch rate in Biscayne Bay was 32 individuals per tow which is very similar 
to the 29 individuals per tow taken in Card Sound. 

Analysis of the crustacean catch data indicated significant differ-
ences in catch among stations during the period July-December 1968 (Pr < 
.01). Catches at N II, NE IV, NE V, SE I, S IV and S V were below the mean 
catch of 27.5 mollusks per tow. Station N II, located off the mouth of 
Florida City Canal, experienced periods of low salinity. Stations SE I 
and S I were elevated 5°C above ambient. The remaining stations were 
eastern Bay stations which produced little red algae and low numbers of 
animals. 

Catches were above average at stations N I, N IV, N V, NE I, NE II, 
SE II and SE III. These were generally inshore stations which also had 
high catches of the red algae, Laurencia or Digenia. The high catches at 
station N V (off Moody Canal) were primarily the result of Alpheus 
heterochaelis, Neopanope packardii. Pagurus bonairensis. Palaeoonetes 
intermedius and Hippolyte pleuracantha. which were abundant in July-
September 1968, when N V was covered with dense stands of Digenia simplex. 
The remaining stations with high catches generally had high catches of 
Laurencia spp. (Roessler, Tabb, Rehrer and Garcia, 1974). 

In the period July 1968-June 1971, the original Biscayne Bay stations 
produced an average of 40 crustaceans per tow. The 95% confidence limits 
were 31 to 50 individuals. Station N II, influenced by Florida City Canal, 
and SI, elevated about 3.5°C above ambient, had low catch rates (Table 
19). Stations NE II, SE II, S II and S III produced high catches. 
Station SE I, sampled from July 1968-June 1973, was significantly less 
productive than average. This sampling period includes approximately 1.5 
years of recovery time after the closing of Grand Canal. The new Biscayne 
Bay stations sampled between January 1969 and June 1971 also produced 
40 crustaceans per tow. The range was between 10 at D and 84 at H. Both 
of these are considered control stations in regard to temperature. However, 
D yielded low catches of vegetation, whereas H was consistently a producer 
of heavy catches of red algae. Station H produced catches of 84 indivi-
duals per tow which is above the 95% confidence limits of 0-80 individuals. 
Station G elevated 4.5°C above ambient during the discharge period produced 
2 crustaceans per tow. Due to the high standard deviation in catch rates, 
this catch was not significantly below average. In Card Sound the average 
catch rate was 17 crustaceans per tow. The 95% confidence limit was 10-
25. Station 0604, located 1/2 mile from the discharge in Card Sound, pro-
duced catches significantly above the 95% confidence interval. Station 
0603, located in the mouth of the effluent, produced low catches (10.5) 
but this was not significant considering the variance (Table 19). 

Four species of crustacea were abundant enough to be used as indicator 
organisms. They were the caridean shrimp, Hippolyte pleuracantha and Thor 
floridanus, the mud crab, Neopanope packardii and the permit crab, Pagurus 
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Table 19. Catch per tow of crustacea at selected stations in Biscayne Bay 
and Card Sound 

Station 

C/e 
July 1968-
June 1971 Station 

C/e 
Jan. 1969-
June 1971 Station 

C/e 
July 1970-
June 1973 

N 
N 
N 
NE 
NE 

I 
I I 
I I I 
I 
I t 

NE I I I 
SE I I 
SE I I I 
S I 
S 
c 
SE 

Sx 

I I 
IEI 
I 

34.3 
26.7 
43.0 
37.1 
58.8 
44.3 
51.2 
39.3 
5.5 
51.9 
52.2 
13.7— 

4.5 

40.4 

95% CI 
30.5 - 40.4 £50.3 

A 
D 
E 
F 
H 

17.1 
9.7 
24.2 
63.7 
83.8 

2.12/ 

14.4 

39.7 

95% CI 
.0 £39.7 <80.0 

0104 
0503 
0504 
0603 
0604 

11.6 
20.9 
17.9 
10.5 
25.4 

2.8 

17.3 

95% CI 
9.5 £17.3 £25.1 

- July 1968 - June 1973 
y January 1968 - June 1973 
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bonalrensis. In addition to these, 5 species were in excess of 1000 
individual s and 6 species - re of significant commerical interest to in-
clude a brief discussion o; their distribution. 

Several crustaceans ol commerical value were collected in the study. 
These included the blue cr<b, Callinectes sapidus, stone crab, Menippe 
mercenaria, spiny lobster, Panulirus argus and shrimps of the genus 
Panaeus. Most of the shrirp collected were juveniles of less than 10 mm 
carapace length. Without careful morphemetrie analysis these animals are 
inpossible to identify (Chensuri, 1968 and Farfante, 1970). Penaeus 
aztecus (7), P_. braziliensis (8) , and P_. duorarum (1105) were the species 
collected; all of these arc "grooved" shrimp. The 1190 juveniles probably 
also are mainly duoraruc, although as shown by Costello and Allen (1966) 
the bait shrimp catches in Biscayne Bay may contain nearly 50% brown shrimp 
at some seasons. Due to the nocturnal habits of grooved shrimp, our esti-
mates are minimal. The catch rate of Penaeid shrimp in Biscayne Bay was 
0.38 individuals per tow. Catches were highest at SE I, S I and I. All 
of these stations were ele\ated 3.5°C or more above a&ibient. All were in 
soft mud substrate which seasonally produced Diplanthera growth, with sub-
sequent summer die off and detritus production. In Card Sound the catch 
rate was 0.04 individuals jer tow. The harder substrate and lack of 
estuarine conditions in Card Sound resulted in few penaeid shrimp (Table 
20). Thus, shrimp do not appear to be limited by the temperatures exper-
ienced in Biscayne Bay. 

Thorhaug, et al. (1971) experimentally established critical upper 
temperatures for larval anc postlarval shrimp. These were: nauplii, 
30.5-31.5; first protozoea, 36.0-37.6; third protozoea, 36.8-37.8; third 
mysis, 36.8-37.8; first postlarvae, 37.9-40.7; juvenile, 36.3-38.5. 
However, since shrimp do net enter the estuary before they are advanced 
postlarvae, temperature does not appear to be critical. 

The portunid crabs, primarily the blue crab, Callinectes sapidus, 
provide a small commercial fishery in Biscayne Bay and Card Sound. They 
are also subject to sport fishing. During this study we collected 263 
C. sapidus, 1251 C. ornatus, 44 C. similis, 348 juvenile Callinectes spp., 
as well as 46 Portunus depressifrons, 3 P. gibbessi, 1 P. ordwayi, 1 P. 
sebae and 43 P_. spinimanus. The catch rate in Biscayne Bay for sapidus 
was 0.04 individuals per tow. The highest catches occurred at SE I, S I 
and G, the stations most affected by the effluent. Catches were lowest 
at offshore stations where Portunus appeared more common (Table 21). The 
combined Callinectes spp. catch rate was 0.30 individuals per tow in Bis-
cayne Bay. The spacial distribution was similar to that for £. sapidus. 
Catches of Callinectes were low in Card Sound (0.01 C. sapidus per tow 
an* 0.07 combined Callinectes per tow) but the Portunus catches were higher 
in Card Sound (0.02 Portunus per tow) that in Biscayne Bay (0.01 per tow). 

Callinectes sapidus appears to prefer a slightly elevated temperature 
approximately 3°C above Biscayr.e Bay summer ambient (ca. 28°C) and survives 
up to 39°C (Tagatz, 1969 and Hoberg, 1975). The preference for near shore 
habitat has also been demorstrated for mid-Biscayne Bay by Park (.1969). 
Thus, the effluent does not seem to adversely affect Callinectes and in 
fact, appears to attract C. similis, since 81% of those collected in 
Biscayne Bay were taken at the three hottest stations. 
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Table 20. Catch and catch per tow cf Penaeid shrimp in Biscayne Eay and 
Card Sound 

P e n a e u s 
Penaeus Penaeus Penaeus spp. 

Station aztecus brasiliensis duorarum (juv.) e C/e 

BISCAYNE BAY 

N I 0 0 1 11 247 0.05 
N II 0 0 27 38 247 0.26 
N III 2 0 9 21 247 0.13 
N TV 0 0 2 6 60 0.13 
N V 0 1 4 35 60 0.67 
NE 1 0 0 4 22 247 0.11 
NE II 0 1 5 7 247 0.05 
NE III 0 0 4 8 247 0.05 
NE IV 0 0 1 2 60 0.05 
NE V 0 0 0 2 60 0.03 
SE I] 0 0 424 536 422 2.28 
SE II C 0 7 11 247 0.07 
SE III 1 1 2 11 268 0.06 
SE IV 0 0 0 3 60 0.05 
SE V 1 0 1 2 60 0.07 
S I 0 0 130 234 247 1.47 
S II 0 0 8 15 247 0.09 
S III 1 0 11 27 247 0.16 
S IV 1 0 9 9 137 0.14 
S V 0 0 1 0 137 0.01 
A 0 0 6 4 233 0.04 
B 0 1 14 2 128 0.13 
C 1 0 7 t 128 0.08 
D 0 0. 9 A 205 0.12 
E 0 0 8 3 205 C. 14 
F 0 0 8 8 254 0.06 
C 0 1 44 88 380 0.35 
K 0 r i • 15 28 205 0.56 
I 0 i 274 12 77 3.73 
J 0 f 4 0 98 0.04 
K 0 1 3 0 77 0.05 

SUB Tr.lAL / 7 1 042 1147 5784 0.38 

i ARL) SOUND 

0104 0 0 6 2 252 0.03 
C'2 04 0 n n 0 0.00 
"20* ; * 0 9 •j •j 126 0.10 " O ' n i 2 1 Q8 0.04 • o ' 0 0 91 0.00 
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Table 20. Continued 

Station 
Penaeus 
aztecus 

Penaeus 
brasiliensis 

Penaeus 
duorarum 

Penaeus 
spp. 
(juv.) e C/e 

0403 0 0 1 1 119 0.C2 
0404 0 G 1 0 119 0.01 
0405 0 C 1 2 133 0.C2 
0503 0 0 4 3 252 0.03 
0504 0 0 3 0 252 0.01 
060? 0 0 7 13 252 0.08 
0604 0 0 5 9 252 0.06 
0606 0 0 1 1 91 0.02 
0608 0 0 9 0 77 0.32 
0703 0 0 0 2 133 0.C2 
0704 0 0 3 0 91 0.03 
0803 0 0 1 2 63 0.05 
0804 0 0 1 0 63 0.02 
0805 0 0 4 2 91 0.07 
1004 0 0 5 2 77 0.09 

SUB TOTAL 0 1 63 43 2695 0.04 

TOTAL 7 8 1105 1190 8479 0.27 
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-BLE 2 1 . Catch of Portunid crabs and catch per tow of Callinectes sapidus and 
total '.allinectes 

Station 

Catch 

sapidns C/e 
C. 

ornatus 
C. 

simTlis 
Juvenile 
£• spp. 

Combined 
C/e 

Catch 
Portur.us 

spp. 

N I 9 0.04 50 0 9 0.30 1 
N IT 19 0,08 36 0 2 0.23 0 
K I I I 5 0.02 6 0 5 0.07 0 
K IV 0 0 . 0 0 2 0 0 0.03 0 
N V 0.03 27 2 8 0.65 0 
NE I 4 0.02 33 0 24 0.25 0 
NE II 7 0.03 33 0 24 0.26 0 
NE I I I 0 0 . 0 0 29 1 6 0.15 1 
NE IV G 0 . 0 0 3 0 0 0.05 1 
NE V 0 0 . 0 0 2 0 0 0.03 1 
SE I 76 0.18 403 3 74 1.32 0 
SE 11 3 0.01 15 0 5 0.09 2 
SE I I I 0 0 . 0 0 19 1 6 0.10 2 
SE IV 0 0 . 0 0 0 0 G 0.00 0 
SE V 0 0 . 0 0 4 0 0 0.07 5 
S I 35 0.14 153 6 61 1,03 2 
S II 6 o . < ~ : 32 *> t 12 C. 21 0 
S I I I 2 0 . 0 1 27 0 4 0.13 3 
S IV 0 o.oc 1 1 0 0 0.08 1 
S V 0 0 . 0 0 0 0 1 0.01 1 
A 0.02 6 0 0 0.04 0 
E 1 0 . 0 ! C 0 0 0.01 0 
( " C O.CO IS 1 4 0.17 6 
n 0 0 . 0 0 1 0 *m 0.04 1 
F: 0 0 . 0 0 J 0 0 0.01 0 
F 6 Q.C2 30 1 14 0.20 0 
G 39 0.10 1' 9 25 32 0.65 0 
K 3 0 . 0 2 31 0 24 0 . 7 5 1 
T 5 0. 07 * > 0 0 0.20 0 
,) -> D. 01 0 0 0.06 0 
K 0 0 . 0 A 0 0 0.03 0 

SUB TOTAL 228 0 .f4 1 :.7 42 315 0.30 28 
(BIS." ^VNE BAV) 

0104 1 0.02 u 

0204 Q 0.00 5 
Q2CP 0 0.00 s 
0304 0 0.00 5 
0306 0 0.00 1 
0403 0 0.00 6 
0404 0 o.co 7 
i V u 0 0.00 ^ 
J w J » 

rn 

0 1 0.02 0 
0 0 0.08 1 
0 0 0.06 17 
0 2 0.07 4 
0 0 0.01 2 
0 5 0.09 1 
0 0 0.06 1 
0 I 0.02 t. 

j.Ot. 0 
D 1 0.02 7 

0.28 7 



Tible 21. Continue.-1 

Catch Catch 
C. £. £. Juvenile Combined Port-^nus 

Station sapidu. C/e ornatus similis C.. spp. C/e spp. 

0604 f. 0.00 1 0 3 o.or 6 
0606 1 0.00 1 0 1 0.02 3 
06C8 1 0.01 5 0 0 0.08 4 
0703 o ^ 0.02 5 0 3 0.08 1 
C704 0 0.00 5 0 0 0.06 0 
c;.03 0 O.CO 2 0 1 0.05 0 
c. 0i n 0.00 T 0 0 0.03 2 
0*05 i 0.01 10 0 0 0.12 5 
1 f03 0 0.00 7 1 0 0.10 1 
SI .1 TOTAL 35 0.01 l.U 2 33 0.07 66 
frar ôurul) 

10TAL 263 0.03 1251 44 348 0.22 94 
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One other commercial crab, the stone crab Menippe nercenaria, was 
collected. In Eiscayne Bay 55 juveniles were collected and in Card Sound 
77 juveniles were taken. The hole dwelling nature of adults and juveniles 
of this species limits the efficiency of the trawl, Hagan and Purkerson 
(1*70) reported numerous stone crabs were killed in Grand Canal when ten-
peratures exceeded 37°C. Once settled in burrows, Hoberg (1975) found 
these animals generally failed to move in thermal gradients even when 
temperature approaches the lethal level. He further found death occurred 
when increasing gradients reached approximately 41°C. Thorhaug, et al. (1971) 
have experimentally determined lethal limits for juvenile and larval stone 
crabs and these were: eggs, 36.3-3S.5°C; first zoea, 34.4-36.0°C; second 
zoea, 33.1-34.2°C, fifth zoea, 34.7-35.5°C; mejalopa, 36,0-37.0; juveniles, 
28.9-30.5°C. 

The spiny lobster, Panulir-o... argus, was represented by 345 individuals. 
In Biscayne Bay 160 individuals were taken for a catch rate of 0.03 per 
tow. Approximately 6CX of the Biscayne Bay catch was taken at S IV, S v7 
and D, which are mid-^ay to eastern Bay stations. Adding the 30 individuals 
taken at NE V and F, also mid-Bay stations, would account for 78a of the 
catch. In Card Sound the highest catches occurred at 0b03 and 0604 indi-
cating that the discharge into Card Sound did not adversely affect the spiny 
lobsters. As with the stone crab the cryptic daytime habits of spiny 
lobster makes the trawl inefficient and the catch per tow does not reflect 
the abundance of spiny lobsters in the Bay or Sound. 

Although, as previously stated, Pagurus bonairensis was the dominant 
hermit crab yielding over 90,000 individuals; in Card Sound, a second her-
mit crab, Pa-^uristes tortugae, became important. In addition, a large 
but uncounted number of Pagurapseudes sp. were present and in competition 
with hermit crabs for small shells. 

Z." tortugae were represented by 4205 individuals. In Biscayi*e Bay 
the catch rate was 0.17 individuals per tow. r'ene were taken at N V, 
NE I, S 1, I and K. Gone "ly, numbers were low at inshore stations 
except II which prod'ced 0. v tow Catches were high at NE IV, C 
.r i E which mid-I -r: - . Ir rd c uad -h :c tate was 1.19 
pe tow r*tchcr wr e 3S , .606, 0608, 0703 

I "vgb at ! .70 ~ b 12, T tii^u e.c :iecially red 
a1 ae ibundar La; • .rtl. ;t . , 

The car ld°an ^hrir* 1 ̂  ' .enes —/ -ricanus was represented by .1274 
individuals. JT.e carer .. T5 :c;.yr° Bay vis 0,1^ and in Card Sound 
it was 0.1S indivi' • *" secies vis ;.ot taken at N V, G, I, 
J r-.ad K. Catch -r-.es v ^ e .1 o r than 0 015 at NE I, SE I and S I. Thus, 
the station: rros*. affec.au . e effluent: G, S I, SF I and I, produced 
below r/era e t t s c — " othe* inshore qtatio^s (Nr I, N V) wire 
also low pro ' ; ôi. ai d K, a" well as 1, were only sampled 
for about 1 year *xd nav refle **• natvr; 1 period of lot abun 1"^^ or ray 
reflect the effect of tne efiluoat. Catche.5 were high rt stations SF IT I 
.:nd O; shallow-^nid-Bay stations with Thalassia substrate . "tation SE TTI 
also had abundf^t Laurenc.ia. In Card Sound catches were lev at 0104, 0204, 
040 ', 04f.5, Q3C% 0608, 0703 )704 and 0303, they were highest at 0805. 
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Table 22. Catch and catch per tow oi" Periciimer.es and Pagurlstes from 
Biscayne Bay and Card found 

Periclinenes americanus Pagnrus tortugae 
Station Catch Catch/Tow Catch C;:tch/"c\; 

N T 5 . 0 2 14 . 0 6 
>• I I 12 . 0 5 76 . 31 
:: I I I 8 . 0 3 1 . 0 1 
M IV 10 . 1 7 8 . 1 3 
N V 0 C 0 0 
::F. I 2 . 0 1 0 0 
NF 11 6 . 0 2 4 .02 
NE I : I 79 . 3 2 106 . 4 3 
NE TV 23 . 3 8 102 1 . 7 0 
NE \ 34 . 5 7 16 .28 
SF. I 3 . 0 1 9 . 0 2 
SE _ [ 3S . 1 5 127 . 5 1 
SF J !I 283 1 . 0 6 116 
SE 1 / 3 . 05 11 . 1 8 
SE \ 2 . 0 3 1 .02 
S I 3 . 0 1 0 0 
S IT 6 . 0 2 13 . 0 5 
S T TI 17 . 0 7 67 . 2 7 
s iv 9 . 0 7 9 . 0 7 
S V 19 . 1 4 5 . 0 4 
A 3 . 0 2 1 . 0 1 
B 2 . 0 2 0 0 
C 58 . 4 5 182 1 . 4 2 
D 111 1 . 4 4 15 . 2 0 
E 15 . 2 0 74 . 9 6 
F 20 0 16 . 0 6 
G 0 . 0 8 5 . 0 1 
H 3 . 0 4 3 . 0 4 
1 0 0 0 0 
J 0 0 6 . 0 6 
»\ 0 0 0 0 
0104 4 . 0 2 78 . 3 1 
0204 2 . 0 3 107 1 . 7 0 
0208 18 . 1 4 0 0 
0304 10 . 1 0 665 6 . 7 9 
0306 32 . 3 5 5 . 0 6 
0403 4 . 0 3 37 . 3 1 
0404 8 . 0 7 197 1 . 6 6 
0405 8 ,CB 10 . 0 8 
0503 22 . 0 9 345 1 . 3 7 
0504 4 3 . 1 7 202 . 8 0 
0603 106 . 4 2 208 . 8 3 
0604 92 . 3 7 674 2 . 6 8 
0606 54 . 5 9 30 . 3 3 
0608 5 . 0 7 0 0 
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Tible 21. Continue.-1 

Periclinenes americanus Pagurus tortugae 
Station Catch Catch/Tow Catch Catch/Tow 

070.' 3 .02 54 .41 
0704 8 .09 158 1.74 
0803 0 0 60 .95 
080'. 14 .22 292 4.64 
080i 51 .56 54 .59 
1004 14 .18 42 .55 
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Polychaetes 

Polychaete worms were not counted nor Identified at the beginning of 
the study. After January 1971, they were identified to family and counted. 
For this reason, the effort for polychaetes is unequal to that for other 
animals and some Biscayne Bay stations (N III, N IV, N V, NE III, NE IV, 
NE V, SE IV, SE V, B and C) were not sampled at all for polychaetes. Others 
(N I, N II, NE II, SE II, S I, S II, S III, S IV, S V, A, D, E, H, I, J, K, 
0204, 0803, 0804 and 1003) were only sampled for 5 months (winter to sum-
mer) and still others (SE III, J, 0304 , 0306 , 0606 , 0704 and 0805) *?ere 
sampled for only 8 months — January-August 1972. Cespite the lower effort 
expended to catch and sort polychaetes, they were represented by 55,533 
individuals, which is about 7% of the total catch. The total catch in 
Biscayne Bay was 7972 taken in 1141 tows, or 6.99 individuals per tow. If 
5784 tows were taken the catch should have been 40,412, assuming an even 
distribution at the unsampled stations existed. In Card Sound 47,561 
worms were taken in 1925 tows, or 24.71 individuals per tow. If all 
2695 tows had been sorted and had the same average catch per tow, the total 
would have been 66,585. Thus, the total polychaete catch would have been 
106,991, the total animals caught would have been 834,135, and thus the 
polychaetes would represent 13% of the total animal catch, a significant 
portion of the biomass. 

Comparing ten of the original Biscayne Bay stations (Table 23) we 
found the average catch per tow was 3.6. The 95% confidence interval was 
from 2 to 5. Catches at N I and SE III were low, and those at S II and 
5 III were high. Station SE I (sampled for 30 months) was high compared 
to the other stations. Part of the high catch resulted during the period 
of recovery, after the Grand Canal was diverted and closed. Even so, the 
average catch, 3.4 individuals per tow, at station S I indicates polychaetes 
were not adversely affected by the latter period of effluent discharge and 
had either recovered from the earlier discharge or were never depressed 
significantly. 

Analysis of 8 additional Biscayne Bay stations showed a catch rate of 
6 worms per tow with a 95% confidence interval from 3 to 9. Catches at 
station F were high while those at I and K were low. Catches at station 
G (sampled for 30 months) were similar to the average of other stations. 
Again, this indicaf.es recovery at the hottest station. 

The average catch rate at the Card Sound stations was 23 worms per 
tow. The 95% confidence intervals were 6 to 39. Generally, worms were 
more abundant in Card Sound. 

The dominant families in the worm catches were Nereidae (43%), Syllidae 
(25%), Eunicidae (7%), Serpulidae (5%), Lumbrineridae (5%), Hesionidae 
(3%) and Dorvilleidae (2%). The other 10% were represented by 28 families. 

Porifera 

The Porifera were represented by 36,146 sponge colonies of 27 species, 
plus an unidentified category which contained 629 individual colonies. Of 
these sponges, 932 were of the genus Spongia and 38 were Hippospongla. 
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Table 2 3. Catch per tow and number of tows sorted for Pclychaete worms from 
selected stations in Biscayne Bay and Card Sound 

Station C/e tows Station C^e tows Station C/e tovs 

N t -l 1.6 35 A 7.7 35 0104 8.0 210 

> * II 4.5 35 D 3.3 35 0503 13.4 210 

NT II 2.7 35 E 5.7 35 0504 35.6 210 

SE II 2.6 35 F 11.3 84 0603 19.3 21.0 

SE III .1 56 H 7.7 35 0604 36.8 210 

c; I 3.4 35 I 2.3 35 

c XI 6.3 35 J 6.2 56 

s III 7.3 35 K 1.5 35 

c IV 3.5 35 

S V 3.7 35 

SE I 13.71/ 210 G 6.82/ 210 

Sx .7 1.2 5.8 

X 3.6 

95% CI 

5.7 

95% CI 

22.6 

95% CI 

2.1 < 3.6 < 5.1 2.8 < 5.7 < 8.6 6.4 < 22.6 < 38. 

y July 1968 - June 197 3 
^ January 1968 - June 197 3 
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Thus, 970 commercial sponges were taken. In 1968 and 1969, an active 
fishery for these sponges was in progress by expatriated Cuban fishermen. 
Their principle activities occurred on the shallows north of station NE IV, 
on Pelican Bank, on the Arsenicker Banks near station SE III and SE IV, and 
in Card Sound. Of these commercial species the grass sponge, Spongia 
gr amine a, was most abundant in our samples. Smith (1973) has discussed 
growth of this species and distribution of sponges in Card Sound. In 
Biscayne Bay only 97 specimens were taken and 63 colonies or 65% of these 
were taken at SE III, S IV and S V. In Card Sound the catch rate was 
0.26 colonies per tow. Catches were low at 0208, 0104, 0803, 0403, 1003 
and 0204. Except for 0208 located near Angelfish Creek entrance, in a 
shallow Thalassia area, these were near shore stations. Catches were 
greatest at stations 0604, 0504 and 0805, stations near the mainland, but 
1-1.5 miles from shore. 

A non-parametric analysis of variance indicated a significant differ-
ence in the catch of sponges among the 20 stations sampled from July-
Deceniber 196? (Roessler, Tabb, Rehrer and Garcia, 1974). Sponges were absent 
from inshore stations N II. N III, SE I, S I, S II and S III. Except for 
the last two stations, these were all located along the shoreline and were 
subjected to salinity fluctuations beyond the range tolerated by marine 
sponges. The few sponges taken in the inshore area were the chicken 
liver sponge, Chondrilla nucula, the "brown bay sponge", Oligoceras hemorrhages 
the fire sponge, Tedania ignis, or drifting sponges of other species 
usually found attached in mid-Bay stations. Sponge catches were above 
average at stations NE IV, S IV and S V. These stations were far enough 
from the mainland to receive little influence from runoff and were gener-
ally subjected to oceanic water exchange through the tidal passes (see 
Lee and Rooth, 1971). 

In the period July 1968-June 1971, the original Biscayne Bay stations 
produced 0.82 sponge colonies per tow. The 95% confidence range was from 
0.48-1.16. Catches were high at N I, SE II, SE III and S II (Table 24). 
Catches were low at K II, N III, NE III and S I. The low catches reflect 
inshore locations and salinity variation. If one compares the 1968-1973 
catch rate of 0.11 at SE I, influenced by the thermal effluent, it is low 
compared to the average for other stations. The added Biscayne Bay 
stations produced 5.20 sponges per tow. A very high variance makes the 
95% confidence limit 0-13. Catches at D were significantly higher than 
other stations. When one compares the catches made at G (0.01 colonies 
per tow), including the recovery period, it is low but not significant due 
to the large variability among other stations. In Card Sound tne catch 
rate of sponges was 9.65 colonies per tow. The 95% confidence interval 
was 4.6-14.7. Catches were higher at the mid-Bay stations 0504 and 0604 
and lower at inshore stations 0104, 0503 and 0603. Smith (1973) has dis-
cussed the abundance, diversity and growth of sponges in Card Sound, with 
reference to the effluent. 

In this study the most abundant species of sponge was the chicken 
liver sponge, Chondrilla nucula. It is discussed below as an indicator 
species. The brown bay sponge, Oligoceras hemorrhages produced 1621 
specimens. In Biscayne Bay the catch rate was 0.17 per tow. This common 
sponge was most abundant at N I, N IV and H. It was absent at inshore 
stations S I, SE I and I» those most affected by the effluent. It was also 
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Table 24. Catch per tow of sponges at selected stations in Biscayne Bay and 
Card Sound 

C/e C/e C/e 
July 1968- Jan. 1969- July 1970-

Station June 1971 Station June 1971 Station June 1973 

N I 1.33 A 1.38 0104 9.56 
N II .05 D 14.75 0503 6.39 
N I1T .47 E .52 0504 13.88 
NE I .79 F 8.45 0603 4.95 
NE II .96 H 1.37 0604 13.47 
N E III .47 
SE II 1.53 
SE III 1.33 
S I .03 
S II 1.26 
S III .82 . , 
SE I .11- G .01— 

Sx .16 2.76 1.81 

x .82 5.20 9.65 

95% CI 95% CI 95% CI 
.48 ^ .82 £ 1.16 .0 < .20 < 12.93 4.59 * 9.65 * 14.71 

y July 1968 - June 1973 
—/ January 1968 - June 1973 
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absent or rare at mid-Bay and offshore stations (Table 25). In Card 
Sound the catch rate was 0.23. The highest catch rate (1.8 per tow) 
occurred at 0104 located in shallow water near the Arsenicker Keys. 

The blue colored finger sponge, Dysicea etheria, was representee 
by 1381 colonies. Only 84 were taken from Biscayne and these generally 
were taken at the mid-Bay and offshore stations. In Card Sound the 
catch rate was 0.48 colonies per tow. The highest catches 1.1 and 2.3 
occurred at 0504 and 0604. Generally, catches were lowest along the 
shore and highest 1/2-1 mile from the mainland. 

The hard white sponge, Geodia gibberosa. was represented by 1288 
specimens. Stations S IV and S V produced 85% of the 274 specimens col-
lected in Biscayne Bay. In Card Sound the catch rate was 0.38 colonies 
per tow. Highest catches occurred at 0504 and 0604. Low catches occurred 
at 0306, 0703, 0803 and 1004. Except for 0306 these were in the inshore 
area protected from tidal exchange by Card Bank. 

The green sponge, Haliclona virldis, is usually found growing over 
the above G. gibberosa. Hence, the numbers of distribution of II. viridis 
and C. gibberosa is almost identical. A few additional free colonies or 
fragments increased the total numbers of H. viridis to 1308. Of these, 
285 were taken in Biscayne Bay. Stations S IV and S V in the eastern Bay 
produced 85% of the catch. In Card Sound the catch rate was 0.38 colonies 
per tow. Distribution was similar to Geodia. 

The purple finger sponge, Haliclona molitba (may include other 
purple Haliclona), was represented by 1230 specimens. Catch rates were 
low in Biscayne Bay (0.01 colonies per tov) with most specimens coining 
from the eastern Bay. In Card Sound the catch rate was higher (0.43 
colonies per tow). The affected stations 0603, 0604 and controls 0503 
and 0504 were all high producers. 

The finger sponge, Ircinia fasciculata, was represented by 2329 
colonies. The catch rate in Biscayne Bay was 0.08. Catches from NE IV, 
SE III, S IV, S V and D accounted for 80% of the 465 specimens. These 
were all mid to eastern Bay stations. The catch rate in Card Sound was 
0.69 colonies per tow. Catches were higji at 0304, 0504, 0604, 0606 and 0E05 
again the mid-Bay stations. Catches were low at 0104, 0208 and 0803, 
stations close to the mainland or islands. 

The green ball sponge, Tethya diploderma, produced 1559 colonies. 
In Biscayne Bay 254 specimens were taken. Station D produced 67% of 
these. In Card Sound the catch rate was 0.48 colonies per tow. Catches 
were low at 0208, 0306, 040S, 0608 and 1004. This sponge appeared more 
commonly near the mainland than at offshore stations. All stations rear 
the Card Sound effluent had average to high catch rates. 

Coelentera:es 

Coelenterates were not abundant and jellyfish, alcyonarlans, corals 
and anemones produced only 1593 specimens. The firmly attached corals 
and alcyonarlans are not adequately sampled by trawls. Mr. L. Purkerson 
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Table 25. Catch per tow of abundant sponges 

Oltgoceras Dysldea Geodla 
Station hemorrhages etheria gibberosa 

N I 1.14 0 0 
N II .03 0 0 
B III .06 0 0 
N IV 1.05 0 0 
N V 0 0 0 
NE I .54 0 0 
NE II .53 0 0 
NE III .06 .02 .01 
NE IV .05 .08 .12 
NE V .02 .02 .02 
SE I 0 .01 0 
SE II .26 0 .01 
SE III .04 .02 .03 
SE IV .05 .02 .13 
SE V 0 0 .02 
S I 0 0 0 
S II .11 0 0 
S III .22 0 .01 
S IV .04 .09 1.10 
S V .02 .30 .61 
A .10 0 0 
8 .04 0 0 
C .12 .02 .04 
D .04 .04 0 
E .26 .07 .01 
* .02 0 0 
G .02 0 0 
H 1.36 0 0 
I 0 0 0 
J .11 0 .02 

Haliclona 
molitba Haliclona Ircinia Tethyp 
(complex) viridis fasciculata diploderma 

0 0 0 0 
0 0 0 .01 
0 0 0 .01 
0 0 0 0 
0 0 0 0 
0 0 .01 0 
0 0 0 0 
.02 0 .02 .01 
.07 .12 .48 0 
.17 .02 .17 0 
0 .01 0 .01 
.02 .01 .02 .01 
0 .04 .20 .01 
.05 .12 .22 .02 
.03 .02 .17 0 
0 0 0 0 
0 0 .01 .04 
0 .01 .03 .02 
.18 1.17 .99 . .05 
.13 .66 .94 .07 
0 0 0 .01 
.01 0 0 0 
.02 .06 .17 0 
.01 .01 .33 2.21 
,01 0 .16 .05 
0 0 0 .09 
0 0 0 0 
0 .01 0 0 
0 0 0 0 
0 0 0 .17 



Table 29C. Continued 

Haliclona 
Oligoceras Dysidea Geodia molitba Haliclona Ircinia Tethya 

Station hemorrhages etheria gibberosa (complex) virldis fasciculata diploderma 

K 0 0 0 0 0 0 .03 
0104 1.79 .07 .38 .41 .44 .14 .45 
0204 0 ,62 .44 .06 .44 .44 .22 
0208 .02 .13 .24 0 .18 .18 .02 
0304 0 .47 .52 .36 .54 1.09 .35 
0306 .02 .18 .03 .19 .09 .60 .07 
0403 .05 .17 .20 .13 .12 .35 .35 
0404 .05 .35 .39 .75 .46 .76 .94 
0405 0 .14 .09 .38 .17 .69 .09 
0503 .31 .26 .38 .44 .37 .46 .82 
0504 .04 1.10 .72 .79 .71 1.45 .90 
0603 .17 .40 .16 .70 .10 .21 .61 
0604 .03 2.00 1.08 .85 1.00 1.64 .47 
0606 .02 .30 .11 .73 .20 1.13 .26 
0608 0 .17 .09 .03 .22 .51 .04 
0703 .06 .07 .85 .01 .07 .23 .12 
0704 .03 .45 .52 .21 .51 .60 .97 
0803 0 .06 .08 .02 .11 .14 .13 
0804 .02 .43 .48 .35 .49 .86 .84 
0805 .02 .14 .29 .29 .36 1.18 .45 
1004 0 .04 .01 .01 .03 .60 .08 



is studying these animals and additional studies have been reported by 
Clark, Joy and Rosenthal (1970) and Chesher (1971) for specimens located 
near a desalinization plant in Key West, which also discharges heated 
effluents. The work of Mayer (1914) should also be consulted. 

In general, the corals and cyonarians were more abundant in the 
eastern half of the Eay and scarce on the western side. This reflects 
the salinity tolerances of these animals. 

In Biscayne Bay the catch rate was 0.09 colonies per tow for the 
combined 17 species and in Card Sound it was 0.39 individuals per tow. 
The original Biscayne Bay stations produced an average of 0.05 per tow, 
the 5 additional stations 0.08 individuals per tow- The 5 Card Sound 
stations most frequently trawled produced 0.60 individuals per tow with 
0603 being the largest producer (Table 26). No species was of commercial 
value and none was of sufficient abundance to warrant individual analysis. 

Echinoderics 

Echinoderms, composed of 26 species of sea cucumbers, starfish and 
brittlestars produced 42,573 individuals. This represented 5.4% of the 
animal catch. During the period July-December 1968 echinoderms were 
represented by 8079 individuals, comprised of 23 species. They represented 
2.4?̂  of the animal catch. During the period July-December 1968, the mean 
catch for the 20 stations was 3.56 echinoderms per tow. Echinoderms were 
absent from stations N I, N II, N V and SE I. Catches were low at N IV, 
SE II, NE V, SE I, SE IV and S I (Pr < .05), (Roessler, Tabb, Rehrer and Garcia 
197 4), These are generally inshore stations which are subjected to wide 
ranges of salinity. The low catches at NE V may reflect the low amount 
of vegetation and sponges which appear to be habitats favored by echino-
derms. The Biscayne Fay stations occupied from July 1968-June 1971 
produced ar average of 2.1 individuals per tow. The 95% confidence limits 
were 0.3 to 3.8. (atches were low at inshore stations N I, N II, N III, 
ME I and S I. Catches were high at SE II and S III. Comparing the catch 
at SE I for the period Jul;' 1968-June 1973 to the above we find the catch 
VMS withir. the confidence rai . -rhis reflects .igh catches after the 
diluent was diverted. 

The added Biscay... 3ay stations had an average catch rate of 1.47 
with a 95? confidence i nge from 0-3.75. Catches at D were above the 
range. Comparing C to -he a? .ve statiors it produced close to the aver-
age catch rate. Salinity rather than temperature appeared to control 
echinoderm distribution. 

T'ie Card Soun,' t uitions produced an average of 11.93. The variation 
was large and the 95' confidence interval was 0-24 (Table 27). Catches 
at station 0604 were esrremelv high while those at the control station near 
\rscnicker Key were. low. 

The very < bur.dant sea cucumber, I.eptosynapta parvipatina, will be 
iscussec' as ar indicator species. It was represented by 13,445 indivi-

duals, which comprised 1.7°' of the total catch. 



Table 26. Catcli per tow of coelenterates from selected stations in Biscayne 
Eay and Card Sound 

Statj on 

C/e 
July 1968-
June 1971 Station 

C/e 
Jan. 1969-
June 1971 Station 

C/e 
July 1970-
June 1973 

N I 
K II 
N III 
NE I 
NE II 
NE III 
SE II 
SE III 
S I 
S II 
S III 
SF I 

.10 

.04 

.01 

.01 

.04 

.07 

.11 

.07 

.01 

.01 

•°51/ . 07— 

A 
D 
E 
F 
H 

G 

.01 

.20 

.12 

.02 

.06 

, 02—/ 

0104 
0503 
0504 
0603 
0604 

.23 

.30 

.50 
1.29 
.69 

Sx .01 .04 .19 

X .05 .08 .60 

95% CI 95% CI 95% CI 
.03 i . 05 ^ .07 .00 * .08 ^ .18 .07 S .60 £ 1.13 

July 1968 - June 1973 
2J January 1963 - June 1973 
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Table 27. Catch pe - tow of echinodents from selected stations in Bisciyne 
Bay and '~ard Sound 

C/e C/e C/e 
July 196o- Jan. 1969- July 1970-

Station June 1971 Station June 1971 Station June 1973 

N I . 0 7 A .04 0104 1.52 
K 11 , 0 8 D .66 0503 6.35 
N III . 1 8 E 4.59 0504 16.62 
NE I . 2 7 F .54 0603 8.40 
NE I . 8 5 H 1.52 0604 26.75 
:~z I ; R 3 . 0 2 
SE i: 6. 90 
SE IV 2 . 8 4 
C T . 0 3 
S 1 i . 5 4 
S I I I 5 . 8 5 I ; 2/ SE I 1.41- G .87-

Sx . 8 0 .82 4.43 

X 2 . 0 6 1.47 11.93 

95% CI 95% CI 95% CI 
. 3 0 - 2 . 0 6 - 3.82 .0 ± 1.47 ^ 3.75 .0 £ 11.93 - 24.33 

- • uly 1965 - June 1973 
- January 1968 - June 1973 

- 1 0 3 -



The starfish, Fchi.iaster sentus, produced 1433 specimens. In Bisscayr.e 
Ba- the catch rate vas 0.24 individuals ptir tow. None were taken at IT V, 
NE" , S I, A, I and K (Table 23). Catches were also low at N I, N II. 
N III, NE V, sr V, S II, S IV, S V, B, F and G. Catches were high at N I", 
NE III, C, E and H. Most of the catch was taken where the red algae, 
Laurencia spp. or Piger.ia sirrp."1 ex was abundant. Only 45 specimens were 
collected in Card Sound and 69" of these came from station 0104. 

Although much research on the dynamics of the urchin, Lytechinus 
variegatus has bee I done by H. B. Moore and his students and it was abun-
dant in the sample.;, we can say little about the distribution of the 
species except that it appears to be limited by salinity and the presence 
of tides which bring oceanic water. Out of the 732 animals taken in Lis-
cayne Bay, 98% occurred at eastern Bay stations NE V, SE V, S IV and S V. 
The highest catch rate, 7.1 individuals ner tow, occurred on a Thalassia 
bed near Ceasar's Creek Inlet. In Card Sound the catch rate was 0.41 
individuals per tow. The high catch rate at 0208 (Broad Creek Inlet) was 
expected, but the high catches at 0604 and 0504 (about 1/2 mile east of 
the shoreline) near the Model Land Company Canal discharge were unexpected. 
Perhaps the current from the power plant effluent and relative stable 
salinity during the study allowed these animals to move into the area. 
Such invasions and dissappearences do not appear unnatural. Before the 
initiation of the Card Sound sampling, the area of 03 04 had numerous 
urchins. During one rainy season they disappeared ard only 1 was taken 
at 0104 in 252 net hauls during the study. 

The brittlestar, Ophiactis savignyi, was represented by 73f'5 specimens. 
Ir. Biscaync Bay the catch rate was 0.25 individuals per to v. Catches 
•ere high at stations N IV, SE II, S III, S V and E. Generally, these 
stations produced high vegetation catches cr at S V high catches of 
cpcig.es. The species appeared to avoid inshore stations along ihe mainland, 
in ard Sound the catch rate was 2.21 individuals per tow. Catches were 
low at 03 04, 0204, 0208, 060S, 0803 and 1004. Catches were hifhest f.t 
•;8f\';, 0804 and 0304. Thus, the species appears to be a mid-Bay species 
vhK:i avoit's the edp.es of the Sound. 

Another brittlestar, Ophioderna brevispinum. was represented by 1>22 
ind viduals. The catch rate in Biscayr.e Bay was 0.05 individuals per rev:. 
."e\ nty percent of the 271 individuals cane from stations SE II, C and E 
vit'.i alundant red algae and where sponges were common. In Card Sound the 
catci rate was 0.50 individuals per tow. Catches were high at 0304, 0404, 
'<"->(14 and 0804. Catches were low at 0104, 0204, 0208, 0306, 0403, 0608, 
• 703 and 1004. The species tends to avoid shallow areas and is r.ost com-
-o' In sponge or rô ' alpac. 

Ophiopsila riisei was represented by 10941 individuals, «!ich is 
L.4V, of the animals caught. Had it been more abundant in Biscayne Bay 
vhete only 537 individuals were taken, it would have been chosen as an 
indicator organism. l!ovever, the low catch rate of 0.09 individuals per 
tow, it. the area most influenced b- the effluent, made it an unlikely in-
dicator of thermal affects. The species was common at NE IV, S IV, S V 
and C and abundant at station E. The former stations are eastern Bay 
stations and C and E are raid-Bay stations. The catches at all inshore 
stations were very low or zero. In Card Sound the catch rate vas 3.86 
individuals per tow. Brittlestar catches were high at stations 0304, 
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T ic 25. watch per tow of Kchinaster, Lytechinu; 
Ophlot.hr ix 

Echinjc;tei Lytejhinus: Ophiactis 
;; it Ion sent us variegatns savl gnyi 

i 
"T 
1 .01 0 o 

« T r r a. J .03 0 <. 01 
III .02 0 0 

N TV 2.i2 0 2.43 
:j \j 0 0 0 
j- 1 0 0 <.01 

11 .13 0 .01 
TTT 1.25 r\ 

L' 1 0 
» 

a r IV .13 .10 .60 
• T"" V . G2 .60 ,25 
n* 

\ 1 .08 0 .01 
II .53 0 1.21 

SE III .40 .01 .26 
;:F IV . C 7 r> r .10 
St V .02 7.08 .03 
S I 0 0 0 

IT .02 0 .22 
» III .46 '.01 1 . 3 7 

IV .01 1.38 .27 
c 11 V .04 .47 1.12 
A 0 0 .01 
B .02 0 .01 
C .01 .CI .26 
D .33 .07 .14 
E 1 . 0 8 0 1.97 
F <.01 0 .01 
G .03 0 < .01 
H ". 71 0 .12 
1 0 0 C 
J .13 0 .19 

Ophlactls, O p i n o d e r m a , Cphiopsila, Opriostigma and 

Ophioderr.a Ophiopsila Op H o stigma Ophiothrlx 
brevicpirup' ri.l f.-e.i i sacantkum orstedi i 

0 o 0 0 
0 --.c1 0 0 
0 0 0 0 
.03 0 0 0 
0 0 0 0 
0 0 0 0 
0 <.01 0 0 
. P 7 .07 .02 

a ' 
. -it/ 

.07 .78 .23 1.22 
0 .27 .02 .18 

<.01 .01 . 01 0 
.22 .07 .03 .04 
.02 .03 .02 .21 
.08 .10 0 .12 
0 0 0 0 
0 0 0 0 
0 0 .01 0 
.07 .03 .02 0 
.03 .77 .09 .45 
.07 .58 .20 .53 
0 .01 0 .01 
0 .01 0 0 
.65 • 3r> .06 .89 
.08 0 .03 .12 
.70 2.31 .12 .02 
.01 .02 0 0 
.02 .01 .01 0 
0 .01 0 0 
0 0 0 C 
.01 0 0 0 



Table 29C. Continued 

Echinaster Lytechinus Ophiactis 
Station sentus variegatus savignyl 

K 0 0 0 
CIu4 .12 <•01 .35 
0204 0 0 .65 
0 2 0 8 0 .98 .07 
0304 0 .05 4 . 9 2 
0306 0 0 1.04 
0 4 0 3 0 .02 1.56 
0404 .01 .05 3.14 
0405 0 .03 1.61 
0 5 0 3 0 .29 1.24 
0 5 0 4 0 .89 2.'ve 
0603 0 .31 1.46 
0604 <•01 1 . 8 8 3.3C 
0606 0 .39 2.88 
0608 0 .10 .30 
0 7 0 3 0 .03 1 . 5 2 
0704 0 .03 4 . 5 7 
0 8 0 3 0 .02 .84 
0804 0 .08 5.76 
0805 .03 .47 10.45 
1 0 0 4 .12 .31 .40 

O p h i o d e r m a P p M o p s i l a O p h i o s t i g m a O p h i o t h r i x 
b r e v i s p i n u m riisei i sacantbum o r s t e d i i 

0 0 0 0 
.03 • io .11 .02 
.08 .48 .05 r> r 
0 0 0 .U2 

1.15 6.74 1.39 .18 
0 .28 .04 .15 
.03 .13 .13 .05 

1.13 10.24 1.98 .20 
.17 1.72 .11 .51' 
.22 1.27 .89 .04 
.64 5.71 2.71 .50 
.55 2.67 2.39 .02 

1.62 S.16 5.58 .5:3 
.54 1.68 .79 .20 
.07 .39 .13 .47 
.08 1, ""6 .39 .09 
.74 17.04 2.29 .21 
.27 1.13 .38 .14 

1 . 1 0 15.08 1 . 7 0 .30 
.92 9.36 1.75 .54 
0 .06 .01 .16 



0404, 0504, 0604, 0704, 0804 and 0805 and low at 0104, 0204, 0208, 0306, 
0403, 0608 and 1004. Those stations close to shore or in relatively pure 
TagLassia produced few specimens while those in mid-Bay areas, .^here 
sponges and red algae were abundant, produced large catches. 

Ophiostigna isacanthun was represented by 4085 individuals. It too, 
was not common in Biscayne Bay where the catch rate was 0.02 individuals 
per tow. Again, stations NE IV, S IV, S V, C and E produced most ('8%) 
of these brittiestars. In Card Sound the catch rate was 1.48 individuals 
per tow. Catches were greatest at 0604 which had large amounts of Aaurencia 
spp. plus numerous sponges. Stations 0504 and 0603 also produced high 
catches. Low catches occurred at 0104, 0204, 0208, 0306, 0403, 0405, 0608 
and 1004. 

Ophiothrix orstedii was represented by 1090 individuals. The atch 
as about evenly distributed between Biscayne Bay and Card Sound, but the 

catch rate was lower in Biscayne Bay (0.09) than in Card Sound (0.2? 
individuals per tow). In Riscayne Bay, relative abundance was high at 
: m . IV, S7! III, S Vr

: S V and C. All of these stations yielded 
tar ;r sponges. In Card ~ound the mid-Bay stations with sponges yielded 
hi i catches, while the shoreline and Thalassia stations yielded less 
h vi tt i.estars . 

M l of the echinoderms seem to be salinity dominated and all of the 
• • rL11lestars appear to be associated with larger sponges, such as 
T rclnia, Geodia, Spoilgia and Sp eciospongia. The smaller dominant sponges 
'.hondrA lid, O il joceras and Tedania are less steno'naline and entar inshore 
at. i . L'hey do not grow as massively and provide little shelter for 
brittlestars. Either lack of shelter or less stable salinity excludes the 

}or i ty of britties tars. 

Other 

it her of animals — Platyhelminthes, Sipunculids, Hirucinea, 
• e i L m .i, Bryozoa and Ascidi icea were not specifically sorted and were 

r - s t e d dy 482c- individual.? or 0.62% of the animals collected. They 
• *i 1 1 :\ov be • 1 s c u s s e d h e • . 

dominant spc.-l s n o der of decreasing abundance were the 
.r: i.-.hi shrimp, ; hor . i o n r n u s ; the checkered pheasant shell, Tricolia 
i: i ; ; t'u hermit cr • , Pagnrus bonairensis: the lunate dove shell, 

"it re H lu nata; the 1 ;ne]7 rissoina. -.issoina chesneli; the flv-
spo »":!•; 5 od ce r i t- !i, Cerit liuiii r.uscarum* the polychaete family Neriidae the 
ciiicV.ui liv -aondriila nucula-; the Atlantic modulus, Modulus 
' >•: ' 11 us ; th e vorr •:•: L sastroood, Vermicularia soirata; the miter, Ilitra 
genmata; th a polr : . famil , Syllidae: the small sea cucumber, 
^v.iosynapt a parvi nat: I: a_; the striate bubble shell, Bulla umbilicata; the 
'••iridean shrimp, iipno: yt e • 1 euro can t h t h e rusty dove shell, Columhella 
rus ticoides (and unidentified uveniles): the brittlestar, Qphicpsila 
r I sci: tiie mud crab , eopa: ooe packardii; the Antillean lima, Lima 

! Uic.ida, the ivory cerith, Cerithium eberneum, and the brittlestar, 
-,iact is s-nvignyl. These 11 Laxa (4%) produced 632,255 individuals or 

•Si: o'~~ the total catch. The remaining 459 taxa produced 150,422 or 19% 



of the catch. Other dominant species were the mussel, Brachldontes exustus, 
and the variable bittium, Bittium varium, amphipods and isopods. However, 
these animals were not sorted and counted. 

From the above list, 7 mollusc species were chosen as indicator species 
for analysis of spacial and temporal distribution and the importance of 
environmental variables on the catch rate. These were Bulla umbilicata 
(12,890 individuals - 1.8% of total excluding polychaetes), Cerithimn 
eberneum (7,474 - 1.0%), Cerithium musearum (25,829 - 3.6%), Mitrella lunata 
(50,253 - 6.9%), Modulus modulus (18,254 - 2.5%), Tricolia affinis (93,709 -
12.9%) and Vermicularia spirata (16,252 - 2.2%). In addition, Mitra gemmata 
(14,320 - 2.0%) and Rissoina chesneli (33,461 - 4.6%) were examined for 
spacial and temporal distribution. Two additional species, the paper mussel, 
Amygdalum papyria (3,785 - 0.5%) and Atlantic marginella, Prunum apicinum 
(5,639 - 0.8%) were chosen as indicators because of their importance in 
Biscayne Bay, especially early in the study. Columbella rusticoides and 
unidentified juveniles, together with Lima pellucida were dominant in Card 
Sound and were not selected as indicators. A total of 9 indicator molluscs 
were analyzed. 

The crustaceans, Hippolyte pleuracantha (11,335 - 1.6%), Neopanope 
packardii (9,110 - 1.3%), Pagurus bonairensis (90,648 - 12.5%) and Thor 
floridanus (140,567 - 19.3%) were selected as indicators. 

None of the polychaetes were used because of systematic problems and 
the unequal effort used to catch, sort and count polychaetes. 

The chicken liver sponge, Chondrilla nucula (19,932 - 1.4%) and the sea 
cucumber, Leptosynapta parvipatina (13,445 - 1.8%) brought the indicator 
species to 15. The brittlestars, Ophiopsila riisei and Ophlactis savignyi 
were not considered because of their scarcity in Biscayne Bay and dominance 
in Card Sound. 

Table 29 shows the sum of the transformed data (ILog (catch +1)) for 
each Biscayne Bay station for the periods July 1968 - December 1968; 
January 1969 - June 1970 and July 1970 - May 1971. The 99% confidence 
limits of the station totals is given. In the first two periods, zero 
catches at a given station were considered significantly low and the station 
was not used to compute geometric means nor was the effort used in the 
analysis of variance or confidence limits. In the period July 1970 -
May 1971, all effort and catches were included in the analysis and confidence 
limits. Table 30 gives similar data for Card Sound for the periods July 
1970 - May 1971, July 1970 - December 1971 and July 1970 - June 1973. Here 
all effort was used in the analysis and in calculating the 99% confidence 
intervals. 

In the first 6 months of the study, station S I located in the thermal 
plume and 5.25° above the ambient temperature recorded at station N III 
produced low catches of Cerithium muscarum (fly-speckled cerithium), 
Vermicularia spirata (worm shell gastropod), Hippolyte pleuracantha (cari-
dean shrimp), Thor floridanus (caridean shrimp) and Pagurus bonairensis 
(hermit crab). Station SE I also elevated 5.25° by the thermal plume 
produced low catches of Bulla striata (straite bubble shell), Modulus 
modulus (Atlantic modulus), Vermicularia spirata, Hippolyte pleuracantha, 
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V.ible 29A. Summary of catches, • log (Catch M ) , in Btscayne Pay 

Specie K I . L fT III N IV 

Anygdalum p a p y r i ^ 0 . 6 0 1. 20 0 . 6 0 0 .90 

Bu l l a u m b i l i c a t a ) o r\ 
• . ' 11 53 7.82 11 .24 

Ce r i t h ium n.u^carun. 9 . 3 1 12 .27 8 .68 

M l t r e l l a l u n a t a 8 .1* 7.62 4 .14 6 .86 

Modulus moduJ \ic 1 0 . t ' • 6 $ 9 .46 26.26 

Prunum ap ic imim 5 .52 6 .39 3.15 2.58 

Tricolla affinis 1.0ft C.60 0.00 0.00 

Vermicularia spirata 0.60 0. 8 0.30 7.68 

Hippolyte pleuracantha 15.14 . 43 7.39 5.40 

Thor floridanus 26.14 7.70 16.25 24.96 

Neopanope packardii 18.56 1 85 18.93 30.97 

Pagurus bonairensio 49.31 17.44 44.53 55.38 

Chondrilla nucula 0.00 0.00 0.00 0.30 

Leptosynapta parvipatina 0.00 0.00 0.90 16.83 

D -0.17 -0.68 25.08 -0.85 

Veg. lb/tow 7.3 6.7 5.7 3.8 

1,/ Confidence intervals do not consider stations with 0 catch 

( J u l y 1968 - December .196P)i ' 

N V NE I m II ME 111 KK LV NE V 
99% C.I. 
Low Upper 

43.20 0.00 0.30 0.00 0.00 0.00 0.00 10.30 

4 . 3 8 9 .74 8 . 9 5 3 .42 0 . 9 0 1 .50 0.00 11.76 

12,44 10.84 8 . 5 3 8 . 2 5 1 . 5 0 1.00 1 . 6 8 15.12 

13.32 10 .83 5 .75 1 . 9 0 0 . 3 0 0.00 0.00 9.24 

0 . 6 0 9 .59 7 .43 2 . 9 8 1 .08 0 . 6 0 0 .84 11.76 

3.76 2 . 2 8 1 . 6 8 1 . 3 0 0.00 0.00 0.00 8 . 4 0 

1 .08 0 . 3 0 2 . 9 8 8.23 5.56 1.00 0.00 8 .82 

0.00 0.00 2.88 4.96 10.09 2.52 3.78 13.86 

6.94 13.84 11.67 3.16 1.08 0.00 0.00 10.50 

1.50 26.47 34.58 27.83 12.18 4.68 8.40 29.40 

52.96 20.78 28.09 18.47 8.26 1.90 7.14 22.26 

13.53 44.43 48.27 30.57 17.69 1.64 15.12 36.96 

0.30 0.60 4.90 2.04 0.00 0.00 0.00 4.20 

0.00 5.33 9.46 7.45 7.95 2.58 1.26 16.38 

-0.02 -0.76 -0.35 -0.11 -0.41 -0.63 

17.3 7.7 9.5 5.2 1.3 0.0 



Table 29A. Continued^ 

99% C>I. 
Species SE I SE II SE III SE IV SE V S I S II S III S IV S V Low Upper 

Amvadalum papyrla 0.60 0.30 0.00 0.00 0.00 0.60 0.78 3.30 0.00 0.00 0.00 10.50 

Bulla unblllcata 0.30 10.99 6.97 0.60 0.00 3.81 18.90 3.30 1.80 0.00 0.00 11.76 

Cerithium muscarua 9.00 15.88 14.23 4.94 0.30 1.68 29.10 7.03 6.52 0.30 1.68 15.12 

Mitralla lunata 5.72 0.90 0.90 0.30 0.00 4.79 2.58 0.90 0.30 0.00 0.00 9.24 

Modulus aodulua 1.68 6.44 15.57 3.34 0.30 2.64 14.00 2.28 5.10 0.60 0.84 11.76 

Frunum aplclnum 0.60 4.38 12.94 0.00 0.00 0.30 7.30 0.60 0.00 0.00 0.00 8.40 

Trlcolla afflnls 0.78 5.74 15.69 6.32 0.90 0.78 0.30 1.80 1.68 0.90 0.00 8.82 

Veraicularla spirata 0.90 29.01 8.62 2.28 1.30 2.28 31.81 13.53 21.70 2.38 3.78 13.86 

Hlspolvte pleuracantha 0.60 3.70 4.54 0.30 0.00 0.60 0.78 0.00 0.30 0.30 0.00 10.50 

Thor floridanus 5.89 41.58 49.93 17.36 2.98 5.58 26.52 25.75 14.93 4.26 8.40 29.40 

Neopanope packardil 9.98 15.57 19.85 3.78 0.78 9.19 16.18 4.68 3.60 0.00 7.14 22.26 

Pagurus bonalressls 13.98 41.36 36.23 8.6C 1.15 8.73 48.12 32.09 4.56 0.90 15.12 36.96 

Chondrllla nucula 1.38 1.20 6.53 0.30 0.60 0.90 2.10 0.60 0.78 1.3B 0.00 4.20 

Leptosvnapta parvlpatlna 0.00 29.10 13.25 6.84 0.48 0.60 16.13 21.65 1.68 3.06 1.26 16.38 

tV D +5.25 +2.20 +1.17 +1.31 +0.37 +5.26 +2.25 +0.93 +1.05 +0.41 

Teg. lb/tov 1.8 4.1 6.3 1.3 0.2 1.2 3.8 1.4 0.7 0.0 
If Confidence Intervals do not consider stations with 0 catch 



T a b l e 29B. Summary at ••*"*>» l og ' at .-K • 3 ), in Bif. <iyne Bay (Janu.ir'. 196* - June 19^)1' 

S p e c i e * V T 
* ( : i i N I I I NE I NE ! I 11 J SE 1 SF I I SE l i t S ! 

99;. 
Low 

C«I« 
Upper 

Aayndal'iia p a p y r i * 0 . 0 0 10 . *4 0 . 0 0 0 . 0 0 O . O C 0 . 0 0 0 . JO 0 . 0 0 0 . 4 a — 

b u l l a u m b i l i c a l . : 3 . . 4 0 . 5 1 Of 8 9 . ; 5 4 . 1 9 1. .Wv 2 3 .11 16 .8 . 5 . ' r » ! >.*4 4 7 . 8 8 

C e r i t h i u m eberneur. . i . g 1" 0.60 2 . 7 6 13.0f t 1 2 . 1 6 2 5 . 1 4 5 . 4 6 1 . 0 8 ? n ? • < 

C e r i t h i u m musearum b . >6 102. ' 1 5 1 . 9 7 4 4 . 0 2 59.71 13.94 7 9 . 5 3 25.OH 33 .64 19 .61 17 .80 70 .56 

M i t r e l l a 1unaLa 7H. 02 72.89 182.41 103.32 97.06 31 .77 70.77 20.00 1 0 . 6 - 32 .30 4 0 . 3 2 78 .12 

Modulus modulus n.<>7 3S.34 82. B2 6 3 . 8 2 2 9 . 4 1 3.64 4 6 . V> 2 7 . 6 7 2.76 3 1 . 5 0 59 .22 

Prunum apiclr.ur. 29.46 h. 37 H4.52 30.07 24.61 14.R5 11.59 15.91 7.42 0.7* 13. 39.06 

Tricolia aifinis 20.il 1 . 2 0 4.94 12.63 32.61 30*28 1.68 24.04 46.77 0.60 7.56 35.26 

Vermicularia spirala 0 . 9 0 ; S 5.03 1.50 4.56 54.07 O.CO 83.62 15.57 1.50 12.60 37.80 

Hippolyte pleuracantha 87.46 VI. 65 99.93 92.94 94.29 35.37 11.42 22.44 16.61 2.76 27.7J 55 . 4 4 

Thor floridanus 30.07 4.56 70.92 59.57 112.70 110.35 13.78 121.58 85.82 4.6ft 46.62 P6.94 

Neopanope packard11 12.00 8.10 39.08 31.39 29.98 43.62 12.64 29.43 29.71 5.06 11.34 31.50 

Pasurus bonalrensis 152.03 195.33 167.36 176.62 150.45 65.41 134.86 103.10 46.26 93.24 133.56 

Chondrilla nucula 1.3d 0.t>0 3.33 1.68 1.90 9.45 2.88 27.95 20.87 O.CO 7.56 27.72 

Leptosynapta parvipatina 0 . 0 0 . 1 0 0.30 0 . 0 0 0 . 0 0 26.07 0 . 0 0 54.44 34.70 0 . 0 0 11.34 34.02 

(SI D +0. 35 •0.29 40.24 •0.57 •0.60 +0.27 • 3.59 +0.74 •0.26 • 3.65 

Veg. lb/tow 11.5 9.4 20.7 10.7 13.3 9.9 3.2 7.9 5.n 1.3 

1,/ Confidence intervals do not consider stations with 0 catch 



Tabic 29B. Continued 

Spades S II S III A t C 0 1 r e ft 
fii 

Lower 
h.h. 

Vpf* r 

Aavsdalua papvrla 0.90 0.00 0.00 0.30 0.00 0.00 0.00 0.30 0.00 0.60 

Bulla lablllcata 61.63 24.67 42.57 17.« 4.26 0.78 10.91 te.2i 0.90 63.29 17.64 47.M 

Cerlthiua ibtnuia 87.26 ^2.43 3.4$ l.Ot 5.51 0.00 5.94 15.40 0.00 14.07 2.52 22.41 

Cerlthiua auscarua 113.44 18.74 64.02 19.61 2-!tt 5.73 5.60 141.74 1.20 U3.00 37.80 70. S* 

Mitralla lunate 102.82 22.62 61.31 50.23 S.M 4.44 3.8t 134.17 3.24 94.86 40.32 7t.i: 

Modulus Modulus 83.79 18.18 65.36 50.53 14.16 3.66 14.78 •6.79 0.00 49,52 31.50 Sf .22 

Prunua aoiclnua 29.39 6.24 25.75 16.21 2.94 0.00 1.08 55.99 0.00 40.67 13.86 W.04 

Trlcolia afflnis 12.07 32.88 15.06 12.76 30.71 46.17 33.32 27.31 0.90 10.53 7.56 3S.28 

Veralcularla spirata 58.05 72.25 1.20 11.99 33.02 7.Of 48.10 31.49 O.OO 10.45 12.60 17. §0 

Blopolyt* pleurecaatha 26.43 29.71 3S.80 33.14 17.20 12.S4 13.61 47.16 0.00 58.74 21.72 SS.44 

Thor florldaaua 115.47 113.67 48.41 36.29 70.46 39.16 64.51 142.40 0.30 79.58 46.62 •§.94 

Neopenope packardll 42.6* 12.97 7.24 6.69 21.94 6.24 5.76 62.58 C.78 IK.13 11.34 31.50 

Pasurus bonairensis 172.60 107.12 83.50 89.08 67.07 33.** 63.29 507.77 14.10 141.37 93.24 33.56 

Chondrilla nueula 9.86 14.10 20.91 3.34 3.98 110.52 3.00 77.09 0.00 t.M 7.56 27.72 

Lcptosynapta parvipatlna 10.10 56.25 0.00 2.94 44.13 10.79 42.16 0.60 0.00 3.76 11.34 34.02 

At/D +2.39 +0.75 +1.48 +0.89 +0.18 24.13 40.31 +1.82 +1.46 

Veg. lb/tow 11.2 6.1 6.1 4.5 3.7 2.0 3.7 15.8 0.1 
1,/ Confidence intervals do not consider stations with 0 catch 



Table 29C. Summary of catches, 7 Lci$ (f. h H), in Biscayne Hay (Juiy 197 May 197 

Species N I N 11 NE 11 SE I SE II SE I I I S I S II S I I I S IV 
Qi)% 

Low 
C. 1. 

Upper 

Bulla umbilicata 1.08 2 > 7 1 9 .53 0.30 1.68 1.20 0.00 9.87 2.88 1.6V, 0.00 10.01 

Cerithium eberrieurn 2.65 0.90 4.74 0.00 7.03 1 .80 0.00 36.94 9 .2 / O.'.O 0.77 IJ. 55 

CerltMura muscarutn 5.82 58.60 21.23 8.79 4.72 2.58 4.26 21.57 4.0ft 1 .98 3.08 IP.48 

Hltra gennata 0.00 0.90 0.00 0.00 4 .53 3.01 0.00 0.30 6.34 3.90 0.00 6.16 

Mitrella lunata ft.lv, 27.78 20.27 14.49 4 .21 0.30 6.84 31.63 3.52 0.00 3.85 20.79 

Modulus moduli's 33.62 61.11 41.51 2.88 15.42 7.68 1.80 41.22 1.1.42 0.60 13.86 32.34 

Prunum apicinum 9.87 : -.64 11.42 0.60 1.80 3.36 0.00 6.79 4.62 0.00 0.77 11.55 

Rlssolna chesneli 3.68 21.65 5.90 0.00 4.65 0.60 0.60 21.95 5.41 3.82 0.77 16.17 

Tricolia affinis 52.18 51.85 69.23 5.64 44.08 39.56 2.93 19.11 48.65 27.22 15.40 43.12 

Vermicularia spirata 0.60 0.30 0.00 5.38 3.36 0.30 0.48 17.53 7.57 0.00 6.93 

Hippolyte pleuracantha 22.11 20.66 16.36 13.56 0.00 2.98 7.84 3.40 8.26 2.46 0.77 13.09 

Thor floridanus 62.87 69.68 78.10 5.09 70.57 41.69 5.88 65.05 94.19 57.30 36.19 68.53 

Neopanope packardii 4.91 5.68 6.72 0.60 12.76 4.56 0.00 8.07 13.14 2.46 1.54 10.78 

Pagurus bonairensis 50.59 51.43 67.88 15.22 43.48 33.85 5.39 49.42 53.93 12.17 24.64 49.28 

Chondrilla nucula 1.26 0.00 0.00 0.70 14.90 7.81 0.00 20.34 9.24 15.35 6.16 23.10 

Leptosynapta parvipatina 4.75 2.28 10.19 1.86 39.84 11.20 0.48 8.83 32.25 13.60 10.01 16.17 

Ave. Temp. 24.0 24.0 24.5 28.3 25.4 24.9 28.6 27.8 25.4 24.8 

A V D -0.1 -0.1 +0.4 +4.2 +1.3 +0.8 +4.5 +3.7 +1.3 +0.7 

Veg. lb/tow 8.5 7.4 10.5 4.8 4.5 3.4 1.4 4.7 15.0 6.3 



Table 29C. Continued 

Species S V A D E F G H I J K 
992 C. 

Low 
I. 
Upper 

Bulla umbilicata 0.00 11.06 0.00 0.60 5.69 0.00 15.41 9.45 3.72 1.75 0.00 10.01 

Cerlthlum eberneum 2.10 3.33 0.90 3.66 3.88 0.00 16.01 0.90 23.56 1.08 0.77 11.55 

Cerlthlum muscarum 0.30 8.37 0.30 1.68 19.32 0.00 25.45 11.93 14.48 4.56 3.08 18.48 

Mitra gemmata 2.40 0.30 13.72 9.64 0.00 0.00 0.30 0.00 0.00 0.85 0.00 6.16 

Mltrella luoata 0.30 16.52 2.16 1.20 20.00 0.00 52.76 1.08 30.34 4.98 3.85 20.79 

Modulus nodulua 5.77 64.94 5.17 4.78 33.51 0.00 19.10 36.06 45.23 30.20 13.86 32.34 

Prunum apiclnum 0.00 8.74 0.30 1.50 4.05 0.00 23.88 1.20 10.38 1.00 0.77 11.55 

Rlssolna chesnell 1.38 4.99 1.38 0.60 16.38 0.00 63.57 1.50 13.90 3.21 0.77 16.17 

Tricolla affinis 18.65 15.09 36.66 34.87 10.97 0.00 57.83 1.80 36.21 8.30 15.40 43.12 

Vermicularia splrata 8.35 0.00 2.10 5.08 0.90 0.30 3.18 0.30 4.36 2.46 0.00 6.93 

Hippolyte pleuracantha 0.90 11.14 1.50 4.12 4.56 0.00 12.70 5.04 2.88 1.78 0.77 13.09 

Thor flocldanus 42.89 45.68 37.10 53.52 61.90 0.00 120.63 12.59 93.80 26.71 36.19 68.53 

Neooanooe packardii 2.90 0.48 6.16 5.96 19.81 0.30 5.56 0.00 15.62 0.90 1.54 10.78 

Pagurus bonalxensis 2.28 48.91 10.78 19.75 67.73 1.08 103.13 8.49 63.15 21.24 24.64 49.28 

Chondrilla nucula 3.31 12.37 78.60 3.61 66.78 0.00 13.04 0.00 41.89 8.64 6.16 23.10 

Leptosynapta parvipatina 8.97 0.48 1.68 17.64 2.76 0.00 16.55 2.94 21.75 1.30 10.01 16.17 

Ave. Temp. 24.5 25.9 24.1 24.5 26.4 29.6 26.1 26.6 25.8 25.5 

A V D +0.4 +1.8 Control +0.4 +2.3 +5.5 +2.0 +2.5 +1.7 +1.4 

Veg. lb/tow 4.6 11.3 5.8 7.3 5.9 0.4 9.8 2.2 6.9 4.9 



TabLe 30A, Summary of c a t c h o s , I Log (Catch + 1 ) , In Card 

S p e c i e s 0104 0208 0405 

Bulla umbilicata 6 . 8 4 0.00 0 . 7 8 

Cerithium ebeme ti 4 . 7 2 0.00 4.44 

C e r i t h i u m mubccau.u 3 .4 0 . 0 0 0.00 

Mitra gensnata 5. - C. 30 4.40 

Mitrella lunata 1. 0.00 0.30 

Modulus modulus 6 . 0 4 \90 2.71 

Prunurn apicinum 0 . 7 8 0.00 0.00 

Rissoina chesneli 0.30 0.00 2.10 

Tricolia affinis 37.10 0.30 10.43 

Vermicularia spirata 8.?: .25 25.68 

Hippolyte pleuracantha 1.38 0.00 1.98 

Thor floridanus 39.70 5.34 64.61 

Neopanope packardii 1.98 U.60 6.94 

Pagurus bonairensis 17.92 0.90 4.09 

Chondrilla nucula 8.94 1 . 9 8 50.12 

Leptosynapta parvipatina 9.83 0.60 16.90 

Ave, Temp, 24.1 24.4 24.6 

At/0104 — +0.3 +0.5 
Veg. lb/tow 4.6 0.4 4.6 

Sound ( J u l y 1970 - May 1971) 

99X C . I . 
0503 0504 0603 0604 0608 0703 1004 Lower lpp<>! 

1 2 . 9 3 12 .18 0 . 1 0 10.9R 0 . 3 0 3 .91 0.00 0 . 0 0 9 . 2 4 

6.7C . . .11 6 . 6 9 3 . 6 5 0 . 3 0 6 .14 6 . 5 6 0.00 H.47 

2 . 7 6 1 . 5 6 1 .68 0 . 3 0 0 . 3 0 2 . 5 8 0.00 0.00 3 .85 

50 .75 2 7 . 4 1 2 . 2 0 44 .81 0 . 3 0 5 .92 2 . 7 8 ' . 39 23 .87 

1.98 0.60 2.00 0.78 0.00 0.30 0. 30 0 . 0 0 2 . 3 7 

4.14 5 . 2 8 6 . 2 8 6 . 5 3 0.00 4 . 0 8 8 . 1 3 0 . 0 0 9 .24 

1.20 0.30 3.io 0.00 0.00 0.90 3.76 0.00 3.44 

14.00 12.53 4.70 5.90 0.00 8.80 10. 76 0.77 11.55 

88.71 18.67 19.97 22.86 0.90 26.41 18.37 12.32 36.96 

33.38 50.13 6.53 38.87 10.18 12.87 11.76 10.78 29.26 

4.48 4.75 2.98 1.68 0.78 1.80 3.50 0.00 5.39 

70.95 77.76 28.11 80.66 18.18 26.27 44.15 30.03 60.83 

25.21 8.98 14.67 11.40 3.54 14.81 27.99 3.85 19.25 

38.44 6.22 24.52 4.12 1.68 21.80 19.48 5.39 22.33 

36.92 40.07 3.36 32.83 9.59 13.32 30.35 13.09 31.57 

24.91 26.61 4.98 30.98 2.56 15.23 2.10 5.39 20.79 

24.9 24.7 24.9 24.7 24.8 25.2 24.8 

+0.8 +0.6 +0.8 +0.6 +0.7 +1.1 +0.7 

10.2 7.2 3.5 11.4 0.7 2.9 3.5 



Table 30B. Summary of catches, t log (Catch +1), In Card Sound (July 1970 - December 1971) 

99XC.I. 
Species 0104 0208 0405 0503 0504 0603 0604 0703 Lower Upper 

Bulla umblllcata 8.52 0.00 4.50 23.58 22.22 2.46 33.57 7.82 3.78 21.42 

Cerithium eberneum 7.28 0.90 17.60 15.78 8.77 11.68 9.58 12.91 2.52 17.64 

Cerithium muscarum 4.03 0.00 0.30 6.59 1.86 2.38 0.30 3.66 0.00 6.30 

Mltra aeamata 7.66 0.60 13.87 63.74 52.47 4.18 83.15 8.02 16.38 41.58 

Hltrella lunata 1.50 0.00 0.30 1.98 0.60 2.00 0.78 0.30 0.00 2.90 

Modulus modulus 6.94 1.50 6.37 7.20 7.08 9.04 11.33 5.64 1.26 11.34 

Prunum apiclnum 0.78 0.00 0.00 1.20 0.30 4.24 0.00 0.90 0.00 2.97 

Rlssolna chesnell 0.90 0.48 3.48 25.16 16.40 9.55 9.32 11.93 2.52 17.64 

Trlcolia afflnls 42.14 2.85 13.79 116.05 24.51 30.91 32.29 41.58 21.42 54.18 

Vermicularia spirata 11.09 6.73 50.16 49.82 77.77 14.20 54.27 24.46 23.94 49.14 

Hippolyte pleuracantha 1.38 0.00 2.88 4.78 5.35 3.28 1.68 1.80 0.00 5.04 

Thor floridanus 52.91 10.28 98.93 87.20 104.51 36.90 113.66 33.18 47.88 85.68 

Neopanope packardll 2.28 2.15 7.84 32.59 9.28 30.00 13.08 18.23 6.30 21.42 

Paaurus bonairensis 19.12 0.90 4.99 42.81 7.72 38.23 5.02 23.96 7.56 27.72 

Chondrilla nucula 13.90 2.28 69.25 49.29 53.96 5.34 48.31 15.78 18.90 44.10 

Leptosynapta parvlpatlna 16.50 5.28 43.75 53.47 56.02 7.99 74.17 42.82 32.76 49.14 

Ave. Temp. 25.5 25.6 25.8 26.0 26.0 26.0 25.8 26.2 

AV0104 +0.1 +0,3 +0.5 +0.5 +0.5 +0.3 +0.7 
Veg. lb/tow 3 0 J 5 g § 3 9 2 



T a b l e 30C. Summary of c a t c h e s , l o g (Catch +1) , tn Card Sound (Julv 1970 - June 197!) 

C . t . 
Species 01 OA 050 3 0504 0603 0604 Lowe r Upj»e r 

Bulla uinbillcata 13. ib 31.07 41.76 8.44 9K.61 25.20 50.40 

Cerithium ebern^um 2( \8 36.16 29.26 19.71 24.55 17.64 i/.HO 

Cerithium muscarum 4. >3 7.49 3.56 2.63 «.. 28 0.00 8.57 

Mitra gemmata 26.52 77.SO 89.30 36.91 158.86 22.68 133.56 

Mitrella lunata . +0 1.98 0.60 2.78 i .08 0.00 4. /! 

Modulus modulus 1 43 10.08 10.26 19.74 23.31 7.56 22.68 

Prunum aoicinum 1.50 0.30 4.54 0.00 0.00 4.51 

Rissoina chesneli 3.IS 36.86 20.42 16.29 18.86 10.0B 30.24 

Trlcolia affinis 133 J9 190.29 86.72 134.52 188.85 113.40 178.92 

Vermicularia spirata .Or 85.55 145.74 62.04 1-2.25 75.60 110.88 

Hippolyte pleuracantha 9. 6.76 10.57 7.79 7.2.81 5.04 15.12 

Thor floridanus 102. 102.98 175.06 83.58 4 26.45 110.88 166.32 

Neopanope packardii V 59.61 30.96 46.42 45.23 27.72 68.04 

Pagurus bonairensis 30.83 64.12 12.82 52.78 16.t2 22.68 47.88 

Chondrilla nucula 100.. 73.26 148.73 50.18 H 2 80.64 1.15.92 

Leptosynapta parvipatina 29.70 75.05 104.61 26.30 154.3". 60.48 95.76 

Ave. Temp. 25 .4 25.9 25.7 26.3 25.7 

AV0104 — +0.5 +0.3 +0.9 +0.3 

Veg. lb/tow 3.4 5.7 4.1 3.9 8.9 



Thor flor1danus. Pagurus bonalrensis and Leptosynapta parvipatina (small 
sea cucumber). 

Stations N II and N V were located off Che mouths of Florida City Canal 
and Noody Canal, respectively. Puring the rainy season (August and September'), 
salinity at these stations va* lowered and at station N V the red algae, 
Digenia simplex, was killed leaving bare sand for several months. The area was 
later re colonized by Laurencia. At station N II the dominant vegetation was 
Diplanthera wrightii (Cuban shoal weed), which is a faster colonizer and more 
tolerant species of sea grass than the usual grass Thalassia testudlnum (turtle 
grass). 

The relatively stenohallne forms such as the sea cucumber Leptosynapta, 
chicken liver sponge, Chondrilla, checkered pheasant, Tricolia affinis and 
the gastropod, Vermicularia splrata. which is generally found partially 
imbedded In sponges were scarce or absent at these stations. 

Other animals which were closely associated with Laurencia were also 
significantly lower in the catches. This was especially noted for the 
caridean shrimp, Thor floridanus. Catches of the paper mussel shell, 
Aitygdalum papyria. the lunate dove shell, Mitrella limata and the xanthid 
crab, Keopanope packardii. were above average at N V, but the bulk of the 
catch was made during the simmer when salinities were relatively normal and 
the station was covered with the red algae, Digenia simplex. 

Stations NE IV, NE V, SE IV, SE V, S IV and S V were mid-Bay or off-
shore stations, which had relatively stable salinity, only natural tempera-
ture fluctuations and little red algae. Their location off the nearshore 
sediment wedge, which produced the greatest amount of benthic macroalgae, 
probably led to the low catches of most animals. 

Due to the differences in the offshore station populations and the 
desire to obtain better resolution of the effect of the thermal additions, 
stations N IV, N V, NE IV, NE V, SE IV, SE V, S IV and S V were discontinued 
after December 1968 and stations A - H were added. At the same time an 
improved field sorting technique which retained more of the smaller organisms 
was initiated. Thus, catches for the two periods are not equivalent and 
should be treated separately. 

Stations SE II and S II elevated 2.25°C above the ambient control 
station temperature, produced above average catches of Cerithium muscarum 
(fly-speckled cerith), Modulus modulus (Atlantic modulus), Vermicularia 
spirata (worm shell gastropod) and Thor floridanus (caridean shrimp). 

In the analysis of data collected between January 1969-June 1970, it 
was even more obvious that Tricolia, Vermicularia, Chondrilla and 
Leptosynapta were mid-Bay or offshore forms, as was the ivory cerith, 
Cerithium eberneum. 

Among the typical inshore species there is a significant decrease in 
abundance of all species analyzed at station G, which has an average tempera-
ture deviation of 4.5°C above the ambient measured at station D on Pelican 
Bank. Stations S I elevated 3.5° above the ambient also showed lowered 
catches of all species. Station SE I elevated 3.5° had reduced catches of 
all species except the ceriths, Cerithium eberneum. C. muscarum and the 

-139-



chicken liver sponge, Chondrilla nucula. All of the C. eberneum were taken 
in October 1969 when the temperature was 28.5°C. All of the Chondrilla were 
taken during the winter and spring of 1969 when the temperature was low. 
C. -.uscarur. occurred throughout the year and was apparently not killed or 
forced to emigrate. The presence of this cerith probably reflects the 3 lbs. 
per tow of vegetation taken at SE I. The algae seem to be essential to the 
cerith for food or shelter. 

Catches of the molluscs of the sediment shelf: Bulla umbilicata, 
Cerithium muscarum, Mitrella lunata, Kodulus modulus and Frunuxn apicinun 
were low at the stations located more than 1250 m from shore (NE III, C, D, 
E). The crustaceans Hippolyte. Thor, Neopanope and Pagurus, although 
abundant at station NE II, were scarce at stations C, D and E. Station NE II 
produced more than 9 lbs. of algae per tow, while C, D and E in Thalassia 
beds produced considerably less. Thus, these crustacea appear to depend on 
red &lgae for food and shelter. 

At stations S II, F and H which averaged 2.39°, 1.82° and 1.46°C, 
respectively above the ambient temperature measured at station B, the catches 
were significantly high. Station SE II, elevated 0.74°C had above average 
catches of Cerithium eberneum, Neopanope packardii, Thor floridanus, 
Pagurus bonairensis, Chondrilla nucula and Leptosynapta parvipatina. Catches 
of Cerithium muscarum, Mitrella lunata, Prunum apicinum, Vermicularia spirata 
ana Hippolyte pleuracantha were significantly low. 

From July 1970-May 1971, the desire for closer resolution of temperature 
plus an interesting phenomenon of dense Thalassia and Diplanthera beds in 
a minor effluent canal, Little River, pointed out by Florida Power and 
Light caused us to ndd stations I, J and K and to discontinue N III, NE I 
and NE III. In addition, because of plans to discharge into Card Sound, 
stations S IV and S V between the Sound and the Bay were revived and 
stations B and C were discontinued. 

Voraicularia, Chondrilla, Leptosynapta and the new addition Mitra were 
essentially mid-Bay cr eastern bay species. The previously mid-Bay domi-
nants: Tricolia, Cerithium eberneum and Chondrilla, were still most common 
in mid-Bay, but relative abu.. dance of Ceril hi urn eberneum t-as high at station 
r "tnd Tried • a atches r«re \i Qh at most- irshore station* aot affected by 
temperature. This ray rei ' ciought conditions and hyp-^rsalinity of 
inshore station? during t ; 2970-71 winter and spr_ag. 

Station G which avera ~.ed 5.5°C above ambient during this period pro-
duced low catches of al.1 n inshore species. Of t\e indicator s* ecies, 
only one "ecranope, one ;/er;,-,icularla and several Pagurus were taKen. 
Stations S I and SE I averaging 4.5 and 4.2°C above ambient produced low 
catches of all fpeeies except £, muacarum, Mitrella lunata and Hippolyte 
plcuracantha; o these only £, muscarum appeared in summer when temperatures 
were high. Roth ceriths were shown to have high modal temperatures but the 
catches drop off rapidly when temperature exceeds 33°C. August and Septem-
ber temperatures were in excess of 33°C and C_. muscarum was still present 
in average numbers at stations S T and SE I. The five year study indicates 
Ce -'ithium muscarum is extremely tolerant and occurs in inshore areas with 
abundant rod algae unless prolonged temperature elevations above 33°C occur. 
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At station S II elevated 3.7°C above ambient (D) catches of all species 
except Leptosvnapta parvipatina were average or above average. Leptosynapta 
vas scarce at roost of the sediment shelf stations and is probably salinity 
limited. Stations F, 6 and I were elevated 2.3, 2.0 and 2.5°C above ambient 
(C). At station H all of the indicator species catches were average or 
above average. At station F catches of Tricolia and Leptosynapta. typically 
mid-Bay species, were low while the other indicator species were present in 
average or above average numbers. At station I the temperature averaged 
+2.5 but the extreme temperatures were greacer than other stations except 
C. Here, the crustaceans Thor, Neopanope and Pagurus and the gastropods 
Mitrella and Tricolia were caught in low numbers. The catches of the mid-
Bay species, Chondrilla and Leptosynapta were also low. One gastropod, 
Modulus modulus, was caught in greater than average numbers. 

Stations SE II, S III, A, J and K, were heated 1.3, 1.3, 1.8, 1.7 and 
1.4°C above ambient (D), respectively. Catches of Hippolyte were low at 
station SE II, Mitrella were low at S III, Tricolia. Neopanope and Leptosynapta 
were low at A, Tricolia. Thor. Neopanope. Pagurus and Leptosynapta were low 
at K. Tricolia and Leptosynapta are mid-Bay species and generally low at 
inshore controls. Other species were caught in average or above average 
avmbers. 

In Card Sound ten stations were sampled for the period July 1970-May 
1971. During this period, no heated discharge was entering the Sound and 
this is considered base data. Station 0603 was located at the mouth of 
the Model Land Company Canal and was influenced by fresh water discharge, 
however, bottom salinities during this period were hypersaline. The salinity 
controlled species: Mitra, Vermicularia. Chondrilla and Leptosynapta were 
collected in low numbers. Thor was also relatively scarce. Both eastern 
bay stations 0208 and 0608 produced reduced numbers of the indicator species. 
This is related to the low catches of vegetation. At the insular station 
0104, used as a temperature control, catches of Rissoina. Vertnicularia and 
Neopanope were low and those of Tricolia were high. At station 1004 located 
on the Card Sound edge of Card Bank near the Intracoastal Waterway and 
dominated by sea grasses, catches of Mitra getcmata, and Leptosynapta were 
low while catches of Heopanope and Prunum were high. 

From June 1971-December 1971, stations 0608 and 1004 were not sampled. 
A comparison of catches of the 16 dominant species from July 1970-December 
1971 at the remaining 8 stations indicates station differences (Table 30). 
Broad Creek inlet station, 0208, produced low numbers of indicator animals. 
The Arsenicker Key station, 0104, produced low catches of Mitra. Rissoina, 
Vermicularia. Neopanope. Chondrilla and Leptosvnapta. The Model Land 
Canal effluent station, 0603, produced low catches of Bulla. Mitra. Vermicularia. 
Tbor, Chondrilla and Leptosynapta and high catches of Neopanope and Pagurus. 
Tha catches of most of the species are correlated with vegetation and 
catches are usually highest at 0604 and 0503. Mitra. Vermicularia and 
Hinpolvte were more abundant at 0504, located 1/2 mile off shore and with 
more sponges. Cerithium »»berneum and Chondrilla were more frequently caught 
at 0405, a mid-Bay sponge station. Thus, the scarcity of Bulla and Thor 
at 0603 probably reflects the Model Land Canals contribution while the low 
catches of other species reflects their preference for more offshore stations. 

Station 0603 was relocated to the proposed site of Florida Power and 
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Light Company's discharge in December 1971 and the proposed canal was cut 
into Card Sound in January 1972 and began discharging in February 1972. It 
was then closed in February 1973 before unit 3 went on line in November 1973. 
During the first 18 month period, prior to the canal being opened, the shore-
line . tations 0503, 0603 and C703 averaged 26.1°C. During the second 18 
month period, including cue ytar when the canal was used, the temperature 
at 060J averaged 26.6°C or the Lt was about 0.5°C. Actual observations of 
2-3°C above ambient were recorded but only sporadically. None of the other 
stations showed significant temperature anomalies. 

Tf our findings based on Biscayne Bay data and the predictive models 
ate correct we should see little change in catches at 0603. For the period 
July 1970-June 1973 catches of Bulla, Vermicularia, Thor, Chondrilla and 
[.epLosynapta were low. All of these species produced low catches in the 
first 18 months prior to the opening of the effluent canal. Mitra which was 
not abundant during trie first 18 months was caught in average numbers during 
the canal operation. Pagurus retained its high catch rate and Prunum 
catches were high.. The catch >-ate of Neopanope dropped but total catch 
remained within the 99% confidence interval for the five stations sampled 
(Table 30). Catch rates for the second 18 months at the remaining stations 
were relatively consistent with those of the first 18 months. 

Although Thorhaug (1974) showed some decrease in production of giass 
and algae, the animal populations taken by trawl, by sponge studies (. mith, 
197 and by trap studies (Kixon, 1975) indicate no significant detrimental 
effects resulting from the one years' discharge. The bottom At during the 
•••ear (February 1972-February 1973) was less than 3°C. Greater diversity of 
trawled animals, increased growth and diversity of sponge populations 
(,'rith, 1973) and increased tctal catches indicate that the effluent-created 
cu • rents* ii an 3trefi previously exibiting poor circulation (Lee and Rocth, 
197;), may indeed have beer, beneficial to the associated fauna. 

r all of the analysis of variance tests the interaction among months 
-o d -tar. j or.:, was significant except for Modulus modulus from Card Soui.d in 
r rerioJ July 1970-May 1971 and Prunum apicinum from Card Sound in the 
p d July J 9 - D e c e m b e r 1971 aid July 1970-""une 1 973. . Iso, significance 

ui-.own for ill spe'-U a '•est id . except v:trella ? m a from Card Sound 
.i'. peri c I . 1 . . .e: '.• 1971; . -:hium m.^cann, Mitrella lunata, 

?. .u ic inui,. and Hippciyte oleuracantb. • from Ca>-d Sound in the period July 
I1/ •' -June 1973. The ci- r • v ore significantly different among stations. 
Dio catches were significantly different among months (Table 31, 32, 33 and 

7 • ail species test , except Ti i colia af finis and Chondrilla nucula, 
ir - ..icayne Bay in the period July-December 1968; Vermicularia spirata 
fi " biscayne E J\ in the period July 1970-May 1971; Frunum apicinum from 
Cr . ouna in the period 'uly 1970-December 1971. 

In order te try to understand the interaction, graphs of the catch 
( .og (catco +1)) indicated by + and temperature (°C) represented by dot s 
•t sut- t.j.srt at selected stations from Biscayne Bay and Card Sound were 
!>• it ted. 

Fro: the analysis of variance and 99% confidence intervals of tota 
c rch by month, it was found that Bulla umbilicata was taken in a^ove 

ra-,r number^ in July 1969; August 1970 and September 1970, and was 

-J 42-



Table 31. Summary of analysis of variance among months and among stations in 
Biscayne Bay — July 1970 - May 1971 

Species Source df ms F F±/ 

3ulla umbilicata Month 10 0.63 19.23** 
Station 19 0.43 13.23** 
Month X station 190 0.13 7.77** 
Error 1320 0.02 
Error + interaction 1510 0.03 
Total 1539 

Cerithium eberneum Month 10 0.11 2. 85** 
Station 19 1.15 30. 78** 
Month X station 190 0.10 3.89** 
Error 1320 0.03 
Error + interaction 1510 0.04 
Total 1539 

Cerithium muscarum Month 10 1.04 14. 95** 
Station 19 2.44 34. 96** 
Month X station 190 0.27 6.44** 
Error 1320 0.04 
Error + interaction 1510 0.07 
Total 1539 

Mltra gemmata Month 10 0.04 2.78** 
Station 19 0.18 12.25** 
Month X station 190 0.03 2.26** 
Error 1320 0.01 
Error + interaction 1510 0.01 
Total 1539 

Mitrella lunata Month 10 1.28 14.89** 
Station 19 2.67 30.98** 
Month X station 190 0.35 7.56** 
Error 1320 0.05 
Error + interaction 1510 0.09 
Total 1539 

Modulus modulus Month 10 2.16 21. 32** 
Station 19 5.59 55. 28** 
Month X station 190 0.36 5.61** 
Error 1320 0.06 
Trror + interaction 1510 0.10 
Total 1539 

1/ Tested against pooled error and interaction 
** Significant at 99% 
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Table 31. Continued 

Species Source df ms F F y 

Prunuci apicinum lionth 10 0.34 9.34** 
Station 19 0.80 21.97** 
ilonth X station 190 0.11 4.25** 
"rror 1320 0.03 
Irror + interaction 1510 0.04 
Total 1539 

Rissoina chesneli Month 10 0.33 4.88** 
Station 19 2.79 40.96** 
Month X station 190 0.20 4.20** 
Error 1320 0.05 
Error + interaction 1510 0.07 
Total 1539 

Tricolia affinis Month 10 7.34 32.22** 
Station 19 5.70 25.02** 
Month X station 190 0.80 5.50** 
Error 1320 0.15 
Error + interaction 1510 0.23 
Total 1539 

Vermicularia spirata Month 10 0.03 1.58ns Vermicularia spirata 
Station 19 0.23 14.46** 
Month X station 190 0.03 2.21** 
Error 1320 0.01 
Error + interaction 1510 0.02 
Total 1539 

Hippolvte pleuracantha Month 10 0.30 6.90** 
Station 19 0.60 i:;.74** 
Month X station 190 0.16 5.72** 
Error 1320 0.03 
Error + interaction 1510 0.04 
Total 1539 

Thor floridanus Month 10 3.71 12.13** 
Station 19 13.44 43.89** 
Month X station 190 0.93 4.29** 
Error 1320 0.22 
Error + interaction 1510 0.31 
Total 1539 

y 
jc -V icakcu aga : iiat (JWUJ 

Significant at 99"! 
not signifitat 



Table 34. Continued 

Species Source df ms F & 
Neopanope packardii Month 10 0.28 10.37** 

Station 19 0.41 15.13** 
Month X station 190 0.05 2.33** 
Error 1320 0.02 
Error + interaction 1510 0.03 
Total 1539 

Pagurus bonairensls Month 10 5.22 27.95** 
Station 19 10.12 54.24** 
Month X station 190 0.71 6.38** 
Error 1320 0.11 
Error + interaction 1510 0.19 
Total 1539 

Chondcilia nucula Month 10 0.44 5. 39** 
Station 19 6.42 78. 82** 
Month X station 190 0.14 1.85** 
Error 1320 0.07 
Error + interaction 1510 0.08 
Total 1539 

Leptosynapta parvipatina Month 10 
Station 19 
Month X station 190 
Error 1320 
Error T interaction 1510 
Total 1539 

0.97 21.10** 
1.68 36.69** 
0.15 4.59** 
0.03 
0.05 

1/ Tested against pooled error and interaction 
** Significant at 99% 
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Table 32. Summary of analysis of variance among months and among stations in 
Card Sound — July 1970 - Hay 1971 

Species Source df ms F F y 

Bulla umbilicata Month 10 0.11 3.66** 
Station 9 0.46 15.33** 
Month X station 90 0.08 4.00** 
Error 660 0.02 
Error + interaction 750 0.03 
Total 769 

Cerithium eberneum Month 10 0.10 4.00** 
2.65** 

2.90** 

Month 10 0.10 
Station 9 0.07 
Month X station 90 0.06 
Error 660 0.02 
Error + interaction 750 0.03 
Total 769 

Cerithium muscarum Month 10 0.03 4.14** 
3.14** 

3.00** 

Month 10 0.03 
Station 9 0.02 
Month X station 90 0.02 
Error 660 0.01 
Error + interaction 750 0.01 
Total 769 

Mitra gemmata Month 10 0.51 5.10** 
48.30** 

4.57** 

Month 10 0.51 
Station 9 4.83 
Month X station 90 0.32 
Error 660 0.07 
Error + interaction 750 0.10 
Total 769 

Mitrella lunata Month 10 0.02 4.00** 
2.00* 

2.00** 
Month 10 0.02 
Station 9 0.01 
Month X station 90 0.01 
Error 660 0.004 
Error + interaction 750 0.004 
Total 769 

0.07 2.82** 
0.09 3.54** 
0.02 0.70ns 
0.02 
0.02 

1/ Tested against pooled error and interaction 
* Significant at 95% 

Significant at 99% ns not significant 
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Error 660 
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Total 769 



Table 34. Continued 

Species Source df ms F F— 

Neopanope packardii Month 10 0.60 8.86** 
Station 9 1.13 16.67** 
Month X station 90 0.17 3.06** 
Error 660 0.05 
Error + interaction 750 0.07 
Total 769 

Pagurus bonairensis Month 10 1.19 12.82** Pagurus bonairensis 
Station S 2.01 21.63** 
Mcnth X station 90 0.32 5.06** 
Error 660 0.06 
Error + interaction 750 0.09 
Total 769 

Chondrilla cucula Month 10 0.77 7.56** 
Station 9 3.85 37.77** 
Month X station 90 0.21 2.36** 
Error 660 0.09 
Error + interaction 750 0.10 
Total 769 

Leptosynapta parvipatina Month 10 0.57 8.58** 
Station 9 1.62 24.36** 
Month X station 90 0.27 9.91** 
Error 660 0.03 
Error + interaction 750 0.07 
Total 769 

1/ Tested against pooled error and interaction 
** Significant at 99% 
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Table 33. Continued 

Species Source df ms F 

Prunum apicinum Month 10 0.01 1.42ns 
Station 9 0.02 3.42** 
Month X station 90 0.01 1.41* 
Error 660 0.01 
Error + interaction 750 0.01 
Total 769 

Rissoina chesneli Month 10 0.11 2.90** 
Station 9 0.37 9.69** 
Month X station 90 0.08 2.22** 
Error 660 0.03 
Error + interaction 750 0.04 
Total 769 

Tricolia affinis Month 10 1.35 6.99** 
Station 9 8.25 42.70** 
Month X station 90 0.61 4.50** 
Error 660 0.14 
Error + interaction 750 0.19 
Total 769 

Vermicularia spirata Month 10 0.80 7.23** Vermicularia spirata 
Station 9 3.04 27.38** 
Month X station 90 0.34 4.22** 
Error 660 0.08 
Error + interaction 750 0.11 
Total 769 

Hippolyte pleuracantha Month 10 0.06 5.13** Hippolyte pleuracantha 
Station 9 0.03 2.84** 
Month X station 90 0.02 1.60** 
Error 660 0.01 
Error + interaction 750 0.01 
Total 769 

Thor x1oridanus Month 10 4.72 16.46** 
Station 9 9.17 36.96** 
Month X station 90 0.95 4.86** 
Error 660 0.20 
Error + interaction 750 0.29 
Total 769 

1/ Tested agair.st pooled error and interaction 
* Significant at 95% 
** Significant at 99% 
ns not significant 
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Table 33. Summary of analysis of variance among months and among stations in 
Card Sound — July 1970 - December 1971 

Species Source df tnc F 

Bulla umbilicata Month 17 0.40 6.96** 
Station 7 1.16 20.26** 
Month X station 119 0.18 5.15** 
Error 864 0.03 
Error + interaction 983 0.06 
Total 1007 

Cerithium eberneum Month 17 
Station 7 
Month X station 119 
Error 864 
Error + interaction 983 
Total 1007 

0.38 10.36** 
0.22 5.96** 
0.10 3.83** 
0.03 
0.04 

Cerithium muscarine Month 17 
Station 7 
Month X station 119 
Error 864 
Error + interaction 983 
Total 1007 

0.03 4.13** 
0.04 5.25** 
0.02 4.00** 0.01 
0.01 

Mitra gemmata Month 17 0.83 6.83** 
Station 7 8.20 67.36** 
Month X station 119 0.50 7.27** 
Error 864 0.08 
Error + interaction 983 0.12 
Total 1007 

Month 17 0.013 4.19** 
Station 7 0.005 1.58ns 
Month X station 119 0.006 2.26** 
Error 864 0.003 
Error + interaction 983 0.003 
Total 1007 

0.05 2.87** 
0.06 3.31** 
0.03 1.61** 
0.02 
0.02 

1/ Tested against pooled error and interaction 
** Significant at 99% 
ns not significant 
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Table 33. Continued 

Species Source df ms F 

Prunum apicinum Month 17 0.004 1.23ns 
Station 7 0.017 5.45** 
Month X station 119 0.003 1.03ns 
Error 864 0.003 
Error + interaction 983 0.003 
Total 1007 

Rissoina chesneli Month 17 0.13 3.20** 
Station 7 0.56 13.55** 
Month X station 119 0.07 1.98** 
Error 864 0.04 
Error + interaction 983 0.04 
Total 1007 

Tricolia affinis Month 17 1.40 7.16** 
Station 7 9.31 47.50** 
Month X station 119 0.64 4.72** 
Error 864 0.14 
Error + interaction 983 0.20 
Total 1007 

Vermicularia spirata Month 17 1.01 9.19** Vermicularia spirata 
Station 7 5.17 47.04** 
Month X station 119 0.35 4.57** 
Error 864 0.08 
Error + interaction 983 0.11 
Total 1007 

Hippolyte pleuracantha Month 17 0.05 6.73** 
Station 7 0.03 3.61** 
Month X station 119 0.01 1.41** 
Error 864 0.01 
Error + interaction 983 0.01 
Total 1007 

Thor floridanus Month 17 4.15 16.00** 
Station 7 11.88 45.79** 
Month X station 119 0.88 5.01** 
Error 864 0.17 
Error + interaction 983 0.26 
Total 1007 

1/ Tested against pooled error and interaction 
Significant at 99% 

T:5> not significant 
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Table 34. Continued 

Species Source df ns F F!> 

Neopanope packardii Month 17 0.37 7.44** 
Station 7 1.08 21.87** 
Month X station 119 0.13 3.43** 
Error 864 0.04 
Error + interaction 983 0.05 
Total 1007 

Pagurus bonairensis Month 17 1.01 13.92** Pagurus bonairensis 
Station 7 2.04 28.18** 
Month X station 119 0.24 5.00** 
Error 864 0.05 
Error + interaction 983 0.07 
Total 1007 

Chondrilla nucula Month 17 0.79 8.87** 
Station 7 5.24 58.58** 
Month X station 119 0.22 2.99** 
Error 864 0.07 
Error + interaction 983 0.09 
Total 1007 

Leptcjynapta parvipatina Month 17 1.17 12.11** 
Station 7 4.94 51.02** 
Month X station 119 0.39 6.98** 
Error 864 0.06 
Error + interaction 983 0.10 
Total 1007 

1/ Tested against pooled error and interaction 
** Significant at 99% 
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Table 34. Summary of analysis of variance among months and among stations in 
Card Sound — July 1970 - June 1973 

Species Source df ms F F— 

Bulla umbilicata Month 35 .37 5.72** 
Station 4 5.17 79.61** 
Month X station 140 0.22 5.07** 
Error 1080 0.04 
Error + interaction 1220 0.07 
Total 1259 

Cerithium eberneum Month 35 0.21 4.60** 
Station 4 0.15 3.32* 
Month X station 140 0.13 3.81** 
Error 1080 0.03 
Error + interaction 1220 0.05 
Total 1259 

Cerithium tnuscarum Month 35 0.026 3.48** 
Station 4 0.017 2.34ns 
MoP*"h X a Lac Ion 140 0.022 3.89** 
Error 1080 0.006 
Eiror + interaction 1220 0.007 
Total 1259 

Mitra gemmata Month 35 C.95 9.89** 
Station 4 10.92 113.95** 
Month X station 140 0.64 25.92** 
Error 1080 0.02 
Error + interaction 1220 0.10 
Total 1259 

Mitrella lunata ionth 35 0.011 3.43** 
Station 4 0.003 1.03ns 
?-.-jnth X station 140 0.006 1.90** 
Error 1080 0.003 
Trror + interaction 1220 0.003 
Total 1259 

Modulus modulus Month 35 0.06 2.38** 
Station 4 0.13 5.38** 
Month X station 140 0.05 2.50** 
Error 1080 0.02 
Error + interaction 1220 0.03 
Total 1259 

1/ 
* 
* * 

ns 
Significant at 95% 
Significant at 99% 
not significant 
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Table 34. Continued 

Species Source df ms F 

Prunum apicinum Month 35 0.013 4.52** 
Station 4 0.003 1.17ns 
Month X station 140 0.003 1, ,18ns 
Error 1080 0.003 
Error + interaction 1220 0.003 
Total 1259 

Rissoina chesneli Month 35 0.09 2.21** 
Station 4 0.57 14.10** 
Month X station 140 0.11 3, .51** 
Error 1080 0.03 
Error + Interaction 1220 0.04 
Total 1259 

Tricolia affinis Month 35 3.35 8.32** 
Station 4 7.60 18.89** 
Month X station 140 2.03 10, .66** 
Error 1080 0.19 
Error + interaction 1220 0.40 
Total 1259 

Vermicularia spirata Month 35 0.84 6.45** 
Station 4 5.02 38.61** 
Month X station 140 0.46 5 .30** 
Error 1080 0.09 
Error + interaction 1220 0.13 
Total 1259 

Hippolyte pleuracantha Month 35 0.05 3.45** 
Station 4 0.02 1.59ns 
Month X station 140 0.03 2 .31** 
Error 1080 0.01 
Error + interaction 1220 0.01 
Total 1259 

Thor floridanus Month 35 2.97 10.97** 
Station 4 14.50 53.53** 
Month X station 140 1.05 6 .15** 
Error 1080 0.17 
Error + interaction 1220 0.27 
Total 1259 

ns 
Significant at 99% 
not significant 
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Table 34. Continued 

Species Source df ms F & 
Neopanope packardii Month 35 0.35 5.03** 

Station 4 0.89 12.71** 
Konth X station 140 0.19 3.61** 
Error 1080 0.05 
Error + interaction 1220 0.07 
Total 1259 

Pagurus bonairensis Month 35 0.59 8.48** 
28.66** 

5.35** 

Month 35 0.59 
Station 4 1.99 
Month X station 140 0.25 
Error 1080 0.05 
Error + interaction 1220 0.07 
Total 1259 

Chondrilla nucula Month 35 1.14 9. 02** 
Station 4 5.78 45. 57** 
Month X station 140 0.51 6.57** 
Error 1080 0.08 
Error + interaction 1220 0.13 
Total 1259 

Leptosynapta parvipatina Month 35 0.61 5.68** 
Station 4 11.46 139.65** 
Month X station 140 0.45 7.00** 
Error 1080 0.06 
Error + interaction 1220 0.11 
Total 1259 

1/ Tested against pooled error and interaction 
** Significant at 99% 
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below average in March, April and May 1971. Generally, catches were lower 
In winter than in summer. In Biscayne Bay a control station, I3E II, showed 
seasonal peak catches in summer or fall of 1968, 1969 and 1970. At station 
F, elevated 2°C, a similar pattern exists but winter catches are higher than 
at the control. At SE I, elevated 3.5°C, the summer peaks are reduced. 
However, following dilution and closing of Grand Canal, considerable recovery 
is evident. At station G, elevated 4.5°C, only a few specimens were taken 
and even after closing Grand Canal recovery is not marked (Fig. 34). In 
Card Sound catches were less than in Biscayne Bay but summer dominance 
still appears. In Card Sound catches were high in September and December 
1970, August 1972 and low in March and June 1971 and May 1973. At 0603 
catches were low before the new Card Sound connection began discharging heated 
effluent and did not change significantly during operation of the discharge. 
This, however, was a period of hypersalinity along the inshore stations of 
Card Sound. At 0604 catches were somewhat higher during the discharge period 
than before the canal was opened (Fig. 35). 

The monthly total catch of Cerithium eberneum was above average in 
September 1969 and November 1970 and low in September 1970. Little seasonal 
trend is evident. Examination of a control NE II, indicates generally low 
catches on the inshore shelf. At station H, elevated about 1°C, catches were 
higher than at control station NE II and showed a winter dominance. At 
station S II, elevated 2°C above ambient, catches were generally high. At 
station SE I, elevated 3.5°C, a high peak occurred in October 1969 and aside 
from this spike no individuals were taken until dilution began. Some re-
covery after the closing of Grand Canal was indicated (Fig. 36). At G, 
elevated 4.5nC, no specimens were taken until Grand Caned, was closed. In 
Card Sound catches were high in December 1970, January, October, November 
and December 1971, May 1972 and February 1973. Thus, it appears that C_. 
eberneum is a winter—spring dominant. At the Long Arsenicker Key control 
station, 0104, catches were moderate with some Indication of winter to spring 
dominance. At 0504, moderate catches were taken. At 0603 and 0604, catches 
were also moderate and no significant effect of the thermal effluent could 
be detected (Fig. 37). 

The fly-speckled cerith, Cerithium muscarum, produced above average 
catches in Biscayne Bay in August 1968, June, July, August 1969 and August 
1970 and lower than average catches in December, June 1970 and April and 
May 1971. It appears to be a summer dominant. At control station N I 
peaks occurred in the summer of 1968, 1969 and 1970, but there was a down-
ward trend in catches over the three years. At H, elevated 1°C, the seasonal 
trends seem to be reversed. At F, elevated 2°C, catches were greatest in 
the si'.umer of 1969 and thereafter declined similar to the control station. 
Station SE I, shows a similar trend and after spring 1970 decline there is 
no recovery except for the sporadic catch of a few individuals (Fig. 38). 
At G, elevated 4.5°C, only four individuals were taken between January 
1969-June 1973. In Card Sound catches were above average in October 1970 
and November 1971. So few individuals were taken that no meaningful data 
can be obtained on differences among control and affected stations. 

Catches of the miter, Mitra gemmata, were low at inshore Biscayne Bay 
stations and only moderately abundant at mid-Bay stations. They appear 
more common in winter. At a control station, SE III, near West Arsenicker 
Key. winter dominance was evident. This was also true at control station D 
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FIGURE 34. Catch, log (catch +1) of Bulla umbilicata taken in seven 
tows and temperature at stations NE II, F, SE I and G. 
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FIGURE 35. Catch, log (catch +1) of Bulla umbilicata taken in seven 
tows and temperature at stations 0104, 0504, 0603 and 
0604. 
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YEARS 

FIGURE 36. Catch, log (catch +1) of Cerithium eberneum taken in seven 
tows and temperature at stations NE II, SE I, S II and H. 
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YEARS 
FIGURE 37. Catch, log (catch +1) of Cerithium eberneum taken in seven 

tows and temperature at stations 0104, 0504, 0603 and 0604. 
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YEARS 

FIGURE 38. Catch, log (catch +1) of Cerithium muscarum taken in seven 
tows and temperature at stations N I, H, F and SE I. 
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on Pelican Bank and E in deep water between Pelican Bank and the mainland. 
At SE II, elevated 1-2°C above ambient, catches were sporadic throughout 
the years. Catches at heated stations were low but this probably results 
from the inshore location of these stations (Fffe. 39). In Card Sound Mitra 
catches were above average in July, August, November and December 1970, 
March, November and December 1971 and below average in June 1971. In the 
more offshore stations 0504 and 0604 winter peaks are evident. Inshore 
station 0104 produced a lower catch rate. At 0603 catches were low in the 
first year when hypersalinity was common at inshore stations, but when the 
station was moved and salinity returned to just less than 35 ppt in January 
1972, the catch increased. During the following summer there was a decline 
in catch, but this also occurred at control stations (Fig. 40). 

Catches of the lunate dove shell, Mitrella lunata, in Biscayne Bay were 
high in February, March, April and May 1970 and July and August 1971. Catches 
were below average in August-November 1970. Thus, Mitrella appears to 
dominate in spring and be scarce in the fall. At control station N I, 
temperatures only reached 33°C in the summer of 1968 and catches at this 
t^me were low. At station S II, elevated 2°C above ambient, temperatures 
reached 33°C in each summer. Catches were low at these times or dropped 
sharply in subsequent months. Recovery each winter was noted and the winter 
peak in 1969-1970 exceeded that of the control stations. At station SE I, 
elevated 3.5°C above ambient, temperature exceeded 33°C every summer until 
1972 when dilution was used to cool the effluent. When temperature exceeded 
33°C, catches were low and the period needed for fall or winter recovery 
became longer in successive years. The winter peaks were generally higher 
than at control stations. At station G, elevated 4.5°C above ambient, tem-
peratures exceeded 33°C each summer until 1972, when dilution was used. 
Catches were sporadic and low during the first winter sampling (1969), fell 
to zero in the summer, showed a minor catch in the spring of 1970 and then 
remained at zero until after Grand Canal was closed (Fig. 41). Catches 
were extremely low in Card Sound and no patterns were evident. 

Catches of the Atlantic modulus, Modulus modulus, were above average 
in Biscayne Bay in August 1968, June, July, August and September 1969 and 
August and November 1970. Catches were low in January, February, March and 
April 1969 and January 1971. Thus, the species appears to be a summer 
dominant. At ambient temperature station N I, little seasonal pattern is 
evident, but higher catches seem to occur in summer. At station H, elevated 
about 1°C, catches were generally higher in winter and depressed in summer, 
but the annual yield was similar to controls. At station F, elevated 2°C, 
peak catches occurred in summer and the annual yield is above control sta-
tions. At SE I, elevated 3.5°C, catches were low until dilution and closing 
of the Grand Canal (Fig. 42). At station G, elevated 4.5°C, no catch was 
made until after dilution had begun in Grand Canal. 

In Card Sound catches were lower than those made in Biscayne Bay. 
Catches showed no seasonal pattern. Catches were moderately low and 
sporadic at 0104, 0504, 0603 and 0604 (Fig. 43). No effect of the effluent 
canal was observed. 

Catches of the common Atlantic marginella, Prunum apicinum, were above 
average in Biscayne Bay in August 1968, July 1969 and August and November 
1970. It was below average in Iiy 1970. At control station H II, spring 
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YEARS 

FIGURE 39. Catch, log (catch +1) of Mitra gemmata taken in seven tows 
and temperature at stations SE III, D, E and SE II. 
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FIGURE AO. Catch, log (catch +1) of Mitra gemmata taken in seven 
tows and temperature at stations 0104, 0504, 0603 and 
0604. 
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YEARS 

FIGURE 41. Catch, log (catch +1) of Mitrella lunata taken in seven 
tows and temperature at stations N I, S II, SE I and G. 
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YEARS 

FIGURE 42. Catch, log (catch +1) of Modulus modulus taken in seven 
tows and temperature at stations N I, H, F and SE I. 
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and sunmer peaks of abundance .re noted. At station H, elevated 1°C above 
ambient, catches fel] sharply in the summer of 1969 after temperatures 
exceeded 32.5°C. Recover- occurred in the winter of 1969-70 but the catches 
vcre lewer than at cc. troi stations. The summer of 1970 also exhibited 
depressed catches but the catches were higher than ir the previous summer. 
Recovery in the winter of 1970-71 was good but catches again dropped in the 
spring of 1971. At station F, elevated about 2°C abcve ambient, catches 
were highest in July 1969. when temperatures of 35°C were recorded. In the 
surmer of 1970, catches fell to zero when temperatures again approached 35°C 
a-.j thereafter catcher v>-; e low. It is probable that the Atlantic marginella 
moved into station F during the first suitmer of study to utilize the large 
detritus source forme-.- by dead ana decaying red algae, Laurencia spp. After 
this food and shelter source was gone, the mollusc left the area. Albertson 
(1973) has shown the astrcpod tc have short term temperature tolerances up 
to 43°C and it is not liidy that the temperature experienced killed the 
snails. It is more likely that exclusion occurred when the food and shelter 
s_pplicd by the algae was destroyed. At SE I, elevated 3.5°C, catches were 
generally low. A peak occurred in June 1969 at a temperature of 33°C. When 
t<?:.: «r,:ture exceeded 33"C the catches fell and did not recover significantly 
••r.til dilution and closing Grand Canal was accomplished (Fig. 44). At G, 
elevated no Prumu.. were taken, even in the 5 months after closing 
rand Canal. Prunum apicinum was not common in Card Sound and insufficient 
•or-r v re taken to wrrrant discussion of seasonal or spacial trends. 

Catcher of Chesnel's rissoina, Rissoina chesneli, were analyzed only 
"c the period July 1370-May 1971 in Eiscayne Bay. In this period catches 
wc-e. above average in August 1970. Catches at control station NE II generally 
showed spring peaks. At H, an inshore station elevated 1°C above ambient, 
spring peaks are also evident but one additional peak occurred in November 

70. No adverse effect of temperature was detected. At station F, elevated 
2°C, there are peaks of catch in the spring and fall of 1969 and in the 
spring of 1970. Thereafter catches were low. As with the previous species, 
the destruction of algae appears to cause the decline in catches at F. At 
station SF, I, elevated 3.5°C, catches were depressed below controls. Ncne 
were taken from June 1970-Decenber 1971. Some recovery was noted after 
dilution began and after Grand Canal was closed (Fig. 45). At G, elevated 
4.5°C, catches were made only in January 1 % 9 and September 1969. Only a 
few individuals were taken. 

Pissoina catches in Card Sound were low compared to Biscayne Bay. 
Figure 46 indicates no effect of thermal additions at 0603 during the period 
when effluent was discharged. 

Catches of the checkered pheasant shell, Tricolia affinis, were above 
average in fclscayne Bay in July, September and November 1968, May, June and 
December 1969, November and December 1970 and February 1971. Catches were 
low in Apri3, May, July, August and September 1970. At control station 
NE II catches were lo\T in the summer of 1968 and rose in the fall. In the 
winter of 1S68-6 » non> were taken. In spring, catches increased until in 
July 1969 catche : fell again when temperature exceeded 30°C and salinity was 
less than 20 ppt . In fall catches recovered. The winter of 1969-70 pro-
duced low cetchet; and this low trend continued through the sprang and summer 
of 1970. In the fall and winter, catch rates rose to high levels and then 
fel] again i: th^ sprang of 1971. At station F, elevated 2°C above ambient, 
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FIGURE 44. Catch, log (catch +1) of Prunum apicinum taken in seven 
tows and temperature at stations N II, H, F, and SE I. 

-168-



YEARS 

FIGURE 45. Catch, log (catch +1) of Rissoina chesneli taken in seven 
tows and temperature at stations NE II, H, F and SE I. 
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measured at D, catches were generally lower than at inshore control stations. 
Small peaks occurred In the spring of 1969 and winter of 1970-71. In 1969 
when temperatures rose to near 35'"C, catches dropped and only slight recovery 
was noted until this station was abandoned. At station SE I, elevated 3.5°C, 
catches were low from the onset of the study in July 1968 until the Card 
Sound Canal was opened in February 1972. After the heated effluent was 
removed from Biscayne Bay recovery was rapid. A similar pattern in exhibited 
at station 6, elevated 4.5°C during the effluent discharge in Biscayne Bay 
(Fig. 47). 

In Card Sound catches were generally high with highest catches in 
November and December 1970, December 1971 and during the period January-
June 1973. Catches were generally high at 0104, 0504 and 0604. At 0603 
catches peaked with the opening of the effluent canal and then during the 
warmer season dropped markedly. When the Card Sound Canal was closed, re-
covery was rapid (Fig. 48). Thus, Tricolia appeared to be adversely affected 
by heat even when temperatures only a few degrees above ambient were experi-
enced. 

The worm shell gastropod, Vermicularia spirata. appears to favor off-
shore stations and is most frequently found associated with sponges. Where 
Oligoceras occurred in inshore areas, Vermicularia was common, but where no 
sponges occurred the snail was scarce. Catches were in excess of the 99% 
confidence interval in Biscayne Bay in January, February and July 1969 and 
below average in April and Kay 1970. Only a few specimens were taken at 
stations along the (north) inshore transect exemplified by station N III. 
Similarly inshore station SE I, elevated 3.5°C, produced low and sporadic 
catches. Station S III, considered a mid-Bay control, produced higher 
catches than station S II, elevated 2°C above ambient. During the first 18 
months the catch rates were similar but then the decline at S II was more 
pronounced that at S III (Fig. 49). Station 6 produced no specimens and was 
less productive than any other inshore station except N V which had low 
salinity during the 6 months it was sampled. 

In Card Sound catches in excess of the 99% confidence interval occurred 
in August 1970, March and December 1971, May 1972 and June 1973. Catches 
were low in May-July 1971. Catches were lowest at 0104, which was influenced 
by Biscayne Bay water and was a shallow station and highest at 0504 and 0604 
located 1/2 mile from the mainland shore. At 0603 catches were low when 
the station was hypersaline, high during the first three months of discharge 
and then declined in summer. Recovery occurred in the fall and high catches 
occurred after the closure of the Card Sound Canal. This species, like 
Tricolia, did show adverse effects from the discharge of heated effluent in 
Card Sound, but only at station 0603 in the mainstream of the effluent 
(Fig. 50). 

Catches of the caridean shrimp, Hippolyte pleuracaatha, were in excess 
of the 99% confidence interval in December 1968, June 1969, January, 
February, March and August 1970 and January 1971. Catches were low in April 
and May 1969 and October 1970. Control stations, exemplified by N I, 
generally showed high but variable catches. At station F, elevated 3°C 
above ambient, catches were generally high in winter and extremely low in 
summer. Catches in the winter and spring of 1970-71 did not recover to the 
levels of previous years, nor did they approximate control station catches. 
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FIGURE 47. Catch, log (catch +1) of Tricolia afflnis taken in seven 
tows and temperature at stations NE II, F, SE I and G. 
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FIGURE 48. Catch, log (catch +1) of Tricolia affinis taken in seven 
tows and temperature at stations 0104, 0504, 0603 and 
0604. 
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FIGURE 49. Catch, log (catch +1) of Vermicularia spirata taken in 
seven tows and temperature at stations N III, S III, 
S II and SE I. 
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FIGURE 50. Catch, log (catch +1) of Vermicularia splrata taken in 
seven tows and temperature at stations 0104, 0504, 0603 
and 0604. 

-175-



This may indicate that the annual stress placed on the environment hy the 
effluent each summer has a progressively more limiting effect on the ability 
of Hippolyte to recolonize in more favorable temperature regime. The probab_e 
reason is the decline in vegetation (Thorhaug, 1974). At SE I, elevated 3.5 <~ 
above ambient, winter-spring peaks occurred in 1969, 1970 and 1971. In 1971 
there :'s a fall peak and then low catches in the winter of 1971-72. In the 
spring of 1972 another peak occurred. The summer catches were, low but 
apparently dilution improved the stress sufficiently to permit Hippolyte 
to remain. The winter of 1972-1973 produced catches comparable to control 
areas, especially after the closing of Grand Canal in February. At station 
G, elevated 4.5c'C above ambient, catches were zero from January 1969-
November 1972; then the dilution and closing of Grand Canal did allow some 
recovery at station G (Fig. 51). 

Catches of Hippolyte were generally low in Card Sound and little can be 
discerned about temporal distribution from the available data. 

The caridean, Thor floriaanus, produced catches above the 99% confidence 
limits in Biscayne Bay in August and September 1968, June 1969, June, August 
and November 1970. Catches were low in November and December 1968, March, 
April and May 1969, April 1970 and January 1971. Figure 52 shows that 
generally, catches at control station NE II follow the temperature cycle and 
are high in summer and low in winter. At station S II, elevated 2°C, a similar 
pattern exists but in the summer of 1969 fell to near zero when the tempera-
ture approached 353C. There was also a peak in catch in the winter of 
1969-70. Overall catches were similar to the control on an annual basis, 
even though some shift in seasonality was seen. At SE I, elevated 3.5°C 
above ambient, catches were lower than at control stations. After dilution 
began, some recovery was noted and catches rose to levels similar to control 
stations after Grand Canal was closed. At C-, elevated 4.5°C, almost no 
Thor were taken until dilution was practiced. After the closing of Grand 
Canal some recovery was noted. 

Catches of Thor floridanus in Card Sound ^ere above the 99% confidence 
limits in August 1970 and January 1971 and were low in February, April, 
May, June, July and August 1971, April 1972 and June 19"7! It. Card Sound 
it ppeared ••h.-.t Thor was r re mmor. ir. wir.t .r. " rha». he mild winters 
in "71-72 and 1972-73 cau.-H t 3 hang -rom the observed in Biscayne Bay. 
The ater dep^h ii Card Sound, a tamper..ture sin1 in winter, may also have 
been responsible for higl ~ winter catches. There was a sharp rise in 
catch at 0603 when the Card Sound Canal first opened and this was associated 
with high catcher of Laur cia entrained by the effluent current. During 
the summer of 1972, catchet .t U603 were below 0504 and 0604 but were simila: 
to those at 0104. At 0503. an inshore control station (not shown in 
Fi.g, 53), catches also decreased in this period. Thus, it does not appear 
that tht Card Sound Canal adversely affected catches of Thor. 

Catches of the mud crab, Necpanope packardii, were shove the 99% confi-
dence interval in January and February 1969, March 1970 and August 197C. 
Catches were lov. in April and May 1971. At control station KE II, catches 
werft greatest ir the summer of 196S and thereafter peaks occurred in winter. 
At station F. elevated 2°C a^ove ambient, catches were relatively high in 
1969 and 197" with a winter peak of abundance. In the fall of 1970 catches 
decreased an;) continued to decline until the station was discontinued in 
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FIGURE 51. Catch, log (catch +1) of Hippolyte pleuracantha taken in 
seven tows and temperature at stations N I, F, SE I and 
G. 
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September 1971. The decline may Indicate the loss of Laurencia as a source 
of food and shelter. At SE I, elevated 3.5°C, catches were moderate in 
the fall and.winter of 1968. Thereafter they decreased and remained low 
until the end of the study in June 1973. Only slight recovery was noted 
after dilution and closing of the Grand Canal (Fig. 54). At G, elevated 
4.5°C above ambient, only a few specimens were taken during the period 
of operation of the Grand Canal. After the Canal closed a few individuals 
were taken indicating slight recovery. 

In Card Sound catches were above the 99% confidence interval in July 
and August 1970, August 1972 and May 1973. Catches were low in April and 
May 1970. At control station 0104, catches were low for the first half of 
the study period and somewhat higher in the second half. The same pattern 
was exhibited at stations 0504 and 0604 except during the summer of 1970 
when catches were high. At 0603 catches were moderate until the Card Sound 
Canal opened. After an initial high peak in March 1972, associated with 
high catches of Laurencia, Neopanope, catches were low compared to that of 
adjacent stations during operation of the Canal. A few months after closing 
the Canal, catches again were similar to adjacent stations (Fig. 55). 

Catches of the hermit crab, Pagurus bonairensls, in Biscayne Bay were 
higher than the 99% confidence limit in August 1968, June 1969, March, 
July, August and September 1970. Catches were low in October, November and 
December 1970, February, April and May 1971. At control station 
N I catches were generally high in spring, summer and fall but low in 
winter. At stations S IT, elevated 2°C above ambient, catches were about 
equal to control stations except during the winter of 1970 when catches 
were high. At station SE I, elevated 3.5°C, catches were low in summer and 
fall. In winter catches began to increase with a peak in spring. Then, 
as temperatures rose in early summer, catches dropped to near zero. In the 
summer of 1972 when dilution was used the drop was not as severe as in 
previous years. Although recovery after closing the Grand Canal in February 
1973 was evident, the pattern is similar to seasonal recovery in previous 
years. At station G, elevated 4.5°C, catches were low and sporadic between 
January 196S-November 1972. Some apparent increase in catch r.;te occurred 
after closing Grand Canal (Fig. 56). 

Catch rater in Card Sound were generally low (Fig. 57). In the Sound 
bonairem "js neets competition from Paguri stes tortugae which is nearly 

as abundant -.s Pagurus. Snail shells are also frequently inhabited by 
Pagurapseude: , and this competition for shells for juveniles m*y have 
provided advantages to the smaller species vhich were not common in the 
nearshcre areas of Biscayne Bay which has greater salinity fluctuations. 

Catches of the chicken liver sponge, Chondrilla nucula, in Biscayne 
Bay were greater than the 99% confidence interval in January 1969 and 
September and October 1970. Chondrilla was uncommon at inshore stations. 
At control station D, fall and winter catches exceeded spring and summer 
catches. At SE III, another mid-Bay control station, catches were lower. 
At station F, elevated 2°C, catches were generally high, while at SE II, 
also elevated 2°C, catches were low (Fig. 58). Chondrilla occurred at-
tached to Tl;alassia at D and to Laurencia or Digenia at other :.tations. 
Salinity fluctuations appeared to control the distribution and the species 
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FIGURE 54. Catch, log (catch +1) of Neopanope packardll taken in seven 
tows and temperature at stations NE II, F, SE I and G. 
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FIGURE 55. Catch log (catch +1) of Neopanope packardii taken in seven 
tows and temperature at stations 0104, 0504, 0603 and 0604. 
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FIGURE 58. Catch, log (catch +1) of Chcndrilla nucula taken in seven 
tows and temperature at stations D, SE III, F and SE II. 

-185-



was uncommon at all inshore stations including those affected by the 
effluent. 

In Card Sound catches of Chondrilla were high ir November 1970, December 
1972, January, February, March, April and May 1973. Catches were low in 
May, June and July 1970. Lower salinity appears to limit Chondrilla in 
the late spring and early summer. At control station 0104, catches were 
low in the first half of the study but increased especially in the dry 
fall and winter of 197.1-73. Station 0603, at the mouth of the Card found 
Canal, producer low catches when hyper aline conditions were present, but 
increased during the fall of 1971. Record catches occurred in the first 
months following opening of the Card Sound Canal, but a drop in catches 
occurred in summer. Other stations, 0504 and 0604, showed similar decline 
in catch and the decrease probably results from lowered salinity. All 
stations showed another increase in the spring of 1973 after the canal was 
closed (Fig. 59?. 

The sea cucumber, leptosynapta parvipatina, like the above species, 
had its abundance regulated by salinity but Leptosynapta also requires the 
presence of red algae, .aurencia spp. to be abundant. In Biscayne Ray 
catches were above the 99% confidence level in September 1968, >'arch and 
December 1969 and January and February 1970. Catches were low in October 
1968 and July and August 1969. At station F, and other control stations, 
catches were generally high in winter and low in summer. At F, elevated 
2°C, catches were low until tie dry spring of 1971, then catches increased. 
At SI 1, elevated 3.5°C above ambient, catches were lew until dilution of the 
effluent began. Then recovery was noted. A similar picture results at 
station (', elevated (Fig, 60). 

In Card Sound catches were high in January, February, November and 
December 1971, 'anuary, February and May 1972. Catches were low in July, 
^ep ter.be r aid October 1 , October 1972 and May 1973. At control station 
0104, catches were generally low. The same was trun at 0603, except for 
the period * -srediately following the open^n^ of the Card Sound Canal, 
nether insh re station, 0503, had higher catches but it was further removed 
— 'r*:sh * * inflow and produced more Laurencia. rr~Mr C504 and 

06 -ererr-t 'lv -; r c ed h. % j * \ ' * - summer 
v month. *) 

In Jane lV/0, i r e . - . Tabb. Rehrei th1 Ga (197'*) summarized the 
data for Biscavr.e Hay st^rions' > visually examine the effect of temperature 
on catches o: ve&e*:*on k' t " r> 'rant species. Scatter diagrams of the 
a -v. • of the i ra;\ r-rrt̂  eater .a were compared with the average temper-
uti.-r iTonal fc r the - .."ta1 ions. The mean catch value for all 
• tat i ocr •;rring at each i ' C anomaly interval was calculated and a trend 

l i n e c n v . rough re: 1 points. For Prunur apicinum, Tricolia affinis 
and h • ppclvtt. v. _ j." the1 appears tc be a negative relation between 
temperature arc. rr.d catches For all other specks and vegetation there 
appeal .i t o bi. no relation be tween matches and temperature increases up to 
2~3°C above ambient cr an optimum at temperature anomalies of +2° to 4 3°C 
a r e ambient occurred. There was a sharp decrease at temperature anomalies 
i excess of J°C. 

In order to try tc identify environmental variables regulating catch 
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FIGURE 59. Catch, log (catch +1) of Chondrilla nucula taken in seven 
Cows and tem erature at stations 0104, 0504, 0603 and 
0604. 
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FIGURE 60. Catch, log (catch +1) of Leptosynapta parvipatina taken 
in seven tows and temperature at stations E, F, SE I and 
G. 

-188-



YEARS 
FIGURE 61. Catch, log (catch +1) of Leptosynapta parvipatina taken in 

seven tows and temperature at stations 0104, 0504, 0603 
and 0604. 
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of the dominant animals and to determine the relative effect of the observed 
temperature rant^e y vo conducted stepwise multivariate regression techniques 
using dominant species in Biscayne Bay, Card Sound and the two areas com-
bined. In addition wo the environmental variables, vegetation weight, 
salinity and terpera^ure, we used the absolute value of the difference bet-
ween the observed sa inity and temperature and their means. This was 
intended to linearize the peaked distribution seen in the abo^re figures. 
However, as indicated by the high correlations between salinity and salinity 
deviation aid temperature and temperature deviation, little was gained by 
ad'ing these variables. Aside from the above mentioned correlations, the 
independent variables were relatively independent (Tables 35, 36 and 37). 

Examining the simple correlation coefficients of the 14 species indi-
cates tvo commui ities exist. Bulla, Cerithium muscarum, Prunura, Mitre. 11a, 
Modulus, Hippolyte, leopanope and Pagurus appear in one group with c negative 
relation to salinity and Cerithium eberneum, Vermicularia, Thor, Leptosynapta 
TriccTia and Chcndrilla appear in a second group with a positive relation 
tc sa inity. Vegetation generally is the most significant variable and 
shows the greatest variability. 

In Card Sound, where temperature and salinity ranges were less than 
in Eiscayne Bay catches of all species were most closely related to vegeta-
tion and in all cases the relation was positive. The inclusion of all 
5 independent variables reduced the importance of vegetation on catches 

Prunur- where only salinity and salinity deviation were significant at 
= .05. For Bulla, Mitrella, Vermicularia and Pagurus the second variable 

selected was temperature. However, when the other independent variables 
were added, the effect of temperature was not significant. When all vari-
ables were included cnly vegetation was significant for Bulla, Mitrella and 
Vermicularia. Vegetation and salinity were significant to catches of the 
hermit crab, Pa?;ur^£. For all ether speries, salinitv or salinity devia-
tion .as tic second variable (Table 38). After inclusion of the 5 variables, 
.alirif.y var signific ant for Modulus, Prunum, Thcr rnd Meopanope« 

he multiple regression explained from 3% of the variation in catch 
' ' " C e r t " h i m u s e a r i ~ no Prunum apir.inur to ^27. for Jhr- floridaru^. 

In Bisc : Bay racut ~>r sa'i^^ • v .^t' us were larger 
thar^ iT Card Scund, H.* * c--~c.es " 11 of 1A ^ ie ic best predicted 
by vegetation. Churt . - h ^ t ptcd; \i i ly balinicy. "ricolla and 
Leptosynapta were be - fr*.dieted by teirr^rature and temperature deviation 
(Table 39). Inclusion cr nil j variable.* indicated that vegetation is the 
no. t i:vn' fit ant varjible for species ether than Vermiculariat Tricolia 
and I.ptosvnqpta. 01 these, only Tricolia has a negative correlation with 
temperature. The otr^r cv are regulated by salinity. The multiple cor-
relat ens generally c oiai :ed 25 to 50% cf the variability of catches for 
the inshore sediren inmunity species Bui!a» Cerithium muscarum, Prunum, 
I'it rclla, Modulus, Ilippolyte, h topanope and Pagurus and was less efficient 
for mid-Bay -pec.: s such, as \ en..ir.^iArla, Tr icolia, Cacnctilia and 
Lep: osynapta. Thcr "l^rid an v:s appears to be a mid-Bay specics, but will 
be --ve abundant in ir. shore areas if salinity is relatively high. The 
itm . Lple regression explains 20% of the variation in catches. Variations 
in .itches o" the oer^rh, C. ebeinerm, v;ere not well explained by the. 

' ssion evei though this species appears commonly inshore. 
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Table 35. Simple correlation matrices (upper right excluding diagonal) and 
variance-covariance (lower left including diagonal) of abundant 
animal catch, Log (catch +1) per tew, vegetation (lbs), tempera-
ture (°C), salinity (ppt) absolute value of temperature minus 
mean temperature, and absolute value of salinity minus mean sali-
nity in Biscayne Bay — July 1968 - June 1973 

Veg. Temp. Sal. |Temp.-c| |Sal.-s| 

Veg. 42.015* -.016* -.181* -.017* -.165* 
Temp. -.542* 28.751* .109* .998* .086* 
Sal. -8.206* 4.114* 49.113* .112* .967* 
jTemp.-tj -.059* 2.909* .428* .295* .087* 
I Sal.-II -.794* .342* 5.032* .035* .551* 

Species Catch Veg. Temp. Sal. |Temp.-t| |Sal.-i| 

Bulla umbilicata 
Catch (r) 1.000 .488 .114 -.225 .117 -.189 
Catch (V-COV) .087 .933 .181 -.464 .019 -.041 

Cerithium eberneum 
Catch (r) 1.000 .286 .049 -.013 .051 -.002 
Catch (V-COV) .043 .387 .054 -.018 .006 <-.001 

Cerithium muscarum 
Catch (r) 1.000 .640 .030 -.242 .030 -.201 
Catch (V-COV) .171 1.716 .067 -.703 .007 -.062 

M: -yella lunata 
Catch (r) 1.000 .587 -.093 -.112 -.088 -.090 
Catch (V-COV) .206 1.727 -.226 -.356 -.022 -.030 

E'odulus modulus 
Catch (r) 1.000 .555 .048 -.057 .049 -.042 
Catch (V-COV) .138 1.336 0.92 -.147 .010 -.012 

Prunum apicinu^ 
Catch (r) 1.000 .685 -.017 -.168 -.017 -.137 
Cacch (V-COV) .051 1.002 -.021 -.266 -.002 -.023 

Tricolia affinis 
Catch (r) 1.000 .126 -.192 .170 -.191 .161 
Catch (V-COV) .117 .279 -.351 .406 -.035 .041 

Vermicularia spirata 
Catch (r) ~ 1.000 .140 -.016 -.117 -.016 -.083 
Catch (V-COV) .057 .217 -.020 -.195 -.002 -.015 
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Table 35. Continued 

Species Catch Veg. Temp. Sal. jTemp.-tJ |Sal.-l! 

Hippolyte pleuracantha 
Catch (r) 1.000 .597 -.198 -.201 -.196 -.168 
Catch (V-COV) .089 1.155 -.317 -.421 -.032 -.037 

Thor floridanus 
Catch (r) 1.000 .351 -.019 .192 -.022 .172 
Catch (V-COV) .194 1.002 -.044 .592 -.005 .056 

Neopanope packardii 
Catch (r) 1.000 .595 -.065 -.310 -.060 -.249 
Catch (V-C V) .355 2.297 -.207 -1.294 -.019 -.110 

Pagurus bonairensis 
Catch (r) 1.000 .506 .080 -.015 .081 .009 
Catch (V-COV) .248 1.635 .213 -.051 .022 .003 

Chondrilla nucula 
Catch (r) 1.000 .975 -.045 .148 -.042 .142 
Catch (V-COV) .066 .125 -.062 .267 -.006 .027 

Leptosynapta parvipatina 
Catch (r) 1.000 -.053 -.128 .053 -.131 .054 
Catch (V-COV) .063 -.086 -.172 .092 -.018 .010 

Most significant variable 
* Same for all species 
r correlation vector 
V COV • variance ccvariance v::toi 
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Table 36. Simple correlation matrices (upper right excluding diagonal) and 
variance-covariance (lower left including diagonal) of abundant 
animal catch, Log (catch +1) per tow, vegetation (lbs), tempera-
ture (°C), salinity (ppt), absolute value of temperature minus mean 
temperature, and absolute value of salinity minus mean salinity in 
Card Sound — July 1970 - June 1973 

Veg. Temp. Sal. |Temp.-t| |Sal.-s| 

Veg. 58.135* -.165* -.105* -.157* -.098* 
Temp. -5.179* 16.848* -.058* .999* -.062* 
Sal. -2.388* -.718* 8.946* -.063* .999* 
|Temp.-t| -.505* 1.727* -.079* .763* -.066* 
j Sal.-s! -.191* -.065* .763* -.007* .065* 

Species Catch Veg. Temp. Sal. |Temp.-t| |Sal.-s| 

Bulla umbilicata 
Catch (r) 1.000 .315 .156 -.223 .157 -.219 
Catch (V-CCV) .037 .463 .123 -.129 .013 -.011 

Cerithium eberneum 
Catch (r) 1.000 .356 -.084 -.162 -.078 -.157 
Catch (V-COV) .036 .513 -.065 -.092 -.006 -.008 

Cerithium muscarum 
Catch (r) 1.000 .135 -.035 -.083 -.034 -.079 
Catch (V-COV) .006 .081 -.011 -.019 -.001 -.002 

Mitrella lunata 
Catch (r) 1.000 .229 .051 -.065 .050 -.061 
Catch (V-COV) .001 .053 .006 -.006 .001 <-.001 

Modulus modulus 
Catch (r) 1.000 .623 -.047 -.150 -.041 -.143 
Catch (V-COV) .013 .536 -.022 -.050 -.002 -.004 

Prunum apicinum 
Catch (r) 1.000 .132 -.019 -.045 -.014 -.040 
Catch (V-COV) .001 ".028 -.002 -.004 <-.001 <-.001 

Tricolia affinis 
Catch (r) 1.000 .542 -.130 -.254 -.124 -.251 
Catch (V-COV) .276 2.172 -.281 -.399 -.027 -.034 

Vermicularia spirata 
Catch (r) 1.000 .525 -.173 -.115 -.167 -.109 
Catch (V-COV) .119 1.383 -.246 -.119 -.024 -.010 
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Table 40. Continued 

Species Catch Veg. Temp. Sal. |Temp.-tj |Sal.-I| 

Hippolyte pleuracantha 
Catch (r) 1.000 .312 .088 -.187 .086 -.185 
Catch (V-COV) .004 .150 .023 -.035 .002 -.003 

Thor floridanus 
Catch (r) l.OOG .777 -.143 -.123 -.136 -.113 
Catch (V-COV) .383 3.663 -.364 -.227 -.035 -.018 

Neopanope packardix 
Catch (r) 1.000 .468 .000 -.220 .004 -.214 
Catch (V-COV) .039 .704 <.001 -.130 <.001 -.011 

Pagurus bonairensis 
Catch (r) 1.000 .408 .074 -.185 .075 -.178 
Catch (V-COV) .037 .602 .059 -.107 .006 -.009 

Chondrilla nucula 
Catch (r) 1.000 .464 -.148 -.189 -.141 -.185 
Catch (V-CCV) .15& 1.390 -.239 -.223 -.023 -.019 

Leptosynapta parvipatina 
Catch Cr) 1.000 .294 -.119 .112 -.115 .112 
Catch (V-COV) .109 .741 -.161 .110 -.016 .009 

Most significant variable 
* Same for all species 
r correlation vector 
V--COV variance covariance vectcr 
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Table 37. Simple correlation matrices (upper right excluding diagonal) and 
variance-covariance (lower left including diagonal) of abundant 
animal catch, Log (catch +1) per tew, vegetation (lbs), tempera-
ture (°C), salinity (ppt), absolute value of temperature minus 
mean temperature, and absolute value of salinity minus mean 
salinity in Biscayne Bay — July 1968 - June 1973 and Card Sound 
— July 1970 - June 1973 

Veg. Temp. Sal. iTemp.-t| |Sal.-s| 

Veg. 47.027* -.058* -.140* -.057* -.129* 
Temp. -1.989* 25.049* .057* .998* .043* 
Sal. -6.445* -.198* 45.082* .064* .973* 
|Temp.-tI -.198* 2.540* .217* .259* .049* 
jSal.-sI -.611* .150* 4.503* .017* .475* 

Species Catch Veg. Temp. Sal. |Temp.-t| |sal.-i| 

Bvilla umbilicata 
Catch (r) 1.000 .427 .126 -.241 .127 -.210 
Catch (V-COV) .072 .786 .169 -.435 .017 -.039 

Cerithium eberneum 
Catch (r) 1.000 .305 .012 .011 .016 .020 
Catch (V-COV) .041 .426 .012 .015 .002 .003 

Cerithium muscarum 
Catch (r) 1.000 .480 .038 -.343 .034 -.303 
Catch (V-COV) .134 1.205 .070 -.844 .006 -.077 

Mitrella lunata 
Catch (r) 1.000 .440 -.061 -.237 -.061 -.209 
Catch (V-COV) .159 1.204 -.122 -.634 -.012 -.058 

Modulus modulus 
Catch (r) 1.000 .481 .050 -.185 .047 -.163 
Catch (V-COV) .108 1.086 .082 -.410 .008 -.037 

Prunum apicinum 
Catch (r) 1.000 .522 -.003 -.258 -.006 -.226 
Catch (V-COV) .038 .697 -.003 -.337 -.001 -.030 

Tricolia affinis 
Catch (r) 1.000 .301 -.167 .163 -.162 .160 
Catch (V-COV) .177 .869 -.353 .461 -.035 .047 

Vetnicularia spirata 
Catch (r) 1.000 .285 -.078 .070 -.072 .080 
Catch (V-COV) .088 .579 -.116 .139 -.011 .016 
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Table 40. Continued 

Species Catch Veg. Temp. Sal. |Temp.-tJ |Sal.-s| 

Hippolvte pleuracantha 
Catch (r) 
Catch (V-COV) 

1.000 
.068 

.469 

.841 
-.147 
-.192 

-.301 
-.592 

-.148 
-.020 

-.267 
-.048 

Thor floridanus 
Catch (r) 
Catch (V-COV) 

1.000 
.278 

.507 
1.831 

-.069 
-.181 

.226 

.799 
-.065 
-.018 

.211 

.077 

Neopanope packardii 
Catch (r) 1.000 

.291 
.487 

1.801 
-.037 
-.099 

-.408 
-1.476 

-.036 
-.010 

-.352 
-.131 

Pagurus bonairensis 
Catch (r) 
Catch (V-COV) 

1.000 
.208 

.420 
1.313 

.088 

.201 
-.176 
-.539 

.085 

.020 
-.143 
-.045 

Chondrilla nucula 
Catch (r) 
Catch (V-COV) 

1.000 
.106 

.232 

.518 
-.088 
-.143 

.203 

.444 
-.080 
-.013 

.196 

.044 

Leptosynapta parvipatina 
Catch (r) 
Catch (V-COV) 

1.000 
.086 

.085 

.171 
-.129 
-.190 

.192 

.379 
-.126 
-.019 

.180 

.036 

Host significant variable 
Same for all species 
correlation vector 
variance covariance vector 

r 
V-COV 
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Table 36. Summary of stepwise multiple regression between animal catch 
Log (catch +1) per tow, and vegetation, temperature, salinity, 
absolute value of temperature minus mean temperature and absolute 
value of salinity minus mean salinity in Card Sound — July 1970 -
June 1973 

Cerithium eberneum 

Vegetation 
Salinity 
!Sal.-I; 
Temperature 
J Temp.—t1 

Cerithium muse arum 

Vegetation 
Salinity 
| Sal.-s j 
|Temp.-t| 

Modulus modulus 
Vegetation 
Salinity 
I Sal.-I | 
|Temp.-t| 
Temperature 

Prunurn apicinum 

Vegetation 
Salinity 
I Sal.-I] 
j Temp.-11 
Temperature 

Hippolyte pleuracantha 

Vegetation 
Salinity 
Temperature 
I Temp.-tI 
Sal.-sI 

b 

a = -5.70191 

.00780 
-.15329 
1.70461 
-.04855 
.45933 

a - -2.12723 

.00113 
-.06660 
.75904 

-.00247 

a = -3.50785 
.00894 

-.10116 
1.15070 
.09499 

-.00818 
a - -1.18206 

.00036 
-.02854 
.33178 
.09274 

-.00946 

a = .14711 

.00271 
-.02222 
.03272 

-.29872 
.22269 

.1268 

.1426 

.1493 

.1503 

.1529 

.0183 

.0231 

.0313 

.0315 

.3884 

.3956 

.4037 

.4069 

.4072 

.0175 

.0185 

.0298 

.0299 

.0348 

.0975 

.1218 

.1388 

.1492 

.1503 

36.0629** 
3.0999ns 
2.7908ns 
1.1036ns 
l.C426ns 

3.9625* 
2.5955ns 
2.8336ns 
.0598ns 

190.2238** 
5.4231* 
5.1087* 
.1791ns 
.1260ns 

3.1583ns 
4.4146* 
4.3443* 
1.7465ns 
1.7230ns 

39.3549** 
.5877ns 

4.5194* 
3.9769* 
.4296ns 

* significant at 95% 
** significant at 99% 
ns not significant 
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Table 38. Continued 

Thor floridanus a = -22.67604 

Vegecation 
Salinity 
jSal.-sj 
Temperature 
j Temp.-1; 

Neopanope packardii 

Vegetation 
Salinity 
! Sal.-Sj 
Temperature 
;Temp.-tj 

.06065 
-.65674 
7.59855 
-.04967 
.46735 

a = -5.81409 

.01154 
-.19808 
2.19188 
.01242 

-.08656 

,6030 
,6047 
,6177 
.6178 
.6180 

,2188 
,2485 
,2584 
,2636 
.2637 

451.3853** 
11.7734** 
11.4752** 

.2390ns 

.2233ns 

83.2159** 
5.4556* 
4.8637* 
.0761ns 
.0390ns 

Chondrilla nucula a = -6.83599 

Vegetation 
Salinity 
Temperature 
i'femp.-t ; 
: Sal.-Si 

.02148 
-.16257 
-.13665 
1.25443 
1.68419 

,2153 
,2354 
,2424 
,2466 
,2481 

71.3650** 
.9093ns 

2.2801ns 
2.0251ns 
.7106ns 

Leptcsynapta parvipat Lna a = 3.28801 

Vegetation 
Salinity 
Temperature j _l , Sai.-s 
'Temp.-t! 

.01305 

.14983 
-.05359 
-1. 573'" 3 

, 4} ?jl5 

, 0865 
,1070 
,1106 
.1128 
1137 

31.5833** 
.9260ns 
.4204ns 
.7437ns 
.3445ns 

Tried ia nffinis T: -.i 

Vegetation 
i Sal.-s| 
Te 'pcrature 
iFenp.-t 
Sal initv-

.03518 
..0P6C» 

•„ A ')98 
.o0872 
.05717 

,2938 
3333 
, '365 
,3371 
,3373 

]21.3309** 
.1873ns 
.3791ns 
.3027ns 
.0713ns 

Bulla umbilic.ata a = -3.59776 

Vegetation 
Temperature 
r-a Unity 
:Sal.-sI 
!Temp.-1 ; 

* significant at 95% 
** signifi-.art at 99% 
-s not significant 

00816 
.04574 

-.14803 
1.60000 
-.35184 

.0991 

.1436 

.1744 

.1807 

.1822 

39.3071** 
.9745ns 

2.8755ns 
2.4459ns 
•6085ns 
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Table 40. Continued 

b R2 F 

Mitrella lunata a = -.54547 

Vegetation 
Temperature 
jTemp.-E! 
Salinity 
i Sal.-i' 

.00095 

.0077^ 
-.06862 
-.02103 
.24199 

.0523 

.0604 

.0629 

.0643 

.0696 

18.3335** 
.9700ns 
.8049ns 

2.0177ns 
1,9457ns 

Vermicuiaria spirata a = -7.98227 

Vegetation 
Temperature 
Salinity 
1 Sal.-s|" 
j t'emp. -t | 

.02202 
-.06360 
-.22168 
2.51086 
.54601 

.2761 

.2838 

.2883 
,2925 
.2936 

103.290/** 
.6801ns 

2.3280ns 
2.1745ns 
.5291ns 

Pagurus bonairensis a « -6.30925 

Vegetation 
Temperature 
Salinity 
! Sal.-i] 
|Temp.-t! 

.01022 

.04372 
-.22425 
2.52624 
-.36060 

.1664 

.1869 

.2043 

.2197 

.2212 

64.1776** 
.9280ns 

6.8779** 
6.3551* 
.6662ns 

* significant at 95% 
** significant at 99% 
ns not significant 

v = 6.11 lbs 
t = 25•43°C 
5 - 36.00 ppt 
N = 345 
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Table 39. Summary of stepwise multiple regression between animal catch, 
Log (catch +1) per tow, and vegetation, temperature, saJinity, 
absolute value of temperature minus mean temperature and absolute 
value of salinity minus mean salinity in Biscayne Bay — July 1968 
- June 1973 

b R2 F 

Bulla umbilicata a = -2.08491 

Vegetation 
1 Salinity 
i Temp.-11 
[Sal.-I| 
Temperature 

.02086 
-.02499 
.69470 
.17743 

-.06215 

.2383 

.2575 

.2775 

.2891 

.2936 

214.8964** 
23.4743** 
6.0717* 
13.4398** 
4.7361* 

Cerithium muscarum a = -1.10157 

Vegetation 
iSalinity 
lSal.-i1 
|Temp.-t| 
Temperature 

.03906 
-.03373 
.24864 
.27606 

-.02301 

.4101 

.4267 

.4381 

.4422 

.4425 

485.7607** 
27.5829** 
17.0233** 

.6184ns 

.4186ns 

Prunum apicinum a = -.73822 

Vegetation 
Salinity 
| Sal.-sjl 
j Temp.-t| 
Temperature 

.02347 
-.01102 
.09238 
.22004 

-.02207 

.4694 

.4714 

.4769 

.4769 

.4775 

628.8335** 
10.5530** 
8.4263** 
1.4089ns 
1.3818ns 

Vermicularia spirata a = -. 39649 

Ve get -1ion 
-Unity 

I Temp.-t| 
Temperature 

. Of 'i 

.14t35 

.179 :4 
-.01790 

. 195 
, 82 
. MC 
.0411 
.0416 

I'j. 5762** 
x4.2212** 
lu.3428** 

.4546ns 

.4412ns 

Thor flcridanus n — 2.57220 
Vegetation 
Salinity 
i Sal.-ji 
j Temp.-11 
Temperature 

.02726 

.03651 
-.18867 
-.96551 
.09370 

.1234 

.1909 

.1959 

.1986 

.2032 

146.2345** 
19.9701** 
6.0587* 
4.6757* 
4.2912* 

* significant at 95% 
:V* significant at 99% 
ns not significant 
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Table 38. Continued 

N'-opan ipe p ckar^ii 

Vegeta ion 
Salini.y 
I ̂  J ... t 
Temper ture 
| Temp.-t| 

Fagurus bone1 irensis 

Vegetation 
j Fal.-s| 
Temp.-t| 
Salinitv 
Temperature 

Mi.trella lunata 

b 

a = -5.77996 

.05066 
-.07859 
.58930 

-.21860 
2.14031 

a = -1.99445 

.03977 

.21259 

.56012 
-.01698 
-.04862 

a = -3.36134 

.3536 

.3959 

.4276 

.4279 

.4413 

.2562 

.2649 

.2 716 

.2749 

.2759 

392.3585** 
71.8969** 
45.9176** 
18.1454** 
17.8495** 

267.0069* 
6.5975* 
1.3497ns 
3.7039ns 
.9912ns 

Vegetation 
Temperature 
i Temp.-1' 
| Sal.-s| 
Salinity 

Hippolyte pleuracantha 

Vegetat ion 
Temperature 
Sc- Lini i y 
I Fal.-s 
jTemp.-7 j 

Cerithium eberneum 

.04097 
-.14272 
1.34407 
.12724 

-.01318 

a = -1.11152 

. 02662 
-.06054 
-.01533 

.11611 

.50222 

a = -.83207 

.3445 

.3516 

.3598 

.3600 

.3626 

.3561 

.3917 

.3973 

.4020 

.4049 

388.1278** 
11.6983** 
10.6459** 
3.2376ns 
3.0604ns 

405.1621** 
5.2052* 
10.2271** 

6 .6680** 
3.6764ns 

Vegetation 
|Tenp.-1 j 
|Sal.-i| 
Temperature 
Salinity 

Modulus modulus 

.00940 

.27513 

.04205 
-.02579 
-.00335 

a - -1.04319 

. 0820 

.0851 

. 0868 

.0882 

.0889 

67.7802** 
1.4796ns 
1.1727ns 
1.2673nr 
.6540ns 

Vegetation 
|Temp.-E| 
jSal.-s: 
Temperature 
Salinity 

.03220 

.33461 

.06669 
-.03001 
-•00485 

* significant at 95% ** significant at 99% 
ns not significant 

.3086 

.3120 

.3140 

.3146 

. 33 51 

333.6605** 
.9184ns 

1.2380ns 
.7199ns 
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Table 29. Continued 

Chondrilla nucula a = 

b 

-.63727 

7 

Salinity 
Vegetation 
Temperature 
| Temp.-tI 
| Sal.-sj 

Tricolia affinis 

.00787 

.00421 
-.03049 
.27153 

-.01514 

.0219 

.0325 

.0363 

.0376 

.0377 

^ . / n s 
6.44 c-
1.1012ns 
.8960ns 
.0945ns 

a = .33069 

Temperature 
Salinit\ 
Vegetation 
i Sal.-s' 

-.01377 
.01720 
.0G866 

-.06173 

i.eptcs\ fapta parvipatina a = 1.18345 
;Temp.-t| 
Salinity 
Vegetation 
Temperature 

* significant at 95% 
-* significant at 99% 
rs not significant 

v = 6.17 lbs 
S = 29.68 ppt 
t = 25.93°C 
iv = 754 

-.38650 
.00221 

-.00174 
.03279 

. 0 368 

.0736 

.0993 

.1005 

.0170 

.0216 

.0236 

.0253 

38.2327** 
6.5874* 

21.7181** 
.9623ns 

1.9100ns 
2.8085ns 
1.51 ifns 
1.3^82ns 
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Forty-four percent of the variation in catches of the cogener, C. musearum, 
is explained by the independent variables in the regression. Perhaps the 
spotty distribution of £. eberneum can be attributed to the indirect larval 
development and various survival of planktonic stages, while the more regular 
distribution of C. musearum is the result of direct development and lack 
of planktonic forms (Houbrick, 1973). 

By combining Biscayne Bay and Card Sound samples we effectively increased 
the salinity range and did not change the temperature range from that ob-
served in Biscayne Bay alone. In the combined analysis, vegetation was the 
best predictor for all species except the holothurian, Leptosynapta. 
Leptosynapta. like most echinoderms, has poor osmoregulatory ability and the 
primary variable associated with catch was salinity. Salinity, or the 
deviation of salinity from the mean (32 ppt), was the second variable chosen 
for all species except Leptosynapta. For Bulla. Cerithium eberneum, Mitre11a. 
Modulus. Hippolyte, Thor, Neopanope and Pagurus. when all five independent 
variables were considered, vegetation was most important, followed by 
salinity. Leptosynapta followed the same pattern. Even though salinity was 
the best single predictor when all five independent variables are considered, 
vegetation is most significant followed by salinity (Table 40). 
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Table 40. Summary of stepwise multiple regression between animal catch, 
Log (catch +1) per tow, and vegetation, temperature, salinity, 
absolute value of temperature minus mean temperature and absolute 
value of salinity minus mean salinity in Biscayne Bay (July 1968 -
June 1973) and Card Sound (July 1970 - June 1973). 

b R2 F 

Bulla uicbilicata a = -1.47171 
Vegetation 
Salinity 
|Temp.-tI 
jsal.-s| 
Temperature 

.01583 
-.02590 
.45590 
.17934 

-.03734 

.1823 

.2159 

.2422 

.2528 

.2545 

234.2484** 
32.4322** 
3.7404ns 
16.5461** 
2.4335ns 

Cerithium muscarum a = .84684 
Vegetation 
Salinity 
| Fal.-s| 
Temperature 
|Temp.-t| 

.02364 
-.04288 
.27540 
.05359 

-.46617 

.2307 

.3085 

.3227 

.3301 

.3316 

313.0582** 
53.3219** 
23.3981** 
3.0064ns 
2.3452ns 

Ilitrella lunata a = -.80416 
Vegetation 
Salinity 
|sal.-s| 
Temperature 
|Temp.-t| 

.02389 
-.03047 
.19772 

-.03374 
.31455 

.1938 

.2251 

.2312 

.2318 

.2323 

234.5727** 
19.7426** 
8.8430** 
.8737ns 
.7829ns 

Modulus modulus a - .56686 
Vegetation 
Salinity 
Temperature 
lsal.-s| 
iTemp.-fj 

.02246 
-.01891 
.03728 
.12964 

-.31106 

..£315 

.2457 

.2528 

.2570 

.2578 

314.5706** 
11.5437** 
1.6188ns 
5.7693* 
1.1618ns 

Prunum apicinum a - .20820 

Vegetation 
Salinity 
j Sal.—s| 
Temperature 
|Temp.-11 

.01408 
-.01657 
.11136 
.01612 

-.14315 

.2727 

.3074 

.3158 

.3175 

.3179 

384.7292** 
27.5909** 
13.2515** 

.9422ns 

.7660ns 
* significant at 95% 
** significant at 99% 
ns not significant 
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Table 40. Continued 

b R2 F 
Tricolia affinis a = -1.80134 

Vegetation 
Salinity 
Temperature 
i Temp.-1 
|Sal.-s; 

.01967 

.01459 
-.09344 
.78763 

-.01375 

.0906 

.1335 

.1593 

.1625 

.1625 

130.6314** 
3.7210ns 
5.5053* 
4.0329* 
.0352ns 

Hippolvte pl--uracantha a « .09171 
Vegetation 
Salinity 
|Temp.| 
|Sal.-s| 
Temperature 

.01629 
-.02456 
.00394 
.15414 

-.00582 

.2195 

.2760 

.2877 

.2965 

.2965 

276.1669** 
32.5133** 
.0003ns 

13.6191* 
.0660ns 

Thor floridanus a » -.10901 
Vegetation 
Salinity 
Tecperacure 
I Sal .-s| 
j Temp.-1j 

.04208 

.04241 
-.01215 
-.18461 
.06038 

.2566 

.3465 

.3494 

.3526 

.3526 

494.1182** 
25.9780** 
.0769ns 

5.2347* 
.0196ns 

Neopanope packardii a * -2.68139 

Vegetation 
Salinity 
1Sal.-s j 
j Temp.-1 j 
Temperature 

.03397 
-.09113 
-.62772 
.91231 

-.09055 

.2371 

.3547 

.3873 

.3877 

.3902 

326.4485** 
121.5639** 
61.3553** 
4.5336* 
4.3321* 

Pagurus bona!rensis a - .61738 
Vegetation 
Salinity 
Temperature 
Sal.-ij 
Temp.-t| 

.02709 
-.04049 
.06268 
.32221 

-.50601 

.1766 

.1906 

.2047 

.2181 

.2192 

226.8893** 
26.2364** 
2.2692ns 
17.6731** 
1.5247ns 

Chondrilla nucula a - -2.50503 

.J 

Vegetation 
Salinity 
Temperature 
Temp.-t j 
Sal.-s1 

.01227 

.01345 
-.10837 
1.01284 
.02118 

.0537 

.1100 

.1175 

.1263 

.1264 

81.2360** 
5.0502* 
11.8355** 
10.6580** 
.1332ns 

* significant at 95" 
significant at 99% 

nc not significant 
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iable 40. Continued 

Cerithiuia e b e r n e u n a = 1 . 0 7 2 4 6 

•'egetac ion 
S a l . - s _ 
T e m p . - t 
T e m p e r a t u r e 
fit 1 i n i r v 

. 0 0 9 2 3 

. 0 4 6 1 6 

. 3 7 7 0 0 
- . 0 3 7 0 4 
- . 0 0 3 1 9 

.0931 

.0967 

. 0 9 7 7 

.1003 

.1C09 

1 1 5 . 0 3 6 0 * * 
1.5630ns: 
3 . 6 9 3 2 n s 
3.4575r.f 
. 7 1 2 3 n s 

'• tjrr.-.icu]ari.. s p i r a t a = - 2 . 1 1 6 7 6 

V e g e t a t ion 
' S a l . - s 
T e m p e r a t u r e 
T e m p . - I 
S a l i n i t v 

.01268 

.0824?. 
-.GJ.638 
. 8 1 4 0 6 

- . 0 0 3 5 8 

.0814 

.0952 

.0995 

. 1 0 6 0 

. 1 0 6 3 

J 0 2 . 8 6 3 9 * * 
2 . 3 9 2 5 n s 
8 . 9 2 0 1 * * 
8 . 1 6 7 3 * * 

I.epto^ynapta p a r v i p a t l n a a = - . 2 3 9 8 5 

S a l i n i t y 
T e m p e r a t u r e 
V e g e t a t i o n 
S a l . - 5 
T e m p . - t 

. 0 ^ 6 4 8 
-.02866 
. 0 0 4 6 0 

- . 0 7 1 7 8 
. 2 0 3 0 7 

. 0 3 7 0 

.0567 

.0679 

.0696 

. 0 7 0 0 

s.?8o:** 
. 9 5 8 6 n s 

1 3 . 2 0 7 8 * * 
1 . 7 7 1 6 n s 
• 4 9 6 0 n s 

* s i g n i f i c a n t at 95?, 
•'** f i g n i f i c s n t at 9 9 " 
ns r o t s i g n i f i c a n t 

\ = 6 . 1 5 lbs 
t = ?:-.77°C 
2 ~ 3 1 . 6 7 ppt 
:• = 1 0 9 9 
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CONCLUSIONS AND SUMMARY 

1. Average temperature elevations above 4°C caused almost barren 
conditions where few animals rnd almost no macrophytes occurred. The area 
at Turkey Point wh >h w;;s ele\ ated above 4°C with two 420,000 KWe fossil 
units and 1,270 cfs flow was approximately 75 acres. After the Grand Canal 
was closed slight, recovery wa? observed. 

2. Average temperature elevations between 3 and 4°C above ambient 
summer water temperature caused serious depletion of the biota in summer. 
Although recovery was noted in winter, the summer loss was not offset by 
winter gainr:. At Turkey Point, the area between the +3 and +4°C isotherms 
was about 100 acres. A.'ter the Grand Canal closed, recovery, indicated by 
diversity, total numbers of organisms and inshore sediment vedge indicator 
species, was nearly com; lete after 1 year. 

T. Average temperature elevations between 2 and 3°C caused damage to 
the bicta ir summer; but this decrease was offset by increased relative 
abundance in winter. H is area, about 125 acres, at Turkey Point, recovered 
after dilution was implemented to reduce the temperature of the effluent. 

4. A Lotal area oi about 300 acres showed a decline in abundance of 
an;mals that was statistically measurable for at least part of the year. 
In approximately 125 aci*s, the increased winter catches compensated for 
lov summer catches. Apr roxitrc' tely 250 acres recovered to relative abundance 
levels and diversity levels ccmparable to control stations after closing 
rard ("anal. The inner -arrer zone of about 50 acres showed incomplete 
recovery and will probably require a long period to recover due to sediment 
ch ar.gt s cine the death cf root and rhizomes of sea grasses. 

5. Tn Card Sound, -utfall temperatures generally did not exceed +1°C 
and only rare! exceeded 33°C. Only a few indicator species showed lowered 
catches ir. summer. In general no significant damage was recorded in Card 
oound. 

6. Calculated cpti ial temperatures for diversity of species and 
tiaximum numbers cf indiv idualf. were between 21-27°C. 

7. The 50X upper exclusion temperature for fishes, mollusks, crusta-
ceans, polychaete families, pcrifer&, coelenterates, echinocerms was bet-
ween 27.6 (fishes) and 3 .,2 (sponges). The 75% exclusion temperatures 
were between 30.6 and 35.0°C. 

8. Areas such as stations I and H, which received periodic or inter-
mittent heat, were not as severely damaged as those receiving constant 
exposure. 

9. Animal abundance was greatest in areas where red algae (Laurencia 
spr•, Acantl.ophora sp. and Digenia simplex) were abundant; less in Thalassia 
without red algae, and least where few macrophytes occurred on sand, mud 
or peat bottoms. 
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10. Multiple regressions indicated the presence of algae was the 
dominant variable controlling abundance cf indicator animals, followed by 
salinity. 

11. Point sources of fresh water from "flood control" canals, such as 
at Florida City Canal (Station N II) and Moody Canal (Station N V), can cause 
severe stress to animals but recovery is generally rapid. 
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