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This study examines the distribution pattern of juvemile epibenthic
fish in relation to the nbioticﬁgnvironnental factors in South Biscayne
Bay. JMNonthly samples were collected from 22 stations during the period of
April, 1982 to March, 1983. A total of 160 species belonging to 52
families were recorded throughout the study. Six species assemblages,
broadly composed of juveniles of marine and resident estuarine species were
defined. Both the composition and #patiasl distribution of the species
assemblages remained éonsistent from one season to the other, although
abundances were generally lower during the Vinter, Likewise, bhabitat
differences thronghdnt the study period were consistently displayed on
physical factors, such as bottom type and salinity. The results showed
that the toposraphi;al heterogeneitonf the Bay, along with the interior
circulation pattern, regulate the ‘seasonal distribution of the species
assemblages. The most important habitat factors were grassblade density
and salinity. The results imply that the distribution of juvenile
ep;benthic fish in this shallow coastal 1lagoon is regulated more by

environmental factors, rather than by biological interactions.




e g 5 e g gt s g e

' ACENOWLEDGMENTS

I wonld like to thank the members of my committee, Drs, Samuel
Snedaker, Francis Williams, Donald'de Sylva and Harold Wanless, for
their advice, encouragement and critical suggestions on this study. I
thank Gary Milano and Rick Alleman (DERM) for gemerously providing the
environmental datas used in the study. Geoff Samuels modified the
cluster enalysis program and Grant Basham made computer work an almost
worthwhile adventure., I 2lso thank Janice and Gail for their patience
in drafting the figures, and Dovg for preparing the slides for the
oral defense under short motice., T i indebted to Steve Berkeley for
his invaluable insight into the application of science, for numerous
discussions and idéas. for supporting me as a research assisstant
throughout this study, and for giving me the unfortunate opportunity
to work with the staff of the ”departﬁent of redundancy department”:
Steve Carney, Pat, Joe C., Mario, Jim, Joe A., Geromnimo, and Jay. I
am g:atefnltto Joe Atchue for many fruitful discussions and for bhis
belpful directions, &nd I am also especially thankful tonGail. Ram,
and Molly for their comments, ideas, continual encouragement, and most
of all for their friendship. Hy' grateful thanks should also be
extended to O0ld Mildew for keeping me in the right direction. Most of
8ll, I am forever indebted to my parents and family for their unending

support and enmcouragement, without which this would not be possible,

iii




o

.TABLE OF CONTENTS

Aﬂkn°w1edgments 6 3 0 ES 0 20 L NSNS ESERVEIEPEIOEDARELPIENEIIELBOBERNNIORIEDS iii
LiSt Of Tables L R N R R R N N R N A I A N I N I I IS,
List Of Figures R R R I I N R N R I N R N I I vi
List Of Appendices 04 C B 0 6B SIELESIEOEEEDI NI B0ERCEL LRIV ECNEOOS RS Viii
IntTodUCEiON essosteoscoscosssasncnacsssssssassnusossssososcsenssssesoss 1
Study ATE8 .eosssesensevsosrnsncsssasssnassssesnsansossonsssssansassassssas 5
Hacerials and Methods S H BB GBS OB GBI EEP O ED IS B OB IEREE NI IR RSEER GRS 10
Field COllectionS SO B0 8 5505004060808 EBEAERLIERREIIINENEIS 10

.Abiotic data R R rmImmmmmmmmIImmmmnnmmnmnnnnmnn 10

Data analysis €2 6 282008008 E0LSEPNNPENEITENEEISIEEEIOLIEOBRBETES 13

Cluster analysSis .cesscccsccesssocassassssscsasess 14

Discriminant analysis S es PR INSEIBIEESI SIS OIUBRENRPOETRESE 16

Canonical correlation analysis ...csveescevecasess 18
Multiple regression analysis ceevecssssascansanaes 22

Results co...coco-aiao.oo.oo-oooooooaooo.oo-oo-oooooco.oaoootnaocooo.o 23

Spatial phase .....l...‘...'.'..’..e..'l..'...lll....’.‘.... 23

Cluster analysis ..’00.‘.0..000.."'ll'...."‘.... 23

Discriminant analYSiS LR 2 B I B N BE B B IR B RN A B RN BN BN B Y B B B B N W 29

Temporal phase LI B B IR N IR BN SN b BN Y BL BN AL B EE B BE 2R BN 2N BN BN B N R BE IR N BN R BE B IR BN 2R N EE BN BE 3R SN P AN ) 39

Cluster analysis ..cseeercesrcsscnccsssscscscasceass 39

Discriminant analysis .csesecesccessccscccscnessse 37

Canonical correlation analysis ...ceeeevevencosscssssncasecs B7

Multiple regression analysis ..cececvervecscscocsocssoncasees 72
Di?cussion FIE B AR B IR I LI L 2 IR I B B B B IR O B AR B Y BE I 2 B RN AR N R N BN BRI AR A B O B R B B BN AR I ?6

COnClUSionS 0“...0..Q'.O.Q'.0...0.'!.'.Q;l.."'*‘.Q'0.0.l.l.l...t.tt. 95

Literature Cited L I A N A R N BN I BRSPS R A I SR BT I A A C I A B T I A S Y S A A ) 9?

iv



Table 1.

Table 2.

Table 3.
Table 4.
Table 5.

Table 6a.

Table 6b.
Table 7.
Table 8.
Table 9.

Table 10.

Table 11,
Table 12,

Table 13,

LIST OF TABLES

Number, percent of the total number,
biomass, and percent of the total biomass
of the 20 most abundant speCies ooo-c.tcc-vooeno-t-ooooo-ctuctz(*

Number of individuals of each‘species
recorded in each station throughout
the study period.‘lb.........‘........‘.'...O..............‘..so

Abiotic data used in the spatial
phase Discriminant AnalysiS..eesescesescossscscoscvssascocecsaldl

Results of the spatial phase
Discriminant Analysi.suCO..‘.OC‘O...ODO‘.000..0'00000600.00040033

Condensed two-way coincidence
table (spatial phase).0.0'0-‘l“...‘....i..b....ﬁ............‘38

Number of individuals of each
species recorded from all
stations in each MONth.cesesoscsvesasscsosssavsccascacsncssasseeis

Condensed two-way coincidence
table (temporal phase).....-...l.......‘..’......000000000000044

Rank and number of the 25 most
abundant species Iin each S€ASON...ccseacensecanosscascsssnsensedl

Results of the temporal phase .
Discriminant malysisl.‘...‘....“‘...........‘.......O‘...‘..58

Results of the Discriminant Analysis '
performed for each SEABON.ssessscsccsascsessnssassassnsscosnsasBI

Results of Canonical Correlation AnalySiSe.sescnscscossscosseeabB

Abiotic data for the station
clusters defined in each SEAS0M.cceesensrccsssssssencsscsnssseesl

Results of the hierarchical stepwise
Multiple Regression AnalysiS.sccececesccsccscocsscosncscasasasee?l

Mean total fish biomass (per station)
in the station clusters
recorded throughout the study periodes..cesececrcesencerecernas87




Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

6a.

6b.

6c.

7a.

7b.

7c.

7d.

. .LIST OF FIGURES

Location map of Biscayne Bay
and Connecting lagOQnSooooooaooooooooooooo'ooooooooooo-oocoo 6

Major bottom types and the location
of stations sampled in South Biscayne Bay...scscoceseavecassll

Dendrogram showing the 4 station clusters
(spatial phase) at the 657% level of similarity.esecesecceseeld

Map showing the geographical location
of station clusters defined in the spatial phase...eeessee.s27

Plot of stations along the 2 environmental
gradients defined in the spatial phase..esvvesscsesscasseess3b

Plot of the relative abundance of the
Monacanthus~Nicholsina and Haemulon sciurus

species assemblages on the main
environmental gradiERtoooooooooooooooooaooooooooooooo.ooooooél

Plot of the relative abundanﬁe of the
Diplectrum~Lachnolaimus and Haemulon-Astrapogon

species assemblages on the main
environmental gtadient...........on-...,........-..........41

Plot of the relative abundance of the
Cynoscion and Lagodon~Eucinostomus

species assemblages on the main
environmental gradiEntnotl‘C.Olib‘Q.Ol0.0..00.0000...0..'...&2

Dendrogram and map of station
clusters in the Springooo’ooaooooﬁvo.c.ooooto;o-ottooootoooo[b?

Dendrogram and map of statiomn
Clusters in the SumerQQOCQOCOQOO.QO'O...QO‘Q..'..QO."‘..OQ&S

Dendrogram and map of station
clusters in the Fall.iieeseeevecscacssenscscossssscccnncscoestdd

Dendrogram and map of station :
Clusters in the wincer...‘..000.‘0.0.0.CQ..Q...D.QOC...‘.Q.QSO

Plot of the abundance of H. sciurus
on the main environmental gradient
in the Spring and Sumer.‘..O.Q..‘l."‘..i..’.’.‘..00.0....'54

Plot of the abundance of H. sciurus

on the main environmental gradient
in the Fall and winter.0...0.0‘..'...00.0‘..‘0.‘0.‘60..0..0‘54

vi




Figure 9.

Figure 10.
Figure lla.
Figure 1llb.

Figure llc.

Figure 1ld.
Figure lle.

Figure 12,

Mean fork length of H. sciurus
in each station cluster, for each montheusesesssssessscsnssads

Plot of samples along the 2
environmental gradients defined
in the temporal phase..’0...‘....‘...0.0..'.0...........Q..06059

Plot of the mean values of Color
in the westbay and eastbay areas
from April’ 1982 to March’ 1983..0......’Il'.‘.‘....'....l.&az

Plot of the mean values of Salinity
in the westbay and eastbay areas :
from April’ 1982 to March—, 1983.‘.‘.....'.‘O..'..".‘.‘.....sz

Plot of mean baywide values of Temperature
from Aprii’ 1982 to March, 1983.0!..00...‘.‘..00..’....‘.'0062

Plot of the mean values of Fecal Coliform Counts
in the westbay and eastbay areas
frcm April, 1982 to March’ 1983...........‘...............‘.63

Plot of the mean values of Turbidity
in the westbay and eastbay areas
from April’ 1982 to March’ 1983..0‘.0...“.0.........0‘..06063

Total number and total biomass
of all fish recorded baywide
from April’ 1982 to March, 1983.o-ooooaooooo-oooo-.o.ooonl-.90

vii




Appendix

Appendix

Appendix

Appendix

LIST OF APPENDICES

Scaling of bottom type variables ...sseesccososocessecess 101

Flow charts showing the
stratification of the analysis
into spatial and temporal phases ..ecscesccececonssescsss 103

Annual diversity, species richness,
and evenness indices for each station
in South Biscayne Ba}' EE 2N B B BN BF B B B BN BE B BE BE BE BE BN IR 2R BE BF BN B Y BN K N AR BE BE BE BN B Y ) 106

Results of the second version of
Canonical correlation analysisS escesecscossssrsscsnenrssss 108

viii




INTRODUCTION

Coastal bays rank as one of the most productive ecosystems. They are
characterized by a diversity of producer types which provide virtually
year—round photosynthesis, and recei?e -energy subsidies thromgh their
intersction with the adjacent terrestial and oceanic emvironments (Odum
1971). A wide variety of organisms, including man, is dependent on this
high production. The increasing needs of progressively growing population
centers along coastlines have made these enviromments wvulnerable to
resonrce over—exploitation and habitat destruction. The continual use of
these finite resources can only be maintained with effective and sound

management procedures.

In xecognitioh of the necessity for preserving the natural potential
and maintaining the viability of coastal bays in providing for man's needs,
much support and effort has been ‘devoted towards providing baseline
information and increasing ounr understanding of the structure and function
of these dynamic ecosystems. These efforts, in turn, have generated a
large amount of information on the physicb—chemical and biglogica; aspects
of these systems, In spite of this extensive data base, there still exists
the need for unifying concepts in the ecology of coastal waters necessary
to understand the dymamics and thereby effectively manage the wuse of
resources in these p:odﬁctive enviromments. This serions gap in
information has been widely acknowledged by.:esearchers but has only been
recently evaluated in the literature. The need for more integrative

approaches in future research and the emphasis on processes defining and




governing these dynamic ecosystenms have been stressed in recent
compilations of studies by Livingston (1979), Kennedy (1980, 1982), and

further developed and evaluated in the book by Mann (1982).

The widely recognized view that coastal bays and shelf areas are
coupled systems and shounld be regarded as a single system composed of
interconnected components has been discussed (Darmell and Soniat 1979).
Hypotheses concerning the high productivity of these envirooments have been
evaluated (Haines 1979) and reviewed (Nixon 1980), and a synopsis has been
presentedr at three major levels ; the detritus food chain, tidal kﬁbsidy.

and outwelling (Odum 1980).

The fauna of coastal bays is typically composed’ of resident and
transitory specie#. This latter group is largely composed of larvae and
juoveniles of merine species which ntilize these bhabitats duoring certain
periods of their life cycle, and reﬁresents a significant portion of bay
production transferred into the adjacent offshore systems. In order to
understand the dynamics of energy transfer between coastal and shelf aréas.
it is necessary to define the spatial and temporal relations of this

transient grounp of species.

The fish fauna utilize these coastal areas for feeding and nursery
grounds as juveniles, and comprise a large proportion of the diverse
migratory group. This group includes numerous species commercially
harvested as seazfood. It is necessary to define the distribution and

habitat requirements of these fishes to be able to properly manage and
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effectively utilize this valuable natural resource. Although much of the
information about the fish fauna is concentrated on the autecology of
commercially important species, many studies have related the structure and
function‘of the fish community to both the abiotic environment, sunck as
temperature, salinity (Wané and R;ney« 1971, Adams 1976, and Livingstén
1976) and substrate characteristics (Weinstein et al. 1980, and Yoshiyama
et al. 1982), and biological interactions suck as food and habitat
resonrce partitioning (Oviatt and Nixon 1973, Haedrick and Haedrick 1974,
and Roblee and Zieman 1984), competition and predation (Sheridan and

Livingston 1979), and trophic organization (Warburton 1978, and Livingston

1982).

The interaction of phfsical and biological processes varies from one
locality to another. The climate, hydrography, and physical topography of

a given locality define the array of habitats and together with their

prevailing scales of variability provide the regulatory influence on fish

community organization.

The Biscayne Bay Restoration and Enhancement Program .(BBREP) is an
integrative effort whose primary goal is "to maintain, restore, enhance, or
provide those physical, chemical, biological or aesthetic qualities of
Biscayne Bay that provide the basic character and value of the resource”
(DERM 1981). Rgsearch programs include studies in hydrography, water
quality, sounrces of turbidity, benthic ecology and fisheries resources of

Biscayne Bay.




The Fisheri;s and Habitat Management Project was initiated in 1981 to
provide a comprehensive study of the fisheries resources in Biscayne Bay.
The results of this extensive effort are presented in a final report to the
Dade County Department of Enviropmental Resources Management (DERM)
(Berkeley 1984). The thesis presented herfe addresses one aspéct of this
comprehensive study and focuses primarily on the epibenthic juveniles of
the fish community. Since this sindy is a biological survey, no formal
hypotheses are presented bhere, Instead, the study seeks to provide a
comprehensive but general overview of the distribution of epibenthic
juvenile fish in South Biscayne Bay. The primary objective of the study
was to describe the spatial and temporal distribution patterns of the
juvenile epibenthic fish community. Specifically, they were:

1} to identify fish species assemblages relative to area and

habitat in the bay,

2) to define the habitat requirements of these assemblages by

their relationship to abiotic’environmentai factors, and

3) to determine changes in the distribution pattern relative to

changes in the enviromment.




STUDY AREA

Biscayne Bay is & subtropical coastal lagoon adjacent to metropolitan
Miami. South Biscayne Bay, the study area, includes that part of the bay
south of Rickenbacker Causeway, and the mnorthern half ofk Card 'Sound
(Fig.1). It extends approximately 56km along the north—south axis, and is
gbout 13km across at its maximum width, The study area is further
subdivided into central and southern portions by the Featherbed Banks, two
elongate sand bodies extending west from two natural channel passes in the

Ragged Keys (Wanless 1969).

Central Bay is bordered on the we;t by the mainland, a large portion
of which is developed shoreline., It is open to the east via the Safety
Valve, a broad shoal extending 15km between Key Biscayne and Elliot Key,
and forming the largest connection with the Atlantic Ocean. Southern Bay,
on the other hand, is relatively restricted from direct bay—ocegn exchange
by Elliot Key., It is bordered on the West by a mainland fringe of mangrove
swamps and soft organic sediment (Bader and Rosssler 1971).

Sediment varies from fine silt to coarse carbonate sand of broken
shell and rock fragments. Over 50% of the bay basin has less than 15cm of
sediment cover over limestone bedrock and lime mud accumulation is confined
primarily to the deep mid-bay axis (Wanless 1969). As a result, a large
proportion of the extensive seagrass beds in the bay are considered

ephemeral and highly volnerable to strong storm events (Wanless et al.

1984),




Figure 1. Location Map of Biscayne Bay and connmecting lagoons (from Lee

. ~ end Rooth 1976).
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Seagrass beds in South Biscayne Bay are dominated by the turtlegrass,

Thalassia testudinum, with narrow shoreward belts of the shoalgrass,
Halodule wrightii (Thorhaug 1976). They cover about 68% (345.9km®) of the
bay bottom (Milanmo pers. comm,).  Central Bay is characterized by an
essentially continuous grassbed extending west to east in varying
densities, The bottom in Southern Bay grades fiom narrow dense grassbeds
along the western margin to a mixture of seagrass and hard bottom
assemblages towards mid-bay. Hard SottOm communities (e.g. sponges, soft
coral) comprise about 20% of the total bay bottom and are muchk more
developed south of the Featherbed Banks where they comprise about 35% of

the bottom in Southern Bay and Card Sonnd.

Interior circulation is driven primarily by tidal currents and direct
bay-ocean exchange occurs through the Safety Valve (Central Bay) and, in a
much more restricted manner, through the tidal inlets sounth of Elliot Key
(Southern Bay and Card Sound). Tidal anﬁlitudes decrease and phase lags
increase going from north to south (Van de Kreeke 1976) as a result of
shoal areas and bottom friction. The persistence of the north-south
movement of tidal currents consistently forms isohalines running parallel
to the longitudinal axis of the bay. Reversals in the horizontal salinity
gradient due to natural wet and dry seasons in the region exhibits the poor
flushing of interior waters (Lee and Rooth 1976). Using the Salt Balance
Model, Lee (1975) estimated the mean renewal time for interior waters to be
2.4 months, considered reliable to within a factor of 2 to 3. Wind forcing
is the dominant exchange mechanism for interior waters and significantly

reduces flushing times with the passage of cold fronts during the winter




(Lee and Rooth 1976).

South Biscayne Bay has a mean depth of 1.8m and the deepest areas are
jocated in mid-bay. This shallow depth, Along with bottom frictior causes

vertical mixing of the water so that stratification is rare.

Mean baywide salinity varied from 26.3ppt in February, 1983 to 36ppt
in April, 1982, Mean surface water temperature was lowest in January, 1983

(19.7°C), and highest in July, 1982 (31.1°C).




MATERIALS AND METHODS

Field collections

Field sampling was done on board the R/V GALE, a 28ft twin-engine boat
equipped with two roller frame trawls, the standard gear used by commercial
bait shrimpers. The frame is 2.4m (8ft) wide and has steel fingerbars
welded 7.6cm (3in) apart at its opening, and a net with 3/4in stretch mesh
attached to it. Monthly collections were done sf night an@ three five
minute tows (6 replicate samples) were dome at each of 22 statioms (Fig.2l).
The mean surface aiea covered by each met in a single tow was 700.7m?,
Samples were rough-sorted in the field and preserved in & 10%
seawater—-formalin solution, and were ?aken back to the Jlab for sorting,
identification, and measuring. Sampling was initiated in April, 1982 and
continued through March, 1983, Boat mechaniqal failure in October, 1982
interrupted sampling so data for this month was not included in most of the

analyses, except where stated.
Abiotjic Data

Eight abiotic variables were nsed to characterize stations and to
define habitats in the study area. Monthly records of turbidity
(nephelometric turbidity units), color (platinum-cobalt units), and fecal
coliform counts (nomber per 100ml) were provided by DERM, Monthly
measurements of temperature and salinity were recorded from surface water
samples taken during the actual time of sampling. Water depth (ft) was

taken from navigational charts, Relative densities of seagrass blades and

i

10
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Figure 2. Major bottom types and the locations of stations sampled in

South Biscayne Bay dnring the study period April, 1982 to March, 1983.
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pard bottom assemblages were based on bottom community maps provided by

DERM, and diver observations,

The above two bottom type variables were quantified by using a nominal
scale of 1 to 6, in order of in?rea;ing density of grass blades, and
increasing demsity of sponges, soft coral, calcareous algae, and occasional
hard coral (hereafter referred to as hard bottom assemblages). A

description of these scales is provided in Appendix 1.

Data Analysis

This study seeks to describe the distribution pattern of epibentkhic
fish in relation to the emvironment in Sounth Biscayne Bay. To define this
pattern, it is necessary to address variation in both the fish faunma and
the environment with respect to spatial ‘hoterogeneity aﬁd progression
‘through time. A simple approach to defining this dynamic relationship is
to break down wvariation in each data set into spatial and temporal
components, analysing each component separately while keeping the other

constant, and fimally integrating recognized patterns in each component.

Three multivariate techniques were employed to reduce the large amount
of data and to simplify pattern recognition. Cluster Analysis (CA)
(performed on the faunal data set) and Discriminant Analfsis (DA)
(performed on the abiotic data set) were both stratified into spatial and
temporal phases. Appendix 2 is a flowchart showing how this was done. The

first phase involved combining monthly data for each station, thereby
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setting up fhe mean characteristics and conditions of the different areas
ijn the bay. The initial step in the second (temporal) phase necessitated
pooling data over all 22 stations for each month, thereby producing a
progression of baywide characteristics and conditions through time. The

next step in this phase focused on seasonal spatial variation.

Canonical Correlation Analysis, the third multivariate technique, was
performed to relate the faunal data set to the abiotic data set, and to

jntegrate recognized patterns of variation in both sets,

This approach was used to provide more interpretable results, and to
simplify pattern recognition so that the relationships between the fish

community and the environment in the study area may be characterized.

Cluster Analvysis

Cluster Analysis is an objective method to form n#tnral groupings of
species or samples. In a normal or Q-mode analysis, samples (stations or
months) characterized by similar species comﬁosition and allocation, are
clustered together into groups. In an inverse or R-mode amalysis, species
occuring in the same area (station) or at the same time (month) are grouped
together to form species assemblages, Both sample groups and species

assemblages are thus formed from the underlying structure of the same data

set,
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Sixty-four species or ﬁpecies complexes were used in the amalysis to
represent the fish community of the bay. The primary basis for including a
species in the analysis was a frequency of occurrence greater than 5%,
(i.e, the species should had been recorded in at least 12 of the total 242
samples). A small number of species fecorded in less than 12 sﬁmples. but

consistently in the same stations, were also included., Species complexes

(Astrapogon spp., Coryphopterus spp., Scarus spp., and Syngnathus spp.)

were formed dme to possible taxonomic misidentifications, and were included

because of their relative consistency of occurrence.

The raw data (species counts) were arranged into a samples (stations
or months) by species matrix. Similarity between samples (Q-mode) was then

computed using the Czekanowskji quantitative index (Cs) :

2

o

i=1

s
E x4 o2 )
k
i=1 lj i
where :

s = nomber of species

Xjj = couat of ith species

min(xij'xkj) =

count of kth species

smaller value of the

The similarity matrix was then sorted in

flexible sorting

strategy with Beta

clustering strategies is provided by

on‘jth sample
on jth sample

two counts

an hierarchical mannmer using the
= -0,25, A detailed discussion on

Clifford and Stephenson (1975).

Although C;, is biased towards the numerically abundant species, it reflects
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actual overlap more accurately than other commonly used similarity indices

(Bloom 1981).

A modified version of the computer package ORDANA (Bloom et al. 1977)

was used in performing Cluster Anmalysis.

Spatial Phase

Q~mode cluster analysis was performed on La(x+1.0) transformed count
data to reduce bias in C; valves created by numerically abundant species.
R-mode analysis was performed on %frequency (species relative abundance in
each station) transformed data to form assemblages of species showing high

abundances in the same stationms,

Temporal Phase

G-mode analysis was based on %frequency transformed data and grouped
months into seasons with respect to peak abundances of the different
species, R-mode analysis was then performed on the same set of data to
produce groops of sp&cies attaining peak abundances at the same time. In
turn, Q-mode analysis was performed on Ln(x+1,0) transformed count data for

each season to show the progression of station—clustering through time.

Discriminant Analysis
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A thorough explanation of the theory of this multivariste technique is

presented in Tabachnick and Fidell (1983).

Discriminant Apalysis using Wilk’s Lambda criterion was performed on
the abiotic data to produce discfimiﬁint functions on fhich optimal
separation is exhibited between groups defined by the cluster analysis, In
the spatial phase, the groups are essentially species assemblages
characterizing station clusters separated in environmental space by
composite functions (disQriminanﬁ functions) of abiotic variables, rather
than dependent variables supposedly related to the abiotic variables in a

linear manner (Green and Vascoto 1978).

Strict compliance with the underlying assumptions, specifically
homogeneity of within-group dispersion, con{d not be adhered to and hence,
the statistical validity of the resmnlts 'vith respect to confirmatory
analysis is omnly suggestive at best. In =& ﬁnivariate sense, this
stumption is equivalent to homogeneous variances in an ANOVA, However,
wvhen used for exploratory purposes, violation of this assumption doe§ not
discount any valid ecological interpretation of the results , since unequal

group dispersions are to be expected from differentially fluctuating

habitats,

Interpretation of discriminant functions was based on the sign and
magnitude of standardized canonical coefficients and pooled within-group

torrelations between original variables and the discriminant function.
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The sobprogram DISCRIM of SPSS (Bull and Nie 1981) was wused in

performing Discriminant Analysis.

Spatial Phase

As 8 compiement to the spatial phase cluster analysis, means and
standard deviations were computed for wvariables which were measured
monthly, e.g. salinity, terbidity, color, and fecal coliform counts, and
in turn were used as the discriminating variables in the gnalysis, Mean
values typified the average conditions in each station within a year, while
standard deviations <characterized éhc degree of fluctuation of the
particular variables in each station, Temperature was not used in the
spatial phase since it was assumed that differences in temperature regime

among stations in this shallow, unsttatifie& study area were negligible.

In order to reduce ambignity in the results, only variables with low
intercorrelations were included. Hence, the analysis was run using only 6
veriables namely; mean salinity, standard deviation of salinity, mean
color, relative grass blade density, relative density of hard bottom

assemblages and water depth.
Temporal Phase

A direct method was performed on seasons defined in the temporal

closter analysis. Since the rationale behind this phase of the analysis
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was to delineate, on a baywide scale, those abiotic variables which

differentiated the seasons most, only those variables recorded monthly were

used.

In addition, separate stepwise analyses were performed on station
groups defined for each season by the cluster analyses. Again, temperature
was excluded on the assumption that differences between stations and
between months within any season were insignificant compared to differences

between S€3s0ns.

This manner of stratifying the temporal phase of the analysis provided
more insight into both spatial and seasonal patterns of habitat variation

in the study area, -

Canopical Correlation Apalysis

Canonical Correlation Anmalysis (CCA) maximizes the correlation between
tvo sets of wvariables. In this case, the two sets are the faunal and
abiotic variables. It genmerates limear combinations (canomical variates)
for each set of variables and maximizes the correlation between the
canonical variate (CV) of one set with that of the other inm am hierarchical

manner,

Canonical variates of the same pair are therefcre interpreted as

species assemblages related to a composite envirommental factor. Like
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discriminant anaiysis {DA), CCA is based on a linear model. However, the
manper in which the two techniques were used in the stuody differs. DA was
performed on the abiotic data with which the linearity assumption is likely
to be less restrictive than it would be when applied to faunal abundances
ijn relation to the enviromment (Green. and Vascoto 1978). A more
conservative approach was therefore used in interpreting the results of
CCA. Emphasis was placed on the broader relationships resulting from the

analysis.

The importance of canonical variates was assessed by a) ;qnared
canonical correlations, and b) redondancy. The former addresses the
question of overlapping variance in eaéh pair of CV's, while redundancy
answers the question of how much variance does the CV of the abiotic data
set extract from the CV of the faunal abundance set (Tabachnick and Fidell

1983),

Canonical variates were then interpreted on the basis of correlations
of the original wvariables with the CV, following the guidelines cited in
Tabachnick and Fidell (1983): correlations greater than 0.55 were
considered high (explains greater than 30% of the variance), correlations
between 0.55 and 0.45 were considered moderate, and those between 0.45 and

0.30 were considered satisfactory.

Twenty—three of the original 64 species were used in the analysis.
Rev data were transformed into Ln{x+1.0) to ~reduce skewness and to

'Pproximate a normal distribution. Although transformation of raw data may
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be biologically less meaningful, improving adherence to the assumptions
pnderlying this linear model aided in making the results 1more

interpretable.

Two problems regarding the structure of the abiotic data arose in
using this type of analysis. First, measurements for turbidity were
gpnavailable for May 1982, and the same with color for September 1982, If
all abiotic wvariables were used, 3 large number (24.4%) of cases wounld be
lost. Second, unlike temperature and salinity records which were synoptic
with faunal samples, turbidity, c¢olor and fecal colifom counts were
measured during a different time of day (daytime), om different days, and

in most cases at different locations.

To alleviate the second problem, contour-mapping was done to
approximate the values of these water ’q;ality parameters, and it was
assumed that the mean renewal time of interior bay waters at 2.4 months,
reliable to within a factor of 2 to 3 (Lee and Rooth 1976), was uniform

across the whole bay.

In order to make use of as much data as possible without jeopardizing
ecological interpretation, two versions of CCA were performed. The first
included all abiotic variables and is therefore susceptible to the problems
mentioned above. The second included only temperature and salinity as
monthly-varying factors and therefore 1loses the potential for gaining

insight into possible relationships with the other water quality factors.
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Subprograms CANCORR (Nie et al. 1975) and MANOVA (Hull and Nie 1981)

of SPSS were used to perform Camomical Correlation Anmalysis.

Multiple Regression Analysis

An hierarchical stepwise multiple regression was performed as =&
supplement to CCA. The specific strategy employed was first, to define the

most important abiotic habitat factors and second, to assess the importance

of biotic factors by the amount of variation in fish abundance they explain
above and beyond that already accounted for by the best linear combination
of abiotic factors. This was Qchiev;d by selecting first for the abiotic
factors via forward inclusion, and then selecting for biotic variables on a
. ) stepwise basis with restrictions on tolerance () 0.50) and significance
level of F-ratios for change in R (p¢ O.OS)O(ﬁull and Nie 1981)., Tke four
biotic variables used were Ln(x+l1.0) transformed counts and weights of

penaeid shrimp and all macrocrustaceans,

Regression analysis was performed to define the critical habitat
factors determining species' abundance, and to delineate the consistent
habitat requirements of species occurring in the same areas of the bay.
Separate regressions were performed for each of tﬁe 23 species. The
pattern of results produced was therefore derived in a different way than

those of CCA.

The sobprogram NEW REGRESSION of SPSS (Hull and Nie 1981) was used to

Perform this analysis,




RESULTS

A total number of 29,294 fish comprising 160 species belonging to 352
families were recorded in South Biscayne Bay during the study. This
comprised a total biomass of 430.064.5 grams., The twenty most abundant
species comprised 91.4% of the total number and 91.9% of the total biomass

recorded. Among these, the top five species, Lagodon rhomboides,

Pucinostomus gula, Haemplon plumieri, Astrapogon spp., and Opsanus beta,
respectively, comprised 63.1% of the total number and 49.8% of the total

biomass of fish recorded (Table 1).

Annual diversity, species richmess, and evenness indices for each

station are presented in Appendix 3.

Spatial Phase

Cluster Analysis (fauna)

G-mode cluster analysis exhibited the similarity among the west bay
stations and among the mid-east bay stations (Fig.3). At the 65% level of
similarity, four station clusters can be recognized. These, in turn,

conform geographically with station locations (Fig.4).

The first group is composed of stations located along the middle (6,

9. 14, 19 and 22) and eastern (7, 10 and 20) portions of the bay, and will
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Tabie 1. Number, percent of the total number, biomass (grams) and
percent of the total biomass, of the 20 most abundant species re-
corded from 22 stations in South Biscayne Bay during the study
period - April, 1982 to M.arch,19837 (data for October,1982 excluded).

£ of £ of

Species # total wt, total

Lacodon rhomboides . 9850 31.92 133,363.2 31.02
Eucinostomus gula 2938 10.03 11,554.7 2.69
Haemnlon plumierd 2534 8.65 14,749.2 3.43
Astrapozon spp 1900 6.49 3,546.8 0.82
Opsanus beta’ . 1760 6.01 50,869.9 11.83
. Acanthostracion guadricornis 1589 5.42 63,414.5 14.74
Haemulon sciurus 1456 = ‘4.97 8,600.5 2.00
Monacapthus ciliatus 1062 3.62 6,152.5 1.43
Nicholsina ysta 713 2.43 23,439.3 5.45
Haemulon parrai 48R 1.67 726.% 0,17
Chilomvecterus schoepfi 3917 1,36 26,019.9 6,05
Scorpaena brasjiliensis 371 1.27 9,092.5 2.11
| Monacanthus hispidus 345 1.16 2,757T.6 0,64
Orthopristis chrysoptera 339 1.16 23,987.2 5,58
Lutjanus griseus 322 1.10 4,836,8 1.12
Sparisoma chrvsopternm 300 1.02 5,769.9 1,34
Atherinomorus gtipes 252 0,86 265.6 0.06&
Sparisoma radians 238 0.81 3,907.6 0.91
Haemulon flavolineatym 205 0,70 407.0 0.10
Hippocamnus erectus 202 0,69 1,613, 0,38
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Figure 3. Dendrogram showing the clustering of stations into 4 groups

.‘ at the &63% level of similarity (spatial phase); the level of similarity

increases upwards; the bold lines denote the clustering of stations into a

single group.,
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Figure 4. Map showing the geographical location of the station clus—
ters defined in the spatial phase; stations 1, 4, 12, 15, and 17 are not
included in any of the clusters due to their low similarities with the

other stations, as shown in figure 3.
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pe called the mid-east bay station group. The southwest station group (13,
16, 18 and 21) is located along the westbay margin, south of Black Point.
The northwest statiom gromp (2, 3, 5, 8 and 11) comprises the western half
of Central Bay. The last gfoup of stations (12 and 17) is characterized
primarily by hard-bottom communities in midbay. and is distinguished from
the other groups by low faunal density., The lowest faunal densities,
powever, were recorded in stations 1, 4, and 15, causing their clustering
together at the lowest level of similarity (Fig.3). These three stations

were therefore omitted from subsegquent analyses.

R-mode cluster analysis defined six sﬁecies assemblages. The results
of both Q- and R~ modes of analysis are summarized in a two-way coincidence
table ({Table 2). The Baemulon scinrus, Monacanthus-Nicholsina,
Diglectrpm-Lachno;aimus, and Haemulqn—Astraéogoh assemblages are composed
of juveniles of marine species and exhibit different proportions of
asbundance amonﬁ the four station groups, The Lagodon—Eucinostomus species
assemblage, in contrast, is composed of juveniles and subadmlts of

estuarine species. The Cynoscion group is an assemblage of both estuarine

and marine species.

Discriminant Analysis (habitat)

The abiotic data used are shown in Table 3 and the results of the

80alysis are summarized in Table 4.



Table 2. Number of individuals of each species recorded from each station in South Biscayne Bay during

3 the study period; stations (columns) are arranged into station clusters and species (rows) into species

assemblages.
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Table 3. Abiotic data for the 22 stations in South Biscayne Bay,

used in the spatial phase Discriminant Analysis.

atd
mean dev mean water
station salinity salinitv color depth
1 29,0 2.60 5.68 10,5
2 29,5 4,03 7.50 6,0
3 30.6 2.90 T.04 8.0
4 32.2 2.13 6,14 11,0
5 28.7 3.45 10.45 . 6.0
6 3z.0 3.28 6.14 i1.0
7 32.1 2.19 $.75 11,0
8 29.7 4.05 6,36 T.0
9 32.9 3.42 6.25 11.0
10 34.7 1.63 4,25 8.5
11 28,7 7.20 5.96 4.5
12 34.1 2.64 5,96 7.0
13 26.6 6.81 9.89 3.3
14 34.0 2.30 5.45 8.0
15 33.4 3.58 4,50 4.0
16 22.6 7.04 10.00 3.5
17 33.¢9 3.18 4,009 8.0
1+ 29,2 5,27 10,00 4.0
19 32.¢9 3.53 5,00 7.0
2n 34.4 2,14 4.73 5.3
21 31.¢ 4.35 5.00 5.5
22 31.4 3,46 D00 10.0

density

grass hard
blade bottom
density

1 1
4 2
5 2
1 1
5 3
6 3
5 2
3 4
6 3
6 4
4 4
2 6
4 4
5 4
1 6
4 5
2 6
3 5
5 4
4 .4
2 6
6 5
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Table 4. Results of the spatial phase Discriminant Analysis (direct method); standardized canonical
coefficlents (coeff) and pooled within-group (station cluster) correlations (corr) of each ablotic

variable with the discriminant functions; percent of the total between-group variation in ablotic va-

riables (Zvariance) accounted for by the discriminant functions; canonical correlation between the

set of abiotic variables with the discriminant functions.

VARIB OFF (O 101 0
MEAN SALINTTY 097 0,370 0501 0.5
YEAN COLR 04 0.4, 04 -0.4mM
WITER DEPTH 0452 0.4 065 0218
STATHYD, DU IATION 059 021 0,80 0,240
GRASS. BLAE. DENSITY 109 0,28 0310 -0.501
HARD BOTTCM DERSITY 0.3 0.0 0.0 0,689

1 VARIANCE 79,5 16,6

R on 0,5 0.83

123
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The first discriminant function (DFl) accounted for 79.5% of the
variation between station gronﬁs and is characterized by high coefficients
of relative grass blade density (1.029), mean salinmity (0.997), and
standard deviation of salinity (0.679). Highest correlations are shown by

grass blade demsity (0.428), water depth (0.404), and mean salinity

(0.370}).

DF2 accounted for 16.6% of between statiom group variation ampd 1is
characterized by high coefficients in density of hard-bottom assemblages
(0.904), water depth (0,625), and mean salinity (0.504), |[High positive
correlations were shown with density of hard-bottom assemblages (0.689) and
mesn salinity (0.504), while negative correlations were exhibited by

relative grass blade density (-0.501) and mean color (-0.409).

The obvions discrepancies for st;ndard deviation of salimity om DF1,
and mean color on DF2 were caused by intercorrelations between the abiotic
variables and unequal group dispersions. Such discrepancies could have
been avoided if the analysis had not been performed on pooled monthly data,
since this greatly reduced the number of  cases used in the analysis.
Results like these are not uncommon when the number of cases in the
tmallest group is less than the number of discriminating wvariables
(Tabachnick and Fidell 1983). However, if only those variables with high
standardized <coefficients and correlations were considered, the
differentiation of the bay into habitats can be defined on two gradients,
The main gradient (DF1) is with increasing grass blade density, salinity,

*2d  water depth; while the minor, but still recognizable gradient (DF2) is




with increasing density of hard bottom assemblages and salinity. The plot

of stations in envirommental space is shown in Figure 5.

The deep, high salinity mid-east bay grassbeds occupy the high end of
the main habitat gradient, and the oﬁposife end is occupied by the shallow
southwest group of stations where the bottom is a mixture of seagrass and
hard bottom assemblages, and salinity is low and most variable. The
porthwest station group occupies the middle of this gradient and is
characterized by moderately dense grassbeds, moderate water depth, and low
dbut less fluctuating salinities. The bhard bottom gronp is distinguished

from the other three habitats on the second gradient.

. ‘ A condensed two-way coincidence table (Table 5) was constructed to

directly compare species composition and faunil characterization of station

groups, and to emphasize the spatial distribution of the  species
assemblages, The tabulated numbers are the mean (per station) percent
abundance of the species assemblage in the station group :

% abundance in each station group

mean % abundance =
number of stations per station group
The broad distribution pattern of the fish fauna shows assemblages of
marine species showing highest proportions in the deeper mid—east bay
grassbeds, where salinity was consistently high due to bay—ocean exchange
of waters., The Haemulon sciurus and Monacanthus—Nicholsina groups occurred
in moderate abundances in the west bay areas, with the 1latter assemblage
being more asbundant in the northwest grassbeds, while the former group in

the southwest area (Fig.6a). The Diplectrum-Lachnolaimus and




