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PREFACE

The Sea Grant Colleges Program was created in 1966 to
stimulate research, instruction, and extension of knowledge of
marine resources of the United States. In 1969 the Sea Grant
Program was established at the University of Miami.

The outstanding success of the Land Grant Colleges Pro-
gram, which in 100 years has brought the United States to its
current superior position in agricultural production, was the
basis for the Sea Grant concept. This concept has three ob-
j ectives: to promote excellence in education and training,
research, and information services in the University's disci-
plines that relate to the sea. The successful accomplishment
of these objectives will result in material contributions to
marine oriented industries and will, in addition, protect and
preserve the environment for the enjoyment of all people.

With these objectives, this series of Sea Grant Technical
Bulletins is intended to convey useful research information to
the marine communities interested in resource development quickly,
without the delay involved in formal publication.

While the responsibility for administration of the Sea
Grant Program rests with the Department of Commerce, the respon-
sibility for financing the program is shared equally by federal,
industrial, and University of Miami contributions. This study,
Factors Affectin the Distribution of Fishes in Whitewater Ba ,
Ever lades National Park Florida, is published as a part of the
Sea Grant Program. Graduate research support was provided by a
National Science Foundation Fellowship and a Bureau of Commercial
Fisheries contract.



TABLE OF CONTENTS

Page

LIST OF TABLES vii

LIST OF FIGURES' ix

INTRODUCTION

Description of the Study Area

C 1 imate ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~

Physical Factors

Selection of Sampling Areas. 10

METHODS a ~ ~ ~ i ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ l3

Checklist of Fishes 17

Data Distributions ~

Species Catch Data 25

Number of Species Per Sample 36

Total Data for All Species

Variation Associated with Travling Procedures

39

42

Transformations Used

Analysis of Variance 49

Differences in Catch Rates Among Stations 56

Size Frequency Distr ibutions 60

Seasonal Fluctuations in Abundance. 71

SUMMARY AND CONCLUSIONS. 83

RESULTS AND D ISCUS SION ~ ~ ~ ~ ~ ~ ~



L ITERATURE C ITED ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ s ~

APPENDICES ~ ~ ~ ~ ~ ~ ~ i s ~ ~ ~ ~ i ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~

Peg,e

86

94



LIST OF TABLES

PageTable

List of fishes collected by roller-frame trawling in
Whitewater Bay, September 1968 to November 1969,
summarized by season.

Means and variances of catch data for 16 species by
station and season, together with results of tests
for homogeneity and agreement with the negative
bionomial, September 1968 to November 1969.

2.

28

Results of Chi-square goodness of fit comparisons of
the observed distribution of species per tow by
station and season and values expected on the
hypothesis of a Poisson distribution, December 1968
to November 1969. . . . . . . . . . . ~ ~

3.

38

4. Frequency of occurrence of species with different
numbers of individuals and expected frequency of
occurrence on the hypothesis of a logarithmic series
distribution by station, December 1968 to November
I 969 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 40

Results of tests for skewness, kurtosis, and
homogeneity of variance using both Anscombe's
and Taylor's transformations and untransformed

45

Results of factorial analysis of variance tests of
the effects of tidal changes and trawling procedures
on catch rates for 12 selected species, November 1968
to October 1969 ~

6.

51

Friedman's two-way analysis of variance comparisons
of the mean catch per tow  Night 1! of 10 species
and total number of species among stations, December
1968 to November 1969

7.

57

Results of Friedman's two-way analysis of variance
comparisons of the mean catch per tow  Night 1! for
10 species among months, December 1968 to November
1 969 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ r ~ ~

8.

73

vi

a'ta ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~d



Table Page

9. Results of stepwise regression tests of the influence
of five environmental variables on catch rates for
five species at Stations 5 and 6, February to
November l969. . . . ~ . ~ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 80



LIST OF FIGURES

PageFigure

Seasonal variation in salinity, temperature, and
dissolved oxygen content for Whitewater Bay,
September 1968 to November 1969.

2. Map of Whitewater Bay, Florida, giving locations
of sampling stations

3. Boat and trawling apparatus used during the
present study. 14

4. Size frequency distributions of ~O agnus beta for
Stations 3-7, collected from December 1968 to
November 1969 ~ ~ ~ ~ ~ e ~ ~ ~ ~ e e ~ ~ ~ ~ ~ ~ ~ 62

5. Size frequency distributions of Eucinostomus ~ula
for Stations 3-7, collected from December 1968 to
November 1969. 63

December 1968 to November 1969 65

8. Size frequency distributions of Sairdiella ~cbr sure
for Stations 3-7, collected from Hay to October
1 969 ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ 69

9. Size frequency distributions of Gobiosoma robustum
for Stations 3-7, collected from December 1968 to
November 1969 . 70

10. Mean number of species captured monthly in
Whitewater Bay, September 1968 to November 1969 76

viii

7. Size frequency distributions of ~La odon rbonboides
for Stations 3-7, collected from December 1968 to
November 1969 ' e ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~



INTRODUCTION

The estuaries of south Florida are valuable and productive. It is

well known that these shallow bays provide feeding and nursery areas for

the young of many commercial and game fish species and that they are

vital to the continued maintenance of many valuable fisheries. Sur-

prisingly little is known, however, concerning the ecology of Juvenile

fishes occupying inshore areas in south Florida, and knowledge of the

ecology of fishes utilizing mangrove habitats is particularly inadequate.

As such areas are increasingly threatened by south Florida's rapidly

expanding population, the need for quantitative studies to assess the

relative value of various mangrove habitat types and their importance

to the biota is at ance apparent.

The fish fauna of southwestern Florida has received little attention

until recently; research in this region to date has centered primarily

in and around the Everglades National Park. The most significant of

these studies appear to have been the work of Tabb and Manning �961!

on the biota of Florida Say and ad]scent estuaries and that of

Roessler �967! on fishes in Suttonwood Canal. Mimeographed reports

 Tabb, 1966; Tabb and Kenny, 1967! are also available on the effects

of fluctuations in fresh water supply on the distribution of species

in brackish water marshes. Master's thesis studies have been conducted

in the area by Croher �960! on gray snapper ~Lut anus ~riseus!, by

Stewart �961 on the spotted seatrout  i~oscion nebulosus!, by



Yokel �966! on red drum  ~Scfamo ~ ocellata! and by Waldlnger �966!

on three species of mo!arras  Gerridae!. In addition, Odum �970!

studied the food habits of 45 species of fishes captured in Whitewater

Bay and the North River as part of his doctoral study of energy flow

pathways. A considerable volume of quantitative data has also been

collected in an otter trawl survey of the area by Tabb  personal

communication!; publications of this work are currently in preparation.

Data are also available relative to the Everglades sport fishery;

beginning in 1958, catch and effort statistics from the Park have been

recorded and analyzed by Marine Laboratory personnel. Results of the

1958-1965 period are summarized by Higman �967!; later work is covered

by the mimeographed reports of Rouse and Higman �967! and Higman

�969!. Miscellaneous publications dealing with Everglades fish fauna

include the work of Robins and Tabb �965! on the ecology of the blue

croaker  Bairdiella batabana!9 the study by Croker �962! on growth

snd food of ~Lut anus ~ziseus, and the paper by Tabb and Jones �962!

dealing with the effects of Hurricane Donna on the fauna of Florida

bay.

A number of studies have also been co'nducted in other areas of

southwest Florida. The most pertinent publications of historical

interest are papers by Henshall  l891! and Lonnberg �894! describing

the fish faunas of the Florida Keys and southwest coast areas and

the checklist by Evermann and Kendall �900! of Florida fishes. The

Tortugas fauna was described in early publications  Jordan and

Thompson, 1905; Gudger, 1929! and later by Longley and Hildebrand

�941!. More recently, Springer and Woodburn �960! studied the

ecology of fishes of the Tampa Bay area, and Springer and McErlean



�962! investigated seasonal population changes of inshore species at

Natecumbe Key, where Starck �964! later conducted his doctoral

research on the biology of ~Lut anus griseus. The work of Gunter and

Hall �965! on the fish populations of the Caloosahatchee Estuary is

also worthy of mention. Other investigations in this region include

those of Storey and Gudger �936! and Storey �937! relative ta cold-

induced fish mortality at Sanibel Island; growth and tagging studies

have also been conducted on the southwest coast by Volpe �959! and

nebulosus.

A number of contributions from other areas of the Gulf of Mexico

are pertinent to the present investigation and should be mentioned.

These include studies by Gunter �938, 1945! in Louisiana and Texas,

work by Raid in northern Florida �954! and in Texas .�955a, b! and

the study by Joseph and Yerger �956! at Alligator Harbor, Florida.

The doctoral study of Kilby �955! in salt marsh habitats of northwest

Florida should also be noted.

The above survey of the existing literature indicates a definite

need for further comprehensive studies of the ecology of Juvenile

fishes in the mangrove habitats of southwest Florida. The opportunity

for such an investigation became available in September of 1968, when

the Division of Fishery Sciences of the University of Miami's School

of Marine and Atmospheric Sciences began a long term study of the

ecology of Juvenile pink shrinp  Penaeus duorarun! iu Whitewater

Say. As the gear used quantitatively sampled both shrimp and the

juvenile fishes of several species, the latter were used as the

basis for the present study, which was conducted from September 1968



to November 1969.

The objectives of this investigation were:

1! To study the ecology of fishes in Whitewater Bay with

particular reference to factors determining species distributions

within the estuary, and

2! To assess the variation observed in the data and to

determine the nature of the underlying mathematical distributions

so as to form a basis for valid parametric procedures.

Description of the Study Area

The Whitewater Bay � Oyster Bay complex is a large, shallow

embayment located on a low coastal plain in the southwest corner of

Everglades National Park, Florida. It is approximately 14 miles in

length and over 7 miles wide at its widest point; its average depth

is between 5 and 6 feet. The entire bay is surrounded by mangrove

swamps and dominated by numerous islands of mangrove peat  Davis,

1966! enpporting primarily growths of red mangrove  ~ghiso ora ~man le!

interspersed with black mangroves  Avicenna nitida!; the white

appear ta be rare or absent in such areas. Drainage is to the south

via Coot Bay and Buttonwood Canal and to the west into the Gulf of

Mexico. As Whitewater Bay and Oyster Bay are very similar ecologically

there appears to be no reason to differentiate between them, and the

above complex will for convenience be designated simply as Whitewater

Bay after the manner of Tabb et al. �962!.

The geology of south Florida has been reviewed by Davis �943!.

Events of late Cenozoic times were of great importance to this region;



sedimentary strata formed during this period have profoundly influ-

enced present topography, hydrography, and vegetation. Of particular

importance is the Miami Limestone formation, deposited during the

last interglacial period  Hoffmeister et al., 1967!; this underlies

all but the extreme northwest corner of Whitewater Say. The soils

are organic and are composed of peat, muck, and calcium carbonate

marl; reference should also be made to the freshwater marl deposits

formed in the Everglades during recent times, which retard downward

seepage and thereby insure a southward flow of fresh water.

The ecology and hydrography of the area are comprehensively

described by Tabb et al. �962! and only those features most relevant

to the present study will be considered here. The reader is referred

to the abov publication for additional details.

Climate

The climate of south Florida is an insular one, chiefly affected

by oceanic rather than continental weather conditions. The area has

been classified by Hela �952! as a "tropical savannah" having a long

dry season followed by a wet period with inadequate rainfall to compen-

sate for drought effects. Thus, water deficits in the Park must be

made up by inflow from areas to the north. The dry season usually

lasts from Noveraber to April, followed by a much wetter period from

Nay to October; prevailing winds are from the southeast in summer and

may be either easterly or westerly during the winter depending upon

the location and movement of polar air masses to the north.

Average rainfall is approximately 55 inches per year in the

regions south of Lake Okeechobee. Precipitation appears to be



quite variable, however, in that 83 inches were recorded in Flamingo

in 1960 and 24 inches the following year  Tabb et al., 1962!. In the

present study, precipitation was heavier than usual, particularly

during the 1969 rainy season when monthly averages for the region

totaled approximately 8 inches above normal  U. S. Weather Bureau,

1.969! .

Climatological summaries for the 1955-1962 period at Flamingo

 in labb et al., 1962! showed an average yearly temperature of 74.7'F,

with a January minimum of 64.5' and an August maximum of 81 ' 8'. In

the present study, monthly averages were usually lower than those

recorded by Tabb, with deviations of up to 5 degrees occurring in

the November 1968 � Narch 1969 period. From April to July of 1969,

however, temperatures were slightly higher than usual.

Ph sical Factors

As Whitewater Bay lies at the focal point of drainage from the

Everglades, salinities are strongly dependent upon seasonal and

annual variations in freshwater influx. In fact, Tabb et al. �962!

have shown that a close relationship exists between minimum salinity

values in Whitewater Bay and earlier peaks in runoff across the

Tamiami Trail north of the Everglades National Park; the time lsg

involved was found to approximate three months. Using this relation-

ship, these investigators inferred that, given normal to heavy

summer rains, annual lowe in salinity values would occur in the Bay

during November and December, followed by gradual increases over a

3 to 5 month period.

ln the present study, a gradual decline occurred during the



summer of 1969, with lowe occurring in October of 1968 and November of

1969  Figure 1!. The lowest salinities in the latter year, however,

were actually observed in July. In view of later declines, it is

possible that the July data represent a deviation from normal

associated with heavy rainfall occurring in the area in June  U. S.

Weather Bureau, 1969!.

Water temperatures in shallow Gulf estuaries have been shown to

be closely correlated with air temperatures  Collier and Hedgpeth,

1950; Dawson, 1955!. Thus, night water temperatures would be expected

to fall roughly between the daily maxima and minima recorded for the

area. This pattern appeared to be true throughout the course of the

present study, although recorded values usually approached the recorded

daily maxima at Flamingo more closely during summertime. The annual

low occurred in December and the annual high in July, again closely

agreeing with air temperatures.

Dissolved oxygen concentrations usually equalled or exceeded

saturation values in all areas sampled. These results are in

agreement with those reported by Tabb et al. �962!. The wet season

deficits reportek by these investigators  due to runoff and oxidation

of transported organic material! were also observed during the present

study but did not appear to be critical.

Average bottom salinities, temperatures, and dissolved oxygen

concentrations for the stations studied  Figure 2! are given by month

in Appendix I; seasonal cycles for the entire estuary sre given in

Figure l. Only bottom data was used, as the present study was

primarily concerned with bottom-dwelling species. Surface values,

however, usually agreed closely with readings obtained in bottom sampling.
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Although not measured directly, turbidity appeared to be variable

both by area and by season. According to Tabb et al. �962! changes

may result from wind actioa or from variation in the content of tannins

and particulate organic matter associated with the hydrologic cycle;

in the present study, values appeared to be highest duriag periods of

heavy runoff, At any given time, turbidity appeared to be lowest in

the vicinity of Clearwater Pass, where Stations 5 and 6 were located

 Figure 2!.

The tides of the southwest Florida coast are of the mixed semi-

daily type  Marmer, 1954!, being characterized by two daily tides of

unequal araplitude. The daily range is small throughout most of the

area studied;  Tabb et al. 1962! reported an average maximum daily

fluctuation of 7,5" during calm weather in southeast Whitewater Bay,

while an approximate range of 2 feet was observed on the most seaward

stations during the present study. Normal changes were often obscured

or obliterated by wind iaduced water movements; this occasionally

caused some confusion as to the true tidal stages existing at the

time of sampling.

Selection of Sam lin Areas

Right stations were selected in the Bay for detailed study.

These were arranged in pairs in four zones differing in salinity,

bottom type, and vegetation density and were further subdivided

according to depth, one shallow and ons deep station being established

per pair. "Shallov" stations, located inshore, vere approximately

3 feet deep at low tide, while "deep" stations were established some

distance out into the Bay and averaged betveen 5 and 6 feet in depth.



11

The locations of these sampling stations were shown in Figure 2.

The above arrangement was originally designed to permit sampling

under differing conditions of salinity, vegetation density, and bottom

type. During the rainy season, salinities were usually lowest at

Stations 3 and 4, as saline intrusions via Buttonwood Canal and Tarpon

Creek raised values on Stations 1 and 2 to a slight degree. At other

times, salinities were roughly equal on Stations 1 through 4 and then

increased proceeding westward, with maximum values occurring at

Stations 7 and 8. Average bottom salinities for all stations during

the period of study are given in Appendix I.

The areas selected differed markedly in vegetation composition

and density. The dominant plant on the study area proved to be

in dense stands and reached heights of 15 centimeters or more when

conditions were favorable. This plant was very abundant on Stations 5

and 6, less dense on Stations 3 and 4, and scattered or absent on the

remaining stations. gpiphytes, chief'ly ~Baro hors oerstedi, were

often found growing on the Udotea, particularly during summer when it

~wri htii was of some significance locally, occurring in scattered

patches on Stations 2 and 3 and in dense clumps on Station 7 during

the summer months. Uncommon species included the fresh-water

calcareous green alga Chara hornemannii, which occurred primarily at

and Gracilaria spe! which drifted onto Station 7 during the dry

season and remained until killed by falling salinities or increasing

temperatures in late spring and early summer. Another plant, the
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ptanarogam ~palo |tile Caillonia, appeared to follow a aimi1ar cycle of

Station

No.

Substrate

type
Salinity Vegetation

density

Low Silt, marl
and shell

Low Very low Silt, marl
and shell

Low PeatLow

Low Silt, marl
and shell

Low to moderate

Moderate

Moderate

Marl and shall

Marl and shell

Sand and shell

Sand and shell

High

Moderate

Very low

High

High

abundance on Station Sa

As Station l appeared to ba devoid of vegetation, no bottom

sampling was conducted there during this study  see METHODS!. Vegetation

data collected on the remaining stations are given in Appendix II.

A number of substrate types were also considered. The bottoms at

Stations l through 6 ware usually composed of varying combinations of

silt, marl and shell, although peat predominated at Station 3. On

Stations 7 and 8, sediments were found to be much coarser, consisting

of sand with large shell fragments.

Relative salinity, vegetation density, and substrate conditions

by station may be summarized as follows:



METHODS

Trawling was conducted using a 21 foot fiberglass boat equipped

with two 100 horsepower outboard motors. The boat was modified by

addition of a winching apparatus and platform on the stern to facilitate

handling the sampling gear  Figure 3! which consisted of a specially

constructed roller frame trawl with paired nets one meter in width.

The nets were manufactured of 3/4-inch stretched mesh; nylon linings

with openings 1/8 inch in diameter were used in the cod ends.

Samples were taken monthly during the new moon phase of the lunar

cycle; four stations were trawled each night. As all stations were

sampled both on the ebb and on the flood tides, four nights were

required to finish a given month's sampling. In September and October

of 1968, all stations were trawled in order on the first two nights

and in reverse order on the last two nights; in all other months,

sampling at a given station was scheduled at two night intervals to

allow equal opportunity for population recovery between stations. All

samples were taken between the hours of nautical twilight except in

the months of June and July when slight over-runs occurred in two

instances. In such cases, the data were omitted from statistical

analysis wherever possible, and it is not believed that any appreciable

bias resulted.

Prior to sampling a given station, the tidal stage was determined

by reference to gauges located on the adjacent shoreline; vertical rise

13
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Figure 3. Boat and trawling apparatus used during the present study
 Gary L. Beardsley!.



and fall was recorded to the nearest tenth of a foot. Surface and

bottom samples for salinity and dissolved oxygen measurements were

then taken using a modified Niskin sampler constructed from polyvinyl

chloride  PVC! piping. Salinity samples were stored in polyethylene

bottles and returned to the laboratory, where determinations vere made

within the week to the nearest tenth of a part per thousand using a

Goldberg temperature compensated refractometer. Dissolved oxygen

concentrations were measured in the field to the nearest tenth of a

part per million using a Hach OX-2-P kit. Surface and bottom

temperatures were measured with a bucket thermometer and recorded to

the nearest tenth of a degree Celsius.

Current and wind direction was determined by reference to a compass

mounted in the boat. Wind velocity was measured with a hand-held Dwyer

wind gauge calibrated in statute miles per hour.

Trawling was conducted in parallel paths following compass bearings

of 30' and 210 at all stations. After lowering the trawl, the boat

was run at a speed of 2 knots for 90 seconds, during which time each

net sampled approximately 100 square meters. The trawl was then

winched in and the samples removed. Trawling was normally conducted

by a three-man crev.

The collected samples were stored in 10K formalin and taken to

the laboratory for sorting. All fishes captured were identified to

species and counted; total length measurements were taken to the

nearest millimeter. In cases where over 50 fish of a given species

occurred in a given sample, subsamples of 50 specimens were measured.

To deter'mine the effects of trawling on the habitat and to

monitor seasonal changes' vegetation sampling was conducted monthly
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at each station from February to November of 1969. Salinity,

temperaCure, and dissolved oxygen data were recorded as above.

Ten samples were then taken in a limited area Judged to be repre-

sentative of conditions on the station as a whole, using a 1/50

square meter sampler constructed of sheet metal; samples were taken

simply by thrusting this device into the substratum. Samples were

stored individually in plastic bags in a 5X buffered formalin solution

and taken to the laboratory, where species identifications and stem

counts of rooted vegetation were made. Stem heights were also

measured to the nearest millimeter; for large samples, a subsample

of 15 stems was taken and measured. All samples were then oven-dried

and weighed to the nearest gram. The resulting data proved to be

inadequate for valid estimates of mean density per station, but

appeared to be reliable for between station comparisons and study of

seasonal trends. No evidence was found to indicate that, Crawling

affected vegetation density during this study.



RESULTS AND DISCUSSION

Checklist of Fishes

December � February

Narch � May

June � August

September � November

Winter

Spring

Summer

Fall

The arrangement of orders and families used follows the classification

scheme proposed by Greenwood et al. �966! in their recent studies of

teleostean phylogeny.

The species distribution observed appears to be typical of

comprehensive estuarine studies in that a handful of species comprise

the bulk of the catch. In the present investigation, the silver ]enny

 Eucinostomus ~ula! and the pinfish  ~La odon rhomboides! contributed

62.7 percent of the total, with the former being most abundant.

�4.9 percent!. 1'he code gaby  gobfoeoma robustum! and the clown

17

A total of 68 species representing 14 orders and 36 families

were collected during this study. A seasonal summary of catch data

for the entire bay is given in Table 1; total summaries by station may

be found in Appendix III. For purposes of the present investigation

seasons were considered to be as follows:
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lined sole  achirus ~11aeatm and blackcheek tonguafish  ~Su~burns

~la iuea! ware lese nuneroue but ware on occaeioa locally abundant,

each contributing over 2 percent of the total. The bay anchovy

 Sncboa nirchilli!, gulf tosdfish  C gsanus ~beta and silver perch

 Bardiella ~chr sure! were cossson at most stations and provided

between 1 and 2 percent of the catch, as did the gulf pipefish

important only locally or seasonally, included the inshore lizardfish

The remaining species appeared to be of importance only incidentallyp

due either to their infrequent occurrence or to their capability of

avoiding the gear.

The results of Table 1 are in agreement with those obtained in

this area by earlier investigators. Odum �970! captured 55 species

in the North River, of which 33 were collected by roller-frame

trawling in the present study. Also, 51 of the 91 species observed

by Tabb and Manning �961! in brackish water areas of the Everglades

National Park vere collected. The discrepancies observed appear to

be primarily attributable to differences in areas sampled and to the

more comprehensive nature of the above studies, which employed

several types of collecting methods and were of a more qualitative

nature. In particular, Odum's intensive North River sampling program

resulted in proportionally more fishes tolerant of lover salinity

conditions.

Roessler �967! has noted the close similarity of the estuarine

fish fauna of the Everglades to that of the Gulf of Mexico and believed
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it ta be derived primarily from the Gulf rather than from the insulax'

fauna of the Florida Keys.

Data Distributions

As noted previously, the objectives of this investigation were

�! quantitative study of the ecology of estuaxine fishes with special

reference to factors determining their arsal distributions, and �!

analysis of the variability inherent in the catch data, including

determination of the mathematical nature of the underlying distri-

butions involved. As some knowledge of the nature of the parent

distributions is required for valid parametric testing, this aspect

of the study was considered first.

The relationships between the types of distx'ibutions followed

by biological data have been reviewed by Greig-Smith �964!.

"Random" patterns will occur when the occurrence of individuals

results from chance alone; such data tend to follow the Poisson

distribution in which y, the population mean, equals o , the

population variance. More often, a departure from randomness will

occur due to biological or ecological factors; this in turn will

almost always result in "overdispersion"  Bliss, 1953! or "contagion"

 Lambou, 1963! in which the sample units become clustered or aggregated

in groups and u<a . Repulsion between organisms on the other hand,

may lead to a "regular" distx'ibution form, in which the units become

equally spaced and u>a2. As the latter condition appears to be rare

in biological situations  Greig;Smith, 1964!, most attention has been

focused on contagious fo~. This is also true of the present

study, which in this section will be primaxily concerned with
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determination of the distributions followed by species catch data

but vill also consider the distribution of the number of species per

sample and that of the total catch data for all species by stations.

S acies catch data

Clustering of sample units  hereafter referred to as contagion!

often complicates the valid analysis and interpretation of fishery

catch data. The condition is in fact very common in biologica1

sampling, and numerous mathematical models have been proposed to deal

with different situations; these represent attempts to describe the

observed patterns in a stable mathematical form amenable to statistical

treatment. Both unimodal and polymodal models have bean proposed; as

nearly all of the Whitewater Bay trawling data appeared to be unimodal,

the present investigation will be primarily concerned with this type.

Contagion in unimodal situations may best be reviewed by beginning

with a consideration of the Poisson distribution in which all sample

0 equals p under these conditions. As the tendency towards

clustering increases, x, the sample mean, varies from sample to

sample  Taylor, 1953! and will be exceeded by the sample variance

 S !. In such situations the negative bionomial will often apply;

its relation to other distributions has been described by Bliss

�953: 177! as follows:

"The negative bionomial is an extension of the Poisson
series in which the population mean m, the parameter of the
Poisson distribution, is not constant but varies continuously
in a distribution proportional to that of X . As the variance
of a negative bionomial approaches the mean, or as the over-
dispersion decreases, k [the coefficient of contagion'j ~ and
p [the positive bionomial pj -+0. Under these conditions, it
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could be demonstrated as applicable, the third would be implied; this

is to say that if the distribution of species by sample is Foissanian,

and the number of individuals per species follows the negative bionamial,

the summarized catch data for all species will conform to Fisher's log-

arithmic series. The validity of the relation for fishery catch data

in general has been demonstrated by Raessler �965! and accepted by

Taylor �953! and Lambou �963! who also found their species catch data

to conform ta the negative bionomial. In addition, other fishery workers

 Kutkuhn, 1958; Moyle and Lound, 1960; Taft, 1960! have been successful

in fitting the negative bionomial distribution to similar data.

Thus, both theory and the results of earlier studies indicate that

the Whitewater Bay trawling data could follow this distribution. It

was therefore deemed desirable to test the hypothesis of the negative

bionomial for these data, both to gain an insight into the type and

degree af contagion present and to obtain the necessary statistics

for later use in variance stabilizing transfarmatians.

Catch data for 15 of the fishes callected during roller-frame

trawling were summarized and tabulated for distribution testing; these

species are indicated in Table 2. Only the more common species which

appeared to have been sampled in proportion to their true abundance

were considered. For each, the data were arranged seasonally by

station; the seasonal units representing the yearly cycle of abundance

at a given station were then tested individually for agreement with

the negative bionomial except for units in which the Poisson farm

was clearly more applicable. The seasons used were as described

under Checklist of Fishes except in infrequent inetancee in which

recruitment patterns made slight modifications more logical.
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Table 2 Means and variances af catch data for 16 species by station
and season, together with results of tests for homogeneity
and agreement with the negative bionomial, September 1968 to
November 1969.

Station

& Season x S2 df k S T
e

~feet ns
0.26 0.46 146.0** 83 0.352 -0.13 0.47

0.46 0-69 122.5** 83 0.893 -0.20 0.45
1.74 3.40 162.3** 83 1.392 -4.22 4.66

7- Sp-
Su
F2/

~Osanus beta
3-w

Sp
4-F � '

W
5-F3/

W

-0. 19

-0.13

-0.48
-0.07

-0.60

-13.89

0.950

0. 327
1 ~ 012
0.272

1.317

1.270

0.42

0. 29

0. 92
0. 18

0. 93

20. 21

1. 022

1.970

0.330

0.57

0 ' 09
-0.10

3. 34

0.45

0.23

1.248 0.04 0.28

S n narhus scovelli
2-SU 0.32

3- SU O. 45

6- SU 0.42

7-Sp O. 20
Su 8. 06

F l. 69

8- Su 0. 42

0. 37

1.05

0.49

0. 33

45.55

5.01

0.49

94. 3 ns
191.9**

97.0 ns
j36,1**

469.1**

246.0**

97.0 ns

83

83
83

83

83

83

83

0.254 -1 19 2.95

-0. 19

-299 8

-1. 60

0. 215

1 082

0. 857

0 ~ 57

413.4

9.25

~riseus
5-F 0.27

6-F 0. 79
0. 29

O. 82
83

83

90.2 ns

86.7 ns

L. ~ah~aria
6-F
7 F3/
7-F

0. 85 l. 38 136. 0++ 83 0. 998 -0. 96 l. 40
1.10 1.62 119.6' 81 1.993 -0.90 1.10
5.06 19.58 321.1*4 83 1.060 -76.00 116.2

Sp
6-W

Sp
Su
F

7-Sp
Su
F

8-Sp
Su

F

o,46

0-20

0. 70
0. 14

0 82

2.96

0.16

1,25

O. 70

0. 17

>.07

0.16

0. 51
0. 44

0,18

0. 35

o. 06

o.ee

0,28

1.13
0. 20

1. 31

8. 35

0. 17

3. 27

1. Ol

0. 25

le25

0.14

0.52
0.64
0.17

0.43

0.06

118.2** 83

116 ' 4+* 83

133.2** 83
114.0* 83
131.9** 83

233 ~ 7** 83

82.0 ns 83
2l7. 4** 83

119. 0*+ 83

113. 8* 83

96.7 ns 83
70.0 ns 83

83.9 ns 83
119.7+* 83

79.1 ns 82

98.8 ns 83

79. 0 ns 83
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Table 2.-- Continued!

Station

& Season X2S2 df S T

Eucinostomus

-0. 49

-0.59

1.26

0.90

-0,04 0. 30

-14. 61
-4.99

-364.4

4.81

-14 ~ 92

-1. 64

-16.24

-4. 27

-18. 75

-34. 16
-1654

25.52
-3.28

5.83
-6.22

-0.80

-1. 64

83 12.980

1.120

0.604

0. 712

1.969

0,866
0.441

0.482

83

83

83

83
82

83
83

-33387

-7 730
-0. 09

-114.5
-0, 27

2.60

2.01

27.33

0.47

-1, 68
-0,74

166 6**

158.7**

228.0*»

112.8*

92.2 ns
179.8**

206 8**

112.1*
221.1**

135 1**
145 j **

0 ' 698
1.360

1.77

2.28
15.86

0.84
0,54

18.08

9.67
0.37

10.76

1.28
1.10

0.88
1.19
5.77

0,62

0 ' 48

8.35

3.88
0.27

4.04

0.79

0.63

83

83

83

83

83

83
83

83

83

83
83

4-Sp
5-W

Sp
Su

6-W

Sp
SQ

7-Sp
Su

F
8-Su

-0.321.4e5

30.09

14.50

0.16

19.51
0,96
1.37

2.484

0 ' 874

-8. 39

-0.03

5-Su 2.41 3.64
F 0. 39 0. 48

-1.92 2.634.4571 25 ~ 7**

101.9 ns

83
83

1-Sp
Su

F

2-Sp
Su

F

3-w

Sp
Su

F
4-W

Sp
Su

F
5-W

Sp
Su

F

6-W

Su

F
7-W

Sp
Su

F

8-Sp
Su
F

~ula
0. 06

0.50

0.53

0.06

0.35
0.06

2.46

1.26

3,63
3.54

3.25

1.75

4.88
2.62
8.02

5.46

15.30

9.13

3 ' 07

1.50
7.97

1.13

0.82
76.87

47.96

0.33
3.42

0.39

0.05

0.95

0.81
0.06
0.52

0.06
8.37
3.59

50.36
16.35

11.01

2.38

23.09

4.31

19.66

13.19

248.04

41. 32
4.07

4.16

10.88
2.31

1.79

4268.60

1215.75
0.44

19.90

0.70

79.0 ns
158.0**
124 9**

79.0 ns
124.5**

79.0 ns
282 0*»

236 3**

1151**

383.4**
281.3**

113.0*
392.7**
133 2**
203.3**

200.3*»
] 345**

375 . 6**

109. 9*
230 0*»

1 27 7**

1 69 3**

180. 5**

4609*»

2103**

111.3*
483.0»*

147 7**

83

83
83

83

83

83

83

83

83

83
83

83

83

81

83

83
83

83

83
83

0.475

0.662

0.762

0.921

0.576

0.340

1.036
1.262

4.210

1.580

3.396

5 ' 344

3.153
1.043

2. 844

8. 724
1.236

3,210 -14.89

6 182 -44 20

2.153 -16.80
1,189 -0.49
0.638 -0.72

21.61

8.80

473.9

45 ' 7

25.94

1.45

51.83

4.08

32.34

24.49

2817

106.3
2.68

3.89

10.92

2.32

2.77

75701

22727

0.23

225.8

0.71
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Table 2. �  Continued!

Station

6 Seaeon x X2 SeT

6-Su l. 29 2. 09 134. 7»*

F O.l2 0.10 74.0 ne
0.102.02683

83

l. 49

~La odor rhoaboid
-46.46
"34 ' 23

-0.08

-8.13

0.54

-0.90

-0.99

-0, 13

-1 ~ 25

-565.7
-512.0

-915.3

-9.49

-199,6

2709

-4241

-8.30

-20 ' 12

-540.7

27.31

dairdialla ~car aura
3-Sp 0.60

SU 0.93

F O. 08

5 SQ l. 94
F 0 ~ 91

6-Su 2. 25

F 0.46

7-SLL 1 ~ 91
F 0.41

128al»*

158,9»*
77.0 ne

147, 7»*
89 ~ 8 ne

] 30, 5»*

83.8 ne
237.9*»

89.5 ne

83

83

83

83

83

83
83

83

83

0. 92

1 ~ 78

0. 08

3. 45

0. 98

3. 54

0. 47

5.46
0.44

1. 121

0. 766

-0. 15

-1.58
0.57

2 ' 55

2.378 -1.29 3 ' 04

4.240 -0. 2'7 2.38

-2.051.150 7,74

Gobioeoma robuetum

3 FZ -2. 02
W 1.25

Sp Oo61
Su 0 ' 13

1.75

W 1.56

Sp 0.38

272, 7*»
222,2*k

148.3kk

]64 ~ 6*»
134 ' 7*»

2pp,5*»

115.0k

6.65

3 ' 35

1. 09

0.26

2.84

3a	7
0. 53

83
83
83

83
83
83

83

-F 00

0. 26
-0. 50

-0.03

-Oa29
-1.37

-0.20

1. 014

0 ' 808

0.671

0.183

2 ' 965
1.108

0.783

11,02

F 80

1.16

0.28

1.94
5.03

0.34

3-Sp
SU

F
4-F3/

W

Sp
Su

5 F 3/
W

Sp
Su

F
6-W

Sp
Su

F
7-W

Sp
Su
F

ee

2.60

2.13

0.12

4,12

2,29

0. 94

1. 06

D. 31

2,08
8.29

20 ~ 0

15. 16

4.28

7.54

40. 91

45, 93

10. 18

0. 38

3. 04

14. 91

4.18

11.52

12.65

0.20

8.23

5.85

1.60

l. 65

4. 37

3.09

68. 98

117. 70

133. 02

8.25

46. 08

292. 04

511.56

26.07

2.53

35.38

109.63

29.69

368.5»*
490 1'»»

141.2**

165.7»*

212 ' 2»»

141.1**

129.0*"

ll6.0»»

123.1*k

690,9**
488.4»»

728.6*»

159.8*»
507.7»*

592 ' 6**
924 ' 5*»
212.6»»

550.8»k

967 ' 5»*
610.4»*

589,7»*

83

83

83
83

83

83

83

81
83
83

83

83

83

83

83

83

83

83

83
83

83

0. 397
O. 336

0,147

3.724

1.552

1.209

1.630
0.636

4.033

0.695

3.478

1.482

4.120

1.360

5.952
4.429

6.829

0,453

1.998

0.899

129~5
10K. 8

0. '32

10.10

7.71

1.38

1.25

0.29

2,13
1099

656.1

1366

9.89

221 ' 4

2065

4639

43.4

152. 6

742. 6

93. 93
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Table 2.-- Continued!

Station

6 Seaaon x XS2 SeTdf

Gobioaoma robuatum  cont
5-FP 1.45

W 6.23
SQ 0.43

6-F3i 1.21
W 5.64
Sp 1,06
Su 1.12

7-Sp 0.19
SU 4 ' 50
F 2.12

8-w 0. 22
Sp 1. 86
Su 2.45

Lo ho obiua c rinoidea

5-F3/
W

Sp
Su
F

6-Su

1.12
5.19

1.82

1.66

l. 58
0 ~ 73

0. 33

3.65

23.92

2.37

2. 93

3. 81
l. 14
0. 35

270, lk*

382.4*k
107.8k
146.8k*

199,8**
130 ~ 4**

86.0 na

0. 520

1.498
5.850

2.058

1.362
1.796

-4 ~ 60

-12.78

-0.91

-l. 38

1. 25
0. 51

7.77

66 ' 96

1.26

2.53
3.86
0.52

83

83

83

83

83
83
83

0. 973

4.134

1.154
2.029

0.775

0. 605

0. 592

161. 9

7 ~ 98

-119. 9
-3, 26

-68.14

-5.19

128. 2

5.54

-35.65

2.11

12.27

65 ' 76

7.68

18.27

1.705

2.525

0.150

0. 437

l. 363

1.320

0. 813
1.036
1.879

4,91
1.00

6.68

75, 32
5,81

1.25

0. 81
6 ~ 79
2 ' 06

-1.47

-0,53

-1.90

-42.44

13.25

-0.70

-0. 45
-5.60
-1.47

1-Sp
Su
F

2-Sp
Su

F

3-Sp
Su
F

4 F3/
W

Sp
Su

7-W

Sp
Su

F
8-w

Sp
Su
F

0.26
5.37
3. 91

0.44
5.55
2.32

1.02
3.31
1.24

1.70

0.16
0.17

2. 00
1.18
0.42

2. 30

l. 88

0. 94

0. 58
1 69
1. 44

inued!
3. 91

34. 54
0. 73

2.46
18.64

4.35

2.54
0.42

43.57
4.56

0.40

6.30
11.75

0. 22
27.44

7.49

0,39
27,50

4. 70

1. 23
21. 66

4. 83

7.44

0.16
0. 22

4. 09

1.69
1.19

13.51

6.23

l. 59

0. 93
3. 52
2. 39

223,6kk
460.1k*

141.3*k
168.1*k
274.2*k

340.4**

188.3k*

183.5*k

803.8*k
178. 1**
146. 0k*

278. 4**

397.1k*

69.6 ne
424.2»*
159.1**

74.2 ns
411,5**
168.1k*

99.5 ne
543. 3k*
324, 7**
362, 7k*

83,9 na

102.6 ne
170.0k*

1] 9. 1*k
236,2*k

488, ] **
274. 7kk
137, lkk

13] .8kk
172 ' 7**
137.9k*

83

83
83

83
83

83

83

83

83
83

81

82

83

83

83
83

83

83
83
83

83

83
83

83
83

83

83

83
83

83

81

82
83
83

0. 835
1>505
0. 659

1.136

2o 375

0. 281

0. 879

0.225

0.659
1.534

0.190

0.756

0.557

-0. 84

41.12
-0. 18

-1. 00
-28.81

-10.58

-0,84

0.01
-0.16

-4.23

-0. 27

-8. 65

-34.71

6.60
108.7

0.55

2,68

39.62

22.28

3. 21
0.46

213 ' 5

6.53

0.86
15.09

56.70
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Table 2. �  Continued!

Station

6 Season R S2 S T

Achixus lineatus

0.521 ~ 080 -0.31

-0. 25

-0.17 0.59

~Sn~nhurus ~ls %usa
5-W 0 ~ 98

Sp 0. 31
6-Sp 0. 29

Su 0. 79

F 0. 57
7-w 2. 29

Sp l. 56
SLL 3. 68

F 0. 95
8-w 3.06

Sp 3.46
SU 6.68
F 3. 00

Sp spring, Su summer/ F1/ fall, and W ~ winter.

All "fall" teats involved 1969 data unleaa otherwise stated.

Fall of 1968

Significant at P< .05

*LL' significant at P< .01

3-w

Sp
Su

4-w

Sp
5-W

6-w

Sp
Su

7-F� 3/

w

Sp
S8-F>/
Su
F

0. 30

0. 56
0.12

0.17

0.13

0.48

0 ' 36

0.41
0.27
0.54

3.65
3.20

2.04

0.17

1.40
0.25

0.66

0. 33

0 ~ 80
0. 11

0. 19

0. 12
0.72

0.42

0. 68
0. 39

0. 71

10.03
10.48

6.95

1.05

2 ' 49

0.24

0. 98

1.20

0.29

0.28

1 ~ 63

0.63

7,39
7.09

37.11

1.64

4.90
5.41

35.31
14.02

92.6 ns
119.2++

74.0 na

94.0 ns
73.0 na

123.8++

98.8 ns
] 38,9**
119,4@A

109.9a
222.9e*
271,5@A'

283.4~~
122, 0**
143.8ss

79.0 ns
123.7++

102.4 ns

77.3 ns

79.2 ns
] 69. 9e*

92, 0a*

268. 3*+

377. 5+*

837.4*a

142.6++

129.6**
126.6**
438.1**
388.1+*

83

83
83

83

83

83

83

83
83

83
83
83

83
83

81

83

83

83
83

83

83

83

83

83

83

83

81
81

83
83

0.834

0.784

0.827

2.051
1.744
1.206

0.655
1.208

1.555

1.286

1. 096

5. 770

0. 852

0. 407

0,455
1 658
5.164
4.905
1.734
1.005

&s

0. 08

0.05

0.16
-19.69
-18.88

-15.21
-0.55
-1 ~ 38

2.09
-0. 10

-l.2. 14

-11.30

-79.44

0. 98
-1. 06
-7.30

-38 F 11
0.34

0.51

0.39

0.17

0.26

20.96
26.94

24.22

0.77
2 ' 48

l. 09

0a17
20.39
29.99

260.7
0. 98

3.87
5.25

102.9
31.16
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The remaining species captured vere usually much less abundant and

appeared to follow the Poisson distribution. The single exception to

this rule, Anchoa mitchilli, was not considered in that it did not

appear to have been sampled effectively by roller-frame trawling.

Each unit of data wae first tested for homogeneity  i.e., randomness!

using the index of dispersion formula given by Steel and Torrie �960 397!.

In cases in which low Chi-square values were obtained, testa for a regular

form of distribution vere made by comparing the observed value with the

appropriate values at the 95 percent probability level as recommended by

Greig-Smith �964: 63!. If, however, results indicated that contagion

was present  P< .05!, the null hypothesis vas rejected and the negative

bionomial was fitted to the data using the maximum likelihood equation

of Bliss �953: 181! which derives an optimum value of k by computing

trial scores of Zi in the equation

Zi-Z - N ln  I+x/ !
ki~ ki

where A� represents the accumulated frequency of all units containing

more than x organisms, ki represents the ith approximation of k, and

N refers to sample siss. If the initial approximation was found to

exceed 20  thus indicating convergence towards the Poisson form!

iterations were not attempted. For all initial values lees than 20,

successive scores af Zi were computed using k value changes of .5 until

scores bracketing 0 vere obtained; the final approximation was then

made using successively smaller changes until Zi< .005. If over 25

iterations ware required, the operation vas terminated.

The index of dispersion test indicated that most of the data were

contagiously distributed; no instances were found in which the underlying
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distributions appeared to be regular rather than random. The need was

therefore evident for a test for agreement with the negative bionomial

or some other contagious form. Anscombe �950! has listed e ight

contagious distributions of which three besides the negative bionomial

might apply to fishery catch data  Taylor, 1953!; these are the Neyman

Type A, the Thomas double Poisson, and the Polya-Aeppli forms, all of

which are potentially multimodal. The first two models appear to be

rather specialized, and Anscombe �950! has pointed out that in the

absence of a series of equally spaced modes one may reasonably feel

reluctant to use the Neyman type A form; such a spacing of modes ie not

evident in the Whitewater Bay trawling data. The Thomas double Poisson

has likewise been criticized by Anscombe �950! as being of doubtful

validity. The Polya-Aeppli form, however, appears to approximate that

of the negative bionomial much more closely; Bliss �953! has pointed

out that the Polya-Aeppli ie very similar to the negative bionomial in

some respects, while Anscombe �950! believed that close approximations

to both these distributions might be observed in studies of growing

populations. Consequently, it was of some interest to discriminate

between these forms, and the moment test derived by Anscombe �950!

was used for this purpose; the test compares the difference between the

observed and expected third moments of the sample  T! with ite standard

error  SeT!. Bliss �953! hae stated that such a test is i~~a likely

to be distorted by chance irregularities than is Chi-square goodness

of fit; also, it has the further advantage of utilization of the few

large values that are missed by grouping the tail of an observed

distribution in computing X . Lambou �963! also believed that such

tests are often more sensitive than goodness of fit tests, especially
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with smal1 samples,

Ths tendency to approach the log-normal form as k ~0 should also

be considered. In such cases, however, the data would necessarily be

skewed, and it is therefore probable that the above test would be

comparable or even superior to Chi-square goodness of fit in detecting

this. An additional moment test  Anscombe, 1950! is in fact available

which is sensitive to such a departure but was not employed as the k

st at istic required is computed by a d if f erent iterative procedure ~

The computed means, variances, and k statistics for the data

tested are tabulated in Table 2, together with the results of tests

for homogeneity and agreement with the negative bionomial. These appear

to indicate that the underlying pattern was often random at low densities

but conformed to the negative bionomial where contagion was present.

Three disturbing factors  as evidenced by T being exceeded by SeT!

appeared to exist in the latter testa; these were �! a tendency to

approach the Poisson distribution at low densities, thus resulting in

higher k values, �! a tendency towards higher k values and poorer

agreement with the negative bionomial at higher densities, and �!

an apparent tendency for departure in the direction of the lognormal

form, noted rarely with lower k values ~

Departure towards the Poisson form occurred in two instances for

Zucinostomus ~ula  at Station 4 in spring snd Station 6 in winter! in

which the variance approached the mean although enough contagion was

present  Ps .05! to allow a maximum likelihood estimate of k.  It

should be noted that when the initial index of dispersion test failed

to rs]ect the null hypothesis, supplementary testing usually indicated

k to approach infinity.! As only two such instances were observed, it
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is evident that this tendency was not of ma!or importance.

The second type of discrepancy was observed for Eucinostomus ~ula

and ~La odon rhomhotdes at Statton 6 In spring and for S ~hurus ~la Iusa

at Station 8 in spring. In each case, the catch data tested appeared

to be bimodal and could have represented a deviation towards the Polya-

Aeppli form; however, it would appear !ustifiable to attribute this

tendency to chance in view of the limited number observed.

An apparent deviation towards the log-normal form was also observed

in four cases; these involved Eucinostomus Luis  Station 6, summer!,

summer!. In addttton, one test for ~La odon rhomhoides showed k to

approach 0, thus indicating convergence to the lognormal form.

Of the 145 tests conducted on contagiously distributed data,

only 10 instances were noted in which T exceeded its standard error

and most of the T/S T ratios involved were not large; only two
e

exceeded l,S, The available evidence, therefore, strongly supports

the hypothesis of the negative bionomial distribution for the White-

water Bay species catch data.

Number of S ecies Per Sam le

As noted above, Quenouille �949! has shown that if the number of

individuals per species conforms to the negative bionomial and the

distribution of species per sample is Poissonian, the total number of

individuals in all species collected will then conform to Fisher's

logarithmic series. Zt was desired to test the validity of this

relationship for the Whitewater Bay trawling data, and a test af the
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null hypothesis of the Poisson distribution for the number of species

per tow was ther'efore required. Accordingly, the Chi-square goodness

of fit test procedure described by Steel and Torr1e �960: 395! was

used for this purpose; expected values of lese than one were combined

as recommended. As in the previous section, date were arranged

seasonally by station and the total annual cycle tested. Results are

given in Table 3.

Of the 32 tests conducted, 13 were found to be significant; this

was a much greater number than would have been expected by chance.

There is, therefore, evidence that rhe number of species per tow did

not conform to the Poisson distribution, at least in certain instances.

It is believed that the results observed are attributable to a

tendency towards regularity, rather than contagion, in the species per

tow data. In 10 of the 13 cases in which significance was observed the

variance was lees than the mean, indicating regularity, This could

result from a mutual repulsion between species, the limited number of

species involved, or slight differences in habitat preference. The

cases observed in which the variance exceeded the mean are believed to

be of little consequence in that two of these instances occurred on

Station 3, an area characterised by considerable local variation in

vegetation density. Thus, the "contagion" observed in these tests

may merely result from restriction of the various fishes to better

cover conditions. It is therefore believed that the underlying form

of the distribution of species per sample in this study ie random to

regular, rather than contagious, in nature.

Similar analyses have been made by Taylor �953! and Roessler

�965! who both failed to re!ect the null hypothesis of a Poisson
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Table 3. Results of Chi-square goodness of fit comparisons of the
observed distribution of species per tow by station and
season and values expected on the hypothesis of a
distribution, December 1968 to November 1969.

poisson

Station

6 Season X2S2 df

W @inter, Sp spring, Su1/ ~ summer, and F ~ fall.

Significant at Ps .05

** Significant at P< .Ol

Sp
Su

F
2-W

Sp
Su

F
3-W

Sp
Su

F
4-W

Sp
SU
F

5-W

Sp
Su
F

6-W

Sp
Su
F

7-W

Sp
SU
F

8-W

Sp
SU
F

1. 25
1.00

1 ' 44

1.67

1.17
1,02

1. 94

1 ~ 42

2 80

3.63

3,31

1.93

2.85
2.74

3. 08

2. 08

6 ' 29
5.49

6. 10
6.25

5.35

4.51

7 ' 17

6.46

3.88

3.99
9.44

10. 04
2.67

4.02

5.12

3 ' 62

1. 40
0. 87

0.85
0.66

0.84

0.70
1.57

0.77

3,41

5,15
4 ' 80

1.13

1.45

2.36

F 05
1.35

4.26
2.98

3.05
4.05
2.64

1.92

3.49
2 ' 93

5 ' 41

4.56
8.27

6.04

2. 67
5,12

4.95

3.93

5.11 ns
3.26 ns

14 ' 73*@
25.89*@

4.18 ns
8.17e

7.22 ns

11.95*

3.68 ns
21, 90**

20,93*4
12.64e

16.37a

6,15 ns
13.87 ns

6 ' 25 ns

9.63 ns
14.55 ns
23.78**

9.90 ns
16.69 ns
21.60**

16 79 ns
21. 034

15.09 ns

9.30 ns
25, 27**

12 ' 79 ns
5.35 ns

16,69*

6.51 ns

2.70 ns

3
3

4 4
3

3

5
4

6

8 7
5 6
6 7
5

ll 9
10

10 9 7
10 9
8 8

ll

10 6
8 9
7
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distribution. The discrepancy between tha results of these studies

and those of the present investigation may ba attributable to ecological

differences, as the above studies were conducted in marine situations;

certainly the distribution of speciee in such areas would be expected
to differ from that observed in estuarine situations characterized by

fewer speciee and a proportionally higher abundance of certain forms.

The data for the present study, in particular, are dominated by a few

species occurring in considerable abundance; this could readily have

resulted in the lower variation observed,

Total Data for all S eciee

Following the teats for randomnese in the distribution of

species per sample, the total catch data for all speciee for the
December 1968 to November 1969 period were summarized by station and

tasted for agreement with Fisher'e 1ogarithmic series, again using

Chi-square goodnese of fit. Values of the index of diversity u

required in fitting the distribution were calculated according to

the procedure given by Williams �947: 266! in which values of log

N/a are interpolated from tabulated values of log N/S  where N

represents the total number of organisms and S the total number of

speciee!, Expected values were pooled to avoid values of less than

4 wherever possible. The data for these taste, and the results

obtained, are tabulated in Table 4.

These findings are similar to those of the preceding section

in that the null hypothesis must be re]ected for much of the data.

This is to be expected, ae the hypothesis of the negative bionomial

for species catch data appears to be valid.  From Queneuille's
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relationship, re!ection of the hypothesis of the Poisson distribution

must in this csee lead Co re]ectiOn Of that for the logarithmic seriSS;

acceptance of either one but not both will not conform to theory!. It

will be noted that teste involving Stations 1, 3, 5 and 6 indicaCe a

significant departure from the logarithmic series, end as species

distributions on three of these stations occasionally deviated con-

siderably fram randomness it may be inferred Chat these distributions

are indeed related.

In summary, the evidence available clearly supports the hypothesis

of the negative bionomial distribution for the contagiously distributed

apeciea catch data. The number of speCiea per COw, hOweVer, Often did

not conform to the Poisson, while the total catch data for all species

likewise showed only partial agreement with Fisher's logarithmic series.

It is believed that as the negative bionomial hypothesis appears to be

valid for the species catch data the latter results are directly related,

Variation Aesociated With Trawling Procedures

This investigation was also concerned with variation caused by

trawling procedures and tidal effects. In this phase of the study,

parametric analysis of variance techniques were employed; these in

Curn required the uee of CraneformatiOne to inaure Chat the underlying

assumptions would not be violated.

Steal and Torrie �960: 128! have stated that the basic assumptions

of the analysis of variance are:

1! Treatment and environmental effects are additive, and

2! Experimental errors are random, independently and normally

distributed about sero mean and with a common variance.
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Violation of Assumption �! in fishery catch data usually implies

proportional rather than additive affects; under such conditions trans-

formation to a logarithmic scale is appropriate  Snedecor and Cochran,

1967!. Assumption �!, however, implies normally distributed data and

homogeneity of variance between treatments, both requirements that are

often difficult to satisfy.

Tt is currently believed that the usual disturbances resulting from

departure from normality are unimportant  Steel and Torrie, 1960!.

Cochran �947! has stated that the results of non-normality may be two-

fold; �! a slight change in the probability levels associated with

the F-test, and �! a slight loss in efficiency. Extreme skewness, on

the other hand, may be more serious  Bartlett, 1947; Cochran, 1947!.

Cochran has also indicated that heterogeneity of variance may affect

a given analysis to an unpredictable extent. Accordingly, it was

desired to evaluate appropriate transformations in some detail,

particularly with regard to their relative effectiveness in normalizing

the data and stabilising the variance.

Transformations Used

Anscombe �948! considered two transformations applicable to

negative bionomial situations. For k values ~ 2  and for larger k

where the mean was large! Anscombe recommended

y ln  r+k/2!

where r represents an individual observation. For larger k values and

smaller means, a more complicated inverse hyperbolic sine transform

was given. As most of the contagious data fitted in this study gave

k values of less than 2, only the former transformation will be
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considered here,

More recently, Taylor �961! assumed the variance for contagiously

distributed data  with means exceeding 1! to be related to the mean by

a simple power law, i.e,

S2 am

where a and b are characteristic of the population in question, Thus,

the value b may be obtained by regressing the logarithms af the variances

upon those of the means over the observed range of conditions; this is

then used ta compute an exponent used in transforming the data.

The abave transformatians appeared to be most appropriate for the

present study. Accordingly, a sample of 43 sets of catch data  previ-

ously tested for agreement with the negative bionomial! was transformed

using both procedures; comparisons were then made of the relative

effectiveness of these methods in normalizing the data and stabilizing

the variance, Skewness was tested by camputirg the moment ratio v'b<

according to the methad af Snedecor �956: 201!. The amount of

kurtosis was determined using the method of Geary �936!; homogeneity

af variance was evaluated by Bartlett's Chi-square as described by

Steel and Torrie �960: 347!. In the latter test, variances were

compared between nights, thus resulting in 5 degrees of freedom.

Results of these analyses are given in Table 5.

It is apparent that both transformations were usually quite

effective in stabilizing the variance and reducing skewness. Occa-

sionally, the latter was accompanied by an increase in kurtasis, as

might be expected for small samples, The results for both transfor-

mations appeared similar with Anscombe's logarithmic scale transform

being slightly more effective. Out of the 43 tests conducted, it
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proved superior to Taylor's procedure in 27 tests of skewness and

23 Chi-square tests of homogeneity of variance. Consequently,

Anscombe's transformation was used in parametric analysis of variance

testing.

It should a1so be noted that the logarithmic transform was usually

effective evan for data with low means and high k values. Out of 12

such cases, skewness or heterogeneity af variance was observed in the

transformed data in only four instances, none of which were highly

significant, This compares reasonably well with the results from the

remaining analyses, When it is further considered that only 15X af

the original negative bionomial fits gave k values exceeding 2, it

becomes apparent that little would be gained from using the more

complicated inverse hyperbolic sine transform of Anscombe, at least

under the conditions of the present study.

The data of Table 5 also reveal that when the partitioned variances

were homogeneous the transformed data also closely approximated normal-

ity in mast cases, the chief deviation being toward kurtosis. Some

departure from normality is to be expected from theory; Bartlett �947!

has painted out that the condition of normality may not ba satisfied

if the choice of a transformation scale has already been selected to

stabilise the variance although such transformations often have a

normalising effect. As previous studies have indicated skewness to

be the more serious form of distortion, it is improbable that the

analysis of variance would be invalidated in such cases.

In summary, the results observed indicated that Anscombe's log-

arithmic transform would be most applicable to tha present data and

that its use would permit valid parametric tests of monthly catch
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date at s given station- Accordingly, such procedures were used to

test hypotheses concerning variatio~ associated with trawling

procedures-

Anal sis of Variance

As noted previously, the actual trawling procedure entailed

three primary sources of variation; these were �! nights  including

tides!, �! tow direction, and �! nets, lt was desired to determine

if catch rates were affected by these factors, and three-way analysis

of variance was used for this purpose with factors A, 3, and C

corresponding ta .he sources of variation listed above. It wae assumed

that all treatment effects were random', accordingly, two-way inter-

actions and main effects vere tested following tha "nonpoalar"

procedure of Srowniee �965: 509!. As the number of observations per

cell were less than 5, tha M-teat procedure of Pearson and Hartley

�954: 57! was used to check for homogeneity of variance.

The analysis vas conducted as follows. Data for tha twelve most

common speciee ware selected for factorial testing by station and

season whenever abundance appeared to be adequate, vith the limitation

that no more than six factoriale were run for a given species per

station. Infrequently, the true tidal stages could not be determined

due to wind effects  see METHODS!, but tha data were included. Tests

were not made if engine trouble had delayed the second night' s

trawling or if morning drags had beer made after nautical twilight,

Also, data for September and October of 1968 ware excluded as the

order of tra~ling the various stations during these months differed

from that of the remainder of the study. The P-values obtained in



these tests are given in Table 6.

It is apparent Chat the null hypothesis cannot be re!ected for

most of the data tested. Considering the results ae a whole, it will

be noted that out of some 672 P-teste, only 21 were significant�

even fe~er than would be expecCed by chance. Moat of Chase instances,

however, were accounted for by two speciee, Eucinoetomue Lula and

Gobioeoma robustum. Accordingly, the results for these fishes are

considered in more detail.

For main effects, night appeared to be the primary source of

variation, accounting for five of the six significant differences

observed for these species. The data did not appear to follow any

definite pattern, however, ae different tests for each species showed

catches to be higher on different nights  and for Eucinostomus ~ula,

at different tidal stapes!. It therefore appears likely that the

results observed were primarily dependent on random fluctuations in

population levels associated with schooling movemente. The signif-

icant night x direction interactions may be associated with changes

in tidal flow direction although as only two instances were observed

for each speciee the exact influence of this factor ie difficult to

assess. Similarly, the night x net interactions observed for

Gobiosoma robuetum may imply that variatione in personnel efficiency

occurred in handling Che paired nets. For the study as a whole,

however, the importance of all main effects and interactione teated

would appear to be negligible.

Thus, the results of these analyses indicate that tides and

trawling procedures were not important sources of variation in the

present study; catch rates appear to have been primarily determined
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by other variables ~ The remainder of this investigation will be

concerned with isolation of these factors and study of their relative

influence in determining the areal and seasonal differences observed.

Differences in Catch Rates Among Stations

As indicated in the preceding sections, use of Anscombe's �948!

logarithmic transform on monthly catch data by species and station

usually resulted in homogeneity of variance. For every species,

however, variances were found to fluctuate so widely between different

areas and seasons that use of parametric procedures on transformed

data appeared to be futile. Consequently, non-parametric methods were

employed to test the null hypothesis of no differences in catch raCes

in such cases.

In this phase of the study, ten of the most common species were

used, selection being dependent both on abundance and on extenC of

distribution throughout the study area. As occasional delays between

nights could have biased total mean catch rates due to differences

in population recovery time between stations, only data from Che first

night's trawling were used. Means were tabulated by station for the

December 1968 to November 1969 period and tested for differences in

catch rates using Friedman's two-way analysis of variance. The

results af these tests are given in Table 7.

It is obvious that areal differences did exist for these species;

tests were in most cases highly significant  P< .01!. The results

observed appear to be primarily attributable Co differences in

salinity, vegetation density, and substrate conditions. These factors

are, however, closely interrelated, for the distribution and density of
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Udotea sp. has been found to be dependent upon sa1inity  Tabb et al.,

1962! while the uptake of carbon dioxide by these plants would lead to

increased precipitation of calcium carbonate in areas of high vegetation

density. Consequently, it is difficult to assess the relative impor-

tance of these factors in determining the areal distributions of the

species considered.

The evidence available, however, suggests that differences in

vegetation density were primarily responsible for the results observed.

Inspection of mean catches by station  Table 7! reveals that most of

the species tested reached their highest levels of abundance on

Stations 5-7, ~here vegetation density was greatest. The two exceptions

'LR " "

responded more closely to factors other than vegetation density;

Birdsong �969! has noted that the former species is a burrower and

suggested that sediment particle size is a factor of importance in

its distribution. Local variation in abundance of ~Srtnphurus ~la ~iusa,

on the other hand, may have been determined by salinity, substrate

conditions, or some interaction between them.

It might be argued that salinity gradients could have also been

significant in determining the areal distributions of the remaining

scovelli, both of which were more common in higher salinity areas. The

remaining fishes, however, were much more abundant on Stations 5 and 6

than on Stations 3 and 4 from June to November, and as the average

recorded salinity difference between these areas was only 2.2 /oo

during this period it is highly improbable that salinity was the

controlling factor, particularl,y when one considers the ranges of
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salinity tolerance exhibited by estuarine fishes. Similarly, Achirus

Station 7 than on Station 8.

The possibility for a salinity induced seaward movement with

increased size should also be considered; indications have been found

 Pearse and Gunter, 1957! of a correlation between size and salinity

gradients. Some evidence of such a trend was noted in the present

study, but its importance appears to have been minor in most cases.

The point is discussed further under Size ~Fre uenc Distributions.

It should be noted that local differences in catch rates did

exist that cannot be explaned in terms of vegetation density. Although

Station 5 was found to support denser stands of vegetation than Station

6  Appendix II! catches of ~La odon rhomboides and Gobiosoma robustum

appeared to be consistently higher at the letter station. This cauld

result from a preference for deeper water on the part of these fishes;

length frequency distributions for ~La odon rhomboides do indicate that

larger individuals were primarily restricted to deeper areas in winter

months  Figure 7!. For Gobiosoma robustum, differences in current

action may have also been responsible for the difference observed;

the significant interactions between night and tow direction in earlier

analysis of variance testing for this species would appear to indicate

that differences in current action between stations could have influ-

enced the observed catch rates.

For the entire study, however, mean catches usually appeared to

be similar at adjacent stations or higher on shallow stations where

vegetation density was greatest. It was, therefore, impossible to

determine the relative influence of these factors, but it is probable
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that they are inter-relatecL in that vegetation density may be expected

to be a function of depth kaae to light penetration differences.

A similar analysis was also conducted to determine if differences

existed in the mean number of species captured among areas during the

December 1968 - November 1969 period  Table 1!. Again, the results

proved to be significant  P< .01!. The data reveal a general trend of

increasing numbers of species proceeding westward into higher salinity

areas, apparently reflecting both a tendency for incidental entry to

the estuary by marine forms and a tendency towards increased abundance

of fishes in the more densely vegetated areas. The influence of

vegetation is particularly evident for data on Stations 7 and 8, in

which the mean number of species drops sharply bet~can these stations

 Table 7! although salinities remain relatively constant  Appendix I!.

ln summary, differences in vegetation density, modified to some

extent by salinity, bottom type and other variables, appeared to be

the primary factor determining the species distributions observed.

The following section will consider the influence of salinity induced

movements resulting from growth and seasonal temperature changes.

Size Fre uenc Distributions

Considerable evidence has accumulated indicating a correlation

between size distributions of !uvenile fishes and salinity in estuarine

situations  Gunter, 1945, 1956; Pearse and Gunter, 1957!. Although

other factors may be involved, such trends apparently result primarily

from physiological influences; the point has been made  ~Ke s, in

Pearse and Gunter, 1957! that smaller individuals of a given species are

able to osmoregulate better due to their higher metabolic rate. Thus,
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an increase in mean size should occur moving from low to high sa1inity

areas.

To determine if seaward movements with increased size could have

influenced the areal distributions observed, size frequency diagrams

were prepared for six of the more common fishes by station and month,

using catch data for vegetated areas. Data for the December l968 to

November 1969 period ware used except in the case of gairdiells ~chr aura,

where only the May to October period of maximum abundance was considered.

Selection of species was based both on abundance and extent of dis-

tribution throughout the estuary; all measurements for a given station

and month were included unless the total number exceeded 250, in which

case a subsample of 250 observations was used.

The gulf toadfish  Opsanus beta! wss found to be recruited

primarily during the summer although the numbers involved were not

1arge. Tabb and Manning �961! believed this species to spawn inshore

during summer and fall in the Florida Bay area. Examination of the

size frequency distributions for this species reveals no consistent

differences among stations that would indicate a movement towards

I
higher salinity areas with increased size  Figure 4!.

Juveniles of Eucinostomus ~ula under 20 mm in size were taken

from May to January, with an apparent peak occurring in the Nay to

July period  Figure 5!. Reid �954! reported an almost identical

recruitment period at Cedar Ray, while Tabb and Manning �961! found

a peak of abundance from September to November.

Throughout the present study, there appeared to be a consistent

size difference between individuals caught on Station 7 and those

taken on the lower salinity stations; this was evidenced by a alight,
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but regular, increase in modal size between these areas in the post

recruitment period and higher percentages of larger individuals on

Station 7 from August to November  Figure 5!. Thus, there is some

evidence that areal distributions of Eucinostomus ~ula were influenced

by seaward movements associated with increased size, particularly in

late summer and fall; Springer and Woodburn �960! observed a similar

movement for this species in the Tampa Bay area, which they attributed

to seasonal effects. As the total number involved was appreciable,

it would appear that this factor is in part responsible for the high

populations observed on Station 7 during the warm months, when 98 percent

of the total catch at this station was taken. The influence of vege-

tation is therefore less clear in this case, although as marked

vegetation density increases occurred on Station 7 at this time

 Appendix II! it is quite possible that this factor was also important

in determining the high catch rates observed in this area,

occur during spring at Beaufort  Hildebrand and Cable, 1930!; Reid

�9S4! and Gunter �945! have noted it to be most abundant in Gulf

coast estuaries during summer. Tabb and Manning �961! collected

Juveniles of this species in western Whitewater Bay during the July

to October period; in the present study, Juveniles under 20 mm in

length entered Whitewater Bay from January to May, with the bulk of

recruitment occurring from February to April  Figure 6!. Hildebrand

and Cable �930! noted an offshore movement of this species to occur

in fall at Beaufort; this also appeared to be true for Whitewater

Bay.

During this study, few differences were observed in the size
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Frequency distributions of this species aaong stations, sl,though

Station 7 appeared to have a slightly higher proportion of larger

fishes in summer. The percentage of the total population involved

appeared to be small, however, indicating that seaward movements

were of minor importaace in determining the population differences

observed among areas.

spawning in ~ha odon rhonhoidee occurs offshore in late fall

and winter  Caldwell, 1957; Springer and Woodburn, 1960! ~ Hildebrand

and Cable �938! reported that a peak of recruitment of 10 mm fish

occurred at Beaufort in December and January, when Juveniles entered

sounds and bays and occupied vegetated areas. Fall offshore movements

have been noted for this species by Guatar �945!, Joseph and Yerger

�956! and Caldwell �957!.

In the present study, recruitmeat of 20 apn iadividuals occurred

from December to June, with a peak influx in January  Figure 7!. Tabb

and Manning �961!, however, reported that the smallest individuals

of this species were captured in March and April. The seasonal decline

referred to above was also evident; progressively lower catches occurred

ia late summer and early fall,

Examination of the size frequency distributions for this species

reveals two noteworthy treads, which are �! a tendency for larger

individuals to occur at deep rather than shallow stations during

winter  the larger individuals at Stations 3 aad 4 were caught primarily

at the latter station! sad �! a tendency towards increased average

size in higher salinity areas, noted between Station 7 and the remaining

lower salinity areas  Figure 7! during the July to November period.

Thus, this species also gives some evidence of movement to higher
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salinity areas with increased sise. As the proportion of the total

catch involved in these trends was small, however, it is apparent Chat

vegetation density was the most important factor controlling the

areal diatrthutiou of ~La odou rhoehoidee, at leeat duriud moat of the

study  see Appendix III!. Caldwell �957! reported vegetation density

co be the most important ecological factor in the distribution of this

species and believed it to be indifferent to salinity.

The tendency for larger individuals to occur primarily in deeper

areas was not observed for other species during this study. As this

pattern occurred primarily during the cooler months, ic is possible

that these data represent a restriction of 1 year class individuals co

deeper water by temperature influences. However, Caldwell �957!

reported that larger individuals of this species were found at greater

depths.

The data for eairdiella ~eh@ aura ludicate that recrulteeat occurred

from February to October with a peak in Nay and June. Tabb and Manning

 l961! reported that juveniles were abundant in the Florida Say area

from March to June, while Reid �9S4! noted it to be most abundant

during warmer months. Puring the period of study, no evidence was

found to indicate that salinity-induced movements influenced the

areal differences in catch rates observed for this species  Figure 8!.

Recruitment of Gobiosoma robustum occurred primarily in summer

 Figure 9!, The spawning season may be quite variable between

different areas, however, as Springer and Woodburn �960! found ripe

individuals in Tampa Bay from November to May, while Raid �954!

reported boch winter and summer spawning peaks at Cedar Key.

Again, there was some indication of increased size with increasing
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salinity but in this case the evidence appears to be less clear. An

increase in modal size is evident in winter and spring between the more

inshore stations and Stations 5 and 6, but the differences observed

were usually minor. During the remainder of the year, size frequency

distributions appeared to be similar on all stations, with a slight

decrease in modal size on Station 7 due apparently to increased

recruitment  Figure 9!. Thus, the results for this species must be

regarded as inconclusive. It is possible that the increased modal

sizes observed on Stations 5 and 6 are attributable to salinity

influences, however.

To summarize, 3 of the 6 species considered in this analysis

gave some indication of a salinity induced movement associated with

increasing size. In the present investigation, such movements appear

to have been of significance in determining the population increases

of Euuinostomus ~la and ~La odom rhomhoides on Station 7 during summer

and fels For the study as a whole, however, the conclusion that

vegetation density was the most important factor influencing the

observed areal distributions remains unchanged.

It should be noted that as the physiological influence of salinity

Xs strongly dependent upon temperature effects  Kinne, 1963! salinity-

induced movements may be of ma!or significance in determining seasonal

population declines of estuarine fish populations; pearse and Qunter

�9S7! believed the phenomenon to be in large measure temperature

dependent. The point is discussed further in the following section.

Seasonal Fluctuations in Abundance

In addition to the population differences observed between areas,
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seasonal changes in catch rates were also evident. To determine the

extent of such changes, the null hypothesis of no differences in catch

rates among months was tested for the species considered in the pre-

ceding section, again using Friedman's two-way analysis of variance.

Results are given in Table 8.

It is readily apparent that seasonal variations in abundance did

occur for these fishes; the differences observed appeared to result prima-

dy from recruitment peaks during the warmer months and from a

seasonal offshore movement in winter. As indicated under Size

~Fre uenc Distributions, ~0 annus beta, Eucinostomus gula, Bairdislla
~chr aura, and Gobiosome robustum were recruited primarily in late

case of Achirus lineatus, however, spawning occurred in early fall, and

small individuals were most common during fall and winter; Tabb and

Manning �961! observed a similar period of juvenile abundance for this

species. As the seasonal peaks coincide with periods of maximum re-

cruitment, the differences observed would appear to result both from

population increases associated with seasonal influxes of juveniles

and later declines due to offshore movement, mortality, or other

factors. The lack of a significant difference in the data for

B~hurue ~la iusa is believed to result both from a long spawning

season and from an apparent tendency to remain inshore during winter;

juveniles of this species under 20 mm were common during summer and

faIl, and post recruitment catch rates did not decline to the extent

noted for the remaining fishes considered  Table 1!.
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Results of Friedman's two-way analysis of variance
comparisons of the mean catch per tow  Night 1! of 10
selected species among months, December 1968 to
November 1969.

Table 8.

!verage catch taken in Sriedman's
Sp Su F X'Z~

Z

Species

0,57 22.28*

0.58 27.22*"

1. 71 0. 28 0. 51

0.05 0.16 2.97

Opssnus hara

5. Gl 2. 53 24. 75 21. 11 23. 52%AEucinostomus ~ula

~La odon rhomhoides

Bairdiella ~chr sure

Gobiosoma robustum

Achirus lineatus

Sin~horns ~la iusa 8. 68 nsl. 03

1/ W winter, Sp ~ spring, Su summer, and F ~ fall.

M.th ll df

Significant at P< .05

** Significant at P< .01

5. 42 16. 38 21. 11

0. 05 0.47 2.10

4. 48 1. 16 2. 33

1. 69 0. 70 5. 30

1.42 0.77 0.43

1.76 1.12 2.75

0.57 25.14**

5.74 23.76*

0.58 30.00**

2.04 21.25*

2a59 31.09**

0.57 24.10*
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Although not evaluated statistically, most of the other s:-acies

observed showed pronounced seasonal peaks of abundance. Juvenile

nebulosus. Sea catfish  Arius felt ~ !, snappers  ~Lut anus ~rise@a and

L. svVna iris!, spotfin mojarra  Eucinostomus ~ar enteus! snd bluestriped

grunt  Haemulon sciurus! were recruited primarily in early fall.

Fishes with more extended warm wearher recruitment periods included

Anchoa mitchilli and ~dnodus foetens; juvenile leopard searobins

hogchokers  Trinectes maculatus! were caught primarily in late wintes

and spring. Wherever sample sizes were adequate for comparative

purposes, the results observed agree with those of Tabb and Manning

�961! and Roessler �967! for the same area.

Orher seasonal influences were evident in isolated cases. Yhe

summer peak of abundance noted for the rainwater fish  Lucania parve!

may have resulted both from juvenile recruitment and from movement

from lower salinity areas associated with seasonal salinity changes.

""u

movement associated with seasonal oxygen depletions or other adverse

conditions in low salinity zones, as few of the individuals captured

were juveniles. Odum �970! reported this species to be abundant in

the North River area, but it was uncommon on most of the stations

sampled in Whitewater Bay.

Thus, most of the more common species showed a warm-weather peak

of abundance followed by a later seasonal decline. The remaining
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species observed in this study were either captured incidentally or

in numbers too limited to accurately determine seasonal trends.

A similar analysis was conducted for differences in mean number

of species among months, again using the December 1968 to November

1969 period. This also proved to be significant at P< .05  x ~ 20.17r

with ll df!. Differences appeared to result both from increased

numbers of species in warmer months and from a seasonal decline in

cooler weather  Figure 10!.

Further examination of the data reveals that the ma!ority of

the "incidental" species were also captured primarily in warmer months.

For the most part, these fishes were also !uveniles; the most numerous

of these included the striped anchovy  gnchoa ~he actus!. the scaled

~o linum!, the rough silverside  Mambras ~va rane!, the planehead filefiah

Again, these observations agree with those of Roessler �967! for the

same area. A total of 23 "incidental" species were captured primarily

in this period as opposed to seven during the remainder of the year, and

of the latter group only one species, the speckled worm eel  ~M ro his

punctatus! occurred in any abundance. It therefore appears that the

results of this test are also associated with !uvenile recruitment and

later mortality or offshore movement.

Thus, most of the fishes studied appear to conform to the cycle

described by Gunter �945! involving offshore spawning, migration by

!uveniles to estuarine areas of low salinity, and offshore movement

with approaching maturity. It is therefore obvious that any study of

seasonal changes in the population levels of estuarine fishes must
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consider factors influencing both spawning success and recruitment

as well as inherent physiological mechanisms governing seasonal move-

ments which may have little relation to changes in environmental

variables measured on the study area. In this connection, it is

uncertain to what extent seaward movements with increased size

referred co under Size ~Pre uenc Dizrrfbutfone are influenced by

innate behavior associated with the life cycle, although the physio-

logical influence of salinity appears to be the predominating factor

 Pearse and Gunter, 1957!. Therefore, study of environmental variables

on the nursery grounds can be expected to yield only tentative con-

clusions relative to population level changes in such areas.

The complexity of the problem is increased by the interaction

of the environmental variables themselves. Low salinities undoubtedly

enhance the value of estuarine areas as nursery grounds for !uvenile

fishes by excluding many marine predators; Gunter et al. �964: 181!

have stated that "...there is a great deal of evidence that salinity

rather sharply limits the distribution of most marine organisms,

especially as it varies downward." However, this factor is largely

dependent upon temperature; Pannikar �951, in Hedgpeth, 1957! has

suggested that the increased richness of faunas in subtropical

estuaries as opposed to those in higher latitudes may be correlated

with an increased osmoregulatory capacity at higher temperatures.

Seasonal movements seaward with cooler temperatures would also appear

to result at least in part from temperature and salinity interactions

as suggested by Pearse and Gunter �957!. The importance of these

inter-relationships has been further noted by Kinne �963! who stated

that the biological effects of temperature and salinity are correlated
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in a very complex manner and that either variable may modify the

effects of the other.

A number of other environmental variables could have affected the

results observed. In addition to seasonal variations in temperature

and salinity, Whitewater Bay is also subject to seasonal changes in

local rainfall and influx of runoff from the Everglades to the north.

The last three variables are obviously inter-related, although runoff,

rather than local rainfall, appears to be the controlling influence in

determining salinities in Whitewater Bay  Tabb, 1967!. Both runoff

and local rainfall are undoubtedly of importance in washing detrital

material from mangrove swamps and marshes into the bay, where it is

then incorporated into the food chains of juvenile fishes or may

even be used directly.

The data of Appendix II also suggests that vegetation density

may vary seasonally due to reproduction or natural mortality; in

addition, low salinities may adversely affect Udotea by causing

partial or complete fragmentation of the thalli  Tabb et al., 1962!.

Either of these factors could affect catch rates. In the present

study, the latter condition was evidenced by discoloration of the

tips of the thalli in the Clearwater Pass area during a brief period

in summer, but its influence upon cover conditions appeared to be

negligible. Consequently, salinity effects on vegetation were not

considered in the following analysis.

In order to determine if direct relationships could be demon-

strated bet~can the above factors and catch tates, a multiple

regression analysis was performed for seasonal catch date on Stations

5 and 6 using five independent variables: salinity, temperature,
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mean vegetation density  transformed to logarithms!, local rainfall  in

the month prior to sampling! and runoff into the estuary. Local precipi-

tation data was obtained from U. S. Weather Bureau records for the

Flamingo area, while runoff into the Bay was approximated using U. S.

Geological Survey ground water level data at Well P-38 in the Whitewater

Bay watershed 37 days prior to sampling. Tabb �967! reported a lag

period of this duration between this well and the Clearwater Pass area,

in which Stations 5 and 6 were located.

Simple linear correlation analyses between these variables indicated

that significant  P< .Ol! inverse relationships existed between runoff

and salinity for both Stations 5 and 6 during the period of study; also,

a strong positive correlation  Ps..01! was found between temperature and

algal density on Station 5, probably reflecting seasonal trends of

increased reproduction and growth in summer. Thus, partial correlation

or regression techniques were required to assess the relative importance

of the factors considered. The actual procedure used involved a step-

wise reduction of the variation in catch rates  Y! by successive addi-

tion of the independent variables in their order of importance, thus

allowing successive estimates of the relative influence of each variable

or any combination of variables in contributing to the total variation

observed. The significance of each was determined by use of F-values

obtained by dividing the sum of squares of the regression coefficient

by the residual sum of squares with k and n-k-1 degrees of freedom, k

being the number of independent variables and n being the number of

observations. Results of these tests are given in Table 9.

Tn all cases, runoff and temperature were found to account for the

greatest amount of the total variation in Y; salinity, vegetation changes,
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Table 9. Results of stepwise regression tests of the influence of
five environmental variables on catch rates for five species
at Stations 5 and 6, February to November 1969.

R R F valueVariable SlopeSpecies

~0eauua beta-1/
.38 .14 1.34
.57 .33 1.70
.66 .44 1.62
.69 .47 1 14
.75 .57 1.08

Kucinostomus gula�
2/

.40 .16 1.53

.41 .17 0.71

.42 .18 0.43

.43 .18 0.27

.54 .29 3.34

.72 .52 3.83
~ 74 .56 2.54

.75 .57 1.68

.76 .58 1.08

~La odou thoaboidee
.67 .44 6.51*

.84 .72 9.01*

.87 .77 6.82*

.89 .80 5.05

.89 .80 3.30

Gobiosoma robustum

A13. tests were made using Station 6 data except in the case of1/

Eucinostomus Luis, which was tested using data for Station 5.

2/ Salinity was deleted due to its low contribution to R .2

* Signif icant at P< . 05

*" Significant at PS .01

Runof f

Temperature
Vegetation
Precipitation
Salinity

Runoff

Temperature
Precipitation
Vegetation

Runoff

Temperature
Precipitation
Salinity
Vegetation

Runoff

Temperature
Salinity
Vegetation
Precipitation

Temperature
Runoff

Vegetation
Salinity
Precipitation

-1.014

-0.169

5.842

-0.141

-0.161

14.824

0.279

-0 ' 363

13 ' 629

-6. 312

0. 852

0. 508

0. 256

5. 323

-90.348

2,190
-3.632

79.355
-0.775

-1.592

-0.751

29.446

-0.539

-0.214

.76

.88

.94

.95

.95

.58 11.20*»

.78 12.37»*

~ 88 14.81*»

~ 90 12.59**

,91 8 84»*
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and local rainfall were found to contribute very little to reduction

in total sum of squares. Runoff was usually the more important of the

two although the relation was found to be inverse for Opsanus beta,

to contribute little to the variation explained by these equations and

also appeared to be of minor importance in determining the areaI

distributions observed in this study, it is believed that these results

are merely a reflection of increased recruitment during periods of low

runoff, as a valid relation between runoff and catch rates should be a

direct one as suggested above. SimilarLy, the importance of temperature

can undoubtedly be explained in similar fashion, as species showing an

inverse relationship +!agnus beta and Gobiosoma robustum! were most

common in this area during winter; peaks of abundance for the remaining

species occurred in spring and summer. Thus, it is believed that the

gross changes observed were primarily due to the overriding inf1uences

of the life cycles of these species and were not dependent ta any

appreciable extent upon the environmental factors measured, except

possibly in fall when declining temperatures may have induced a sea-

ward movement.

Roessler � 967 ! conduct ed a mul t ip le correlation analysis of the

effects of environmental variables on catch rates in Buttonwood Canal

and concluded that rainfall  i.e., runoff! and season were most

important. Thus, his results are in agreement with those of the

present study. Waldinger �968! used multiple correlation and

regression techniques in a similar analysis involving three species

of mojarzas  Gerridae! and found runoff and temperature ta be of

importance. 'the total variation attributed to the environmental



parameters used in Waldinger's study wss low, however, ranging from

11 to 48 percent.



SVHKBY AND CONCLUSIONS

During the period from September 1968 to November 1969, a study

of Juvenile fish populations was conducted in Whitewater Bay, Florida.

The ob]ectives of this investigation were to study factors determining

species distributions within the estuary and to assess the variation

in the observed catch rates and the nature of the underlying data

distributions.

A total of 68 species representing 36 families and 14 orders

were collected during this study. The bulk of the catch was accounted

for by cwo species, Euciuoscouus gula aud ~La odou rbouboidee, wbicb

contributed 34.9 and 27.7 percent of the total respectively. The 12

most abundant fishes contributed 94.6 percent of the total catch;

these represented the families Batrachoididae, Syngnathidae, Lut]anidae,

Gsrridae, Pomadasyidae, Sparidae, Sciaenidae, Gobiidae, Soleidae, and

Cynoglossidae.

Data for 15 of the more common species were tested for agreement

with the negative bionomial distribution. At low population densities,

these usually approximated the Poisson series, but where contagion was

evident the agreement was usually found to be good. Very infrequently,

evidence was found that such data conformed to some other pattern; these

cases were usually associated with bimodality, some degree of randomness,

or skewness. The apparent tendency of species catch data to follow the

negative bionoad.al has also been observed in earlier studies. However,

83
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the distribution of species per tow showed only partial agreement with

the Poisson form of distribution, while the total data for all species

did not conform to Fishex's logarithmic series in all cases tested;

such results have not been observed by previous investigators,

Tests of two transformations applicable to contagiously distrib-

uted data revealed Anscombe's logarithmic transform employing the

negative bionomial statistic k to be more effective than Taylor's

procedure in stabilising the variance and reducing skewness. This

transformation was used in all subsequent parametric analysis of

variance tests.

Catch data for 12 species were tested by factorial analysis of

variance to determine the effects of nights  including tides!, tow

direction, and nets on the observed catch rates. Differences between

nights, and some suggestion of interactions between nights and tow

direction and nights and nets, appeared to exist for Eucinoatomus

~ula and Gobiosoma robustum. For the study as a whole, however, the

influence of the factors tested appeared to be negligible.

Friedman's two way analysis of variance was used for comparisons

of catch rates among stations. For all fishes tested, significant

differences  P< .05! were observed; these could usually be attributed

primarily to differences in vegetation density. A similar test for

differences in mean number of species captured among stations was

also significant  P< .Ol! and appeared to result both from vegetation

differences and from increased richness of the fauna in higher salinity

ar eas

Earlier investigators have shown that the distribution of juvenile

fishes in estuaries may be affected by salinity-induced movements to



more optimum areas with increased size. To determine 4f such movements

could have influenced the areal differences observed in the present

study, size frequency distributions were prepared for six of the more

common species; these were examined for monthly differences among

stations, A definite trend of increasing size proceeding towards

higher salinity areas was observed for three of these fishes, indi-

cating a seaward movement which appeared to be of importance in

determining the late summer and early fall distributions of Eucino-

stonus gula and ~La odon thonhoides. Pot the study ae a whole, howevst,

the influence of this factor appears to have been minor compared with

that of vegetation.

Tests for seasonal changes in catch rates using Friedman's two-

way analysis of variance were usually significant  P< .05! The

differences observed appeared to result from population increases

due to recruitment and later declines due to seasonal movement,

mortality or other factors. There appeared to be little if any

relation between seasonal catch rates and changes in environmental

factors measured on the study area.



LITERATURE CITED

Anscombe, F.J.

1948. The transformation of Poisson, bionomial, and negative
bionomial data. Biometrika, 35; 246- 254.

1950. Sampling theory of the negative bionomial and logarithmic
series distributions. Biometrika, 37: 358-382.

Bartlett, lb'.S.

1947. '!he usd ]1' transformations. Biometrics, 3: 39-52s

Beall, Geoffrey

1942. The transformation of data from entomological field
experiments so that the analysis of variance becomes
applicable. Biometrika, 32: 243-262.

Birdsong, Ray S.

] 9]t9, g systematic review of the gobiid fish genus ]]~icro obius
with special reference to osteology. Doctoral Dissertation,
University of Miami, Institute of Nar inc Science ~ 169 pp.

Bliss, C.I.

1953. Fitting the negative bionomial distribution to biological
data. Biometrics, 9: 176-196.

Brownlee, K.A.

1965. Statistical theory and methodology in science and engineer-
ing. John Wiley 6 Sons, Inceg New York. 590 pp.

Caldwell, D.K.

]957. The biology and systematics of the pinf ish ~La od n rhumb ides
 Linnaeus!. Bull. Fla. State Hus., 2; 77-174m

Cochran, William G.

1947. Some consefluences when the assumptions for the analysis of
variance are not satisfied. Biometrics, 3: 22-38.

86



87

Collier, Albert and J.W. Hedgpeth

1950. An introduction to the hydrography of the tidal waters of
Texas. Publ. Inst. Mar. Sci. Univ. Tex., 1�!: 121-194.

Croker, Robert A.

1960. A contribution to the life history of the gray  mangrove!
snapper, ~Lut anus ~risers. western Thesis, University of
Niami, Institute of Marine Science. 93 pp.

1962. Growth and food of the gray snapper, ~Lut anus ~risers, in
Everglades National Park. Trans. Am. Fish Soc e f 91�! .. 379-
383.

Davis, John H.

1943. Natural features of southern Florida. Fla. Geol. Surv. Geol.

Bull., 25: 17-301.

1946. Peat deposits of Florida, their occurrence, development, and
uses. Fla. Geol. Surv. Geol. Bull., 30: 1-247.

Dafffson, C.E.

1955. A contribution to the hydrography of Apalachicola Bay, Flori-
da. Publ. Inst. Nar. Sci. Un'i Tee ~ l!: 13 37.

Evermann, Barton W. and W.C. Kendall

1900. Check list of the fishes of Florida. Rept. U.S. Comm. Fish.,
25: 37-103.

Geary, R.C.

1936. Noments of the ratio of the mean deviation to the standard
deviation for normal samples. Biometrika, 28: 295-307.

Greenwood, P. Humphrey, D.E. Rosen, S.H. Weitzman and G.S. Nyers

1966. Phyletic studies of teleostean fishes, with a provisional
classification of living forms. Bull. Am. Nus. Nat. Hy.,
131�!; 341-455.

Greig-Smith, Peter

1964. Quantitative plant ecology. Butterworth, London- 256 pp.

Gudger, E.W.

1929. On the morphology, coloration, and behavior of seventy
teleostean fishes of Tortugas, Florida. Pap. Tortugas Lab.,
26�!: 153-204.



88

Gunter, Gordon

1938. Seasonal variation in abundance of certain estuarine and
marine fishes in Louisiana with particular reference to life
histor ies. Ecol. Monogr., 8: 313-346.

1945. Studies on the marine fishes of Texas ~ Pub. Inst. Mar. Sci.
Univ. Tex., 1�!: 1-190.

1956. Some relations of faunal distribution to salinity in estua-
rine waters. Ecology, 37�!: 616-619.

Gunter, Gordon, J.Y. Christmas and R. Killebrew

1964. Some relations of salinity to population distributions of
motile estuarine organisms, with special reference to penseid
shr imp. Ecology, 45  1!: 181-185.

Gunter, Gordon and G.E. Hall

1965. A biological investigation of the Caloosahatchee Estuary of
Florida. Gulf Res. Repts., 2�!: 1-71.

Hedgpeth, Joel W.

1957. Estuaries and lagoons. II. Biological aspects. pp. 693-
749. In Treatise on Marine Ecology and Paleoecology. J.W.
Hedgpeth, ed. Geol. Soc. Am. Mem. 67. 1296 pp.

Hela, Ilmo

1952. Remarks on the climate of south Florida. Bull. Mar. Sci.
Gulf Caribb., 2�!: 438-447.

Henshall, James A.

1891. Report upon a collection of fishes made in southern Florida
during 1889. Bull. U.S. Fish. Comm., 9�889!; 371-389.

Higman, James BE

1967. Apparent relations between sport fish cat'ch rates and
environmental conditions in Everglades National Park. Pri =.
Gulf Caribb. Fish. Inst., 19: 129-140.

1969. Studies of the dynamics of the fish stocks in the Everglades
National Park �968-1969!-X. Annual report to the Superin-
tendent of Everglades National Park by the Institute of
Marine Science, University of Miami. 32 pp.  Mimeo!.

Hildebrand, Samuel F. and L.E. Cable

1930. Development and life history of 14 teleostean fishes at
Beaufort, N.C. Fish. Bull., U.S., 46: 383-488.



89

1938. Further notes on the development and life history of some
teleosts at Beaufort, N.C. Fish. Bull., U.S., 48: 505-642.

Hoffmeister, J.E., K.W. Stockman, and H.G. Multer

1967. Miami Limestone of Florida and its recent Bahamian counter-
part. Bull. Geol. Soc. America, 78: 175-l90.

Joseph, Edwin B. and R.W. Yerger

1956. The fishes of Alligator Harbor, Florida, with notes on their
natural history. Stud. Fla. Univ., 22: ill-156.

Jordan, David S. and J.C. Thompson

1905. The fish fauna of the Tortugas archipelago. Bull. Bur.
Fish., 24�904!: 231-256.

Kilby, John D.

1955. The fishes of two Gulf coastal marsh areas of Florida.
Tulane Stud. Zool., 2 8!: 176-247.

Kinne, 0.

1963. The effects of temperature and salinity on marine and brackish
water animals. I. Temperature. pp. 301-340. In Oceanography
and marine biology: an annual review, Vol. l. Harold Barnes,
ed. George Allen and Unwin Ltd., London. 478 pp.

Kutkuhn, Joseph H.

1958. Notes on the precision of numerical and volumetric plankton
estimates from small sample concentrates. Limnol. Oceanogr.,
3�!; 69-83.

Lambou, Victor W.

1963. Application of distribution pattern of fishes in Lake
Bistineau to design of sampling programs. Prog. Fish Cult.,
25�!; 79-87.

Longley, William H. and S.F. Hildebrand

1941. Systematic catalogue of the fishes of Tortugas, Florida, with
observations on color, habits, and local distribution. Pap.
Tortugas Lab., 34: 1-331.

Lonnberg, Zinar

1894. List of fishes observed and collected in south Florida.
Ofversigt. af Kongl. Vetenskaps-Akademiens Forhandliwgar,
3: 109-137.



90

Marmer, H.H.

1954. Tides and sea level in the Gulf of Mexico. pp. 101- 118. In
Gulf of Mexico, its origin, waters, and marine life. P.S.
Galtsoff, ed. Fish. Bull., U.S., 55 89!: 1-604.

iMoffetts Alan W.

1961. Movements snd growth of the spotted ses t-root, ~C nosoion
nebulosus  Cuvier! in West Florida. Tech. Ser. Fla Bd
Conserv., 36: 1-35.

Moyle, John B. and R. Lound

1960. Confidence limits associated with means and medians of series
of net catches. Trans. Am. Fish. Soceg 89�!. "53-58.

Odum, William E.

1970. Pathways of energy flow in a south Florida estuary. Doctoral
Dissertation, University of Miami, School of Marine and
Atmospheric Sciences. 162 pp.

O'Gower, A.K. and J.W. Wacasey

and sand beds in Biscayne Bay. I. Analysis of communities in
relation to water movements. Bull. Mar. Sci. GuLf. Caribb.,
17�!: 175-201.

Pearse, A.S. and G. Gunter

1957. Salinity. pp. 129-158. In Treatise on Marine Ecology and
Paleoecology. J.W. Hedgpeth, ed. Geol. Soc. Are. Mem. 67.
1296 pp.

Pearson, E.S. and H.O. Hartley

1954. Biometrika tables for statisticians, Vole I. Univ. Press.
Cambridge. 238 pp.

Quenouille, M.H.

1949. A relation between the logarithmic, Poisson, and negative
bionomial series. Biometrics, 5: 162-164.

Reid, George K., Jr.

1954. An ecological study of the Gulf of Mexico fish fauna in the
vicinity of Cedar Key, Florida. Bull. Mar. Sci. Gulf Caribb.,
4�!: 1-94.

1955a. A surmer study of the biology and ecology of East Bay, Texas.
Tex. J. Scieg 7�!: 316-343.



91

Robins, C. Richard and D.C. Tabb

1965 ~ Biological and taxonomic notes on the blue croaker,
Bairdiel.la batabana. Bull. Mar. Sci. Gulf Caribbe g 15�!:
496-511.

Roessler, Martin A.

l965. Ar analysis of the variability of fish populations taken by
otter trawl in Biscayne Bay, Florida. Trans. Am. Fish. Soccy
94�!: 311-318.

Observations on the seasonal occurrence and. life histories

af fishes in Buttonwood Canal, Everglades National Park,
Florida. Doctoral Dissertation, University of Miami, Insti-
tute of Marine Science. 155 pp.

1967.

Rouse, Wesley and J.B. Higman

1967. Studies of the fish stocks in the Everglades National Park
�966-1967!-IX. Annual report to the Superintendent of Ever-
glades National Park by the Institute of Marine Science,
University of Miami. 32 pp.  Mimeo!.

Snedecor, George W.

1956. Statistical methods. Iowa State Univ. Press, Ames. 534 pp.

Snedecor, George W. and W.G. Cochran

1967. Statistical methods. Iowa State Univ. Press, Ames. 593 pp.

Springer, Victor G. and K.D. Woodburn

1960. An ecological study of the fishes of the Tampa Bay area.
Prof. Pap. Ser. Fla. St. Bd. Conserv. Mar. Lab., 1: 1-104.

Springer, Victor G. and A.J. McErlean

1962. Seasonality of fishes on a south Florida shore. Bull. Mar.
Sci. Gulf Caribb., 12 l!: 39-60.

Starck, Walter Any II

A contribution to the bioiogy oi the gray snapper, ~Lut anus
griseus  Linnaeus! in the vicinity of Loner Natecunbe Key,
Florida. Doctoral Dissertation, University of Miami, Insti-
tute of Marine Science. 258 pp.

1964.

1955b. A summer study of the biology and ecology of East Bay, Texas.
Part II. The fish fauna of East Bay, the Gulf beach, and
summary. Tex. J. Sci c g 7�!: 430-453.



92

Steel, Robert G.D. and J.H. Torrie

1960. Principl,es and procedures of statistics. McGraw-Hill Book
Co., inc., New York. 481 pp.

Stewart, Kenneth W.

Storey, Margaret and E.W. Gudger

1936. Mortality of fishes due to cold at Sanibel Island, Florida,
1886-1936. Ecology, 17�!: 640-648.

Storey, Margaret

1937. The relation between normal range and mortality of fishes
due to cold at Sanibel Island, Florida. Ecology, 18�!:
10- 26.

Tabb, Durbin C. and R.B. Manning

1961. A checklist of the flora and fauna of northern Florida Bay
and adjacent brackish waters of the Florida mainland collected
during the period July 1957 through September 1960. Bull.
Mar . Sc i. Gulf Car ibb., 11�!: 552-649.

Tabb, Durbin C ~, D.E: ~ Dubrow and R.B. Manning

1962. The ecology of northern Florida Bay and adjacent estuaries.
Tech. Ser ~ Fla. Bd. Conserv., 34.. 1-79.

Tabb, Durbin C. and A.C ~ Jones

1962. Effects of Hurricane Donna on the aquatic fauna of north
F lar ida Bay. Trans. Am. Fish. Soce s 91�!: 375-378.

Tabb, Durbin C.

The effects of changes in water supply in marshes on the
species composition of fishes. Annual report to Bureau of
Sport Fisheries and Wildlife, Contract No. 14-16-0004-56.

1966.

1967. Prediction of estuarine salinities in Everglades National
Park, Florida, by use of ground water records. Doctoral
Dissertation, University of Miami, Institute of Marine Science.
107 pp.

196'I. Crntribution to the biology oi the spotted seetrout  ~C noscion
nebuLosus! in Everglades National Park, Florida. Masters
Thesis, University of Miami., Institute of Marine Science.
103 pp.



93

Tabb, Durbin C ~ and N. Kenny

1967. The effects of changes in water supply in marshes on the
species composition of fishes. Quarterly report to Bureau
of Sport Fisheries and Wildlife, Contract No. 1.4-16-0004-56.

Taft, B.A.

Taylor, Clyde C ~

1953. Nature of variability in trawl catches. Fish. Bull., U.Sa s
54  83!: 145-166.

Taylor, L.R.

1961. Aggregation, variance, and the mean. Nature, 189�766!: 732-
735

U.S. Weather Bureau

1968. Climatological data for south Florida. 165 pp.

1969. Climatological data for south Florida. 161 pp.

Volpe, Alfred W.

undecimalis  Bloch! of southwest Florida. Tech. Ser. Fla.
Bd. Conserves 31: 1-37.

Waldinger, Fred J.

Relationships of environmental parameters and catch of three
species of the mojarra family  Gerreidae!, Eucinostomus tule,
gucinostomus ~ar enteus. and ~nfa terus ~lumleri, collected in
1963 and 1964 in Buttonwood Canal, Everglades National Park,
Florida. Masters Thesis, University of Miami, Institute of
Marine Science. 68 pp.

1968e

Williams, C.B.

1947. The logarithmic series and its application to biological
problems. J. Ecol., 34: 253-272.

Yokel, Bernard J.

1966. A contribution to the biology and distribution of the red
drum, ~gcfaeno s ocellata. i eaters thesis, University of
Miami, Institute of Marine Science. 160 pp,

1960. A statistical study of the estimation of abundance of sardine
 ~Sardine s caerulea! eggs. Llmnol. Oceanogr., 5�!: 245-264.



94

APHRHCES



95

Appendix I. Average bottom salinities, temperatures, and dissolved
oxygen concentrations recorded for eight sampling
stations, Whitewater Bay, September 1968 to November
1969.

Salinit /oo
Station no.

I 2 3 4 5 6 7 8 xMonth

5 ' 3 6.5 4.9 4.5 8.1 6.1 14.9 18.5 8.6

4.5 4.1 3.3 3.7 4.9 4.1 11.7 14.9 6.4

2.9 3.7 3.3 3.7 5.7 5.7 13.7 16.1 6,9

4 9 4 9 5 3 4 5 10 5 8 9 19 3 18 9 9 7

September 68

October

November

December

9.7 9.7 10.1 9.3 19.7 20.1 26.1 27.7 I6.5

12.9 12.9 14.9 14.9 24.1 23.7 29.3 30.9 20,5

14.3 14.3 14.5 14.3 22.3 22.1 27.3 27.5 I9.6

16.7 16.5 16.1 15.7 19.3 19.7 24.0 24.7 19.l

8.3 9.5 10.1 9.5 10.2 9.5 12.8 14.7 10.6

3.4 3.3 2.9 2.6 4.4 3.9 12.1 14.2 5.9

5.0 4 ' 9 3 ' 2 3 ' I 7.3 6.9 16.5 18.5 8.2

5.7 6.2 4.5 4.2 6.6 6.4 13.7 15.4 7.9

February

March

April

June

July

August

September

October

November

3.5 3.1 4.5 5.0 14.8 16.4 6.73.3 3.1

32 32 30 26 60 52 128 149 64

7.1 7.3 7.2 6.8 11.1 10.8 17.9 19.5 11.0

January 69 6.7 6.7 7.7 6.5 13.1 13.7 18.9 18.9 11.5
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Appendix T. �  Cont inued!

Tem erature 'C

7 8 xMonth

June

July

August

September

October

November

September 68

October

November

December

January 69

February

March

April

Station no.

I 2 3 4 5 6

27. 6 27. 7 27. 3 27. 2 28. 7 28. 3 28. 5 28. 7 28.0

26. 6 26. 5 26. 6 26. 4 26. 6 27. 0 27. 0 26. 9 26* 7

21. 3 21. 4 21. 7 21. 7 19. 8 20. 4 24. 9 24. 7 22. 0

16.8 16.4 16.9 15.9 16.4 16.1 18,0 18,3 16.9

18. 2 18. 0 18. 3 17. 6 18.8 18.4 18. 6 IS. 5 IS. 3

20.8 20.6 20.6 20.4 19.3 19.4 19.8 19.6 20.1

21.5 21.5 21.0 20.6 21.6 21.5 21.4 21.0 21.3

26.6 26.1 26.9 26.3 27.1 26.6 27.3 26.9 26.7

27.6 27.3 28.7 27.9 28.6 28.2 28.3 28.4 28.1

29.6 28.7 28.6 28.5 29-3 29.2 29.3 29-4 29.0

32.1 32.1 31.8 31.8 31.4 31.3 31.4 31.9 31.7

31.1 30.5 30.4 30.6 29.9 29.9 30.3 30.1 30.4

30.0 29.8 29.8 29.6 29.2 29.1 29.9 29.6 29.6

27.5 27.1 27.8 27.3 28.0 27.5 28 ' 3 28.0 27.7

20.8 20.6 20.8 20.8 22.3 21.9 22.2 22.2 21.5

25.1 25.0 25.1 24.9 25.1 25.0 25.7 25.6 25.2
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Appendix Z. �  Continued!

Dissolved 0 en m

Station no.

3 4 5 6 7 8 xMonth 1 2

September 68 6.5 6.0 6.5 6.5 7.0 7.5 5.5 5.5 6-3

6.5 6.5 6.0 6.0 6.5 6.0 5.5 5.0 6.0

8.0 8.0 8.0 8,5 7.5 8.0 7.5 8.0 7,9

8.5 8.5 8.5 9.0 9.0 9.0 7.5 7.0 8.4

October

November

December

7 0 7 0 7 0 6 5 6 5 6 5 6 0 6 0 6 6

8 5 8 0 8 0 8 5 9 0 7 5 7 0 7 5 7 0

7 0 7 0 6 5 7 5 9 0 6 0 6 5 6 0 6 9

6 5 7 0 6 5 6 5 7 0 6 5 6 5 6 0 6 6

6 ~ 5 6 ~ 5 6.0 6.5 7.5 6.5 6 ~ 0 6 ~ 0 6 ~ 4

5.0 6.0 6.0 5.5 5.5 5.5 5.0 5.0 5.4

6.0 5.5 5.5 5.5 5.5 5.0 5.0 5.0 5.4

6.5 5.5 6.5 6,0 7.0 5.0 6.0 5.0 5,9

7,0 7.5 7.0 7.0 7.0 7.0 6.5 6.0 6.9

80 80 85 80 80 65 70 65 76

February

March

April

June

July

August

September

October

November

7.1 7.0 7.0 6.9 7.4 6.7 6.4 6.2 6.8

January 69 8.5 8.5 8.0 6.5 9.0 8,5 8.0 8.0 8,1
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~vri gtii occurring inln150 square mater bottom samples
taken on Stations 2-8, Whitewater Bay, February to
November 1969.

Station no.

5 81/Month

0.0- 11.0 17.4 81 ' 373.7 0.8 0,0

8.7 68.96.3 91.7 2.1 0.5

0.0 14.2 8.4 108.3 70.2 1.8 0,0

1.3 4.5 10. 9 61.0

June 0.0 6.7 10. 0 70. 8

July 0.5 6.8 8.1 139.8 74.9 11,4 O. 1

0.8 3.6 8.3 O. l

2.0 2.7 7s9 0.0

0.7 2.8 46- 0 3.8 0.2

November O.l 2.1 65.3 4e6 0.0

1 counts.
Each mean is based on 10 monthly samples.21

February

March

April

August

September

October

177.4

140.3

4. 8 150. 0 94. 5

8.4 139.1 91 ' 6

9. 5 113. 2

5.8 113.1

12. 7 0.1

12 ~ 0 0 1
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Appendix III. Summarized catch data for each species by
September 1968 to November 1969.

station,

Station no.

3 4 5Species

0 1 2 9
6

4

44 7
63 3
60

0

0 3 0
0 I 5

190

~Elo s saurus 1 0 5 0
5 4.
0

87

M~tro his ~unctatus
m ' " .4

r � '

dncboa ~he actus
A. mitchilli

Anchoa sp.
~dnodus Eoetens
Arius felis

~Osanus beta

Gobiesox strumosus

~0 hidion holbrooki
0 ilbi ~ca arum
0 ilbi sp.

S. t imucu

Lucania ~arva
Rivulue marmoratus

Gambusia affinis

Membras ~va rane
Menidia ~bar llina 14 0

0 0 0 9H. zosterae

S n nathus floridae

S. louisianae

S. scovelli

Prionotus scitulus 38

16 l

1 4 0 0
36 3

P. tribulus

Selene vomer

~Lut anus ~riseue
L. ~s~is
Eucinostomus ~ar enteue
E. ~ula
H. sciurus

13

161

1

62 1847 1573 4458 1498 11659

0 0 5 2 125
34 89 663 1119 430
10 4 271 236 8

365

5

59
4

0 2
1

1 1 0 9
0 0 0

0 0 0 1 0
0 1 0 0
4 1 0 0 1
0 9.
0 0 0
0 0 0 7
0

0 0

0 5 0 0 0
0 0 0

0 0 0 0 0 0
4 1 0 0 0
2

53 l
0 0

0 0 0 I
0

0 0

l 0 1 2 2
113

0 4 0
178

0 0
0 0 1 0
0 3
8

4 2

0 0 0
1

55

0 1

0 0 0 0 3
4

10

0 0

4 0 0 0 0
53

1 1 0
81

0 0 0 0
0 0 0 0 1 3
0 0 2

0 0 0 0 1
36 0 1

0 0 2 0 0
0 1

0 0

4 0 1 3
10
47

2

39

23

374

0

5 0
0 0
0

4 0 0
52

0 2
2 0

0 0 0 0
18

0

4 0 0 1 0
70

82 2

0

0 2

0 0 2 2
12

0

51

41

364

0 1

0 0 0 0 1
1 0 5
0 0 2 0
0 0 0 2

87

0 2 0 0
0 0

75

105

1

0

0
3

1

5
4

6

136
7

259

2

127

3

1

0

1

0

0

1

0

I

28

0

0

2

0

1

12

18

63

841

21

8

I

0

l

3

8

534

45
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Station no.

5Spec ies

950 858

0 0
0

10

44 9

0 0 0

0

0 0 9
36 9

0 0 0
875 1625

30 3

43 45

3 4

Appendix 1II. �  Continued!

~La odon rhomboides
Bairdiella batabana

B. ~chr sur a
~C noscion nebulosus
~dciaeno s oceliata
Chaetodi terus faber

~Mu ii ~ce balue
~Sh teens barracuda
~darisoma radians
Chasmodes saburrae

Gobionellus ~snare dus
Gabiosoma robustum

M. thalassinus

~Etre us crossotus

Achirus lineatus

Trinectes maculatus

S ~~hocus gila iusa

41

0 4 2 1 0 0 0
0 0 0 0

17 0

12 0 3 3 0
0 0 0 0 0 0
0

17
2

488

0

189

18

0

0

0

0

0

3
1

0

340

102

655

0

0
2

89

3

9
0

1

0

731

0

24

22

0

0

0

0

0

11

0

0

339
18

393

0

0

0
46

4

31

0

11
1

4184

1

479

19

0

0

1

5
0

9

19

0

898

922
25

0

0
3

84

1

132

1

12

1

9689
0

264

1

0

1
0

0

2

59

21

0

1099

85
9

0

0

5
142

3

169

58
4

1920

0

201

68

0

0

0

7

0

12

6

37

639

7

566

5

0
25

858

12

10~

0

22

1

0

1

0

0

0

1

13

32

394

4

420

9

1

14
222

7




