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SuIIMr~ of Results

This report respresents an integration of the results of 5 years of
study concerning short- and long-term changes in habitat structure> energy
relationships, and biotic functions of the Apalach1cola Estuary.

Sediment analysis in the bay showed that seasonal var1ations., proximity to
the river, spatia1 relationships with benthic macrophytes, and upland drain-
age patterns all influenced the quHitative characteristics of the sur'face sediments.
There was a reduction in grain size and an increase in organic content from
the outer portions of Apalachicola Bay to the upper reaches of East Bay. While
seasonal variation of water temperature appeared relatively. stab'le from year
to year, there was a long-term treng toward reduced salinity which cou'Id not
be entirely explained in terms of river flow and local rainfa11 patterns.
Seasonal salinity levels were determined by fluctuations of the Apalachicola
River, proximity to land runoff, and local rainfall. Winter-spring flooding
of the river was associated with reductions in salinity and light transmission, .
and increases in color, turb1dity, and nutrients. Long-term changes in various
water quality parameters were noted, and were particu'lar ly evident in East
Bay. Spatial variability and long-term trends in major physico-chem4eal variables
were thus determined by river flow, local rainfall  land runoff!, basin configura-
tion, and various meteorological phenomena.

Apalachicola River discharge was the primary factor controlling nutrient
concentration in the Apalachicola Estuary. Nitrates peaked during wilker
periods of high river f1ow; phosphates increased during these periods although
maxima resulted from episod1c wind-mixing of the sediments. Phytoplankton
productivity was maximal during spring months. During suener periods, phosphate
was the primary nutrient limiting phytoplankton producttvity 1n East Bay and
Apalachicola Bay~ with nitrates becomfiig limiting in Apalachicola Hay with less
freqency than phosphate. Overall, temperature was a major limit1ng factor for
phytoplankton productivity. Phytoplankton productivity in th1s estuary was
higher than that in other areas along the coast, and was considered to be a
maj or sour ce of organic carbon for various organisms in th1s area.

A survey of macrodetritus in the Bay showed that there are spatial and
temporal patterns of occurrence. During winter-spring per1ods of incr&sed
river flow and upland flooding, leaf matter and wood debris predominate at'stations
influenced by the river. Such matter comes from flood-plain t~ associations
including various species of oak, maple, water Tupelo, river birch, sweetgum,
and cottenwood. Fall peaks of macrodet>"ttus are dominated by benthic macro-
ohytes such as Gra il crise fo'liiferaHalo,dole ~wry htii, aed Ulva 'lactuc . The

p~ id t 9 sv
river flow exceeded certain flow rates~ with bay-wide  conservative!
estimates approximating i50 tons  dry weight! per month during such periods.
Nicrodetritus �5 p-2m'! found at the mouth of the Apalachicola River had a
similar relationship with river flow; the organic fractions  ash-fr'ee dry
weight! approximated 900 tons/month duringperiods of peak river ffow. Although
functions such as residence time , flushing rates, utilization patterII, etc
remain unknown, the general relationship of detritus movement and abailability
in the bay appears to be closely assoc1ated with the seasonal'ly pulsed patterns
Of river flow and flooding. H1cro- and macroparticulate matter reached peak
levels only at times when river flooding exceeded 60,000 cubic feet per second.
There was thus an association of the presence of particulate matter in- the bay
with a pulsed river system and periodic flooding of upland flood plain areas.
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Preliminary estimates af the tata] contribution of allochthonous particulate
matter to the energy budget of the bay indicate that such detritus is compar-
able to the p+lyjAankton productivity as a source of energy.

Methods to assess the mass, activity, and population structure of the
estuarine detrital microflora have and are being developed. These methods
could provide data with which to initiate correlations between the activities
of these heretofore unstudiect microbes and the rest of' the estuarine food web.
The methods were designed to preserve the community associations and i nter-
actions with as little se]ective pressure as possible. Measures of mass such
as the muramic acid ]eve], the total phospholipid formed from H33~P04, and ATP 1«e' ~

correlate with the expected respiratory activity. Measures of growth
by pulse chase experiments show correlations between rates of phospholipid
sylthesis, muramic acid turnover, glycolipid turnover, and saturation of the
cardio]ipi4 precusor pool. Initial comparisons show when microbial mass and
activity increase, so do the species diversity and numbers of the detrital
benthic fauna. Comparison of types of detritus, or between pine needles and
teflon mimics of pine needles, show coordination of microbial activities
and the benthic food webs By analysis of the components of the newlyformed
lipids, it has been possible to document successional sequences on detrial
surfaces that coordinate with scanning electron micrographs. With these and
subsequently deve]oped methods,we hope to determine the role of microfloral
cowwnities in the trophodynamics of the estuarine food web with specia]'semphasis
onr4etro]ling exteraal functions such as pollution.

litter-associated organisms were surveyed in a series of field experiments.
This fauna was dominated by isopods, amphipods,and decapods. Preliminary experi-
ments indicated that macrodetlitus such as leaf matter may serve as a substrate
for shelter and/or microbia]<accumu]ation. Numbers of individuals and species
and species richness genera]]y increased with increases in salinity at all
stations. The allochthonous leaf matter was associated with a distinctive biota
which subsequent]y serves as a source of food for various dominant juveni]e
fishes in the area.

The benthic infauna in the Apalachicola Bay System was surveyed for seasonal
distribution and spatial relationships of biomass, species composition, and
conmunity struethlea. This was dominated by euryhaline and eurythermal crustaceans
 Tanaidaceans, amphipods! and potychaete worms which tend to reach peak abundance
during late winter and spring months. Many such species, as selective and eon-
s4kective deposit feeders, feed on fine detrital matter and, in turn, are fed upon
by predacious polychaetes, crustaceans, and benthic fishes. There were consider-
able differeueesein biomass distribution in the bay with a range from 0.065 to
56.378 g  ksh-free dry weight!/ m~. The highest such values were found off St.
George Island and portions of East Bay in areas associated with grassbeds. Grass-
aed  Vallisneria ~americana productivity was estimated from 322 to 353 g/m2!yr
H t~tg p tt BOO-60llg/. p igdHg d
Die-offs of such grasses occurred Curing fall periods of reduced water temperature,
and were associated with fall peaks of secondary productivity in the bay. Certain
East Bay grassbeds were dominated by the gastropod, Neritina reclivata. Other
organisms such as. crustaceans and fishes were also represented. Peak anima]
biomass occurred during spring  March-Hay! and late fall  November-December! periods,
and such changes seemed to be timed in a general way with spring peaks of epi-
benthic organisms and fa]1 increases in macrophyte=derived detritus.

Long-term � fear! trends of epibenthic fishes and invertebrates were noted.
After the first year. there were regular seasonal patterns of fish abundance,
species representation, and community structure. There was a regular succession
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xanthurus; summer-fa11: C noscion arenarius; late fall: Anchoa mite i li . ree
of 4 dominant fish associat ons were steongTy affected bye me pu ses of iiver
flow. Generally, fish numbers and biomass peaked in spring and fal'I. During
the five-year study period, total numbers of fishes reached a low point during
the third year of sampling �/74-2/75!. Invertebrate numbers and bi ress usually
peaked during spring and fall months. In this case, reduced numbers occurred
during the third and fourth years of sampling �/74-2/76!.

Resource  food! partitioning of the dominant juvenile fishes of the
Apalachicola Estuary was studied . Anchaa mitchilli fed primarily on copepods
 Acartia sp.! during spring and summer. During fall and winter periods,
annciovies switched from copepods to epibenthic and benthic organsims such as
mysids and insect larvae. Polychaetes formed the basis of the diet of Micro on
undulatus which peaked during winter periods. This species fed primari y on
~tn auna d,etritus, shrimp a,nd Juvenile fishes. Leiostomus xanthurus fed on a

y Pi 1 digt P 1 id PP .PPPP ~tt
bivalves. C noscion arenarius fed primarily on fishes  including Anchoa mitchilli!
and mysids. size cTaass ana ysis indicated trends in intraspecif~ctropBc
relationships within a temporal and spatial context. There was efficient parti-
tioning of food resources in the Apalachico'la Estuary with each of the dominaAO
species participating in a different traphic spectrum. The various biotic com-
ponents were linked to a seasonal succession of energy inputs which sere related
to river flow, detritus influxes, phytoplankton blooms, and benthic macrophyte
die-offs. The seasonal river flow pattern, as a major determinant of the physic5-
chemical environment of the bay, contributed to the seasonal successioh of
trophic phenomena. These data tend to clarify various aspects of the distinct
temporal succession of biota in the Apalachicola Estuary as a fuoatfon of energy
input and physico-chemical limiting functions.

The scientific data generated from this project have been used for various
planning and management decisions. This has involved associated projects with
Franklin County officials, state and federal agencies, and private concerns
such as pulp mill interests and local developers. Personnel of this project have
continued to work with the Florida agencies toward identification of environmentally
sensitive portions of the system. This has resulted in the $8 million purchase
of wetlands along the Lower=Apalachicola Valley. More than 28,000 acres have
been purchased to date, and Sea Grant information has also been used in purchases
of thousands of acres of St. Geerge Island and Little St. George Island.

Sea Grant personnel were also involved in the generation of a published
compendium of data on the entire Apa'lachicola Va'tley to serve as a basis for
further management decisions in this area. In addition, contributions were made
to local planning functions including D.R. I. eve!uations, water hyacinth control
programs, public educational programs, etc. Various educationa] applications of
the data base through newspaper articles and public meetings allowed a translation
of key scientific concepts for publicconsumptianu In addition, direct inter-
actions have been made with various federal agencies  Environmental Protection
Agency, National Aeronautics and Space Administration, Army Carps of Engineers!.
This has resulted in the current evaluation by the Office of' Coastal Zone Management
for designation of the Apalachicola Estuary as an Estuarine Sanotuary. Eventually,
through local, state, and federal interactions, a comprehensive plan for the
Apalachicola Valley may- be developed which can serve as a model for future wet-
lands planning in other drainage systems. A six county planning group has been
established which, with advice from various state agencies, will attempt to
develop a set of guidelines for local planning  Zoning ordinances, etc.!.



Overall, this Sea Grant project could serve as a catalyst for a basin-wide
planning program which would permit orderly development of the Apalachicola
Val1ey while protecting the important natural resources of this area.
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INTRODUCTION

There is an established base of published information on the Apalachicola

Bay System which will provide the background for this report. Nost of the

published data in the Apalachicola Drainage System  taken prior to this project!

has been reviewed by Livingston et al.  'f974!. Nethods of sampling, together

with basic fluctuations of epibentIlic fishes and invertebrates in the Apalachi-

cola estuary have been outlined by Livingston �976!. The temporal progression of

dominant epibenthic populations has been described by Livingston et al. �976!.

The biological associations of this system have been analyzed with respect to

biomoni toring procedures  Livingston, 1976! and specific responses of individual

populations to key physico-chemical functions  Livingston et al, 1976!. A com-

plete list of species taken by various sampling procedures  including benthic

infauna, detritus associated organisms, epibenthic fishes and invertebrates, et'.!

has been published  Livingston et al., 1977!. This includes analyses of major

physico-chemical relationships, fluxes of detritus, and a comparison of the

natural history of dominant populations of' organisms in the Apalachicola estuary

with that in other coastal systems of the Gulf of Nexico  Livingston et al., 1977!.

Livingston et al.  in press! have described long-term changes in pesticide

levels and fish associations-in the Apalachicola estuary. Nyers and Iverson

�977! have described aspects of nutrient limitation of phytoplankton produc-

tivity in the Apalachicola estuary. Oesterling �976, 1977! has indic4ted general

patterns of blue crab migration and the spawning potential for this species

in the Apalachicola Bay region. Supporting data concerning other biological

associations in the entire Apalachicola Valley are also available  Livingston

and Joyce, 1977!. Overall, there is a rapidly growing base of published infor-

mation concerning the physico-chemical and biological relationships in the
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Apalachicola Drainage System.

published data have been supplemented by various unpublished studiesThe

and reports concerning a broad range of subjects relevent to the Apa1achicola

region. This includes the following documents:

"Survey: Chattahoochee-Flint-Apalachicola River System"  Florida
State Board of Hea'1th, 1962!

"A management program for the oyster resource in Apalachicola
Bay, Florida"  C.E. Rockwood et al., 1973!

"Strategy for change: an interim plan for the northwest Florida
region"  RMBR Planning/Design group, '1973: for the Northwest
Florida Development Council!

"Draft Environmenta'l Statement. Lake Seminole and Jim Woodruff
Lock and Dam, A'labama, Florida and Georgia. Operat1on and Main-
tenance."  U.S. Army Engineer District, Mobile, Alabama, 1975!

"Apalachicola River Basin Water  }uality Management Plan"  Flor1da
Department of Environmental Regulation, 1975!

"Field and laboratory stud1es concerning the effects of various
pollutants on estuarine and coasta'1 organisms with application to
the management of the Apalachicola Bay System.  R. J. Livingston
and N. P. Thompson: Final report for Florida Sea Grant, 1975!

"Progress Report f' or Florida Sea Grant; Energy Relationships and
the Productivity oi' Apalachicola Bay."  R. J . Livingston, R. L.
Iverson, and D. C. White: Florida State University, 1976!

%he Apalachicola R1ver and Bay System, A F'lorida Resource"  Florida
Department of Administration; D1vis1on of State Planning, 1976!

"Fina'1 Env1ronmental Statement. Apalachicola-Chattahoochee, and Flint
Rivers, Alabama, Florida, and Georgia  Operation and Maintenance!"
 U.S. Army Engineer District, Mobile, Alabama, 1976!

"Proposal to Study the Apalachicola-Chattahoochee-Flint River System
and Apalachicola Bay"  Northwest Florida Water Management District,
1976!

"A study on the effects of maintenance dredging on selected ecological
parameters in the Gulf intracoastal waterway, Apalachicola Bay, F1orida"
 U.S. Army Engineer District, Mobile, Alabama!

According to the National Estuary Study  Yol. 3, Fish and Wildlife Service,

U.S. Department of the Interior, 1970!, the total area of the Apalachicola Bay

System is 535,600,000 m2 �31,840 acres! of which 7X is occupied by submerged
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vegetation �8,106,000 m or 9,380 acres! and about ]4% is emergent  marsh!

vegetation  85,000,000 m2 or 21,300 acres!. Oyster beds account for about

24,374,840 m or 4.6X of the total bay  Rockwood et al., 1973!. Mean depth

approximates 2.7 m while the tota't volume is about ],446,]20,000 m . This

project was designed to study various aspects of the energy system in the

Apa]achico]a Estuary. The fo]]owing objectives were part of the program.

1. Determination of the river derived input of organic plant
nutrients, and particu]ate and disso]ved organic carbon into the
bay system.

2. Ana]ysis of phytop]ankton assemblages and phytoplankton
productivity of the Apalachico]a Bay System.

3. Determination of the role of phytoplankton productivity
in the overall energy budget of the bay, including nutrient
limitation studies of key driving functions.

4. Analyses of the significance, source, and role of a] loch-
thonous and autochtonous forms of detritus in the Bay inc]uding a
preliminary evaluation of the role of microorganisms in
detrital breakdown and energy transfer.

5. Continuation of the application of scientific data for the
development of a management program for the Apalachicola Drainage
System.

As an outgrowth of the original program, a long-term impact analysis is

being carried out to determine the potential influence of c]earcutting

practices in the Tate's Hell Swamp on the Apa]achico'la Bay System. Prelimi-

nary observations wil] be made concerning these data preparatory to the com-

pletion of the first stage of this project in December, 1977. 7n some instances,

data analysis will be carried out within the context of the ful]- 5-year data

base which dates back to March, ]972.

This report represents a preliminary analysis of the data base. This wil]

be fo1]owed by a more sophisticated review of the data base for publication in a

series of scientific papers.
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Physical-chemical data  by area, station, date, time of day, and
depth!

. dissolved oxygen, cblor, turbidity, Secchi disk depth,
temperature, salinity, pH, river flow, rainfall, bottom type

Fish and invertebrate data  by area, station, date, and time of
day!

. genus and species, number of individuals, mean size  with
standard deviation!, biomass  ash free dry wet.!, sex
 invertebrates only!

Plant data  by area, station, date, and time of day!
~ genus and species, total wet and dry weight, stems and roots

 wet and dry weight!, tops  wet and dry weight!

A ~

C.

A. Retrieval
for any area, station or group of stations, date or range of
dates

B. Sorting
. by area, date, station, time of day, or any combination of these
~ biological data sorted by species

C. Calculation of biological indices  Based on numbers of individuals
or biomass per species for any area, station or group of stations,
date or range of dates, or time of day!

. Species Richness  Number of species, Margalef !ndex!
Speci es diversity  Simpson Index, Brillouin Index, Shannon Index,
McIntosh/indices, Hurlbert's E  S�!!
Species equitability  Brilloui n J, Shannon J'!

D. Graphics  for any area, station or group of stations, range of dates,
or time of day!: plotted as a function of time.

. a11 physical chemical variables
~ fish and invertebrates

l! number of' individuals  single species or collective total!
2! average size
3! dry weight biomass  single species or collective total!
4! number of species

~ plants
1! dry weight biomass single species or col'lective total!
2! number of species

. any of the biological indices  see "C" above!
E. Statistics  for virtually any set s! of numbers that can be generated

by any other routine in the system!
linear regression, Student's t-tests, nonparametric correlations,
discriminant analysis, factor analysis, scattergrams, analysis
of variance  one, two, and three-way!, multivariate AKOVA,
canonical correlation, etc.

* This porti on of the report has been carried out wi th support from the
U.S Environmental Protection Agency  number R-803339!.

II ~ S ecial Pro ram for Ecolo ical Science  SPECS: Summar of Ca abilities
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F. Cluster analysis
. cluster by species, station, or time

total flexibility in how species, stations, and dates are grouped
prior to analysis

. se'lection of similarity index from among 0rloci's standard
distance, product moment correlation, Fager, Jaccard, Sorenson's,
Webb, Kendall, Cyekanowski, Canberra metric, C-lambda, rho, and
tau

. selection of clustering strategy from among unweighted pair group
 grp avg!, weighted pair  centroid! grouping, nearest neighbor
grouping, furthest neighbor grouping, median grouping, and
flexible grouping  with beta!

6. Dendrogram
. for any output from cluster analysis
. three scales available

H. Faunal summary  for any area, station or group of stations, range
of dates, and times of day!

. number of individuals or dry weight biomass by species, month,
and year

C-'lambda  for any area, station or group of stations, date or
range of dates, and times of day!

J. Mapping
. physical-chemical data, fish or invertebrate species population

totals mapped for all stations in study arear'  by month!

K. Data base update
. modification of any field in a data base record or records
. deletion of data records
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S ecial Pro ram for Ecolo ical Science SPECS!: S stem Overview

I. Introduction

Long-term field studies in which diverse habitats are regularly
sampled for a variety of organisms and physical-chemical factors are
associated with the accumulation of large amounts of data. Organization
and presentation of such data in a useful form has been aided
significantly by modern high-speed computers.

At Florida State, we have designed and developed a computer soft-
ware system specifically for use with long-.term biological. data. Primary
design criteria have been storage of a large data base, retrieval of virtually
any subset of the data, and rapid access to a diverse group of biological,
statistical, and graphical' data reduction and analysis capabilities.

The SPECS system has been written mostly in the FORTRAN programminng
language. A few subroutines are written in the Contro'I Data Corporation
 CDC! COMPASS assembly language. SPECS operates on a CDC 6500 or
CYBER 73 computer under the KRONOS operating system.

II. Or anization of the S stem

A.

Field data on physical-chemical parameters and fish, invertebrate,
and plant populations are assembled and punched on standard 80-column
cards. As the formats for each type of data are slightly different, a
set of four card-deck programs have been developed to add raw data to
a data base tape.

Two data base tapes are maintained, each with four files  one each
for the four types of data!. When a card-deck program is executed the
old data base tape is read, the appropriate file is updated with raw
data information, and all information is copied to the new data base
tape  see figurel!. For a subsequent addition of data, the data base
,tapes reverse roles. During addition of fish and invertebrate data, mean
standard lengths, standard deviation of lengths, and dry weight biomass
are calculated and added to the data base. For a repetitive samples
data base figures represent sums of the overall samples.

Card-deck programs also copy raw data information to a raw data
tape. This tape is thus a backup for all card information and is not
in data base format.

B.

User ~Pro rams

All user programs, precedure files  predefined sets of oft-used
operating system comnands!, program libraries, and active data files
reside on computer center disk packs  for rapid access!. Host of the
SPECS system is stored as a single file on one of these disks.
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B. Data Processin . continued!

This file contains one large program which has been structured
in an overlay format. There is one main overlay and nine secondary
overlays. Secondary overlays perform the majority of system
functions, such as loading data, sorting, calculating biological
indices, preparing for graphics and statistics, etc. The main
overlay simply fields a SPECS system command and calls for the
loading of a secondary overlay. Thus only two overlays are require
in computer core storage at any one time - the main overlay and one
of the secondary overlays.

The F.S.U. Computer Center program library contains many routines
accessed by the SPECS system. Among these are the Statistical Package
for Social Science  SPSS!, the FSU plotting package, a mapping package
 SYMAP!, and a SORT/MERGE routine. The function of some SPECS
secondary overlays is therefore to prepare data base information for
input to these higher level routines.

III. 0 eration of the S stem

With the exception of programs in the data storage card decks, all
programs in the system are designed to be operated from a remote teletype
or CRT terminal. System operati on is interactive in that there is two-
way cooeunication between the user and the program. The user guides the
program through each step of analysis by entering commands or other
information in response to questions displayed by the program.

A. Terminal session.

A terminal session with the SPECS system begins with a user call
of the INIT  initiate! procedure file. This procedure first asks the
user for the location of the data to be used in this run possibly a data
base tape or an active data file!. It then gets the SPECS proqram and
initiates its execution.

The main overlay of SPECS writes a "COMMAND?" message to the
terminal screen. In response the user enters a SPECS system corwnand.
The LOAD  retrieve! and SORT commands are used to create an active
data file from a data base tape. If the user began this run with an
active data file  created in a previous run!, the LOAD and SORT
cwmands are not needed. Once an active data file is available for
use the user selects from among a group of cormands that initiate
execution of secondary overlays which perform analyses of active data.
A sumnary of these cereands and the operations performed is presented
in Table l.

Following execution of a secondary overlay, the main overlay
is calledand the "CONAND?" message is again printed at the terminal.
At this point the user may wish to load more data  create an additional
active data file!, request another type of analysis on the same data
file, or terminate SPECS system operation. When system operation is



ended file disposition is under user control. Printer output files
created during SPECS operation may be listed on a line printer.
Active data files or other intermediate files may be saved if they
will be used aqain in the near future. This is especially valuable
if an important file has taken a long time to generate  that time
need not be invested again, for the file may be kept indefinitely!.

This allows a person with limited computer background to use
an interactive computer system with imnediate access to a broad-
based data file containing diverse forms of information. Usinq the
various options, this facilitates a rapid, relatively inexpensive
yet comprehensive analysis with great flexibi'lity regarding access to
data and forms of analysis. All operations are carried out at the
terminal, and new options can be added easily in addition to routine
periodic updates of the data base. This gives the biologist the use
of a sophisticated computerized software system as a research tool.

IV. SUGARY

The SPECS system consists of a collection of programs written
expressly for the storage, retrieval, and analysis of long-term
ecological data. It provides a wide r ange of analytic approaches
and data reduction capabilities. Some programs perform direct
calculations or data manipulations while others serve as interface
programs which prepare data for higher level  and widely available!
program packages.

The system is operated from a remote computer terminal or
teletype, from which the user supervises program execution in a
step-by-step manner. Operation is interactive in that the program
prompts the user for informational input required before each step is
executed. Output consists of terminal display, printed listing,
and electrostatic plots. Theorizing the fun part! is left to the
user.
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rogram

Figure 1 � SPECS Data Storage Procedure
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III. Biomass transformations

Because of the volume and diversity of field co'llections in this and

other Bay systems  i.e., Apalachee Bay, the Econfina and Fenho'tloway

drainage systems! presently under study by our group, the method of analysis

for biomass determinations was standardized for each species. This allowed

the computerized conversion of number/length data into dry weight

or ash-free dry weight figures after a determination of a regression

formula based on empi rica'1 information. Whenever possible, various

individuals for a given species  representi ng a normal range of size variation!

were counted, measured, and weighed for such analysis. Species which did not

have any real variation in size were simply counted and weighed for a com-

putation of mean weight per individual. Those species which were too rare

for such ana'1ysis were assigned figures from the more common species. Species

pairing was achieved subjectively based on configurational and/or taxonomic

similarity.

In this way, a regression equation or a conversion factor  based on

weight per individual! was computed for each species taken in the survey. A

biomass file was then constructed by species based on length/frequency data.

This file was used for all operations having to do with biomass figures.

Methods and Materials

All specimens used in the weight conversion study were taken fresh

{on ice! to the laboratory for analysis. Standard lengths, together with wet

and dry weights, were measured for all fish specimens. Various invertebrate

species were measured for total length,  tip of the telson to tip of the

rostrum, shrimp; carapace width, crabs! wet, dry and ash-free dry weight.

For those invertebrates norma'1ly counted in our data base  worms, mollusks,
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amphipods, isopods, etc.!, only mean ash-free dry weights were determined

per species.

Dry weights were obtained by oven-drying samples for 48 hours at

105 C. Ash-free dry weights were obtained by ignition of the specimens in

a muffle furnace for I hour at 550oC. Preliminary samples indicated less

than 1X error was introduced by reducing the ignition time from the rec-

ommended 3 hours  Cummins and Waycheck, 1971! to I hour.

Linear regression equations utilizing a log-log  natural logs! trans-

formation were calculated for each species where data were available   Table I}.

These were ca'Iculated according to the following general equation;

ln  weight*! = ln  length~*! a-b
where aFb = regression coefficients

* weight = dry weight  fishes!
= ash free dry weight  invertebrates!

** length = standard length  fishes!
= total or carapace width  invertebrates!

For those invertebrate species where no length or width measurements were

taken a representative grouping according to size was dried and/or

single mean weight per individual was given for that species. For those

species collected so rarely that no length-weight relationship could be

established, regression equations or average weights of similar species

 similar body shape, size, etc.! were substituted. These equations are also

included in Table 1 along with the type species.

Literature cited:

Cunmins, K.W. and J.C. Waycheck. �971!. Caloric equivalents for investigations

in ecological energetics. ylitt. Internat. Yerein. Limnol. No. 18, 158 pp.
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and conversion figures for organisms taken in

Apalachicola Bay and Apalachee Bay from 1972 to 1976

1n standard length -b!

0 of individuals re ression uation~Secies

= 3.40541  X!
= 4.05558  X!

14.97588
17.13343

= 2.92631  X!
= 3.21520  X!
= 3.24073  X!
= 2.31036  X!
= 3.49714  X!
= 2.90410  X!
= 5.33190  X!
= 3.08486  X!

209
6

30
6
8

284
10

- 12.60137
� 15.84540
� 13.56112

9.11249
14.94788
11.76128

20.55185
12.2387913

115
4
8

= 2.95025  X! 11.85323
= 3.36763  X!
= 2.27591  X!
= 2.69654  X!

12.66714
10.00217

9.6910351
12

29
47
'l2

63 4

= 2.46994  X! 10. 40515
= 2.85506  X!
= 3.05722  X!
= 3.17554  X!

12.09550

12.79894
12.61179

= 3.43800  X! 13.50773

17
35
17
14
13
31

 DOR PET!
5
8
4
4

15
573

77
8

18
2

14

Table 1.. Biomass regression

A. Fishes, regression analysis

ALU SCH
ANC LYO
ANC MIT
ANG ROS
ARI FEL
AST GRA
BAG MAR
BAI CHR
BRE PAT
CAL ARC
CEN MEL
CHA FAB
CHA SAB
CHI SCH

CHL CHR
CYN ARE
CYN NEB
DAS SAB
DIP HOL
DOR CEP
DOR PET
ETR CRO
EUC ARG
EUC GUL
GOB BOS
GOB ROB
HAE PLU
HAR PEN
HIP SPE
ICT CAT
ICT PUN
LAC MAX
LAC QUA
LAG RHO
LEI XAN
LEP OSS
MEN AME
MEN BER
MIC CRI

by species  ln dry wt. = a.

= 3.69685  X! - l5.64947
= 3.46547  X! � 14.19044
= 2.99338  X! - 12.30726
= 3.40790  X! � 13. 88700
= 2.64359  X! � 10.80122
= 2.81134  X! � 11.66922
= 2.99185  X! � 12.17209
= 2.82564  X! � 11.39730
= 3.46547  X! - 14.19044
= 2.82587  X! - 11.96161
= 3.02830  X! - 12.31003
= 3.91137  X! - 16.83136
= 4.25871  X! � 17.00627
= 2.34179  X! � 8.20714
= 3.24457  X! � 12.94101
= 3.15892  X! � 12.81603
= 3.28379  X! - 15.53650
= 2.93110  X! - 12.15889
= 1.33401  X! � 5.79181
= 3.42472  X! � 17.69587
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uationre ression~Secies

B. Fishes rare, ass

uationre ression~Sec ies

13.99182
13.99182
11.73939
12.77763
12.50672

 X!
 X!
 X!
 X!
 X!

=3.51483
=3.51483
=2.66732
=3.11153
=3.19176

LUC PAR
LUC PAR
NOT PET

FUN GRA
LEP MAC

ADI XEZ
GAM AFF
NOT VEN

FUN CON
LEP MIC

 X!
 X!

IxI
 X!
 X!
 X!
 x!

17.79450
11.85323
15.84540
10.00217
12.15889
11.39730
12.54686
12.60137
15.60141

SYN FLO
CEN MEI
ANG ROS

CHA SAB
MEN AME
HAE PLU

ORT CHR
ANC MIT
PAR FAS

=3.39967
=2.95025
=3.21520
=2.27591
=2. 93] 10
=2.82564

=3.08003
=2.92631
=3.68192

SYN LOU
DIP FOR
GYN NIG

HYP HEN
MEN SAX
HAE AUR

LUT GRI
ANC HEP
PAR MAR

MIC GUL

MIC UND
MON CIL
MON HIS
MUG CEP
NIC UST
OGC RAD
OPS BET
ORT CHR

PAR ALB
PAR FAS
PAR LET

PEP BUR
POG CRO
POR POR
PRI SCI
PRI TRI
SPH GUA
SPH NEP
STR MAR
SYM PLA

SYN FLO
SYN FOE
SYN SCO
TRI MAC
URO FLO
CYP VAR
FUN GRA
FUN SIM

LEP MAC
LUC PAR
MIC SAL
NOT PET
POE LAT

of individuals

22
174
115

86

7

10
2

27
99
26

14
33

5

2
3

20
7

24
4

14

58
21
10

30
33

6

6
3

10
5
4

7

3

i ned re ression e uations

com arable s ecies

=3.15783
i3.30722
=2.68766
=2.76823
=3.04576

3.28415
=3.91484
=2.51062
=3.08003
=3.13787
=3.68192
=3.06070
=2.63529
=2.46761
=3.27791
=3.26012
=3.07717
=2.76380
=2.82279
=3.42754
=3.19256
=3.39967
=3 ' 33944
=4.20130
=3.35751
=3.35273
=3 ' 49504
=3.11153
=3.53472
=3.19176
=3.51483
=3.87904
=2.66732
=2.19844

 X! � 13.17557
 X! - 13.59050
X! - 11.00337
X! - 11.04164

 X! - 12.49192
X! - 13,28714
X! - 16.05968
X! - 10.34034

 X! - 12.54686
 X! - 13.23092
 X! � 15.60141
 X! - 12.73843
 X! - 10.45042
 X! - 9.21713
 X! - 14.04788
 X! - 13.36732
 X! � 12.21250
 X! � 12.47892
 X! - 10.95111
 X! - 16.83563
 X! � 13.76772
 X! - 17.79450
 X! - 14.67424
 X! � 21.00771
 X! � 13.05926
 X! - 14.52737
 X! - 13.50708
 X! - 12.77763
X - 14.48805
X - 12 ' 50672

 X! - 13.99182
X! � 15.92254
X! - 11.73939

 X! - 9.12226
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~Scies re ressi on e uation

10. 40515
11.76]28
13.59050
13.23090
10.00217
10. 405'f 5

11.39730
11.96161

SEL VOM
POL OCT
SCI OCE
ANC QUA
HYP GEM
CAR HIP
HAE SPE
HIP ERE
HIP ZOS
SPH BAR
SPH BOR
SER SUB
MEN SPE
EUC SPE
OPH BEA
SCO BRA
MYC MIC
MUL AUR
CLU SPE
OPH GOM
BAT SOP
GOB STR
LAB SIC
ECH NAU
RAJ TEX
STE CAP
HEM BRA
TRA CAR
GOB BOL
SAR ANC
HAL BIV
SER PUM
ELO SAU
SCA SPE
ARC PRO
APO TOW
AST STE
MIC THA
PEP PAR
STE LAN
GOB HAS
MUG SPE
MYR PUN
ALO ALA
OLI SAU
RHI BON
MON CHR
ANC SPE
SYN SPE
POM SAL
CAR BAR
SPH TIB

com arable s ecies

CHL CHR
BAI CHR
MIC UND
PAR ALB
CHA SAB
CHL CHR
HAE PLU
HIP SPE
HIS SPE

SPH GUA
SPH GUA

CEN MEL
MEN AME
EUC ARG

URO FLO
CEN MEL
CEN MEL

MIC UND
BRE PAT
ANG ROS
GOB BOS
GOB BOS
MEN BER
ARI FEL
DAS SAB
DIP HOL
STR MAR
CHL CHR
MIC GUL
ANC MIT
NIC UST
CEN MEL

SPH GUA
NIC UST
LAG RHO
BAI CHR
BAI CHR

MIC GUL
PEP BUR
BAI CHR

 MIC GUL + GOB HAS!
MUG CEP
ANG ROS
DOR CEP
CHL CHR
DAS SAB
BAI CHR
ANC MIT
SYN FLO
LAG RHO
CHE CHR
BAG MAR

= 2.46994  X!
= 2.90410  X!�
= 3.30722  X!
= 3.13787  X!
= 2.2759'f  X!
= 2.46994  X!
= 2.82564  X!
= 2.82587  X!
= 2.82587  X! - 11.96161
= 2.76380  X! - 12.47892
= 2.76380  X! - 12.47892
= 2.95025  X! � 11.85323
= 2.93110  X! - 12.15889
= 3.40790  X! - 13.8870
= 3.35273  X! - 14.52737
= 2.95025  X! - 11.85323
= 2.95025  X! � 11.85323
= 3.30722  X! - 13 59050
= 5.33190  X! - 20.55185
= 3.21520  X! - 15.84540
= 2.81134  X! - 11.66922
= 2.81134  X! - 11.66922
= 1.33401  X! - 5.79181
= 3.24073  X! - 13.56112

3.17554  X! � 12.61179
= 3.4380  X!- 13.50773
= 3.42754  X! - 16.83563
= 2.46994  X! � 10.40515
= 3.15783  X! � 13.17557
= 2.9263]  X! - 12.60137
= 3.28415  X! - 13.28114
= 2.95025  X! � 11.85323
= 2.76380  X! - 12.47892
= 3.28415  X! � 13.28714
= 3.24457  X! - 12.94101
= 2.904'f0  X! - 11.76128
= 2.90410  X! - 11.76128
= 3.15783  X! - 13.17557
= 2.63529  X! - 10.45042
= 2.90410  X! - 11.76128
= 2.83401  X! - 11.90954
= 3.04576  X! - 12.49'f92
= 3.21510  X! - 15.84540
= 3.69685  X! � 15.64947
= 2.46994  X! - 10.405'f5
= 3.17554  X! - 12.6'f179
= 2.90410  X! � 11.76128
= 2.9263f  X! � 12.60137
= 3.39967  X! - 17.79450
= 3.24457  X! � 12.94101
= 2.46994  X! � 'f0.40515
= 3.49714  X! - 14.94788
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re ression e uationcom arable s ecies~Secies

- 12.49192
- 12,21250
- 12.73843
- 12.61179
- 12.09550
- 12.66714

MUG CEP
PRI TRI
PAR LET

DAS SAB
CYN ARE
CHA FAB

MUG CUG
PRI RUB
PAR SPE
GYM MI C
CYN SPE
LOB SUR

C. Invertebrates, re ression anal sis b s ecies.

re ression e uation0 of individuals~Secies

D. Invertebrates, calculated conversion coefficients er individual based
on narrow ran e o en t re uency a a.

mean ash free dr wt.~sec is s

E. Invertebrates, assigned regression equations or weight/individua1.

~Secies re ression e uation or mean
as ree

= 3.18888  X!
= 2.67979  X!
= 2.67979  X!
= 2'.75088  X!

- 14. 31392

- 10.51993
- 10.5'l993
- 12.56506

PEN AZT

POR GIB

CAL SIM
TRA CON

PEN DUO
CAL SAP
CAL SAP
PEN SET

ALP HET

CAL SAP
LIB DUB
NEO TEX
PAL FLO
PAL INT
PEN DUO

PEN SET
PER AME

TOZ CAR
MET CAL
PAL PUG

PER LON
THO DOB
HIP ZOS
PET ARM
PAG BON
PAG LON
LOL BRE
LYT VAR
ECH SPE
ECH PAR
OPH BRE

22
49
'lb

49

14 8
50

62 9
10

0.0036  gu!
.0032
.0022

F 0431
,0067
.1468

.6788
3.2713

.6914

.2050

.0360

= 3.04576  X!
= 3.07717  X!
= 3.06070  X!
= 3.17554  X!
= 2.85506  X!
= 3.36763  X!

2.75501  X!
2.67979  X!
2.51633  X!
2.644]0  X!
2.51735  X!
3.29106  X!
3.18888  X!
2.75088  X!
1.70501  X!

2.05252 X
3 ' 23535  X!

- 11.52437
- 10.51993

8.99184
9.04336

- 11.73789
- 14.03450
- 14.31392
- 12.56506

.9.43702
- 18.02926

7.31573
- 14.'16662
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small RAN CUN
AEQ IRR
CRE PLA

. 5066

2.1975
 .0002!
 .0031!

.5066
2.0000
2.0000

.0100

.0100

. 0100
 .OO30!
 .0030!

LAE MOR
STR ALA
CRE FOR
PSE FLO
TRA EGM
BUR LEA
APL FLO
BRA AME
DIO CUP
PLA DUN
PAR CAU
CLE PLA

small RAN CUN

large chaetes

of a given species* Those figures in parentheses represent weights of juveniles

ression e uation or meanre

ash

- 11.73789

- 11.52437
� 11.52437

9.04336
8.99184
9.04336

- 14.31392
- 14.03450
- 14.31392

- 14.31392
� 14.31392
� 14.31392

8.99184

8.99184

8.99184
� 14.31392

LEA TEN

SYN TON
SYN LON
UCA SPE
LIB EMA
SES CIN
PAG ANN
PRO SPE
AMB SYM
SIC DOR
SIC BRE
SIC TYP
SIC LAE
POD RLL
EPI DIL
PEL MUT

PIT ANI
MEG SOR
POR SIG
MAC CAM
SQU EMP
URO PER
CAL JAM
LUI CLA
HEM ELO
OPH ANG
LUI SAG
LUI SPE
LUI ALT
OPH ELE
OCT VUL

PAL FLO

ALP HET
ALP HET
NEO TEX
LIB DUB
NEO TEX
PAG LON
PEN DUO
PAL INT
PEN DUO

PEN DUO
PEN DUO
PEN DUO
LIB DUB
LIB DUB
LIB DUB

LIe Due
PET ARM
PET ARM

LIB DUB
PEN DUO

CAL JAM
CAL JAM

 ECH SPE!
OPH BRE
OPH BRE
ECH SPE
ECH SPE
ECH SPE
OPH BRE

 LQL BRE!

2.51735  x!
2.75501  X!
2,75501  X!
2.64410  X!
2.51633  X!
2.64410  X!

.1468
3.18888  X!
3.29106  X!
3.18888  X!
3.18888  X!
3.18888  X!
3.1SSSS  x!
2.51633  X!

.0306

.0306
2.51633  X!

.0282

.0282

2.51633  x!
3.1SSS  X!

.0111

.0111
2.0742

.0360

.0360

.6914

.6914

.6914

.0360
1.3576
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IV. Ph sico-chemical Relationshi s: Sedimentolo

and Habitat Structure

Livingston et al. �975! showed that the aquatic environment in the

Apalachicola Estuary is affected to a considerable degree by seasonally-

directed f'luctuations of the Apalachicola River. Variables such as local

rainfall, tides, wind-induced currents, temperature, salinity, dissolved

oxygen, turbidity, color, and pH, are important determinants of the

population and community structure of this bay system; together, these

parameters define the array of habi tats in the area.

The sediments determine to a considerable degree the forms of benthic

organisms which occur in a given area. This is particularly true of the

benthic infauna, where feeding types are often correlated with sediment

forms. This includes direct sedimentary control of trophic distribution

 Sanders, 1958!, coincidental correlation between water movement factors

and trophic distribution  Sanders, 1958; NcNulty et al., 1962!, and trophic

group amensalism mediated by the sediments  Rhoads and Young, 197D!.

Support for these observations is available  Bloom et al., 1972!. Thus,

sediment analysis was conducted concurrent'ly with the analysis of the

infauna of the Apalachicola Estuary.

Materials and Methods:

Sediment Ana~l sis

Sediment samples were taken with a corer  d., 7.62 cm! month'1y from

March, 1975 through February, '1976. This was carried out at fixed stations

around the bay  Fig. 1!. These analyses were conducted on the top 5-10 cm

of each core.
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Two methods were used  the second method represents a standard

geological analysis which eliminates biological functions!. At monthly

intervals, a sample of 50-'l50 g was wet-sieved through a series of

U.S. Standard sieves. Each fraction was dried at 100 C for 24 hours and

weighed. Sieve-class weights were then used to construct cumulative

percent particle size curves  Inman, 1952! on arithmetic probability

paper. A second analysis involved a supplementary subset of the above

samples  Ingram, 1971!. A 30-50 g sample was dried at 100 C for 24 hours

and then treated with 10% HCl for 12 hours to remove carbonates. After

redrying the sample, organic matter was removed by treatment with 30K H 02

for 12 hours. The sample was then dried, and dry-sieved through a

series of sieves on a mechanical shaker for 30 minutes. Sieve class

weights were analyzed by the method of moments  Folk, 1966! using a

computer program developed by J. P. Nay  Dept. of Geology, Florida State

University!. Sediment organic matter was analyzed monthly by drying a

subsample at 100oC for 24 hours and ashing at 500 C for 4 hours  Cummings

and Waycheck, 1971!.

Ph sico-chemical Functions:

Surface and bottom water samples were taken monthly at fixed stations

in the Apalachicola Estuary  Fig . 1! with a 1 p. Kemmerer bottle. Dissolved

oxygen and temperature were measured with a Y.S. I. dissolved oxygen meter

and a stick thermometer. Salinity was taken with a temperature-compensated

refractometer calibrated periodically with standard sea water. River flow

data taken at Blountstown, Florida were provided by the U.S. Army Corps of

Engineers  Mobile, Alabama! while local rainfall data were provided by the

National Oceanic and Atmospheric Administration  Environmental Data Service,
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Apalachicola, Florida! and the East Bay Forestry tower. Turbidity was

determined using a Hach Yodel 2100-A turbidimeter and was expressed as

Jackson Turbidity Units  J.T.U.!. Water color was measured using an

A.P.H.A. platinum-cobalt standard test. Light penetration was estimated

with a standard Secchi disk. Data concerning chlorophyll A, orthophosphate

 inorganic, soluble, reactive!, nitrite, nitrate, and silicate were

provided through a Florida Sea Grant Program directed by Or. Richard L.

Iverson  Department of Oceanography, Florida State University!; these

parameters were measured according to standard procedures  Livingston

et al., 1974!.

A. Sediments:

Results of sediment analyses are presented in Table l.

Station 1

This is a mid-bay station approximately 2 m in depth. The bottom is

somewhat loose, barren of vegetation, with occasional large wood and shell

fragments, There are scattered coarse, sandy deposits in an otherwise fine

sand area. The monthly average grain size is 2.60$ units and contains

6.52K organic matter. There was considerable variation between samples

both for grain size and organic content, with no obvious trends. The

concurrent decrease in grain size and increase in organic content noted in

February, 1976, coincided with maintenance dredging activities nearby.

Station IX

This station is situated in a shallow � m! protected grass bed, com-

posed mainly of Halodule ~wri htii The bot.tom is very fivm sand with

scattered oyster bars in the area. The average monthly grain size is

2.02 $ units and the organic content averages 2.0dg. There was a little
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between-sample variation in grain size but the sediment organic content

increased from July to January, coinciding with the die-off and deposition

of Halodule blades.

Station 3

This station is located in a shallow � m! channe] leading from the

Apalachicola River into East Bay. Winter and spring deposits of wood and

leaf debris, washed in by peak river discharges, a« found in this area.

The bottom is firm f.ine sand with beds of ~Ru ia maritima and Va'Ilisneria

americana in the vicinity. The average grain size is 2.83 units and

organic content averages 3.52%. There was some variability between samp]es

for grain size and organic content, probably resu]ting from the river-

deposited debris.

Station 6

This station is located in the middle of a shal]ow � m!, protected

embayment close to the Apalachicola River with seasona]ly dense beds of

~Ru ia nearby, The bottom is a loose, fine sand-si'It Wo.ody debris was

almost always noted in the samples. The monthly average grain size is

3.64 units and organic content averages 5.60%. Samples were variab'Ie

with respect to grain size and organic content, with no trends observed.

Station 4

This station is moderately deep � m! and influenced to some extent by

river discharge. The bottom is barren, loose silty-sand, and contains

Iange wood fragments. The monthly average grain size is 3.93 $ units and
organic content averages 7a98X. Grain sizes were somewhat variable in

the spring  perhaps due to river effects! and appeared stab]e for the rest

of the year. Organic content was highest in sumner and fall, coinciding to
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some extent with the die-off of upper bay grass beds.

Station 4A

This station is in a shallow � m! Vallisneria bed in upper East

Bay. The bottom is fairly 'loose, silty-sand. The monthly average

grain size is 3.98 g units and organic content averages 8.61K. A fall

peak in organic content probab'ly results from the die-off of Vallisneria

blades.

Station 5A

This station is located off a sandy beach in upper East Bay. The

bottom is firm, fairly co~rse sand, and the nearby shore is fringed with

Vallisneria. The average grain size is 1.82 $ units and organic content
averages 2.58%. Between-.sample variation in grain size is low, but

organic content increases from summer through winter, to some extent due

to the Va] lisner ia die-off.

Station 58

This station is located in an upper East Bay tributary. The bottom is

loose silt with Yal]isneria fringing the shoreline. The average grain size

is 4.22 units and organic content averages 11.23%. Grain sizes exhibited

low variability as did organic content, which was relatively high all year.

In senary, grain size decreases and organic content increases moving

from the outer Apalchicola Bay into the upper reaches of East Bay. The

observed late summer-fall die-off of benthic macrophytes coincides generally

with an increase in sediment organic content. The relationships between

the above observations and the reactions of the infaunal and epibenthic

organisms to both general sedimentary characteristics and the fall

increase i n organic content will be examined in other sections of this report.
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B. Ph si co-chemi ca'I arameters:

Hater temperatures at a representative station are shown in Figs. 2

and 3. Although temperature peaks tended to remain stable from year to

year, there was a general decrease in temperature with time which was

particularly pronounced during the fifth year of the study. The winter of

1976-77 was extremely cold, and this should be taken into consideration in

any long-term evaluation of the biota of the bay. There was a general

reduction in salinity  Figs. 4-7! with time. Seasonal variation, based

to a considerable degree on river flow  Fig . 30!, was a major determinant

of the salinity regimes in the system. There were also decreases in salinity

during sumer and fal'I months which appeared to reflect surface runoff

from local rainfall patterns. Such changes were more pronounced in East

Bay than Apalachicola Bay. The general salinity pattern was thus relatively

stable from year to year. Low salinities occurred during winter and

spring months  associated with river flow! followed by increasing salinity

during the sumner. There was then a rapid decline in the late sumer or

fall,  coincident with increased local precipitation! and this was followed

by a fall or winter salinity peak just prior to the ensuing decrease in

salinity with renewed increases in river flow. The general annual patterns

of salinity  Figs. 4-7!, with relatively low levels during the past 3

years, may not be entirely consistent wi th the mean annual river f1ow and

rainfall data  Table 2!. This is especially true during the last year of

sampling. This will be the subject of further study involving mass flow

models.

Color values for representative stations in the Apalachicola Estuary

are shown in Figs. 8-11. The influence of the major river f'Iooding during
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in East Bay during the late summer of 1974. Levelswere apparent

of pH in the Apalachicola Estuary are shown in Figs. 22-25. There was a

significant decrease in pH in Apalachicola Bay during the fall and early

the winter of 1973  Fig. 30! is apparent throughout the bay. A secondary

peak appears during the spring of 1975. On the whole, there was a general

decrease in color at Station 1; this was especially significant at

greater depths. The reverse was true in East Bay, especially at the surface.

Spikes of high water color were particular pronounced during the latter

part of 1974. Peaks generally occurred during spring and late sutreer, thus

reflecting rainfall patterns  Fig. 30! during this period. East Bay was

thus more highly colored than Apalachicola Bay, and showed a trend which

appeared to be linked to patterns of local rainfall and runoff in the

Tate's Hell Swamp area. This was not the case with respect to turbidity

which tended to decrease during the study period in the bay as a whole.

Turbidity seemed to be close'ly correlated with river flow. Turbidity peaks

usually occurred during winter and spring months. One notable exception

to this occurred during the summer of 1974 in benthic areas of East Bay.

These trends in color and turbidity were generally reflected in the Secchi

disk data  Figs. 16, 17! where significant decreases occurred in East Bay

with time relative to the Apalachicola Bay area.

Dissolved oxygen data are shown in Figs. 18-21. There was considerable

seasonal variation at both stations with peak levels generally occurring

during winter and spring months indicating the usual relationship with

water temperature and salinity. In East Bay, there was a significant in-

crease in dissolved oxygen during the 5 year period of study which was not

as apparent in Apalachicola Bay. Relative'ly low levels of dissolved oxygen
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winter of 1976. This remains unexplained at this time. The East Bay

data will be more thoroughly reviewed in another

volving potential impact of clearcutting on the Bay.

report in-

Orthophosphate and nitrate levels in the Apalachicola Estuary are

shown in Figs . 26-29. These data will be analyzed i n detail by Iverson

and ayers  Section V of this report!.

~nnaI sis and DIscussInn:

River  Fig. 30!. During the 4-year period of study, the river flow usually

peaked during the period from January to April. At these times, the range

of extreme diurnal flows usually was maximal. The range and mean flow

usually reached low levels during late summer and fall periods. This

pattern was almost completely out of phase with 'local rainfall which

ordinarily peaked during the summer and early fall. There was considerable

annual variation of river flow wi th relatively low levels duri ng the

first and third years of sampling. During the winter and spring of 1973,

thete was esp«ially pronounced river flow and flooding throughout the

Apalachicola Valley.

Water temperature fol'lowed seasona1 patterns with no substantial

variation from year to year. At any given time, there was usually little

vertical or horizonta'l variation in water temperature throughout the bay

A statistical treatment was carried out with the first four years of

physico-chemical data. The seasonal changes in various physico-chemical

variables in the Apalachicola Bay System have already been described

 Livingston, 1974, 1976; Livingston et al., 1974a: Livingston et al., 1976!

and wi'll not be reviewed in detail here. Overall, this is a shallow barrier

island estuary dominated physically by the widely fluctuating Apalachicola



27.

units! were found far salinity, rainfall, and turbidity. The re-

suits of a 2-way  month x year! analysis of variance of these data are shown

in Table 3. Since in a 2-way analysis with one observation per cell, the

mean square is of necessi ty used as an error term, the occurrence of

annually high significance levels probably indicates that considerable in-

teraction exists. There was significant  p <.05! annua'1 variation of river

f1ow although no trend was apparent during the study period. There were

reductions in salinity and turbidity in the Apalachicola system

with time. The results of a factor analysis  Table 4! indicate that high

riverf1ow is usually associated with increased color and turbidity and re-

duced Secchi readings, and low levels of salinity, temperature, and

system  Livingston et al., 1977!. River flow generally dominated the

seasonal characteristics of parameters such as salinity, color, turbidity,

and nutrient levels with increased flow associated with increases in %he latter 3

functions. Generally, this is a highly turbid bay with considerable

oyster bar development and little benthic macrophyte productivity ex-

cept in shallow  fringing! areas. Tides in the Apalachicola Estuary are

semi-diurnal  mixed, unsymmetrical! with a small small range  up to 1 m!.

Winds in the area fo'1low no clear directional trend although during fall

and winter there is a northerly flow which becomes southerly during the

rest of the year. In June, 1972, Hurricane Agnes came ashore near the

Apalachicola region with winds gusting to 55 knots and tides around 2 m

above the norm.

Statistical analysis of the physico-chemica'1 data taken over the 4-year

study period included simple linear regression and correlation for distrib-

ution with time. Significant changes in the regressions  origina'1 and loge



ch'torophyll A. This is consistent with the known seasonal pattern of

these factors, and indicates the important influence of the Apalachicola

River on the physical environment of the Apalachicola Estuary. While the

river dominates the seasonal fluctuations of parameters such as salinity,

long-term changes in the overall salinity of the bay appear to be related

also to other functions such as local rainfall and runoff. This would

indicate that causation reflects multiple interactions thus allowing

apparently contradictory results in the short- versus long-term trends

 e.g., turbidity and salinity relationships!.
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Bay. Median grain size determined by Method 1  In@an, 1952;

Folk and Nard, 1975! and Method 2  Folk, 1966; Ingram, 197'!!.

Organic content determined according to Chains and Waycheck �971!.

STATION DATE METHOD 1 METHOD 2 I ORGANICS

3/75 1.90 4.66

2.20 4.05

5/75 2.55 5,14

6. 266/75 2. 50

7/75 3.10 6 ~ 70

8/75 3.35 2.08 7.18

5.849/75 2.40

10/75 2.20 4.29

2.20 8.7911/75

6.1312/75 2.00

1/76 2.35 6.41

2/76 12. 884.20 4.20

3/75IX 2.00 1.78

4/75 l.85 1 . 76

5/75 'I.681.95

6/75 F 00 l.64

7/75 2.00 2.00

8/75 1.95 2.422.36

9/75 2.05 2. 16

10/75 2.15 2. 26

2. 4711/75 2.10

Table 1. Month'ly sediment analyses of various stations in,Apalachicola



Tab'le 'l  continued!

STATION DATE

12/75

1/76

2/76

3/75

4/75

5/75

6/75

7/75

8. 75

9.75

10/75

11/75

12/75

1/76

2/76

3/75

4/75

5/75

6/75

7/75

8/75

9/75

10/75

11/75

12/75

METHOD 1

2.10

2. 05

2.05

2 ' 45

3.10

2.70

2.70

2. 55

3.45

3.10

2 ' 65

2.85

3.10

2.65

2.70

3.00

3.65

3.30

3. 95

3.80

3. 55

3.95

3. 75

3.50

32.

METHOD 2

2.37

2.04

2.87

2.98

2.43

2.97

3.05

I QRGANICS

2.56

2. 36

1.68

4.17

3.93

3.67

2. 82

2.92

2.38

6.47

4.25

2.96

4.30

2.11

2.30

5.73

6.61

6.33

7.98

6.48

4.80

6.63

3.62

5.11



Tab1e 1  continued!

STATION

4A

DATE

1/75

2/76

3/75

4/75

5/75

6/75

7/75

8/75

9/75

10/75

11/75

12/75

1/76

2/76

3/75

4/75

5/75

6/75

7/75

8/75

9/75

'IO/75

11/75

12/75

METHOD 1

3.55

3.60'

3.45

3.85

3.45

4.15

4.05

3.95

4.00

4.05,

4.00

4.00

4.20

4.00

4.15

4.00

3.90

4.00

3. 85

3.45

4.10

4.05

4.05

4.05

33.

METHOD 2

2.81

1. 89

2.18

X ORGANICS

3.87

5. 80

6. 2'I

5. 86

5. 41

9.48

9.10

8.23

9.00

9.75

11.23

8.36

7 ' 06

6.02

6.10

6.25

6.52

7.75

8 ' 30

9. 39

11.09

9.10

12. 05

10.55



Table 1  continued!

STATION

5A

5B

DATE

1/76

2/76

3/75

4/75

5/75

6/75

7/75

8/75

9/75

10/75

1]/75

12/75

1/76

2/76

5/75

6/75

7/75

8/75

9/75

10/75

11/75

12/75

1/76

2/76

34.

METHOD 1

4.05

4.10

1. 70

1.75

1.60

1 ~ 85

1.75

1 ' 95

1.80

1.85

1.90

2.10

1.80

4. 20

4.45

4.25

4. 20

4.15

4. 20

4.20

4.20

4. 20

4. 20

METHOD 2

1.79

1.93

1.72

X ORGANICS

7.97

8.30

1.11

1.03

1.40

0.97

2.38

2.83

1.41

1.70

4.64

8.45

2. 78

2.33

11.45

10.61

12.32

12.51

11.-95

12.20

12.21

9.39

9.19

10.52
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Table 2: Annual monthl means:

Local
Rainfall
~inchesTime Period

4.98

5. 20

6.23

5.80

4.66

3/72 - 2/73

3/73 � 2/74

3/74 � 2/75

3/75 - 2/76

3/76 � 2/77

Apalachicola
River Flow  Cubic!

25,185

32,955

21,5'

30,708

26,174
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37.

Table 4: Factor analysis of a set of physicochemical variables taken
from March, 1972 to February, 1976. Color, turbidi.ty, Secchi
readings. salinity, temperature, and chlorophyll A
were noted at Station 1 in the Apalachicola Estuary Tidal Data
included the stages of the tide on the day of collectioe while
the wind variable was represented by 2 vector components.

Factor 1
�9.GÃ of the variance!

Factor 2
�2.3X of the

variance

Yari able

River flee

Local rainfall

-0. 82

-0. 04

-0:.,08

-0. 30 -0. 09 D. 20

Tide  incoming or
outcoming 0. 610. 26 -0.68 .0. 06

0. 39 0. 610. 09 -D. 37

0. 09 0.36 0. 37-0. 02

0. 31-a.2O

-G. 07

0.220. 10

0. 24-0.17O. 57

Color 0. 33-0. 80

-0. 73

0. 070. 01

0.54 O,OS 0. 23

-0.18

-D. 02

'0.020.38

0.210. 68 0.23

0. 090. 47 0. Sl

Tide  high or low!

Mind direct'on  E-M!

Mind direction  N-S!

Sec chi

Turbidity

Temperature

Salini ty

Chlorophyl 1 A

Factor 3 Factor 4
�7.9X of �0.85 of
the variance the variance

-0.07 -0. 08



38.

Fig. 1: The Apalachico1a Bay System showing assigned  permanent! stations
for all research operations.
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V. Phytoplankton Praductivity and Nutrient Ana]ysis
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XNTRODUCTION

Apalachicola Bay is a shallow, bar-built estuary approximately l2

miles long and 7 miles wide with a mean depth of 2.7 meters  M.L.W.!. The

bay is protected to the south by a line of barrier islands adjacent to

the Gulf of Hexico  Fig. 1! and receives an average daily freshwater

input of 22,000 cfs from the Apalachicola River  U.S. Geological Survey,

l971!. Apalachicola Bay supports the ma/or Florida oyster fishery

 Colberg, et al., 1968; Nenzel and Cake, 1969!. Dawson �955! investigated

the hydrography of the bay while Gorsline �963! described hydrographic

and submarine geological features of the bay. Less than 7 percent of

the bay bottom supports macrophyte growth  National Estuarine Study, 1970!

suggesting that phytoplankton axe the primary autotrophs in Apalachicola Bay.

The investigation reported hexe was designed to determine patterns of

phytoplankton standing crop and productivity as well as factors controlling

phytoplankton productivity in Apalachicola Bay.

MATERIALS AID METHODS

Stations were set at various locations in Apalachicola Bay  Fig. 2!

and sampling was started July, 1972. Water temperature and salinity

were measured with a Beckman RS5-3 in situ CSTD. Solar radiation data

was obtained from a pyrheliometer located at the FSU Marine Laboratoxy.

Apalacbicola River discharge, measured at a gauging station near

Chattahoochee, Florida, was obtained from the U.S. Geological Survey.

Sareples for chemical and biological analysis were taken at the surface

and bottom of the water column. Turbidity was smasured with a Hach

~>fodel 2100A turbidiaeter. Total carbon dioxide for use in computing

phytoplankton productivity data was measured with an Oceanography
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InternationaL carbon analyzer using the method of Nenzel and Vaccaro �964!.
Nutrient samples were filtered through pre-washed LAatman GF/A glass fiber
filters and poured into nalgene bottles. After addition of 1 ml of a 2
percent  wjv! solution of mercuric chloride, the samples were placed on
ice where they were kept until analyzed. Nolybdate-reactive phosphorus
was measured using the Murphy and Riley Iethod  Strickland and Parsons,
1972! ~ Nitrate was analyzed with a modi,fication of the Morris and Riley
method  Strickland and Parsons, 1972! Nitrite was measured with the

Bendschneider-Robinson method  Strickland and Parsons, 1972!. Reactive

silicate was measured according to the Nullin-Riley method with modifications
as given in Strickland and Parsons �972!.

Five hundred milliliters of water were passed through a Whatman

GF/A glass fiber fiLter fox chlorophyll analysis with the spectrophotometric
method given in Strickland and Parsons �972!. Phytoplankton productivity
vas measured with the carbon-14 method  Steemsn-Nielsen, 1952!. Samples
vere incubated in situ for about three hours after which the contents of

the 180 ml incubation bottles were filtered through Whatman GF/C scintillation
grade glass fiber filters. Radiocarbon activity on the filters was measured

by Liquid scintillation spectrometry using Aquasol as the scintillation

cocktail. One hundred milliliter aliquotes of bay water were filtered

through Millipore 0.4S micron filters for analysis of phytop1ankton
species composition by the zmthod of McNabb �960!. Nutrient enrichment

exyeriments were conducted with water from East 3ay and fxom Apalachicola
Bay using modifications of the methods of Rythex and Guillard �959! and
Nenzel and Ryther �961!.  See appendices l and EI for details of the
methods!.
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RESULTS AND BISCUSSION

The circulation of surface waters of Apalachicola Bay is controlled

by wind  Fig. 2!. Bottom circulation was uncoupled from wind except

following periods when wind speeds were high enough to mix the water

colure.

River discharge is the primary factor which controls nutrient

concentrations in Apalachicola Bay  Tab1e 1!. Surface nitrate concentrations

in both East Bay and Apalachicola Bay were highest during winter pexiods

of maximum river discharge  Pig. 3, 4!. An increase in surface phosphate

concentration was also observed during winter periods of maximum river

discharge  Pig. 5,6!. Maxima in phosphate contentrations. observed during

1976 were the result of wind-mixing of sediments into the water column

during periods of strong winds over the bay  Myers, manuscript in preparation! ~

Phosphate maxima of this magnitude are not observed in the data record

prior to 1976 since boats available for use were not capable of operation

during periods of high winds. There Co not appear to have been significant

changes in yearly cycles of surface nitrate or phosphate concentrations at

these two stations over the sampling period.

Surface phytoplankton productivity patterns exhibit maxima <n the

spring and minima in the fall and winter  Fig. 7,8!. Results of nutrient

enrichment experiments suggest that nutrients are not limiting for

phytoplankton productivity during the winter but are limiting during the

summer  Estabrook, l973!. An extensive investigation of sumsmr nutrient

limitation revealed that phosphate was the primary nutrient limt,ting

phytoplankton productivity both in East Bay and in Apalachicola Bay with

nitrate limiting productivity with frequency less than phosphate in
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Apalachicola Bay  Appendices I and II!. Water temperature is a major factor
which limits phytoplankton productivity in this estuarine system  Fig. 9!.

Chlorophyll a can be used to estimate phytoplankton biomass  Loreuzen,
1968!. A comparison of surface chlorophyll a values reveals a general

. decrease in maximunm values for Apalachicola Bay  Fig.,lO!compared to East

Bay  Pig. 11!. Further data analysis will be required to determine the

cause of this apparent decrease.
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CORRELATION COEEFICXENTS Or LINEAR R GRESSIO."tS 0& NITRATE ~
ORTHOPHQSPiIiATE~ SILICATE~ MID iQL'IONIA ON ScaLINXTY
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INTRODUCTION

The quantification of the extent of nutrient limitation in a marine

ecosystem is critical for the prediction of the response of the system to

various nutrient related stresses. To make sound environmental policy,

the critical nutrients and the relationships between these nutrients and

plant productivity must be known.

In estuarine systems, patterns of nutrient limited phytoplankton

production are complex and variable. It has been suggested that while

nutrients can limit phytop'1ankton growth in stratified estuaries, shallow,

we]1-mixed estuaries usually have nutrients, and especially phosporus, present

in excess of phytoplankton demands  Pomeroy, et al, 1972!. However, spatial

and temporal variability in nitrogen and phosphorus limitation have been

identified in both types of estuaries  Putnam, 1967, Flemer, 1970; Carpenter,

1971; Ryther 8 Dunstan, 1971; Thayer, 1971; Kraswick 8 Caperon, 'f973!.

Nitrogen occurs in estuarine systems in various dissolved, and particulate

forms. Nitrite, nitrate, molecular nitrogen, ammonium, urea, dissolved

organic nitrogen, particulate organic nitrogen, and amino acids are nitrogen

forms that can be used directly or indirectly by plankton in marine ecosystems

 Dugdale 8 Goering, 1967; Riley 8 Chester, 1971; Carpenter, 1971; Thayer,

1971!. The distribution of the different nitrogen forms in marine environments

is controlled by complex interactions between biological, physical, and

chemical processes.

Phosphorus occurs in estuarine systems, in a variety of collodial,

dissolved, and particulate forms  Taft, et a1, 1975!. The di stribution of the
h

forms of phosporus in marine systems is controlled by physical, chemical, and

biological processes. The residence time of phosphate in coastal systems is
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fairly short, between 5 and 100 hours  Pomeroy, 1960!. Phosphorus concen-

trations in estuarine systems may be controlled by reversible sorption

reactions between sediments and the overlying water  Rochford.:1951; |:arritt

& Goodga1, 1954; Jitts, 1959!. Biological activity within the sediments cgri

also move significant amounts of phosphorus 'between the sediments aa4 the

water coiumn  Pomeroy et al, 1965; Hale, 1975!, and has been shown to

control the seasonal cyc1e of phosphorus concentrations in severa1 sha]low

turbid estuaries  Pomeroy, et al, 1972!. Phosphorus flexes ~ithin estuaries

can also be dominated by reactions occurring within the water co1umn.

Phosphorus uptake within the ~ater column is usually due to pNytoplankton

and/or bacteria  t:orrel1, et a1, 1975; Taft, et al; 1975!. Regeneratton of

phosphorus within the water column can take place by autolysis, zooplankton

consumpiion and remineralization, or bacterial degradation  Potaeroy, et al,

1963; Hartin, 1968; Hargrave & Geen, 1968; Peters & Rigler, 1973;

Barsdate, et al, 1974!.

Previous phytoplankton productivity studies in Apalachicola Bay

indicated that nitrogen and phosphorus were potential limiting nutrients,

while silicate and trace metal additions never stimulated phytoplankton

productivity  Estabrook, 1973!. This paper presents preliminary results Df,

nutrient enrichment experiments and phosphate uptake experiments designed to

quantify the extent of nutrient limited phytoplanktan production and to

detemine the importance of phosphorus 'in the Apalachicola Bay System.





�971! or the spectrophotometric method given in Strickland 5 P'arsons �972!.

The total inorganic carbon   CG2! content of the water was either

determined with a Total Carbon Analyzer {Oceanography Internati'onal, Inc.!

using an infrared detector or from a salinity vs CO2 standard curve

determined from 2 years of data collected in the Bay System. Oissolv'ed

organic carbon was determined by the method of Nenzel I Vaccaro �964! using

the Total Carbon Analyzer. Phytoplankton taxonomy was determined by the

method of Holmes  ]962!. Cell carbon was estimated from cell volumes

according to the method of Strathmann �967!.

Two-factorial nutrient enrichment experiments with nitrogen and phosphorus

were conducted with phytoplankton in water samples from stations in East

Bay and Apal achicola Bay. General methods Of nutrient enrichment experiments

can be found in Scheleske, et al �974! and Gerhart 5 Likens  T975!. Mater

was collected in 20 1 polyethylene carboys and aliquots were placed in 500 ml

glass incubation bottles. Samples from each station were treated with either

0, 5, or 50 ug-atm/I nitrate-nitrogen or 0.0,0.2,0.5, or 5.0 ug-atm/1 phosphate-

phosphorus. Nutrients were added as 1 ml volumes. Duplicates were prepared

for each concentration. A 4 hour acclimation period was begun about l0 hours

and was followed by an incubation with either 2 or 4 uCi 14C labeled

bicarbonate for approximately 4 hours. Incubation and acclimation were

performed in situ . Two 100 ml aliquots from each battle were filtered

through Mhatman GF/C glass fib r filters. The filters were placed in 5 ml

of Aquasol and the activity was determined by liquid scintillation counting

 LSC!. Primary productivity was calculated by the method of Strickland

and Parsons {1972!.

Phosphorus uptake was measured in the Apalachicola Hay System to

determine phosphate dynamics and uptake rates of natural plankton coneunities.
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General methods of p1anktonic phosphorus uptake as a function of concen-

tration can be found in Halmann 8 Stiller �974! and Taft et al �975!.
Mater was collected in 20 1 polyetheylene carboys and aliquots were placed
in 500 ml glass incubation bottles. Samples were treated with 0.0, 0.2,
0.5, or 2.0 ug-atm/1 phosphate-phosphorus. Hal f of the samples were

poisoned with 1 ml of 2$ HgC12 solution. Between 500,000 and 1,000,000

.Cpm/ml of carrier free P phosphoric acid was added to the samples.

$amples were incubated in situ. Fifteen 15 ml subsamp'les were periodical'ly
resold from al I bottles and filtered thru Mhatman GF/A glass fiber filters.

Ten ml of filtrate was then pipetted into on LSC vial for counting. The
~2P was counted by measuring Cerenkov radiation of the filtrate  Curtis II
Toms, 1972; Fric 8 Palovickova, 1975! with a liquid scinti1lation spectrometer.

Planktonic phosphate uptake rates were estimated from linear regression slopes
of total minus HgC12 treated phosphate uptake vs time.
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were between 0.57 and 0.93 ug-atm P04-P/1 under phosphate limited conditions.

However, when phosphate was not limiting maximum uptake rates wer obtained

at lower phosphate concentrations. Simi1ar observations have been cited in

the literature  Perry, 1976!.

The differences in the spatial responses of phytoplankton of the

Apalachicola Bay-East 8ay system to nutrient additions cannot be satisfactorially

explained by species composition differences  see Table lV!. Phytoplankton

species differences do occur between the two stations; however, the

majority of the species are common to both areas. Spatial differences in

nitrate enrichment responses may be due to the presence of other assimilitive

farms of nitrogen, such as ammonium, nitrite, or urea. Differences in

phosphate limitation between the two stations can not be exp'1ained by con-

centration differences alone and may be due to suspended sediment and water

column interactions.

Temporal differences in the response of phytoplankton to nutrient

additions suggests that temperature limits phytoplankton productivity during

colder months  Estabrook, 1913! and that nutrients limit productivity during

the warmer seasons. The nutrient enrichment and phosphorus uptake experim nts

presented in this paper suggest that phosphorus is the most critical limiting

nutrient in this estuarine system and that a reduction in phosphate level

during suasner months could reduce phytop1ankton productivity.
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APPENDIX 2
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Phosphorus Limit'ed Phytoplankton. P» oductivity in

Northeastern Gulf of Nexico Coastal Maters
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An urrderstarrding of nuCrient limitation of marine phytoplankton

growth is impor. Cant in elucidating mechanisrrrs of phytoplankton. com-

pe tition and succession �! and in making decisions concerning the

use of the aquatic environment for waste disposal �!. Nitrogen

has beerr identif ied as the primary limiting nutrient for phytoplank-

ton in marine water.".' at various locatior s ir. the Pacific and Atlantic

Oceans, offshor No. theastern Gulf of Mexin, and in California and

New England coastal waters �!. We report x'.suits of nutrient enrich-

men C experirrren C" corrducted in coastal and es Cuarine wate. s which

suggest tha C phos ph >rus is frequently more i. rportant than nitr ogen

in limiting phytopl«nkCon productivity in the Northeastern Gulf of

Mexico.

Exper imen Cs Co determine nutr ient limitation of phytoplankton

productivity were conducted monthly during the surrrmers of 1975 and

19/6 in several shallow North Florida coastal systems  Fig. 1! by

inorganic carbon-14 uptake and phosphorus-32 bioassays. The carbon

upt ke bioas ay- were two-factorial designs in which different

concentraCions of phosphate and nitrate were added to water samples

along with C labeled bicarbonate. r>!. The phosphate uptake

experirrr nts wer;e one-way designs in which different concentrations

of pnosphate were added to water samples along with 2P labeled

pho phate �!. Environmental factors including temperature, salinity,

turhidi ty, and QC02 were measured �!. Nutrient samples were

coll'"c Ccd, stored, and analyzed according to pre. cribed methods �!.
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Water samples wer e col lee ted for chlorophyll-a and phy Lc pl ~ ni.- t. <; n

species composition determinations  8!.

This discuss"on of nutrient limited phytoplank on productivi'y

in the coastal waters of the Northeastern Gulf of Nexico w:ill ?.r.

O
limited to months where water temperatures are grea, er than 25 C.

Previous investigations of the phytoplankton ecology o these

systems suggest that during the rest of the year nu~-.rienL- concenter,i-

tions are either high enough to meeC phytoplankton demand- or

temperatures are low enough to be the primary factor limit.ing

phytoplankton productivity  S!.

Light and t~ mperature did noL vary widely between the variou;;

sampling dates and locations  Table l!. Significant diffcreIic=s

wer e observed in sal inity, turbidity, nutrient concentration, . nd
4

phytoplankton productivity betw en staI-iona. The x clat i.ve ly I.ow

mean salinity values obser ved at the Apalachicola and Ochlockone 

estuarine station. - are the result of river dr linage The hi gher

turbidity values at the Apa3.achicola stations relative to <he cth=.

stations are probably a result of river discharge arid mixing

processes �0!. The Apalachicola and Ocklochnee stations exhibit;-~.

higher nutrient concentrations and higher primary productivity =nd

chlorophyll-a, than the other stations. Phytoplankton species

diifferences were observed between the high and low salinity station~

 ll!. Phytoplankton and nutrient data were treated with linear

regression techniques. Linear correlation coefficients were deter-

mined between phytoplankton productivi Cy and soluble reactive

phosphate, soluble nitrate, and soluble nitrite concentrat.ions.

Phytoplankton productivity was more strongly correlated with soluble
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reactiv . phosphaLe concenLration  r = +0. 73! and was weakly corre]atec
wi th sol«b t e r etc t ive nit c'u te   r = +0. r�! or soluble nitrate  r = +0. 2
I'his sugges ts that soluble reactive phosphate concentration was
rrK>r.'e impor L rrl t than. dissolved n itrate or nitri Le j evels in explaining
summer phytoplankton productivity in the coastal systems of the
Northeastern Gulf of Mexico.

A multiple regression model was constructed to determine which
combinations of environmental or nutrient variables could explain
the most variatiori of phytoplankton productivity in these coastal
systems. A multiple linear regression model was designed with
phytoplankton primary productivity as the dependent' variable and
temperature, alin'ity, turbidity, surface light intensity, soluble
nitrate, soluble nitrite, and soluble reactive phosphate as possible
independent variables. Soluble reactive phosphate and salinity
were the only variables which met the model constraints �2! and
together they explained 60% of the variation in phytoplankton
productivity in the;,e coastal systems.

ResulLs of both the carbon uptake and phosphate uptake nuLrient
enrichment bioassays also indicated that soluble reactive phosphate
wa: rriore important than soluble nitrate in limiting phytoplankton
productivity during t: he sumrrrer months in these coasLal systems.
 Table 2!. Phosphate additions stimulated phytoplankton carbon
fixation more frequeratly than nitrate additions . Vhen phosphate
additions stimulaLecl carbon uptake, phytoplankton phosphate
uptak- w ~s also stimula t'ed �3!-

'T' he nearsho. e NorLh astern Gulf of Mexico environments

inves L.igated ir~ this study receive runoff which does not contain
high c.'i.;solved pho.phaCe concentrations, in contrast to New England
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coastal waters  l~t!. Shallow, clear waters overlie sandy ed',

which remain in the water column for only short per.i ods ~ f ter

suspension �5! in contrast to th=' silty, turbid water of th.

nears'hore Georgi~ coa't. Pomez oy �6 ! suggested that phosphor i."

does no C seem to be a limiting nutr ient for phytoplanktor g. Ow L4

in any except some of the clearest, sediment-free e tuar ie.",. The

Apalachicola Bay water column contains high turbidity for several

days following periods of high wields. Phytoplankton are not

Vernon B. Ifyer;.'

Richard L. Iverson

Department of Oceanography

Florida State University

Tallahassee, Florida 32306

phosphate limited under these conditions but becom phosphate

limited after sec~ Lmen ts settle to the bot~ om �0!. The obser v.etio i

that phosphor us . s important as a limitin~; nutrient for phyto~ilan1:.--

ton in the nearst:ore Northeastern Gulf of' Mexico suggesI; that

water quality pl,inning for the coastal zc ie is b st don». on

regional basis, ~ ith consideration given to the bio � geo-physi~..l

characteristics ~;hich control nutrient cycling.
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D. W. Menz el, E. M. Hul.bur t, and J. H. Ryther, Deep Sea Res.

10, 209 �963!; D. Titman> Sci. 192, 463 �976!; D. W.

Schindler, ibid. 195, 260  l977!.

A. L. Harmiond, ibid. 172, 361 �971!; N. A. Jaworski y D2

Lear, Jr., and 0. Villa, Jr., Limnol. Oceanogr. Special Sym.

Vol. 1, 274 �972!.

3. R. W. Eppley, Water Pollution Control Res. Series No. 16010

EAC 12171  Env- ronmental, Protection Age icy, Washington, D.C.,

1971!; J. H. Ryther and W. R. 'Dunstan, Science 171,1198 �971!;

J. C. Got.dmin, K. R. Tenore, and H. I. Stanley, ibid. 180, 955

�973!; J. G. Jennings, M.S. Thesis, Florida State University,

Tallaha.:see, Florida, 83 p �973!; S. Vince and I Valiela, Mar.

Biol. 19, 69 �973!.

Surface water  z =- 0.5 m! was coll cted and placed in 500 ml

glass incubation bottles. Nutrient concentrations of 0.0, 5.0,

or 50.0 pg-atm N03-N 1 and 0.00, 0.25, 0.50, 2.00, or 5.00

pg-atm P04-P 1 were obtained by adding appropriate amounts

in situ wiCh 4 p Ci of C labeled bicarbonate. Two 100 ml14

«l.iquots f r om ach bot tie were f i3.tered through Whatman QF/C

plass f ibex'. f i !.t~rs. The f ilters were place in 5 ml of Aquaso3.

and the ac rivi ty wa d.terminpd by liquid scintillation counting.

Carbon fi>:ation was calculated by the method in J. D. H. Strich.�

land and T. R. F'arsons, A Practical Handbook of 'Seawater

An.~ly.-.is, Fish. Res. Bd. Canada �972!.

of NaN03 o Na2P04 to each bottle. Phytoplankton were acclimated

in situ to the added nutrients for 4 hours and then incubated



Surface water was collected and placed in 500 ml glass incuh,E

tion bottles after which Na2PO~ was added to obtui;-. concento-c,

tions of 0.00, 0.25, 0.50, or 2.00 pg-atm POq-P 1 . HaiL

the samples were poisoned with 1 ml of 2% HgC12 solution.

Qne ml of between 500,000 and 1,000,000 dpm/ml of cErrier

free 3 P ph ESphOr iC aCid WaS added to th:- bOttEeS ,ad the

samples were incubated in situ. Fifteen ml subsamples weLe

periodically removed from all bottles and filtered through

Whatman GF/A glass fiber filters. Ten mls of filtrate were

pipeted into LSC vials and the P activity was determine 4 by

CherenkOV radiation meaSuremntS With a liquid . peCtromete E.

 E. J. C. CEirtis and I. P. Toms, In ~Li uid Sci ntil i 1hion

~Countin, Eteyden 9 Sons, �972 7; F. Fric and V. PalovicE:ovu,

Int. J. App. Rad. Iso. 26, 305 �975 ! ! . Plank ton ~Ehosph, Etc

uptake rate.:, were estimated from linear regres: ion sLope.' of

total phosphate uptake minus HgC12 poisoned upLake vs tim

f or R greater than 0. 80.2

Water temperature and salinity were determined with a Beckma.rE

RS 5-3 portable salinometer. Turbidities were ana]yzed with

a Hach model 2100 A Turb1dome "er. QC02 was measured w1th au

Oceanographic International Corperation Total Carbon AnalyzeE

model 0524.

Water samples were collected and immediately filtered through

prewashed Nhatman GF/A glass fiber filters and the.> placed in

500 ml nalgene bottles. One ml of N HgC12 solution was add-.d

to the sample after which it was placed on ice. All nutrienc:-,
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technique of R. Holme  U.S. Fish and wildlife Serv. Spec.

Rep. Fi-h, 433 �962!}.

9. R. H. Kstabrook, N. S. Thesis', Florida State University,

Tallahassee, Florida, 166p �973!; V. B. Nyers and R. L.

lverson, Florida Dept. Mat. Res. Publication, in press �977!;

F. Bittaker, V. B. ayers, and R. L. Iverson, manuscript.

10. V. B. ayers and R. L. Iverson, manuscript.

ll. Signific.mt differences in species corrrposition and size

fractiorr exi. t between N. L. and E-.12 stations and Ock and

Apal stritions. The phytoplankton communities at stations

N L. and T-:-12 had a greater proportion of individuals in

the larger size fraction �5t of total numbers had log cell

volumes between 4.0 and 5.0! than did station Ock and Apal

�5'4 of total nurtib.rs were in this larger size fraction!.

n was the dominant diatom at all stationsC~clotella m

and comprised 18 to 38 % of the total phytoplankton cell

numb rs.

12. A stcpwise regression rirethod was used to enter independent

variables in'to the model. The low"r limit of the change of

R for. addition of a variable to the mod 1 was set at 0.05.

"ol.u? Le reactive phosphate was the first variable entered into

werc arralyzed wi Lhin 48 hoiirs. Soluble reac tive phosphate,

nitrate, and nitrite were determined by the methods given in

Strickland and Parsons �!.

8. Chlorophyll-a was deterrrrined by the method given in Strickland

and Parsons �!. Phytoplankton taxonomy was determined by the
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the model and it gave an R of 0. 54. Salinity ~ »s,~dd, d

next to the model and it increased th. R' by 0.10. The

other variables did not meet the con= -raints of the me t-ho.! an '

therefore vere not entered in the moda1. The final regressic

model was:

P.P. = 32.1 + 48.4 S.R.P. � 0.54 Sal.

where: P.P. is phytoplankton primary productivity in pg C 1 hr

S.R.P. is soluble reactive phosphate in pg-atm P04-P 1 ; and

Sal. is salinity in parts per thousand. This final model was

significant at ~� ; 0.001.

13. The high positive correlation coefficients between phosph,»te

uptake and both chlorophyll-a  r = +0.83! and phytoplankton

primary production  r = +0.77! during the summer suggests >h.»'.

phytoplankton are the primary phosphate uptake fraction oi

plankton in these coastal systems. This conclusion is consi.s.'.cnt

with results of J. L. Taft, N. R. Taylor, and J. J. McCarLhy

 Mar. Biol. 33,21 �975!!, who found that phytoplankton w.re

the main fr »ction taking up pI»osphat~=. in the Chesap ake B '.y.

14. J. H. Ryther and W. R. Dunstan �!

15. Median phi values of 3 �25 p! were observed for sedim nt

samples obtained from stations Apal-1A, N. L., and E-12

16. L. R. Pomeroy, L. R. Shenton,, R. D. H. Jones, and R. J. R~='.i mo 1 d,

Limnol. Oceanogr. Special Symp. Vol 1, 274  l972!.

17. Financial support was provided by the Florida Sea C',rant Progr,.m

under NOAA contract 04-3-158-43. We thank D. Menzel for common ing

during preparation of the manuscript and R. Harj'.iss for cr»tie.»LLy

read in' the meinuscr ipse .



Fi gui e 1. Location of samp i ing s tation in the Northeastern Gul f of Mexico.



Table. l. Summar y of environmental, nutrient, and phytoplanJ=ton

data. The first value under each parameter. is the mean value o,

that parameter for a given station and the second va3 ue i.;. the

standard deviatiori of the values.,Temp is temper'ature, Hali.n i'

salinity, Turb is turbidity, and Pri. Prod. is phytoplankton pri.mJ.z.

production.
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Table 2. Summary of analysis of variance of carbon uptake

and phosphate uptake nutrient enr ichment h ioa s say = . The

symbols under POq and NOg indicate the statis tical s ignif ic,.n ~

of the effect of that' nutrient on either carbon uptake or

0.05 the effect of the nutri'nt0.05. When

addition was always stimulatory to the physiological process

measured.

phosphate uptake. An F test was used to determine the values

N indicates no data, - indicates d: » 0.05, and - indicates
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S tation Da te PON03

E-12

H. l.

N. L.

M. L.

E-12

E-12

Z-12

Ock-1

Ock-1

Ock-1

Ock-2

Qck-2

Ock-2

Ape 1-3.A

Apal-1A

P.~>al-lA

Apal-1A

Apal- 1 A

6/03/75

7/18/75

7/12/76

9/10/76

6/13/76

7/03/76

8/30/76

9/22/76

6/17/76

7/28/76

8/30/76

6/17/76

7/28/76

8/30/76

9/02/7'I

5/29/7S

7/ll/7S

9/11/7S

9/15/

Car bon Uptake Phosphate Uptake



Apa1-1A

Apal-1A

Anal-lA

Apal-lA

Apal-lA

6 ' O/7

6/ >0/76

//05/76

8/ L5/76

8!~S/76

Apal-7

Apal-7

Apa.l- /

Apal-7

Apa1-7

Apal-7

Apal-7

Apal � 7

Apal-7

Apal-7

9/02/7<

5/29/75

7/ll/75

9/ll/75

9/15/75

6/10/76

6/2~~/76

7/05/76

8/15/76

8/26//6
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LOSS OF HADIOCARB 0'8 I.>>I I!I RECT USE 0 F AQ U AS 0 I.
FOR LIQUID SCINTII.LATIOX COU >>i rfw C OY SOLUTIOX S

CONTAIN I iYG "C-Na HCO,>

9Y HlCHABr> I . IVEBSOV>, HE'ABC F. Bt'H'>»>liXR, AXr! 'rr t;trvos 8. Atm.'ni

Reprir>terl frr»rr Lnl>or. xry Awlr Or.iY..ivor:}>ApH Y
Vob 2I., iver>. 5, Septerrri>er lr!> 6

pp. 75Wi.r8
hfad» in tIre United Stutev of Ar»encu

Cr>pyright, ! t.y> t> by Tt>e A>>>erie;rrr Sr>eiety»f Lirr>r> >l<>gy or><i Decor»>gr;rpt>y,!r>e,
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Loss of radiocarbon in direct use of. AcIinso1 for liquid
scintillation counting of solutions containing "C-NaHCO.,'

Ahu~arboo-14 acbvig sras lost
when "C-NaHCCh in artoeons solobon wg.v
arkbci ta Acioasak Pheoethylamina carr be
userI tn farm carbmnatcs which are stable ia
Arina~i>l in orrler to ach~a complete reten-
tion of "C in the Iiciuirl scinhllstion cocktail.

Fhcrnciai snppnrt wibc prow Kl& br the Fltrrlga
Seo C:rant PrograrrI onrier XOAA canttact 04-3-
158- t3.

Premiered coclctn0s which accept aqueous
samples have gained popularity far use in
liquid scintilhtion counting of car[an-T4
in phytop4nlcton productivity measure-
nients. Aquamol, a product of Yeiv England
Nuclear Corporation, was one of the first
cocktails developed for such use. Since
Aquasol will accept up tn a third of its vol-
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»me of aqueous sample, it is a simple pro-
cess to st;rudardize "C-NaHCOa so]rrtions
fnr prlrnarv prndrlCtiS1ty Xneasurel'nerrts bv
addinir a]iq nots of dilutions of "C-XaHCOa
sr>lutions direct]y to Aquasol. After c]rcnri-
luminescence caused by NaOH in the ra-
diocarbon solution  Strick]arrd and Parsons
197a! has decreased, "C attivitv of the so-
lution can be measured with a hquid scin-
tillation spectrometer.

AVe observed lower than expected r4C
activity during standardization of '~C-
NaHCOa so]utions using Aquasol as the
liquid scinti]]ation cocktail. It is difficult
tO interpret pH meaSurelnentS in a rO>r-
aqueous medium; hnwever, t]re Aq>raso]-
eater emulsion was strongly acidic with
pH-Hydrion paper, To assess the rnagni-
tude of the ~4C actis1ty losses, we arlded
1.0-lnl aliquots of a 1: 50 di]ution of so]u-
tion containing 1 pCi of '4C ml- as t'C-
NaHCOs to 10.0 ml of Aquasol in glass
liquid scinti]]ation via'ts: carborl-14 activity
decreased with time to a value 38% less
t]ran the amount of activity initially added
to the Aquaso]  Fig. 1!.

Rapid loss of radiocarbon From the cock-
tail imrrret]iate]> after addition of "C-
XaHCOa so]ution precludes imlncdiate
]i<prid scinti]]ation counhng as a so]rrtion
to the problem. AVe added duplicate I-ml
volta>res uf the diluted "C-NaHCO�- solrr-
tion to 5-ml and to 15-m] vo]»mes of Aqua-
sn] in glass liquid scintiHation via]s to test
the effects of variation in Aquasa] vohrme
on retention of ~'C. After 500 min, the sam-
ple contai»ing 5 ml of Aquasol contained
40!o less activity and that containing 15 ml
contained 26~4 less activity than the axnonnt
initially added.

Phenethy]amine reacts rapidly with CO2
to forxn carbamates which are stable in
liquid scinti]]ation cocktai]s   AVoe]]er
1961!. Phenethylamine absorbs 99.5% of
a vai lab]e CO { Duncombe and Rising
1969! and is used as the CO' absorber in
several methods where '4C-CO- is cap-
tured in ]iqrrid scinti]]ation cocktails  Pct-
ersn» 1969; Sxnith et a]. 1972!, %'e added
1.0-m] aliquots of the di]nted "C-rbraHCOa
aqrreo»s sr>]ution to 2.0 trr] of redistilled

too

V so

600200 400
r>t>r»res

Fig. L Carl>or>-14 activity of a»;op>em>a so-
totioo of oC-l>iaHCO io 10 ml r>fAu»;>sol �!
a>rrl l>r pl>errethylami»e plus 10 >r>! of Art>>asol
 H!. Error bars are ~2>r for each poi»t  N = o1.

phenethylamine in glass liquid scintillation
vln]S.

The carbon dioxide absorptiorl capacity
of phenethylamine is about 0.2 g �5
mnto]es! per ml  New Eng]axrd Nuc]ear
Corp. 1975!. YVe used a quantity of phen-
ethylamiue in excess of stoichiometric re-
quirements to ensure rapid carbamate for-
mation. After adding 10.0 ml of Aqlrasol
to the vials, ave measured the "C activity
of thc samples with a Picker liquid sciuti]-
]ation spectror»eter. Carbon-14 activity
was not significantly differerlt over the ex-
perimenta] period  Fig. I!. In the phen-
ethy]amine-Aquaso] cocktail it svas stable
at RS h and has been reported stable up to
72 h in a phenethy]amine-tolrrerre-rnetbano]
cocktail {Davis et al. 1975!.

Unless scinti]]ation grade phenethy]a-
mine is used, it lnay be necessary to rede-
sti]] phenethy]amine by Hash evaporation
before use to remove co]ored compounds
that cause quenching during liquid scintil-
lation counting   Francis and Hawkins
1967!. Aquasol is a xylene-based cocktai].
WVhen phenethy]amine is used in toluene-
based cocktails, a small amount of meth-
anol is added to the coc]ttai] to aid in solu-
bihzing the phenethylamine {Smith et a].
1972!. Plrenethy]an>inc has greater trap-
ping capacity than -h>.amine-hydroxide
 Parmentier and Ten Flaaf 1969! arid
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AB STRP.CT

Clycolic acid was accumulated by in vi ro p eparatio.. of

gill tissue f rom the quahog clam, Hercena=ia ~s., by a @rood ~ s

exhibiting diffusion kinetics. Carbon-14 from labe11ed -3y,"olic

acid was found in the lipid fraction of the gill tissue. Evo-

lution of labelled carbon dioxide suggested the glycolic acid

was metabolized in gill tissue.
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INTROt!UCTION

Excretion and extracellular loss of metabolites by phytoplank-

ton and macrophytes is a significant source of soluble organic

carbon compounds in the sea  Parsons and Takahashi, 1973!.

Photosynthetically fixed carbon excreted by marine phytoplankton

communities var ies in magnitude, with increased proportion of fixed

carbon excreted by communities growing under oligotrophic conditions

 Anderson and Zeutschel, 1970; Thomas, 1971; Samuely et al., 1971;

Barman and Holm-Hansen, 1974}. Glycolic acid is probably auantita-

tively the most imporLant component of phytoplankton extracellularly

released carbon  Hellebust, 1974!. Algal and bacterial species

exhibit variability in. their ability to take up and use exogenous

glycolate for growth. Bacterial species which took up.glycolate were

unable to grow using glycolate as the sole carbon source. but could

metabolize it with greater efficiency than other organic acids, su-

gars, or amino acids taken up from solution  Hright and Shaw, 1975!.

Excreted glycolate may be reassimilated to se ve as an energy source

for phytoplankton- populations during conditions limiting photosyn-

thesis  Hogg, 1963!.

Marine invertebrates, including mollusks, have been shown to re-

move dissolved organ5 c compounds from solution, yet the uptake and

s igni f icance of glycolic acid in the metabolism of marine animals

has nqt been established. Six genera af marine mollusks, including

Nercenaria merceraria, removed amino acids from seawater  Stephens

and Shinske, 1961!. Sorokin and Vvshkwarzev �973! reported uptake

of C � labelled algal hydrolysate by lS species of marine inverte-

brates, includinp, a bivalve raollus'.~. Glucose and glycine were taken
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up from solution at lo« concentrations by Pisidium, a fresh water

bivalve  Efford and Tsumura, 1973!. Pequi-nat �973! fou id .,igni Ci
cant uptake of labelled amino acids and glucose frow sea :ates by
different organs o=. the mussel Yytilus eduli . H= con lu+ed th'--
uptake of organic salutes would constitute a signific ant:~art of
t' he diet of the m:.;sel if continua ly supplied in the environment.
Glucose can be re- oved from solution in seawater and may be an
important nutritional supplement for oysters  Gillespie, et al.,
1964, 1966!.

The ciliated epithelium of the bivalve gill plays a major role
in the direct absorption of organic solutes. The gill epithelium
was one of the mo"t active tissues involved with the uptake of dis-

solved amino acids and glucose in Mvt'ilus edulis  Peguignat, l973!.

Gil].s have been shown to exhibit an active role in the. uptake oi lah-
elled glucose and amino acids in bivalves such as 1'Iya areraria  Ste-

wart' and Bamford, 1975!, Crassostrea higgs  Bamford and Ging1e
1974! and Cerastoderma. edule  Bamford and YicCrea, 1975!.

This investigation was designed to determine the capability an,l
mechanism of absorption of glycolic acid from solution by gills of

Ithe bivalve Nercenaria sp. Zxperiments were conducted to determine

whether or not glycolic acid was incorporated into the energy yield-
ing and biosynthetic pathways of the gill.
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MATERIALS AF4D METHODS

'K;xper imen ta l arggni - ms

The experimental organisms were specimens of the northern qua-

hoc,, Mercenaria  Venus! mercenaria  Linne! and the southern qua�

osis <Gmelin! or their hybr ids obtainedhog, Mercenaria

from R.M. Nenzel. Specimens of Nercenaria sp-  80 to 100 mm!

were obtained several days prior to an experiment- Collections

were planned over the period September to February so that seawater

temperatures and salinities coincided as closely as possible to

perimental conditions {T = 20 C', 30 C, S = 28.3o/oo!. Seawater

temperatures at the time of collection varied less than 3 C from

experimental temperatures. Salinity remained between 28 and 29

parts per thousand.

The bivalves were thoroughly scrubbed with a stiff brush and

wer e rinsed with seawater before being placed in glass ho ding tanks

con aining aerated seawater . Salinity was adjusted, if 'necessary,

K y addition of distilled water. Mater was changed daily and animals

were allowed at least 48 hours to acclimate to experimental- conditions.

i:xperiments were conducted in a Tenney Relialab Model 8910U Environ-

mental Roam which controlled tempe ature to within 0.15.C.

Animals were t-.ken from the holding ta&:s and opened by f actur-

ing one valve on the dor=al side immediately before an experiment.

The anterior and posterior adductor muscles were severed with a clean

stainless steel scalpel. Remaining portions of the valve were re-

moved and the mantle was peeled back to expose the gills. The gil'

ti-sue was visually inspected and discarded if damage had occurred

d ar ing opening.
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Segments of gill t ssue approximately 0.75 cm were Qi

out us> ng clean stainless steel surgical scissors and twe-;.zer s

and were transferred to a. beaker containing 100 ml af art! <icial

water  ASM! at th» expevim nta1 tempera u: and salinity.

anima1 yielded 8 .to 12 gill tissue segm nts which were pooled with
segments randomly selected fo each experiment to minimiz effe"t;

of individual variability.

Artificial sea water used in experiments was a modified Qyman
and Fleming �900! formula made with distilled water and membrane

filtered before use. Its composition was: NaCl, 0.40166 M; MgCL-
GH20 ~ 0 05231 M j Na2SOg y 0 ~ 02758 M j CaCl2 2H20 ~ 0 00993 M j 5raC03
0.00238 Mj KCl, 0.00891 M; H3803, 0.00042 H. Salinity was adju

to 28.3 /oo with distilled water. All unlabelled glycolic acid sol;.�

tions vere made using this ASM. Labelled sodium glycolate  S.A.

ll6 p Ci mg 1, Amersham/Searle! was prepared as a stock solu:Lion

 l.0 p Ci ml 1! with glass distilled water and stored at 4oC

Since fat'ty acids have been observed to stick to untreated @la.;s

surfaces  Testermany 1972! experimental glassware was silicon

with "Siliclad"  Clay-Adams, Znc.! to reduce the possibility of gly-

colic acid absorption onto the glass walls.

Accumulation of llC-labelled lycolic acid

For each kinetic experiment a single segment of gill tissue

was placed in a 30 m1 siliconized beaker with 5 ml ASM con+ainin~

a known concentration of unlabelled glycolic acid and O.l ml l"C-

labelled glycolic acid �.02 pCi ml !- Experiments were conducted

intervals. Triplicate samples weve taken at. each time pe.iod fpv

each concentration.

with six different concentrations run simultaneously for diffe~ est time
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A; t,ci inc ub.! Cio«, senora rits w" rc reMGved from the radioactiv

lution and rin- ed t.;.ice by transfer=, to beakers of clean unliabell-

ed AS';.!. Follow! ng the final rin=;e the segments were quickly fro

zen in s iliconized glass v als held in an alcohol-dry ice mixture.

'i'ir'i= from er«i o i«cuC!ation to fr eezin- for each set of tr ipse.i-

cates averaged l.5 minutes. Frozen samples were stored in a Rev-

co Ultra Low freezer at minus 60oC until lyophilization. All

segments were lyophilized within 72 hours after incubation and
were stored in a dessicator until radioactivity assay.

The lyophilized "amples were weighed in tared polyca bonate,

capsule  Teledyn:.-~nCertechnique! on. an analytical balance and
p:.oces,ed for liquid scinCillation counting with a high tempera-
ture combu Cion techn ique  Peterson, 1969! . This technique utilizes

c.italys C enhanced dry combustion at 600 C, followed by collection
of evolved 1 C02 with a phenethylamine based liquid scintillation
cocktail in a spinning band collector. Composition of the cocktail
wa : 430 m'L redi tilted toluene, 300 ml redistilled methanol, 270

ml redistilled  fla-h evaporated! H-phenethylamine, 60 ml distilled

water; 5.0 grams PPQ and O.S grams POPOP per liter of cocktail.
Combustion of gill tissue was enhanced by addition o< apprpx-

jraately 10 mg of highly combustible finely ground  TekuLan Yodel A-10
AnalyticaL Nill! lyophilized plant tissue  Ti alassia testudinum! to

!

--liI activity was mea.;ur ed with a Picker Nuclear Liquimat 220 3.iquid
scintilla.ation spectrometer calibrated wiih the external standards

ch'..nnels ratio me thol.

each capsule After combustion and collection of the CO2 containing
cocktail in scintillation vials, the vials were tightly capped with
polye C! ylcne 1ined s..rew down caps and kept in the dark at least 12
haul "- to reduce chen..luminescence caused' by phenethylamine. Carbon
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Evolution of "CO

Gill segments were excised in the manner previou ly d= c[ jb I

and held in AS<d until pve-incubation. Pre-incubation consi =-' Ce, p f

incubation of all segments includ ~ n-;. the con o~ s LB a 'c nown

concentration of 1 ~C glycolaCe soluti:n for 60 minute . Af-ter

pre-incubation all controls were placed in a saturated HgCl2 solu-
tion for 15 minutes to poison the tissue.

The evolution of C02 from gill tissue was measured u-in'-

The HgCl> poisoned conCro~s w .repre-incubation concentration.

rinsed separately. The bottles were then "ealed wi Ch a rubber

stopper fitted with a center well and filCer paper assembly  ffa:r~-

son et al., 1971!. Duplicate samples and controls wev~. u.,;-d foe

incubation periods of 5, 10, 20, 30, 40, a.nd 60 minutes. ImmedjgC,

ly before the end of each incubation period 0.2 ml 8-phen=thyLa~:i.in~

was placed on the accordian folded filter papers with a syring».

At the end of each incubation period replicate samples and cont~el,

were poisoned by injecting 2 ml o. saturated HgC12 solution into

the bottle. 10't HCL was added drop.:rise with a syringe to lower

the pH to below 3 to release C02 from the incubation solution.

After acidification the bottles were left for one hour. to p-�vmit

absorption of "C02. The filter paper was removed and placed jn

a solution of 10 ml Aquasol  New England Nuclear! plus 2 ml fresh!y

distilled B-phenethylami.ne for determination oT carbon � j.'l activity

a technique modified from Harrison et al., �571!. After pre-incu-

bation, experimental samples wer e rer.oved from the labelled gly,,oL,.; Ce
solution and thoroughly rinsed in AS' before being placed in se rum

bottles containing 5 ml of unlabelled glycolate solu Cion at the
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with a lieu id scin tilla. Cion spectrometer . Phenethylamine is

nec~ssa!."y to prevent loss of inorganic ~C from Aquasol  Iver son,

e C il.,1976! . The gill segments were frozen and lyophilized

to ob tclxn d I y we1ghts .

An exp . ~ment wa.s conducted to assess upta!ca and. min ralization

of labelled glycolic acid by bacteria adhering to gill surfaces.

r41f the experimental organisms were treated with an antibiotic mix

consisting of 200 mg 1 Streptomycin  Nutritional Biochemicals Corp.,

Cleveland! and 159,000 units 1 Penicillin  Benzylpenicillin, K � salt,

1590 units mg ; Sigma Chemical Co., St. Louis!. These concentrations

are similar to those used by Anderson and Stephens �969! to eliminate

uptake of glycine by microbial epiflora present on marine crustaceans.

'!'welve hour " before the experiment was to begin. the experimental bi-

valves were thoroughly scrubbed and placed in a separate glass contain-

er with aerated memhiL-ane filtered sea water and antibiotic mix. After

12 hours in the filtered sea. water and antibiotic mix the animals were

opened and the experiment started. Antibiotics were added to all

glycolic acid solutions of antibiotic treated animals. during the

course of the experiment.

Radioactivity in li ids fraction of i11 tissue

Gill segments were pre-incubated for 30 minutes in a solution

of AS' and antibiotic mix. Following pre-incubation the gill

sepm nts were transferred to a 14C glycolate solution �.01 pCi ml

855 pg 1 ! contain!ng t'..!e antibiotic mix. After incuba, ion for two

hours in the radioactive solution the tissue was quickly frozen by

transfer to glass vials held in a.n alcohol � dry ice mixture. Seg-

m~ nts were lyophilized and the lipids extracted by the method of'

Pligh and t!yer �959!. Approximately 60 mg of freshly lyophilized
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tissue was horrrogenized with 5 rrr3. of chloro~ orm=m'. Lhvnol; w.,at, r

�:2:0.8! in a glass tissue horrogerizer equipped with a <eflor~

pestle  Thomas tis: ue gr inder, g 34.31-KXS ! . 55UB was

homogenized at ro . ~. temperature �:oC! for 2 r..inutes u=ir =

held variable speed drill as a po: .r s.>~rc' ~ The homogen te w ~;

centrifuged and the supernatant decant d ir: o a 30 ml glass ep-- r-�

tory funnel. The supernatant was then diluted with equal voluri. � :".,

of chloroform and water to a final composition of 2:2:1.8  chio-o-

form:methanol:water!. The mixture was agitated a ter each addj-tj.or.

The lower chloroform layer was withdrawn irrto a tared mini LSC ;jal

and evaporated to dryness under a stream of ni.trogen at zoom temper,�

.ture. The vials c..-containing the lipid extr,zct ~.ere fur th:.". dr ie . irL

an evacuated dess Lcatoz for 12 hours v t room temperatur - The vac~i.rrr.

was broken by introduction of nitrogen and the vials were i.-,mediat~ Iy

capped and weighe J on an analytjca~ bal~nc- . Tote! z a".io .rtiv i ty o

in the chloroform fraction after extraction ave aged O.l';. of thaL-

added as spike. This value was much lover than that obtained

extraction of tissue incubated in radioactive glycolate.

the tissue extract was determined with a liquid scintill -ition:;pe.-t -.o-

meter after addition of 4.5 ml scintillation coc..;tail containin 4.--

BBOT dissolved in 1 liter toluene. Extractions were performed on

seawater spiked with labelled glycolate. Radioactivity re-.,ainin-
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RE.'SULTS A D DISCUSSIOH

Clyco~ <''- «cid upL.>l e a a function of time was deter,11

range of concentrations in order to establish the

I ~.'u',',n', whIr h in~ I. L~] r,gt. c i peg�yon= er | ne cence~

4 reit ions were chosen to approximate previous ly reported concentra-

tion' of glycolate in. natural waters as well as those concentra-

tions which could reasonably be expected to cause saturation ef fee,s.

C ill segments were incubated in glycolic acid solutions ranging from

Double logarithmic plots of uptake velocity vs. concentration were

prepared to determine the nature of the uptake kinetics. Tf the

z elations are linear, the plots will produce straight lines whose

slope is the order of reaction  Laidler, 1965!. The order with re-

=;pect to concentration  nc! is l while the or3 r with respect to

time  nt! is 0, indicating that the uptake process for glycolic acid

under these experimental conditions is diffusion  Figure 2a, 2b!.

T/<is method of plotting also allows an accurate estimate oi the

rate constant of the equation v=kcn, which relates the rate of re-

action to concentrat.~on. The y intercept  log v! is equal to log k

and reveals k=0.108  T'igure 2a!

2 pt~  l64 pgl ! to 133 pN �0, 171 pgl !. The weight specific

uptake of labelled glycolate over the range of weights af experi-.

viental tissue was constant due to the close agreement in size be-

tween tis ue segrn=nts. Radioactivity was normalized to lyophilized

total tissue dry weight. Uptake increased linearly with time for

p riods up to 90 minutes  Figure 1! Uptake velocity as a function

ol concentration was also linear. and exhibited no saturation effects.
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Hicellar or molecu'. ar dif fus ion appear to be the primae y

an sms for absorption of fatty acids anQ rnnog ace~.ides by intf's t Ln ~ $

epithelium in a. variety of organisms  E-;ubscher, 197 0; Ko~ ' ka, 19 7 - ! .

Testerman �972! f ound uptake of so;.'-.= fa ty acids exhibited sc tu-

ration kinetics with ti/0 sp ='s 0: po j .L'e':es. i~ou <

Southward �970, l972! obtained the same results with bo h Dog

onophores and polychaetes. Pinocytosis is another route fox entr~
of lipids and fatty acids into the ce11. Fasteels �968! dezonstr,
ted pinocytosis of ferritin by gill cel.ls of M~tilus edulis. Mo.�
ever, the significance af pinocytosis in lipid transport into epj
lium cells is questionable  Hubscher, 1970! and available data fav, .-

other means of tr anspor t .

The accumulation o f labelled gly colic acid by the gill t i
is not likely to be caused by bacteria adher ing to the gill sur f, . ".
since bacteria exhibit saturation kinetics with respect to uptak ~

and oxidation of glycolic acid at lo«concentrations si;:.ilar to
those used here  .".obinson et al., 1973; Bright and Shah, 1975!.
natural - cleansing ef f ect of gill cilia, use o f filtered a ti f i c j,i I
sea water and sho t incubation times further r educed bacte. =al e~ ' cts.
Plate counts of ..>ears of gill tissue on both Zobell an ' Nutri» nt
agar media revealed low   <50 colonies! population of b cteri- . ~; Iopes
of regression lines on the time course of CO evolution with anti-
biotic treated vs. untreated Nsrcenaria sp. gill tis: ue. sho::eu no
significant differences  P�.05! for 0'l. mex.cenaria  Figure 3! or

Accumulation of a radioactive label is no~ definitive evident t;
of net accumulation of a compound because of the po= s ib ili ty of e:.�
change diffusion or label exchange. There is evid"n".e that msLY'in

10
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inver C<b<a Ces can excrete consider abt e quantities of organic maCter

and thu" m-~y exhibit no net gain even though there is accumulation

of radi.oactive label  Johannes, et al., 1969; Johannes and webb,

3965, 1970!. Small par ticles or organic solutes can enter the ostia

of th. eulam~llibra.nchian gill so that labelled material can b=

physically trapped rather than incorporated into gill tissue cells.

Therefore, the metabolic significance of uptake of a. compound where

kinetics are dif fusion controlled must be clarified. Stephens �968!

considered 1"Co> evolution good evidence that a compound enters oxi-
dation pathways Experiments we e per formed demonstrating the evolu

t.ion of 1"C02 by II. mercenaria and N.

The low activity of the control tissues eliminates the possibility

that the CO> evolved was due to volatilization of absorbed glycolic
acid or N«HC03 contaniination. The CO2 evolved over the experimental

period represen Cad approximately 10~~ of the total uptake of labelled

carbon by gill tissue.

Clycolic ac-id taken. up from the surrounding environmenC enters

into the metabolism of Mercenaria sp. gill tissue although the me-

chanism by which this occurs is unknown. The metabolism oi glycolic

acid in phytopl«nkton and higher plants occurs by way of the

glycolate oxidizing enzyme glycola.e oxidase  higher plants! or

glycol.jte dehydrogena.se  algae!  Nerrett and Lord, 1973!. Glycolate
oxidase will oxidize lactate as well as glycolate; however, it is

stereochemically spF. ific for L-lactate and does not oxidize the

enantiofller D-1«ctat~  Ze 'itch and Ochoa, 1953! Glycolate dehydro-

D-l«ctate preferentially to L-lactate  Nelson andgenase oxidize"

Tol bert, 1970!. Neither of these two enzymes has been reported in

higher organisms buC there is the possibility that another enzyme is
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operation. The enzyme lactate dehydrogenase is commonLy found

in higher animals and occurs in mollusks and h. rre cenaria

by which glycolate can be incorporated into animal metaboLism a.tez-

If lactate dehydrogena-e can convert glyco.Licentering the cells.

acid to glyoxylate, then through the transamination reaction por;tu-

lated by Hochachka et al. �973! glycolic acid can be .included

into amino acid metabolism and ultimately into the tricarboxylic

acid cycle  Figure 5!. A mechanism similar to this r~,ry o.-cur ir<

ma. ine bacteria  Nr i ght and Shah, 197 5! .

Another mechanism for inclusion into oxidation p rthc.-:ys

be incorporation of glycolate into the comp Lex system o lipid

metabolisrr:. Bivalves can synthesize fatty acids from acetate and

some may incorporate it into such components as the steroL frac'j.on,

although evidence for the latter pathway is contradictory {T mur-.

196'I; ttialton and Pennock, 1972; Voogt, 1975 a,b!. Since glycoL'ic.

and acetic acids are chemically similar, experiments were conducL=d

to determine if glycolic acid was incorporated into the lipid franc

tions of the gill tissue. Lipid extxacLs nf tis.ue uncut'ated iu

glycolic acid solution with the ant ibiot:ic mix -howed incorpor I j !n

activities  Hammen, 1975!. Th s enzyme catalyzes the conversion

of lactate to pyruvat and in vert .';>.=.ates is spe"ific fo. L-]ac,-,<t

It will also act on glycolic acid to produce glyozylate. Vne en::ym--

acts upon the stereochemically corresponding e-hydrogen of L-lacLat 

and glycolate  Rose, 1958; Johnson et al , 1965!. Recent evidenc-

indicates D-lactate specif icity for the enzyrr in. mollusk- { jiar,~p--n,

1969!. The presence of lactate dehydrogenase provides a r. chani sm
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I,«!e'I ! n t  'i t2!<' .I ! pld frjc t ion   l '!2!le 3.! ~ Incvl /oration occurred

- f ter up t. !kc of the compound from solution for a short pe iod �

hours!, a, method which differs fror" t' he more popular method of jn-

j'.cting « compound of high sT! civ ic activity dire=tly into th

«nimal and wa.iting a considerably longer period before extraction.

'l'his may explain the low specific activity of the lipids fraction.

Uptake of glycolic acid and evid nce of its inclusion. into

oxidative and biosynthetic pathways of Nercenaria ~s . gill tissue

have been demonstrated here. Me do not suggest thai glycolic acid

is a primary carbon or energy source for the organism. However,

uptake of reduced carbon by higher organisms can be an important

nutritional supplement  Stephens, l968! which should be considered

E n quar t itative stud i es on the trans f er of energy through a, marine

ecosystem.
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FIGUR: L".GENDS

Linear regression lines calculated by the method

of least square. T 30 C, hybrid bivalves

3.56 pN y = 0.46 + 0.38 x r2

yN y = 0.5l + l.ll x r = 0.938.82

x r- = 0.92pW| y = 0.26 < 1.4915.4

0.26 + 6.65 x r = 0.93qadi y68.0

133. x r- = 0.952 =-32 + 16.2

Figure 1. Uptake of glycolic acid at var ious concentrations

as a function of incubation tim . The errox bars

r epr esent the mean of triplicate samples + t>~o s.d.



FIGURE CAPTIONS

2- Double logarithmic plots of uptake velocity vs.
concentration. The slope represents the order
of reaction n.
 A! The order with respect to concentration, n

Up .ake velocities calculated from slope Q=
regression. line of uptake vs. time at each
concentration  Figure l!-
y= -0.967 + 1.00 x,r = 0.9'9, nc =

'P i@use

 B! The order with respect to time, nt.
Uptake velocities at each time during an experiment
for a single concentration of glycolic acid.
The logarithm of the rate at each time is
plotted against the logarithm of the concentration
of glycolic acid in the tissue at that time.
Each point represents the mean rate of three
replicates. Q 3.56 yH, 08.82 y N, &15.% yN,

A 68.0 pN, A l33. pN.

3. Evolution of labelled carbon dioxide by H. mercenaria.
No significant difference between slopes of regress>on
lines for antibiotic treated vs. untreated. tissue  p<0.05}.
T=20 C Ountreated tissue, hantibiotic treated tissue

OHgCL2 poisoned control tissue.

Figure

Vio "ignif icant difference between slopes of regress>on
lines for antibiotic treated vs. untreated tissue  p<0.05! .
T=20 C ountr eat d tissue, A antibiotic treated tissue

G HgC12 poisoned control tissue.

E .Lgur e

lactate dehydrogenese catalyzed xeaction.
transaminase reaction postulated by Hochachka �973!.
unlabelled o carbon of glycolic acid.
labelled carboxyl carbon of glycolic acid.

l

2

0 I

21

Figure 5. Possible mechanism for inclusion of glycolic acid into
bivalve metabolism and evolution of labelled carbon
dioxide.
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TABLE 1.

Radioactivity in lipid fraction of gills. N. campechiensis

Number of Samples

Radioactive px ecursor

Specific activity

Dose

Concentration

Xnchbation time

Lyophilized weight

To tal lx.pl.ds

 8 Dr y art . !

Radioactivity in lipid fraction

sodium glycolate-1- "C

116 yCi mg

0.10 pCi ml

856 yg 1 HOCH COOH

2 hours

'36S.7 mg.

27.49 mg.

7 52$

51 dpm. r.-
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vj. Detritus: Micro- and Macro- articulates

Introduction

In his review of the importance of organic matter in the marine en-

vironment, Perkins �974! pointed to a considerable lack of knowledqe con-

cerning the fate and importance of macroscopic organic particulate matter

in estuarine and coastal systems. Such matter often has its orioirj in

terrestrial areas; subsequent transport, deposition, decomposition, and

utilization by various organisms is not we11 understood, Allochthonous

forms of plant litter can be of importance to the energy budget of aquatic

systems; this function, however, has been more fully treated in freshwater

habitats than estuarine and coastal areas  Willoughby, 1974!.

According to Odum and de la Cruz �963! and Darnell �967 a and b!, the

term "detritus" applies to various forms of biogenic material undergoing

1 and 300 pm, accounting for about 90% of the particulate matter in coastal

systems. Odum and Heald  'l975! have reviewed the concept, emphasizing that

organic detritus includes freshly dead bodies of plants and animals through

the finely disintegrated particles and sorbed materials such as bacteria,

fungi, protozoans and dissolved organic and inorganic compounds. They noted

the annual production  tons per acre! of plant detritus which provides

energy for shallow estuarine systems.

The degradation  and subsequent utilization! of organic detritus can

be extremely complex, depending on the specific environmental variables

involved  Perkins, 1974!. Generally, the breakdown of leaf litter includes

rapid leaching of soluble constituents  amino acids, sugars, aliphatic

acids, etc.; Nykvist, 1959, 1962, 1963; Kaushik and Hynes, 197l;

microbial decomposition. Lenz �972! considered detritus as particles between
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Willoughby and Archer, 1973!, and subsequent colonization by bacteria and

fungi  Jones, 1973!. This, in addition to various mechanical stresses,

eventuatly leads to a physical breakdown of the leaf matter to smaller

particles  Willoughby, 1974!. Such particles can then be reworked,

aggregated in the form ot fecal pellets, etc., and repeated'Iy run through

the system  Odum and Heald, 1975!.

During intermediate stages of microbial leaf colonization, leaf litter

forms a transient form of microhabitat that is capable of supporting var-

ious farms of aquatic organisms. Kaushik and Hynes  'l971! found that

amphipods  ~H alella azteca Gaamarus lacustris! and an isopod  Asellus

communis! consume leaf matter, showing distinct preferences for certain

forms of leaves. Odum and Heald �972! noted that the amphipod Nelita

nitida grazes on the microbial biota of mangrove leaves, and that M. nitida

d«hid h~ih 1 111 1 <1 g

Although it is widely assumed that much of the utilizable energy resource

of such detritus is derived from the microbial component  Newell, 1965;

Kaushik, 1969; Odum and Heald, 1972!, the ability to digest cellulose has

hi 1 <1 h 11 ~ 11 < 1 <Id<di-

shh and Poole �970!. Adams and Angelovic �970! found that gastropods

 Bittium <dar lorn!, crustaceans  palaemonetes gu<!io! and polychaetes  ~Gl cera

dibranchiata! can assimilate Zostera detritus, and that P. pu~io and B.

varium derived more nourishment from the detrital substate than from its

associated bacteria. Considerable amounts of vascular p'lant detritus are

found in the digestive tract of various organisms such as mussels, har-

pacticoid, cyclopoi d, and c~lanoid copepods, mysids, cumaceans, isopods,

decapods, and va!-ious forms of fishes  Pennak, 1953; Darnell, 'I958; Tagatz,

1968; Odum and Heald, 1972;,Carr and Adams, 1973!. Although the nutritional
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significance of detritus of various sizes in estuarine systems remains obscure,

the potentia'I importance of such material as a direct and indirect source of

food for complex food webs cannot be unde~estimated.

The Apalachicola Bay System  Fig. 1! is a shallow, barrier island

estuary in north Florida that is physically dominated by the Apalachicola

River  Livingston, 1974; Livingston, 1975; Livingston et al v a 1975!. This

river system is composed of a series of interlocking marsh, swamp, and

riverine habitats that empty directly into Apalachicola Bay. The current

structure, salinity, nutrient, and detritus regimes of the bay system have

been directly associated with river function  Livingston, 1974; Livingston

et alee 1974!. According to a recent �970! survey of the Apalachicola

River basin by the Florida Division of Forestry  George Reinert, personal

coamunication!, there are approximately 253,000 acres of wetland forest

 including stream margins, deep swamps, and bay heads!. Clewell �977!

has described the terrestrial plant associations in the Apalachicola Valley.

The dominant species in the flood p'lain are as follows:

Sand bars

Black willow  Salix nicira!

Cottonwood  ~po ulus ~deltoides

Sycamore  P 1atanus occi dental i s !

Ri ver banks

River birch  Betula ~ni ra!

Ogechee-tope!o  ~N ssa ~o eche!

Alder  Ainus serrulata!

Natural levees

Southern magnolia  N~anolia grandiflora!



Swamp-chestnut oak  ijuercus prinus!

Spruce pine  Pinus Slabra!

ironwood  ~Chr inus caroliniana!

Mater oak   !nereus ~ni ra!

Sweetgun  

Low terraces

Overcup oak   !nereus ~! rata!

k l~c

Oiamond-leaf oak  guercus laurifolia

d I~ki kd k

Ash  Fraxinus sp.!

Slou hs and oxbow onds

Bald cypress  Taxodium distichum!

Water tupelo  ~N ssa ~a uatica!

A complete list of the terrestrial flora appears in Table l. According

to Clewel I  pers'onal communication!, many of the deciduous species lose

leaves during late fall and winter months ~ This coincides generally with

periods of river flooding.

This portion of the study was designed as a preliminary estimation of

seasonal patterns of river-derived detrital influx into the Apalachicola

Estuary.

Methods and Materials

Nacroparticulate matter was sampled with otter trawls �6 foot; 3/4

in. wing mesh, 1/4 in cod end mesh liner! drawn at speeds of 2 - 2.5 knots

at monthly intervals  from January, 1975 to the present!. Repetitive two

minute trawl tows were made at the following stations  Fig. 1!:
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1 � samples!

1 a � samples!

1 b � samples!

1 c � samples!

1 x � samples!

1 e � samples!

2 � samples!

3 � samp'Ies!

4 � samp'Ies!

Sa � samples!

5 � samples!

This amounted to 64 minutes of trawling at representative stations in the

bay each month. Detritus was returned to the laboratory where it was

sorted, identified to  plant! species, and dried at 100 C for 24 hours.

Where no identification to species was possible, the material was sorted

to type  i.e., benthic macrophyte debris, leaf debris, wood debris!.

These data were then entered into the interactive computer system which

gave monthly totals  Table 2! for 22 minutes of sampling  a total of the

dry weight figures per trawl tow for each of the 11 sampling areas!. These

were characterized as total detritus  Totdeb!, total wood debris  Woodeb!,

total leaf debris  I eadeb!, total benthic macrophyte debris  Benmac!, and

individual totals for each species of tree or benthic macrophyte.

Microdetritus was taken at monthly intervals from August, 1975, to the

present. Samples were collected at Station 7  near the mouth of the

Apalachicola River, surface and bottom, and at Station 8, about 1.5 km. from

the mouth of the l.ittle St. Marks River  middepth!. Samples were generally

taken as close to low tide as possible, a1though some collections at

Station 8 were made shortly after low tide due to the shallowness of the
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water. Odum and Heald �975! found that much of the exported detritus

in the North River  Florida! was in the form of particles between 50

and 350ii in size. Accordingly, between 250 and 1000 liters of river

water were pumped through a series of standard mesh sieves   45', 88>,

125~, 250', 500', 1,0~ 2.0~!. Detritus was washed from each sieve

into separate glass vials and preserved in a 3% mercuric chloride solution

to inhibit bacteriological decompositon.

In the laboratory, each sieve fraction was filtered onto pre-

weighed, pre-combusted glass filter pads and oven dried at 105 C for

48 hours to determine dry weight. Ignition of the sieve fractions and

filters in a muffle furnace for 1 hour at 550 C  Heald, 1969! allowed

determination of the ash-free dry weight. Weight loss after ashing was

used to estimate total organic content although such loss does not con-

stitute the true  total! organic content and remains an estimate.

The shortcomings of' these methods of collection are recognized.

Otter trawling is a very approximate way to sample detritus, and the

trawling patterns could have caused a sampling bias when extending the

data far baywide estimates. The macroparticulate data are therefore

highly conservative and are most valuable with respect to qualitative

temporal changes of individual constituents and the spatia1 distribution

of these components. The microdetrital analysis was problematic due to

inadequate cross-sectional analysis  length and depth! of the river and

the low  monthly} sampling frequency. These data should be con-

strued as conservative since nothing below 45' was sampled. Thus, the data

tend to be highly conservative with respect to mass flows in time.

Results and discussion

Results of the macrodetrital sampling program are shown in Fig. 2 and
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Tables 2 and 3.

The qualitative and quantitative aspects of detritus composition

appear to be related to spatial factors with certain common relationships

appear ing within various groups of stations. Detritus at stations in up-

pland portions of the bay �A, 6! was characterized by benthic macrophytes

such as ~Ru ia and Ya111sneria with lesser asiounts of wood and leaf litter

On the other hand, river-dominated stations �, 3, 4, 5! were largely re-

presented by wood debris and leaf litter with relatively little detritus

of benthic macrophyte origin. Leaf matter was contributed by numerous

species of terrestrial plants which comnonly inhabit upland river and

swamp areas. Dominant forms included iluercu, spp., ~Po ulus deltoides

~Li id 1 ~tif1, n

genthic macrophyte detrital matter was der1ved largely from ~Ru p1a

maritime, Viva lactuca, Halodule weri htii, Yallisner1a americana, and

Gracilaria spp. Outer bay areas receiving river drainage �, 1A, lB! were

characterized by lesser quantities of wood debris, leaf litter, and

benthic macrophytes in nearly equal proportions. Outer bay stations which

did not receive direct river runoff  lX, lE, IC! were dominated by

detritus of benthic macrophyte origin, notably Gracilaria foliifera,

Halodule weri ht1i . and Ulva lactuca.

The data indicate that various forms of detritus of terrigenous

origin occur in the bay, and that areas associated with Apalachicola River

runoff are typified by seasonally variable concentrations of al Iochthonous

leaf and wood matter.

In a qualitative and quantitative sense, the appearance of macro-

particulate matter in the Apalachicola Estuary appears to be a function

of river flow. River fluctuations during the sampling period  Fig. 2! re-
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lected relatively high mean monthly values during the winter and spring
of 1975 and l977 with relatively low mean flow rates during 1976. Peak

flooding occurred during January, February, Narch,, and April of 1975 and

March of 1977. During such periods, there were considerable increases in

the leaf and wood matter found in the Bay  Table 3, Fig. 2!. There was

also an increase in benthic macrophyte debris at these times, although
major shifts to such macrophyte detritus usual'ly occurred during fall

periods. This was probably due to kills of macrophytes as a function of

reduced water temperature. The low levels of macroparticulate matter in

the bay during 1976 coincided with the relatively low levels of mean river

f1ow as well as reductions in the peak flooding levels. Lt would appear
that both functions are operable in controlling the seasonal appearance

of macroparticulate matter in the Apalachicola Estuary. During a given

year, when river flooding exceeds 60,000 C.F.S., there was an increased

level of allochthonous detritus in the bay during spring months. This

1ed to a bimodal pattern of total macroparticulate detritus in the bay

during such a year, with peaks occurring during spring and fall months.

These data indicate that there is a direct relationship between river

flooding and the appearance of macroparticulate matter in the Apalachicola

Estuary, and that if such flooding does not reach a certain level,

a1lochthonous detritus does not appear in the bay at any appreciable
leve1.

The sieved fractions of detritus  the so-ca lied microdetritus! found

at the mouth of the Apalachico'la River and one of its primary offshoots,
Tables 4 and 5

the Little St. Marks River, are shown in > and Fig. 2. Once again,
river flow and f'1ooding appear to be controlling factors. Moderately high

levels of microdetritus appeared during the winter and spring of 1976.
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This was followed during the subsequent year  March, 1977! by substantia'I

increases in terms of concentration  mg/1! and total quantities of micro-

particulates. Unfortunately, the river flooding of 1975 was not sampled;

consequently, there is relatively less information available to sub-

stantiatee the relationship of river flow and microparticulates than in the

previous  macroparticulate! analysis. However, the relatively high levels

of microparticulates taken during the peak flooding of March, 1977 indicates

that similar functional relationships are operational here. Mean river

flow and peak river flooding conditions appear to play a critical role in

the amount of' microdetritus being delivered to the Apalachicola Estuary,

Although the absolute quantities of allochthonous organic matter

associated with river flooding  i.e., almost 900 tons, ash free dry weight

of microdetritus and about 126 tons, dry weight, of macrodetritus in March,

1977! appears to be substantial, the exact meaning of such figures in terms

of energetic input to the bay is still under study. Associated problems

with respect to flushing rates in the bay, import-export factors, and mass

balance functions have not been analyzed. Also, as pointed out above, the

methods used here were restricted in terms of scope and duration of sampling

effort. While the figures given wou'1d be viewed as quite conservative

with respect to total influx of river -derived organic particulate matter

in the bay, the general pattern of detrital movement appears to be well

established and is closely associated with upland vegetational associations

and periodic flooding of the Apalachicola River.

Based on the above assumptions, work is now in process to delineate

the functional significance of these findings. This will include a com-

plete statistical analysis of the data and the development of a

compartmental model for a comparison of the energetic interrelationships
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of the bay system. Although this analysis is still in a preliminary

state, the data to date tend to corroborate the importance of the river

 in terms of absolute flow rates and temporal patterning! to the

Apalachicola Estuary. It would appear that the temporal sequence of

upland flooding of this river system could provide a key link to the

productivity of' the bay system.
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TAULE A Terrestrial Plants Known to Occur in the Apalachieola Valley
 Clewell, l977!

Ri ver.

Acer saccharinum L.

Carex cephalophora Huhl.

Carex franki i Kunth

Clematis viorna L.

Comus amomum Hill.

Corydalis flavula  Raf.! DC.

Cryptotaenia canadensis  L.! DC. rare

Dentaria laciniata Nuhi.

Helianthus strumosus L.

Hypericum frondosum Nichx.

Impatiens capensis Meerb. rare

Lysimachia ciliata L. rare

Kemophila aphylla  L.! Srummitt

Scrophularia mari landica L.

Sicyos angulatus L.
ke.

Trept-carpus eythusae Hutt.
h,
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T>BLE.F. Plants Known in Florida only from the Bluf s of the Apalach'.cola

River, or Some of Them also from the Flood lain.

Actaea pachypoda Ell. rare

Arnoglossum atriplicifolium  L.! Pippen

Baptisia megacarpa Chapm.

Car ex gracilescens Steud.

Comus alternifolia L. f. rare

Croonia pauciflora  Nutt.! Torr. threatened

Cynoglossum virginianum L. rare

Oioclea multiflora  T. 5 6.! Bohr

Hepatica ameri cana  DC. ! Ker. r are

Hydrangia arborescens L.

Luzula acuminata Raf.

Luzula echinata  Small! F. J. Hermann

Hatelea baldwyniana  Sweet! Woods.

Hatelea flavidula  Chapm.! Woods.

Phlox carolina L.

Silene polypetala  Walt.! Fern. endangered

Sailacina racemosa  L.! Desf.

Trillium lancifolium Raf. rare

Uvularia sessilifolia L. rare

Yeratrum woodii Robbins endangered

Verbesina alternifolia  I .! Britt.

Yiola affinis LeConte

Woodsia obtusa  Spreng.! Torr.

Zizia aurea  L.! Koch



t~H!..f C, Plants known in Florida orly to the Apalachicola River Region,

Excludin Those Known onlv on Bluffs and Flood lains.

Ampel opsis corda ta Ni c hx.

Arnica acaulis  Malt.! BSP.

Aster p1umosus Small threatened

Cuphea aspera Chapm. endangered

Cyperus aristatus Rottb.

Dicliptera brachiata  Pursh! Spreng.

Fragrostis glomerata  Malt.! Oewey

Eragrostis pectinacea  Nichx. ! Nees

Euphorbia telepioides Chapm. threatened'

.".entiana saponaria L.

Harperocallis flava ltcOanie1 endangered

!~eliopsis minor  I.look.! bohr

H teranthera dubia  Jacq.! t<cH.

!va annua I .

i!ust'.c..a americana  L.! Vahl

Justicia crassifolia  Chapm.! Small

Linum sulcatum Ridd var. harperi  Small! Rogers threatened

Nacbridea alba Chapm. endangered

oxypo1is greenmanii !fath. & Const, endangered

Parnassia caroliniana t'!ichx.

Parnassia grandifolia DC.

Phoebanthus tenuifolia  T. h G.! Blake

Rhexia parvif1ora Chapman. endangered

Scu'ellaria florMara Chapman. threatened



TABLE C, concluded

Sphenopholis nitida  Bieler! Scribn.

.Taxus floridana Nutt. endangered

Thaspium trifoliatum  L.! Gray

Torreya taxifolia Arn. endangered

Yerbesina chapmanii Coleman threatened

Viola hastata Michx.

Vuika hi rsutula Braierd
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<ADOLF D. !"oteworthy Plants Known in Florida from the Apalachicola Piver

Re ion and Other Areas.

Adiantum capillus-veneris L. rare

Anemone11a thalictroides  L.} Spach rare

Arnoglossum di versifalium  T. & G.! Pippen threatened

Asclepias viridula Chapm. threatened

Aster spinvlosus Chapm. threatened

Calamintha dentatum Chapm. threatened

«arex baltzellii Chapm. threatened

«onradina glabra Shinners endangered

Dirca palustr is L. rare

Frythronium umbil icatvm Parks & Hard';n rare

Gentiana pennel liana Fer n. endanger ed

Hedeoma graveolens Ch-pm. endangered

Heterotheca flexuosa  Nash! Harms threatened

Hexastylis arifolia  Hichx.} Small rare

Hypericum lissophloes Adams rare

1soetes flaccida Schuttlw. threatened

1sopyrum biternatum  Raf.! T. & G. rare

Laportea canadensis  I .! Weddell rare

Liatris provincialis Godfrey endangered

Linum w stii Rogers endangered

Lithaspemum tvberosvu Rvgel rare

h!agnolia ashei Weat!.erby threatened

Malaxis unifolia i'lichx. rare

i>'Ianisuris tuberculosa f.'ash threatened

i",ediola vir~iniara ! . r:re

Ilyriopl~,'1' um 1axum Shv 't'w. thr";:=- .ned
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TKLE 0-, concluded

Nol ina atopocarpa Bar tl ett endangered

Pieris phillyrei folia  Hook. ! OC. threatened

Pinckneya bracteata  Bartr.! Raf. threatened

Pinguicula ionantha Godfrey endangered

Pinguicula planffolia Chapm. threatened

Polygonella macrophylla Small threatened

Rhapidophy'five hystrix  Pursh! Mend'I. 8 Orude threatened

Rhexia salicifolia Ilrai 5 Bostick threatened

Rhododendron austrinum  Snail! Rehder threatened

Sarracenia psittacina Nichx. threatened

Senecio aureus L. rare

Smilax smallii fiorong. threatened

Uvvlaria floridana Chape. rare

Uvularia perfoliata L. rare

Ha@ca sessilifomia Nash endangered

Xyris isoetifolia Kra1 threatened

Xyris longisepala Kral rare

Xyris scabrifolia Harper threatened

Zephyranthes treatiae S. Hats. threatened
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Tab e.E continued

Overcup

Past

Runner

Swamp-chestnut

Turkey

Mater

Pine, Loblolly

Longleaf

Sand

Shortleaf

Spruce

Planer-tree

Reedgrass

Rice, Mild

Rosemary

St. Johns-wart

Saw palmetto

Sawgrass

Silverbel',s

Sweetbay

Sweetgum

Sycamore

q. lyrata Malt.

g. stellata Mang

g. falcata Nichx.

t!. pumila Malt.

l}. prinus L.

g. laevis Malt.

g. nigra L.

Pinus'taeda L.

P. palustris Mill.

P. clausa  Chapm.! Vasey

P. echinata Mill.

P. glabra Malt.

Planera aquatica !'.Ialt.! I'mel.

Phragmites australis  Cab.! Trin.

Zizania aquatica L.

Ceratiala ericoid s Nichx.

Juncus spp.

Hypericum fasciculatum Lam.

Serenoa repens  Bartr,! Small

Cladium jamaicense Crantz,

Halesia diptara Eillis

Magnolia virginiana L.

Liquidambar styraciflua L.

Platanus occidentalis L.

Cyri lla spp., Cli ftonia moncphylla  Lam. ',



Tab'le E concloded

Torreya

Tope'fo, Ogeeche

Mater

Nllow, Black

Miregrass

Yew, Florida

Torregtaxifol ia Arn.

Nyssa ogeche 8artr.

N. aquatica L.

Salix nigra Harsh.

Aristida stricta Nichx.

Taxes flor!dana tlutt.
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Table 2. Summary of total  combined! macrodetritus taken from

stations in the Apalachicola Estuary  l, 2, 3, 4, 5, 5A

'lA, 1B, lC, lE, 1X! from January, 1972 through March, 1977.

The figures represent the total of all mean values  combined

data at each station! so that each monthly figure represents

11 2-minute trawl-tows �58 M /station! or 6,138 M of Bay

bottom.
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Tabl e

'} 87.

Macrodetrltus in the Apa/achicola Estuary expressed in g, dry weight as wood
debris/m2, leaf debris/m, benthic macrophyte debris/m2~ total debris/m, and.
total  bay-wide! debris t'Kg, tons! on a monthly basis from January, 1975 through
March, 1977.

Wood

debris

g, dry
wt./m2Date

22.4

9 ~ 9

33.7

68.7

149.8

11.7

1/75
2/75
3/75
4/75
5/75
6/75
7/75
8/75
9/75

IO/75
11/75
12/75

l./76
2/76
3/76
4/76
5/76
6/76
7/76
8/76
9/76

10/76
11/76
12/76

1/77
2/77
3/77

0.00323

0.00704

0.01924

0.01750

0.15453

0.00534

0.02497

0.04649

0.03084

0.01928

0.00279

0.01104

O.G1431

O.00828

0.04538

0.01993

0.01200

0.00050

0.00003

0.00078

O. 00142

0.00171

0,01365

0.03961

0.00281

0,10886

Leaf

debris

g~
dry wt./m

G. 01485

0. 00173

0.01041

0.06957

0.06552

0.01418

0.005S7

0.00010

0.00871

0.00052

0.00411

0.00044

0.01073

0.00069

0.00062

0.00147

0.00005

o.ooolo

0.00002

0.00010

0.00024

0.00075

0.01081

0.03384

0.00635

0.05005

Benthic

macrophytes
gi
dry wt./m2

0.02104

0.00804

0.02754

0.02950

0.03427

0.01418

0.00634

0.01992

0.08602

0.007ll

0.00373

0.00796

0.01546

0. 00897

O.OG168

0.00576

G.03576

0.00527

0.00102

0.00271

0.03423

0.07300

0.00937

0.00724

0.02451

0.04707

Total

detritus

g~
dry wt./m2

0.03794

0.01682

0.0572

0.11656

0.25432

0.01988

0.03708

0.06668

0.12754

0.03167

O. P1068
0.01947

0.04130

0.01806

0.04769

0.02717

0.04781

0.00578

0.00105

0.00350

0.03634

0.08074

0.03628

0.08185

0.03631

0.21369

Total

detritus

in Bay

20,321
9,008

30,636
62,428

136,218
10,648

19,860
35,711
68,310
16,96S
5>721

10,426
22,122

9,673
25,542
14,552
25,609

3,095
567

1,876
19,466
43,242
19,431
43,839
19,447

114,452

Total

detritus

in Bay
tons, dry wt.

21.8

39.3

75.1

18.7

6.3

11.5

24.3

10.6

28.1

16.0

28.2

3.4

0.6

2.1

21.4

47.6

21 ' 4

48.2

21.4

125.9



188.

Tab1e 4: Nicrodetritus  g! taken at 2 stations in the Apalachicola
Drainage System �,8!. Surface and bottom samples were
taken on station 7 while mid-depth areas were sampled at
station 8.

Net Ash-free
Dry Height
Per 1000 L

New Dry
Weight

~Per Sate ie
Sieve

Date Station Fraction
10

Onranics

73. 3
44. 0

41.7
23.8

7 B

36.7
43.8
34.2
22.1

66.7
26.5
36.7

32.4

8/75 7 T 8 10
18
35
60

120
170
325

0 10
18
35

60
120
170
325

0 10
18

35
60

120
170
325

.0006

.0007

.0030

.0075

.0096

.0513

.0007

.0079

.0096

.0161

.1364

. 0005

.0033

.0049

.0060

.0299

. 0032

.0028

.0036

.0088

. 0132

.0160

.0488
Total .0964 gm

.0020

.0028

.0060

. 0'116

. 0168

.0220

.1204
Total .1816 gm

.0028

.0088

.0052

.0088

.0388

Total .0644
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 continued!Tahle 4

Net Ash-free
Dry Meight
Per 1000 L

New Dry
Weight

~PS ~0r anics

9/75 ¹ 10
18
35

60
'1 20

170
325

.0007

.0017

.0007

.0037

29.4

37.8

10

18
35
60

120
170

325

.0025

. 0081

. 0043

. 0146

56.0
29.6
|8.6

32.2

10

18

35
60

120
170
325

.0020

.0012

.0004

.0028

.0084
Total~0 4Y

. 0003

. 0015

.0038

.0056

6.7
18.4
37.5

] 0/75 ¹ l0
18
35
60

120
170
325

. 0006

.0001

.0025

.0072

.0204

.0267

.2626

60. 0

51.4
35.8
22.1

10.1

¹ 10
18

35
60

120

170
325

7 B .0056
.0047

.0181

.0286

.0457

.0950

.5053

78.6

78.7
84.5
66.8
36.5
17.5

8.0

10
18
35

60
120
170
325

.0054

.0063

.0174

.0252

.0809
Total.1352

65.5
37.3
44.5
43.1
23.4

.0029

.0059

.0137

.0204

.1211

Sieve
Date Station Fraction

.0044

.0016

.0008

.0020

.0028

.0056
Total.00�3

.0032

.0016

.0020

.0056

.0096

.0032

.0188
Total . 04D40

.0060

.0148

.0292

.0236

.1064
Total. TEOO

.0176

.0148

.0612

.06 64

.0668

.0664

.1620

Total .T66F
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New Dry
Weight

Net Ash-free
Dry Weight
Per 1000 L

Si eve
Fraction

x

Or~ani cs

¹ 10
18
35

60
120
170
325

. 0011

.0006

. 0013

. 0043

.0240

.0703

.4858

45. 5

50.0
46.2
58.1

35.4
20.0

9. I
Total

7 B ¹ 10
18
35
60

120
170
325

.00]2

.0007

.0015

.0080

.0394

.0602

.5845

91.7
42.9

40.0
67.5

34.3
22.2
10.7

Total
¹ 10

18
35
60

120
170
325

.0018

.0057

.0191

.0174
~ 0813

. 0028

.0046

.0070

.0086

.0382

.0612

77.8
40.4
18.3

24.7
23.5

Total

¹ 10
18
35
60

120
170
325

. 0004

. 0021

.0114

.0420

.1539
1.0426

50

19
25.4
19 5

6.9
2.8

Total
7 B ¹ 10

18
35
60

120
'I 70

325

.0042

.0025
~ 0040
.0148
.0939
.2345

l.4084

71. 4
72

62.5
42.6
13.0

3
2.6

Total
10
18

35
60

120
170
325

23

I5.3
23.7

26.8

.0013

.0026

.0038

.0175

.0006

.0008

.0018

.0094

.0126Total

Table 4 :  continued!

Date Station

11/75 7 T

12/75 7 T

. 0010

.0006

. 0012

.0050
,0190
.0282
.0884
~134
. 0031
. 0008

.0017

.0154

.0386

.0383

.1785

. .27672

.0004

.0008

.0058

.0164

.0214

.0590

. 1038

. 0086

.0051

.0072

.0180

.0349

.0360

.1044

.2142
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New Dry Net Ash-free
Sieve Weight Ory Weight

R i F ~oc anics

1/76 ¹ 10
18
35
60

120
170
325

42.9
40.3
20 ' 7
10.2

5.3

. 0028

. 0067

.0357

.0735

.5140

71.4
60. G
53.4

49.2
20.8

7.6
5.2

.0007

.0015

.0043

. 0128

.0697

.1107

.8603

10
18
35

60
120
't 70

325

7 B

10
18
35
60

120
170
325

50.0
42.4
44.9
15. 3

9.4
19. 5
19.5

. 0018

. G033

.0049

.0163

.0265

.0118

.1073

2/76 7 T l0
18
35

60
120
170
325

.0010

.0042

.0228

.0518

.2437

90. 0
64. 3
33.8
15.1
10.7

Total

Total

7 B 10

18
35
60

120
170
325

.0016

.0035

.0101

.0461

.1183

.4532

87. 5
60. 0

64.4
24.5

9.6

8.7

8 M ¹ l0
18
35
60

120
170
325

. 0006

. 0041

.0]52

. 0213

. 3542

. 0010

.0038

.0108

.0158

.1092

.1406

83.3
46.3

35.5
28.9
15. 4

Total

Tabl e 4:  conti ned!

Total

Total

Total

.0034

.0077

.0212

. 0214

. 1121

.1658

.0014

.0026

.0066

.0106

.0415

.0243

.1310

.2TiKo

. 0018

.0028

.0044

.0050

.0030

.0046

.0420
~06 6

. 0026

. 0077

. 0220

.0223

.0744
~190

.0040

.0089

.0186

.0323

.0323

.1135

.2096
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Net Ash-free
Dry Weight
Per 1000 I

New Dry
Weight
~s ~0r an1cs

¹ 10
18

35
60

120
170
325

3/76 7 T

.0019

.0079

.0110

.0610

47.4
25.3

.0009

.0020

.0036

.0171

.0236

32.7

28.0
Total

¹ 10
18
35
60

120
170
325

70
65.8
51.7
39.4

24.1

, 0010
.0038
.0238
.0317
.2434

10
18
35

60

60,0

61. 1
44. 9
47.9
35.7

20.3

.0025

. 0018

. 0069

. 0188

.0280

.2989

8 M

120
170
325

4/76 10
18
35
60

.0007

.0024

.0014

.0041

.0050

.0244

7 T

75
57.1
34.1
38

] 8.4

. 0018

.0008

.0014

.0019

.0045

.0104

120
170
325

Total
10
18
35

60
120
170
325

. 0003

. 0045

. 0073

. 0104

.0079

.0220

7 B

80
64.4
59.6
40,5

42.7

10
18
35
60

120
170
325

.0003

.0010
- 0016
.0037
.0065
.0181

.] 360

70
43.8
78.4

63

79
23.5

Table 4 :  continued!

Sieve
Date Station Fracti on

Total

Total

Total

Total

.0007

.0025

.0123

.0125

.0586

.0866

.0015

.0011

.0031

.0090

.0100

.0606

.0853

. 0026

. 0047

. 0060

.0032

.0094

.0259

.0007

.0007

.0031

.0041

.0143

.0220

.0449
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 continued!Tabl e 4

Net Ash-free
Dry Weight
Per 1000 L

New Dry
Weight

~Or anicsDate

.0009

.0009

.G036

.0132

.0196

.1697

77. 7
44.4

75. 0
48. 5
37. 2

17.6
Total

58.3
88.8
78.0
68.4
47.4
33.0
15.8

.0012

.0018

.0041

.0114

.0247

.0500

.2562

7 B 10
18
35
60

120
170
325

Total
8 M 10

18
35
60

120
170
325

71. 4. 0007
.0002
. 0019
.0049
.0078
.0446

52.6
55.1
50.0
49.1

Total
6/76 7 T 10

18

35
60

120

170
325

. 0002

. 0009

. 0016

. 0028

. 0059

.0501

67
75
68
51
28

. 0008

.0016

.0025

.0040

.0189

.G278Total
7 B 10

18
35

60
120
170

325

. 0024

. 0020

. 0068

. 0056

.0694

. %6Y

60
45
55

38
19

. 0020

. 0022

. 0062

.0074

.1850
Total

10

18
35
60

120
170
325

.0003

.0016

.0017

.0044

.0040

.G164

81
59
25
30
32

.0026

.0020

.0022

.0024

.0104

.019'Total

Sieve
Station Fraction

5/76 7 T 0 10
18
35

60
120
170
325

. 0014

. 0008

.0054

.0128

.0146

.0598

.094K

. 0014

.0032

.0064

.0156

.0234

.0330

.0808

.1538

.Golo

.0020

.0056

.0078

.0438

.0602



194.

Net Ash-free
Dry Weight
Per 1000 L

New Dry
Weight

~PI
/

Or<rani cs

. 0003

.0014

.0018

.0043

.0076

.0043

.0498

. 0012

. 0016

.0031

.0053

.0029

.0234

.0375

64

67
53
53

51
35

Total
7 8 10

18
35
60

120
170
325

. 0021
~ 001 8
.0034
. 0147
.0301
.1312

44

44
54
43

20

¹ 10
18
35
60

120
170
325

.0007
0024

.0037

.0101

.0067

.0061

.0028

71

73

50
36
36

29

10
18

35
60

120

170
325

. 0020

.0030

.0030

.0089

.0121

.0050

.0555

8/76 7 T
60
83
37

33

36
28

10
18
35

60
120
170
325

7 B
.0015
.0026
~ 0050
.0186
.0333
.1219

58

40

64

41
20

Total

Total

10
18
35

60
120
170
325

.0010

.0092

.0052

.0161

.0095

.0072

.0308

gC
54

77
34
47

39
29

Table 4 :  continued!

Sieve

Date Station Fraction

7/76 7 T ¹ 10
18
35

60
120
170

325

Total

Total

Total

.0016

.0030

.0158

.0256

.0518

. 097K

. 0023

. 0036

. 0068

.0032
~ 0029
.0088

.0276

.0018

.0025

.0033

.0040

.0018

.0157

. 009T

.0020

.0027

.0158

.0179

.0330

.0714

.0009

.0050

.0040

.0054

.0045

.0028

.0090

.0316
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Ash-free
Weight

r 1000 L

Net
Dry
Pe

New Dry
Weight

~0n anics
Sieve

Fraction

76
66

44
l6

22
22

.0021

.0065

.0144

.0057

.0079

.0074

.1203

¹ l0
18
35

60
120
170
325

Total

10
18
35
60

'1 20

170
325

7 B

34
50

19
10
10

14

. OG4'l

. 0018

.0052

.0207

.0280
,3616

Total
.0025
.0041
.0100
.0063
.0068
.0051
.0558

60
88
79
63
35
25

34

10

18
35
60

120
170
325

Total
10/76 7 T 10

'I8

35
60

120
170
325

. 0015

.G035

.0072

.0039

.0029

.0317

60
31
15
41
45
26

Total
7 B ¹ 10

l8
35
60

120

170
325

.0005

.0030

.0022

.0033

.0087

.0125

.1609

73

73
30

18
26
16

Total
8 M 10

18
35

60
120
170
325

.0002

.G024

.0022

.0037

.0031

.0208

.0021

.0009

.0015

.0013

. 0011

. 0135

67
32
30
32
28

Total

Table ~:  continued!

Date Station

9/76 7 T ~ 0021
.0057
.0072
.0033
.0017
.0021
.0352
~05 3

. 0028
~ 0018
.0020
.0042
.0058
.0986
.1152
.0020
.0048
.0105
.GG53
.0032
.0017

.0250

. OP ! 5

.0012

. 0015

.0015

.0021

.0017

.0109

. 000l9

.0029

.0021

.0013

.0021

.0043

.0340

.O4iP
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Net Ash-free
Dry Weight
Per 1000 L

New Dry
Height

~P" S ~or anics
Sieve

Fraction

¹ 10
18
35
60

120
170
325

. 0014

.0022

.0034

.0034

.0025

.0031

.0033

. 0011

. 0021

. 0016

.0012

.0012

. 0015

. 0016

. 0109

93
73

35
26
36

35
36

Total
7 B ¹ 10

18
35
60

120
170
325

. 0009

. 0014

. 0018

. 0028

.001 6

.0061

29
67
36

56
23

Total

Total

10
'I8

35
60

120
170
325

8 M

.0012

.0052

.0043

.0056

.0030

.0173

83
54

51
29
40
30

10
18
35
60

120
170
325

.0028

.0024

.0038

.0080
~ 0146

.1640

57

54
53
43

29
15

10
18
35
60

120
170
325

7 B .0025

.0010

.0029

.0066

.0292

.0506

.4363

60
60
59
65
37

18
12

10
18
35
60

120
170
325

.0034

.0007

.0028
~ 0064

.0196

.0374

.3592

88
57
57

70
48
3l

16

Table 4 :  continued!

Date Station

11/76 7 T

12/76 7 T

Total

Total

Total

. 0005

.0016

.00]3

. 0012

. 0019

. 0065

. 0013

.0037

.0029

.0021

.0016

.0069

. 0DID5

.0032

.0026

.0040

.0068

.0084
~ 0492
.0742
.0030

.0012

.0034

.0086

.0218

.0] 78

.1056
~64
. 0060
.0008
.0032
.0090

.0190

.0232

.1158

.1770
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.Tabl e 4  continued!

New Dry Net Ash-free
Weight Gry Weight

.~01 1 .P 1000 0 ,~0r anics
Sieve

Fraction

10
18
35

60
120
170
325

56
75
56
61
19

07
07

1/77 7 T

81
83
62
49
10
04
05

10
18
35

60
120
170
325

86
78
77
60
15
08
06

8 M 10

18
30
60

120
170
325

2/77 7 T ¹ 10
18
30
60

120
170
325

80

47
23

29
17
10

¹ 10
18

30
60

120
170
325

7 8 56

71
63
69

32
10
07

8 M 10
18
30
60

120
170
325

. 0004

.0011

.0019

.0068

.0171

. 1996

75

81
68
31

17
07

Total

Gate Station

.0009

.0004

.0043

.0069

.0439

.1683
5115

.0057

.0040

.0116

.0308
1777
3995

7367

.0007

.0009

.0031

.0048

.0663

.1219

.5987

.0010

.0003

.0017

.0026

.0085
~ 0198
02384

.0009

.0007

.0016

.0049

.0307

.0754

.6471

Total

Total

Total

Total

Total

. 0010

.0006

.OG48

.0084

. 017G

.0220

.0678

. f216

. 0092

. 0066

.0144

.0300

.0366

.0300

.0700
968

.0012

.0014

.0048

.0058

.0206

.0202

.07G4

.T5W

. 0016

.0016

.0012

.0050

.0068

.0466
. 062E
.0010
.0010
.0020
.0068
.G198
.0148
.0956
WiP 0

. 0006

.0018

.0026

.0042

.0058

.0266

.04 6
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Net Ash-free
Dry Weight

Per 1000 L

New Dry
WeightSieve

Fraction

3/77 7 T ¹ 1G
18
35
60

120
170
325

. G011

.0035

.0038

.0099

.1091

.2563

.45e4

45
57
71

51

09
02
07

¹ 10
18
35

60
120
170
325

.0056

.0073

.0150

.0304

.4512
1.0553

.9564

93

86

69
45

05
01
06

8M 10
'I8

35
60

120
170
325

.0033

.0017

.0038

.0120

.0541

.1593

.9624

91
82

74
60
29
11
07

Table 4 :  continued!

Date Station

Total

Total

Total

. 0012

.0050

.0067

.0125

.0247

.0152

.0842

.1495

.0130

.0157

.0260

.0342

.0567

.0355

. 1345

. 3156

. 0075

. 0035

. 0070

. 0180

.0397

.0440

.1755

.2952
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Detritus taken in the Apalachicola River in a series of sieves �10-436! on a
monthly basis and expressed as organic matter  ash free dry weight! and total
dry weight. Stations sampled included the main portion of the river surface
and bottom: 7T, 7B and a tributary to East Bay, Litt1e St. Marks, mid-depth:
8! with figures adjusted for total flow per month using mean values at station 7
�m! . The organic detritus ratio reflects relative levels  ash free dry weight!
at the two stations �m/8!. Detritus, Ash Free

Detritus, Ash Dry Weight � m!
Free Dry A: total  Kg/month!

/// B: total tons/month!

Table 4:

Total, Ratio of
Dry Organic
~f//StationDate

305,915
337

A.

B,
Q.0727

Q. 1707

0. 1217

0. 0446

0.0000964

0.0001816
0.0001392
0.0000644

7T

7B

7M

8

8/7S
1. 57

40,011
45

A.

B.
0. 0075

0. 0295

0. 0185
0. 0112

0.0000172

0.0000440

O.GOOG306

0,0000148

7T

7B

7M

8

9/75-
2.07

269,903
297

A.

B.
0. 3201

0. 7030
0. S 115
0. 1640

0,0001800

0.0001816

0,0001420

0.0000644

7T

7B

7M

8

2.2010/75

344,227
379

A.

B.
0. 5874
0.69SS

0. 6414
0. 1253

0.0001434

0.0002764

0.0002099

0.0000612

7T

7B

7M

8

l 1 /75
3.43

269,445
296

A.

B.
1.2524

l. 7623

1.5073

0. 0252

0.0001038

G.OOG2142

0.0001590

0.0000126

7T

7B

7M

8

12/75
3. 36

442,533
487

A.

B.
G. 6927
1.0600

0. 8763

G. 1719

0. 0001658

0.0002180

0.0001919

0.0000636

7T

7B

7M

8

1/76
3,02

377,030
415

0 3235
O. 6328

0. 4781

0. 4014

A.

B.
0.0001290

0.0002096

0.0001693

0.0001406

7T

jB

7M

8

2/76
1.20

138,420
152

A.

B,
0. 0818

0. 3037

O. 1927

0. 3569

0. 0000230

0.0000866

0.0000551

0.0000853

7T

7B

7M
8

3/76
0.65

48,253
53

G. 0380

0. 0420

0. 0400

0. 1672

A.

B.
0.0000104

0.0000259

0,0000182
0,0000449

7T

78

7M

8

4/76
0.41
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StationDate

5/76

2.15

6/76

2.91

90,776
1007/76

2. 09

A B. 59,898
6b8/76

1 ~ 59

A.

13.
90,973

100
9/76

1.64

37,155
4110/76

2.42

A.

B.
11, 112

1211/76

0.47

12/76

0.67

1/77

1.28

166,158
l83

2/77
2.45

7T

7B

7M

8

77

7B

7M

8

7T

7B

7M
8

7T

7B

7M

8

7T

7B

7M

8

7T

7B

7M

8

7T

7B

7M

8

7T

7B

7M

8

7T

7B

7M

8

7T

7B

7M

8

Detritus, Ash
Free Dry

 /!

0.0000948
0.0001638

0.0001293

0.0000602

O.GOOG278

0.0000862

O.G000570

0.0000196

0.0000378

0.0000978

0.0000577

0.0000276

0.0000291

0.0000714

0.0000503

0.0000316

0.0000573

0.0001152

0.0000863

0.0000525

0.0000189

0.0000467

0.0000328

0.0000135

0.0000109

0.0000065

0.0000087

0.0000185

0.0000742

0.0001614

0.0001].78

0.0001770

0.0001216

0.0001968

0.0001592

0.0001244

0.0000628

0.0001410

0 ' 0001019

0.0000416

Total,
Dry
~  '!

0.20 79

Q. 3494

O. 2786

a. 0601

0.0615

0.2028

0. 1321
Q. 0284

0.0695

0.1833

O. 1264
Q,0525

0. 0895
0.1829

0.1362

0.0790

0. 1643

0. 4214
Q. 2928
Q.0906

0.0507
0.1911

0.1371

0.0208

0,0193
0.0146

0. 0169

0. 0366

0. 1956

0. 5291
0. 3623

0.429S

0.7362

1.3660

1.0511

0. 7964

0. 2723
G. 7613

0.5168
0.2269

Ratio of

Organi c
detritus

Detritus, Ash Free
Dry Weight � m!
A: total  Kg/month!
B: total ttons/month!

A. 324,822
B. 357

A. 118,868
B. 131

A. 353,483
B. 389

A. 467,504
B. 5l4
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Stat ionDate

3/77

l.42

7T

7B

7M

8

Detritus, Ash
Free Dry
Weight  g/1!

0.0001495

0.0003156

0.0002326

0.0002952

Total

Dry

~!! !

0. 840I

2. 5212
1.6806

1. 1966

Ratio of

Organic
detritus

Detritus, Ash Free
Dry Weight � m!
A: total  Kg/month!
8: total  tons/month

A. 8', 794
B. 896
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Apalachico'la River flow  monthly means and range in cubic feet
per second!, macrodytritus  wood debris, leaf debris, and benthic
macrophytes in mg/m<!, and microdetritus at the mouth of the
river  total, Kg/month; concentrations in mg/1! from December, 1974
through March, 1977.
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VII. THE MICROBIAL CONTRIBUTION TO THE ENERGY BUDGET OF APALACHICOLA BAY

MICROBIOLOGICAL STUDIES

I . RATIONALE:

The vital role of macro- and microdetritus in a river-dominated estuary

as shown in this study of the Apalachicola estuary, indicated that study of

the primary detritus utilizers � the microflora - was essential. It is these

microorganisms which have the enzymatic armentarium to mineralize refractory

materials and form sufficient cell mass to support a large proportion of the

estuarine food web. At the initiation of this study there was little quanti-

tative work done in assessing the composition or population dynamics of the

estuarine detrital microflora. Clearly from studies of the water column in

fresh and salt water, the sediments and the soil, classical methods of isola-

tion and plating on selective media are of little use in studies of a dynamic

population  see the literature reviewed in publications 1 � 4!, and so initial

phases of this wo- k concentrated on the development or modification of existing

methods with which to study the detrital microflora. These methods involve

measures of microbial mass and activity. Prom studies of activity it has been

possible to develop methods with which to study population dynamics and the

impact of stresses on the microbial community.

II. METHODS:

A. Mass

I. Muramic acid. The murano peptide is a component uniquely found

Ql all known bacteria and blue-green algal cell walls with the exception of the
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mycoplasma or PPLO organieas. The murano peptide polymer is the main supporting

material of the microbial wall and gives the cell its characteristic shape.

Chains of alternating residues of N-acetylglucosamine and N-acetyl muramic acid

are covalently linked by amide bonds at the muramic acid by peptide bridges.

ethyl-D-glucosamine! does not occur in other prokaryotic or eukaryotic cells.

Of the 300 or so PPLO,mycoplasma or L-formsdescribed, many are intracellular

parasites of plants and animals although they may survive in high osmotic

environments like sewage. They form a minute percentage of the bacterial mass

in vertebrates. One thermoplasma has been isolated from a high temperature

acidic coal mine gob pile. Others have recently been detected in the sea. No

estimate of the number of PPLO organisms detected on estuarine detritus or

marine environments has yet been made   5, 6!.

Batch cultures of organisms grown to the stationary phase contain organisms

of all ages in a relatively poorly controlled environment when compared with

organisms grown in a nutrient-limited chemostat �!. Studies of numerous

species of bacteria have shown that the proportion of muramic acid in the cell

wall and the ratio of muramic acid to glucosamine are essentially invariant

�-9!, However, differences in the sensitivity to the wall of

lytic enzyme lysozyme heat-killed Bacillus subtilis W-23 grown in chemostats'

with different limiting nutrients have been shown   10 !- On isolation of the

walls after removal of the teichoic acids and analyses of the mucopeptide, the

maximum variability in the ratios of glucosamine to muramic acid varied between

0 ' 5 for sulfate-limited growth to l.07 for NH3-limited cells, possibly a varia-

tion by a factor of 2. No changes in muraraic acid levels have been induced with

other strains of Bacillus subtilis however �1!. The direct analysis of labora-

tory-grown batch cultures which showed an average of 3.44 X 0.5  X + a! ~g/mg dry

This polymer apparently completely encloses the cell. Muramic acid �-0-carboxy-
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weight for seven species of gram-negative bacteria and 9.6 + 1.9  X + o! for
five species of gram-positive bacteria with the data expressed as pg muramic
acid per mg dry weight   12 !. Spores from gram-positive bacilli averaged 38.g
muramic acid/mg dry weigh-. + 6.2  I + v! pg/mg dry weight. The hydrolysates o.
these spores also contain the amino acid dipicolinic acid, an amino acid that
has not yet been found in vegetative bacteria, other prokaryotes or eukaryotes
�3 }. Our Methodology  see below! allows for the detection of this amino acid.
As yet dipicolinic acid has been undetectable in estuarine samples. In addition
the rates of incorporation and turnover Qoss of 1 C-labeled wall during incuba-
tion in the medium not containing radioactivity!have been shown to serve as
indicators of bacterial growth. Our methodology has recently been reported in
the literature �!.

2. Adenosine tri hos hate ATP!. Adenosine triphosphate is the energy
currency of the cell - the ultimate product of catabolism. Elegant studies by Eolm-
Hansen and Booth �4! and Holm-Eansen �5, 16! have estab~ished that for 30 species of
unicellular algae, seven strains of marine bacteria grown in batch cultures,
marine phytoplankton under conditions of nitrogen, phosphorus or. silicon
deficiency, algal cells exposed to alternating periods of light and dark, natur..l
phytoplankton populations grown in nutrient-enriched media, as well as micro and
macro-zooplankton from laboratory cultures or isolated from the water column,
the levels of extractible ATP correspond to 0.04X of the total particulate
organic carbon. The total particulate organic carbon correlates directly with
the dry weight of the cells. In these and many other experiments the micro-
organisms were concentrated on Millipore filters with 0.45 pm pores. ATP is
present in all living cells thus far examined. It rapidly hydrolyzes in dead
material or cells deprived of metabolizable substrate   17 !. At least in the
water column the ATP exists in reasonably uniform concentrations in all ceLls,
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regardless of the environmental strains. Under specialized and stringent

conditions we have been able to change the level of cellular ATP in the bacteria

manipulation of the state of the electron transport system   17!.

The assay of ATP in the nanogram ranges typical of ecological studies

requires the use of the luciferin-luciferase enzyme system from firefly tails.

Methods for standardization of the enzyme have been well worked out   L8!.

Problems with detritus of sediments lie in the quantitative extractibility of

the nucleotides. In our laboratory cultures, cellular reactions may be stopped

and the nucleotides extracted with ice-cold 1.92 M perchloric acid. Neutraliza-

interfere with the enzymes that are essential for the assay.

A liquid scintillation counter operating in the non-coincident mode is

satisfactory for detection of the phosphorescence.

ATP then is a measure of microbiomass. The metabolic state of the cells

may be better reflected in the so-called energy charge of the total adenylate

The value ' is of primary importance in
total adenylate

pool   l3, 20}.

tion with ice-cold KOH and precipitation of potassium perchlorate yields a

solution that can be measured reproducibly by luciferin-luciferase phosphorescence

at. sufficient dilution of 1.0 nmole:/ml so there is essentially no salt effect on

the enzyme. Environmental samples are usually at concentrations where dilutic s

of the potassium perchlorate are insufficient to remove salt effects from the

assay conditions. Extraction from filtered microorganisms by boiling in 0.02 N

tris-hydroxyamino methane buffer, pH 7.75, is quantitative. Karl and LaRock {L9!

have shown that boiling is not satisfactory for microorganisms in sediments, and

they have developed a sulfuric acid-ethylenediamine tetraacetic acid extraction

procedure that quantitatively extracts ATP from marine sediments yet does not
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regulation of glycolysis, and other vital metabolic processes. ADP can be

quantitatively estimated after incubation with phosphoenolpyruvate and pyruv:~to

kinase as the additional ATP generated. This value minus the ATP value equals the

ADP level. AMP is determined by adding myokinase to a portion of the ADP

reaction. The difference of this value, minus the ADP, minus the ATP level,

represents the AMP level. These procedures have been utilized in our labor;iLory

�7} .

3. Di icolonic acid. Dipicolinic acid  DPA! is an amino acid

uniquely found in the spores of bacteria and some fungi, where the presence

seems to be related to the resistance to heat and drying �1!. A method has

been developed involving the extraction of DPA from detritus or sediments, its

purification chromatographically and its detection by the gas-liquid chromatog-

raphy of its isopropyl ester. This can lead to studies of the environmental

conditions stimulating or repressing sporulation.

B. Microbial activities.

En e activities. Methodology that can be performed in the

field in time periods short enough to obviate significant distortion by microbial
growth after sampling involves a study of enzyme activities.

Ecological studies of specific enzyme activities usually deal with a single
enzyme activity rather than considering a variety of enzyme activities simul-

taneously. However a battery of enzyme indicators encompassing several classes

of compounds can be used to define and assess the activity of functional groups
within the microbial community. The distribution and role of some specific
enzymatic acitvities of fungi, yeast, and bacteria in the marine environment

are already well-documented indicating various relationships between environmental

substrate and/or breakdown products availability and specific enzyme activity.
Such enzyme studies have been published from this laboratory �, 3, 22, 23!.
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2. Sulfate reduction. Sulfate reduction is only known to proceed by

anaerobic microbial activities of the Desulfovibrio-like organisms. We have

developed an assay using the recovery of H S, generated by reduction of
2

~SO from sediments or water  after acid treatment! or from the air above a

sample to measure rates of reduction; hence we are able to estimate anaerobic

activity. Sulfate reduction rates in bottom muds have been shown to be related

exponentially to sulfate concentrations between 40 and 200 ppm sulfate.

3. Heterotro hic otential. Heterotrophic activity, assayed by

the collection and measurement of CO2 released by microbial utilization of

various l4C-labeled substrates has been measured. The correlation between

heterotrophic activity in Apalachicola Bay microfloral detrital activity and

other measures of activity have been reported �2!.

4. Rate of li id s thesis. Our studies have shown �4! that the

rates of phospholipid synthesis and synthesis of total lipids measured as

incorporation of C and P into lipids parallel the adenosine triphosphate32

levels, alkaline phosphatase, a-D-mannosidase, or rate of oxygen utilization.

Methods can be applied to estuarine sediments or detritivore communities. The

parameters necessary to control quadrat size, sample variance and assay

reproducibility have been determined.

5. Non-invasive semi-continuous monitorin of microbial activit

The detri.tal microflora on oak leaves incubated in Apalachicola Bay for 4 � 6

weeks is a diverse and active collection of organisms �! . The leaves lose

only about 20X of their dry weight in l6 weeks, so remain fairly stable. If cut

into discs 6.5 mm in diameter and loosely packed in glass columns and estuarine

water is pumped through the columns, various activity measures can be monitored.

Differences in oxygen concentration, sulfide concentration and pH have been

monitored in the influent and effluent stream pumped through a column loosely
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filled with detritus. The oxygen concentration of the influent and effluent

streams may then be monitored to assess short-term respiratory response as a

function of the experimental variables in order to determine a dose response

relationship. The advantage of this method lies in the ability to do repeated

experiments with a nearly constant undisturbed microbial population. The

methodology has been well worked out in our laboratory, and preliminary data

are very encouraging Table I!.

Exploitation of information contained by other chemical parameters of the

flow stream will be attempted. The thick epibiotic matrix commonly found

associated with detritus suggests the possibility than significant amounts of

anaerobic activity may exist, in spite of the high oxygen levels present. With

this in mind, sulfate-reducing ability of the system could be determined by

f ollowing the sulfide concentrations in the flow streams. A preliminary experiment,

adapting a spectrophotametric sulfide assay �5! for continuous monitoring via

an Autoanalyzer type reaction system, showed promise. The sulfide concentration

appeared to fluctuate in a non-random manner: Paurier analysis of the data

indicated a 90-hour cycling time of the sulfide levels. Unfortunately stability

of the analytical instrumentation is presently inadequate to unequivocably confirm

the data. Another possibility of measuring sulfide lies in the use of a specific

ion electrode. Again, the problem of detector stability needs to be solved,

Another parameter to be measured is pH, since a number of microbial pro-

cesses create changes in hydrogen ion concentration. In a sample experiment,

a detrital column equipped with a pK electrode showed small changes in response

which, when analyzed by Fourier transformation, indicated a cycle time of greater

than 70 hours. Again the drift of the electrode introduces s large measure of

uncertainty to the results.
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Perhaps the most general indicator of activity is enthalpy. To measure

enthalpy we propose to build a chamber containing columns in a water bath/air

bath container whose temperature is regulated to 10 'C. The temperature of

the flow streim will be monitored to measure the activity of the population.

Possible temperature sensors include commercial thermopiles, custom-built

dielectric constant devices, or thermistors. An elementary thermistor device

was constructed to determine the feasibility of the measurements. The addition

of 10 N glucose resulted in about a 25 yW/gram of detritus increase in heat

production. The apparatus was only suitable for short-terra measurement  < I

hour! because of external thermal inputs. A commercially available temperature

regulator  Tronac! is expected to remedy these problems.'

C. Po ulation d amies.

1. Li id classes and li id metabolism. Nethods to reproducibly

fractionate the lipids derived from the detrital microfloral assembly have

been developed and used to study the metabolism of this c~ity �}. I.ipid

composition was first used with taxonomic classification of microorganisms

by Abel et al �6!, using qualitative fatty acid analysis. These workers shcwed

it was possible to differentiate between different groups of bacteria by their

fatty acid composition. An elegant compilation of the qualitative lipid com-

position of various genera and species of bacteria has been prepared by Norm-n

Shaw �7!, %ho points out that the lipids are universally present in bacteria,

they are easily and specifically extracted, and can be readily identified. There

are a great variety of complex lipids, some of which are unique to prokaryotes

and they average about 3-5Z of the cellu1ar dry weight. There are four major

types of lipids in bacteria, the apolar lipids, neutral lipids, phospholipids

and glycolipids. Kach class contains distinctive features which form useful

measures of microbial diversity and thus can be used ta measure microbial

succession.



Methods currently in use in our laboratory include:

a. Microbial rokar ote/euka ote ratios. Preliminary experiments

have shown that the detrital microflora synthesizes about 20X of its total fatty
acids as C18-, C20-, C22-, and C24-polyenoic fatty acids. These are clearly

formed by eukaryotic organisms �8!. Me. will contrast the proportion af poly-

enoic fatty acids with a characteristic prokaryotic fatty acid such as C-15 iso-

branched to develop pxokaryoticmukaryotic ratio and contrast the ratio to that

between the triglyceride, steroid, glycerosphingolipid  eukaxyotic lipids!

versus a typical bacterial lipid such as phosphatidyl glycerol in test systems

where we know we would stimulate fungal or algal growth. The proportion of

major classes of lipids was a function of the time of incubation with sodium

acetate-1- C. The length of the incubation with C shows good correlation

with what we expect for the growth rates of different components of the detrital

microflora. Slower growing organisms contain more glycolipid and neutral lipid

than phospholipid, which is what would be expected for fungi versus bacteria,

for example �!. Consequently a study of the proportion of key lipids versus

time of incubation with C could give correlations to the relative impacts '
of toxicants on prokaryotes and eukaryotes.

b. Gram- ositive to ram-ne ative ratio. Preliminary evidenc~

indicates the usefulness of the ratio of phosphatidyl glycerol aminoacyl deri va-

tives, or glycosyl diglyceride to a universal microbial lipid like phosphatidyl
ethanolamine to determine a gram-negative to gram-positive ratio among the

bacteria. Phosphatidyl glycerol aminoacyl derivatives or glycosyl diglycexides

are typical components of gram-positive micxobes and are not found in classical

gx~egative hetexotrophs.

C. Distinctive roke ote- hos holi id markers. The composition

of the non-diacyl phospholipids can be used to follow the relative activities of
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the Clostridia  plasmalogens!, the Bacteroides  sphingophospholipids! or

halophilic-thermophilic bacteria  ethers!. Our preliminary data indicates

50X of the lipid phosphate was in lipids not made water-soluble by mild alkaline

methanolysis �!. Thus these three lipid classes could possibly suggest sig-

nificant details about the microfloral population.

Por each component we assay, we can also measure its synthesis and turn-

over rates to get an idea of its metabolism. Our preliminary studies on gross

separations show a surprising uniformity of turnover times for a large proportion

of the community  Table II! and these methods show good  for environmental

studies at least! agreement for various estimates of the microbial mass  Table III!.

2. Endo enous stora e materials. Vork as yet unpublished has

yielded methods of measuring the rates of synthesis and utilization of the bacterial

endogenous storage polymer poly 8-hydroxy butyrate  PBHB!. PBHB is formed when

bacteria are deprived of a growth-limiting substrate in the presence of both

energy sources and carbon. Limitations of sulfate, nitrogen, phosphate, pH,

trace metals or oxygen lead to its synthesis �9, 30!.

Ve have developed an assay for the quantitative extraction, purification

and assay of PBHB from environmental samples, and shown that impacts which affect

other activity parameters also affect the metabolism of their endogenous storage

products.

3. Scannin electron microsco . The progressive colonization of

the degrading plant litter in East Bay was followed by scanning electron

microscopy  SKM!. This procedure enables one to determine the extent of

colonization of the plant litter surface as well as the classes and relative

density of various microbial forms present.

Samples were prepared by a fixation procedure utilizing glutaraldehyde,

osmium tetroxide in s-collidine buffer, and ethanol as the dehydrating agent.
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Samples were critical point dried in a custom-made critical point dryer

utilizing liquid C02, mounted on pedestals, and then coated with gold-palladium

�0:40:W/W!. Samples were ~ned using a Cambridge Stereoscan S4-l0 micro-

scope.

9. Behavior and tro hic efficiencies of rimar eukar otic detritivares.

We' have chosen as a primary detritivore to study Gammaridean amphipods. Gut

analysis amongst the dominant fish in the estuary �1! showed Gammaridean arnphi-

pods in l8 of 247 �X! of Anchoa mitchilli; 31 of 81 �8X! of Leiostomus

I

found in the fish stomachs were between 30 to 50 mm in length  P. F. Sheridan,

unpublished data!. Amphipods have been reported in fish stomachs from California

�2!, Louisiana �3!, Kississippi �4!, South Florida �5! and Washington �6!.

Stickney and Shumway �7! in their review of the food habits of fish, show

amphipods as a prominent component in the gut of numerous fish.

We find Gammaridean amphipods as the predominant invertebrates in leaf

baskets we place in Apalachicola Bay. These amphipods are excellent indicarors of

the "quality" of the detrital microflora as they have short, relatively simp1e,

digestive tubes where the complication of endosymbiotic microorganisms is minimal

Q8-40! ~ They survive well in the laboratory, have a relatively simple lif»

cycle �1, 42! and show rapid responses to the environment �3-45!.

Preliminary experiments indicate that Qammaridean amphipods can determine

if the effects of impacts on the detrital microflora are readily transferred

through the food web. Experimental detritus samples will be offered to amphipods

in an apparatus consisting of 8 identical small chambers arranged radially around

a larger chamber. Since amphipods are photophobic, infrared sensors in the

connecting passageways will be used to detect the amphipod flux in the apparatus.
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Electronic counters will accumulate the data. Water may be pumped into each

radial chamber and drained through an outlet in the central chamber. Sy varying

the composition of the water or food source, food preferences and water avoidance

behaviors may be distinguished. The chamber is also suitable for the study of

small shrimp and crabs. Presently the chamber has been constructed and the

electronic monitoring system has been designed and partially constructed.

Preliminary experiments show that use of 200 or more amphipods with the same

bait samples in the radial chambers results in a random distribution.

We propose to try to detect the effects of changes in detrital microflora

on the amphipods by showing differences in the protein to neutral lipid ratios

in the amphipods  preliminary studies show that starving amphipods for 24 hours

decreases the lipids selectively!.

II I. RESULTS:

A. Effects of natural substrates on the activit and succession of the

detrital microflora.

Rates of CO formation from C-glucose and C-glutamate from oak14
2

leaves and pine needles incubated in Apalachicola Bay showed an initial coloni-

zation period in which there was a rapid increase in activity with the pine

needles showing a higher activity than oak. leaves  V l65 and 110 ng substratef

1 hour gram litter! which paralleled the ATP content. The muramic acid levels

paralleled the turnover time  the time necessary for the removal of the substrate

from the environment!. The turnover time was highest initially, reflecting the

.higher activity of the initial colonizers of the detrital surface which was

largely bacterial. Initial turnover times were 41 hrs for pine and 102 hr for

oak with glucose and 31 hr for pine and 36 hr for oak with glutamate as

substrates �2!.



Analysis of esterase activities, oxygen utilization and ATP levels

showed seasonal differences between oak and pine litter. Rates of oxygen

utilization and 8-D-galactosidase activity were higher on oak litter. The

alkaline phosphatase activity and phosphodiesterase activities were related

Co the ambient temperature around 21'C. Alkaline phosphatase activity on the

pine always either equalled or exceeded that found on oak, whereas at tempera�

tures below 2L'C the activity on the oak always exceeded the pine. Esterase

activities and respiration changed with time of exposure in the bay, suggesting

a functional succession of the Litter-associated microbial communities. g-D-

glucosidase, 8-D-galactosidase on both oak and pine litter rose rapidly initially,
but then showed progressively decreasing increments with longer incubation which

correlated inversely with the weight loss. Overall esterase activities correlated

well with weight loss. Alkaline phosphatase in phosphate-limited situations of

ambient concentrations less than 10"~ M showed good correlation with the ATP

leveLs.

The implication that there was a difference in microbial populations between

pine needles and oak leaves is borne out by differences in the rates of synthe=is
of phospholipids and total lipids  L!. The relative races of lipid synthesis
paralleled the ATP and muramic acid levels �, 4! and in the ratios of neutral

I

lipids, phospholipids and glycolipids in the population �!. Sweet gum Leaves

 which disintegrated most rapidly of those tested!, when incubated in the bay showed
a significantly more rapid rate of lipid synthesis, a different Lipid composition
and a higher level of ATP than pine or oak leaves.

The relative rates of colonization differed between plant litter type and

the surface observed by scanning electron microscopy. The needle structures of

the slash pine needle were clearly visible, and there was liCtle colonization at

week zero, prior to placement of Che litter in the estuary, but by the first week
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colonization was well in progress and continued to increase in time. Xn the

case of the live oak leaves, the stellate hair-covered ventral surface was

rapidly covered by microorganisms and accumulated debris, while the relatively

smooth dorsal surface was patchily colonized in the early periods with a complete

microbial distribution on the surface not observed until weeks 4 and 5.

A variety of microorganisms were observed at different times on both pine

needles and oak leaves. Bacteria were commonly observed on most samples; the

majority of organisms were cocci, either smooth or rough-surfaced, though bacilli

were occasionally observed. The organisms were often seen in colonies, were

observed during various stages of divisions, and were frequently attached to the

plant litter surface by mucoid-type attachments or mesh-like networks. A variety

of diatoms were attached to the plant litter of both types, and while they were

present in the early stages, their abundance increased noticeably in the latter

stages. The presence of fungi was confirmed by the observation of conidia on

week 4 pine needles. Filamentous forms were most extensive during weeks 4, 5 and

6. Other organisms observed suggested the presence of occasional blue-green

algae and other algae. The sequence is illustrated in Figures 1 and 2.

B. Co arison between natural de radable substrate ine needles and

non-de radable surface.

Pine needles and extruded polyvinyl chloride needles from an artificial

Christmas tree were analyzed for a 14 weekly period of incubation in Apalachi-

cola Bay. Respiration  rate of oxygen utilization!, alkaline phosphatase and

phosphodiesterase activities, the rate of incorporation of 14C-acetate into the

lipids and the ATP level were 2 to 5 fold higher on the natural surface compared

to the plastic. The difference in the microfloral composition was reflected in

at least a three order of magnitude difference between the activities of

a-D-mannosidase, 5-D-galactosidase and B-D-glucosidase on the pine needles

compared to the plastic needles. The 1ipid composition also showed significant
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diffexences on the artificial plastic needle microflora. The artificial

pine needle microflora formed lipids containing 20X higher glyco1ipid ratios

than the flora on the pine needles. Scanning electron microscopy showed a

sparser population on the artificial surface of organisms with distinctly

different shapes.

These microbial data correlate with the recovery of animals from the

baskets. There significantly less detritivores and their predators asso-

ciated with the artificial needles than with the natural substrate.

C. Evidence for succession on the detrital leaf surface.

Scanning electron microscopy, the ATP to mural.c acid ratio, the initially

high turnover numbers for the heterotrophic potential, the lipid composition of

the growing microbial community with a high phospholipid proportion, all support

an initial bacterial colonization. There is a more rapid increase in muramic

acid in both pine and oak leaves than in the ATP level, suggesting the bacteria

 containing Iruramic acid! colonize the surface more rapidly than do the non-

muramic acid-containing eukaryotes  containing ATP but no murenic acid! �!. This

has been confirmed by the scanning electron microscope

D. Rate of ~rovth.

Estimates of the growth rate using several parameters show that the growth

of the detrital microflora is slow, even in this rich estuary  Table II! ~ Use

of a pulse of sodium acetate-1- C followed by growth in non-radiosctive medium14

has allowed study of the population dynamics of the detrital bacterial popula-

tion. The bacterial  muramic acid-containing! component has been shown to con-

tain a small community of rapidly growing heterotrophs  T 1/2 = 3.2 hr! while the

bulk of the population has a relatively slower average growth rate  T 1/2 = 72 hr!.

Using the same pulse chase technique, the bacterial lipids lost C most rapidly
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from the glycolipids with a T 1/2 equal to that of the slow component of the

muramic acid �2 hr!. Neutral lipids and phospholipids were slower. Examination

of the phospholipids after deacylation and separation of the glycerol esters

showed a phospholipid pattern typical of gram-negative bacteria, although 0.58K

of the C was found in phospholipids not deacylated under mild alkaline con-

ditions, suggesting a complex assortment of microbes. The metabolism of the

glycerol phosphate esters shows most rapid turnover of glycerol phosphoryl

glycerol  derived from phosphatidyl glycerol! typical of bacteria and a lag in

the saturation of the precursor, pool of cardiolipin, again typical of bacterial

metabolism �!.

The activity of the bacterial component of the detrital microflora measured

by the various techniques used in our laboratory is summarized in Table I. These

give estimates of 100-1000 hr for average doubling times of the bulk of the bac-

terial microflora. The organisms divide slowly as is typical of soil �6-48! or

lacustrine muds �0 � 280 hr! �9}. Even in the relative'y rich and warm verte-

brate gastrointestinal system doubling rates of 0.5 to 1.4 divisions per day were

measured �0! or 1.72 doublings per day in the bovine rumen �1!. It is well

known that slow-growing microorganisms are remarkably sub]ect to stress �2! .

Estimates of the microbial mass  Table III! indicate it. represents about 1X

of the dry weight of the litter.

The sediment taken from the bay shows about a tenth the activity and muramic

acid content of the detrital particles �}.

K. Anal sis of i acts.

preliminary investigations show changes in elasticity, inertia and resil-

iency of the detrital microflora as water with various pollutional insults is

pumped through. the glass tubes loosely filled with detritus. Changes in
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respiratory activity are illustrated in Table I. Adding glucose or aged taunin-
rich water increases immediate activity  elasticity! with little long-term

effect  inertia! or effect on the recovery  resiliency!. Increase of salinity
decreases activity again without effect on inertia or resiliency. Antibiotic

treatment however affects all three parameters. Similar changes in activity

can be shown in the ATP to A3P ratio and the amount and synthesis of the microbial

endogenous storage material poly-8-hydroxy butyric acid by decreasing the pH
and by increasing the salinity.

P. Studies on the hi od behavior and feedin efficienc

preliminary studies show that Gammaridean amphipods have s remarkable

ab+ity to select leaves with a high microbial population. They prefer the
more heavily colonized ventral surface of the oak leaves to the plain dorsal

surface. They trim the stellate hairs of the leaves but do not consume intac.t
Leaves. When hungry amphipods have been in contact with the detritus, the
scanning electron microscopy looks Like a Lawn mower has run over the surface .
This has been confirmed by showing a 10-fold higher incorporation of C in the
amphipods aLLowed to graze on the leaves than in those exposed to water in con-
tact with the Labeled detrital microbial population  Table IV!. Scanning elec-
tron microscopy of the amphipod fecal pellets shows the same catholic collection
of microbial forms as found on the leaf surface, suggesting they "skim" a
proportion of the flora. Comparison with different detrital microfloral popula-
tions should help to understand nutritional characteristics of these most
important primary detritivores.
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TABLE I

Elasticity Rosil'e»cy dIncr t iahddition..

� lirGlucose �0 'l I!

Nam'Ot �0 ~".j
4

Tannin voter after agi»g

Salinit>- � ppt!

+ 13.7X

+ 1

� hr

~~1 hr

+ 23.5X

� 12.2X

Penicillin !

�0 pg/vL!
Streptomycin

� 39. 6%%d 20 hr

mdn  exchance time of 13 min!. Oxygen utilization vzs measured with Glar!;

teflon-coated microelectrode" at the input. and exit of the coluj"n, nd the

changes in decrement of o ygen concentration recorded continuously. There vere

no diurnal variations. Since oak. leaves last at least 14 reeks in the Ba>, with

z 18 � 30Z dr> vcight loss but little chan"e in shape, and are a principal

detrital component detected in the Bay, they form an ideal substrate.

b Elasticity indicates the maximal change in the respiratory activity
Inertia indicates  he time necessar> to read the maximum change in activity

Resiliency measures the ability of the microbial system to recover the

control respiratory activity in less than 4 hours after the removal

of the stre s.

A column containing 0.77 gm of oaL-. leaf discs, recovered after llveeI.s in

Apalachicola Bay, 6 x 3.50 »un  8 ml volume! vas perfused at z floM rate of 0.6 ral/
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TABLE II

Estimates of the Estuarine Detrital Bacterial Growth Rates

Method

Incorporation of P into phospholipid into biomass  assume 50 pmoles

lipid per g dry wt!

a. 0.22X of biomass in 2 .hrs  muramic acid!

b. 0.1X of biomass in 2 hrs  ATP!

Biomass determined by total muramic acid  a! or extractible ATP  b!

T 1/2 GPG Lag in CL

10 minMonoculture

110 hrs 40 hrsDetri.tus

2. Muramic acid turnover T 1/2 = 72 hrs

3. Glycolipid turnover T 1/2 78 hrs

4. Saturation of cardiolipin precursors

Doubling time

40 min
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TASLE III

Estimates of the Detrital Kicrofloral Biomass

Method

l. Muramic acid 2 � 17X

 assume 4-10 mg/g dry wt!

0.2 � 0.8X2. Extractible ATP

 assume 1 mg/g dry wt!

1.4 � 2.2X3. Oxygen uptake

 assume QO 100 pl/h/g dry wt!'2

4. Phospholipid recovered

 assume 50 pmoles lipid/g dry wt!

0.3Z

 assume 2.6 ug glycosyl diglyceride/g dry wt!

 gram + organisms!

5. Glycolipid

X of dry wt litter
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TABLE IV

Distribution of Microbia1 C on Oak Leaf Detritus After Feeding14

by Gammarus Amphipods.

Qak leaf discs 6.5 mm diameter were incubated in Apalachicola Bay for 4

14weeks, recovered and then incubated in the presence of sodium acetate-1- C

for 24 hours at 25'C alloving for the incorporation of approximately 10,000

cpm 1 C/disc. Thorough washing of the discs removes the acetate. Using 80

and starved  removed fromGammarus amphipods recovered from the Bay

Proportion of the C recovered

0 en discs Excluded

Waterc

Disc

72X 55.5X

17

Total Gammaruse

Feca1 pellets

Purge vaterg

3.14 0.29

0.3 0.05

Column A. Discs on which the amphipods could feed directly  Fed!
b

Column B. Discs enclosed in nylon mesh  Excluded!

The vater in which the experiment took place

Discs after 24 hours of feeding

+ Total Gammarus

< Fecal pellets of Gammarus  after 24 hours feeding on labeled detritus!.
g Mater in vhich amphipods are purged for 24 hours after removal from

1abe1ed detritus.

detritus! for 24 hours, half vere exposed to leaves containing C label. In14

another the amphipods vere prevented from contacting the leaves by a nylon mesh.
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time in estuarine water.

 A! Dorsal surface, Week 0, 230K, 10Kv

Dorsal surface, Week 2, 200K, 30Kv

Dorsal surface, Week 4, 140K, 5Kv

Dorsal surface, Week 6, 21OX, 10Kv

Ventral Surface, Week 0, 210X, 10Kv

Ventral surface, Week 1, 160K, 30Kv

Ventral surface, Week 5, 230K, 1GKv

Ventral surface, Week 6, 290K, lOKv

 c!

 D!

 F!

 G!

Figure 2. Scanning electron micrographs. Organisms observed on surface of

 A! Dorsal surface, Week 1, 5530X, 30Kv

Dorsal surface, Week 1, 260OX, 30Kv

Dorsal surface, Week 2, 532QX, 30Kv

Dorsal surface, Week 3, 8420K, 3OKv

Ventral surface, Week 5, 5400X, lOKv

Ventral surface, Week 1, 6090X, 30Kv

Ventral surface, Week 3, 1690X, 30Kv

Ventral surface, Week 4, 144OX, 5Kv

 D!

 F!

 G!

ptgure 1. Scanning electron nicrographs of the colonizatton of gaarcus



Figure 1.



Figure 2.
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Litter-Associated Or anismsVIII.

Introduction

Stations were established on the basis of previously determined

salinity regimes  Fig. 1!. Station 5A, a predominantly freshwater habitat

during spring and early summer, is characterized by salt water intrusion

during late summer and fall periods. Station 3 is a river-dominated area

with frequent increases in benthic salinity during sumpter and fall periods.

For the past 3 years, studies have been carried out concerning

organisms associated with allochthonous forms of detritus in the

Apalachicola Estuary. This litter fauna is composed primarily of isopods,

amphipods, and decapods. Such organisms appear to utilize detritus as

substrate for shelter and/or food. Various studies have indicated that

these species often depend on the microbial components of detritus for

food  Adams and Angelovic, 1970; Fenchel, 1970; Kaushir and Hynes, 1971;

Odum and Heald, 1972!. However, the actual detai'ts of the trophodynamic

relationships of detritus-based systems are little known. The leaf 'titter

associations are composed of omnivores and detritovores which ultimately

become directly or indirectly available to higher trophic levels. The

relative significance of autochthonous and allochthonous detritus in the

overalI energy budget of the Apalachicola Bay System is still in question.

The ultimate importance of detritus is indicated by the major groups of

detritus-associated organisms found in this estuary.

This study was designed as a preliminary survey of the leaf-associated

organisms in the Apalachicola Bay System with particular emphasis on

seasonal variations and the relationship of the biotic associations with

key physico-chemical parameters.

Methods and Materials
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Station 1X has relatively high salini ties throughout the year except

during periods of high river discharge when intermediate salinity levels

prevail.

Experiments in the field were carried out with specially designed

detritus baskets. These baskets were constructed of plastic-coated hard-

ware cloth �.5 rrm2 mesh! shaped into cubes �0.5om/side! with hinged taps.
An inner fiberglass screen liner � nm2! covered the sides and bottom of

each basket. This allowed organisms access to the inside of the basket;

when the basket was pulled to the surface, organisms were trapped inside.

Baskets were weighted for stabi lity. Leaf litter was collected along

the banks of the lower Apalachicola River. Species composition of such

litter was mixed, but consisted primarily of water oak   !uercus ~ni ra!,

over cup -oak   !. ~l rata , red maple  Acer rubrum!. and sweetgun  

The leaves were air dried and placed in baskets �00 g

dry weight per basket! which were then situated at the various sampling

sites. Sampling times were set according to seasonal fluctuations of key

environmental parameters in the Apalachicola Bay System. Three periods

were chosen  spring, April-May; summer, August-September; fall, October-

November!. During the spring series, seven baskets  containing leaves!

and two controls  containing no leaves! were placed at stations 1X, 3,

and 5A. At weekly intervals over a four to six week period, the baskets

were retrieved, and rinsed in a bucket of sea water. During each sampling,

leaf matter was removed, placed into the water for a second time, and

swirled to remove al] organisms. The leaves were then placed in the

respective baskets and returned to the bay. Organisms in the buckets were

strained through a 297> sieve, washed into jars, and preserved in 1OX



formalin. In the laboratory, they were identified to species, counted,

and weighed  wet weight!. The surrounding areas were Chen trawled �6

foot otter trawl; 2 2-minute trawl-tows at 2-3 knots!, and col'lections

were typed to species and counted. Representative organisms were pre-

served �0'K formalin! for stomach content analysis. This procedure was

followed in subsequent sampling periods until all the leaf matter was gone.

Using the data from the first series of samples, it was determined that

in each case, 95K of the species were taken by sampling any four baskets.

Consequently, further sampling was conCinued using four experimental bas-

kets and appropriate controls.

During each sampling period, certain physico-chemical parameters

were monitored at the designated stations. Surface and bottom water samples

were taken using a standard Kemmerer bottle. Water temperature  oC! and

dissolved oxygen  ppm! were measured using a YSI Model 54 oxygen meter.

Salinity was estimated with a temperature-compensated refractometer cal-

ibrated periodically with standard sea water. Water color  Pt-Co standard!

was determined using a Hach colorimeter. Turbidity was measured using a

Hach model 2100A laboratory turbidimeter  + 2% of scale!. All physical

data were compared with those from a long-term ecological survey of the

Apalachicola Bay system  Livingston, 1974!.

The data were analyzed using an interactive computer program designed

to handle comprehensive field data  Livingston, 1974!. In addition to the

usual richness  S, number of species! and enumerative  N, number of in-

dividuals! functions, several indices were used to evaluate the data. A

modification  Pielou, 1966, 1967; Bechtel and Copeland, 1970; Borowitzka,

1972! of the Shannon-Weaver Index  Shannon and Weaver. 1963! was used
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where N is the number of individuals in a sample and n; is the number of
individuals in the ith species. Species richness was determined using
the Nargalef Index  Margalef, 1958!

S - 1

where S in the number of species and N is the number of individuals. The

measurement of community similarity for interstation  temporal! comparisons

was accomplished using the cA index of overlap  Morisita, 1959; Horn, 1966!.

This is a determination of the probability that two randomly drawn samples

from populations X and Y will be the same species relative to the probability
that two individuals of the same species wil'1 be drawn from populations X

or Y alone. S Ac=2 x.y.
1

 ~x + ~y! XV

where s is the number of species; x; and y. are the numbers of the ith
1

species in populations X and Y respectively; X and Y are the total numbers

in the two communities, and x and y are measures of diversity  Simpson,

1949! as modified for sampling with replacement  Horn, 1966!. Data were

broken down according to dominance-diversity curves  seasonal, by station!

to present the relative distribution of species numbers in a given

collection.

Station characteristics

A detailed analysis of the characteristics and distribution of

sediment in East Bay, St. Vincent Sound, and Apalachicola Bay has been

made  Kofoed and Gorsline, 1963; Stickney et al., 1969; Livingston et al.,

this report!. Oyster bars are a major source of calcareous matter. The
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marshes  duncus rnemerianus, ~S artina spp,! fringe the island in this

area. During periods of extensive discharge and/or tidal fluctuations,
occasional deposits of leaf litter are found.

Although this portion of the report will concentrate on the pre-

liminary determination of the litter associations, subsequent experiments
have been carried out. Determinations using methods described above were

made using 3 sets of baskets at Station 3 Each set of 4 baskets was

filled with oak ]eaves, pine needles, or artificial  tef]on! substrate;

12 baskets were set atStation 3 and collected at monthly interva]s

from July, 1975 to November, 1975. A third series of experiments was

carried out at Stations 5A, 3. and 1X from January, ]976 to January, 1977.

Four baskets of oak ]eaves were placed at each station at monthly intervals

and the previous month's baskets were sampled. This was carried out to

detenaine seasonal variation of litter associations. Although a] 1

samples have been taken, the data are stil] being analyzed and will not

be presented here.

Results and Discussion

Ph sico-chemical arameters

A one year profile of various physical conditions in the three

primary study sites is presented in Fig. 2. Water temperature varied

little from one station to the next; peaks occurred during late summer

months. Biological sampling took p]ace during periods of increasing, peak,

and decreasing water temperature levels. Peak river flows occurred during

late winter and spring months. Increased turbidity paralleted river flow

at Stations 3 and 5A. However. farther out in the bay, Station lX was

characterized by constant low turbidity levels  being less affected by such

flow!. Local rainfall, out of phase with river flow, peaked during late
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summer and early fall. Such rainfall was correlated with increased

levels of color at inshore stations � and 5A!. Color appeared to be

more variable than turbidity and often had a direct relationship with

salinity. Color was uniformly 'low at Station 1X which, after a period

of low salinity during the ear'ly spring of 1974, also was characterized

by uniformly higher salinities than the other two stations. Station 5A

had a low mean salinity over the study period with considerable seasonal

variation. During spring months, salinity was not detected in this area.

Inc~eases in salinity occurred during summer and fall periods with

significant variation due to local rainfall and runoff conditions. During

the fall, there was a significant increase in color at Station 5A which

was not evident elsewhere to any degree. This factor will be studieg

in more detail in an analysis of clearcutting operations. Station

3, with somewhat higher mean salinities, reflected the same pattern although

variation was somewhat less extreme and there were generally higher salinity

levels during the spring than in more upland portions of the bay. The re-

duced influence of contiguous land areas on Station 3 was also reflected in

the color data. Thus, the physical parameters at the three primary col-

lection stations were based primarily on physiographic location, temporal

variations of river flow and meteorological phenomena, and local rainfall

and land runoff conditions.

-"P" "9 ~

Multiple samples �! were used to evaluate the method of collection.

A composite species accumulation is shown in Fig. 3. Each point represents

the mean number of species found in the 6 subsamples taken at weekly intervals

from 9 April to 14 Nay. In each instance, an asymptotic relationship was

reached by the fourth sample. Further analysis was carried out using a
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modification of a program described by Livingston et al., 1976. At each

sampling period, fifty random draws were made of the 7 possible combinations

of species. Numbers of' species accumulated with each sample were averaged

and plotted as a percentage of the total number of species taken for the

7 samples. The cumulative distribution function showed that at Station 3,

between 90 and 95% of all species were taken by the fourth sample. At

Station 5A, these figures ranged from 90 to 97K during the sampling period

with asymptotes routinely established by the fourth sample. An analysis

was also made of the variablili ty in the determination of total numbers af

individuals  N! taken within a group of subsamples. Analysis of variance

 ANOVA! results from Station 5A indicated no significant variation

of N from week to week. A theoretical standard error was calculated with

confidence limits established to determine variation by sample  S.E. x lOOX!
X

for a given set of samples. This permitted a comparison of the true mean

of any number of samples with the mean for the total number of samples �2!.

At Station 5A, four samples of a given time period were within + 30.8% of

the mean  p < 0.05!. At Station 3, the ANOVA results indicated marked

differences in N from week to week. Consequently, data were analyzed on

a weekly basis. The four samples taken in each period were within + 51.0%

of the mean  p < 0.05!. Thus, the data indicate that in terms of the number

of species taken in a gi ven set of samples, by the fourth sample, a

representative S value was achieved at each site. At Station 5A, relative1y

uniform N values were noted from sample to sample so that four samples

would again allow adequate sampling effort. However, at Station 3, due to

higher variability of N, more samples were necessary to achieve the

same confidence level. 8ased on these data, it was determined that four
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samples per station at a given time would be adequate for the purpose of

this study. All further analysis was based on this sampling regime.

Leaf Litter Associations

The results of the leaf basket experiments are shown in Tables 1 and

2. In every instance, there was a significant difference  fn tems of

numbers of species and individuals! between empty baskets and those con-

taining leaf litter. The presence of organisms in empty sampling devices

indicates that such enclosures could perform a shelter function in some

instances. In terms of biomass  dry weight!, more was associated with pine

needles than oak leaves and a considerable amount was found in the baskets

filled with teflon leaves indicating that the leaf matter itself may simply

serve as a substrate for shelter and/or microbial accumulation. Nore

iriformation is needed here before a difinitive statement can be made.

Within and between station comparisons of species assemblages are shown

in Table 3. There was usually a consistent within-station similarity with

time. With one exception �-1X!, marked interstation similarity coincided

with moderate to high salinity levels. Although there was station to

station variation in species associations, increased salinity was associated

with interstation simi'larity which superceded geographic variation. Such

changes were often characterized by increased dominance of species such

as Gamnarus mucronatus, Nelita sp., Ericthonius brasiliensis, and

G t is sp. Since such associations were most prevalent during the fall

period of sampling, it is quite likely that factors other than salinity are

also involved in the determination of species composition of the leaf

litter associations. The most obvious seasonal function in this case would

be water temperature. The 'low numbers of individuals at Station 5A
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during the summer ran counter to trends in other portions of the bay,
and cou'Id be related to an entirely different set of variables related
to storm water runoff in the area.

Temporal variation of various coamunity parameters is presented in

Fig. 4. In terms of numbers of individuals N!, there was a genera1 in-
crease during the year of sampling at Stations 3 and 5A. At Station 1X,

there was a decrease of N with time. Other parameters such as number of

species  S!, Margalef richness  Ma!, and Shannon-Heaver diversity  H' !
increased at all three stations with time. Such indices usually peaked
during the fall. Associated with this, there was a general decrease in

relative dominance. Correlation coefficients of physico-chemical and

biologica'I functions are shown in Table 4. Relative dominance was

negatively correlated with k' . High positive correlations were found

between S and two parameters  Margalef richness and log N!. There were

also significant correlations of salinity with S, log hl, and species
richness. It appears that salinity is a primary determinant of leaf

litter assemblages. Interstation relationships of salinity, S, and log
N are shown in Fig. 5. Regression analysis confirms these results  F = 30.4;
R = 0.45 for salinity and S; F = 13.2; R = 0.26 for salinity and Loge N!.
The numbers of species and individuals taken at a given time vary directly
with salinity rather than station location. General salinity increases in
the fall did coincide with increased similarity coefficients so that even

qualitative changes in leaf litter fauna were not unrelated to salinity.
The data would thus indicate that salinity is an important parameter con-
cerning the leaf litter assemblages in the Apalachicola Bay System.

The allochthonous litter deposited in the Apalachicola Bay System
thus attracts a considerable invertebrate fauna primarily composed of
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isopods, amphipods, and decapods. Presumably, these crustaceans use this

debris as a source of food and shelter. Various studies indicate that

such species often depend on the microbial component of the detritus as

food  Adams and Angelovic, 1970; Fenchel, 1970; Kaushik and Hynes, 1971;

Odum and Heald, 1972!. The details of the actual energy transfer mechanism

are little known, however.

The small invertebrates are in turn consumed by lalger organisms. A

summary of tr aw'I-susceptible organisms found in the vicinity of the leaf-

basket stations is shown in Table 5. Nany invertebrate species  Penaeus

spp., Palaemonetes spp., etc.! are detritovores, feeding on small fragments

of organic matter deposited on or within the substrate  Odum and Hea'Id,

7972; Nixon and Oviatt. 1973!. Others suc,h as Callinectes ~sa idus, are

omnivores  Tagatz, 1968!. Major predators of the leaf-associated biota

would be the fishes. primarily Bairdiella ~chr sera ~La odon rhomboides,

 Odum and Heald, 1972; Carr and Adams, 1973!. As shown previous'Iy, leaf

litter and other allochthonous forms of detritus are either indirectly or

directly available to various estuarine organisms both as a primary sub-

strate and as a source of smaller  fragmented! portions of the organic

detrital pool. These trophic relationships will be analyzed in more detail

elsewhere in this report.

In summary, various estuarine organisms were associated with mixed

 deciduous! leaf litter that was dropped in baskets throughout the bay

during 1974. Such species assemblages were dominated by amphipod, isopod,

and decapod crust~cearis. gualitative and quantitative characteristics

of leaf litter associations were highly correlated with salinity. In-

creased salinity was often accompanied by increased numbers of Gammarus
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Salinity was directly correlated with the number of species S!, number of

individuals  loge N!, and Margalef richness  Ma!. Such indices as

Shannon-Weaver diversity  H'!, S, and Ha peaked during the fall; associated

with this was a reduction in relative dominance  Dl! at this time. Ex-

periments with leaf litter indicated that it was used for shelter and/or as

a substrate for microbial deposition although this remained open for further

analysis.

Organisms associated with leaf litter are part of the food webs of

various estuarine systems. Therefore, although the direct  quantitative!

energy relationships of such matter remain speculative, allochthonous

detritus in river-dominated estuaries such as the Apalachicola System should

be considered in any estimate of the tota1 trophic structure of such systems.
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Table l: Tota! numbers of leaf-fitter a sociated organisms taken at 3 stations in
Apalachicofa Bay during the sj3ring, summer, and fall of 1974.
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Gommotus mu iutmtus
Attumm reyrtotdsi
Gsronntnis sp.
taolydom webster i
Iletiri! se,
Corcpnium loots!i! gaum
Cossidinsdeo ovoiis
Neonthes succin'o
Colfinectes sapistus
Nefsrtml foci!rote
Iatltloelwonefos vulgor is
Grendirgvref c bcrsnie~eiocs
Edotao mon!ceo
Comers sp.
ghlthroponopeus herr,sit
htlc lite Fresneg i
Cytuoduao Fi foso
Ampef I!as! obd ito
Nemett coll 5
5phoerortm quodridenrinum
Panoeua d!otorvm
Itsrotnetopc I le cypris
Itoroneftes spec ore
4' rerdopafs bigelowi

Invenebrotea

G irene pais sp.
Co!op' .um lou fsiora!m
Ericrhonrus bros! i!urn s
At.unras reyno!dsi
Coasidinideo orotis
AAe fts sp.
ditth!m srorium
Neonthes su ac ineo
Fts bretnone res vu ! ger ' s
Co I linectes et picus
Co!opto ap.
Heritirm recfivoto
Leptoche lie ropes
Ftslphra webste i
Edoteo mon toso
Rhithtopenopeus horrisii
Aetphicteis gunrmri
Nemer aeons
pefeemonetes pug io



with Ioovos without loaveswltfr leo»as «itl au' leaves +Irtl reaueS uirnaui

27
149

I
7

12

82
24

82 5 3

32
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19

3
4
I
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15

5 3 5 I
2

I
2

7 3195

Inver tab rates
migsrus rnucranatus

s4e lira sp.
Ericthonius brasi1»nsis
Csvos4iiuni louis enwn
Cawidinidea a elis
Xanthic j iveni les
Leptoehelia rannx
Pa lao nant!es is I!lnris
Gltanalv r srs,
xtemxrr ~ is,
Erl 'ea sion»»s
Erich»>ne! I» l ".i . nil
AÃloellscu oL l i J
frtganrhes sus inca
Cynsartusa ip.
Heotgrnap» texana
Sphuernna flu»Jri la vs!urn
Colfinectgs nil 1»s
tlaplrncaii p'»i l. »9 lri
l4!rv!nis du» u> J
Altuir is hvi»i ~ s.n!» i,s
Rhirl» u«run ui ~ «rri
Cei»sxri Ip.
Topi»»» riir in«»»»I
Lepra;,n» l«»rr»ri

P;sh»i
s.!tv rrlirl II ~ !'I i
 naut.,» «li nr'»,.x ~
511»n lvl i » u ~ I' ~ 92

9 i 982
2,504
1,961

3C41
224
14$
l25
rent
41

17
jr
35
15
III
ir

5 3 l 1 I

Invertebrates
tsteflte sp
Ericthonius brgsiliensis
G Itonopsis sp.
Crns idfnidea ova lit
Cyrnodvos sp.
~icons
!Rtrtthld juveniles
Goroeorus mucronatvs
ptr foeeraneres vul9ar is
Edotco inan rosa

ICut.'nac'ss
Pabsenssnerid jvveniles
Leptodse lie raprx
Tephrrviitsis baw«srli
h eoponenn texana
Cotophiurn lauhianum
Etlcbsene I to li f formis
Perxsevs durxarwn
ftskrernarwtes pupio
CI ibervsr ius vi trot us
Irferlsina reelr vora
94vdibransh species

Pfishes
~o baigl
fvndu4s tpandis
Opsonus berg
Latpsnus Qriseus

d,017
2,569

424
314
2 f9
IOI
93
92
82
22
17
I4r
14
13
I2

5 3 3
2 I I f

Isrvettebrgtes
»

Ggonrtosrvs eescra iotas
Cyrnotfvso ep.
Erfcthonbrs bsosflfensis
Cossldinideo oxalis
fsteonthes svcc inea
G itonepsis ep.
Padorhe sp,
Pobrenoneetse vulgar r s
Nernerteons
Crepidvfe elena
teptachofio ropes
atttlv ~nm
Coraf4uvm faut signum
14ophsscofapfo tiapilis
Ktrchsane ilio fi li farm.s
fobs I ebs sp.
Argrshfs evons
Hecponope te geng
Edotee mantnso
fr4er i tine ieclivans
poftvtaro «ebsr«i
Toptuomysi ~ bovgneni
Cfpnenelfo sp.
fbranoi tgs sp gusto
Porxsevs duoranrrv
Co flinger et sotudus
IIexrfygne gian ila
hrxsaus at tecus
Strebbrrsno b rn tier i

t,6Q

405
4 I e
255
199
152
f51
i14
59

3B
27
19
IR

I3 7 7
4 5 5 5
2 2 I



243.Table 2

S~r of or8an~ms associated wive oak leav s at
 East Bay! ~ 25 July, 197$ to 15 Novel, 1976

statics 3

SPEClE5 SAHPLE DATES
7507 7508 751015 75! !  TOTALS

CALSAP

eERREC

RH"AR

~ 04360 ~ 56~89
~ 83 93

~ 04360 0,99000
OOOO

PALPUG

GAMHAC

P ~ OOOOO 0 ~ OPO00 O.oOOOP
9 ~ 00 F 00 0 ~ 00

PAL VUL

GAHhfSP

HEL 1 liT

~ 00894 0 ~ 09000
«94 O«OO

SURREY

~ 00363 0 ~ 00900
~ 02 0 F 00

CASOVA

GR ABON

D1CSRE

0 ~ 00000 0 ~ 00000 Oeooooo
0 ~ 00 0 F 00 0 ~ GG

CYAPQL

.oool» o,oOppo 0.00090
F 00 oeop 0 ~ 00

CORSPE

~ 00018 0 ~ 90009
~ 00 O«OG

CQRLOU

9 ~ 09000 0 ~ 00000 0 ~ 00000
0 F 00 0 F 09 0«00

T APSO'

O.OOOOO 0 ~ OOOOO 0 ~ OOOOO
0 F 00 0 F 90 0 F 00

AkPGUH

~ OOP12 O ~ OOOOP O ~ PGVOO
F 00 0 F 00 9 F 00

TURSPK

9 ~ OOOOO O ~ POOOO 0 ~ GOOOO
0 F 00 0 ~ OO 9 ~ pp

GLTSPE

9 09090 0 ~ 00000 0 ~ 00900
0.90 o.po O,pp

CERSPE

32 2 tip«9TOTALS 23 ' 0 4

A!YY076 ~976 13 43 ~ ZZ ~ 7Y /02/23 ~

26 «55
82e35

5 ' 16
16 01

0 F 00
0 F 00

~ 47960
1 ~ 49

~ 03861
AD 


~ 00108
F 00

~ 00132
eoo

~ 09129
F 00

~ 00330
~ pl

~ 00306
epl

~ 00003
F 00

~ 09056
~ oo

OOOO2
~ 09

~ 00002
F 00

9«+8
4! ~ 28

	 ~ 51
50 F 09

1 ~ 84
8 ' 0!

,96110
~ 27

~ 00486
~ 02

~ o�84
«07

.Gppee
F 00

~ 00150
,Pl

0 F 00
9 ~ op

~ 11
26e54

~ 31
72«19

~ 00325
«76

~ 00198
~ 25

F 00012
~ 03

~ 09072
AD �

~ 09021
~ 05

1 ~ 90
35«94

1 «33
25 ~ 12

! ~ 84
34.89

~ 03549
~ 67

~ 09720
1«84

.0»ee
«30

~ 00480
~ 97

~ 00897
AD 

~ 99308
~ 06

.9039e
~ 96

~ oo�8
~ 92

~ 00234
«04

«GOO�
F 00

~ 09919
~ pp

~ 09014
~ oo

~ 90007
99

~ ppupe
F 00

3I «92
62 ~ 27

18«10
20«73

3 ~ 99
64 55

~ �@45
23

~ OV720
«16

~ 02468
«04

~ 92498
F 04

«0 l 740
~ 93

~ 0�0!
~ 02

~ 90750
epl

~ 00482
F 00

~ 00234
«00

~ 00079
coo

~ 90039
F 99

~ 00019
F 99

~ oppl4
oo

~ 00014
~ OD

~ 90907
F 00

~ ppppe
~ GO





3. S<t.armary of arganisms associated with ar ifioiai  teflon!, 247-

leaves at static 3  East Bay! rmn 15 Juiy, 1975 to
l5 Novenber, 1975

SPECIE5 SAHPLE DATES
7510l5 7511l5 TOTALS

CALSAP 5 ' 69
89+00

41 Tl
74.07

47 40
75 67

8.59
15g25

RHIkAR ~ 31
4,8S

8 ' 90
14 ' 20

NERREC ~ 20
3 ' 12

2 65
4.71

2 85
4,55

PALPUG 1 ~ 07
1 90

F 07
1 ~ 03

1 ~ 13
i+81

PRDPEN 1 13
2 F 00

0 ~ 00
0 F 00

1 ~ 13
1 ~ 80

PAL INT ~ S0600
~ 90

~ 02300
~ 36

~ 52900
~ 84

PAL VUL ~ 03240
~ 51

.4S360
~ 81

.4860O
~ 78

GAHHAC ~ 07943
F 14

01118
F 18

~ 00162
~ 03

~ 09061
~ 14

GAHNSP .05400
~ 10

~ 05562
F 09

HUNREY 0 ~ 00000
'0+ 00

~ 03441
.Qe

~ Q3441
F 05

HEI INT ~ 02048
~ Q4

~ 00032
F 01

i02080
~ 03

CASOVA 0 F 00000
0 F 00

,00649
.Ql

,00649
F 01

CTAPDL 0 ~ 00000

0 F 00

F 00468
~ Ql

~ 00468
ioi

GRA BON ~ OQ396
F 01

~ 00060
~ 01

.oo456
~ 01

DICSPE ~ 00189
~ Qo

. C.DRLOV ~ 00088
~ QO

F 00042
F 00

AHPGUN

F 00001
F 00

F 00027
.oe

TAPBD'0 ~ 00019
+00

F 00019
~ 00

i00012
,Qo

CERSPE ~ 00012
~ 00

F 00002
~ QQ

TURSPE ~ 00002
~ 00

62. e56 ~ 36 ~ 3TDTAis

asvvnVA 13+43 F 2' 77/02/23.

~ 00024
.Qo

.OOQO4
F 00

Qeooooo
0 F 00

0,00000
0 F 00

V.O0000
0 F 00

0 F 00000
0 F 00

~ 00213
~ 00

~ 00092
F 00

~ 00042
F 00

~ 00028
+00
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Table 3 CP, values for intcrstation comparisons during the three sarapling

periods. Seasonal  within station! comparisons are also shown.

D !ta analyzed include leaf litter associated invertebrates in Apalachi cola Say.

Spring Summer Fa I I

Ix 5A3Station

.I5 .I2. IS .03 .23.2I .495A

.32 .63.77 .42 . I9 .60

.I3 '. 15 .3l .52 .72 .60

5A .I9.35 .30 .20

.42.52 .35

.44 . I4 .80

.70

IX

3
I

IX
I

5A
3

3
3

5AI 3 2 Ix
2

5A
3

IX
3
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Table a: Comparison of Correlation Coefficients and n values! of Najor
Physical and Biological Parameters Concerning Leaf Litter Associations

 invertebrates! in the Apalachicola Bay System.

H' D S lo O NSecchiSa1initTem erature

-0.31 -0.10 0.12 0.13
�.03! �.28! �.22! �.22!

mperature

0. 14 -P. 06 0. 19 . 50 0. 67 0. 51
�.19! �.34! �.13! �.00! �,00! �.00!

<1ini ty

-0. 31 0.47 0.29 0.18 -0.08
�.03! �.00! �,04! �.13! �.32!

.cchi

-P.91 -0,11 0.08 Ga22
 p.pp! �,24! �.31! �.09!

0,24 pa03 -0.24
�.07! �.42' �.07!

0.83 0.37
�.00! �.10!

-0. 00

�.50!
-0. 43

 P. 00!
.28

 O.04!

0.75

�.00!



Trawl-susceptible fishes and inverte5ratas taken. at sampling stations95A

in Apalachicola Hay during 1974.

5A

',he;

Bairdie I la chrySUra 523

Dt' I as

P.;!a rIone es vulgaris 306
; Qzeuma caralinenSe 57

;r f'cl if fence longi cauda&47

320

35

2I

10

6 3 I

285

21
15

5

2

Penaeus setiferus

Ca I linectes sapidus
Penaeus aztecus

Penaeus duorarvm

Pa Iaemonetes vulgaris
Pataemonetes pugio
Rhifhropanopeus harrissi
LQI Iiguncula brevis

Penaevs setiferus

Penaeus dvorarvm

Co I linectes sa pidus
PenaeuS aZteCUS

Neritina reclivata

Pa Iaemonejes pug io
Acetes americanus

C -. f 1 I Il c f e s s a p I cJ U s
I 'i,acus a. recus

I-' aaeus duoraIum

Il se lf rUs

,"I;ppolyt pl .UracarItha
r4 Cr teS am-''I'I carllJS

I ' ~ .-" I ' ' I o p - f c'xa ila

C.f!baII-Iru.s vIffafus

30

2

' a�-odon rhomboides
Orthopristis chrysopfera

'J inostorrI 's arden teu s

Cynoscion nebv Iosvs
I=U air.Osf.OmUS gv Ia
L'J carf fa pa rva
hr,icrogobivs gulosus
5 ynqna thus scove I li
Vonacanthus hispidus
'5pho roides nephelus
Cr.i lamyctervs schoepfi
P nchoa mitch f ili

ynosc iorI arena rius
Luf janus griseus
Synodus foetens
Vasya tis sabina
Syn�"na thus Iouisianae
H> psoblennius hentzi
Pa;a lich,'hys Iethosf igr..a
P. iaaOtuS tribu IUS

Sciaenaps o"elbta
L iOStomus xanthurus

C+.i one I lu s bo leosoma

rropus cIOSSOfuS

CerItropristiS m lana
",aChCa hepsetus
Peen,'ic irrhUS americanuS

372

205

I69

71

43

26

20

17

13 8
8 7

6 6 6 3
2

2 2 I I
l I I
I

Anchaa mitchi I li 168
Cynoscion arena rius 106
Eucinostomvs argenteus 37
Cynosc ion nebu Iosus 11
Syngna thus scove I li 8
Micropogon undu Ia tvs 3
hhicrogobius tha lassinus 2
Syngnathus louisianae
Syngnathus floridae
PrianUSfus sci tv I vs I
Ahenticirrhus americanus I
Gobiosoma robustvm
3athygobius sopora tor I
Arivs felis I

Cynoscion arenarius
Anchoa mitchi I li
Opisthonema oglinum
Eucinostomus argenteus
Ba irdie I la chrysura
Cynosc ion nebu losus
Trirfectes maculatus

Prionotvs scitulus
Lagodon rhomboides
Arius felis

Syngna thus Iouisianoe
Sphoeroides nephe Ius
Micropogon undula tus
PAicragabivs thalaSSinUS
Ahicragobius gu Iosus
Gobiosoma bose 1
Gobionel lus boleosoma

204

142

18

la 5

4 3

2 2 2 I
l l l
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Figure 1; The Apalachi cola Bay System showing sampl ing stations, oyster
bars, and marshes.
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Figure 2: Apalachicola River flow, local rainfall, and physical parameters
 temperature, salinity, color, turbidity! at primary sampling
stations fram January to December 1974.
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Figure 3: Species accumu a ion c r1 t curve of leaf iitter invertebrates taken at
i Istations 3 and 5A in Aiaaiachico1a Bay during the spring   97 ! .

Each point represents a mean of the number of species taken in
d f 1 I tion

2 3 4

SAAAPLE

� � -«station 5a
*station 3

5 6

NO.



Total number of individua'ls  N!, species  S!, relative dominance
�! Shannon-Weaver diversity  H'! and Hargalef richness of leaf
litter invertebrates taken at 3 sampling sites in Apalachicola
Bay during 'i9/4,
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Benthic infaunaIX.

An investigation was made concerning the benthic infauna in the

Apalachicola Estuary. Benthic macroinvertebrates are considered good

indicators of water quality due in part to their '1imited motility,

Portions of East Bay and Apalachicola Bay were sampled to determine

seasonal changes and spatial relationships of biomass, species com-

positionn, and community structure.

Methods and Materials

Permanent stations were chosen in established areas of study  Fig. 1;

1, lx, 3, 4, 4A, 5A, 58, 6!. A hand operated corer  d. 7.7 cm! was

used and 10 subsamples were taken monthly to depths of 15 cm at each

station �, lx, 3, 6; from March, 1975 to February, 1976: 4, 4A, 5A,

58; from February, 1975 to the present!. All samples were washed

through a 0.5mm screen and fixed in 10% forma'Iin. Rose bengal was

added at a concentration of 200mg/1  Mason and Yevich, 1967!. Animals

were rough sorted and placed in 40% isopropyl alcohol, identified to

species, and counted. Biomass  ash-free dry weight! was determined by

oven drying each sample at 100 C for l2 hours. After weighing the sam-0

pie, it was heated at 500 C for four hours. Standard determinations0

for each species were made using 100-200 individuals for computations

of mean dry weight/individual. This was then used for all conversions

to biomass.

S ta ti on descriptions, methods, res ul ts of physi co-chemi ca 1

sampling, and other supportive data appear elsewhere in this report.
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Results and Discussion

A list of species taken is presented in Table l. The 11 most abun-

dant species are described below:

~ra ax  Crustacea, Tanaidaceans!

This crustacean was the most abundant invertebrate taken from in-

faunal samples in Apalachicola Bay. It was almost entirely restricted

to the Haiodule ~wri htii beds on the inner side of St. George Is land

where it builds tubes on the substrate or attached to seagrass blades.

In this area, the salinity ranged from 6.3 - 26.8 /oo and the water0

temperature ranged from 11.5 � 32.5 C. Peak abundances were noted in0

the spring  February � April! with lowest numbers found in September.

Tanaidaceans in general are hermaphroditic  Barnes, 1968!; ovigerous

females were noted throughout the year, being most abundant in the

spring, as were individuals showing mate characteristics. Le~tochella
apparently feeds on fine detrital matter, sand, and benthic diatoms,

and is preyed upon by small carnivorous fishes  Odum and Heald, 1972!.

Grandidierella bonnieroides  Crustacea, Amphipoda!

This species was the second most abundant organism taken in the

core samp]es. It ranges from the Halodule beds on the inner side of

St. George Island up into the freshwater areas of East Bay, where it

was most abundant. It was found in salinities of 0 � 26.8 /oo and

water temperatures of 6.0 - 32.5 C. Abundance peaks were noted in0

early spring  Harch! and late sunmer  August!, with lowest numbers

during early summer  Nay! and intermediate abundances in winter months.

Ovigerous females were collected from November through April. Gran-

didierella feeds upon very fine detrita] matter and is in turn con-
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sumed by small carnivorous fishes  Odum and Heald, 1972!.

keteromastus filiformis  Polychaeta, Sedentaria!

This polychaete ranked third in the bay in terms of overall abun-

dance of numbers even though it was largely restricted to grass beds

 dominated by Halodule wrightii! just inside St. George Island �X!.

Peak abundance was noted in April with low numbers taken during October

and November, corroborating 'the findings of Santon and Simon �974!.

This species was collected over a range of salinities from 6.3 - 26.8 /oo0

and temperatures from ll.5 - 32.5 C.0

Mediomastus californiensis  Polychaeta, Sedentaria!

As the fourth most prevalent species of infauna, this polychaete

inhabits fine mud bottoms throughout the bay, ranging in length from 20-

40 mm. It occurred in salinities from 0 - 18.8 /oo and temperatures

from 6 - 31 C. Peak abundance occurred in March with lows in the
0

summer  Ju]y - August!.

~Am elisca vadorum  Crustacea. Amphipoda!

~Am elisca vadorum uas the fifth most abundant organism collected.

It was almost entirely restricted to the St. George Island grass flats,

where it builds weak tubes on  or slightly within! the substrate. This

crustacean was found to be nocturnally active. It was found at salin-

ities of 6.3 - 26.8 /oo and water temperatures of 11.5 - 32.5 C. Peak0 0

abundance was noted in the spring  February! with a minor peak in early

fall  October!. Qvigerous females were noted in all months of the year
 except August!, with a peak in February. This organism is probably
omnivorous, feeding mainly on detrital particles: it is preyed upon by

small carnivorous and  at night! planktivorous fishes.

d
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This species of polychaete was the sixth most abundant form of ben-

thic infauna in the bay. This worm utilizes a variety of habitats in

the Apalachicola Bay System including Halodule beds on the bay side of

St. George Island and fine mud flats in East Bay. Ranging from 10-

20mm in length, this species secretes a thin membranous tube in salin-

ities from 0 � 26.5 /oo and temperatures from 6 � 32 C.0 0

~ tati ~i   id     h . d

As the seventh most abundant form of benthic invertebrate in the

Apalachicola estuary, this polychaete is found throughout the bay from

the grassbeds of St. George Island to oligohaline mud flats in East

Bay. It was found in salinities ranging from 0 - 26.8 /oo and tempera-

tures from 6 - 32.5 C. peak abundance was noted in September with low0

numbers observed in the summer  Nay - August!.

~s. 2

This unidentified oligochaete was found to be the eighth most

abundant form of infauna in the Bay. This organism was restricted to

a Halodule bed on the inside of St. George Island. It ranges from 20

- 40 mm in length. Salinity varies in this area from 6.3 � 26.8 /oo

and temperatures range from 11.5 � 32.5 C. Peak numbers occurred in
0

winter and early spring with low numbers in August and September.

Aricidea ~fra ilia [Polyci acta. Sedeetaria!

This polychaete species was the ninth most prevalent form of benthic

infauna and was largely restricted to the St. George Island Halodule

grass beds. It ranges from 10 � 20 mm in length and was found in salin-

i ties from 6. 3 - 26.8 /oo and temperatures from 11.5 - 32.5 C Peak

numbers occurred in April with low numbers taken during the Fall  Septem-

ber - October!.
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Oicronten~dl es ~s.  Insecta, Oiptera!

Oicrontendipes was the tenth most abundant species collected. It

was mainly found in oligohaline marsh embayments in East Bay in salin-

ities of 0 � 10 /oo and temperatures of 6 - 31 C. Peak abundance was0 0

noted in late fall and winter  November - February!. Chironomid 'larvae

are generally herbivorous, feeding upon submerged plants, algae, and

detritus, and being consumed by predatory invertebrates and fishes

 Odum and Heald, 1972!.

~Cora us ~s.  Crustacea, Amphipoda!

Cereus ~s., apparently an undescribed species  E.L. Bousfield,

pers. cone.!, was the eleventh most abundant organism collected.

Cerapvs builds tubes attached to the substrate and often forms large

colonies. It is also known to detach a small portion of the tobe and

enter the plankton of Apalachicola Bay  H. Lee Edmiston, pers. comm.!;

It was mainly found in riverine and oligohaline marsh embayments in

East Bay at salinities of 0 � 10 /oo and temperatures of 10 � 30 C.0 0

Peak abundances were noted in late spring and summer months. Ovigerous

females were noted in Nay through July. Although its food habits are

unknown. ~Cere us sp. may uti!ize its long antennae. which are abundantly

covered by setae, either to filter the water column or scrape the surface

of the substrate. Both small carnivorous fishes  Gobiosoma bosci! and

plankti vorous fishes  Anchoa m!tchil1 i! are known to feed upon ~Cora us
in Apalachi cola Bay.

In general the polychaetes mentioned above were e ury the rma 1

and euryhaline species, and were composed largely of selective and

non-selective deposit feeders. These species are usually preyed upon

by predacious polychaetes, crustaceans, and benthic fishes.
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Biomass figures are shown in Table 2. Large transients  i.e..

, P . I~thi I ! I d d f li

since they were sampled elsewhere and were not considered a part of

the infauna'I assemb'lage. Biomass was highest at stations 1X, 5A, and 3.

In all portions of the Bay, biomass of the infauna peaked during winter

and spring months. A more detailed analysis of these data wil 1 be

developed in the analysis of the impact of clearcutting practices in

Tate's Hell Swamp on the estuarine system.
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Table 1: Invertebrates taken in cores, leaf-basket samples, and dredge-
nets in the Apalachicola Bay System � 975-1977!

Mollusca

sp. 2sp. 1

Branchiura
Ar gu1us sp.

g pl ebeius
Amygdalum papyria
Ensis minor
Tellina texana
Dosinia elegans
Mul inia lateral i s
Rangia cuneata

Odostomia laevigata
Odostomia bisuturalis
Mangelia sp.
Retusa canaliculata
Anachis avara
Littoridina sphinctostoma

Sedentaria
p is gunneri floridus

Po!ydora ligni
Streblospio benedicti
Paraprionospio pinnata
Mediomastus californiensis
Capi tella capitata
Heteromastus filiformis
Capitellides jonesi
Prionospio heterobranchia

Er rantia
Glycinde solitaria
I oandalia americana
Laeonerei s culveri
Sigambra bassi
Neanthes succinea
Phyllodoce fragilis
Polyodontes lupina
Ancistrosyllis sp.

Crassostrea virginica
Pseudocyrena floridana
Mactra fragilis
Macoma mitchelli
Spisula solidissima
Congeria leucophaeta
Abra aedua'tis

Prunum apicinum
Mitrella lunata
Bitti um varium
Neritina reclivata
Epi tonium rupicola
Crepidula plana

Are ni col a cri s ta ta
MeIihna maculata
Aricidea fragilis
Magelona polydentata
Diopatra cuprea
Fabricia sp.
Spiophanes bombyx
Onuphis sp.

Hapl oscolopl os fragi1 is
Eteone heteropoda
Scoloplos rubra
Amphinome rostrata
Marphysa sanguinea
Podarke sp.
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Table 1 continued

Cumacea
sp. 1 sp. 2 sp. 3

Tanaidacea
~t' P

Tanaid 82

Turbellaria

sp. 1  ~!

Aschelminthes
Nematode 81

sp.
n-aquati c!

A~hula sp.
7 s srs rs n+ss sn a es 9 1

M sidacea

ap romysis bowmani
Bowmaniella dissimilis
Mysidopsis bahia
Taphromysis louisianae

Sphaeroma quadridentatum
Sphaeroma terebrans
Cyathura polita
Erichsonella filiformis

Gammarus mucronatus
Gamnarus n.sp. 1

 G. "macromucronatus"!
Gatanarus n. sp. 2
Melita appendiculata
Melita nitida
Melita n. sp. 1  N. "elongata"!
Melita n. sp. 2  N. "intermedia"!
Melita n. sp. 3  M. "longisetosa"!
Cerapus n. sp.
Corophium louisianum
Batea catharinensis

Phoronida
Phoronis architecta

Insecta  underlined if genus known!
JCnfsapteran 81
Anisopteran P2
Caenis sp.
CCatbset1s sp.
Ceratopogonid 81
Chironomid P2
Corixid 81
D' t d

Mysidopsis bigelowi
Mysidopsis almyra
Mysidopsis sp. 4 8 sp. S

Edotea montosa
Xenanthura brevitelson
Munna reynoldsi
Cassidinidea ovalis

Grandidierella bonnieroides
Ampelisca vadorum
Ampelisca verrilli
Carinobatea sp.
Cymadusa compta
Gitanopsis n. sp.
Paracaprella tenuis
Nicrosprotopus n. sp.
Parametopella cypris
Orchestia uhleri
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Table 2: Biomass  ash-free dry wgt., G/N2! of benthic infaona in the
Apaiacnicola Estuary  excluding Calinectes ~sa idus, Penaeus
pp., d R~li I

STAT

OAT E IX 1 4A

0. 592 1. 205 7. 211 1. 359
2/75

3/7S 19. 508 0. 241 4. 753 1. 227 1. 468 7. 781
4/75 56. 378 l . 074 5. 129 1. 074 0. 898 5. 019

0.526

0.613

1.139 0.438 4.186 0.679

2.783 0. 1S3 2.411 0.742

1.753 0.372 1.578 -0.350

1.424 0.175 0.591 0.043

0.854 0.284 1.490 0.087

0.394 3.441 1.885 0.175

0.591 1.753 O.I31 0.043

3/76

4 /76

5/76

7/76

8/76

9/76

12 month means

15.96 1.45 105 524 121 0721.062.92

5/75 13.743 l.644 2.608 1.994 0.460 7.277 0.416 0.153
6/75 15.957 1.512 4.384 0- 197 0.065 6-334 0.306 1.293
7/75 4.690 0.635 1.709 0.328 0.767 1. 161 0.109 0.569
8/75 7. 365 0. 854 3. 265 2. 301 0. 504 1.950 0. 021 1. 008
9/75 7.832 1.490 1.994 1.841 2.082 2.717 0.065 1.205
10/75 9.314 3.068 2.321 0.679 2.520 4.690 2.476 0.152
11/75 7.080 0. 635 2. 586 0.460 1.446 0. 591 0.372 1. 249
12/75 9. 074 l. 337 2. 338 0.920 0.876 9.469 3.178 0. 328
1//6 13.261 4.932 1.578 1.534 0.723 9.359 2.564 0.964
2/76 27.354 0. 197 2. 410 0. 109 0. 766 6.554 2.630 0.613
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Grassbed Vallisner ia americana! Assembla es in

Although there is limited benthic macrophyte development in the

Apalachicola Bay System relative to contiguous areas along the Gulf coast

 Kimmerman, 1974; Zinmerman and Livingston, 1975, 1976; Livingston et al.,

1976!, various shallow areas of St. George Island and East Bay are character-

ized by macrophyte associations. A project was thus designed to determine

the seasonal variation of Vallisneria beds in East Bay in terms of plant

biomass and the associated assembages of organisms. In addition, sampling

sites were placed in such a way to determine the potential effects of storm

water runoff from the clear-cut areas in the Tate's Hell Swamp.

Methods and Materials

Macrophyte samples were taken in two grassbed areas  stations 4a and

4b; Fig. 1!. These were dominated by Vallisneria americana. A detailed

ana'lysis of sampling criteria is given by Livingston et al. �976!. Samples

were taken monthly from November, 1975 to October, 1976. Vegetation was

sampled by haphazardly throwing 8 0.25m2 hoops at each station and gathering

all plant matter within each hoop. The plant matter was placed in plastic

bags, and the samples were taken to the laboratory where they were washed,

sorted to species, and identified. Collections were dried in ovens at 105 C

for about 12 hours  until there was no further weight loss!. Total  whole

p'lant! dry weight for each species was determined and recorded by station,

and data were entered into the computer files as biomass  dry weight!/m2.

The species Vallisneria americana composed 99%  +! of the overall

biomass. Consequently, an effort was made to estimate the productivity

of this species from periodic standing crop measurements according to a
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method developed by Westlake �965!. Val'lisneria, as a perennial, dies

samples! was sampled by each. net. All organisms were preserved

in 10% formalin in the field and later washed and transferred to 40K isopropyl

alcohol i'n the laboratory. Samples were sorted, identified to species,

measured, and counted. Data were entered in files of the interactive computer

system  described by Livingston and Woodsum in this report!, arid biomass

transformations were made according to previously described procedures.

Results and discussion

Measurements of biomass in the East Bay grassbeds are shown in Table 1

and Fig. 2. Differences in the spatial distribution of such macrophytes were

responsible for some month to month variability as a result of the sampling

methods used. It was estimated that some Vallisneria leaves had died by

September and the generally high levels of biomass at this time were considered

off in the late fall of each year. Minimal biomass was determined by averaging

the dry weight figures taken during the dormant period  i.e. the winter

months! and subtracting this from  summer! biomass figures at each station.

The confidence limits were broad due to extreme seasonal and spatial variability;

maximal biomass for station 4a was calculated from June rather than September

 which is when biomass peaks were actua'Ily observed!.

Physico-chemical data were taken according to methods described earlier

in this report. Sampling for grassbed organisms was carried out in identical

fashion at stations 4a and 4b during the day and the succeeding night  about

one hour after sunset;!. Six one-minute trawl tows  at speeds of about 1.5

kncts! were made using a 32cm dr edge net  D-net!  nylon bag: lmm mesh! for

benthic sampling and a 30cm plankton net  lmm mesh! for the surface biota.

Sampling was car ried out in such a way that the same volume of water   15m /6
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an artifact of the sampling procedures. Consequently, biomass maxima far

estimates of productivity were taken fram the June data. Losses due to

grazing were considered negligible and there was no observable leaf loss

prior to August. There was some loss of female f1owering parts prio~ to

the summer maxima which could have made the productivity estimates somewhat

conservative. 'This was probably counterbalanced by the presence of un-

removed epiphytes. although few calcified epiphytes were observed throughout

the period of sampling. The grassbeds at Station 4A showed higher biomass

than those at Station 4B although the seasonal patterns were genera'Ily

similar with low biomass occurring during winter and ear1y spring months

 December - April! and high biomass during the summer and early fal1

 June � October!. Transition periods occurred in November and Hay with

the first new growth noted in March. Leaves reached the surface by April,

and leaf death was first sighted in August. Productivity figures  Table 2!

were comparable in both study areas.

The top 10 species in terms of biomass are given in Table 3. As shown,

the gastopod Neritina reclivata was a strong dominant in the area of study.

Monthly biomass figures for the study areas are shown in Table 4. The

figures at Stations 4A and 4B are comparab1e with generally higher figures

at depth except during the period from May to July when peak values in

surface collections were taken. Peak biomass figures were evident in both

areas during spring  March-May! and late fa11  November-December! periods.

This roughly coincided with periods of transition in grassbed areas  i.e.,

growth and death! and probably reflected changes in habitat associa Led with

shelter -seeking and feeding functions of the individual species.

These data have been analyzed in a report concerning the effects of

clearcutting on the Bay system.
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Table 1: Biomass   /m2! of macro h tes taken in East Ba . Values include
root stoc s an unca cs e e > tes.

4AOATE 4B

3,799.1

316.6

Tota1 4,489. 4

374.1Mean/month

11/02/75
12/14/75

1/17/76
2/18/76
3/20/76
4/20/76
5/20/76
6/18/76
7/17/76
8/14/76
9/1'l/76

10/10/76

455. 7
200. 6
287.2
206.8
269.2
220. 8
316. 9

563. 0
358.4
538.8
585.1
486.9

334.4
213. 0
167. 8
263.2
196.6
138.6
268.l
354.9
568.4
365.6

489 ' 8
438.7
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7able 2: Estimated productivity of Vallisneria beds in East Bay.
t k f N 5 .heal I 10 1 .1.96.

241 g/m2  Oec. - Mar.!
95K Confidence interval: + 122

Mean winter biomass:

or

Max. cumulative net

iv t:

Max. summer biomass: 563 g/m2  June!
95K Confidence interval: + 122

322 g/m2

322 g/m2/yr.

568 g/m2  July!
+ 121

215 g/m  Dec. � Feb.}
+ 54

new growth occurred in
Mar 8 4B

353 g/m

353 g/m2/yr
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Table 3:

Neritina rec'fi vata
CCaC i nectess~sa i eS us

PU1 0

Z~otera ~s.
tucania parva

Garanarus macromucronatus
OcCostrom> a ~s.

Percenta e of tota t

95. 67
0.79
0. 73
0.43
0.43
0.4l
0.26
0.24
0.38
0. 'I l
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ASSOCIATIONS OF EPIBENTHIC FISHES ANDXI.

INVERTEBRATES*

Introduction

This analysis will include 5 years of information concerning long-

term fluctuations of epibenthic assemblages in the Apalachicola Estuary.

Portions of this report have been statistically analyzed and cover the first

4 years of sampling  March, 1972 - February, 1977!. Data analysis includes

"Portions of this section of the report are included in a paper currently
in review for publication in Marine ~Biol o . The authorship of this paper
is as follows: R.J. Livingston, N.P. Thompson, and D.A. Meeter.

trends in the movement of organochlorine compounds through the system during

first 3 years of study.

Laboratory effects of organochlorine compounds such as DDT and the

polychlorinated biphenyls  PCB's! on aquatic organisms have been well docu-

mented  Johnson, 1968; Walsh, 1972; Livingston, 1976!. Such chemicals are

noted for environmental persistence, a capacity for bioaccumulation and bio-

magnification, and species-specific patterns of acute toxicity. While earlier

work stressed the ubiquitous nature of organochlorine residues in aquatic

biota  Butler. 1969!. more recent work  Butler, 1973; Johnston, 1974! noted

declines in DDT residues during the early 1970's which were attributed to the

total ban of DDT use in the U.S. by the end of 1972. This was accomplished

by serious restriction of PCB use during the same period  Nesbi t and Sarofimp

1972!.

In addition to marked variations of pesticide occurrence from one

estuarine system to the next  Butler, 1973!, seasonal variation in residue

peaks in estuaries can be considered due to temporal patterns of pesticide

application  Bradshaw et al., 1972; Butler, 1973!, rainfall  Rich'ard et al.,
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'f975!, stream discharge  Bradshaw et al., 1972!, and degradation functions
 Brodtmann, 1976!. lhis would indicate that the type and level of pes-
ticide residues in a given estuary depend on various factors such as ag-
ricultural activity, regional rainfall and drainage characteristics, soi 1
composition, movement of parti"ulates, and metabolic activity. Although
long-term fluctuations of estuarine biota have been described in various
coastal systems  Dahlberg and Odum, 1970; NcErlean et al., 1973; Oviatt and
Nixon, 1973; Haedrich and Haedrich, 'l974: Livingston, 1975, 1976; Livingston
et al., 1976! and the importance of the steady  oscillatory! state to im-
pact analysis has been considered  Duke and Dumas, 1974; Livingston et al.,
1976!, there are suprisingly few data concerning the actual effects of
organochlorine compounds at the systems level. Field analyses of the acute
impact of dieldrin  Harrington and Bidlingmayer, 1958! and DDT  Croker and
Wilson, 1970! on salt marsh assemblages are available. Reimold �974! and
Reimold et al.,  '1974! described temporal changes in estuarine assemblages
as a function of reduced toxaphene contamination in a Georgia  U.S.A.! system.
However, the direct reaction of an estuarine system to organochlorine stress
remains largely undocumented.

There is a growing data base regarding biotic interactions in the

Apalachicola Estuary  Livingston, 1974, 1976b; Livingston et al., 1974a,
1976, 1977!. In addition, various short-term pesticide analyses indicated
moderately high levels of organochlorine contamination in this system
prior to 1973  Breidenbach et al., 1967; Henderson et al., 1971, Giam et al.,
1972; Butler, 1973!. This portion of the report will describe recent
changes in the organochlorine burden in the Apalachicola Drainage System,
and will present data concerning long-tenn trends of the epibenthic assemblages
in the Apalachicola estuary.
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Materials and Methods

Field Procedures

Surface and bottom water samples were taken monthly at fixed stations

in the Apa'fachicola Estuary  Fig. l! with a 1 liter Keeeerer bottle.

Dissolved oxygen and temperature were measured with a Y.S. I. dissolved oxygen

meter. Salinity was taken with a temperature-compensated refractometer cal-

ibrated periodically with standard sea water. River f'low data taken at

Blountstown, Florida were provided by the U.S. Army Corps of Engineers

 Mobile, Alabama! while local rainfall data were taken by the National Oceanic

and Atmospheric Administration  Environmental Data Service, Apalachicola,

Florida!. Turbidity  Jackson Turbidity units! was determined using a Hach

Model 2100-A turbidimeter, and water color was measured by a platinum-cobalt

standard test. Light penetration was estimated with a standard Secchi disk.

Data concerning chlorophyll A, orthophosphate  inorganic, soluble, reactive!,

nitrite, nitrate, and silicate were provided by Dr. Richard Iverson  Depart-

ment of Oceanography, Florida State University!; these parameters were measured

according to standard procedures  Livingston et alee 1974!.

Biological sampling was carried out in the bay at fixed stations  Fig. 1!

with 5-m �6 foot! otter trawls �.9 cm mesh wing and body; 0.6 cm mesh

liner! towed at speeds of 2.0-2e5 knots. The determination of station place-

ment and sampling procedures has been described by Livingston �974, l975,

1976!. Station placement was determined by visual  diving! examination. Much

of the study area consisted of shallow mud flat habitats with Station 6

characterized by seasonally heavy concentrations of benthic macrophytes dom-

inated by ~ltn ia maritina. Day and night samples were taken at monthly

intervals from March, 1972 to May, 1974. Only day samples were taken there-
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than 10 grams, the extract was then divided into the two equa1 portions;

one to analyze for various organochlorine compounds, the second to check

for Hirex. The extract was poured into a 250 m'I beaker and evaporated

to dryness under a hood. After evaporation, the beakers were weighed and

50 mls of hexane saturated with acetonitrile were added to the sample
residue. This was transferred to a 250 ml separatory funnel and 50 mls of

acetonitrile saturated with hexane was added. After shaking, the acetonitrile

layer was drained, and the hexane layer was washed 3 times with 50 ml

acetonitrile. The hexane portion was discarded and the combined acetonitrile

washings were evaporated to dryness under a hood. The residue beaker was

reweighed; the difference was recorded as 'lipid weight. Sediment sam'ples

were placed on Florisi 1 directly after extraction eliminating the acetonitrile
partitioning.

Further residue cleanup was accomplsihed by quantitatively transferring
the sample with 30 ml of hexane to a column �2 x 180 mm! of 7% water

deactivated Florisil and eluting the columns with 200 ml of hexane: benzene

�:1! solution. The eluate was then concentrated to 0.5 ml and analyzed
by electron capture gas chromatography. A Varian 2400 gas chromatograph
with 6' x 1/4" glass column of 1.5%! V-17 + 101 was used for confirmation.

Operations parameters for the gas chromatograph were: injections port tem-
perature 210 C; column temperature 198 C; detector temperature 250 C; and a

N2 carrier gas f1ow rate of 60 ml/min. While the presence of polychlorinated
biphenyls interferred with the quantification of pesticides, a further sep-
aration was made on a silica gel column. The sample was placed on a column

�0 x 70 mm! of Grace-Davidson grade 950 silica gel �0-200 mesh! and
eluted with 70 mls of pentane and 50 mls of benzene. These eluates were

collected separately, concentrated and injected as above, with the eluates
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being analyzed separately, the pentane portion for chlorinated hydro-

carbons. Silica gel separations were not attempted on samples where the

maximum possible DDD concentrations was less than 0.005 ppm.

After the sample was extracted and divided, the Mirex portion was

evaporated to dryness and eluted with 50 ml of hexane on a column of

activated Florisil �2 x 100 ran!. The eluate was concentrated to 0.5 ml and

injected on the gas chromatograph.

Statistical Methods

In all computations, numbers of individuals  N!, dry weight biomass

 B!, and number of species  S! were used. Various indices were determined

from the invertebrate and fish data. These included the Margalef Index

 MA!  Margalef, 1958!, the Simpson Index  SI!  Simpson, 1949!, and the
Shannon Index  H !  Shannon and Meaver, 1963; Pielou, 1966 a, b, 1967, 1969!.
Relative dominance  D ! was determined by dividing the number of individuals

of the single most dominant species by the total number of individuals

 McNaughton, 1968; Berger and Parker, 1970!. The rationale for the use of

these indices has been developed elsewhere  Livingston, 1975, 1976! and will

not be detailed here. The measure of affinity  Matusita, 1955; van Belle

and Ahmad, 1973! was used for the cluster analysis with a locally modified

version of a program furnished by Dr. D.F. Boesch. All other statistical

calculations were run with programs taken from the Statistical Package for
the Social Sciences  S.P.S.S., 1975! and Biomedical Computer Program  B.M.D.,
1973!.

Results

Functions

The physico-chemical data appear in full in another portion of this

report. A brief summary of these parameters is presented here. Data indicate



276.

that the Apalachicola Bay System is a shallow barrier island estuary

dominated physi cally by the Apalachicola River which has a highly variable

discharge  Fig. 2!. During the first four years of the study period, river

flow usual'ty peaked from January to April at which time the range of ex-

treme diurnal flows was usually maximal. 'The range and mean flow reached

low levels during late summer and fall. This pattern was usually out of

phase with 'local rainfall which often peaked during the summer and early fal'l.

There was considerable annual variation of river flow with relatively low

levels during the first and third years of sampling. During the winter

and spring of 'l973, there was especially pronounced river flow and flooding

throughout the Apalachicola Val'1ey.

Water temperature  Fig. 2! followed seasonal patterns with no sub-

stantial variation from year to year. At any given time, there was usual'ly

little vertical or horizontal variation in water temperature throughout

the bay system  Livingston et al., 1977!. River flow generally influenced

other environmental parameters. Increased flow caused increased water .

color, turbidity, detritus, and nutrients. Generally, this is a highly

turbid bay with considerable oyster bar development and relatively little

benthic macrophyte productivity except in shallow  fringing! areas. Tides

in the Apalachicola Estuary are semi-diurnal  mixed, unsyrmetrical! with a

small tidal range  up to 1 m!. Winds in the area follow no clear

directional trend although during fall and winter there is a northerly flow

which becomes southerly during the rest of the year  Dawson, 1955!.

Statistical analysis of the physico-chemical data taken over the 4-year

study period included simple linear regression and correlation for distribution

with time. Significant changes in the regressions  original and log units!
e
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were found for salinity  B = -0.26, p <0.02!, rainfall  B = + 0.09, p <0.01!,

nitrate  B = -2.1 p <0.004!, and turbidity  B = -0.63, p <0.04!. The results

of a 2-way  month x year! analysis of variance of these data are shown in

Table 1. Since in a 2-way analysis with one observation per ce11, the mean

square is of necessity used as an error term, the occurrence of annually

high significance levels probably indicates that considerable interaction

exists. There was significant  p <.05! annual variation of river flow although

no trend was apparent during the study period. There were reductions in

salinity, turbidity, and nitrate in the Apalachicola system with time. The

resu'Its of a factor analysis  Table 2! indicate that high river f1ow is

usually associated with increased co1or and turbidity and reduced Secchi

readings, and low 'levels of salinity, temperature, and chlorophyll A. This

is consistent with the known seasonal pattern of these factors, and indicates

the important influence of the Apalachicola River on the physical environ-

ment of the Apalachicola Estuary. While the river dominates the seasonal

fluctuations of parameters such as salinity, long-term changes in the overall

salinity of the bay appear to be related to other functions such as local

rainfall and runoff. This would indicate that causation reflects multiple

interactions thus allowing apparently contradictory results in the short-

versus long-term trends  e.g., turbidity and salinity relationships!.

Pesticide ~Aaa1 sis

Organochlorine residues in sediments taken from the Apalachicola Drainage

Area are presented in Table 3. Generally low values were found for DDT-R and

Arochlor 1254 while other pesticides were not detected. Due to these results,

sediment analysis was discontinued after October, 1973. There were moderate

levels of organochlorine compounds  DDT-R and PCB's! in organisms taken
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above and below the impoundment behind the Woodruff Dam  Table 4!; these

levels were not dependent on station placement  above or below the dam! or

the passage of time from 1972 to 1974.

Nean organochlorine resides in various species taken in the Apalachicola

Estuary from Narch 1972 to November, 1974 are shown in Table 5. Graphical

representations of monthly maxima of organochlorine residues for selected

species are shown in Figs. 3 and 4. The results of an analysis of variance

of the station-specific distribution of organochlorine residues in the Bay

showed no significant spatial relationship in the occurrence of such com-

pounds in estuarine organisms. Therefore, station locations were not given

in the final data presentation. The temporal patterns of DDT occurrence

were correlated with PCB distributions, with generally increased residues

during winter and early spring months. Such increases coincided with

river flooding. During the sampling period, there was a marked reduction

of organochlorine residues for all species, with relatively low levels found

subsequent to the first year of analysis. This overall decrease appeared

to be timed in a general way with the reduced use of the organochlorine

compounds although river flow patterns appeared to be related to both

seasonal and annual variations of the residues. The two-way Anova results

 Table 1! confirm a ~ignificant decrease in DDT-R and PCB residues in R.

cuneata after the first year of sampling.

A comparison of changes of relative percentages of the DDT metabolites

with time in ~Ran ia cuneata and the sciaenid fishes is shown in Figs. AA and

4B. During the study period, there was a general decline in the relative

level of DDT and DDD while the DDE percentages increased. This indicates

that relatively little new DDT entered the bay system during the period of
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study. This is consistent with the marked decline of organochlorine residues

after the first year of monitoring. The long-term trends of organochlorine

residues in the Apalachicola Estuary thus reflect reduced upland usage and

flushing patterns which may have been related to the major river flooding

during the winter and spring of 1973.

~N1 i 1P

Ana'Iysis of the composite col lections is shown in Figs. 5 and 6. There

was a general increase in the invertebrate Shannon index with time. There

were also increased numbers of invertebrates  N! during the final 18 months

of sampling and slight increases with time in the number of species and the

Hargalef index. After the first 6 months, there was a gradual decrease in

the relative dominance with time. Although these trends appear to be real,

there was no statistically significant variation from year to year  Table 1!;

this was possibly due to the aforementioned use of the year-month interaction

as an error term.

The fishes  Fig. 6! showed a similar though more pronounced pattern of

changes during the study. During the first year of sampling, all indices were

relatively low while relative dominance was high. After a further decrease

which coincided with the increased river flooding during the winter and

spring of 1973, there was an increase in the number of species, Margalef

Index, and Shannon diversity. The relative dominance was inversely related

to the diversity index. The six-month mean values for all indices tended

to stabilize by the winter of 1974. Further analysis of these data  Table 1!

indicated that increased N-Nl and Shannon diversity and decreased relative

dominance with time were statistically significant on an annual basis.

Except for Shannon diversity, monthly variations were not significantly
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different. In general, most of the indices representing the first year

of sampling �972-73! were divergent from subsequent results. Such

differences coincided in time with the precipitous decrease in organo-

chlorine residues and relatively high levels of dissolved nutrients and

chlorophyll A.

at t ~t

Changes in the species compositon of fishes taken at night at

Stations 1 and 4 in the Apalachicola Estuary are shown in Fig. 7. During

the first year of sampling, Anchoa mitchilli was a major dominant, and

accounted for a considerable proportion of the total numbers of fish taken.

By the second year of sampling, this dominance was largely reduced to the

months of October and November. A succession of dominant species became

d, i I t«tt,M~ii tt it d di

and ~C noscion in the sussnen. With the exception of June, Juiy. and August.

the number of species taken per month was generally higher during the second

year of sampling. These data explain the distribution of relative dominance

and diversity. During the first year, there was a general trend toward in-

creased dominance  and consequently, reduced diversity! when compared to the

second year. There was an increase in numbers of individuals in species

other than the dominant during the second year of sampling. ,The nocturnal

distribution of trawl-susceptible fishes in the Apalachicola Estuary thus

follows a clear pattern of time-dependent changes in relative abundance and

temporal species succession which are consistent with previous ana'lysis at

the community level.

These results are further explained by long-term population variations

of the numerically dominant fish species  Fig. 8!. During 9 of the first

12 months of sampling �972-73!, Anchoa mitchilli was the dominant species,
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while maximal river flooding  winter and spring, 1973! coincided with the

f fatti d1 . S«i i I

consistent pattern emerged whereby there was a regular  temporal! succession

of dominants. Ouring the fall months, Anchoa was the top species with

lesser peaks occurring during the spring and summer. In winter and early

9 l.~i di 1 i * h

f oi'l owed by ~Cnoscion arenarius in the susmer and early fall. Other species

h ~1p I d i g d i d

the spring of each year. Although there were usally minor variations in

this sequence from year to year, the general pattern prevailed subsequent

to the spring and summer of 'I973. The total number of species taken the

first year was less than the following 3 years. Although more fish were

taken during the first year, when the top dominants were removed from

analysis, there was a substantial increase in the numbers of fishes taken

during the succeeding 3 years of sampling. These data are consistent

with the night col'lections, and provide a qualitiative basis for the observed

patterns of temporal fluctuations of the comnunity indices.

A cluster analysis'was used to determine the species groups which tended

to co-occur in time during the sampling period. The 48 monthly totals

of absolute abundance of each fish species wer e used to cluster species

which tended to co-occur during the 4 years of sampling. The similarity

coefficient

p F1, F2! = -fl  x! f2   ! du  x!;

 Hatusita, 1955; van Belle ad Ahmed, 1973! was used in conjunction with the

flexible grouping cluster strategy � = -0.25!. The use of this procedure

has been described elsewhere  Sneath and Sokal, 1973; Boesch, 1973!. The
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results of this analysis  using the top 45 species taken during the survey!

are shown in Fig. 9. As might be expected, the key clusters were centered

around particular dominant species. Based on relative abundance, five

such groups were chosen for further analysis. Associations were determined

somewhat arbitrarily on the closeness of fit. By using clusters of species

instead of individual populations in our statistical analysis, the annual

variability of population abundance tended to be smoothed from one year to

the next. Of these groups, none showed a statistically significant change

in a linear regression with time. However, there were significant

variations based on annual f'Iuctuations as shown in Table 1. The Anchoa group

was particu'lar'ly abundant during the first year of sampling and was largely

t «ptt d P *tt ~tt p pp lidI III I

considerable degree during the second year of sampling. There was a steady

increase in the predominance of the Gobiosoma group;this was especially

pronounced during the fourth year of sampling. In general, the relative

dominance of the major clusters of fishes in the Apalachicola Estuary

appeared to be consistent with a change in conditions subsequent to the second

year of study.

The results of stepwise regressions run with various combinations of

variables  listed in Table 1! are given in Table 6. Due to the fact that

nUtrients, chlorophyll A, and organochlorine residues were not sampled for

the entire 48-month study period, three difference sets of regression data

are presented. The DDP  dummy! variable was set up to provide a contrast

between the first year of relatively high levels of organochlorine residues

 +1! and the subsequent two years of low residue �!. Dummy variables for

months of the year were provided to determine temporal relationships. Overall,
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with minor discrepancies, the results of the three data sets were con-

sistent. Numbers of species and individuals generally peaked during

October or November. The relative dominance and Shannon diversity were in-

verse'ty related to the DDP variable with increases in both functions occurring

during late surrmer and fall periods. In addition, the Simpson Index

 Livingston, 1976! was computed with similar results. The Nargalef Richness

Index was associated with tidal characteristics, and was high during periods

of low river flow. The results with the various fish clusters were

largely consistent with the previous analysis. The Anchoa group , dominant

during fall periods, was associated with DDT residues in the bay. Three of

the four remaining clusters showed strong associations with river flow thus

confirming the importance of this parameter to the estuarine fishes. The

use of stepwise regression is not without problems. The relatively large

number of variables increases the potential for obtaining significance,

thereby tending to affirm postulated associations. Such analysis should thus

be viewed within the context of the study as a whole.

~L-F| t u ftdlid1~P1ti

The total numbers and biomass  dry weight! of epibenthic invertebrates

taken at stations in the Apalachicola Estuary are given in Figs, 10 and ll

and Tables 8 and 9. Although there were some differences in peak values

between numbers and biomass figures, peak placement was similar in both.
of

There was a general pattern increased numbers and biomass of invertebrates

during spring  February - Nay! and fall  Septemter - November! periods. In

terms of numbers, there was no long-term trend although the lowest cumulative

figures occurred during the third and fourth years of sampling �/74 - 2/76!.

Spring peaks were generally due to palaemonetes pu!gio and Callinectes ~sa idus
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while fall periods were characterized by penaeid shrimp  largely Penaeus

setiferus! and Ca1linectes ~sa idus. In terms of biomass, blue crabs and

white shrimp were by far the most significant species in the bay. There

was a longterm downward trend in the invertebrate biomass 'figures due to

the relatively high biomass figures during the first two years of sampling.

The third year of sampling �/74 - 2/75! was a low point in total biomass

of invertebrates in the Bay. This was fol'lowed by increases in the 2 succeed-

ing years. 'This was due to relative declines in most of the species normally

caught in the area.

Monthly variations of numbers  A! and biomass  8! of the top 9 species

of epibenthic invertebrates are given in Figs. 12 -19. The reductions during

1974 and 1975 are reflected in the figures of penaeid shirmp and blue crabs

 Figs. 12 and 13!. Varied patterns are evident, however which indicate

reduced numbers during the river flooding of 1973  Figs. 14, 15, 17, 15!.

The total numbers and biomass  dry weight! of fishes taken at stations

in the Apalachicola Estuary are shown in Figs. 20 and 21 and tables 10 and

11. Although the general trends were similar regarding numbers of indiv

iduals and biomass, there were some differences which in some instances re-

d p i ~i ti dpi «hth

tended to dominate biomass figures while being relatively insignificant in

terms of numbers of individuals. Numbers tended to peak in spring and fall

although this pattern showed some variation  as with biomass! where there

would be a continuous series of peaks in spring, fall, and winter. This

reflected patterns of individua'l populations which have been described above

and are sho~n in Figs.22-31. Total number of fishes reached a 'low point in

the third year of sampling �/74 � 2/75! and, due to large numbers of
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undulatus almost twice as many fishes were taken during the fifth year of

sampling �/76 � 2/77! than any of the previous years. As noted previously

d i t 1 I i i bye h ~ i i»i.~i d

and ~C noscion arenarius.

These data are currently under review to determine the relationships

of the individual population distributions with the various other parameters

 physico-chemical, biological! which are available in this report.

Discussion

Various episodic sources of stress, natural and anthropogenic, occurred

during the study. In June, 1972, Hurricane Agnes came ashore near the

Apa'lachicola region with winds gusting to 55 knots and tides around 2 m above

the norm. Routine dampling of the bay imoediately after the storm revealed

little overt change in the physico-chemical and biological functions of the

Apalachicola Estuary although several fish species were taken which were not

found in the bay before the hurricane. While such storms can cause mass

mortalities of coastal organisms  Brongeersma-Sanders, 1957; Robins, 1957; Tabb

and Jones, 1962!, none was observed here. Also, the extreme flooding of the

Apalachicola River in 1973 had an imnediate effect on the bay fauna. This

was particularly pronounced with respect to epibenthic invertebrate distributions

Such natural phenomena can influence long-term biotic trends in such areas. In

addition, periodic maintenance dredging and spoil disposal in the vicinity

of Stations 1 and 2 and c'learcutting and draining activities in the Tate's

Hell Swamp  above Stations 5 and 5A! could have been responsible for habitat

changes which caused local trends in the biotic indices. The re]ative sig-

nificance of clearcutti.ng will be presented as a separate report.

Although the residue analysis in this study is consistent with known

trends of organochlorine contamination in other areas with respect to seasonal



286.

fluctuations  Smith and Cole, 1970; Bradshaw et al., 1972; Butler, 1973;

Brodtmann, 1976! and long-term variation  Butler, 1973; Johnston, 1974;

White, 1976!, the relative'ly steep decline of such residues in the Apa'lachicola

Estuary during 1973 could have been associated with the extreme river flood-

ing during this period. Decreased upland use undoubtedly contributed to

this phenomenon; this is corroborated by increased DDE:DDT ratios subsequent

to the first year of sampling  Table 7!; this could result from contined DDT

without replenishment  MacGregor, 1974!. The relatively low levels of

organochlorine compounds found in sediments throughout the Apalachicola

System could be associated with solubilization of such compounds by humates

 Wershaw et a., 1969! and/or transport out of the imnediate drainage system

via suspended particulate matter. Peaka'Il and Lincer �970! showed that

DDT and PCB compounds often undergo similar routes of dispersion with

transport through riverine systems. This has been described as a function of

solution and readsorption to particulate matter  Nisbet and Sarofin, 1972!.

Such accumulation of organochlorines by suspended matter  Wilson, 1976!

together with detrital ingestion by certain estuarine organisms could

account for the observed distribution of such compounds in the Apalachicola

Estuary. Seasonal migratory movement of the juvenile populations out. of

the bay could contribute to the net transport of organochlorine compounds

out of the system. The relatively rapid decline of such compounds in this

instance is thus viewed as a function of the peculiar ecological character-

isticss of this river-dominated estuarine system.

Various statistical app'Iications were used in this study to test environ-

mental relationships in the Apalachicola Estuary beyond those already es-

tablished by Livingston �974, 1976! and Livingston et al., �976, 1977!.
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The 2-way ANOVA tested the main effects of month and year using year-month
interaction as an error term. This resulted in a conservative test so that

significant main effect differences were not revealed when substantial

interaction was present. To check this, the postulated measures were cal-

culated separately for Stations 1, 5, and 6 thus allowing a 4 x 12 x 3

analysis of variance using the three-way interaction as an error term.

Using year, month, and station as factors with three-way interaction,

significant differences among years and months existed for almost all

measurements at the 3 stations indicating that significant annual  main!

effects ca'Iculated from the entire data base for various parameters were

due to small year-by-month interactions. This interpretation is complicated
by the fact that trends in parameters taken at Stations 1 and 5 differed

from the composite results. Overall, significant levels of variation for

annual changes were found for such factors as relative dominance and species
diversity of the pooled fish data.

The use of dummy variables for representation of months  M to M12! and
years  DDP, year 2, year 3, year 4! in the stepwise multiple regression
analysis  Table 6! allowed certain generalizations concerning the identification
of significant variables. This was possible despite the relatively large
number of candidate predictors. The fact that the late summer-fall period
is characterized by high productivity, considerable biological activity,
and peaks in various con+unity parameters is consistent with past studies
 Livingston, 1976; Livingston et al,, 'I976!. The first year of data,
characterized as the DDP variable, showed fundamental differences in teens of

fish diversity, species richness, and relative dominance. The dominance

of the Anchoa group at this time coincided with these observations just
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as river flow was closely associated with the temporal patterns of

occurrence of three other fish groups of clusters. The use of time-related

species associations in the multivariate analysis tended to dampen otherwise

erratic annual variations in the numbers of individual species. Overall, the

relatively consistent temporal distribution of fishes in the Apalachicola

Estuary allowed the identification of river flow and a year 1 phenomenon

 possibly the presence of organochlorine compounds! as primary determinants

of coamunity structure. This leads to the possibi'lity that there are pre-

dictable temporal successions of dominant species in "undistrubed" estuaries

which can be sumnarized as annual patterns or "fingerprints" of species

associations despite broad seasonal variations in key physical forcing

functions. Such patterns could serve as models to test the relative in-

fluence of discrete shocks to the system in the form of natural events or

human activities.
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Chart showing the primary study areas in the Apalachicola Drainage
System. This includes distribution of permanent stations in the
impoundment above the Jig Woodruff Dam  Lake Seminole! and the
Apalachicoia Estuary �2 40' N; 85 00' W!.



Changes, by month, of Apalachicala River flow  cubic feet per
second! and two major physical functions  temperature, in
ocentigrade; salinity in parts per thousand! monitored at station
1  bottom! in the Apalachicola Estuary from March, 1972 to
February, 1976. The monthly means and ranges of river flow at
Blountstown  Florida!, as measured by the U.S. Are@ Corps of
Engineers  Hobile, Alabama!, are represented.
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Fig. 3: Residues of DDT-R end Arochlor 12/4 found in organisms takeo in the
Apa1achicola Estuary from March, 1972 to November, 1974.
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Residues of DDT and its major metabolites found in the bivalve
Rangia cuneata  A! and sciaenid fishes  8! in the Apalachicola
Estuary end expressed as percentages of the tota'1  DDT-.R! monthly
from March, 1972 to November, l974. Residues of DDT-R and Arachlor
1254 found in sciaenid fishes  C! and Micro o on undu]atus  D! in
the hpatachi col a Estuary from March, 1972 to June, 19121.
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Fig. 6: Changes in Rrgalef Richness  Mar!, number of species  S!, Shannon
diversity  H'!, and the number of individuals of fishes taken
monthly from the combined stations �5 trawl tows! in the
Apa'Iachicola Estuary from March, 1972 to February, 1976. Dashed
lines represent 6-month mean values of these indices and relative
doeinance of the top species.
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TABLE I: Results of 2-way analyses nf variance  by month, by year! for physico-chemical and biological para+.tars of
Apalachicola Bay System taken over a 48-month period  March, 1972 to February. T976!. Included are various
indices used in the overa11 statistical analysis.

the

S tan dard
Oa viation

Deviations from the mean by year
1972- 73 1973-74 1974- 75 1975-76

Si~ifioanae  P!
Nan th Ye ar

Number
nf casesParameter

PHYSCI CO-CHEMI CAL

-2401.27,586 35i366 5369-

2.0

INVERTEBRATES

Number of individuals
 N! 45

N-N  dominant spe<.ies!» 45
Nagalef richness 45
Relative dominance �'! 45
Shannon di vers i ty 45
Number of species  S! 45

641.
209.

1. 78
56.4

1.34
'l l. 7

763.
125.

0.56
16.6
0.36
3.8

0.999'
0 021
0.999
0.999
0.257
0.255

73.
14.
0. 02
2.4
0.05
1.2

170.
39.
0.13
1.9
d. 14
1.0

25.
308.

O.OT
7.2
0.04
0.8

224.
162.

O.M
4o9
0.36
1.6

0.999
0. 999'
0. 999
Oo 358
0.-%8
0. 999

FISHES

*Logarithms used
in ar.alysis of
variance

variable for DDT and PCB ~~ variables for anth of the year

Ri ver fl aw   CPS !
Secchi  m!
Color  Pt-Co units!
Turbidi ty  JTll!
Temperature  "C!
Salinity  o/oo!
Dissolved oxygen  mg/L!
H i t ra te   g/L!
Phosphate
DDT   Ranngia: PPB!
PCB  ~lian a: PPB! 3
ChlorophypT A  mg/m3!
Rainfall
14in d
Tides
ODP~

ml el 1

Number of indi viduals
 N!*

N-N
NarIIalef ri ChneSs
Relati ve dominance  »!
Shannon diversity
Nurber of species  S!
Anchoa group»
~Micro o on Oroon'

nosci on group»
0 osoma group*

Chloroscombrus group»

48
48
48
48
48
48
48
42
42
29
29
44
48
48
48
48

45
45
45
45
45
45
45
45
a5
45
45

O. 82
42. 4
20.2
20.2
16.1
8.2

113. 0
12. 3

145.
85.
5.3
5.0

'1670.
663.

3.52
54.9

3.48
26.4

2.57
2.14
3.58
1.12
0.59

0. 37
74. 5
33. 4
6.3
8.3
2.3

62.7
7,9

173.
85.

2.1
4.0

1219.
221.

0. 71
16.6
0.33
5.9
0. 70
0.80
A,da
0.57
0.%

0. 08
22.8
16.2

2.7
0.4

49. 5
2.2

360.
79.

1.9
1.3

202.
160.

0.22
10.6
Go23
T.6
0.20
0.15
0.11
0.28
0.19

0. 19
11. 7
9.9
2.6
0.8
0.1

25. 1
1.2

125.0
61,

0.7
1. 'l

14.
11.
0.09
1.0
0.03
0.9
0. 22
0. 31

0,24
D.'01

0. 10
16.7
13. 7
0.9
1.3
O. l

42. 4
3.0

83.
4T.

0.9
0.5

170.
20.

D. 06
5.4
0. 11
0.3
0.02
0. 23
n. 11
0. 'l l
0.07

3'l22.
0.01
S.T

12.7
0.2
5.5
0.2
7.4
0.7

46.
162.

0.37
4.2
0.08
2.8
0.04
0.03

0. 42
0. 38

0.00'I
D. 172
0.203
0.999.
0.036
0.003
0.058
0. 17Z
0. 999
0.303
0.402
0.333
0. 398

0.2'37
0. 308
0. 114
0. 099
0.051
dn 237
0.003
0.OGT
0.00T
0.064
a.'001

0. 025
0.'194
Tt;%99
0. 380
0.240
0.114
d. 999

0. 002
0 395
0.061
3.00'3
0.002
0.999

Ik 999
0.009
0.146
0.041
0.030
0.236
0.050
0.050
0.%5
0.011
0.204
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Variable Factor 1
�9.6$ of the variance!

Factor 2
{22.3X of the

variance

Factor 3
{17.9l of
the variance

Factor 4
  u.e.. of

the variavc~

River f!m

f.ocal rainfall

-0. 82

-0. 04

-0. 08

-0. 30

-0.07

-0.09 0 20

Tide  incensing or
outgoing 0.26 0. 61 -0.68

0.09 G. 39 0. 61 -0. 37

-0,02 0.09 0. 36 0. 37

0.16 -0.-2G

-0. 07

0.22 0. 31

0. 57 -G. 17 0. 24

Color -0. 80

-0, 73

0. 33 G. 01 0.07

0.54 0. OS 0. 23

0. 38 0.15 0. 02

0.68 0.21 0.23

0. 47 0. 51 0.09

Table 2: Factor analysis of a s t of physicochemical variables taken
from Narch, ]972 to February, 1976. Color, turbidity, Secchi
readings~ salinity, temperature, and chlorophyl 1 A
were noted at Station 1 in the Apalachicola Estuary.iidal Data
included the stages of the tide on the day of collection while
the wind variable was represented by 2 vector components.

Tide {high or low!

And dfrectfon  E-M!

Hind direction {N-S!

Secchi

TurbiN ty

Temperature

Salfnig

Chlorophyl 1 A

-0. 18

-0. 02

O. 31
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Tab l» 3 Concerrtrat.'ofrs of DD;"-R a»d Aroelrlor 1254  p0/g! in sediments taken
frorrr Lake Serrirrohe arrd the Apalachicola Say Syste<n from Kxx'ch, 1972
to Oct oh'..r, 1973

lake! Senino le A alachiccla Ba.r S steor

Aroch1or
1254

Arochlor

1254Stat ion Datr DDT -R S ta Cion Da te DDT -K

3/73 0- 000 0. 000

4/72
5/7Z
6/72

0. G10

0. 016

0. GOO

0 ~ 000
0.000
D.GDG 11/72 O.DOG

12/72 0.000
0. 000
G. COO

6/72 0. 000
7/72 G. 000
11/72 G. OOO

0. OOG
0. OGG.
O. 000

0.000

G.OOO
0.009

O. 000
G. 019

0.0o1

0. 008

5/72 O. 000 0. 000

4/72
5/72
7/72
10/72
7/73
8/73
10/73

4/72
5/72
6/72
7/72
8/72
4/73

4/72
5/72
10/72
4/73
7/73
8/73

4/7Z
5/72
7/72
8/72
10/72
4/73
7/73

4/72
5/72
6/72
7/72

0. 000

0. 005
0. 000

0.007
0.002

G.OOG

0.005

0. 005

0. OGG

0. OGO

0. 000
O. 000

O. 002

0. 02'
0.007

G.OOQ
0.028

0.000

0.000

G. 003
0 000

0.000
0.000

O. 000
0. 002

0. 014

o. Ooo

G. 052
0.000

O.OOO

0. 000
D. 005
0. 000
a. ooo
O. 009

G. 000
O. 016

O. 039

0. 000
0. 000

O. 009

0. 000

O. 002

0 GOO
0 000
O. 000
O. 003
0. 008

0. 000

O. 000
0. 000

G. 000

0, 000

3/72 0. MO
4/72 0.060
6/72 O.OOO
7/72 0.000

3/72 0 OOG
4/72 0.000
7/72 0. 000
11/72 0. 000

0.000

7/72 o. ooo
11/72 O.OOO

0.000

3/72 G. 000
6/72 0. 000
7/72 0.000
11/72 0.000

0-000

O. 000

O. 000

0. 000

0-040
0. 000

G. 000

0, 000

0. OOO

O.GOO
0. 000

O. ODO

O. 000

O. 000

O.OOO

O.MO
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ODE:ODTDate

Narch, l972

-1.60Apri1

0.24

0.85June

0. 47July

0. 36September

October

Noveaber

December

0. 36

0.40

0.48

January, 1973 0. 36

1.18HRrcb

1. 38

AUgUst

September

October

november

December

0. 63

1.20

7.00

3.00

3-00January, !974

February

Harch

!.00

2.'ll

1.00

June 35.25

6. 40Ho v eliibp r

Table 7: Ratios of DDE:ODT found in Ri~iqia cuneni;~ .t the he;d o. the
Apalac4icola estuary Prom flarcl>, 1972 to f,'over:.Ler, 1974.
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Chart showing the primary study areas in the Apalachicola Drainage
System, This includes distribution of permanent stations in the
impoundment above the Jim Woodruff Dam  Lake Seminole! and the
Apa 1 achi co la Es tua ry.
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Fig 3; Residues of DDT-R and Arochlor 1254 found in organisms taken in theApalachico'la Estuary from Hlarch, 1972 to November, 1974. r
CV
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364.

Fig. 4: A. Residues of DDT and its major metabolites found in clams of
the Apalachicola Estuary and expressed as percentages of. the total
 DDT-R! on a monthly basis from Narch, 1972 to November, 1974.

B. Residues of DDT and its major metabolites found in Sciaenid
Fishes of the Apalachicola Estuary and expressed as percentages
of the total  DDT-R! on a monthly basis from Narch, 1972 to
July, 1974.

C. Residues of DDT-R and Arochlor 1254 found in Sciaenid Fishes
taken in the Apalachicola Estuary Narch, 1972 to June, 1974.

r

D. Residues of DDT-R and Arochlor 1254 found in Micro o on
undulatus taken in the Apalachicola Estuary from March, 2 to
June, 1974.
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365.

Fig. 5: Changes in Nargalef Richness  Mar!, number of species  S},
Shannon- diversi ty  H'!, and the number of individuals of
invertebrates taken monthly from the combined stations �S trawl
tows! in the Apalachicola Estuary from March, 1972 to February,
1976. Dashed lines represent 6-month mean values of these indices
are relative dominance of the top pecies. Also shown are the
DDT-R residues found in ~Ran ia cuneate during this period.





366.

Fig. 6: Changes in Nargalef Richness  Bar!, number of species  S!, Shannon
diversity  H'j, and the number of individuals of fishes taken
monthly from the combined stations �5 trawl tows! in the
Apalachicola Estuary from Parch, 1972 to February, t976. Dashed
'lines represent 6-month mean values of these indices and
relative dominance of t;he top species. Also shown are the DDT-R
residues found in ~Ran ia cuneate during this peiiod.





367.

Numbers of individuals and species of fishes taken at night from
stations 1 and 4 �4 trawl tows! in the Apalachicola Estuary
from April, 1972 to Harch, 1974. Aiso shown is the top dominant
for each month so that total numbers  H-NI! appear as a function
of time.

Fi g 7: A.

~ INOIVI80ALSGIVERS ITY

B. Comparison of the diversity/%%d dominance relationship of fishes taken
at n I gh t f rom s ta t I ons 1 and 4 �4 trawl tows! In the Apa I achi cola
Estuary from April, 1972 to Narch, 1974. This is shown as ~ function
of the first and second year of sampl Ing.
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lro hic resource artitionin amon uvenile fishesXII.

Introduction

Estuarine areas provide a nursery ground for juveni'Ies of ma~ species of

fish. The Apalachicola Estuary is characterized by the dee$nance of a small

b j fi 0 j: A h It hills,~lli e/~lip,
Leiostomus xanthurus, and ~Cnosc1on arenar1us  ln decreaslnI order ef

abundance!. Seasonal and long-term fluctuations of these fishes lave been

documented  Livingston et al., 1976! and observations are continu!NI.

Generally, seasona1 peaks of abundance do not coincide. with the exception of

N. undulatus, and L. xanthurus. Anchoa mitchi114 is usually Post abun4ant in

fall-early winter, N. undulatus and L. xanthurus peak in winter-spring, and

C. arenarius peaks in suweer-early fall. Analyses of the seasonal fluctuations

of these species indicate that physico-chemical factors  including salinity

and temperature! may not be as critical in determining the fishes' distribution

as biological characteristics such as feeding and reproduction. The present

study was designed to examine the food habits of these four species and

to relate their seasonal utilization of the estuary to the seasonal availability

of their food sources. Such aspects as trophic resource partitioning, inter-

speciefic competition, and utilization of abundant, cemercially iaqortant

macroinvertebrates are the subject of this study.

Materials and Methods

Fishes were collected by monthly trawling in various areas of the Apalachi-

cola estuary  see Livingston et al., 1976, or other portions of th1s ~rt

for descri ptiun and details of field methods! . After field presetVation in

]OX fomnalin, fishes were mashed and stored in 4� isopropanol until analysis.

At such time, fishes were sorted into 19re SL size classes  e.g. 10-1%ca,





The clusterfng strategfes fncluded the followfny:

1! group average,

5  R~! = n,.n. b ~!<! >n in s' ~z!
!

2! flex1ble grouping,

D a;~! = ~ L~ i,e! i> zt! J ~~ i z!
where x bfomass of i food ftem fn sample x,

y bfomass of i "food ftem fn samN'le y.

N total number of food ftems fn samples x i y,

P = /< <i = proportfon of bfomass of the food ftem fe tota! bfomass
of sample x,

P = /;:> g' = proportfon af bfomass of the food Item fn tote! bfmass
of sample y,

h number of samples fn cluster 1
1

h2 number of samples fn cluster 2

I, J. K unft clusters  sfng1e entftfes!

1J fused cluster

D A,B! dfstance geeerated by sfmflarfty index matrfx between s~les
A and 8

clusterfng fntensfty coefffcfent  -1 to 1!.

The chofce of these sfmf larfty fndfces and clusterfng strategfes were based

on dfscussfons of methods fn Sneath and Sokal �913! and Clffford and StepheNon

�975!. The rho fndex fs dfscussed by man 8elle and Ahmed �974!.

Results and Dfscussfon

Anchoa mftchfllf

A total vf 3,448 A. mftchfllf stomachs were examfned, formfno 215 statfon

x date x sfze class  SDS! combfnatfons. Stomach contents are s~rfzed by

sfxe c1ass, over all statfons . and months fn Table 1. Larger, f+ntfffable

organfsms are presented fn Table 2.
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Calanoid copepods, probably Acartia sp., are the major food item for

$. I~i gpss+ although dependence upon copepods decreases from 97.8% fn the

10-19' class to 49.3C in the 60-69mm class. The change in diet is minly

due to increased consumption of mysids  up to 17%!, insect larvae  up to 12$!.

and juvenile fishes  up ta 6.7$!. Seasonally, copepods are usually the

main food item for spi.'ing through fall for fishes 4!mm SL. Larger fishes

utHize: cppepods mainly during spring and sunder. Nysids become important

in the fall and occasionally in the ppring. Winter feeding encompasses a

wide variety of organisms, including copepods, insect larvae, cladocerans,

barnacle nauplii, and pkknt matter. Although detrital matter was not found

to any extent in Anchoa atenecha  <2.6%!, anchovies do utilize the detrital

food web as they switch from copepods to epibenthic and benthic organisms

such as apsids and insect larvae.

Mic~ro oem undulatus

2 t t I I 2.2td 2~II d I « 2, t I 2

165 SDS combinations. Stomach contents are sumari zed by size class, o0er

a'Il stations and months, in Table 3. Larger, identifiable food items are

presented in Table 4.

Polychaetes form the basis 68 N. undu'latus' diet, averaging 34.14 over

all size classes examined �0-159mm SL!. The main species of polychaetes

2 d ~tt 2 I d ~dt I d lit. I 92 t

ty tl, dmgti I g II 92 ty «I . At Id t

food itesm ino'lode detritus �3,660!, shrimp �0.4%],main'ly ~0ridas ~limicola,

and juveeile fishes  8.5X!. Across the range of size classes, smaller fishes

�0-39e! cons+ed relatively larger amounts of insect larvae, mfd-range

fishes �0-99wI! consumed reiatively iheryedetritus, mysids and isopods, while

larger fish  ~100mm! increased intake of juvenile fishes, crabs, and infaunal
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mitchi lli represented 78% of those identified. Generally, shrimp, par-

ticu'larly penaeus sppt s and blue crabs which are seasonally very abundant

in the bay are not heavily preyed upon.

Prelimina results of cluster anal ses

Initial investigations concerning the similarity coefficient clustering

strategy to be used for the final data analysis were conducted with the

data for Micro o on undulatus as given in Tab1e 3. In a caoparison of

group averaging vs. flexible grouping � = -0.25! and concurrent comparisons

of Bray-Curtis vs. Canberra metric vs. rho, group average clustering appeared

to form weaker clusters with a higher degree of chaining than did f1exible

grouping over all similarity coefficients. Of the similarity coefficients,

rho appeared to give the most obvious and strongest c1usters in terms of

be tgl gl1gl lit e ig~e

The apparent "best" choices were rho combined with flexible grouping, al-

though further analyses will be conducted.

Secondary investigations considered the choice of 0 va'lues  clustering

intensity coefficient! used in flexible grouping. Four values of 8 � 25

flexible grouping. Compaction of clusters increased as 8 increased from

-0.25 to 0.25, while negative values in the similarity matrix occurred with

-0.50. Thus, the best performance was chosen for B = -0.25 in flexible

grouping, as has been noted by others  Sneath and Sokal, 1973!.

The final stage in these preliminary analyses was to use the data in

Tables 1,3,5 and I in con!unction with rho and flexible grouping  8 * -0.25!

to investigate the dietary similarity of size classes within each species

 Figure 1!, and to examine station similariUes with respect to food avail-

ability to each species  Figure 2!. Anchoa mitchilli size classes were highly

interrelated but seemed to form two distinct clusters; the 10-39mm group,
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characterized by the largest intake af copepods, and the 40-69mm group,

characterized by decreased consumption of copepods and increased cons~tion

f1 g edi t Wi d' I ih. ~l dl

s'.ze classes also formed two clusters: an intense cluster of 10-69II fish,

whose diet included > 5� polychaetes, detritus, and insect larvae, and a

loose c1uster of 70-159mm fish, whose diet was composed of polychaetes,

shrimp, crabs, or fish, usual'1y with one of these items predominating.

These two clusters were only weakly linked. Leiostomus xanthurus size classes

formed three c'lusters: a relatively intense cluster of 20-69eiti fish, whose

diet was composed of insect larvae, polychaetes, harpacticoid copepods, and

detritus; a more intense cluster of 70-99mm fish, whose diet was mainly

detritus, harpacticoid copepods, and polychaetes; and a unit cluster of 100-

109mm fish, whose main dietary item was bivalves. The first two clusters

were relatively closely re'1ated, while the third was only loosely associated

with the others. Cynoscion arenarius formed two main clusters which were

distantly related: the 10-49am fish appeared to be a loose groupitig of two

intense clusters, the 10-29mm class, consuming mainly mysids, and the 30-49le

class, consuming a mixture of mysids and fish. The second main cluster was

50-89am fish, whose main food item was juvenile fish. The results of the

cluster atialysis thus appear to agree with the biological results.

Cluster ana1ysis by station for each species  Figure 2! indicated the

variety of food found in various areas in the bay. Water column-'feeders such

as Anchoa mitchi11i do not seem to have different food habits with respect

to location, since all stations appear to be relatively tightly clustered.

1t was expected that Cynoscion arenarius, also a water-colunm feeder, would

behave similar1y, but two loosely re1ated station clusters appeared. HoN-

ever, when the origina1 data werescanned, it was noted that Cynoscion con-

sistently consumed more fish at stations 5,1A,18, and 1C than at stations
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2,6,1,4,5R, and 3. Distinct station-to-station differences were noted f' or

I � it~i dl did I . III

clusters into three groups, stations 3-5-5A-6, 'I-4-1A-lC, and 2-1B. Leio-

stomus clusters into two groups, stations 3-5-5A-6 and lA-lB-1-4-2-1C. The

distinctions in these cases probably are wlated to station characteristics.

Thus, the c'luster of stations 3-5-5A-6, occurring for both species are

characterized as shallow, low salinity areas with nearby beds of benthic

macrophytes, while the other stations are relatively remote from land and

have, in general, higher salinities and muddy bottoms with little or no

macrophyte de ve 1opmen t.

Resource Partitionin and Com etition

The general evidence presented above indicates that the various re-

sources of Apalachicola Bay are well partitioned among the fish species. The

most comenly examined resource dimensions are habitat, food, and time. In

this case, habitat has not yet been examined in detail. Temporal partition-

ing has already been documented, with the four main species generally occur-

ring in peak abundances during different seasons, the exception being

~II "d ' IL' ' I " ~ I- " PP

also to be we11 divided among the species: ~Cnoscion feeds on mysids and

juvenile fishes, Anchoa on calanoid copepods, and polychaetes. The obvious

conpetitive interactions would, on a temporal basis, appear to be between

~ld d L t t . I , d tati I lt t. d I

these two benthic feeders via differentiated food habits as demonstrated

above.

A number of important aspects have yet to be considered. These include

1! the extent to which spatial and temporal differences in food availabi]ity

affect the observed variability in food habits of each species, 2! the extent
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of competition among the species when smaller size classes co-occur  this

may have been obscured by the preliminary examination of average food

consumption per size class!, 3! the relationship between the temporal

occurrence of each species and the abundance patterns of the prey organisms

 data collected by other investigators but not yet-available for analysis!,

4! possible habitat partitioning by these fish species, particular'ly

11 5~i ddt 151 f I PP
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Table 2. Identified food items in stomachs of Anchoa mitchilli
�76 sets of samples!

ANPHIPOOS �0/276 occurrences! 8 of
occurrences

Ganmarus sp. 1
~ran dierella bonnieroides 3
Cera us sp. 2
~Coro sum louisianum

~ ~ ~

0 of
~Shrim t'l2/276! occurrences
0 rides limicola

Fish �/276!MYSIDS �2/276! occurrences

Anchoa mitchilli 1

P
~ ~C nosciopn Orenarius 1

1

T~h

sido is bahia
s o s>s bi e'lowi
s o s sargira

18
3
3
2
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PLANNING AND NANAGENENT; APPLICATION OF SCIENTIFIC DATAXIV.

It is appropriate that objective scientific information should

form the basis of planning and management criteria in environaental

matters. The data generated in this Sea Grant Project have been ap-

plied in various ways to promote constructive interactions among local

fishermen, upland developmental interestC; elected officials, state and

federal agencies, and professional planners. This effort has been doc-

umented in a series of papers  Livingston, 1975, 1976, 1977; Livingston

et al., 1974; Livingston and Joyce, 1977!.

1. In response to the Franklin County Board of Comnissioners and

commercial fishing interests in the area, a project was initiated to

determine the impact on the bay of upland clearcutting and draining

practices in Tate's Hell Swamp. The combined field and laboratory

program, supported by the Board of Franklin County Cemissioners,

the Buckeye Cellulose Corporation. and the Florida Department of En-

vironmental Regulation, includes day/night field co'1lections of infauna

and epifauna, physico-chemical monitoring, and field experineets in areas

of interest. This has developed into a full Sea Grant project which is

a joint effort by Florida Sea Grant investigators, federal, state, and

county agencies, and private pulp mill interests. The primary aim is

to determine the feasibility of management practices for upland runoff

due to clea..-utting practices.

2. During the past year, project personnel have continued to work

with the Florida Department of Natural Resources with regard to the

purchase of sensitive wetlands areas of' the lower Apalachicola River as
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par t of the state's Environmentally Endangered Lands Plan. A total of

more than 28,0GG acres at a cost exceeding 8 million dollars has now

been purchased. This purchase was defined and qualified by scientific

data generated by the Apalachicola Sea G~ant project. Further involve-

ment of this project in the proposed management of such lands is antici-

pated. In addition, baseline data generated by this Sea Grant Project

have been used in decisions by state officia'1s to buy port1ons of St.

George Island and Little St. George Island, an investment exceeding

$10 mi'llfon. Thus', sensitive portions of the Apalachicola Drainage

System have been identi fied and appropriate steps toward preservation

of such areas have been taken.

3. Baseline data from the Sea Grant project have also been used to

generate interest in the development of a basin-wide management plan

through the coordinated action of a number of state and federal agencies,

county colmissfons, and private interests in the Apalachfco'la Valley.

The principal investigator, together with the Florida Department of .

Natural Resources, has generated a published compendium of knowledge

 Livingston and Joyce, 1977! concerning scientific, economic, legal, and

managerial considerations in the Apalachicola Drainage System. This

includes papers written by 28 experts in various fields and is now serving

as a multi-disciplinary base of information to be used in future planning

and management decisions. This has provided the 1mpetus for various

related activities, and is viewed as an important step in promoting an

object1ve translation of scientific data for use in planned development.

4. The principal investigator has served as an advisor to the

Franklfn County Board of Commissioners w1th regard to zoning regulations,

local planning programs for St. George Island, water hyacinth control in
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the lower Apalachicola Drainage, and the development of efficient

decision-making processes at the local level. Through a series of lec -":

tures and briefings, this project has contributed scientific input to

the Florida Division of State Planning with respect to the development

and coordination of a resource management and planning program for the

entire Apalachicola Drainage System. Close contacts have been main-I

tained with various local groups and elected county officials. High

school and university students have been taken out on our boats and

trained as marine biologists in a continuing effort to operate on a

grass roots level. The principal investigator has periodically written

a colum in the local newspaper, translating scientific facts about the

bay into everyday language. Consequently, decisions have been made at the

local ]eve] which have preened ge way for t5e deve!opyett of coestrlctive

pl arming programs throughout the area.

5. There has been close coordination of this Sea Grant project

with researchers of the Fish and Wildlife Service in their ongoing and

proposed studies of the Apalachicola wet'lands. Data from the Sea Grant

project has been used to initiate preliminary efforts of the Environmeelta'l

Protection Agency and the National Aeronautics and Space Administration

to develop remote sensing as a management tool in this area. Information

has also been used by the Florida Department of Environmsetal Regulation

and the U.S. Army Corps of Engineers in their activities i'n the Apalachicola

Drainage System. Data from the Apa'lachicola Sea Grant project provided

the impetus for the possible designation of the Apalachicola Bay System

as a Na ona1 Estuarine Sanctuary in the Gulf of Mexico under the

Coastal Zone Management Act of 1972. This represents, if successful,

the direct application of Sea Grant research data to the implementation

of coastal zone management on a national scale. Pursuant to this activi4y,
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The t!onservation Foundation of Washington. D.C. has initiated a series

of meetings among local, state, and federal agencies to develop an or-

ganized setting for coordinated research and management processes in the
Apalachicola Valley. In short, the Apalachicola Say Sea Grant research

is now serving as a nucleus for what cauld eventually become a national

model for the integration of research and planning techniques in important

natural drainage systems.
!
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United States Department of the Intet ior
RSH AND WILDLIFE SERVICE

1'r EXCCVTlVK PARK ORIVK, N. K,

ATLANTA, GEORGIA %829

Septaaher 10, 1975

~ Dr. Robert J. Livingston
Dept. of Biological Sciences
Florida State Universtiy
Tallahassee, Florida 32306

Dear Dr. Livingston:

I sincerely enjoyed our telephone conversation of this date, amd appre-
ciate your enthusiastic response to possibfilities for cooperative efforts
in fishery work which we might initiate in the hpalaehicola River Syne@
in the future.

As a result of phasing out our study of striped bass stocking in the
Choctawhatchee River System, Florida, we. have potential to divert limited
effort to fishery studies in the Apalachicola. Our hwediate imcereat is
in formulating a pro!ect proposal which addresses the broadest possible
range of interests and improves our efficiency in generating that data
which is most meaningful to the resources As mentioaed, tlSe 8epcember 18,
1975 Meeting with representatives from several State agencies is toward
this end. We regret very much that other commitments preclude ymmt meeting
with us, however, you may rest assured that we will bs vC0ithag ~ in the
near future for your input prior to finalizing our propoeak.

It is our firm intent to coordinate and interact with you and your work
under the Sea Grant Program to the fullest possible degree in aniy study
effort which we contemplate in the Apalachicola River. Your coocurremce
in such interaction and cooperation toward avoiding duplication smd maxi-
mizing the returns for the efforts expended is solicited.

I wish to thank you for the information which you provided Xa our brief
discussion. I will look forward to meeting with you persomslly at some
future date to discuss the River and 'your work in the Imy in morim deoail.

Sincerely,

Alex B. Montg
Regional Supervisor
Division of Fishery. Services

Save Energy and You Serve Amcrfcal



UNITED STATES ENVIRONMENTAL PROTECT!ON AGENCY

WASHlNGTON, D.C. 20460

OFFICE OF
RESKARCH ANO AKVfLOPQE NT

&' Qketrt J. Livingston
Flerich State University
Depmtaent of Biological Science
Tallahassee, Florida 32306

~ Or. Livingston;

'Hse Office of Monitoring and Technical Support environmental
protection Agency  EPA! Headquarters!, 'the SPA Region IV, and
the Bnvironmental Monitoring and Support Laboratory, Las Vegas
gHSL-LV! wish to thank you for your highly valuable assistance
im the collection of ground truth data during the recent remote
sensimg  satellite and aircraft! effort with National Aeronautics
and Space Administration over the Apalachicola Bay area.

8uch !oint efforts, that combine the actual needs of the
macr ~alnity with the prospective agencies, produce the encouraging
egiriaoalental goals that we so gravely need. The work that
Pe helped us complete will hopefully serve as a milestone in
may future efforts to monitor environmental stress in our coastal
I%he around the Nation. Once the final report is completed, two
capies will be sent to you.

eW
le are looking forward to receiving your helicopter photographs,

aa well as the vital water quality ground truth, background
data reports and oyster bed maps. I hope to visit with you
personally during my next visit to the area. Thank you again

for your cooperation. Sincerely yours,

John Koutsandreas, Senior Advisor
AdvancQMonitoring Program

Monitoring Technology Division
Office of Monitoring and Technical Support  RD-680

cc: John M. Hill 08680!
Qr. Harvey Melfi  EMSLLV!
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Dr. Robert J. Livingston
Florida State University
Tallahassee, Florida 32306

Dear Dr. Livingston:

I have recently received a copy of caaasents attributed to yio00 i» a
26 April 1976 editioh of the Herald Tribune regardini 4evaleywi»t
on the Apalachicola River.

I note from your st'atemeats that you do not totally oppose use of
the Apalachicola River for navigation purposes, but support a mal
tiple use plan which would permit such use in conjunction with
preserving fundamental environmental values. In this respaot your
views are not basically different from the objectives of the Cocoa
of Engineers' planning efforts.

As you axe aware, the Corps of Engineers has been directed by Ongress
to investigate alternatives that will better maintain the authorised
9-foot navigation channel on the Apalachicola Riveri I@i.1e our aO;»dy
directive is to investigate improvements for navigatian, the Corps
of Engineers' planning criteria use a framework establiahed i» the
Water Resources Council's "Principles and Standards for Pla»ning later
and Related Land Resources," which requires the systematic pOIepaeation
and evaluation of alternative solutions that will max~ac oo»tribetio»s
to the two national planning objectives of Environmental Qeality"  RQ!
and "National Economic Development"  HED! . The pxocess also rectoires
that the impacts of proposed actions be evaluated achd emsured to the
fullest extent possible. Within this planning concept we aea not only
unconstrained, but, charged to develop multiple use ppla»s Sag w»ter
reaource deVelOpments that achieVe the beat OVerall balaaea i» CeaCri-
butions to both KQ and 5ED.

Our stu-', on the Apalachicola River has been inactive fox' tha past year
due to lack of funds; however, it is scheduled to be actively reslORsod
in the forthcoming fiscal year. In an endeavor to achieve a heter
understanding of the planning ob]ectives, we are proposiaa a ser4ea of



24 May 1976845$-I
Ir. Iobert J- Livingston

Xf you desire further information regarding our study plans, please
contact Mr. Walter Surdin of my staff at telephone �05! 690-2772.

Sincerely yours,

Srigadier General, USA
District Engineer

&Sexual mrkshop meetings with agencies and affected interests
l@gnr!,edgeable of both economic and environmental needs of the area.
~geog+ this effort we would hope to develop an overall plan to
meet navigation and ocher needs while also utilizing the economic
414 environmental values of the river. ln this endeavor we would
ayyreokete any suggestions you may have regarding our approach at
this time and solicit your participation in our forthcoming meetings.
9'e wild advise you further of our proposed meetings when we have
fitaed up a schedule.



State of Florida

Coattelteloaer of Aydcuhure
RACON IL TURUNQVON
OemaQHeaer et «eeeetion

Hhkl40N W. SHIELDS
Keecetlm Dtrector

Decembex 28, 1,976

Dear Dr. Livingston:

As you know, the State of Florida recently authorised
the acquisition of 12,869 additional acres within the Lower
Apalachicola River endangered lands project. This bx'ings
the total acquired so far to more than 28,000 acres, ax bettex'
than 90% of the proposed acquisition.

The scientific knowledge generated through your on-going
studies, and your generous sharing of that information with

.us, has enabled the State to define an optimum purchase boundary
which will reap public dividends far in excess of the 8 million
doj,lars we have so far invested in the L'6wer Apalachicola land
purchase. We would hope that your work will continue so that
we might even further sharpen our focus on the most critical
environmental needs of this estuarine complex.

Now that our initial land purchase in the Lower Apalachicola
is nearly completed, we are working towards finalising a management
plan for the area. Enclosed you will find a draft management
concept outlining the essential elements of that management plan.
In view of your long-standing interest and involvement with this
state acquisition, we would invite your comments and Criticisms
on the draft.

Once again, may I express our deepest appreciation for your
invaluable assistance to the State of Florida over the more than

ADMINISTRATIVE SERVICES ~ LAW KNFORCEMKNT ~ MARINE RESOVECKE
RKGREATtoN AttD PARKs ~ REsoURcE MANAGEMENT

DEI ARTNENT OF NATURAL RESOURCES

CROWN SVILNNG / 303 ILOVNT STREET / TALLANASSKR 33364

Dr. Robert J. Livingston
Associate Professor
Department of Biological Sciences
Conradi Building
Florida State University
Tallahassee, Flori.da 32306

ISpeweO& asg@w
4.elemt

NiOCR A. IMhTleka
Ieefeietr ot Itele
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Pr. Robert J. Livingston
Page Two
December 28, 1976

three years in which the Lower Apalachicola purchase has
been developed. We look forward to your further advice onthe matter of its future management. ely,

N. Pearce, Chief
u of Plans, Programs, and

Services
Division of Recreation and Parks

JNP/am
Enclosure
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CRAWFOF'3VILLE, FLORIDA 32327

<004 S28-3S47

tune ll, l976

Sub! ect: Optimist Program
Dear Dr. Livingston:

The response from your presentation of the Blue
Crab habits and ecological effects if the Apalachicola
River is altered by ALab"ma and Georgia interest was
tremendous. I feel sure Ray Wheeler, Program Chairman
for the Wakulla Chamber of Commerce, will contact you
for a presentation before that association, since the
survival of the blue crab directly affects 27% of the
work force in the county.

Z look forward to receiving the advance copy
of your group's study, the past and future newspaper
articles, and further communication in.-this respect.
I

Enclosed is a copy of the Blue Crab Festival
program similar to that which we will use this year and
any article explaining your research will be appreciated
and well distributed.

Please stop bv to see me if you are in Crawfordville
and again, thank you in behalf of the Optimist Club.

~Q~
chael Carter

JMC/hmt

cc: Mr. Bob Morgan, Optimist President
Mr. John Burke, Program Chairman
Mr. Walter Dodson, Wakulla Chamber of Commerce President
Wakulla News

ll h~
Program Chairman

Dr. Robert Z. Livingston
Biology Department
Florida State University
Conradi Building
Tallahassee, Florida 323l3

Optimist Club Program Cceeitteeman
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OeceICer-20, 1976

Or. Robert J. Livingston
Florida State University
Department of Biological Science
Tal'tahassee, Florida 32306

Dear Dr. Livingston:

I received your letter of December 17, 1976. concerning the
hyacinth problem in Apalachicola Say.

Me are of the opinion that our spring spraying of the creeks
is not a loss of breeding habitat. I have tried to make clear that
hyacinths are detrimental fn these areas and we want to II!ntain them,
both to insure quality habitat and quality recreatton- poteitial.

I have come to regard the marsh area as too complex a system
for us to infringe upon and believe if we concentrate our efforts on the
area above the marsh we can accomplish the desired objectives. I believe
I showed you enough information on the herbicide 2,4-9 to adequately
demonstrate that our use on hyacinths upstream would have no direct effect
on invertebrates in the marsh. This is why I believe we Coold have a
program in these upstream creeks in September and October. I womM 1!ke
your opinion on this point.

The County Comeission felt obligated to speak for the fishermen
when they requested we not spray the creeks in the spring. I «m asking
they reconsider whether the fishermen wish us to cease our program. Ife
cannot spray in February before the fishing season as they suygeeted.

RANDOLPH R. THOMA8, Chetrmerr K P, "8ONNY" SURNETT, Vki Otelrmart HOWARD ODOll DONALD' O. pNNRO ADA e«ORIM 4, liATTHIWS
JeatteortvNo T«tttte Mertertrte OHCWf%meh



Gr. R.J. L!viogaton / Jerry Krummr ich
December 2O, 186
Pale 2

As fet i speNfic,program, we ee!d like to spray as needed
e'er. of the creeki along thi Jackson River from Lake Mimico to theApa3acMco!a River. Other upland creeks which would need very littletouch up" maintenance spr~ing are Upper Chipley Creek, Big St. Nark's above tressel!, East River and East River Cutoff  above tressel!. As
I stated in last year's proposal we can accomplish our ob!ectives and
never spree en the marsh side of the railroad tressel.

Ie- feel that keeping the hyacinths under control at these times
wiO keep down- the rafts of hyacinths in the marsh and biy in the suer.

Qe ~id like to spray these creeks described above fn February,
Natch aaC Aphid and $n September and October. Our spray schedule wouldINebahg he only two days par week and we could work this out more definitelylf gee felt it neCeseary. Me dO uSually try to not spray when the fiSham be444sy ae5 would certainly feel proud if we could satisfy ourselves
Chat we pet tNe hyacinths on maintenance $a seve creeks before April,
but as you are mls aware, tt takes time to work on this problem.

Last year you s~d satisfied that our operations and 2,4-Dvere eeC directly harmful to the cceeercial fishery and that restricting
elf' eNorts to help sport fishermen, if +warranted, was not necessary.
However, the Franklin County Commission was never convinced of tMs.Ef ee «re going to spray at all we will want to intelligently strive to
be eff~ve, is outlined hy creeks and seasons. If we are going tospray l need te coordinate with you and the County -Coamissien and planoct, c~rise our spray operation wi'll be less effective. If we are notgOIIInl 1e spray at all, it wou!d be best to determine that at this time

af40o I Teok forward te your reply and to working together on this
Sincerely,

Jerry T. Krewr!ch
Regional Aquatic 8otanist

JTKfbep

cc: Frinklle County Comerlssion
CNyton Phi'llippy
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December 22, 1976RORER1 L. HOWS.L
C4rk Grculr Ceurr

Florida Game and Fresh Mater
Fish Commission

P. 0. Box 128
DeFuniak Springs, Florida 32433

Attention: Jerry T. Krummrich
Regional Aquatic Botanist

Dear Nr. Krummrich:

It is the desire of the Board of County Commissioners that
you spray and control the hyacinths in the area as stated
in your letter af 13 December but would you work aut, the
schedule with Dr. Livingston. Any schedule he works out
vill be satisfactory to the Board of COCin'ty Commissioners.

Sincerely,

g~g~~ Pn~P
Ro'bert L. Howell
Clerk Circuit Court
Franklin County, Florida

RLH:mmj

cc: Dr. Robert J. Livingston

I presented your letter o 13 December 1976 to the Board of
County Commissioners pertaining to the spraying of hyacinths
in the creeks along Jackson River. I also presented your
copy of a letter to Dr. Robert J. Livingston dated 20
December 1976 pertaining to the same subject.
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 904! 488-4925
February 1, 1977

D8ar Skipe

1 want, to confirm your rescheduled briefing to the Division of
State Planning on the Apalachicola River basin. The new meeting is
now set for Wednesday, February 2, 1977, at 9 a.m. in our third floor
conference room.

Sincerely,

EWT/SF/kb

Dr. Robert J. Livingston
Department of Biological Sciences
Florida State University
Tallahassee, Florida 32306

Eastern W. Tin,
Chief, Bureau of Land

and Water Management

,�~g Y



STATE OF FLORIDA
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Division of State Planning
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32304

 904! 488-1115

Li.Oev J. H. Jim W!rt>am<
~ OCWTAAe AR AONOItAtRAnAe

January 17, 1977

Dear br. DeBusk:

I have invited Dr. Robert J. Livingston of your department to meet
with representatives of each of the bureaus of the Division of State
Planning in a division-wilde meeting on Friday, January 21 at 10:00 a.m.
The Division of State Planning is going to be coordinating a Resource
Management and Planning Program for the Apalachicola River and Bay and
we feel that Dr. Livingston's attendance at this meeting is of crucial
importance.

RGgIjr/EL/km

bos or. Robert J. Lfvtoeetoo v

Dr. Gib DeSusk

Chairman

Department of Biological Sciences
212 Conradi Building
The Florida State University
Tallahassee, Florida 32306

S incerely>

R. G. Mhittle, Jr.

State Planning Director
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September ll , 1975

Dr. Robert J. Livingston
Biology Department
Conradi Building
Florida State University
Tallahassee, Florida 32306

Dear Skip:

As one of my first duties as newly appointed Research Coordinator
for the Bureau of Coastal Zone Planning, X am happy to acknowledge
receipt of a copy of the compilation of the results of your field
and laboratory studies  Sea Grant Project 4R/EM-l!. The delay
in response reflects the lack of an encumbent in my position; Bruce
judged it best that the new Coordinator restore our close relations.
Xt will certainly be my pleasure to resume and maintain a close
working relationship, for your efforts have been the best
representation of the letter and spirit of tge Sea Grant Program.

Hope to see you soon.

or
Eohe

TS/ses

cc: Bruce Johnson

CROWN SUII.DING / 302 QiLOUNT STRI'.ST I TAI.LhllASSEK 33304

RWON O'L ASKEW
Ooeeroor

WOCR A. SQATIIYRS
Scerel~ of Qicic

IONaT I SIII:VIN
Allot' Qeoerli

OCRALO A. t.KwiS
CowpiroNcr



'KmHeb %fees Nemafe
%AOHIN»TON, O.C ~IO

October 5, 1976

Dear Dr. Livingston:

Just a note to let you know T. appreciate your
sending me a copy of the transcript of the
Conference on the Apalachicola Drainage System
from earlier this year. I hope to have the
opportunity to read the study in its entirety
and will certainly give this research thorough
consideration in my future dealings with
planners from the Army Corps of Engineers.

Once again, your thoughtfulness is most appre-
ciated.

LC/dr/SF4e-3/H

Dr. Robert J. Livingston
Department of Biological Science
Florida State University
TalLahassee, Florida 32306

g

ACOIIOO»IAT»»N
%ÃSOCF

OPRRATIOOM
~ OONINTIO» C»I AOIHO
ADITI' COMMCTTOK OIC

C~I»NON l&IÃATIOHO
M ~lW ~ 00 IIIOIIEE
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December l5, 1976

Dr. Robert J. Livingston
Associate Professor
Department of Biological Science
Florida State University
Tallahassee, Florida 32306

Dear Skip:

Thanks very much for your letter of November 30, 1976 offeringyour services for aiding in designati.ng Apalachicola Bay andenvirons as an estuarine sanctuary. We very much appreciateyour offer and we never take significant action involving this
area without consulting with you.

Pursuant thereto, please find enclosed a 1st draft of a prelimi-nary preapplication to oczM for such a sanctuary. Your ccmsRentsor advice are solicited. We are expecting Bob Kifer from OCMdown. here shortly and if convenient, would like to have you withus when we meet on this subject. We will keep you advised.

Bureau of Coastal Scme Planning

DIVISIONS I ADMINISTRATIVESERVICES ~ LAWEIIFORCEMIINT ~ MARIIIERMOURC SRECREATIOIt AND PARKS ~ RESOURCE MAIIAOEMXHT

BJ/rh
enclosure
cc: Harry McGinnis

Since ely,

B e Johnson, Chief

aNNsI oe. ABRRW
OeWIRrlr

BRQCR A. SMATHSR3
Secretary ef Slate

ResRRT L. BIIEvlH
AINNrrey Qerreral

OSRALO A. LEWIS
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December 20, 1976

Nr. Robert Knecht, Administrator
Office of Coastal Zone Management
National Oceanic and Atmospheric

Administration
3300 Whitehaven Street, N.W.
Washington, D.C. 20235

Dear Bob:

On behalf of the Conservation Foundation, I am inviting
you to a one-day forum on the national stake in the resource
of the Apalachicola River Basin, in the panhandle area of
North Florida. We will be meeting January 7, beginning at
9:30 a.m. at the Foundation. Lunch and h short cocktail
period. at, the end of the day will break up the working
agenda. I hope you can join a small group of local, state
and Federal officials interested in research and management
priorities for this valuable ecosystem.

Both state and federal qovernments have imp=rtant land
hoMings in this area. The ecosystem is intact and contributes
to the livelihood of local oysterm~.n and @owing agricultural
operations. Industrialization and recreatic nal development
have, yet to exert stronq pressure in the area, though St.
George's Island, a barrier island at the mouth of the estuary
has been the subject of disputes ove~ second home development.

The recent decision by the Florida Governor and Cabinet
opposing the cross-Florida barge canal project sugge.;ts a
reexamination of the longer term agenda for the Apalachicola
The state is also making efforts to implement coastal manage-
ment objectives with a new state task force. The c.cosystem's
complex relationships betw en fresh and salt waters afford
an opportunity to address both values. T;.. Apalachicola
will be an early priority far significant management decisions.

The opportunity for setting a coordinated research and
management agenda exists now. Th's meeting between stato,
federal and local interests can tike place b ',.ore confront-
ation has made dialogue and some rnea.;.ure of cense:nsus



Page 2

i.npossible. I look forward to discussing possible goals and
directions informally at this early stage in the area's
growth process.

Please let us know whether or not you plan to join us
on the seventh by calling Laura O' Sullivan at �02! 797-
4362.

With best wishes for the holiday season,

Sincerely,

William K. Reilly
President

Encl.
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APALACHICOLA HZETXNG

January 7, 1976

CF Conference Room

~11M

State and Local Needs and Priorities9:30 AM

� Overview and Slide Presentation on
Ecosystem � Robert J. Livingston

- Franklin County

- Apalachicola River Basin

� Regional Interest

� State Perspective

Lunchl2:00 Noon

1:30 PX

4:15 PN Cocktails

John Clark
Convenor

The National Stake in the Apalachicola

- Open questions on the research needs
and management objectives for the
Apalachicola system. Round table
discussion with Federal representatives.





INVITEES - APALACHICOLA MEETING

F. Leroy 3ond
Associate Deputy Chief
U.S. Forest Service
Department of Agriculture
South Building
12th and Independence Avenue, S.W.

Washington, D.C. 20250

Mr. William Butcher
Director
Office of Water Research and Technology
Departmentof the Interior
Washington, D.C. 20240

, Robert Eastman
0hief, Division of Resource Area Studies
Bureau of Outdoor Recreation
Department of the Interior
19!Q Copstitgtipn,Avenue� g.W.
WasWixigton, D: C. 20240

l

Richard Gardner
Deputy Assistant Administrator
Office of Coastal Zone Management
National Oceanic and Atmospheric

Administration
3300 Whitehaven Street, N.W.
Washington, D.C. 20235

Lynn A. Greenvalt
Directo
U.S. Fish and Wildlife Service
Department of the Interior
Washington, D.C. 20240

Rebecca Hammer,
Director, Office of Federal Activities
Environmental Protection Agency
401 M Street, S.W.
Washington, D.C. 20460



William McCartney
Executive Director
Northwest Florida Water Management District
325 John Knox Road

'" ., Tallahassee, Florida 32303

Dr. Ralph J. McCracken
Associate Administrator

. Agricultural Research Service
,' U.S. Department of Agriculture

Washington, D.C. 20250

Peter Ramatowski.
Assistant Director
Planning and Assessmet
Water Resources Council
2120 L Street, N.W.
Washington, D.C. 20037

og l a~~ <uckenRobert Shevin, Esquire
Attorney General
The Capi+ol
Tallahassee, Florida 32304

Harmon Shields
Department of Natural Resources
Crown Building
202 Blount Street
Tallahassee, Florida 32304

.Eastern Tin
Chief, Bureau of Land and Water Management
Division of State Planning
Department of Administration Qo f+
660 Apalachee Parkway
Tallahassee, Florida 32304

oq- ~iic<~~
Cecil Varnes
Chairman, County Commission
Franklin County
Apalachicola, Florida 32320

Kenneth Woodburn
Environmental Advisor
Office of the Governor
The Capitol
Tallahassee, Florida 32304



Attendance List

Forum on Apalachicala River

Name Organisation Phone

Forest Service �02�47-7465
FIA Attorney General's Office  904�88-7033
Fla. Qme aFReshwater Fish Comm. 904�88-6661
Fla. Department Env. Regulation  904�88-4807

Treasurer of Fla.  904�88-5796
Fla. Dept. of Natural Resources  904�87-1715
Pla., Bur. of Land a Water Mat.  904�88-4925,

COE �05�90-25ll
Office, Chief of Eng. �02�93-7093

NW Pla. Water Mgt. Distirct  904�87-1770
FWS 343-8095
PÃ$, Atlanta,. Ga. �04!881-5781
OCZMjmoAA ' ' 634-4241
CP 797-4337
CP 797-4360
Pla. State Univ.  904! 644-1466
EPA Region 4 �04! 881-4727
EPA, Wash., D-.C.; �02! 426-2704

Franklin County, Fla.  904! 653-8861
OCZM NOAA 634-4235

Ann H. Berger
Prank T. Carlson
Lillian F. Dean
Thomas S. Talley
Lawrence R. Green
Heyh A . McClellan
William Simms
Rice Odell
Jeff Zinn
Qir. Phillip C. Johnson
Tim Mayvalt
Michelle Lodge
Robert L. Eastman

. R.N. Housley
iten Tucker
Dhn Dunford
Vicki Tschinkel
Nargarita Castellan .
Charles R. Futch
Eastern W. Tin
Charles X. Blalock
John R. Hill, Jr.
Louis J. Atkins

. Allan Hersch
Joe Yovino
Richard Gardner
John Banta
John Clark
Robert J. Livingston
T.T.  Trux! Moebs
Vance Hughes
Robert L. Howell
Bill Millhousex

OCZM 634-4235
OWRT-DOX 343-2101

The Research Group �0477-1341
USFWS-DOI  904�69-0552
COE - Mobile �05�90-2777
COE - Mobile �05�90-2724
COE-Wash., D.C. GX3-1590
CP 797-4351
CF 797-4342
OCZM- Marine Sanctuaries �02�34-4243
HUD-FXA �02�26-1891

Apalachicola Times  904�53-8868
Bur. of Outdoor ~c,�02! 343-4793



February 1, 1977

Dear Dr. Livingston:

This is to confirm your recent phone conversation with mmtmrs of
the Office of Coastal Zone Management staff requesting you to
address the Coastal Zone Management Advisory Cermittee at its next
meeting in Tallahassee. We are pleased that you will be able to
join us on February 23 and welcome you to attend the entire meeting.

We are interested in hearing your presentation on the proposed
Corps of Engineers' dam project along the Apalachicola River.

Enclosed for your information are an agenda and a list of the
Caamittee membership.

Thank you for your assistance. We look forward to a productive
meetiqg. The Comrkttee staff will be in touch with you regarding
final arrangements.

Sincerely,

William C. Brewer
NQAA General Counsel
Chairman, CZM Advisory Committee

Enclosures

«li

Dr. Robert Livingston
Associate Professor
Biological Sciences
Conradi Building, Room 213
Florida State University
Tallahassee, Florida 32306

UNITED STAT58 OEPARVNENT OF COINNgggE
h

Coastal Zone Management Advisory Committee
3300 Whitehaven Street, N.W.
Washington, D.C. 20235
202/634-6791


