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APPENDIX A 
OVERVIEW OF SAMPLING PROGRAM IN NORTH FLORIDA COASTAL AREAS 

1. Apalachicola Bay System 

a. Physico-chemical measurements. (All stations, surface and bottom; March, 
1972-present; minimum at monthly intervals. Temperature (air), river flow and 
rainfall data from Atlanta, Georgia, to Apalachicola, Florida, (monthly, 1920-­
present) are also on files in the data base) 

temperature (OC) 
salinity (ppt) 
dissolved oxygen (ppm) 
turbidity (J.T.U.) 
color (Pt-Co units) 
depth (m) 
pH (since 1974) 
Secchi readings (m) 
chlorophyll a (discontinued 9/76) (µg t-1) 
orthophosphate (discontinued 9/76) (~g P .Q,-1) 
nitrite (discontinued 9/76) (µg N t-1) 
nitrate (discontinued 9/76) (µg N t-1) 
silicate (discontinued 9/76) (µg Si t-1) 
ammonia (discontinued 9/76) (µ g NH3 rl) 
organochlorine compounds (pesticides, PCB's, etc.) (monthly, 1972-74) 
heavy metals (1983) 
B.O.D., C.O.D. (1983 

b. Sediments. (representative stations, monthly intervals, 3/75-2/76) 

grain size (phi units) 
organic content (% dry weight) 

c. Detritus. (macroparticulates: all stations, monthly from 1/75 to present). 
microparticulates: mouth of Apalachicola and Little St. Marks Rivers, monthly 
from 8/75 to present) 

macroparticulates (by species or type, g dry weight) 
microparticulates (sieve intervals; 45µ, 88µ, 125µ, 250µ, 500 µ, l mm, 2mm; 
g ash-free dry weight) 

d. Phytoplankton analysis (Iverson et al.). (selected stations, monthly intervals; 
7/72-9/76) 

qualitative (species) anallsis 
productivity (ng C m-3 hr- ) 
limiting factor analysis 
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e. Grassbed (Vallisneria americana) analysis. (macrophyte samoles, m2, monthly 
from 11/75 to 7/77) 

By species biomass (g dry weiqht) 

f. Litter-associated assemblages. (stations SA, 1, and lX; quarterly and/or 
monthly from 4/74 to l/77) 

By species (numbers and biomass, q ash-free dry weight) 

g. Benthic infauna. (stations l, lX, 3, 4, 4A, SA, SB, 6); 10 repetitive 
cores/stat1on; monthly, 1/75 to present); weekly (station 3, SA, Marine 
Lahoratory:l0/82-present) 

ny species (numbers and biomass g ash-free dry weight) 

h. Grassbed assemblages. (stations 4A and 4B; monthly from 11/75 to 7/77) 

By species (numbers and biomass In q dry weight) 

i. Iejbenthic fis_hes and invertebrates. (otter trawls; all stations, 3/7? to pre­
sent. TrammP'l nets and seines, various stations) 

j. 

Ry species (numbers and biomass in q dry weight) 

Stomach. contents, fishes ~lominant. s£_ecies) and blue crabs. 
mont.hTYfrom 3/75 to TI /7 ----

(all stat.ions, 

Ry group or species accordinq to month, size class, and station biomass (q ash­
free rlry weight) (Peter F. Sheridan, Roger A. Laughlin) 

k. ?o~lanktg_!:'... (?O? 11 mesh nylon net; monthly from 11/73 to l?/74) 

Ry specips (numbers, biomass, q rlry weight) (H. Lee Edmisten) 

l. Larval fishes. (505 11 plankton net; monthly from 11/73 to 12/74) 

By specit~s (numbers) (~arry Rlanchet) 

m. Meroplanktg.!!_. (303 11 plankton net; weekly, 10/8? to present; stations 3, SA, 
Marine Laboratory) 

n. Fisheries rlat.:1. (key corrmercial species; Florida Department of Natural 
Resourcesl~----

(monthly from 1Q55 to present) 

? • ~l~~~ee flay Syste_!!l. 

a. Physico-chemical measurements. (all stations, surface and bottom; June 1971-May 
T9/if;--afl"minimum} monthly intervals) 

temperature (DC) 
s a l i n it y ( pp t ) 
dissolved oxygen (ppm) 
turbidity (.J.T.U.) 
color (Pt-Co units) 
depth (m) 
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pH (discontinued in 1974) 
Secchi readings (m) 
chlorophyll ~(discontinued in 1975) {µg 2 -1) 
orthophosphate (discontinued in 1975) (~g P 2-1) 
nitrite (discontinued in 1975) (µg N 2 -1) 
nitrate (discontinued in 1975) (µg N 2 -l) 

b. Sediments. (representative stations, October 1972; November 1972; February 
1973; monthly, November 1976 - December 1978) 

c. Phytoplankton analysis (Iverson and Bittaker). (selected stations, monthly 
intervals, ElO-Fll, Ell-Fl4, T21; January 1972-1975) 

qualitative (species) analysis 
productivity (ng C m3 hr-1) 

d. Benthic macrophytes: lon -term chan es. (monthly from March 1972 - May 1979, 
at certain permanent stations 

by species, m2, g dry weight 

e. Benthic infauna: seasonal variability. (same stations as sediments; 10 repeti­
tive cores/station; monthly, 11/1976 to 12/1978} 

by species (numbers and ash-free dry weight/m2) 

f. Short- and lon -term variablit of e ibenthic fishes and invertebrates (numbers 
and bi om ass 

Seine: marsh stations, 1972-1975 
TraITTTiel nets: Offshore stations, 1Q74-1975, 1976-1978 
Multiple otter trawl tows (7.2 min./station) monthly, E7, E8, £10, E12; F9, FlO, 

Fll, Fl2; 6/72-5/79; quarterly, all stations, 6/72-5/79) 

g. Tro hie relationshi s stomach contents of fish assembla es in A alachee Ba • 
top 28 species, by numbers, all stations, monthly from 6 972 to 12 978 

biomass by group or species, according to month, size class, and station (g ash­
free dry weight) 

h. Trophic interactions of the pinfish (Lagodon rhomboides) with key biological 
variables such as macro h tes and benthic invertebrates in A alachee Ba 
Allan W. Stoner 

i. Nocturnal feeding habits of fish assemblages in Apalachee Bay (Joseph D. Ryan) 

j. Da /ni ht and seasonal varibilit of e ibenthic invertebrate distributi n (Holly 
S. Greening 

k. Seasonal variability of larval fishes in Apalachee Bay (Kathleen Brady) 

1. Trophic relationships of decapod crustaceans (K. Leber) 
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APPENDIX B 
COMPUTER PROGRAMS FOR ANALYZING FIELD AND LABORATORY DATA 

1. Special Program for Ecological Science (SPECS): System Overview 

a. Introduction 

Long-term field studies in which diverse habitats are regularly sampled 
for a variety of organisms and physical-chemical factors amass larqe amounts of 
data. Orqanization 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 software 
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. 

The SPECS system has been written mostly in the FORTRAN programming 
language. A few subroutines are written in the Control Data Corporation (CDC) 
COMPASS assembly language. SPECS operates on a CDC 6500 or CY8ER 74 computer 
under the KRONOS operating system. 

b. Organization of the System 

Data storage 

Field and laboratory data on physical-chemical parameters and fish, inver­
tebrate, and plant populations are assembled and punched on standard 80-column 
cards or entered directly via a computer terminal. Upon completion of a preli­
minary edit a program is executed to add the 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). One tape is always the "current" data base, the other 
serves as a backup. Upon each addition of new information the taoes reverse 
roles. 

Raw data information is also copied to a raw-data tape. This tape serves 
as an additional backup copy of information (although it is not in data-base 
format). 

User Programs 

All user programs, procedure files (predefined sets 
operating system commands), program libraries, and active data 
computer-center disk packs (for rapid access). Most of the 
stored as a single file on one o~ these disks. 
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This file contains one larqe program which has been structured in an 
overlay format having one main overlay and nine secondary overlays. Secondary 
overlays perform the majority of system functions, such as loading data, 
sorting, calculating biological indices, preparinq for qraphics and statistics, 
etc. The main overlay simply fields a SPECS system command and calls for the 
loading of a secondary overlay. 

Library Programs 

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

c. ~ation of the System 

All programs in the system are desiqned to be operated from a remote tele­
type or CRT terminal. System operation is interactive in that there is two-way 
communication between the user and the program. The user guides the program 
through each steo of analysis by entering commands or other information in 
response to questions displayed by the program. 

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 program 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 command. 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 commands are not needed. Once an active data 
file is available for use, the user selects from among a group of commands that 
initiate execution of secondary overlays which perform analyses of active data. 

Upon completion of an analysis, 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. Active data files or other 
intermediate files may be saved if they will be used again. This option is 
especially valuable if an important file has taken a long time to generate 
(that time need not be invested again). 

d. Summary 

The SPECS system consists of a collection of programs written expressly 
for the storage, retrieval, and analysis of long-term ecological data. Some 
programs perform direct calculations or data manipulations while others serve 
as interface programs that prepare data for higher level (and widely available) 
program packages. 

Interactive design affords a person with limited computer background 
immediate access to a broad-based data file. It also facilitates a raoid, 
relatively inexpensive yet comprehensive analysis with great flexibility of 
access to data and forms of analysis. All operations are carried out at the 
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terminal; new options can be added easily; and routine periodic updates of the 
data base are easily made. This gives the biologist the use of a sophisticated 
computerized software system as a research tool. 

e. Capabilities 

(1) Data Storage 

(a) Physical-chemical data (by area, station, date, time of day, and depth) 
-dissolved oxygen, color, turibidty, Secchi disk depth, temperature, pH, 
river flow, rainfall, bottom type 

-nitrate, phosphate, ammonia, water-column productivity 

(b) Fish and invertebrate rlata (by area, station, date, and time of day): 
-genus and species, number of individuals, mean size (with standard 
deviation), biomass (ash-free dry wt.), sex (invertebrates only) 

(c) Plant data (by area, station, date, and time of day): 
-genus and species, total wet and dry weight sterns and roots (wet and 
dry weight), tops (wet and dry weight) 

(2) Data Processing 

(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 cornbinaton of these 
-biological data sorted hy 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 Index) 
-Species Diversity (Simpson index, Brillouin Index, Shannon Index, 
Mcintosh/indices, Hurlbert's E(Sn)) 

-Species eguitablity (Brillouin J; Shannon J') 

(3) Graphics 

-for any area, station or group of stations, range of dates, or time of 
day): plotted as a function of time or any other variable 

-all physical chemical variables 
-fish and invertebrates 

a) number of individuals (single species or collective total) 
b) average size 
c) dry weight biomass (single species or collective total) 
d) number of species 

-plants 
a) dry weight biomass (single species or collective total) 
b) number of species 

-Versatec high-resolution electrostatic plotter 

(4) Statistics 

-for virtually any set(s) of numbers that can be generated by any other 
routine in the system 
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-linear reqression, Student's t-tests, non-parametric correlations, 
discrimin~nt analysis, factor analysis, scattergrams, analysis of 
variance (one, two, and three-way), multivariate ANOVA, canonical 
correlations, etc. 

(a) Cluster analysis 
-cluster by species, station, or time 
-total flexibility in how species, stations, and dates are grouped prior 
to analysis 

-selection of similarity index from among Orloci's standard distance, 
product moment correlation, Fager, Jaccard, Sorenson's, Webb, Kendall, 
Czekanowski, Canberra metric, C-lambda, rho, and tau 

-selection of clustering strateqy from among unweighted pair group (~rp 
avg), weighted pair (centroid) grouping, nearest neighbor grouping, 
furthest neighbor grouping, median qrouping, and flexible grouping (with 
beta) 

(b) Dendrogram 
-for any output from cluster analysis 
-three scales available 

(c) Data reduction by 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 

(fish, invertebrates, and plants) 
-mean, standard deviation, and range of values over any specified time 
period (for each of 12 physical-chemical parameters) 

-trophic analysis - diet summary of food items (user-defined classes) 
-C-lambda (for any area, station or group of stations, date or range of 
dates, and times of day) 

(d) Data smoothing 
-moving average (number of time units optional) 
-seasonal adjustment 
-data tapering and trend adjustment 

(e) Time-series analysis 
-autoregressive moving average approach (Box-Jenkins methodology) 
-spectral analysis 

(f) Mapping 
-physical-chemical data, macrophyte data, fish or invertebrate species 
population totals mapped for all stations in study areas (by month) 

(g) Data base update 
-modification of any field in a data base record or records 
-deletion of data records 

2. "MATRIX" Program System: Summary of Capabilities 

a. Introduction 

The term "matrix" as used here refers to a form for holding numbers. It does 
not have any algebraic connotations. A two-dimensional array (or table) is one 
very useful and frequently encountered form for the presentation of numbers. In 
a table (see below), basic units (cells) that contain numbers are arranged in 
rows and columns, where the cells of any single row or column (vector) are 
generally related in some way. A table of numbers can be considered a two-
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dimensional matrix. A three-dimensional matrix (see below) comprises a series 
(or set) of tables, where each table (plane) contains the same number of rows 
and columns. All the numbers in a singrenlatrix plane are usually related in 
some way. 

ROWS 

COLUMNS ----> 

c 
B c 

c 
R R CiB R R 

c 
Matrix 

two-dimensional form 
(table) 

ROWS 

COLUMNS ----> 

A 

PLANES 

Matrix 
three-dimensional form 

In the above diagrams, each cell in a sample column vector has been 
labelled with a "C", each cell of a sample row vector with an "R," and each cell 
of a plane vector with a "P." 

An individual row, column, or plane may be referred to by a number, and 
numbers are, by convention, assigned in order (starting with 1) in the direc­
tions indicated by the arrows in the diagrams above. Thus all the cells labeled 
with "C" above are contained in column "3." An individual cell in a matrix can 
always be referred to by a unique set of three numbers, one each for its posi­
tion by row, column, and plane. Thus the locus for the cell labelled "A" above 
can be described as row 1, column 2, and plane 3, or alternatively, "(1,2,1)." 
The three numbers can always be assigned, even if the matrix is effectively two­
dimensional, as in a table, or even one-dimensional (e.g., a "matrix" might 
simply comprise a single cell). The point "B" above could be located by 
(2,1,1), where all the cells in a table would be assiqned plane number 1. A 
cell in a single-cell "matrix" would therefore be located at (1,1,1). 

b. Rationale for the MATRIX System 

There are two underlying reasons for the development of the MATRIX system. 
First, many analytical program packages such as SPSS, BMDP, MINITAB, PLOT-10 
Easy Graphing, and the SYMAP spatial mapping system require input data that is 
either in row and column form or in some other special form in which all data 
points to be utilized occur together (and sequentially). Second, many raw data 
files contain data points that, for a certain desired analysis, are in some way 
dispersed throughout the file; they must be "brought together" prior to analy­
sis. Data points to be analyzed toqether miqht even be scattered over several 
raw data files. This dispersion of data points can be especially troublesome 
if, over a long period of time, many different kinds of data (each with a dif­
ferent format) are collected and entered as computer data files. 

The above conditions result in what could be called a "format gap." There 
are two aspects of this gap: one is that the raw-data format is not suitable 
for direct entry of the data into an analytic routine; the other is that data 
points required for an analysis do not occur together. The MATRIX program 
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system was developed as a utility (i.e., a too1) to aid an investigator in 
pulling together all the data required for a desired analysis and preparing the 
data for direct use by other analytic systems. 

c. MATRIX System Design Considerations 

The principal design consideration for MATRIX was flexibility in input 
data formats, retrieval and grouping of raw-data file values, and in manipula­
tion and presentation of matrix file contents. Flexibility was achieved mostly 
through generalization of program code; MATRIX was written without any fixed 
input file formats so that the system could be used on a variety of input data 
types. Furthermore, when a matrix is produced from raw data, the user is 
offered a high degree of flexibility regarding which file values are retrieved, 
where they are positioned along a matrix dimension, and how they are "pooled" 
in the matrix cells. Once a matrix has been created, any of several manipula­
tive operations can be performed on the data. Since these operations simply 
act on matrix rows, columns, and planes, they are effectively available for use 
with any MATRIX-compatible input file, regardless of the original format. 

Other design considerations were adaptability and allowance for user 
creativity. The MATRIX system has been coded in such a way that as new higher­
level package programs become available or new functions are desired of MATRIX, 
the changes necessary to incorporate the new features will require a minimum of 
programming time. There is considerable room for creativity in the use of the 
MATRIX system; manipulative functions currently available under MATRIX can take 
matrices apart, "twist" them around, change the contents, and piece them 
together. It is left entirely up to the user to become familiar with the power 
of these operations and to envision their application to specific problems. 

d. Summary of MATRIX Functions 

Listed below are brief descriptions of the functions performed by MATRIX 
system operations. 

GENERATE -- Produces a numeric data matrix file of 2 or 3 dimensions from an 
input file containing alphanumeric storage keys and numeric data variables. 
The program provides for complete user definition of row, column, and plane 
contents, automatic insertion of missing values, and pooling of qualified 
retrieval values by summation or averaging. Storage keys are written along 
with data to serve as row, column and plane labels. 

READ -- Loads the data and label information from a previously generated matrix 
file. 

VIEW -- Displays (to the terminal) a subsection of the data points contained in 
the currently active matrix file. User defines the extent of row, column, 
and plane dimensions for a desired submatrix (which may be the entire 
matrix if it is 2-dimensional). 

DESCRIBE -- Lists the labels assigned to rows, columns, or planes. This func­
tion is helpful in determininq the contents of a matrix. 

EDIT -- A 11 ows the user to modify contents of a matrix. A user may change 
labels, cell values, contents of a vector (single row, column, or plane), 
or the missing value code assigned to a matrix. He may also add a vector 
to an existing matrix. 
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REPORT -- Similar to VIEW, but the display is written to a separate file that 
is suitable for printing. The display is also more informative than that 
of VIEW because: 

(1) labels are written along with data points; 
(2) an optional title is provided; 
(3) the program performs report paging; and 
(4) marginal totals can be reported (at user option). 

SUBMATRIX -- Extracts a user-specified subsection of a larger matrix. A new 
matrix file (complete with labels) is created containing only the selected 
portion. 

MERGE -- Combines two existing matrices into one, with the following 
restrictions: 

(1) Both matrices must have the same missing-value code; 
(2) At least two dimensions of the matrices must be equal (e.q., 

each matrix has 25 rows and 3 planes). 
A new matrix file (complete with labels) is created. 

TRANSPOSE -- Reorients the dimensions of a matrix in one of 2 ways: 
(1) interchanging the rows, columns, or planes; 
(2) making a three-dimensional matrix into two dimensions. 

A new matrix file (complete with labels) is created. 

STATISTICS -- Computes and (optionally) displays matrix marginal statistics 
including total, mean, standard deviation, number of missinq points, and 
number of nonzero values. Statistics can be computed for either rows or 
columns over all planes or a selected plane. A matrix file (suitable for a 
MERGE operation) can also be produced if row statistics (all planes) have 
been selected. 

TRANSFORM -- Allows a user to perform data transformation (e.q., log, square 
root, unit conversion) and/or standardization (i.e., to mean= 0, st. dev. 
= 1). Also permits computation of linear combinations of variables. 

PREPARE FOR PACKAGE -- Strips a matrix file of label and header information. 
This function leaves a file containing data points only, which is the most 
convenient form of input to the BMDP, SPSS, and MINITAB statistical 
packages. 

GRAPHICS -- Prepares matrix row or column data for the EZGRAF graphics system. 
A series of EZGRAF "EN"ter data commands are generated and written to a 
file (which is saved) suitable for EZGRAF entry with the "RUN" command. 

MAPPING -- Prepares matrix data for spatial mapping with the SYMAP system. 
Matrix columns must correspond to predefined spatial locations (i.e., 
stations). The user selects which matrix rows are to be mapped. 

SUBSAMPLE SPECIES -- A very specialized function, which performs "species 
accumulation" according to the method described by Livingston et al. (1Q76) 
and "rarefaction" according to the method of Simberloff (1978). 

MENU -- Displays a "full" menu of available system operations (descriptions of 
options are more complete). 

END -- Terminates the MATRIX program system and returns the user to interactive 
communication with the operating system (NOS). 
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e. SPECS Interfaces 

The SPECS computer ~rogram system.(Special Program for Ecological Science) 
was developed for use with the experimental and long-term biological data of 
Dr. R?b~rt J. Livi~gston at Florida State University. While SPECS provides the 
capability to retrieve and sort data-base information and to calculate values 
of biological indices, it has only a limited ability to make these results 
available in a form compatible with higher-level packages such as BMDP, SPSS, 
EZGRAF, and MINITAB. MATRIX can act as a powerful interface between SPECS and 
t~ese ~rograms. The SPECS data base comprises the following types of data: 
fish, invertebrate, plant, trophic, and physical-chemical. Using the SPECS 
LOAD and SORT commands, these data can be retrieved for any area(s), station 
(or group of stations), and date (or range of dates). The resulting file is 
called a load/sort file and may be input to MATRIX GENERATE using one of the 
predefined formats described in Table A. Notice that, for each data type, 
there are several date options. Prudent selection of one of these can greatly 
reduce the user effort required for the collapse procedure soecification. For 
example, suppose a load/sort invertebrate file is input to GENERATE and the 
rows of the matrix file are to be individual months from January 1978 through 
December 1982 (60 months). If the full date format is used, the date key 
values will be listed as individual da""Y$"TYYMMDD). It could be tedious here to 
specify a monthly collapse procedure, because all the numerical assignments for 
the days in 01/78 would have to be entered, then all the assignments for 02/78, 
and so forth for possibly all of the 60 months. If the data are read with the 
ear/month format, the day field would be skipped and the listed values would 

be YYMM i.e., the monthly collapse is accomplished by the format instead of a 
laborious user response). The user could then simply enter 999*1 and a new row 
would be generated for each month. If each row were to represent one of the 12 
months of the calendar year (i.e., row 1 would represent all January's, row 2 
all February's, etc.), the "month only" format would be appropriate. This for­
mat causes the day and year parts of the date to be ignored, leaving only 12 
possible values for the date key. 

The SPECS CALC command computes ten separate diversity, richness, and 
evenness indices along with the total number of individuals and number of spe­
cies. These variables may be calculated for any area(s), station(s), date(s), 
or time(s) of day or any combination thereof (see SPECS manual for details). 
CALC outputs two files. One (keyword OUTPUT) is suitable for printing; the 
other (keyword PLOTDAT) is suitable as input to MATRIX GENERATE. The use of 
the MATRIX program on a SPECS CALC output file is the simplest way to make 
these computed variables available for plottinq and/or statistical analysis. 

The SPECS and MATRIX systems can be run with maximum efficiency if the 
user gives forethought to exactly what information is needed for his analysis. 
A combination of LOAD, SORT, and SLECT procedures in SPECS can be used to get 
an input file for MATRIX with little or no extraneous data. If, for example, 
the fish data for all dates and stations were retrieved to a load/sort file and 
input to GENERATE when only the data for stations 3 and 5A from February 1978 
through June 1980 were needed, two things would happen. First, MATRIX would 
have to read a great deal of nonrelevant data, which would result in wasted 
computer time and money. Second, there would be a very large number of key 
values listed in the collapse procedure, so more user time and effort would be 
required to specify the collapse correctly. The LOAD command causes an entire 
data base to be read. The records that match the load parameters are written 
to an output file. The SLECT command reads a load/sort file and writes the 
records that match its parameters to a smaller load/sort file. If many subana­
lyses are to be run on a group of data, a LOAD command should be used to 
retrieve all the data that will be required for all the analyses; therefore the 
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Table A. Predefined file formats (including lists of key and variable names) to 
accomplish a number of SPECS-MATRIX interfaces. 

File format Key names Variable names 

SPECS Load/Sort File AREA NINO (no. of indiv.) 
-- Inverts (Full Date) DATE (YYMMOO) BIOMASS 
-- Fish {Full Date) STATION NSAMP (no. of samples) 

SPECIES 
TOO 
SEX (invertebrates only) 

SPECS Load/Sort File AREA NINO 
-- Inverts (Date is Year/ YRMON BIOMASS 

Month only) STATION NS AMP 
-- Fish (Date is Year/Month SPECIES 

Only) TOD 
SEX (invertebrates only) 

SPECS Load/Sort File AREA NINO 
-- Inverts (Date is Month MONTH BIOMASS 

Only) STATION NSAMP 
SPECIES 
TOD 
SEX 

SPECS Load/Sort File AREA DRY WT (dry weight) 
-- Plants (Full Date) DATE (YYMMDD) WET WT (wet weight) 

STATION NS AMP 
GENSPE 
TOO 

SPECS Load/Sort File AREA DRY WT 
-- Plants (Date is Year/ YRMON WET WT 

Month Only) STATION NS AMP 
SPECIES 
TOO 

SPECS Load/Sort File AREA DEPTH CHL A 
-- Phys/Chem Data (Full DATE SECCHI RIVFLOW 

Date) STATION DISS02 RAINFALL 
TOO COLOR NITRATE 
OEPTHCODE TURBIDITY PHOSPHATE 

TEMP PRDCTVTY 
SALINITY AMMONIA 
pH 

(continued) 
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File format 

SPECS Load/Sort File 
Phys/Chem (Date is Year/ 
Month Only) 

SPECS CALC Output File 

Table A. (Concluded.) 

Key names 

AREA 
YR MON 
STATION 
TOD 
DEPTH CODE 

AREA 
DATE (YYMMDD) 
STATION 
TOO 

Variable names 

DEPTH 
SECCHI 
DISS02 
COLOR 
TURBIDITY 
TEMP 
SALINITY 
pH 

BRILL DIV 
SHANN DIV 
BRILL EVEN 
SHANN EVEN 
SIMPSON 
MARGALEF 

CHL A 
RIVFLOW 
RAINFALL 
NITRATE 
PHOSPHATE 
PRDCTVTY 
AMMONIA 

OAP 
MACl 
MAC2 
HURLBERT 
TOTNINO 
NSPECIES 

large data base will only be read once. The SLECT command can then be used to 
create smaller load/sort files, which contain the data for specific analyses. 
When these smaller files are input to MATRIX, GENERATE will only have to read 
in relevant data points and the collapse specifications will be easy to enter. 

Currently, all SPECS commands have been placed within the MATRIX operating 
system, and the SPECS system has been reduced to a data access system. 
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APPENDIX C 
REVIEW OF ONGOING RESEARCH PROGRAMS OF THE CENTER FOR AQUATIC 

RESEARCH AND RESOURCE MANAGEMENT (FLORIDA STATE UNIVERSITY) 

1. Over a 11 Scope of Program 

Since 1971, together with undergraduate and graduate students, a multi­
disciplinary array of scientists, and a permanent staff of post-doctoral fellows 
and full-time personnel, R. J. Livingston has put together a series of multi­
disciplinary and interdisciplinary studies concerning various aquatic systems in 
the southeastern United States. Simultaneous laboratory and field studies 
(descriptive, trophic, experimental) have been carried out, and the resulting data 
have been entered into a series of computerized files. Simultaneously, computer 
programs have been developed over the past 10 years that are designed to handle 
short- and long-term multidisciplinary data from various aquatic systems. 

Currently, the data from the 13-year research effort are being compiled and 
organized for publication. These data are also being utilized to design and carry 
out an ongoing field experimental program in a series of freshwater, estuarine, 
and marine habitats. 

Laboratory and Field Bioassays 

A. Single-species tests (seagrasses, macroinvertebrates, fishes; fresh-water and 
marine animals). 

B. Multiple-species tests (macroinvertebrates; freshwater and marine) 

C. Seagrass microcosms 

Field Surveys 

A. Habitat analyses (including pollutants) and biological components 
(productivity, epibenthic fishes and macroinvertebrates, infaunal 
macroinvertebrates) 

1. Spatial comparisons among rivers and associated estuaries 

a. Flint River (Georgia), Chipola River (Florida), Econfina River 
(Florida), Fenholloway River (Florida), Mobile River (Alabama), 
Escatawpa--East Pascagula Rivers (Mississippi), Pee Dee--Sampit 
Rivers, Winyah Bay (South Carolina) 

2. Temporal comparisons (daily, weekly, and monthly intervals; 10-12 years of 
continuous data) 

a. Apalachicola River-estuary 
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b. Econfina River-estuary 

c. Fenholloway River-estuary 

B. Food-web structure of infaunal macroinvertebrates and epibenthic macroinver­
tebrates and fishes (freshwater and marine systems) 

1. Tr~nsformation of species-specific abundance and biomass data into trophic 
units by feeding mode and trophic position in food web 

2. Comparative analysis among systems by feeding mode and trophic position in 
food web (trophic unit) 

3. Analysis of long-term (10-12) changes of food web structure in different 
systems (with and without effects of pollution and habitat alteration) 

4. Interaction of habitat features, primary production, and food web features 

C. Impact Analysis (freshwater, estuarine, marine) 

1. Pulp mill effluents (6 riverine and 5 estuarine systems) 

2. Storm-water runoff (Apalachicola River and Bay systems) 

3. Toxic substances (pesticides, heavy metals) (Flint River, Chipola River, 
Hogtown Creek, Apalachicola River and Bay systems) 

4. Dredging and spoiling (Apalachicola River and Bay system) 

5. Forestry management (Apalachicola River and Bay system) 

Experimental Ecology (Laboratory and Field) 

A. Validation of freshwater bioassays with field data at toxic waste sites along 
two rivers (Chipola River, Hogtown Creek): infaunal macroinvertebrates, epi­
benthic fishes and macroinvertebrates (ongoing' 

B. Validation of bioassays using multi-species microcosms of soft-sediment, 
marine infaunal macroinvertebrates (Apalachicola Bay system and the Yorktown 
estuary, Virginia) (ongoing) 

C. Predator-prey interactions (soft-sediment areas and seagrass beds) (ongoing) 

1. Behavioral ecology 

2. Field effects of predation on prey assemblages 

3. Influence of predator-prey relationships on community structure under 
varying environmental conditions (intra- and intersystem comparisons with 
and without pollution variables) 

4. Relation of predator-prey relationships to community structure and food 
web patterns 

Models: time-series changes of physical, chemical, and biological variables in 
various aquatic systems (ongoing) 

Application of research findings _!.Q. resource management and public education 

145 



Development of the Apalachicola River and Bay National Estuarine Sanctuary 

A. Apalachicola Atlas. 

B. Continuing integration of regional research projects and a broad spectrum 
of educational activities (secondary, undergraduate, graduate). 

C. Input of research data to local, state, and regional planning/management 
authorities. 

2. Center for Aquatic Research and Resource Managment: Personnel (1984) 

Robert l· Livingston (Director) 

Glenn .f. Woodsum (Associate Director) 

DATA PROCESSING/ANALYSIS 

Duane~· Meeter (Associate Investigator: Statistical Analysis) 

Loretta E._. Wolfe (Computer programming, statistical analysis) 

Shelley J. Roberts (Project coordination, data transmission, formation of computer 
files) 

FIELD OPERATIONS 

Robert L. Howell ~ (Field collections, epibenthic fishes/invertebrates) 

BIOLOGICAL ANALYSIS· 

Christopher .f. Koenig (Bioassay, experimental protocols, biology of fishes) 

Kenneth~· Smith (Oligochaete worms, benthic invertebrates) 

Gary.!::_.~ (Polychaete worms, benthic invertebrates) 

Bruce _!i. Mahoney (Benthic invertebrates, experimental ecology) 

William H. Clements (Benthic invertebrates, feeding habits of fishes, experimental 
ecoTogy) 

William R. Karsteter (Aquatic insects, benthic invertebrates, water/sediment 
chemistry) 

John Epler (Aquatic insects) 

Akshintala Prasad (Aquatic plants) 

GRADUATE STUDENTS 

Joseph Luczkovich (Ph.D.) (Predator-prey interactions, fish foraging, experimental 
ecology} 

Jon Schmidt (Ph.D.) (Benthic invertebrates, experimental ecology) 

David Bone (Ph.D.) (Experimental ecology, food web interactions) 

Felicia Coleman (Ph.D.) (Physiological and behavioral ecology) 
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~Custer (M.S.) (Feedinq habits of decapod crustaceans, food processinq by 
benthic invertebrates) 

David Mayer (M.S.) (Ecology of penaeid shrimp, benthic invertebrates) 

GRADUATE STUDENTS (continued) 

Susan Mattson (M.S.) (Benthic invertebrates, experimental ecology) 

Carrie Phillips (M.S.) (Benthic invertebrates, experimental ecoloqy) 

_l. Michael Kuperberg (M.S.) (Interactions of benthic macrophytes and animals) 

LABORATORY ANALYSIS 

Kim Bui:_ton (Rough sorting, sample preparation) 

Howard l· Jelks (Rough sorting, sample preparation) 

Mike Hollingsworth (Sediment analysis, algal studies) 

Stephen!!_. Hol~ (Rough sorting, sample preparation) 

John !!.· Montgomery (Sample preparation) 

Brenda f. Litchfiel~ (Sample preparation) 

Mike Goldman (Sample preparation) 

Frank Jordan (Fish identification) 

Sam Cole (Sample preparation) 

Hampton Hendr~ (Sample preparation) 

Kline Miller (Sample preparation) 

Melani~ Saunders (Data punching) 

l_9_~na Greening (Sample preparation, oliqochaete mounting) 

Carl Felton (Sample preparation) 

David Ringelber_g_ (Sample preparation) 

Sharon Solomon (Sample preparation) 

Sand,t Vardaman (Sample preparation) 

Eric~ MeeteI_ (Sample preparation) 

Carol MeeteI_ (Sample preparation) 

Julia Beth Livingsto!l_ (Sample preparation) 

Sara Van Beck (Sample preparation) 

Cathy Wallace (Data preparation) 
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POST-DOCTORAL ADVISORS 

Kenneth Leber (feeding habits of decapod crustaceans, experimental ecology) 

~Main (Predator-prey interactions, behavioral ecology) 
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Figure A. An overview of the onqoinq research program of the Florida State University 
Aquatic Research Group concerning· lonq-term studies in nine river systems and six 
estuaries in the southeastern United States. 
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