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INTRODUCTION

The computer programs described in this document form part of an effort 
to arrive at an estimate of crude birth rate for dolphin stocks through the 
use of aerial photography. Existing techniques allow the estimation of object U3Vrt4*N

sizes from photographs with great accuracy. These techniques can be applied 
to aerial photographs of dolphin schools, allowing the generation of 
corresponding length distributions for the photographed schools. Needed for
an estimate of crude birth rate is a good estimate of the relative abundance 
of animals less than -on£-vlar--- oTcL in the population. If the relationsTTTp 
between age and length is known, or a reasonable estimate is available, the 
length frequency distribution generated from photographs may be used to 
estimate the crude birth rate.

This report addresses the following queries:

1. With what accuracy can animals be aged by length when taking into
consideration the overlap in lengths of different age groups?

2. Up to what animal length can length-to-age conversions be considered

reliable, given the asymptotic nature of dolphin growth and the
variability in growth rates?

3. How do the answers to the above questions differ given variation in
parameters such as the periodicity of reproduction, and the range of
lengths in each age class?

The final output of these programs is a length frequency distribution. 
This distribution is calculated by taking the estimated percentage of animals 
in each aoe class and multiplying it by_the estimated distribution of lengths
for that aoe class. This yields the percentages of animals in particular 
length classes, which are then summed over all ages to generate the length- 
frequency distribution.

A paper is being prepared which analyzes the data produced by these 
programs. The purpose of this document is to present the methods and ideas 
used in the development of the programs, as well as to describe the function



of the programs developed and to serve as a user's guide to them.

PHOTOGRAMMETRY

length measurements from aerial photographs have been used to estimate 
reproductive parameters for a number of mammal species. The technique has 
been only recently applied to small cetaceans because of technical problems 
associated with photographing these animals from the air. Based upon 
preliminary analysis of field data, this technique should provide estimates of 
animal lengths within 5% of actual size. The technique produces data with a 
consistent negative bias because the movement and orientation of an animal 
will make its apparent length, when seen from above, less than its actual 
length.

DOLPHIN GROWTH

Determination of age from length, which is at the core of these programs, 
depends upon a well-behaved model of animal growth. Perrin, Holts, and Miller 
(1977), and Perrin, Holts, and Zweifel (1975), found that two-phase versions 
of Laird's (1969) growth model work well in fitting the growth of eastern 
spinner dolphins (Stenella longirostris), and the spotted dolphin (Stenella 
attenuata). -------------- 

In these programs the results of Perrin et al. (1976 and 1977) are used 
to generate the mean length for each age class considered. The two papers 
examine three areas in length-to-age conversions: juvenile, adult female, and 
adult male growth. In each paper, Lairds' growth model is fitted to each of 
the three growth curves. The adult curves match fairly closely, but the model 
fits the female curve better and so it is used for the adult phase of the 
length function.

These models were developed using tooth layers for aging, rather than 
years. Hypotheses estimating the number of dental layers accumulated per year 
proposed in Perrin et al. (1977), are as follows:

1. 1.5 layers in the first year and 1 per year thereafter.

2. 1.5 layers per year.

3. 1.5 layers per year until puberty (about 9 layers in males and 5-6 
layers in females) and 1 per year thereafter

For eastern spinner dolphins, Hypothesis 1. appears to be the best supported 
of the three.



POPULATION STRUCTURE

The dolphin age structures generated in these programs come from the 
standard set of Lotka equations:

i = Vx 

c = n" Xx„

where c(x) is the population age structure, p is known as the birth rate per 
-capita,(\=er), r is the instantaneous rate of population change, and i(x) is 
the survivorship to age x. For the purpose of this experiment, the size of 
the population was assumed to be constant (although the programs allow for 
increase/decrease), and the Jt(x) function was generated from the mortality 
function p.(x) given by Keyfitz (1968):

!x = exp [-/QVt)dt]

The functions concerned with the population structure modify it in two 
ways. First, they change the age structure generated by the Lotka equations 
to simulate the passage of time between reproductive cycles. Current evidence 
points to the birth of either one or two cohorts of animals per year. This 
factor is brought into play by adjusting the age structures at each one-tenth 
year stage in the reproductive cycle. Secondly, these functions modify the 
appearance of the age structure slightly by assuming that the birth of each 
cohort is spread out over three time periods with a peak in the center and an 
arbitrary percentage on either side.

ORGANIZATION

The organization of the calculations carried out by the set of functions 
relies heavily on the example of Clark (1981), whose statement of the problem 
fits in well with the goals of this experiment. Clark introduces a matrix X 
such that X(i,j) is the proportion of animals in age class j whose lengths are 
in the length interval i. He also defines a column vector PI whose elements 
PI(j) are the proportion of the total population belonging to age group j. PI 
is synonomous with the age structure, c(x). Finally, the column vector P is 
defined such that P(i) gives the portion of the population that falls within 
length interval i. It follows that, in matrix notation,

(X) (PI) = P

where, again, PI represents the population age distribution, P represents that 
of length, and X is a matrix whose columns represent the length composition of
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each age group.

Although the PI vector (population structure) varies given seasonal 
variations in reproduction and other factors, the length composition within an 
age group remains relatively constant, meaning that the X matrix for a given 
animal can be treated as an invariant quantity. This simplifies the job of 
the programs considerably, because once an X matrix is constructed, 
modifications can be performed on the c(x) and new P vectors (length 
distribution) attained without repeating the heavy computation involved in X 
matrix generation.

PROGRAM STRUCTURE

The operation of the programs described herein follows a two-level 
hierarchy, with the DOLPHINS workspace supervising the XS and XP workspace. 
The XS workspace creates data files, the XP workspace processes them, and the 
DOLPHINS workspace creates files of commands, or command files, which govern 
the operations of the other two workspaces. The use of command files allows 
the specification of many runs at one time so that human supervision is not 
necessary, and programs may run overnight.

The problem of deriving a length distribution divides into three parts, 
as described above: 1) finding the proportion of each age class in each length 
group, 2) finding the proportion of the population in each age group, and 3) 
multiplying the two to arrive at a length distribution. XP performs the first 
function, and deposits the results in a file. XS performs the second function 
and then puts the two together to perform the third and to obtain graphical 
and numerical results. The steps involved in these processes are detailed 
below. Names in parentheses are of the functions which perform the 
calculations.

Workspace XS (governed by the function XSET)

1. Create vector of ages (i.e. 1, 2, 3, 4, 5,....) (XSET).

2. Convert ages in years into ages in tooth layers (LAYEARS).

3. Translate ages into their associated mean length (LEN).

4. Assuming a normal distribution, calculate the percentage of each age 
group at each length group within three standard deviations of the 
calculated mean for that age; this is the X matrix (actually, the 
transpose of the X matrix) and is calculated in 5-year intervals 
(AREA, MAREA, NORM, STAND, XSET).

Workspace XP (Governed by the function LFREQ)

1. Enter CYCLE loop, which iterates once for every unique configuration 
of the population (once for ten reproductive pulses per year, ten 
times fc one pulse per year - where the smallest unit of time is 0.1
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years) (LFREQ).

2. Create age vector corresponding to time of year, i.e., at T=0, age=0, 
0.5, 1, 1.5, .... and at T=0.4, age=0.4, 0.9, 1.4, 1.9 ....(LFREQ).

3. Create the Cx from the current age vector (XPROC).

4. Modify Cx to include any spread desired in the age structure or the 
pulsing of reproduction (XPROC).

5. Matrix multiply X by PI. The result is held in P, and the 
intermediate result giving the percentages of the total population 
found in each length group of each age group is stored on disk 
(XPROC).

The System

These functions were designed on a Z-80 based microcomputer and written 
in APL/V80, a subset of the APL language marketed by Vanguard Systems 
Corporation.1 Much of the effort consumed in the programming went towards 
learning and working around the drawbacks of the system. The lack of memory 
space made a simple and elegant design impossible and necessitated dividing up 
large arrays and storing them on disk, and swapping functions in and out of 
the XP workspace.

APL/V80 lacks the transpose and inner product operators normally fo,md in 
APL systems, and has implementation restrictions on others. Those functions 
not included in the interpreter are found as defined functions, i.e., 
TRANSPOSE and INPROD. The file-handling functions in this system were also 
implemented as defined functions. The need to have these functions in a 
workspace makes the already bad memory space situation even worse.

Transfer of these functions from microcomputer to mainframe usage would 
allow quite a bit of simplification and would save time. As implemented, a 
single run of the XP workspace may take as long as several hours. The 
availability of a more powerful system on a faster machine with more memory 
space would improve efficiency.

Operation

The purpose of the DOLPHINS workspace is to facilitate the use of these 
programs for multiple runs without supervision, especially for users with 
little experience in APL. To run the DOLPHINS workspace on the system in 
which it was written, the following are necessary: a disk with APL and the 
necessary workspaces and functions, and a destination disk for the files to be

^rand name/disclaimer.
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accessed and written. Given that two drives are available, numbered 0 and 1, 
place APL and functions disk in the first drive, and the files disk in the 
second. Reset the system. The CP/M operating system will respond with the 
prompt:

A>

Initialize the APL system by typing "APL <cr>" where "<cr>" denotes a 
carriage return. This should look like

A> APL <cr>

APL/V80 will prompt for the date with

MMDDYY

with "090381 <cr>" being an appropriate response. APL will then display some 
log-in information and echo "9-3-81." Afterwards enter the command

)L0AD DOLPHINS <cr>

After a moment, the prompt will appear:

OREATE X FILE, R)UN CALCULATIONS, S)ET PARAMETERS

Typing an "S" followed by <cr> will initiate Set Mode, and print the prompt

C)HANGE, DISPLAY, M)AKE FILE, Q)UIT, W)RITE PARAMS

Entering a "D" <cr> will display the current values of the parameters for XS 
and XP. The display function will wait for a <cr> before returning to the Set 
Mode command level. The "M" <cr> command creates a command file for any 
number of runs of either XS or XP (but not both simultaneously). It will ask

NAME OF COMMAND FILE?

Any 8-character name is an appropriate response. After this is specified, it 
will prompt

NUMBER OF ENTRIES?

which is the number of separate runs that will be initiated by the command 
file which has just been named. This given, a file is created. This file, 
however, will remain empty until a complete set of parameters is written to 
it. Before writing to the file, if parameter values other than the default 
values are desired, it is necessary to change them as follows. Type "C" <cr> 
and wait for the prompt

CHANGE WHAT VARIABLE?

Enter the variab.t name, and <cr>. DOLPHINS will respond with



7

ENTER NEW VALUE(S)

Values may be given either as numbers (or letters, when appropriate) or as 
variable names, when corresponding variables exist. The variable CONVERSION, 
for instance, may be assigned the values 1 2 1, or it may be assigned the 
variable M0DEL1 merely by typing either of these responses. If the input is 
to be a vector, enter all values on the same line, each one separated by a 
space, and the whole thing terminated with a <cr>. When changing the value of 
the variable NAME, which gives the name of the X file being created or used, 
the new name must be entered in quotes:

ENTER NEW VALUE(S) 'ZORCH'

When the parameter values are correct for a particular entry, invoke the 
'Write params1 option to write them to the command file by typing "W" <cr>. 
Writing more times than specified in the file create mode will produce a DISK 
FULL error, and kill the program. To start anew, execute the command 1)L0AD 
DOLPHINS' once again.

Typing "Q" <cr> closes the command file, and returns control to the 
topmost level of the program. At this point, a "C" <cr> will load the XS 
workspace and create any number of X files, and an "R" will load the XP 
workspace and process any number of X files in any number of ways. See 
Appendix II for a sample session.

To edit input, backspace to the point of the error, enter a dine feed>, 
and then proceed to type in the correct input.
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APL WORKSPACES

NAME FUNCTION

DOLPHINS Interactive command processing program 
guiding user through use of programs.

with prompts for 

XS Produces X matrix in datafile on disk. This involves the 
calculating mean lengths for all ages to be considered, 
calculating a normal distribution about each mean value* 
and determining what percentage at each age are in which 
length group given this normal distribution.

XP Runs calculations to determine the portion of a population 
in the length specified groups. This involves the 
construction of a population structure (CX), modification 
of the CX to reflect periodicity in births, and the matrix 
multiplication of the PI vector (the internal 
representation of the CX) against the X matrix. The 
workspace also performs output functions, including a 
number of options in graphical and numerical output.
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FUNCTIONS IN WORKSPACE XS

LEFT
ARG FN

RIGHT
ARG DESCRIPTION

AREA PTS Given a vector in standard normal form, AREA
returns a vector one item larger than the input 
vector which gives the area under a standard 
normal curve between the points given in PTS which 
are less than 3 standard deviations distant from 
the mean, and between + and - infinity.

C A C(ontrol) function which reads in the parameters 
for a particular run of XS from a command file 
specified in the 'DOLPHINS' workspace.

LAYEARS LAYERS Converts age in years into age in dental layers,
for the function LENS. Uses the golbal variables 
CONVERSION which are:

1. Initial rate layers/years
2. Cutoff age between rates
3. Final rate layers/year

LEN AGE Uses Laird-Gompertz model to convert animal age in
layers into rough length estimates in
centimeters. Uses golbal variable COEFF which
provides the coefficients for the model.

MAREA MAT Performs the function AREA on each row of matrix
mat. In this capacity MAREA forms a portion of 
the X matrix (transposed); for MAT, each row 
represents an age class, and area function 
determines what portion of each row/age class is 
in each length interval. Here, MAT has been
formed by the command 'LENS STAND INCS' which 
creates a matrix whose rows are the distance in 
standard deviations between the mean lengths for 
each row (LENS [I] and the boundary values for 
each length group (INCS [J].

NORM X Returns for all X the area between X and infinity
under a standard normal curve, where X is the 
number of standard deviations from the mean (which 
is 0 in standard normal form).

RECDATA Initializes an X matrix file with the parameters 
which produced the file.



10

FUNCTIONS IN WORKSPACE XS ■- Continued

LEFT 
ARG FN 

RIGHT
ARG DESCRIPTION

BYTES SIZEOF LIMS Determines the storage space necessary for 
item, where BYTES is the size of one unit, 
character, in bytes, and LIMS is the size 
data item in units.

a data 
say a 

of the 

MU STAND PTS Converts the rows of a matrix into standard normal 
form, where MU[I] is the main value for the Ith 
row, and PTS are the points to be converted (a 
vector of points). The function performed is: 
Point = (point - mean) / 2.

XSET Constructs an X matrix as defined by Clark (1981) 
where X (I, J) gives the fraction of age group J 
at length I. Because of the massive proportions 
of matrix, XSET constructs it in AGES [2] 2 year
pieces (5 is an optimum size).
Important variables:

a. INCS: INCS are the length intervals-2 where 
the missing intervals are (0 to INCS [1]) and 
(INCS [N] to infinity).

b. FSZ: The size of the 'X1 file to be made.

c. Lengths: mean animal lengths given 
Gompertz model from AGE vector (0 .1 

by Laird- 
.2...).

d. CV: Current coefficient of variation among 
animal lengths.
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FUNCTIONS IN WORKSPACE XP

LEFT RIGHT
ARG FN ARG DESCRIPTION

C A C(ontrol) function which reads in the parameters 
for a particular run of XS from a command file 
specified in the 'dolphins' workspace.

CHARMAT V Makes a vector of characters into a matrix with
one word per row.

U GETFNS F Copies of list of functions F from the copy
library of disk U.

LIMS HIST PARTS Makes histograms. LIMS is as follows:

1. Number of vertical divisions
2. Maximum value

Parts as follows:

1. File the number
2. Maximum animal age

If LIMS [3] = 1 the histogram will be divided into 
pieces according to what age class the lengths 
come from, with differing symbols for each age 
class. Otherwise, the graph will be solid.

INFO Prints out information about the current run.

LFREQ Oversees the processing of the X matrix and the 
population vector. The CYCLE loop simulates the 
seasonality or lack of it in reproduction.

PRINTX Prints out the matrix X (I ,J)(fraction of age 
class J in length interval I) or the X matrix 
multiplied by the population structure vector 
(fraction of population in age class J and length 
interval I).

READATA Reads data from X file.

XPRINT Prints the length frequencies of the total 
population, and oversees the printing and 
formatting of the graph, if there is to be one.
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FUNCTIONS IN WORKSPACE XP - Continued

LEFT RIGHT
ARG FN ARG DESCRIPTION

XPROC Performs the creation of a population structure,
including calculation of lotka's equations for 
beta, lambda, lx, and cx. The population 
structure CX is modified to conform to the 
dimension of the X matrix and to reflect the 
requested seasonality of reproduction and the 
spread factor for births.



FUNCTIONS IN WORKSPACE DOLPHINS

LEFT RIGHT
ARG FN ARG DESCRIPTION

CREATE Creates an X file by loading the XS workspace 
which then copies the passed parameters and 
creates the file.

DISPLAY Displays the current values of the global 
variables.

INPN OUT Displays OUT and returns numerical unput.

INPN OUT Displays OUT and returns character input.

LISTV NAMES Does the dirty work for (DISPLAY), showing the 
variables names followed by their values.

MAKE Creates a command file.

QUIT Closes the command file created, if any.

RUN Loads and runs the XP workspace, generating length 
frequencies and requested output.

SET Oversees the 'set mode' in which variables are 
examined, changed, and written to command files.

WRITE Writes parameter values to command file.

Z Oversees the 'command mode' from which the user 
may call either the XS for XP workspaces, or may
enter 'set mode' and create a command file.



GLOBAL VARIABLES

NAME SHAPE DESCRIPTION

AGES 2 1. The number of years to be put into an X matrix 
file. By the tenth year spinner lengths are 
all the same, so this cutoff allows a big 
savings on time and space. When the maximum 
age considered is greater than this cutoff 
point, the program lumps the last LIMS[1]- 
AGES[1] years together. Note: A value of 11 
for ages [13] is ten years by themselves plus 
an eleventh year which is really the remaining 
years combined.

2. Number of age groups per year. Should be
divisible by 2. Default value is 10.

CLX 3 1. and 2. Coefficients of LX survivorship 
equation.

3. Survivorship through first year with LX 
coefficients given.

COEFF 7 Coefficients for two-step Lai rd-Gompertz 
growth model. Default values are those for 
juvenile and female adult spinners.

CONVERSION 3 1. Initial number of growth layers per year.
2. Cut-off point in years between initial and 

final values.
3. Terminal number of growth layers per year.

DRIVES 3 1. Disk drive which has X matrix files.
2. Disk drive which has the needed external 

functions.
3. Disk drive for temporary file.

CVS 3 1. Initial coefficient of variation.
2. Final coefficient of variation.
3. Cutoff year between.

LENLIMS 3 1. Minimum animal length checked for.
2. Number of length groups.
3. Size, in cm., of length groups.
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GLOBAL VARIABLES - Continued

NAME SHAPE DESCRIPTION

LIMS 3 1. Maximum animal age.

2. Number of reproductive pulses per year.

3. Fraction born at pulse. If this fraction is 
not unity, half of the remaining fraction will 
be born one time division (1 AGES [2] years) 
earlier than pulse, the other half will be 
born one period later.

4. R, the instantaneous rate of population 
change.

OPT 3 1. No graph = 1.
Solid bar graph = 2.
Divided bar graph = 3.

2. Output no data = 1.
Output X matrix = 2.
Output X matrix multiplied by PI vector = 3.

3. Number of years to output of above, starting 
from year 0.
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VARIABLES SPECIFIC TO DOLPHINS WS

NAME SHAPE DESCRIPTION

CLX1 3 Coefficients 
survivorship 

for LX 
of .66.

equation giving first year 

CLX2 3 Same, giving first year survivorship of .77.

CLX3 3 Same, giving first year survivorship of .81.

CLX4 3 Same, giving first year survivorship of .69.

FSPINNER 7 Coefficients for Laird-Gompertz growth model 
using data for juvenile and female spinners.

MSPINNER 7 Same, using data 
spinner dolphins.

for juvenile and male adult 

MODEL1 3 Coefficients for years to layers conversion 
assuming 1.5 layers for the first year, and 1 per 
year thereafter.

M0DEL2 3 Same, assuming 1 per year until dental occlusion.
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DEFAULT VALUES OF VARIABLES

NAME VALUES

AGES 11 10
CLX 0.8 0.1 0.66
CLX1 0.8 0.1 0.66
CLX2 0.4 0.1 0.77
CLX3 0.4 0.05 0.81
CLX4 0.8 0.05 0.69
COEFF 77 0.663 0.9098 4.11 156.85 0.0546 0.6354
CONVERSION 1.5 1 1
CVS 0.05 0.05 0
DRIVES 0 2 0
FSPINNER 77 0.663 0.9098 4.11 156.85 0.0546 0.6354
LENLIMS 55 35 5
LIMS 30 2 0.5i 0
MODEL1 1.5 1 1
M0DEL2 1 1 1
MSPINNER 77 0.663 0.9098 4.11 156.85 0.0507 0.3765
NAME
OPT 3 3 5
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APPENDIX I
SAMPLE SESSION WITH DOLPHINS WORKSPACE

Note: Program Output is underlined.
<cr>= carriage return

C)REATE X FILE, R)UN CALCULATIONS, S)ET PARAMETERS S <cr>

QHANGE, D) ISPLAY, M)AKE FILE, Q)UIT, W)RITE PARAMS D <cr>

CURRENT VALUES OF VARIABLES

AGES: 11 10 
rov: o.b o.i o.66
COEFF: 77 0.663 0.9098 4.11 156.85 0.0546 0.6354 
CONVERSION: 1.5 1 1
"CVS! U.0"5" (5705" 0
DRIVES: '1 1 2-----
T¥!-----------------
TETLIMS: 55 36 5
TIMS’: JO 10 0.5 0 
NAME:
OPT: 335

QHANGE, D) ISPLAY, M)AKE FILE, Q)UIT, W)RITE PARAMS C <cr>

CHANGE WHAT VARIABLE? NAME <cr>
INPUT NEW VALUE (S) 1XFIL1 <cr>

QHANGE, D)ISPLAY, M)AKE FILE, Q)UIT, W)RITE PARAMS C <cr>

CHANGE WHAT VARIABLE? DRIVES <cr> 
INPUT NEW VALUE(S) 020 <cr>

QHANGE, D) ISPLAY, M) AKE FILE, Q)UIT, W)RITE PARAMS M <cr>

NAME OF COMMAND FILE? COM <cr>
'NUMBER” UF TNTRTE'S? 1 <cr>

QHANGE, D)ISPLAY, M) AKE FILE, Q) UIT, W)RITE PARAMS W <cr>

QHANGE, D) ISPLAY, M)AKE FILE, Q)UIT, W)RITE PARAMS D <cr>

CURRENT VALUES OF VARIABLES

AGES: 11 10
CLX: 0.8 0.1 0.66
TOEFF: 77 0.663 0.9098 4.11 156.85 0.0546 0.6354 
CONVERSION: 1.5 1 1 
TV5! 0.05 0.05 0
TRTVES: 0 2 0
FN: COM
TE¥LIMS: 55 36 5 
TIMS! JO 10 0.5 0
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NAME: XFIL 
■ffpT: 335
TITONGE, D)ISPLAY, M)AKE FILE, Q)UIT, W)RITE PARAMS Q <cr>

OREATE X FILE, R)UN CALCULATIONS, S)ET PARAMETERS C <cr>

Note: The program Dolphins now loads workspace XS and runs Xset, which will 
create an X file automatically, using the parameters just set. When Xset 
finishes, it will load dolphins again. The command “R)un calculations" will 
cause dolphins to load workspace XP and run XPROC. The run in Appendix II. is 
the result of the set of parameters given here and the sequence of actions 
described.



APPENDIX II

SAMPLE RUN
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LENGTH FREQUENCY DISTRIBUTION AT 0 YEARS

INTERVALS (TN CM) PERCENTAGE OF POPULATION

50 55 0.000
55 60 0.000
60 65 0.000
65 70 0.067
70 75 0.549
75 80 1.201
80 85 1.276
85 90 1.293
90 95 1.299
95 100 1.323

100 105 1.355
105 110 1.402
110 115 1.466
115 120 1.563
120 125 1.742
125 130 2.082
130 135 2.640
135 140 3.369
140 145 4.266
145 150 5.500
150 155 7.032
155 160 9.211
160 165 11.768
165 170 13.256
170 175 11.977
175 180 8.200
180 185 4.137
185 190 1.522
190 195 0.409
195 200 0.081
200 205 0.000
205 210 0.000
210 215 0.000
215 220 0.000
220 225 0.000
225 230 0.000



******************************************************************************

Number of cohorts per year......................... 10
Percentage of cohort on time...................... 100.000000
Maximum animal age (in years).................... 10.000000
Coefficient of variation of lengths........  0.050000
Up to 0.000 years, final cv........................ 0.050000
Survivorship through first year................ 0.660000
Intrinsic rate of population increase... 0.000000
Dental layers per year (initial).............. 1.500000
Up to 1,000 years, final rate.................... 1.000000

Coefficients for Laird-Gompertz Model:

77.0000 0.6630 0.9098 4.1100 156.8500 0.0546 0.6354

Dolphin length distribution histogram legend

Each symbol corresponds to 0.5 percent of total population

Dolphins upt o 0.5 years.............................. □
Dolphins at 0.6 years to 1.0 years..........  0
Dolphins at 1.1 years to 1.5 years..........
Dolphins at 1.6 years to 2.0 years..........  [
Dolphins at 2.1 years to 2.5 years.......... t
Dolphins over 2.6 years............................... +

******************************************************************************
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0 O L p H X N L. E M G T H D X S T P: X B U T X O H S 

!'-• ERCE H T A G E OF F'O F U L.flTIO N 

0 17,5 
+---------------- +------------------ b----------- - +-----

50 55
'j 5 6 0
60 65
6 5 70
70 75 1 III

l_ 75 80 1 □□
j|r 80 85 1 DDO
M 85 90 1 DDO
(J 90 95 1 DDO
r 95 100 1 ODD
H 100 105 1 DQo

1.05 110 1 DOG)
:c 110 115 | SGB
N 115 120 | OQO
T 120 125 I OSQ
E 125 130 I Q O ft *
R 130 135 I o ft ft ft 3
V 135 140 1 o ft ft ft 3 3 »
A 140 145 1 ft ft 3 3 3 $ & «
L. 145 150 ! * 3 3 3*^ + +
G 150 155 1 33?Sjd + +<JO

155 160 | ]j!i + +« o o o
X 160 165 J :£ 4- o o o o a o
N 165 170 J+ooooooo

170 175 j oooooooo
c 175 180 j oooooooo
M 180 185 J oooo o o o •:>

1 nr .1. W 190 J o o o\-J

190 195 1 °

195 200
200 205
205 210
210 215
215 220
220 225
2 7 5 230
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APPENDIX III

LISTINGS OF FUNCTIONS
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F U N C T I O M S I N O O L p H X MS WORK Si p A C E

'7 C R E A T is:

c i o :i ;l 1 ) !. O A B >' S ' 

[20 '. I ••SO
V

7 O I S PI... A Y $ D U M M Y

i: i o :i 1 CUR RENT V AL.l.J ES OF V A R X ABLEIS 1 y Q v E 1 4 "1

[ 2 0 3 I- I S T V 1 AG E S CL C O E F F C O H V E R S T. O H C V IS X) R T V E s; F H I... E /■) LIMS L I M S N 

AME OPT'

C 3 0 3 0 v C 1 4 3
i:40.3 D U M M Y1- X N P S 1 R E A DY f

150 3 a v !31 3 3

7 H U M i- .I! M R ?■! O U T

i: i o 3 M U M :i |3 f 0 f 13 ■> O U T

7 S T R *. I H P Si O U T 

i: l o :.i 5TRM3 , Of 13 <- OUT

7LISTV MA M E ?, 5H AAMEJIJPTRJH 

i: i o :i fl L ISTS V A R X A B L. E S H A M E D WIT H THEI R V A I.. U E Si ,

112 03 f j M U S T E< E A T L E A ST T W O V A R I A R L E Si y A M B M U Si T HOT HAVE SPACE AFT 

E R LAS T t

t! 30 3 R T R f ( MftMESi -■ 1 1 ) / f ti A M E S

l 40 3 N <~ f R T R 

C 50 3 I R 0

C 6 0 3 L OOP ; H A AME A ( ( X 0 ) X PT R [ X + I = Q ] ) 4 ( ( (f NAMES) X I ~H ) + ( I M ) X “ 1 + P T R [ X 
+ ( I ;<?H ) 3 ) fNAMES 

E 7 0 3 MftflME, ' J ‘5 :f H A AME 

1130 3 4 ( H > X <- X -f ;j. ) / U O O P 

7

v M A :< E $ W

1110 3 F N i- I H P S ' H A M E O F C O M M A N O F X L E ?

C20 3 M R I NP  N 1 W U M B E R O F E H T R X E S ?

l; 3 0 3 T X E i~ F N F M A K E JJ U „ 2 + N X J A

E 40 3 ;i ' ) C S A V E F M '

L50 3 13 v i: 1 3 3

V O U X T

E 10 3 4 ( T X E =: 0 ) / 0 

1120 3 F UNT IE TIE

C 30 3 civ r: 133
V
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FUNCTIONS IN DOLPHINS WORKSPACE

•v? U N
i: 1 0 3 j■)LOAD KP' 
1120 3 ••>0 

<7

v S ET 5 N;TIE5 FH y VAR 
C 10 3 F HuTIEfO
12203 PROMPT J Mf 1 CDMQW 1 \ IMPS 1 C ) HflNGE , D)I5 P L A T , M ) ft l< E FILE, r?)UIT,

W)RITE P ft P: ft M F> ‘ ?QV[133
[30 3 -» ( ljif N)/PROMPT
[ 403 -> ( ( H = 1 ) » ( Ns2 ) , < W = 3 ) t < ) ( M — 5 ) r (6 ) > /C ,T>fM,a W , PF:OMPTy 

[503 C'VfiRflHPS'C H ft N OF WHAT V ft F: IftBLE?
[603 v A p fjVflR t ' i" ' ,IHPS> I M PUT NEW VALUE(S)
[703 nvr.133 
1180 3 -> PROM FT
[ 90 3 r-‘ * D13 p •- A "*
[1003 -^prompt
[1103 MJMftKE
[ 1203 -7 P ROMP T 
[1303 QJOUIT
[1403 ->0
[1503 W{WRITE
[1603 •■♦prompt

v W F: I T E
[ 10 3 ft G ES F ft P P E H D T I E 
[20 3 C O E F F F ft P P E H D T I E
[30 3 C O N V E F: Si X a N F ft p P E H D T I E
[ 40 3 C V S F ft P p E N P T I E:
[50 3 OF: I VES F APPEH D T I E
[603 I... E NL  I M 3 F ft P P E N D T I E
[70 3 H A M E F A P P E H P T I E
[80 3 C L X F ft p p E N D T T E 
[90 3 L.. I M 3 F ftp- p E N T.i TIE
[100 3 O P T F A P p E N P T T. E
[ 110 3 0 V [ 1 3 3
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F U N C T J: O W S X M DQL P H IMS WORKSPACE

7Z ; N

t: i o :i 13 vc 13 3

L 20 3 P R O M P T J Mf 1 C FI: S ' \ I H P 3 1 C ) REftTE X FILE , R)UM CflLCUL A T X OHS, S1ET
p A RftMF.TERS • J [] V [ J 3 J

C 30 3 H> ( 1 M ) / P F: O M PT 

E40 3 -» ( ( f! = 1 ) > ( >-'■ ~ 2 ) J ( M ~ 3 ) »(  W = 4 ) )/C,R,S,PROMR T
1150 3 C J CREATE 

C 60 3 -j P F: O M P T 

L'70 3 F: ♦ F: U H 

t: 00 3 •-> P F: O M P T 

1190 3 s ♦ s ih; t 
i: 1003 ->PF:OMP T
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FUNCTIONS IN W OP'-KSF'ft CE !<S

VSF'ACEf fiREA F'TS j POS J HEGj LOW | HIGH
11103 flGIVES AREA UNDER STANDARD NORMAL CURVE BETWEEN ADJACENT FI. E M F M T S 

II 2 0 3 fl O F VECTOR (MUST BE IN A S C E N D INC O R D E R ) AND B E T W E E N E N D S A N D f / —
I NFIMITY

LI 30 3 PTSf(LOWfr + /PTS<”3) jPTS
II 4 0 3 PTSf (HIGHt- + /PTS>3)|PTS
II 503 SPftCEfNPRM RTS
II 6 0 3 F'OSf (PT<5>0)/SpflCE
11703 MEGf ( PTS < 0 ) /SPACE
II80 3 POSfQ.g-POS
II90 3 MEGfNEG-0,5
H 1003 SPACE*. ( SPACE ,0.5) -~0,5 j SF flCEf MEG , PCS 
II 110 3 SPACE*. ( LO Wf 0) » SPACE, (-HIGH ) f Q

vc ; cfp 5 dri ves ; name ; cvs ; ages ; dum ; tye ; i.eni im5:fh;coeff;conver S I O N
II 1 0 II i 1 ) ERASE DES C R I B E 1
II 20 II .1 ' ) COPY FN •
C 3 0 3 T Y E 'r F N F T I E Q U 
H 40 3 CFP*;-0
[503 PEftO}4EOF/OUT 
II&03 ftG£$f FftEflC TYE , CFPfCFP+1 
[ 7 0 II c o E F FfFREflG TTf , CFPfC F P + ;|
[ 8 0 I! c °N v E F. 3 I O N F R E A D T Y E , C F P f • C F P + 1 
[903 CVSfFREftD TYE,CFP(-CFP + 1
II1003 drives*.fread t ye ,cfp*cfp + 3
III 103 l.ENl.. I MS*FREflD TYE,CFP*CFP + 1
[1203 name:reread tye,cfp*cfp + i
[1303 eFP*CFP+3
[140 3 r-'u M *fr.e a d t y e , c f p +1
[1503 xset
LI 160 3 -> R EC A D
[1703 OUT ♦EOF*0
II 1 8 0 II & ' ) 0 A D DO L. P H INS1

’•? Y E A R S *. L A Y E A R S L- A Y E R S } A J B
11103 f) C O N V E R T AGE I N YEARS TO AGE I N L A Y ERS,
[20 3 Af (L.A YERS < CON VFRS ION [ 2 3 ) / A YER S 
II30 3 B (- ( L. A Y E RS)CON V E R S TON [ 2 3 ) / •• • A YF  RS
II 4 0 3 Y E A R S <r- ( A X C O N V E R S I O M [ J. 3 ) » C O N V E R S I O N [ 3 ] X B + C O N V E R S I O N [13- 3.

V
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F U H C T I O H S 1 N W O R K S R A C E X Si

V t... E N G T H L E i-i AGE ) fl Tii U l_ T J J U V E N I L_ E
II 1 0 II ft c o H V E P: T S A H I M A !_ A G E I N I.. A t EPS X i f T O P: O U G H L E M G T H S X N C M ,

II 2 0 li ft USES !_ AIRD-GOM p ERT2 MODEL WITH DATA (COEFFiCOEFFICIEHTS j F F: O M
II30 U nPERftXM (1977),

II 4 0 3 JUVE i-f X L E f ( AGE( COFFF [ 4 ] ) / A G E 
II SO 3 ADULT 4- ( AGE > C O E F F [" 4 } ) /AGE

116 0 U i- e w u t hfcoe f r-" C1 3 x ft ( ( r o e: f f r 2 3 f c o e f f H 3 3 ) x 1 - s ( ( - c o f. f f [■ 3 3 ) x u uvehilej)
II 7 0 3 I- F N G T H A t.. E M G T H , C O E F F [ 5 ] x ft ( ( C O E F F [ £ 3 - C O E F F [ 7 ] ) X 1 - ft ( ( - O O E F F [ ] ) X A B ul...

T — C O F F F [ 4 ] ) )

V

>:? A F: E A S M A F: E A M A T 3 C I-f T } D 1 M S

II 1 0 3 flCOHST P: U C T S 6 M A T F: I X FROM THE A PFLICATIOM OF THE F U i-1 C T T Off 1 AREA1
TO M A T

II 20 3 A F: E A S <- •( 0

II 3 0 3 CHT {• ( SIM S f-fM A T ) C 1 3
II 4 0 II !-00F- * AF:F AS <- A F: EAS, AREA D I MS [ 2 3 t > MA T 
H503 MATf-Dims [2]^ , max- 
1160 3 ->1.0 o F- X \ 0 < e i-f T <-C i f T ... 1
117 0 3 A P: E A Si t- (DIM Si 1:1 2 9 D1MSC23 +1 ) f a r e a s

V

V A F: E A i-f O P: M X | B $ T $ F X

II10 3 »<-0.31938153 " 0,356563782 1,781477937 "1.821255978 1,3302744
II20 3 t f ~ 1 -f 0.2 316 4 19 x I 
II 30 3 f x t- (“(o2) ft 0,5 ) x ft - ( (: : ft 2 ) g 2 )
II 40 3 T«-To . ft (5

II SO 3 A R E A ir F X X & I N R R OD(T P: A if S R O Si E T )

V? R E C D A T A

n 1 0 3 FSZ F A F- F- E i-f D TIE

II 2 0 3 T M C S F A F P E i-f D TIE
II 3 0 3 c V S F A F- F- E i-f D TIE

II 4 0 3 A G E S FA F- R E i-f D T I E

II 50 3 '-Ei-fl.. IMS FAF-F-END TIE
II*o3 cof:ff farf-end tie

II 7 0 II c O i-f V F R S I O i-f F A P F- E H D TIE

7 V ALSf M U SX' A i-f D P T Si

II 1 0 3 ft <? F: F A T E M A T R I X I i-f S T fit W D A R D t-f O R M A1... FORM,

C203 VAI.St-.-MUo , -RTS

II 3 0 3 VA L. S V A I- S-TRANSPOSE ( ( f VAI.S ) C 2 3 * f > MU ) f M u X C V .

7
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F U M CTIO N S X H W O ft K S FACE M S

V B L OCKSfSTTES SUBOF L. IMS
C 103 Bi_QCM<s<-rO ♦ 5+ (BYTE5XLIMS) +256.

7XSET J U J CV LENGTHS $ TIE $ CUT J INCS J L I M j CNT $ W 5 LENS $ FS2 
cion „THI5 FUNCTION CONSTRUCTS AN X MATRIX AS DEFINED BY CLARK ( 9 8
1:20:1 n W H E R E X [ I , J "] G T V E S F E R C ENTAGE O F AGE GROUF J AT L. E N GTH I 
1:30:1 TNCStLENLIMS[l]+I..ENLIMS[33x0j \ ~ 1 +1- E N L I M S [ 2 3 - 1 
C403 FS Z R 9 +( 6 SIZEOF N)+2XAGES[i]X6 SIZFOF Jxl+MffIHCS 
C 50 3 TIEfN A M E FCREflTE DRIVES[1]j (TIEfJ ) > FSZ
i: 60 3 LENGTH SfLEM Lfi YEARS ( ~ AGES [ 2 3 ) X 0 > \ " 1+ OC,f:5iC 1 3 X A GE5[ 2 ] 
i:703 ft E C D A T A
C80 3 CUTfl’ AGES H 2 3+ 2 
C 90 3 L IMf ( s/AGES ) iCIJT + CHTfO 
Cl 00 3 LOOP J L E N Sf CUT ^ ( CUTxCNT ) -.J, LENGTHS 
C 110 3 i F F O C E S S X N G Y £ A R N UMBER 1 » L () , 5 X C N T 
C1203 C V «r ( (CNT < C V S [ 3 ] ) ? ( CNT>CVS[3] ) , 0) / v s 

( M A R E A L.. E N S S T A N ft I N C S ) F A p F E N 0 TIE Cl 301 
C 1 4 0 3 -j ( L IM > CNT+CNT+ 1 ) /LOOP 

FUNTIE TIECl 50 3
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FUNCTIONS IN WORKSPACE KP

V c } F N a f s z ; c f f- 5 r r t~ jet.. : < COFFF ; P IJM J COHVERSIOH 5 OFT C V S J D ft I V ESJLIMSS !■)
A ME

[10 3 *•)erase describe'
[20 3 .i 1 ) copy fw
f. 30 3 TYEfFN FT IF QU
IZ 403 CFFN-0
[50 3 REAP * 4EOF/OUT
[603 CVStF R E ft P TIE , CFPfCF p + 4
[703 PR I V E SRF RF ft D TIE ? CFPf CFF'+ J
[803 w A M F. R F R E ft O T T E,CF P R C Fr P + 2
[90 3 CI.XfFREflli T'fF.CFPf CFP.f]
[ 100 3 LI«5f F R E ft P T Y E , C F P R C F p 4. j.
[110 3 oRTrfreap tyf, cf?>cfp +i
[1203 D UMfF R E ft P T Y E , C F p 4- ]
[ 1303 L.FREO 
[ 1403 -> ft E A P
[1503 out:EOFR0
[160 3 i 1 ) I-.0AD PaLPHI NS '

V

y z r c H ft r m « t v 5 ft
[10 3 V R( V A R V; ' , ' )/V r V , • '
[203 z ft ( f A ) f ( , A R ft o , l \ f / 0 , ft R ( A .f. Q ) / A R ft _ 1 + Q , ~ 1 4, ft R A / \ f ft ) \ V

V

'■? U CiETFNS F ; O ; N
[103 nuF" + 0xOR[|U + 0XNR ( P FrCHARMAT F)[l] 
[20 3 LJi'JCOPY 1 , F [ f-i; 3 
[30 3 sc \ 0 < h«-n- 1 
[40 3 a'JFO

w
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F UNCT.IO N S I N W ORKSF'flCE X P

7 P L O T LIMS HIST PARTS j U PTC J SCALE J I NT $ I JCUT j IHCS ) FP } F'T j SCfil.E f O’
C j. 0 3 ft p p o d uces h i s r o g r a m s from modified file (temp; w i t h d i f f e r e h '
C20II flSYMBOLS FOR. EVERT CUT FRACTIONS OF A YEAR UR TO URTO YEARS,
II 3 0 II (|LIM5[ 1 ]f ^NUMBER OF VERTICAL DIVISIONS, LIMS[2]f-)MAK Y V A I.. U E
C 4 0 II SCftUEti/2tt-IMS 
[503 -JLIMSC33/RIECES
!I 6 0 3 P I., o T (- ( f P L OT ) f ' □ ' [i+,F'LOTf iPfPxSCfil.E)o, })LIMS[1]]
II 70 3 ->END 
[80 3 -»0
II 9 0 3 PIECES J C U T i~ 2 X U p T O <- 5 + FPf O D ff-Tf PI..OTf 0 
[ 1 o 0 3 S C A L E ~ / L I M S
H 110 3 I- o O P l O D <- O D + + / T R. A N S P O S E F R E AD PARTS [ 1 ], FPfFP+J
II 1 2 0 I! ■+ L O O P v \ ( F P > 2 X U P T O + 1 ) A ( F R < 2 X P A P T S f 2 3 )
L 130 3 PLOTfPLOT+(PTfPT + l)X(PLOT?‘0)?i(L0,5 + 5CflLExOti)o,HPflRTS[2]
II 1403 4LOOPx\ ( 2xpaprs[23 ) 1Fp
II 1 5 0 3 p L O T f • ( f P L O T ) f 1 0 O * 3 + o <> a o o o o o o o o o o o o a c- o a • [ ] + , P l.. O T 3
II 1 6 0 3 E W D J ;£ 1 ) E R A S E H I. ST' , P f ( Q

V I N F O OPT
ii io: PP , C70f ' X 1 ) , CR
[203 'NUMBER OF COHORTS PER YEAR ,,,,,,,,,,, ,16 0tLims[23
[30 3 1 P E ft C E !••! T A G FI O F C O H O ft T ON TIME ,,,,,,,,, ,16 6y100xlimsc33
II 40 3 ' MAXIM U M A N I M A L. AGE (IN YEARS) ,,,,,,,, t 1 6 6y AGESC23
[503 ‘COEFFICIENT OF V A ft I A T I. O N O F LENGTHS , , ,16 6tCVS[13
II 60 3 ur to >,(7 3y£V'SH33) > 1 "'■pars, fihai c v .......M6 6TCVSC2D
II70 3 S U R: V I V O R S H I P T H R O U G H F I R S T Y E A ft ****** ,16 6 t c l x n 3]
[80 3 INT ftIMSIC RATE OF R O PU L A TION XNCREASE , 1 6 6tL.imsc43
[90 3 D E M T A L L. A Y E ft 3 R E ft Y E A R (I M I T I AL) , , . , , ,16 6 Y c O H v E ft S I O N [ 1 ] 
[1003 •UP TO 1 „ ( 7 3y CON VERS I OH f. 2 3 ) j, ■ YEARS, FINAL. RATE ......',16 6 -T

N V E ft S T O M Z 3 3
[110 3 Cft,‘COEFFICIENTS FOR LAIRD — GOMPEftTZ MODEL ♦ ' , (2fCR) ,9 4fCOEFF
[1203 PPj<70f1)»CR
[1303 -> O P T / D ft ? 0 f 13 <“ 1 D O L P H I N LENGTH D I S T ft IBUTIOH HISTOGRAM LEGE M D 1

-s < O n Cft)•J END, Of 13 n  NT OF( '0 = 0. 5 REft C E D O L p H I. N ft OPULATION* , Cft3 ?J "

LT[1503 BRJ <2fCft) * B A C H SYMBOL. C O ft ft E S P O N O S TO * p ESCENT O E TOTAL7 0
A T I O N 1

[1603 C ft j 1 D O L P H I N S U R TO o*5 Y E A ft S ****,, ♦ ♦ * ♦ * * * * * n'
1II170 3 ' DOI.PH I NS AT Y EARS0 * 6 TO 1,0 YEARS ♦ * ♦ * * 0
1[1803 ' D O t... R H I N S AT 1 . 1 Y E A ft S TO 1,5 Y EARS * * * * * *
1[1903 'DOLPHINS AT Y E A ft S1 , 6 TO 2*0 TEA P: s ♦ * * * * c
1[20011 ' D O L R H I N S AT T E A ft S*2 * 1 T o 2 ♦ 5 T E A ft S * * ♦ * * -/«

: 1LI 210 3 1 D O L p H I N S O V f r 9 ,6 teaf '••J .A.v + fr + Tt + t + e * * * ♦ lr *
T. ?■ •! ;.220 3 A FEND ♦ x ' ) Ep: SE o ' , Of III f- f-p, 70f 1 * '
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F U N C TIO N S X H W O R K S ft A C E K R

7 U F ft I" a } R 5 C R I F F s X H F O $ A Q E 3 F R $ F M ! KIR ; T X E J T X E 2 ’ I J INCS
c 1 o 3 F F F n V* [ 13 3 ? 0 TR <- □ V [ 14 3

E 20 3 r X E H A M E F T J F D R X V E $£ J J 

E 30 3 READ A T A

E4Q3 D ft I V E S [ 2 3 <3 E T F N S ' X M F O 1
i:so:i T. N F O | O F- T £ J. ] - 2 y 0 f 0 H f. 1 + I f- T X E 2 <- Q
[603 □ H i- 0

[70 3 ' ) F ft A 3 E X H F O 1

1180 3 AGE-l- ( 4l. I M3C23 ) X0 y “1 4 l I- * MS [23 XL I M5[ i 3 
[90 3 CYCLE ♦ 4 WO PE X (SKI P fA/OF’T £ J 2 3/ 3

[1003 1 T EM F"FC ftE A T E D ft I VE 3 f 3 ] , ( T I E2 4 2 ) y F S
[ 1.1. 0 3 HOPE * XRftOC

[1203 0 ft :i: v £ s [ 2 3 G E t f m s • x p ft x w r 1 
[1303 n H f i 

[1403 r f: x h r
[ 150 3 QHC-O

[ 160 3 -> 3 K X P / B ft
[1703 F U M T :r. E T X IE 2

[ISO 3 Vf ft J A G E 4 A G E 4 ~ A 6 E S [ 2 3
[1903 4 o Y C l_ E x \ ( 4 L I M S [ 2 3 ) > I 4 X +4  A G E 3 [ 2 J
[200 3 F U N T X E T X E

7 P ft INT XJ T 5T X E HOJLIMfBjCMT 

C 1 0 3 TIEHOf ( TIE , TIE2) [ T *■ OP T £ 2 3 •- 1 3 
[20 3 F p 4 < 7 7 0 ) [ T 3 
[30 3 T M 4 2 x o P T [ 3 ] + C H T <■- ()

[40 3 I... OOF’JFFJIj 1 YEARS INTO REPRODUCTIVE CYCLE1 
[50 3 ' COHO ftTS AGED ' y C H T 4 2 y ' TO ' y 0.4 ++  CCNNTT 44 22  5 ' YEARS 1 y0 * 4 5
[ 6 0 3 4 ( T = 2 ) / BP:

[70 3 •RERCEHTAGE OF C O H O ft T S W I T H X N I..EHGTH I N T E ft V A L S 1 CP:
[80 3 4 B ft 2

[90 3 BP: J 1 PERCENTAGE OF TOTAL pORULATIOW WITHIN LENGTH I MTERVAI..S * SCR
[1003 B P: 2 J 1 A G E ')j10 1t(OMT42)+0»0.1x\4
[110 3 1 i I- E NG T H INT E ft V A I.. S CP:
[1203 (10 0 V T P: Pi w S p O S E HITS) , \ Q 4 4TRANSPOSE IQ 0 X F ft B A B T X E H O , F P F R + |
11130 3 4 L O O P X \ L I M > C N T <- C N T + J_
[1403 ;£ 1 ) E ft A S E R F: I N T X 1
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r- I ..I H C T IONS I H W O P: K S F’flC Ef. X F'

V P E A T.i Pi T ft

Cl 03 F S Z ir F P: E A D T I E ,, 1
C 20 3 I H CSf-FREAD TIE, 2
1130 3 C V S f • F P: E A 0 T I E , 3
C 40 3 AGESf-FREAD T I E , 4
C 5 0 3 L E N LIMSf F P: E ft D T I E 7 5
C 60 3 C O E F F f. F P: E A T.< T I E , <f,
C 7 0 3 C O N V E P S I 0 M f- F P: E A D TIE

X? X P fi: O C ; til 3 T J I- } C X 5 ID J I.. X ! CUT j CUT ) M X J P I 
Cion CXf ( 1..XI-.X) - + / ( t..f- ( *LIMS [4] ) *-flCE ) xl-!■:«-* ( CLXC i ] X H-0.5XAGE ) -CL.X[ 1 ] 

C 2 3 x a a e
C 20 3 ex*. ( Dfex) , + /C1 3 ( (1 + LIMSC1 3-agesa 3 ) ,lims[;23 )f (OH-iMsc23xflf»e5[

>4-0?
1130 3 ex*. (o=( agesc 2 3 4-1-1 ms [2 3 ) I “i + \ x/sses)\cx
i;403 r. isTf- ( ( i..ims|:3 3^i ) x ( :L-l.tmsc;33 ) ~2 ) xcx<- ( f ex ) f ( ( iox t ) f o ) > ex
i: 5 o 3 c x (- (1 \ d x s t , 0 ) + ( 0 ?"" 11' r.' i s t ) + e x x i- * m s [ 3 ]
II6 0 3 cut f • 5 + p <- e h r <- 0 x p p • 7
[; 7 0 3 U O O P ♦ P I f • C U Tf (C U T X C H T ) \ C X

11803 PIfTRflNSPOSE ( (1 + fIHCS) , f P I ) f P I

C 90 3 X i- p IxFREft i'J T I E , F P f ■ • pp.fl
Cl 00 3 fSK I P./NO 
C 110 3 M X F ft P P E M D T I E 2
Cl 20 1 H O ♦ p f- P + f / C 1 3 M''

C 1303 4LOOPX\(2 xAGESC13) > e H T f • C U T 4.1
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F U M C T T CHS X !•! W O R KSPflCE K P

'■? X P R X M T ) P R I N TX. ) R 5 H E A D $ 5 X D l“. JTOPJSPJ $ IS P 2 J A 5 B ? C f F P J X M C 5 T N T P ) H 1ST) P |_
a r

i: i o: F F y ' l_ E N GTH F F: E Q U E N C T DXSTRI8UTIO N AT ' ) I ) 1 T F A R 51 ,C P 
C 20 3 ' IHTERVfil.S (XW CM) PERCENTAGE OF POPULATION' ,CR
L 30 3 I. H TSf ( IMCS[13- X N C ) , IHCS , IMCS[f , I H C S ] + I H C f I M C 5 [ 2 ] - I N esc 1 3 
c4on tl'fTSf ( ( F P R 2 ) 1 ~ 1 + f 7. M T S ) f ( " ;[ .J, I i'i T 3 ) , l ■{, T. M T S 
C 50 3 (10 OtTRftNSPOSE XNTS),10 3f100X(<pp) ,l)fP 
C 60 3 4((opt C2 3 =2)V1-OPTC23)/choice
C 70 3 n R X V E S [ 2 3 G E T F N S > P R I H T X '
C SO 3 P R I N T X
C 90 3 CHOICEJ4(OPTC13=0)/0
II100 3 D R I V E S c 2 3 G E T F N S 1 H 1ST '
L 110 3 ;•? s 5 ! -2) hist tif.2,lims[1]
C 1203 X. N T 3 R 5 0 t T F: A N S P O S E I H T S
ill 30 3 PFfPI.OTf.THTS , ( ( ( SP2F ( f PLOT ) [ 1 3 ) » 1 ) f ' I ' ) , PLOT
LIAO 3 HiADf- ( ( (PINTS) C23-6)f ' ' ) ? ( 7 0 t 0 ) ? ( ( ( F: [ 2 3 - ( f 1 w r s ) c 2 3 ) - 8 ) P

1110 0 x C 2 3 )
III 50 3 he: adr ( 2 , FC23 ) f he ad f ( ( p i nts ) c 2 3f 1 ) -+'C((9IOr\ftC13)=0)+13
Cl 60 3 A R 1 D O I.. P H X H L. E H G T H DISTRIBUTIONS' ji 01B P ‘ p ERCENT A C- E 01- F'OPULAT I ON 1
Cl 703 C R ' i... EHGTH X M T E RVflLS If-) C M ‘ , Q f S P 1 R R C 2 3
C 180 3 TOPf((L(SPl-fA)F2)r '),fl,(r(SPl-fA)R2)f' 1
c i ? o 3 toprtop,((L(?p1~fr<)~2)F ' ) »> >(r(SPl-fB)r2)P* '
c 2 o o 3 eider ( SP2,1 ) /> < ( L ( sp2 — f c ) ~2 1 ) » ( r < ( B l=' 2 <-• 4 + B p 2 ) - f c ) f 2 ) f
C 210 3 F F i p L O T R S X D E 7 k TOP),( j, HEAD ) , , PI..OT
II220 3 j. ' ) E R A S E X P R X N T
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