
This program was also incorporated into the BIOESTAT application,
developed by the author,  which includes 16 other statistical tests of current
use in biological research. BIOESTAT can be obtained from the website of the
Department of Statistics of UFPR, by downloading it at the address http://
est.ufpr.br /‘Recursos, Software’ / ‘Projetos Ativos,   Bioestat’).
It is also important to download a tutorial extensively illustrated with the
prints of the screens, exemplifying in a very didactic way the routines of the
calculations through examples developed for each test.

USING THE APPLICATION

The GADVDVC.F application was developed to calculate the degree
of aggregation/discrimination (D) of a taxonomic character and also to calculate
the weights of a weighting system (on a scale of 1 to 6) that informs the
contribution of the character to the formation of subgroups in a group (that
brings together 3 or more species) (WA) or for individualization of these same
species (WD).

The term ‘group’ is being used in cases where the studied species do not
represent the whole of a genus, but only part of it.

Thus, the conclusions will be valid only for the group studied and should
not be extended to the corresponding gender. The methodological foundation
for these calculations can be found int he bibliography cited at the end of this
chapter.

These are two works that deal with the theme. Maia (2021) presents the
methodology for discrete variables (counts and codifications), based on the
calculation of the geometric average. Maia (2022) deals with the continuous
variables formed by measurements using  Analysis of  Variance , F Test (one
classification criterion), complemented by the Tukey test.

In the yellow boxes, we will reproduce the application’s screens
numbered in the sequence in which they appear during execution.

The green boxes will show explanatory comments about the screens
reproduced.



 Screen 01

 ******************************************************************
 *   INFORM THE TYPE OF VARIABLES THAT WILL BE ANALYZED      *
 *   (1 =   Discrete Variables - Counting and Encoding)                                       *
 *   (2 =   Continuous variables - Measurement (weights, measures)                   *
 ******************************************************************

  Type '1' for discrete variables      Type '2' for continuous variables

If the analyzed variable is the result of counts or encodings, the
application must be used as follows:

- Names composed of species and taxonomic characters must be
written with a hyphen.
- Inform the number of species that form the studied group.

 ******************************************************
 *                                        ATTENTION                                          *
 *               Compound words must be written with a hyphen.          *
 *                           EX: Apis-melifera, light-yellow                          *
 ******************************************************

 ******************************************************
 *                     Enter the number  ‘n’ of species
*
 ******************************************************

 Screen 02

 Screen 03

 ******************************************************
 *                          Type the species name  1                                *
 ******************************************************



Enter the name (or numerical code or letter, for identification) of
each of the 'n' species. (1,2,....,n).

Enter the name of the taxonomic character for which the value
of 'D' (degree of discrimination / aggregation) will be calculated.

******************************************************
*              Which taxonomic character will be analyzed?                 *
 ******************************************************

 Screen 04

 ******************************************************
 *                Which status will be identified by the code 1             *
 ******************************************************

Screen 06

In this step, inform the name of each status that will be identified
by a sequential number (code) (1,2,3...k). Example: yellow color =
code 1 / white color = code 2 / black color = code 3...

Screen 05

 ***********************************************************
 *           How many status does this character have in the group?    *
 ***********************************************************

Inform the number 'k' of different status of the taxonomic character
in the analyzed group.



 Screen 08

******************************************************
*                       You informed      yellow                                           *
*                      Is correct?  0=No  -  1=Yes                                        *
 ******************************************************

If the information is correct, type 1 and the analysis continues. If not,
enter 0 and the entry will be requested again.

The application will ask you to enter the code referring to the status
of the analyzed character for each species.

 ******************************************************
*       Code:  Labrum-color          in           Plebeia-juliani                 *
 ******************************************************

 Screen 07

   Screen 09

 ******************************************************
 *******         Degree of Discrimination / Aggregation       *******
 ********************     D = 2.5     ***********************
 ******************************************************

 ******************************************************
 *                                  Moderate  character                                      *
 ******************************************************
 *               Weight of Discriminative Potential: WD = 3 .5              *
 *               Weight of Aggregate Potential:         WA =  3.5              *
 ******************************************************



*************************************************************
* Do you want to analyze another character?   0=No  -   1=Yes        *
 *************************************************************

 Screen 10

- After informing the code referring to the status of the last species,
the application calculates the value of the degree of discrimination /
aggregation 'D', on a scale from zero to 5.
- It also informs the interpretation of 'D' (e.g. Moderate character).
- The discrimination (WD) and aggregation (WA) potential are
calculated on a scale from 1 to 6. In this example (WD = 3.5 and
WA = 3.5). The taxonomic character discriminates and aggregates
with  the same intensity.

    If the analysis involves several taxonomic characters, this routine
     must be repeated (from screen 04 onwards) as many times as
     there are characters.

                        Type '2'  for continuous variables

 Screen 01a

 ******************************************************************
 *   INFORM THE TYPE OF VARIABLES THAT WILL BE ANALYZED      *
 *   (1 =   Discrete Variables - Counting and Encoding)                                       *
 *   (2 =   Continuous variables - Measurement (weights, measures)                   *
 ******************************************************************

Screen  02a

******************************************************
 *              How many species are part of the analyzed group?        *
 ******************************************************



We will exemplify with the data of 6 species (n = 6) of the genus
Plebeia (P.juliani, P.meridionalis, P.droryana, P.emerina, P.remota and
P.saiqui represented by the letters J,M,D,E, R and S, respectively).

The analyzed variable is the measurement of the 'Jaw width' of 5
specimens (m = 5) of each species. See Maia (2022).

J R S D E M
0.90 1.40 1.20 1.15 1.50 1.00
1.00 1.80 1.30 1.20 1.30 0.90
1.00 1.40 1.50 1.15 1.20 0.90
0.90 1.45 1.30 1.20 1.20 0.70
0.90 1.40 1.30 1.00 1.20 0.80

Table 1 - Width of the jaw of six species of the genus Plebeia

Enter the number ‘n’ of species that are part of the group.

The application will then ask you to enter the name (or a
numerical code, or alphabetic code, etc.) to identify each of the 'n'
species. Remember that compound names (eg Plebeia-juliani) must
be written with a hyphen.

Screen 03a

******************************************************
 *                                  Enter species name 1                                   *
 ******************************************************

     The application will ask you to enter the names of the 6 species
               (Plebeia-juliani, Plebeia-meridionalis, etc.)

Screen  04a

******************************************************
*                 Which taxonomic character will be analyzed?              *
 ******************************************************



Each species will be represented by measurements originating from
samples, all of the same size, with 'm' elements. In this example there
will be 6 samples ( n = 6), with 5 specimens each: (m = 5).

Type the character name. In this example 'jaw-width'. Compound
names must be spelled with a hyphen.

We need to inform the value of 'q' for the application of the Tukey
Test  to evaluate the differences between the means of the 6 samples.
The value of 'q' can be obtained from the tables attached at the end of
this tutorial.
In the horizontal header of the table we will inform the number of
treatments. In this example each species is considered as a treatment
in the Analysis of Variance. The app will tell us that n = 6.
The application also calculates the degrees of freedom of the residual
variance: Residual df  =  n(m-1) where m is equal to the number of
units of each sample (m = 5).
Therefore,  Residual df  =  6(5-1)   or    6x4 = 24
We will use the two values provided by the application (horizontal
header = 6 and vertical header = 24). Where the line meets the column
is the number q = 4,373, which will be entered on screen 06a.

******************************************************
*                 Inform the table value of 'q' of the Tukey Test               *
*                  Treatments =          -       Residual df =                          *
******************************************************

Screen  06a

Screen  05a

 ******************************************************
*                How many specimens of each species analyzed?            *
 ******************************************************



SCREEN 07a and SCREEN 08a show how the data will be requested
by the application. After entering the last information of the first
species, we will enter the information of the second species, and so
on until the last species.

**********************************************************
*                 Enter specimen data 2 of species P.juliani             *
 **********************************************************

Screen  08a

 ******************************************************
*   Analyzed character: Width-of-the-jaw                                          *
 ******************************************************

 ******************************************************
 *******        Degree of Discrimination / Aggregation        *******
 ******************        D = 2.6667      ********************
 ******************************************************

 ******************************************************
 *                                      Moderate  character                                  *
 ******************************************************
 *             Weight of Discriminative Potential:  WD = 3.67              *
 *              Weight of Aggregate Potential:         WA = 3.33              *
 ******************************************************

Screen  09a

 **********************************************************
*                  Enter specimen data 1 of species P.juliani                   *
 **********************************************************

Screen  07a



If you want to analyze another character, type '1' and the application
will restart from SCREEN 04a.

Screen  10a

*************************************************************
*    Do you want to analyze another character?  0=Nao - 1=Sim     *
 *************************************************************

- This screen shows the results of the evaluation of the aggregative
potential/discriminative of the taxonomic character 'Width-of-the-jaw'.
- The numerical value (on a scale from 0 to 5) equals 2.67.
- This value classifies the character as 'intermediate', that is, it
   aggregates and discriminates in approximately equal proportions.
- WD and WA values (on a scale between 1 and 6) express
   numerically the two similar potentials.

On the following pages we transcribe two tables with the
values of q'' for the application of the Tukey Test. We chose the
95% level because it is the most used in biological research.

These tables were originally published by H. Leon Harter, as
indicated in the  bibliography:

          TABLE VALUES FOR TUKEY'S TEST






