			APPENDIX 2: Fitting the SqA models 


The following code is that which was used to fit the models and generate the visualizations of the models used in this study. The code as presented here has been edited to be more readable than as originally written. It is however, completely functional and the remainder of this document from “clear all” onwards can be cut and pasted into a MATLAB script and it will run the analysis on the example dataset provided. 

A point of note: In the current implementation of function Qfit(S,A), we  set AICc values for non significant models to zero. This works practically since it is rare for a SAR fit in linear space (versus one where the response variable  is log transformed) to have an AICc of zero or less and we translate the AICc back to what it “would be” in linear space in these cases. We do not plot non significant models and so any q values of AICc = 0 models will be classified as non significant and not  plotted on the graph. This will not affect the shape of our curve or our interpretation of it to any meaningful degree even in theory (and in the current analysis not at all), however we do note that this part of the code could be improved upon.  


%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
 				% FIT SqA MODEL CODE 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
 
clear all 

% addpath('functions') %Currently the functions are included at the bottom 
     % of the document but they were originally located 
     % in a separate function folder 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
 
 %LOAD DATA 
 
% Arrhenius Pinus woody species data given as an example but the data can also be loaded from a .csv file, for example via
%
% DATA = readtable('data_file.csv');
% 
% S = DATA(:,1);  
% A  = DATA(:,2);  
%
% Where the species richness data  is in column 1 and the corresponding 
% areas are in column 2 

 
S = [ 9.7
13.1
16.9
22.9
28.8
34.5
40
49]; 
 
 
A = [1
2
4
8
16
32
64
100]; 


 
 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
 
 % PERFORM ANALYSIS  
 

[Q,AICc, Qmodel]  = Qfit(S,A); 
 
Qresults  = Qrusults(Q,AICc); % This gives the results as a vector of the 
% form [Qopt, Qmin, Qmax] 
 

% Display results   

Qresults                               
Qmodel.Coefficients
 
                              
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
 
% VISUALISE RESULTS  
 
figure(1) 
plot(Q,AICc) 
xlim([0 1])
xlabel('q') 
ylabel('AICc') 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
 				 % 	 FUNCTONS 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
 

 
function[Q,AICc,Qmodel] = Qfit(S, A) 
 
%S is the vector of species richness for a given taxa 
%A  is the area for the islands 
 
Q = [  ]; % define the initial Q vector 
AICc = [ ]; %define the initial AICc vector 
P = [] ;   % This vector will have entries corresponding to the different q 
           % values which will be 1 if a model for a particular q 
 	     % value is significant and 0 if not 

LnA = log(A); %first log the area vector   
LnS = log(S); % log the S vector  
 
J = 2*(sum(LnS)); % The raw Jacobian correction which is the 
                  % sum of ln(s_i) over i
 
q = 0 ; %initialise q = 0 (semi-log case) 
 
Qmodel = fitlm(LnA,S) ;  % Qmodel is the data structure which contains the  
% model fit plus all the statistics of the model   % fit such as AICc and p value 
 
n = size(S,1); % the ample size
k = 2; % number of parameters plus one for the intercept. 
 
 
Q = [Q, q]; 
 
Pvalue = Qmodel.Coefficients.pValue;
   
    Pmax = max(Pvalue); 
    
    AICc_i = Qmodel.ModelCriterion.AICc + q*J; % AICc corrected for
                                               % transformation of response   
  							     % variable
   if Pmax > 0.05
       P = [P, 0];  
    else     
      P = [P,1];  
    end  
    
     
        AICc = [AICc, AICc_i];
    
AICc_i
 
% now cycle over all the intermediate values of q between 0 and 1
 
for i = 1:99
    q = q+ 0.01;
    p = 1-q;  
    Sq = (S.^p - q^p)./p; % calculate vector of the transformed response 
  % variable
    Qmodel = fitlm(LnA, Sq)  ; 
    
   
     Q = [Q, q] ;
    
    AICc_i = Qmodel.ModelCriterion.AICc + q*J; 
     
    Pvalue = Qmodel.Coefficients.pValue; 
   
    Pmax = max(Pvalue);
    
    
    
     if Pmax > 0.05
       P = [P, 0];  
    else     
      P = [P,1];  
    end  
    
        
    
     AICc = [AICc, AICc_i];
     
end 
 
%Now add the model where the response variable is fully logged (power law) 

q = 1; 
 
Qmodel = fitlm(LnA, LnS)  ; 

    Q = [Q, q] ; 
    
    Pval = Qmodel.Coefficients.pValue;
   
    Pmax = max(Pval); 
    
    
     AICc_i = Qmodel.ModelCriterion.AICc + q*J;
    
    if Pmax > 0.05
       P = [P, 0];  
    else     
      P = [P,1];  
    end  
    
     
        AICc = [AICc, AICc_i]; 
      
   
     AICc = AICc.*P; % Send all non significant entries to zero
     Q = Q.*P; 
     
     
     if P(1) ==1
         Q = Q(Q~=0); % If the q = 0  model is significant 
         Q = [0,Q] ; % then add that back to the start of the vector
     else     
          Q = Q(Q~=0)  ; % otherwise discard it with other non significant 
                         % entries 
     end    
         
    
     AICc = AICc(AICc~=0); 
     
    
end 






%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
 

function[Qres]  = Qrusults(Q,AICc)
 
    % This function takes the output of 
    
        %function[Q,AICc,Qmodel] = Qfit(S, A) 
 
    % and returns the optimum q value as well as the range (as max and min) 
    % of models equally well supported by AICc 
    
 
[AICmin,I] = min(AICc); 
 
Qopt = Q(I); %select the minimum Q value  
 
 
% We create a vector with the minimum q value as the first entry and the
% range of q values with \Delta AICc <2 as the rest of the vector 
 
% Crate Qopt vector which has the optimal significant q value as its first
% entry and the rest of the vector is 
 
 
AICcRange = AICc - AICmin -2 ; 
 
AICcRange(AICcRange > 0 ) = 0 ; % this leaves only the entries within 2 of
                                % the optimum AICc 
 
    J = find(AICcRange ~=0) ; % all positive entries have become zeros
 
    Qrange = Q(J); 
 
    Qmin = min(Qrange) ; 
    Qmax = max(Qrange) ; 
 
 
    Qres = [Qopt, Qmin, Qmax] ; 
 
end


%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
 


