Appendix D: MATLAB code to extract spectral parameters. Created by Stephen Grant, 
% QEPro data processing file V1.3
% S. Grant & H.Førde
clc
clear
%% Import data from text file
% Script for importing data from the following text file:
%     filename:  C:\Users\forde\OneDrive\Skrivebord\Bioluminescence
%    master\Spectrometer Ocean View\Arter\Metridia
% Auto-generated by MATLAB on 13-Sep-2023 14:39:43

%% Set up the Import Options and import the data
opts = delimitedTextImportOptions("NumVariables", 2);
 
% Specify range and delimiter
opts.DataLines = [15, Inf];
opts.Delimiter = "\t";

% Specify column names and types
opts.VariableNames = ["DataFromBL023_Subt4__0__145805812txtNode", "Var2"];
opts.SelectedVariableNames = "DataFromBL023_Subt4__0__145805812txtNode";
opts.VariableTypes = ["double", "string"];

% Specify file level properties
opts.ExtraColumnsRule = "ignore";
opts.EmptyLineRule = "read";

% Specify variable properties
opts = setvaropts(opts, "Var2", "WhitespaceRule", "preserve");
opts = setvaropts(opts, "Var2", "EmptyFieldRule", "auto");
opts = setvaropts(opts, "DataFromBL023_Subt4__0__145805812txtNode", "TrimNonNumeric", true);
opts = setvaropts(opts, "DataFromBL023_Subt4__0__145805812txtNode", "DecimalSeparator", ",");
opts = setvaropts(opts, "DataFromBL023_Subt4__0__145805812txtNode", "ThousandsSeparator", ".");

% Import the data
wavelength = readtable("C:\Users\forde\OneDrive\Skrivebord\Bioluminescence master\Spectrometer Ocean View\Alle filer\SBL123_b_Subt2__9__13-29-41-149.txt", opts);
clear opts

%% Set up the Import Options and import the data
intopts = delimitedTextImportOptions("NumVariables", 7);
 
% Specify range and delimiter
intopts.DataLines = [7, 7];
intopts.Delimiter = " ";
 
% Specify column names and types
intopts.VariableNames = ["Var1", "Var2", "Var3", "QEP022351__2__101653966txt", "Var5", "Var6", "Var7"];
intopts.SelectedVariableNames = "QEP022351__2__101653966txt";
intopts.VariableTypes = ["string", "string", "string", "double", "string", "string", "string"];
 
% Specify file level properties
intopts.ExtraColumnsRule = "ignore";
intopts.EmptyLineRule = "read";
intopts.LeadingDelimitersRule = "ignore";
 

% Specify variable properties
intopts = setvaropts(intopts, ["Var1", "Var2", "Var3", "Var5", "Var6", "Var7"], "WhitespaceRule", "preserve");
intopts = setvaropts(intopts, ["Var1", "Var2", "Var3", "Var5", "Var6", "Var7"], "EmptyFieldRule", "auto");
intopts = setvaropts(intopts, "QEP022351__2__101653966txt", "TrimNonNumeric", true);
intopts = setvaropts(intopts, "QEP022351__2__101653966txt", "DecimalSeparator", ",");
intopts = setvaropts(intopts, "QEP022351__2__101653966txt", "ThousandsSeparator", ".");
 
%% Set up the Import Options and import the data
opts = delimitedTextImportOptions("NumVariables", 2);
 
% Specify range and delimiter
opts.DataLines = [14, 891];
opts.Delimiter = "\t";

% Specify column names and types
opts.VariableNames = ["Var1", "MonJan22130806CET2024"];
opts.SelectedVariableNames = "MonJan22130806CET2024";
opts.VariableTypes = ["string", "double"];
 
% Specify file level properties
opts.ExtraColumnsRule = "ignore";
opts.EmptyLineRule = "read";
 
% Specify variable properties
opts = setvaropts(opts, "Var1", "WhitespaceRule", "preserve");
opts = setvaropts(opts, "Var1", "EmptyFieldRule", "auto");
 
% Import the data
cal = readtable("C:\Users\forde\OneDrive\Skrivebord\Bioluminescence master\Matlab koder\QEPro_NoCC_Calibration_OOIIrrad.cal", opts);


%% Clear temporary variables
clear opts

%%%%%%%% Change Directory to folder containing QEPro files
dinfo = dir(fullfile("C:\Users\forde\OneDrive\Skrivebord\Bioluminescence master\Spectrometer Ocean View\Arter\Clytia\SBL258*.txt"));
n = numel(dinfo);
 
%% Set up the Import Options and import the data
opts = delimitedTextImportOptions("NumVariables", 2);
 
% Specify range and delimiter
opts.DataLines = [15, Inf];
opts.Delimiter = "\t";
 
% Specify column names and types
opts.VariableNames = ["VarName1", "VarName2"];
opts.VariableTypes = ["double", "double"];
 
% Specify file level properties
opts.ExtraColumnsRule = "ignore";
opts.EmptyLineRule = "read";
 
% Specify variable properties
opts = setvaropts(opts, ["VarName1", "VarName2"], "TrimNonNumeric", true);
opts = setvaropts(opts, ["VarName1", "VarName2"], "DecimalSeparator", ",");
opts = setvaropts(opts, ["VarName1", "VarName2"], "ThousandsSeparator", ".");
 
 
% Preallocated Variable
% spec_data_array=zeros(1044,n+1);
% spec_data_norm=zeros(1044,n+1);
% smooth_data_array=zeros(1044,n+1);
nameCell = cell(1,n);
 
% For loop which reads in data from files and puts the spectra into
% a variable named spec_data_array
% A plot of this variable is produced at the end
Outputarray=[];
wavelength=wavelength(5:882,:);
 
% Adjust here to change the wavelength range
% (use the following indices:
% 350 nm - 1
% 400 nm - 66
% 450 nm - 132
% 500 nm - 197
% 550 nm - 263
% 600 nm - 330
% 650 nm - 397
% 700 nm - 464
% 750 nm - 532
% 800 nm - 600
% 850 nm - 669
% 900 nm - 738
% 950 nm - 808
% 1000 nm - 878)
 
wave_start=1;
wave_end=464;
wavelength=wavelength(wave_start:wave_end,:);
 
 
dL=((wavelength{3,:}-wavelength{1,:})/2);
c = 299792458; % speed of light, units m/s
h = 1.054571817*10^-34; % Planck's constant, units J*s
hc = 1.98644586*10^-25; % speed of light multiplied by Planck's constant, units J*m
E_photon = hc./(wavelength{:,1}); % Energy of photons, units J/photon
 
for xx=1:n
  
    xx
 
    filename = fullfile(dinfo(xx).folder, dinfo(xx).name);
    for yy=1:1044
        nameCell(yy,xx)={convertCharsToStrings(dinfo(xx).name)};
    end
  
    T = readtable(filename, intopts);
    spec_data = readtable(filename, opts);
    spec_data(1:4,:) = [];
    spec_data=spec_data(wave_start:wave_end,:);
    spec_datasnr=spec_data;
    spec_data{:,2}=(spec_data{:,2}.*cal{wave_start:wave_end,1})/(0.007854*dL*T{:,1}); % Apply Calibration
    spec_data{:,2} = spec_data{:,2}.*10^-4; % Convert cm to m
    spec_data{:,2} = spec_data{:,2}.*10^-6; % Convert uW to W
    spec_data{:,2} = spec_data{:,2}./E_photon; % Convert to number of photons
    spec_data{:,2} = spec_data{:,2}/6.022140857e+17; % Convert to umol photons
    
    smooth_data=spec_data;
    smooth_data{:,2}=smoothdata(spec_data{:,2},"movmean",30);
%     smooth_data{:,2}=smoothdata(spec_data{:,2},"movmean",15);
% smooth_data{:,2}=smoothdata(smooth_data{:,2},"movmean",15);
% smooth_data{:,2}=smoothdata(smooth_data{:,2},"movmean",15);

    [pks,locs,widths,proms] = findpeaks(smooth_data{:,2},wavelength{:,1},"WidthReference","halfprom",'MinPeakHeight',0.00001,'MinPeakDistance',50);
   
    lengthpeaks=length(pks);
 
    if isempty(pks)
        continue
    end

    clear result

  
    for x=1:lengthpeaks
        result(x) = find(wavelength{:,1}==locs(x));
 
        signalwindow_lower=result(x)-10;
        signalwindow_upper=result(x)+10;
 
        if signalwindow_lower<1
            signalwindow_lower=1;
            signalwindow_upper=20;
        end

        if signalwindow_upper>length(spec_data{:,1})
            signalwindow_lower=length(spec_data{:,1})-20;
            signalwindow_upper=length(spec_data{:,1});

        end

%         signal(x)=trapz(spec_datasnr{signalwindow_lower:signalwindow_upper,1},spec_datasnr{signalwindow_lower:signalwindow_upper,2});
        signal(x)=max(spec_datasnr{:,2});
        noise(x)=min(spec_datasnr{:,2});
        snr(x)=abs(signal(x)/noise(x));

    end
    
    [maxi,maxj]=maxk(pks,lengthpeaks);

    spec_data_array(:,1) = (spec_data.VarName1);
    spec_data_array(:,xx+1) = (spec_data.VarName2);
    smooth_data_array(:,1) = (smooth_data.VarName1);
    smooth_data_array(:,xx+1) = (smooth_data.VarName2);
   
    Outputcurrent = table(locs(maxj),maxi,widths(maxj),proms(maxj),snr(maxj)',repmat(convertCharsToStrings(dinfo(xx).name),lengthpeaks,1),'VariableNames',{'Wavelength','Peak Magnitude','Peak Width','Peak Prominance','SNR','File Name'});
    Outputarray = [Outputarray; Outputcurrent];
 
end

spectrum_2_b_averaged=smooth_data_array(:,2:end);
spectrum_2_b_averaged(:,all(spectrum_2_b_averaged==0))=[];
averaged_spectrum=mean(spectrum_2_b_averaged');

 
% figure
% plot(wavelength{:,1},averaged_spectrum)

% figure
% for xy=1:length(spec_data_array(1,:))-1
%     hold on
%     pl=plot(wavelength{:,1},spec_data_array(:,xy+1));
%     findpeaks(spec_data_array(:,xy+1),wavelength{:,1},'Annotate','extents','MinPeakHeight',0.0001,'NPeaks',10,'MinPeakDistance',50,"WidthReference","halfprom")
%     pl.DataTipTemplate.DataTipRows(1).Label = "Wavelength :";
%     pl.DataTipTemplate.DataTipRows(2).Label = "Signal :";
%     row = dataTipTextRow('Index',nameCell(:,xy));
%     pl.DataTipTemplate.DataTipRows(end+1) = row;
% end
%  
figure
for xy=1:length(smooth_data_array(1,:))-1
    hold on
    pl=plot(wavelength{:,1},smooth_data_array(:,xy+1));
%     findpeaks(smooth_data_array(:,xy+1),wavelength{:,1},'Annotate','extents','MinPeakHeight',10,'MinPeakDistance',50,"WidthReference","halfprom")
%     pl.DataTipTemplate.DataTipRows(1).Label = "Wavelength :";
%     pl.DataTipTemplate.DataTipRows(2).Label = "Signal :";
    row = dataTipTextRow('Index',nameCell(:,xy));
    pl.DataTipTemplate.DataTipRows(end+1) = row;
    plot(wavelength{:,1},averaged_spectrum)
end
 
 
figure
histogram(Outputarray.Wavelength,75)


Appendix E: MATLAB code to extract spectral and normalize spectra. Code created by Stephen Grant, modified by Martta Viljanen and Hedda Førde.
% QEPro data processing file V1.3

% S. Grant & H.Førde

clc

clear

%% Import data from text file

% Script for importing data from the following text file:

% filename: C:\Users\forde\OneDrive\Skrivebord\Bioluminescence

% master\Spectrometer Ocean View\Arter\Metridia

% Auto-generated by MATLAB on 13-Sep-2023 14:39:43

%% Set up the Import Options and import the data

opts = delimitedTextImportOptions("NumVariables", 2);

% Specify range and delimiter

opts.DataLines = [15, Inf];

opts.Delimiter = "\t";

% Specify column names and types

opts.VariableNames = ["DataFromBL023_Subt4__0__145805812txtNode", "Var2"];

opts.SelectedVariableNames = "DataFromBL023_Subt4__0__145805812txtNode";

opts.VariableTypes = ["double", "string"];

% Specify file level properties

opts.ExtraColumnsRule = "ignore";

opts.EmptyLineRule = "read";

% Specify variable properties

opts = setvaropts(opts, "Var2", "WhitespaceRule", "preserve");

opts = setvaropts(opts, "Var2", "EmptyFieldRule", "auto");

opts = setvaropts(opts, "DataFromBL023_Subt4__0__145805812txtNode", "TrimNonNumeric", true);

opts = setvaropts(opts, "DataFromBL023_Subt4__0__145805812txtNode", "DecimalSeparator", ",");

opts = setvaropts(opts, "DataFromBL023_Subt4__0__145805812txtNode", "ThousandsSeparator", ".");

% Import the data

wavelength = readtable("C:\Users\forde\OneDrive\Skrivebord\Bioluminescence master\Spectrometer Ocean View\Alle filer\SBL123_b_Subt2__9__13-29-41-149.txt", opts);

clear opts

%% Set up the Import Options and import the data

intopts = delimitedTextImportOptions("NumVariables", 7);

% Specify range and delimiter

intopts.DataLines = [7, 7];

intopts.Delimiter = " ";

% Specify column names and types

intopts.VariableNames = ["Var1", "Var2", "Var3", "QEP022351__2__101653966txt", "Var5", "Var6", "Var7"];

intopts.SelectedVariableNames = "QEP022351__2__101653966txt";

intopts.VariableTypes = ["string", "string", "string", "double", "string", "string", "string"];

% Specify file level properties

intopts.ExtraColumnsRule = "ignore";

intopts.EmptyLineRule = "read";

intopts.LeadingDelimitersRule = "ignore";

% Specify variable properties

intopts = setvaropts(intopts, ["Var1", "Var2", "Var3", "Var5", "Var6", "Var7"], "WhitespaceRule", "preserve");

intopts = setvaropts(intopts, ["Var1", "Var2", "Var3", "Var5", "Var6", "Var7"], "EmptyFieldRule", "auto");

intopts = setvaropts(intopts, "QEP022351__2__101653966txt", "TrimNonNumeric", true);

intopts = setvaropts(intopts, "QEP022351__2__101653966txt", "DecimalSeparator", ",");

intopts = setvaropts(intopts, "QEP022351__2__101653966txt", "ThousandsSeparator", ".");

%% Set up the Import Options and import the data

opts = delimitedTextImportOptions("NumVariables", 2);

% Specify range and delimiter

opts.DataLines = [14, 891];

opts.Delimiter = "\t";

% Specify column names and types

opts.VariableNames = ["Var1", "MonJan22130806CET2024"];

opts.SelectedVariableNames = "MonJan22130806CET2024";

opts.VariableTypes = ["string", "double"];

% Specify file level properties

opts.ExtraColumnsRule = "ignore";

opts.EmptyLineRule = "read";

% Specify variable properties

opts = setvaropts(opts, "Var1", "WhitespaceRule", "preserve");

opts = setvaropts(opts, "Var1", "EmptyFieldRule", "auto");

% Import the data

cal = readtable("C:\Users\forde\OneDrive\Skrivebord\Bioluminescence master\Matlab koder\QEPro_NoCC_Calibration_OOIIrrad.cal", opts);

%% Clear temporary variables

clear opts

%%%%%%%% Change Directory to folder containing QEPro files

dinfo = dir(fullfile("C:\Users\forde\OneDrive\Skrivebord\Bioluminescence master\Spectrometer Ocean View\Arter\Best specie spectra\SBL*.txt"));

n = numel(dinfo);

%% Set up the Import Options and import the data

opts = delimitedTextImportOptions("NumVariables", 2);

% Specify range and delimiter

opts.DataLines = [15, Inf];
opts.Delimiter = "\t";

% Specify column names and types

opts.VariableNames = ["VarName1", "VarName2"];
opts.VariableTypes = ["double", "double"];

% Specify file level properties
opts.ExtraColumnsRule = "ignore";
opts.EmptyLineRule = "read";

% Specify variable properties
opts = setvaropts(opts, ["VarName1", "VarName2"], "TrimNonNumeric", true);
opts = setvaropts(opts, ["VarName1", "VarName2"], "DecimalSeparator", ",");
opts = setvaropts(opts, ["VarName1", "VarName2"], "ThousandsSeparator", ".");

% Preallocated Variable
% spec_data_array=zeros(1044,n+1);
% spec_data_norm=zeros(1044,n+1);
% smooth_data_array=zeros(1044,n+1);

nameCell = cell(1,n);

% For loop which reads in data from files and puts the spectra into
% a variable named spec_data_array
% A plot of this variable is produced at the end

Outputarray=[];

wavelength=wavelength(5:882,:);

% Adjust here to change the wavelength range
% (use the following indices:
% 350 nm - 1
% 400 nm - 66
% 450 nm - 132
% 500 nm - 197
% 550 nm - 263
% 600 nm - 330
% 650 nm - 397
% 700 nm - 464
% 750 nm - 532
% 800 nm - 600
% 850 nm - 669
% 900 nm - 738
% 950 nm - 808
% 1000 nm - 878)

wave_start=1;
wave_end=464;
wavelength=wavelength(wave_start:wave_end,:);

dL=((wavelength{3,:}-wavelength{1,:})/2);
c = 299792458; % speed of light, units m/s
h = 1.054571817*10^-34; % Planck's constant, units J*s
hc = 1.98644586*10^-25; % speed of light multiplied by Planck's constant, units J*m
E_photon = hc./(wavelength{:,1}); % Energy of photons, units J/photon

for xx=1:n

xx

filename = fullfile(dinfo(xx).folder, dinfo(xx).name);

for yy=1:1044
nameCell(yy,xx)={convertCharsToStrings(dinfo(xx).name)};

end

T = readtable(filename, intopts);
spec_data = readtable(filename, opts);
spec_data(1:4,:) = [];
spec_data=spec_data(wave_start:wave_end,:);
spec_datasnr=spec_data;
spec_data{:,2}=(spec_data{:,2}.*cal{wave_start:wave_end,1})/(0.007854*dL*T{:,1}); % Apply Calibration

spec_data{:,2} = spec_data{:,2}.*10^-4; % Convert cm to m
spec_data{:,2} = spec_data{:,2}.*10^-6; % Convert uW to W
spec_data{:,2} = spec_data{:,2}./E_photon; % Convert to number of photons
spec_data{:,2} = spec_data{:,2}/6.022140857e+17; % Convert to umol photons

smooth_data=spec_data;

smooth_data{:,2}=smoothdata(spec_data{:,2},"movmean",15);
smooth_data{:,2}=smoothdata(smooth_data{:,2},"movmean",15);
smooth_data{:,2}=smoothdata(smooth_data{:,2},"movmean",15);


normalized_data=spec_data
normalized_data{:,2} = smooth_data{:,2}/max(smooth_data{:,2});
[pks,locs,widths,proms] = findpeaks(smooth_data{:,2},wavelength{:,1},"WidthReference","halfprom",'MinPeakHeight',0.00001,'MinPeakDistance',50);
lengthpeaks=length(pks);

if isempty(pks)

continue

end

clear result

for x=1:lengthpeaks
result(x) = find(wavelength{:,1}==locs(x));
signalwindow_lower=result(x)-10;
signalwindow_upper=result(x)+10;

if signalwindow_lower<1
signalwindow_lower=1;
signalwindow_upper=20;

end

if signalwindow_upper>length(spec_data{:,1})
signalwindow_lower=length(spec_data{:,1})-20;
signalwindow_upper=length(spec_data{:,1});

end

signal(x)=trapz(spec_datasnr{signalwindow_lower:signalwindow_upper,1},spec_datasnr{signalwindow_lower:signalwindow_upper,2});
% signal(x)=max(spec_datasnr{:,2});
noise(x)=min(spec_datasnr{:,2});
snr(x)=abs(signal(x)/noise(x));

end

[maxi,maxj]=maxk(pks,lengthpeaks);
spec_data_array(:,1) = (spec_data.VarName1);
spec_data_array(:,xx+1) = (spec_data.VarName2);
smooth_data_array(:,1) = (smooth_data.VarName1);
smooth_data_array(:,xx+1) = (smooth_data.VarName2);
normalized_data_array(:,1) = (normalized_data.VarName1);
normalized_data_array(:,xx+1) = (normalized_data.VarName2);
Outputcurrent = table(locs(maxj),maxi,widths(maxj),proms(maxj),snr(maxj)',repmat(convertCharsToStrings(dinfo(xx).name),lengthpeaks,1),'VariableNames',{'Wavelength','Peak Magnitude','Peak Width','Peak Prominance','SNR','File Name'});
Outputarray = [Outputarray; Outputcurrent];

end

spectrum_2_b_averaged=smooth_data_array(:,2:end);
spectrum_2_b_averaged(:,all(spectrum_2_b_averaged==0))=[];
averaged_spectrum=mean(spectrum_2_b_averaged');
spectrum_2_b_normalized=normalized_data_array(:,2:end);
spectrum_2_b_normalized(:,all(spectrum_2_b_normalized==0))=[];
averaged_spectrum_n=mean(spectrum_2_b_normalized');

% figure

%plot(wavelength{:,1},averaged_spectrum_n)

% figure
% for xy=1:length(spec_data_array(1,:))-1
% hold on
% pl=plot(wavelength{:,1},spec_data_array(:,xy+1));
% findpeaks(spec_data_array(:,xy+1),wavelength{:,1},'Annotate','extents','MinPeakHeight',0.0001,'NPeaks',10,'MinPeakDistance',50,"WidthReference","halfprom")
% pl.DataTipTemplate.DataTipRows(1).Label = "Wavelength :";
% pl.DataTipTemplate.DataTipRows(2).Label = "Signal :";
% % row = dataTipTextRow('Index',nameCell(:,xy));
% % pl.DataTipTemplate.DataTipRows(end+1) = row;
% end
% 
% figure: original colors
% 
% for xy=1:length(normalized_data_array(1,:))-1
%     hold on
%     pl=plot(wavelength{:,1}, normalized_data_array(:,xy+1), 'LineWidth', 1,);
%     C = orderedcolors("gem12");
%     colororder(C(1:10,:))
%     %findpeaks(smooth_data_array(:,xy+1),wavelength{:,1},'Annotate','extents','MinPeakHeight',100,'MinPeakDistance',50,"WidthReference","halfprom")
%     pl.DataTipTemplate.DataTipRows(1).Label = "Wavelength :";
%     pl.DataTipTemplate.DataTipRows(2).Label = "Signal :";
%     row = dataTipTextRow('Index',nameCell(:,xy));
%     pl.DataTipTemplate.DataTipRows(end+1) = row;
%     %plot(wavelength{:,1},averaged_spectrum_n)
% end

%New colors
gem12 = {'#F8766D', '#B79F00', '#f1c232', '#00BA38', '#00BFC4', '#619CFF', ...
         '#c90076', '#DD93AC', '#000000', '#868686', '#CFCFCF', '#534C4C'};

% figure
% for xy = 1:length(normalized_data_array(1,:))-1
%     hold on
%     pl = plot(wavelength{:,1}, normalized_data_array(:,xy+1), 'LineWidth', 1, 'Color', gem12{mod(xy, numel(gem12)) + 1});
%     pl.DataTipTemplate.DataTipRows(1).Label = "Wavelength :";
%     pl.DataTipTemplate.DataTipRows(2).Label = "Signal :";
%     row = dataTipTextRow('Index', nameCell(:,xy));
%     pl.DataTipTemplate.DataTipRows(end+1) = row;
% end
%New color and legend in part itallics

figure
for xy = 1:length(normalized_data_array(1,:))-1
    hold on
    pl = plot(wavelength{:,1}, normalized_data_array(:,xy+1), 'LineWidth', 2, 'Color', gem12{mod(xy, numel(gem12)) + 1});
    pl.DataTipTemplate.DataTipRows(1).Label = "Wavelength :";
    pl.DataTipTemplate.DataTipRows(2).Label = "Signal :";
    row = dataTipTextRow('Index', nameCell(:,xy));
    pl.DataTipTemplate.DataTipRows(end+1) = row;
    ylim([0,1]);
    xlim([350,650])
    ylabel('Relative intensity','FontSize',18)
    xlabel('Wavelength (nm)','FontSize',18)
    %Modify legend names and styles; best specie spectra
legendNames = {'{\it Hansarsia megalops}', '{\it Beroe} spp.', '{\it Euplokamis cf. dunlapae}', '{\it Aetideopsis armata}', '{\it Thysanoessa raschii}', ...
              '{\it Metridia} spp.', '{\it Tomopteris} spp.','{\it Clytia} spp.', '{\it Bolinopsis infundibulum}'};
  
%Create legend
legend(legendNames);

end

