Appendix
Additional Data forChapter 2
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Figure A2l Heat map generated using mvtsplot showing parameter fluctuations distributed acressw24nterval for eight parameters [DO.OW)(
DO.PW), F.PVQ@, FQ.PV D), pH.OutE), T.Outf), XCQPV (), XQ.PV H)] on Day 1. The-Xxis represents time and theakis shows the different cultures.
Purple, grey and green denote low, medium and high values within a culture, respectively. Colours are not comparablaltacess3 be box plot on the

right hand side panel present the data in each tiseries and the one on the bottom panel displays the median values across adidiiae for each time
point.
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Figure A2 Heat map generated using mvtsplot showing parameter fluctuations distributed a2ebssur interval for eight parameters [DO.Ou)(
DO.PW), F.PVQ@, FQ.PV D), pH.OutE), T.Outf), XCQPV (), XQ.PV H)] on Day 2. The-&xis represents time and theakis shows the different cultures.
Purple, grey and green denote low, mediamd high values within a culture, respectively. Colours are not comparable across cultures. The box plot on the
right hand side panel present the data in each tissgies and the one on the bottom panel displays the median values across afidiiee foreach time

point.
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Figure AZ3 Heat map generated using mvtsplot showing parameter fluctuations distributed acresew4nterval for eight parameters [DO.Oud)(
DO.PW), F.PVQ@, FQ.PV D), pH.OutB, T.Outp), XCQPV (), XQ.PV H)] on Day 3The Xaxis represents time and theakis shows the different cultures.
Purple, grey and green denote low, medium and high values within a culture, respectively. Colours are not comparablgltacessg be box plot on the
right hand side panel presethe data in each timeseries and the one on the bottom panel displays the median values across afidiiae for each time
point.
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Figure A2 Heat map generated using mvtsplot showing parameter fluctuations distributed acressw24nterval for éght parameters [DO.OutAj,
DO.PW), F.PVQ@, FQ.PV D), pH.OutB, T.Outp, XCQPV (), XQ.PV H)] on Day 4. The-Xxis represents time and theakis shows the different cultures.
Purple, grey and green denote low, medium and high values wétloiniture, respectively. Colours are not comparable across cultures. The box plot on the
right hand side panel present the data in each tisegies and the one on the bottom panel displays the median values across afidiiae for each time
point.



B Jﬂ m#.“.f ""ru.y‘.d HH.H*' '. : %
|ﬂi_“|: = SRR f |u = |1”rr||| ||11 LT - ! |“ M T
}‘ : u||t|||l. HJ 1}’{” ]H|II‘|'L W"i | thIL ‘;Iéﬁl Jf IJl‘ ; | 1 % U iy

";;.1". .t.". = p"h o ﬁ’” e ‘4;,@.‘9;53"1,w G wli ,"-”l it ithn e,

;wh-wﬁ. T TR
=3 % I ' I III!“\ | 1

= .
- 1 ANl
~- N x|nln“ I:lql}l
v 14 1]

:5; %.. TRy T *\ U
f-"'”" .»-~..‘.4+m+4“ ' '*'1F}’\"i,w.&."}ﬁ. L w;"ﬂ

|||u| r‘ A {Ilﬁll | y
=TI TR TR e wmn
: v N

z o . ;h il .h | \ x”n‘un : = :
TET T T 21 il y |J|' f | A PTG i -
il {&! el wm. .ﬂ M nfu@;_ﬁw :‘"‘p}.}"'|“,?i-h1 N

P | !“ WITTRT TT TR TV THTTN T r
H IH[‘I:L& ['n |l|‘|}ll H[ Hlllﬁllm A ||i Fi ||’|||L||1 i ITII?II-\ L
\"1 1 ||

‘E IH i” Pl ]HJH ‘ K |l I Hll ij_ wl Frl
i M L h‘.u i .:M:"*wh-.ﬁ'ﬁ'w‘r“ i
g T 0 LA (LT e | = i 4 v ” T

FHgure A25 Heat map generated using mvtsplot showing parameter fluctuations distributed acrekeuz4nterval for eight parameters [DO.Ouk)(

DO.PWB), F.PVQ@, FQ.PV D), pH.OutB), T.Outp, XCQPV (), XQ.PV H)] on Day 5. The-Xxis represerd time and the Yxis shows the different cultures.
Purple, grey and green denote low, medium and high values within a culture, respectively. Colours are not comparablaltacess3 be box plot on the
right hand side panel present the data in eachdiseries and the one on the bottom panel displays the median values across adidiiae for each time

point.
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Figure A26 Heat map generated using mvtsplot showing parameter fluctuations distributed acresew4nterval for eight parameters [DO.O(A),
DO.PW), F.PVQ@, FQ.PV D), pH.OutB, T.Outp), XCQPV (), XQ.PV H)] on Day 6. The-Xxis represents time and theakis shows the different cultures.
Purple, grey and green denote low, medium and high values within a culesgectively. Colours are not comparable across cultures. The box plot on the
right hand side panel present the data in each tisegies and the one on the bottom panel displays the median values across afidiiae for each time
point.
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Figure AZ7 Heat map generated using mvtsplot showing parameter fluctuations distributed acresew4nterval for eight parameters [DO.Ou)(
DO.PW), F.PVQ@, FQ.PV D), pH.OutB, T.Outp, XCQPV (), XQ.PV H)] on Day 7. The-Xxis represents time arttie Y-axis shows the different cultures.
Purple, grey and green denote low, medium and high values within a culture, respectively. Colours are not comparablgltacessg be box plot on the
right hand side panel present the data in each tisegies ad the one on the bottom panel displays the median values across alisemes for each time
point.
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Figure A28 Heat map generated using mvtsplot showing parameter fluctuations distributed acresew4nterval for eight parameters [DO.Oud)(
DO.R/(B), F.PVQ@, FQ.PV D), pH.OutB, T.Outp, XCQPV (), XQ.PV H)] on Day 8. The-Xxis represents time and theakis shows the different cultures.
Purple, grey and green denote low, medium and high values within a culture, respectively. @odonos comparable across cultures. The box plot on the
right hand side panel present the data in each tisegies and the one on the bottom panel displays the median values across afidiiae for each time
point.
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Figure A2 Heat map generated usinmvtsplot showing parameter fluctuations distributed acrossh@dr interval for eight parameters [DO.OW)(
DO.PW), F.PVQ@, FQ.PV D), pH.OutB, T.Outp, XCQPV (), XQ.PV H)] on Day 9. The-Xxis represents time and theakis shows the fferent cultures.
Purple, grey and green denote low, medium and high values within a culture, respectively. Colours are not comparablgltacessg be box plot on the
right hand side panel present the data in each tisegies and the one on the bottopanel displays the median values across all #fmges for each time
point.
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Figure A210 Heat map generated using mvtsplot showing parameter fluctuations distributed acressu?4nterval for eight parameters [DO.Owk)(
DO.PW), F.PVQ@, FQ.PV D), pH.OutB, T.OutF), XCQPV (), XQ.PV H)] on Day 10. The-Xxis represents time and theakis shows the different cultures.
Purple, grey and green denote low, medium and high values within a culture, respectively. Colours are not compasabtaithgres. The box plot on the

right hand side panel present the data in each tisegies and the one on the bottom panel displays the median values across afidiiae for each time
point.
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Figure A211 Heat map generated using mvtsplot showing graeter fluctuations distributed across 2wur interval for eight parameters [DO.OW)(
DO.PW), F.PVQ@, FQ.PV D), pH.OutB, T.OutF), XCQPV (5), XQ.PV H)] on Day 11. The-Xxis represents time and theakis shows the different cultures.
Pumple, grey and green denote low, medium and high values within a culture, respectively. Colours are not comparable amessItidtbox plot on the

right hand side panel present the data in each tisegies and the one on the bottom panel displays thedian values across all tirseries for each time
point.
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Figure A212 Heat map generated using mvtsplot showing parameter fluctuations distributed acressu?4nterval for eight parameters [DO.Owk)(
DO.PW), F.PVQ@, FQ.PV D), pH.OutB, T.Out f), XCQPV (), XQ.PV H)] on Day 12. The-Xxis represents time and theakis shows the different cultures.
Purple, grey and green denote low, medium and high values within a culture, respectively. Colours are not comparablgtacessd hebox plot on the
right hand side panel present the data in each tisegies and the one on the bottom panel displays the median values across afidiiae for each time
point.

12



: f'|'\" r Hﬁ Htkl:\"m"r; t ||| V : ~ Illllll( i|| 1||i ““H“
ll J|| it #F ‘1| || IIUF" ||Ir |4 I h : e r

‘**m1-l | | 1] L I “

“ HE NEE.E -“ | \I q

- LA 1 ) B -.
"'.‘.‘.‘3"i e

III

= i “ 1wl mthuhl |”! ’.".‘."lll.]“ / * ] i IIH - Il mﬁ? ‘JTVWH )
b e ..i,g,ﬁ i
i ‘ 5 H I M WA MM 1 '  o

1 ,..H...l;fq i \”
- B 'F'n;m

I‘ (N} I‘I]I\II

mw TS T | R
' e meti . 51!H;{)J'Y'Jﬂ']"**?f"f“ﬂ -,',;.'...+.H|'~.='u'§#fu*L',.:.uT.'u"."m.[;.
Al w TR TR L I

i wu,,,r‘,'giug];-'}. e ‘,'::

“: - U L L r‘l | | I I

& m | | lr“i L Ii‘"-ll AL Z .l”i“l i
—1 L1 Ul |I |“|i U J]‘H\ Ll : | e s x‘u:li 'l uly
o 1ﬂ|qrilul|fﬁ1r'+,d H %]*r‘l ’ Hf‘llllllflll |||hJ ' X |’Jf| :‘J rtL

- HIJ

o

G- ”";T!! ’hﬂ.@ '[‘,'1'.'5"“"”” Il ,".,'.l.‘..h I = ‘ **J H“.'-, ‘w‘

o] i el li:;#n' ..*'il"l*]l‘|‘ll|'l.h,4.'f'f j[""‘ | ' m e[S

FII‘JFI” !! ‘ Il“| ’l = e FII’J]I\; l ) ‘! 1] HII ll 2 = s

‘jv |II | " MIII IH * ‘ 11 i [li ﬂ | Il i : - LN} |IJ Il III‘ M IJI‘I 1IJ 11 7

g i m il ] : . L1 (it e .
i it i e Ml | i 14721 1
m' e : ‘ it ]

l ‘* ! I1|I!J h ‘I ”l“ IIW Il‘”llnlll:ull !I ’II! |H r’”l‘l’
“ 1! *ﬂ LL.: (Ll

HII 1

iy ‘1\
” ‘ |HI

" rIIII l””‘\‘” J

‘H I

Figure A213 Heat map generated using mvtsplot showing parameter fluctuntidistributed across 2dour interval for eight parameters [DO.OW)(
DO.PWB), F.PVQ@, FQ.PV D), pH.OutE), T.Outf), XCQPV (), XQ.PV H)] on Day 13. The-&xis represents time and theakis shows the different cultures.
Purple, grey and gen denote low, medium and high values within a culture, respectively. Colours are not comparable across cultures. dherbthepl
right hand side panel present the data in each tisegies and the one on the bottom panel displays the median valuesseall timeseries for each time
point.
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Figure A214 Heat map generated using mvtsplot showing parameter fluctuations distributed acrelssu@4nterval for eight parameters [DO.OW)(

DO.PWB), F.PVQ®, FQ.PV D), pH.OutE), T.Outf), XCQPV (), XQ.PV H)] on Day 14. The-&xis represents time and theakis shows the different cultures.
Purple, grey and green denote low, medium and high values within a culture, respectively. Colours are not comparablaltacess3 be box plot on the
right hand side panel present the data in each tiseries and the one on the bottom panel displays the median values across adidiiae for each time

point.
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Figure A215 Correlation matrices showing similar parameter correlations while using conderdees from averaging (left hand side) aphorm (right

hand side) for Day IA(B) and Day 2¢,D. Panel on the rightand sideof each matrixshows the gradient of the heat mapue to the specific nature of data

generated from the process, paranaetpH.Out had to be split into two controller outputsone for CQaddition (pH.Out_CgAddition) and one for Base

addition (pH.Out_BaseAddition), to avoid occurrence of negative values in the input before calculating correlations Kldredraio the arrelation plot
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