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ABSTRACT

Phytoplankton are ideal candidates for sustainable $tigle productionf
polyunsaturated fatty acids sucheasosapentaenoic acid (ERAjowever,arapid and
reliable technique to model EPA production fiastobe vdidated. ChlorophyHa (Cht
a) and EPA are both constituents of chloroplast membranes and are thought to vary
similarly with temperature and irraice. In contrast to EPA, estimation of @hk
rapid,inexpensiveand precise. We predicted that @hivodd be a reliable proxy for
EPA production in microalgae. To test this hypothesis, thR&producers
Nannochloropsis oculata, PavloWaheri, andThalassiosira pseudonanaere grown at
three temperatures (15, 20, and 25&@Jthree irradiances (220%, and 260 pmol
photons 1t s1). Overall FA profiles of the three species were differentgereral
patterns in the responses to ligind temperatur@ereshared among specieghe%

EPA (relative to totaimassFA) rose as irradiance decreased at amgikemperature. As
expected, the same trend was observed for the ratio of EPA to cell cafdntimeri

andT. pseudonanhut there vas no change iN. oculata The highest production rates

were found at moderate and high irradiances whgeeificgrowth rates were highest,
despitedecreased biomass fraction. There was little influence of temperature in the range
tested. EPA/Ch& didnot show a consistent behavior among the three species, with the
maximum value ranging from-4 g g. However, inP. Iutheri, the ratio was remarkably
predictable, varying consistently with irradiance at all three temperaluresroposed
EPA/Chla modécan aid in screening out inferior EPA producers using a threshold of 1

g g!, and provides a database for future ERA/& analysis in phytoplankton.
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CHAPTER NNITRODUCTI ON

Al gae are ubiquitous organisms found in
They contribute a hugaes sprporpoodrutcitoino no fa npdr icnaar
gl obally. I n particulaodumecupawhpgds af ed4 B %
primary biomass throtggkltdhd)t..qsDhltddtBems calacn
contribute up t of i2x0a% ioofn g(lSoabyaaln ocvaar beotn al . ,
al so able to accumulfatlki pinds stowotablay geham
(Coll et et al., 2014). This ability combin
capabh agrteaetsefndrn avari ous industries in the
nutraceuticals, and mdWtr i20i0®n . ( Pas chicud aan
t he @&3mefgaat t y, awhd s he(i chopslaypdeent aenoi ¢ aci d ( E
docosahexaenoi c a-chdi L(@DHIAY un sTahtewsrea tl eoch gf at t
can be produced in grettyqqaaindi compgosiel iadm
Har wood, 20&0t9her EPAFA ohhdbwee of beneficial h
humahsghar pour DegalOH|5A)s2 020 ly5e;t , a rapi d meth
mi croal gal strearonsuact i @mipmantdeo atpHpdPidr yi el d I

devel oped.

EPA i s &8hCPhUFARD-3Phat has been attribute
positive health iimmactay diim vhwmaird sari melnwed it
phospholipid membrane i ntewtrh tiynhiibmmuincen f u
ne
di

uropsychiatric disorder prevention (Nar a
S
ateriosclerosi s, coronary maasr t({ Adigda@aape,uri
1
e

orders (Asgharpoumdetr ealucti 20k55; nDyalalb.e

20
t h
form EPA, due to competition foqtde dadteurdatsiadn

5) . Humans must directly obtain EPA as |

necessary elongaftod omobedLde-a&&Bijdr 4t i on

the first step of conversion of ALA to EPA
and ot hes pRkRUIkAeadseat letoat h ymembr ane fl uidity,
of electron fl ow auwnmdend klgashy pin@thme matodves i s



efficient (Guschjndamayamidetwacald,a,s2BQ@6p)or t e
increased rate cdresttamtns rleectewd eorr sg hodf ® tpeh ot o

l ow | i ght( Gauasrdii thiaormsnd Harwood, 2009) .

I n PPAducing, mweclmadgaechrophytes, hapt.
EPA and -PUFderre U®dund acrosaralprédeomidnamtelcy
concentr pt @adbwmgc lod wmgph dss monogal adctigsy!l di a«
1 AMGDYS and digal act(isy IDdABE) Y, | gvhy accehr aclod | ect
t hyl mkobdame p hnykttdg@dDaG and hB&DBewemd compri si
up t5 %4 @anldd5% 50f thyl akoi Gulsicphii chsa, arnals Heaa twio\
200Phese polar | ipids appear to have integt
the -Harghhdasti ng cempalesSulTopg&ehlbbyosyl di acyl ¢
1C; D6Rs ampotilmagi dcol wpidh provides structur
integrity in photosystemelslpe(cSuaglilnyo tdoo neitn aan
di atom species dddt magakxpi-RUlmhA bdbihne esacd meo fd iLa
(Sawanet al ., 2017).

A) HC—R1 g B)
| %
R2—CH Ok,
H.C—R1 X
o OH
HC—0 R2—CH
c
CH; O H,C—O
HsC
CH,
HC
OH CH;

FigureA) Monogal actosyl diacyl glycerol ( MGD
(DGDG), dongdui)ovsously| d5@DG) gwiyclkergéner
fatty ac(yR1l laoncdaXt&io)re sen-ssahbhi thai [

Amongcglipids, TAG an{PLghysehapirepadkspl i

prevalent TAGM €r hRléigedghiornuaardt i n t he cell c

presusmabV gs afsatat gstiagceg bfeor( Har wood and Jones

et al&pmhon mipghosplgatc pudes phosfgFhagti &\Bl;, gl



PG), phosphRi g .Py2pchhocsipthjpte { hanol ami ne (Fi g.
phosphatiH®iyd.Pn@Bdarrwdod and Jones, 1989; Gu:s
200PNhohsapt i diFe gaRA2A& ;i(s al so found in microalq
amounts presumably dulei giod almi a syt retrmedii sar (yH:e
Jones ,Phd8®Gpl i pi ds -mlraathednrdan exs ,e xwirtah t he
of P@h whi t hyl alkkoudd me@Gwbs amiena @nhdd Has wowo d
c hl or oCphh yatneysd a m@mlacs @d ntdhoec hr opdryn @ac hbpr opsi ¢
have indicated that PG plays a similar rol
nteygoitchl or oplMeastt imemehirPaineasct 82044) an acyl
synt hesis of TAG i(Kian meaj arl .com@@dmBent amfd pl
(Christie, 2006). The role PE plays in alg
sedomost abundant phospholipid in plants;

known (Christie,be&200a6t)e.d RIo acpepl el b eskiygtnoanpl oirntg
undoesrmot i ¢, dr ought hcehd nod Bspahlgtt esetl il emsistveesntiino |
el evated promddern itomed &Eved sdi talonx2013) . PA |
other gl ¥YFgeChtfti ptde, (2006; Sayanova et al

B)

H,C——CH,
Hi?—-OH
- _ cH
A) i‘ 2 B o e,
o CH, OH
R1—O—CH, | /CHE !
Rz——o——cI:H |O| HsC_T_CHl i CH\CHa c
H,c— 0—P—o0—4 (|3H2 S
$_ i—CH2 OH OH
Xt F)
D) NH, "
| | | =
CH,
|
—cH,

Fig2areGlycerophospAbgdlyicpeirdd wiatctkk bone, fatty
phosphat es)graonudp c(oPr esponding uni que
formB)ngp:hosphati d@| glhyocseprhaalt i (dByG)c,h ol i r
phosphatidyl etEhamlod sapnh antei &§WYIE)posi t ol
phosphati di"Xepcede (-8 pzhi inbgh a rogne.



A unique class of |l ipids known as betai:
mi croal gal cthalserecsphyywpd odhypges, haptophyt
(Fi3g.ICavate eEi ahenbe&i0dé&r, and Gri lmwio,d,1997;
200%;r widod and.Tlhoen ensa,j olr9 8b9%)t di,-dtiea ¢ y Ip-G-ldysc @ mycll
O-4-{ N, N,rN mertohmpls)dn igne&@BS)-di ac 21 -§08-cer vyl
(hydr oxy Ne NhryiImebtah yvIninge D@TA) di hc¥ | -§O-yceryl
c ar b(ohxyydmetxheyhlo)IFinge. D@OCGYschina and .Harhwood,
specific role of ;hetwveavher éipsdsuppottesshat

primarily acttydscianreemsediwatdia cell cytop
1997)
B) CHs
Hoo
$—c—Cc—C—N—CcH,
Hy H I
CHs
o o
A — —
) Q) CH,
R1—O——CH, H |
| $—c—Cc—Cc—N=—cH,
R2 —== Q= Hy Hy |
| CH;
Hzc—o—i o o
- - Dy CHy

o) o)

FigBreBetaine Ajgpyderwitbackbone, fatty ac
corresponding merndtyilo calmprha)xe ain&ls ff or
di acyl-gGO4-tHr HirM mghlo)noser i n@ ADKTS) ,
di acyl-§g0-2-tbyglt oxy Ne NhrWWIimebtah vwin) ne
(DGTR)) ,djacyl-§G09gaebghkydr ox¢gimetl hynlk)

(DGCC) .
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. 1GROWTH BHA& AND THEI R I NFLUENCE ON FA PR

Phytoplankton undergo different growth
uc-i @afill yencerdd babibatoitd cf aact or s noAbnada et a
nds t(e.ng. bhphythomlroamktagh ait pees@mtnemt i al
ase of rapid growth, foll owedMeyeasstat.
PS8t ati ondrfycghasd yeilethaneadinandseqtent
duction (Maaodryavet hanrda)tCai IHlo enedveer2 Qd0dbin st a n't

t rrieepnitet i on, phytoplankton can persist in
owtuh I () A2B6LOmato conditions maintaining e
guillegeheBuatl ,)o29TI00 compare photosyntheti
osynthetic profilbalsaomn e¢sisiesgcegwtiercaealc dlol a
d chl or e@emhnyd Ir edseonusrictei addi ti on and consun
d Jondxn,dadld bm),. growth phase has a mar ked
ationary phase, TAG is accupnoulaart eld pwidtsh
el ativdbyoyt mtnRIE FAriepliat i maeddion todvwadr al
cro&bgabi ifa and HarwoodTheee9j sTeompsasgns

favour olfy dalgidpiPUFA production within expo

t h

pr
Ma

t e
e X
un
ch
i n

al

at bal anicdeedalg rtoowtcho mpsar e maixpind zper oEfPIAl es &

odu(cAbhibdaale., 2015; Al boresi et al., 2015
rtin et al ., 42014; Meng et al ., 201
.2EFFECT OF TEMPERATURE AND IAILGHT PONMSRLAS"

EPA, AND CHYDROP CGA)L

Il n general, mi croal gae tdédmdttyo azcdsmualt a;
mp e rl sotwerre steniarn opt i mal range (Guschina an
amplhcen,l or ®phgpt eelslhha weal iamai ncreased | evel
saitaum awi t h a dAeCc rtdo€sle2wi t bma36oncomitant i
| oropl ast membrane | i 81 ohsl &y 20&nd3J hbaps

species within ahapropbycesysialsgadthbana
., anldd®dv 1) ov al Tlau tshuezraiva awa d T &hke5 )d,i ad rmodn



Phaeodattiyt¢ aof@nuwtnuum and CGawveCREOH)at any

given irradi-aeapglee e drencurdard setmeimper at ur e decr
(Geiederal EnzyImazt)i.c mechdepemseateohi geimper ¢
reduced temperature from optima will trans

consequently redudinf eedergegtdamandland).
dehnwi t habBhogeteamp ecrhaatruarct er i z e da nads haans Abrerehne n
demonstrated i n, as uthalbdesmsng b pchyyptneosbgasct er i a

di nof | aaghadla p & D ¢Bbeyhtreesnf el d et al ., 2005; Geid
Il rradi ante aindageeadef dlaimpi ds but i s al sa
photosynthesis. I n general, | owpilmrmreadidance

| i pids such as MGG wWerdDG,asansde qu@Ds@ eri ng o
I i p(iGuss camidn aHar wood, b20eMN9 )f tohcehdi osr mhpahsy t e
CladophpfNagpol it atnltwehoddPthyylt®ecar pus crinitus
(Khoti mchenko and avak awlee Wa ja¢t ®fh@mlewrmet al .
199Bhi s makes inher ewnt &s e nisrersimgnigalad i d
membr anes in | ow |Iight conditions to compe
chl orophyl | ). High irradig®@PAcehgedemabl y ca
observed in aimgegmibdiengfit Napgmoicthds prop Fiadbr ega
et al .t,he2 @A.A)t,am ¢Gursncuntiunna and) Hamwodd,e 2009
xant hMopmytders s u®u ¢ hhiama uand) Hiamiwlaoeordl, y ,2 0 9
increase of irradiance is dinplt esveddbbiyng ao
lwarithmic decline (Geider et al., 1996; Ge
presumed t-hagulk aeZnadowoafgh i rradiabhce occurs
absorption exceeds the mayrmdmceadp aeit ayp ot o
(Geder et al ., 1997). This relationship has
species, where expected and predicted valu
Additionally, t haicsr omastetr alimsip s dinafd ieasgted nlta
(MansuronMdaat2amks5)Y Dubi nsk;y Smaman aarbd), eAk i r2dy
the hapt oglyDuebn an s ky and,t Sehaonmdbolpelpyhtye 0 @9 i m
crueMubmnsky and)tShcehmmmlr 8p,ep2@EES mMus guadri c



(Duibnsky and Saatibd ecyan®Pdéecmw&caisumm eopl i ensi
(Dubinsky and. Stambler, 2009)

The relative biomass ytroglidrekten gi.s med racs

bal anced growth and t her efnorde,r efcat tryelaactiidon

bi omass and chl orophyl I (Chl) increase. Th
rate or rate of change in biomass using:
Q6 Q6 p
Z 8 e = = E
Qo ° “'Qo 6 (Em)
wher e,
C = biomJss (mg L

O= specificlhgrowth rate (d

Since the relative amounts of all compo
chl orophyl |l anpdwlk®A pnbodgcatinus toveelrs ca sl h agrhe

same growth rate calculati on:

Q& p ~ Q006 p

TN L o P \ Y~ n (Eq
Qo0 O Qo ©Ovo
QO O6QEH 00 6 ( &
Qo Qo O
wher e,
Chl = c hkal ocroonpcheynitiCgti on (mg g
EPA = EPA concCHntration (mg ¢
dChl ctdt or@aplipylolduccClideay ( mg g
dEPA/ dt = EPA @Ydeyucti on (mg g

Thusn, bal angedwghapiadhdel ct phoowopihghl sin
x Chl —a msCehtt dodfd gtthiaocn produces the highest r
prowdti on should al so coi n,cipreowiidehd hti gahte sEF
vari etsarn es@GhTthedtadvantage of this approach,
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directly, is that chlorophyl and growth r
smal volumes of culture, allowing many cul't
Howevertelaxcpumradi cting EPA production acr oS
growth conditions requires the assumption
therse some evidence in the |iterature to su
(Budge et al., 2014), the wvalidity of this
relationship between EPA and chl doirfofpdryént i

irradiances and temperatures.

1. SEPARARODUCI NG MI CROALGAE SPECI ES OF | NTER

Nannoc hloarud(phstias giugd ad amari necphopbytephic
typicall y-4m@msuni dgateter (SNannbahl andp £ig:
sp,pncl di ngluddneé @en a subject of intense res
due abildeascycemtgEP® el at i vea H9d) Sthatrarla and
Schenk, 2014). Severnalroesatsged FAsp had ec taii one di |
Namo c h | osrpopp. s icswblyha dviaffggpowt h condi ti ons, incl
vari &dVvyrafli sanoniindysdpebir egas e&naét ,al200420:
Sharma and Schenk, 2014, Srinivas ftanal Ochs
2009; Meng et al., 2014), and cdarobngn suppl
MGDG and NDGDQ@aulsaot epr odbhtesopepktasa phosphol i
antdhe betRGM@uschpida and Har wood, 20009; Ser

Pawlao | (Pt. hdit4dae @dmr hapt opbyarot her high
performing (EP&hpraddlyhcer@f4).ct s of FRAAaobWdth co

|l i profhaseal so been studi eidncelxtteempg rvetl wr @ nar

|l ight avaon (Carvalho et al., 2009; Gui h®ne
salinity and pH (Shah et al ., 2012p02and e
Al ong with MGDG, MGO@t baenrdptrIo@DuE.eets2cG@@ | i pi
(Kaot et abDGCCl8@a88)other betaine | ipids are



carriers from cyt d®Ppl & a0t htecoindomeea sprind) @ o pd| ast
Chroomopnas(cryptophyte); Ei chenberger and C

T. pseidmaainme centméaamo B @n i n, di amet ¢
with -aeffuéehgedrgndmnaoamedEste vaelr.al di atom speci
foundpamt ibeul ar,| ywirtihc hnuirme reoPUAs st udi es on e
l i pi ds(pSragyfaianl et .Hbwe veWwe7)hadiadd@®se wi th
respéct psevidendeat of carbon dioxide (Sabi
chandguersi ng cultivation | ife cycle (Zhukova,
studiwhketrle rbeducti ons;concanmoaphensca@G® pr c
culturing increased pr opacFZ T Pnesu dds &PA (r el
known to also sequester hibgphunamduGnt swhad fc hS @
contributal ~10%i eda u(dé&d h altl earl ., 2017) .

Tabl e Revi ewcofntiEA ocul at a, P. |l ut her i
AFDW =f raegeh vdai ght .

) an

SpeciesLipid conteEPA contenReferen

NannochIN/ A 525 myA FgDW Aussant
ocul at a 2018
10. 9% (of to27.6% (of tBorges e
2016
Pavlova 12834 +igFDgW 220 mM4aFDOW Gui h®neu
Stengel ,
N/ A 23.6% (of tKato et

185% t(ootfa | dil12. 1% (of tShh et &

Thal assi2B1% (of totjl2.2% (of tSayanova
pseudon g 017
huk

2
N/ A 12-19. 3% (ofZz ova,

Local i zat i onploafia tEoRdfp avi ttnme mt wi { l) o Cansle Iwaetl il o
as prevdarcit abMAeni n nresponse to temperature a
withi€hhypothesized to allow for the devel

mi croahgaeverall aim of thigndawsrer ®f was



EPA/ Chd tratEPAedroduction in tNreecRhhhatdradat e

l ut,hefndpseuddhmhama were three specific obj e

1. Det er mi ne %EaPrAi dtried mma A ¢ £ o0 | t(qEHIRAR: A
derra NEIPA T o0 d uwittimmprereat ur e avind hiimr adiseneet i
opti maplr obRUAC T ng mi (Nr.o @olchd laltBpeemuied ® nana

2. Det ertnhiener el ati onshi papwh e thwemehe EPAnandr €l

3. Explvoarreg aot maer i 9% dA(frieclaantti maedFdA o, toe lall
guotas, and prroeduacttiioonnssd i gn dwitthhe iCh |
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CHAPTERMBRTHODS

2. 1M CROALGAL STRAI NS AND TREATMENT LEVELS

N. ocudCMPaEP25) ,0 CEMPIL 32THBps e wmch@dec&MP 1335)
were obtoani MNed i fon al Centre for Marine Al gae
Laboratory for Ocean Sciences) on January

(SANYO versatile environmetnitddilA 8 e(svt chambe
tempaitLineACBdldum t empemelt)ur eArcCdi(gbet ampr e
HT) . -iBuiflltuorescent | ighting, opaque plast:i

used to achieve desN1rod d(ghiHLhg NBadGidami ons o
| i gvit);, N422olwi dg.ht); Omol ?gHotroms gmven temperat

Bi ospherical scal ar(Q&u apjwadsm uisrerda dtioa neches usreen
irradiance | evels. Addietsisvamls@Ilplty comrsit@amtt atain
specific tournemardt anpgaet sImeaass i rradiance var

i ncu®atcer bal anced gr owt h wa su pa ctho weilvtehdi,n c2u |

glass flasks and monidtgreattdawhyg maiensune

2. 2MEDI A PREPARATI ON

Alcul togulrees svaaasr @ r epar ed b yo vtehronrioguhgthn saoaaskhiinr
al kaline cl ®@®@dnerd nt2rnMite om dlo| Pooweatrdre itbgyh tCo r p
soaking in a 1% ndizleudt ewaBtiGhrs shmsandsee dvatsh or ou g h

with ozhed water between/ after soaking.

St ot media was prepared using the reci|
which references original formul andon der.
storzld glnassTamgtefnité®wmll t er ed atceastcall | eedawd at
Ketch Hagédrowed |lad t heMedbwabatchasewere rec
autocl aved (12HefldArCe fotrordiSngniants)20AC i n a r
pump was fitted to media bottles for cultu

11



2. 3STRAI' N MONI TORI NG AND WMEWBWOGRREWENTSE

Daily fluorescefncrmi memwsm,r ema&xitmum, and \
fluoresgcngf)Eean(dF t he di mekweir@enlodg aa-l matdiad yF n
fitting of the flueregcéncewbnsdusbiowacery
Ciochetto, 2017) and chl oropdalyohU fl uoresce
fluor ffmether ) desl Yimwndgek accl i mat&dmReof cu
readings were procfRgodédat haBdly. B3 RlaAkB s(c en
was i npu.t Sme cEixfcied grewt mmari @atde t h@) fwdd owi n
derived from Brand et al. (1981)

1660000 OY61 ¢ Qi
GOTGET oot o (ea.
o O "Yoi £ QI

wher e,

O speamirfoimdt h Hate (day

VimedErEavol ume of media used ( mL)

V[t rahss fwal ume of inocul ate ( mL)

t= timer bénbresceacehmeasu

ti= timeooé$ plewvrescence measure (h)

FTurlreur measure of Turner fluorescence (co

Fi Turner] = previous measure of Turner f 1l u
Cumul ative (Fljhwas egeemcegetthe foll owing e
006 a 0O woa Q (Eq.
wher e,
FIcum] = current cumulative Turner fluores

Fiqculm previous cumul ative Turner fluorescer
O spemirfoimdt h Hate (day
t = tciume eonft fl uorescence measure (h)

ti= tofmeprevious fluorescence measure (h)

12



Bal anced growth was achieved when gr owt
maxi mum fl wolewasnweéthFn 10 %2walodeakhi on and
(l ogar it hmi)r etarcdhredf @rbraehdr o @egrh® t3i 00 ngse.n

2. 4CULTURE TRANSFERS

The aliqguot amount requireadltcol maiendt aisn

the following equation:

WO Mi WWMWwE T 1'0E 6 'Q1 Uwa

WOoi e i Qe ( Eq.

WO O QOO 1 "WMwE 1 108 0 QI O o
wher e,
Vitransfer] = 1tr amnmsded tad imngeusorte srteqmuli)red (r

Vtar g=etvol ume oaf (fnmLesh medi

Flcodi* Turner fluorescence of sample correct
|l nt erval = transfer interval (d)

Fltar p=ett arget Turner fluorescence desired ir
O me asmp e agir foiwdt &) ¢ @

Al i gaoabt s wlketrasregpt i cal | y otwtmeampsef pearruverde t o
awdl a¥ye@ndf/ 2 media in 45 mL tubes within a |

and nit wielwe pgeldowdst h,ahtB6 asstema rbaillr ner was | it
i hhe middle of the work area. Culture rack
no more than 10 cm away from the Bunsen bu
using a Kt mencputl teuarned t@ebtesd watr el eamavyée 6 t i me

—+

ube caps and openings were fl-tamppednd tr a
graduated plastidi pp.preRhRae sn eann dt uab epsi pweetrtee f |
transfers and the ol dedulbh&es woeks pager ov@rsi av

wiht 70% behwreh treat ment racks.

13



2. 5CELL FILTERI NG

Har vwd amo fcgastuepdl 1 ¢ udwtade e er mi ned by Turner

-

eadtimgesnsure that adequat elheel t udess weir es |

n expphaswilgland target fluorescence for |

—+

e mp e.Oatcnerlet ur es r eh o b e dshbeayn oveesrien dfeirl t er e d
vacuum pressure hbeipdgaslt7 ckfRyan a(ébeoa sHegt)o nnect €

—

ovac wwmapnd asdi.spkBanckh cul t ur eswiemlde dcaltley f |

in a cirdoelfar eftdos heitnasmuirreg even ¢Eelllt econoevmt s

-

insed thoroQgdegi wve d hwdihe fsianeplwe ernu ne.acEac h

—+

reat mewtasb@ampasied by an fap psreogpevadilidgetae nkelda n |

—

r«Kkmt ch Har bouirn NHRC iffaacxi,l| iNoyva Scoti a

2. 6DATA COLLECTI ON

2. 6Chd Deter minati on

Cha was nfelassourroendet r i c aalcliyd iufsiicnagt itohne mmeotnh
(Wel schmky9®4) after extraction in a 3:2 (v/
sul foxide (Shoaf and Li aOnD 5 RL 9f7I6u)o.r ofnmeet eTru r wa
cali brated wii t(hSipgdwai tAhe@6 Ch#). The foll owi
from Wescoh9le)y ewas( luseea:t o quantify Chl

O OanNa Qe vE ® OROOO il € a0 ‘( ‘E‘q

o wi £ a YOGl GanaQ
wher e,
Cha[sol] =-acEmbu®¢ bl |
F[sample] = fluorescence value of sampl e i
FI bl ank] = Wvlaloeeo®teseawater in voltage (V
Cal factor = Wel s eahcmedyfetricceedd)li inkeda is@a®d4( 88n O
mL*vVi( Wel schmeyer, 1994)
Visolvent] = volume qmb 3: 2 DMSO : 90% acet
Visample] = volumé of sample filtered

14



Sens tEigsenhgilevels used (no units)
26 . ZTel l Count

Cul twereseptical intbyamsihegl aEppendor f
pi peatltoenrg2 5weh tghl ut ar al ate hy dreatLing watt 241 dehyde
mL cubamplke cryovyassbwergeduimckIli-quid nitr

stored in cryovi al containers until anal ys

FIl ow cytometry wa scouusnetd atnod |dbedtsmtadmiorfd c e
met hods used by GahAfollova nadyB@® ndectggufai it(tZe®D0 0Wi t
488Bnmsotsitdand nedDofdeuorlesxfelis)i-drgl e scatter di
angdt andarad df dlety ec4 808 Gnm X L53 D/r@& enm X
585/FA®@;)ed88 nm xFL63BD BRAM( nm X LeAWabs 2uss;ed t o
contcued | isa,nawhgisc hconnected to a desktop c¢omp
Prreand -proasltysi s set wprwasgpemnf omamad azzd ur er
Fil tsemeldes were diluted unti #4 00Ot ablutcount ec
cumuleateivent s per sédOon®didudi nos e&eceeduinme
each sBampleer i al limdh duWaBEYGq wamt isft ai ni ng met
2L of "MGYRR Nnucl eist §d®@i0dDOxelconcentrate in
l nvitrogeheThS&cmesFa#dded t & HemlL zoefd Mvatler
stock solution,ulLamd & tswdss eqplicadidiod2dd s B mpl e s
within a daWer khwowgks sweatswtsidor ed ISt atihnee dd ar k
sampl esptweirre kaer k conditions for afi | east 1
befforew c yatncamh®&ufriyd t er ediss emmgmwatreghr ol f il ters
size af) &as45run between differenfMtreat men
st af nédtl esreeawaten beawken Abhaunsetdasaeg!| esampl
each treat ment wasomparme ramd tou arctiinfsyh ake dogtde

sampl esi wgldrrewhi | e stained rdgmhplceas ewer e run

To quanti ftyerciedll @ouwntbsa,c sever al pl ots v
di fferent ps gaéaedtvwadglt e c44 addteact iFAn v s. FL3
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plwas used to ismartiec ploptuédVed ewmss pd &YBR

bacteria, andlIlddhesd orpdtankaroyn with green f 1l uc
and subsequent phytoplRm&kdEgwendcounit suwieoe e
gated with removal of phytopl ankt o(nl epfotpul a
side indtlcatradychas mdl-Bwtassd usedVl o esti mat e
popul ations by overM\savyaiinnge da papnido prcbinau et 8Y BR
visually placing the divider where stained
i ntersec-$edi hubléa tipilmgart .o p I eal nl k tcoonn dceumtcroa trieacrt s d )

were calcul ated wuisam:g the foll owing equat

.,.Q”,éééébﬂ £
0 Q0 0 - .
O"Qa 6 0 QNE Q (Eq

wher e,

[ Cells] = concentratemb®3of phytoplankton c
Count = cToounatl ocfelphyt opl ankton popul ation (
Dilution = danladtyizoend fsaacmpdre afo fil tered sea
Vi h§ vol ume of sample injected(ula)nd analyzec

Phytoplankton cel |l c aveeegne d aft d ro ne aodf h sraers
treat ment croepleicctaetde baynuseuabndb n@aemni oat odntheun
filtered seawaqg)e.r8 Bbd catnekrsi alusdonwgnt was cal ctL

equation:

e YD OWE @ DO E [ O 6@

D Q Q- L L s Eq.

0 Wwo 2l O0"Qda 6 0 QE Q (Ed

wher e,

[ Bacteria] = conce(elr ki mhb of bacterial ce
[St ained] = Tot al cel |l count of stained samj

[ V-lunst ai nfmd]al oce¥lsicdentin upfhgattededBL$ampl
freqeéermdy

Dil usidoinl uti on factor of analyzed sampl e tc
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Vi h§ vol ume of sample injected(mbd analyzec

Bacteri al counts wer eardomyv arsti endy tt d et dtod
equan :
"YE OGN A O OOO QIEAE L QI i PO & (Eq.
wher e,
Tot al [C] = tot al bémgCeli al carbon concent
[ Bacteria] = conceeéelrb®i mb of bacterial ce

Conversion factor Hheghlhergettcogdsstarnbaed elbby aK:

et al. (2®icte)l las 20 f g

Tot al bacteriascarben avemagrtidr dtoirom®ach
repl i dateen asmnudtmeaacnro edl tesampheconcentration
respecti ve buadtoer.i al contri

26. Tarbon Analysis

Sampl emLwer &0poured and measured using o

foll owing even mixing through manual swir/l
filtFrarleadef sowmnlei qui d ni-gtrdorgeamePaartnrdi f dieelzes
anal Brsiisrc esos iprg, f idrtiedsd\ @Gwerrea nagvhekne pt i n a

vacusuenal ed dessicator at room temperatur e.

To prepare for carbon analysisstesalmpl e
forcaspai-ntl @aslski ng gmodl Ad exam fwi (| SwmMaEss s
Scientific I|Inc. El ement al Mi cPraocakni anl gy stioso | Dsl
wi ped with 70% et Eawpadnly flh ¢ emWiRabt B&vmp | @lsa s s
fibié(tdeuastt aafd 2 medi(a rfiipweeems @ls3 o prepared |
man rmerd saesr vieedf er ence bl anks. Plaaskteidc saanpll ec
trayanahyzned eonrend ar (modeé¢l emembhiMzer oCuobe
CanaxaelEl ence Re&B€arch Obean E€Eence and T
Laborwmgiomgy a flash combufsGbbal t mmper @tmg) e we
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cal cul at ed anrdo n?% p& avka sa rdeeat cemprd tnoe da tcharl oi ubgrha t
curve (dmltgaicreeduisas banda g/dXd Imesdifar oamd empt

were used to subtract from sample total ca
each sample replicate.
Carbon concealtagwltatoend wiassi ng t he foll owir

. Gioan BO po
0 ( Eq.
wi oan  poa

wher e,

[ C] = concentratio@gblindwrtradctoed)ani c carbo
msamjp=l enass dfi (mgempl e

%C = percentage of an&dyzed total organic
Vfsamlp=l e¢eol ume oer(e@mpl e f il

The carbon concentration for eamdamsampl

carbon confe@nmedi aosampl es.
26 . #FACol |l ecti on

Sampl 20 orhL of cul tur e wemmWVhfait|@&@&r ed ont
gl dsdhi éseppeauapgliilcathe filtrate meniscus \
Then approxi matmsgepwa®d mct owfasboinkt roduced and
samples were just dry (as prolonged vacuum
struc)t.urkFel freze nivegaiac dndg thiemegleep 3 mL of 2: 1
chl orrmétomenont aibreld!| ass-bobuonmh teasfttemnubfisl ter
al | sampl es. hSaadmpdabsgdawakbtepur ged with -nitroge

stdrenti |l analysis.
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26 . AP r of 4Flaitngy Aci d Met hyl Esterification (

All glassware and Teflon caps were triple solvensed with approximately 1 mL
of dichloromethane and dried prior to use. Asweell, | s aempeb e & avivih éa d
nitrogen atmosphewkempe i .@dppiopchbpphpe agsester
met hod (modified Hilditch method) outlined
ti ssues was used. This methodcyilmdlitpadeso ws
samples via the use of mgidhandA barseupgxsatiant
form for anal ymeshaihblrmsketowo hgwadfsaicrhs ts amp |
evaporated under a dnriyt® oML dvfamoreanal . sOm
(0. O®LOMELFY) and 1 mL of diogdruwens shuyrder d xiiqdueé di n
chromat ti@L)@p ey e( met hnall)o |vaads@?t€d negach sBamply e
a miscg/rrd ngger aadhudat ed gl ass pipetalebfitted wi
respectiTwlkdy were vortexed for aln sd aacreds ,o
a heat bl ock-1f0dr (lbfeastned Inysz ed t9MWansesteri ficeé
were cooled to room temperature,wals mL of b
transferred to each sampl e, vorst ek@ADOf or 1
aeciad al yzed met hyl ation). Once coclmoditso r

RO) watherx ammred was added to each 8@ample. Sa

(¢

conds andOkG®Oitogri lWgend nat The hexane supe

ng a odliasspso spaibp eet dceo naincda | p | 1a0c €ntlle egnlaanses t u b

—

ravatsepraneédextract sl welRé fovavtasdded t o t h
aonat ai RAEgnN twaest « hretnexed | i ght k )iseaanmed c en

X
eed for 5 mins. The heasaeacomdipealnal & nmlL wt
n

t asiljmoifnganhydrous sodium sul fate to remov
i fiede¥aAME apeho t epitwenrgdhed coni cal 10 m
d nitrogen evaporated until the hexane w
S reconstituted i n OTMe nAAMBEBExXs®&Ergessdtd vor:
romatogrvapdslucEMig aseal , -AW isnt oprreedp aartat i

QO - 9 S £ O T o X o
-

Q@ 0o £ 9 T O o

s chromatography wusi ngFIfD)aneenaloynsiizsa.t i on
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2. 6FAetermination

FArofiles weGBGFI|Onaphmnmgdes el apeat icany i e
gaand a polar capillary co-matmmhytpat gdi Wbk h ]
(speci f28aBIECM)MeBt hod properti eajaesedr weete
258 and det edd,orovseert nfiadm@17 Oov en B0 e(ndp.e5r at ur
mi M)5,A00 mitro AC5@¢ 2 miCn)mitrm8 .2 @8. 77 min) with
ti me of 22.02 min andFAMEf Ipaw druacteed dofr oOn 7a m
charact erdamgd i serhweaids ea s tam diamr d.r eChr omat o
indivi pgeaxlalewle ak and baseline modifications
Duplicate imadeca pgptoonsi watrel y i necVvadsngf t
seawat grabbmamEksi stency betdawe@apriesjsedt iacn sna
per aemuwlg(cal cul at ed tiheemoedter@emc@23 00 interne

extracted and summari zed

Concentration of EPA and other major f af

flol owing equation:

b "00 ocagn wocdmr pT

© P 0¢ gt winona Q (Eag.
wher e,
[ FA] = concentrtaunooarpoécfAad)n Og L
%FA = percent of FA wuw) of tot al FA percent

%C23: 0 =CPIr@eoaudtot al WAwpercent (%
[ C23cOhcentration of (€@M3*HCHNt ernal standa
VI[C3:]9® volume of C23:0(mbnternal standard us

V[sampsl eeol ume of (I9ampl e filtered

The concentration of FA wane adndhreme rctorr a teicd

of seawater blank data for appropriate FA
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2. 6FRroductiobar Ranat Den

FAroductwiasn cradtcaul ated as foll ows:
Q00
— o6 Eq.
a5 ( Eq
wher e,

dF A d F A=r odu c(ing odguCaiyn
[FA = concentratiFNOIYf final corrected
O measmeaqirfoimd h rate over the¢dcourse of bal a

2. 7STATI STI CAL ANALYSES
2. TFArofile

Noparamec multivariate analysis was car
i nt ernecsItE BANE30;, 5docosahexaend) ¢ andd (DHA;
arachidonic a&cNap § ARAatl-RI0memsi onfIDS$cal ing
was applled tFApnoffodnmesd and compared bet wee
Per mut ati onal anal ysi bebfveear speaceeéPér mghc
condiwaontshen ,fcaalrira weedd mBAU OVA wi t hin species
t o conidfigtngiid n <)a n c.é f w acsagnhcodtl owgiensd b o tLhe vteensetds
test (95%) was carried out wowaga®PAdOVAS S. I
( ®)andu k ehyobnse st  si gni HBE Ptaenst® Sd¥gfrcfaerrreivecde o(u t
untr ang&foomameodr i nterastd( @ABANI OB )X,20: 5n
docosahexaenoi c3)a)ct di (D By uzs&aaé|KiWS 5(%)
and Dunnés (95 %; n o pterrafnosrfnueradin &t defesdti)sl e de st s
L e veebns ( B &.%0)
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2. 7GRovRahRhy t okitBarcc/t RatiFe&Conc en s FAPtrioadmucti on
a nklARa tei do-€ h-a

Statistical anal yses were prjmarthythec
exception ovWwhigaolowalhs o adempaaredl bet ween spec
phytopl ank thavnc/hlo amdatyse rcioanp ar e d. bled wee(B&b %)peci e
was performed onwawvay dAN@YA $)oa nTeusktesy 618y HIS D
test i(f95v%)r i aonme gelwfeiusarc ebBetver g dikhduesst s
95%) and Dunrnabnss f(09r5ma;t inoonNto teesmpsa rwee rbea lusrede
growth -apdgsoal é& i daetda Witlwd X § WRISaHN)kvasum t es
used-wa@QneANOVA (95%) was performed on highe
speMWhes.e appropri ateed, ttor-eammAdAdHAest avtieir €t if ¢ & It
anal yses were peeformeGl3 aphRcatudepresent a
t hgbuMi crosoft Office Excel 365.
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CHAPTERESULTS

3.1 GROWTH RATE

Unf ortaonatal ¥y, strai nsomraiutNido isdugda bnaont i n
grovwiigrh t emeein atmnlek gt t edmpevr i gt ment s. Ac
welTlpseudwaanaot succdos ulelnypieg fadalidigd i
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di ff eademdi thitoowh & reaflpo we WiRht W = 667 ,N.p < 0.0
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pseudenanadited the halghecoFRag@GOWdihs +a2es in
X% &5 16. 40, ppPp292 @noOrlep] tut ML Fi 9. FoN. ocul at a
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wi bhl y eax cfeepi¢ i o WL MT-HL Hi ghest growth rates f
cultures were genempalrlay ufr @ u aohd almiefgifeidgnu M4 t e
5,. 6)

For all species, growth rafNesodufhémed
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dera NARA (der)i Nocul( AtINODMEAPAdf E 2,10. 48, p = 0.
ANOVARAdAf E 2,4.93,dcqwa=s16g ORHEAl. gwer at
meidutme mp e (Fa tgu rteh 2 Bt) d mpve (Faty1se9 . B 24myg. EPA ¢
CLTukeyo6s: dpravalsd .gthGT) .aet metr lad &h iggthhlda2nC)at
meidutme mpaf{Furge TURBy Os: dppamdlzw@4 &) hi ghest at
tempatwuth vasimesERNagd3m® ARG (J il@)Adcha
varwietdh | i ghdtf (EANQWVAM:2. 4)7, t hbexeOw@Ab6lal so a
interaction of tempaefr aB uz2 .,e5 m.nld3 Wii ghhkt n 0 aANGO1V)
gi vendil fi fgéemteernec esnl y obs g rFieda hlé2tidmee n | ow
tempa(b&Grg., Whiiwas | ower aé¢r anf@lakmeny & e:mpp <
O. Of009r comp.arWistohnnsn a gi ven temperatur e, I n

31



resul ted

exception

i n

sim(Fd@A 53. 5mys@h@B. 0

100

90

80 +

70 A

60 A

8(mgegC?)

30 A
20 A

10

Figu2eMajor
wi tAR) nl ow
t emperaatdurd e Mt

and
38.
R

50 A

40 +

OlLL
oML
@HL

O§.

QO

o A)

o0 O

8og

B)
0:8
08 o
© o

5

®

8

C)

ARA

EPA

Chl-a

l ut her i

ARA

EPA Chl-a

ARA

B)

EPA

Chl-a

medi um

dna@Fh & 2Tpu kdeeycd si:nfepri<c @M@ B AInsons
occur r eidulmi egthwt e e na rlagoswy aldaegdmepnt eed

F Aacaonndc eOhhtlle xad ri eosng @) as.f nmcul at a
temperatur e,
KHLYL ,treat ment s

t e mg

Wher eatsemmeé ryat urPeUFAn fclonecresha d oact ui lmfanadi n

DERIAYT P .

75,

p

|l vaheed

wi t h

tempPAdfatBIr2,

( ANOV/

< OH®BAOL:; EAROYAS33,l ipgh=t O(EABMGBI)A,:

128.

34,

37,

p DHAOfQEL &
nteraction EePfAEECE £ ANDVAL,
4 .

ANOYK:.

p < 0.

t maxi MEPPAropdr wheawer agedmg9EBANNFAGBON
migdi . P &Sae h i & o re @l si su (mfe dy .
higrhattem$,C no

t he

and

ot her

dbnawnads,

di fferencecoind ijva louness

32

001) ,

p XHAdfOOEL ;2 ANO\
p dprdc OUuaBMeiduPme mp ad owghdecorrespondin

13B)

at S



Hol di ng | itgehnp ecroantsutraente,f f ect s were i ncon
concen{FagAoda8dw and daewndaisunhilgbagehstt,ma t
tempef &tl®Bd most al |l hadimplra rsoxncsept bet ween
meidn{ Fi g.anld3 Bh)i grha{t em3pCi)nl hi gh | ight, where
~4mgDHAC!was d4d6e® (Wmy. EPB)Ei t hin a given tem
vari adepmwint h oir d a spiamep r e consi (Skiegq.tanldAA) | ow
meidutme mpa{ @B8)str ongdeeeeacd umreesd iwmi t h i ncreasi
| argest wasieiduteenastcpeabet ween | ow and high 11ig
mg EPR®rgducti on wa33;B b3sle r8vneydsEPHF) 9dal | v,
whidtpec hanged wWwharemahirgkdtbonset gh3A,()FICt h
the excepti meidothe mmpud {tturrege. svHaetBe ncreased fro
| ow tioulmecht ( InGy. M HBY) g2 1t.hlen decreased by r ¢
amotun(21. Igv®OHBY Gi Beea ndbradcnd i f faecrreods s
temper at urdd (EAMNRQRA:. 70anlgp g<hto .(OAONIEGV AZ ,

796. 84, ,pna&l 00 O0sOhlgwe d na egiagrmii fdinhc PN O8/A: 09 ,
p < O0Sgon0iif)i.cant changes ,ocwhiea(rEidy camld3yA)at | o
meidutme mpatf{ &fr g . welr3eB)si gni f ideratnhtalhyi ghhi gher i n
tempa(&ilg)C. Hol di ng t e,dghedrraatmiartei ccad nl syt adretc r e
i ncr easatng olw gantd med Fl @Bt Empeyadforpe < 0. 00
comp alj Ats ohnisgehr attcimpeas equil wavl emtd Imntg BFi g .

13C)

33



80

70 A

60

50 1

B(mggC?

20 +

10 A

Figu3eMajor
wi tAR) nl ow

Tpseudonana

40 A

30 1

Li e

OLL
O ML A) (o] B ) C)
@ HL o]
0 @] (@]
0 8 oo
fe) 8 L ]
8
o 8
O 8 o)
g 8 ° -
® (]
5 8, 8
go ' ® ’
EPA DHA Chl-a EPA DHA Chl-a EPA DHA Chl-a

t emperaatdur e ,ght

| utBRA iyi el d

was

ML ,

found

= 49. 80, apldicg 0t. O(GAN BV A2 4217, 2 .p

i nt eroafc tti Hoeft NtOWAZY :

wa s

sSi mi

HL)

F Aacaonndc eQifftle xad ri eosns eGi)odPs rhagitdher i
temperatur e,
(LL, .

medi um
treat men

t odfvalk y2 wi th
wi®ho@ly,igni fi
E 2,20. 04Hi phEePAD c@OMT)entr at

acehi bV gdir adeanpe (Fi ght7 34680 my £ P®Bg

| ar

however,

P <

di d

concentration

sharp

mg

( ANOVA: F

hi gh
EP®) @nwas
81.

not

81,

i ght

P

0.

t of Fmags.& tlplewl Ai igmdr, e &s ed
var y( Fwlg A,
000 22roingPosn Bi. n | ut Ihheagdh ta

wi tvhii tnlcaeeign gaélmiagylstmp e atcu deée ng
decl i fd&s gi nolf2 Pwdrya ddti ddldhter enc e s
meidutme mpa{( &ilg)B For
EPXwth en
14B7. 2 wg.

I nst anc ewarsEeRIAU cceodn cheyn t ~r 3a7t
vihaast cmoeide mp & ¢Fu tge
f oounrddy ftfoe r
001)

wi t h

wi t h
t le4THu, & ely46®@ r e
consi sElkAt

t emp

i nfl u

occurr ¢

temper a
aRdomi gbw 1 & |



meiduenondi t i ons of b o tnhe ahdchotn caenndt rtaet npoenr adteucr
signi fi cladnAt,l; yl TiBKiey.6sf:orp c<o gp.adrlls on

110

oL A B C
o 1lomt ) ) )
@HL 8
90 - 8
80 - o
o 8
70 8 o
[ 0
oo
(@]
g 50 A 8 8 8
D o) o
40 - o
30 8 8 8
20 A @ @
10

EPA Chl-a EPA Chl-a EPA Chl-a

Fi gl4 eMaj or FAa aanan Cédetxrpa teissrea@) asf mg g
pseudwnaMAMp@anl ow temperatur e, B) medi ur
high temmgrdight (LL,. ML, HL) treatm

3.5FA PRODUCTI ON RATE

N . ocul at a

When analyzing FA production rates, ANO)
production was s itgempfeircaadfrlefg (EfPPABc78d py<
ARAdf E=246.84, p < 0.dOOE) 2ai7d .15i4g h t@ f(<E WA :0 (
= R,= 55. 74MepnmmaPDObOOERNA. production rates be
medi unertactmum eduawed hiwdr ¢ | gpdtt( Fd igfMaetrbgmutm
EPA prodaverir édgng dEPA dglyand ARA production avi
mg AR®@!dgly or all (Figat héht s

35



90

gk.:L A) B) C)
80 1 |@HL °
[
70 1
':'4;60* O: 8.
“ o
ESO
g o
= 40
an— 8
3 o
E20- 9
)
10 Q. 02
o o
° ARA EPA ARA EPA ARA EPA
Fi g5 eMaj opr BA umgFiApGld aly M.f o owiltakdianl ow
temperature, B) medi uemp eernegpted raktjug het,
(LL, ML, HL) treat ments
P. lut her i

As with mass percent and concentration,
influenced by tedmpErataoeé. BANOpAEY E&E. 201; A
47.10, pndi §hOO@WANSVAE, 389. 03, pdf¢ €. 201; A
261. 30,00@i)khO0Oa s$ingrirfaictadfh E ANO&/A: 11, p <
ANOVAf E 2,12.76, p < 0.001). Highest EPA
meiduannd higrhattemeeld ghtl6BFi dMT: BMmg 1E RNA 2g.
CldayHT: 2822mg6 EPNdgly. Maxi mum DHA producti o
mg DH@&!dgghyatt ai nedanat miearhatt eampd uanredd hi gh
Il ight cond6B,i)olnagC ( Fi g.

There m@ consi stent effect pfmoajempeFMAt ur
produWitt lhinn | ewelEsPAhproducti on rataesrienvol
treat ments w(efFieg. .n oAl 6 )hiiufinii eyrad nutanme dh i g h
tempaERAepcrtoidoun r ates Weirg. nhéBvthi 1 GEE€)de ht

36



0OCdOMwRe EB®AI| y,0 mp

hi ghest

comparisons within hildh Tluikglytdt swempe <diof 0&rle
compari sons) . DHA production rates
tempatat esi man dnehldi ghht wer e si gmiafhiec @anthley
temper atluerle,s UEGFB QU Kk 6 €O s :
production was consistently the
three tempep otrb DHA, pErlecdudtnicareased
' i ght compaméatdl|ltohrees FAgper at ur
60
OLL
oML A) © B) C)
@HL 8 o
50 A O
Ce
@
@
5'5407
g :
£
E’s‘o— g
S 8 o
S 8 3 °
g 20 8 o® Og
5 (@) C] 8 6
<C
e 8.
10 A
8 6 o
° EPA DHA EPA DHA EPA DHA
FiguBeMaj opr BA uUumgFiApGid &€y PR.f | wt hA)Y nl ow
temperatu B) medi umpete agpnad altiug het,
(LL, ML HL) treat ments

Tpseudonana

EPA produgde ohhowaanédound
= R,= 19.
OC U |tahtear e
EPA production

bet ween

63,

P

3

7

vary

bet Wwéhmaahemper a
i ncreased Eitgueeh7 Aamwl 2B M
| ow a(hFilgneTu lueny & sf :9 hpgp @<o mMPE AOSL

respond

by
0.0D1B 2 neol,i goh t< N(OA N@VIA): .

wasntnoi rsti gmadti ican

t emp e



production was hi gehree vieta #4gleng d E@d¥d gy ght , wh
(Fig. 17)
60
OLL
oML A) B) C)
55 4| @HL
50 A1 8
§45,
O o
Qo o o
2 w0 6
£
,§35*
3 0
B 0
5307 OOE
O
25 O
O
20
EPA EPA EPA
FiguZ7eMaj opr BAumgFiApGld &y TogseudwnaAianl ow
temperatur eemBeprmedrem andanG) Ihiigghht t
(LL, ML, HL) treat ments
3. 6FA/ CALRADED
EPA/-&hwas found toNraogeliagya-108 )T 9P.40 i 2. -
l ut hErg,. aln9d) ~0T.5 pgoe@ddFdga mM@ROAHE Cthdnged from
~0.15(Fogd®n@ 1DHA/ Cahged f(rPimgANORA tedd olw
t hat EaPAI/Crhlal | wdashirgenei fsipceacnitelsy di fNf.er ent wi
oculdaft & 2, 3. 80 P. pl| =Wdtf0 &E0 #£8;40020D.1p <
pseudaofara 2, 23. 44anigp ghtOo(OflLag a2, 1R5< 20,
0. OR.1;l dtfheé&ri2,190. 10, pseuwdfo®FAM®y 23. 02, p <
0. 00bere wasi ghmbiecafcttidn towvalufl a a2, 24. 04,
< O0.RO01U;dtftheéri2, 13. 57T. pp <euwdddDmRalra 4. 66, p =
0. 078 same wadRAD SbNvedciudmp arlaN Qu\fAef
= R,= 11.75, |PANONVO.TO®EL 2, 116. 5;6,i mt er &c t0i0OdLn
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ANOVAf E 2,25. 62huDHAd @hROOL MBhedi bnigntby

(ANOWA: E 2,301. 04Andp baadh.ail0fl@iticgarnatct i on of t e
and |ighdf( EN@YAO. 42Lighk @GppPpeéayed to have
consistent indlaemaces otne mAQ@Gat wreen,e rvaitti m gh il ¢
ratios acrosk8all9spe2ethie®d,(WwW23hi n-aspeci es,
across |l ight groups appear more similar in
condi tilo8,s AYFi)g2®, @dw ltah@awm a ibgghvte, E® A/ Ch |

and ARA/W&ds$ highest at mediexmetpe mper atf urld ®,w
where it (Wils A, gtk ey ds: p < )0 RPOS5 I fudhec ®mp
EPA/-&hilt her r emai ned irneclrataisveeadlryw atshhen gs at neem poer
(FI1l®A Tukey@sor pakl Ocloimpsaeau samasrnaow | i ght,

EPA/-&hrncreased withur(eFciddera sTiurkege ytoesfmpreradt| 0. O (
compaj).bdAh@hlconwr abheedt h-ar ashwAveChel t he onl vy
di ffer enc ebsetwweereen flobuenniped abhiugk, and medi um

t emper atluorwe luingdhetr c2olnAd Tuk @& $&QoEFp c.ompari son

EPA/-&hricr eased wit hboithhc roecauslilagda T u lgéy 6 9 :n
p < 0 oddmpajpamRongd (FHLMBi Tukey d&f:aarlpl < 0. 00
compalpi swnsho&xceppli ooclulf Miian AT, utther i
ML i nStHToong r el aet weshi BRA/ Chilght were al so
species at | ow anFd gnR,dliRFMBY e@P@takkar e (
rel at wasdmhupmdag ostbreong ati R.i glh( & kgmBeR at ur e
= 0)bR6 | utbBRAl @hweorsa istitentr Egar dl ess (oFfi gt.e mp €
19B. M. psellEPAr&hat ayed rel atively constant,
high | ight at medi um t(eTmkeryatsua ogn saiwdlealed )i wi
a weak relationship between t(hFe2dg:B°tRi o and
0. 92ARA/ Gahd ECH&A/al so increased with increa:
manner t@a EEFABChRPRPBWeywdDL:. 03 for compari son
exception in both FA (ARA: LL Asrda MLesaul tL T,
boFA/ @hl exhi bintge dr esltartoi on &h g p s 2 RBt{ h02 P8BIgah)t  (
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CHAPTERDIASCUSSI| ON

4. 1FA/ CALRELATI ONSHI P

There were two pthmargtidygyus€EbBewithsn w
potenti al-a ods EPRA/ &€hflect i ve s eprreoednuicnign gt osotlr af
Prior tohabkpgsestEdPAinNdgaCdnlipt!haianme chbr awebk | as
as predictablenbéhaveots stighgeshedot hat a
could be presHEnghaktrgbs espersisestsentaly yield
among all speci eas .waHso weovte rc 0 rEsPIAS tCehit e swi nhir
response to téempkenentr espeadi ¢s$ ghhi fferences
Nonet lhcenlnesssd,eri ng the ratio does notheary d
opportunity for a conselrhviash utlvaovig deeehf nhgi €
estimationocdcfhiiEPAskasigdstrains. As highest
each species were somewhata camhp(Ehiidfh st, pe
ratiTo pBeeucdoountadnas er ve as a bdsoeM P dtuc i qugi c
strdhnesear ch coubedgian nsiochefvoerifro ptiheent -aof an E
dat abdeeemitheider the ratio reladcrsdersypedi wis
Research by Aussant et all t (2MN.& 8opchuridayt as ugg
sabhampeared to show similarities between tc

UC treat ment sc:ulhtadweuverd, meathohds were used.

For opti mal screening of high E®A pfodu
LEBDitted phowiotshyinnt hteetonpoernrsat beée | ncavbar alr s,
cul ttuwr ebse grown at stmailpliscate i~hOI mMdLneouwms
woul d be grownr awmtth |i 9 ad amicede d Madaihs gy ean
and Cull emrr 200Barveesti ndenADsumiuragitafichtER
a ratio, the sChaimpsoddgikthivomled hbghesttected
scalpe wreoal d be . Tdreadirtmioreal | 'y, bi oprospec:
al gal inmpeodivees a screening pipeline of samp

FA profiling, and | astly selection of opti]
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2016; St ei norlu7c)k.e nCueltt iavla.t,i o2n f or FA uaotfgd | i
of culture growonohsethnghtdehsdtyy and aer a
Mi nhas etAdadi.t,i o2nOall6l)y., FA profiling i1itself
anids tomeuming (Budbeapaddvagetsafl®@dALhdg by

pr oduicst itolparto duocw ng strains cracgabe cemovedt
and FA pyobtslngga small amountswgdgplcwland e,

ma nt escagatned maki ng strain.selection more ef

The success of screening-afos epucmal |l gt
dependent -gorno wtahl apmadrdadmien eed stclomd u gilu ouesmic ul t u
techniques (Halkhbgi eée beéedovetdionbadurs and bat c
moded giare a&ul tivation can have vastly diffe
growt h emrtiamel si najocouneati on of media g-rown oV
continuous growt hdiilnuvtalowmess offr e gnddecmsd ru m wi t h
19531 Bu20Tbe key difference is that batch
growth phases (i.e. |l ag, exponential, and
physi Meggys)ByldeHom, stationary spghavatimnnog
r aetrh t han (Maicninttaytrieonan.dl nCecloihéxtc ar2 @@ 8ems gr o
all ows for both growth rate and physiology
(stesadye growth), effectiveBwulprolRdd@i ndglat
and Jones, 2015

The propor{iteniweof PUFtAeontdasl tnoa sdse cFrAgas e
nutrient, Ibiumi tcotnitormdi cti on does exist (Gus
casleisosynt hesis of FA is mai nTAG n(e@G@u s ohiermr ae
and Harwood, calllad ) mgrPE&b yf bcoyhwaksumeépwn to be
upregulated in | ate stationlhay keenpareport o
sevdrakPtmrsi dor.wetism,f I Dgii),andhbhgseud@nampdyt
RhodomondB8osechtleinnlaAl t D@L gh.n EPAItT agdn oinmport an
measwuompar ipsroodsu casfi mior ¢y practical fram an i

the incorepanagreatby affect the return of
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l i pi ConseAgssantyet al. (2018) reapprwas EPA
| owest at Day 14 compared to Day 5 and 10
UON.( oax,ushklti.seal i.qRal, bana, Rh drdhed d cdp hvK hoe daecl el aa
mac u (rehtoad o)p hPit i onfehbdopgphlysptocyl indrus dan
(di atham)appdaer £xonltatmit ant reduction in grow
| i kelsy tdrei vieeducti on of ,FAwhirolduazdgi eas i we Iml

res ts.

It may be intuitive totene bhathFAr pmwao dt

effectivePWAelrehunatess i n stcatnitd mairoyw sp hga o
would be similar. However, Wang mg *h!l . (20:
day was | owstaundenargrbatch goowi huoospare

i N. ocul at a, aPRIhadadomoma(sctrhyapl,ttbipchag € d) a maj o
advant ageceo mtfi sieanis mode uiss &telipgt piphd m@ad llt ur e
all owing for maximum | ight avai lsanidliintgy t o
due to a high number of cell s (CHils6t)i., 201

4.2 EFFECT OF LIGHT AND TEMPERATURE ON EPA AND CHL -A (WITH
RATIO IMPLIED)

There i s a gener al consensuastsh pefrmienrt &a
unsaturated FhafFhgl atsi veampgeirbgtha®eses ( Guscl
and Har wo Adtlh 2@d® bhlersehsowed t he antioci pated r
increasing |ight, wher éasi goasfi &vaerftd yod arnv.e
Howevtemperature had a%mbBbeAamsdnawd err efd d a®&tced d |
i ncontsissttéhre | owest temperature % rEdlid@tinsent s
was especi &I y cdiiwshtieianec tt eimmper ait naf € %eackeati o
EPWithin acCgnveadlcghon doedN. ea¢cshadswet he
N. s,&lL i1 va,bl agenld.eadanilc uwdsi s p | sa yienkE RAM cerre as e
shifom 8 UC to 1(4AWSs arftt edt fdawdes mMalyds8 ) f ounc

mai ntai % BERAMMI s a temperaturagrearpe eaf al3
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012). Adcdi tiappalaliye,d t oprseigguhiaBPet amt By UG t o
2 UC ismodotphhd4and ¢sh6D phdsibnghm conditi on
even days, but higher wa dswsoennu e not %dtdEedhifpeearsaet
Gui h®neuf and Stengebsef0éd)i nTbotbbhbaspat
i atAccnhmsn ant heasnCGmrcewinege svi g el taoitckanper at ur e i
8UC to 35 UC after 24 homr4,U@hi bel8ethfet
howed a fMe&®Schohzimand LiebeAaittar c20t3),

ssembl ages where temper at% rEePsA |alboowien ga mbniiet
ncubation (Hernando et alud,i e2s0 1t8h)a.t Idne sacdrdi

Q O, QO ™ 0 L DN

ecreases in PUFAn Nnxy etasmple rustuwarld yi compar e
ariations (difference of 10 ACthoudB WCEP/
i's a relative ime asowrse noft EBERdcnutriat enloyr nrael pirzeese

< o

bi omasdppoNi tr@e g(aordehs t he expected decreasing
temperature and | i glbteipmagrst inoul ariNwya yescpudl aarltdaot
and. pseuddowatehaies ,i s consi stent Awi thihghr é Vvigd
emol ph3shnSumh®neuf and Stengel (2017) shc
and 16 UC had al mosP. nbiseméemir dm EPAMAdyiinels
Sholz and Liebezeit (2013) anal ggesd, fane d
mi ni mabeshaeafe obBer ved, particularly from 4
di fferences of EPA with a 12 UC change is
temper at urien dtiHif ®rethnicdeys. EPA st abirldietdy ians |
Trachyndiinsuttalsshr ophyte) gmodmphB&lonash O &0
product iVt yan(dngg rid)wtdhi dr antoet (sdt at i stically
(Cepgkal ., 2014) . However, the |l ight condi
and spaandadytasiime frame which may dramie pushe
conti nuoarsd girrotwd hst aExamplt gspbhspast resear
PUFA are not as afafsecottehde rb yf atcetnopresr,a taunrde t h a-
suchfherdnces in optimalk ¢ir.O©ddpFEFPEmpédygt ur
drpfdi d not behave the safe owayl adbheespbgse
wi dekeported FA proportion does not al ways
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As EPA -amadve&€hdi fferent relationghips wit
becomes c lae aprr otdhuactt i@hnl wi t hi nnocth |doirroepcltalsyt n
correlated under changing growlitmcrce®adgdiing on
' ight always resulted-ainbah expsomeAblcdsese
we,t IhEePA/-&ht at i o acdwu d lhlcy diamghtayagsgee st i ng t ha
pr oduwas orhotmbayse thi€gHat | Ahough | iteriagure sug:
primarily coptamapiait edidgnt hi nanto amounts a
sequest erexdprlicna toitphied’'s samcd @ls o Jagpnko | e xpp odssu r e
to changing tempethtgeesi pnd Ehgkexdgfale €t e
pl aiat i di pi ds as soaisatded nwitthh s6 ppgdaumdey can st
propor WE®PAs BO6r instance, the betaine | ipi
concentrate up magps3dpeorétfi adnpKheoEPA al ., 19
deposition in PR, whbubatsasal patedeEBRbinhown
relative propoaPChéA (Setobabanpbchbprogdesd)
produces the betaine Isi pind eltGTeSsIsdwhadaadd tiitor
may also contain a dicNMuophbhami opatSealvame2 @i
al ., 2015) .

Addi t icoonnaclelnyt, it d tgid @/ncso | ol épxitpilsaaisaknidpai pdpse a r

to vacygnsistently in rnewvpepamssed gis@p oinsrap @ roatl u
Rel ative abundances of bedad, nehillieiWAsG &
decreased when temperaturei Wasl Bkte chisrea f
and Hdy wdWa®Omi)ati on in PG is | ess-bsoiugnndi f i car
' i pid (Guschina Camdrkdain waqgy di,InAc0eadsjeuda | Wh e n

temperature was decr ¢ dee didyartionm r2dt HleCc & oc |1dl.s
and PUFAipmepom neutr al l i pi ds, glycolipid
substantially (control to eypdanent Adl ,pRO&L
high(lLioam@dtt phds)dmMsanmochl or o pEPAthadi t ana,
glycol i padRBGDMEBHDES hi gher than a&mol ogwhobt ghs |
m?2sl) ;' hoRv@pvheors,phati dyl e,t hambwB@Edwd 1 RAE) t he
same high |light condi(Al bosesompaselddy olRY b&
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Remamwr s et aalls.loowedEPRat TAG (ret&Ai ve TAGY ot
stayed relati woElIPAnc onesntbarmatne Whiph &l s%( FAI ian i
membr anaeaelcirmiads)d ght i ncr easmed (phmhdidensofmb60
i R. tricormut¢aoamj unavtaisorc,0 nBAc@ eyciadolll das | i ght
(Remmer s eReladt.i,veodr7rgport rad teebs alfe cR @ aisred w
incrphoesebeynawadillyabl PAR adoi-dalt8 ot800 ¢@,0 b ut
contrarily, TAG proportions concomitantly |
2006Hhearly, thepteaspohbdspi dbé €&mtchanging col
t han t hadl olfi pildas,t iand ialhel irpisdhs rieaske mdto pdyare
strdhns. coul d expl ai n t hae biercgpoanrsoiusictifuel nacrileys
EPAs distri butadd ainnd | batatthr Hp Ipa sdtsi.d

Al t hough pr onp onsoedde | psr ecdaansnsoutmi bneg naa dceon st a |
EPA/-&htlait kdeu et hpew e sence and v ar-pladidtoinhiodi EPA
potential for ba&t we\earaE&daiNtde hitmadeedeAxaincte.e a r
covariance betaweierne sEpPAANcomidtt didallti gohott h const i
arrees poinmlo megwhani | ar paay sPc ull alithihymrpiltnihes a
similar |l ogarithmic decline of EPA,with ini
which is suppoactetdrbyoBBAdnstrghuttreat men
t empermBRA/r&hsvi t hin a given temperature show
than within a given | ight for all species,
Il n payPt.i d whdbmeegr ¢ doteeosti se for a common rel a
viable tempeoaltpmoateesnt iTéhlerfeor a tail ored EPA
this species, Adidiht iNoensapleléw,omoedli ghhad | itt |
i BEPA across a wide range of temperatures,
with increasi Ng ©o0caVaggteanrewnnc lretl iake , 2012). T
EPA/-&himay hol d -raeclraotsesd, csppoescsiiep | yri hvebving

pi gment composition.
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4. 3EFFECTS OF PHYSI OLOGI CAL DI FFERENCES BE’

Photoprotective meNhaodcamids ttahief fod rh eb e tt we
wher eP.boltenh Herpsepdodaca fHiighleynt photopr ot ¢
pgments diadinoxanthin (DD) and diatoxanthi
200Bhoaxi dat i are cihain® JiiAgsFEej er o etsala, 200
reduced r-axiedafi pmhot lor oughc awladvei ay | ofweld D b
species t o c oNmp eotcenl vaetéal msvi @ fh. SEpRAC iperso daulcst o odni
in their affinitThefotiecatbompr oWt fcAaAaddnohor
production i s ta ediarveadulsaflmilAlcdt oyo mesfa dhrec & svo
mai n soofurdciesssol ved i nmeigragi ca rc(la@ib odli ¢ Dil C¢
bicar Ganat®aeuf andHuBreéemgelandBUlcdair HDonal @9 8)
domi nates t hiensmaptphiyalo f&.mAWeartee iCIGf uld m @ n
béd¢ar bonat e idse h¢yHlorearttiaosn )a n;d Maitbs Bdag) NLt9 98BI .
oculhatsaapatca twupt ake both formsarbdespicte a |
anhydrase, wher e afbfuitniutpyt afker iei tdhregre nidse ndi
concaetnitdii and Zhou, 2010; Puelram@Beraind Lubi ¢
pseudbameddBesmown thootuhta B e r (Gan @at®ereuf and
Stengejb,i cZ20bD)ppt emert altua®mat t ed tionFAilncr eas
and EP@BdunnLIGui h®neuf andwhSTleengeéyuda@nasal
contains a plethora of carboni € dmohyndr a nes
simil arr ecipgprackclissyp pdfy ¢Mat suda et al.., 2017
From thigelytthe growth BAndotmdt adectdionmn
wer emwmaatf f ebcyt etdh e pr eCSQsmapplsy nlcewcul ture aer:
not appHowaeyer, an increaeas€@ulfdthaveffbrthe
pr omot end agirdo wtA pR.o duyuctthicorrafifm ni ty to the pa

source IS suggested.
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4. 4 OTHER MAJOR PUFA RRENDATITITHENSRHI|I P-ATO CHL

ARA/ @Ghilshowed simil ar-abimaocowhtcesa e ERA/ €

trend s | oaptel ofsorwebroet  orwer at | ow temperatur
temperature. This indicates thatetihe abdtei o
within | ow temperature (regardless of [|igh

and medium Isi oHt temeearaa lueaaes) .q uUDHRY Chhilf f er e |
l ut.heAs wi t-&a, EWIAY ICihh a | i ght Ifeevcetl ,ont etnhpeer a
FA/ @hlr ati o. I n contrast, when temperature
even strongersanpgdosmbtieverkineara rwadsatfioounnsdh.
P. Il appenrs to be a good capdscipece ffiar EPRAe
prediction model usi ng c¢hl osrionpphhyél Ic.ouA d i ne.

predict opgtiomasl towompd omote EPA and DHA prod

The similarities of modNI| atcacglealbalt wee@me .
to shared | ipid classes between the fatty
the majowitdtygolaicmidd o r i®m htylee oc hd wrriirsg i nci
exponenti al phase, while phospholipids and
(Bigogno et al., 2002; Guschina and Har woo
hi ghest i n TAG (h207s%)h atoild yolwgeldy cbeyr odli p( DPG; 2
(21%p] utnbekrii vated up to stationary phase,
di fferencea compéaAé &hthon HE RAMbGhrlIel es et al . |
Al t hough DHA doeosncenhtapmppear inolbeid bodie
EPA and ARAhaps variation with conditions \
presumabltbouhdl BkkedPG), while DHA within
yi etlhdesms el ves) odnsdi dheorta bclhyange ¢

4. 5FA PRODUCTI ON BEHAVI OUR

The secoyndf opcrusmaonmadtehies mrthwey EPA produc

within these strains and conditions. Her e,
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concentration and grewtble hin atde i nThelaea@idV pm @
growth rwase,pamhtiichhul arly apparent eactoghtl i
yielded either si Ni.|l @ag ubRA dci ognhceern tErPaAt icoms el

l utheri, Y.t pseaudkdaoglletwer, when growth rate
production in | ow |Iight had the | owest pro
species. A similar trend bwdts f § ewaernd erso tA Ra\s

| arge. DespitemiypmdHAA gchotn cfeanvtoruat i ed,owpr oduc
due to a greatly Tdhim sughedter ¢ wtah &t eonc

indicator of production.

Whil e higher PUFA production at higher 1
t hemeurn ng eswmaei ci ons which offered peak EPA
across all three speci esav eVMobseid sptee@l espast
for t hceointt eelPAs buti ens s WWEIPA re¢clat den@s s 0 tot al
prcd udimp@réeéseon to the production measur emen
concentrati on/ prroordnuscttéipodna rvda | zueeds bayr ebi ov ol un

strictlAnycanvk@on)abl e ¢ oncbeansterda toino nu noirt pnraosdsu

comparibsanrsoed!| fterature wil.| |l i kely undere
by roughllhye ~c500n%.entration of | iterature est
the chemical stoichiometry of major storag
TAG 55H®s), | gcoedeDs)(,C and ecah L((oMgdd)y | ds wel | as

chemical tflbe muH I&berfoazphhl yotrei s ol eoabundans

( CH Qos No7 SesPosagr2where C accounts fodimpouwghly
content Moufrra33 ®2 ORrRuvost)Wet hat hjamd @9 mi nd,
applying a factor of 2 nel xtoinwertto bed whkeem t
rel ativeptrodbctomagseand ati on values obtaine
f ound t ot hopea shtir gifseeprave i arsefllaotgeidi s ppsegdonana
showed EPA productldwahlutnyd eorf 1~0108 QOugddE PpAhBgt o n s
UC (Marella anahTicWwa wials. 2p0s2e@gd ot mimarg h
tempemadiuuen | i gRA dd-a@HUnmherEunately, EPA pr

standardized to dry biomass is quite scarc
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comparisons to rely on concentiahionspeAhs e
under similcoampaosndiotnison o, ¢ o0 n cYeinetbridast7i8oin dat
mg EPAi . Cocawlraotsass | ow and medium | ight wer
|l i t erat uhraes baheerr es hampn ttoo -~sleSgaune® OERRIC gunder
Omol phisteemiomt i Bhewns; etamd 1551 2Ny 1'E)RA eg

60 Omol p’S'mtcoms sma r ang(@aybfébtfcrhd®t hp 2A26s &&nt
al . )Y2@b8&8s~61 myatEPIAow ICi ght aatd HBGhmbi BRE
P. | werheral so hi gh,rwhnhdagr pdals tO nréd’pi oprhtost o n s
concentrated u@mtt d2% DCTmoyaEtERIAZ gUC, and ~13
lat 28 al@ undpho&8'si dmacloned®t mgtfEdPrA lyot h
12 W€ 48 UC treatments (DBespibtee wafppamdki Iad re
di fference of ~50% between dry biomass and
prevstowdee®nsi bt |l yup to ~65%simhamarour
condiweiroen sc owWtperEelPAA r el at i mawae tomaphr EA to
results -dloat ed ocendgi ti ons) ,2 B.o6 Yels®leat iave
to totalf oNma soscguFldapmna ad n éd29 10 @ mo | 2g,h owloincsh m
coverselytwas biugherrsaul HAL i 8l & PEAP Ao u r
reswéte repoPtetigtdbmnbath20 UC under 8 h c¢
phot &e'anii6 h of (~@&kaEPHAME ompared to 23.6% |
Kato 39%)T.apdegdowanat 20 UC undsr ~47 Om
(~20% a&EtPAMIE o mpar ed 9%o0 EZ”M&BKova, 2004) . Howev e
(2008port &EPAORverl gt bawni at 28430COmotdeph®® on
m?s!(~19%aHPW.compared toOver2%tERPM)t.i on of th
di fference betweenlusanbonréd@®mdd deyplbaiomascan
hi gher EWPAnycempbdawed to [Craebionu P rloiptoert atounr ¢
tot al bi omass caoaul g dal $§d& e&n dgtrehtefw eoet nh esrp ehcaineds,
EPA (rel ama¥#®)toesoltbs were consistent witdl
ot her s gweerre olr | ow@o sisn bdtdg i el resnaneetshpdol ogi

such as loirmpnidd feaxtttrya catciy | met hyl ati on
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The si mEPArptgdwdt iiohh soicaunlflaat rhiutsiheesr i
i mpoy tNaasnthnochbkpropaeies under reaenada caneindat
for maximizing EPA produdtiSemmenRal 2&t1531.. H
Nannochlsprpaakesown t o present issues when it
| i pNamsnochbkppopsiesad to accumul ate high proj
require additional extoaicédvdoateatndalf.r,acald o)
its matbwrsdiness agai nst medhamitceaslstadodd ecxhpeem
extraction (Zuorro et al., 2016). This sam
culturfi mgl trathenprismarsyedc alsl ecti on met hod
filters with smal/l pore sizédst-cammsamsngbea
Nannochl|l oabppssmabppr in cell WYmizgué Chua an
di fficulties deshiohuel de xbte aacn iiommp tpedreacnitd icnogn s i

orstrains for EPA inducti on.

4. 6FUTURE RECOMMENDATI ONS

A rush sgppeeaediefsi c predi cti onN.moacauldataas n o
pseudasanaP.walsHtolwervier , t hmescenayamiol y mean 1
not exist in these species. Both species d
and some trends could not be established du
temperature and | igmayrhagescasgeddi-antcbdnsi
in those species, particularly at high tem
traperature f orN.boddhu l&CaCuveP G QP Ip3s3eby dwa & n a
consider edNCMAD egZNICAVAY C)2(0 2HDowesdegct i ons i n t|
catalytic rate of critical e nzganersr, e ch od ta bd
hi gh t empnproastinrge hi gher metabolic costs for
subsequently reduGaomgefgnawiFhp @&fflehexesn ctyhat
these species between ite mpecammerdedised i n

Conditions where growth did not occur a
and ARA concentr atN.o noscaual dadtEap A oglrdacd u otni om i r
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pseuddmarsa me i tthesnepser at ure or | ight was fou
effectumemenetasbut the comparison involved
the effect of tempeNat oaowalsatsa A fpircoadnutc,t i bou
di ffereéeagebet ween the means of | ow/ medi um

within alldvdlisggh and high temperature (whict

The | ack of full daneg anaiyv éehsa vveh erreo dau cseidg rfiaf
tepoer ature or | ight could not be deter mined
compaon from being made. Future refinement
reveal mi ssing PUFA interactions with | 1ight

Growth ratesimgabatadcdd growth and sca

similar in mosttheeat mentesa Hewegyeobups tha
si mplFrawtsafrt &triepslc ab e uloam a ednpevr dt @hel) utamalr i
(Il ow t edp@hathidgdne di u m-l toevmgd e rgahttyr.e Low | i ght

upregdaniapesi ngi nther sl ks oidf of the cul ture (
However, the data does not sugaeestoptelriags i @m
did nottappeanastharvest time approached (d
tempehaghr L ghatbbeal |l y meagnr awhhghat-e durin
up than balanced growt h. 't seemsacmorms il
wer e itnecnotn sbhiest we en duwd agrdieewti mog dofs cpt et edur e

of other wealht mr ¢ he incubator could have be
of |l arge wutdantoifdiitshekasonuwlud ataowre had. an | mjy
As small changes such as positioning withi
state, control of al/|l paaadhetenr chbbddt be

cultivati on.

Bacteri al | oad within culetsuwrletss coobutlad nhead
study, but it 1is difficubet bteon epfriecdiiaclt otrh eh a
algadepending on cofddieti oneracdi omecia@s be
increased tol erance ofays thraevses fau ln ecgoant d ivtei oerf

al gal production of bactericidal compounds
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and compete wi$h(Fouwmilleandestoualce, 2018). |

prokaryotes such as cynasnadb acetleartiia ncsahn pf omin

providing |imiting nutrients such as 1 ron,
However, xenic Oc% Irteudruecse dh agdr ouwpt ht or a5t e c o mp a
i h. galnidhabassi os(&ai dleadndacetwl al ., 2018).

a drastic effect on morphol ogy and reduce
2014). 1 RPlwuhibensisdegntly showed much | ower
rati o, suggestliomgl hihgme rt hbea mtt éhreiralt wo s peci

have had a marked effect on growth rate of

product iuonnat ednyf,ortthe bacteria obtained in c
the | ack efpetli e€87®sicPemt# uB) ng fl ow cytometr
shown), typically associated with cyanobac
presealtnt Mae et al ., 2010). Future researcl

be mai nttaeumeed heha oughout the whole study t
bactAlrtiearrnatoincel pyromi sineg cdedi dat ed, hdetel
di ffer epmce&md EPA production between xenic
EPAroduci cgoustdr als® be useful, as bacteria

avoid wsdcal ¢ acgleti vati on.

Due to resewrncsse randittsi, mdoit pi dotladaeseandge
individuail hyt ainsal igggiediycl ass analdyestiesr mvonuel d
whet her EPA yield is, in fact, -pleastgi dit @l e«
i pids within species anpgladgtr elaittmematsyr a ad e
Addi tiiotnawoluyl,d be hel pful toikreoweidf t@or owlhe
classes in response to temperature and |ig

correlation can be maBERA baerdweChm oeové etdgien off i

di fferences in essential FMakktablagei wi ohmat
commer ci al i ndustry, as the extent of 1isol.
neutr al and polar |lipids (Yao et al ., 2012
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| s. 1HBo®enhas, not been isolated from di at
7). The presencwibohia hboeicebd-BhwadA pe anl

y iBacartperhaps an aldehyde, or a mol ec

FAMEGEs chromatography wiMSh naansasl yssp esc ti

necessary to confirm its identity and shou

sho
scr
out
tre
ARA

Lastly, other cl assreasl atsedvetl ¢ @amsespese c .

ul d be eval uaaoetde xfpoarn dt hpeoitre nEERAd IChdppl i ca

eening tool and provide a novel databas

si de
nds.

and

factors

as

combi

our study parameters woul da al so be
Furt her moer et,o ietx pmaanyd bree sweoarrtchhwhsiple c i
DHA modeeliln nogpwe d thiciCgnld st rai ns. Ot}
should also be addressed, such as

nati onsdosi maresaseossi(@appl i sequent i
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CHAPTERC®WNCLUSI ON

I n general , t h(er eplaattiewenFsAionft rod sl ®AMsaes st o
agreed well with the Iliterature in all thr
incngas$ight. However, responses tdpat emper a
al so decreased with iemcaemacs ngall giNhr ee ds pve

ocul atvwhere clhemeidmdgl | poghthave a significant
pr oduwnc taippear ed nfol uween cheeda v yi yc u hhél yrhee sgr owt h
pr odurcatieosn wer e achi evecdddtummeacdidurhilgihg Hti gvhi
hi gdiefrbut | owest growth rates) obtained at
resmpity ithat % EPA is not an i deal I ndi cat
proxyerd oas temper at urse tamat |dfgfher eed nhdii g h eos t
di ffMaenmum BPA/aClules rdanggegd nfeomi hg that E
vafgr mor e -wli aidlki indiekd rtahan originally anti
suggesth PAd/s&didmatot be used apot iameplu pEHRIAe | M gpr
str,aiints can be usepti vastyapde batl o pperrd wh me
to swapl iamg FAuatnian gy sdeswn olsugigmetamadpces$ i i
threshold -@f madli BPX/aE ROAf/ ChHe | owestt EPA& pr o
stogwgyul d be suitwbltéd hopescoéenhunghsera refi.
dat aibeaxspeadiiche s nme t hat str ai nsa epxhoidbuicttii nogn hdit
bal anced growth would be ideal candi dat es

EPA/-&hWwoul d predict the | owdletstachircayw als] & a|
be carried thumpowgphd tFAepso&li i ngg steps or r
comparison of estimated EPA pr oAddudcittijoonn atlol vyl
aspesipesci f i co pnmoedieil zZErlP Aorfor o d u c tpiocsrsiiBbd el d be

ltuheras wel | as spfedi ARIAoanoho ®&lA.
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APPENDI X B

Appendi x B1l. Turner and FINRe ofdulratnegs cbeanlcaen c
and trilpéudpc agtreed whHiLTa

Species| Tube# | T[Turner] | Bl[Turner] Ic::Fl'rl;rner] mu F_cum Fv/Fm | FO Fm Fv

No25 122 35.1 0.264 34.836| 0.696 | 4.741E+13| 0.423| 647.379| 1122.224| 474.844
No25 122 9.08 0.245 8.835| 0.667| 8.417E+13| 0.421| 170.426| 294.581| 124.155
No25 122 16.9 0.250 16.650| 0.638 | 1.586E+14| 0.402| 341.295| 570.645| 229.350
No25 122 334 0.266 33.134| 0.686 | 3.157E+14| 0.447| 566.431| 1023.407| 456.977
No25 122 11.0 0.238 10.762| 0.816| 7.177E+14| 0.550| 167.915| 373.202| 205.287
No25 122 23.8 0.272 23.528| 0.724 | 1.569E+H | 0.511| 428.848| 877.066| 448.218
No25 122 10.5 0.262 10.238| 0.602 | 2.914E+15| 0.537 | 181.957| 392.887| 210.930
No25 122 25.5 0.261 25.239| 0.790| 7.183E+15| 0.501 | 459.734| 921.301| 461.567
No25 122 38.4 0.277 38.123| 0.582 | 1.085E+16| 0.488| 946.713| 1848.446| 901.734
No25 122 13.0 0.253 12.747| 0.822| 2.539E+16| 0.521| 196.376| 409.888| 213.512
No25 122 23.1 0.269 22.831| 0.581 | 4.548E+16| 0.484| 552.403| 1071.293| 518.891
No25 1222 4.07 0.264 3.806| 0.917| 1.137E+17| 0.448| 1112.630| 2015.165| 902.535
No25 1222 7.74 0.276 7.464| 0.626| 2.230E+17| 0.551| 116.030| 258.185| 142.155
No25 1222 17.7 0.267 17.433| 0.716 | 5.209E+17| 0.450| 365.095| 664.202| 299.108
No25 1222 39.6 0.269 39.331| 1.132| 1.175E+18| 0.502 | 871.243| 1749.117| 877.873
No25 1222 0.646 0.144 0.502| -0.811| 5.19E+17| 0.608 17.452 44.497| 27.045
No25 1222 1.15 0.146 1.004| 0.696| 1.030E+18| 0.376 51.371 82.361| 30.990
No25 1222 251 0.142 2.368| 0.855| 2.429E+18| 0.617 90.721| 236.651| 145.930
No25 1222 5.29 0.136 5.154| 0.642 | 5.288E+18| 0.459 | 228.974| 423.126| 194.152
No25 1222 10.3 0.134 10.166| 0.684 | 1.043E+19| 0.501| 502.674| 1006.633| 503.959
No25 1223 3.84 0.264 3.576| 0.854| 1.069E+17| 0.610 53.940| 138.326| 84.386
No25 1223 7.46 0.276 7.184| 0.648| 2.147E+17| 0.474| 126.024| 239.654| 113.630
No25 1223 17.0 0.267 16.733| 0.714 | 5.000E+17| 0.488| 331.804| 648.608| 316.803
No25 1223 32.2 0.269 31.931| 0.899| 9.542E+17| 0.487| 707.165| 1379.662| 672.498
No25 1223 0.695 0.144 0.551| -0.576 | 5.310E+17| 0.490 26.590 52.114| 25.524
No25 1223 1.40 0.146 1.254| 0.825| 1.208E+18| 0.6 46.679| 122.893| 76.213
No25 1223 2.53 0.142 2.388| 0.642| 2.301E+18| 0.529 | 106.639| 226.456| 119.817
No25 1223 5.57 0.136 5.434| 0.679| 5.237E+18| 0.467 | 247.174| 463.708| 216.534
No25 1223 104 0.134 10.266 | 0.641 | 9.894E+18| 0.479| 476.775| 914.816| 438.042
No25 1224 3.63 0.264 3.366| 0.794| 1.006E+17| 0.637 56.989 | 156.933| 99.944
No25 1224 7.26 0.276 6.984 | 0.678| 2.087E+17| 0.451| 135.648| 246.927| 111.279
No25 1224 16.1 0.267 15.833| 0.691 | 4.731E+17| 0.513| 312.270| 641.723| 329.453
No25 1224 33.9 0.269 33.631| 1.048 | 1.005E+18| 0.514 | 726.150| 1493.441| 767.291
No25 1224 0.718 0.144 0.574| -0.587 | 5.532E+17| 0.589 20.673 50.254| 29.581
No25 1224 1.31 0.146 1.164| 0.709 | 1.122E+18| 0.560 47.885| 108.786| 60.902
No25 1224 2.32 0.142 2178 | 0.624 | 2.099E+18| 0.460| 103.07 | 190.859| 87.842
No25 1224 5.33 0.136 5.194| 0.717| 5.006E+18| 0.512 | 221.247| 453.220| 231.973
No25 1224 10.9 0.134 10.766| 0.734| 1.038E+19| 0.475| 534.087| 1018.276| 484.189
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Species| Tube# | T[Turner] | Bl[Turner] (F:[(')I'rtrjrner] mu F cum Fv/Fm | FO Fm Fv

No25 132 7.43 0.266 7.164| 0.808| 2.333E+12| 0.523| 160.942| 337.369| 176.427
No25 132 13.2 0.279 12.921 0.594 | 4.208E+12| 0.475| 246.511| 469.542| 223.031
No25 132 26.1 0.267 25.833| 0.679| 8.413E+12| 0.548| 410.207| 907.929| 497.722
No25 132 43.7 0.268 43.432 0.520 | 1.414E+13| 0.445| 1022.120| 1840.350| 818.230
No25 132 10.1 0.264 9.836| 0.922| 3.524E+13| 0.629| 139.976| 377.640| 237.664
No25 132 19.7 0.261 19.43 0.606 | 6.964E+13| 0.600 | 329.952| 825.399| 495.447
No25 132 394 0.264 39.136| 0.693| 1.402E+14| 0.476| 753.209| 1438.587| 685.378
No25 132 12.8 0.262 12.538| 0.661 | 2.666E+14| 0.629 | 175.514| 472.859| 297.345
No25 132 26.2 0.261 25.939| 0.636| 5.516E+14| 0.500| 505.070| 1009.876| 504.806
No25 132 41.4 0.277 41.123 0.651 | 8.744E+14| 0.502 | 1094.407| 2198.195| 1103.789
No25 132 14.3 0.253 14.047 0.842 | 2.091E+15| 0.540| 226.464| 492.261| 265.798
No25 132 26.5 0.269 26.231| 0.622 | 3.904E+15| 0.469| 645.873| 1216.950| 571.077
No25 1322 8.63 0.264 8.366 | 0.649| 7.472E+15| 0.552| 162.904| 363.786| 200.882
No25 1322 154 0.276 15.124 0.550 | 1.351E+16| 0.485| 288.234| 559.955| 271.721
No25 1322 35.2 0.267 34.933 0.707 | 3.120E+16| 0.464| 795.232| 1483.068| 687.836
No25 1322 51.2 0.269 50.931| 0.525| 4.549E+16| 0.502 | 1091.503| 2192.462| 1100.959
No25 1322 1.54 0.144 1.396 | -0.206| 3.687E+16| 0.519 69.029 | 143.459 74.431
No25 1322 2.73 0.146 2.584 0.618 | 6.824E+16| 0.616| 103.329| 268.752| 165.424
No25 1322 5.12 0.142 4.978| 0.653| 1.315E+17| 0.522| 246975| 516.200| 269.224
No25 1322 9.99 0.136 9.854| 0.563| 2.602E+17| 0.536| 486.372| 1048.709| 562.337
No25 1323 9.48 0.264 9.216 0.746 | 8.231E+15| 0.540| 183.442| 398.983| 215.542
No25 1323 16.9 0.276 16.624| 0.548 | 1.485E+16| 0.499| 292.182| 583310 | 291.129
No25 1323 38.4 0.267 38.133| 0.701| 3.406E+16| 0.501 | 781.430| 1566.369| 784.939
No25 1323 53.9 0.269 53.631 0.475| 4.790E+16| 0.514 | 1101.474| 2264.134| 1162.660
No25 1323 1.46 0.144 1.316| -0.315| 3.476E+16| 0.518 61.427| 127.376 65.949
No25 1323 2.52 0.146 2.374 0.592 | 6.270E+16| 0.564 | 109.045| 249.947| 140.903
No25 1323 5.19 0.142 5.048 | 0.752| 1.333E+17| 0.526| 237.142| 500.300| 263.158
No25 1323 10.7 0.136 10.564 0.609 | 2.790E+17| 0.503| 489.941| 985.157| 495.216
No25 1324 9.21 0.264 8.946| 0.716| 7.990E+15| 0.513| 198.416| 407.224| 208.808
No25 1324 16.4 0.276 16.124 0.547 | 1.440E+16| 0.433| 343.969| 606.665| 262.695
No25 1324 38.0 0.267 37.733| 0.718| 3.370E+16| 0.529| 740.999| 1573.998| 832.999
No25 1324 53.2 0.269 52.931 0.471| 4.727E+16| 0.484| 1194.82 | 2316.968| 1122.136
No25 1324 1.48 0.144 1.336| -0.288| 3.528E+16| 0.528 59.774| 126.532 66.758
No25 1324 2.69 0.146 2544 | 0.646| 6.719E+16| 0.510| 120.574| 246.113| 125.539
No25 1324 5.29 0.142 5.148 0.702 | 1.360E+17| 0.548| 233.682| 517.532| 283.850
No25 1324 10.6 0.136 10.464 0.585| 2.764E+17| 0.517| 476.100] 985.361| 509.262
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Corr

Species| Tube# | T[Turner] | Bl[Turner] | F[Turner] | mu F _cum Fv/Fm | FO Fm Fv

No25 142 11.2 0.264 10.936 | 0.486 1.686E+06| 0.480 | 245.991| 472.654 226.662
No25 142 15.3 0.267 15.033| 0.370| 2.317E+06| 0.605 86.096 | 218.226 132.129
No25 142 19.7 0.267 19.433| 0.232 2.996E+06| 0.522| 360.261| 754.172 393.911
No25 142 30.8 0.267 30533 | 0.399| 4.707E+06| 0.531| 517.516| 1102.342 584.826
No25 142 38.6 0.266 38.334| 0.317 5.909E+06| 0.480| 836.584| 1609.996 773.412
No25 142 50.5 0.279 50.221| 0.272 7.742E+06| 0.518 | 856.975| 1776.655 919.680
No25 142 15.9 0.267 15.633| 0.763 1.687E+07| 0.517 | 267.@3 | 554.207 286.414
No25 142 19.4 0.268 19.132| 0.202 2.064E+07| 0.594| 335.220| 825.850 490.630
No25 142 27.7 0.264 27.436| 0.364| 2.961E+07| 0.505| 541.089| 1093.104 552.015
No25 142 39.8 0.261 39.539| 0.325| 4.267E+07| 0.518| 716.553| 1487.828 771.275
No25 142 9.85 0.264 9.586 | 0.371 6.206E+07| 0.561| 153.536| 349.846 196.310
No25 142 12.6 0.245 12.355| 0.295 7.999E+07| 0.551| 213.524| 475.608 262.084
No25 142 18.1 0.250 17.850| 0.371 1.156E+08| 0.514| 336.594| 692.530 355.936
No25 142 29.2 0.266 28.934| 0.481 1.873E+08| 0.48 | 589.702| 1109.864 520.162
No25 142 50.2 0.238 49.962 | 0.542 3.235E+08| 0.502 | 929.513| 1866.853 937.339
No25 142 15.6 0.272 15.328 | 0.708 6.947E+08| 0.489 | 355.941| 696.425 340.484
No25 142 19.6 0.262 19.338| 0.339 9.842E+08| 0.493| 367.147| 724.543 357.396
No25 142 26.9 0.261 26.639| 0.280 1.356E+09| 0.449 | 580.994| 1054.949 473.955
No25 142 34.7 0.277 34.423| 0.362 1.752E+09| 0.516 | 901.337| 1861.499 960.162
No25 1422 8.34 0.253 8.087 | 0.332 2.470E+09| 0.540| 112.727| 245.185 132.458
No25 1422 11.9 0.269 11.631| 0.362 3.552E+09| 0.576| 211.157| 498.441 287.284
No25 1422 15.5 0.264 15.236| 0.270 | 4.653E+09| 0.504 | 339.777| 685.207 345.430
No25 1422 21.7 0.276 21.424| 0.317 6.542E+09| 0.457 | 423.247| 779.825 356.578
No25 1422 32.7 0.267 32.433| 0.350 | 9.904E+09| 0.484 | 720.799| 1395.606 674.807
No25 1422 26.9 0.269 26.631| 0.274| 8.132E+09| 0.485| 541.514| 1051.638 510.124
No25 1422 0.781 0.144 0.637| 0.284| 6.089E+09| 0.605 23.155 58.646 35.491
No25 1422 1.05 0.146 0.904 | 0.351 8.642E+09| 0.482 44.328 85.624 41.296
No25 1422 1.33 0.142 1.188 | 0.272 1.136E+10| 0.511 60.935| 124.570 63.635
No25 1422 1.74 0.136 1.604 | 0.248 1.533E+10| 0.580 68.853| 163.984 95.131
No25 1422 2.22 0.134 2.086 | 0.265 1.994E+10| 0.493| 125.951| 248.237 122.285
No25 1422 3.02 0.138 2.882| 0.334| 2.755E+10| 0.440| 169.312| 302.466 133.154
No25 1422 3.80 0.132 3.668 | 0.289 3.506E+10| 0.490| 198.717| 389.357 190.640
No25 1422 4.99 0.148 4.842| 0.282| 4.629E+10| 0.533| 233.711| 500.586 266.875
No25 1422 6.83 0.136 6.694 | 0.266 6.399E+10| 0.514| 435.981| 897.870 461.889
No25 1422 9.69 0.140 9.550| 0.350| 9.129E+10| 0.508 | 601.175| 1220.749 619.574
No25 1423 7.80 0.253 7.547| 0.265 2.305E+09| 0.619 94.402 | 247.673 153.271
No25 1423 11.0 0.269 10.731| 0.351 3.277E+09| 0.542| 232.284| 507.000 274.717
No25 1423 14.7 0.264 14.436| 0.297 | 4.408E+09| 0.543| 274.668| 601.579 326.911
No25 1423 19.0 0.276 18.724| 0.242 5.718E+09| 0.403 | 401.655| 672.707 271.052
No25 1423 27.9 0.267 27.633| 0.329 8.438E+09| 0.464 | 606.485| 1131.103 524.617
No25 1423 26.1 0.269 25.831| 0.094| 7.888EH9 | 0.484| 534.637| 1036.158 501.521
No25 1423 0.655 0.144 0.511| 0.471| 4.885E+09| 0.468 29.141 54.731 25.591
No25 1423 0.836 0.146 0.690 | 0.301 6.596E+09| 0.584 25.755 61.947 36.192
No25 1423 1.07 0.142 0.928 | 0.295 8.871E+09| 0.433 63.471| 111.954 48.483
No25 1423 1.37 0.136 1.234| 0.235 1.180E+10| 0.467 65.374| 122.629 57.255
No25 1423 1.74 0.134 1.606 | 0.265 1.535E+10| 0.455 92.137| 169.027 76.890
No25 1423 2.32 0.138 2.182| 0.316 2.086E+10| 0.514| 106.770| 219.804 113.034
No25 1423 2.88 0.132 2.748 | 0.277 2.627E+10| 0.501| 141.231| 283.294 142.063
No25 1423 3.74 0.148 3.592| 0.272 3.434E+10| 0.499| 186.636| 372.334 185.698
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No25 1423 5.18 0.136 5.044 | 0.279 4.822E+10| 0.486| 296.497| 577.019 280.523
No25 1423 7.07 0.140 6.930 | 0.313 6.625E+10| 0.473| 398.353| 756.239 357.886
No25 1423 9.35 0.135 9.215| 0.260 8.809E+10| 0.461| 514.851| 955.835 440.983
No25 1424 7.79 0.253 7.537| 0.264 2.302E+09| 0.528 | 561.744| 1189.435 627.690
No25 1424 10.9 0.269 10.631| 0.343 3.246E+09| 0.544 | 1346.059| 2950.179| 1604.120
No25 1424 14.4 0.264 14.136| 0.285 4.317E+09| 0.522 | 286.742| 599.782 313.040
No25 1424 19.3 0.276 19.024 | 0.276 5.809E+09| 0.476| 370.897| 707.549 336.652
No25 1424 28.6 0.267 28.333| 0.336 8.652E+09| 0.498 | 601.224| 1198.542 597.318
No25 1424 24.6 0.269 24.331| 0.212 7.430E+09 | 0.522 | 467.654| 979.354 511.700
No25 1424 0.739 0.144 0.595| 0.319 5.373E+09| 0.581 23.342 55.728 32.387
No25 1424 0.983 0.146 0.837 | 0.342 7.558E+09| 0.550 39.692 88.278 48.586
No25 1424 1.33 0.142 1.188 | 0.349 1.073E+10| 0.531 60.988 | 130.109 69.120
No25 1424 1.79 0.136 1.654| 0.273 1.494E+10| 0.471 85.877| 162.474 76.597
No25 1424 2.27 0.134 2.136| 0.258 1.929E+10| 0.547 | 109.211| 241.079 131.868
No25 1424 3.01 0.138 2.872| 0.306 2.594E+10| 0.530| 154.203| 327.771 173.568
No25 1424 4.07 0.132 3.938 | 0.379 3.55%E+10| 0.522| 201.607| 422.081 220.474
No25 1424 5.38 0.148 5.232 | 0.288 4.725E+10| 0.517| 259.354| 537.159 277.805
No25 1424 7.78 0.136 7.644| 0.311 6.903E+10| 0.481| 425.572| 820.379 394.807
No25 1424 10.5 0.140 10.360| 0.300 9.356E+10| 0.488 | 585.363| 1143.406 558044

Appendi XTuBner and FIlI Re flINoOrecwleatnad mhadauwmrc
and t rsicpallipcdgtreo w-Hh . at MT

Species| Tube# | T[Turner] | Bl[Turner] g?rrl:rner] mu F _cum Fv/Fm | FO Fm Fv

No25 152 15.9 0.271 15.629| 1.164| 1.163E+06| 0.45 | 359.806| 656.691| 296.885
No25 152 41.6 0.269 41.331| 0.976 | 3.076E+06| 0.514 | 795.622| 1638.657| 843.035
No25 152 21.6 0.272 21.328| 0.958| 1.111E+07| 0.530| 415.085| 883.310| 468.225
No25 152 45.2 0.278 44.922 1.067 | 2.341E+07| 0.480| 899.343| 1731.159| 831.816
No25 152 16.3 0.258 16.042| 0.949 | 5.851E+07| 0.477| 314.339| 600.946| 286.607
No25 152 39.7 0.277 39.423 0.952 | 1.438E+08| 0.447| 758.432| 1372.550| 614.118
No25 152 17.7 0.259 17.441| 1.096 | 4.453E+08| 0.518 | 306.242| 635.020| 328.778
No25 152 40.4 0.265 40.135| 0.816| 1.02+09 | 0.416| 781.149| 1338.081| 556.932
No25 1522 14.9 0.262 14.638| 0.938 | 2.803E+09| 0.521| 303.600| 633.700| 330.099
No25 1522 38.0 0.268 37.732| 0.944 | 7.225E+09| 0.506 | 441.573| 893.765| 452.192
No25 1522 98.9 0.499 98.401| 0.965| 1.884E+10| 0453 | 1940.735| 3549.814| 1609.079
No25 1522 3.02 0.132 2.888| -0.135| 1.682E+10| 0.539| 135.952| 294.930| 158.978
No25 1522 14.8 0.139 14.661 0.993 | 8.537E+10| 0.514| 709.148| 1458.934| 749.786
No25 1523 16.0 0.262 15.738| 1.005| 3.013E+09| 0.554| 272.257| 610.689| 338.433
No25 1523 40.6 0.268 40.332| 0.938| 7.723E+09| 0.548 | 374.177| 828.461| 454.284
No25 1523 104 0.499 103.501| 0.949| 1.982E+10| 0.437 | 1866.604| 3318.071| 1451.468
No25 1523 291 0.132 2778 | -0.242| 1.618E+10| 0.495| 133.889| 265.320| 131.431
No25 1523 12.1 0.139 11.961 0.893 | 6.965E+10| 0.499| 572.440| 1141.980( 569.540
No25 1524 14.9 0.262 14.638 0.938 | 2.803E+09| 0.464 | 319.954| 597.061| 277.107
No25 1524 37.1 0.268 36.832| 0.920| 7.052E+09| 0.535| 410.152| 882.392| 472.241
No25 1524 91.0 0.499 90.501| 0.905| 1.733E+10| 0.396| 1705.799| 2824.010| 1118.212
No25 1524 2.57 0.132 2438 | -0.237| 1.420E+10| 0.477| 121.645| 232.560| 110.914
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| No2s | 1504 ] 112 0.139| 11.061| 0.925| 6.4416+10] 0.547| 494.058| 1089.706] 595.648]

Appendi x B5. fTluuaeer®sea nnide aFsNReeoncdwiltastnagf bal anc
and tri pluipc gtreo wadvtha lagdd MT

Species| Tube# | T[Turner] | Bl[Turner] Ic::[(')l'rtrjrner] mu F cum Fv/Fm | FO Fm Fv

No25 162 28.1 0.257 27.843| 0.744| 2.961E+05| 0.509 | 550.902| 1122.750| 571.848
No25 162 13.2 0.261 12.939 0.901 | 9.631E+05| 0.552 | 224.947| 501.953| 277.006
No25 162 21.8 0.258 21.542 0.699 | 1.603E+06| 0.534 | 399.287| 856.098| 456.811
No25 162 8.18 0.271 7.909| 0.974| 4.121E+06| 0.641| 126.548| 352.329| 225.781
No25 162 18.5 0.269 18.231| 0.838 | 9.499E+06| 0.516 | 385.094| 794.950| 409.856
No25 162 15.3 0.272 15.028| 0.890| 3.132E+07| 0.554 | 282.316| 632.952| 350.637
No25 162 27.2 0.278 26.922 0.835| 5.611E+07| 0.551| 508.956| 1132.876| 623.920
No25 162 8.83 0.258 8.572 0.830 | 1.251E+08| 0.497| 171.637| 341.299| 169.662
No25 162 20.0 0.277 19.723| 0.882| 2.877E+08| 0.547 | 342.218| 755.629| 413.410
No25 162 45.6 0.259 45.341| 0.807 | 6.615E+08| 0.510| 917.301| 1870.254| 952.953
No25 1622 15.1 0.265 14.835 0.661 | 1.299E+09| 0.471| 312.674| 591.290| 278.615
No25 1622 0.660 0131 0.529 | 0.049 | 1.369E+09| 0.657| 18.449 53.839 35.390
No25 1622 142 0.124 1.296| 0.893| 3.355E+09| 0.620| 52.367| 137.639 85.272
No25 1622 3.49 0.127 3.363| 0.960| 8.705E+09| 0.532| 170.715| 364.653| 193.938
No25 1622 6.71 0.132 6.578 0.798 | 1.703E+10| 0.494| 353.492| 698.449| 344.957
No25 1622 15.8 0.129 15.671| 0.853 | 4.056E+10| 0.520 | 830.668| 1732.053| 901.385
No25 1623 15.2 0.265 14.935| 0.667 | 1.307E+09| 0.517 | 288.302| 596.436| 308.134
No25 1623 0.633 0.131 0.502| -0.006| 1.299E+09| 0.688| 19.507 62.495 42.988
No25 1623 1.42 0.124 1.296| 0.945| 3.355E+09| 0.606 | 62.868| 159.479 96.610
No25 1623 3.45 0.127 3.323 0.948 | 8.601E+09| 0.475]| 185.338| 352.752| 167.414
No25 1623 7.03 0.132 6.898| 0.869| 1.785E+10| 0.496 | 348.542| 691.689| 343.148
No25 1623 16.5 0.129 16.371| 0.850| 4.237E+10| 0.506 | 783.606| 1585.003| 801.397
No25 1624 15.3 0.265 15.035| 0.674| 1.316E+09| 0.505| 290.110| 585.553| 295.443
No25 1624 0.592 0.131 0.461| -0.091| 1.193E+09| 0.593| 21.310 52.420 31.111
No25 1624 1.29 0.124 1.166| 0.925| 3.018E+09| 0.507 | 61.302| 124.257 62.956
No25 1624 2.94 0.127 2.813 1.020 | 8.307E+09| 0.510| 141.895| 289.325| 147.429
No25 1624 5.59 0.132 5.458 0.789 | 1.612E+10| 0.506 | 275.411| 557.181| 281.769
No25 1624 12.8 0.129 12.671 0.828 | 3.742E+10| 0.522| 595.392| 1245.981| 650.89

Appendi x B6. Turner and FMNRe ofduwilraitnegs cbheanlcaen c
and tri phluipc gtreo wbtcha laged MT

Corr

Species| Tube#| T[Turner] | Bl[Turner] | F[Turner] mu F _cum Fv/iFm | FO Fm Fv

No25 172 20.2 0.259 19.941 0.355 | 8.222E+04| 0.504 | 377.696| 760.922| 383.227
No25 172 26.5 0.265 26.235| 0.269 | 1.082E+05| 0.440| 541.093| 967.034| 425.942
No25 172 37.9 0.262 37.638 0.336 | 1.552E+05| 0.468 | 822.460| 1546.039| 723.579
No25 172 14.5 0.268 14.232 0.412 | 2.347E+05| 0.468| 753.790| 1418.174| 664.384
No25 172 21.7 0.253 21.447| 0.413 | 3.537E+05| 0.473| 427.970| 811.541| 383.572
No25 172 28.6 0.277 28.323 0.331| 4.671E+05| 0.536| 156.106| 336.122| 180.016
No25 172 40.3 0.264 40.036| 0.340| 6.603E+05| 0.483| 824.549| 1593.392| 768.843
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No25 172 14.2 0.264 13.936| 0.386| 9.959E05 | 0.510| 297.500| 606.790| 309.290
No25 172 20.3 0.272 20.028| 0.350 | 1.431E+06| 0.514 | 438.270| 902.274| 464.005
No25 172 28.3 0.263 28.037| 0.345| 2.004E+06| 0.453| 695.730| 1272.852| 577.122
No25 172 38.2 0.270 37.930| 0.275| 2.711E+06| 0.506 | 844.617| 1710.189| 865.52
No25 172 16.3 0.261 16.039| 0.520 | 4.585E+06| 0.506| 308.990| 625.532| 316.542
No25 172 20.7 0.271 20.429| 0.276 | 5.840E+06| 0.519 | 422.421| 878.180| 455.759
No25 172 31.0 0.264 30.736| 0.403 | 8.786E+06| 0.499 | 662.067| 1321.386| 659.319
No25 172 42.5 0.269 42.231| 0.317 | 1.207E+07| 0.468 | 947.016| 1779.266| 832.250
No25 172 11.1 0.265 10.835| 0.468 | 2.168E+07| 0.556| 170.553| 384.277| 213.724
No25 172 14.0 0.255 13.745| 0.303 | 2.750E+07| 0.488| 299.794| 585.530| 285.736
No25 172 20.8 0.271 20.529| 0.394 | 4.108E+07| 0.468 | 469.521| 882.72 | 413.199
No25 172 31.6 0.271 31.329| 0.340 | 6.269E+07| 0.436 | 686.454| 1217.373| 530.919
No25 172 40.6 0.266 40.334| 0.357 | 8.071E+07| 0.457| 878.533| 1618.220| 739.688
No25 172 55.2 0.273 54.927| 0.310 | 1.099E+08| 0.476 | 1252.895| 2391.739| 1138.844
No25 1722 12.9 0.265 12.635| 0.326| 1.517E+08| 0.554| 216.400| 485.406| 269.006
No25 1722 18.7 0.231 18.469| 0.322| 2.217E+08| 0.471| 192.159| 363.082| 170.923
No25 1722 24.9 0.262 24.638| 0.430 | 2.958E+08| 0.498 | 474.730| 944.868| 470.138
No25 1722 33.5 0.263 33.2% 0.217 | 3.990E+08| 0.477| 611.864| 1170.144| 558.280
No25 1722 0.709 0.132 0.577 | -0.634 | 2.049E+08| 0.405 37.948 63.786 25.837
No25 1722 0.928 0.130 0.798 | 0.327 | 2.833E+08| 0.523 35.451 74.271 38.820
No25 1722 1.14 0.126 1.014| 0.332| 3.600E+08| 0.402 62.109| 103.828 41.719
No25 1722 1.59 0.130 1460 | 0.361| 5.184E+08| 0.458 83.325| 153.853 70.528
No25 1722 2.14 0.133 2.007| 0.331| 7.126E+08| 0.489| 106.600| 208.424| 101.824
No25 1722 5.99 0.137 5.853| 0.330 | 2.078E+09| 0.482| 309.043| 596.488| 287.445
No25 1722 8.66 0.141 8.519 0.349 | 3.025E+09| 0.481 | 469.485| 905.339| 435.854
No25 1722 10.1 0.130 9.970| 0.220 | 3.540E+09| 0.473| 522.667| 991.510| 468.843
No25 1722 13.6 0.127 13.473| 0.314 | 4.783E+09| 0.490| 697.361| 1367.827| 670.467
No25 1723 12.6 0.265 12.335| 0.301 | 1.481E+08| 0.454 | 266.847| 488.312| 221.465
No25 1723 19.1 0.231 18.869| 0.360 | 2.265E+08| 0.522| 169.068| 353.735| 184.667
No25 1723 23.5 0.262 23.238| 0.311 | 2.790E+08| 0.513 | 459.933| 944.655| 484.723
No25 1723 32.9 0.263 32.637| 0.246 | 3.918E+08| 0.494 | 571.046| 1128.742 | 557.696
No25 1723 0.716 0.132 0.584 | -0.605| 2.073E+08| 0.413 37.667 64.115 26.448
No25 1723 0.963 0.130 0.833| 0.358 | 2.957E+08| 0.484 40.940 79.315 38.376
No25 1723 1.20 0.126 1.074| 0.352| 3.813E+08| 0.489 58.969| 115.418 56.449
No25 1723 1.63 0.130 1.500| 0.331 | 5.326E+08| 0.446 80.583| 145.335 64.752
No25 1723 2.28 0.133 2.147| 0.373| 7.623E+08| 0.488 | 112.376| 219.437| 107.061
No25 1723 5.72 0.137 5.583| 0.295| 1.982E+09| 0.469 | 301.023| 567.234| 266.211
No25 1723 8.27 0.141 8.129| 0.349 | 2.886E+09| 0.457 | 453.683| 835.979| 382.296
No25 1723 9.16 0.130 9.030| 0.147 | 3.206E+09| 0.452 | 494.002| 901.141| 407.139
No25 1723 12.6 0.127 12.473| 0.337 | 4.428E+09| 0.472| 655.088| 1239.967| 584.880
No25 1724 12.3 0.265 12.035| 0.276 | 1.445E+08| 0.483| 228.032| 440.720| 212.688
No25 1724 18.5 0.231 18.269| 0.354| 2.193E+08| 0.438| 190.560| 339.009| 148.449
No25 1724 224 0.262 22.138| 0.287 | 2.658E+08| 0.497 | 413.804| 823.039| 409.234
No25 1724 30.4 0.263 30.137| 0.224 | 3.618E+08| 0.453 | 573.056| 1047.046| 473.991
No25 1724 0.612 0.132 0.480 | -0.662 | 1.804E+08| 0.510 25.904 52.853 26.948
No25 1724 0.809 0.130 0.679 | 0.349 | 2.552E+08| 0.544 29.318 64.299 34.980
No25 1724 0.977 0.126 0.851| 0.313 | 3.198E+08| 0.404 51.391 86.165 34.774
No25 1724 131 0.130 1.180| 0.323| 4.435E+08| 0.507 63.833| 129.582 65.749
No25 1724 1.78 0.133 1.647| 0.347 | 6.190E+08| 0.459 83.391| 154.279 70.888
No25 1724 5.20 0.137 5.063| 0.346 | 1.903E+09| 0.534| 246.903| 529.380| 282.477
No25 1724 7.33 0.141 7.189| 0.326 | 2.702E+09| 0.600 | 305.290| 764.079| 458.789
No25 1724 8.15 0.130 8.020| 0.153 | 3.014E+09| 0.476 | 437.345| 834.608| 397.263
No25 1724 11.3 0.127 11.173| 0.346 | 4.199E+09| 0.452| 583.822| 1065.660| 481.837
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Appendi x B7. Turner and FINRe ofduwlraitnegs cbeanlcaen c
and tri ptluipc gtreo wtldha laegd HT

Species| Tube# | T[Turner] | Bl[Turner] Ic::Fl'rl;rner] mu F _cum Fv/Fm | FO Fm Fv

No25 182 16.5 0.266 16.234| 1.086| 2.857E+03| 0.519| 280.033| 581.961| 301.928
No25 182 41.2 0.260 40.940| 0.894 | 7.205E+03| 0.478| 719.955| 1380.476| 660.521
No25 182 11.9 0.277 11.623| 1.108| 2.250EH4 | 0.506 | 221.709| 449.108| 227.399
No25 182 24.4 0.262 24.138| 0.892 | 4.673E+04| 0.455| 462.395| 848.942| 386.548
No25 182 9.72 0.269 9.451| 1.008 | 1.281E+05| 0.600| 141.872| 354.275| 212.404
No25 182 26.0 0.272 25.728| 1.005| 3.487E+05| 0.540| 398.121| 866.331| 468.210
No25 182 10.6 0.258 10.342| 1.099| 9.811E+05| 0.517| 199.646| 412.917| 213.272
No25 182 29.4 0.265 29.135| 0.932 | 2.764E+06| 0.498| 535.698| 1066.678| 530.980
No25 1822 19.8 0.254 19.546| 0.813| 6.953E+06| 0.490| 404.156| 792.235| 388.079
No25 1822 0.726 0.125 0.601| -0.127 | 6.153E+06| 0.545 26.610 58.501 31.891
No25 1822 1.52 0.127 1.393| 0.984 | 1.426E+07| 0.428 83.476| 145.950 62.474
No25 1822 4.32 0.124 4196 | 0.931| 4.296E+07| 0.584 | 197.626| 475.100| 277.474
No25 1822 11.3 0.130 11.170| 0.829 | 1.144E+08| 0.490 | 562.529| 1103.535| 541.006
No25 1823 19.2 0.254 18.946| 0.785| 6.740E+06| 0.491| 408.583| 802.719| 394.136
No25 1823 0.728 0.125 0.603 | -0.091| 6.173E+06| 0.662 23.900 70.739 46.839
No25 1823 1.67 0.127 1.543| 1.100| 1.580E+07| 0.556 73.792| 166.216 92.423
No25 1823 5.66 0.124 5.536 | 1.079| 5.667E+07| 0.530| 251.382| 535.005| 283.623
No25 1823 17.6 0.130 17.470| 0.973| 1.788E+08| 0.547 | 846.109| 1869.437| 1023.328
No25 1824 15.8 0.254 15.546| 0.611| 5.530E+06| 0.508 | 317.218| 644.665| 327.447
No25 1824 0.717 0.125 0.592 | 0.041| 5.753E+06| 0.490 28.282 55.474 27.192
No25 1824 1.56 0.127 1.433| 1.035]| 1.392E+07| 0.604 58.085| 146.510 88.425
No25 1824 4.79 0.124 4.666 | 0.997 | 4.534E+07| 0.538 | 217.133| 469.650| 252.517
No25 1824 13.4 0.130 13.270| 0.885| 1.289E+08| 0.519| 629.767| 1309.734| 679.967

Appendi x B8. Turner and FPRel tubengsbahaeaec
and triphluipcagtreowdthalagd LT

Corr

Species| Tube# | T[Turner] | Bl[Turner] | F[Turner] mu F _cum Fv/Fm | FO Fm Fv

PI25 122 20.2 0.261 19.939| 0.745| 8.251E+12| 0.336| 497.519| 748.794| 251.275
PI25 122 40.1 0.264 39.836| 0.685| 1.648E+13| 0.357 | 895.955| 1393.191| 497.237
PI125 122 11.6 0.245 11.355| 0.802 | 3.289E+13| 0.452| 239.794| 437.671| 197.877
PI125 122 23.2 0.250 22.95| 0.709| 6.648E-13 | 0.393 | 548.358| 903.080| 354.722
PI25 122 10.6 0.266 10.334| 0.758 | 1.422E+14| 0.465| 216.228| 404.219| 187.991
PI25 122 22.1 0.238 21.862| 0.744| 3.008E+14| 0.407 | 461.485| 777.952| 316.468
PI125 122 46.1 0.272 45.828| 0.685| 6.306E+14| 0.491| 997.180| 1957.624| 960.444
PI125 122 8.52 0.266 8.254 | 0.667 | 1.249E+15| 0.468 | 168.586| 316.716| 148.130
PI125 122 20.2 0.267 19.933| 0.779 | 3.017E+15| 0.441| 406.614| 727.355| 320.741
PI125 122 11.1 0.248 10.852| 0.813| 7.117E+15| 0.399| 236.573| 393.632| 157.059
P25 122 17.5 0.265 17.235| 0.694 | 1.130E+16| 0.419| 385.570| 663.337| 277.767
PI125 1222 28.3 0.261 28.039| 0.832 | 3.311E+16| 0.360| 649.854| 1016.139| 366.285
PI125 1222 0.760 0.145 0.615| -0.611| 2.148E+16| 0.479 32.812 62.998| 30.186
P25 1222 1.66 0.140 1.520| 0.874 | 5.308E+16| 0.478 88.304| 169.130| 80.826
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PI25 1222 3.72 0.140 3.580| 0.854| 1.250E+17| 0.443| 223.083| 400.660| 177.577
PI125 1222 10.1 0.136 9.964| 0.748 | 3.480E+17| 0.484 | 559.029| 1083.095| 524.066
PI25 1223 26.5 0.261 26.239| 0.807 | 3.205E+16| 0.400| 575.30 | 958.390| 383.020
PI25 1223 0.720 0.145 0.575| -0.612| 2.077E+16] 0.630 25.162 68.059 | 42.897
PI125 1223 1.69 0.140 1.550| 0.958 | 5.599E+16| 0.460 88.268 | 163.516| 75.248
PI125 1223 3.69 0.140 3.550| 0.826 | 1.282E+17| 0.445| 198.623| 357.830| 159.207
PI25 1223 10.2 0.136 10.064| 0.762 | 3.636E+17| 0.415| 568.887| 971.908| 403.021
PI125 1224 25.8 0.261 25.539| 0.783 | 3.109E+16| 0.400 | 555.528| 926.533| 371.005
PI125 1224 0.666 0.145 0.521| -0.714| 1.875E+16| 0.454 33.201 60.800| 27.600
PI25 1224 1.39 0.140 1.250| 0.846 | 4.500E+16| 0.451 74.277| 135.225| 60.948
PI125 1224 2.96 0.140 2.820| 0.811| 1.015E+17| 0.455| 158.789| 291.092| 132.303
PI125 1224 8.73 0.136 8.594| 0.815]| 3.094E+17| 0.428 | 489.935| 856.476| 366.541

Appendi x B9. Turner and FPRedalhtehrdongsbahaac
and tri pluipc gtreo wMthaladd LT

Species| Tube# | T[Turner] | Bl[Turner] Icz:rol'rl:rner] mu F _cum Fv/Fm | FO Fm Fv

PI25 132 12.5 0.264 12.236| 0.875| 4.165E+13| 0.599 | 184.478| 459.738| 275.260
PI25 132 26.7 0.261 26.439| 0.685| 8.999E+B | 0.391| 630.338| 1035.373| 405.035
PI25 132 5.66 0.264 5.396 | 0.200| 1.102E+14| 0.624 72.612| 193.058| 120.446
PI25 132 10.4 0.245 10.155| 0.734 | 2.074E+14| 0.505| 212.684| 429.704| 217.021
PI25 132 23.1 0.250 22.850| 0.817 | 4.666E+14| 0.409| 528.956| 895.572| 366.616
PI25 132 6.82 0.266 6.554| 0.695| 9.369E+14| 0.486| 131.235| 255.303| 124.068
PI25 132 13.8 0.238 13.562| 0.722| 1.939E+15| 0.428 | 305.782| 534.391| 228.609
PI25 132 30.7 0.272 30.428| 0.748 | 4.350E+15| 0.387| 773.548| 1261.661| 488.113
PI25 132 11.3 0.266 11.034| 0.759 | 9.464E+15| 0.327| 284.384| 422.300| 137.916
PI25 132 26.4 0.267 26.133| 0.762| 2.241E+16| 0.386| 603.596| 982.603| 379.007
PI25 132 12.5 0.248 12.252| 0.758 | 4.992E+16| 0.350 | 290.293| 446.483| 156.190
PI25 132 19.5 0.265 19.235| 0.677| 7.837E+16| 0.424| 440.999| 765.170| 324.171
PI25 1322 34.2 0.261 33.939| 0.748| 2.060E+17| 0.380| 761.762| 1227.938| 466.177
PI25 1322 0.713 0.145 0.568 | -0.993 | 1.019E+17| 0.407 41.772 70.459 | 28.687
PI25 1322 1.53 0.140 1.390 0.865 | 2.495E+17| 0.385 96.401| 156.875| 60.474
PI25 132 3.18 0.140 3.040| 0.780| 5.456E+17| 0.450| 182.408| 331.812| 149.403
PI25 1322 9.51 0.136 9.374| 0.787| 1.682E+18| 0.487 | 660.102| 1286.499| 626.398
PI25 1323 30.1 0.261 29.839| 0.711] 1.964E+17| 0.404 | 652.564| 1094.264| 441.700
PI25 1323 0.728 0.145 0.583| -0.774| 1.135E+17| 0.505 32.635 65.906 | 33.271
PI25 1323 1.44 0.140 1.300| 0.775| 2.531E+17| 0.498 73.693| 146.800| 73.107
PI25 1323 3.06 0.140 2.920| 0.806| 5.685E+17| 0.472| 168.247| 318.928| 150.680
PI25 1323 8.65 0.136 8.514 0.748 | 1.657E+18| 0.406| 579855 975.656 | 395.801
PI25 1324 31.3 0.261 31.039| 0.720| 1.986E+17| 0.385| 705.042| 1147.182]| 442.140
PI25 1324 0.71 0.145 0.565| -0.874| 1.069E+17| 0.419 34.537 59.461| 24.923
PI25 1324 1.53 0.140 1.390 0.870 | 2.630E+17| 0.469 77.547| 145.976| 68.429
PI25 1324 3.08 0.140 2.940| 0.747| 5.563E+17| 0.441| 180.847| 323.599]| 142.752
PI25 1324 8.96 0.136 8.824| 0.768| 1.670E+18| 0.409 | 550.813| 931.496| 380.682
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Appendi x B10. Turner and FR.Rel dftulhueonrge sbcael nacnec
and tei pceuaplcegdr owlt Lh. at LT

Corr

Species| Tube# | T[Turner] | Bl[Turner] | F[Turner] mu F _cum Fv/Fm | FO Fm Fv

PI125 142 354 0.253 35.147| 0.462 | 3.049E+04| 0.568 | 613.454| 1420.145| 806.691
PI125 142 49.3 0.258 49.042| 0.333 | 4.255E+04| 0.591| 164.312| 401.952| 237.640
PI25 142 13.4 0.253 13.147| 0.521| 7.984E+04| 0.582| 708.652| 1695.693| 987.042
PI125 142 17.9 0.260 17.640| 0.322 | 1.071E+05| 0.443| 327.073| 587.308| 260.235
PI125 142 26.9 0.253 26.647| 0.359 | 1.618E+05| 0.419| 501.247| 862.741| 361.494
PI125 142 34.7 0.251 34.449| 0.262 | 2092E+05| 0.471| 747.360| 1411.660| 664.301
PI125 142 10.9 0.263 10.637| 0.511| 3.068E+05| 0.369 | 229.740| 363.890| 134.151
PI125 142 15.9 0.252 15.648| 0.386 | 4.514E+05| 0.446 | 295.463| 532.913| 237.450
PI125 142 24.2 0.256 23.944| 0.340 | 6.907E+05| 0.394 | 523.423| 863.921| 340498
PI125 142 33.2 0.264 32.936| 0.340 | 9.500E+05| 0.362| 690.886| 1083.126| 392.240
PI125 142 42.1 0.267 41.833| 0.278 | 1.207E+06| 0.426 | 306.226| 533.348| 227.121
PI125 142 11.3 0.267 11.033| 0.414 | 1.909E+06| 0.383 | 246.540| 399.819| 153.279
PI25 142 19.3 0.267 19.033| 0.482 | 3.294E+06| 0.446| 339.953| 614.068| 274.115
PI25 142 23.0 0.266 22.734| 0.247 | 3.935E+06| 0.472| 460.740| 873.217| 412.477
PI25 142 31.9 0.279 31.621| 0.332 | 5.473E+06| 0.420| 571.285| 984.598| 413.313
PI25 142 45.4 0.267 45.133| 0.349 | 7.811E+06| 0.417 | 790.207| 1354948 | 564.740
PI25 142 56.3 0.268 56.032| 0.216 | 9.698E+06| 0.379 | 1288.221| 2075.730| 787.509
PI25 142 14.1 0.264 13.836| 0.553 | 1.676E+07| 0.456| 260.939| 479.304| 218.365
PI25 142 18.6 0.261 18.339| 0.250 | 2.222E+07| 0.311| 495.260| 718.732| 223.472
PI25 142 24.4 0.264 24.136| 0.272 | 2.924E+07| 0.428| 533.267| 932.432| 399.164
PI25 142 34.2 0.245 33.955| 0.396 | 4.114E+07| 0.368 | 802.002| 1268.780| 466.778
PI25 1422 11.6 0.250 11.350| 0.228 | 5.156E+07| 0.465| 233.895| 437.541| 203.646
PI25 1422 15.7 0.136 15.564 | 0.315| 7.071E+07| 0.343| 361.562| 550.303| 188.741
PI125 1422 0.379 0.122 0.257| -0.791 | 3.189E+07| 0.567 17.160 39.649 | 22.489
PI125 1422 0.577 0.140 0.437| 0.492 | 5.423E+07| 0.563 24.304 55.657| 31.353
PI125 1422 0.717 0.139 0.578| 0.273| 7.173E+07| 0.297 49.307 70.109| 20.802
PI125 1422 1.03 0.143 0.887| 0.378 | 1.101E+08| 0.456 59.737| 109.760| 50.023
PI125 1422 1.59 0.143 1.447| 0.464 | 1.796E+08| 0.490 97.302| 190.618| 93.317
PI125 1422 2.10 0.139 1.961| 0.456 | 2.434E+08| 0.513| 120.435| 247.319| 126.883
PI125 1422 2.97 0.150 2.820| 0.352 | 3.500E+08| 0.440| 176.279| 314.820| 138.541
PI125 1422 4.64 0.140 4500 | 0.358| 5.584E+08| 0.413| 295.822| 503.645| 207.823
PI125 1422 5.92 0.144 5.776 | 0.344| 7.168E+08| 0.520 | 360.612| 750.980| 390.368
PI25 1422 8.18 0.146 8.034 | 0.266 | 9.970E+08| 0.482| 610.143| 1178.d8 | 567.875
PI25 1423 11.5 0.250 11.250| 0.219| 5.111E+07| 0.390 | 268.632| 440.545| 171.913
PI25 1423 15.2 0.136 15.064 | 0.291 | 6.844E+07| 0.462| 302.987| 562.821| 259.834
PI25 1423 0.395 0.122 0.273 | -0.698 | 3.388E+07| 0.448 23.555 42.642| 19.086
PI25 1423 0.567 0.140 0.427| 0.414 | 5.299E+07| 0.454 34.388 62.939| 28.551
PI25 1423 0.827 0.139 0.688| 0.466 | 8.538E+07| 0.528 42.018 89.067 | 47.049
PI25 1423 1.17 0.143 1.027| 0.354 | 1.274E+08| 0.408 76.938| 129.992| 53.054
PI25 1423 1.78 0.143 1.637| 0.442| 2.031E+08 | 0.447| 104.423| 188.729| 84.306
PI25 1423 2.10 0.139 1.961| 0.271| 2.434E+08| 0.361| 148.852| 233.021| 84.169
PI25 1423 3.24 0.150 3.090 | 0.441 | 3.835E+08| 0.490| 182.445| 357.679| 175.234
PI25 1423 5.29 0.140 5.150| 0.391 | 6.391E+08| 0.392 | 354.149| 582.199| 228.051
PI25 1423 6.62 0.144 6.476 | 0.316 | 8.037E+08| 0.412| 403.695| 686.102| 282.407
PI125 1423 8.75 0.146 8.604 | 0.229 | 1.068E+09| 0.407 | 602.976| 1017.058| 414.082
PI25 1424 11.6 0.250 11.350| 0.228 | 5.156E+07| 0.604 | 160.845| 406.457| 245.613
PI25 1424 15.7 0.136 15.564| 0.315| 7.071E+07| 0.460| 296.253| 548.679| 252.426
PI25 1424 0.424 0.122 0.302| -0.630 | 3.748E+07| 0.228 26.058 33.735 7.676
PI25 1424 0.570 0.140 0.430| 0.327 | 5.336E+07| 0.350 35.640 54.830| 19.190
PI25 1424 0.817 0.139 0.678| 0.445| 8.414E+07| 0.247 58.998 78.386| 19.387
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PI25 1424 1.15 0.143 1.007| 0.349| 1.250E+08| 0.283| 105.290| 146.859| 41.569
PI25 1424 1.68 0.143 1.537| 0.401] 1.907E+08| 0.414 98.907| 168.821| 69.914
PI25 1424 2.06 0.139 1.921| 0.335] 2.384E+08| 0.455| 116.153| 213.104| 96.951
PI25 1424 265 0.150 2500| 0.255| 3.102E+08| 0.401| 175.634| 293.381| 117.747
PI25 1424 4.14 0.140 4.000| 0.360 | 4.964E+08| 0.390| 277.627| 455.466| 177.839
PI25 1424 5.62 0.144 5476 | 0.433| 6.796E+08| 0.434| 339.962| 600.703| 260.741
PI25 1424 8.37 0.146 8.224 | 0.328 | 1.021E+09| 0.365 581.964| 916.291| 334.327
Appendi x B11l. Turner and FR.Rel dftlhueonrge shcael nacnec

and tri ptluipc agtredWisHtha lad d
Species| Tube# | T[Turner] | Bl[Turner] | Corr F[Turner] | mu F _cum Fv/Fm | FO Fm Fv
PI25 152 33.6 0.277 33323 | 1.141 | 1.337E+09| 0.364 | 753.347| 1184.818| 431.471
PI25 152 15.5 0.259 15.241 | 1.128 | 4.280E+09| 0.470| 293.574| 554.379| 260.805
PI25 152 40.5 0.265 40.235| 0.951 | 1.130E+10| 0.430| 881.146| 1546.302| 665.156
PI25 152 20.1 0.262 19.838 | 1.155| 3.900E+10| 0.409| 477.18 807.344| 330.195
PI25 152 10.6 0.268 10.332| 1.289 | 1.422E+11| 0.429| 748.572| 1310.928| 562.356
PI25 152 31.5 0.253 31.247| 1.114 | 4.300E+11| 0.427 | 630.615| 1100.444| 469.828
PI25 152 12.1 0.277 11.823| 1.159 | 1.139E+12| 0.438 | 555.723| 989.355| 433.632
PI25 152 35.8 0.264 35.536| 1.082 | 3.423E+12| 0.454 | 675.243| 1236.388| 561.145
PI25 1522 18.2 0.264 17.936| 1.039 | 1.037E+13| 0.396 | 418.600| 692.579| 273.979
PI25 1522 0.325 0.136 0.189| 0.060| 1.103E+13| 0.629 6.190 16.675| 10.485
PI25 1522 0.755 0.127 0.628 | 1.231| 3.666E+13| 0.779| 15.201 68.750| 53.550
PI25 1522 2.30 0.131 2.169| 1.130 | 1.266E+14| 0.429| 159.119| 278.768| 119.649
PI25 1522 12.7 0.129 12.571| 1.185| 7.338E+14| 0.509 | 679.842| 1383.252| 703.411
PI25 1523 17.7 0.264 17.436| 1.013| 1.008E+13| 0.436| 388.706| 688.818| 300.112
PI25 1523 0.310 0.136 0.174] 0.008 | 1.016E+13| 0.479 7.933 15.233 7.300
PI25 1523 0.728 0.127 0.601| 1.270| 3.508E+13| 0.577| 29.101 68.813| 39.713
PI25 1523 2.32 0.131 2.189| 1.178 | 1.278E+14| 0.393| 156.288| 257.438| 101.149
P25 1523 13.4 0.129 13.271| 1.215| 7.747E+14| 0.409| 789.376| 1335.514| 546.138
PI25 1524 174 0.264 17.136| 0.997 | 9.904E+12| 0.398 | 415.379| 690.530| 275.151
PI25 1524 0.330 0.136 0.194] 0.130| 1.132E+13| 0.497| 10.019 19.909 9.890
PI25 1524 0.864 0.127 0.737 | 1.368 | 4.302E+13| 0.414| 45.466 77.571| 32.105
PI25 1524 3.01 0.131 2.879| 1.242 | 1.681E+14| 0.367 | 214.380| 338.932| 124.552
PI25 1524 14.7 0.129 14.571| 1.094 | 8.505E+14| 0.416| 846.777| 1449.888| 603.112

Appendi x B1l2. fTwromersacseummteei@mietelsd tofeng b al

and tri pluipc gtreo wavtha lagd MT
Species| Tube# | T[Turner] | Bl[Turner] | Corr F[Turner] | mu F _cum Fv/Fm | FO Fm Fv
PI25 162 55.7 0.258 55.442| 0.890 | 1.719E+03| 0.481 | 1188.522| 2288.934| 1100.412
PI25 162 17.9 0.269 17.631| 1.082 | 3.826E+03| 0.430| 410.910| 721.344| 310.433
PI25 162 56.2 0.259 55.941| 1.023 | 1.214E+04| 0.428 | 1495.069| 2613.808| 1118.739
PI25 162 14.1 0.264 13.836| 1.068 | 3.303E+04| 0.432| 320.713| 565.050| 244.337
PI25 162 37.7 0.257 37.443| 0.934 | 8.938E+04| 0.427| 918.673 | 1602.138| 683.465
PI25 162 15.7 0.269 15.431| 1.147 | 2.578E+05| 0.446| 317.392| 573.230| 255.838
PI25 162 385 0.257 38.243| 0.965 | 6.390E+05| 0.468 | 785.899| 1476.769| 690.870
PI25 162 20.5 0.261 20.239| 1.000 | 2.367E+06] 0.451| 382.800| 697.382| 314.583
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PI125 1622 6.38 0.258 6.122 | 0.817 | 4.296E+06| 0.592 99.058 | 242.676| 143.618
PI125 1622 16.1 0.271 15.829| 0.981 | 1.111E+07| 0.445| 357.400| 644.268| 286.868
PI25 1622 39.7 0.269 39.431| 0.916 | 2.767E+07| 0.415| 871.766| 1489.390| 617.624
PI25 1622 1.80 0.127 1.673| 0.169 | 3.472E+07| 0.413| 114.139| 194.496 80.357
PI125 1622 3.49 0.134 3.356 | 0.997 | 6.965E+07| 0.404 | 257.182| 431.370| 174.189
PI125 1622 7.86 0.124 7.736 | 0.865| 1.605E+08| 0.471| 533.475| 1009.250| 475.776
PI25 1622 18.7 0.132 18.568 | 0.927 | 3.853E+08| 0.491 | 1146.041| 2253.159| 1107.118
PI125 1623 6.37 0.258 6.112 | 0.815| 4.289E+06| 0.430| 126.791| 222.579 95.788
PI125 1623 16.1 0.271 15.829| 0.982 | 1.111E+07| 0.476| 321.514| 614.071| 292.557
PI25 1623 39.9 0.269 39.631| 0.921| 2.781E+07| 0.401| 852.066| 1422.926| 570.860
PI125 1623 1.84 0.127 1.713] 0.183 | 3.555E+07| 0.454| 106.413| 194.916 88.503
PI125 1623 3.73 0.134 3.596 | 1.063 | 7.463E+07| 0.367 | 271.326| 428.840| 157.514
PI125 1623 8.56 0.124 8.436 | 0.883 | 1.751E+08| 0.410| 584.841| 990.723| 405.882
PI125 1623 21.7 0.132 21.568| 0.994 | 4.476E+08| 0.392 | 1364.648| 2243.449| 878.801
PI125 1624 6.63 0.258 6.372 | 0.872 | 4.472E+06| 0.636 83.216 | 228.425| 145.209
PI125 1624 16.6 0.271 16.329 | 0.971| 1.146E+07| 0.501| 353.675| 708.870| 355.194
PI125 1624 41.3 0.269 41.031 | 0.925| 2.879E+07| 0.411| 855.927| 1454.205| 598.278
PI125 1624 1.80 0.127 1.673| 0.140 | 3.472E+07| 0.436 | 127.426| 225.895 98.470
PI125 1624 3.64 0.134 3.506 | 1.060| 7.276E+07| 0.392 | 246.156| 404.878| 158.721
PI125 1624 8.73 0.124 8.606 | 0.930| 1.786E+08| 0.411| 591.117| 1004.327| 413.210
PI125 1624 21.7 0.132 21.568| 0.973 | 4.476E+08| 0.409 | 1344.973| 2277.314| 932.340

Appendi x B13. fTwromerscaemd eFAmRa dwmhemagntba |l afnc
and tri pluipc gtreo wddcha lagdd MT

Species| Tube# | T[Turner] | Bl[Turner] | Corr F[Turner] | mu F _cum Fv/Fm | FO Fm Fv

PI25 172 42.4 0.253 42.147| 0.389 | 1.110E+06| 0.416| 1051.596| 1800.509| 748.913
PI25 172 8.99 0.277 8.713 | 0.440 | 1.606E+06| 0.542 | 184.747| 403.796| 219.050
PI25 172 12.6 0.264 12.336 | 0.342 | 2.274E+06| 0.498 | 229.598| 457.372| 227.774
PI25 172 18.2 0.264 17.936| 0.351 | 3.306E+06| 0.384 | 430.754| 699.478| 268.724
PI25 172 6.27 0.272 5.998 | 0.447 | 5.251E+06| 0.503 | 126.831| 255.262| 128.431
PI25 172 9.02 0.263 8.757 | 0.388 | 7.666E+06| 0.398| 241.848| 401.608| 159.760
PI25 172 12.0 0.270 11.730| 0.266 | 1.027E+07| 0.393| 292.039| 481.480| 189.441
PI25 172 17.9 0.261 17.639| 0.404 | 1.544E+07| 0.380| 401.968| 648.150| 246.182
PI25 172 23.8 0.271 23.529| 0.329 | 2.060E+07| 0.382| 550.880| 891.062| 340.182
PI25 172 325 0.264 32.236| 0.311 | 2.822E+07| 0.374| 768.539| 1226982 | 458.442
PI25 172 44.2 0.269 43.931| 0.308 | 3.846E+07| 0.400 | 1076.396| 1794.392| 717.996
PI25 172 125 0.265 12.235| 0.534 | 7.498E+07| 0.367 | 258.337| 408.162| 149.825
PI25 172 14.3 0.255 14.045| 0.176 | 8.607E+07| 0.388| 338.446| 553.175| 214.729
PI25 172 20.9 0.271 20.629| 0.378 | 1.264E+08| 0.411| 489.556| 831.820| 342.264
PI25 172 30.6 0.271 30.329| 0.310| 1.859E+08| 0.393| 698.050| 1149.772| 451.723
PI25 172 37.1 0.266 36.834 | 0.274 | 2.257E+08| 0.381| 909.182| 1467.869| 558.686
PI25 172 49.8 0.273 49.527 | 0.297 | 3.035E+08| 0.401 | 1184.169| 1978.307| 794.139
PI25 172 115 0.265 11.235| 0.467 | 4.819E+08| 0.411| 253.573| 430.876| 177.302
PI25 172 16.5 0.231 16.269 | 0.314 | 6.979E+08| 0.363 | 223.373| 350.697| 127.324
PI25 172 20.2 0.262 19.938| 0.303 | 8.553E+08| 0.292 | 541.880| 764.953| 223.074
PI25 172 25.4 0.263 25.137] 0.168 | 1.078E+09| 0.459| 567.009| 1048.119| 481.110
PI25 172 55.9 0.269 55.631| 0.388 | 2.386E+09| 0.440 | 1266.052| 2260.636| 994.584
PI25 1722 17.7 0.265 17.435| 0.061 | 2.493E+09| 0.400| 365.003| 608.174| 243.171
PI25 1722 24.2 0.265 23.935| 0.314 | 3.422E+09| 0.447| 462.707| 837.387| 374.680
PI25 1722 30.9 0.261 30.639| 0.257 | 4.381E+09| 0.407| 721.032| 1214.884| 493.852
PI25 1722 82.4 0.386 82.014| 0.304 | 1.173E+10| 0.438| 1825.573| 3248.039| 1422.465
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PI125 1722 181 0.141 1.669 | 0.569 | 6.358E+® | 0.421| 112.795| 194.911 82.116
PI125 1722 2.33 0.130 2.200| 0.386 | 8.381E+09| 0.453 | 159.149| 291.155| 132.006
PI125 1722 3.28 0.127 3.153 | 0.376 | 1.201E+10| 0.418| 217.008| 372.568| 155.560
PI25 1722 3.94 0.122 3.818 | 0.190 | 1.454E+10| 0.393| 281.660| 463.871| 182.210
PI25 1722 6.55 0.134 6.416 | 0.377 | 2.444E+10| 0.488| 438.049| 855.798| 417.750
PI25 1722 7.89 0.132 7.758 | 0.209 | 2.955E+10| 0.391| 589.514| 967.315| 377.801
PI25 1722 10.5 0.129 10.371| 0.394 | 3.951E+10| 0.396| 671.668| 1111.776| 440.107
PI25 1722 15.4 0.127 15.273| 0.260 | 5.818E+10| 0.501 | 1071.379| 2146.122| 1074.743
PI25 1723 18.7 0.265 18.435| 0.138 | 2.636E+09| 0.409| 381.938| 646.619| 264.681
PI25 1723 24.6 0.265 24.335| 0.275| 3.480E+09| 0.393| 486.663| 802.372| 315.708
PI25 1723 31.2 0.261 30.939| 0.250 | 4.424£+09 | 0.419| 679.927| 1169.914| 489.987
PI125 1723 81.7 0.386 81.314| 0.298 | 1.163E+10| 0.353 | 1806.938| 2793.104| 986.167
PI125 1723 1.78 0.141 1.639 | 0.578 | 6.244E+09| 0.397| 110.782| 183.811 73.029
PI125 1723 2.27 0.130 2.140| 0.373 | 8.152E+09| 0.371| 145.840| 231.727 85886
PI125 1723 2.96 0.127 2.833| 0.293| 1.079E+10| 0.360| 215.734| 336.996| 121.262
PI125 1723 3.88 0.122 3.758 | 0.281 | 1.432E+10| 0.405| 270.363| 454.597| 184.234
PI125 1723 6.16 0.134 6.026 | 0.343 | 2.296E+10| 0.409| 414.288| 701.310| 287.021
PI125 1723 8.18 0.132 8.048 | 0.318 | 3.066E+10| 0.440| 550.794| 984.293| 433.500
PI125 1723 9.91 0.129 9.781 | 0.265 | 3.726E+10| 0.412| 627.980| 1067.746| 439.766
PI125 1723 15.5 0.127 15.373| 0.304 | 5.856E+10| 0.378 | 1023.269| 1646.110| 622.842
PI125 1724 17.6 0.265 17.335| 0.053 | 2479E+09| 0.385| 373.720| 608.103| 234.382
PI125 1724 22.6 0.265 22.335| 0.251 | 3.194E+09| 0.463 | 406.278| 756.170| 349.893
PI125 1724 28.8 0.261 28.539| 0.255| 4.081E+09| 0.446| 615.234| 1110.743| 495.509
PI125 1724 76.5 0.386 76.114| 0.302 | 1.088E+10| 0.366 | 1754.022| 2768.0D | 1014.048
PI125 1724 1.58 0.141 1439 | 0.637 | 5.482E+09| 0.354| 111.028| 171.781 60.753
PI125 1724 1.93 0.130 1.800| 0.313 | 6.857E+09| 0.456 | 117.871| 216.664 98.793
PI125 1724 2.66 0.127 2.533 | 0.356 | 9.649E+09| 0.402| 187.428| 313.595| 126.166
PI125 1724 3.39 0.122 3268 | 0.253 | 1.245E+10| 0.354 | 262.247| 406.152| 143.905
PI125 1724 5.08 0.134 4.946 | 0.301 | 1.884E+10| 0.408 | 337.788| 570.929| 233.141
PI125 1724 6.97 0.132 6.838 | 0.356 | 2.605E+10| 0.410| 479.424| 812.209| 332.785
PI125 1724 8.71 0.129 8.581| 0.308 | 3.269E+10| 0.392| 585.000| 962.784| 377.784
PI125 1724 11.8 0.127 11.673| 0.207 | 4.447E+10| 0.387 | 805.988| 1315.105| 509.117

Appentd4 xTBrner and FI Re f |l R.orlecstcheenrce brelaasrua
and tri pluipc agtreHiddha lad d

Species| Tube# | T[Turner] | Bl[Turner] | Corr F[Turner] | mu F _cum Fv/Fm | FO Fm Fv

PI25 182 10.4 0.254 10.146| 1.116 | 1.432E+07| 0.388 | 238.065| 389.015| 150.950
PI25 182 7.64 0.268 7.372| 1.109 | 4.161E+07| 0.270| 192.961| 264.269| 71.309
PI25 182 17.0 0.265 16.735| 0.960 | 9.446E+07| 0.377 | 355.096| 569.732| 214637
PI25 182 11.4 0.265 11.135| 0.827 | 2.514E+08| 0.363 | 250.578| 393.073| 142.495
PI25 182 20.8 0.263 20.537| 0.760 | 4.637E+08| 0.377| 391.880| 628.856| 236.976
PI25 182 12.1 0.265 11.835| 1.007 | 1.269E+09| 0.472| 281.298| 532.604| 251.306
PI25 182 30.0 0.267 29.733| 0.799 | 3.189E+09| 0.402 | 614.045| 1026.758| 412.713
PI25 182 19.0 0.270 18.730| 1.012 | 9.541E+09| 0.413 | 263.069| 448.025| 184.956
PI25 182 44.1 0.258 43.842| 0.822 | 2.233E+10| 0.401 | 638.506| 1066.667| 428.161
PI25 1822 0.716 0.129 0.587 | 0.939 | 5.980E+10| 0.648| 25.268 71.829| 46.561
PI25 1822 1.40 0.129 1.271| 1.118| 1.295E+11| 0.370| 86.993| 138.003| 51.010
PI25 1822 3.99 0.130 3.860 | 1.103 | 3.933E+11| 0.419| 232.949| 401.161| 168.212
PI25 1822 12.7 0.129 12.571| 0.919 | 1.281E+12| 0.426 | 742.625| 1294.865| 552.240
PI25 1823 0.705 0.129 0.576 | 0.921 | 5.868E+10| 0.556| 28.423 64.039| 35.616
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PI125 1823 1.40 0.129 1.271| 1.145| 1.295E+11| 0.459| 75.826| 140.236| 64.410
PI125 1823 4.23 0.130 4.100 | 1.163 | 4.177E+11| 0.410| 274.354| 464.683| 190.328
PI125 1823 14.5 0.129 14.371] 0.976 | 1.464E+12| 0.385| 850.783| 1383.999| 533.215
PI125 1824 0.690 0.129 0.561 | 0.896 | 5.716E+10| 0.575| 27.315 64.290| 36.975
PI125 1824 1.37 0.129 1.241| 1.149| 1.264E+11| 0.437| 76.885| 136.458| 59.573
PI125 1824 3.95 0.130 3.820| 1.117 | 3.892E+11| 0.410| 237.650| 403.015| 165.365
PI125 1824 13.0 0.129 12.871] 0.946 | 1.311E+12| 0.408 | 742.503| 1253.330| 510.826

Appendi x B15. Turner and FR.Rel dftl hueonrge sbcael nacnec
and tri ptluipc gtreo wildha laged HT

Speies | Tube# | T[Turner] | Bl[Turner] | Corr F[Turner] | mu F_cum Fv/Fm | FO Fm Fv

PI25 192 26.3 0.269 26.031| 0.876 | 1.543E+05| 0.435| 541.766| 958.520| 416.754
PI25 192 114 0.272 11.128| 1.100 | 4.618E+05| 0.460 | 210.211| 389.602| 179.390
PI25 192 26.4 0.258 26.142| 0.908 | 1.085E+06 | 0.367 | 734.896| 1160.695| 425.799
PI25 192 114 0.265 11.135| 0.983 | 3.235E+06| 0.405| 249.912| 420.081| 170.169
PI25 192 9.68 0.254 9.426 | 1.074 | 1.095E+07| 0.493| 195.419| 385.822| 190.402
PI25 192 7.04 0.268 6.772| 1.098 | 3.148E+07| 0.387 | 167.577| 273.548| 105.97

PI25 192 16.1 0.265 15.835| 0.994 | 7.361E+07| 0.428 | 340.066| 594.899| 254.833
PI25 192 13.9 0.265 13.635| 1.044 | 2.535E+08| 0.508 | 251.827| 511.687| 259.861
PI25 1922 6.53 0.263 6.267 | 0.676 | 4.370E+08| 0.707 8.347 28.460| 20.113
PI25 1922 157 0.265 15.435| 0.901 | 1.076E+09

PI25 1922 0.761 0.127 0.634| 0.068 | 1.163E+09| 0.521| 38.763 80.927| 42.165
PI25 1922 2.13 0.121 2.009 | 1.065 | 3.686E+09| 0.472| 125.222| 237.367| 112.145
PI25 1922 5.62 0.130 5.490 | 0.972 | 1.007E+10| 0.417| 378.406| 648.989| 270584
PI25 1922 14.2 0.129 14.071| 0.898 | 2.582E+10| 0.462 | 992.457| 1846.383| 853.926
PI25 1923 6.87 0.263 6.607 | 0.741 | 4.607E+08| 0.463| 117.642| 218.994| 101.353
PI25 1923 16.9 0.265 16.635| 0.923 | 1.160E+09| 0.380 | 350.040| 564.176| 214.136
PI125 1923 0.778 0.127 0.651| 0.058| 1.240E+09| 0.324| 61.461 90.883| 29.422
PI25 1923 2.06 0.121 1.939| 1.007 | 3.693E+09| 0.417 | 133.563| 229.133| 95.570
PI25 1923 5.20 0.130 5.070 | 0.929 | 9.656E+09| 0.401| 355.764| 593.611| 237.847
PI25 1923 12.4 0.129 12.271| 0.843 | 2.337E10 | 0.440| 768.792| 1372.980| 604.189
PI25 1924 6.91 0.263 6.647 | 0.749 | 4.635E+08| 0.405| 123.020| 206.584| 83.564
PI25 1924 16.8 0.265 16.535| 0.911| 1.153E+09| 0.380 | 521.845| 841.685| 319.840
PI25 1924 0.799 0.127 0.672| 0.091| 1.280E+09| 0.431| 50.485 88.761| 38.276
PI25 1924 2.17 0.121 2.049 | 1.029 | 3.903E+09| 0.477 | 128.140| 244.904| 116.765
PI25 1924 5.59 0.130 5.460 | 0.947 | 1.040E+10| 0.447| 354.693| 641.914| 287.221
PI25 1924 13.8 0.129 13.671| 0.875| 2.604E+10| 0.418 | 895.811| 1538.839| 643.027

AppemBdibx TurnéftuanesEeRee Pmeddwhemgntbal afnc
and dupl rucpa tger oswd dht. eadt n dHnTa end Enpaunsd. H-

Corr
Species| Tube#| T[Turner] | Bl[Turner] | F[Turner] [ mu F _cum Fv/iFm | FO Fm Fv
PI25 202 13.0 0.275 12.725| 0.442 | 8.908E+01| 0.317 | 280.428 410.830 130.401
PI25 202 15.8 0.287 15.513| 0.165| 1.086E+02| 0.454| 321.201 588.052 266.851
PI25 202 18.9 0.266 18.634| 0.198| 1.304E+02| 0.517| 406.699 842.639 435.940
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PI25 202 24.5 0.260 24.240| 0.254 | 1.697E+02| 0.412| 545.287 927.825 382.537
PI125 202 32.2 0.277 31.923| 0.268 | 2.235E+02| 0.389 | 755.822 1236.081 480.259
PI125 202 39.9 0.262 39.638| 0.264 | 2.775E+02| 0.458 | 922.296 1700.858 778.562
PI125 202 14.9 0.269 14.631| 0.390 | 4.097E+02| 0.374 | 364.689 582.362 217.673
PI25 202 18.5 0.272 18.228| 0.221 | 5.104E+02| 0.405| 405.865 681.695 275.829
PI25 202 23.1 0.258 22.842| 0.240| 6.396E+02| 0.508 | 585.557 1189.781 604.225
PI25 202 29.1 0.265 28.835| 0.210| 8.074E+02| 0.388 | 742.490 1212.468 469.978
PI125 202 6.83 0.254 6.576 | 0.412| 1.289E+03| 0.497 | 203704 405.007 201.303
PI125 202 8.33 0.268 8.062 | 0.212| 1.580E+03| 0.458 | 185.570 342.579 157.009
PI125 202 10.4 0.265 10.135| 0.268 | 1.986E+03| 0.410 | 251.239 425.982 174.743
PI25 202 14.0 0.265 13.735| 0.257 | 2.692E+03| 0.395| 311.875 515.451 203.576
PI25 202 17.6 0.263 17.337| 0.289 | 3.398E+03| 0.467 | 329.333 618.149 288.816
PI125 202 22.6 0.265 22.335| 0.253 | 4.378E+03| 0.420 | 294.441 507.684 213.242
PI125 202 9.59 0.267 9.323| 0.445| 7.309E+03| 0.441| 221.234 396.041 174.807
PI125 202 12.4 0.270 12.130| 0.243 | 9.510E+03| 0.415| 200.445 342.467 142.022
PI125 202 15.8 0.258 15.542| 0.240| 1.218E+04| 0.403 | 286.592 479.899 193.307
PI125 202 18.6 0.261 18.339| 0.227 | 1.438E+04| 0.487 | 382.399 746.045 363.647
PI125 202 24.2 0.264 23.936| 0.264 | 1.877E+04| 0.405| 560.712 942.229 381.517
PI125 202 31.8 0.274 31.526| 0.274| 2.472E+04| 0.360| 606.764 947.896 341.132
PI125 202 13.0 0.269 12.731| 0.373 | 3.992E+04| 0.421 | 283.078 489.154 206.077
PI125 202 16.2 0.256 15.944| 0.210 | 5.000E+04| 0.412 | 297.229 505.240 208.011
PI125 202 20.6 0.253 20.347| 0.288 | 6.381E+04| 0.414| 341.360 582.890 241.531
PI125 202 27.9 0.264 27.636| 0.277| 8.667E+04| 0.397 | 567.791 941.161 373.369
PI125 202 34.3 0.255 34.045| 0.213| 1.068E+05| 0.481 | 894.804 1723.148 828.344
PI125 2022 0.338 0.132 0.206 | -0.506 | 6.460E+04| 0.424 16.510 28.678 12.169
PI125 2022 0.377 0.130 0.247| 0.253 | 1.645E+05| 0.533 22.348 47.848 25.500
PI125 2022 0.542 0.126 0.416| 0.468| 2.771E+05| 1.000 30.687 | 2584661.582 | 2584630.895
PI125 2022 0.590 0.126 0.464| 0.106 | 3.090E+05| 0.484 36.715 71.176 34.461
PI125 202 0.780 0.128 0.652| 0.329 | 4.342E+05| 0.477 43.400 82.983 39.583
PI125 2022 0.943 0.130 0.813| 0.202 | 5.415E+05| 0.459 64.569 119.247 54.678
PI125 2022 1.17 0.116 1.054| 0.268 | 7.020E+05| 0.491 73.469 144.326 70.857
PI125 2022 1.45 0.119 1.331| 0.308 | 8.865E+05| 0.43 | 102.742 182.746 80.004
PI125 2022 1.86 0.128 1.732| 0.259 | 1.154E+06| 0.418| 127.163 218.356 91.193
PI125 2022 2.55 0.132 2418 | 0.276| 1.610E+06| 0.452| 170.782 311.751 140.969
PI125 2022 3.43 0.121 3.309| 0.286| 2.204E+06]| 0.409 | 246.709 417.229 170.519
PI125 2022 4.19 0.135 4.055| 0.230| 2.701E+06| 0.407 | 300.792 507.411 206.619
PI125 2022 4.80 0.129 4.671| 0.124| 3.111E+06| 0.448 | 300.472 544.319 243.846
PI125 2022 6.42 0.127 6.293| 0.309 | 4.191E+06]| 0.548 | 399.557 884.690 485.133
PI25 2022 7.62 0.129 7.491| 0.248 | 4.989E+06| 0.458 | 475.971 878.861 402.890
PI125 2022 10.3 0.134 10.166| 0.233 | 6.771E+06| 0.412 | 693.951 1180.205 486.254
PI125 2022 12.3 0.132 12.168| 0.188 | 8.104E+06| 0.403 | 852.472 1426.797 574.326
PI25 2023 0.359 0.132 0.227| -0.408| 7.119E+04| 0.578 9.629 22.838 13.208
PI25 2023 0.395 0.130 0.265| 0.215| 8.310E+04| 0.612 14.599 37.649 23.050
PI25 2023 0.519 0.126 0.393| 0.354 | 1.232E+05| 0.677 16.916 52.398 35.482
PI125 2023 0.659 0.126 0.533| 0.295] 1.671E+05| 0.530 31.727 67.456 35.729
PI125 2023 0.834 0.128 0.706| 0.272| 2.214E+05| 0.540 44.827 97.514 52.687
PI125 2023 1.04 0.130 0.910| 0.232| 2.854E+05| 0.585 59.023 142.066 83.043
PI25 2023 1.24 0.116 1.124| 0.218| 3.525E+05| 0.368 96.326 152.467 56.141
PI25 2023 1.55 0.119 1431 | 0.319| 4.488E+05| 0.473 99.412 1838.624 89.212
PI25 2023 1.96 0.128 1.832| 0.243| 5.745E+05| 0.470| 119.120 224.755 105.635
PI125 2023 2.79 0.132 2.658 | 0.308 | 8.335E+05| 0.465| 171.644 321.010 149.366
PI125 2023 3.53 0.121 3.409| 0.227| 1.069E+06]| 0.389 | 259.253 424.074 164.821
PI125 2023 4.48 0.135 4.345| 0.274| 1.363E+06| 0.404 | 303.447 509.409 205.962
PI25 2023 5.27 0.129 5.141| 0.148| 1.612E+06| 0.422| 338.966 586.036 247.070
PI25 2023 6.81 0.127 6.683| 0.272| 2.096E+06| 0.410| 469.075 795.451 326.376
PI25 2023 8.12 0.129 7.991| 0.255| 2.506E+06]| 0.393| 566.03 933.012 366.918
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PI25 2023 10.0 0.134 9.866 | 0.161| 3.094E+06| 0.427| 662.718 1156.125 493.408
PI125 2023 12.7 0.132 12.568 | 0.253 | 3.941E+06| 0.394 | 875.043 1445.117 570.074

Appendi x B17. Turner and FT.Rep sfe uudoor neasigcae n c e
badn@aed and t ruipp |gircoawt¥éh. sacta | LeTd

Species| Tube# | T[Turner] | Bl[Turner] | Corr F[Turner] | mu F cum Fv/Fm | FO Fm Fv

Tp35 132 13.6 0.264 13.336| 1.617 | 2.114E+21| 0.544| 251.548| 551.374| 299.826
Tp35 132 26.8 0.245 26.555| 0.800 | 4.209E+21| 0.488| 593.056| 1158.052| 564.996
Tp35 132 13.9 0.250 13.650| 1.289 | 1.514E+22| 0.559| 282.151| 639.752| 357.601
Tp35 132 40.3 0.266 40.034 | 1.072 | 4.442E+22| 0.562 | 853.926| 1948.742| 1094.817
Tp35 132 9.36 0.238 9.122 | 1.285| 1.619E+23| 0.588| 174.775| 424.193| 249.419
Tp35 132 34.6 0.272 34.328 | 1.227 | 6.094E+23| 0.538| 824.096| 1782.659| 958.563
Tp35 132 114 0.266 11.134| 1.242 | 2.174E+24| 0.528 | 235.259| 498.522| 263.264
Tp35 132 394 0.267 39.133| 1.110| 7.642E+24| 0.542 | 869.099| 1898.220| 1029.122
Tp35 1322 9.21 0.143 9.067 | 1.180 | 2.656E+25| 0.611| 166.244| 427.705| 261.461
Tp35 1322 25.4 0.139 25.261| 1.537 | 7.399E+25| 0.516| 557.444| 1150.751| 593.307
Tp35 1322 1.09 0.150 0.940| 0.177 | 8.879E+25| 0.582 52.110| 124.738 72.628
Tp35 1322 4.50 0.140 4.360 | 1.175| 4.119E+26| 0.568 | 270.537| 626.419| 355.882
Tp35 1322 9.86 0.144 9.716 | 1.104 | 9.178E+26| 0.624 | 577.993| 1537.770| 959.777
Tp35 1323 9.08 0.143 8.937| 1.166 | 2.618E+25| 0.642| 139.927| 390.393| 250.465
Tp35 1323 237 0.139 23.561| 1.454 | 6.901E+25| 0.517| 518.349| 1073.581| 555.232
Tp35 1323 0.962 0.150 0.812| 0.195| 8.439E+25| 0.574 47.166| 110.646 63.480
Tp35 1323 4.24 0.140 4.100 | 1.240 | 4.261E+26| 0.477| 294.312| 562.793| 268.481
Tp35 1323 9.42 0.144 9.276 | 1.125| 9.641E+26| 0.557 | 572.542| 1291.978| 719.436
Tp35 1324 8.11 0.143 7.967 | 1.058 | 2.334E+25| 0.593 | 147.307| 361.612| 214.305
Tp35 1324 19.6 0.139 19.461| 1.340 | 5.700E+25| 0.503 | 456.676| 919.650| 462.974
Tp35 1324 0.869 0.150 0.719] 0.170 | 6.792E+25| 0.445 54.714 98.516 43.802
Tp35 1324 3.77 0.140 3.630 | 1.240 | 3.429E26 | 0.561| 210.137| 478.477| 268.340
Tp35 1324 8.55 0.144 8.406 | 1.157 | 7.941E+26| 0.548 | 527.552| 1166.645| 639.093

Appendi x B18. Turner and FT.Rep sfe uudoor neasigcae n c e
bal anced and-uprigplowktlht aets¢dal ed

Species| Tube# | T[Turner] | Bl[Turner] | Corr F[Turner] | mu F _cum Fv/iFm | FO Fm Fv

Tp35 142 53.7 0.267 53.433| 0.545| 2.275E+09| 0.525| 1083.935| 2281.327| 1197.392
Tp35 142 8.48 0.266 8.214 | 0.731 | 3.847E+09| 0.536| 183.877| 396.551| 212.674
Tp35 142 13.1 0.279 12.821| 0.448 | 6.005E+09| 0.580 | 222.567| 529.961| 307.393
Tp35 142 22.3 0.267 22.033| 0.530 | 1.032E+10| 0.566 | 377.232| 869.084| 491.852
Tp35 142 34.5 0.268 34.232| 0.441| 1.603E+10| 0.544| 734.457| 1612.167| 877.710
Tp35 142 10.4 0.264 10.136| 0.581 | 2.849E+10| 0.610| 191.780| 491.591| 299.811
Tp35 142 17.7 0.261 17.439| 0.482 | 4901E+10| 0.640| 303.290| 843.134| 539.844
Tp35 142 28.1 0.264 27.836| 0.463 | 7.823E+10| 0.532| 587.486| 1254.707| 667.221
Tp35 142 38.6 0.245 38.355| 0.372| 1.078E+11| 0.504 | 1120.897| 2261.352| 1140.455
Tp35 142 12.8 0.250 12.550| 0.679 | 2.116E+11| 0.525| 302.093| 636.221| 334.128
Tp35 142 21.3 0.266 21.034| 0.515| 3.547E+11| 0.541| 460.274| 1002.193| 541.919
Tp35 142 35.1 0.238 34.862| 0.502 | 5.879E+11| 0.552| 801.088| 1789.492| 988.405
Tp35 142 114 0.272 11.128| 0.602 | 1.126E+12| 0.637| 211.483| 582.370| 370.886
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Tp35 142 20.2 0.266 19.934 | 0.569 | 2.017E+12| 0.539| 402.907| 873.243| 470.336
Tp35 142 34.9 0.267 34.633 | 0.488 | 3.504E+12| 0.542| 869.099| 1898.220| 1029.122
Tp35 1422 10.6 0.143 10.457| 0.390 | 5.290E+12| 0.559| 214.958| 486.975| 272.018
Tp35 1422 15.3 0.139 15.161| 0.557 | 7.670E+12| 0.522| 338.798| 709.256| 370.458
Tp35 1422 26.4 0.263 26.137| 0.528 | 1.322E+13| 0.510| 614.503| 1254.343| 639.840
Tp35 1422 48.7 0.245 48.455| 0.473 | 2.451E+13| 0.531 | 1100.420| 2345.350| 1244.930
Tp35 1422 11.6 0.261 11.3® | 0.680 | 4.015E+13| 0.358 | 271.165| 422.308| 151.142
Tp35 1422 18.9 0.274 18.626 | 0.491 | 6.596E+13| 0.587 | 355.330| 860.887| 505.557
Tp35 1422 33.2 0.262 32.938| 0.530 | 1.166E+14| 0.534| 702.487| 1508.071| 805.584
Tp35 1422 0.863 0.135 0.728 | 0.322 | 8.070E+13| 0.618 44.02 | 115.314 71.293
Tp35 1422 1.26 0.145 1.115| 0.602 | 1.236E+14| 0.496 82.138| 163.055 80.917
Tp35 1422 2.07 0.140 1.930| 0.530| 2.139E+14| 0.571| 122.305| 284.845| 162.540
Tp35 1422 3.47 0.140 3.330 | 0.544 | 3.691E+14| 0.555| 205.407| 461.555| 256.147
Tp35 1422 5.49 0.136 5.354| 0.475| 5.935E+14| 0.511| 364.351| 745.648| 381.297
Tp35 1422 9.53 0.131 9.399 | 0.485| 1.042E+15| 0.589| 540.319| 1315.581| 775.262
Tp35 1423 10.9 0.143 10.757| 0.417 | 5.442E+12| 0.563 | 203.223| 464.811| 261.588
Tp35 1423 16.0 0.139 15.861| 0.582 | 8.024E+12| 0.498 | 354.476| 706.779| 352.303
Tp35 1423 26.5 0.263 26.237| 0.488 | 1.327E+13| 0.512| 605.779| 1242.246| 636.467
Tp35 1423 48.1 0.245 47.855| 0.460 | 2.421E+13| 0.537 | 1006.703| 2175.599| 1168.896
Tp35 1423 10.7 0.261 10.439| 0.583 | 3.697E+13| 0.645| 122604 | 345.557| 222.953
Tp35 1423 17.4 0.274 17.126 | 0.490 | 6.065E+13| 0.512| 385.283| 789.253| 403.970
Tp35 1423 315 0.262 31.238| 0.558 | 1.106E+14| 0.520| 705.718| 1470.259| 764.541
Tp35 1423 0.859 0.135 0.724] 0.331| 7.581E+13| 0.585 43.692| 105.155 61.463
Tp35 1423 1.27 0.145 1.125| 0.622 | 1.178E+14| 0.587 62.930| 152.232 89.302
Tp35 1423 2.21 0.140 2.070| 0.589 | 2.168E+14| 0.565| 131.456| 302.374| 170.918
Tp35 1423 3.77 0.140 3.630 | 0.560 | 3.801E+14| 0.522| 238.537| 498.801| 260.264
Tp35 1423 6.08 0.136 5.944 | 0.493| 6.224E+14| 0.511 | 415.533| 849.083| 433.550
Tp35 1423 10.7 0.131 10.569 | 0.496 | 1.107E+15| 0.536 | 662.740| 1429.598| 766.859
Tp35 1424 10.7 0.143 10.557| 0.399 | 5.341E+12| 0.573| 194.884| 456.889| 262.005
Tp35 1424 15.9 0.139 15.761| 0.601 | 7.973E+12| 0.513| 328551 | 674.088| 345.537
Tp35 1424 25.7 0.263 25.437| 0.464 | 1.287E+13| 0.526| 574.944| 1212.080| 637.136
Tp35 1424 45.9 0.245 45.655| 0.448 | 2.310E+13| 0.537| 981.342| 2120.630| 1139.288
Tp35 1424 10.8 0.261 10.539| 0.661 | 3.732E+13| 0.609 | 220.371| 563.099| 342.727
Tp35 1424 17.5 0.274 17.226| 0.486 | 6.100E+13| 0.535| 362.940| 781.035| 418.095
Tp35 1424 30.3 0.262 30.038| 0.517 | 1.064E+14| 0.550| 639.679| 1420.907| 781.229
Tp35 1424 0.787 0.135 0.652 | 0.388 | 6.827E+13| 0.476 50.422 96.296 45.874
Tp35 1424 1.24 0.145 1.095| 0.732 | 1.147614 | 0.504 71.594| 144.332 72.738
Tp35 1424 1.96 0.140 1.820 | 0.491 | 1.906E+14| 0.504 | 121.878| 245.817| 123.938
Tp35 1424 3.05 0.140 2.910| 0.468 | 3.047E+14| 0.555| 181.032| 406.864| 225.832
Tp35 1424 5.26 0.136 5.124 | 0.566 | 5.366E+14| 0.533| 329.595| 705.064| 375.469
Tp35 1424 9.04 0.131 8.909 | 0.477 | 9.329E+14| 0.497| 607.012| 1205.886| 598.874

Appendi x B19. Turner and FT.Rep sfe uudoor neasigcae n c e
bal anced and-upr igp ldWMtlat atscal ed

Species| Tube# | T[Turner] | Bl[Turner] | Corr F[Turner] | mu F _cum Fv/iFm | FO Fm Fv

Tp35 152 17.3 0.269 17.031| 1.598 | 2.651E+09| 0.429| 390.674| 683.994| 293.320
Tp35 152 19.8 0.272 19.528| 1.554 | 2.128E+10| 0.483| 407.819| 789.025| 381.206
Tp35 152 44.9 0.278 44.622| 1.184 | 4.863E+10| 0.473| 915.741| 1737.571| 821.830
Tp35 152 134 0.258 13.142| 1.606 | 2.291E+11| 0.488| 273.616| 534.650| 261.034
Tp35 152 8.98 0.277 8.703 | 1.624 | 1.062E+12| 0.598| 148.376| 369.194| 220.818
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Tp35 152 29.7 0.259 29.441] 1.182 | 3.593E+12| 0.495| 563.437| 1114.903| 551.466
Tp35 1522 18.8 0.265 18.535| 1.302 | 1.357E+13| 0.458 | 400.047| 738.364| 338.317
Tp35 1522 1.58 0.131 1.449 | 0.807 | 3.227E+13| 0.573 86.698 | 202.969| 116.271
Tp35 1522 18.1 0.124 17.976 | 1.675| 4.003E+14| 0.549 | 1186.515| 2631.584| 1445.069
Tp35 1523 18.5 0.265 18.235 | 1.286 | 1.335E+13| 0.548 | 329.263| 727.786| 398.523
Tp35 1523 1.63 0.131 1.499 | 0.854 | 3.338E+13| 0.461| 110.203| 204.458 94.256
Tp35 1523 18.0 0.124 17.876 | 1.649 | 3.981E+14| 0.492 | 1120.020| 2202.602| 1082.582
Tp35 1524 16.5 0.265 16.235| 1.172 | 1.189E+13| 0.486 | 313.515| 609.460| 295.945
Tp35 1524 1.63 0.131 1.499 | 0.936 | 3.246E+13| 0.500| 108.186| 216.518| 108.332
Tp35 1524 16.4 0.124 16.276 | 1.586 | 3.525E+14| 0.514 | 1007.500| 2073.886| 1066.387

Appendi x B20. Turner and FT Res®eudwmiamgience
bal anced and-uprigplowtMat ats Mdl ed

Species| Tube# | T[Turner] | Bl[Turner] | Corr F[Turner] | mu F cum Fv/Fm | FO Fm Fv

Tp35 162 16.5 0.265 16.235| 1.477 | 7.784E+11| 0.538| 332.452| 719.447| 386.995
Tp35 162 14.2 0.262 13.938| 1.671 | 4678E+12| 0.462| 362.756| 673.942| 311.186
Tp35 162 9.15 0.268 8.882 | 1.490 | 2.087E+13| 0.538 | 192.896| 417.639| 224.743
Tp35 162 313 0.253 31.047| 1.260| 7.294E+13| 0.488| 690.463| 1348.768| 658.305
Tp35 162 12.1 0.277 11.823| 1.705| 3.056E+14| 0.489| 158.995| 311.359| 152365
Tp35 162 47.2 0.264 46.936 | 1.355| 1.213E+15| 0.494| 982.163| 1939.462| 957.299
Tp35 1622 15.2 0.264 14.936| 1.466 | 5.790E+15| 0.508 | 362.416| 737.097| 374.680
Tp35 1622 0.816 0.136 0.680 | 0.371 | 8.502E+15| 0.532 43.256 92.343 49.087
Tp35 1622 3.25 0.127 3.123 | 1.562 | 3.904E+16| 0.519| 194.033| 403.661| 209.628
Tp35 1622 11.7 0.131 11.569| 1.103 | 1.446E+17| 0.593| 806.565| 1983.562| 1176.997
Tp35 1623 14.5 0.264 14.236 | 1.421 | 5.519E+15| 0.559 | 297.681| 675.284| 377.603
Tp35 1623 0.810 0.136 0.674 | 0.409 | 8.426E+15| 0.463 44.248 82.342 38.094
Tp35 1623 2.79 0.127 2.663 | 1.408 | 3.329E+16| 0.530| 165.347| 351.543| 186.196
Tp35 1623 10.2 0.131 10.069| 1.120| 1.259E+17| 0.522| 685.843| 1434.896| 749.052
Tp35 1624 15.1 0.264 14836 | 1.460 | 5.751E+15| 0.480| 376.489| 724.471| 347.983
Tp35 1624 0.832 0.136 0.696 | 0.400 | 8.702E+15| 0.500 43.971 87.907 43.936
Tp35 1624 2.59 0.127 2.463 | 1.295| 3.079E+16| 0.505| 160.950| 324.937| 163.987
Tp35 1624 9.04 0.131 8.909 | 1.083 | 1.114E+17| 0501 | 612.172| 1226.257| 614.085

Appendi x B21. Turner and FT.Rep sfe dudoor nezsiogcae n c e
bal anced and-uprigplowtat ats Mal ed

Species| Tube# | T[Turner] | Bl[Turner] | Corr F[Turner] | mu F_cum Fv/Fm | FO Fm Fv

Tp35 172 13.2 0.257 12.943] 0.293 | 2.799E+03| 0.591| 272.471| 665.940| 393.470
Tp35 172 18.3 0.269 18.031| 0.359 | 3.899E+03| 0.517 | 386.621| 800.439| 413.817
Tp35 172 26.6 0.257 26.343 | 0.403 | 5.697E+03| 0.556 | 583.978| 1314.815| 730.837
Tp35 172 45.4 0.261 45.139| 0.411 | 9.762E+03| 0.547 | 1026.150| 2266.66 | 1240.516
Tp35 172 11.1 0.258 10.842| 0.713 | 1.641E+04| 0.564 | 229.104| 524.984| 295.880
Tp35 172 19.1 0.271 18.829| 0.570 | 2.850E+04| 0.544| 474.512]| 1039.662| 565.149
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Tp35 172 32.9 0.269 32.631| 0.552 | 4.940E+04| 0.540| 776.545| 1689.953| 913.408
Tp35 172 11.9 0.272 11.628| 0.682 | 1.232E+05| 0.548| 254.410| 562.501| 308.091
Tp35 172 18.2 0.278 17.922] 0.620 | 1.899E+05] 0.529| 376.956] 800.779| 423.822
Tp35 172 29.0 0.258 28.742| 0.489 | 3.046E+05| 0.511| 627.547| 1282.196] 654.649
Tp35 172 8.68 0.277 8.403 | 0.758 | 6.233E+05] 0.584 | 164.80 | 395.503| 230.823
Tp35 172 14.7 0.259 14.441] 0.525 | 1.071E+06] 0.529| 335.298| 711.606| 376.308
Tp35 172 255 0.265 25.235| 0.547 | 1.872E+06] 0.547 | 539.535| 1191.228] 651.692
Tp35 172 44.5 0.262 44.238| 0.523| 3.281E+06] 0.536 | 1220.321] 2630.588| 1410.267
Tp35 1722 18.0 0.268 17.732] 0.406 | 4.932E+06] 0.520| 348.880| 726.831| 377.951
Tp35 1722 314 0.253 31.147| 0.567 | 8.664E+06] 0.480| 768.635| 1478.069| 709.434
Tp35 1722 0.859 0.132 0.727 | 0.536 | 5.524E+06| 0.470| 61.268| 115.580| 54.311
Tp35 1722 1.59 0.129 1.461] 0.686 | 1.110E+07| 0.523| 103.214| 216.488| 113.274
Tp35 1722 2.89 0.132 2.758 | 0.596 | 2.096E+07| 0.557 | 181.852| 410.419| 228.567
Tp35 1722 4.90 0.136 4.764 | 0.528 | 3.620E+07| 0.519| 303.990| 631.571| 327.581
Tp35 1722 8.32 0.127 8.193 | 0.556 | 6.225E+07| 0.554 | 620788 | 1390.591| 769.803
Tp35 1722 13.7 0.131 13.569 | 0.425| 1.031E+08] 0.572 | 1030.219| 2409.738| 1379.519
Tp35 1723 17.5 0.268 17.232] 0.378| 4.793E+06| 0.471| 224.229| 423.679| 199.451
Tp35 1723 314 0.253 31.147| 0.596 | 8.664E+06] 0.528| 681.156]| 1443.705] 762.549
Tp35 1723 0.821 0.132 0.689 | 0.600 | 5.235E+06| 0.497 | 56.701| 112.715| 56.014
Tp35 1723 1.52 0.129 1.391] 0.691| 1.057E+07] 0.505| 109.263| 220.856| 111.594
Tp35 1723 2.74 0.132 2.608 | 0.590 | 1.982E+07| 0.467 | 200.647| 376.414| 175.768
Tp35 1723 4.61 0.136 4.474 ] 0.522| 3.399E+07| 0.499| 301.974| 603.300] 301.325
Tp35 1723 8.35 0.127 8.223 | 0.624 | 6.248E+07| 0.512| 550.087] 1127.208] 577.120
Tp35 1723 15.2 0.131 15.069 | 0.510 | 1.145E+08] 0.512 | 1032.721| 2116.646| 1083.925
Tp35 1724 17.9 0.268 17.632] 0.400 | 4.904E+06] 0.559| 367.963] 835.046| 467.084
Tp35 1724 31.5 0.253 31.247] 0.576 | 8.692E+06| 0.518| 711.476| 1475.535] 764.059
Tp35 1724 0.846 0.132 0.714 | 0.561 | 5.425E+06| 0.497| 56.701| 112.715| 56.014
Tp35 1724 1.59 0.129 1.461| 0.704 | 1.110E+07| 0.536| 99182 | 213.775| 114.593
Tp35 1724 2.78 0.132 2.648 | 0.558 | 2.012E+07| 0.480| 202.411| 389.412| 187.000
Tp35 1724 4.96 0.136 4.824 | 0.580 | 3.665E+07| 0.500 | 313.568] 627.678| 314.110
Tp35 1724 8.75 0.127 8.623 | 0.595 | 6.552E+07| 0.527 | 580.817| 1229.133] 648.315
Tp35 1724 15.3 0.131 15.169 | 0.476| 1.153E+08] 0.493] 1066.518] 2103.272| 1036.754

Appendi x B22. Turner and FT.Rep sfd uudoor neasigcae n c e
bal anced and-uprigplowdMht ats ¢tdl ed

Species| Tube# | T[Turner] | Bl[Turner] | Corr F[Turner] | mu F_cun Fv/Fm | FO Fm Fv

Tp35 192 21.7 0.266 21.434| 1.252 | 1.500E+02| 0.500 | 426.221| 851.660| 425.439
Tp35 192 11.8 0.260 11.540| 1.282 | 5.655E+02| 0.514 | 252.727| 520.529| 267.801
Tp35 192 40.4 0.277 40.123| 1.212| 1.966E+03| 0.533 | 814.202| 1744.845| 930.643
Tp35 192 10.2 0.262 9.938 | 1.223 | 5.357E+03| 0.443| 252.643| 453.938| 201.295
Tp35 192 39.2 0.269 38.931| 1.365| 2.098E+04| 0.499| 884.120| 1764.608| 880.488
Tp35 192 13.8 0.272 13.528| 1.346 | 8.021E+04| 0.552 | 246.787| 550.827| 304.041
Tp35 192 43.1 0.258 42.842| 1.225| 2.540E+05| 0.459 | 1061.254| 1960.347| 899.093
Tp35 1922 45.3 0.265 45.035| 1.235| 1.001E+06| 0.474| 1015.556| 1930.667| 915.110
Tp35 1922 4.09 0.131 3.959 | 0.794 | 2.467E+06| 0.516 | 260.250| 537.541| 277.291
Tp35 1922 21.3 0.125 21.175| 1.553 | 1.320E+07| 0.565| 1396137 | 3208.037| 1811.900
Tp35 1923 38.9 0.265 38.635| 1.097 | 8.590E+05| 0.462| 913.337| 1698.989| 785.652
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Tp35 1923 3.74 0.131 3.609 | 0.825| 2.192E+06| 0.502 | 242.035| 486.201| 244.166
Tp35 1923 19.4 0.125 19.275| 1.551 | 1.171E+07| 0.491 | 1199.930| 2356.123| 1156.194
Tp35 1924 35.6 0.265 35.335| 1.016 | 7.856E+05| 0.480| 788.363| 1516.534| 728.171
Tp35 1924 3.17 0.131 3.039| 0.752 | 1.846E+06| 0.511| 205.996| 421.596| 215.600
Tp35 1924 16.7 0.125 16.575] 1.571 | 1.007E+07| 0.489 | 1042.564| 2040.49 | 997.915

Appendi x B23. Turner and FT.Rep sfd uudoor neasigcae n c e
bal anced and-uprigplowt ht ats tdl ed

Species| Tube#| T[Turner] | Bl[Turner] | Corr F[Turner] | mu F _cum Fv/Fm | FO Fm Fv

Tp35 202 12.9 0.269 12.631| 0.462 | 5.062E+01| 0.509| 313.921| 639.481| 325.560
Tp35 202 20.3 0.272 20.028 | 0.463 | 8.011E+01| 0.506 | 425.344| 861.696| 436.352
Tp35 202 30.7 0.258 30.442| 0.445| 1.218E+02| 0.463| 773.877| 1441.299| 667.422
Tp35 202 15.2 0.265 14.935| 0.607 | 2.390E+02| 0.556| 358.909| 807.531| 448622
Tp35 202 27.7 0.254 27.446| 0.536 | 4.391E+02| 0.509 | 657.981| 1339.845| 681.864
Tp35 202 12.8 0.268 12.532| 0.626 | 8.020E+02| 0.539| 254.859| 552.543| 297.684
Tp35 202 19.4 0.265 19.135| 0.495| 1.225E+03| 0.570| 407.035| 946.311| 539.276
Tp35 202 10.6 0.265 10.335| 0.651 | 2.646E+03| 0.463| 233.016| 434.121| 201.105
Tp35 202 16.1 0.263 15.837| 0.530 | 4.054E+03| 0.573| 274.219| 642.663| 368.444
Tp35 202 27.1 0.265 26.835| 0.527 | 6.870E+03| 0.474| 591.626| 1125.171| 533.545
Tp35 202 13.0 0.267 12.733| 0.556 | 1.304E+04| 0.514| 299.085| 615975 | 316.891
Tp35 202 19.4 0.270 19.130| 0.376 | 1.959E+04| 0.435| 325.365| 575.792| 250.427
Tp35 202 27.4 0.258 27.142| 0.338 | 2.779E+04| 0.466| 465.338| 870.776| 405.439
Tp35 202 33.8 0.261 33.539| 0.290 | 3.434E+04| 0.455| 764.359| 1401.363| 637.005
Tp35 202 11.7 0.264 11.436| 0.307 | 4.684E+04| 0.443| 239.354| 429.830| 190.476
Tp35 202 14.1 0.274 13.826| 0.188 | 5.663E+04| 0.224 | 629.793| 811.471| 181.679
Tp35 202 16.7 0.269 16.431| 0.134| 6.730E+04| 0.442| 323.582| 579.680| 256.098
Tp35 2022 0.227 0.134 0.093 | 0530 | 3.809E+04| 0.605 4.754 12.045 7.292
Tp35 2022 0.269 0.119 0.150 | 0.564 | 6.144E+04| 0.378 13.282 21.363 8.080
Tp35 2022 0.408 0.124 0.284 | 0.578 | 1.163E+05| 0.492 25.016 49.241 24.225
Tp35 2022 0.629 0.127 0.502 | 0.582 | 2.056E+05| 0.573 31.351 73.469 42.118
Tp35 2022 0.972 0.132 0.840 | 0.518 | 3.441E+05| 0.545 70.527 | 155.143 84.616
Tp35 2022 143 0.130 1.300 | 0.608| 5.325E+05| 0.505 90.686| 183.338 92.651
Tp35 2022 231 0.126 2.184 | 0.465| 8.946E+05| 0.519| 184.066| 383.012| 198.946
Tp35 2022 3.98 0.126 3.854 | 0.551| 1.57E+06 | 0.536| 264.406| 570.204| 305.798
Tp35 2022 6.68 0.128 6.552 | 0.513 | 2.684E+06| 0.526 | 464.399| 980.267| 515.868
Tp35 2022 10.3 0.130 10.170| 0.402 | 4.166E+06| 0.505| 677.669| 1369.376| 691.707
Tp35 2023 0.195 0.134 0.061 | 0.057 | 7.157E+04| 0.622 3.759 9.951 6.191
Tp35 2023 0.232 0.119 0.113 | 0.728 | 1.326E+05| 0.321 13.102 19.300 6.199
Tp35 2023 0.392 0.124 0.268 | 0.782 | 3.144E+05| 0.544 17.668 38.741 21.074
Tp35 2023 0.619 0.127 0.492 | 0.620 | 5.773E+05| 0.476 39.933 76.188 36.256
Tp35 2023 0.975 0.132 0.843 | 0.542 | 9.891E+05| 0.538 57.336| 123.993 66.657
Tp35 2023 1.31 0.130 1.180 | 0.468 | 1.384E+06| 0.461 99.381| 184.482 85.101
Tp35 2023 2.68 0.126 2.554 | 0.693 | 2.997E+06| 0.514| 184.049| 378.555| 194.507
Tp35 2023 3.57 0.126 3.444 | 0.290 | 4.041E+06| 0.522 | 240.694| 503.913| 263.219
Tp35 2023 5.29 0.128 5.162 | 0.391 | 6.057E+06| 0.497 | 394.187| 783.340| 389.153
Tp35 2023 8.78 0.130 8.650 | 0.472 | 1.015E+07| 0.519| 569.757| 1183.406| 613.650
Tp35 2024 0.219 0.134 0.085| 0.002| 6.744E+04| 0.500 8.085 16.160 8.075
Tp35 2024 0.263 0.119 0.144 | 0.622 | 1.143E+05| 0.998 16.770 | 6811.764| 6794.994
Tp35 2024 0.494 0.124 0.370 | 0.855| 2.936E+05| 0.685 20.286 64.356 44.071
Tp35 2024 0.745 0.127 0.618 | 0.524 | 4.904E+05| 0.621 36.319 95.731 59.412
Tp35 2024 131 0.132 1.178 | 0.650| 9.347E+05| 0.576 80.348| 189.668| 109.320
Tp35 2024 1.87 0.130 1.740| 0.543 | 1.381E+06| 0.564 | 119.263| 273.240| 153.977
Tp35 2024 3.48 0.126 3.354| 0.589 | 2.661E+06| 0.570| 223.341| 519.645| 296.304
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Tp35 2024 6.07 0.126 5.944 | 0.555| 4.716E+06| 0.550| 493.389| 1096.110| 602.721

Tp35 2024 10.4 0.128 10.272| 0.529 | 8.150E+06| 0.529| 823.832| 1749.619| 925.787

Tp35 2024 174 0.130 17.270| 0.475| 1.370E+07| 0.537| 1325.455| 2864.458| 1539.003
Appendi x B24. Melawnt cehadikdieabt ¢ pt @ &lad e
ocaitlcaul t ur es

Corr ave. [algae] (cell'L | Corr ave[bacteria] (cell | Algae/bacteria Estimated ave. bacterial

Species treatment B LY ratio [C](mgC LY

No025 1222LT-HL) 321697254.180 48688817.871 6.607 0.000974

No025 1223LT-HL) 335581775.958 26111®5.520 12.852 0.000522

No25 1224(LT-HL) 335396511.307] 56868943.395 5.898 0.001137

No25 1322LT-ML) 260751137.273 49685794.018, 5.248 0.000994

No25 1323(LT-ML) 160586545.984 53189796.728 3.019 0.001064

No025 1324(LT-ML) 180035752.426 45390222.886 3.96 0.000908

No25 1422LT-LL) 191650062.243 18963024.687 10.107 0.000379

No25 1423LT-LL) 171520242.649 9855111.240 17.404 0.000197

N025 1424(LT-LL) 198886955.342 47899646.640 4.152 0.000958

No25 152AMT-HL) 720543137.833 38901892.968 18.522 0.000778

No025 1523(MT-HL) 729272855.219 47287446.112 15.422 0.000946

No25 1524MT-HL) 631194634.309 37046905.936 17.038 0.000741

No25 1622MT-ML) 718423995.704 82582504.434) 8.699 0.001652

No25 1623MT-ML) 658806556.949 85807181.227 7.678 0.001716

No25 162 (MT-ML) 522880972.243 55979936.241| 9.341 0.001120

N025 1722MT-LL) 480192897.141 57414670.527| 8.364 0.001148

N025 1723(MT-LL) 417464534.827| 93168573.939 4.481 0.001863

No25 1724MT-LL) 399577266.922 103309447.905 3.868 0.002066

No25 1822HT-HL) 624885262.204 30440715.393 20.528 0.000609

No25 1823(HT-HL) 1075583786.85€ 176329384.551 6.100 0.003527

No25 1824(HT-HL) 771020905.186 83608017.629 9.222 0.001672
Appendi x B25. Mean cel l densritps o&la@Pdhdyt opl
l utberiures

Corr ave. [algae] (cell'L| Corr ave. [bacteria] (cel| Algae/bacteria | Estimated ave. bacteria

Species treatment | 1) LY ratio [Cl(mgC LY

PI125 1222(LT-HL) 81477965.197 82407435.430 0.989 0.001648

PI25 1223(LT-HL) 68631797.513 73636068.968 0.931 0.001474

PI125 1224(LT-HL) 52101679.524 51720932.331 1.007 0.001034

PI125 1322(LT-ML) 29338291.871 11823899.488 2.481 0.000236

PI25 1323LT-ML) 42221576.590 38568931.228| 1.095 0.000771

PI125 1324(LT-ML) 42653320.318, 18857779.220 2.262 0.000377

PI25 1422(LT-LL) 28354785.938 5611190.344 5.053 0.000112

PI25 1423(LT-LL) 23269199.098 9601269.380 2424 0.000192

PI25 1424(LT-LL) 24470170.816 6598926.433 3.708 0.000132

PI25 1522(MT-HL) 134741485.919 61146410.724 2.204 0.001223

PI125 153 (MT-HL) 152848666.843 72463111.721 2.109 0.001449

PI25 1524MT-HL) 141151114.380 41722783.076 3.383 0.000834

PI25 1622MT-ML) 69220615.586| 49534375.592 1.397 0.000991

PI125 1623MT-ML) 75776067.094 46046364.099 1.646 0.000921

PI25 1624MT-ML) 91383088.895 82017405.794 1.114 0.001640
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PI25 1722MT-LL) 84135022.455| 82060613.316| 1.025 0.001641
PI25 1723(MT-LL) 106257265.295 111162984.000Q 0.956 0.002223
PI25 1724MT-LL) 65434297.713 82418740.578| 0.794 0.001648
PI25 1822HT-HL) 116662419.293 7832%6382.911 1.489 0.001567
PI25 1823(HT-HL) 126642684.692 60721971.968| 2.086 0.001214
PI25 1824(HT-HL) 126476694.558 53302869.572 2.373 0.001066
PI25 1922HT-ML) 111466793.926 83328726.923] 1.338 0.001667
PI25 1923HT-ML) 94775222.145 94005850.309 1.08 0.001880
PI25 1924HT-ML) 103163512.909 97108641.914 1.062 0.001942
PI25 2022HT-LL) 53060111.048| 35438168.526| 1.497 0.000709
PI25 2023HT-LL) 61510611.532 34393103.476| 1.788 0.000688
Appendi x B26. Mean cel

pseudonédhares

densrtps oxla@Pdyt opl

Corr ave[algae] (cell L | Corr ave. [bacteria] (cell| Algae/bacteria Estimated ave. bacterial
Species treatment D) LY ratio [C](mgC LY
Tp35 1322LT-ML) 149007466.568 14554191.367| 10.238 0.000291
Tp35 1323(LT-ML) 116131156.335 3156335.265 36.793 0.000063
Tp35 1324(LT-ML) 119749925.145 6091309.593 19.659 0.000122
Tp35 1422LT-LL) 92634176.431 6638713.209 13.954 0.000133
Tp35 1423(LT-LL) 92737910.232 2456413.164 37.753 0.000049
Tp35 1424L.T-LL) 70728802.145| 3919831.154 18.044 0.000078
Tp35 1522(MT-HL) 716807889.064 217661840.076 3.293 0.004353
Tp35 1523MT-HL) 821459712.149 134609988.605 6.103 0.002692
Tp35 1524MT-HL) 565634730.723 48155759.336 11.746 0.000963
Tp35 1622AMT-ML) 554462701548 248717048.977 2.229 0.004974
Tp35 1623MT-ML) 521531890.604 265369049.563 1.965 0.005307
Tp35 1624MT-ML) 411030487.098 200514349.410 2.050 0.004010
Tp35 1722AMT-LL) 169330157.087 80052541.730 2.115 0.001601
Tp35 1723MT-LL) 242258794.457 11991094.144 2.026 0.002392
Tp35 1724MT-LL) 231228778.33(0 97572564.560 2.370 0.001951
Tp35 1922HT-ML) 269220958.126 133612339.129 2.015 0.002672
Tp35 1923HT-ML) 272606988.223 86495438.499 3.152 0.001730
Tp35 1924HT-ML) 216901257.124 75417814.985| 2.876 0.001508
Tp35 2022AHT-LL) 115302361.399 4816553.721 23.939 0.000096
Tp35 2023HT-LL) 110034796.333 0.000 #DIV/0! 0.000000
Tp35 2024(HT-LL) 206499124.510 16089965.398 12.834 0.000322
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AppendiiFatB2 aciNd prafiddlituediofg seawater (SW) blanks and

Species i- i- i-

Treatment C12:0 | C13:0 | i-C14:.0 C14:0 C14:1nr9 Cl4:1n7 C14:1nr5 C15:.0 ai-C15:0 | C15:.0 | C16:0 C16:0 [ C16:1n11 C16:1nr9 Cl16:1nr7 C16:1n5 Ci7:1(a) | C17:0 C16:2r6
No25 1222 0.17 0.12 0.24 4.3 0.01 0.05 0 0 0.31 0.03 | 31.11 0.68 32.16 0.31 0.05 0.02 0.3
No25 1223 0.21 0.12 0.42 4.38 0.01 0 0.04 0 0 0.33 0.02 | 31.58 0.66 32.46 0.28 0.05 0.01 0.28
No25 1224 0.16 0.13 0.05 4.26 0.01 0 0.05 0.01 0.01 0.31 0.03 30.77 0 0.67 32.68 0.29 0.03 0.01 0.32
SW 0.15 0.12 13.97 0.9 0.16 0.03 0.21 0.21 0.04 14.91 0.03 0.25 5.55 0.2 0.05 0.09 0.1
No025 1322 0.16 0.2 0.36 4.49 0.01 0 0.06 0.01 0.01 0.35 0.04 29.16 0.01 1.15 30.47 0.29 0.05 0.01 0.35
No25 1323 0.29 0.21 1.86 4.88 0.01 0 0.05 0.01 0.01 0.33 0.03 | 27.35 0.01 1.22 30.69 0.29 0.03 0.01 0.38
No25 1324 0.28 0.23 1.83 4.98 0.01 0 0.05 0.01 0.01 0.33 0.05 | 26.24 0.01 1.27 30.05 0.3 0.03 0.01 0.4
SW 0.03 0.11 0.94 0.96 0.14 0.28 0.17 0.27 0.07 13.55 0 0.27 6.28 0.23 0.02 0.11 0.08
No025 1422 0.24 0.46 0.47 4.12 0.02 0.05 0.03 0.03 0.33 0.09 19.34 0.01 3.11 22.17 0.15 0.04 0.02 0.54
No25 1423 0.51 0.45 4.54 4.39 0.02 0.05 0.03 0.03 0.35 0.07 | 18.28 0.01 2.92 21.31 0.14 0.03 0.01 0.46
No25 1423 dup 0.51 0.45 4.58 4.4 0.02 0.05 0.03 0.03 0.35 0.06 | 18.13 0.01 2.92 21.37 0.14 0.04 0.02 0.44
No25 1424 0.22 0.59 1.56 4.62 0.01 0.06 0.03 0.03 0.25 0.09 | 16.89 0 3.53 21.61 0.14 0.01 0.01 0.63
SW 0.07 0.05 4.28 0.62 0.06 0.2 0.2 0.04 0.16 0.44 0.07 19.38 0 0.13 1.44 0.02 0.01 0.15 0.08
No025 1522 0.22 0.17 0.03 4.03 0 0.03 0.3 0.01 0.32 0.01 31.55 0 1.28 30.3 0.34 0.04 0.01 0.46
No25 1523 0.25 0.15 0.04 4.08 0.01 0 0.03 0.26 0 0.33 0.01 | 33.12 0 1.08 30.32 0.37 0.05 0 0.4
No25 1524 0.25 0.16 0.06 4.08 0.01 0.03 0.25 0 0.34 0.01 | 32.39 0 1.13 30.23 0.35 0.03 0.01 0.42
SW 0.15 0.08 0.25 0.9 0.04 0.05 0.09 0.15 0.22 0.03 | 20.28 0.01 0.38 2.44 0.02 0.01 0.1 0.11
No025 1622 0.25 0.29 0.01 4.9 0.01 0 0.06 0.03 0.01 0.3 0.02 22.94 0 2.44 28.42 0.28 0.03 0.57
No25 1622 dup 0.26 0.3 0.02 491 0.01 0 0.06 0.01 0.01 0.3 0.02 | 22.98 0 2.45 28.46 0.29 0.04 0.57
No25 1623 0.2 0.35 0.02 4.94 0.01 0 0.06 0.01 0.02 0.3 0.03 | 22.96 0 2.51 27.32 0.28 0.04 0 0.55
No25 1624 0.37 0.33 0.02 5.35 0.01 0.01 0.06 0.02 0.02 0.32 0.03 22.9 0.01 2.53 25.92 0.27 0.03 0.01 0.51
SW 0.05 0.2 0.3 0.6 0.08 0.66 0.2 0.17 1.01 0.22 | 13.71 1.48 1.36 0.09 0.01 0.03 0.41
No25 1722 0.26 0.6 0.09 5.25 0.01 0.07 0.04 0.07 0.25 0.06 16 0.01 4.81 21.29 0.19 0.05 0.49
No25 1723 0.27 0.59 0.03 5.1 0 0.08 0.02 0.06 0.27 0.09 [ 16.29 0 4.58 21.54 0.17 0.04 0.43
No25 1724 0.24 0.52 0.02 4.6 0 0.07 0.02 0.04 0.23 0.05 | 15.89 0.01 4.91 2169 0.19 0.05 0.44
SW 0.14 0.1 0.31 0.61 0.1 0.2 0.43 0.42 0.16 | 12.11 0.53 0.08 0.13 0.07 0.07 0.2
No25 1822 0.34 0.13 0 5.18 0.01 0 0.05 0.01 0.01 0.33 0.01 | 33.68 0 1.12 28.78 0.24 0.04 0 0.41
No25 1823 0.21 0.18 0.04 4.48 0.04 0 0.01 0.32 0.01 | 32.52 0 1.39 28.76 0.23 0.04 0 0.47
No25 1824 0.33 0.16 0.13 5 0.01 0 0.05 0.03 0.01 0.35 0.01 | 32.62 0 1.32 28.65 0.25 0.06 0.44
SW 0.12 0.16 2.01 0.82 0.54 0.4 0.16 0.21 9.98 0.11 0.22 2.6 0.08 0 0.07 0

duplicat
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Appendi x B27 (contod).

Species

Treatment ai-C17:0 C17:1(b) | C16:2r4 | C17:0 | Phytane| C16:3r4 | C17:1 | C16:4nr3 C16:4nrl C18:0 | C18:1r13 C18:1r11 C18:1r9 C18:1r7 C18:1r5 C18:2d5,11 | C18:2nr7
N0251222 0.09 0.02 0.1 0.13 0.28 0.04 0.08 0.02 0.05 1.33 0.05 3 0.44 0.06 0.04 0.06
No25 1223 0.09 0.03 0.1 0.11 0.29 0.04 0.1 0.02 0.03 1.05 0.01 0.04 3.49 0.51 0.03 0.03 0.05
No25 1224 0.1 0.02 0.11 0.12 0.27 0.03 0.07 0.01 0.05 0.99 0 0.02 2.9 0.46 0.03 0.01 0.06
SW 0.05 0.04 0 0.27 0.03 0.32 0.65 0.16 11.74 0.22 0.34 1.23 3.3 0.05 0.15 0.05
No25 1322 0.11 0.02 0.15 0.19 0.33 0.05 0.09 0.02 0.05 1.13 0.04 2.54 0.39 0.03 0.03 0.06
No25 1323 0.11 0.02 0.15 0.14 0.29 0.05 0.09 0.02 0.05 1.07 0.04 2.29 0.35 0.03 0.03 0.06
No25 1324 0.11 0.02 0.18 0.14 0.33 0.06 0.11 0.02 0.06 1.39 0.02 0.05 2.12 0.37 0.03 0.03 0.07
SW 0.07 0.09 0.33 0.05 0.3 0.83 0.21 9.33 0.19 0.25 1.06 4.03 0.05 0.18

No25 1422 0.15 0.04 0.42 0.13 0.37 0.05 0.12 0.02 0.12 3.43 0.02 0.07 2.67 0.37 0.04 0.06 0.17
No025 1423 0.15 0.03 0.39 0.12 0.38 0.04 0.13 0.02 0.12 3.27 0.02 0.07 2.63 0.4 0.04 0.07 0.16
No025 1423 dup 0.14 0.03 0.38 0.1 0.35 0.03 0.12 0.02 0.12 3.28 0.03 0.08 257 0.39 0.04 0.07 0.17
No25 1424 0.15 0.03 0.49 0.13 0.24 0.05 0.2 0.03 0.15 2.27 0.02 0.06 1.93 0.33 0.03 0.07 0.14
SW 0.01 0.3 0.21 1.52 0.11 0.23 21.25 0.35 0.46 2.06 2.56 0.58 0.16

No25 1522 0.1 0.02 0.16 0.26 0.24 0.04 0.09 0.02 0.04 0.99 0.02 1.8 0.48 0.02 0.01 0.06
No25 1523 0.09 0.02 0.13 0.21 0.27 0.04 0.09 0.02 0.05 1.01 0.02 1.88 0.49 0.03 0.01 0.05
No25 1524 0.09 0.02 0.15 0.28 0.25 0.04 0.09 0.02 0.05 1.14 0.02 1.78 0.49 0.02 0.01 0.06
SW 0.24 0.24 0.09 0.18 19.42 0.34 2.26 0.37 1.08 0.05

No025 1622 0.13 0.03 0.26 0.19 0.29 0.05 0.13 0.02 0.07 1 0.01 0.02 1.83 0.3 0.03 0.02 0.09
No025 1622 dup 0.13 0.03 0.26 0.18 0.29 0.04 0.11 0.01 0.07 1 0.01 0.02 1.83 0.29 0.03 0.01 0.09
No25 1623 0.13 0.03 0.26 0.19 0.28 0.04 0.11 0.01 0.09 1.15 0.01 0.02 1.77 0.28 0.02 0.01 0.09
No25 1624 0.13 0.03 0.28 0.19 0.3 0.04 0.12 0.02 0.19 1.71 0.01 0.03 1.79 0.28 0.02 0.01 0.1
SW 0.09 0.04 0.34 0.28 0.12 0.19 0.13 13.67 0.17 0.21 0.77 0.69 1.32 0.74 0.03
No025 1722 0.18 0.04 0.54 0.12 0.23 0.04 0.3 1.26 0.96 0.05 2.11 0.33 0.03 0.08 0.11
No25 1723 0.14 0.04 0.48 0.17 0.27 0.03 0.28 0.86 1.12 0.01 0.02 2.09 0.39 0.03 0.05 0.12
No025 1724 0.15 0.03 0.51 0.1 0.2 0.01 0.28 0.01 0.07 1.05 0.01 0.02 2.21 0.34 0.03 0.06 0.12
SW 0.25 0.22 0.49 0.83 0.06 9.23 0.05 0.04 0.81 0.05

No25 1822 0.1 0.02 0.17 0.17 0.19 0.03 0.09 0.01 0.03 0.97 0.02 2.23 0.42 0.03 0.04 0.06
No25 1823 0.1 0.02 0.19 0.15 0.26 0.03 0.06 0.01 0.05 0.92 0 2.22 0.44 0.03 0.04 0.07
No25 1824 0.1 0.02 0.19 0.21 0.18 0.01 0.07 0.01 0.06 0.99 0.05 2.4 0.44 0.03 0.05 0.06
SW 0.23 0.12 0.26 1.55 0.77 0.05 0.29 7.36 0.37 0.16 0.78 1.83 0.05 0.17
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Appendi x B27 (contdd) .
Species Treatment C18:2nr6 C18:2r4 C18:3r6 C18:3nr4 C18:3r3 C18:3nrl C18:4r3 C18:4n1 C20:0 | C20:1nrl11 C20:1r9 C20:1nr7 C20:2r6 C20:3r6 C20:4r6 C20:3r3 C20:4nr3
No25 1222 0.68 0.68 0.15 0.04 0.05 0.14 0.02 0.02 0.12 0.21 0.05 0.05 0.15 0.43 2.43 0 0.14
No25 1223 0.75 0.79 0.17 0.04 0.05 0.12 0.02 0.01 0.11 0.19 0.03 0.05 0.12 0.42 2.33 0.02 0.16
No25 1224 0.71 0.72 0.14 0.04 0.05 0.13 0.02 0.01 0.11 0.19 0.04 0.07 0.11 0.41 2.56 0.03 0.17
SW 0.3 0.37 0.02 0.32 0.13 0.44 0.12 0.02 0.55 0.02 0.16 0.28 0.16 0.11
No25 1322 0.77 0.83 0.12 0.07 0.05 0.19 0.02 0.02 0.12 0.22 0.04 0.06 0.12 0.36 2.88 0.02 0.18
No25 1323 0.76 0.69 0.12 0.05 0.06 0.2 0.01 0.01 0.11 0.22 0.04 0.05 0.13 0.37 2.86 0.03 0.15
No25 1324 0.78 0.75 0.12 0.06 0.06 0.24 0.01 0.02 0.1 0.2 0.04 0.07 0.12 0.39 2.94 0.02 0.12
SW 0.18 0.39 0.03 0.28 0.04 0.19 0.27 0.12 0.05 0 1.37 0.02 0.09 0.39 0.28 0.15
No025 1422 1.39 0.61 0.09 0.06 0.11 0.48 0.02 0.11 0.11 0.31 0.08 0.12 0.17 0.49 4.33 0.02 0.17
No25 1423 1.3 0.64 0.14 0.08 0.13 0.43 0.03 0.08 0.11 0.34 0.07 0.14 0.15 0.47 4.11 0.03 0.18
No025 1423 dup 1.31 0.52 0.19 0.07 0.13 0.43 0.02 0.08 0.12 0.37 0.07 0.14 0.14 0.47 4.08 0.02 0.18
No25 1424 1.41 0.74 0.07 0.07 0.15 0.5 0.02 0.13 0.06 0.27 0.07 0.24 0.11 0.35 4.52 0.02 0.16
SW 0.25 0.17 0.03 0.01 0.63 0.03 0.15 0.68 0.22 0.28 0.06 1.16 0.03 0.04 0.07 0.03 0.07
No25 1522 0.89 0.83 0.08 0.05 0.05 0.17 0.02 0.02 0.12 0.23 0.03 0.11 0.05 0.15 3.11 0.02 0.12
N0251523 0.79 0.78 0.09 0.05 0.05 0.16 0.02 0.01 0.12 0.26 0.03 0.09 0.06 0.17 2.85 0 0.12
No25 1524 0.81 0.77 0.09 0.05 0.06 0.17 0.02 0.02 0.13 0.24 0.03 0.1 0 0.14 2.86 0.01 0.11
SW 0.32 0.32 0.02 0.07 0.02 0.3 0.65 1.86 0.15 2.01 0.02 0.2 0.45 0.69 0.28
No25 1622 1.31 0.84 0.11 0.04 0.07 0.26 0.03 0.04 0.1 0.28 0.04 0.12 0.1 0.3 4.03 0.03 0.11
No025 1622 dup 1.32 0.84 0.1 0.05 0.07 0.26 0.02 0.04 0.1 0.28 0.04 0.13 0.11 0.31 4.02 0.03 0.1
No025 1623 1.31 0.83 0.09 0.05 0.08 0.26 0.02 0.04 0.1 0.26 0.04 0.09 0.12 0.3 4.25 0.04 0.16
No25 1624 1.27 0.85 0.09 0.06 0.09 0.28 0.02 0.04 0.11 0.31 0.04 0.16 0.11 0.32 4.15 0.03 0.14
SW 0.26 0.42 0.07 0.18 0.82 0.02 0.16 0.27 0 2.13 0.14 0.06 0.12 4.65 0.19
No25 1722 2 0.78 0.1 0.06 0.14 0.3 0.02 0.12 0.06 0.39 0.09 0.12 0.1 0.36 4.98 0.33 0.11
No25 1723 1.9 0.68 0.12 0.06 0.11 0.28 0.02 0.1 0.08 0.41 0.08 0.14 0.14 0.37 5.09 0.04 0.14
No025 1724 2.09 0.68 0.08 0.06 0.14 0.3 0.02 0.13 0.06 0.4 0.1 0.22 0.15 0.35 5.14 0.11 0.12
SW 0.44 0.03 0.15 0.7 0.34 0.13 0.14 0.02 1.42 0.06 0.04 0.06 1.58 0.19
No25 1822 1.35 0.64 0.11 0.04 0.04 0.16 0.02 0.01 0.14 0.27 0.03 0.08 0.02 0.18 3.17 0.03 0.1
No25 1823 1.28 0.65 0.17 0.05 0.03 0.19 0.02 0.01 0.14 0.3 0.03 0.08 0.06 0.22 3.46 0.01 0.11
No25 1824 1.39 0.62 0.11 0.04 0.17 0.02 0.01 0.14 0.29 0.03 0.19 0.04 0.17 3.28 0.02 0.09
SW 0.25 1.69 0.02 1.11 0.41 0.26 0.29 0.51 0.1 4.94 0.03 0.04 0.15 0 0.11
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Appendi x B27 (contdd) .

Species Treatment C20:5nr3 C22:0 | C22:1nr1l C22:1r9 C22:1nr7 C22:2r6 C21:5nr3 C23:.0 | C22:4n6 C22:5nr6 C20:2r9 C22:4nr3 C22:5r3 C24:0 | C22:6r3 C24:1r9
No25 1222 17.3 0.06 0.17 0.11 0.01 0.03 0.2 0.94 0.02 0.02 0.06 0.02 0.02 0.04 0.03
No25 1223 16.09 0.09 0.17 0.1 0.02 0.03 0.17 0.86 0.02 0.02 0.07 0.04 0.03 0.05 0.02
No25 1224 17.64 0.08 0.17 0.13 0.01 0.03 0.18 0.95 0.02 0.02 0.08 0.05 0.03 0.07 0.03
SW 2.95 0.07 0.05 0 0.27 35.62 0.47 1.72 0.28

No25 1322 19.22 0.12 0.2 0.16 0.03 0.03 0.16 1.35 0.04 0.02 0.08 0.02 0.03 0.03 0.03
No25 1323 19.22 0.09 0.19 0.15 0.02 0.03 0.17 1.4 0.02 0.02 0.09 0.04 0.06 0.16 0.03
No25 1324 20.34 0.08 0.16 0.09 0 0.03 0.18 16 0.06 0.02 0.09 0.02 0.02 0.05 0.02
SW 2.82 0.11 0.09 0 0.31 50.04 0.97 1.36

No025 1422 27.37 0.13 0.36 0.17 0.01 0.03 0.17 3.32 0.05 0.02 0.1 0.01 0.03 0.06 0.03
No25 1423 25.22 0.1 0.39 0.27 0.03 0.04 0.18 3.37 0.03 0.02 0.1 0.02 0.04 0.07 0.04
No025 1423 dup 25.57 0.05 0.37 0.19 0.01 0.03 0.18 3.47 0.04 0.02 0.11 0.01 0.04 0.1 0.03
No25 1424 29.75 0.11 0.33 0.32 0.06 0.04 0.12 3.47 0.02 0.01 0.09 0.01 0.03 0.09 0.03
SW 0.42 0.35 0.06 0 0.15 36.47 0.18 0.12 1.15

No25 1522 19.06 0.06 0.14 0.08 0.01 0.02 0.07 0.86 0.04 0.01 0.01 0.04 0.02 0.02 0.04 0.02
No25 1523 17.93 0.02 0.12 0.07 0.01 0.03 0.08 0.92 0.04 0.01 0.04 0.04 0.03 0.06 0.03
No25 1524 18.42 0.02 0.1 0.08 0.02 0.02 0.06 1.11 0.04 0.01 0.05 0.04 0.04 0.08 0.04
SW 2.62 0.11 0.04 0.01 0.09 35.76 0.92 2.37 1.15

No25 1622 24.5 0.07 0.23 0.13 0.03 0.03 0.12 1.73 0.08 0.01 0.06 0.02 0.02 0.06 0.04
No025 1622 dup 24.53 0.02 0.19 0.1 0.03 0.02 0.11 1.73 0.06 0.01 0.05 0.04 0.04 0.1 0.4
No025 1623 25.27 0.08 0.22 0.18 0.03 0.02 0.12 1.65 0.05 0.01 0.05 0.03 0.05 0.08 0.04
No25 1624 24.99 0.03 0.21 0.1 0.03 0.03 0.11 2.25 0.03 0.01 0.05 0.02 0.05 0.05 0.02
SW 1.99 0.35 0.34 0.02 0.75 0.17 44.11 1.56 0.52 0.87 0.42

No25 1722 29.03 0.22 0.36 0.14 0.02 0.03 0.12 3.88 0.1 0.01 0.04 0.01 0.02 0.03 0.02
No25 1723 29.57 0.05 0.34 0.39 0.03 0.03 0.13 3.57 0.09 0.02 0.05 0.02 0.07 0.13 0.04
No025 1724 30.8 0.02 0.3 0.16 0.04 0.04 0.13 4.04 0.04 0.01 0.03 0.03 0.02 0.03 0.01
SW 0.34 0.09 0.11 0.01 0.33 63.4 0.16 2.57

No25 1822 17.35 0.03 0.09 0.06 0.02 0.03 0.09 0.82 0.02 0.02 0.06 0.04 0.02 0.02 0.02
No25 1823 18.51 0.02 0.12 0.09 0.02 0.03 0.08 0.68 0.04 0.02 0.02 0.05 0.05 0.05 0.05 0.05
No25 1824 1756 0.04 0.1 0.05 0.02 0.02 0.06 0.84 0.06 0.02 0.09 0.07 0.05 0.08 0.03
SW 1.56 0.16 0.16 0.39 49.09 1.45 3.79 0.83 1.18
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Appendi x B28. FPa. t tlyu nabckioudd i pnrgo fsielaewaotfer ( SW) bl anks and duplicat

SpeciesTreatment C12:0 C13:0 I(314:0 C14:.0 C14:1nr9 Cl4:1n7 C14:1n5 I(315:0 ai-C15:0 [ C15:0 I(:16:0 C16:0 C16:1nr11 C16:1r9 C16:1nr7 C16:1r5 C17:1(a) I(317:0 C16:2r6
PI25 1222 0.06 0.17 0.17 12.6 0 0.03 0.15 0.02 0.02 0.13 0.06 19.11 0 0.76 25.11 0.33 0.02 0.3 0.18
PI25 1223 0.02 0.15 0.03 11.2 0 0.02 0.12 0.02 0.01 0.12 0.05 20.07 0.85 24.76 0.33 0.02 0.29 0.16
PI25 1224 0.03 0.16 0.1 11.34 0 0.02 0.12 0.03 0.03 0.13 0.04 17.97 0 1.08 24.22 0.32 0.02 0.29 0.17
SW 0.03 1.41 0.64 0.21 0.01 0.13 0.1 0.17 0.06 14.29 0.12 5.04 0.12 0 0.09
PI25 1322 0.02 0.25 0.08 9.14 0.01 0.05 0.1 0.03 0.02 0.13 0.08 17.92 1.49 21.44 0.26 0.01 0.27 0.38
PI25 1323 0.24 0.34 10.63 0.01 0.03 0.12 0.05 0.04 0.15 0.05 16.69 1.57 21.17 0.26 0.01 0.27 0.36
PI25 124 0.05 0.23 0.1 9.49 0 0.02 0.1 0.04 0.03 0.16 0.05 17.61 1.7 21.07 0.25 0.02 0.27 0.33
PI25 1324 dup 0.05 0.23 0.11 9.49 0 0.02 0.09 0.04 0.03 0.16 0.05 17.57 1.7 21.04 0.26 0.02 0.27 0.34
SW 2.51 0.48 0.08 0.01 0.14 0.15 0.15 0.01 18.8 0.12 1.76 0 0 0.08
PI25 1422 0.07 0.53 0.41 8.97 0.01 0.03 0.14 0.04 0.04 0.23 0.12 13.43 0 3.38 15.98 0.17 0.02 0.33 1.25
PI25 1423 0.04 0.44 0.04 6.64 0.02 0.02 0.1 0.03 0.04 0.23 0.11 12.68 0 4.42 15.24 0.16 0.01 0.36 1.3
PI25 1424 0.44 0.03 6.78 0.01 0.02 0.09 0.03 0.03 0.21 0.12 12.53 0 3.78 14.93 0.16 0.02 0.3 1.13
SW 0.04 0.1 0.4 0.67 0.19 0.07 0.25 0.24 0.26 0.09 13.81 0 0.13 2.53 0 0 0.16
PI25 1522 0.06 0.16 0.05 13.47 0 0.02 0.1 0.01 0.01 0.16 0.02 18.71 1.55 24.98 0.34 0.03 0.32 0.33
PI25 1523 0.08 0.16 0.05 14.37 0 0.03 0.1 0 0.02 0.17 0.01 18.52 0 1.59 23.75 0.34 0.01 0.37 0.46
PI25 1523 dup 0.08 0.16 0.05 14.34 0.01 0.04 0.1 0.01 0.02 0.17 0.01 18.49 0 1.57 23.7 0.33 0 0.35 0.45
PI25 1524 0.1 0.15 0.05 14.06 0 0.02 0.11 0.01 0.02 0.16 0.01 18.11 0 1.42 24.58 0.33 0.01 0.32 0.35
SW 0.09 1.76 0.83 0.29 0 0.14 0.25 0.16 0.01 11.07 0.02 0.27 6.55 0.06 0 0.02

PI25 1622 0.03 0.4 0.01 10.67 0.01 0.04 0.08 0.03 0.02 0.19 0.05 16.12 0 3.01 18.4 0.24 0.01 0.39 0.69
PI25 1623 0.04 0.32 0.23 11.99 0.01 0.06 0.08 0.03 0.03 0.22 0.02 17.09 0 3.03 17.37 0.25 0.02 0.44 0.93
PI25 1624 0.04 0.38 0.02 12.33 0.01 0.06 0.08 0.03 0.23 0.04 18.72 0.01 3.08 17.65 0.25 0.02 0.46 1 %
SW 0.22 0.33 0.89 1.31 0.16 0.3 0.29 0.52 0.23 0.55 0.14 9.95 0 0.22 0.82 0.12 0.06 0.22 0.09
PI25 1722 0.05 0.6 0.06 11.35 0 0.03 0.21 0.03 0.03 0.31 0.03 11.9 5.42 15.89 0.21 0.02 0.4 1.2
PI25 1722 dup 0.05 0.59 0.08 11.33 0 0.03 0.21 0.03 0.03 0.3 0.03 11.82 5.38 15.8 0.21 0 0.41 1.2
PI25 1723 0.04 0.47 0.05 10.71 0 0.03 0.2 0.03 0.06 0.3 0.04 11.44 4.99 15.31 0.19 0.42 1.25
PI25 1724 0.09 0.69 0.19 11.09 0.01 0.03 0.22 0.04 0.06 0.32 0.07 11.37 5.59 15.12 0.16 0.01 0.38 1.24
SW 0.14 2.6 0.76 0.05 0.11 0.01 0.32 0.31 0.21 0.19 12.67 0 0.59 1.97 0.01 0.01 0.05
PI25 1822 0.06 0.22 0.02 12.32 0.01 0.06 0.01 0.02 0.21 0.09 239 0 0.66 27 0.23 0.01 0.2 0.35
PI25 1823 0.07 0.22 0.01 12.17 0 0.01 0.04 0.02 0.01 0.24 0.11 24.06 0 0.59 24.66 0.24 0.03 0.22 0.37
PI25 1824 0.07 0.21 0.01 12.8 0.02 0.06 0.02 0.02 0.24 0.09 22.7 0 0.7 25.99 0.25 0.02 0.24 0.39
SW 0.21 0 0.26 0.75 0 0.01 0.46 0.19 0.3 0.17 16.14 0.09 0.27 2.94 0.01 0 0.13
PI25 1922 0.56 0.47 0.02 12 0.02 0.05 0.03 0.03 0.29 0.19 20.76 0 1.55 18.68 0.21 0.02 0.35 0.65
PI25 1923 0.06 0.45 0.02 12.22 0.02 0.06 0.05 0.03 0.29 0.22 20.66 0 1.17 19.75 0.22 0.02 0.34 0.66
PI25 1924 0.05 0.48 0.02 11.87 0.02 0.05 0.04 0.03 0.28 0.19 20.1 0 1.54 19.24 0.23 0.02 0.34 0.56
SW 0.01 0.36 0.83 0.07 0.4 0.48 0.22 0.2 7.71 0.09 0.55 0.82 0.01 0.1
PI25 2022 0.07 0.74 0.02 12.31 0.04 0.15 0.04 0.03 0.44 0.23 16.81 0 3.07 20.61 0.23 0.02 0.44 1.56
PI25 2023 0.07 0.7 0.03 12.12 0.03 0.12 0.04 0.04 0.45 0.22 17.47 0 2.75 21.08 0.23 0.01 0.41 1.41
PI25 2023 dup 0.07 0.69 0.02 12.14 0 0.03 0.12 0.04 0.04 0.45 0.22 17.46 0 2.75 21.1 0.24 0.01 0.41 1.41
SW 0.16 0.01 0.31 0.72 0.06 0.35 0.41 0.19 0.17 6.64 0.08 0.47 0.7 0.01 0.09




Appendi x B28 (contdod) .

Species Treatment ai-C17:0 | C17:1(b) | C16:2r4 | C17:0 | Phytane | C16:3r4 | C17:1 | C16:4nr3 | Cl16:4nrl | C18:0 | C18:1r13 C18:1nr11 C18:1r9 | C18:1r7 | C18:1n5 | C18:2d5,11 C18:2nr7
PI25 1222 0.08 0.01 0.75 0.02 0.38 0.04 0.14 2.5 0.01 0.01 0.67 0.74 0.02 0.01 0.24
PI25 1223 0.07 0.01 0.7 0.03 0.33 0.04 0.12 3.07 0.01 0.08 0.96 0.77 0.02 0.01 0.25
PI25 1224 0.08 0.01 0.67 0.02 0.36 0.04 0.2 1.01 0.02 0.05 0.79 0.75 0.02 0.03 0.25
SW 0.15 0.06 0.03 0.2 0.03 0.91 0.4 12.92 0.37 0.15 0.89 2.58 0.09 0.15 0
PI25 1322 0.06 0.01 0.57 0.04 0.42 0.07 0.18 4.52 0.02 0.04 0.72 0.8 0.03 0.01 0.26
PI25 1323 0.07 0.01 0.59 0.04 0.44 0.11 0.34 2.66 0.02 0.71 0.76 0.02 0.02 0.26
PI25 1324 0.06 0.01 0.49 0.06 0.35 0.08 0.36 2.9 0.04 0.07 0.91 0.78 0.03 0.02 0.24
PI25 1324 dup 0.06 0.02 0.49 0.07 0.36 0.08 0.34 2.89 0.04 0.07 0.91 0.78 0.02 0.02 0.25
SW 0.05 0.07 0.19 1.23 0.41 0.35 21.18 0.14 0.03 0.59 1.48 0.05 0.13

PI25 1422 0.08 0.75 0.03 1.36 0.06 0.56 0.9 0 0.01 0.25 0.78 0.02 0.02 0.24
PI25 1423 0.07 0 0.85 0.03 141 0.07 0.55 0.83 0 0.02 0.29 0.84 0.02 0.02 0.24
PI25 1424 0.08 0.72 0.03 14 0.07 0.54 0.97 0.02 0.02 0.22 0.78 0.02 0.02 0.23
SW 0.22 0.01 0.23 0.02 0.79 0.92 11.76 0.16 0.06 0.86 2.52 0.08 0.27

PI25 1522 0.08 0 0.59 0.02 0.35 0.04 0.2 0.52 0 0.02 0.82 0.91 0.02 0.01 0.33
PI25 1523 0.11 0.01 0.53 0.03 0.4 0.05 0.08 0.55 0.01 0.01 0.8 0.95 0.02 0.01 0.37
PI25 1523 dup 0.09 0 0.52 0.03 0.39 0.05 0.08 0.55 0.01 0.01 0.8 1.01 0.02 0.01 0.37
PI25 1524 0.09 0.01 0.59 0.02 0.39 0.04 0.08 0.54 0.01 0.01 0.77 0.89 0.02 0.01 0.33
SW 0.18 0.03 0.04 0.15 2.06 0.84 0.23 6.46 0.09 0.04 1.54 2.82 0.07 0.2

PI25 1622 0.14 0.01 0.56 0.04 0.63 0.06 0.27 1.18 0.01 0.01 0.53 0.87 0.02 0.01 0.38
PI25 1623 0.14 0.01 0.5 0.03 0.61 0.04 0.2 0.94 0 0.01 0.47 0.9 0.03 0.01 0.38
PI25 1624 0.13 0.01 0.47 0.06 0.61 0.05 0.27 0.85 0 0.01 0.51 0.94 0.04 0.01 0.37
SW 0.32 0.11 0.12 0.31 0.02 0.93 0.96 8.73 0.08 0.03 0.71 2.04 0.27 0.42

PI25 1722 0.13 0.01 1.38 0.04 1.69 0.05 0.41 0.57 0 0.01 0.2 1.23 0.02 0.02 0.27
PI25 1722 dup 0.13 1.35 0.04 1.56 0.03 0.44 0.57 0 0.01 0.2 1.23 0.02 0.02 0.26
PI25 1723 0.15 0.01 1.39 0.03 1.74 0.07 0.48 0.56 0 0.01 0.25 1.14 0.02 0.03 0.25
PI25 1724 0.12 0.01 1.37 0.04 1.58 0.07 0.5 0.77 0 0.01 0.31 1.32 0.03 0.01 0.26
SW 0.15 0.02 0.33 2.08 1.1 0.3 10.7 0.13 0.02 0.81 2.03 0.14

PI25 1822 0.05 0 0.38 0.03 0.15 0.04 0.1 0.83 0.01 0.01 1.34 1.24 0.02 0.01 0.39
PI25 1823 0.04 0 0.23 0.03 0.08 0.05 0.12 0.81 0.02 0.18 2.15 1.08 0.02 0.02 0.31
PI25 1824 0.06 0 0.36 0.04 0.15 0.05 0.1 0.74 0.02 0.01 1.31 1.15 0.02 0.01

SW 0.1 0.03 0.02 0.03 0 1.21 0.13 12.33 0.48 0.17 0.92 2.41 0.06

PI25 1922 0.12 0.01 0.31 0.04 0.22 0.05 0.2 0.94 0.02 0.1 1.19 1.13 0.04 0.02 0.3
PI25 1923 0.13 0 0.33 0.04 0.27 0.07 0.23 1.08 0.03 0.02 0.85 1.21 0.04 0.01 0.41
PI25 1924 0.14 0 0.33 0.03 0.23 0.06 0.21 1.01 0.03 0.06 1.06 1.14 0.04 0.01 0.38
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SW 0.19 0.06 0.1 0 0.02 0.55 0.19 6.36 0.46 0.87 2.17 0.08

PI25 2022 0.13 0.01 0.77 0.03 0.8 0.06 0.34 0.6 0.03 0.01 0.41 2.3 0.06 0.38
PI25 2023 0.13 0.01 0.68 0.03 0.59 0.06 0.32 0.67 0.03 0.04 0.62 2.35 0.06 0.06 0.4
PI25 2023 dup 0.14 0.01 0.67 0.03 0.59 0.07 0.32 0.67 0.03 0.04 0.62 2.34 0.06 0.06 0.4

SW 0.17 0.05 0.09 0 0.02 0.47 0.16 5.48 0.4 0.75 1.87 0.07

Appendi x B28 (contdod) .

Species Treatment C18:2r6 C18:2r4 C18:3r6 C18:3r4 C18:3r3 C18:3rl C18:4r3 C18:4n1 C20:0 | C20:1nr1l C20:1r9 C20:1nr7 C20:2r6 C20:3r6 C20:4r6 C20:3r3 C20:4r3
PI25 1222 2.64 0.06 0.2 0.06 0.38 0.06 5.01 0.03 0.07 0 0.01 0.1 0.15 0.06 0.24 0.06 0.04
PI25 1223 2.75 0.06 0.19 0.06 0.38 0.06 4.84 0.03 0.1 0.03 0.02 0.1 0.15 0.06 0.24 0.05 0.04
PI25 1224 2.64 0.06 0.21 0.06 0.41 0.07 5.7 0.03 0.07 0.02 0.02 0.12 0.15 0.05 0.27 0.07 0.04
SW 0.2 0 0.69 0.79 0.02 0.2 0.27 0.19 0.72 1.77 0.82 0.12 0.13 0.15 0.11
PI25 1322 1.8 0.07 0.21 0.09 0.52 0.11 6.49 0.07 0.1 0.02 0.01 0.19 0.13 0.05 0.23 0.06 0.04
PI25 1323 1.62 0.05 0.24 0.51 0.14 6.46 0.09 0.11 0.06 0.04 0.24 0.16 0.07 0.29 0.13 0.09
PI25 1324 1.93 0.05 0.18 0.05 0.5 0.09 6.68 0.06 0.11 0.03 0.02 0.12 0.14 0.05 0.27 0.07 0.04
PI25 1324 dup 1.92 0.05 0.2 0.05 0.5 0.1 6.64 0.05 0.09 0.02 0.01 0.14 0.13 0.05 0.26 0.06 0.03
SW 0.09 1.42 0.32 0.72 0.16 0.57 0.2 0.16 1.67 1.49 0.03 0 0.01 0.08
PI25 1422 0.38 0.22 0.37 0.15 0.84 0.18 9.01 0.06 0.03 0.08 0.01 0.34 0.19 0.02 0.35 0.32 0.08
PI25 1423 0.43 0.29 0.13 0.14 0.98 0.18 9.38 0.05 0.03 0.06 0.02 0.21 0.26 0.02 0.45 0.4 0.09
PI25 1424 0.39 0.25 0.13 0.15 0.88 0.17 10.2 0.06 0.03 0.03 0.02 0.19 0.21 0.03 0.43 0.33 0.08
SW 0.16 0 0.18 0.98 0.09 0.25 0.21 0.13 2.13 0.3 0.05 0.02 0.12 0.21
PI25 1522 2.11 0.06 0.07 0.06 0.4 0.06 5.46 0.03 0.06 0.02 0.01 0.1 0.14 0.06 0.26 0.06 0.04
PI25 1523 1.42 0.07 0.04 0.08 0.34 0.07 4.76 0.03 0.07 0.02 0.02 0.1 0.13 0.07 0.26 0.06 0.05
PI25 1523 dup 1.42 0.07 0.03 0.07 0.34 0.07 4.79 0.03 0.07 0.03 0.02 0.11 0.13 0.07 0.26 0.07 0.05
PI25 1524 2.08 0.06 0.07 0.06 0.37 0.06 5.54 0.02 0.05 0.03 0.01 0.12 0.14 0.06 0.25 0.06 0.05
SW 0.12 0 1.02 0.1 0.03 0.11 0.18 0.16 1.32 0.23 3.4 2.61 0.03 0.04 0 0.11
PI25 1622 0.89 0.08 0.19 0.09 0.77 0.09 9.1 0.04 0.05 0.01 0.01 0.24 0.1 0.04 0.25 0.07 0.04
PI25 1623 0.54 0.28 0.14 0.1 0.56 0.1 6.72 0.04 0.07 0.01 0.01 0.27 0.11 0.05 0.26 0.07 0.05
PI25 1624 0.49 0.11 0.14 0.1 0.48 0.09 5.77 0.04 0.09 0.01 0.1 0.11 0.06 0.26 0.08 0.05
SW 0.33 0.01 0.77 0.17 1.26 0.16 0.32 0.27 0.34 0.15 4.82 0.11 0.01 0.27 0.29 0.55
PI25 1722 0.29 0.59 0.12 0.19 1.15 0.24 7.54 0.06 0.03 0.04 0.01 0.15 0.27 0.03 0.54 0.31 0.06
PI25 1722 dup 0.29 0.56 0.12 0.21 1.16 0.25 7.54 0.08 0.03 0.05 0.02 0.16 0.28 0.03 0.53 0.31 0.06
PI25 1723 0.31 0.52 0.11 0.19 1.17 0.23 7.92 0.05 0.02 0.01 0.04 0.25 0.29 0.03 0.59 0.35 0.07
PI25 1724 0.3 0.56 0.17 11 0.25 7.22 0.06 0.04 0.05 0.02 0.46 0.31 0.03 0.63 0.33 0.07
SW 0.18 0.01 2.32 0.39 1.38 0.15 0.31 0.25 0.94 0.09 4.62 2.37 0.04 0.03 0.01 0.16
PI25 1822 2.71 0.05 0.33 0.04 0.53 0.05 3.93 0.02 0.06 0 0.02 0.03 0.21 0.11 0.5 0.06 0.06
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PI25 1823 3 0.03 0.34 0.02 0.57 0.04 4.12 0.02 0.05 0.02 0.04 0.02 0.25 0.11 0.5 0.07 0.07
PI25 1824 2.46 0.04 0.29 0.04 0.52 0.05 4.27 0.02 0.06 0.01 0.03 0.03 0.2 0.1 0.51 0.06 0.06
SW 0 0.17 0 0.95 0.07 0.26 0.41 0.16 0.02 0.37 0.2 0.13 0.22 0.05
PI251922 1.02 0.08 0.41 0.05 0.82 0.07 6.06 0.03 0.07 0.01 0.03 0.03 0.21 0.08 0.59 0.09 0.07
PI25 1923 1.08 0.08 0.44 0.05 0.84 0.06 5.95 0.02 0.06 0 0.02 0.04 0.21 0.1 0.58 0.08 0.08
PI25 1924 1.19 0.07 0.54 0.05 0.9 0.05 6.72 0.02 0.05 0.01 0.02 0.04 0.21 0.07 0.62 0.09 0.08
SW 0.25 0.01 0.93 0.15 0.02 0.23 0.33 0 0.09 0.12 0.01
PI25 2022 0.39 0.53 0.17 0.14 0.76 0.23 3.42 0.05 0.03 0 0.04 0.05 0.47 0.06 0.87 0.26 0.07
PI25 2023 0.37 0.44 0.18 0.12 0.73 0.19 3.75 0.04 0.06 0 0.05 0.09 0.44 0.1 0.78 0.25 0.08
PI25 2023 dup 0.37 0.43 0.17 0.12 0.73 0.19 3.75 0.04 0.06 0.01 0.05 0.09 0.43 0.09 0.79 0.26 0.08
SW 0.22 0.01 0.8 0.13 0.02 0.19 0.28 0 0.08 0.1 0.01
Appendi x B28 (contdéd) .
Species Treatment C205n-3 C22:0 | C22:1nl11 C22:1r9 C22:1n7 C22:2n6 C21:5nr3 C23:.0 C22:4r6 C22:5r6 C20:2r9 C22:4nr3 C22:5nr3 C24:0 [ C22:6nr3 C24:1r9
PI25 1222 14.66 0.06 0.03 0.04 0.01 0.04 0.01 1.63 0.18 1.15 0.03 0.57 0.01 7.56 0.02
PI25 1223 14.55 0.05 0.01 0.02 0 0.04 0.01 1.51 0.19 1.19 0.04 0.97 7.54 0.01
PI25 1224 16.42 0.05 0.02 0.03 0 0.04 0.02 2.05 0.19 1.24 0.04 0.98 0.07 8.3 0.18
SW 0.84 0.1 0.06 0.33 0.68 42.82 0 6 0 0.24 1.42
PI25 1322 17.41 0.05 0.02 0.08 0.04 0.03 0.01 3.37 0.11 1.19 0.01 0.31 0.01 7.73 0.02
PI25 1323 17.25 0.1 0.06 0.15 0.04 0.14 0.06 3.02 0.17 14 0.1 0.74 0.13 8.14 0.14
PI25 1324 17.73 0.07 0.03 0.04 0.01 0.03 0.01 3.13 0.11 1.41 0.03 0.55 0.1 8.31 0.15
PI25 1324 dup 17.63 0.06 0.03 0.07 0.01 0.01 0.01 3.12 0.12 1.43 0.11 0.64 0.11 8.33 0.16
SW 0.5 0.13 0.27 0.82 0.56 31.68 0 1.2 4.87 0.29 1.08 1.47
PI25 1422 23.64 0.06 0.05 0.17 0.07 0.02 5.08 0 1.48 0.03 0 0.01 6.57 0.02
PI25 1423 25.4 0.09 0.06 0.14 0.03 0.07 4.97 0.39 1.53 0.01 0.23 0.01 6.8 0.02
PI25 1424 25.92 0.1 0.05 0.14 0.03 0.04 5.2 0 1.74 0.02 0.15 7.26 0.03
SW 0.53 0.17 0.01 0.04 54 0.01 1.94 0 1.14 0.46
PI25 1522 15.7 0.05 0.03 0.02 0 0.02 0.01 1.76 0.08 1.01 0.04 0.27 0 75 0.01
PI251523 15.99 0.09 0.01 0.02 0 0.04 0 1.66 0.14 1.22 0.04 0.46 0.02 8.56 0.01
PI25 1523 dup 16.02 0.1 0.03 0.13 0.05 0.01 1.67 0.13 1.23 0.04 0.39 0.01 8.54 0.01
PI25 1524 16.05 0.06 0.04 0.06 0 0.05 0.01 1.49 0.1 1.05 0.05 0.34 0 7.82 0.01
SW 0.28 0.11 0.01 0.25 44.68 0.25 0.61 3.54 0.36 1.34 2.88
PI25 1622 22.1 0.03 0.03 0.03 0.01 0.02 1.81 0.04 1.07 0.02 0.06 0.01 7.62 0.01
PI25 1623 22.22 0.08 0.02 0.02 0 0.04 0.01 1.55 0.03 1.3 0.02 0.14 0 8.73 0.01
PI25 1624 21.62 0.11 0.03 0.09 0.02 0.02 1.49 0.02 1.21 0.03 0.14 0.03 8.45 0.01
SW 0.47 0.1 0.03 0.18 0.11 0.72 45.5 1.12 1.07 6.3 0.05 0.65 2.46
PI25 1722 25.07 0 0.04 0.17 0.05 0.03 2.42 0 1.14 0.01 0.03 0 5.61 0.01
PI25 1722 dup 25.23 0.03 0.06 0.09 0.02 0.04 247 0 1.14 0.01 0.18 0.01 5.69 0.01
PI25 1723 25.61 0.04 0.05 0.08 0.02 0.06 0.01 241 0.02 1.35 0.01 0.11 0.01 5.98 0.41
PI25 1724 25.13 0.04 0.05 0.1 0.02 0.04 0 3.01 0 1.14 0.01 0.05 0 5.75 0.01
SW 0.4 0.11 0 0.03 45.42 0.74 0.15 2.03 0 0.02
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PI25 1822 12.76 0.07 0.01 0.02 0.01 0.03 0 121 0.1 1.2 0.02 0.33 0.01 55 0.01
PI25 1823 13.58 0.07 0.02 0.04 0.01 0.03 0.01 1.14 0.1 1.32 0.05 0.49 0.01 5.64 0
PI25 1824 13.71 0.08 0.03 0.04 0.01 0.03 0.01 117 0.08 1.39 0.01 0.47 0 6.03 0.01
SwW 0.2 0 1.57 0.16 2.19 48.96 0 0.01 2.67 0.01 0.49 0.92
PI25 1922 18.9 0.08 0.06 0.04 0.01 0.04 2.08 0.03 157 0.01 0.1 0.02 6.69 0.01
PI25 1923 18.29 0.07 0.03 0.04 0.01 0.02 0 2.14 0.04 1.64 0.05 0.27 6.71 0.01
PI25 1924 18.7 0.04 0.04 0.3 0.01 0.03 0.01 2.14 0.03 161 0.01 0.21 0 6.59 0.01
SW 0.04 0 3.97 0.17 4.84 56.67 3.73 0 5.35 0.02 0.16

PI25 2022 20.04 0.04 0.07 0.05 0 0.02 1.95 0.05 1.22 0.02 0.06 0.01 6.17 0.01
PI25 2023 19.35 0.07 0.03 0.04 0.01 0.03 1.92 0.06 1.23 0.02 0.17 0 6.17 0.02
PI25 2023 dup 19.31 0.07 0.06 0.06 0.01 0.04 194 0.05 1.2 0.02 0.18 0 6.16 0.01
SW 0.03 0 3.42 0.15 4.17 48.78 3.21 0 4.6 13.76 0.02 0.13

Appendi x B29. FTa.t tpys eaucd odh apweraorf gW)seetedWwaart kes grsd dupl i cate injectio

Species Treatment C12:0 | C13:0 | i-C14:0 [ C14:0 | C14:1nr9 Cl4:1nr7 C14:1nr5 i-C15:0 [ ai-C15:0 C15:0 | i-C16:0 | C16:0 | Cl6:1n11 C16:1r9 C16:1nr7 C16:1r5 Ci17:1(a) i-C17:0 | C16:2nr6
Tp35 1322 0.04 0.37 0.03 6.38 0 0.02 0.02 0.02 0.03 1.02 0.04 19.01 0.01 2.78 17.64 0.18 0.02 0.02 1.34
Tp35 1323 0.03 0.31 0.03 6.8 0.01 0.03 0.03 0.03 0.05 1.02 0.01 17.9 0.01 2.69 17.17 0.21 0.03 0.01 1.34
Tp35 1324 0.06 0.3 0.15 6.22 0.01 0.02 0.02 0.03 0.03 1.03 0.03 | 19.13 0.01 2.77 17.4 0.17 0.01 0.01 1.21
SW 0.08 0.16 0.44 2.09 0.08 0.03 0.17 0.14 0.26 0.05 18.85 0.03 0.7 12.86 0 0.13
Tp35 1422 0.01 0.51 0.02 7.78 0 0.04 0.07 0.05 0.04 0.73 0.06 13.1 0.02 4.03 19.07 0.22 0.02 0.01 3.77 a
Tp35 1422 dup 0 0.52 0.03 7.9 0 0.04 0.07 0.05 0.04 0.74 0.05 13.21 0.02 4.04 19.2 0.2 0.01 0 3.76 —
Tp35 1423 0 0.48 0.02 7.71 0.01 0.03 0.06 0.05 0.04 0.71 0.03 | 13.42 0.01 4.1 19.43 0.21 0.01 3.33
Tp35 1424 0.01 0.52 0.4 7.92 0.02 0.04 0.06 0.05 0.04 0.79 0.04 | 1151 0.02 4.56 20.79 0.2 0 0.01 3.3
SW 0.07 0.13 2.16 0.16 0.01 0.19 0.11 0.25 0 | 2514 0.02 0.52 18.16 0.07 0.01 0 0.05
Tp35 1522 0.22 0.04 [ 10.29 0.01 0.03 0.05 0.02 0.77 0.01 | 2544 0.02 1.82 20.02 0.23 0.02 0.01 1.16
Tp35 1523 0.08 0.23 0.04 [ 10.79 0.01 0.03 0.05 0.02 0.76 0 | 26.78 0.02 1.75 20.17 0.23 0.02 0.01 1.18
Tp35 1524 0.25 0.13 [ 10.05 0.01 0.03 0.05 0.02 0.78 0.02 | 2553 0.02 1.76 20.22 0.24 0.03 0.01 1.15
SwW 0.3 0.27 2.8 1.69 0.19 0.38 0.46 0.54 0.18 0.71 0.1 | 14.65 0.05 0.3 1.81 0.38 0.31
Tp35 1622 0.28 0.37 0.16 9.08 0 0.03 0.04 0.03 0.05 0.74 0.02 | 21.82 0.03 2.42 18.04 0.21 0.01 1.34
Tp35 1623 0.1 0.35 0.06 9.37 0.01 0.03 0.04 0.03 0.03 0.77 0.02 21.6 0.02 2.81 18.97 0.23 1.46
Tp35 1624 0.08 0.29 0.07 9.42 0 0.03 0.04 0.02 0.02 0.76 0.01 | 23.18 0.03 2.51 19.49 0.22 0.02 1.45
Tp35 1624 dup 0.08 0.29 0.08 9.38 0 0.03 0.04 0.02 0.02 0.76 0.02 | 23.15 0.02 25 19.47 0.22 0.02 1.44
SwW 0.24 2.55 0.93 0.1 0.07 0.01 0.2 0.27 0.35 1.37 12.9 0.12 0.35 1.84 0

Tp35 1722 0.05 0.69 0.24 | 10.44 0 0.02 0.11 0.02 0.02 0.67 0.06 | 10.28 0.02 5.03 25.18 0.18 0.01 2.21
Tp35 1723 0.08 0.65 0.13 | 10.14 0 0.02 0.1 0.02 0.03 0.71 0.05 | 10.75 0.02 4.86 23.86 0.19 0.01 2.37
Tp351724 0.04 0.62 0.03 | 10.82 0 0.02 0.11 0.02 0.02 0.7 0.05 | 10.66 0.02 4.99 24.93 0.2 0.01 2.5
SwW 0.39 0.57 1.06 0.39 0.01 0.22 0.24 0.33 0.05 | 13.25 0.11 0.41 7.26 0.14 0.05 0.03

Tp35 1922 0.03 0.6 0.01 | 10.54 0 0.02 0.03 0.02 0.03 0.67 0.17 | 16.76 0.02 2.68 15.46 0.18 0.01 0 1.29




Tp35 1923 0.04 0.61 0.01 10.47 0 0.02 0.03 0.02 0.03 0.7 0.2 16.76 0.02 2.36 15.83 0.16 0.02 0 1.19
Tp35 1924 0.03 0.64 0.05 | 10.13 0 0.02 0.03 0.02 0.03 0.66 0.2 | 16.36 0.02 2.61 15.4 0.18 0.01 1.3
SW 0.15 0.37 0.88 0.01 0.01 0.03 0.58 0.44 0.2 0.05 16.23 0.19 0.8 1.52 0.09 0.08
Tp35 2022 0.03 0.81 0.02 10.12 0.01 0.01 0.04 0.05 0.05 0.64 0.25 12.61 0.03 3.56 25.03 0.19 0 1.75
Tp35 2023 0.04 0.77 0.02 8.94 0 0.02 0.04 0.04 0.04 0.7 0.21 | 14.91 0.02 3.65 22.7 0.16 0.02 0 1.42
Tp35 2024 0.05 0.84 0.03 11.08 0 0.01 0.06 0.03 0.03 0.66 0.2 11.99 0.02 3.81 23.72 0.2 0 1.83
Tp35 2024 dup 0.05 0.82 0.02 | 11.07 0 0.02 0.06 0.03 0.03 0.66 0.2 | 11.99 0.03 3.82 23.7 0.19 0.02 0 1.82
SW 0.08 0.37 0.61 0.03 0 0.02 0.28 0.55 0.22 0.07 20.46 0 0.67 1.13 0.06 0.03
AppemBad® x(cont 6d) .

Species Treatment ai-C17:0 | Ci17:1(b) | Ci16:2r4 C17:0 | Phytane | C16:3n4 C17:1 | C16:4n3 C16:4nrl C18:0 | C18:1r13 C18:1nr11 C18:1r9 C18:1n7 C18:1nr5 C18:2d5,11 C18:2n7

Tp35 1322 0.17 0.01 241 0.05 0.02 12.34 0.07 0.05 2.14 0.72 0.07 0.02 0.28 0.51 0.05 0.03 0.01

Tp35 1323 0.18 0.01 2.44 0.06 0.03 13.27 0.07 0.05 2.29 0.93 0.05 0.02 0.3 0.47 0.05 0.03 0

Tp35 1324 0.17 0.01 2.33 0.06 0.02 11.82 0.08 0.04 2.25 0.94 0.05 0.01 0.33 0.51 0.04 0.04 0

SW 0.04 0.03 0.59 0.16 0 1.06 0.49 0.66 9.41 0.08 0.02 3.04 1.57 0.09 0.47

Tp35 1422 0.13 2.25 0.06 0.04 9.54 0.1 0.03 1.07 5.04 0.24 0.11 0.83 0.34 0.07 0.03 0.02

Tp35 1422 dup 0.11 0 2.26 0.06 0.03 9.62 0.1 0.03 1.08 5.05 0.24 0.12 0.84 0.34 0.07 0.03 0.02

Tp35 1423 0.14 0.01 2.11 0.06 0.03 8.97 0.08 0.03 0.87 5.74 0.22 0.16 1.23 0.3 0.06 0.03 0.02

Tp35 1424 0.13 0.01 1.92 0.09 0.04 9.41 0.09 0.03 0.83 2.93 0.34 0.08 0.51 0.33 0.08 0.03 0.02

SW 0.02 0.07 0.31 0.17 0 0.42 0.38 0.09 0.35 | 12.75 0.11 0.03 3.07 217 0.06 0.32 0.01

Tp35 1522 0.13 0 2 0.02 0.02 9.96 0.03 0.03 159 0.48 0.04 0.02 0.13 0.32 0.06 0.02 0.01

Tp35 1523 0.12 0 1.98 0.02 0.02 9.74 0.02 0.03 1.32 0.61 0.03 0.02 0.15 0.3 0.06 0.02 0

Tp35 1524 0.13 0 1.95 0.03 0.02 9.74 0.05 0.03 1.65 0.4 0.04 0.01 0.15 0.35 0.06 0.02 0

SW 0.09 0.04 0.13 0.34 0.44 0.64 0.1 0.56 11.94 0.28 0.29 1.08 1.91 0.21 0.24

Tp35 1622 0.18 0 1.81 0.04 0.01 9.74 0.08 0.03 0.62 1.42 0.04 0.15 2.44 0.48 0.07 0.09 0

Tp35 1623 0.17 0.01 2.04 0.02 0.02 10.38 0.07 0.03 0.61 0.71 0.07 0.02 0.2 0.4 0.05 0.02 0

Tp35 1624 0.16 0.02 1.9 0.04 0.04 10.24 0.09 0.03 0.59 1.3 0.04 0.02 0.2 0.37 0.05 0.02 0

Tp35 1624 dup 0.15 0.01 1.86 0.02 0.02 10.16 0.08 0.02 0.59 1.31 0.04 0.02 0.2 0.37 0.05 0.02 0

SW 0.2 0.04 0.08 0.27 0.02 0.29 0.03 1.26 | 12.48 0.13 0.48 2.84 2.12 0.22 0.26 0.06

Tp35 122 0.17 0 3.27 0.03 0.02 5.6 0.1 0.02 0.49 0.65 0.01 0.01 0.31 0.26 0.05 0.03 0.01

Tp35 1723 0.16 0 3.24 0.04 0.02 6.58 0.1 0.02 0.49 157 0.03 0.03 0.48 0.31 0.06 0.03 0.02

Tp35 1724 0.17 0.01 3.47 0.03 0.02 5.66 0.08 0.02 0.4 1.43 0.01 0.01 0.33 0.24 0.04 0.02 0.01

SW 0.21 0.05 0.13 0.21 0.01 0.53 0.7 0.05 1.91 9 0.21 0.35 2.64 3.9 0.12 0.13

Tp35 1922 0.23 0.01 3.17 0.02 0.02 11.38 0.04 0.02 0.46 0.72 0.05 0.03 0.38 0.48 0.05 0.03 0.01

Tp35 1923 0.22 0 3.37 0.04 0.02 10.91 0.05 0.02 0.44 0.77 0.05 0.02 0.35 0.46 0.05 0.02 0.01

Tp35 1924 0.23 0.01 3.13 0.03 0.02 11.2 0.06 0 0.44 0.88 0.04 0.31 0.49 0.05 0.02 0.01
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SW 0.25 0.01 0 0.17 0.19 0.89 0.1 14.81 0.22 0.09 0.68 1.74 0.12 0.08
Tp35 2022 0.2 0.01 3.58 0.02 0.01 4.65 0.1 0.47 0.89 0.02 0.01 0.39 0.24 0.08 0.04 0.01
Tp35 2023 0.17 0 3.48 0.03 0.02 4.53 0.08 0.4 1.79 0.17 0.07 1.05 0.4 0.1 0.04 0.01
Tp35 2024 0.21 0.01 3.82 0.02 0.01 5.43 0.07 0 0.44 0.65 0.01 0.4 0.24 0.06 0.03 0
Tp35 2024 dup 0.21 0.01 3.88 0.02 0.01 5.43 0.07 0.44 0.65 0.01 0.41 0.27 0.11 0.04
SW 0.13 0.02 0.01 0.15 0.26 0.39 0.07 0.11 | 21.22 0.26 0.08 0.49 1.38 0

AppemBad9 x(cdntbd) cates anomal ous!l y-3hiwhi amowag sr emovad tgnacGcrhn end

Species Treatamt C18:2r6 C18:2nr4 C18:3nr6 C18:3r4 C18:3r3 C18:3nrl C18:4nr3 C18:4nrl C20:0 | C20:1nr1l C20:1r9 C20:1nr7 C20:2r6 C20:3r6 C20:4r6 C20:3nr3 C20:4nr3
Tp35 1322 0.15 0 0.27 0.03 0.07 0.16 10.6° 0.02 0.02 0.01 0.03 0.11 0.01 0.01 0.07 0.01 0.12
Tp35 1323 0.18 0 0.32 0.02 0.07 0.15 11.04 0.03 0.03 0.03 0.04 0.18 0.01 0.01 0.08 0.01 0.14
Tp35 1324 0.18 0.23 0.03 0.08 0.15 10.66 0.03 0.03 0.02 0.05 0.21 0.01 0.08 0.01 0.17
SwW 0.21 0 0.7 0.54 0.05 0.4 0.29 0.16 0.61 1.3 0.09 0.03 0.06 0.11
Tp35 1422 0.2 0 0.27 0.02 0.12 0.17 6.03 0.02 0.11 0.06 0.05 0.17 0 0.01 0.08 0.02 0.1
Tp35 1422 dup 0.2 0 0.29 0.03 0.12 0.17 6.02 0.02 0.11 0.05 0.05 0.18 0.01 0.01 0.08 0.02 0.07
Tp35 1423 0.3 0 0.36 0.02 0.1 0.15 6.6* 0.01 0.12 0.04 0.05 0.19 0.01 0.02 0.1 0.03 0.2
Tp35 1424 0.25 0.52 0.02 0.03 0.12 0.19 6.31* 0.03 0.11 0.05 0.06 0.41 0.01 0.04 0.13 0.02 0.07
SwW 0.25 0 0.22 0.46 0 0.4 0.36 0.34 1.01 0.06 0.64 0.04 0.05 0.09 0.08 0.09 <
Tp35 1522 0.22 0 0.27 0.02 0.07 0.11 13.43% 0.02 0.03 0.01 0.09 0 0 0.03 0 0.04 —
Tp35 1523 0.24 0 0.25 0.02 0.07 0.1 13.04 0.01 0.02 0.01 0.01 0.1 0 0 0.02 0 0.04
Tp35 1524 0.26 0.1 0.24 0.01 0.08 0.12 13.2% 0.01 0.01 0.01 0.01 0.14 0 0 0.03 0 0.05
SwW 0.33 0.02 2.34 0.17 0.94 0.07 0.76 0.65 0.23 0.99 4.36 0.14 0.2 0.26 0.52
Tp35 1622 1.16 0.12 0.36 0.01 0.16 0.11 11.8 0.02 0.05 0.02 0.09 0.25 0 0.01 0.08 0.05 0.09
Tp35 1623 0.24 0 0.32 0.02 0.11 0.1 12.7% 0.02 0.04 0.04 0.03 0.21 0 0.01 0.07 0.01 0.06
Tp35 1624 0.25 0.01 0.29 0.02 0.11 0.12 12.2% 0.02 0.03 0.03 0.02 0.23 0 0.01 0.06 0.02 0.06
Tp35 1624 dup 0.25 0 0.32 0.02 0.11 0.12 12.38 0.01 0.03 0.03 0.02 0.23 0 0.01 0.06 0.03 0.06
SwW 0.87 0.12 2.15 0.31 0.08 0.16 0.13 0.3 0.39 0.14 6.42 0.07 0.03 0.07 0.7 0
Tp35 1722 0.48 0.19 0.59 0.01 0.13 0.11 7.94 0.01 0.02 0.04 0.06 0.35 0 0.03 0.26 0.01 0.11
Tp35 1723 0.55 0.56 0.01 0.14 0.1 8.5% 0 0.06 0.04 0.07 0.22 0 0.02 0.2 0.01 0.09
Tp35 1724 0.47 0.03 0.55 0.01 0.12 0.1 9.14 0.01 0.04 0.08 0.07 0.16 0 0.02 0.22 0.01 0.08
SwW 0.58 0 0.52 0.13 0.24 0.05 0.12 0.2 0.15 0.11 1.71 0.09 0.49 0
Tp35 1922 0.39 0 0.54 0.01 0.11 0.12 15.6% 0.02 0.03 0.01 0.03 0.02 0.01 0.02 0.14 0 0.09
Tp35 1923 0.42 0 0.54 0.01 0.12 0.11 14.94 0.02 0.05 0 0.04 0.01 0 0.03 0.15 0 0.11
Tp35 1924 0.43 0 0.64 0.02 0.14 0.13 15.15 0.02 0.03 0 0.03 0.05 0.01 0.01 0.17 0 0.1
SW 0.22 1.29 0.01 0.17 0.49 0.31 0.02 0.41 0.2 0.01 0.09
Tp35 2022 0.5 0.02 0.59 0.01 0.18 0.11 7.71 0.01 0.02 0 0.05 0.02 0.02 0.04 0.28 0.02 0.13




Tp35 2023 0.55 0.02 0.52 0.01 0.25 0.1 7.29 0.02 0.06 0.02 0.04 0.07 0.01 0.03 0.15 0 0.19

Tp35 2024 0.56 0 0.63 0.01 0.15 0.12 8.88 0.01 0.02 0.01 0.05 0.03 0.02 0.03 0.34 0.01 0.14

Tp35 2024 dup 0.56 0 0.62 0.01 0.16 0.12 8.88 0.01 0.02 0.01 0.05 0.03 0.01 0.03 0.33 0 0.13

SW 0 0.31 0.1 0.79 0 0.06 0.48 0.32 0.12 5.22 0.31 0.01 0.01
AppeBa9® x(cont 6d) .

Species Treatment C20:5nr3 C22:0 | C22:1n11 C22:1r9 C22:1n7 C22:2n6 C21:5nr3 C23:0 C22:4n6 C22:5n6 C20:2r9 C22:4nr3 C22:5nr3 C24:.0 | C22:6n3 C24:1r9

Tp35 1322 1422 0.01 0.02 0.04 0 0.01 0 2.4 0.02 0.09 0.03 3.5

Tp35 1323 13.92 0.01 0.01 0.01 0 0.01 0 2.49 0.03 0.08 0.01 3.11

Tp35 1324 14.28 0.01 0.01 0.04 0.01 0.02 0 2.76 0.01 0.1 0.03 3.5

SW 4.96 0.09 0.05 0 0 36.05 0.22 0.25

Tp35 1422 16.35 0.05 0.03 0.04 0 0.01 0 3.67 0.02 0.01 0.04 2.83

Tp35 1422 dup 16.14 0.04 0.03 0.04 0 0.01 0 3.59 0.02 0.01 0.03 2.76

Tp35 1423 16.01 0.06 0.04 0.05 0.01 0.01 0 3.06 0.02 0.02 0.03 2.71

Tp35 1424 17.09 0.12 0.03 0.04 0 0.02 0 4.15 0.02 0.02 0.07 291

SW 3.32 0.07 0 0.01 0 0 24.66 0.2 0.23

Tp35 1522 8.04 0.01 0.01 0.04 0.01 0.01 0 0.91 0.01 0.08 0.03 1.49

Tp35 1523 6.97 0.02 0.01 0.02 0.01 0.03 0.01 0.96 0.01 0.06 0.04 1.28

Tp35 1524 7.98 0.01 0.01 0.02 0.01 0.01 0 1 0.01 0.08 0.04 1.53

SW 0.4 0.13 0.69 0.8 0.15 42.35 0.1

Tp35 1622 9.63 0.06 0.02 0.1 0.01 0.03 0.02 2.18 0.01 0.02 0.04 0.02 1.61

Tp351623 11.06 0.02 0.01 0.04 0.01 0.03 0 2.32 0.01 0.01 0.02 1.79

Tp35 1624 9.82 0.01 0.01 0.03 0 0.01 0 2.15 0.01 0.01 0.02 1.61

Tp35 1624 dup 9.91 0.01 0.01 0.02 0 0.02 0 221 0 0.01 0.01 0.02 1.63

Sw 0.25 0.14 0.17 0.33 0.01 44.97 0.09

Tp35 1722 18.59 0.01 0.02 0.04 0 0.01 0 2.68 0.02 0.01 0.03 194

Tp35 1723 17.85 0.01 0.02 0.03 0.01 0.03 0 2.08 0.02 0.02 0.03 2.02

Tp35 1724 17.43 0.01 0.01 0.03 0.01 0.02 0 2.05 0.02 0.01 0.02 1.8

SW 0.36 0.11 0.2 0.35 0.01 49.81 0.11

Tp35 1922 13.9 0.06 0.06 0.09 0.01 0.02 0.01 1.33 0.01 0.01 0.08 1.66

Tp35 1923 14.52 0.08 0.02 0.12 0 0.03 0.01 1.52 0.01 0.01 0.11 1.74

Tp35 1924 14.61 0.05 0.02 0.13 0.01 0.02 0.01 181 0.01 0.09 17

SW 0.18 0.28 0.04 6.33 0.17 0 48.8

Tp35 2022 19.36 0.06 0.03 0.09 0 0.03 0 2.74 0.01 0.09 1.99

Tp35 2023 18.87 0.05 0.02 0.11 0.01 0.03 0 3.12 0.02 0.1 2.27

Tp35 2024 19.21 0.04 0.05 0.09 0.01 0.05 0 1.62 0.01 0.02 0.07 1.82

Tp35 2024 dup 19.23 0.03 0.03 0.08 0.01 0.04 0 1.59 0.01 0.01 0.02 0.07 1.84

SW 0.25 0.23 0 0.12 0 42.52
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Appendi x BBOwt Meaahesn{(rations of EPA,alMRApr chuwbd®PMA,o nfafa tNCahnd C
ocul at a.

Species treatment Ave. U (day?) Ave. [EPA] (ug EPA Y) Ave. [ARA] (ug ARA L) Ave. [Chia] (ug Chia LY [C](mgLYrepl [C] (mg LY rep 2 [Cl](mgLYrep3 | Ave.[C](mg LY Corr [C] (mg LY

No025 1222 0.742 275.616 38.733 104.164 3.280 3.760 3.200 3.413 3.199

No25 1223 0.735 280.192 40.596 108.202 3.640 3.900 3.320 3.620 3.406

No25 1224 0.737 278.079 40.377 114.977 3.580 3.760 3.380 3.573 3.359

No25 1322 0.700 213.108 31.956 113.472 2.220 2.820 2.360 2.467 2.252

No25 1323 0.704 205.481 30.599 123.464 2.600 3.120 2.640 2.787 2.572

No25 1324 0.703 190.240 27.519 129.897 3.240 2.840 3.120 3.067 2.852

No025 1422 0.341 123.212 19.519 73.914 1.620 1.540 1.700 1.620 1.406

No25 1423 0.338 110.947 17.922 63.237 1.380 1.540 1.560 1.493 1.280

No025 1424 0.342 128.155 19.495 82.811 1.700 1.620 1.560 1.627 1.412

No25 1522 0.904 331.994 54.200 96.772 4.120 4.420 4.800 4.447 4.233

No25 1523 0.901 291.889 46.424 77.883 3.820 4.260 4.200 4.093 3.879

No25 1524 0.896 248.471 38.605 74.941 4.660 4.280 3.940 4.293 4.079

No25 1622 0.835 212.110 34.855 100.331 3.300 3.560 3.420 3.427 3.212

No25 1623 0.840 229.280 38.593 102.384 3.640 3.540 3.500 3.560 3.345

No25 1624 0.838 166.152 27.623 74.188 2.980 2.720 2.480 2.727 2.512

No25 1722 0.349 111.782 19.209 129.760 1.800 2.280 1.920 2.000 1.786 ©
No25 1723 0.346 123.796 21.343 123.874 2.020 2.320 1.900 2.080 1.865 -
No25 1724 0.343 113.909 19.040 111.829 1.640 1.720 1.760 1.707 1.491

No25 1822 0.954 316.930 57.944 95.404 4.6600 4.220 4.300 4.393 4.179

No25 1823 0.983 407.861 76.280 158.231 5.140 6.120 5.620 5.627 5.410

No25 1824 0.952 313.124 58.528 115.525 4.160 5.220 4.900 4.760 4.545

Appendi x B30 (contod)

[EPA] [ARA] [Chl-a] EPA/Chl ratio ARA/Chl-a ratio EPA production ARA production Chl-a production

Species treatment (ug EPA mgC?h (ug ARA mgC?h) (ug Chta mgC?h) (ug mgCh (ug mgC?h) (ug EPA mgC* day!) (ug ARA mgC dayh) (ug Chta mgC* day)

No25 1222 86.156 12.108 32.561 2.646 0.372 63.914 8.982 24.155
No25 1223 82.261 11.918 31.767 2.590 0.375 60.446 8.758 23.342
No25 1224 82.790 12.021 34.231 2.419 0.351 60.985 8.855 25.215
No25 1322 94.616 14.188 50.379 1.878 0.282 66.273 9.938 35.288
No25 1323 79.883 11.896 47.998 1.664 0.248 56.227 8.373 33.784
No25 1324 66.694 9.647 45.539 1.465 0.212 46.891 6.783 32.017
No025 1422 87.615 13.880 52.560 1.667 0.264 29.857 4.730 17.911
No25 1423 86.690 14.003 49.412 1.754 0.283 29.316 4.735 16.709
No25 1424 90.737 13.803 58.632 1.548 0.235 31.055 4.724 20.067
No25 1522 78.438 12.806 22.864 3.431 0.560 70.903 11.575 20.667
No25 1523 75.248 11.968 20.078 3.748 0.596 67.811 10.785 18.094
No25 1524 60.911 9.464 18.371 3.316 0.515 54.594 8.482 16.466
No25 1622 66.043 10.853 31.239 2.114 0.347 55.124 9.068 26.074




No025 1623 68.545 11.538 30.609 2.239 0.377 57.583 9.692 25.714

No25 1624 66.138 10.995 29.531 2.240 0.372 55.421 9.214 24.746

No25 1722 62.605 10.758 72.674 0.861 0.148 21.829 3.751 25.340

No25 1723 66.386 11.445 66.428 0.999 0.172 22.985 3.963 23.000

No25 1724 76.384 12.768 74.989 1.019 0.170 26.225 4.384 25.747

No25 1822 75.832 13.864 22.827 3.322 0.607 72.343 13.226 21.777

No25 1823 75.393 14.100 29.249 2.578 0.482 74.130 13.864 28.759

No25 1824 68.894 12.877 25.418 2.710 0.507 65.571 12.256 24.192
ppendi x B31 Meaonge otwit ot rane®sofl E&XA, aDHAprocdubbobnonanathEd| of
ut her i .

Species treatment Ave. y (dayh) Ave. [EPA] (ug EPA 1Y Ave. [DHA] (ug DHA LY Ave. [Chia] (ug Chia LY [Cl(mgLYrepl [C] (mg L?) rep2 [Cl(mgLYrep3 | Ave.[C](mg LY Corr [C] (mg LY
PI25 1222 0.741 134.460 69.369 71.176 4.200 3.700 4.620 4.173 3.958
PI25 1223 0.742 144.089 74.699 72.956 4.320 5.160 4.600 4.693 4.479
PI25 1224 0.740 119.699 60.530 69.808 3.700 4.140 3.980 3.90 3.726
PI25 1322 0.739 77.045 34.205 71.998 2.420 2.140 2.400 2.320 2.106
PI25 1323 0.736 85.231 40.229 69.397 2.280 2.280 2.500 2.353 2.139
PI25 1324 0.738 84.416 39.734 68.439 2.080 2.180 2.620 2.293 2.080
PI25 1422 0.368 69.356 19.198 88.834 1.640 1.500 1.320 1.487 1.273
PI25 1423 0.366 76.212 20.321 103.206 1.840 2.020 1.460 1.773 1.560
PI25 1424 0.365 74.322 20.740 85.138 1.500 1.520 1.460 1.493 1.280
PI25 1522 1.107 133.359 63.719 67.481 4.540 4.260 4.580 4.460 4.245
PI251523 1.110 143.743 76.826 74.598 4.640 4.520 4.580 4.580 4.365
PI25 1524 1.111 161.130 78.523 76.104 5.880 5.080 5.200 5.387 5.172
PI25 1622 0.972 182.702 62.947 119.220 3.620 2.920 3.900 3.480 3.266
PI25 1623 0.983 214.585 84.282 128.939 3.920 4.220 3.480 3.873 3.659
PI25 1624 0.989 217.203 84.865 127.981 3.960 4.160 4.620 4.247 4.032
PI25 1722 0.334 153.858 34.462 151.113 N/A 2.580 2.560 2.570 2.355
PI25 1723 0.334 158.951 37.018 155.082 2.340 2.340 2.300 2.327 2.111
PI25 1724 0.331 124.785 28.453 127.570 2.000 2.160 1.920 2.027 1.812
PI25 1822 0.999 157.734 67.980 73.640 3.860 3.380 3.960 3.733 3.518
PI25 1823 1.004 178.237 74.009 84.864 3.960 3.920 4.200 4.027 3.812
PI25 1824 1.000 175.322 77.106 74.872 3.880 3.460 3.880 3.740 3.526
PI25 1922 1.004 135.851 48.043 95.404 2.700 2.860 3.000 2.853 2.638
PI25 1923 0.997 127.753 46.831 86.917 2.420 2.460 2.720 2.533 2.318
PI25 1924 1.000 130.627 45.990 98.552 2.900 2.760 2.860 2.840 2.625
PI25 2022 0.267 153.706 47.260 157.409 3.020 2.900 2.560 2.827 2.613
PI25 2023 0.266 149.790 47.714 152.482 2.920 2.840 3.060 2.940 2.726
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Appendi x B31 (contdd) .
[EPA] [DHA] [Chl-a] EPA/Chlratio DHA/Chl-a ratio EPA production DHA production Chl-a production

Species treatment (ug EPA mgC?) (ug DHA mg CY) (ug Chta mgC?) (ug mgC?) (ug mgC?) (ug BEPA mgC day?) (ug DHA mgC day!) (ug Chta mgC* day?)
PI25 1222 33.969 17.525 17.981 1.889 0.975 25.173 12.987 13.325
PI25 1223 32.173 16.679 16.290 1.975 1.024 23.873 12.376 12.087
PI25 1224 32.128 16.247 18.737 1.715 0.867 23.772 12.021 13.864
PI25 1322 36.576 16.238 34.180 1.070 0.475 27.045 12.007 25.273
PI25 1323 39.842 18.805 32.440 1.228 0.580 29.342 13.849 23.890
PI25 1324 40.592 19.106 32.909 1.233 0.581 29.949 14.097 24.281
PI25 1422 54.473 15.078 69.771 0.781 0.216 20.062 5.553 25.696
PI25 1423 48.860 13.028 66.166 0.738 0.197 17.897 4.772 24.236
PI25 1424 58.070 16.205 66.521 0.873 0.244 21.197 5.915 24.282
PI251522 31.412 15.009 15.895 1.976 0.944 34.764 16.610 17.591
PI25 1523 32.929 17.600 17.089 1.927 1.030 36.563 19.542 18.975
PI25 1524 31.151 15.181 14.713 2.117 1.032 34.618 16.870 16.351
PI25 1622 55.946 19.275 36.507 1.532 0.528 54.396 18.741 35.496
PI25 1623 58.644 23.034 35.238 1.664 0.654 57.668 22.650 34.651
PI25 1624 53.874 21.050 31.744 1.697 0.663 53.258 20.809 31.381
PI25 1722 65.332 14.633 64.166 1.018 0.228 21.827 4.889 21.438
PI25 1723 75.293 17.535 73.460 1.025 0.239 25.169 5.862 24.557
PI25 1724 68.878 15.705 70.415 0.978 0.223 22.785 5.195 23.294
PI25 1822 44.831 19.321 20.930 2.142 0.923 44.772 19.296 20.902 @
PI25 1823 46.755 19.414 22.262 2.100 0.872 46.950 19.495 22.355 —
PI25 1824 49.728 21.870 21.237 2.342 1.030 49.722 21.868 21.234
PI25 1922 51.491 18.210 36.161 1.424 0.504 51.716 18.289 36.318
PI25 1923 55.111 20.202 37.495 1.470 0.539 54.946 20.142 37.383
PI25 1924 49.768 17.522 37.548 1.325 0.467 49.786 17.528 37.561
PI25 2022 58.832 18.089 33.268 1.768 0.544 15.706 4.829 8.882
PI25 2023 54.949 17.503 36.153 1.520 0.484 14.618 4.656 9.617

AppendiMe aBh32neas ur e me n £ 3c oonfc egnrtorwatthi ornast eosfa ,(ERA,d @armdart i o@ad r @h le s

T. pseudacnama ng car bd/n2 ccounlcteunrter anteidoinas. o f
Species treatment Ave. | (day") Ave. [EPA] (ug EPA L) Ave. [Chia] (ug Chia L) [Cl(mgLYrep1 [ClmgLYrep2 | [CI(mgLYrep3 | Ave.[C](mg LY Corr [C] (mg LY)
Tp35 1322 1.189 88.427 131.403 3.040 2.880 2.900 2.940 2.726
Tp35 1323 1.188 83.408 122.916 2.940 2.380 2.680 2.667 2.453
Tp35 1324 1.184 77.161 104.711 2.760 2.500 2.500 2587 2.373
Tp35 1422 0.559 66.684 135.783 1.660 1.660 1.540 1.620 1.407
Tp35 1423 0.560 78.033 154.398 1.840 1.700 1.820 1.787 1.573
Tp35 1424 0.559 61.324 131.403 1.540 1.600 1.640 1.593 1.380
Tp35 1522 1.450 132.080 121.274 6.160 7.420 6.280 6.620 6.402
Tp35 1523 1.448 108.459 110.323 6.060 5.340 6.320 5.907 5.691
Tp35 1524 1.437 119.252 111.966 6.320 6.140 5.840 6.100 5.886




Tp35 1622 1.393 65.814 87.054 3.540 3.720 3.300 3.520 3.302

Tp35 1623 1.384 71.061 71.587 2.820 2.540 2.340 2.567 2.348

Tp351624 1.378 67.439 64.196 2.720 2.460 2.460 2.547 2.329

Tp35 1722 0.534 103.601 145.090 2.200 2.140 2.040 2.127 1.912

Tp35 1723 0.541 128.278 146.870 2.520 2.380 2.340 2.413 2.198

Tp35 1724 0.540 127.089 150.976 2.620 2.240 2.240 2.367 2.151

Tp35 1922 1.299 156.319 190.315 3.820 4.620 4.360 4.267 4.051

Tp35 1923 1.284 142.842 177.771 3.620 3.960 4.240 3.940 3.725

Tp35 1924 1.277 120.630 165.228 3.080 3.600 3.420 3.367 3.152

Tp35 2022 0.460 105.538 127.844 1.680 1.660 1.440 1.593 1.380

Tp35 2023 0.467 90.274 107.723 1.660 1.540 1.380 1.527 1.313

Tp35 2024 0.480 179.195 214.104 2.620 2.840 2.380 2.613 2.400

/2 Media 0.220 0.180 0.240 0.213
Appendi x B32 (contod).

[EPA] [Chl-a] EPA/Chlratio EPA production Chl-a production

Species treatment (ug EPA mg®) (ug Chta mgCh (ug mgCh) (ug EPA mgC day!) | (ug Chta mgC! day?)

Tp35 1322 32.434 48.197 0.673 38.553 57.290

Tp35 1323 33.999 50.103 0.679 40.405 59.544

Tp35 1324 32.513 44.122 0.737 38.501 52.248

Tp35 1422 47.410 96.537 0.49 26.498 53.955

Tp35 1423 49.599 98.137 0.505 27.773 54.951

Tp35 1424 44.440 95.225 0.467 24.859 53.266

Tp35 1522 20.630 18.942 1.089 29.914 27.466

Tp35 1523 19.059 19.387 0.983 27.588 28.063

Tp35 1524 20.261 19.023 1.065 29.119 27.340

Tp35 1622 19.933 26.367 0.756 27.770 36.732

Tp35 1623 30.264 30.488 0.993 41.872 42.182

Tp35 1624 28.952 27.560 1.051 39.887 37.968

Tp35 1722 54.192 75.895 0.714 28.927 40.512

Tp35 1723 58.372 66.832 0.873 31.562 36.136

Tp35 1724 59.073 70.176 0.842 31.884 37.876

Tp35 1922 38.591 46.984 0.821 50.139 61.042

Tp35 1923 38.347 47.725 0.804 49.229 61.266

Tp35 1924 38.273 52.423 0.730 48.874 66.943

Tp35 2022 76.482 92.647 0.826 35.161 42.593

Tp35 2023 68.736 82.022 0.838 32.103 38.309

Tp35 2024 74.675 89.222 0.837 35.822 42.800

/2 Media
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