Mnoho paleoekologickych studii si klade za cil rekonstruovat prostredi v minulosti na
zakladé fosilnich vzorkt zachovanych v sedimentech. Dlouho byla rekonstrukce jen
kvalitativni (,,teplo x chladno®, ,kyselé x bazické”), pfestoZze analyzy jsou vétsinou i
kvantitativni (pocty nebo % semen, schranek, pyl). Na zakladé druhového slozZeni se
odhadovalo, jak prostredi vypadalo (napt. pfitomnost Comarum palustre indikuje

hodné vody, Ranunculus acris prosychani, ale nevime presné v centimetrech hladinu
vody nebo pH).

Princip prenosovych funkci: na zakladé druhového slozeni recentnich vzork( (pakomard,
krytenek, rozsivek, pyll, mékkysu, cévnatych rostlin, mechorost( atd.) a recentnich
mérenych faktorl rekonstruujeme faktory prostfedi v minulosti, kde je nemizeme
zmeérit, ale mame k dispozici druhové slozeni. Prenos je tedy pres druhové slozeni.

Vyvinuto pro paleolimnologii — prvni pouziti pro rozsivky (fosfor). Hodné pouzivané pro
krytenky (hladina vody), pakomary (teplota) a v posledni dobé se objevily i prvni prace
pro makrozbytky (mechy, cévnaté rostliny; Mitchell et al. 2012; Quaternary research)
nebo mékkyse (Horsdk 2011, Boreas)



Postup

1. krok — sbér recentnich dat: druhovy soupis na néjaké plose + méreni faktorl prostredi
(nejcastéjsi kauzalni faktory jsou hladina vody, pH a konduktivita, obsah mineral( a Zivin ve
vodeé, u jezer se pouziva teplota vody jako ekologicky ukazatel, rozpustény kyslik ve vodé a
dalsi).

2. krok — vytvoreni modelu: pouziti riznych algoritmU napr. weighted averaging (Wa) s
krosvalidaci (bootstrap, leave-one-out neboli jack-knife). Potfeba posoudit kvalitu modelu
(predikéni Uspésnost) podle R? (korelaéni koeficient), predikéni chyby (RMSEP =root mean
modell (odstranéni vzacnych druht, druh s Sirokou nikou k prislusSnému faktoru, druhy s
vysokou rezidualni hodnotou, outlier vzorky)

3. krok — rekonstrukce faktora prostredi ve fosilnim zaznamu (profil)



Predpoklady pro pouziti:

eDruhy v recentnim datovém souboru jsou skutecné ve vztahu k prostredi, ve kterém ziji
(jejich rozmisténi neni nahodné)

eDruhy v recentnim trénovacim souboru jsou ty samé biologické entity jako ve fosilnim
souboru a jejich ekologicka odpovéd se nezménila v ¢ase

e Matematické metody modeluji spravné odpovédi druhl na prostredi (Juggins and Birks
2012)

eFaktory prostredi, které chceme rekonstruovat, jsou skute¢né ekologické determinanty
druhového slozeni v konkrétnim systému (potreba analyzovat pred pouzitim transfer
functions, Juggins 2013; nemély by se rekonstruovat faktory, které nejsou kauzalni!!! —
napr. nadmorska vyska nebo hloubka vody — kauzalni pro rostliny je teplota, srazky nebo
svétlo)

eJiné faktory prostredi nez rekonstruované maji zanedbatelny vyznam a jejich sdilena
variabilita s rekonstruovanym faktorem se neméni v ¢ase (potreba ovérit pred pouzitim
transfer functions; nemély by se rekonstruovat faktory, které nejsou nezavislé a vétsina
variability, kterou vysvétluji, je sdilena s jinymi faktory!!!)



Chyba zpusobena tim, Zze hloubka vody neni pro distribuci fas v mofi kauzalni
faktor, je to komplexni faktor zahrnujici typ sedimentu, pokryvnost makrofyt,
svetlo, chemismus vody atd.
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Juggins S. (2013): Quantitative reconstructions in palaeolimnology:
new paradigm or sick science? Quaternary Science Reviews 64:
20-32.



Juggins. S. 2007 C2 Version 1.5 User guide. Software for ecological and palaeoecological data
analysis and visualisation. Newcastle University, Newcastle upon Tyne, UK. 73pp.
http://www.staff.ncl.ac.uk/staff/stephen.juggins/software.htm

Typy modelti v C2:
1. Weighted averaging (vazené primérovani): WA_Inv (inverse deshrinking = inverzni
pristup, vhodny pokud fosilni dataset ma podobné slozeni jako vzorky z centra recentniho

souboru) a WA _Cla (classical deshrinking, vhodnéjsi pro extrémy)

2. Weighted averaging — tolerance downweighted (vaZzené priimérovani s podvazenim
tolerance druhd): WATOL Inva WATOL Cla

3. Weighted averaging partial least squares (vaZzené priimérovani s optimalizaci sumy
¢tvercl, 1-5 komponentt): WAPLS (c. 1-5)

4. Partial least squares (model optimalizujici sumy ¢tverc(i, 1-5 komponent(): PLS (c. 1-5)
Typy krosvalidace (kfizové ovérovani):

1. Bootstrapping (opakovani vypoctu napf. 1000x)
2. Leave-one-out (opakuje se a vidy se nahodné jeden vzorek vyhodi)


http://www.staff.ncl.ac.uk/staff/stephen.juggins/software.htm
http://www.staff.ncl.ac.uk/staff/stephen.juggins/software.htm

Training set — druhové slozeni

File Edit View Data Analyse Graph Window Help
=nEd RS | o EF =100 ~ [ 68 =% =1 A2laz =W
EIE Datasets # Code Hame Amphitrem | Amphitrem | Amphitrem | Arcella are | Arcella arto| Arcella cati| Arcella cati| Arcella dis
=-E training_set_log_% 1 1 Sam0001 Sam0001 0.30103 0 0 0 0 147712 0 0
f e ] Data | 2 e Sam0002 Sam000Z2 0 0.59397 0.30103 0 0 151278 0.30103 0
ies_promenne 3 3 Sam0003 Sam0003 i 0.30103 0 0 0 0 2.00432 050206 0
- profil_log_% 4 4 Sam0004 Saml004 | 161278 1.92942 2.33846 0 0.30103 0.477121 0 0
=23 Modsls 5 5 Sam0005 Sam00D0S | 221748 0 0 0 0 1.04138 0.30103 0
5 5 Sam00058 Sam0005 | 259988 0 0 0 0 1.54407 0.30103 0
#-EZ] PLS_pH 7 7 Sam0007 Sam0007 | 1.25527 0 0 0 0 1668275 0 0
=23 Graphs 8 F: Sam0008 Sam0008 | 246538 0 0 0 0 153148 0 0
[+ || model_pH E] ] Sami009  Sam000s | 277887 0 ] 0 0 0.80308 0 0
[#| prubeh_ph 10 10 Sam0010 SamDD10 | 252531 1.30103 128527 0 0 0.30103 0 1
[+~ model_PLS_ph 11 11 Sam0011 Sam0011 231175 0.477121 0.30103 o 0.20103 i} 0.20103 0.477121
=23 Reports T 12 Sam0012 Sam0012 | 249138 0477121 0 0 0 0 0 0.30103
5 13 13 Sam0013 Sam0013 | 2.77RET 0.778151 0 0.30103 0 0 0 0.778151
14 14 Sam0014 Sam0014 | 0.954243 0477 0 0 0 0.30309 0 0
15 15 Sam0015 Sam0015 | 0778151 0477121 0 0 0 1.20412 0 0
18 18 Sam0016 Sam0016 | 0.778151 0 0.59857 0 0 0.30103 0 0.778151
17 17 Sam0017 Sam0017 | 0.30103 0 0 0 0 0 0 0.30103
128 12 Sam0018 Sam0018 i 0.30103 0 0 0 0 0.90309 0 0.30103
19 19 Sam0019 Sam0019 | 1.07%18 0 0.778151 0 0 0.30309 0 1.41497
20 20 Sam0020 SamD020 | 255145 0 7 BBE52 0 0477121 0.60208 0 0
21 ped| Sam0021 Sam0021 243816 0 0.30309 0 0 1.34242 0.477121 0
22 2 Sam0022 Sam0022 | 228482 0.50208 0.50205 0 0 1.17809 0.30103 0
23 23 Sam0023 | Sam0023 | 1.95804 1.49138 210721 0 0 0.58847 0 0
24 24 Sam0024 SamD024 1718 0.559897 0.30103 0 0 0.50205 0 0
25 25 Sam0025 Sam0025 | 1.36173 0 0.30103 0 0 0.30308 0 0
26 28 Sam0026 Sam0026 | 151278 0 0 0 0 147712 0.30103 0
27 27 Sam0027 Sam0027 | 1.79239 0.69397 1.30103 050206 0 0.477121 0 0.30103
28 28 Sam0028 Sam0028 | 218184 0 0 0 0 1.11304 0.30103 0
25 25 Sam0029 Sam0023  1.97313 1.4524 1.23045 0 0 0.477121 0 0
30 30 Sam0030  Sam0030 | 1.72428 0.954243 243775 0 0.30103 0.30103 0 0.30103




Training set — data o prostredi ze stejnych vzork( jako druhové slozeni

|

File Edit View Data Analyse Graph Window Help

cHEFEH IR E FEF =13x ~ B 0% 293> K& = TN
Ea Datasets # Code | Name ph_15 con_15 nh4 15 po4 15 ca 15 mg_15 wt 15
=+ [E training_set_log_% 1 1 Sam0001  Sam0001  4.1553 25335 416667 104444 246429 0389823 147692
b E; ﬁjr:eme 2 3 Sam0002  Sam0002 410444 985374 365385 1625 29963 0327047 1-150231
 -F Data 3 3 Sam0003  Sam0003 416667 105853 379167 166667 23913 0361737 1836
profi_log_% 4 4 Sam0004 ~ Sam0004 415153 175466 352174 10375 211538 0334665 268
5 5 Sam0005 ~ Sam0005 420431 171493 447244 105 213703 0384463 454615
. 6 3 Sam0006 ~ Sam0006 405806 180048 37619 181111211838 0302653 1 -121093
I =Nl 7 7 Samb007  Samo0b7 1303167 277219 4 186057 7231034 0.40063 1211538
-] model_pH 8 8 Sam0008  'Sam0008 404014 2118056 300476 404737 221429 0366463 1316
[ prubeh_ph 9 9 Sam0009  Sam0009 40125 213865 380052 210345 221420 030174 407602
E model_PLS_ph 0 |10 Sam00i0 'Sam0010 38625 300255 2 7777e 2625 3 05505 430760
= &3 Reporis 1 |1 Sam0011  Sam00i1 3812 358356 276023 281818 30625 0672 474234
§:E ‘;“'L‘;JJ’;'I 12 |2 Sam00i2  'Samo0i2 3787 356306 a4 357143 T3 06667 06525 15 8462
13 |3 Sam0013  Sam0013 405025 317634 4 338462 311765 0772 9
14 |4 Sam00i4  'Sam00i4 580569 206060 300001 168182 T35 5447789 81481
15 |15 Sam0015  Sam0015 562306 333877 3875 104444 361111 301222485556
16 |16 Sam0016  Sam0016 586414 305618 347896 166667 470588 208486 501993
17 |17 Sam0017 ~ Sam0017 574574 308892 36 190 378788 3.065 -5 06206
18 |18 Sam0018 'Sam00i8 563374 39 58 447301 190476 388574 393857 1-8.14815
19 |19 Sam0019  Sam0019 445556 206873 426087 104444 254830 078 15037
20 |20 Sam0020  'Sam0020 494486 10208 4730760 1B e 74338 195657 13 66667
21 |21 Sam0021  Sam0021 461972 203766 404545 184211 255882 100472 5
22 |22 Sam0022 'Sam0022 43925 19645 305833 {666B7 (234375 0897929 14 4815
23 |23 Sam0023  Sam0023 471620 1402 382143 16875 228125 0737420 3
24 |24 Sam0024 'Sam0024 440057 205160 3333331 66BB7 2475 0675714 2419531
25 |25 Sam0025  Sam0025 464714 200317 4375 168421 1251613 0700571 -10.6154
26 |26 Sam0026  'Sam0026 423735 2151407305455 4 66BB7 056667 0857941 1502
27 |27 Sam0027  Sam0027 466314 207841 358621 176471 272727 106314 -42063
28 |28 Sam0028  'Sam0028 4 41001 192176 360234 178571 7253333 0'800000 -1204
20 |20 Sam0020  Sam0029 444458 222315 43 163158 263636 0050722 418510
30 |30 Sam0030  'Sam0030 462020 227344 473333165 375758 108429 673077




Testing set — paleodata z profilu
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e EH mRE ~BE o o BE EEE S ex e RO WY A SRR
Ea Datasets # Code Name Var0033 |Amphitrema|Amphitrema| Arcella cati | Arcella disc|Assulina mu| Assulina se | Centropyxis| Cc =
=E "E"”Eg—“*—"’g—" 1|4 Samo001  Sam0oooi 1 0149813 0 0486801 0 0.62307 121723 00374532 23
- E; Jr::eme 2 Sam0005 ~ Sam0002 5 0238095 0 0952381 10 133929 7.2619 27381 1€
- T.[E Dat 3 |15 Sam0015  Sam0003 15 218487 10 0427807 100305577 0091673 0534750 0504202 01
= B profil_Jog_% 4 |25 Sam0025 ~ Sam0004 25 500842 D 33678 0157853 111839 576243 100789266 00
- [5 Data 5 |35 Sam0035  Sam0005 35 0100914 0 0219829 0 061552 125302 0 0c
6 |45 Sam0045  Sam0006 45 131815 0 0718993 0 14979 107849 0 0
7 |55 Sam0055 ~ Sam0007 55 57471370 2413790 11494370 0 0
-3 Graphs 8 |e5 Sam0065  Sam0008 65 185005 0 146056 0 379747 18.4031 0 0
model_pH 9 |75 Sam0075  Sam0009 75 0808625 0 134771 0 2 15633 132075 0 0
E prubeh_ph 10 |85 Sam0085 ~ Sam0010 85 390216 10 54046410 0746260 638474 0 0
model_PLS_ph 11 |95 Sam0095 ~ Sam0011 95 26,6667 0 512821 0 1.36752 0 0 0
Uag‘pm y 12 |105 Sam0105  Sam0012 105 0230681 0 0230681 0 0461361 207612 O 0
B PLSJ;H 13 |15 Sam0115  Sam0013 115 0 0 257353910 0 0 0 0
14 125 Sam0125  Sam0014 125 118056 645833 486111 0 0 208333 0 0
15 135 Sam0135  Sam0015 135 8 0 16 0 0 0 0 0
16 | 145 Sam0145 ~ Sam0016 145 563158 0 526316 0 0 526316 0 0
17 |155 Sam0155  Sam0017 155 0 0 0 0 0 0 0 0

Analyse — Transfer function — vybér modelu a krosvalidace — vybér
transformace dat - Run
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Vozka_Transfer_provyuku - C2
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e NRE K2R ™~ [FEF = ~ [ 0% =538 A2 - T8
EIE Datasets # Code Name Vartd33 | Amphitrem | Amphitrem| Arcella cati| Arcella disc| Assulina m| Assulina se| Centropyxi| Co
E| training_set_log_% 1 1 Sam00o Sam0001 1 0145813 0 0.486891 ] 0.823497 121723 0.0374532 23
I] Data 2 5 Samooos Sam0002 5 0.238085 ] 0.952381 o 1.33929 7.26819 27381 1.9
E| jgs_promenne 3 15 Sambo1s Sam0003 15 218487 0 0.427807 0.0305577 0.091673 0.534759 0.504202 0.1
Q Data 4 25 Sam02s Sam0004 25 5.99842 0 23678 0.157853 11839 278243 0.0739286 00
=-E profil_log_% 5 35 Sam0035 . Sam000s | 35 0108914 0 0219829 0 061552 1.25302 0 0.0
-5 Data 6 a5 d : 0 (]
----- (3 Models 7 55 0 (]
----- 3 Graphs -] 65 b 0 o
_____ T Reports 9 S W'A B 3.;”-,.3 N— — Model name Description 2 i i
e Vogtei o Pt esksos | fganr | | "
11 a5 Imbrie & Kipp Factor &nalysis Regression — - o o
12 105 Principal Compotents Fegression ~ Training set species data b o 0
B Motar rogs Teomiase Jusiring_set_loa 7 =l | selectvarabls | ) g
14 [res M asirim Likelibond — : p .0 o
15 135 Lacally Weighted "W eighted Averaging - Trairing set enviranmental dats Select Samples | 0 o
16 145 Iie&_promenne B o 0
17 |1s8 Options | 0 0

— Crogz walidation method
" MHone
(& Leave-one-out

" nfold cross validation I'IEI

" Bootstrapping

|1EIEI

{ph_15

Flotz

— Supplementary data
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=l
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=l

— Surnmary

Spec obs:
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Erw obs:
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Fozs war:
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File Edit View Data Analyse Graph Window Help
EnEH MRS KB e > [HEE 2 100x « |BR|% 8|3 = ¥ |A2laz 2T
=23 Datasets # Code Hame WA_Inv WA_Cla | WAT_ Inv | WAT Cla | WA_Inv_X | WA_Cla_X | WAT_Inv_X| WAT_Cla_X
= training_set_log_% 1 1 Sam0001 Samonod 400662 3.92805 432652 4 37266 4.011 3.93365 43262 427399
. [5] Data 2 5 Sam000s Samoooz | 4.22178 417599 439358 435817 42231 417783 439338 435908
=] j&s_promenne 3 15 Samini1s Samioo3 | 4.34B08 432153 421224 412695 434727 4372054 422126 41411
- [ Dpata 4 25 Samii2s Samiond  (3.93199 3.84205 426905 41994 3.93579 3.834831 427217 420555
=-E profi_log_% 5 35 Sami03s Samio0s | 3.65314 353224 3.73949 352416 366744 353818 3.76189 3.55925
--[E Data 6 45 Samii4s Saml00s  : 4.4405 4.42803 442615 4.3997 4.48171 4.42906 4475484 4.39971
=23 Models 7 55 Sam0055 Sam0007 | 3.59851 345776 4275 414322 360551 3.46713 422469 414551
E-E5 pH_WA 8 65 Samiies Saml00g8 | 3.55454 3.4071 4.19292 410232 3.56169 3.41665 419075 41025
--[5] Regression coefficierts [ g 75 Sami07s Sami0og | 3.61738 3.47951 423475 4 15567 362358 3.48738 423145 415406
-5l Species coefficients 10 85 Sam00as Sami0i0 | 3.83149 3.72623 429838 433743 3.33668 3.73315 429835 423867
~[5] Estimates 11 95 Sam00gs Samon11 3.90314 3.30831 434043 42904 3.90777 3.31496 434062 429222
|5l Residuals 12 108 Samii0s Sami01z 415164 409515 441768 438389 4.1548 409914 441345 439084
[ Perfomance 13 115 Samii15 Sami013  ( 3.81543 370773 42955 4733439 382116 371522 42972 423734
-B 14 125 Sami125 SamD014 (438692 4.36529 45289 453071 4.38765 436776 453144 453363
[5 Species diagnostics 15 135 Samii35 Sami015s | 4.46924 446116 454051 454551 447056 4. 46245 454303 454847
-5 Reconstruction diagnosti | 1g 145 Sami45 Saml016 3.86429 3.76404 431102 42529 3.86937 3.77078 431085 425454
=23 Graphs 17 155 Sam0155 Samdi7 | 4.65043 456995 450877 463 455038 456937 461006 453331
| File Edit View Data Analyse Graph Window Help
EnelE BNEE « BE e o B | [FEF E 1ox ~ |[BR |G W | S=F =¥ | A 2l iz E RN
EIE Datasets # Code Hame Count Max N2 Optimum | Tolerance | Jack_Opt | Jack_Tol SE_Opt SE_Tol
: training_set_log_% 1 1 Amphitrema f Amphitrema f. 29 277887 237655 436337 0.4907 43635 0.490734 | 0.0159538 0.0129554
jes_promenne 2 2 Amphitrema  Amphitrema | 14 192942 111774 440214 0501014 | 4.40233 0.501141 0.0228234 00221131
- profil_log_% 3 3 Amphitrema | Amphitrema | 15 2 66552 101077 455531 0.430116 | 4.56521 0429987 | 0.0227308 | 0.0210545
=23 Models 4 4 Arcella aren  Arcella aren | 2 060206 18 445185 0.427017 | 4.45514 0438586 | 0.081905 [ 0.0433062
E-ES pH_WA 5 5 Arcella artoc Arcella artoc | 4 0.477121 381377 445395 0519571 | 445255 051738 0.0801496 | 0.0358797
5] Regression coefficients [g 5 Arcella catin Arcella catin | 26 2.00432 21.2389 445952 054247 4 45985 0.542275  0.0204122 (0.0185324
BEN Species cosfficients 7 7 Arcella catin - Arcella catin | 9 060206 828183 4243 0234237 424794 0233774 [ 0.0159954 [ 0.0141645
- [5] Estimates 8 8 Arcella disco Arcella disco! 10 141487 724259 45465 0.794706 | 454597 0.794565 | 0.0508912 | 0.0397091
|5 Residuals 9 3 Arcella disco Arcella disco: 21 2.38382 14.7908 419175 0.524575 419206 0.524047 00212757 (0.0313048
-5 Pedformance 10 10 Arcella hemi Arcella hemi | 1 127875 1 405325 0.530863 | 4.05925 0530122 0 0.0195158
-[5] Reconstructions 1 11 Arcella vulga Arcella vulgal 5 149135 368058 4 47087 0288744 | 445926 0288868 | 0.0282257 [ 0.0194993
|5l Species diagnostics 12 12 Arcella vulga Arcella vulgal 2 030103 2 453535 0179302 | 453636 0207358 00327358 [ 0.104885
--[5] Reconstruction diagnosti [13 13 Arcella vulga Arcella vulga: 2 1.82607 1.32038 448303 0.132123 | 448953 0.219421 0.0426691 0.102142
14 14 Arcelasp#  Arcella sp# | 1 030103 1 3812 0590883 | 3.812 0590423 0 0.0198328
15 15 Assuling sca Assulina scal 12 151851 10.0204 411197 0185705 | 4.11204 0185747 | 0.00852851 | 0.0100047
16 16 Assulina mu  Assulina mu | 26 203342 225503 441626 0.532047 441622 0531424 1 0.0220803 [ 0.0235349
17 17 Assulina se  Assulina se | 14 1.30103 11.4247 479555 0.412043 | 429556 0.411858 0.0175748 (0.0251248
12 12 Rullinularia in | Rullinolaria in i 11 nGCA7T4A2 /N7 A 1RTR n W07 A 17R0R n W010724 n n1anaaT n NANTGO




Graph - Insert new graph book - XY scatterplot - ....

Waighted averaging model
(classical deshrinking) : r?
0.86779, RMSEP 0.32873, max.
bias 0.17387

Partial least squares: r?
0.94806 , RMSEP 0.27121, max.
bias 0.13379
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3. krok — rekonstrukce faktora prostredi ve fosilnim zaznamu (profil)

Dudovd et al. 2012: Formation, succession and landscape history of Central-European
summit raised bogs: A multiproxy stidy from the Hruby Jesenik Mts. The Holocene
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Multi-proxy study: testate amoebae, macrofossils, pollen, 14C dating, LOI,
transfer functions and PCA

Dudovd et al. I
years depth Vozka bog development vegetation and landscape history
BC/AD (cm) macrofossils testate amoebae pollen
2000 + 0: Picea forest
10 - (regeneration, planting)| VOp-5
i , neophytes
20 - Sphzgir;:rg bﬂ;:tl\iﬂl increased calcium deforestation
30: VOm-3|| (Trinema enchelys) |VOt-3 grazing, hay mai,-:ing,
| fires VOp-4
1954 T 40 Picea forest in the
B i HIATUS vicinity of the site
Rl B
1000 + 5“: low water table
704 (Trigonopyxis arcula)
i Sphagnum ; §
500 + 801 magellanicum vom-2 vor2 Picea-Abies-Fagus
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Figure 8. Summarized development of local and regional vegetation of theVozka bog based on all biotic proxies (macrofossils, testate
amoebae and regional pollen).
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Zajimavé pouziti: Rekonstrukce zmén prostredi v poslednich desitkach let na
zakladé druhového slozeni rozsivek v herbarovych polozkach
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UZite€né poutziti: recentni ekologie — mame soubor zapisl a k nékterym ndm
chybi v terénu mérené faktory. Ty, kde méreni mame, pouzijeme jako
trénovaci soubor a pro ty bez méreni na zakladé druhového slozeni faktory
prostredi dopocitame pomoci prenosoveé funkce.

Navrdtilovad et al. 2017: Convergence and impoverishment of fen communities in a eutrophicated agricultural
landscape of the Czech Republic. Applied Vegetation Science



