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Temporal dynamics across a gradient Williams & Kelly

There is another way to have species 1 dominant, even overwhelmingly so, in the balmy uplands,
yet the rarer close to sea level. Take the advantage parameter a as fixed and vary the fraction of good years
f. At higher elevations f can be equal to 1 and decrease as we go down hill. Numbers are given in table 2
below and portrayed in the adjacent figure:

Table 2. a= 2.0 Original model with f decreasing

f X 1.00
1 1 0.75
0.95 0.9

0.9 0.8 X1 oo
0.85 0.7

0.8 0.6

0.75 0.5 0.254
0.7 0.4

0.65 0.3

0.6 0.2 By 0.60 f 0.80 1,00
0.55 0.1

05 0

This is reasonable enough, in that species 1 is as dominant as desired at high elevations and has
become the rarer as the fraction of good years f drops with descending altitude to a value of about 0.7. We
would suppose that is about Chamela altitude. The uncomfortable thing about it is that the fraction of good
years decreases at lower elevations (in table 2 above the advantage factor is independent of elevation at a
value of 2). If the advantage factor a grew with increasing harshness, then the fraction x, would drop less
rapidly with f.

There is in fact a way of varying x; over the full range from 1 at high elevations to values typical of
Chamela without varying either the fraction of good years f or the advantage of species 1 over species 2
during good years. In the original model it was supposed that during bad years species 1 could not recruit at
all, that is the advantage parameter in bad years is zero. If this assumption is relaxed so that in bad years
species 1 is at a competitive disadvantage (that is, the parameter a < 1) then the full range is covered for f
considerably less than 1. In this development of the original model the variation of X, can be assigned to
variation of its degree of disadvantage as conditions get harsher. For the fraction f the advantage of species

1is a’ (> 1) and for 1-f the advantage parameter is @ ( < 1). | solved the lottery equations for this
extended model back in 2003 or 04 — the analytic solution is more complicated than the solution for the
original model.

The extended two-component lottery model has an analytic solution valid under the same
conditions as the original. The model differs from the original only in that the more sensitive species is
able to recruit during bad times. The fraction of good times is f and during these times, the more sensitive

species has the advantage a* over the slow but steady species. In bad times, the advantage factor is a~
(less than 1). Then the population fraction x, of the sensitive species is given by the expression

_ (- a/a)f-(/a"-a/a")
(a*-1){1/a*-a/a*}

X
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Temporal dynamics across a gradient Williams & Kelly

The formula could be written in various ways, but this best suits its current use. Figure 1S below serves as
an illustration of this more complex model.

Figure 1S. Changing relative abundance in the complex lottery model. In this figure x; = the
proportional abundance of the more sensitive species 1, f = the frequency of good years and a+ represent
the relative competitive advantage of species 1 over the less sensitive species 2.
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Figure 1S shows that it is perfectly possible to have the same time structure in environmental conditions at
all elevations, maintain the Chamela results at Chamela elevations and yet have the more sensitive species
as dominant as desired at the highest (most benign) elevations, even though in hard times it is at a
significant disadvantge relative to the more tolerant species.

Obviously, some mixture of these effects here treated individually could be constructed to match
exactly output with observation, but the point here is general agreement with expectations, with further
development of the theory in a more appropriate treatment dedicated to it specifically. The essential point is
that the time structured lottery model can account for the more competitive of a pair of congeneric species
being very dominant high up where the environment is less water-stressed, and yet the rarer at sea level, the
hottest and driest environment.
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Temporal dynamics across a gradient

Appendix B. General patterns of taxa distribution relative to elevation.
Figure 1. Number of taxa by elevation. a. Number of species in the full tree (hollow circles) and in the
non-Fabaceae (filled circles) and Fabaceae (hollow diamonds) subtrees. b. Number of genera in each of the
three trees. c¢. Number of families in the full and non-Fabaceae trees. Solid line = full tree; fine dashed line
= non-Fabaceae tree; coarse dashed line = Fabaceae. See following table for regression equations. Salient
points are that all three trees show no significant change in taxa numbers across elevation (Figs. 1a & b)
and that the Fabaceae occurs in all plots (Fig 1c).

d.
0
Q
(&S]
()
Q
0
Y
o
S
()
Q
=
=)
pd
b.
©
.
Q
c
()
(@)}
Y
o
S
()
Q
=
=)
pd
C.
n
2
£
©
Y
Y
o
.
[}
Q
=
>
Z

60

50

401

30

20

60

50

40

30

20

50

40

30

20

oO
o] o]
o o % o
o o o o o
& .Tt.;n Uo [ 2 3 |9} 0 o
& %o o o0
* e o e o0 Ooﬁ : o
PO R PR PO — .
. & . LY .
L ]
o © .
& ° ° o o
S r-00 - - X - S NE - SNE
&% g<>°*"‘ ®ol o eéo °
i} 1{IJO 2{;0 360 460 S{IJO 660
0@ o
o o °
O—OLU—'U—QO_L 0500 ° o goo——=
[ ]
F e e el o,
e O e S * o] . o
v % ™ e ™
. Y
° oo ° % % °
CROL Pyegmnannnn’ - S - 27 - W
§o %&5 oooo%o eoo & °
1{I)0 260 360 4[;0 5{I)O GCI)O
6o “gg &999@ g <
ﬁ g g
) g *}
¢ % % e %o g
8 8 ¢
1{IJO 260 360 460 5{;0 GCI)O

Elevation

42

Williams & Kelly



Temporal dynamics across a gradient

Table 1. Regression equations of taxon numbers relative to elevation.

Elevation vs Full tree Fabaceae Non-Fabaceae

Number of species =37.771-0.005m =10.48-0.00dm =27.291-0.001m
p =0.495 p =0.195 p=0.922

Number of genera  =31.196 + 0.005m =8.291-0.001lm =22.905 + 0.006m
p =0.402 p=0.779 p=0.225

Number of families =21.081+0.003m NA =20.081 + 0.003m
p=0.321 p=0.321

43

Williams & Kelly



Temporal dynamics across a gradient

Appendix C. Phylogenetic tree of Oaxacan tropical dry forest (TDF) trees

Oaxaca TDF Phylogeny — Backbone

Williams & Kelly

Fabaceae

Eurosids |

Myrtales

Eurosids Il

Cissus sicyoides

Euasterids

Hyperbaena mexicana

Gyrocarpus americanus

Gyrocarpus mocinoi

Nectandra ambingens

Licaria capitata

Sapranthus violaceus
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Oaxaca TDF Phylogeny - Fabaceae

Williams & Kelly

Lysiloma microphyllum
Lysiloma acapulcensis
Havardia campylacantha
Fitheceallobium oblongum
Rithecellobium unguiscati
Fithecellobium lancealatum

Inga punctata

Inga jinicuil

Albizia adinocephala
Albizia niopoides
Albizia cccidentalis
Chloraleucon mangense

——
— [ T—

E Inga paterno
T

Calliandra sp1
_E Calliandra houstoniana

Calliandra formosa

Cojoba arborea
Mimosa sp2
Mimosa spl
himosa pigra
Mimosa arenosa

Mimesa antioguensis
Mimosa acantholoba
Piptadenia flava

Fiptadenia obliqua

Manosousa acatlensis

Zenegalia picachensis
Vachellia hindsii
Wachellia corigera

%

l Yachellia collinsii

Vachellia campechiana
J— Leucaena macrophylla

e | G303 lancaolata

Entada polystachya
Caesalpinia sclerocarpa
Caesalpinia coriana
Caesalpinia coccinea
Caesalpinia enostachys

Caesalpinia platyloba
Caesalpinia velutina
Caesalpinia pulchemrima
[ Zenna spl

Senna holwayana

m

Benna hirsuta
Senna atomaria

Heteroflorum sp1
Lonchocarpus phaseoclifolius
| onchocarpus molinae
== onchocarpus magallanesii
Lonchocarpus guatemalensis
[ Lonchocarpus eriocarinalis

[ Lonchocarpus emarginatus
= Lonchocarpus constrictus

_: Tephrosia sp1

Tephrosia cinerea

— Piscidia cathagenensis

Canavalia acuminata

Enythrina lanata

Indigofera spi
J Coursetia glandulosa

e Gliricidia sepium
Machaerium salvadorense
Machazrium biovulatum
Machaerium acuminatum

Aeschynomene spl
I Dalbergia granadillo

_ Dalbergia congestiflora

Diphysa humilis
[ Pterocamus rohni

_ Pterocarpus acapulcensis

== Dalea sp1
e poplanesia pariiculata

Andira inemis
I Myrospermum frutescens

Swartzia simplex

Poeppigia procera

Bauhinia ungulata
|—|: Bauhinia divaricata
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Temporal dynamics across a gradient

Oaxaca TDF Phylogeny — Eurosids | and Myrtales without Fabaceae

Williams & Kelly

Fabaceas
Ficus pertusa

Ficus cotinifolia

Brosimum alicastrum

Maclura tinctona

Trophis racemosa

| Urera caracasana

| . Cecropia obtusifolia

Cellis iguanaea
Celtis caudata

Trema micrantha

Aphananthe moneica

Gouania sp1

Gouania polygama

Golania eurycarpa

Ziziphus amole

Karwinskia humboldtiana

| Momordica charantia

— Ibervillea hypoleuca

_: Croton septemnervius

Croton niveus

Croton axillaris

—: Croton suberosus
Croton fragilis

Jatropha sympetala

|- Jatropha malacophylla

Garcia nutans

| Chnidoscolus tubulosus

D —— Manihot oaxacana

_: Euphorbia sp1

Euphorbia segoviensis

_|: Sapium macrocarpum

Sebastiania pavoniana
Xylosma spi
Kylosma velutina

Homalium trichostermon

I i

Casearia nitida

Envthroxylum hawvanense

_: Bunchosia montana

Bunchosia discolor

Malpighia mexicana

Byrsonima crassifolia

Muntingia calabura

| — Hippocratea celastroides

— Hippocratea excelsa

Guaiacum coulter
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Psidium guinesnse
Hauya elegans
Combretum lawm

Combretum fruticosum

Bucida wigginsiana

Syzygium spl
_I_: Syzygium jambos

Bucida macrostachya
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Oaxaca TDF Phylogeny — Eurosids Il

Trichilia trifolia
Trichilia aff. multifoliola
Guarea glabra

—: Swietenia humilis

Cedrela salvadorensis

Eszenbeckia collina

Esenbeckia berlandiari

Zanthoxylum riedelianum

Amyris spl

[ Recchia mexicana
|
Alvaradoa amorphoides

_: Thouinia villosa

Thouinia paucidentata

Thouinidium decandrum

Bapindus saponaria

Serjania triquetra

Paullinia cururu
Cupania dentata
Bursera instabilis

Bursera cineraa

Bursera grandifolia

Bursera simaruba

_: Bursera schlechtendalii

Bursera laurihuertae

— a0 fagaroides
I_: Bursera heteresthes
Bursera excelsa

Bursera sarcopoda

Bursera spi

_: Spondias purpuraa

Spondias mombin

_: Comocladia engleriana

Astronium graveolens

Amphipterygium adstringens
Luehea speciosa
Luehea candida

Trichospemmum mexicanum

Heliocampus terebirthinaceus

Heliozampus mexicanus

Heliocamus appendiculatus

_: Byitneria aculeata

Guazuma ulmifelia

I s Wt hie2ria indica
_: Ceiba aesculifolia

Pseudobombax ellipticum

Gossypium aridurm

Helicteres guazumifolia

Caochlospermum witifolium

_: Cuadrella indica

Cluadrella incana

_: Capparis baducca

Cynophalla flexuosa

Morisonia americana

Cratacva tapia

Forchhammeria pallida

Jacaralia mexicana
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Oaxaca TDF Phylogeny — Euasterids

_: Tabehuia impetiginosa

Tabehuia chrysantha
Godmania aesculifolia
—— Tabebuia rosea
Tecoma stans
[ Fithecoctenium crucigerum
_ Cydista diversifolia
Aphelandra scabra
Vitex spl
Vitex mollis
Vitex gaumeri

— Potria volubilis

I_: Ipomoea wolcottiana
lpomoga arborascens

| Solanum spl
|_|_ Cordia alliodora
Cordia elaeagnoides
I I L Cordia sonorae
I l Cordia truncatifolia
l Cordia dentata

Cordia curassavica
Cordia tinifolia
Bourreria of purpusii
Randia sp1

Randia tetracantha
= Randia nelsonii
Randia laevigata

_: Genipa americana
Alibertia edulis
—: Simira hodoclada
Calycophyllum candidis simum

Hamelia versicolor
I—I_: Hamelia patens
I | Guettarda elliptica

l Chiococea alba
Hintonia lafiflora

Stemmadenia obovata
_E Stemmadenia donnellsmithii
Tabernaemontana amygdalifolia
I_: Thevetia theveticides
Thevetia ovata
| Flumerarubra
Marsdenia propingua
Dendropanax arbereus
Jacquinia sp1
_|: Jaeqguinia macrocarpa
Jacquinia donnellsmithii
e — ynardisia venosa
Diospyros salicifolia

I Diospyros digyna

Diospyros aequoris

Bumelia sp1
{ Bumelia celastina
SBideroxylon capin
|_|_ MNeobuxbaumia tetetze
Pilosocereus aff. collinsii
l L Pacht tenabongi
I l yoerels pectenabonginum
1 Stenocereus chacalapensis
Hylocereus undatus
I_: Opuntia tomentosa
Opuntia decumbens
I — MNopalea auberi
_: Pisonia macranthocarpa

Fisonia aculeata
_: Guapira petenensis

Neea stenaphylla
= Achatocampus vaxacanus

_ Lagrezia monosperma

_: Coccoloba liebmannii

Coceoloba barbadensis
[——— Ruprechtia fusca
Podapterus cordifolius
Curalella amencana

e Agonandra racemosa
Aganandra obtusifolia
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Appendix F. Assessing the relationship between NRI and NTI using generalized linear models (GLMs).

Table 1. The effect of S/G and the CV of S/G on the relationship between NRI and NTI. The sums of squares are calculated first
sequentially, with the variance partitioned among the variables according to order of entry; corresponding individual sums of squares
are then determined for each variable only after all other variables have been entered. The table shows that once S/G is entered into the
model, NTI is able to account for a significant proportion of the remaining variation in NRI for both the full and non-Fabaceae trees; in
all three trees, where the addition of S/G does not have a significant impact on the NRI/NTI relationship, there is still an increase in the
proportion of remaining variation in NRI for which NTI is able to account (shown as increase between sequential and adjusted sum of
squares for NTI).

NRI versus:
Full Fabaceae Non-Fabaceae

Source DF SeqSS Adj SS AdjMS F p Seq SS Adj SS Adj MS F P Seq SS Adj SS Adj MS F P
NTI 1 2.381 10.813 10.813 14.48 <0.001 0.1178 1.9208 1.9208 2.54 0.119 1.5971 3.4389 3.4389 6.31 0.016
S/G 1 34509 34509 34.509 46.21 <0.001 7.8932 7.8932 7.8932 10.43 0.002 11.0663 11.0663 11.0663 20.31 <0.001
Error 40 29.873  29.873 0.747 30.2708 30.2708 0.7568 21.7943 21.7943 0.5449
Total 42 66.763 38.2818 34.4577

R? 55.26% 20.93% 36.75%
NTI 1 2.381 4,293 4.293 4.12 0.049 0.1178 0.5397 0.5397 0.65 0.423 1.5971 1.5882 1.5882 2.49 0.122
CV of 1 22.692 22.692 22.692 21.77 0.016 5.171 5.171 5.171 6.27 0.016 7.3822 7.3822 7.3822 11.59 0.002
S/G
Error 40 41.69 41.69 1.042 32.993 32.993 0.8248 25.4784  25.4784 0.6370
Total 42 66.763 38.2818 34.4577

R? 37.55% 13.82% 26.06%
NTI 1 2.381 10.856 10.856 14.30 0.001 0.1178 2.1063 2.1063 2.73 0.106 1.5971 3.2971 3.2971 5.9 0.02
S/G 1 34509 34509 34509 1591 <0.001 7.8932 2.9227  2.9227 3.79 0.059 11.0663 11.0663 11.0663 6.62 0.014
CV of 1 0.261 0.261 0.261 0.34 0.561 0.2005 0.2005 0.2005 0.26 0.613 0.0131 0.0131 0.0131 0.02 0.879
S/G
Error 39 29.612  29.612 0.759 30.0703  30.0703 0.771 21.7811 21.7811 0.5585
Total 42 66.763 38.2818 34.4577
R2 R? 55.65% 21.45% 39.79%
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