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10+ years of work on Chihuahuan Desert gypsum endemics
Mostly phylogenetics & phylogeography

I’'m very interested in historical community assembly
Edaphic endemic floras make excellent case studies

First, an introduction to the flora
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The Chihuahuan Desert gypsum
endemic flora is highly diverse
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Acleisanthes Gaillardia
Some of these

gypsum
endemics are

very distinctive
morphologically

Drymarie

Nama



Others are much less Oenothera gayleana
distinctive morphologically

Tiquilia
turneri

Abronia nealleyi

Mirabilis nesomii



Some Chihuahuan Acleisanthes
Desert gypsum gypsum clade
endemics are widely

distributed...

Acleisanthes purpusiana



Some Chihuahuan
Desert gypsum
endemics are widely

distributed...
...others are not

Morphology & distribution
are correlated with
lineage age

Abronia
nealleyi

Acleisanthes
gypsum clade

Abronia
nealleyi



Nyctaginaceae
tribe

Nyctagineae

Chloe
Drummond

matk,
ndhF,
ycfl

Wide gypsum endemics are
in clades & are
morphologically distinctive
from congeners

!




Nyctaginaceae
tribe
Nyctagineae

Chloe
Drummond

matk,
ndhF,
ycfl

When did these
taxa diversify?

<— Morphologically less
distinct with narrower
geographic ranges



Eocene

Oligocene

30

Miocene

20

10 Pliocene ¢

Excerpt of a much larger
BEAST analysis

Anulocaulis
These patterns
are repeated

throughout the
Mirabilis nesomii flora...

Abronia nealleyi
Abronia bigelovii

These dates are concordant
with those in Tiquilia
Acleisanthes

Pleistocene



Gypsum endemism in Gaillardia

Lesson 1: The CD gypsum
endemic flora has

accumulated over time
Widely distributed, more

distinctive morphologically

Narrowly distributed, less
distinctive morphologically

ITS



In gypsum endemic clades,
allopatric speciation is the norm

Lesson 2: Widespread gypsum
clades appear to be the oldest
endemics in the CD

Why?



FTIR spectrometry
of leaves

Peaks indicative

chranOcarpus S-0 bending Of gypsum

parviflorus

O-H stretching

What about foliar
nutrient levels?

Dermatophyllum
gypsophilum

Ellie Tiley
Keyi Feng



Gypsum detected in ali
samples with 21.8% sulfur

% sulfur (dry weight)

typical
I -

levels
L Wide endemics J \ Narrow J L Gypsovags J



But is gypsum biomineralization an

adaptive response or a preadaptation?

One way to test preadaptation hypothesis: is
gypsum accumulation present in relatives?

% sulfur (dry weight)

typical
I -

levels
L Wide endemics J \ Narrow J L Gypsovags J



No evidence of S or gypsum accumulation in most
gypsovags and narrow endemics

% sulfur (dry weight)

typical
g

levels
L Wide endemics J l Narrow J L Gypsovags J



Nyctaginaceae
tribe
Nyctagineae

matkK,
ndhF,
ycfl

.

Strong evidence for gypsum
accumulation in widespread

gypsum endemic clades
!




Nyctaginaceae
tribe
Nyctagineae

matk,
ndhF,
ycfl

What about
non-endemics?

<—Also evidence of gypsum
in Abronia nealleyi &
Mirabilis nesomii



Nyctaginaceae
tribe
Nyctagineae

Anulocaulis eriosolenus

matk, Acleisanthes angustifolia
ndhF,

ycfl



Nyctaginaceae
tribe
Nyctagineae

Boerhavia

Anulocaulis eriosolenus

Allionia
This may explain the
numerous origins of
. gypsum endemism in
Irabllls -
Nyctaginaceae
matk, Acleisanthes angustifolia

ndhF,
ycfl



When gypsum exposures first became
available in the Chihuahuan Desert, those
taxa with the ability to tolerate gypsum
were the first to colonize it



But there is much we don’t know!
Not all gypsum endemics appear to use this
mechanism to deal with excess Ca & S



Mentzelia perennis

Leucophyllum alejandrae

What are the mechanisms

enabling survival on
gypsum in these lineages?

Oenothera hartwegii
Sporobolus nealleyi subsp. filifolia
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How much
gene flow is
there?

Diversification rates
Do edaphic endemic
lineages typically
diversify more rapidly
than non-endemic
lineages?



Example:
Petalonyx crenatus
(Loasaceae)

Diversification rates
Do edaphic endemic
lineages typically
diversify more rapidly
than non-endemic
lineages?



Plastid phylogeography
plastid ndhF/rpl32 &
rpl32/trnL haplotypes

Sophie
Everbach



Plastome insights into
gene flow in Anulocaulis
(Nyctaginaceae)



Anulocaulis
(Nyctaginaceae)



very patchy distribution



UTU



Most Anulocaulis
have a typical

plastome
Except for two
populations...



Loss of
ndhF &




massive IR
contraction

/N




IR is 3,536 bp

Confirmed via Sanger

One of the shortest IRs in
land plants

Is this deleterious in the
long run?




What can we infer from
this about demography
and gene flow?

All structural changes fixed
in *heir respective pops









Regionally dominant lineages probably persisted
broadly during full-glacial periods, but not
everywhere equally



A Pliocene age implies persistence through

Pleistocene glacials
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Pliocene climate models imply suitable
habitat existed for gypsum endemics

Salzmann et al. (2008) Global Ecol. Biogeogr. 17: 432-447



All available fossil evidence
suggests that during
Pleistocene full-glacial
periods, there was no
landscape-scale desert

— Pollen cores
— Packrat middens

http://coplateau.com/



Instead, what is now desert looked like this...

Where were the gypsum
endemics, then?

Did gypsum refugia exist, or did gypsum
endemics persist throughout their ranges?



Edaphic generalists simply cannot survive on
unusual substrates, under most conditions



This hypothesis
can be addressed
phylogeographically

If taxa persisted broadly
through the
Pleistocene, haplotype
diversity should be high

Testing this requires
broad population
sampling

Today: preliminary
results

Acleisanthes
gypsum clade

Anna
Brunner

Matt Croley



Gypsum endemic
clade haplotype map

. Anna
A. lanceolata populations Brunner

invariant
A. lanceolata

The same for ITS & across
plastid genome

Plastid haplotype
variation is very high in vifolia
Coahuila and Nuevo Ledn \

Matt Croley

A. imegaph lla

A. purpusiapa
Acleisanthes
Rebecca | d :
Mostow  ghiva Mandala gypsum clade —palmeri




Gypsum endemic Being further

clade haplotype map south appears
A. lanceolata populations to have been
invariant advantageous

The same for ITS & across
plastid genome

Plastid haplotype
variation is very high in
Coahuila and Nuevo Ledn

Acleisanthes
Rebecca | d
Mostow  ghiva Mandala gypsum clade



Plastid haplotype variation
in Tiquilia hispidissima
The same pattern as in

gypsum endemic
Acleisanthes

James Medina



How do we explain
this pattern?

Packrat middens:

Pleistocene full-glacial
climates remained warmer
and drier further south in the
Chihuahuan Desert

Localized extinction &
recolonization further north?

However...
...not all gypsum endemics
share this pattern



Future Questions...



Almost everything we know about
gypsum ecophysiology comes from
work in Spain












Strong correlation between geographic
extent & levels of foliar S accumulation

“wide”
endemic

Ononis
tridentata

Teucrium
turredanum
“narrow” endemic

gypsum
exposures

in Spain

courtesy Juan Mota






Direct evidence_\ gyp

slu'm biomih ?’“zm"

queétratlan of exeess al & S |s
- presumably ben\efi Sial




Do Chihuahuan
Desert gypsum
endemics display the
same patterns?

Yes!

We have the benefit of
a phylogenetic context

Rebecca
Drenovsky



| would propose that gypsum accumulation may be
one key mechanism that has driven historical

community assembly on gypsum, perhaps globally

Today: a brief synthesis of ecophysiological and

evolutionary evidence for the Chihuahuan Desert



Foliar S levels are elevated in taxa
with spectra indicative of gypsum

Except for mustards!

Clare Muller



Data from broader study in 2016

Patterns are very similar between Spanish &

Chihuahuan Desert gypsum floras
%
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Larrea tridentata

Isocoma
pluriflora

| would propose a model
of historical community

Atriplex canescens

assembly that includes
gypsum biomineralization

Bahia
absinthifolia

Western New Mexico University Department of Natural Sciences, Dale A. Zimmerman Herbarium












Future Questions...



