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In  dese rts, where  ra in fa ll is h igh ly 
unpred ictab le  across seasons (sum m er 
m onsoons vs. win te r ra ins) and  years, m any 
species pe rsist th rough  unpred ictab le  
conditions by storing seeds in  the  soil (i.e ., soil 
seed bank ) and  ge rm ina ting when  conditions 
a re  favorab le . 

However, the  exten t of th is buffe ring m ay d iffe r 
be tween  seasons and   be tween  na tive  and  
exotic species and  crea te  bias  -  the  
com positiona l d iffe rence  be tween  the  
aboveground  vege ta tion  and  corresponding 
seed  bank com m unitie s.

Understand ing b ias is critica l for understand ing 
how these  com m unitie s will change  with  
a lte red  p recip ita tion . A decrease  in  b ias m ay 
ind ica te  tha t a  system  is losing species with  
a lte red  p recip ita tion .

Research Site 

Pinyon Flats

• Loca ted  with in  the  Colorado Dese rt, with in  the  
San ta  Rosa  Mounta ins

• Two growing seasons: win te r (Nov-June) 
Sum m er/Monsoona l (Ju ly-Aug)

• Each  growing season  supports a  d istinct annua l 
p lan t com m unity

Pinyon Flats Rainfall Manipulation Experiment

• Long-te rm  experim ent e st. 2018 includes 
control  and  water addition trea tm ents 
app lied  during the  win te r and  sum m er growing 
seasons (Fig. 2)

• Soils were  sam pled  in  6 loca tions in  2019 with in  
each  ra in fa ll p lo t and  grown ou t in  the  
greenhouse  from  Jan-Jun  2022 and  Sep t 22-Apr 
23 (Fig 2C)

• Aboveground  p lan t com position  was sam pled  
in  e ithe r spring 2020 or sum m er 2019 

Q1. How does seed  bank com position  vary 
be tween  seasons, trea tm ents 
(con trol/wa te r+), and  re la tive  to  the  
aboveground  com m unity?

Q2. What is the  ro le  of non-na tive  species in  
d riving seed  bank dynam ics and  com m unity 
structu re  across season  and  trea tm ent 
(con trol/wa te r+)?

Hypotheses:
H1: Win te r has a  stronger seed  bank-
aboveground  m atch  (reduced  b ias) due  to  
m ore  p red ictab le  ra in fa ll. 

H2: Non-na tive  species he lp  d rive  
com positiona l d iffe rences, e specia lly in  
win te r.

Across seasons, seed  bank and  aboveground  com m unitie s were  com positiona lly d istinct, with  grea te r b ias in  sum m er d riven  la rge ly by non-
na tive  species. These  re su lts h igh ligh t the  dom inan t ro le  of seasona lity and  species origin  as stronger d rive rs in  structu ring dese rt annua l p lan t 
com m unitie s than  a lte red  season  precip ita tion .

Q1. Seed bank and bias shifts with water treatmentsResearch Questions Introduction
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Figure 5. Non -metric multidimensional scaling plot to visualize compositional 
similarities between winter and summer seedbank communities aggregated by 
origin and life form. Stress = 0.03

Figure 6. A: Seedbank species richness according to season and 
treatment. B: Seedbank germinant density according to season & 
treatment (means + 1SE)
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Figure 1. Map of the Pinyon Flats study site location. Light 
yellow color indicates Mojave and Colorado deserts in 
eastern California. (credit Joshua Sargent)
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Figure 2. A. Schematic of water manipulation experiment B. Picture 
of water addition tubing in the field C. Picture of seed bank flat in 
greenhouse
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Figure  4. Represen ta tive  na tive  (green  ou tline ) and  non-
na tive  (Fred  ou tline ) species found  in  e ithe r win te r A,B,D) or 
sum m er (C,E,F) seasons. A. Eriophyllum wallacei na tive  forb  
B. Erodium cicutarium  non-na tive  forb  C. Euphorbia 
micromera non-na tive  forb  photo: Steve  Matson  D. Schismus 
barbatus non-na tive  grass photo: Ron  Vanderhoff E. 
Portulaca oleracea na tive  forb  photo: Ron  Vanderhoff F. 
Bouteloua barbata  native grass Photo: Steve  Matson .

Figure  3. Historica l m onth ly p recip ita tion  for Pinyon  Fla ts 
Study ( + 1SE).
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Q2. Role of non-natives in mediating seedbank dynamics
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