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What  is the role of  precipi tat ion f requency in cont rol l ing 
ecosystem processes?

How do autot rophs and heterot rophs dif f er  in their  
responses to precipi tat ion pulses?

How (and how of ten) are water  and carbon cycles 
coupled?

What  is the role of  physical  f actors (intercept ion, 
inf i l t rat ion, runof f , redist r ibut ion, soi l  evaporat ion) in 
cont rol l ing ecosystem response to rain on di f f erent  
t ime scales?

Big Questions!



Lieth 1975



Many more 
smal l  
precipi tat ion 
events than 
large events



Event  Size

For  b ig events:

More precip  
cor related w i th 
more events

For  smal l  events:

No relat ionship 
betw een # and total  
precip



What  is t he response of  ecosystem  What  is t he response of  ecosystem 
processes to a single precip i t at ion event?processes to a single precip i tat ion event?

How  do nat ive and non- nat ive grasses How  do nat ive and non- nat ive grasses 
d i f f er  in t hei r  responses t o precip i tat ion d i f f er  in t hei r  responses to precip i t at ion 
pulses?pulses?

Questions… Questions… 



Santa Rita Experimental Range



Santa Ri ta Exper imental  Range

Rainout  shel ters on a sandy and clay r ich soi l

Stands of  nat ive (Heteropogon contor tus) and non- nat ive 
(Eragrost is lehmanniana) grass species

Exper imental  manipulat ion of  m onsoon precip. (w et  =  + 50% 
& dry =  - 50%) – equivalent  w inter , spr ing and fal l  precip .
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Soi l  respirat ion

Pulse day

-2 0 2 4 6 8 10 12 14 16

S
oi

l C
O

2 
E

ffl
ux

 (
µm

ol
 m

-2
s-1

)

0

1

2

3

4

Eragrostis
Heteropogon

Soi l  ef f lux ↑ 
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Sim i lar  t ime 
course f ol low ing 
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Cable et  al . unpub.



Pulse response
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Increased Soi l  Respirat ion Dominated by 
Autot rophs

Pulse day
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Soi l  Microbial  Biomass

Pulse day
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Microbial  pop ↑ 
w i th pulse 
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Response dr ive 
by pulse size
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unpub.



Microbial  communi t y 
composi t ion

Pulse day
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Leaf  level  photosynthet ic 
response

Pulse day
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Pre- Dawn Water  Potent ial

Pulse day
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Net  Ecosystem Exchange

Pulse day
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Ecosystem  respirat ion increases 
f ol low ing the pulse

Pulse day
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Whole- plot  water  response

Time course in CO2 
f lux and ET that  
d i f f ers betw een 
species 

Interact ion of  soi l  
w ater  and CO2 f lux



Response of  ecosystem processes to a 
single precipi tat ion event?

Nat ive and non- nat ive grasses respond 
d i f f erent ly t o a single precip i t at ion event

CO2 ef f lux cont rols t he response of  ecosystem 
C exchange in response to precip i t at ion pulses



Dif f erences betw een ecosystem  response 
to pulse size is related t o the durat ion of  
act iv i t y of  d i f f erent  processes, not  t he 
maximum act ivi t y of  t hose processes



Cont rols on ef f lux
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Research across many scales that  w i l l  al low  us 
to bui ld  understanding of  ecological  pat terns 
and process in space and t ime in these sem i-
ar id  ecosystems

Log Space (km)
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San Pedro River  Basin

Histor ic 
grassland

Histor ic 
grassland w i th 
develop ing 
mesqui te

Ful ly 
developed 
mesquite 
bosque



Soi l  nematode abundance 
increases w i th pulse
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What  is the role of  
quant i t at ive b iology?

It  is the 
interdiscip l inary 
interact ions that  w i l l  
al low  us to bui ld  
know ledge in these 
non- equi l ibr ium  
systems


