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Desert riparian ecosystems
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* Ecologically and economically valuable
— High diversity and productivity
— Wildlife habitat y



Native gallery forests are adapted to cyclical
flooding disturbance
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Native gallery forests are adapted to cyclical
flooding disturbance

Flood-pulse regime
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Native gallery forests are adapted to cyclical
flooding disturbance

Flood-pulse regime
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Human activities have modified desert
riparian ecosystems

R;od eg al. :2005
* Human disturbance, invasion and climate change
=» changes in ecosystem structure and funct'ixon f‘“’l
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Abundance or biomass

Hydrologic modifications alter flooding
regimes and community composition
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Abundance or biomass

Hydrologic modifications alter flooding
regimes and community composition
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Tamarix invasion




Abundance or biomass

Altered flooding regimes promote
Tamarix invasion and dominance
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Tamarix invasion

> 1.5 Million acres
All major river drainages

W of Mississippi



Impacts of Tamarix invasion are well
documented

e Habitat degradation
® Soil degradation and groundwater depletion

® Secondary invaders
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Impacts of Tamarix invasion are well
documented

e Habitat degradation
® Soil degradation and groundwater depletion

® Secondary invaders
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® Increased wildfire risk



Riparian fire has increased with Tamarix
invasion

Busch 1995
~
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® Native riparian zone ~

e Limited data on patterns and




Abundance or biomass

Tamarix introduces fire to desert riparian
ecosystems
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Tamarlsk IS hlghly flammable
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Flame lengths > 40m (131ft)
closed canopy Tamarix
stands in S. NV and NM
(B,L, er et al. 2001; Dudley

etial. 2011)
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Tamarix fueled fires may alter riparian
community composition

Community composition
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Is Tamarix invasion creating a fire
cycle that further reduces native
species and enhances its own

success?
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Foliar flammability experiments

® M Ufﬂe fu rnace mEthOd (Montgomery and Cheo 1969)

- Relationship between foliage condition &
flammability in Tamarix vs. native riparian species



Tamarix foliage is more divided than
foliage from native riparian species
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Tamarix foliage ignites more quickly than
foliage from native riparian species

Time to ignition at 650°C i“ ,;
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Drus 2013




Flammability at a regional scale:
Tamarix and probability and extent of riparian fire




Fires are more likely to occur and to spread through
the riparian corridor when Tamarix is present (2022012

Fire occurrence

Fires stopping at the riparian corridor
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Fires are more likely to occur and to spread through
the riparian corridor when Tamarix is present (2022012

Fire occurrence Fires stopping at the riparian corridor
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Recovery of Tamarix and native riparian

species: survey

N v N ‘ 0 : .
: ¢ \ L 1 ! ® : b
> { r’ ’ ; Nay ! ( ‘ A ’ 'D"W”!L_O '11" 0‘3 b d )‘1 v ) ‘. & Colorado Springe
,’/ - f"‘ g "L ’ 5 Munlllm wiM n ( tv\n \nnnm:mn[u i "\] .. 4
’ - Y ., L) : A"* .
. " F(\l\\l "R 08 '
5 ] ‘f, .";‘ jﬁ’.Ni f ' : S “ / o"
\ : ‘ \ L k( v ‘ S ‘;. g ? v
‘ "R ’ (.' iy 1 1/ | 4 l" \f& ’
‘\ %y ‘.F “" .1 . ’ : ) 4 A )y 2 YA
B\ T ) MAA1OW v‘\lllw N\v.'wn 5t ( LS - " o Al \
: W h ‘\‘,‘ \ [} . "’q qm: qu‘ ,“(, V‘Il T q | !
‘ \ 1 vl e y o
\ ) ", \ \‘“-‘,‘?‘ RUAGE IO "‘V’)lu/(fcn fos B o )
P \lhnb&nn()l HHNI(" “: " o
nwoﬂ\ ‘ ‘ 1 i i . n Ty - . \‘ ;
: ‘- e e : g R - 1 s B0, Y
i Y v ay ¢ ‘ . r ? e . | ( B > '| .
¢ ) < " , U A
N \42 ;-<i‘i s ’(" S g £
M ve River 10 o ‘“’"‘ ”“' *{ Yyash 08 ) SR .
2\ h L P %
o) ’\lucl")) »

» S

,}- '“-*‘f o w ‘.'.uu.'f A

R ? ¢ . . i

: ‘ ' | Y
’ ol 1 ‘

o Phnion "n : - ( | pai . e %
3y | B ) ¢ ‘f‘
ong Baa nh:w\q. — r Nilzono 0o '\w«"lh 0 t ACTR anchiy
3 \‘ |l'\vl H A

Dos -'nlm-a :)8 lnl.u e

; N ‘ )
‘ e ‘V"',",}""" . lll(.ll .) # 1r‘
\ Mm MO A0S ‘\ Wy, 5 8 “"’ l\.‘\ Mesa L

}""Inolnnp \ ; Yy . . - d e pr | : ' . ‘

SN Padita0n
,»f& c \% '8

- H! Il

I» Qq”

e r.w;m%,« s ‘.-_.-

30 fi,)s!fLﬂ burns: Jf=\J [ent of Tamarix = native dominance




Fire survey methods

* Measurements
— Tamarix vs. native density
— Fuel structure (+/- timelag fuel classes)

— Live vs. dead (resprout info)

Fuel Classes

O 1hr <0.625cm

O 10hr
0.625 - 2.5cm



Native dominated
T (75% tall natives, 25% shorter tam in understory)
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~50% native




~75% tam and 25% natives
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Fuel consumption
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The Tamarix fire cycle
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The Tamarix fire cycle
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The Tamarix fire cycle

rlydrologic
moclificzaition




T

Community composition &

= o
= rowm
= e

rlydrologic
moclification

he Tamarix fire cycle

Tamarix
invasion

S

4 Natives

lime

k)



The Tamarix fire cycle
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Prescribed burn experiments

Humboldt 2006 Valley of Fire 2008

e Humboldt river floodplain e Valley of Fire Wash
Lovelock, NV Overton, NV
— August 2006 — September 2008
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Measurements

Fuel load.

gchietin

Fire behavior
-Rate of spread-
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Humboldt Sink, N. Nevada Aug 2006

AVg flame Length 6. 5m (21 3ft) |

d" Avg ROS 10.4m/min (34211* B
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Humbolai‘.
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O Humboldt
212,779 M Valley of Fire

Flame Lengths (m)

Biomass (kg ha?)

Tamarix tire intensity Is




O Humboldt
212,779 B Valley of Fire

Flame Lengths (m)

Biomass (kg hal)

}\Xg, liamepengt
Avg'ROS'11.7/m/

Tamarix fire intensity Is biomass dej




Is Tamarix invasion creating a fire
cycle that further reduces native
species and enhances its own

success?
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The Tamarix fire cycle
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The Tamarix fire cycle
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Tamarix fire trajectory
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Can the course of the trajectory change to allow native coexistence?



Can the Tamarix fire trajectory be
altered to allow the coexistence of




Can the Tamarix fire trajectory be
altered to allow the coexistence of
ngitives? ™.
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Diorhabda carinulata
(tamarisk leaf beetle)
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Diorhabda carinulata
(tamarisk leaf beetle)

Follar desmcatlon

L 3

- Native to Lums
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Tamarix biological control may further
promote fire in riparian systems

Foliar desiccation may influence flammability and fire
intensity



Muffle-furnace trials
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Prescribed burn experiments

Humboldt 2006
A
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Prescribed burn experiments

Humboldt 2006 Valley of Fire 2008
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— Summer and Fall burn, — Summer burn only
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Gradient of cesiccation Discrete desiccation levels



Valley of fire wash, S. Nevada 2008

Simulated herbivory experiment (initial beetle colonization)
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Measurements

Visual firetbehavior estimates
ROte of spread |

felame height




Fire Intensity Index (Fll)

Dataloggers and Thermocouples
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Temperature (°C)
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Fire Intensity Index (Fll)

Temperature (°C)
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Fire Intensity Index (Fll)

Dataloggers and Thermocouples

Max Temp

Temperature (°C)
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Foliar desiccation and weather conditions influence
fire intensity at the tree level
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Humboldt Herbivory Experiment Valley of Fire Herbicide Experiment
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Drus et al. 2012



Community composition

Tamarix biocontrol herbivory may alter
the system’s response to fire
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Tamarix biocontrol herbivory may alter
the system’s response to fire

Tamarix
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Site: Humboldt 2006

e Summer burn, Fall Burn, Control
e Root-crown carbohydrate sampling
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Humboldt Site

~3 years defoliatio | ~7 years defoliation




Extrapolation:
~13% starch at O herbivory
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(Linear regression <0.0001, R* = 0.79)

Diorhabda herbivory depletes
Tamarix




Extrapolation:

~13% starch at O herbivory — WSS
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Extrapolation:
~13% starch at O herbivory
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Tamarix mortality increases with Diorhabda
herbivory impact
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Fire & herbivory have interactive effects

[y
)

What is the nature of this
interaction?

= Summer

o
©

== Fall

o
)

e Control

o
-

- Multiple stresses interact
synergistically in other systems

o
o

o
o

o
~

Probability of Mortality
o
w

o
)

©
R

o

0.4 0.6

Herbivory Level (% Defoliated)



Fire & herbivory have interactive effects
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What is the nature of this
interaction?

= Summer

o
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== Fall
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e Control
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- Multiple stresses interact
synergistically in other systems
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- Synergy = result > sum of
parts (non-additive)
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Franceschi et al. 2005
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Fire & herbivory have interactive effects
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logit function
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Are fire and herbivory
synergistic?

*  WMlultipliczilva risk rrodzl
(Soluk 1993, Sih et al. 1998)

- Adelitiva tnzory of groozolling
P(A and B) = P(A) + P(B) — P(AB)




Fire & herbivory have interactive effects

1 -
L — summer v | Are fire and herbivory
| — synergistic?
= Control
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X 03 {
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~ the following is true: Ft
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Herbivory Level (% Defoliated) Ifobserved imortality >thaniVige the
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PP == Product of P, and P-



Fire & herbivory have interactive effects
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a= = mortality if fire and herbivory are additive
.= mortality due to biocontrol only (coyiize))

P-= mortality dueto fire alone (aiirzvalziisel i 0% rigiaivany tsine) locjit fination)

PP == Product of P, and P-



Fire & herbivory have interactive effects
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Can the Tamarix fire cycle be altered to allow
the coexistence of natives?
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Possibility for coexistence

Tamarisk
€ invasion =

[T —

Community composition

I Lower fire intensity

Time Drus 2013

Synergism between fire and herbivory may alter the trajectory from perpetuation of
Tamarix to coexistence. 103



Coexistence may be enough to restore some
wildlife habitat value

“Native bird populations can be supp ed when a small commeent of
native vegetation (~20-40%) is p’fﬁse N tan arjskdomlnated,%bl
(Van Riper et al. 2010) ;;v_*_-._ B VI |

=90% suggarisel 9y iy ezt




BUT, Fuel structure is an important
factor to consider in habitat mgmt plans
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Fire Smart SW Riparian Landscape Mgmt

Grant: “Fire-smart southwestern
riparian landscape management
and restoration of native
biodiversity in view of species of
conservation concern and the
impacts of tamarisk beetles.”

P.I. Dr. Robert Coulson, Professor
Texas A&M Univ.

My role: Develop fine scale baseline
niches for riparian woodland fire
susceptibility, cottonwood/willow
restoration suitability, and three
focal species at monitored study
sites along the Rio Grande, Gila
River, and Tonto Creek.




Example Site: Tonto Creek A-Cross Road, AZ
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Tonto Creek Vegetation Classification
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Tonto Creek Vegetation Classification
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% Fire Canopy Removal Index for
Tamarisk/Willow/Cottonwood Patches
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Tonto Creek % Fire Canopy Removal Index
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Tamarisk/Willow/Cottonwood Patches
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Tonto Creek % Fire Mortality Index
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Tonto Creek Fire Scenarios
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Tonto Creek Fire Scenarios
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Tonto Creek Fire Scenarios
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Tonto Creek Fire Scenarios
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Tonto Creek % Fire Mortality Index and

Southwestern Willow Flycatcher
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tamarisk
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Tonto Creek Fire Scenarios
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Should expect > frequent fifgsswith > extreme
behavior in areas followingfijitial defoliation
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Meadow Valley Wash (N. Nevada)
Burned July 2009, 1+ year defoliat



Fort Thomas Fire 2018
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Thank you!

gdrus@francis.edu



