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Southwestern Willow Flycatcher Surveys, Demography, and Ecology Along the Lower Colorado 
River and Tributaries, 2013–2017 Summary Report, May 2019

SWFL fecundity in decline, 
linked to defoliation & nest temperatures



Mixed, tamarisk & dead tam sites warmer & drier –
restoring native veg even more important

Temperature: F=273.9, p<0.00001 
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Relative Humidity: F=590.2, p<0.00001 

Data by Sean Mahoney



Mycorrhizal effects 
on plants

Tons of data in Ag, 
growing  body of data in ecology
• Boost survival/growth
• Pest control
• Water/drought survival
• Toxicity protection
• continued…

Not negligible impacts: 
~25-50%+



Invasive vegetation reduces mycorrhizas

• Spotted knapweed
(Mummey & Rillig 2006)

• Garlic mustard 
(Stinson et al. 2006)

• Canada goldenrod 
(Zhang et al. 2010)

• Italian thistle 
(Vogelsang & Bever 2009)



Field SiteTamarisk-specific field data:
Pulliam-Babbitt / SEGA common garden

Photo: Lisa Markovchick



Tam legacy reduces cottonwood survival
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Bars represent total survival proportions in study, thus no error bars are provided.

Markovchick et al. in prep,
Also see Meinhardt & Gehring 2012, 
Hull et al. in prep, and other studies.
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Inoculation can help counteract 

reduced survival

Bars represent total survival proportions in study, thus no error bars are provided.

Markovchick 
et al. in prep

Also see Hull et al. in 
prep, and other studies, 

including willows.



And increase above-ground biomass
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Error bars = 2 SE.

Markovchick 
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prep, and other 
studies.



Research questions

1) Shouldn’t mycorrhizas boost SWFL habitat suitability?

2) Can fine-scale SWFL habitat models discriminate 
between specific restoration decisions at a site?



Hypotheses

1) Appropriate mycorrhizal inoculations can improve SWFL 
habitat suitability in tamarisk restoration.

2) Appropriate mycorrhizal inoculations can decrease the 
time to achieve suitable SWFL habitat.

3) Fine-scale models can discriminate between SWFL 
outcomes based on key restoration decisions -> 
to evaluate the importance of specific decisions 
compared to their cost, ahead of action in the field.



Original fine-scale GIS SWFL
Habitat Suitability Index (HSI) model

• 1 m resolution
• Tracy et al. 2016



Original HSI model-building steps
• Pull info on habitat suitability from field studies

• Identify factors

• Estimate their relative contributions

• Curve: each variable value & its impact on habitat suitability

(Tracy et al. 2016)



Test model predictions verses SWFL field data

(Tracy et al. 2016)



Hypotheses

1) Appropriate mycorrhizal inoculations can improve SWFL 
habitat suitability in tamarisk restoration.

2) Appropriate mycorrhizal inoculations can decrease the 
time to achieve suitable SWFL habitat.

3) Fine-scale models can discriminate between SWFL 
outcomes based on key restoration decisions -> 
to evaluate the importance of specific decisions 
compared to their cost, ahead of action in the field.



Added to Original
Fine-Scale GIS Model

*Current results demo minor work over 2 months. 
More to come! 

We hope you’ll ask for what is needed to support restoration projects!



Selected 
restoration 

patches near 
water

1) Plant installation & 
SWFL preferences.

2) 2011 water lines 
used for demo.

3) Future scenarios: 
sites identified for 
restoration & 
hydrological 
predictions.
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Identified plant palette, planting type 
& plant spacing

• 3 m apart

• 2’ potted plantings



Added survival & growth 
by species & planting type 



Added responses to appropriate mycorrhizal 
inoculation for each plant species



Inoculation increases canopy cover, and faster 
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Discussion

1) What is ”appropriate” mycorrhizal inoculation?



Maltz & Treseder, 2015

Please do not use commercial inoculum
Neutral to negative effects occur with a poor match 

between plants, soil, and mycorrhizas



the plant, AM fungi and/or soil were manipulated within
the same study.
Plant-Fungal: We were able to calculate within-paper

effect sizes of plant-fungal local adaptation for 254 la-
boratory studies (from 7 papers) of AM fungi with steril-
ized background soil (Fig. 1). While the overall
estimated effect size for this model was negative, it did
not significantly differ from zero (mean estimate ± stand-
ard error: −0.534 ± 0.550, k = 254), indicating no average
difference in the effect of AM inoculation on plant bio-
mass when the plant and fungal partner originated in
sympatry compared to when they originated in allopatry,
and thus no significant overall effect of local adaptation
or maladaptation. For this analysis, INOCULUM
COMPLEXITY was the only significant predictor of
plant local adaptation to AM fungi (QM(df1) = 4.78, p

value = 0.029, Table 3), with allopatric combinations
outperforming sympatric combinations for multiple
species inocula and no difference between sympatric
and allopatric combinations for single species inocula
(Fig. 3a).
Fungal-Soil: We were able to calculate within-paper ef-

fect sizes of potential fungal-soil local adaptation for 217
laboratory studies (from 5 papers) of AM fungi with
sterilized background soil. The overall estimated effect
size for this model was negative, but not different from
zero (mean estimate ± standard error: −0.820 ± 0.738, k =
217), indicating no overall significant of local adaptation
or maladaptation. Similar to plant-fungal adaptation,
INOCULUM COMPLEXITY was the only significant
predictor of local adaptation (QM(df1) = 3.89, p = 0.049,
Table 3, Fig. 3), with allopatric combinations of the fun-
gus and soil outperforming sympatric combinations for
multiple species inocula and no difference between
sympatric and allopatric combinations for single species
inocula (Fig. 3b).
Plant-Soil: We were able to calculate within-paper ef-

fect sizes of plant-soil local adaptation for 28 laboratory
studies (from 3 papers) of AM fungi with sterilized back-
ground soil; however, our model was severely limited by
the available data. Consequently, the data available for
this analysis were relatively homogenous and the vari-
ability in the model was larger than expected based on
sampling variability alone (QE(df26) = 27.6, p = 0.379,
Table 3). While the overall estimated effect size for this
model was positive, it did not significantly differ from zero
(mean estimate ± standard error: 0.1189 ± 0.327, k = 28),
indicating no overall local adaptation or maladaptation.
Plant-Fungal-Soil: No papers in our dataset had both

allopatric and sympatric pairings of plant-fungal-soil
combinations.

Discussion
Previous research has emphasized the role of abiotic fac-
tors in driving local adaptation of organisms to their
local environment, but biotic factors may also greatly
alter an organism’s fitness in their local environment
[2–5]. Moreover, in a symbiotic interaction, particularly
in the case of an obligate symbiosis, understanding co-
adaptation between symbionts and between them and
the local environments is essential for local adaptation.
Although limited by the amount of available data, our
results represent an important first step in addressing
local adaptation of a symbiosis. Specifically, our results
highlight the complexity of the patterns and processes
behind local adaptation of plants to mycorrhizal fungi,
suggesting that studying plant responses to AM inocu-
lation without considering the geographic origin of the
symbionts, plant and soil is neglecting key elements of
the interaction.

Fig. 2 Plant-Fungal-Soil Adaptation. When the plant, fungal inocula,
and soil were sympatric, the change in plant biomass due to
inoculation with mycorrhizal fungi tended to be greater than when
all three were allopatric. Values shown are weighted mean effect
sizes ± standard error for arbuscular mycorrhizal fungi from the Full
Dataset (a) Single Species Inocula (b) and Lab Studies (c). The
dotted line indicates no response, values above the line indicate
positive response to mycorrhizal inoculation (mutualism), and values
below the line indicate negative response to mycorrhizal inoculation
(parasitism). Symbols indicate differences from sympatric combinations
of the plant, soil, and fungal inocula based on planned contrasts.
Significant codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘·’ 0.1

Rúa et al. BMC Evolutionary Biology  (2016) 16:122 Page 7 of 15
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Rua et al. 2016

“These results … emphasize the importance of 
routinely considering the origin of 

plant, soil, and fungal components.”



Discussion

1) What other factors might affect inoculation 
outcomes?

• Water availability

• Timing of inoculation

• Other management actions that impact 
mycorrhizas (e.g. pesticides, fuel management…)





Discussion

2) What decisions are practitioners facing at specific 
sites that should be included in model scenarios?



Nest Steps

1) Refine model specifics 
(e.g. each planting type modeled for comparisons).

2) Add sites under consideration for restoration.

3) Incorporate manager scenarios, to address key decisions.

4) Use model to weight SWFL outcomes vs. cost.



Lisa_Markovchick@nau.edu
619-549-6592

Thank you!

Mary Anne McLeod, SWCA
Susan Mortenson, SWCA

Melissa McMaster, 
Mariposa Ecological and Botanical Consulting

Ruth Valencia, SRP
Thomas G. Whitham

Emily Palmquist, USGS

SWFL photo, 1st slide: S&D Maslowski, nps.gov




