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ABSTRACT 

 

California wildfires have nuanced effects on the landscape of the forests and habitat of wildlife.  

Some species respond positively to ecological changes while some respond negatively to it. Our 

purpose was to investigate the effects of 2020 North Complex Fire of Sierra Nevada California on 

the Occupancy of the Townsend’s Solitaire (Myadestes townsendi). Our hypothesis was that this 

bird species has benefitted from the patches around the recorder sites burned at high severity. So, 

we conducted a survey in this region and detected the calls of Townsends solitaire over its breeding 

season from May to July. We found that there is possibly a positive correlation between high 

severity fire and occupancy of Townsends Solitaire, negative correlation between elevation, burnt 

state and the occupancy but we did not find sufficient evidence to conclude that this bird benefitted 

from this particular wildfire as the models having occupancy covariates were having ΔAIC ≤ 2. 
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BACKGROUND 

The response of the wildlife species to the wildfires is nuanced and idiosyncratic (Hutto and 

Patterson 2016). Some species respond negatively to the combinations of severity of fire while 

others respond positively. Forest fires have changed the landscapes in California’s Sierra Nevada, 

the genocide of the indigenous people who used fire as a management tool (Taylor et al. 2016; 

Madley 2017), a century of fire suppression to support the timber industry and climate change 

have led to an increase in large and homogeneously severe fires that can threaten biodiversity 

(Steel et al. 2015; North et al. 2015). It has been projected that such instances of wildfires will 

increase in the future (Adams 2013; Wood and Jones 2019; Coop et al. 2020; Cova et al. 2023). It 

has become crucial to understand how wildlife species respond to these recurring disturbances in 

habitat caused by wildfires. Dr. Connor Wood found from the preliminary outputs of a model 

representing the species response to wildfire from his ongoing Sierra Nevada Bioacoustics Project 

in California that some species exhibit peculiar trends in response to fires. To understand the 

effects of wildfires on the bird species and inform its occupancy trends in response to wildlife, I 

collaborated with Dr. Connor Wood. He found one such peculiar species named Townsend's 

solitaire (Myadestes townsendi), hypothesized to show both colonization and extinction response 

to habitat changes caused by wildfire in Sierra Nevada region. It has been observed to prefer 

burned and open woodlands[4].  We speculated that open forest habitat post fire resulted in the 

burnt undergrowth and bushes might prove to be better habitat for Townsend’s Solitaire. Hence, 

we analyzed the Townsend’s Solitaire response to the post habitat changes caused by the North 

Complex Fire which took place in the Plumas National Forest during August 2020 to December 

2020 using the detection data from the ARU’s in this region and using Occupancy Modeling as a 

primary analysis tool. We used a very large-scale passive acoustic monitoring program to assess 

the relationship between high severity fire in the north complex region and the occupancy estimate 

of the Townsend’s Solitaire bird species. In addition to that, our goal was to determine whether 

other observation factors and landscape covariates such as elevation would be supportive in terms 
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of informing the ecological effects of fire on the occupancy of this bird at the recorder sampling 

sites. 

 

 

SURVEY AND METHODS 

Study Area and Surveys 

Dr. Connor Wood conducted passive acoustic monitoring surveys during the period from May to 

August 2021 at 167 sites located in the North Complex fire region of the Sierra Nevada, California. 

We selected the period of 10th May to 3rd July 2021 as a survey period for our analysis, which 

coincides with the peak breeding season of Townsend’s Solitaire[5].  Our survey took place in the 

Plumas National Forest region of Sierra Nevada from the habitat mixed conifer forests and 

elevation 600m - 2200m. 

 

Survey Data and Processing 

We identified the Townsend's Solitaire vocalizations using the machine learning algorithm 

BirdNET, a deep convolutional neural network that is trained to recognize > 6000 species of birds 

worldwide (Kahl et al. 2021). We selected the detection threshold in the BirdNET analyzer for 

Townsend’s Solitaire call to be 90% accurate. We also wanted to eliminate the false positives, so 

we used a detection filter to consider only those sites as occupied where the bird was detected for 

at least 3 separate days during the survey period and to compensate for the imperfect detections 

caused by the 90% threshold of the BirdNET. We only considered a detection to be valid if the 

survey effort of the recorder was greater than 0 hrs.  

 

Observation and Habitat Covariates 

To assess the post-fire effects and fire severity on the habitat & occupancy of the Townsend's 

Solitaire, we created two sets of fire covariates, one for whether the site was burnt and, if burnt, 

how severe the fire was quantified from the fire history at each site using a fire severity data from 
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the RAVG portal of USGS[6]. I also included effort hours per recorder for each secondary sampling 

period and first day of the each SSP i.e. date (Julian day of the year) as detection covariates to 

improve the detection probability estimate and support our predictions of the occupancy model. 

We also included elevation as a covariate to incorporate changes in the terrain of the landscape 

which might affect the occupancy of Townsend's Solitaire as it has been observed to prefer lower 

elevations of 300m-3400m[7]. 

 

Modeling Procedure 

We used single-season single-species occupancy models in a frequentist framework to assess the 

associations between Townsend's Solitaire and both habitat and fire. Occupancy models rely on 

repeated surveys to correct for imperfect detection of target species (Mackenzie et al. 2002), and 

the single-season framework allows for the incorporation of random effects to account for spatial 

patterns. We used the month of May-July as our primary sampling period because it coincides with 

peak breeding period of this bird and avoids any migratory movements by adults[5]; thus, this 

survey period mitigates potential violations of the closure assumption of occupancy models 

(Mackenzie et al. 2002). We split our primary sampling period into five 7-day secondary sampling 

periods.  

 

An occupancy model can be written as follows[8]: 

 

yi|zi∼Bernoulli(p∗zi) 

zi∼Bernoulli(ψ) 

 

logit(p)=α0+α1∗covariate1 

logit(ψ)=β0+β1∗covariate1 
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Our detection model for all analyses was of the form: 

 

logit (pij) = αssp[ij] + α1 ∗ effort hours ij + α2 * dateij 

 

logit (ψi) = β0 + β1 ∗ burnti + β2 ∗ high.severityi + β3 ∗ elevationi  

 

I implemented all the models in the R Statistical Environment using the unmarked package. I 

derived the inference of the combinations of the models from the Dredge function of the MuMIN 

package. 
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RESULTS 

 
1. We inferred that around 38% of the sites were occupied by Townsend’s Solitaire with the 

95% confidence interval between 0.3642384 & 0.4569536. 

2. We observed a positive correlation between the sites burned at high severity and the 
occupancy of the Townsend's Solitaire. 

3. We observed a negative correlation between probability of occupancy of the Townsend's 
solitaire and the burnt state and elevation of the study sites. 

4. By the model selection criteria of using lowest AIC score of models. It was observed that 
the model with only detection covariates was better than model’s the occupancy covariates.  

5. The models with the addition of burnt, high severity and elevation site covariates were 
within ΔAIC ≤ 2. 

 

Fig 1: Graph showing the effect of the site covariates on the Occupancy of Townsend's Solitaire 
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Fig 2. Map of the Study Area with the sites Occupied by Townsend's Solitaire 
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Fig 3: Relationship between proportion of sites burned at high severity and the probability of the 

Occupancy of Townsend’s solitaire 

 
 
 
 

Fig 4: The output of statistical parameters of the combinations of occupancy models using the 
Dredge function in R  
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LIMITATIONS 
 

1. The responses of the birds to fire are nuanced and time dependent hence only one-year 
data analysis might not be sufficient to conclude any ecological relationship between fire 
and the occupancy of Townsend’s Solitaire. 

2. The sample size and the survey sites are limited to this specific region of Plumas National 
Park which is a tiny portion of the Townsend’s solitaire range.  

3. Use of 90% which might result in imperfect detections and false positives in the final 
sampling of the surveys. 

4. Use of few covariates to establish a relationship between birds' occupancy and ecological 
parameters.  

DISCUSSION 
 
We found the relationship between occupancy probability and the high severity of the fire in our 
study region as we hypothesized i.e. the positive relationship between high severity and 
occupancy. But the AIC parameters indicated that this relationship is not informative to conclude 
our hypothesis and having any effect on the occupancy of Townsend’s Solitaire. As we discussed 
in the limitations section, it might be due to multiple factors, and we need to survey for more than 
one year to get some conclusive evidence regarding the relationship between fire and occupancy 
of this bird. 
 
It might be possible that Townsend’s solitaire might not respond positively to fire in the immediate 
first year post-fire and it might also be the case that it might be preferring the location’s several 
years after it is altered by the habitat change caused by fire. It might be worthwhile to conduct a 
field survey and do ground truthing of burnt & unburnt study sites which are most suitable for 
Townsend’s Solitaire.  We need to check other variables which give more information on the 
nature of the fire like severity data from other fire monitoring programs and sites with changed 
habitat several years post fire. Also, more specific habitat parameters like forest cover proportion, 
vegetation type can be utilized to infer the preference of Townsend's Solitaire. 
 
More stronger evidence of the relationship between the preference of Townsend's solitaire to post-
fire habitats can be established by having a Habitat data which shows the change of trends in the 
habitats after it was burnt. Alternatively, we need to check the relationship between occupancy of 
Townsend solitaire and the past historical fire severity data with periods like proportion burned 2-
5 years, 6-10 years, 11-35 years after fire. 
 
We also need to account for the population dynamics and phenological changes in the Townsend’s 
solitaire breeding patterns and the shifts in summer migration locations caused due to climate 
change which might provide additional information on the probability of occurrence in the regions 
affected by fire. 
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CONCLUSION 
 

From the results of our occupancy model analysis of this study we found that there is no conclusive 
evidence of Townsend's solitaire responding to the fire in a positive way or having any ecological 
effect because of the fire altered landscape as the ΔAIC between the models having the occupancy 
covariates are indicative of non-informative parameter’s and do not support having any 
relationship with the occupancy of this bird.  
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