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Figure 1.  Study area maps and survey locations for Government, Freds, Power, and Rim fires. Fire 
severity levels are also shown. With the exception of Freds and Power fires map scales differ between 
maps. 
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Table 1. Characteristics of salvage (N = 98) and reference (N = 183) point count 
locations in the Rim Fire. Elevation is expressed in meters; all other metrics are 
percentages. 
  Salvage Reference 
CWHR type (%) Sierra Mixed Conifer 65 73 
 Ponderosa Pine 15 22 
 Montane Hardwood Conifer 17 5 
  Lodgepole Pine 3 0 
CWHR size class (%) Class 3 (6-11in dbh) 4 12 
 Class 4 (11-24 in dbh) 79 68 
  Class 5 (>24 in dbh) 17 20 
CWHR density class (%) Moderate (40-59%) 11 14 
  Dense (60-100%) 89 86 
Burn Severity (%) High 93 80 
 Moderate 6 9 
  Low 1 11 
Elevation (m) Mean (SD) 1373 (134) 1448 (170) 
  Range 1147-1620 1134-1952 
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Table 2.  List of species in the early successional, open and edge, and mature and dense avian guilds.  
Scientific names can be found in Appendix B. Species are listed in taxonomic order. 

Early Seral Forest (ESF)  Post -fire Snag (PFS)  Open and Mature Forest  (OMF) 
Mountain Quail Lewis’ Woodpecker Western Wood-Pewee 
Dusky Flycatcher Hairy Woodpecker Olive-sided Flycatcher 
Spotted Towhee Black-backed Woodpecker Warbling Vireo 
Green-tailed Towhee White-headed Woodpecker American Robin 
Fox Sparrow Northern Flicker Nashville Warbler 
Chipping Sparrow Brown Creeper Yellow-rumped Warbler 
Yellow Warbler House Wren Chipping Sparrow 
MacGillivray’s Warbler Mountain/Western bluebirds Black-headed Grosbeak 
Lazuli Bunting  Western Tanager 
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Table 3.  Vegetation and topographic covariates included in habitat associations models for the 
early seral forest (ESF), post-fire snag (PFS) and open and mature forest (OMF) bird guilds. 
Variables associated with the ESF guild were included in individual species models. 

Variable Name Description Guild 
BA live trees Basal area of live trees, average of 5 measurements all 
BA dead trees Basal area of dead trees, average of 5 measurements PFS, OMF 
young conifer cover Percent cover of conifer species less than 5 m tall ESF, OMF 
shrub cover Percent cover of all shrub species ESF, OMF 
shrub cover2 Quadratic term for percent shrub cover ESF, OMF 
shrub richness Number of shrub species ESF, OMF 
herbaceous Percent cover of the herbaceous layer ESF, OMF 
elevation (m) all 
slope Percent slope calculated using a digital elevation model all 
SRI Solar radiation index, a measure of aspect all 
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Figure 2 . Predicted mean bird abundance and species richness per point (<100 m from observers) for 
Rim, Government, Freds and Power fires, with years since fire (YSF) indicated after each fire name. Bars 
indicate 95% confidence intervals.  
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Figure 3.  Modeled avian abundance across four fires for bird species associated with three habitat guilds. 
Abundance values are in terms of the mean expected number of individuals observed per point count 
survey. Species are listed in order of abundance relative to Rim Fire. Years since fire (YSF) is noted after 
each fire name. 
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Figure 4.  Boxplots of select vegetation attributes measured within a 50m radius plot (1.94 acre) centered 
on each point count location in the Freds and Power Fires. 
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Figure 5.  Average relative percent cover of shrub species within the shrub layer in the Freds and Power 
fires. Relative cover was calculated by multiplying percent shrub cover within a 50m-radius plot centered 
on the point location by the percent cover of the shrub species occurring on the plot. 
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Table 4. Coefficient estimates, standard errors (SE) and significance value (P|z|) derived from 
habitat associations abundance models for the four most common species in the Freds and 
Power Fires. Variables with significant estimates (P|z| < 0.05) are bolded and sorted by effect 
size. Model variables were scaled prior to conducting analyses, thus estimate values represent 
relative correlations and can be compared among variables. 
Fox Sparrow  Estimate  SE (P|z|)  Spotted Towhee  Estimate  SE (P|z|) 
intercept -0.02 0.10 0.83  intercept -0.33 0.12 0.006 
elevation  0.57 0.09 <0.001  elevation  -0.50 0.10 <0.001 
shrub cover  0.28 0.05 <0.001  shrub richness  -0.26 0.07 <0.001 
slope  -0.14 0.05 0.005  shrub cover  0.23 0.08 0.003 
young conifer  0.12 0.04 0.004  BA live trees -0.20 0.07 0.003 
herbaceous -0.05 0.06 0.47  SRI* 0.12 0.07 0.10 
shrub richness 0.04 0.05 0.39  young conifer 0.09 0.05 0.07 
     shrub cover2 -0.08 0.05 0.11 

Green-tailed Towhee    Lazuli Bunting    
intercept -0.48 0.10 <0.001  intercept -0.75 0.15 <0.001 
elevation  0.77 0.10 <0.001  BA live trees  -0.75 0.11 <0.001 
BA live trees  -0.27 0.07 <0.001  elevation  -0.38 0.12 0.001 
SRI* 0.17 0.06 0.008  shrub cover  0.20 0.09 0.04 
young conifer  0.14 0.06 0.01  shrub cover 2 -0.12 0.06 0.05 
shrub cover  0.13 0.07 0.05  young conifer 0.09 0.06 0.12 
shrub richness  0.12 0.06 0.03  shrub richness -0.06 0.08 0.41 
herbaceous 0.09 0.08 0.24  herbaceous -0.06 0.08 0.47 

*SRI = Solar Radiation Index 

����	�����
 �

%	���*�������������	���	�	��	����	�������	����	���	 �	������
���	���������	�3� ��
����/����	��1�����

���������������	������	��������
����
	��	�����	��"� ����	���������
�����	��������	�����	���	��	���

��+	������	���
�����	������
	��	�������	��������	�3 � ��
�������	�.
���������	����������
�����	��

����	������	������	��	�����	�*�����	��
���	�����	"� �������������������	��	����	��	�	���������
��

���	��/���7�@1��	�	�������	�	����	��
�����?��	�	�"� ��	�	������	������	�.
���������	���������	�

�
	��	�������	������	������	�����	�*�
��	�����"���� �������	������	����	����������������
�	�������

�������
	��	�������	�������	���������	���*�/ ��
�	� 71��3�	�����������	���	�����	�*�����	�
������	�

�����������������3� ���
�����	"�������������	������ ��	���		���	�����	�*�����	��	�����	�

���������������������3� ����	����<��	��	������	���� ����������	��������������
���	�(	��
������	�

�	���������
�������*�
��������	�����	�������������	 ��"��������	�����	��	���������
���������
	����

��	������	������	����

�

<��	���	�	�������	�
�����	����	���	���*������������ �	��������	���
�����	����������	��������	�! ��

�
���"��������������������������
������	�	��	�����+ 	��������������	�����������/ ��
�	�71�����

	�	������"������	�����	��	���������
��������������	 ��������	���		����



+ 	 � � �<����
�

�

,�
�����	����	���	�	�������	�
����������	�E< ��
��� ��	����	��������������	��	5�	
������������

��	��������������	������	������	�����

	����������	 ����������"�*�
��������	�����	������

�	����	�
�����	���,�
������	��	���������
��������	� ��������	��������	���		��������	�����	���	��	���

��+	���������	��	����������������	���E��	���������� 	���������������	��	�����+	�������	���
�����	�

���	������
�	����
������	��	���������
���������
��� ��	���������	�����	��	���������
��������	�

.
��������������
�����	�"�	�	������"����
	��������� ���������������	5�/�
��	��������������	����

��
�������������
	�1��,�������������*�
������	��	�� �������
��������������	��������	���		��������	�

����	���	��	�����+	������	������	������	��������	�E < ��
�����,��	�����	��	���������
������������

�������������	5�������	����*����	������������������ ����	������	������	������	���

Table 5.  Coefficient estimates, standard errors (SE) and significance value (P|z|) derived from habitat 
association abundance models for three bird guilds in the Freds and Power Fires. ESF = Early Seral 
Forest bird guild, PFS = Post-fire Snag bird guild and OMF = Open and Mature Forest bird guild. 
Variables with significant estimates (P|z|) < 0.05) are bolded and sorted by effect size. Model variables 
were scaled prior to conducting analyses, thus estimate values represent relative correlations and can 
be compared among variables. 

ESF abundance Estimate  SE (P|z|)  ESF richness Estimate  SE (P|z|) 
intercept 1.60 0.05 <0.001  intercept 1.08 0.04 <0.001 
shrub cover  0.38 0.07 <0.001  shrub cover  0.25 0.09 0.007 
shrub cover 2 -0.18 0.06 0.008  BA live trees  -0.11 0.03 <0.001 
elevation  0.17 0.05 <0.001  shrub cover2 -0.10 0.09 0.26 
BA live trees  -0.15 0.03 <0.001  slope  -0.07 0.03 0.02 
young conifer  0.08 0.02 <0.001  young conifer  0.06 0.03 0.04 
slope  -0.08 0.03 0.002  shrub richness 0.05 0.03 0.13 
shrub richness 0.03 0.03 0.18      
SRI* 0.03 0.03 0.30      

PFS abundance     PFS species richness    
intercept 0.47 0.08 <0.001  intercept 0.12 0.06 0.05 
BA live trees  -0.22 0.05 <0.001  BA snags  0.16 0.04 <0.001 
BA snags  0.19 0.04 <0.001  elevation  -0.14 0.06 0.02 
elevation  -0.19 0.07 0.008  BA live trees  -0.12 0.05 0.02 
SRI* 0.06 0.05 0.19  slope 0.07 0.05 0.12 
slope 0.04 0.04 0.28      

OMF abundance     OMF richness    
intercept 1.12 0.06 <0.001  intercept 0.81 0.06 <0.001 
BA live trees  0.22 0.04 <0.001  BA live trees  0.18 0.03 <0.001 
shrub cover  0.19 0.05 <0.001  shrub cover  0.13 0.05 0.008 
SRI* -0.11 0.03 0.001  SRI* -0.11 0.04 0.004 
elevation  -0.11 0.06 0.05  shrub cover 2 -0.07 0.03 0.04 
shrub cover 2 -0.08 0.03 0.001  slope -0.06 0.04 0.11 
slope  -0.07 0.03 0.03  elevation -0.04 0.05 0.43 
herbaceous 0.06 0.04 0.18      
young conifer 0.02 0.03 0.49      

*SRI = Solar Radiation Index 
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Figure 6 . Marginal effects of select predictor variables on guild abundance (left column) and species 
richness (right column). Plots along the top row show alternative models of linear (gray curve; parameter 
estimates not listed above) and quadratic (red curve) relationships between shrub cover and the Early 
Seral Forest bird guild. The bottom row shows modeled linear relationships between snag basal area and 
the Post-fire Snag bird guild. 95% confidence intervals of effect estimates (red and gray shaded areas) 
are also shown. 
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Figure 7.  Early Seral Forest bird guild abundance and species richness (within 50m of the observer) for 
points affected by herbicide treatments in the Freds Fire and control points located in the Freds and 
Power fires. 
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Appendix A . List of all species detected in Freds, Power, Government and Rim fires during 2015 point 
surveys (unlimited by distance).  Detections are listed as mean individuals observed per point count 
survey. Asterisks (*) following the common name indicate the species was not included in the total 
abundance and total species richness analysis. Species are sorted taxonomically. 

Common Name Scientific Name 
Freds 
Fire 

Power 
Fire 

Government 
Fire 

Rim 
Fire 

Canada Goose* Branta canadensis --- 0.03 --- --- 

Common Merganser* Mergus merganser --- 0.01 --- --- 

Mountain Quail Oreortyx pictus 1.64 1.44 0.44 1.19 

California Quail Callipepla californica --- 0.01 --- 0.01 

Sooty Grouse Dendragapus fuliginosus 0.02 0.01 0.01 --- 

Turkey Vulture* Cathartes aura --- 0.01 --- --- 

Osprey* Pandion haliaetus --- 0.01 --- --- 

Sharp-shinned Hawk* Accipiter striatus --- --- --- 0.01 

Cooper's Hawk* Accipiter cooperii --- --- 0.01 --- 

Northern Goshawk* Accipiter gentilis --- --- --- 0.01 

Red-tailed Hawk* Buteo jamaicensis 0.02 0.01 --- 0.01 

American Kestrel* Falco sparverius 0.06 0.04 0.01 0.02 

Peregrine Falcon* Falco peregrinus --- 0.01 --- --- 

Band-tailed Pigeon Patagioenas fasciata 0.01 0.01 0.01 0.04 

Eurasian Collared Dove* Streptopelia decaocto --- --- --- 0.01 

Mourning Dove Zenaida macroura 0.06 0.01 --- 0.35 

Great-horned Owl* Bubo virginianus --- --- 0.01 --- 

Northern Pygmy-Owl* Glaucidium gnoma 0.03 0.04 0.01 0.04 

Common Nighthawk Chordeiles minor --- --- 0.01 --- 

White-throated Swift Aeronautes saxatalis 0.01 --- 0.01 --- 

Anna's Hummingbird Calypte anna 0.01 0.03 0.02 0.10 

Calliope Hummingbird Selasphorus calliope --- --- 0.01 0.01 

Lewis's Woodpecker Melanerpes lewis 0.03 0.01 --- --- 

Acorn Woodpecker Melanerpes formicivorus 0.14 0.17 --- 0.39 

Williamson's Sapsucker Sphyrapicus thyroideus --- --- 0.01 --- 

Red-breasted Sapsucker Sphyrapicus ruber 0.07 0.08 0.07 0.03 

Downy Woodpecker Picoides pubescens --- 0.01 0.01 0.01 

Hairy Woodpecker Picoides villosus 0.16 0.18 0.20 0.57 

White-headed Woodpecker Picoides albolarvatus 0.10 0.22 0.20 0.30 

Black-backed Woodpecker Picoides arcticus --- --- 0.01 0.05 

Northern Flicker Colaptes auratus 0.71 0.82 0.36 0.31 

Pileated Woodpecker Dryocopus pileatus 0.04 0.02 0.06 0.06 

Olive-sided Flycatcher Contopus cooperi 0.26 0.31 0.62 0.22 
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Common Name Scientific Name 
Freds 
Fire 

Power 
Fire 

Government 
Fire 

Rim 
Fire 

Western Wood-Pewee Contopus sordidulus 0.30 0.60 0.59 0.73 

Hammond's Flycatcher Empidonax hammondii 0.01 0.02 0.11 0.01 

Dusky Flycatcher Empidonax oberholseri 0.33 0.30 0.50 0.14 

Pacific-slope Flycatcher Empidonax difficilis --- 0.01 --- 0.05 

Black Phoebe Sayornis nigricans --- 0.01 --- 0.01 

Cassin's Vireo Vireo cassinii 0.13 0.23 0.44 0.21 

Hutton's Vireo Vireo huttoni 0.01 0.02 0.01 0.04 

Warbling Vireo Vireo gilvus 0.11 0.24 0.17 0.08 

Steller's Jay Cyanocitta stelleri 1.32 1.36 0.90 0.64 

Western Scrub-Jay Aphelocoma californica 0.05 --- --- 0.01 

Clark's Nutcracker Nucifraga columbiana --- 0.01 --- --- 

Common Raven* Corvus corax 0.02 0.04 0.07 0.10 

Violet-Green Swallow Tachycineta thalassina 0.01 --- 0.01 --- 

Mountain Chickadee Poecile gambeli 0.46 0.56 0.69 0.09 

Chestnut-backed Chickadee Poecile rufescens --- --- 0.03 --- 

Bushtit Psaltriparus minimus 0.13 0.12 --- --- 

Red-breasted Nuthatch Sitta canadensis 0.31 0.68 0.95 0.54 

White-breasted Nuthatch Sitta carolinensis 0.02 0.06 0.01 0.03 

Pygmy Nuthatch Sitta pygmaea 0.01 --- --- --- 

Brown Creeper Certhia americana 0.18 0.33 0.44 0.43 

Rock Wren Salpinctes obsoletus 0.09 0.01 --- 0.08 

Canyon Wren Catherpes mexicanus 0.03 0.03 --- 0.01 

Bewick's Wren Thryomanes bewickii 0.10 0.30 0.01 0.01 

House Wren Troglodytes aedon 0.96 1.12 0.26 0.09 

Pacific Wren Troglodytes pacificus --- 0.01 0.06 0.01 

American Dipper Cinclus mexicanus --- 0.01 --- --- 

Golden-crowned Kinglet Regulus satrapa 0.13 0.27 0.22 0.04 

Blue-gray Gnatcatcher Polioptila caerulea 0.04 --- --- 0.01 

Western Bluebird Sialia mexicana 0.11 0.07 0.08 0.14 

Mountain Bluebird Sialia currucoides 0.01 0.01 0.07 0.01 

Townsend's Solitaire Myadestes townsendi 0.11 0.07 0.28 0.22 

Swainson's Thrush Catharus ustulatus --- --- --- 0.01 

Hermit Thrush Catharus guttatus 0.01 0.01 0.01 0.02 

American Robin Turdus migratorius 0.32 0.29 0.38 0.48 

Wrentit Chamaea fasciata 0.11 0.06 --- 0.01 

European Starling* Sturnis vulgaris --- --- --- 0.01 

Orange-crowned Warbler Oreothlypis celata 0.13 0.15 0.05 0.01 

Nashville Warbler Oreothlypis ruficapilla 0.66 0.82 0.48 0.10 

Yellow Warbler Setophaga petechia 0.31 0.18 0.02 0.01 

Yellow-rumped Warbler Setophaga coronata 0.14 0.29 1.05 0.37 

Black-throated Gray Warbler Setophaga nigrescens 0.10 0.15 0.01 0.21 
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Common Name Scientific Name 
Freds 
Fire 

Power 
Fire 

Government 
Fire 

Rim 
Fire 

Townsend's Warbler* Setophaga townsendi --- --- 0.01 --- 

Hermit Warbler Setophaga occidentalis --- 0.14 0.25 0.13 

MacGillivray's Warbler Geothlypis tolmiei 0.43 0.44 0.27 0.14 

Wilson's Warbler Cardellina pusilla 0.02 0.02 0.05 0.01 

Green-tailed Towhee Pipilo chlorurus 1.16 0.89 0.57 0.02 

Spotted Towhee Pipilo maculatus 0.82 1.02 0.47 0.36 

California Towhee Melozone crissalis 0.06 0.01 --- 0.01 

Chipping Sparrow Spizella passerina 0.19 0.13 0.09 0.51 

Black-chinned Sparrow Spizella atrogularis 0.01 --- --- 0.01 

Fox Sparrow Passerella iliaca 1.29 1.57 0.95 0.11 

Song Sparrow Melospiza melodia 0.01 0.02 --- 0.02 

Lincoln's Sparrow Melospiza lincolnii --- 0.01 --- 0.01 

Dark-eyed Junco Junco hyemalis 0.23 0.30 0.89 1.10 

Western Tanager Piranga ludoviciana 0.48 0.54 1.15 0.89 

Black-headed Grosbeak 
Pheucticus 
melanocephalus 0.48 0.63 0.54 0.80 

Lazuli Bunting Passerina amoena 0.76 0.69 0.16 2.92 

Indigo Bunting Passerina cyanea --- --- --- 0.01 

Red-winged Blackbird Agelaius phoeniceus --- --- --- 0.01 

Western Meadowlark Sturnella neglecta 0.04 --- --- --- 

Brewer's Blackbird Euphagus cyanocephalus --- --- --- 0.01 

Brown-headed Cowbird Molothrus ater --- 0.01 --- 0.03 

Bullock's Oriole Icterus bullockii --- --- --- 0.01 

Purple Finch Carpodacus purpureus 0.04 0.06 0.05 0.22 

Cassin's Finch Carpodacus cassinii 0.08 0.04 0.37 0.09 

House Finch Carpodacus mexicanus --- --- --- 0.01 

Red Crossbill Loxia curvirostra --- 0.02 0.06 0.07 

Pine Siskin Carduelis pinus 0.07 --- 0.03 0.06 

Lesser Goldfinch Spinus psaltria 0.05 0.03 --- 0.06 

Lawrence's Goldfinch Spinus lawrencei --- --- --- 0.17 

Evening Grosbeak 
Coccothraustes 
vespertinus 0.05 0.01 0.12 0.01 
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Appendix B.  List of correlation coefficients for topographic and vegetation survey variables included in 
habitat associations models. 

 elevation slope SRI 

BA 
live 

trees 

BA 
dead 
trees 

% 
young 
conifer 
cover 

% 
shrub 
cover 

shrub 
richness 

% 
herba-     
ceous 
cover 

elevation 1.00 -0.14 0.35 -0.01 0.17 -0.07 0.11 0.42 -0.29 

slope -0.14 1.00 0.10 -0.07 -0.02 -0.25 0.00 -0.13 -0.03 

SRI 0.35 0.10 1.00 -0.11 0.18 0.01 -0.14 0.07 0.07 

BA live trees -0.01 -0.07 -0.11 1.00 -0.06 -0.12 -0.23 -0.15 -0.33 

BA dead trees 0.17 -0.02 0.18 -0.06 1.00 -0.08 0.34 0.12 -0.05 
% young conifer 
cover -0.07 -0.25 0.01 -0.12 -0.08 1.00 -0.18 0.15 0.20 

% shrub cover 0.11 0.00 -0.14 -0.23 0.34 -0.18 1.00 0.13 -0.40 

shrub richness 0.42 -0.13 0.07 -0.15 0.12 0.15 0.13 1.00 -0.05 
% herbaceous 
cover -0.29 -0.03 0.07 -0.33 -0.05 0.20 -0.40 -0.05 1.00 
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