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A clear-cut forest area near Eugene, Oregon. Photb by Calibas / Wikipedia. 

The newly exposed edges of deforested areas are highly susceptible to drastic temperature 

changes, leading to hotter, drier and more!variable conditions for the forest that remains, according 
to new research from the University of Colbrado Boulder. 

The findings suggest that thermal biology-' an emerging discipline that examines the effects of 

temperature on biological and ecological processes-could be an effective tool for understanding 
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how temperature changes in fragmented habitats can potentially wreak havoc on species activity 

and other critical ecosystem functions. 

A study outlining a framework for applyinJ thermal biology to deforestation research was recently 

published in the journal Ecology Letters. • 

Previous research has shown that widespread qeforestation is a threat to global biodiversity, but 
scientists are only just now beginning to ~xamine the role that temperature may play when trees are 
removed from an ecosystem-especially near tti'e newly-cut edges of forests. 

"When you chop down trees, you create Hot 
spots in the landscape that are just 

scorched by the sun," said Kika Tuff, a P~D 
candidate in the Degartment of EcologY. and 
EvolutionaJY. BiologY. at CU-Boulder and tllte 
lead author of the new paper. "These hot 

l 

spots can change the way that heat mov~s 
through the landscape." 

In some cases, this creates a phenomendn 
known as the 'vegetation breeze,' where lbw 
air pressure in the cleared areas pulls the' 
cool, moist air out of the forest and feeds 

1 

hot, dry air back in. 

"So now the cleared areas get all the rain l 
and the forests gets sucked dry," said TuffL 
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Biologists estimate that 20 percent of the worfd's:remaining forests lie within 100 meters of an edge, 
while more than 70 percent lie within a kildmeter :of one. This means that much of the world's forests 

may be experiencing the vegetation breeze and other warming effects. 

Increased temperature variation near forest edg~s could affect species' ability to regulate their body 

temperatures, resulting in behavioral chan~es that could alter the local ecosystem. 

One such example, Tuff said, could be the!feeding patterns of animals living at the forest edge. 
Animals are very temperature sensitive, sd they f:iunt for food when they have sufficiently warmed 

up in the morning and stop hunting for food when'. it is too hot in the afternoon. If temperatures are 
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higher at the forest edge, species may re~pond ~y retreating to hunt in the cooler, deeper forest, 
where they become dependent on new types of\food, sparking a domino effect in the food chain. 

Another example might be the timing and!duration of species activity. If temperatures were to 
increase due to tree loss, predators may start foraging later in the day to avoid the heat. Such a 

change could increase how frequently pr~dator~• come across their prey, intensifying predation 
events and resulting in localized prey populatioricrashes in some cases. 

Such effects should also apply in instancJs of n~tural treefall, Tuff said. In Colorado, for example, 

high winds, wildfires and beetle kill can c~eate e~ges in the treeline where greater sunlight exposure 
would subsequently increase the solar ra~iati'on iand temperature in localized areas. 

The sensitivity of animals and plants to tetnperature could have implications for future conservation 
strategies as deforestation and habitat fra~rrlent~tion continue worldwide. 

I , 

I 

"Applying thermal biology on the scale of landscapes is a fairly new idea," Tuff said. "Thermal 
; ; 1: . 

biology presents a new imperative for for~st con~ervation and makes the value of forests all the 
greater because of what they do for thernial r¢gililation·. Trees aren't just habitat for animals, they are 
the world's insurance for a thermally stab!~ and habitable planet." 

The study was co-authored by Assistant Profess'or Ke~di Davies and graduate student Ty Tuff, both 
j ,, 

of the Department of Ecology and Evolutionary Biology (EBIO) at CU-Boulder. 

Trent Knoss is a science editor at the CU Office bf News Services. 
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Abstract. We conducted bird surveys in IO of the first 11 years following a mixed-severity fire in a dry, low-elevation 
mixed-conifer forest in western Montana, United States. By defining fire in terms of fire severity and time-since-fire, and 
then comparing detection rates for species inside 15 combinations of fire severity and time-since-fire, with their rates of 
detection in unburned (but otherwise similar) forest outside the bum perimeter, we were able to assess more nuanced 
effects of fire on 50 bird species. A majority of species (60%) was detected significantly more frequently inside than 
outside the bum. It is likely that the beneficial effects of fire for some species can be detected only underrelatively narrow 
combinations of fire severity and time-since-fire. Because most species responded positively and uniquely to some 
combination of fire severity and time-since-fire, these results carry important management implications. Specifically, the 
variety of burned-forest conditions required by fire-dependent bird species cannot be created through the application of 
relatively uniform low-severity prescribed fires, through land management practices that serve to reduce fire severity or 
through post-fire salvage logging, which removes the dead trees required by most disturbance-dependent bird species. 

Additional keywords: Black-backed Woodpecker, conifer forest, ecological integrity, fire severity, mixed-severity fire, 
restoration, salvage logging, wildfire. 
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Introduction 

The earliest synthesis of fire effects on birds (Kotliar et al. 2002) 
revealed that many species respond positively, others negatively 
and still others in a mixed fashion to burned forest conditions. 
Perhaps the most important pattern that emerged from this 
synthesis is that some species (the more extreme including the 
American Three-toed Woodpecker (Picoides dorsalis), Black­
backed Woodpecker (Picoides arcticus), Mountain Bluebird 
(Sialia currucoides) and Tree Swallow (Tachycineta bicolor)) 
are relatively abundant•in burned forest conditions. One (the 
Black-backed woodpecker) is even relatively restricted in its 
distribution to such conditions. For example, Hutto (1995) 
reported that 15 species were more abundant in burned forests 
than they were in any of the other 14 vegetation types included in 
his meta-analysis. This carries important management impli­
cations because those species may depend to a large extent on 
fire to create the habitat conditions they need for persistence -
habitat conditions that are severely compromised by fire pre­
vention, fire suppression, and post-fire salvage logging, seeding, 
tree planting and removal of native shrubs (Saab and Dudley 
1998; Kotliar et al. 2002; DellaSala et al. 2006; Hutto and Gallo 
2006; Hutto 2008; Saab et al. 2009; Swanson et al. 2011; 
DellaSala et al. 2014; Tingley et al. 2014). 

Journal compilation © IA WF 2016 

Until very recently, studies of fire effects did not distinguish 
the effects of low-severity, mixed-severity and high-severity 
fires. Therefore, reported responses of species were oftentimes 
different from one study to the next, and terms like 'mixed 
responder' were included in tables generated from synthetic 
work on fire effects (Kotliar et al. 2002). Kotliar et al. (2005) 
noted that fire severity, time-since-fire, vegetation type and 
other considerations could probably explain some of the varia­
tion among studies, but it was not until Smucker et al. (2005) 
characterised the severity of the fire surrounding each of a series 
of survey points that bird responses to fire became much less 
ambiguous and remarkably consistent. Smucker et al. (2005) 
proposed that most bird species respond predictably to fire, but 
that the type of response (positive or negative) depends strongly 
on fire severity. Subsequently, numerous studies (e.g. Covert­
Bratland et al. 2006; Kirkpatrick et al. 2006; Conway and 
Kirkpatrick 2007; Koivula and Schmiegelow 2007; Kotliar 
et al. 2007; Hanson and North 2008; Kotliar et al. 2008; Vierling 
and Lentile 2008; Nappi et al. 2010; Nappi and Drapeau 2011; 
Dudley et al. 2012; Fontaine and Kennedy 2012; Lee et al. 2012; 
Lindenmayer et al. 20 I 4; Rush et al. 20 I 2; Hutto et al. 2015; 
Stephens et al. 2015) have demonstrated a marked effect of fire 
severity on either the occurrence or breeding success of selected 

www.publish.csiro.au/joumals/ijwf 



F Int. J. Wild/and Fire 

81-100% 

41-80% 

1-40% 

81-100% 

41-80% 

1-40% 

~ 
·15 81-100% 

~ 41-80% 

E 1-40% 
::, 
!D 

81-100% 

41-80% 

1-40% 

81-100% 

41-80% 

1-40% 

81-100% 

41-80% 
1-40% ½ 

R. L. Hutto and D. A. Patterson 

Year 

Fig. 2. Heat maps reflecting the log-odds ratio associated with the percentage occurrence in each combination fire severity and time-since-fire in 
comparison with the percentage occurrence in unburned forest outside the fire perimeter for each of50 bird species (four-letter mnemonic codes provided in 
Table 2; species are organised by their average log-odds scores, from those that had a large average positive response to those that had a large average 
negative response to fire). Hotter (more red) blocks represent positive responses to fire and cooler (more blue) blocks represent negative responses to fire. 
The symbols correspond with Bonferroni adjustedP-values ( ◊ = 0.ol < P < 0.05; + = 0.001 < <0.01; * = P < 0.001). Thirty of 50 species (60%) were 
significantly more abundant in burned forest at some combination of severity and time-since-fire than in unburned, mature green-tree forest. 

Golden-crowned Kinglet (Regulus satrapa)) were detected less 
frequently after fire, regardless of fire severity, and their detec­
tion rates generally continued to decrease over time (Fig. 2). 

Discussion 

Following the most common approach to assessing fire effects, 
we first looked at whether there were significant differences in 
bird abundances between the burned and surrounding unburned 
forest. The results from this analysis were consistent with those 
reported in many other studies of fire effects on birds (see 
Kotliar et al. 2002)- roughly half the bird species appeared to 
benefit and half did not (Table 2). Unfortunately, this kind of 
analysis hid positive responses that became apparent only after 
accounting for fire severity and time-since-fire. By dividing the 
burned-forest data into 15 combinations of fire severity and 
time-since-fire, we found results that were more nuanced than 
those obtained from a simple 'burned vs unburned' analysis. 
Specifically, 30 of 50 (60%) of the bird species considered 
were significantly more likely to occur inside the burned forest 
(at 1 or more combinations of fire severity and time-since-fire) 
than outside the burned forest. The distinct location of the 
greatest probability of detection for any 1 species across the 
2-dimensional fire-severity and time-since-fire gradient, com­
bined with differences in those locations among species (Fig. 2), 
suggests that the bird occurrence patterns are accurate reflec­
tions of bird abundance and not artefacts of some kind of sam­
pling bias that might affect all species similarly. Other recent 
work (Stephens et al. 2015) has also revealed that the locations 

of peak abundances across a fire-severity/time-since-fire 
gradient differ among species. 

Many of these significantly positive responses would not 
have been evident without partitioning the data into multiple 
severity and time-since-fire categories. This kind of analysis is 
difficult to conduct with data from any one fire because sample 
sizes (the number ofindependent survey points in each severity­
by-year category) are generally much smaller than what we were 
able to achieve here (Table 1). Even with the sample sizes we 
achieved, we were still forced to use fewer categories than the 
number used in the field to assess the statistical significance of 
fire effects. Although each bird species responded uniquely to 
the combination of fire severity and time-since-fire (Fig. 2), four 
general classes ofresponse are worth noting, along with some of 
the most probable biological underpinnings behind each. 

Response Pattern 1 

This pattern is illustrated by species that showed an abrupt 
increase in abundance within the first few years following fire, 
and the elevated abundance persisted until the end of the I I-year 
study primarily (but not exclusively) in locations that burned at 
higher severities. Several woodpecker species (Black-backed 
Woodpecker, Hairy Woodpecker, American Three-toed 
Woodpecker and Northern Flicker) showed this response pat­
tern (Fig. 2). The biological basis behind the abrupt increase in 
woodpecker populations is well established and unambiguous: 
bark and wood-boring beetle populations increase as individual 
beetles detect the newly created abundance of fire-killed trees. 
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In tum, developing larvae provide food for woodpeckers, which 
then respond numerically with an abrupt increase in abundance 
during the first year or two after fire. Relatively rare species like 
the American Three-toed and Black-backed woodpeckers are 
known to appear within months after fire (Blackford 1955; 
Villard and Beninger 1993; Villard and Schieck 1997). Their 
abundances then increase at a rate that is more rapid than 
expected if the increase were entirely the result of recruitment 
from inside the burn, so the increases are undoubtedly associated 
with colonisation by birds from outside the burned area, as 
others have noted (e.g. Van Tyne 1926; Koplin 1969; Yunick 
1985; Hoyt and Hannon 2002; Huot and Ibarzabal 2006; Siegel 
et al. 20 I 6). Perhaps the most iconic indicator of a severely 
burned mixed-conifer forest throughout the Sierra Nevadas of 
California, the Intermountain West and Canadian boreal forest 
is the Black-backed Woodpecker (Hutto 1995; Hanson and 
North 2008; Hutto 2008; Hutto et al. 2008; Nappi and Drapeau 
2009; Swanson et al. 201 I; Bond et al. 2012; Hutto et al. 2015). 
Although its pattern ofresponse to fire is not much different than 
that of the American Three-toed Woodpecker, Hairy Wood­
pecker or Northern Flicker (Fig. 2), the key difference between 
this woodpecker and the others lies with the extent to which the 
species is restricted in its distribution to burned forest condi­
tions. Other woodpecker species occur in green-tree forests to a 
much greater extent than the Black-backed Woodpecker; hence, 
the Black-backed Woodpecker is a better 'indicator' of severely 
burned forest conditions. The relatively high Black-backed 
Woodpecker occurrence rates across an 11-year period is 
somewhat surprising given the existing literature (Apfelbaum 
and Haney 1985; Hutto 1995; Murphy and Lehnhausen 1998; 
Hobson and Schieck 1999; Hoyt and Hannon 2002; Saab et al. 
2007), which suggests that a 4--8-year window of opportunity is 
about all one can expect for this species before they begin to 
decline in abundance. It may very well be that the mixed­
severity fire allowed this species to persist longer in this study 
than in most others because there was an abundance of weak­
ened trees in the moderate- to low-severity border areas, which 
continued to provide adequate food resources after conditions in 
the more severely burned portions became less suitable. This 
mechanism of persistence beyond durations expected on the 
basis ofaverages gleaned from the literature has been suggested 
to operate elsewhere as well (Nappi et al. 20 IO; Dudley et al. 
2012). 

Other bird species (e.g. Cassin's Finch; Clark's Nutcracker, 
Nucifraga coiumbiana; Red Crossbill; Pine Siskin) that appear 
to respond abruptly and positively to more severe fire, do so for 
reasons that are most likely related to the abrupt increase in 
availability of seeds that are retained in cones that open in 
response to fire. Still other species in this group respond quickly 
to what is probably an increase in the availability of the 
combination of nest sites associated with standing-dead trees 
and open areas for foraging either on the ground (e.g. Western 
Bluebird and Mountain Bluebird) or in the air (e.g. Western 
Wood-Pewee) or to an increase in the availability ofrelatively 
predator-free nest sites at ground level from burned-out roots 
and root wads associated with wind-thrown trees (e.g. Rock 
Wren; Townsend's Solitaire; Dark-eyed Junco, Junco hyema­
iis). The Oliutsided Flycatcher (Contopus cooperi) makes 
special use of nest sites thatare located in green-needled or 
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brown-needled trees on the edges of severely burned forest 
where they can sally into the openings created by crown fire. 

Response Pattern 2 

This pattern is illustrated by species that showed a slightly 
delayed •increase in abundance, primarily (but not necessarily) in 
locations that burned at higher severities. Ifwe had confined the 
study to the first year or two after fire, these positive responses to 
fire would have gone undetected. One of these species (Vesper 
Sparrow) appeared after a brief delay in the development of 
suitable grass-dominated patches, while several others (e.g. 
Dusky Grouse; Lazuli Bunting; Orange-crowned Warbler, 
Oreothlypis celata) were probably responding to the develop­
ment of suitable shrub and seedling layers for foraging and 
nesting, which varied markedly from one place to another within 
the burn perimeter. Still other species (e.g. House Wren, 
Troglodytes aedon; Lewis's Woodpecker; Tree Swallow; 
Williamson's Sapsucker) were probably responding to a 
delayed increase in the availability of cavity nest sites that 
became available either after they were excavated by wood­
peckers soon after fire or after the larger standing-dead trees 
began to soften with decay and break more easily in wind events. 
The House Wren clearly benefitted from tree blowdown and 
breakage events that occurred in the first 6 years after fire; its 
abundance grew steadily to the point that it was the most 
abundant species in severely burned forest patches 6-11 years 
after fire. 

Several authors (e.g. Hutto 1995; Gentry and Vierling 2007; 
Saab et al. 2007) have recognised a delayed increase in popula­
tions of Lewis's Woodpecker following severe fire, and it is 
clear that the benefit of severe fire to this woodpecker species 
would not have been detected in this study had the data 
collection period been restricted to the first few years after 
fire. The delayed positive responses of other species (e.g. 
Williamson's Sapsucker and White-breasted Nuthatch) have 
not been described previously and they are notable, as we 
discuss more fully below. Williamson's Sapsucker is notewor­
thy in that its distribution was nearly restricted to edge condi­
tions between unburned forest patches (where it fed on sap of 
living trees) and adjacent burned forest patches (where it nested 
in relatively large, decayed or broken-topped trees that became 
abundant after wind events in severely burned patches created 
them a decade or so after fire). The delayed increase in White­
breasted Nuthatch detections may be related to the increase in 
availability of insects beneath thick bark after the bark began to 
peel away from, or slough off, dead Ponderosa Pine, Western 
Larch, and Douglas-fir. Finally, the delayed increase by Western 
Bluebird represents a pattern that has received considerable 
attention (Duckworth and Badyaev 2007; Duckworth 2008, 
2009; 2010, 2012; 2014); Western Bluebirds are not as well 
adapted as Mountain Bluebirds are to colonise burned forests 
early on after fire, but once they colonise, they are better suited 
to outcompete the Mountain Bluebird in severely burned hot 
spots. 

The pattern of a rapid increase in abundance illustrated by 
species listed under the first response pattern is well described 
and well appreciated, but the second pattern of a delayed 
increase in severely burned forest patches is not widely appre­
ciated because the use ofa single 'after fire' category in many 
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previous fire effects analyses may have hidden the influence ofa 
delayed response. For example, of the 11 published studies of 
bird communities in burned and unburned forests reviewed by 
Kotliar et al. (2002), none separated the effects of fire severity or 
time-since-fire. Since that time, numerous authors (Hannah and 
Hoyt 2004; Saab et al. 2004; Smucker et al. 2005; Kirkpatrick 
et al. 2006; Schieck and Song 2006; Kotliar et al. 2007; Saab 
et al. 2007; Hutto 2008; Kotliar et al. 2008; Pons and Clavero 
20 IO; Nappi and Drapeau 2011; Saracco et al. 2011; Stephens 
et al. 2015) have included either fire severity or time-since-fire 
in their analyses of fire effects, and all of these authors 
concluded that it is important to do so. This study serves to 
reinforce the idea that fire effects cannot be accurately assessed 
in the absence of knowledge about the context surrounding a 
particular sample location and that includes, but is not limited to, 
fire severity and time-since-fire. 

Response Pattern 3 

This pattern is illustrated by species that revealed a fairly abrupt 
or slightly delayed increase in abundance within the first year or 
two following fire, but the positive response is limited to loca­
tions that burned at lower severities. This group includes species 
that have previously been labelled as 'mixed' responders in 
meta-analyses of fire effects ( e.g. Kotliar et al. 2002) because 
they respond positively to fire in some studies and negatively to 
fire in others. Our results suggest instead that these species do 
not respond to fire unpredictably; it is just that their response 
depends on fire severity. For example, some of these species 
maintained an elevated occurrence rate in locations that burned 
at a lower severity throughout the duration of the 11-year study 
(e.g. Brown-headed Cowbird, Red Crossbill, Red-breasted 
Nuthatch, Western Tanager and Ruby-crowned Kinglet), while 
others showed a positive but brief response to low-severity fire 
only for a brief period following fire (e.g. Common Raven; 
Brown Creeper, Certhia americana; Pileated Woodpecker; 
Evening Grosbeak; Yellow-rumped Warbler; Hammond's 
Flycatcher; Hermit Thrush). For those species that showed a 
sustained (albeit small) positive response to low-severity fire, a 
predominantly green-tree forest that burned recently at loW.: 
severity might actually provide a forest condition that is more 
smtable than a long-unburned green-tree forest. The species that 
revealed a bnef and hm1ted mcrease in abundance only during 
the first year or two following fire may reflect an influx of 
individuals returning from wintering locations only to find many 
of their previously occupied locations too severely burned, so 
they then proceeded to squeeze into unburned or lightly burned 
forest near previously occupied forest patches. If true, their 
relatively high abundance in mildly burned forest may not 
reflect suitable conditions, but may be a reflection of birds 
making the best of a bad situation. A key question for future fire 
research would be to determine whether increases in numbers of 
detections after recent fire in mildly burned green-tree stands 
reflect conditions that are better in quality, even if only briefly, 
than long unburned green-tree stands for this group of species. 

Response Pattern 4 

This pattern is illustrated by the six species that were less 
abundant in burned than in unburned forest immediately 
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following fire and appeared to become even less abundant 
across the 11-year time span. For each of these species, there was 
no combination of fire severity and time-since-fire that resulted 
in detection rates that were as great as they were in unburned 
forest. Perhaps these species do not benefit in any way from fire. 
Indeed, many authors would be quick to classify fue species 
associated with this group of six species as 'negative respon­
ders.' However, we know that the abundances of each of these 
six species will be lower in recently burned forests only in the 
short-term. This was only an I I-year study, and we know that 
these same species will reach their highest occurrence rates in 
the years to come. If those occurrence rates reach a peak at some 
point in the future before falling again when the forest reaches an 
even older age, then those species would also be more accurately 
classified as positive responders; it is just that fue time required 
to show a relatively high abundance is longer than the length of 
the present study. Even a rudimentary knowledge of natural 
history suggests tl!at many bird species ( e.g. Orange-crowned 
Warbler, MacGillivray's Warbler, Calliope Hummingbird and 
Lazuli Bunting) benefit from high-severity fire, but the greatest 
positive response cannot usually be detected until somewhere 
between l O and 30 years following severe fire when plant suc­
cession produces a high density of conifer seedlings and shrubs. 
Similarly, the six species in this last group could be said to 
benefit from fire if forest conditions associated with, hypo­
thetically, a 300-year-old forest are not as good as forest con­
ditions associated with a 100-year-old forest because the only 
way optimal conditions for these species could be 'restored' 
would be through a severe fire event that creates their preferred 
habitat I 00 years later. Interestingly, Taylor and Barmore ( 1980; 
Table 2) showed precisely that pattern for Ruby-crowned 
Kinglet, Yellow-rumped Warbler and Hermit Thrush in 
Yellowstone and Grand Teton National Parks - those species 
that are more abundant in century-old than in either younger or 
older forests. Using the same logic, even a species that is more 
abundant at year 300 than at year 700 following fire would mean 
that severe disturbance ( disturbance severe enough to trigger 
ecological succession) is necessary to 'restore' appropriate 
forest conditions for that species too (see also Imbeau et al. 
1999, Schieck and Song 2006; Zhao et al. 2013). The important 
point is that we cannot assess the effects of fire without data on 
bird abundances from a more extended series of forest ages 
following fire. 

Caveat and management implications 

Because the bird occurrence rate at unburned points was based 
on a different set of years than the occurrence rate for any one of 
the two-year post-fire samples, it is possible that a significant 
difference in. the abundance of any one species between the 
unburned and a particular fire severity/time-since-fire category 
resulted from a temporal change in abundance independent of 
fire effects. However, even though our results emerged from a 
single fire event that may be best considered a case study, a 
previous study of bird occurrence patterns across hundreds of 
fires over the past 30 years (see Hutto et al. 2015, and references 
therein) suggests fuat the individual species' responses make 
good biological sense and are not artefacts of unusual increases 
or declines in bird abundance independent of fire effects. 
Nonefueless, these findings should serve as hypotheses to be 
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tested through replication of independent samples drawn from 
different time-since-fire categories. Only through use of a 
chronosequence approach (Hutto and Belote 2013) will we be 
able to generate the replication of burned-forest conditions 
necessary to evaluate fire effects in a manner that will allow us to 
appreciate how both fire severity and time-since-fire create the 
conditions needed by birds that respond positively to fire. 

The take-home lesson here is that we cannot rely on tradi­
tional 'burned vs unburned' comparisons presented in most 
published reports on fire effects to assess whether species 
respond positively or negatively to fire. Fire severity, time­
since-fire and other forest conditions matter to organisms that 
respond positively to disturbance, therefore we will have to 
consider the kind of forest, tree sizes and densities, fire severity 
and time-since-fire if we want to investigate fire effects in a 
biologically meaningful way. By considering the effects of just 
two of those forest conditions here, it is clear that the majority of 
species increases in abundance during part or all of the first 
dozen years after fire, as evidenced by significant differences in 
rates of detection inside vs outside burned forests. Thus, we 
cannot gain a thorough understanding of fire effects through 
results that emerge from short-term, before-and-after studies; 
we need to know more about the occurrence rates of species 
across very long time spans if we are to speak knowledgably 
about the effects of fire on any particular species. Our finding 
that 60% of the bird species surveyed are most abundant in some 
stage of forest succession following fire than they are in mature 
forest is undoubtedly a conservative estimate of the proportion 
of species that benefit from fire because our data cover only a 
relatively short 11-year period following fire. 

Not only are there unambiguous responses by the majority of 
bird species to fire, but the responses are also highly dependent 
on a spatial component associated with fire severity. As sug­
gested by earlier work that included fire severity as an indepen­
dent variable (e.g. Smucker et al. 2005; Kotliar et al. 2007, 2008; 
Vierling and Lentile 2008; Stephens et al. 2015), fire severity 
has a dramatic influence on the probability of occurrence of bird 
species. The same pattern was true here fornearly all species that 
were detected on at least l O points. Some species are clearly 
most abundant in the less severely burned forest patches, while 
others are clearly most abundant in the more severely burned 
patches. This result is important because it implies that mixed­
severity fire effects are necessary for the creation of conditions 
needed by the variety of bird species that respond positively to 
fire. Even more importantly, the variety of burned-forest con­
ditions favoured by different bird species may be difficult to 
create through a prescription of low-severity understory fire 
applied outside the normal fire season, because such fires do not 
generate the higher-severity patches needed by the species that 
are relatively restricted to forests that have burned severely 
(Hutto 2008). In addition, land management practices designed 
to prevent or eliminate severe fire will also eliminate the very 
conditions required by many of the species highlighted here, as 
will post-fire salvage Jogging, which has been documented to 
have overwhelmingly negative effects on birds- effects that are 
among the strongest and most consistent scientific results ever 
published on any wildlife management issue (Hutto et al. 2015). 

Ecologists have long known that severe, stand-replacement 
fires are characteristic of some (mostly subalpine) forest types 

Int. J. Wild/and Fire 

(Brown and Smith 2000), but many forest managers and most 
politicians along with the public at large are still remarkably 
uninformed about the naturalness and necessity of severe fire in 
vegetation types born of, and maintained by, severe fire (Hutto 
et al. 2016). Even more striking is the near absence of an 
appreciation for the naturalness and necessity of severe fire in 
the low- to mid-elevation mixed-conifer forest types, even 
though severe fire events that create patches of severely burned 
forest are a natural and important part of those forests too (Baker 
et al. 2007; Hessburg et al. 2007; Baker 2009; Margolis et al. 
201 I; Perry et al. 2011; Baker 2012; Heyerdahl et al. 2012; 
Marlon et al. 2012; Veblen et al. 2012; Williams and Baker 
2012a, 2012b; Odion et al. 2014; Sherriff et al. 2014; Williams 
and Baker 2014; Baker 2015a, 2015b; Baker and Williams 
2015; Yocom-Kent et al. 2015; Hutto et al. 2016). For the 
lower-elevation mixed-conifer forest types, such as the forest 
studied here, it is quite clear that some amount of severe fire is 
natural and that large numbers of bird species benefit from the 
severe-fire component. Given these results, the challenge is to 
educate land managers, politicians and the public at large about 
the importance of maintaining severe fire on the landscape and 
to design fire-safe communities that can withstand the effects of 
severe fire disturbance events (Hutto et al. 2016). Only then will 
we be in a position to manage for appropriate amounts and sizes 
of severely burned forest patches that occurred historically and 
to celebrate the creation of mosaics of different fire severities 
and post-fire ages that follow directly from severe fire as a 
natural disturbance process. 
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Composition of Bird Communities Following 
Stand-Replacement Fires in Northern Rocky Mountain 
(U.S.A.) Conifer Forests 
RICHARD L. HUTTO 
Division of Biological Sciences, University of Montana, Missoula, MT 59812, U.S.A., email hutto@selway.umt.edu 

Abstract: During the two breeding seasons immediately following the numerous and widespread fires of 
1988, I estimated bird community composition in ·each of 34 burned-forest sites in western Montana and 
northern Wyoming. I detected an average of 45 species per site and a total of 87 species in the sites combined. 
A compilation of these data witb bird-count data from more than 200 additional studies conducted across 15 
major vegetation cover types in the nortbern RockrMountain region showed that J..J .... !!_ird species are gener• 
ally more abundant in early post-fire communities than in any other major cover type occurring in the north­
ern Rockies. One bird species (Black-backed Woodpecker, Picoides arcticus) seems to be near(v restricted in its 
habitat distribution to standing dead forests created by stand-replacement fires. Bird communities in recently 
burned for sts are different in composition from those that 'characterize other Rocky Mountain cover types 
(inc!!:!._ding early-succession al clearcuts) pnmarr. !JI ·e mem ers o t ree feeding guilds are especially 
abundant therein: woodpeckers, flycatchers, and seedeaters. Standing, fire-killed trees provided nest sites for 
ne~rry two-thirds of 31 species that were found nesting in the burned sites. Broken-top snags and standing 
dead aspens were used as nest sites for cavity-nesting species significantly more often than expected on the ba­
sis of their relative abundance, Moreover, because nearly all offhe broken-top snags that were used were 
pr_esent before the fire, forest conditions-prior to a {ire (especially the presen~;; ~{snags) may be important in 
determining the suitability of a site to cavitv-nesting birds after a (ire. For bird species that were relatively 
abundant in or relatively restricted to burned forests, stand-,;:eplacement fires may b7 necessarJ! for long~term 
maintenance of their populations. Unfortunately. the current/ire policy of public~ land-management agencies 
does not encourage maintenance of stand-replacement fire regimes, which may be necessary for tbe creation 
of conditions nee(led by the most fire-dependent bird species. In addition, s~lvage cutting may reduce the suit­
a1!!._lity of burnedforest habitat for birds by removing the most important element-standing, fire-killed 
trees-needed for feeding, nesting, or both by the majority of bird species that used burned forests. 

• ./ 

Composici6n de las comunidades de aves luego de! reemplazo de rodales a causa de incendios forestales en 
bosques de coniferas de las montaiias Rocosas de! norte 

Resumen: Durante las dos ultimas temporadas de crfa immediatamente despues de los numerosos y exten­
sos incendios de 1988, estime la composici6n de la comunidacl de aves en cacla uno de los sitios de bosques 
incendiados, en el oeste de ivfontana y el norte de Wyoming. Detecte un promedio de 45 especies por sitio y un 
total de 87 especies en todos los sitios combinados. Una recopilaci6n de estos datoi#con otros de conteo de 
aves a partir de mas de 200 sitios adicionales, conducido a lo largo de 15 tipos principales de cobertura de 
vegetaci6n en fas montaiias Rocosas de! norte mostr6 que 15 especies de aves eran en general miis abundan­
tes en las comunidades tempranas posteriores al incendio, que en cualquier otro tipo principal de cobertura 
Presente en las Rocosas de! norte. Una especie de ave (el piijaro carpintero de espalda negra, Picoides arcricus) 
Parece estar restringida en su distribuci6n a los drboles muertos en pie, que quedan a causa de! reemplazo de 
l"Odales a partir de los incendios. Las comunidades:de aves en los bosques recientemente incendiados, son 
diferentes en composici6n de aquellos que caracterizan otroslipos de cobertura de las montaiias Rocosas (in-
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for a very limited number of habitat types, however (for 
example, low-elevation ponderosa pine forests). Most of 
the forested landscape in the northern RQ.ckies evolvecl 
under a regime of high-intensity, large fires every 50-
100 years"(Fische~·&··B-~dley 1987), "iiot under a regime 
of low-intensity, frequent understory burns. A study of 
fire history in the Selway-Bitterroot Wilderness showed 
that less than 10% of the forested land experienced non­
lethal fire; most of the forest types experienced partly to 
completely lethal fires every 100-200 years (Brown et al. 
1994). Although some might argue that all forest types 
have been subjected to fire suppression for too long and 
that unnaturally dense understory buildups are leading 
to unnaturally severe fires, th~ stand-replacement fires 
thaLcurrently consume forests that evolved under that 
regime (for example. the 1988 Yellowstone fires) ru-e 
not at all unusual in intensity or extent (Romme & De-
spain l]::$.9). · --- • Second, current human population and human settle-
ment trends allow for the retention of very few areas 
large enough to allow free-ranging fire, and almost none 

)°f those areas have prescriptions allowing stand-replace­
L~ent fires to occur (Agee 1991). Even when there is 

plenty of space to let fires bum, the general response is 
to expend enormous resources to eradicate fire because 
of the damage it does to timber resources, the danger it 
poses to humans and their buildings, and-despite am­
ple evidence to the contrary-the damage it may do to 
tourism because of the visual impact. Brown and Arno 
(1991) have addressed this growing predicament of p\.it­
ting fire back into the landscape while still operating 
within the economic, social, and political constrai.o.ts 
that society continues to impose: It will not be ea.by'. 

Third, there is a lack of public education about the 
benefits of stanc.1-replacement fires. The biological na­
ivete surrounding the 1988 fires was astounding and did 
more to muster_ opposition than support for "let it bum" 
wilderness policies. The lack of understanding demon­
strated by the public, especially prominent politicians, 
generated a good bit of the conflict over policy (Cutler 
1988). Simple facts-for example .. there exists a strong 
distributional association between some bird species 
and burned forests-should be used to garner support 
from tl;le public for liberal prescribed-fire policies. 
•• Fourth, forests are not being managed in ;ways that 
mimic natur.il processes.. One could argue that the loss 
of burned forest acreage due to fire control has been 
compensated for, at least in part, by timber harvesting. 
Many people believe that the conditions present afteri·a 
clear~ut are basically the same as those present after\ a 
sev~e fire (Kohrt 1988; Maschera 1988; Eggleston 1989; 
Swift 199:3). But conditions created bv a stand-replac:e-

•. ment fire are biologically unique, at least in terms of the 
biomass of standing, dead trees that remain ,and, to· a 
much greater extent, in terms ot ecosystem structure 
and function. Clearcutting is, in general, a poor substi-
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tute for fire because such timber harvesting does not re­
tain. some of the most unportant elements, such as stand­
ing, dead trees, that are integral components of the post­
.fire ecosystem and that probably contribute to unique 
successional path:ways (Agee 1991; Hansen et al. 1991) 
and wildlife communities. 

Stand-replacement fires should not be yjewed ;is un­
natural disasters that can (and should) be prevented 
(Kipp 1931). As Heinselman (1985) has argued, plans to 
maintain stand-replacement fire regimes are justified in 
at least the more remote of our public lands, and pre­
scribed-fire regimes should not be limited to periodic, 
mild, understory burning in lower-elevation ponderosa 
pine forests. Managers must also be careful to mimic all 
aspects of natural disturbance (such as timing,. fre­
quency, and intensity) and not just introduce distur­
bance as such (Hobbs & Huenneke 1992). Finally, be­
cause the pattern of relative bird abundances differs 
among burns, managers probably need to provide a di­
versity of burned cover types, intensities, and maybe 
even a variety in landscape contexts of burns to provide 
for the variety of species that may depend on fire. 

Post-fire Timber Harvesting ~ 

On £Ublic lands, managers should leave an adequate 
amount of standing, dead trees after a fire because of the 
species that depend on that forest element. The current 
tendency to expedite timber ~salvage" sales on burned 
forest lands needs to be re-examined. Already, as much 
as 60% of all tlmber sales on some forests in the North-
ern Region of the U.S. Forest Service come from sal-
vaged timber (Schwennesen 1992). These sales, which 
are often exempt from public notice or comment, are 
generally supported by a well-meaning but misguided 
public that believes "dead and dying timber ought to be 
harvested and put to use" (Schwennesen 1992). 

If some bird species require burned forests for the 
maintenance of viable populations (which is strongly 
suggested by this study), then post-fire salvage cutting 
may be conducted too frequently to be justified on the 
basis ?f sound ecosystem management. In instances 
where a salvage cut is deemed necessary, managers who 
wish to mitigate such effects by leaving some of the 
standing dead trees should be aware that bird species 
differ in the microhabitats they occupy within a burn. 
Therefore, methods that tend to "homogenize" the stand 
structure (such as selective removal of all trees of a cer­
tain size and/or species) will probably not maintain the 
variety of microhabitats and, therefore, bird species that 
would otherwise use the site. Selective tree removal also 
generally results in removal of the very tree species (Ta­
ble 4) and sizes (Table 5) preferred by the more fire-d~ 
pendent hlrds. lt may be best, instead, to take trees from 
one part of t~urn and leave another part or tfie 
burned area untouched. 'I hat way, some of the guess-
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Table 4. The numbers of seven species of conifers (>10 cm 
diameter at breast height) encountered along a series of transects in 
the Grant Village, North Fork, Canyon Creek, ·and Blackfoot­
Clearwater sites, and the percentages of those used by woodpeckers 
for feeding purposes. 

Tree Species (n) 

Ponderosa pine, Pinusponaerosa 297 
Western larch, Larix occiaentalis 100 
Douglas-fir, Pseuaotsuga menziesii 593 
Engelmann spruce, Picea engelmanni 109 
Lodgepole pine, Pinus contorta 647 
Subalpine fir, Abies lasiocarpa 172 

Wooapecker 
use(%)* 

80.5 
64.0 
47.9 
2.3. 
0.2 
0.0 

* Percentages differ significantly among tree species (G = J 081, p = 
0.000). 

species are not the same as those that best predict the 
presence of another. Accordingly, the single variable 
that shows the best partial correlation with bird abun­
dance varies widely among species (Table 7). 

Discussion 

Contrary to what one might expect to find immediately 
after a major disturbance event, I detected a large num­
ber of species in forests that had undergone stand-re­
placement fires. Huff et al. (1985) also noted that the 
density and diversity of bird species in one- to two-year­
old burned forests in the Olympic Mountains, Washing­
ton, were as great a$ in adjacent old-growth forests. 
These numbers are not an artifact of birds simply pass­
ing through on their way from one adjacent unburned 
area to another. Most species we detected.were feeding 
in the burned forests, and at least a third (36%) of those 
detected were nesting therein as well. If the birds were 
merely feeding while passing through, I should have de­
tected more species and individuals in small bums and 
fewer in large burns because the probability of passage . 
should decrease with increased isolation from unburned 
source areas. In fact, the presence of a species was 

Hutto 

Table 6. Number (%) of cavity and open-cup nests in each of six 
classes of potential nest sites. 

Nest Site 

Broken-Top Conifer 
Intact-Top Conifer 
Broken-Top Aspen 
Intact-Top Aspen 
In Bank, On Ground 
In Shrub ' 

Open-Cup 
Cavity Nests Nests 

15 (31) 
12 (25) 

2 (4) 
18 (38) 

1 (2) 
0 (0) 

3 (14) 
9 (44) 
0 (0) 
0 (0) 
8 (38) 
1 (5) 

Available 
(%)* 

6 
92 

0 
2 

n/a 
n/a 

* Based on a sample of 200 trees along a single, J 0-m-wide transect 
in the Canyon Creek site. 

largely independent of bum size; in only two cases 
(Townsend's Solitaire [Myadestes townsendiJ and Soli­
tary Vireo [Vireo solitarius]) was bird abundance signif­
icantly negatively correlated with bum size, and those 
species may indeed have been present in the smaller 
bums because of the proximity of unburned forest to 
some of the census points. 

Several bird species seem to be relatively restricted in 
distribution to early post-fire conditions. These include 
Olive-sided Flycatcher, Three-toed Woodpecker, Black-
15acked Woodpecker, Clark's Nutcracker [Nucifragaco­
l~na], and Mountain Bii.iebird [Sialia curru­
coidesJ. AJthough none of these species mav be consid­
ered an early post-fire obligate in the strictest sense, few 
strict obligates ·are associated with any habitat (Niemi & 
Probst 1990). I believe it would be difficult to find a for­
est-bird species more .restricted to a single vegetation 
cover type in the northern Rockies than the Black­
backed Woodpecker is to early post-fire conditions. Al­
though it is possible that Black-backed Woodpecker 
populations are maintained by source refuges of low 
numbers in unburned forests, it is equally likely that 
their populations are maintained by a patchwork of re­
cently burned forests. The relatively low numbers in un­
burned forests may be sink populations that are main­
tained by birds that emigrate from bums when 
c'.:mditions become less suitable 5-6 years after a fire. 

Table 5. The sizes of each of three species of trees used by woodpeckers for feeding purposes in the Blackfoot-Clearwater site. 

Tree Diameter at Br<Jast Height (cm) 

Tree Status 0-10 10-20 20-30 30-40 >40 Significance* 

Douglas-fir, Pseuaotsuga menziesii 
not fed upon 269 180 77 9 0 
fed upon 10 70 123 24 10 0.0000 

Ponderosa pine, Pinus ponaerosa 
not fed upon 261 39 17 1 
fed upon -? I- 175 48 7 9 0.0000 

Western Larch. Larix occidentalis 
not fed upon 16 4 0 0 0 
fed upon 11 30 3 0 0 0.0001 

* Based on G-test of independence between tree size and signs of feeding activity. 
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em Flicker [Colaptes auratus], Steller's Jay [Cyanocitta 
stellenl, Orange-crowned Warbler [Vermivora celata], 
and Chipping Sparrow [Spizella passerina]) were most 
abundant in the slightly older burned forests (10-40 • 
years after fire) (Table 3). Three species (American 
Robin, Yellow-rumped Warbler [Dendroica coronata], 
and Dark-eyed Junco) were detected in both early- and 
mid-successional burned forest studies 100% of the time. 

G
hus, burned forests may be of critical importance to a 
rge number of Rocky Mountain bird species that are ei­
er relatively restricted to or relatively abundant in 

uch forests. 
The picture I paint of bird communities in burned for­

ests contrasts sharply with that painted by other authors 
(Emlen 1970; Bendell 1974; Lyon et al. 1978; Niemi 
1978; Lyon & Marzluff 1985), who have stated that pird 
communities change little after fire. After a careful re­
view of those papers and the papers that those authors 
summarized, however, it is clear that the no-effect con­
clusions have emerged, in part, from studies of low-in­
tensity fires or nonforested habitats and almost always 
from comparisons of one or two study sites and one or 
two controls-far too little replication to draw general 
conclusions about fire effects. Most important, however, 
the no-effect conclusions are based on composite statis­
tics such as total bird density, species richness, and 
within-guild abundances, which hide more than they re­
veal in terms of biological effects of fire on specific spe­
cies. 

Bird species that use burned forests occupy a variety 
of feeding guilds and most rely heavily on the standing 
dead trees for food acquisition. For example, several 
6mi ~pecies detected m recently burned forests m'Tybe 
taking advantage of the increased availability of conifer 
seeds after cones open in response to fire. Seed eaters 
that feed on conifer seeds (especially Clark's Nut­
cracker, Cassia's Finch [Cmpodacus cassinii], Red 
Crossbill [Loxia curvirostra], and Pme Siskin [ Carduelis 
pinus]) were more abundant in early post-fire habitat 
than in any ocher cover type, and they were s1gmfrcantly 
more abundant (;\llann-Wliitney U = 29,568, p < 0.001) 
in the first year than in the second year following a fire, 
when conifer-seed resources would have been more de­
pleted. Another feeding group that seems to depend on 
food provided by the burned trees includes the bark­
probing woodpeckers, which eat primarily wood-boring 
beetles (Beal 1911). WQOdpeckers are clearly respond­
ing to the increase in availability of cerambicid and bu­
prestid beetle larvae (Evans 1964; Komarek 1969; Bock 
& Bock 1974; Fellin 1980: Harris 1982; Amman & Ryan 
1991), which in some cases are themselves responding 
to the increase in availability of unburned wood that lies 
beneath the bark of fire-killed trees (Amman & Ryan 
1991). Adult beetles in the genus J,fe/anophila are, in 
fact, specialized to feed on fire-killed trees and are capa­
ble of using infrared sensors to detect and colonize 
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burned forests more than 161 km distant (Evans 1964, 
1966). Finally, aerial insectivores (Ifycatchers, swallows) 
relied on standing dead trees as perch sites from which 
they sallied into the open air space for their prey. 

Because the pattern of relative bird abundances dif­
fered among sites, the relative suitabilities of sites proba­
bly also differed among bird species. Toe same conclu­
sion is suggested by results of the partial correlation 
analysis, in which the specific elements associated with 
bird abundance differ among species. 

Most (77%) of the bird species I detected in burned 
forests were migrants. With concern about declining 
populations of migrants (Askins et al. 1990), perhaps 
cons~rvation biologists should be devoting more attenu 
tion to the loss of early successional habitats born of 
"1,1atural" disturbance by investigating the extent to 

which such habitats are necessary for the maintenance 
of viable populations. 

Conservation and Management Implications 

The Importance of Stand-Replacement Fires 

Fires are clearly beneficial to numerous bird species and 
are apparently necessary for some. The same case has 
been made for plants, in which some species germinate 
and flower only within 1-3 years after a fire and then 
bank their seeds for storage until the next fire (Heinsel­
man 1981). Fire is such an important creator of the eco­
logical variety in Rocky Mountain landscapes (Arno 
1980: Gruell 1983) that the conservation of biological di­
versity is likely to be accomplished onlv through the 
cons~ation of fire as a process. Fire is in fact" ... the 
only natural agent that is sufficiently widespread, abun­
dant, fast, and regular to hold plant successions in seral 
stages on a vast scale and. there~ore, to maintain the di­
versity of animal life that is so dependent upon such suc­
cessional vegetation·· (Komarek 1966). Efforts to meet 
legal mandates to maintain biodiversity should, there­
fore, be directed toward maintaining processes like fire, 
which create the variety of vegetative cover types upon 
which the great variety of wildlife species depend 
(Hansen et al. 1991). 

Unfortunatelv, we are not currently managing the land 
... 4 

to maintain the kind of early success1onal seral stages 
that follow stand-replacement fires and, hence, many 
fire-dependent plant and animal s ecies. Why not? First, 
prescri ed fires in conifer forests are most often low­
intensity, understory bums that are justified by the argu­
ment that, with past fire prevention, forest composition 
is now "unnatural" and that we need to reintroduce a na­
tive fire regime of frequent, mild, understory burns to re­
store forests and to prevent catastrophic crown fires, 
which are "destructive"' and "unnatural" (Biswel1 1968; 
Alexander & Dube 1982). This justification holds only 



1054 Bird Communities in Burned Forests 

work associated with choosing what to leave is avoided. 
This is clearly an area that deserves additional research 
attention. 

Implications for Live-Tree Harvesting Methods 

It is unforrunate that the effect of a timber harvesting 
method on birds (and other vertebrate~) is nearly always 
evaluated in terms of how much the bird community 
composition changes from before to immediately after 
harvest (Hutto et al. 1993; Hejl et al. 1995). The method 
that best mitigates immediate harvest effects (that pro­
duces the least change) is generally viewed as the best 
alternative. Instead, maybe managers should favor meth­
ods that minimize deviation not from the bird communi­
ties typically associated with the pre-cut forest, but from 
those associated with the series of post-fire successional 
communities anticipated to have eveotualJy oce,uned on 
th~ particular plot of land. In this light, many of the 
"new forestry" thinning practices, which appear favoi­
able in terms of mitigating the immediate effects of cut0 

ting, may not represent the best strategy in terms of min­
imizing the impact of timber harvesting on natural 
patterns and processes. This is because many of the 
newer harvesting practices in mid- to high-elevation co­
nifer forests create structurally artificial stands o~ thinned, 
trees, which may bring "unnatural" combination:s ofbirdf 
species together, eliminate the full range of seral stages,! 
and, perhaps worst of all, reduce the prospect 6f fire in! 
the future (Gruell 1980). Recent full-page ads by the tim­
ber industry in the northern Rocky Mountains (for exam­
ple, Missoulian, 24 August 1994, p. A-10), have, in fact, 
emphasized the fire-prevention "benefit" of forest thin­
ning. Such a consequence may be fine at the urban-for­
est interface. It may be a well-intentioned but misplaced· 
oal, however. for forested wild 
Most selective harvesting _and thinning methods :ilso • 

result in the loss of large trees, manv of which are. other­
wise destined to become the kind of snags that many· 
primary and secondary cavity nesters depend OJl..for 
nesting purposes should a stand-replacement fire oc,J;;.ur. 
The predominant use of already existing snags by cavity 

esters in burned forests (Table 6) implies that excava­
tion is much easier in those than in the plentiful but oth­
erwise less suitable (sometimes case-hardened) standing, 
dead trees. Because the most suitable nest trees for cav­
ity excavation are snags that are themselves olQ:Srowth 
elements, one might even suggest that many of the fire­
dependent, cavuy-ttesdng bm1s depend not only on for­
ests that burn, but on older forests that bum. G-k-arly, 
the relationsbip between pee-fire forest structure and ' 
post-fire bird communities deserves mare attention. 

A comparison of the bird communities in recent 
clearcuts and recent burns (Fig. 1) reveals a fair amount 
of similarity in the face of some important differences 
between the two cover types (Table 3), due primarily to 

C:ons,,rv:icion Biologv 

Hutto 

the presence of standing dead trees in the burned sites, 
which are used for feeding and/or nesting purposes by a 
large number of bird species (see also Davis 1976). I 
found an even greater overall similarity between clear-
cuts and bums that are in mid-successional stages, sug-
gesting that, when considered over all post-harvest suc­
cessional stages, clearcutting may comt closer to 
matching the natural patterns of bird occupancy on a _ A 
patch of land than do many (or most) other cutting prac-~ 
tices. I must reiterate, however, that the relative abun-. 
dances of many species differ quite markedly between 
q:cently burned and recently cut forests. Even in mid­
successional burns and clearcuts, which showed a 
greater relative similarity in bird-community composi-
tion than the earlier stages did, there were still signifi-
cant differences in the absolute abundances of a laFge 
number of individual species (for example, campare--t'be 
two al5undance • estimates for Calliope Hummingbird, _ 
Red-naped Sapsucker [Sphyrapicus nuchalis), Clark's 
Nutcracker, and Cedar Waxwing [Bombydlla cedrornm ]). 
Th~ even though the bird communities in 
clearcuts begin to look similar to those in fire-disturbed 
forests after a decade or two (Fig. 1), the bird communi-
ties are still quite different (in an absolute sense) from 
those that occur after a natural fire. Perhaps the best al­
ternative to traditional harvesting methods in forests 
that evolved under standard-replacement fire regime 
may be to conduct some sort of partial harvest, after 
which the remaining forest would be burned lethally. 

Fire (and its aftermath) should be seen for what it is: 
natural process that creates and maintains much of µ.~•c::., .f'i.i~c:; ..,r .,...,. 
variety and biological diversitv of the Northern Roe • es:: 
Most current cutting practices neither create la.1¥-...:...-­
amouip:s of standing dead rimber nor allow forests to cy-
cle through stages of early succession that are physiog­
nomieally similar w those that folrow stand-re lace t 
fires. ess managers egin to couple lethal burning 
with their cutting practices in those forests that evolved 
under stand-replacement fire regimes, traditional land­
management practices will not achieve the goals of eco-
system management. 
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ABSTRACT 

DEFINING ELK SECIJRITV: 
THE 'DD.,LIS PARADIGM 

Elk vulnerability may be reduced, antJ!hunter opportunity may be increased, by providing security areas for elk during 
the hunting season. We define security area requinements for lanti managers so that timber harvest decisions can reflect 
elk security needs. ' 

To provide a reasonable level af bul~ survival, each security area must be a nonlinear block of hiding cover~ 250 
acres in size and~ one-half mile from any open f:oad. Collectively, thes,e blocks must equal at least 30% of the analy­
sis unit. Vegetation density, topography, road access, hunter-use patterns and elk movements are variables that must be 
considered when applying these guidelines. Examples are provided that illustrate how the security guidelines are applied 
in thejzeld. 

INTRODUCI'ION 
Timber harvest affects elk vulnerability by changing 

the structure, size, juxtaposition and accessioility of: 
security areas. Biologists have recently provided working 
d_efinitions of "security," "security area," and "elk 
vulnerability" (Lyon and Christensen 1990). However, 
elk and timber managers still await research answers to 
current questions such as: "How large must a cover block 
be to provide effective security, how far must a security 
area be from a road, and how much of the area should 
provide security to meet elk vulnerability objectives?" 

We developed guidelines for retaining elk security 
areas west of the Continental Divide in Montana. We 
suggest that the concepts presented here could assist 
managers in providing security areas elsewhere. We also 
hope this stimulates constructive criticism 'and research 
that improve the guidelines. 

Special thanks go to S. D. Rose-fo;r helpf\tl editorial • 
comments. J.E. Firebaugh and R. E. Henderson provided 
technical reviews of the manuscript. We thank O. :L. 
Daniels and C. W. Spoon for supporting development and 
application of these guidelines. 

STUDY A.REA 
We devised guidelines applicable to the situations we 

know in the Clark Fork River drainage ( excluding the 
Flathead River drainage). The area is characterized by 
steep slopes extensively forested by ponderosa pine, 
Douglas-fir, lodgepole pine, western larch and subalpine 
fir. Average elk populations and hunter nwnbers are at 
30-year highs in the area, while the average bull/cow ratio 
observed by Montana Department of Fish; Wildlife and 
Parks (11:DFWP) biologists in early spring has declined 
during the same period (MDFWP, Missoula, unpubl. 

J. ~chaelHillis, Lolo N_ational Forest, Building 24, Fon Missoula, 
Missoula, MT 59801; Michael J. Thompson, Montana Department of 
Fish, Wildlife and Parks, Missoula, Mr 59801; Jodie E. Canfield, 
Deerlodge and Helena National Forests, Townsend, MT 59644; L. Jack 
Lyon, Intermountain Research Station, USDA Forest Service, Missoula, 
M! 59807; C. Les Marcum, Forestry School, University of Montana, 
Missoula, MT 59812; Patricia M. Dolan, Lolo National Forest, 
l\-1issoula, Mr 59801; Dav.id W. McCleerey, USDrBllI'°..au of Land 
Management, Missoula, Mr 59801 

data). The majority of elk habitat in the area is managed 
by the Lolo, Bitterroot and Deerlodge National Forests; 
although substantial portions are owned by Plum Creek 
Timber Company, Champion International Corporation, 
other private landowners, Montana Department of State· 
Lands and USDI Bmeau of Land Management. 

MANAGEMENT OBJECTIVES 
Lonner and Cada (1982) proposed that, "hunting 

recreational opportunities are good when hunting season 
lengths are relatively long, harvest rates are uniform, and • 
rules andtegulations few. The present 35-day general 
elk-hunting season in Montana permits a diversity of 
choice [for hunters] with regard to time, weather condi­
tions, hunter density and area. A lengthy hunting season 
has little meaning if the majority of the harvest occurs in 
the first few days." 

Nme years since Lonner and Cada's (1982) contribu­
tion, MDFWP and the three national forests within the 
study area formally share the following objectives: 1) 
maintain the current, relatively unregulated, 5-week 
hunting ~n; 2) distribute the bull harvest evenly over 
the entire hunting season; and 3) maintain a desired level 
of mature bulls in the post-hunting season population 
(For. Plan, Lalo Natl. For., 1986; For. Plan, Bitterroot 
Natl. For., 1987; For. Plan, Deerlodge Natl. For., 1987; 
Draft Elk Manage. Plan, MDFWP, Helena, 1991). We 
developed guidelines to meet these objectives. 

The agencies have decided to maintain habitat 
security levels that allow desired numbers of bull elk to 
escape harvest, rather than impose more restrictions on 
hunters (e.g .• shorter hunting seasons, antler-point 
restrictions, limited licenses). The recreational opportuni­
ties resulting from this type of management are becoming 
increasingly rare nationwide (A...non. 1988). 

DOCUMENTATION 
We developed guidelines from the following back­

ground of knowledge: 
1. Elk behavior changes in response to the hunting 

season (Marcum 1975; Morganti.ni and Hudson 1979, 
1985; Canfield 1988; Lyon and Canfield 1991). 
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2. Elk avoid areas adjacent to roads with vehicular ( 
traffic, especially during the hunting season {Marcum ! 
1975, Perry and Overly 1976, Lyon 1979, Irwin and Pee~ 
1983, Lyon 1983, Lyon et al. 1985, Lyon and Canfield 199n, 

3. Elk spend more time -iq dense cover du..r:ing hun~g 
season than they do before the hunting $WSQTJ (Marcum i 
1975, Irwin and Peek 1983, Canfield 1988). Large cover-
blocks contribute to securi more than ! 
(Can 1e 1988, Lyon and Canfield 1991). I 

4. Elk movements generally are confined 19 habita~ 
within a traditfonally used home range (Edge et!al. 1985) 

I Lyon et al. 1985, Edge et al. 1986). i 
5. Road closures may either increase or decrease elf 

vulnerability depending upon the influences of cover, i 
topography and hunting pressure, both within at)d ao.jaCt'j1rit 
to a security area (Basile and Lonner 1979, Lyon et al. ! 
1985). 

SECURITY-AREA GUIDELINES 
1 

How Large Must a Cover Block' &1 
. I 

Larger is better-To meet the hunting opportunity ! 
objectives outlined here, managers should strive to re~. 
perpetuate, or replace the largest security areas possible. J 

We assume that as security areas increase in size, elk \ 
become harder for hunters to find, and liberal hunting • 
opponunities become less costly in terms of elk vulnerability. 

Minimum size-In the lower Clark Fork drainage, i 

conditions are favorabie for elk to elude hunters: cover i~ 
dense, terrain is steep, and forest communities are lru.:gelY; 
unfragmented. Lyon and Canfield (1991) found[that elk in 
this area selected for large, connected, vegetation comm~­
nities (i.e., forest blocks of similar canopy structure}~ ~ 
other factors held constant, 236-acre unfragmented i 

communities met minimum securityrequirements for 60~ 
of the radioed elk. For the purposes of these guidelines, l 

_'2.iQ..a.c,res appears to be the minimum-sized area for i 
providing security under favorable conditions; under less\ 
favorable conditions, the minimum must be >250 acres. ; 

Variables to consider-Effective security areas may 
consist of several different cover-types if the block is . i 

relatively unfragmented. For example, regenerated cuttiqg . 
units that provide reasonable cover might be found withti} 
an effective security ar!e!l (Canfield et al. 1986). Among ! 
security areas of the same size, one with the least amonntj 
of edge and the greatest width generally will be the most ! 
effective. Rugged topography may increase security if it! 
substantially decreases the accessibility of the area to ; 
hunters. Wallows, springs and saddles may require more! 
cover than other habitats because both hunters and elk 
recognize and target these destinations. 

How Far Most a Security Area Be \ 
:from a Road? 1 

Minimum distance-Generally, security areas 
become more effective the farther they are from an open 
road. Considering documented road-avoidance oy elk 

(Lyon 1983, Lyon et al. 1985), the minimum distance 
between a security area and an open road should be one 
half mile. The function of this 2: one half mile "buffer" is 
to reduce and disperse hunting pressure and harvest that is 
concentrated along open roads (Daneke 1980). Failure to 
accomplish this function will reduce the effective size of 
the security area and may render it ineffective. 

Road design considerations-Road-design 
features may inadvertently tmn designated security areas 
into hunter destinations. For example, trailheads, turnouts 
and/or parking areas in close proximity to security areas 
will concentrate hunting pressure in the vicinity and 
increase elk vulnerability. Similarly, open roads located 
both above and below a security area on a slope will 
encourage hunters to walk through the security area. 

Cover and terrain-When cover is poor and terrain 
is gentle, it may require a distance >One half mile from 
open roads before security is effective. In such situations, 
hunters may iqentify the security area from the road, and 
the gentle terrain will deter few hunters from hiking. 
Conversely, if the security area is hidden or difficult to 
reach from a road, elk may find security in situations < 
one half mile from an open road. 

Closed roads-Roads may be closed (to motorized 
travel) to provide security and a buffer between security 
areas and open>roads. However, the minimum distance 
between open roads and security areas increases as y 
closed-road densities increase within both the security ~ 
area and buffer. Closed roads located within security 
areas may increase elk vulnerability by providing hunters 
with walking and shooting lanes. Use of horses and 
increasing use of mountain bikes by hunters on closed 
roads allows them better access and increases elk vulner­
ability, compared to unroaded habitats. Therefore, roads 
within security areas should be kept to an absolute 
minimum. 

How Much of the Area Should 
Provide Security? 
Analysis unit-First, a standardized "habitat analysis 
unit" (Lyon and Christensen 1990) must be described. To 
be biologically meaningful, analysis unit boundaries 
should be defined by the elk herd home-range (Edge et al¼ 
1986), and more specifically oy the local herd home-
range during hunting seaso_!l. Typically, the hunting 
season home-range includes the local herd transitional-
range and at least the upper edge of winter range. These 
boundaries should be verified in advance by radio 
telemetry, particularly where elk vulnerability is at issue. 
Without telemetry data, biologists should test their home­
range predictions against the experience of reliable local 
hunters and outfitters. Analysis units should not be 
adjusted for land ownership; instead, they should reflect 
the cumulative habitat conditions perceived by elk. 

Minimum amount of security-Our collective 
experience suggests elk vulnerability increases when less 
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than 30% of art analysis unit is comprised of secunty 
-areas (Canfield l®i). Where bull survival objectives are 
high, it may be necessary to retain greater than 30% of the 
analysis unit in security. 
Spatial arrangement-In conjunction with cpnsider­
ing "how much security," it is critical to consider spatial 
arrangement of security areas across the landscape. The 
arrangement should provide for the habitat needs of elk 
through the 5-week hunting season (e.g., forage arid 
water). Providing security only on dry, harsh, st~p 
slopes n:i.ay allow elk to avoid hunters early in hunting 
season; however, it is unlikely that elk will stay in,harsh 
sites for extended periods (Marcum 1975). Further, 
security areas should cover a wide elevational ran e so 
they are availa e to e un er various weather conditions 
(e.g., security areas at high elevations may be unusable by 
elk during periods of deep snow). 

A few large, or several minimum-sized, secnrity 
areas may comprise the same combined proportio* of an 
analysis unit. The best balance between security-ru-ea 
sizes and numbers for an analysis unit will result from 
creative thinldng firmly based on knowledge of lotal elk-
movement and hunting patterns. • i 
APPLICATION OF THE MANA~E-
MENT GIJJDELINES • ' 

We suggest that security areas should be~ 25P acres 
in size, 2: one half mile from an open road, and sheuld 
comprise 2: 30% of a valid analysis unit. Unquestioning 
adherence to these guidelines may lead td serious misap­
plications and should be avoided. We believe the 
guidelines are properly applied when used to comjmre 
relative security levels in an analysis unitiover time or to 
compare and evaluate the cumulative impacts of various 
timber-harvest alternatives on securi,JX: Tihese guiclelines 
represent minimums and do not necessarily justify 
reducing security to meet these levels (i.e;, if 50% iof an 
analysis unit is security, do not assume that 20% of the 
unit is excess security). • 

Inferences from detailed knowledge of a local. elk 
herd-such as that typically obtained by radio telem­
etry-should override these management :guidelines 
whenever discrepancies occur. For example, radioed elk 
have shown us site-specific exceptions where secuiity is 
provided along highways or in small cover-blocks that 
hunters do not ~md. Similarly, traditional migration 
corridors and other elk concentration areas, if known, may 
deserve special considerations that are not covered by 
these guidelines (USDA 1991). 

A comprehensive, sustained. timber-management 
planning effort is required to obtain the greatest benefits 
from these guidelines. Radio-telemetry data should be 
collected 2:. 1 before year preparing alternative manage­
ment strategies, and it may take 2: 1 year to budget and 
prepare for a projected telemetry effort. Future timber 
harvest rotati~ and recruitment of new security areas, 
should be projected to evaluate the best options for any 
pr~sed timber sale. Proposed timber harvests in:remote 
and heavily forested analysis units should be carefully 

approached because the rare opponunicy exists to retain 
elk secutit,v by design in these units, rather than by default 
as dictated by past logging practices. 

In analyzing security requirements for a specific area, 
interpretation of the guidelines is needed to ensure that 
the result makes biological sense for local conditions. 
The point of designating elk security areas is not to meet 
some generalized guidelines, but to provide functional 
habitat·• 

We present examples of actual management problems 
we have:addressed, to illustrate: 1) guideline adjustments 
that made designated security areas reflect reality, and (2) 
provisions for meeting present and future security needs. 

Exaniplel 
The:Sequoia-Brewster area lies about 20 miles from 

Missoula. The area's entrance road ends at a gat.e on level 
terrain (Fig. 1). The ease of walking in the area and the 
concentration of hunters at the end of the road suggested 
to us that an area only one half mile from the parking area 
would not provide adequate security. Therefore, the 
buffer between the parking and security areas was 
increased to 1 mile. 

SECURITY 
AREA 

COVER ~ G? 

I 

Figure 1. Sequoia-Brewster area, showing the relation­
ship of security to an open road, recognizing the 
trailhead, level ground, and concentrated use. The one 
half mile zone was increased to 1 mile. 
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wrong place. This made bulls especially vulnerable. 
Predictably, the bull/cow ratio of this elk population is 

extremely low. After the 1989 hunting sea'son, this!ratio had 
declined to 3:100 (J.E. Firebaugh, MDFWP, Misso'Ula, pers. 
commun.), suggesting that bull mortality due to hunting is 
very high. 

To recover security in this analysis area, we fu.st 
proJ;X>sed to decrease ~unter access to the high-elevation 
basins by closing entry roads near the J;X>ints where they 
cross the divide from the west (Fig. 3). Second, to:allow 
recovery of large cover-blocks in the productive, high­
elevation basins, we developed a long-term strateg\y for the 

r,:':\ RE COVERED: 
\;/4J U'NlT 

~SECURITY 
~ AREA 

,-•) SECURITY 
~. RECRUITMENT 'AREA 

.. .... PROPOSED 
ROAD CLOSUR:E 

Figure 3. Sapphire Divide area, showing designated 
security recruitment areas and roads proposed for 
closure. Note how the past harvest pattern has frag­
mented cover. 

5etial arrangement of timber harvest: deferring timber 
harvest iil designated large blocks (Fig, 3) to allruY 
contiguous areas to regain cover at the same time, and 
reduce the area's fragmentation. Third, future timber 
harvests will be designed to minimize fragmentation by 
concentrating loy,ging in small areas not currently 
:Rroviding securi!¼ The initial logging entries will revisit 
previously logged land, joining (in effect) the scattered, 
recovering units (Fig. 4). This will create a block of 
recovered cutting-units that will provide the next genera­
tion of security, totalling about 25% of the analysis unit 
by the year 2000. 

SECURITY 
RECRUITMENT AREA 

PROPOSED 
ROAD CLOSURE 

• PROPOSED 
r ,HARVEST 

-·· ROAD 

<2) HARVEST UNIT 

~RECOVERED 
\;Jv UNIT 

~ SECURITY 
~ AREA 

Figure 4. South Sapphire Divide area. showing a 
clustered timber harvest strategy designed to create a 
large block of future security. Note lww proposed cutting 
units ari adjacent to recovered harvest units. 

CONC!LUSIONS 
During the last ye.rr, these guidelines were applied to 

nine elk herd-units involving 14 timber sales. Two 
disturbing trends were discovered. First, most herd units 
already had less than the minimum 30% security due ~o 
past timber harvest; in many of these cases, there were 
strong indications that bull survival was declining or at 
risk. Second, even in situations where security was 
substantially less than 30%, all remaining security stands 
were targeted for timber harvest. This indicates that 
timber harvest decisions made over the next few years 
will potenti.ally severely impact remaining security and, 
ultimately, hunter opportunity. 

Additional research is needed to test and refine these 
guidelines. However. based on the rapid, apparent 
decline of security. it is critical that we begin applying 
these guidelines immediately. Planning must not only 
address the quality and spatial arrangement of existing 
security areas, but also must provide for the regeneration 
of replacement security areas where a sustained timber 
harvest is desired. 
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Cal Fire burns next to Bald Eagle nest, eaglets die 
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Cal Fire burns next to Bald Eagle nest, eaglets die 

Share this 
article 

* 
f 

,kos.com%2Fstory%2F20 

What has happened over the past several !years to a bald eagle nest east 
of Red Bluff, California illustrates what is dccurring because ofthese 
exemptions from any oversight. TfiErfe.ar4i:fiireisib.~iF.Tg'expfoited'.to the 

j ~ .• ~ji,,1;,,1, j.(.,,.r; :, ';: 

detriment of the natural world;. raffier thap substantive actions being 
implemented to. reduce the emissions whi~h are causing dimate disaster. 

< ' ! 

Hwy 36, east of Red Bluff. 11le eagle nest Is to tile right (SOllltl 
side}. 11lis Is the roadside Cal Fire hils flumed in 2020 and 
2021 when the eagle nest was oaupled. 1here ls little -
to bum here, and lllallJl'eil50IIS DOtto. 

The eagles' nest to the south of !be hiplAJ, cin:fed in red. 

Parent eagle with JOllllll eaglet in front (little &fP!'i: head) in nest tree, April 2022. 

Local residents have been watching this nest since 2020. A photographer 
from Red Bluff was going out to the nest every day in 2021. At the end of 

May, the photographer saw a notice that there was going to be a control 

burn by the nest in a few days. She contacted a local eagle group, who 

https:flwww.dailykos.com/stories/2022/4/15/2092201/-Cal-Fire-burns-next-to-Bald-Eagle-nest-eaglets-die 
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Cal Fire burns next ;o Bald Eagle nest, eaglets die 

called Cal Fire to tell them about the nest jlirhich was occupied by two 
young eaglets. The eagle group left a mes~age and received a message 
back from Cal Fire saying their bioiogistSclid it was fine to be burning 

near the nest. The eagfe group called back to get the biologist's name, 
but received no answer then or later. It wasn't "finen. 

The burn was done on Jun~ 1st. This nest is approximately 100 feet down 
a ravine from the highway. The eaglets were probably only 6-7 weeks old, 
4 or 5 weeks from being able to fly. 

The photographer was standing next to the nest during the bum and 
taking photographs. The Cal Rre people were slightly to the east of the 
nest. The smoke and flames can be seen on the south side of the 
highway, on the same side as the nest. 

cat f°ll'I! burning next to eagle nest 2021. -much extra C02:is being emitted by extra equiptllcnt ~ 
am! burning unnecessalily? 

The photographer went to check the nest a few days later and saw one 
adult perched above the nest, but could see no eaglets. 

The next morning, the photographer took a photo which shows a dead 
eaglet hanging from the nest. The photographer contacted me (Marily 

Woodhouse from Defiance Canyon RaptorRescue). We went to search 

for the other eaglet, in the hope it was still alive. 
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Cal Fire burns next to Bald Eagle nest, eaglets die 

Dead eaglet flan&lng from the llt$t. 

Both the adults were at the top of the treet above the nest I went down 
the ravine to the nest tree to walk around beneath it to search for the 
second eaglet and the adults stayed in thetree top. I walked to the 
southeast side of the tree and looked up and saw the other eaglet 
hanging dead in the tree, below th~ nest about 1 O'. 

The seamd eaglet. dead~ Ille nest. 

We reported the deaths to US Rsh and Wildlife and CA Department of 

Rsh and Wildlife. but never received any natification of any action taken. 

A State Wildlife Health Lab biologist wrote to us later that: 

"A bird's respiratory system is more sen~itive to toxins, including 
smoke. than a mammal's respiratory ~m. This is because birds 
have a higher oxygen demand than mart11nals and a bird's lungs are 
10 times more efficient at capturing o~en. The rapid efficiency of 
gas exchange in bird lungs makes them more susceptible to inhaled 
toxic agents, including smoke. Inhaled tbxins, such as smoke, can 
cause irritation and damage the respiratory system. It also can 

https:/fwww.dailykos.com/stories/2022/4/15/2092201/-Cal-Fire--bums-next-to-Bald-Eagle-nest-eaglets-die 

6/5/22, 6:58 PM 

2d9cb80eb4e&sn=dilykos&si=daliykos&p'=Desl<top&cam 
HIZYdlXD­
XXRUOdKoPgxdLW7JlFxs5h~KOF3aja80Y3&cam~ 
Hfz'idll([). 
XXRUOdl<oPgxdLW7J1Fxs511i5nSCr91Q>!KOF3aja80Y3) 

The Hottest New All 
Electric: Crossover SUV, 
Explore The Nissan Ari ... 
EVSUVs 
(https://bestseaTt:hes.ex.php? 
rgid=316308&ulm..sourc&---taboola&utm.Jnedlum=refemll 
Hft'VdlXD­
XXRUOdKoPgxdLW7)1Fxs5h15n5P051comqaQup3W4-
2tl\Q#tbkiGil!6y70ZEB-HfzYdlXD­
XXRUOdKo!'gxdLW7]1FxsShf5nS0051 comqaQup3W4-
2tAQ) (hUpS://bestsearches.net/lndex.php? 
rgld=316308&Utm_source---taboola&ulm_mediUTn-'feferral 
Hfz'YdlXD­
lCXRUOdKoPgxdLW7JIAcsShlSnSD051comqaQup3W4-
2t:AQ#lbkiGill670ZEB-HfzYd!JCO­
XXRUOdKoPgxdLW7JlFxsShf5nSDOS1comqaQup3W4-
2tAQ) 

(hltps"J/wolfandshepherd.C01TV<Ollectionslswiftknitslprod1 
derby? 
va-39392269533257&utm__source=taboola&llln1..me< 
HfzYdlXD­
xXRUOdKoPgxdLW7jlF"55h1SnSCrhEEowdejolGMqrCAAQ#, 
HfzYdlXD­
xXRUOdKoPgxdLW7j1FxsShlSnSCrhEEowdejolGMqrCMQ) 

Why Are Thousands of Men 
Switching to This Brand of ... 
Former Adidas designer transforms 
street shoes with hybrid high ... 
~blf)Jt11W mr ,ar;rt1,.,1r:rtt: rt r =ir 
derby? 
variant?39392269533257&utrn_source--taboola&u1m_mec 
HfzYdlXD­
XXRUOdKoPgxdl.W7Jl"""5ht5nSCrhEEowdejolGMqJCAAQ#, 
Hft'VdJXD­
xXRIJOdKoPgxdl.W7]1Fo<s5hfSnSCmE£owdejolGMqrcMQ) 

Putin's Greatest Victory 
Dallyl<os 
(https://www.dailylros.comJstory/2022/6/5/2102214/­
Putin-s-Greatest-Vlctory) 
{https://www.dailykos.comfstory/2022/6/5121022141-
Putin-s-Greatest-VictX>ry) 

Teach the Truth about 
the Supreme Court 
Dallyl{os 

(https:l/www.dailylros.comfstory/2022/6/512102415/­
Teach-the-Truth-ab<>ut-lhe-SUpreme-Court) 
(https:f lwww.dailykos.com/story/2022/6/S/2102415/­
Teach--the-Truth-about-the--Supreme-Court) 

Cut for the 'Not-SO-Tall' 
Guy 
Pfllar llamling NYC 

(https://ad.doubledlclc.net/ddmlclk/522149158;32996774( 
utm_sourw-taboola&utnt.medium:referral&tblci=GiB&J7 
HfzYdlXD-xXRUOdK0PgxdLW7Jlfxs5hfSn50-h1gon­
Xuymn,cNlw#tbk:iGiB6y70ZES-HftYdlXD­
xXRUOdKoPgxdlW7JlflcsSh15nSO-h1goo-Xu)'mnxNlw) 
(https:/lad.doubledidc.nertddm/dk/522149158;32996774C 
utm_sourceo'laboola&utnLmedium--referral&lt>lci=GiB6y7 
Hf2Yd!XD-XXRUOdKoPgXdLW7Jlfxs5h1Snso-h1gon­
XuyrnnxNlw#tblciGiB6y70Zf8-lifzYdlXD­
xXRUOdKoPgxdLW7JlflcsSh15nSD-h1gon-~ 

WFP seating Up To 
Reach 3.1 Million In 
Ukraine 
UN World F-i Program USA 
(https://secure.wfpusa.otg/donate/ukraineconflict-native? 
1'11S"'NAT..EMR,.Ukraine..Static&tblct--GiB6y70ZEB­
HfzYdlXD-
XXRUOdKo?gxdLW7)lf'xsShfSnSCCnl Qozrt3tNmQoSP7 AQt. 
HfzYdlXD-
XXRUOdKoPgxdLW7)1FxsShfSnSCCnl Qozrf3tNmQo8P7AQ) 

Page 5 of 11 



Cal Fire burns next to Bald Eagle nest, eaglets die 

compromise the immune system, maki~gthe bird more susceptible 
to infections. This is especially true in ybung birds in the nest that 
are unable to escape the smoke. Smokt,Hnhalation toxicity in birds 
is caused by irritant gases (aldehydes, hydrogen chloride. and sulfur 
dioxide), particulate matter, and nonirrlitant gases (carbon 
monoxide, carbon dioxide, and hydro~n cyanide) released by 
combustion." 

There was a burn done next to the Dales Station nest in 2020 also. I was 
called upon to rescue an eaglet who got oyt of the nest before he could 
fly that year. It was several days before th~ burn was done that year, so 
he was away from the nest when the burn!<>ccurred. His sister was still in 
the n~st during the burn. I received a call fy,om Dales Station, less than a 
mile from the nest, in August, 2020 about an eaglet who had been on the 

ground for 3 days, standing next to a shall~w pool of Paynes Creek. My 
determination was that it was the female from the nest. She was open­
mouthed. breathing with a raspy noise. Sh$ died a few hours after she 
was caught and transported. The Wildlife ~ab report said_: "This was a 
juvenile female in poor nutritional ·conditidn. with no fat reserves and 
minimal pectoral muscle development. lnt~rnally, there was evidence of 
an extensive infection. The visible infection resembled avian tuberculosis 
which is caused by the bacterium Mycobacterium avium. It's widespread 
in the environment in soil and dust and is ~sually an opportunistic 
infection. Depending on where the lesionsiare in the bird, gives an idea 
of how it entered the body. The lesions in this bird were primarily in the 
air sacs suggesting it was inhaled." 

The male who had been in care was released in 2020. A first year eagle 
was seen back at the nest in 2021.Judging!byhis and the adults' 
behavior, it was the male who was in care away from the nest during the 
burn in 2020. 

I had occasion to contact Cal Fire 
in February 2022 about another 

issue. I had just been informed 
that the Dales Station bald eagle 

nest was occupied, so mentioned 

it in the hope of preventing 

another burn next to the nest. Cal 

Fire and its employees are public 

servants. It is their job to uphold 

state and federal laws, which 

include protection of wildlife, but 

the answer from a Cal Rre 
employee 

contained only dismissive, 

i 

2020 bild:eagtet being released. He was ai!J hat lbe nest 

in.rehab~ during Cal File's CVlltJol burn ill mo, wllich 
probably saved his life. 

condescending remarks, clearly refusing to take steps to ensure any 
protections were implemented. 
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Cal Fire burns next to Bald Eagle nest, eaglets die 

Many letters, calls, and emails have ensue,::i since February {most 
unanswered). I made maps from Cal Fire's: own fire database showing 
how rarely the area around the nest has burned. The ravine area there is 
extremely rocky and is grazed by cattle. And then there are the State and 
Federal laws that protect nesting birds. Still, Cal Fire will not commit to 
refrain from burning by the nest again this year. 

Last week a biologist from a PG&E contractor company ~orking in 
Greenville (a town that burned in the Dixi~ fire last year) called Raptor 
Rescue because they wanted us to take eggs from a nest in a tree they 
wanted to cut down. I explained the multitude of reasons that was a bad 
idea, along with it being illegal for them to! do. The man said "We have an 
exemption". How many nesting birds are being destroyed in California 
due to these stupid, thoughtless exemptions and the complete lack of 
oversight which is occurring? 

There have got to be protections enforced'. Apparently that won't happen 
without widespread public outrage. 

Here are some state employees to contactifyou will help tell them there 
is a problem with their practices: 

George Morris, Cal Fire Northern Region Unit Chief (530) 224-2445 (They 
would not give out his email address) 

Dave Russell, Cal Fire Tehama/Glenn Unit Chief (530) 528-

5199 dave.russell@fire.ca.gov 

Tina Bartlett, Regional Manager CDFW, (530) 225-

2300 tina.bartlett@wildlife.ca.gov 

People often focus on individual species, but we believe every species is 
important, whether it is on a man-made list or not. Habitat 
fragmentation and loss have significant impacts on wildlife. Defiance 

Canyon Raptor Rescue works to rescue, rehabilitate, and return raptors 

to their wild lives, along with our work to protect watersheds and forests 

of California. 

www.thebattlecreekalliance.org(http://www.thebattlecreekalliance.org/) 
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xXRUOdKoPgxdLW7)IFxsShi5nSC9qVYoq52ptf7X....US) 

Mobility Scooters Are More 
Affordable Than Some Might ... 
I Sponsa,,d (htlps:J/popup.taboola.cornlen/?templa 

(https://popularsearches.net/index.php? 
rgid=169258&gcfrd=GiB6y70ZSI-HfzYdlXD­
XXRUOdKoPgxdLW7)1Fxs5h!SnSC9qVYoq52ptf7X­
VUs#tblciGiB6y70ZE&-HfzYdlXD­
XXRUOdKoPgxdLW7]1FxsSh15nSC9qVYoq52ptf7X-vtls) 

Tweets of the Week May 
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DallyKos 

(https:/Jwww.dailylcos.com/story/202216/5/2101160/­
Tweers-<>f-the-Week-May-29-Jun-4-2022) 
(https:!Jwww.daifyf(os.a>mlsto,y/2022/6/512101160/­
Tweets-of-the-Weelc-May-29-:jun-4-2022) 

Explaining Things to the 
Fammes, Calmly and 
Rationally 
DallyKos 
(https:/Jwww.dailykos.com/stosyl.2022/6/512101391/· 
Explaining-Things-to-the-Families-Calmly-and-Rationally) 
{https-./Jwww.daffykos.com/stOry/2022/6/512101391/• 
Explaining-lhings-to-the-Fammes-Calmly-and./!atlona)M 

Americans Are Replacing 
AC4s With Thi$ Tiny 
Cooler 
-Tech 
(https://ac.2022gadgels.Com/? 
p=2&site=dailyl<os&slti,_id=1946&title=Americans+Are+Re 
HfzYdlXD­
XXRUOdKoPgxdLW7JIFxs5hfSnSCtnfgon8Sl_au80cCSAQ&ti 
HfzYdlXD­
XXRUOdKoPgxdLW7jlFXs5hf5nSCtnfgon8SL_au80cCSAQ#ti 
HfzYdfXO. 
XXRUOdKoPgxdLW7)lf'xs5hf5nSOnFgon8SL_au80cCSAQ) 
(https://aC.2022godgel!l.com/? 
p=2&sit<l"dallykos&sl1>1..id=1946&litle=Ameri<:ans+Are+Re 
HfzYdlXD­
XXRUOdKoPgxdLW7]1FxsShfSnSCtnfgon85L.au80cCSAQ&t! 
HfzYdlXD­
XXRUOdKoPgxdLW7)1FXSSh!SnSCtnFgon8Sl...au80cCSAQllt1 
HfzYdlXD­
xXRUOdKoPgxdLW7JIFxs5hf5nSCtnFgon8Sl_au80cCSAQ) 

Renowned PhD 
Economist who called 
the 2008 crash makes ... 
The L8gacy Rapolt 

(https:/ltradc.1egacydk.com/3b058580-5138-40c24!225-
56c547296440? 
site=dailyfcos&site_id=1946&title=Renowned+Ph0+Eccnon 
HfzYdlXD­

xXRUOdKoPgxdLW7j!Fxs5h!SnSCilT4o2ZrbvPjbqvl blltblci( 
HfzYdlXD­
XXRUOdKoPgxdLW7JIFxs5trfSnS01T4o2ZrbvPjbqv1b) 
(https:1/track.1egacyclk.com/3b058580-5138-40c2-822!;-
56c547296440? 
sit-ilykos&site_id=1946&title=Renowned+PhD-tEconon 
HfzYdlXD­
xXRUOdKoPgxdLW7)1FocsShf5nSa1T4o2ZrbvPjbqv1 b#tblcl{ 

HfzYdlXD­
xXRUOdKoPgxdLW7JIFxsShf5nSCi1T4o2ZrbvPjbqv1b) 

{hnps:/lpopufarsearches.net/index.php? 

Page 7 of 11 



Petition to List the Pin.yon Jay ( Gymnorhinus cyanocephalus) 
as Endangered or Threatened Under the Endangered Species Act 

Photo: Mike Lewinski, Taos, NM 

Submitted to the U.S. Secretary of the Interior 
acting through the U.S. Fish and Wildlife Service 

April 25, 2022 

Defenders of Wildlife 



NOTICE OF PETITION 

April 25, 2022 

Deb Haaland 
Secretary of the Interior 
U.S. Department of the Interior 
1849 C Street NW 
Washington, DC 20240 

Martha Williams 
Director 
U.S. Fish and Wildlife Service 
martha_ williams@fws.gov 
fws_director@fws.gov 
via email 

Dear Secretary Haaland: 

Pursuant to the Endangered Species Act ('ESA''), 16 U.S.C. § 1533(b), the Administrative 
Procedure Act, 5 U.S.C. § 553(e), and the ESA's implementing regulations, 50 C.F.R § 424.14, 
Defenders of Wildlife formally petitions the Secretary of the Interior to list the Pinyan Jay as an 
endangered or threatened species and to designate critical habitat concurrent with the listing. 50 
C.F.R. § 424.12. 

This Petition sets in motion a specific process, placing definite response requirements on the 
Secretary of the Interior and the U.S. Fish and Wildlife Service (''FWS''), by delegation. Specifically, 
FWS must issue an initial finding as to whether the Petitlon "presents substantial scientlfic or 
commercial information indicating that the petltloned actlon may be warranted." 16 U.S.C. 
§1533(b)(3)(A). FWS must make this initlal :finding "[t]o the maximum extent practlcable, within 90 
days after receiving the petition." Id Petitioners need not demonstrate that listing or reclassification 
is warranted; rather, petitioners must only present information demonstrating that the petitioned 
action may be warranted. While petitioners believe that the best available scientific and commercial 
data demonstrates that listing of the Pinyan Jay as endangered is in fact warranted, there can be no 
reasonable dispute that the available information indicates that listing this species as either 
endangered or threatened throughout all or a significant portion of its range may be warranted. FWS 
must promptly make an initial finding on the Petition and commence a status review as required by 
16 u.s.c. § 1533(b)(3)(B). 

As required by 50 C.F.R. § 424.14(b), Defenders provided written notice (via email) to the state 
agencies responsible for the management and conservation of the Pin yon Jay on March 16, 2022, 
more than 30 days prior to the submission of this Petition. A copy of the notice accompanies this 
Petition. See 50 C.F.R. § 424.14(c)(9). We anticipate that, in keeping with 50 C.F.R. § 424.14(f)(2), 
FWS will acknowledge the receipt of this Petition within a reasonable timeframe. As fully set forth 
below, this Petition contains all the information requested in 50 C.F.R. § 424.14(c)-(e) and 16 U.S.C. 
§ 1533(e). All cited documents are listed in the Literature Cited section; electronic copies of these 
documents accompany this Petition; and pinpoint citations to these have been provided where 
appropriate. See 50 C.F.R § 424.14(c)(5)-(6). 



Petitioner Defenders of Wildlife (''Defenders'') is a non-profit conservation organization dedicated 
to the protection of all native animals and plants in their natural communities. Defenders' 2019-
2028 Strategic Plan identifies keystone species as one of several key groups of species whose 
conservation is a priority for our organization's work,1 and has been working to protect the Pinyon 
Jay for years. Defenders uses science, education, litigation, and research to protect wild animals and 
plants. Known for our effective leadership on endangered species issues, Defenders also advocates 
for new approaches to wildlife conservation to protect species before they become endangered. Our 
programs reflect the conviction that saving the biodiversity of our planet requires protecting entire 
ecosystems and ensuring interconnected habitats. Founded in 1947, Defenders of Wildlife is a 
501(c)(3) membership organization with nearly 2.2 million members and supporters. 

If you have any questions, please feel free to contact us via the information contained in the 
signature blocks below. 

Sincerely, 

Patricia Estrella 
New Mexico Representative 
pestrella@defenders.org 
(505) 395-7334 

Bryan Bird 
Southwest Program Director 
bbird@defenders.org 
(505) 395-7332 

Petitioner 
Defenders ofWildlife 
1130 17th Street NW 
Washington, DC 20036 

1 
More information on Defenders' work is available at https:/ /www.defenders.org and Defenders' 

2019-2028 Strategic Plan is available at https://defenders.org/sites/default/files/2019-
06 /Defenders-of-Wildlife-2019-2028-Strategic-Plan.pdf. 



-...... C 
:, 

8 
C 

m20 
E -
~ 
C 
en 
-0 
C 
:::i 

..0 
a, 
o 10 
X 
Q) 

"'O 
C 

m 
:, 
C 
C 
<( 

0 

Pinyan Jay Continental 

1970 1980 1990 
Year 

2000 2010 2019 

Figure 4. Survey-wide population trajectories for the PinyonJay estimated from the BBS using the 
standard regression-based model (SLOPE) used for BBS status and trend assessments since 2011. 

25 



species of fungi, 165 known species of lichen, an:d 25 species ofbryophytes. Soil microorganisms 
and over 10,000 insect species, 64 species of mammals, and at least 113 species of birds have been 
described in Mesa Verde's pinon-juniper woodlands (Floyd 2021, at 7-8). In addition to supporting 
high biodiversity, pin.on-juniper woodlands make significant contributions to carbon sequestration 
(Floyd 2021, at 8). 

At least 7,3 bird species breed in pifion-juniper woodlands, and over half are Neotropical migrants 
(Balda and Masters 1980, at 150-51). In one study in Utah, pin.on-juniper bird communities ranked 
second in the percentage of obligate and semi-obligate species, third in total number of individuals 
counted, and fourth in species richness and diversity (Paulin et al. 1999, at 242). Total bird numbers 
and species were higher in every season in Rocky Mountain juniper stands than in grasslands (Sieg 
1991, at 2-3). Pillon-juniper habitats also support high mammal, herpetofauna, and invertebrate 
diversity (Bombaci and Pejchar 2016, at 36). 

In addition to Pinyon Jays, several other bird species of conservation concern breed in pition-juniper 
habitats, including declining high priority obligates such as the Juniper Titmouse (Baeolophus ridgw(!Yt) 
and Gray Vireo (Vireo viciniory. USFWS and PIF\list several pifion-juniper species of conservation 
concern, and PIF conservation plans in several western states list priority species which breed in 
pin.on-juniper. Because of the role of the Pinyon Jay as a long-distance seed disperser for pin.on 
pines, the jay is crucial for the establishment and maintenance of pin.on-juniper woodlands, and it is 
therefore key to the conservation of other birds !and wildlife of these habitats. 

Species 

Pin.yon Jay 
Wood.house's Sc:rub•J::l.y, , 

Juniper Titmouse 
Mountain Chickadee 

Bushtit 

USFWS PIF 
BCC Red 

X 

X 

X X 

X 

X 

PIF PIF 
"R" 
Yellow 

X 

"D" 
Yellow 

X 

X 

Black::.c:hinhed Sparrow x x 
Table 5. USFWS Birds of Conservation Concern (USFWS 2021) and PIF priority species (Partners 
in Flight 2021a) breeding primarily in pifion..,juniper habitats. 
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a long-term, rangewide monitoring program, and therefore provides the most reliable and only long­
term population trends available for Pin yon Jay. 

Pinyan Jay populations have declined rangewide, in every Bird Conservation Region (''BCR''), and in 
every state (Table 3). These declines are clear even when considering only the highest-credibility data 
(blue highlighted, Table 3). The two BCRs with the highest credibility ranks, Southern 
Rockies/Colorado Plateau and Great Basin, also_ harbor 90% of the Pinyan Jay population and have 
declined at approximately 2% per year since 1967. States having the highest proportion of the 
Pinyan Jay global population show similarly high yearly declines over the long term (Table 3). 
However, within the Pinyan Jay range, BBS data suggest that some areas have more severe declines, 
while some areas may show population increases (Figure 5. Geographic variation in Pinyon Jay 
population trends. Data from BBS; trend map ending in 2019 not available. Numbers refer to 
Bird Conservation Regions listed in Figure 1. CC BY Defenders of Wildlife 2021. See Appendix 
1 for metadata. ). 

Note that the annual population trends presented here are the most recent compiled by BBS. Some 
readers may note that earlier trend estimates for 1967-2015 indicated larger annual decline rates for 
Pinyan Jay than the ~2% rangewide estimate in Table 3. This discrepancy occurred when BBS 
changed the analysis methods it uses to calculate trends for some species, including Pinyan Jay, 
starting in 2019 Q. Sauer pers. comm. to C. Beidleman, 16 August 2021). Partners in Flight used the 
older trend numbers for the population decline and half-life estimates provided below. Hence, these 
estimates would be different if the latest trends from BBS were incorporated. Using the newer 
analytical methods,]. Sauer (pers. comm. to C. Beidleman) estimates that the PinyonJaypopulation 
declined by 66.8% from 1967-2019, rather than 85%, as projected by Partners in Flight, below 
(Rosenberg et at 2016, at 52). 

Partners in Flight 
Partners in Flight (PIF) finds the Pinyan Jay long-term (1970-2014) population has declined by 85%, 
and the short-term (2004-2014) population change has declined by 3.7% (Rosenberg et al. 2016, at 
52). The population half-life is estimated at 19 years, meaning that an additional 50% loss of the 
global population is expected by 2035. PIP therefore considers the Pinyan Jay as a species with a 
short ''half-life" and high urgency (Rosenberg et al. 2016, at 3, 34, 52). 

The Partners in Flight Avian1C0nseryatip:i;t'Assqssµient::Da~];>ase (Partners in Flight 2021a) provides 
ranks based on several component scores, which are added to produce a risk ranking. A total score 
for each landbird species then places each at-risk species in one of three categories: Red Watch Llst, 
Yellow Watch List, or Common Bird& itl. Stt!,ep pecline, Species are included in the Watch List if 
they have a maximum combined score of ~14, or 13 in combination with a population trend score 
of 5. Red _Watch Llst species have a coriloined score > 1'6 a.rid are considered • hl . vulnerable and 
urgently in nee o spe a en on. st speoes are considered to have restricted 
ranges and small populattons and are in need of constant care. These species are :further divided into 
"R''Y ellow Watch and "D" Yellow Watch species. "R'~ Y ellbw Watch species have high 
vulnerability scores for restricted ranges andlsmhll1populatibns, with moderate threats and stable or 
increasing trends. ''D"Yellt>w Watch specieshll!'ve declining:pop$tiqns, with high trend scores, 
moderate to high threats, and low vulnerabiij.ty0scores· for'range: Common Birds in Steep Decline are 
still numerous or widely distributed enough that they do not warrant Watch List status but are 
experiencing long-term declines. They have lost from 50%-90% of their populations since 1970 and 
most are projected to lose another 50% within 20-25 years. For detail on how these scores are 
calculated, see Panjabi et al. (2021, at 7-21). 
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Species Priority S oecies, State PIF Plan 

Ferruginous Hawk ID NV UT 

Black-chinned Hummingbird co 
Gray Flycatcher ;Ai co ID NV UT WY 

Ash-throated Flycatcher WY 

Cassin's Kingbird i co WY 

Gray Vireo AZ co NM NV UT WY 
1: 

; 

Plumbeous Vireo ' ID 
Pin.yon Jay • AZ co ID MT NE NM NV 

Woodhouse's Scrub-Jay I: 
,. NM WY 

Juniper Titmouse AZ co NM NV WY 

Mountain Chickadee l NM 
Bushtit NM WY 

' 
Western Bluebird : NV WY 

Bendite's Thrasher ID NM NV UT 

Vir2.:inia's Warbler ! 
; 

Black-throated Gray Warbler AZ co ID NM NV UT 
:• 

Black-chinned Sparrow l NM ' • 

Scott's Oriole co NV UT 
Table 6. Pinon-juniper priority bird species, from PIF state conservation plans. 

ID. IDENTIFIEDTHREATSTOTHEPEITI10NED SPECIES: FACTORS FOR 
I...IsTING 

As demonstrated below, substantial scientific and commercial information indicates that listing the 
PinyonJay as endangered or threatened in all or in any significant portion of its range may be 
warranted. See 16 U.S.C. § 1533(b)(1)(3)(A). The species is declining throughout its range and faces 
threats including habitat loss and degradation, climate change, and more. Existing regulatory 
mechanisms have proven inadequate to protect.the PinyonJay. Without adequate protections, the 
species' limiting life history characteristics, in combination with the other threats discµssed, cause 
the Pin yon Jay to be in danger of extinction throughout all or a significant portion of its range or 
likely to become so within the foreseeable future. 

A. Present or Threatened Destruction, Modification, or Curtailment of its 
Habitat or Range 

1. Historical Woodland Dynamics and Disturbance Regimes 

To assess, understand, and manage the condition of forests and woodlands, scientists and managers 
wish to know their pre-historical/historical range of variation ("HRV"), which is influenced by 
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9/16/2020 Birds are mysteriously dying in New Mexico in 'frightening' numbers 

Farmington Daily Times 

NEWS 

'Hundreds of thousands, if not millions': 
New Mexico sees massive-migratory bird 
deaths 
Algernon D'Ammassa Las Cruces Sun-News 
Published 2:41 p.m. MT Sep. 12, 2020 I Updated 2:56 p.m. MT Sep.12, 2020 

LAS CRUCES - Biologists from New Mexico State University and White Sands Missile Range 

examined nearly 300 dead migratory birds Saturday at Knox Hall on the university's main 

campus. 

Over the past few weeks, various species of migratory birds are dying in "unprecedented" 
numbers of unknown causes, reported: Martha Desmond, a professor at NMSU's Department 
of Fish, Wildlife and Conservation Ecology. 

"It is terribly frightening," Desmond said. "We've never seen anything like this .... We're 
losing probably hundreds of thousands, if not millions, of migratory birds." 

In August, large numbers of birds were found dead at White Sands Missile Range and at the 
White Sands National Monument in what was thought to be an isolated incident, Desmond 

said. 

For statewide and local reporting, subscribe to the Las Cruces Sun-News today. 

After that, however, came reports of birds behaving strangely and dying in numerous 

locations in Dofia Ana County, Jemez Pueblo, Roswell, Socorro and other locations 
statewide. 

The affected birds have included warblers, sparrows, swallows, blackbirds, flycatchers, and 

the western wood pewee. 

"A number of these.species are already in trouble," Desmond said. "They are already 

experiencing huge population declines and then to have a traumatic event like this is - it's 
devastating." 

https://www.daily-times.com/story/news/2020/09/12/mass-deaths-migratory-birds-new-mexico-environment/5780282002/?cid=facebook_ The_Daily _Ti... 1/3 



9/16/2020 Birds are mysteriously dying in New Mexico in 'frightening' numbers 

On Saturday, Desmond was joined by Trish Cutler, a wildlife biologist at WSMR, and two 
NMSU students for an initial evaluation of the carcasses. 

Desmond said her team also began catching.and evaluating living specimens on Friday as 

residents find birds behaving strangely and gathering in large groups before dying. 

"People have been reporting that the birds look sleepy ... they're just really lethargic," Cutler 
said. "One thing we're not seeing is our resident birds mixed in with these dead birds. We 
have resident birds that live here, some of them migrate and some of them don't, but we're 

not getting birds like roadrunners or quail or doves." 

On the other hand, numerous migratory species are dying rapidly and it is not immediately 
clear why, although the cause appears to be recent. Desmond said the birds had moulted, 
replacing their feathers in preparation for their flight south, "and you have to be healthy to 

do that; but somewhere after that, as they initiated their migratory route, they got in 
trouble." 

Others are reading: Man crossing Picacho hit by two vehicles; charges pending against 
one of the drivers 

The biologists guessed the cause might involve the wildfires ravaging the western U.S. and 
dry conditions in New Mexico. 

"They may have been pushed out before they were ready to migrate," Desmond said. "They 
have to put on a certain amount of fat for them to be able to survive the migration. These 
birds migrate at night and they get up in the jet stream, and they might migrate for three 

nights in succession, they'll come down and they'll feed like crazy, put on more fat and go 

again." 

The biologists noted that the majority of the dying birds are insectivores, but that seed eaters 

were sickening and dying as well. 

The birds will be sent to the U.S. Fish and Wildlife Service Forensics Laboratory in Ashland, 

Ore. for further analysis. Desmond it could be weeks before results come back, and the 
findings could bear serious ecological implications. 

"Over 3 billion birds have died since 1970. Insect populations are crashing, and this is just an 

unprecedented mortality," she said. "Climate change is affecting the abundance of insects, it's 

affecting the volatility of the fires, and the scary thing is this may be an indication of the 
future." 



9/16/2020 Birds are mysteriously dying in New Mexico in 'frightening' numbers 

Algernon D'Ammassa can be reached at 575-541-5451, adammassa@lcsun-news.com or 
@Algernon Writes on Twitter. 

Keep reading: 

Mayfield High School reports first positive case of COVID-19 

Here are the Dofia Ana County businesses investigated for coronavirus 

City of Lordsburg firefighters resign en masse after pay delayed 

https://www.daily-times.com/story/news/2020/09/12/mass-deaths-migratory-birds-new-mexico-environment/5780282002/?cid=facebook _ The _Daily_ TI... 3/3 
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Elk Managem~nt in ~he ~d
1
rthem 

Region:! eonsiderat1(?n_s •"1 Forest 
Plan Updates or Rev1s1ons 

INTROQUCTION 

Alan G. Christensen 
L. Jack Lyon ... 
James W. Unsworth 

In the West, a l~ge percentage of elk ha:bitat is;man­
aged. by the Forest Service, U.S. Department of~­
culture. Elk are a giant economic factor in Montana 
and Idaho, easily accounting for over $100 millitjn an­
nually for hunting alone. This activity is ,especiruly 
important to many small, rural communities. A~ the 
same time, elk management can be controversial where 
it conflicts with other resource activiµes such as graz­
ing, logging, and public access. As the hab1tat ma#ager 
for this valuable resource, the Forest Service must'de­
velop management programs based on the best avail­
able information, work closely with State game man­
agers, fully inform the public and disclose the effects 
of management actions, and embrace ~plementati'on 
of an ecological approach to elk management. • • 

When the initial forest plans were qeveloped in the 
early 1980's, there was no cohesive direction identify­
ing a common set of elk management i.,tandards. As 
plans were writt.en, generally r~ key pieces !>f 
elk management information were creatively modified 
by virtually every forest in an attempt to meet local 
needs. This often resulted in adjacentlforests having 
startlingly different goals, objectives, standards, guide. 
lines, and terminology. 

In these forest plans, the approach t~ elk was usu,. 
ally narrow and focused. Because elk was a regional 
indicator species, managers established population tar­
gets, habitat standards, and monitoring goals. We 
recognize now that elk are part of a b@.r picture and 
that elk habitat management must be placed within 
the context of ecosystem management, biodiversity, 
State management strategies and goals~ and shifting 
public demand and interest that now embrace non­
consumptive and consumptive interests'. 

This problem has been recognized and a solution pro­
posed for the Northern Region of the Forest Service. 
Common terminology, a new perspective on elk vuJner, .. 
ability~ and a better understanding ofth~ application 
of habitat effectiveness have created the \opportunity • 
for forest.a to be more consistent and in tune with State· 
management objectives. In the interest Jr better elk 
management, it is imperative State plans and forest 

.1 

plans address the same issues. E~ vulnerability is 
the framework issue. i 

We present an initial overview ~der which indi­
vidual forests can creatively address \elk management 
and yet retain consistent and coh~ve approaches 
within regional and State boun.dari~. Emphasis has 
been placed on process, content, anq. implementation 
of new information rather than on numerical stan­
dards, although these remain imporj;ant for measur­
ing success. Specific process guidan~ for biologists 
in the Northern Region of the Forest; Service is pro­
vided in the appendix. 

KEYCOMPONENTSOFEUC 
MANAGEMENT 

The relationship between National\Forest lands 
and elk needs to be recognized for th~ following key 
components: 

1. Habitat in which elk grow, reproi:luce, and exist 
as elements of biological diversity. \ 

2. The basis upon which State man~ment pro­
grams depend. While hunting mortality accounts for 
upward of 90 percent of elk mortality, \the States de­
pend on habitat availability and condition for their 
programs to exist. 

3. Sites for the public to have the opportunity to 
hunt and view elk. Recreation is an ilzj.portant prod­
uct of National Forest lands. In most ~eas, use of 
forests peaks during fall hunting seasons, but in other 
areas wildlife viewing is a year-around \product. The 
setting needs to be considered along with other habi-
tat issues. 1 

4. Maintenance of elk as a part of the natural com­
munity and recognition of elk habitat in\a landscape 
context and in response to natural processes. 

These key components can be r~ and 
evaluated in the following three types ofihabitat 
considerations: 

Habitat effectiveness: This is a measme·1;o be applied 
to nonhunting. summer and fall habitat ~tuatiomt. 
It was developed from research related tQ the ability 



of habitat to meet elk needs for growth and welfare 
requirements. It has been consistently misapplied 
as a measure of security during hunting S$SOn. 

Elk vulnerability: This deals with security for ~ 
during the hunting season. There is a rapidiy expand­
ing body of new information relating to ~ manage­
ment concept that will be available for inclusion in 
forest plans as they are updated, revised, or amended. 

Winter range: This has been a collective furm refer­
ring to elk habitat during the nonsummer and fall 
nonhunting season. However, during some!years ~ 
will move to winter habitat during the fall hunting 
season and, in most situations, become vuln~le, In 
updat:es, revisions, or amendments we must recognize 
and deal with this possibility as well as deai with tra­
ditional considerations. 

HABITAT EFFECTIVENESS 

l 
2. Special features-wet sites, riparian habitat, 

licks, movement corridors. ! 
3. Cover-extent, shape, size, connectiv~ness. 
4. Scale of analysis-site specific, herd tkit, 

habitat analysis unit. i 
5. Spatial relationships-intermingled dwner­

ships, adjacent administrative unit.s, district or 
forest "averaging." 1 

6. Domestic livestock-forage and spatial 
competition. 

Recommendations 
I 

Roads-Roads are undoubtedly the most ~gnificant 
consideration on elk summer range. • 

1. Use figure 1 (Lyon 1983) road model fori determin­
ing habitat effectiveness related to roads. Avoid'clas,:. 
sifymg roads.as primitive and downgradmi 'their ef-
fect unless they really are. . 

Summer range includes the habitat used by elk from 2.· Discuss methods of closure. For elk, phjrsical clo-
about late green-up (May) until they move tn winter •. sure with "trashing" is desirable for year-long closure. 
ranges, but prior to the hunting season. Summer •' Area closures are needed where terrain features and 
range is the complete matrix upon which elk herds • cover characteristics do not favor closure with gates 
depend for growth, reproduction, and thrift. Manage- . or barriers. Honor systems of closure have been only 
ment focus is on maintaining the ability of the habi- moderately successful, at best. : 
tat to meet elk needs for forage, water, seclusion, and • 3. Discuss construction standards. Where i:oads will 
special features (such as licks and moist arclis). For- be system roads, strive for construction and dbsign fee.-
est Service lands that support summer~ are the , : tures that lay lightly on the land. Identify tbtporary 
basis for State elk management; specificallyi ifhabi- ;i roads where they are an option. Avoid "tie tjbroug:h" 
ta~ is degraded or poorly managed. the elk population . • systems where possible. Strive for minimum hilles of 
will be degraded and, thus, directly influence State < new construction in summer range. Idenu£i logging 
elk population management programs. . technology that reduces road construction. Avoid key 

Halntat effectiveness is defined as the percentage . : • habitat features when locating roads. \ 
of availa61e 'habitat that is usable by elk out,ide the . 4 •. ¥Y mo~~ vehicle use on roads wiU reduce 
hun§ng season (L~n and Christensen lm1; This is ':habitat effectiveness. Recognize and deal ~hall 
the measure of success in meeting elk needs \on sum- _ . \forms.of motorized vehicles arid all uses, inciuding· 
mer r~e. Based on years of research from •various ,administrative use. : 
sftes~ Montana and Idaho, relatively sop~tieated 5. Levels of habitat effectiveness: 
technologies exist for calculating habitat effectiveness. 
In_ forest plan revisions, updates, and amend'plents, 
this term should be used as a measure of summer 
Eange ability to support elk. Sources of information 
~or habitat effectiveness and the major facto~ that 
influence it are included in Irwin and Peek (i979), 
Leege (1984), Lyon (1983, 1987), Lyon and ofillers 
(1985), Thomas and others (1979), and Wisdom and 
others (1986). (See the References section atithe end 
of this publication.) 

Considerations for Forest Plans 
Related to Habitat Effectiveness 

100 

T~e. following list is not inclusive but does cover the 
mam ISsues managers need to consider. 
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. 1. Roads-density (miles per square mile), constn:w­
tion standards, seasons of use, method of closure. 

MIia of Open Road per Section t 

Figure 1-Habitat effectivenees tor elk 
determined by road density (Lyon 1983). 
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a. For areas intended to benefit elk sununer 
range and retain high use, habitat effectiveness s.iioul• 
be 70 percent or greater. ,: 

b. For areas where elk are one of the prinlmy 
resource considerations habitat effectiveness sh6uld 
be 50 percent or greater. • 

c. Areas where habitat effectiveness is retained 
at lower than 50 percent must be recognized as m~ 
only minor contributions to elk management goals! ff 
habitat effectiveness is not important, don't fake,lit. 
Just admit up front that elk are not la consideration. 

d. Reducing habitat effectiveness should never 
be considered as a means of controlling elkpopulat!ions. 
A population over target is not a Fo~t Service habi­
tat problem. Remember that in most situations, popu-
lations can be reduced through hun~g. • 

Special Features-Wet drainage\heads, saddles, 
riparian habitats, shadowed draws wiµi cool air move­
ment, and wet meadows are some examples of special 
features. In many areas these features support a dis­
proportionate level of elk use and co:tjtribute signifi­
cantly to overall elk use of a larger area Generally, 
these sites are highly desirable for for~, 'Yater, tein­
perature regulation, movement, or a f()mbination.! 
Such sites should be recognized and pll()tected in pre­
scriptions that deal with elk summer rimge. Logging 
activities, road locations, and siting of structures or 
activities should all be evaluated. Avoid damaging 
these features where elk are a benefiting resource 
(Lyon and others 1985). • 

Cover-Early guidelines greatly emphasized analysis 
of cover, specificaily thermal and hiding cover (Thomas 
and others 1979). Today, detailed analyses of hiding 
and thermal habitat components are n()t considered;as 
essential except in habitats with highlnatural levels 
of openings or where conifer cover is alt a premium~ 
Some approaches have created the classification "op; 
timal cover" (Wisdon;i and others 1986) as an aid in 
analyzing cover from aerial photographs. Another;, 
approach, where stand analysis data are available, is 
provided by the HIDE2 hiding cover coriiputer modei 
(Lyon 1987). 

Whil~e still need to recognize the importance of 
main~g ~ and movement corridors, :a 
more meaningful approach to cover analysis includes 
maintenance or security, landscape management or 

;f coniferous cover, and monitoring elk use with radio 
telemetry or other means. RecolJD!tiozt that 0511mm~ 

cover blocks are also fall hunting season security arei:ut 
is an important coordinating consideraµon. . 

( 

Cover lllllt size, patterns on a landscape basis, conna:­
tive~ess with other cover, the amount Qt cover avail-. 
able to elk, and known use patterns byi8lk shoulg. be 
considered in prescriptions. • • 

Scale of Analysis-Early guidelines tended to be 
project specific in scale; often 3,000 to io;ooo 'acres · 
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was recommended. However, whilJroad locations, 
special fe1;1.tures, ~d. the location ot cover or cutting 
units still need project-level analy~s, such analysis 
also needs to recognize the project. ih a broader con­
text of herd units (where known), h~itat analysis 
units, or other meaningful, larger scale perspectives. 
Herd units need to be identified in ciooperation with 
State biologists. Consideration of pi-oject-level effects 
may necessitate analysis in light of~uences on ad­
jacent herd units, adjacent forests, qr even adjacent 
States over landscape units from 3d,ooo to 150,000 • 
acres. i 

Another consideration in establishing factors for 
scales of analysis are known movem1ent patterns. If 
your management of summer range rhay influence elk 
in terms of their movement to adjacJnt fall or winter 
ranges, the scale of analysis should fue appropriate. 

Spatial Relationships-This cril\erion has to do 
with habitat features, values, or pro~ct analyses that 
have a relationship ·to intermingled 6wnerships, con­
current and acljacent activities, or adjacent features 
that are significant to your concerns for elk habitat. 

When elk habitat crosses intermingled ownerships, 
activities that reduce habitat effectiv'eness on inter­
mingled lands require the Forest Service to decide how 
they will be dealt with in prescriptio~. Adjacent and 
concurrent activities beyond Forest S~rvice control, 
such as logging and grazing on private land, should 
be recognized in prescriptions, and cQlurses of action 
for the Forest Service should be identified. Federal 
managers need to coordinate with Scite biologists on 
these activities. i 

Internally controlled activities that ]affect elk sum­
mer range should also be recognized. iAn example is 
the relationship of herd units or analyf#g areas to each 
other and, collectively, to forest elk habitat. Each in­
dividual unit should have an identifi.ed1role foi>~m;mi<f ., 

• . . J • 
a level ofhabitat~ffectiveness. In this way, the whole 
area or forest can achieve an expecte& level. It is' un- • 
desirable to play off one unit against atjother. For ex­
ample, recognizing high habitat effectiveness values 
in adjacent wilderness areas should nbt be a justifica­
tion for excessive reductions in habitat effectiveness 
in managed areas, even if some ave~e level for the 
forest is·met. : 

Significant reductions in habitat effJctiveness in 
areas identified as benefiting elk cannot be recovered 
at a pace equal to our ability t.o move activities around 
a forest. In addition, patterns of recre4ltional activity 
related to elk can be significantly affectEki by this type 
of management. : 

' 
Domestic Livestock-Current pedpective is that 

cattle on elk summer range are not as significant a con• 
flict as formerly thought and probably 9nly warrant 
analysis where local understanding incµcates a prob­
lem may exist. Elk appear t.o avoid areas where cattle 

. ' 



are present if other options exist. Where no other 
options exist, elk will tolerate some cattle use. 

Major points of conflict are wet sites anq gentle 
t.errain with succulent vegetation. Season-long cattle 
occupation of these types of sites undoubtedly reduces 
their value to elk. 

Forests where cattle are a concern need to worlt. with 
St.ate biologists on standards and guidelines; for cattle 
and elk relationships. 

Of equal concern is the perception that eUt herd ex­
pansion is causing cattle use reductions on\National 
Forests. In developing management guidan<ie, forests 
should address this issue and strive to gather habitat 
use data that will help clarify this situatioxi. 

Summary for Summer Range 
1. Habitat effectiveness is the method of • 

measurement. , 
2. The presence<and motorized. use ·orroads is the 

majol' impact on elk habitat effectiveness. i • 
3. Detailed cover. forage analysis is important only 

when cover is at a premium. , 
4. Landscape levels of analysis are neceSSfU'Y. 
5. Recognition of adjacent activities, intermingled 

ownerships, and cumulative effects is needed in plan 
revisions and updates. • 

6. Analysis of elk and domestic livestock conflicts 
is probably warranted where it is considered1a prob-
lem locally. . 

7. Forests should set standards for habitat effective­
ness that are congruous with goals for a prestriptive 
unit. Specific prescriptive guidelines should t-eflect 
the level of habitat effectiveness desired. 

8. Close coordination with State biologists and 
recognition of identified Sta~ management goals for 
elk are necessary in all aspects of summer ra1lge 
management. 

9. Forests should recognize traditional uses of elk 
as well as burgeoning nonconsumpti.ve interest\in elk. 

ELK VULNERABILITY ANALYSIS 
The primary source of elk mortality is huntfug. 

While the State manages hunters, the Forest Service 
management of access and cover are extremely influ­
ential in affecting the ability of hunters to kill;elk. 
Therefore, it is important that in forest plan revisions 
or updates, prescriptive guidance is identified fo~ elk 
vuln~ty analysis. This procedure applies dbring 
the hunting season and is not to be confused with habi­
tat effectiveness. Vulnerability is a separate ~ 
that forests need to recognize in elk management and 
write into prescriptions. Vulnerability results from 
an extremely complex relationship involving ackesa, 
cover, topography, hunter density, and weathet. A 
great deal of intercorrelation among these factqrs 
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i 
exists, and a great deal of cooperation~ apo.-
cies will be necessary to achieve the goals\ of ellt vol-
nerability management. \ 

The measure of success for elk vulneniliµity is the 
level of compatibility between Forest Sen,ce and 
State management plans. Often, this will ~ the num­
ber of bulls per hundred cows surviving t~ hunting 
season or some expression of the quality of the recre-
ation experience provided. i 

! 
'i 

Considerations for Forest Plans 
' Related to Elk Vulnerability 1 

The following list is not inclusive but d~ include 
the main issues managers need to considerl 

l. Roads-season of use, density. 1 

2. Security areas-distance from roads, size, 
cover characteristics, closures (area), topographic 

'. characteristics. \ 
3. Cover management-description, connectiveness, 

scale, terrain relationships. • 
4. Mortality models-demonstrated predib;ors of 

elk mortality based on habitat quality, huntkr den-
sity• or other factors. 

1 

•Recommendations 
Roads-As with habitat effectiveness, acd!ss to 

and use of roads appear to be the most si~cant 
• factors in vulnerability analysis. ! 

Two studies in Idaho have demonstrated dikt rela­
tionships between levels of road access and bull mortal­
\ity (Leptich and Zager 1991; Unsworth and Kt.tck 1991). 
,In Montana, Youmans (1991) implicated "roaa densi­
ties as the key factor in increased elk vulne~ility." 
•. Concerning open roads during hunting se~n, for­
ests should develop criteria that meet State Irianage­
~ent goals for elk. Information on the relation.ship 
~tween roads and elk vulnerability is so new $at spe­
cific criteria are scarce. However, the studies in north­
ern Idaho provide initial guidance. Unsworth iand 
I{uck (1991) found bull survival more than douliled in 
situations comparing road densities in excess o~4 miles 
per section with densities under 0.5 mile per ~on. 
lli a different study area, Leptich and Zager (1~1} 
reported bull mortalities of 62, 45, and 31 percent in 
study areas with 4.5, 2.6. and 1.0 miles of ope~ road 
~r section. In both these studies, cover duriµg the 
hunting season was not considered limiting. ; 

• 1. In areas with heavy cover, road managemJt can 
~!extremely influential in meeting desirable pbst-
season bull:cow ratios. • 

~- Whe~ heavy ~er is not available, reducedjopen 
road deDSJ.ties contribute t.o maintaining some level of 
quality hun~ opportunity through the seasori and 
t.o meeting postseason bull:cow ratios. In areas of 



more open cover and. perhaps, gentler terrain. roads 
speed up the 'harvest of available bulls and-make 1:m1la 
more vulnerable throughout the season. increased 
emphasis should be placed on security where poor 
cover conditions exist. ; ; 

3. Even primitive roads that see lip:le s~erj ;use 
are often used extensively during th~ hunting ~n. 
Area closures with open routes de~gµated will m~ 
likely provide better security than indlvidual closures. 
Area closures should address all motorized vehicles 
including all-terrain vehicles. 

Security Areas-Security is the result of a comlmia­
tion of factors that allow elk to remain\ in a specific~ 
while under stress from hunting. In Forest Servite 
management, such areas are defined\by cover bl~ 
and.road roa!!agement. S~cally, these are ~ 
of a.ui!ferous coverl?rge enough and f¥ enough away 
from open roads to provide security. TJ}ere have ~n 
efforts on the Lolo and Deerlodge N atlional' Forests to 
develop criteria for managing security. The "Hillill 
paradigm" (Hillis and others 1991) provides these cri­
teria and. with careful consideration, may be appro~ri­
ate for other forests to use as a generaliguide. Briefly. 
this model identifies the size (250 or m9re acres), sruape 
(nonlinear), and distance from open roa~ (over 0.5 mile) 
for security areas as well as how much bf the area (over 
30 percent) should be dedicated to seci.uity. ; 

In discussions with biologists in Idaho and Montana. 
there appears to be a gradient from we~ to east regard­
ing the significance of cover in this ~tion. In nort;h­
ern Idaho, it appears that open road c&nsity. hunter 
numbers, and topographic roughness are the major' 
considerations (Unsworth and others 1993). • Cover is 
so ubiquitous that security can be controlled with road 
management alone. As you move east/into Montana 
and over the Continental Divide, covet considerations 
become more important because cover~ less abun~t 
and less contiguous. It is extremely :important for for­
est biologist.a to work with their State CQunterparts ili 
developing criteria for security areas, mcluding their 
size, extent. distance from roads, and v~tive char.: 
acteristics. Data from radio telemetry studies are th~ 
best source for developing such criteria, • 

Cover Management-This criterion is directed 
mostly at the more naturally open elk habitat'in cen­
tral and southwestern Montana and sohthem Idaho' 
where care must be taken to recognize \and retain ad­
equate coniferous cover. In developing/this criterion, 
a landscape-level perspective is absolu4ely necessary. 
Size, location on the landscape, connectiveness with 
other cover, and vegetative composition ke important 
considerations (Hillis and others 1991)] Data from • 
MQ..ntana hunting seasons suggest thatfelk are less 
selective about the specific vegetative characteristics'. 
of coniferous cover and more responsive ~ size of units, 
connectiveness with adjacent units, and the scale of . 
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cover on the landscape (Lyon and Cairlield 1991). A ~ 
strong relationship exists between m~talning rover 
for summer range habitat effectivenei;!s and maintain- 1 
ing the same cover for security duri4g fall hunting. 
Where coniferous cover may be a liniiting factor, it 

' will be important to develop long-te?jm perspectives 
(rotation length) on cover managem~nt that address 
condition, quantity, location. and coi.tfiguration. 

I 

Mortality Models-Models that llilk habitat. hunter 
density, and elk mortality can provide guidelines to 
coordinating habitat condition and S~te management. 
objectives. Unsworth and others (199~) have developed 
a model for northern Idaho that predii!ts bull elk hunt­
ing season mortality using open roa~ density, circular 
standard deviation of aspect, and hl1~ter intensity 
(density for the length of the season). !1'his model virtu­
ally requires a computerized GeograpIFc Information 
System for calculating the aspect vaqable. But the 
effect can be estimated based on the fact that greater 
topographic relief reduces elk vulne~ility. The more 
moderate the topography (fig. 2), the more impact road 

' density and hunter density have. If \fe assume aver-
age topography and around IO hunter µays per section 
spread over a 26-day season. the probability of mortal­
ity for a'bull elk is 60 percent greaterjin an area with 
1 mile ofroad per section than in an qnroaded area. 
Likewise, 2 miles of roaj per section .wUI more than 
double the mortality probability. and ~t higher road 
densities bulls Usually do not survive ~e hunting 
seasoll. I 

Using a different measure ofhuntink intensity, 
Vales and others (1991) and Vales (1993) presented 
data from northeastern Oregon indicating that the 
ratio of hunters to available elk can ~o provide an 
estimate of probable mortality; basically, there is a 
consistent increase in harvest rate as the number of 
hunters per elk increases (fig. 3). The~e data are im-, 
portant because they indicate that exc~ssive hunting 
pressure can, in the end, overwhelm all other provi­
sions of elk vulnerability management\ 

l 
l 
i 

Summary for Elk Vulnerabi~ty 
1. Roads appear to be the single moJt important 

variable that the Forest Service manag~. Roads not 
only directly affect elk mortality but als6 affect hunter 
opportunity by accelerating bull mortaiity. Forests 
must work closely with State biologists\ to identify 
acceptable levels and locations of moto~ed access to 
meet postseason bull:cow ratios and mlilntain opti-
mum hunter opportunity. ' 

2. Security area definition is variable across the 
region. Some forests have developed C11-teria. It is 
essential that cooperation and coordination with 
State biologists be used to formulate criteria 

3. Elk vulnerability analysis, a new cbncept. will 
be further defined. Hunter density andl opportunity 
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Figure 2-Elk vulnerability influenced by hunter density and road density 
(Unsworth and others 1993). 

afforded by State regulations are also major]compo­
nents. It is essential that forest biologists mid plan­
ners and their State counterparts communicate and 
coordinate extensively on this topic as forest standards 
and guidelines are developed. 

4. Recently available mortality models can establish 
numerical standards for elk mortality. Local) data 
bases may exist to help tailor mortality mod~ls to 
specific geographic areas. Numerical standards for 
elk mortality can be established through coordination 
with State biologists. 
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Figure ~k vulnerability influenced by 
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· WINTER RANGE 
; 

Management of winter range remains the ~e 
most site-specific ~nsideration for elk habi~. Each 
:winter range is unique in some way. In this ~on. 
• yve briefly address the traditional consideratioris that 
hlready appear in the majority of forest pla.nsi We 
:again mention, however, that winter range shohld be 
:evaluated as a part of the vulnerability ~ent 
where appropriate to do so. 

Traditionally, winter ranges for elk have been viewed 
as geographic sit.es on which animals concentrate sea­
~nally because of snow depths. Heavy utilizaltion of 
iivailable plants, and animal die-off in severe winters, 
have been commonly recorded. For many years, the 
primary objective of management was to imprbve, or 
a,t least prevent deterioration of, existing vege~tion. 
. • In recent years, our understanding of anima~ physi­

ology on winter ranges has modified this view J For­
age is important, but in severe weather many b­
inals substitute an energy-conservation strategy for 
f«;,rage intake. Thus, management of winter range t.o 
improve thermal cover and prevent harassmerlt may 
be as important as anything done to change fo:i-age 
quantity or quality. • 

<Jonsiderations for Forest Plans 
Related to Winter Range 

• The following list is not inclusive but does include 
the main issues managers need t.o consider: • 



1. Forage quantity and quality-methods for: 
improvement. 

2. Thermal cover--energy conservation 
considerations. 

3. Roads and other disturbancei;-energy conser-
vation considerations. • 

4. Livestock management-forage allocation:' 
management. • • 

Recommendations 
Forage Quantity and Quality~In the majprity 

of situations, actually modifying f~age quantity or 
quality on the winter range is a difficult manaiement 
challenge. Encroaching vegetation can sometiihes be 
removed mechanically or with fire,\and large o:iideca­
dent shrubs can be burned to produce r~sproutfug. 

Thermal Cover-Some winter ranges lack tller­
mal cover, which does not mean thennal cover sci-Yes 
no purpose where it is available. Wliere behaviori; pat­
terns have been recorded, elk selecif resting an~/feed­
ing sit.es based on control of energy/transfer rather 
than forage availability. We recommend selective 
ret.ention oflarger trees where pos~ible. 

Roads and Other Disturbancds-Disturb~ce 
and harassment result in trem.endo,us energy costs 
to wintering animals. Selective road closures and 
restrictions on recreational use have proved eff~ive 
in reducing these costs. • 

Livestock Management-Apprppriate manage­
ment of domestic livestock can, in some cases, be: an 
import.ant consideration in manage~ent of elk wirit.er 
ranges. Local range specialists shoµld be consulted 
about grazing techniques designed to leave adequat.e 
winter forage for elk. • 
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ABSTRACT 

The expansive range and elevational distribution of 
the pinyon-juniper woodland in the western United 
states contributes to the wide variety .of forms of 
this habitat type. Similarily, the breeding-bir~ 
community expresses this variety. A total of at 
least 73 p.i,ff~r;~fl.f b.i.id species are known to breed· 
here. Afiout 3F .of these :species breed with regularity 
in pinyon-juniper wooclla·nds; Only about 5 of these 
species are restricted to this. habitat type. Usually 
less than half of the breeders are permanent residents. 
A high proportion of the breeding birds forage for 
seeds or insects on the ground. T~e number of sp•cies 
that. breed in cavities and/or forage on trunks and 
branches is positively correlated with pinyon pine 
d1:msity. Seasonal densities of breeding birds vary 
gr·eatly depending on annual fluctuations in 
precipitation and seed and berry production. Winter 
diversity and density is strongly correlated with 
juniper berry production. Both junipers and pinyons 
show an adaptive suite of characters for dispersal 
by birds. 

KEYWORDS: pinyon pine, juniper, avifauna, guilds, 
diversity, density, breeding-birds, winter birds. 

The pinyon-juniper woodland could be labeled the characteristic 
habitat-type of the southwest because of its expansive range. 
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Extending over large areas of Arizona, Colorado, Nevada, New mexico, 
and Utah it occupiessDrn8/Jhere between 43 and 76 million acres of land 
in the West. In New Mexico alone the woodland covers over 32,000 
square miles or 26 percent of the state (Pieper 1977}. The woodland 
stretches from the east slope of the Sierras to Oklahoma and from 
Oregon to Texas and into mexico. It is the common vegetation-type of 
the foothills, low mountains, escarpments, and mesas of the southwest 
(fig. 1). Throughout its range this "pygmy forest" shows broad 
tolerance limits ranging in elevation From a high of 10,000 ft. in the 
Sierras to a low of 3200 ft. in the four corners area, with junipers 
alone extending even lower in many areas (West et al. 1975). It is 
found on a variety of soils derived from granite, basalt, limestone, 
and mixed alluvium (Hurst 1975). 

Pinyon-Junlp•• (;)):I 
Woodland 

Col. 

Figure l. The distribution of pinyon-juniper woodland in the five 
western states where it is most abundant (from Clary 1975). 

The major trees of this woodland consist of four species of 
junipers, Juni~erus occidentalis,_d• deppeana,_d• monosperma and~­
osteosperma. he latter species 1s the most w1de-spread of the 
junipers. The two most common pinyon pines are Pinus monophylla 
and P. edulis with the latter species having the most extensive 
distribution. The dominant trees of the area are relatively small 
(hence the name pygmy forest) ranging in height from 15-40 ft. with 
individual trees having dense foliage. In general the junipers are 
more drought-resistant than pinyon pines and therefore occur in 
hJghest densities at lower elevations, whereas, pinyon pines become 
more abundant at higher elevations in this woodland (Short and 
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mcCullock 1977}. The density of these trees varies from very sparse 
to very dense depending on elevation, climate, and soil type. Total 
plant cover increases with elevation up to about 6600 ft. (Tueller 
et al• 1979). 

The understory vegetation of the pinyon-juniper woodland is 
highly variable depending on soil type, exposure, and climatic 
pattern. Tueller et al. (1979) lists 240 positively identified species 
of vascular plants from the Great Basin pinyon-juniper woodlands. The 
list includes 67 species of shrubs and succulents, 46 grasses, and 122 
forbs that grow under pinyon and juniper trees. Major shrubs include 
sagebrush (Artemisia sp.), bitterbrush (Purshia tridentata), 
rabbitbrush {Chrysothamnus sp.), and various species of oaks (Quercus 
spp.). few of these species are found growing in association with one 
another, as the understory is reasonably depaupered. None of the 
shrubs, succulents, grasses or forbs are listed as rare and endangered 
and none are restricted to this vegetation type. Most woodlands 
contain only a few of these species. Thus, plant species diversity {as 
well as density) is reasonably low compared to other vegetation types 
in the southwest. 

The climate of this vegetation-type can be summarized as being 
rather severe with hot summers, cold winters, low amounts of 
precipitation in the form of rain and snow, low relative humidity and 
high winds. mean daily maximum temperatures for the hottest month of 
the year vary from 260C to 36°c. Total yearly precipitation varies 
between 8 and 18 inches (West et al. 1975). 

The lower limits of this woodland now mingle with grassland, 
desert scrub, Great Basin Desert or shrublands in different parts of 
its range. Because of climatic cycies (cool, moist to 110t, ~:!ty) this 
lower boundary has been very active during the last 10,000 years 
(martin and Mehringer 1964, Wright et al. 1973, Wells and Berger 1967}. 
Evidence from pollen deposits, sloth dung, and wood rat middens 
indicate a considerable lowering of this boundary. This depression 
ca~sed isolated areas of the woodland to come into contact with other 
such areas thus increasing the potential for redistribution of the 
flora and fauna. The return of a warmer, drier climate caused an 
upward retreat leaving behind isolated relict pockets of pinyon-juniper 
wo·oo1.ai'iir,•" with l. ts fauna! components. 

Even though early settlers heavily used pinyons and junipers for 
mine props, fence posts, and fuel,during the last 130 years the 
ve • e i der oin an ex ansion into low shrublands, 
grasslands and Great Basin Deserts West et a. 75. At t e same 
time the density of trees in more permanent stands is also increasing. 
Numerous causes ve been proposed to ex lain this increase, but the 
maJor cu prit seems to be overgrazing by cattle and sheep (Aro 1971). 
Improper grazin has reduced forage production thereb releasing the 
trees rom competition with e s ru s. Johnsen (1962) 
believes the spread of juniper in northern Arizona is due to the 
increased spread of seeds by livestock, lack of periodic fire, 
overgrazing which reduces competition of grasses with juniper seedling~ 
and a gradually changing climate which favors the spread of juniper. 
La Marche ( 1974) presents evidence that the eriod from 1850 to 19 
was· e period before or after this. 
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It is evident that this woodland as a whole is an extremely 
complex, variable community. As stated by West et al. (1975), "Early 
attempts to explain distribution, composition, successional changes, and 
management responses in terms of single factors were overly simplistic. 
These variations can be better explained in terms of a complex of ~ 
environmental patterns, historical events, and successional mechanisms . . IJ.. 
The relative importance of each factor of the environmental complex 

11
,,,.·J . 

varies with the synecological context."Y £,, 

A major characteristic of this woodland as far as birds are 
concerned is the periodic production of vast quantities of pinyon pin 
seeds and juniper berries. Large crops of pine seeds are produced 
once every five or six ears whereas ·uniper ber.ry production occurs 
every wo ree years. In many years nei er ree forms reproductive 
p"l'opagules. Both life-forms appear to have intra-specific synchrony. .J.­
for example, in a year of a :qo'.od berry crop, one hectare contains 
between 19 and 38 million berries. A cubic .meter of foliage holds 
20,000 berries. lhe number declines steadily through the late fall J 
and.--w1nter-as · birds and mammals consume them. • Fhe flesh of if-·single 
berr has about 315 calories m.a king it a des! rable source of ener .• 
The berries are a s ny ue n co or ma 1ng hem conspicuous; they 
ripen in ·the fall when insects, are s arse .and bird densities are-ii"igh 
due o migra ion a omonson 1978). Thus junipers have adaptations 
favoring zoochory (Morton 1973}. The pinyon pine also has a 
constellation of adaptations that favor dispersal by animals, 
especially birds (Table 1) (Vander Wall and Balda 1977). This pine 
not only allows animals easy access to its seeds but may entice 
disperse~ agents. This means the seeds are easily located, extracted 
from the cones and eaten or cached for future use (Vander Wall and 
Balda 1977, Ligon 1978). More Pinus edulis seeds are cached in dry, 
exposed soils than can be used by the birds in years of high cone 
crops. In some years, pinyon pines produce absolutely no cones per 
hectare (Balda, unpubl. data), whereas in other years they may produce 
as many as 1800 cones/tree (Ligon 1971). These seeds are extremely 
nutritious conta1n1n about 7400 cal g {Little 1938).A pinyon pine] 
seep contains 14.5 percen pro ein, 60 percent fat, and 18.7 percent 
carbohydrate (Botkin and Shires 1948}. The large size, high energy 
content, and high protein level makes this seed a highly desirable 
food stuff. 

on-·uni er woodlands since the mid-40's has 
con e o cont f ·uni me 

to gras rsion er 
woodlan razing ion of e ype an control 
has been ustified on pu he trees are eneral y 
consi ere as o ow comm ere a ive to other harvestable 
t-rees of he West. During the per od 1950 to 1964 Box et al. (1966) 
estimate that approximately three million acres of pinyon-juniper 
woodland were converted to grazing landa4 Between 1950 and 1961, more 
tfian one million acres were converted in Arizona alone {Arnold et al. 
1964). 

The major objective of a-conversion ro ·ects, often 
referred· o as " ange Improvement Projects" is to produce a 1 onal 
forage for livestock (Terrel and Spillett 1975}. These conversion~ 
represent 11a change from multiple use to one use, grazing" {LittleT 
1977). Land managers today are going through a period of cautious.J 
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soul-searching about how to proceed with management on ~hese la~ds •. 
This treatment has not been popular, leaves the area an aesthetic diaste~ 
has questionably proven long range benefits and "mos~ questions 
concerning wildlife and pinyon-juniper range conversion are unanswered 
and probably will remain so." {Terrel and Sp~llett 1975). The best 
synopsis of pinyon-juniper management and guidelines for future use can 
be found in a symposium edited by Gifford and Busby (1975). 

TABLE 1. features of pines with different dispersal strategies 

Characteristic 

Seed size 
Seed conspicuous 
Seed quickly released 
Seed coat labelled 
Synchronous cone opening 
Position of cone 
Cone scales 

P. tonderosa 
wind) 

small 
no 
yes 
no 
yes 
down, out 
present 

BREEDING BIROS 

P. edulis 
-(animal) 

large 
yes 
no 
yes 
no 
up, out 
absent 

A total of 73 different species of birds are reported to breed in 
pinyon-juniper woodlands (Table 2). Undoubtedly mdre records are 
known but these will most often be rare or unusual occurrences. These 
73 species are taxonomically aligned in 8 orders and 25 families. 
Because of the geographic area span by this plant community and the 
wide physiognomic variety (over its range),no one area contains near 
this breeding diversity. for example, in north-central Arizona 5 
pinyon-juniper plots were sampled intensively during two breeding 
seasons (Grue 1977, masters 1979) and the number of breeding species 
per 40 ha plot ranged from 12 to 24 and averaged 19 species. Rasmussen 
{1941) reports 43 species inhabiting the pinyon-juniper woodland on 
the Kaibab Plateau in summer but has good evidence for breeding by 
only 12 species. Hardy (1945} lists 22 species as re~ular breeders 
in Utah pinyon-juniper woodlands whereas Hering {1957) reports 15 
breeding species. 

Relatively few of the 73 species are restricted to pinyon-juniper 
woodland. Table 2 lists 5 obligates and 13 semi-obligates. An 
obligatory species is defined for purposes of this presentation as one 
which nests only in pinyon-juniper woodland within a geographic area 
that contains other habitat types. A semi-obligatory species may nest 
in one additional plant community. This definition is knowingly broad 
as most of these species nest in different habitat types in portions 
of their range where.,Jlinyon-juniper woodland is absent. Hardy (1945) 
mentions only the Pinon Jay and Plain Titmouse as being obligatory l/ 
and the Bus~tit as a semi-obligatory species in this woodland type.­
But, the Pinon Jay often nests and forages in ponderosa pine forest 
(Balda and Bateman 1971) and the Bushtit is also known to use other 
habitats. 
17 Scientific names for all birds mentioned in the tex;t or tables are given in 

Appendix I· 
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TABLE 2. Breeding birds of pinyon-juniper woodlands1 ) 

Species Status2 ) Di stribution3 ) 

J 
Turkey Vulture✓ S 4 
Cooper• s Hawk P 2 
Red-tailed Hawk·./ P 4 
Swainson•s Hawki./ S 1 
f erruginous Hawk✓ P 2 
Golden Eagle/ P 3 (Sp.) 
Prairie falcon!/ P 2 (Sp.) 
American Kestr~l✓ P-S 4 
Gambel• s Quail P 2 
Mourning Dove ✓ P-5 7 
Screech Owl ✓ . 1/ -· P 3 
GTl:!~t-i:iorri-ei:f ·owlV P 3 
Long-eared Ow1V s 1 
Saw-whet OwlV P 1 
Poor-willV S 2 
Common Nighthawk./ 5 3 
Lesser Nighthawk S 2 
U!hite-throated SwiftV S 2 (Sp.) 

Niche 
Width' 4 ) 

Black-chinned_tlummingb.ird S 4 semi-obligatory_ 
C-0-sta•·s-Hummi ngbi rd ----~s'------------;;-1------=-=:..:.:=-.=..=.=-=-::!..:::--.=_c:.;;;__L. 

Broad-tailed Hummingbird S 3 
Common (red-shaftedJ flickerVP 6 
Hairy WoodpeckelV P 4 
Ladder-backed Woodpecker P 1 
Western Kingbird S l 
Cassin's Kingbird S 2 

__ A_s_h.=.tl,l~gated f lycatc,!:l.t!!".... ... S... .. -=-? ______ . ______ semi-obligatory 
Say ' s Phoel:ie • • • • ••• - •• •• 5 2 
Gray f 1 y cat ch er ·----S-----· .. 2 
Western Wood Pewee V S 1 

obligatory 

Violet-green swallow V S 2 
Cliff SwallowV S l {Sp.) 
Scrub Jay . . .. . ................. ---➔P----·------ .. -·-·--6---- . 

- Black-biTreif .. rnagpfev P 2 
Common Ravenv • P 6 
Pih'on Jay t/ --·--- .. P.._. . .. ···--·-"'------s.e.m.k_qbligatory 
Mountain Chickadee~ P 3 

obl,tg_ator..,_y __ _ 

Plain Titmouse P 7 

~~f~;:;reasted· Nuthat~h··J ~· •• t·· 
... -·. ____ ..... ..P..b .. lig_a.t.o.r.,¥,_ __ _ 

semi-qbliQatory 

House Wren ✓ 5 1 
Bewick' s Wren .-•--- P-5 3 semi-obligatory 

- Camm Wr-eA--l.L ......... •" P-5 ·3 (Sp.) 
Rock Wren V P-S 4 
IYlock~ird .... ---- _, __ 5 __ _ 
American Robin v P-S l 
Western Bluebird ✓ P-S l 
Mountain Bluebird V P-S 4 
Blue-gr~.Y.-.Jina_t__C1;1tcher ~----• .................... -. 5>-----···--semi. ... .o.b.l.i.g.a.t.nr_y 
Loggerhead Shrike/ S 2 
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TABLE 2. (cont. } 

Species Status2 ) 

~}~e~Ire~----···---·· ~ 
Black-throated Gray Warbler S 

-scotfTs-OrTol e s 
Brown-headed CowbirdV S 
Hepatic Tanager J S 
Black-headed Grosbeak S 
Lazuli Bunting•✓ S 
Cassin I s finch v S 
House 'finch v ____ P_-s .... 
Lesser Goldffiich•··•·--· ·-· S 
Red Crossbill v S 
Green-tailed Towhee v' S 

Di stribution3 ) 

3 
2 
tJ 
3 
4 
1 
5 
2 
l 

Niche 
lilld Eh 4 ) 

ol:J lJ_g_aJ_ory 

semi-obligatory 

............ 5. ______ -·-··· .... __s.emi-ob liga tory 2 ......... ·-·-

1 
2 

Rufous-sided TowheeV P 6 semi-obligato_!_y __ 
'13 r own Towhee P -----··•2-.. -·· ········---·-·-··--semi-ob Irga tor y 
vesper Sparrow·,/ P-5 2 ..... _ • • • 

_L::;:a;.!.r~k.,..:!..SJ:!~a-=-r-=-r~o~w~✓;--;:-.:::=:.:::::~-::-::-:::::=---:;:s-;:: __________________ e . ----·-··--- s em-t::._t?_~--~~ g~_~l?.!'.L 
·=&1-a-ek--t-h-r-oa·t·ect • spar·ro·ur • P-s .J 

Sage Sparrow S 1 
Dark-eyed jurnro lr 5 1 
Gray-headed Junco P-5 l 
Chipping Sparrow~ P-5 6 
Brewer's Sparrow v S l 
Black-ch~a-r-r-ow--. . ........... J:1 . .2 
.-.---
Total: n = 74 p 

s 
P-5 

= 23 (32%) 
= 3B (51%) 
= 13 (17%) 

s-o = 13 
5 .a = 

Data from Rasmussen {1941), Hardy (1945), Miller (1946), Hering 
(1957), Grue {1977), masters (1979) 
P = permanent resident; S = summer resident 
The number indicates the number of census plots or 1 study areas used 
for breeding. The maximum is 7. Sp. = special landscape required. 
Obligatory= in a given geographic area the species breeds only in 
the pinyon-juniper woodland; semi-obligatory= same as above but 
breeds in one additional plant community. 

few, if any other natural habitat-types in North America have so 
few truly obligatory species. The reason(s) such should be the case 
is not clear but may relate to the great physiognomic diversity found 
in the pinyon-juniper woodland. Just as there is no typical 
pinyon-juniper woodland there are few obligate pinyon-juniper birds. 

Just as the number of breeding species varies between woodlands 
so does breeding bird density. In southwestern Arizona where many oaks 
are found in the woodlands breeding bird density may reach 250 pairs 
per 40 ha (Balda 1967). This density is seldom if ever ieached in the 
pinyon-juniper woodland where densities vary between 30 and 190 pairs 
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per 40 ha (Table 3). • Ninet -r· airs is about 
Grasslands usually have fewer breeding pairs an 
more than the pinyon-juniper woodland. 

figur • ) 
pine forests 

TABLE 3. Characteristics of the avian woodland breeding birds 

Study 

Balda, 1967 
Balda, 1967 
Grue, 1977 
Beatty, 19~8 
C:irue, 1977 
masters, 1979 
masters, 1979 
masters, 1979 
Hering, 1957 
Beidleman, 1960 
Hardy, 1945 
Miller, 1946 

Habitat 

oak-juniper 
oak-juniper-pine 
juniper,-parkland 
juniper-grassland 
juniper-pin yon 
pinyon-juni per I 
pinyon-juniper II 
pinyon-juniper III 
pinyon-juniper (?) 
pinyon-juniper 
pin yon-juniper 
pinyon dominated 

No. of 
Breeding 
Species 

36 
36 

17-23 
11-12 
24-26 

9-10 
18-21 
19-19 

15 
2 

22 
55 

No. of 
Breeding 

Pairs/40 ha 

224 
267 

54-179 
35-40 
66-130 
90-87 

191-138 
122-133 

33 
30 

Br~eding bird densities in a single location show rather large> 
annual fluctuations that appear to be linked to biotic and physical 
factors. In very dry years the breed·ing bird populations may be 
reduced between 50 and 70% (Grue 1977). Possibly pinyon pine seed 
crops may attract breeding birds the next spring. Masters (1979) 
found a 28% increase in populations after a large cone crop (Table 4). 

Table 4. Changes in breeding bird densities (p~irs/40 ha) and 
diversities between years 

Study first Year Second Year 
D~nsity/Diversity Density/Diversity %Change Reason 

masters, 1979 191/21 138/18 28/14 Pinon seed 
crop before 

66/24 
first year 

Grue, 1977 130/26 49/8 Annual f luc-
tuation in 

Grue, 1977 179/23 54/17 70/26 
precipitation 
Same as 
above 

Masters (1979) attempted to explain the relationship between 
various habitat parameters and characteristics of the breeding bird 
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fauna. At the level of the community, she found that the number of . 
breeding bird species was significantly correlated with a) the density 
of pinyon pine, b) total tree density: and c) pinyon pine fo~ia~ 
volume. foliage height diversi~y (as measured in two-meter height 
classes) was a significant predictor of bird s ecies diversity •. 
Breeding bir ens1 y was s1gn1 can y corre a e w1 p1nyon pine 
de,psi.~y- wher:, the bird population Figures. following a large piiiyon pine 
cone crop are ignored. 

A "typical avifauna" of the pinyon-juniper woodland thus appears to 
be as si~plistic an approach as trying to describe a typical vegetation 
for this woodland type. Never-the-less we have selected from the list 
of 74 breading species a group that has a distribution score (Table 2) 
of four or higher and/or is listed as ~bligatory or semi-obligatory 
in niche width. A major danger here is that two closely related 
species may be sympatric and thus neither would have.achieved the 
criteria for inclusion. Such could have been the case for nighthawks,. 
kingbirds, hummingbirds, bluebirds, medium-billed sparrows and a few 
other cases. In these instances the most common of the dyad or triad 
was added to the list to make it as representative as possible. from 
Table 2, 29 species met the first criteria and the nighthawk and 
kingbird were added for reasons given above. 

Resident Status 

Of the 31 species that fit our 11 typical avifauna" criteria 14 
(45%) are summer residents and 11 (35%) are permanent residents. Six 
species show variable patterns of residency either based on geographic 
considerations {i.e. summer residents in the northern portion of their 
range and permanent residents in the more southern areas) or variable 
weather conditions (i.e. migrate in harsh winter, remain stationary in 
mild winters). Hardy (1945) in eastern Utah described 36% of the 
nesting species as permanent residents and 64% as summer residents, 
almost identical to our typical avifauna if one includes the "switchers" 
in the summer category. 

Data from intensively censuse~ plots in central Arizona over a 
two year period showed about the same split as does the Utah data 
{Grus 1977). The proportion of permanent resident species ranged 
from 35 to 40%. · 

In north-central Arizona however, masters (1979) censusing three 
pinyon-juniper plots for two years found a range of permanent resident 
breeders from 32 to 56% (Table 5), and Hering (1957} near mesa Verde, 
Colorado had 53% permanent residents. One could expect permanent 
residency to increase in the woodlands with, decreasing latitudes but 
such an increase is not apparent from either the proportion of the 
breading population that is permanent or the absolute number of species 
that do so. On both of masters• (1979) plots with proportion of 
permanent residence above 50% the ratio of pinyon to juniper trees was 
better than 2:1. (Hardy's 1945 ratio was 0.36 to 1). Hering {1957) 
did not provide the necessary data to assess this habitat feature but 
the general area of her study contains high densities of P. edulis 
(pars. obs.R. P. Balda). Of the 55 species of breeding bfrds 
(a woodland hight) listed by Miller (1946) in a southern California 
woodland predominated by pinyon pine, 27 species or 49% were apparently 
permanent residents. Two areas without pinyons had 33 and 35% 
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permanent resident breeders. Thus, we suggest with_caution that a 
positive corr ala tion ma_L exist .b etweeri_the. p.J.'...Q.poi;tion o~ permanent 
residents In the community an<;!_ the proportion of trees in the woodland 
th~t ate pinyo.!L-pines. In all probability no o~e fac~or will answer 
thequestion, but this one does_deserve futur~ inv~stigati?n• ~f the 
18 species listed as either obligatory or semi-obligatory in this 
woodland 8 are permanent residents. 

Table 5. Residence status of breeding birds from specific sites in 
north-central Arizona (Ma stars 1979) 

Status 

Permanent Resident 
Summer Resident 

* 2 yr. average 

3.0* 
6.5 

I 

Number of Species(%) 
Sites 

8.0 
1.0 

II 

foraging Guilds 

III 

7.5 
6.0 

(56} 
(44) 

An instructive way to look at avian communities is the use of 
foraging guilds (Root 1967). A guild is defined as one or more species 
in a community that use similar foraging techniques. Guilds can be 
defined as broadly or narrowly as the observations and data base 
permit. Here for the sake of simplicity and accuracy {but sacrificing 
specifics) I define foraging guilds only by substrate-type. This is 
done because very little info~mation is known about the species under 
consideration to allow for finer distinctions. foraging guilds used 
include ground, foliage, air, bark, and flowers. If a species used 
two of these substrates I assigned half the value to each guild. 

The descriptive analysis from nine different intensively studied 
woodland sites shows few trends. The number of ground foragers varied 
from 6 (Hering 1957) to 16 (Grus 1977) species. Relative proportions 
of ground foragers varied between 40% (Hering 1957) and 57% (Grue 1977). 
Np significant correlation (Spearman Rank Correlation) between the 
density of pinyon pine or juniper and either the number or proportion of 
ground foraging species was found. 

The number of foliage foragers in the breeding community varied 
from a low of three in a juniper-grassland (Beatty 1978) to a high of 
12 in a predominantly pinyon pine stand. The mean number of species 
that used foliage as a substrate where both pinyon and junipers were 
represented was s. The number or proportion of foliage foraging 
species showed no significant correlation with pinyon or juniper densit~ 

The number of species of. hummingbirds (nectar feeders) also shows 
no correlation with tree species density. Hummingbirds most likely 
respond more to the species composition and.flowering patterns of the 
shrub and Farb strata which may be limited by physical factors 
(temperature, moisture,etc.). 
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There is also no trend for aerial 'feeders. Aerial foraging species 
number between l (Hering 1957) and 9 (miller 1946). On areas containing 
both pinyon and junipers the mean number of aerial feeders was 4. 

In some woodlands a small group of breeding species Forage 
extensively on trunks and large branches. In no intensive study area 
analyzed for this report where the ratio of pinyon to junipers was less 
than 1:1 did any of these species breed. Where pinyons outnumbered 
junipers by 2:1 or better two species appeared. Almost invariably these 
two species were the Hairy Woodpecker and White-breasted Nuthatch. The 
former species obtains insects by hammering holes through the bark or 
flaking layers of, bark off in small. plates. The latter species probes 
the crevices in the bark to obtain insects. Both species reach higher 
densities in ponderosa pine forests (Szaro and Balda 1979) than in the 
woodlands. Either there are more insects in, under, and on pinyon pine 
bark than juniper or the bark pattern is such that insects are easily 
extracted. 

The •'typical a vi fauna" for pinyon-juniper woodlands has a slightly 
higher number of ground and foliage foragers than the studies described 
above (Table 6). This probably occurred because our selected sample of 
birds is slightly larger than would be found in any one woodland area. 

Table 6. foraging Guilds for a "typical pinyon-juniper woodland" 

Guild 

Ground 
foliage 
Aerial 
Bark 
flower 

* 

*Carnivores not included 

Number of Breeding Species(%) 

14.5 
7.0 
4.5 
1.0 
1.0 

(52) 

g:~ 
( 4) 
( 4) 

The above analysis has dealt solely with numbers of species 
because of the high year-to-year variability in densities. Master• s 
(1979) regression models to predict characteristics of the bird 
populations included foraging guilds. Eight independent foliage 
variables were used. Pinyan density was significantly correlated with 
densities of aerial feeders, bark feeders, and total density of all 
~nsectivorous birds (Table 7). No variable contributed solely by 
Junipers was important as a predictor of any of the breeding bird 
characteristics measured. Why the above result should occur is not 
immediately obvious but suggests pinyon pine may provide a more 
suitable foraging substrate than juniper. 

Only fragmentary data exists to support the contention that 
juniper is less attractive as a foraging substrate than is pinyon 
pine. In an oak-juniper-pine (Pinus cembroides and P. leiophylla) 
woodland in southeastern Arizona, Balda (1969} studied foliage use by 
the 36 breeding species. The number of observations in each tree 
spec~es were compared to the foliage volume contributed by each tree 
species. Based on foliage volume an expected number of bird 
observations per tree species was calculated. Actual foraging 

156 



observations in juniper were far less than expected, whereas foraging 
observations in pines were much greater than expected. At that time Eelda 
proposed that the breeding b~rds may simply have not yet learned to use 
juniper as it is known that juniper is presently spreading into new areas 
and increasing in areas where i't was once sparse. The Black-throated 
Gray Warbler, Chipoing Sparrow, Bridled Titmouse and Common Bush tit 
u_.t.i ized juni er more than any others ecies. Three of the four species 
listed above are members o our ft! ypical woodland a vi fauna." In a 
pin,,on-juniper-ponderosa pine; ecotone Laudenslayer and Balda (1976) found 
that pinyon pine was selected more intensely than predicted by expected 
numbers generated from foliage volume. Juniper was selected • 
approximately as often as expected. We explained this difference by 
using the relative proportion of foraging surfac~ within both trees. 
Although both species have their gr.sen foliage concentrated on the 
outer edges of the branches, needles of pinyon pine are found growing 
farther inward than in juniper. Thus, if the growing areas and areas 
of g~een vegetation on these trees are used as prime foraging surfaces 
then pinyon provides more of this surface per tree than does juniper. 

Table 7. Percent variability explained (~2 ) of br•eding bird parameters 
by vegetation factors which are significantly correlated 
(Masters 1979) 

factor 

Pinyon Pine Density 
Total Tree Density 
Pinyan foliage Volume 

Density of reeding Guilds 
Aerial Bark Insectivores 

feeders feeders 

.980 

.979 

.902 

.781 
;776 

NS 

.949 

.947 

.834 

Insect densities in pinyons and junipers may also be a reason why 
p_inyon density _is a: good predictor of density of insect eating birds. 
Masters (1979) found, however, that juni ers had a higher number f 
i~sf;lct taxa than did pinyon. I, Insect abundance as -measure by total 
length} was about the same in both trees. The similarity coefficient 
(a maasur~ of community similarity) indicated that pinyon and juniper 
have different arthropod faunas associated with them. 

Nesting CuJi.lds 

Tb.e classification of the avian communi:ty by nesting habits may 
also provide clues as to how breeding birds interact with the 
structure of the ~egetation. Of the 31 species used as a "typical 
avifauna" 60% (18.5) nested in foliage (the 0.5 is for the Mourning 
Dove that uses both foliage and ground for a nest substrate), 23% (7) 
used cavities and the remainder nest on the ground. Hardy's data (1945) 
fits well with 61% of the breeding birds nesting in the foliage, 21% in 
cavities, and 18% of the species nesting on the ground. 

On two intensively studi~~ plots i~ central Arizona Grue (1977) 
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found an average of from 
breeding bird community. 
cavities. Again the fit 
would ~ho~ (Table 8). 

60 to 68% foliage nesting species in the 
from 15 to 20% of the species nested in 

is reasonable with what a "typical avifauna" 

Table 8. Nesting guilds of breeding birds from specific sites in 
central Arizon~ (Grue 1~77) 

Guild Number of Species (%} Nesting 
Pinyan-Juniper Woodland Juniper Parkland 

foliage 16.5* (66) 14.0 (68) 
Cavity 5. □ (20) 3.0 (15) 
Ground 3.5 (14) 3.5 (17) 

Total 25.0 2D.5 . 
* 2 yr. averages 

In north-central Arizona master's (1979) found cavity nesters to 
make up almost half of the breeding speties on areas where pinyons 
outnumbered junipers ( Table 9). Hering {1957) found cavity nesting 
species made up 47% of the breeding speties on an area of presumable 
high pinyon densities. Both studies had 7 to 8 cavity nesting species 
present~ The pinyon dominated woodland iri California (Miller 1946) 
contained 11 cavity nesting species. 

Table 9. Nesting guilds of breeding bir.ds from specific sites in 
north-cehtral Arizona (masters i979) 

Nesting Guild 

foliage 
Cavity 
Ground 

* 2 yr. averages 

7.0* 
2.0 
o.s 

I 

{74) 
(21~ 
( !:I 

Number of Species (%) 
Sites 

II III 

7.5 (50) 6.5 
7.0 (47l 6.5 
o.s (' 3 o.s 

(48) 
(48) 
( 4) 

The emerging pattern is more than sug·gestive that cavity nesting 
species will occur with higher prob~bility in woodlands containing large 
numbers of pinyon_pines. On three study sites in no!th-central Arizona 
Masters. {1979) found that 79% of ,the variability (.r ) in d.ensity of 
the combined cavity nes~ing species {not species numbers as discussed 
above) was explained by the density of pinyon pines. 

Both density and diversity of cavity nesting species may be 
related to piny on pine in som.e manner. Since cavity nesters depend on 
weakened or di sea sad trees to ex.cavate cavities in, it is possibl~ 
that pinyon pine are more prone to at.tack by insects and other disease 
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causing organisms. Also, it may be that piny.on b·ranches are more bri.ttle 
and are therefore more prone to breaking thus allowing disease agents 
entry. Dead junipers are hard whereas dead pinyon pines contain soft 
wood (pers. obs.). 

The question that remains deals with ~ree-type selection by the 
foliage breeding birds: Do foliage breeder• select fo~ either juniper 
or pinyon when choosing a nest site? Both Hardy (1945) and Short and 
mcCulloch (1977) make unsubstantiated comments that foliage nesting 
birds prefer junipers over pinyons for nest-sites. Based on the amount 
of data presently available it is not possible to answer that question 
and more research is required to show if any preference is shown 
(Table 10). The two species that showed re ular use of ·uni er were the 
Black-chinned H~mmingbir an ac - roated Gray Warbler whereas the 
Chipping Sparrow showed no preference for either tree (masters 1979, 
Balda 1969), 

Table 10. Nest sites of foliage nesting birds in western woodlands 

Study Number of Nests in 
pinyon juniper other 

Balda, 1967 oak-juniper (not present) 1 12 
67 l 

Balda, 1967 juniper-oak-pine 11 10 
46 46 29 

Laudenslayer and pinyon-juniper-pondeJosa pine 3 
Balda, 1976 4B 46. 27 

masters, 1979 pinyon-juniper I 1 
32 33 

IYJa stars, 1979 pinyon-juniper II 10 5 
B7 33 

Masters, 1979 jfnyon-jun~lr III 6 2 

IIJINTER ING 8 IRDS 

Winter bird populations of the woodland have·been studied in 
central Arizona by Grue (1977) and in north-central Arizona by Shrout 
(1977). A total of 32 species have been recorded as wintering in these 
woodlands.. These 3~ species belong to five orders and 14 families. Of 
th~se, 18 are permanent reside~ts, 10 are winter residen~s, arid 4 are 
~witchers •. The i::nost regular winter residents are the two species of 
Juncos, White-crowned Spat-row, and .Ruby-crowned Kinglet. Three of 
these fou: species are seed eaters •. i:irominent "switcher" species are 
t~e Mourning Dove, American Robin, the two bluebirds, and the House 
finch. Only the Bushtit, kinglet and ~ran are insectivorous (Table ~l). 

Species numbers vary considerably from year-to-year. Shrout (1977) 
reported a diversity of 10 species in one winter and 20 the next on the 
same 40 ha plot. mean number of wintering species in Arizona woodlands 
is about 15 (Grue 1977, Shrout 1977). 

159 



Table 11. Birds wintering in pinyon-juniper woodlands 

Species 

Rough-legged Hawk 
__.frlerlin 

/ Prairie falcon 
Gambel I s Quail 
mourning Dove 
Hairy Woodpecker 
Common (red-shafted) flicker 
Horned Lark 
Common Raven 
Pi'rVon Jay 
Scrub Jay 
mountain Chickadee 
Plain Titmouse 
Common BLishtit 
IIJhi te-br.ea sted Nuthatch 
Red-breasted Nuthatch 
Bewick• s Wren 
Ruby-~rowned Kinglet 
American Robin 
Townsend's Solitaire 
Western Bluebird 
mountain Bluebird 
Sage Thrasher· 
Evening Grosbeak 
Hous·e finch 
Cassin's finch 
Rufous-sided Towhee 
Vesper Sparrow 
Dark-eyed Junco 
Gray-headed Junco 
Chipping Sparrow 
White-crowned Sparrow 

n = 32 P:16, W:l~ 

Status* 

I.II 
Iii 
p 
p 
P-S 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
w 
p 
IN 
P-S 
w 
P~S 
P-S 
w 
w 
P-5 
IAI 
p 
p 
w 
Ill 
p 
w 

and P-5:5 

Distribution 
(max= 3) 

l 
1 
( pers. 
1 
2 
1 
3 
1 
3 
1 
3 
1 
3 
3 
(pers. 
(pars. 
2 
2 
1 
1 
1 
l 
l 
l 
2 
(pars. 
l 
1 
3 
3 
3 
3 

obs.) 

obs.) 
obs.} 

obs.) 

Winter densities vary graatly from place-to-place and from 
year-to-year. for example during the winter of 1973-74 Grue (1977) 
reported 318 individuals per 40 ha in a pinyon-juniper woodland and 
251 wintering birds in a 40 ha juniper parkland. This is a 21% 
aif'Ference. 

Year-to-year variatidns are even more striking. 
the woodland supports huge flocks (too large to co , 
Ame o ins and mixe oc s o uncos. In other years one can 
walk for hours seeing only a vety Few biras (Vaughan pers. comm., 
R. P. 8alda pers. obs.). Shrout (1977) found 293 wintering birds per 
40 ha in the winter of 1973-74 and 75 individuals during the winter of 
1974-75 on the same plot. Using a conservative calculation this is a 
74% change in population density between years. 
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