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Abstract

The purpose of this pilot study was to record, characterize, and quantify road maintenance
activity in Mexican spotted owl! (Strix occidentalis lucida) habitat to gauge potential sound
level exposure for owls during road maintenance activities. We measured sound levelsfrom
three different types of road maintenance equipment (rock crusher/loader, dozerlroller, and
grader), from seven distances (30, 60, 120, 180,240,320, and 400 m), in two different habitat
types (forested and meadow sites) on the Lincoln National Forest, New Mexico, on 22-23
October 2002 to determine how sound varied over distance, habitat type, topography, and
stimulustype. Sound levelsincreased as the distance between road maintenance activity and
microphone locations decreased, regardless of stimulus type or habitat type. Concomitantly,
the amount of sound energy within the middle frequency range decreased substantially with
increasing stimulus distance from microphone locations. The frequency range over which
owls can potentially hear road maintenance events decreased with increasing stimulus
distance. Sound recordings of road maintenance equipment were louder at tree microphones
than at base microphones, regardless of stimulus distance, stimulus type, and site location.
The difference in sound levels between tree and base microphones at each distance was
consistently louder at meadow sites (tree microphones were located in trees along the edge
of the meadow during testing at the meadow site) compared with forested sites, regardless
of stimulus type or stimulus distance. Tree microphones registered a greater proportion of
sound energy from road maintenance activities in the middle frequency range than at base
microphones, regardless of stimulus type, stimulus distance or site location. Sound level
and frequency spectra varied by stimulus type. Rock crushing equipment registered the
highest sound levelsof any of the road maintenance equipment tested, regardless of stimulus
distance or habitat type. Rock crushing equipment had the greatest amount of sound energy
in the middle frequency range of all the road maintenance equipment tested, followed by the
dozer/roller and the grader, regardless of stimulus distance or habitat type. Road maintenance
equipment was consistently louder than background ambient forest and meadow sound levels
over arange of distances from 30 to 400 m. The extended duration of both rock crusher sound
and the multiple passes required of the grader and dozer/roller are additional, potentially
negative considerations. Based on our previous sound research with this species, it appears
that spotted owls are capable of hearing all the sound sources tested during this pilot study
out to distances of at least 400 m.
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Executive Summary

The purpose of this pilot study was to record, characterize, and quantify road maintenance activity in
spotted owl habitat to gauge potential sound levels that owls might be presented with during road
maintenance activities. The resultsfrom this pilot project are intended to provide a scientific basis for
spotted owl management protocols. We recorded the sound level and frequency spectra for road
maintenance equipment on the Lincoln National Forest (LNF) located in south-central New Mexico.
We measured the sound levels from three different types of road maintenance equipment (rock
crusher/loader, dozerlroller, and grader), from seven distances (30, 60, 120, 180, 240, 320, and 400
meters), in two different habitat types (forested and meadow sites) on the forest, over two successive
days during October 2002 to determine how sound varied based on distance, habitat type, topography,
and stimulustype.

Sound levels increased as the distance between road maintenance activity and microphone locations
decreased, regardless of stimulus type or habitat type. Concomitantly, the amount of sound energy
within the middle frequency range decreased substantially with increasing stimulus distance from
microphone locations. The frequency range over which owls can potentialy hear road maintenance
eventsdecreased with increasing stimulusdistance. Sound recordings of road maintenance equipment
were louder at tree microphonesthan at base microphones, regardless of stimulus distance, stimulus
type, and site location. The difference in sound levels between tree and base microphones at each
distance was consistently louder at meadow sites (tree microphones were located in trees along the
edge of the meadow during testing at the meadow site) compared with forested sites, regardless of
stimulustype or stimulus distance. Tree microphones registered a greater proportion of sound energy
from road maintenance activitiesin the middle frequency range than at base microphones, regardless
of stimulus type, stimulus distance, or site location. We observed that sound level and frequency
spectra varied by stimulustype. Rock crushing equipment registered the highest sound levels of any
of the road maintenance equipment tested, regardless of stimulus distance or habitat type. We found
that rock crushing equipment had the greatest amount of sound energy in the middle frequency range
of all the road maintenanceequipment tested, followed by the dozer/roller and the grader, regardl essof
stimulus distance or habitat type. Road maintenance equipment was consistently louder than back-
ground ambient forest and meadow sound levels over arange of distancesfrom 30 to 400 m.

Based on our previous sound research with spotted owls, it appears that spotted owls are capable of
hearing all of the sound sourcestested during this pilot study out to distances of at least 400 m. Road
maintenance equipment may elicit a greater behaviora response (e.g., increased flush frequency) by
spotted owls than comparably distant chainsaw tests (see Delaney et al. 1999 for details on previous
chainsaw testing on spotted owls). We do not anticipate that spotted owls will flush in response to
road maintenance equipment that is greater than 320 m from an ow!'s position compared with previous
chainsaw testing (accordingto the level and type of sound sources tested in this study). At distances
lessthan 320 m, all three piecesof road construction equipment either surpassed or were comparable
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to sound levels and frequency spectra of chainsaw presentations that elicited flush responses by
spotted owls during past research on the Lincoln National Forest. Based on the types of equipment
examined and level of testing (i.e., duration, sound level and frequency distribution) during this study,
we suggest that the most potentially disruptive stimuli to spotted owls would be rock crushers/loaders
at 30 m and the least disruptive activity would be from graders at 400 m. Similarly, owls that nest/
roost in deep forest may be disrupted less compared with owls that nest/roost nearer to forest-meadow
edges due to the influencethat vegetation has on sound propagation. This study provides a hypotheti-
cal distance/sound relationship from which we predicted a hypothesized range over which spotted owl
flush response could occur.

Given the extended duration of both rock crusher sound and the multiple passes required of the grader
and dozer/roller, comparing sound levels of road maintenance equipment with chainsaws to assess
potential impact on spotted owls at varying distances, has only limited value and applicability. Such
extrapolation should be viewed cautiously. One mitigating approach to reduce overall exposure of
owls to the road resurfacing process would be to try running all three pieces of equipment in one
simultaneous pass. Otherwise, more traditiona approaches of keeping road construction greater than
400 m away or out of MSO PACs entirely during the nesting season may be required. It isimportant
to note that spotted owl behavior was not observed in conjunction with sound testing during this study
and therefore we are not able to make any definitive conclusions on how spotted owls would respond
to the type of road maintenance equipment tested or based on our level of testing.

We believe this study provides a template for the types of considerations that need to be taken into
account during any future sound projects investigating the potential effects of road maintenance
equipment on spotted owls. Further research is needed to experimentally test MSO response to road
maintenance activity to develop a distance and sound threshold relationship. If possible, all combina-
tions of distancesand equipment types should be tested to record owl responses, but based on pilot test
sound levels and previous chainsaw research, emphasis should be focused between 180-400 m to
develop a potential response threshold. It is aso important that researchers investigate the influence
that topography and vegetation have on sound propagation.

Given the possible negative impact of extended stimulus duration, we recommend developing future
research using a progressive, stepwise approach, i.e., beginning with non-nesting or post-nesting
MSOs and proceeding to nesting owls once initial responsiveness, distances, and timing have been
determined. The long-term risk to non- or post-nestersis minimal, so initial experimentation with
them can be used to focus subsequent, more critical and limited testing on nesting owls. In our
helicopter and chain saw research (Delaney et a. 1999), we found the response of non-nesters was
very indicative of what to expect from nesting owls.

As the field of bioacoustics develops, natura resource managers and scientists are beginning to
understand the importance of studying the potentia effects of anthropogenic disturbanceson animals.
Noise was one issue that was conspicuoudly absent as a topic of discussionin recovery plansfor both
the MSO (USDI Fish and Wildlife Service 1995) and the Northern Spotted Owl (USDI Fish and
Wildlife Service 1992). It isimportant that future recovery plans/forest plans, etc., for wildlife species
include noi se when considering potential human/wildlife conflicts.
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1 Introduction

Background

The U.S. Fish and Wildlife Service (USFWS) listed the Mexican Spotted Owl (MSO; Strix occiden-
talis lucida) as threatened (50 CFR 17.11) effective on 15 April 1993. The Endangered Species Act
mandatesall federal agenciesto conservethreatened and endangered species (TES) and to evaluatethe
impacts of their activities on listed species (Scott et al. 1994). Increasing importance has been placed
on determining the extent that sound stimuli may impact wildlife (Bowles 1995), especially TES
(Delaney et a. 1999,2002).

Road management on the Lincoln National Forest is based on the Lincoln National Forest Plan
(LNFP) and its amendments (LNFP 2003). The LNFP prioritizesroad maintenanceactivities on forest
roads based on risk assessment and road value criteria. Risk assessment of road use within spotted
owl habitat is based on the proximity of the road to Protected Activity Centers (PACs). Roads that
intersect PACs or are within 0.25 miles from a known owl nest site are considered high-risk roads,
while roads that do not intersect PACs and are greater than 0.25 miles from known spotted owl nests
are considered low risk to spotted owls (LNFP 2003). The purpose of this pilot study was to record
and characterize road maintenance activity in suitable spotted owl habitat to gauge potential sound
levels that owls may be presented with during road maintenance activities. Information from this
project and any possible future road maintenance sound disturbancestudies could be used to determine
potential impacts on MSOs, which could influence the timing and location of roadwork on the forest
relative to spotted owl PACs. This research was conducted jointly by San Dimas Technology and
Development Center, Lincoln National Forest (LNF), Coronado National Forest, Rocky Mountain
Research Station (RMS), and the U.S. Army Construction and Engineering Research Laboratory
(CERL).

Objective

The primary objective of this pilot study was to record and characterize road maintenance activity in
potential spotted owl habitat. Achieving this objective will provide a means to manage for potential
effectsof road maintenance activity on spotted owls, while also providing a factual basisfor mitigation
and management protocolsand guidelines.
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Figure 1 A grader (foreground), loader with rock crusher
attachment (m ddle), and dozer with a grid roller att:achment
(background) were recorded during sound testing on the
Lincol n National Forest, New Mexico on 22-23 October 2002

(see Appendi x A).

Scope

Results from this pilot study apply directly to the specific road maintenance equipment tested
and to the Lincoln National Forest but may be applicable to other national forests where similar
sound levels and stimulustypes are present. Road maintenance equi pment examined during this
study include: a grader, a loader with a rock crusher attachment, and a dozer with a grid roller
attachment (Figure 1, Figures A1-3, Appendix A). Spotted owl behavior was not observed dur-
ing sound trials and therefore we are not able to make any definitive conclusions on how spotted
owls would respond to the type of road maintenance equipment tested or based on our level of

testing.



2 LiteratureReview

Sound disturbance studies have often been anecdotal and fail to quantitatively measure either the
stimulus or the behavioral response related to the animal's fithess. Predictive modelsfor the re-
lationship between disturbance dosage and quantifiable effects are even more scarce (Awbrey
and Bowles 1990; Grubb and King 1991; Grubb and Bowerman 1997). Although many human
disturbances have been reported as affecting raptors (Fyfe and Olendorff 1976), very little re-
search has addressed the effectsof human activity on owls, especially the threatened spotted owl.
Researchers have been aware that human activities might influence spotted owl life history pa-
rameters (reproductivefitness, nesting behavior), but have not studied potential impacts directly
until recently (Delaney et a. 1999; Swarthout and Steidl 2001; Delaney and Grubb 2003). De-
laney et a. (1999) and Delaney and Grubb (2003) are two of the few studies that have experi-
mentally tested spotted owl response to sound stimuli (i.e., military helicopters and chainsaw;
motorcycle activity, respectively). The response of raptors to other anthropogenic disturbances,
such as construction activity (Holthuijzen 1990), logging truck activity (Grubb et al. 1998), mili-
tary training (Johnson and Reynolds 2002; Palmer et al. 2003), and recreational activity (Grubb
and King 1991) has also been investigated, though more researchis needed.

Few researchers have directly compared differences in raptor responsiveness between aerial and
ground-based disturbances (Bowles et a. 1990; Grubb and King 1991; Delaney et al. 1999).
Studies that have examined the effects of aircraft activity on nesting raptors (e.g., Platt 1977;
Windsor 1977; Ellis 1981; Anderson et al. 1989; Delaney et al. 1999) have often noted a slight
but non-significant decrease in nesting successand productivity for disturbed versus undisturbed
nests. Anderson et al. (1989) noted a dlight decline in the nesting success of experimental Red-
talled Hawk (Buteo jamaicensis) nests versus control nests after helicopter disturbances (80%
experimental versus 86% control). In contrast, ground-based disturbances appear to have a
greater effect than aeria disturbances on the nesting success of some raptor species. In their
classification tree model of Bald Eagle (Haliaeetus |eucocephal us) responsesto various anthro-
pogenic disturbances, Grubb and King (1991) determined that Bald Eagles in Arizona showed
the highest response frequency and severity of response toward ground-based disturbances, fol-
lowed by aquatic, and lastly by aeria disturbances. Delaney et al. (1999) reported similar find-
ings for MSO response to military helicopter activity and chainsaws, observing that chainsaws
elicited a greater flush responserate than helicopters at comparabl edistancesand sound levels.

A raptor’s behavior during the nesting season is an important determinant of its ultimate nesting
success or failure (Hohman 1986). Various raptor species have been reported to abandon their
nests after being exposed to ground-based and aeria disturbances. White and Thurow (1985)
reported that 8 of 24 Ferruginous Hawks (Buteo regalis) nests were abandoned after being ex-
posed to various ground-based disturbances, but Anderson et al. (1989) found only 2 of 29 Red-
tailed Hawk nestswere abandoned after being flushed by helicopter flights. Elliset al. (1991)
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found only 1 of 19 Prairie Falcon (Falco mexicanus) nests were abandoned when exposed to fie-
guent low-altitude jet flights during the nesting season. Patt (1977) and Windsor (1977) re-
ported no impact directly related to low-level jet flights over 11 Gyrfacon (F. rusticolus) nests
and helicoptersover 6 Peregrine Falcon (F Peregrinus) nests, respectively.

Raptors may be more susceptibleto disturbance-caused nest abandonment early in the nesting
season because parents have less time and energy invested in the nesting process (Knight and
Temple 1986). Some raptors appear reluctant to leave the nest later in the nesting season
(Anderson et al. 1989; Elliset d. 1991; Delaney et d. 1999). Steenhof and Kochert (1982) re-
ported that Golden Eagles (Aquila chrysaetos) and Red-tailed Hawks exposed to human intru-
sions during early incubation had significantly lower nesting success than individuals exposed
later in the season (45% success for Golden Eagles and 57% for Red-tailed Hawks within ex-
perimental groups versus 71% and 74% success with control groups, respectively). Although
reactionsof adult raptors at the nest can influence hatching rates and fledgling success (Windsor
1977), flush behavior of adult raptors from the nest is poorly quantified (Fraser et al. 1985;
Holthuijzenet al. 1990). In the few studies that have examined raptor responses to specific dis-
turbance types (e.g., aircraft approach distance), flush rates were higher if raptors were naive
(i-e., not previously exposed; Platt 1977).

Even fewer examplesare available for sound responsethresholds. Snyder et al. (1978) reported
that Snail Kites (Rostrhamus sociabilis) did not flush even when sound levels were up to 105
decibels, A-weighted (dBA) from commercial jet traffic. This result was qualified by the fact
that test raptors were living near airports and may have habituated to the sound. Edwardset al.
(1979) found a dose-response relationship for flush responses of several speciesof gallinaceous
birds when approach distances were between 30 and 60 m and sound levels approximated 95
dBA. Delaney et al. (1999) reported that MSOs did not flush during the nesting season when the
Sound Exposure Level (SEL) for helicopters was < 102 dBO (owl-weighted; 92 dBA) and the
Equivalent Average Sound Level (LEQ) for chainsawswas < 59 dBO (46 dBA). It isimportant
to note that sound from chainsaw and helicopter events were only recorded at the base of nest or
roost trees. No recordings were made at nest or roost height and therefore these sound levelsare
conservative levels compared to what owls were actually receiving, which was almost certainly
greater.




3 Technical Approach

Study Area

The study areafor this pilot study was located within the Sacramento Ranger District of the Lin-
coln National Forest, Otero County, in south-central New Mexico (Figure 2). Specificaly, sound
testing occurred in Deadman Canyon in the west-central portion of the Sacramento Ranger Dis-
trict between 2815-2850 m in elevation. The forest receivesa variety of multiple usesfrom rec-
reational activity (e.g., hiking, motorcycle use), to grazing and logging. Vegetation on the forest
is primarily upper montane conifer forest, dominated by Douglas-fir (Pseudotsuga menzesii) and
southwestern white pine (Pinus strobiformes) with some ponderosa pine (P. ponderosa; Kauf-
mann €t a. 1998). Elevation across the forest ranges between 1372-2957 m (Skaggs and Raitt

1988).
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Fi gure 2. Location of the Lincoln National Forest in
sout h-central New  Mexico (USDA  Forest Servi ce,
Sout hwest ern Regi on 2003).

Sample Period

We measured sound levels from road maintenance equipment along a maintenance level 3 Na
tional Forest System Road at two adjacent study locations on the forest on two successive days
during thefall of 2002 (Figure 3). On 22 and 23 October, we recorded road maintenanceequip-
ment under redlistic conditions to determine how sound varied based on distance, topography,
vegetation, and stimulus type. Three different pieces of road maintenance equipment were used
during sound testing (Figure A1-A3). A John Deere 770C Motor Grader (enginesize: 496 cubic
inch; horsepower: 116) was used to grade the road and prepare the road substrate for the rock





