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APPENDIX G 
BIOLOGICAL RESOURCES 

The following items are included as attachments to this Appendix: 

LIST OF ATTACHMENTS 

Attachment Items 
Attachment G-1 Desert Tortoise Incidental Take Permit and Habitat 

Conservation Plan for Washington County, Utah 
Attachment G-2: Research articles regarding aircraft noise effects on the 

Mexican Spotted Owl; conducted by the U.S. Forest Service, 
Rocky Mountain Research Center 

 
G.1 BIOLOGICAL RESOURCES INVENTORY AND 

IMPACT EVALUATION 
Wildlife inventories of the proposed replacement airport study area were performed 
during April and August 1997, September 2000, and April 2004.  These wildlife 
inventories targeted special status vertebrate species identified by the U.S. Fish and 
Wildlife Service (FWS) and the Utah Division of Wildlife Resources (Utah DWR) as 
potentially occurring in the proposed replacement airport study area.  During these 
inventories, the direct and indirect observations of all vertebrate species were 
recorded (see Table G.1).  A total of 72 vertebrate species were observed during 
these surveys.  This included 15 mammal species, 44 bird species, and 13 species 
of reptiles and amphibians.  Most of these species were observed within desert-
scrub communities and at rocky outcrops at the southwestern end of the proposed 
replacement airport study area.  Table G.2 lists the common plant species 
observed within the proposed replacement airport study area. 
 
Special status species include those that are listed under the Endangered Species 
Act (ESA)1 as threatened, endangered, or proposed for listing, and State of Utah 
sensitive species.  Table G.3 lists the special status species potentially occurring in 
the proposed replacement airport study area that could be potentially impacted by 
direct construction impacts (i.e., ground clearing, grading, and construction-related 
vehicle traffic) or by operational activities including aircraft overflights.   
 
Table G.4 provides a summary of the potential impacts of the proposed 
replacement airport on special status species. 

                                                 
1 16 USC 1531–1544, as amended. 
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Table G.1  
VERTEBRATE SPECIES OBSERVED IN THE PROPOSED REPLACEMENT 
AIRPORT STUDY AREA 

Species Scientific Name Statusa ID Method 

Reptiles and Amphibians 
Chuckwalla Sauromalus ater SPC Visual 

Collared lizard Crotaphytus insularis ------ Visual 

Desert spiny lizard Sceloporus magister ------ Visual 

Glossy snake Arizona elegans ------ Visual 

Leopard lizard Gambelia wislizenii ------ Visual 

Mojave sidewinder rattlesnake Crotalus cerastes SPC Tracks in dune area 

Short-horned lizard Phrynosoma douglassi ------ Visual 

Side-blotched lizard Uta stansburiana ------ Visual 

Sonoran lyre snake Trimorphodon biscutatus ------ Visual 

Western banded gecko Coleonyx variegatus SPC Visual 

Western coachwhip snake Masticophis flagellum ------ Visual 

Western whiptail lizard Cnemidophorus tigris ------ Visual 

Zebra-tailed lizard Callisaurus draconoides SPC Visual 

Birds 
Barn owl Tyto alba ------ Visual 

Black phoebe Sayornis nigricans ------ Visual 

Black-throated sparrow Amphispiza bilineata ------ Visual 

Blue-gray gnatcatcher Polioptila caerulea ------ Visual 

Brewers sparrow Spizella breweri ------ Visual 

Bronzed cowbird Molothrus aeneus ------ Visual 

Burrowing owl Athene cunicularia SPC Visual 

Cactus wren 
Campylorhynchus 
brunneicapillus 

------ Visual 

Cliff swallow Hirundo pyrrhonota ------ Visual 

Cooper's hawk Accipiter cooperii ------ Visual 

English sparrow Passer domesticus ------ Visual 

Gambel’s quail Callipepla gambelii ------ Visual 

Golden eagle Aquila chrysaetos ------ Visual 

Great blue heron Ardea herodias ------ Visual 

Great horned owl Bubo virginianus ------ Visual 

Horned lark Eremophila alpestris ------ Visual 

House finch Carpodacus mexicanus ------ Visual 

Kestrel Falco sparverius ------ Visual 

Killdeer Charadrius vociferous ------ Visual 

Loggerhead shrike Lanius ludovicianus ------ Visual 
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Table G.1, Continued 
VERTEBRATE SPECIES OBSERVED IN THE PROPOSED REPLACEMENT 
AIRPORT STUDY AREA 

Species Scientific Name Statusa ID Method 

Birds (continued) 
Long-billed curlew Numenius americanus SPC Visual 

Marsh hawk Circus cyaneus ------ Visual 

Meadow lark Sturnella neglecta ------ Visual 

Merlin Falco columbarius ------ Visual 

Mockingbird Mimus polyglottos ------ Visual 

Mourning dove Zenaida macroura ------ Visual 

Peregrine falcon Falco peregrinus ------ Visual 

Pinyon jay Gymnorhinus cyanocephalus ------ Visual 

Prairie falcon Falco mexicanus ------ Visual 

Raven Corvus corax ------ Visual 

Red-tailed hawk Buteo jamaicensis ------ Visual 

Roadrunner Geococcyx californianus ------ Tracks 

Rock wren Salpinctes obsoletus ------ Visual 

Sage thrasher Oreoscoptes montanus ------ Visual 

Savannah sparrow Passerculus sandwichensis ------ Visual 

Starling Sturnus vulgaris ------ Visual 

Turkey vulture Cathartes aura ------ Visual 

Vesper sparrow Pooecetes gramineus ------ Visual 

Western flycatcher Empidonax difficilis ------ Visual 

Western king bird Tyrannus verticalis ------ Visual 

White-crowned sparrow Zonotrichid leucophrys ------ Visual 

White-throated swift Aeronautes saxatalis ------ Visual 

Yellow warbler Dendroica petechia ------ Visual 

Mammals 
Black-tailed jack rabbit Lepus californicus ------ Visual 

Beaver Castor Canadensis ------ Sapling cuts 

Cottontail rabbit Sylvilagus audubonii ------ Visual 

Coyote Canis latrans ------ Tracks 

Desert wood rat Neotoma lepida ------ Dens and scat 

Kangaroo rat Dipodomys spp. ------ Tracks in dune area 

Kit fox Vulpes macrotis ------ 
Tracks and assumed 
den 

Mule deer Odocoileus hemionus ------ Skull 

Muskrat Ondatra zibethicus ------ Den and tracks 

Pocket gopher Thomomys bottae ------ Earth mounds 

Raccoon Procyon lotor ------ Tracks 
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Table G.1, Continued 
VERTEBRATE SPECIES OBSERVED IN THE PROPOSED REPLACEMENT 
AIRPORT STUDY AREA 

Species Scientific Name Statusa ID Method 

Mammals (continued) 
Ring tailed cat Bassariscus astutus ------ Tracks 

Rock squirrel Spermophilus variegatus ------ Visual 

Striped skunk Mephitis mephitis ------ Tracks 

White-tailed antelope squirrel Ammospermophilus leucurus ------ Visual 

aStatus definitions: SPC=Species of Special Concern 
Source:  Logan Simpson Design, Inc., 2004 
 

Table G.2 
COMMON PLANT SPECIES FOUND IN THE PROPOSED REPLACEMENT 
AIRPORT STUDY AREA 

Common Name Scientific Name 
Creosote bush Larrea tridentate 
White bursage Ambrosia dumosa 
Four-wing saltbush Atriplex canescens 
Rabbitbrush Chrysothamnus spp. 
Indian paint brush Castilleja sp. 
Blackbrush Coleogyne ramosissima 
Brigham tea Ephedra torreyana 
Prickly-pear cactus Opuntia spp. 
Hedgehog cactus Echinocereus engelmannii 
Cholla cactus Opuntia spp. 
Yucca Yucca spp. 
Globemallow Sphaeralcea ambigua 
Storksbill Erodium cicutarium 
Annual brome grass Bromus spp. 
Broom snakeweed Gutierrezia sarothrae 
Indian ricegrass Oryzopsis hymenoides 
Desert trumpet Eriogonum inflatum 
Buckwheat Eriogonum spp. 
Galleta grass Hilaria jamesii 
Wolfberry Lycium spp. 
Winter fat Ceratoides lanata 
Lupine Lupinus spp. 
Russian thistle Salsola iberica 
Range ratany Krameria parvifolia 

Source:  Logan Simpson Design, Inc., 2004 
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Table G.3 
SPECIAL STATUS SPECIES POTENTIALLY OCCURRING IN THE PROPOSED 
REPLACEMENT AIRPORT STUDY AREA 

Species Status1 Habitat 

Potential Presence in 
Proposed Replacement 

Airport Study Area 

Plants 

Dwarf bear-claw 
poppy  
(Arctomecon 
humilis) 

ESA LE 

Moenkopi (clay) 
Formation on rolling low 
hills and bluffs from 
2,700 to 3,300 feet. 

Restricted to certain soil horizons 
within the Moenkopi Formation. 
Known from the Warner Ridge and 
White Dome area. No suitable soils 
are present on the project site. 

Holmgren 
(Paradox) 
milkvetch  

ESA LE 

Sites where water runoff 
occurs and the soil is 
covered by erosional 
pavement from 2,640 to 
3,000 feet. 

Restricted to certain soil horizons 
within the Moenkopi Formation. 
Known from the Warner Ridge and 
White Dome area. No suitable soils 
are present on the project site. 

Shem (Shivwits) 
milkvetch 

ESA LE 

Unstable clay soil of 
Chinle Shale in warm 
desert shrub or pinyon-
juniper communities from 
2,860 to 3,660 feet. 

Restricted to certain soil horizons 
within the Moenkopi Formation. 
Known from the Warner Ridge and 
White Dome area. No suitable soils 
are present on the project site. 

Siler pincushion 
cactus  

ESA LT 

Gypsiferous and 
calcareous sandy or clay 
soils derived from the 
various members of the 
Moenkopi Formation. 

Restricted to certain soil horizons 
within the Moenkopi Formation. 
Known from the Warner Ridge and 
White Dome area. No suitable soils 
are present on the project site. 

Mammals 

Kit fox   SPC 
Arid and semiarid 
landscapes. 

Known to occur in project vicinity. 

Spotted bat  SPC 
Roosts in caves and rock 
crevices in deserts to 
forested mountains. 

Known to occur in project vicinity. 

Townsend’s big-
eared bat  

SPC 
Roosts in caves and 
mines in or near forested 
areas. 

Expected to be present. The project 
site may include foraging habitat for 
the bat though appropriate roosting 
habitat is not found on the project 
site. 

Birds 

Bald eagle ESA LT 

Areas with open water or 
where deer or rabbit 
carrion is readily 
available. 

A bald eagle winter roost is located 
at sewer lagoons near SR-9, over 8 
miles from the project site. No 
foraging, roosting, or nesting 
habitat occurs at the project site. 

Burrowing owl SPC 
Found in association with 
prairie dog colonies. 

Known to occur in project vicinity. 
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Table G.3, Continued 
SPECIAL STATUS SPECIES POTENTIALLY OCCURRING IN THE PROPOSED 
REPLACEMENT AIRPORT STUDY AREA 

Species Status1 Habitat Potential Presence in 
Proposed Replacement 

Airport Study Area 
Birds, continued 
California condor ESA LE 

EXN* 
High desert canyonlands 
and plateaus 

* Experimental / nonessential area 
designated for most of Southern Utah 
and Northern Arizona. Prefer 
mountainous country especially rocky 
and brushy areas near cliffs. Unlikely to 
occur within the project vicinity. 

Ferruginous hawk  SPC 

Grassland or shrubsteppe 
communities; nests in the 
ecotone between these 
communities and pinyon-
juniper woodlands. 

No suitable nesting habitat occurs 
in the project vicinity. Foraging 
habitat does occur in the project 
vicinity.  

Long-billed curlew SPC 

Nests in dry grasslands in 
areas with sufficient cover 
and abundant prey 
species. 

Known to occur in the project 
vicinity based on a 1997 survey 
observation. Project vicinity may 
be used by migratory individuals 
as no nesting, breeding, or 
foraging habitats occur at the 
project site. 
Known to occur in project vicinity. 

Mountain plover — 
Associated with disturbed 
prairie and semidesert 
habitats. 

No suitable habitat was identified 
for the mountain plover, which 
characteristically nests in the high 
plains of Wyoming and Colorado. 
The mountain plover is considered 
a casual migrant in Utah. No 
individuals were sighted during 
project surveys. 

Peregrine falcon — 

Primarily found in 
wetlands, but sagebrush 
steppe, desert scrub, and 
grassland habitats are also 
used.  Breeds on ledges of 
vertical rock faces.   

Observed in project area. An 
immature peregrine falcon was 
observed perched and later 
hunting from the top of the rock 
escarpment near the western 
airport boundary. The peregrine 
was more than likely a transient 
individual that had hatched from 
somewhere outside the survey 
area. The rock escarpment is not 
representative of typical peregrine 
nesting cliffs that have been 
documented in Washington 
County. 

Southwestern 
willow flycatcher 

ESA LE 

Found most frequently in 
riparian habitats, 
especially in areas of 
dense willow. 

Riparian habitat in the area is 
restricted to the Virgin River 
corridor. 

Yellow-billed 
cuckoo 

ESA C 

Nests in lowland riparian 
areas with dense sub-
canopies or shrub layers 
with an overstory of 
developing or large, 
gallery-forming trees. 

Riparian habitat in the area is 
restricted to the Virgin River 
corridor. 
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Table G.3, Continued 
SPECIAL STATUS SPECIES POTENTIALLY OCCURRING IN THE PROPOSED 
REPLACEMENT AIRPORT STUDY AREA 

Species Status1 Habitat 

Potential Presence in 
Proposed Replacement 

Airport Study Area 
Reptiles and Amphibians 

Arizona toad  SPC 
Lowland riparian areas, 
primarily along the Virgin 
River. 

Historical records from the project 
vicinity. No aquatic or riparian 
habitats are within the project site. 

Common 
chuckwalla 

SPC 

Rock outcrops in desert 
communities of creosote-
bursage, black-brush, and 
salt desert scrub. 

Known to occur in the project 
vicinity; observed in the project 
area. Found in rocky areas within 
the southwest portion of the project 
site. 

Desert tortoise ESA LT 

Near water in deserts, 
semi-arid grasslands, 
canyon bottoms, and 
rocky hillsides. 

The closest known occurrence is 
north of St. George at City Creek. 
No individuals or sign were 
recorded from the project site. 
Potentially suitable habitat is 
restricted to the southwest portion 
of the project site. 

Gila monster  SPC 

Desert habitat with 
scattered cacti, shrubs, 
and grasses, often in 
rocky canyon bottoms or 
washes. 

Though no individuals have been 
recorded from the project site, 
potentially suitable habitat is found 
within the southwestern portion of 
the project site. 

Relict leopard frog 
(extirpated from 
Utah)  

ESA C 

Cold springs and streams 
with pools deep enough 
(12–16 inches) to avoid 
predators. 

No aquatic or riparian habitats are 
within the project site. 

Sidewinder  
 

SPC 

Desert communities with 
open areas, sparse 
vegetation, and loose 
sand, but may also be 
found in rocky or gravelly 
sites. 

Suitable habitat occurs within the 
southwestern portion of the project 
site. 

Western banded 
gecko  
 

SPC 

Creosote-dominated 
vegetation communities, 
usually in rocky areas and 
along canyon walls of 
riparian zones. 

Known to occur in the project area. 

Zebra-tailed lizard 
 

SPC 
Open areas with little 
vegetation, washes, desert 
pavement, and hardpan. 

Known to occur in the project area. 

Fish 

Virgin River chub ESA LE 
Deep, protected areas of 
swift water. 

Restricted to the aquatic habitats of 
the Virgin River. 

Virgin spinedace CA 

Clear, slow-moving water 
of creeks and small 
streams; most often occur 
in areas with ample cover. 

Restricted to the aquatic habitats of 
the Virgin River. 

Woundfin ESA LE 
Main channel of swift, 
turbid, warm streams over 
sand substrate. 

Restricted to the aquatic habitats of 
the Virgin River. 
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Table G.3, Continued 
SPECIAL STATUS SPECIES POTENTIALLY OCCURRING IN THE PROPOSED 
REPLACEMENT AIRPORT STUDY AREA 

 
 

Species 

 
 

Status1

 
 

Habitat 

Potential Presence in 
Proposed Replacement 

Airport Study Area 
Fish, continued 

Virgin River chub ESA LE 
Deep, protected areas of 
swift water. 

Restricted to the aquatic habitats 
of the Virgin River. 

Virgin spinedace CA 

Clear, slow-moving water 
of creeks and small 
streams; most often 
occur in areas with ample 
cover. 

Restricted to the aquatic habitats 
of the Virgin River. 

Woundfin ESA LE 
Main channel of swift, 
turbid, warm streams 
over sand substrate. 

Restricted to the aquatic habitats 
of the Virgin River. 

 

1  Status definitions: 
ESA - Endangered Species Act 
LE - Listed Endangered 
LT - Listed Threatened 
SPC - Species of Special Concern 
C - Candidate 
CA - Conservation Agreement 

 

Source: Logan Simpson Design. 2004. 

 
 
Table G.4 
SUMMARY OF POTENTIAL IMPACTS TO SPECIAL STATUS SPECIES 

Species Statusa Potential Impacts 

Plants 

Dwarf bear-claw poppy ESA LE 

No suitable habitat occurs on the project site.  Plant 
populations in the general vicinity are not expected to be 
impacted as a result of airport construction or operation.  
No adverse effects are anticipated. 

Holmgren (Paradox) 
milkvetch  

ESA LE 

No suitable habitat occurs on the project site.  Plant 
populations in the general vicinity are not expected to be 
impacted as a result of airport construction or operation.  
No adverse effects are anticipated. 

Shem (Shivwits) milkvetch ESA LE 

No suitable habitat occurs on the project site.  Plant 
populations in the general vicinity are not expected to be 
impacted as a result of airport construction or operation.  
No adverse effects are anticipated. 

Siler pincushion cactus  ESA LT 

No suitable habitat occurs on the project site.  Plant 
populations in the general vicinity are not expected to be 
impacted as a result of airport construction or operation.  
No adverse effects are anticipated. 
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Table G.4, Continued 
SUMMARY OF POTENTIAL IMPACTS TO SPECIAL STATUS SPECIES 

Species Statusa Potential Impacts 

Mammals 

Kit fox  SPC Individuals may be displaced from suitable habitat.  Possible 
mortality during construction activities and from increased 
vehicle traffic in the area. 

Spotted bat SPC Potential for adverse effects from airport operations, 
including disrupting seasonal movement patterns between 
roost site and foraging locations. 

Townsend’s big-eared bat  SPC No potential adverse affects have been identified. 

Birds 

Bald eagle ESA LT Winter roost site at sewer lagoons near SR-9 is over 8 miles 
from replacement airport site. Noise events will not 
substantially increase in the area.  No suitable roosting or 
nesting habitat occurs in the study area.  No adverse effects 
are anticipated. 

California Condor ESA LE, 
EXN 

Suitable habitat does not occur on or near the project site. 
Disturbance sensitive and unlikely to occur in metropolitan 
area. No adverse effects are anticipated. 

Burrowing owl SPC Potential to adversely affect pairs nesting at the replacement 
airport site through displacement and possible destruction of 
active nest sites during construction. 

Ferruginous hawk  SPC Suitable nesting habitat does not occur on or near the 
project site.  Birds may occasionally use the area as foraging 
habitat. No adverse effects are anticipated. 

Long-billed Curlew SPC Suitable habitat does not occur on or near the project site. 
UDWR has no records of this species breeding in Washington 
County. No adverse effects are anticipated 

Mexican spotted owl ESA LE 

Mexican spotted owls occur in the Pine Valley Mountains, 
about 15 miles north of the replacement airport site. No 
suitable habitat occurs at the project site.  Noise will not 
substantially increase in the Pine Valley Mountains, and 
adverse effects from aircraft are unlikely. 

Mountain plover — 

No suitable nesting habitat occurs on the project site.  Birds 
may use the area as incidental foraging habitat during 
migration.  No adverse effects are anticipated because the 
birds may move to equally marginally suitable habitat 
nearby. 

Peregrine falcon — 
Suitable nesting habitat does not occur on or near to the 
project site.  Birds may occasionally use the area as 
foraging habitat. No adverse effects are anticipated. 

Southwestern willow 
flycatcher 

ESA LE 

No suitable habitat occurs on the project site.  Flycatchers 
have been identified along the Virgin River in Washington 
County; however, noise will not substantially increase in the 
area, and no adverse effects are anticipated. 

Yellow-billed cuckoo ESA C 
No suitable habitat occurs on the project site. No adverse 
effects are anticipated. 
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Table G.4, continued 
SUMMARY OF POTENTIAL IMPACTS TO SPECIAL STATUS SPECIES 

Species Statusa Potential Impacts 

Reptiles and Amphibians 

Arizona toad  SPC No permanent or ephemeral wetland habitat occurs on the 
project site, although habitat may be found in the general 
project vicinity.  No adverse effects are anticipated. 

Common chuckwalla  SPC Suitable habitat occurs at the replacement airport site, and 
individuals were observed during project surveys.  
Potential adverse impacts from construction of access 
roads and habitat disturbance. 

Desert tortoise ESA LT Potentially suitable habitat occurs at the replacement 
airport site, although no known populations occur in the 
project vicinity.  No adverse impacts anticipated. 

Gila monster  SPC Suitable habitat occurs at the replacement airport site; no 
individuals were observed during project surveys.  
Potential adverse impacts from construction of access 
roads and habitat disturbance. 

Relict leopard frog 
(extirpated from Utah)  

ESA C No suitable habitat occurs on the project site.  No adverse 
effects are anticipated. 

Sidewinder SPC Suitable habitat occurs at the replacement airport site, and 
tracks were observed during project surveys.  Potential 
adverse impacts from construction of access roads and 
habitat disturbance. 

Western banded gecko SPC Suitable habitat occurs at the replacement airport site. 
Potential adverse impacts from habitat disturbance. 

Zebra-tailed lizard SPC Suitable habitat occurs at the replacement airport site. 
Potential adverse impacts from habitat disturbance. 

Fish 

Virgin River chub ESA LE No suitable habitat occurs on the project site.  Best 
Management Practices (BMPs) established by the 
Environmental Protection Agency (EPA) provide for on-site 
containment of hazardous materials and the elimination of 
contaminants in off-site runoff.  Adverse effects to the 
Virgin River from runoff or hazardous material spills are 
unlikely. 

Virgin spinedace CA No suitable habitat occurs on the project site.  BMPs 
established by the EPA provide for on-site containment of 
hazardous materials and the elimination of contaminants in 
off-site runoff.  Adverse effects to the Virgin River from 
runoff or hazardous material spills are unlikely. 

Woundfin ESA LE No suitable habitat occurs on the project site.  BMPs 
established by the EPA provide for on-site containment of 
hazardous materials and the elimination of contaminants in 
off-site runoff.  Adverse effects to the Virgin River from 
runoff or hazardous material spills are unlikely. 

a Status definitions:  
ESA - Endangered Species Act 
LE - Listed Endangered 
LT - Listed Threatened 
SPC - Species of Special Concern 
C - Candidate 
CA - Conservation Agreement 

 

Source:  Logan Simpson Design, 2004 
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Based on the species listed in Tables G.3 and G.4, the following species are either 
not present in the replacement airport study area due to a lack of suitable habitat 
or due to the extirpation of the species from the State of Utah.  Detailed 
descriptions of these species are not provided within this appendix. 
 
Birds: 

• California condor 
• Long-billed curlew 

Reptiles and Amphibians: 
• Relict leopard frog 

Fish: 
• Virgin River chub 
• Virgin spinedace 
• Woundfin 

The following sections provide a brief discussion of each species that could 
potentially be impacted by development of the proposed replacement airport. 
 
G.1.1 PLANTS 
G.1.1.1 DWARF BEAR-CLAW POPPY AND SILER PINCUSHION 

CACTUS  

The dwarf bear-claw poppy, a listed endangered species under the ESA, is 
restricted to the Moenkopi (clay) Formation on rolling low hills and bluffs from 
2,700 to 3,300 feet in elevation in desert scrub habitat.  This rare plant species is 
endemic within a semi-circular area to the east, south, and southeast of St. George 
(UDWR 1998). 
 
Siler pincushion cactus is classified as a listed threatened species under the ESA.  
In Utah, this species is found in Washington and Kane counties on white, 
occasionally red, gypsiferous and calcareous sandy or clay soils derived from the 
various members of the Moenkopi Formation.  However, it is sometimes found on 
the Kaibab Formation, which is nearly identical.  Siler pincushion cactus occurs on 
rolling hills, often with a badlands appearance, in warm desert shrub, sagebrush-
grass, and, at its upper limits, pinyon-juniper communities, at elevations ranging 
from 2,640 to 5,415 feet (Utah Division of Wildlife Resources website: 
http://dwrcdc.nr.utah.gov/rsgis2/Search/Display.asp?FlNm=pedisile).  Suitable 
habitat for these species, a gypsiferous substrate associated with the Moenkopi 
Formation, is not present on the project site.  Populations of dwarf bear-claw poppy 
and Siler pincushion cactus are known to occur east of the airport site along the 
base of Warner Ridge and southwest of the airport site in the White Dome area (Lee 
Hughes, personal communication 2004).  These environmentally sensitive areas 
have been signed in an attempt to exclude access, but show indications of recent 
off-highway vehicle use.  Habitat degradation in these areas could be expected to 
increase with currently planned nearby residential, commercial, and transportation 
projects.  Potential impacts to listed plant species along Warner Ridge may be 

http://dwrcdc.nr.utah.gov/rsgis2/Search/Display.asp?FlNm=pedisile
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alleviated with the construction of the Southern Corridor highway; FWS stated in 
the biological opinion for the highway project that the roadway, with its right-of-
way fences, will provide a barrier to trespassing and off-highway vehicle use in that 
area.  Based on the lack of suitable habitat within the proposed replacement airport 
site, implementation of the proposed replacement airport should have no impact on 
the dwarf bear-claw poppy or Siler pincushion cactus. 
 
G.1.1.2 HOLMGREN (PARADOX) MILKVETCH AND SHEM 

(SHIVWITS) MILKVETCH 

Holmgren milkvetch is classified as a listed endangered species under the ESA.  
This plant grows in Washington and Mohave counties in Utah in sites where water 
runoff occurs and the soil, derived from the Moenkopi Formation, is covered by a 
stony or gravelly eroded pavement.  Holmgren milkvetch is found in desert shrub 
communities at elevations ranging from 2,640 to 3,000 feet (Utah Division of 
Wildlife Resources website 
http://dwrcdc.nr.utah.gov/rsgis2/Search/Display.asp?FlNm=astrholm).  The Shem 
milkvetch is classified as a listed endangered species under the ESA.  In Utah, this 
species is found in Washington County on the unstable clay soil of Chinle Shale in 
warm desert shrub and pinyon-juniper communities, at elevations ranging from 
2,860 to 3,660 feet (Utah Division of Wildlife Resources website: 
http://dwrcdc.nr.utah.gov/rsgis2/Search/Display.asp?FlNm=astrampu).  No 
suitable habitat for either of these plants is present in or adjacent to the project 
area.  The nearest known occurrence of Holmgren milkvetch is near Atkinville 
Wash, 2.5 miles west of the project area.  Shem milkvetch is known from the 
Shivwits Indian Reservation north of St. George and several locations near 
Harrisburg.  Because of the lack of suitable habitat for the Holmgren milkvetch or 
the Shem milkvetch on or adjacent to the project area, neither species is present 
and no impacts to either species will occur with implementation of the proposed 
project.   
 
G.1.2 MAMMALS 
G.1.2.1 KIT FOX  

The kit fox, a Species of Concern in Utah, is a desert-adapted fox found in arid and 
semiarid landscapes.  This species prefers regions with low predator numbers, 
sufficient prey, and soils suitable for denning.  In Utah, the kit fox is found in only 
the most arid portions of the state: the western half of the state and the western 
foothills of the Rocky Mountains (UDWR 2003).  Tracks and an assumed den were 
observed during project surveys within the boundaries of the proposed replacement 
airport site.  According to UDWR, the kit fox appears to be declining range-wide, in 
part, because of expanding predator populations (UDWR 2003). UDWR also lists a 
decline in prey base attributable to an impact by invasive species as a threat to the 
kit fox.  Because of the tracks and possible den site observed during recent 
surveys, the kit fox may be present on the proposed replacement airport site.  The 
implementation of the proposed project may have a direct or indirect impact on the 
kit fox. 
 

http://dwrcdc.nr.utah.gov/rsgis2/Search/Display.asp?FlNm=astrholm
http://dwrcdc.nr.utah.gov/rsgis2/Search/Display.asp?FlNm=astrampu
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G.1.2.2 SPOTTED BAT 

The spotted bat, a Species of Special Concern in Utah, is found throughout Utah.  
This bat utilizes a variety of habitats from deserts to forested mountains, but is 
most often found in dry, rough desert terrain and roosts and hibernates in caves 
and rock crevices (UDWR 2003).  Spotted bats occur across western North 
America; however, they appear to be rather rare and relatively little is known about 
them.  In the general vicinity of the proposed replacement airport site, spotted bats 
are regularly encountered in the Fort Pierce Wash area, with at least one known 
roost in northern Arizona.  These bats forage widely and may seasonally partition 
their foraging habitat between the sexes.  Lactating females are known to forage at 
high-elevation sites in the Pine Valley Mountains during late spring and summer.  
The expected flight path used by bats leaving the roost passes in the vicinity of the 
proposed replacement airport site.  Little is known concerning the impact of aircraft 
(e.g., noise, disturbance, collisions) on bats.  Information is needed regarding the 
foraging behavior and flight path selection of the spotted bat in this area (Mike 
Herder, personal communication 2004) to make a more definitive impact 
determination.  Implementation of the proposed replacement airport may have a 
direct or indirect impact on the spotted bat. 
 
G.1.2.3 TOWNSEND’S BIG-EARED BAT 

The Townsend’s big-eared bat, a Species of Concern in Utah, is found throughout 
the state at elevations below 9,000 feet.  Although this species can occupy a variety 
of habitat types, it is most often found near forested areas where caves and mines 
are available for roosting.  However, abandoned buildings are occasionally used for 
roosting (UDWR 2003).  UDWR had a historical record of Townsend’s big-eared bat 
within two to three miles of the proposed replacement airport area.  Due to the lack 
of forested habitat and abandoned buildings on the proposed replacement airport 
site, it is likely that the Townsend’s big-eared bat is not present on the site; and 
therefore, implementation of the proposed replacement airport should have no 
direct impact on the bat.  Due to the presence of the species across Utah at 
elevations below 9,000 feet, there may be indirect impacts that could occur to this 
species, depending on their use of suitable habitat documented within two to three 
miles of the airport or from foraging activity on the proposed replacement airport 
site.  Continued coordination with the UDWR is needed to make that final 
determination. 
 
G.1.3  BIRDS 
G.1.3.1 BALD EAGLE 

The bald eagle, a federally listed threatened species, is found throughout Utah 
during the winter, most commonly in areas with open water but also where food 
resources (e.g., deer or rabbit carrion) are readily available.  During the breeding 
season, the bald eagle is found in scattered locations across the state near bodies 
of water where fish and waterfowl prey are available (Utah Division of Wildlife 
Resources website: 
http://dwrcdc.nr.utah.gov/rsgis2/Search/Display.asp?FlNm=halileuc).  No bald 
eagles were sighted during project surveys conducted in 2004.  Although it is 
conceivable that occasional bald eagles might pass through this area in the winter 

http://dwrcdc.nr.utah.gov/rsgis2/Search/Display.asp?FlNm=halileuc
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months, this site does not have the usual habitat characteristics identified with 
wintering areas (large cottonwood trees for roosting and hunting, and significant 
rabbit densities).  No nesting sites or large bodies of water are present to support a 
nesting pair.  A bald eagle roost site exists at the sewer lagoons near  
State Route-9, where abundant prey species are available, approximately eight 
miles from of the proposed replacement airport site.  Due to the lack of suitable 
habitat, lack of roost, nesting, and foraging sites within the proposed replacement 
airport area, it is unlikely that bald eagles will be present within the project area.  
Therefore, implementation of the proposed replacement airport should have no 
direct or indirect impact on bald eagles. 
 
G.1.3.2 BURROWING OWL 

The burrowing owl, a Species of Concern in Utah, is found throughout the state, 
although its distribution was historically more extensive.  This owl uses holes dug 
by prairie dogs or other burrowing mammals and, in Utah, is dependant on prairie 
dog colonies, whose numbers have been diminishing (UDWR 2003).  According to 
UDWR records, the burrowing owl has been recently observed within one mile of 
the proposed replacement airport site.  One adult and a presumed nesting pair of 
burrowing owls were observed on the eastern edge of the proposed replacement 
airport site during project surveys.  Surveys have not been conducted recently to 
determine the status of these individuals, so it is unknown if nesting owls are 
currently present.  If present, these individuals would likely be impacted by 
construction activities and could potentially be impacted by aircraft noise.  Because 
of potential impacts to this and other raptor species, pre-project surveys would be 
conducted to determine the locations of existing raptor nests.  UDWR would then be 
contacted to determine whether any of the nests found would be candidates for 
relocation or removal prior to construction.  While the proposed replacement airport 
could potentially impact burrowing owls, no significant effects are anticipated. 
 
G.1.3.3 FERRUGINOUS HAWK 

The ferruginous hawk, a Species of Concern in Utah, is found throughout most of 
the state.  When breeding, this hawk is found in grassland or shrub steppe 
communities, and nests mostly in the ecotone (i.e., edge habitat – a transitional 
area typically with high plant and animal species diversity) between these habitats 
and pinyon-juniper woodlands (UDWR 2003).  According to UDWR records, the 
ferruginous hawk has been recently observed within one mile of the proposed 
replacement airport area.  The project area does not contain suitable nesting 
habitat and would not be considered preferred foraging habitat because of the 
disturbed areas within and adjacent to the site and low prey availability.  Although 
there are known occurrences of this species within the proposed replacement 
airport study area, disturbance to foraging habitat would be minimal and is not 
expected to reduce foraging opportunities for this species.  Therefore, 
implementation of the proposed replacement airport would have an indirect impact 
on the ferruginous hawk, but no direct impacts should occur. 
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G.1.3.4 MEXICAN SPOTTED OWL 

The Mexican spotted owl, a federally listed threatened species, is found in the 
southern and eastern parts of Utah on the Colorado Plateau.  In Utah, this species 
is primarily found in steep rocky canyons but can also be found in various forest 
habitats (Utah Division of Wildlife Resources website:  
http://dwrcdc.nr.utah.gov/rsgis2/Search/Display.asp?FlNm=striocci).  No Mexican 
spotted owl habitat occurs on or adjacent to the proposed replacement airport site.  
Typical nesting areas for this species in Utah are at significantly higher elevations 
often associated with narrow canyons.  The closest potential habitat for the Mexican 
spotted owl is about 15 miles to the north in the Pine Valley Mountains.  The 
potential impacts of the proposed replacement airport would be associated with 
disturbance of the owls by approaching or departing aircraft.  However, the noise 
produced by the aircraft would have dissipated because of the elevation of the 
aircraft passing over the Pine Valley Mountains.  Further, the location of existing 
flight tracks and routes through the Pine Valley Mountains is expected to be 
unchanged with the proposed replacement airport.   
 
G.1.3.5 MOUNTAIN PLOVER 

The mountain plover is a Species of Concern in Utah.  It is found in Utah in Box 
Elder, Weber, Salt Lake, and Daggett Counties as a casual migrant, while breeding 
birds occur in Duchesne and Uinta Counties.  The mountain plover is associated 
with disturbed prairie and semidesert habitats (Utah Division of Wildlife Resources 
website: http://dwrcdc.nr.utah.gov/rsgis2/Search/Display.asp?FlNm=charmont).  
No suitable nesting habitat was identified for the mountain plover, which 
characteristically nests in the high plains of Wyoming or Colorado, nor were any 
individuals sighted during project surveys conducted in 2004.  This species is a 
casual migrant in Washington County, foraging in short-grass prairie and 
agricultural fields.  While the project area contains suitable foraging habitat, this 
species would be expected to occur in the general area only occasionally.  
Therefore, implementation of the proposed replacement airport would have an 
indirect impact on foraging habitat for the mountain plover, but would not result in 
any direct impact to the species. 
 
G.1.3.6 PEREGRINE FALCON 

At the time of the analysis for the Biological Assessment (BA) conducted as part of 
the previously prepared airport Environmental Assessment, the peregrine falcon 
was a listed species under the Endangered Species Act; however, the peregrine has 
been delisted and is currently being monitored by the FWS.  This species is found 
along the Colorado Plateau and to a lesser extent along the Wasatch Front in Utah, 
and breeds on ledges of vertical rock faces.  Peregrine falcons, at least introduced 
individuals, also use city buildings and artificial nest sites.  This species forages 
primarily in wetlands, but sagebrush steppe, desert scrub, and grassland habitats 
are also used (UDWR Vertebrate Report).  The proposed replacement airport site 
includes marginally suitable foraging habitat that is not adjacent to cliffs or 
canyons, as typically used by foraging peregrines.  Construction of the airport 
would not result in a reduction in prey availability and thus would not affect the  

http://dwrcdc.nr.utah.gov/rsgis2/Search/Display.asp?FlNm=striocci
http://dwrcdc.nr.utah.gov/rsgis2/Search/Display.asp?FlNm=charmont
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foraging behavior of the peregrine falcon in the general area.  Therefore, 
implementation of the proposed replacement airport should have no direct or 
indirect impacts on the peregrine falcon. 
 
G.1.3.7 SOUTHWESTERN WILLOW FLYCATCHER 

The Southwestern willow flycatcher, a federally listed endangered species, although 
rare, can be found in southern Utah during the summer.  This species is found most 
frequently in riparian habitats, especially in areas of dense willow (Utah Division of 
Wildlife Resources website: 
http://dwrcdc.nr.utah.gov/rsgis2/Search/Display.asp?FlNm=empitrex).  No suitable 
habitat was identified for the Southwestern willow flycatcher on or near the project 
site, and no individuals were observed during project surveys.  Willow flycatcher 
nesting habitat is characteristically associated with dense willow-cottonwood or salt 
cedar communities along riparian habitats with surface water.  The Southwestern 
willow flycatcher has been positively identified along stretches of the Virgin River in 
Washington County and a wetland/riparian area near Riverside Road in St. George.  
Due to the absence of suitable habitat on or near the proposed replacement airport 
site, implementation of the proposed replacement airport should have no direct or 
indirect impact on the southwestern willow flycatcher. 
 
G.1.3.8 YELLOW-BILLED CUCKOO 

The yellow-billed cuckoo, a candidate for federal listing, can be found throughout 
the state of Utah.  The yellow-billed cuckoo nests at low to mid-elevations (2,500–
6,000 feet) in Utah in lowland riparian areas with dense sub-canopies or shrub 
layers (regenerating canopy trees, willows, or other riparian shrubs).  The overstory 
can be either large, gallery-forming trees or developing trees, usually cottonwoods 
(Utah Division of Wildlife Resources website:  
http://dwrcdc.nr.utah.gov/rsgis2/Search/Display.asp?FlNm=coccamer).  No 
suitable habitat was identified for the yellow-billed cuckoo near the project site, and 
no individuals were observed during project surveys.  Nesting habitat for this small 
songbird is characteristically associated with riparian gallery forests with nearby 
surface water.  Due to the absence of suitable habitat on or near the proposed 
replacement airport site, implementation of the proposed replacement airport 
should have no direct or indirect impact on the yellow-billed cuckoo. 
 
G.1.4 REPTILES AND AMPHIBIANS 
G.1.4.1 ARIZONA TOAD 

The Arizona toad, a Species of Concern in Utah, is found only in the southern 
portion of the state, mostly in the Virgin River Basin.  This toad occupies lowland 
riparian areas (UDWR 2003).  UDWR documented the Arizona toad’s occurrence 
within one to two miles of the project area.  No aquatic habitats currently exist in or 
adjacent to the project area.  No Arizona toads were observed during biological 
surveys in the project area.  Arizona toads would not be expected to occupy the 
area other than sporadically during random overland travel movements by 
individuals.  Due to the absence of suitable habitat on or near the proposed 
replacement airport site, implementation of the proposed replacement airport 
should have no direct or indirect impact on the Arizona toad. 

http://dwrcdc.nr.utah.gov/rsgis2/Search/Display.asp?FlNm=empitrex
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G.1.4.2 COMMON CHUCKWALLA 

The common chuckwalla is a Species of Concern in Utah.  Within Utah, the common 
chuckwalla is found in the southern portion of Washington County near Gunlock, 
the greater St. George area, Leeds, Zion National Park, and in south-central Utah in 
the vicinity of Glen Canyon, Kane County.  This species is found in desert 
communities of creosote-bursage, blackbrush, and salt desert scrub (UDWR 2003).  
Chuckwallas were observed during project surveys in rocky terrain on the extreme 
west end of the project area and were considered common in this immediate area.  
Chuckwalla habitat extends along the entire northwest boundary of the site and is 
also present in rock outcrops along the southern end of the site.  Operation of 
heavy off-road equipment during site excavation and construction within suitable 
habitat for the chuckwalla could result in injury or death of individuals of this 
species, if present during construction.  The amount of habitat disturbed as a result 
of implementation of the proposed replacement airport is minimal in relation to the 
total available habitat in the general area.  Because of the potential for this species 
to inhabit the proposed replacement airport site, implementation of the proposed 
replacement airport may potentially result in direct, indirect, and cumulative 
impacts to chuckwallas. 
 
G.1.4.3 DESERT TORTOISE  

The Beaver Dam Slope population of the desert tortoise, a federally listed 
threatened species, is found in extreme southwestern Utah.  This species is found 
near water in deserts, semiarid grasslands, canyon bottoms, and rocky hillsides in 
Utah.  Burrows are often dug in compacted sandy or gravelly soil (Utah Division of 
Wildlife Resources website:  
http://dwrcdc.nr.utah.gov/rsgis2/Search/Display.asp?FlNm=gophagas).  The 
proposed replacement airport site is in an area of potential desert tortoise habitat 
(geographically isolated areas with no documented desert tortoise sign).  The site 
could theoretically support desert tortoises, but no evidence exists that desert 
tortoises have occupied the site.  No live or dead individuals, scat, burrows, or 
tracks were found during surveys conducted for the project.  An incidental take 
permit issued to Washington County by U.S Fish and Wildlife Service (FWS) in 1996 
permits the “taking”2 of desert tortoises for a period of 20 years for the 
development of up to 12,264 acres of private lands.  FWS requirements for 
issuance of the take permit include the drafting of a Habitat Conservation Plan 
(HCP) and mitigation measures such as purchasing land for preservation and 
requirements for pre-project desert tortoise surveys in suitable habitat.  
Washington County’s Desert Tortoise Incidental Take Permit and Habitat 
Conversation Plan are included in Attachment G-1. 
The proposed replacement airport site is not within a designated incidental take 
area.  However, a portion of the proposed replacement airport site does contain 
potential habitat (geographically isolated areas with no documented desert tortoise 
indications), as established by the Washington County HCP, within Sections 26 
and 27, Township 43 South, Range 15 West at the southern end of the site.  

                                                 
2  “Take” is defined under the Endangered Species Act (ESA) as "killing, harming, or harassment" of a 

federally listed species, while “incidental take” is that which is "incidental to, and not the purpose 
of, otherwise lawful activities."   

http://dwrcdc.nr.utah.gov/rsgis2/Search/Display.asp?FlNm=gophagas
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According to the Washington County HCP, within potential habitat “[A] landowner or 
the authorized agent of any such owner wishing to undertake grading or any other 
disturbance of the lands under such owner or agent’s ownership or control will 
notify the HCP administrator and schedule a desert tortoise survey by the HCP 
biologist.”  Coordination with Washington County regarding the completion of 
surveys to determine the presence or absence of desert tortoises at the proposed 
replacement airport site would be initiated prior to construction.  Because of the 
extremely low probability that desert tortoises are present at the proposed 
replacement airport site, no adverse effects to desert tortoises would be anticipated 
as a result of the proposed project. 
 
G.1.4.4 GILA MONSTER 

The Gila monster is a Species of Concern in Utah.  The range of the Gila monster 
within Utah includes only the extreme southwestern corner of the state.  This 
species is found in desert habitat with scattered cacti, shrubs, and grasses.  The 
Gila monster often occurs in rocky canyon bottoms or washes (UDWR 2003).  
UDWR reported having historical records of Gila monsters within two to three miles 
of the project area.  No Gila monsters were found during project surveys.  This 
species spends much of its time underground, making its presence hard to detect.  
It is therefore difficult to confirm whether or not Gila monsters occur in the project 
area.  If Gila monsters are present at this site, the habitat and locations described 
for chuckwallas probably represent the best habitat available to this species.  
Because of the potential for this species to inhabit the proposed replacement airport 
site, implementation of the proposed replacement airport may potentially result in 
direct, indirect, and cumulative impacts to the Gila monster. 
 
G.1.4.5 SIDEWINDER 

The Sidewinder is a Species of Special Concern in Utah.  The UDWR has records of 
historical occurrences of the sidewinder within one mile of the proposed 
replacement airport site.  Additionally, during biological surveys conducted for this 
proposed replacement airport, tracks from this species were observed in the 
isolated dune communities at the south end of the site in the 100-year floodplain of 
Fort Pearce Wash.  Due to the potential for sidewinders to inhabit or forage within 
the project site based on the signs observed during recent surveys, implementation 
of the proposed replacement airport may have direct, indirect, and cumulative 
impacts on sidewinders. 
 
G.1.4.6 WESTERN BANDED GECKO 

The Western banded gecko is a Species of Concern in Utah.  This species was 
observed during project surveys and is known to occur in the proposed replacement 
airport area.  Due to the presence of suitable habitat and documented observations 
of the species within the boundaries of the replacement airport site, construction 
within suitable habitat for the Western banded gecko could result in injury or death 
to individuals of this species.  Therefore, implementation of the proposed 
replacement airport may have direct, indirect, and cumulative impacts on the 
Western banded gecko.  
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G.1.4.7 ZEBRA-TAILED LIZARD 

The Zebra-tailed lizard is a Species of Special Concern in Utah.  Zebra-tailed lizards 
were observed in the proposed replacement airport area during project surveys 
conducted in 2004.  Due to the presence of suitable habitat and documented 
observations of the species within the boundaries of the proposed replacement 
airport site, construction within suitable habitat for the zebra-tailed lizard could 
result in injury or death of individuals of this species.  Therefore, implementation of 
the proposed replacement airport may have direct, indirect, and cumulative impacts 
on the zebra-tailed lizard.  
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Abstract—To investigate the effects of military fixed-wing air-
craft training on the behavior of the endangered Mexican spotted
owl (Strix occidentalis lucida), we subjected four adults and one
juvenile owl to low-altitude, fixed-wing, jet aircraft overflight
trials in Colorado in 1996 and 1997. Trials consisted of three
sequential fly-bys, each at a greater aircraft speed and noise level,
over owl territories in narrow and steep-walled canyons. All over-
flights were about 460 m above canyon rims, the lowest altitude
allowed during training flights. Maximum noise levels, measured
at one owl site, were 78, 92, and 95 dB (sound volume) for the
first, second, and third fly-bys, respectively. Behaviors of owls
during 25-second fly-by periods ranged from “no response” (no
body movements) to “intermediate response” (sudden turning of
head). The 25-second fly-by responses did not exceed behaviors (“no
movement” to “change of roost”) exhibited by the owls during
10-minute pre- and postflight observation periods before and after
each fly-by.

Keywords: fixed-wing, F-16 jet, Mexican spotted owl, distur-
bance, noise

Introduction

To develop and maintain flight proficiency of pilots, the
Colorado Air National Guard (COANG) makes approx-
imately 3,300 year-round sorties (one flight, takeoff to
landing) by fixed-wing, F-16 jet aircraft on the Fremont and
La Veta military operating areas (MOA). The MOAs are
located on the southern slope of Pikes Peak (Fremont MOA)
and in the Wet and Sangre de Cristo Mountains (La Veta
MOA) adjacent to the Fort Carson Military Base in south-
central Colorado. In the montane portions of both MOAs,
the Mexican spotted owl occurs only in deep, steep-walled,
rocky canyons containing ponderosa pine and mixed-conifer
forests (Johnson 1997). When combined, the Fremont and
La Veta MOAs contained 72 percent (13 of 18) of all spotted
owl territories found in Colorado during studies (1989 to
1997) of the owl’s distribution and ecology at the northeastern
limits of their distribution (Johnson 1997). Due to the
importance of the MOAs to Colorado spotted owls, the few
reports on the effects of aircraft on raptors (Delaney and
others 1999; Holmes and others 1993), and an opportunity
to direct jet aircraft flights over the few Mexican spotted
owls in the MOAs, we subjected five Mexican spotted owls
in four canyons in the Fremont and La Veta MOAs to low
altitude F-16 flights in 1996 and 1997.

Study Area and Methods

The Fremont MOA, an area of about 490 km2  ranging in
elevation from 1,830 to 3,500 m, is located immediately west
of Fort Carson, El Paso County, Colorado, and includes much
of the south slope of Pikes Peak. The La Veta MOA, an area
of about 5,180 km2 ranging from 1,890 to 3,535 m elevation,
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is 24.5 km south of the Fremont MOA and includes portions
of the Wet and Sangre de Cristo Mountains. The montane
areas in both MOAs contained ponderosa pine (Pinus
ponderosa) forests at lower elevations and mixed-species
forests containing ponderosa pine, Douglas-fir (Pseudotsuga
menziesii), white fir (Abies concolor), blue spruce (Picea
pungens), quaking aspen (Populus tremuloides), and Gamble
oak (Quercus gamblii) at higher elevations. Both MOAs were
dissected with deep, narrow rocky canyons, some of which
were annually occupied by spotted owls while other canyons
were occupied only occasionally during our 9-year study
(Johnson 1997).

To examine the effects of jet overflights on spotted owls,
we recorded the behavioral responses of day-roosting owls
to low-altitude jet (F-16) overflight trials in Colorado in 1996
and 1997. An overflight trial consisted of three separate, but
same-day, fly-bys over each owl. Each fly-by was at
sequentially greater aircraft speeds and sound levels: “enroute
cruise” (speed approximately 300 knots), “2nd power setting”
(approximately 425 knots), and “higher-power setting”
(approximately 520 knots). We recorded the behavior of the
roosting owls subjected to overflight trails during (1) a 10-
minute period immediately prior to a fly-by, (2) during a 25-
second fly-by period, and (3) during a 10-minute period
immediately after each fly-by. All owls had been captured
with noose poles, mist nets (Forsman 1983), or leg-hold traps
(Johnson and Reynolds 1997) and fitted with tail-mounted
transmitters from 24 hours (one owl) to greater than 30 days
(all other owls) prior to the trials. On the day of a trial, owls
were located on their day roosts with hand-held receivers.
Owl behaviors were observed continuously during each fly-
by period with binoculars and 20x scopes by two to four
observers in at least two separate locations hidden by trees
and shrubs between 30 and 100 m from the owls. Observers
were at their observation positions more than 30 minutes
prior to overflights to allow the owls to adjust to any
disturbances related to our arrival. We used these observation
distances and pretrial arrival times because spotted owls
become accustomed to observers sitting quietly 25 to 50 m
away in only 10 to 15 minutes (Sovern and others 1994).

Planned elapsed time between each sequential fly-by was
10 minutes between the end of the 10-minute postfly-by
observation period and the beginning of the next 10-minute
prefly-by observation period. Aircraft safety factors
constrained our control of the speed sequencing of fly-bys;
thus, slower aircraft speeds always preceded higher speeds.
Pilots attempted each fly-by at 460 m above each canyon
rim, the lowest altitude allowed during flight training; we
could not determine the exact distances between owls and
aircraft. All flights were across or perpendicular to the length
of canyons and were directed via radio communication
between the pilot and a COANG controller on the canyon
rim directly above the owl’s roost. Owl behaviors during the
25-second fly-by periods were assigned to one of four
categories: (1) “no response” (no discernible body
movement); (2) “low response” (opening of eyes, slow head
turn); (3) “intermediate response” (sudden movement of
head, wing, or body); and (4) “high response” (flush or

change of roost). Owl behaviors during the 10-minute pre-
and postfly-by observation periods were assigned to the
following categories: (1) owl asleep, no discernible body
movement; (2) eyes open, slow head turns, preening; (3) alert,
sudden head turns; and (4) movement to new roost. These
categories were equivalent to categories used for the owl
responses during the 25-second fly-by.

Four territories containing a total of five different owls
were subjected to overflight trials during the study: two adult
females in two different territories and one adult male and
his female fledgling in a third territory in 1996, and an adult
male and a 1-year-old female in a fourth territory in 1997.
Two of the five owls were subjected to overflight trails twice;
one female, overflown in 1996, was tested in 1997 in the
same territory where she was treated in 1996, and the
fledgling tested in 1996 was again overflown as a 1-year-
old (AHY) in 1997 in the fourth territory (above) where she
had paired with an adult male. Thus, seven overflight trials
were conducted in which five different owls were treated
once and two owls twice. In 1996, a Larson-Davis Model
820 sound level meter, with an attached 1.3 cm condensor
microphone covered with a 9.0 cm wind screen, was used to
determine sound volumes (dB) and duration (seconds) of
three sequential fly-bys at one territory only. We reported A-
weighted decibels (dBA), a logarithmic measure of the
magnitude of a sound that an average human hears. While
BA may not be representative of the noise energy that spotted
owls might hear (Delaney and others 1999), dBA occurs on
most sound level meters and is ubiquitously used. We used
likelihood ratio tests (exact methods due to small samples)
(CYTEL 1998) to compare observed frequencies of owl
behaviors during pre- and postflight 10-minute periods and
responses during the 25-second fly-bys among aircraft power
settings.

Results

During each overflight trial, owls were day roosting in
trees (for example, Douglas-fir, quaking aspen, Gambel oak)
or on rock walls of canyons between 200 and 300 m below
the canyon rims. All overflights occurred between 1200 and
1600 hours Mountain Standard Time and between 27 and 29
August in 1996, and on July 4, 1997. Elapsed time between
the end of a 10-minute postfly-by and the beginning of a 10-
minute prefly-by observation period during fly-bys in a
canyon varied from 10 to 40 minutes. Ambient temperatures
during all overflight experiments ranged from 18 to 29 oC,
and winds were calm to light. At the one canyon territory
where durations and sound levels of fly-bys were measured
with a sound level meter, sound duration for “enroute cruise”
was 15.5 seconds and volume was 78 dBA, for “2nd power
setting,” 19.0 second and 92 dBA, and for “higher-power
setting,” 22.5 second and 95 dBA. During overflights trials
while the sound levels were being recorded in this territory,
a thunderstorm was in progress; intermittent light-to-heavy
rain was falling, and numerous thunderclaps were recorded.
Close thunderclaps had durations of 4.5 to 6.0 seconds and
sound volumes between 62 and 87 dBA. Thunderstorms did
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not occur during any of the other fly-by trials. Mean ambient
or residual sound in the canyons was 61.2 dBA (range =
56.4 to 69.1 dBA, n = 4), excluding the thunderclaps
measured in the one canyon.

In 17 (81 percent) of the 21 total fly-bys, only two (9.5
percent) owls showed a higher level of alertness during the
post- than preflight 10-minute periods while two (9.5 percent)
showed greater movement during the preflight than in the
postflight 10-minute periods (table 1). While the numbers
of same levels of behaviors by owls during the pre- and
postflight periods increased with power setting, the increase
was not significant (P = 0.34, df = 4). Of the two owls that
showed greater movement during postflight periods, one
changed roost trees (a 5-m flight) 5 minutes into the 10-
minute postflight period for the “enroute cruise.” This change
of roost appeared to be induced by the thunderstorm rain.
The second owl also changed roost trees (a 15-m flight) 7
minutes into the 10-minute postflight observation period
(“2nd power setting”). This owl moved from a roost in direct
sunlight to a shaded roost site. Two other roost changes, both
made by the fledgling owl in the 1996 trials, were observed
during the 10-minute prefly-by period for the “enroute
cruise.” Both of these roost changes appeared to result from
the owl’s seeking protection from the thunderstorm rain and
to escape the mobbing of small birds.

During the 25-second fly-by period for “enroute cruise,”
one (14.3 percent) owl showed no response, four (57.1
percent) showed low responses (slow head turn), and two
(28.6 percent) showed intermediate responses (sudden
head turn toward origin of the sound). For the “2nd power
setting,” two (28.6 percent) owls showed no response,
three (42.8 percent) owls showed low response, and two
(28.6 percent) showed intermediate response. For the “higher
power setting,” two (28.6 percent) showed no response, two
(28.6 percent) showed low response, and three (42.8 percent)
owls showed intermediate response. None of the owls showed
high response (flush) during any of the 25-second fly-by
periods. Overall, there were no differences in observed and
expected response levels during the 25-second fly-bys (P = 0.92,
df = 4).

The female fledgling showed an intermediate response
during each 25-second fly-by in 1996. However, when this
owl was overflown on its new territory in 1997, it showed a
low response during the 25-second “enroute cruise,” and no

responses during the 25-second fly-bys at the “2nd power”
and “higher power setting.” While the fledgling changed
roosts twice in the 10-minute prefly-by period (see above),
it exhibited a mix of no responses and low responses to
thunderclaps that occurred during the pre- and post- 10-
minute observation periods in 1996. However, it responded
at the intermediate level to each 25-second fly-by in that
year. The greater responses to fly-bys versus thunder may
be related to the duration of noise: 4.5 to 6.0 second for
thunder verses 15.5 to 22.5 second for overflights. Noise
duration was greater for overflights due to the approach and
departure of the aircraft. The adult female owl treated in both
years showed only a single response (“low” to “2nd power
setting”) during the three 25-second fly-by periods in 1996.
In 1997, however, she showed an intermediate response
during all three 25-second fly-bys.

Discussion

The behaviors displayed by the five Mexican spotted owls
between the time of our arrival near a roosting owl (always
more than 30 minutes) and the beginning of the first 10-
minute prefly-by observation periods in each overflight trial
suggested that the owls had adjusted to our presence before
10-minute prefly-by trials were begun. With the possible
exception of two roost changes made by two of the owls in
the latter half of the 10-minute postfly-by observation
periods, the behaviors of the owls during the pre- and postfly-
by periods of the sequentially louder fly-bys, showed that
the owls that responded at the second or third levels all very
quickly returned to normal day-roosting behavior (sleeping,
awake but quiet, preening). Delaney and others (1999) also
noted a quick return to normal behavior by Mexican spotted
owls after disturbance by helicopters. Because the two owls
that changed roosts in the postfly-by periods in our study
showed only “low” responses to the preceding 25-second
fly-bys, we believed the two postfly-by changes of roosts
were not directly caused by the fly-bys. However, the roost
changes may have resulted from a residual alertness of the
owls caused by the fly-bys. We expected the greatest
responses from the owls during the 25-second fly-by periods.
However, five (23.8 percent) of the 21 fly-bys produced no
responses, nine (42.8 percent) produced low responses, and

Table 1—Number of behavior categories of five (two treated twice) Mexican spot-
ted owls preceding and following three sequential jet fly-bys of increasing power
and noise that (1) were greater in the 10-minute preflight observation period
than in the 10-minute postflight observation period, (2) were the same in both
periods, and (3) were greater in the post- versus preflight periods.

Fly-by Owls Pre > post Pre = post Post > pre

Enroute cruise 7 2 4 1
2nd power setting 7 - 6 1
Higher power setting 7 - 7 -

2 (9.5 %) 17 (81.0 %) 2 (9.5 %)
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seven (33.3  percent) produced intermediate responses; none
produced high (flush) responses.

There was no consistent year-to-year pattern of responses
during the 25-second fly-by periods of the two owls subjected
to overflight trials in both study years. The adult female tested
in both years exhibited higher response levels in 1997 than
in 1996 during the 25-second fly-by periods. The higher 1997
responses of this female may have resulted from the owl’s
different roost locations in the 2 years. In 1996, the owl was
roosting in the bottom of the main canyon 300 m below the
canyon rim. Her 1997 roost was in a smaller side canyon, 55
m closer to the canyon rim and the aircraft. The fledgling
that was overflown in 1996 responded at the intermediate
level to all three 25-second fly-bys in that year. However,
during the 1997 fly-bys, this 1-year-old owl responded with
a “low” response to only the “enroute cruise;” she showed
no response to the other two louder fly-bys. This owl’s low
responses in 1997 may have resulted from a year’s
habituation to military flights over the MOAs (see Delaney
and others 1999 for possible habituation in spotted owls to
helicopters and chainsaws). Alternatively, the higher response
levels of this owl in the first year may have been due to an
increased alertness of the owl caused by thunder, rain, and
the mobbing by small birds during the overflight trials in
1996. It is not uncommon for spotted owls to change roosts
during daylight hours in response to weather (rain, sun,
temperature), mobbing birds, or attempts to capture prey
(Forsman and others 1984; Johnson 1997; Sovern and others
1994).

Our observations of spotted owls exhibiting alert behavior
(for example, sudden head turns), or even changing
dayroosts, in the 10-minute prefly-by observation periods
showed that owl responses to low altitude F-16 overflights
did not exceed, and were often less than, responses to
naturally occurring events. The relatively minor responses
of spotted owls to fixed-wing jet aircraft flights near or at a
minimum height of 460 m (plus distance from owl roost site
to canyon rim) observed in this study are consistent with
Delaney and others’ (1999) finding that Mexican spotted owls
in New Mexico exhibited no flush (change of roost) responses
to noise when helicopters were farther then 105 m from
roosting owls, and no alert (sudden head turn) responses when
helicopters were greater than 660 m distant. Delaney and

others (1999) did show, however, that as the distance from
helicopters to owls decreased, the severity of owl responses
increased. The 460-m minimum flight altitude for fixed-wing
jet aircraft training flights in this study prevented us from
determining the effects of closer flights on the behavior of
spotted owls or to determine the distance at which Mexican
spotted owls consistently flush from low flying aircraft.
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