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VIII. Educate Station personnel, residents and other visitors on issues such as not feeding wildlife or feral 

domestic animals. 

IX. Ensure that key staff members are trained in proper wildlife handling protocols and procedures or 

have a contract in place with a wildlife pest control organization. Create and maintain a resource that 

includes all migratory bird depredation and handling permits, key personnel to contact, and 

procedures on handling various species of pest wildlife. Keep the resource current and available on 

file at the EMD and the Station Police Department. 

 

4.7.2 BASH Program 

Background 

BASH is defined as the threat of aircraft collision with birds and other wildlife during flight operations, 

particularly during take-off and landing and low-altitude training exercises. BASH plans are required by the 

DoD for military installations where there is a potential for a conflict between military activity and wildlife. 

BASH program requirements are not eligible for conservation resources (5090.1C CH-1). Naval air 

installations Safety and Air Operations Offices shall ensure BASH plans are prepared and implemented. 

Personnel responsible for BASH programs should ensure that bird strike reporting and information 

exchange is closely coordinated with the Naval Safety Center. The NAVFAC BASH Biologist is available 

to assist with the development of BASH Plans, implementation of BIRDRAD (avian radar), and other 

BASH related requirements. The Naval Safety Center has a website with additional BASH information. 
 

Species involved in BASH are generally the common species that occur near airfields. Large, slow-flying 

birds (broad-winged raptors); large, wading birds (herons, egrets, and ibis); gulls; and waterfowl (ducks 

and geese) are more likely to do substantial damage to aircraft when hit due to their mass. Though a single 

small bird can cause significant damage to aircraft, a flock makes collision more likely and damage    

more severe. Resident adult birds may learn to avoid aircraft, but young birds and migrants may not be 

aware of the hazard (NAS Lemoore 2012). 
 

Specific Concerns 

 Bird strike hazards are of major concern to air operations at NAS Lemoore, especially as the speed 

and number of aircraft operating at the Station has increased. BASH incidents for military aircraft 

occur predominantly (95%) below 2,000 feet (610 m). Seventy percent of those are below 500 feet 

(152 m), and 65% of bird strikes occur at the airfield (NAS Lemoore 2012). 

 There has been an increase in BASH incidents recently (approximately 25-30 incidents reported per 

year). This may be partially due to the increase in fallowed agricultural lands due to reduced irrigation 

water allocations that create habitat conditions attractive to large raptors (Erichsen 1995, Erichsen et al. 

1996, Estep 1989, Kuenzi and Morrison 1998, Smallwood et al. 1996, Woodbridge 1998), and from 

increased awareness of squadron personnel on the importance of reporting suspected BASH incidents. 

 With increased fallowing of agricultural land due to decreased water availability, increased road 

activity, and increase in numbers of raptors feeding and riding thermal columns in the aircraft flight 

patterns, there is an increased likelihood of BASH incidents and a corresponding risk of damage to 

aircraft or loss of human life. 

 Particular species of BASH concern include the red-tailed hawk, Swainson’s hawk, white-faced ibis, 

mourning dove, horned lark, western meadow lark, whimbrel, and long-billed curlew. Red-tailed hawks 

and Swainson’s hawks tend to glide on thermal columns rising from the fallowed farm land near the 

airfield; three BASH incidents in 2010 involved Swainson’s hawks. Flocks of 2,000 to 3,000 white-faced 
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ibis have, in recent years, congregated in alfalfa fields near the airfield. The concern is that once frightened 

into the air by an aircraft coming in to land, a second aircraft could hit the flocks as they settle back down 

into the fields. No white-faced ibis aircraft strikes of this manner have been reported to date. 

 Potential BASH species also include medium-sized and large mammal predators attracted to the 

Operations Area by the presence of small mammal prey there. 
 

Current Management 

The goal of the BASH program at NAS Lemoore is to identify, reduce, or eliminate known and potential 

strike hazards from birds or other animals on and around the airfield. The BASH Plan (NAS Lemoore 

2012; Appendix D) establishes specific procedures, as well as roles and responsibilities. The BASH Plan 

also establishes a Bird Hazard Working Group to monitor and implement the BASH program. The NAS 

Lemoore Natural Resources Manager is the Co-Chair of the Working Group. Program actions include 

identifying high hazard situations, particularly during critical phases of flight, and aiding supervisors and 

air crews in altering/discontinuing flying operations when warranted to increase flight safety. Bird 

avoidance and bird control measures include grounds maintenance, habitat modification, prey base 

reduction, harassment and depredation. Careful land management practices are designed to discourage 

bird activity near runways and operational areas. Generally, installations must ensure relevant training 

opportunities for a staff biologist to address BASH issues. The BASH Plan is updated annually by the 

NAS Lemoore Safety Officer. 

Copies of birdstrike records sent to the Navy Safety Center are retained at NAS Lemoore. Bird/animal- 

aircraft strike incidents are required to be reported when identified by pilots or maintenance crews. The 

report records time of day, date, species involved (if known), and location. Remains are also examined 

and included in reporting when possible and should be sent to the Smithsonian Institution, Feather 

Identification Lab for positive identification. 

Expectations for daily bird use at NAS Lemoore are primarily determined through (a) informal 

observations from the Natural Resources Manager and others during travel to and from the Operations 

Area (birds observed are reported to the Flight Operations Tower), or (b) a general understanding of the 

Flight Operations Tower regarding regular problem areas and bird species. While a significant safety 

hazard, in relative terms, bird strikes occur less frequently at NAS Lemoore than at other Naval Air 

Stations (J. Crane, pers. com. 2011; T. Schweizer, pers. com. 2013). 

NAS Lemoore lands were evaluated in a Wildlife Hazard Assessment conducted by the USDA Wildlife 

Services from July 2010 to June 2011 to assess the potential sources of BASH concern including the 

grassland areas within the Operations Area fence, the agricultural parcels surrounding the airfield, and 

other natural habitats on the Station that support bird and other wildlife populations (Lang 2012; 

Appendix E). Results of the study were used to update management actions and the BASH Plan. Bird 

strike hazards are particularly a concern during migrations (typically February through April and August 

through November). Examples of management techniques used to prevent animal strikes include: 
 

 Management of the airfield grounds to discourage the presence of birds of any species, especially 

those most likely to create a BASH problem. To reduce the attractiveness of the area to wildlife, the 

grassland areas within the Operations Area security fence are regularly mowed to maintain vegetation 

at a height no greater than 6 to 8 inches. 

 The agricultural parcels surrounding the airfield have crop restrictions written into lease documents to 

discourage significant bird use. Alfalfa is no longer permitted on the approach or departure to the 

airfield since it attracts more birds than other crops (T. Schweizer, pers. com. 2013). Crops such as 

cotton have been demonstrated to not attract birds and other wildlife and are compatible with safe 
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flight operations. Grain crops near the airfield are required to be harvested before they become an 

attractant to birds while long-term crops such as trees and vineyards are prohibited. 

 Wetland areas, which could potentially attract large numbers of wading birds and waterfowl, are 

purposefully not allowed or enhanced near the airfield. Generally, most wetland areas are located in 

the northeast portion of the Station, far enough away from the runways and flight zones that they do 

not represent major BASH concerns. 

 A program of prey-base reduction is also currently ongoing within the Operations Area. The goal is to 

reduce attraction of predators that are a BASH concern. This program is consistent with the 

Commander, Navy Installation Command BASH Manual, which discusses the reduction of prey base 

around airfields (T. Schweizer, pers. com. 2014). 

NAS Lemoore maintains a USFWS depredation permit to address migratory birds that pose a direct threat to 

human safety. The EMD manages this permit, submits reports, and renews the permit on an annual basis. 
 

Assessment of Current Management 

The BASH plan for NAS Lemoore complies with DoD and Navy directives, and is implemented through 

NAS Lemoore Instruction (NAS Lemoore Instruction 11015.1B). Improved and systematic monitoring of 

BASH species would be beneficial in assessing and tracking daily and seasonal strike hazards. The EMD 

and Flight Operations will continue to manage BASH potential in accordance with the updated BASH Plan, 

with assistance from the USDA Wildlife Service’s Airport Biologist, taking into account impacts on native 

species. 
 

Management Strategy 

Objective: Promote safe aircraft operations at NAS Lemoore by reducing the potential for bird and other 

animal aircraft strike hazards. 

I. Implement the BASH Plan. Daily and seasonal bird movements in the vicinity of the Operations Area 

can create significant hazards to aircraft operations. 

A. Update the BASH Plan annually and incorporate recommendations from BASH-related studies as 

appropriate. The plan review and update is necessary to ensure adaptive management with 

minimal impacts to bird and other wildlife communities on NAS Lemoore. 

1. Revise relevant training and educational materials for NAS Lemoore pilots, ground 

personnel, and air traffic control as necessary. 

2. Revise guidelines provided in other Station plans and contracts that are relevant to BASH 

reduction practices, as necessary. 

B. The Natural Resources Manager should, as an important part of the BASH program, maintain a 

working relationship with the USDA Wildlife Service’s Airport Biologist, Flight Operations 

Tower and Operations Area staff, and the aircrews themselves. The Airport Biologist should 

provide for issuance of information to all local and transient air crews regarding bird hazards and 

procedures for bird avoidance. 

II. Continue to maintain the USFWS migratory bird depredation permit to manage birds that pose a 

direct threat to human safety at the airfield. 

III. Promote land management practices and guidelines to decrease airfield attractiveness to birds and 

minimize raptor prey, primarily ground squirrels. Implement safety procedures to recognize, control, 

and avoid hazardous bird concentrations. 
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A. Ensure that birds are not unnecessarily attracted to areas which may create hazards with respect to 

collisions with aircraft. 

1. Require adjacent agricultural parcels to employ cropping practices and pest management 

activities that minimize bird attraction. 

2. Maintain vegetation within the Operations Area at a height of six to eight inches to reduce 

preferred habitat (NAS Lemoore 2012). 

3. Minimize presence of broad-leaved weeds on the airfield, which can attract birds. 

4. Ensure that habitat enhancement project actions do not encourage bird use near the 

Operations Area. 

B. Implement a prey reduction program around the airfield to control ground squirrels and rodents.  

The program should at a minimum consist of habitat modification. If habitat modification fails to 

reduce the ground squirrel population to an acceptable level, then measures for a large-scale control 

program involving the use of rodenticide should be implemented. Measures to reduce the ground 

squirrel population with the use of rodenticide can reasonably be expected to result in an adverse 

impact to the burrowing owl population. Prior to implementing the prey reduction program, the 

burrowing owl population in this area will need to be relocated to other areas of the Station, region, 

or state of California using active and passive relocation methods in order to mitigate these adverse 

impacts (Section 4.5.2.2 Burrowing Owl (USFWS BCC, California SSC), Section 4.7.1 Pest and 

Predator Control). 

IV. Continue to provide NAS Lemoore BASH-related safety concerns at local public hearings and zoning 

meetings for projects where changes in land use on adjacent lands have the potential to increase or 

alter bird populations and habits near the Station that may lead to increased BASH. 

 
Objective: Strengthen the bird/animal hazard and strike monitoring detection program at NAS Lemoore. 

 

I. Survey and monitor avian species that utilize the NAS Lemoore airfield and adjacent agricultural 

parcels for foraging and roosting. Document responses to aircraft to evaluate the potential for aircraft 

impacts. 

II. Monitor and document bird strikes and carcasses adjacent to the NAS Lemoore airfield (5090.1C CH- 

1) (Appendix D). 

A. Establish procedures for collecting and reporting damaging and non-damaging bird strikes. 

B. Establish a database to track local BASH incidents at NAS Lemoore. Records of BASH incidents 

should include time of day, date, species involved, and location. 

C. Ensure squadron safety officers report BASH incidents for inclusion into the local database 

(Naval Operations Instruction 3750.6 series). 

D. Ensure that feather and/or blood samples of suspected bird/animal strikes are collected and sent to 

the Smithsonian for positive identification. 

 

4.7.3 Game Species 

Specific Concerns 

 The number of upland gamebird species (primarily mourning dove and ring-necked pheasant) have 

decreased greatly at NAS Lemoore over the past decade. For the most part, this decline has been due 

to the decreasing presence and availability of water resources for gamebird habitat. 



Wildlife Hazard Assessment Page i 
 

WILDLIFE HAZARD ASSESSMENT FOR  

NAVAL AIR STATION LEMOORE, CALIFORNIA 

(July 2010-June 2011)  
 

 

 

 

                                                           
 

 

 

 
 

 

 

 

 Submitted by: 

 

 United States Department of Agriculture 

 Animal and Plant Health Inspection Service 

 Wildlife Services 

 5151 Pentecost Drive #H 

Modesto, CA 95356 

 

Written  

By 

Nathan Lang 

Wildlife Biologist 

 

 

 

Work Performance per Cooperative Service Agreement 10-73-06-6223-IA 

Project was monitored by  

Wade Carlson, Central District Supervisor, CA 

 

 

 

 



Wildlife Hazard Assessment Page ii 
 

Table of Contents 

 

TABLE OF CONTENTS ............................................................................................................... ii 

 

LIST OF ACRONYMS ...................................................................................................................1 

 

LIST OF TABLES..........................................................................................................................1 

 

LIST OF FIGURES.......................................................................................................................1 

 

1.0. INTRODUCTION ...............................................................................................................3 

1.1. Overview of Wildlife Hazards to Aircraft ................................................................3 

1.2. Legal Authority of Wildlife Services (WS) ...............................................................4 

 

2.0. OBJECTIVES .....................................................................................................................4 

 

3.0. BACKGROUND ..................................................................................................................5 

3.1. Naval Air Station Lemoore ......................................................................................5 

3.2. Aircraft Operations ..................................................................................................5 

3.3. Wildlife Strike Analysis ............................................................................................5 

3.4. Current Wildlife Hazard Management ....................................................................9 

 

4.0. LEGAL STATUS OF WILDLIFE SPECIES ..................................................................10 

4.1. Federal Regulations ...............................................................................................10 

4.2. State And Local Regulations ..................................................................................10 

 

5.0. DESCRIPTION OF STUDY SITE AT NAS LEMOORE ...............................................11 

5.1. Facilities ................................................................................................................12 

5.2. Wildlife ...................................................................................................................12 

5.3. Habitats ..................................................................................................................12 

5.4. Threatened And Endangered Species ....................................................................13 

 

6.0. METHODS ........................................................................................................................13 

6.1.    Bird Surveys ..........................................................................................................13 

6.2. Nocturnal Surveys ..................................................................................................14 

6.3. Analysis of Data .....................................................................................................14 

6.4. Evaluation of Wildlife Attractants .........................................................................14 

 6.5  Agriculture Crop Analysis as an Attractant to     

Wildlife...................................................................................................................14 

 

7.0. RESULTS AND DISCUSSION .......................................................................................15 

 

7.1   Bird Surveys ..............................................................................................................15 

        7.1.1      All Species Combined and Monthly Trends .......................................15 

7.1.2      Species Guilds ....................................................................................20 

7.1.3      Morning and Evening Surveys Compared .........................................20 



Wildlife Hazard Assessment Page iii 
 

7.1.4      Perching Birds ...................................................................................20 

7.1.5      European Starlings and Blackbirds ...................................................22 

7.1.6      Raptors ...............................................................................................26 

7.1.7      Doves..................................................................................................29 

7.1.8      Swallows ............................................................................................31 

7.1.9      Shorebirds and Wading Birds ............................................................32 

7.1.10    Waterfowl...........................................................................................35 

7.1.11    Crows and Ravens..............................................................................36 

 

7.2 Mammals and Nocturnal Surveys ..............................................................................38 

 

7.3 Agriculture Crops Adjacent to the Runway...............................................................40 

                          

 

8.0 RECOMMENDATIONS ..................................................................................................42 

 

9.0 LITERATURE CITED .....................................................................................................51 

 

10.0   APPENDICES....................................................................................................................53 

  

            Appendix 1 Code of Federal Regulations Part 139.337...............................................53 

            Appendix 2 Memorandum of Understanding (MOU) between DOD and USDA.........56 

 Appendix 3 Map of NAS Lemoore and surrounding areas...........................................62  

           Appendix 4 How to collect bird strike evidence............................................................63 

           Appendix 5  Form 37 Migratory Bird Damage Project Report....................................67 

           Appendix 6 List of state and federally threatened, endangered, candidate,  

                                    and species of concern in California.........................................................68 

           Appendix 7 Map depicting point count survey stations at NAS Lemoore....................80 

           Appendix 8 List of bird species recorded at survey stations and grouped   

                                    into their respective guilds........................................................................81 

           Appendix 9 Study area of agricultural lands adjacent to the runway.........................82 

           Appendix 10 Depredation order for blackbirds, cowbirds, grackles, crows, and  

                                    magpies.....................................................................................................83  

 
 

 

 

 

 

 

 

 

 

 

 

 

 



Wildlife Hazard Assessment Page 1 
 

LIST OF ACRONYMS 
AGL  Above Ground Level 

AOA  Air Operating Area 

AVOIC Airfield Vehicle Operating Indoctrination Course 

BASH       Bird Air Strike Hazard  

CALA       Ordnance Storage and Transfer Site, Located East of Runway 32 Right 

CDFG  California Department of Fish and Game 

CFR  Code of Federal Regulations 

DOD  Department of Defense 

EPA  Environmental Protection Agency 

FAA   Federal Aviation Administration 

FAR  Federal Aviation Regulations 

FIFRA Federal Insecticide, Fungicide, and Rodenticide Act 

FOD  Foreign Object Debris/Damage 

ILS  Instrument Landing Systems 

MBTA Migratory Bird Treaty Act 

MOU  Memorandum of Understanding 

NOTAM Notice to Airmen 

T&E  Threatened and Endangered Species 

USFWS U.S. Department of Interior, Fish and Wildlife Service 

WHA  Wildlife Hazard Assessment 

WHMP Wildlife Hazard Management Plan 

WS  U.S. Department of Agriculture, Animal and Plant Health Inspection Service, 

Wildlife Services (formerly Animal Damage Control [ADC]) 

 

LIST OF TABLES 
      Table 1   Wildlife species involved in recorded BASH incidents at NAS Lemoore (1981- 

          2011)..........................................................................................................................6 

      Table 2   BASH incidents recorded including maneuver, location and/or altitude of  

        of aircraft at impact at NAS Lemoore (1981-2011)...................................................8 

      Table 3   BASH incidents recorded including description of damage to aircraft and/or  

                     dollar amount of damage at NAS Lemoore (1981 – 2011)........................................8 

      Table 4   Permits necessary for lethal control in Kings County..............................................10 

 Table 5   Wildlife observed during nocturnal spotlighting surveys at NAS Lemoore (July 

                     2010 – June 2011).....................................................................................................37 

 

LIST OF FIGURES 
 Figure 1   Total number of wildlife strikes reported by month at NAS Lemoore (1981 –  

                        2011).......................................................................................................................7 

  Figure 2   Total number of wildlife strikes reported by year at NAS Lemoore (1981 –  

                        2011).......................................................................................................................7 

  Figure 3   Total birds observed at NAS Lemoore (July 2010 – June 2011)..........................15 

  Figure 4   Comparison of percentage of birds observed (July 2010 - June 2011) to  

                        percentage of strikes reported (1981 – 2011)........................................................15 

 Figure 5    Total birds observed at survey points at NAS Lemoore (July 2010 – 

                   June 2011)..............................................................................................................19 



Wildlife Hazard Assessment Page 2 
 

  

 Figure 6    Percentage of birds observed within their respective guilds at NAS Lemoore  

                        (July 2010 – June 2011).........................................................................................19 

 Figure 7   A comparison of morning and evening bird observations at NAS Lemoore  

                       (July 2010- June 2011)...........................................................................................20 

 Figure 8   Total birds observed during mid-day surveys at NAS Lemoore (July 2010 –  

                       June 2011)...............................................................................................................20 

 Figure 9   Total number of perching birds observed at NAS Lemoore (July 2010 –  

                       June 2011)...............................................................................................................21 

 Figure 10 Total number of Western meadowlarks observed at NAS Lemoore (July   

                       2010 -- June 2011)..................................................................................................21 

 Figure 11 Total number of horned larks observed at NAS Lemoore (July 2010 –  

          June 2011)...............................................................................................................21 

 Figure 12 Total number of Savannah sparrows observed at NAS Lemoore (July 2010 – 

                       June 2011)...............................................................................................................22 

 Figure 13 Total number of European starlings observed at NAS Lemoore (July 2010 – 

                       June 2011)...............................................................................................................23 

 Figure 14 Total number of blackbird species observed at NAS Lemoore (July 2010 – 

                       June 2011)...............................................................................................................23 

 Figure 15 Total number of raptor species observed at NAS Lemoore (July 2010 – 

                       June 2011)...............................................................................................................26 

 Figure 16 Total number of burrowing owls observed at NAS Lemoore (July 2010 – 

                       June 2011)...............................................................................................................27 

 Figure 17 Total number of red-tailed hawks observed at NAS Lemoore (July 2010 – 

                       June 2011)...............................................................................................................27 

 Figure 18 Total number of Swainson’s hawks observed at NAS Lemoore (July 2010 – 

                       June 2011)...............................................................................................................28 

 Figure 19 Total number of mourning dove observed at NAS Lemoore (July 2010 – 

                       June 2011)...............................................................................................................30 

 Figure 20 Total number of swallow species observed at NAS Lemoore (July 2010 – 

                       June 2011)...............................................................................................................32 

 Figure 21 Total number of shorebird species observed at NAS Lemoore (July 2010 – 

                       June 2011)...............................................................................................................33 

 Figure 22 Total number of long-billed curlews observed at NAS Lemoore (July 2010 – 

                       June 2011)...............................................................................................................33 

 Figure 23 Total number of killdeer observed at NAS Lemoore (July 2010 – June 2011)......33 

 Figure 24 Total number of waterfowl observed at NAS Lemoore (July 2010 – June 2011)..35 

 Figure 25 Total number of corvids observed at NAS Lemoore (July 2010 – June 2011)......36 

 Figure 26 Total number of coyote observed at NAS Lemoore (July 2010 – June 2011).......38 

 Figure 27 Acreage of crops in agricultural fields adjacent to the airfield at NAS  

                       Lemoore in 2007.....................................................................................................40 

 Figure 28 Acreage of crops in agricultural fields adjacent to the airfield at NAS  

                       Lemoore in 2008.....................................................................................................40 

 Figure 29 Acreage of crops in agricultural fields adjacent to the airfield at NAS  

                       Lemoore in 2009.....................................................................................................41 

 Figure 30 Acreage of crops in agricultural fields adjacent to the airfield at NAS                                                        

          Lemoore in 2010.....................................................................................................41 



Wildlife Hazard Assessment Page 3 
 

 

1.0. INTRODUCTION 

 

1.1. OVERVIEW OF WILDLIFE HAZARDS TO AIRCRAFT 

 

Collisions between aircraft and wildlife are a concern throughout the world because they threaten 

passenger safety (Thorpe 1996, Cleary et al. 2006), result in lost revenue and costly repairs to 

aircraft (Milsom and Horton 1990), and can erode public confidence in the air transport industry 

as a whole (Conover 2009).  On January 15, 2009, flight 1549 out of La Guardia Airport crash 

landed into the Hudson River after colliding with a flock of Canada geese, and sparked a world-

wide concern and acceptance of the potential risk and devastation bird strikes can inflict upon 

aircraft.  Fortunately no serious injuries or fatalities occurred with this accident.  However, in 

several instances, wildlife-aircraft collisions in the United States have resulted in human 

fatalities.  The most recent of which occurred in 2008 in Oklahoma when a Cessna Citation 

aircraft collided with one or more white pelicans over a body of water at 3,100 feet.  All five 

people aboard were killed.   

 

Military aircraft are not immune to wildlife strikes, and may actually be more susceptible to them 

due to their sleek profile (less visible to wildlife), time spent at low altitude and high speeds, 

when compared to civil aircraft.  The most devastating crash occurred on September 22, 1995 at 

Elmendorf AFB.  An E-3B “AWACS” aircraft struck a flock of Canada geese and crashed less 

than 1 mile from the runway, killing all 24 crew members.  There are other notable military 

aircraft strikes which resulted in the loss of the aircraft.  In 1992 in Duluth, Minnesota an F16 

ingested a lesser golden plover and crashed.  In that same year in Austin, Texas a red-tailed hawk 

took down an F-16.  In 1993 in Dallas, Texas a T38 crashed due to ingested cliff swallows.  In 

that same year in Lubbock, Texas a T38 crashed due to just one horned lark ingestion. 

 

These hazards are very real and the proportion of wildlife strikes that result in damage is often 

substantial enough to merit closer scrutiny by the Federal Aviation Administration (FAA) and 

the U.S Military. 

 

Although military airbases are not subject to scrutiny by the FAA, the guidelines and policies of 

the Federal Aviation Regulations (FAR) in relation to wildlife hazards may enhance safety of 

military and civil service personnel as well as save money.  NAS Lemoore strives to manage 

operations to achieve a zero-mishap rate in flight-related and aviation ground mishaps.  The FAA 

is responsible for establishing and enforcing the FARs and policies to enhance public safety.  To 

ensure compliance with Code of Federal Regulations (CFR) 14 Part 139.337 (Appendix 1), the 

FAA requires certified airports to conduct a wildlife hazard assessment (WHA), and if necessary, 

establish a wildlife hazard management plan (WHMP) when any of the following events occur 

on or near an airport: 

 

(1) An air carrier aircraft experiences multiple bird strikes or engine ingestion; 

 

(2) An air carrier aircraft experiences substantial damage from striking wildlife.  As 

used in this paragraph, substantial damage means damage or structural failure 

incurred by an aircraft that adversely affects the structural strength, performance or 
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flight characteristics of the aircraft and that would normally require major repair or 

replacement of the affected component; 

(3) An air carrier aircraft experiences engine ingestion of wildlife; or 

 

(4) Wildlife of a size, or in numbers, capable of causing an event described above. 

 

A variety of authorized methodologies are utilized by WS to decrease wildlife hazards, which are 

often dictated by the target species, season, habitat characteristics and wildlife attractants in and 

around the airfield, along with a host of other variables.  It is important to consider the ecological 

characteristics of local and migratory wildlife when establishing a control program.  The WHA 

provides the framework through which a more complete and site-specific understanding of 

wildlife hazard mitigation on an airport is developed.  These assessments typically last one year 

because wildlife populations, especially migratory birds, exhibit seasonal fluctuations in 

behavior and abundance.  On completion of the assessment, recommendations to reduce wildlife 

hazards can be made which are based on an analysis of the data collected.  If it is determined 

from the study that significant wildlife hazards are present, a BASH plan aimed at mitigation of 

these threats should be written and acted upon. 

 

1.2.  LEGAL AUTHORITY OF WILDLIFE SERVICES (WS) 
 

The U.S. Department of Agriculture, Animal and Plant Health Inspection Service, Wildlife 

Services program has a Memorandum of Understanding (MOU) with the Department of Defense 

(DOD) (Appendix 2) to resolve animal damage issues on United States military installations.  

The MOU establishes that Wildlife Services (WS) has the expertise and will provide technical 

and operational assistance to alleviate wildlife hazards on DOD lands, upon request.   

 

The primary statutory authority by which WS operates is the Animal Damage Control Act of 

March 2, 1931, as amended (7 U.S.C. 426-426c; 46 Stat. 1468).  WS has the authority to manage 

migratory bird damage as specified in the CFR, and in conjunction with USFWS approval and 

permit.   In addition, the Rural Development, Agriculture, and Related Agencies Appropriations 

Act of 1988 authorizes and directs the Secretary of Agriculture to cooperate with States, 

individuals, public and private agencies, organizations, and institutions in the control of nuisance 

mammals and birds deemed injurious to the public. 

 

2.0. OBJECTIVES 

 

The objectives of this WHA were to: 

 

1. Review and analyze available wildlife strike records, and provide management 

recommendations based on this data. 

2.  Determine wildlife population parameters such as abundance and periods of activity 

(e.g. seasonal, and diurnal), with a particular emphasis on the species most 

threatening to aircraft safety. 

3.   Identify and quantify attractive wildlife features and land-use practices at NAS 

Lemoore and the surrounding areas that may contribute to wildlife hazards on the 

airfield.   
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4. Provide management recommendations for reducing wildlife hazards at NAS 

Lemoore to serve as a framework in the development of a BASH plan. 

 

3.0. BACKGROUND 

 

3.1. Naval Air Station Lemoore 
 

NAS Lemoore is located in the heart of the San Joaquin Valley, approximately 80 miles east of 

the Pacific Ocean (Appendix 3).  The city of Lemoore is located seven miles to the east of the 

base.  Agriculture dominates this region of California, producing crops (cotton, alfalfa, barley, 

safflower, tomatoes and seed crops) as well as livestock production (dairy and beef cattle, 

poultry, sheep, lambs and hogs).  Agriculture is also the dominant land-use at NAS Lemoore 

comprising three quarters of the total acreage.  This provides revenue and local jobs, as well as 

supports the Navy mission by providing vegetative cover to minimize dust, foreign object 

damage and BASH potential.  NAS Lemoore comprises approximately 18,784 acres, as well as a 

flight safety easement of 11,020 acres of additional agriculture land.  Land and easements were 

obtained in 1958, and NAS Lemoore was officially commissioned in 1961.  The official mission 

of this station is to support Navy fleet carrier attack and strike-fighter squadrons, and is the 

permanent station of all Pacific Fleet F/A-18 Hornet and F/A-18E/F Super Hornet fighter jets.  

NAS Lemoore is an extremely busy airfield with day and night training operations involving 

these sleek profiled and very fast aircraft. 

 

NAS Lemoore sits at 234 ft. elevation, has cool (average 64 F) and sometimes foggy winters, 

and warm (average 80 F), dry summers.  The average rainfall for this area is 7.8 inches. 

(http://www.citytowninfo.com/places/california/lemoore). 

 

3.2. AIRCRAFT OPERATIONS 
 

NAS Lemoore is the Navy’s largest and only west coast Master Jet base.  It supports the Strike-

Fighter wing of the U.S. Pacific Fleet, whose mission is to train, man and equip the west coast 

Strike Fighter squadrons.  There are approximately 283 F/A18 Hornet and Super Hornet aircraft 

residing at NAS Lemoore that flew 250,000 flight operations in 2009 (Naval Air Station 

Lemoore – Joint Land Use Study, August 2009).  Transient military aircraft also frequent NAS 

Lemoore. 

 

3.3. WILDLIFE STRIKE ANALYSIS 

 

Bird Strike Committee Canada developed a bird strike definition that has since been adopted by 

the FAA, International Civil Aviation Organization (ICAO), Bird Strike Committee USA, Bird 

Strike Committee Europe, and the U.S. Air Force.  Under this definition, a wildlife strike is 

considered to have occurred if: 

 

1. A pilot reports a strike. 

2. Aircraft maintenance personnel identify damage as having been caused by a bird or 

mammal strike. 
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3. Personnel on the ground report seeing an aircraft strike one or more birds or 

mammals. 

4. Bird or mammal remains, in whole or part, are found on any airside pavement area 

or within 200 ft. of the runway centerline, unless another reason is identified.  

 

Bird strike data for Naval Air Stations is reported to and compiled at the Navy Safety Office.  

These records date back to 1980, although, until recently detailed information regarding species 

struck, location, and damage has been lacking.  In 2008, the Navy entered into a contract with 

the Smithsonian Institute for identification of wildlife remains struck by aircraft at Naval 

stations.  Bird remains can be identified to species using DNA material (blood) or feather 

material.  See Appendix 3 for proper collection of bird strike remains.   

 

Wildlife strike data provides valuable information on wildlife hazards at airports, including the 

species that are struck, seasonality, time of day, altitude and location of the strike and damage 

incurred.  A total of 236 wildlife strikes have been reported from 05 October 1981 to 13 January 

2011, of which 41 (only 17%) have been identified to Order, Family or Species (Table 1).   

As awareness of the importance of bird strike mitigation increases, so should reporting of 

detailed information and collecting remains for identification.  The first step in alleviating 

wildlife strike risk to aircraft is to identify the threat. 

 

Table 1:  Wildlife species involved in recorded BASH 
incidents at NAS Lemoore (1981 - present) 

unknown wildlife species 194 
coyote 1 
Brazilian free-tailed bat 5 
Molissidae species (bat) 1 

unknown bat species 1 
mourning dove 1 
barn swallow 2 
cliff swallow 1 
unknown shorebird species 1 
American white pelican 1 

wood duck 1 
northern shoveler 1 
European starling 3 
Blackbird species 3 
unknown raptor species 2 
Swainson's hawk 3 

barn owl 2 
red-tailed hawk 1 
burrowing owl 1 
unknown passerine species 7 
song sparrow 1 
horned lark 1 
  



Wildlife Hazard Assessment Page 7 
 

Table 1:  Wildlife species involved in recorded BASH 
incidents at NAS Lemoore (1981 - present) 
Wilson's warbler 1 

grasshopper sparrow 1 

Total 236 
 

Figure 1 represents 

wildlife strikes compiled 

for each month over the 

last 30 years.  The winter 

months of January and 

February recorded the 

highest number of strikes.  

Migration and weather 

patterns may be 

responsible for the increase 

in strike reports during the 

fall, winter and spring 

seasons.  Statistics show 

that most bird strikes occur 

from July - November at 

civilian airports nationwide 

(Cleary et al. 2005). 

 

Figure 2 represents the 

number of strikes per year 

at NAS Lemoore.  The 

spike in recorded strikes 

over the past four years 

may be due to an increased 

awareness of the 

importance of BASH data, 

or an actual increase in 

strikes.  Without detailed 

information in strike 

reports, it is difficult to 

identify what variables are 

causing this increase in 

BASH reports.  See results 

and discussion section 7.3 

for theories of increased BASH reports as they relate to agriculture adjacent to the airfield. 

 

The time of day at which strikes are occurring can be helpful in managing wildlife risks as well 

as to provide for an indication of what species pose a threat.  Very little historical strike data 

addresses this factor.  The “short narrative” column within the database provided minimal time 
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of day data:  Three strikes were specifically reported during daylight hours, and 14 strikes were 

specified to have occurred at night. 

 

The altitude and location in relation to the airfield at which a wildlife strike occurs can be helpful 

for mitigation in two ways.  It can provide assistance identifying what species (if not properly 

identified) was hit and can also help identify movement patterns related to migration or 

attractants on the ground (i.e. food, water and/or cover).  Unfortunately, this information is  

limited in the historical strike data, included only eight times (Table 2).  

 

Table 2:  BASH incidents recorded including maneuver, location and/or altitude of aircraft at 
impact at NAS Lemoore (1981 - 2011) 

Date Wildlife Aircraft Maneuver Location Altitude 
11-Jul-02 coyote* FCLP carrier box 32L 0 
3-Jan-03 unknown bird short final approach 32R 200ft. 

20-Aug-03 unknown bird takeoff 32R 800ft. 

7-Jan-04 unknown passerine sp. climbout departure 14L ? 
9-Jan-04 unknown raptor sp. landing 14L ? 

12-May-08 unknown bird FCLP 32L ? 
5-Nov-08 unknown bird short final approach 32L ? 
27-Jul-09 American white pelican ? 32L ? 

*a coyote den (2 adults and 7 pups observed) was located in May, 2011, in close proximity to  

the carrier box on 32L.       
 

Reporting damage and cost caused by wildlife strikes is important in justification for mitigation 

of wildlife hazards threatening aircraft.  It is important to understand that while we can gather 

dollar amounts for damaged aircraft and equipment, there is no quantitative calculation for the 

ultimate goal of wildlife hazard management at airports -- human health and safety.   Table 3  

provides damage data from the Navy Safety Office, which includes dollar amounts or a 

description of damage to aircraft.  Reported dollar damage totals $318,031.  

 

Table 3:  BASH incidents recorded including description of damage to aircraft and/or dollar amount 
of damage at NAS Lemoore (1981 - 2011) 

Date Wildlife $ Amount Damage Description 
17-Feb-82 unknown bird ? "14x6x4 hole" 
24-Mar-86 unknown bird ? "1x3 dent" 
20-Jan-88 unknown bird ? "FOD Damage" 
7-Aug-88 unknown bird ? "substantial engine damage" 

5-Nov-90 unknown bird ? "bent comp blade" 
29-Apr-91 unknown bird ? "nicked blades" 
3-Apr-95 unknown bird ? "right engine ingested bird" 
11-Jul-02 coyote 1,500 ? 

10-Apr-04 unknown bird ? "birdstrike damage discovered  after 
completion of night field carrier" 

7-Mar-08 red-tail hawk 16,000 "right engine FCLP" 
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Table 3:  BASH incidents recorded including description of damage to aircraft and/or dollar amount 
of damage at NAS Lemoore (1981 - 2011) 

9-Feb-09 unknown bird 19,999 ? 

11-Feb-09 unknown bird 10,000 "starboard inboard leading edge flap 
impacted by bird" 

5-May-09 Swainson's hawk 5,332 ? 
5-May-09 mourning dove 200 ? 

27-Jul-09 American white pelican 265,000 bird damaged tailfin 
 

Wildlife strike rates, the number of strikes per 100,000 aircraft movements, provides a useful 

index for assessing the severity of wildlife hazards at a given airport and for monitoring hazard 

abatement efforts.  Consequently, the number of aircraft operations, coupled with the accurate 

collection of bird strike data should be a priority for air operations.  Bird strike statistics based 

solely on pilot reports are generally unreliable and yield incomplete information because most 

strikes go undetected.  By collecting the remains of dead birds found on runways during routine 

runway inspections, air operations can obtain information that would have otherwise been 

unavailable (Linnell et al. 1996), augmenting a more accurate assessment of the actual bird strike 

situation, due to factors such as decreased pilot acuity towards birds during critical phases of 

flight, size of the bird, flock size, weather conditions, time of day, or heightened pilot awareness 

during migratory seasons (Linnell et al. 1999).  In the future, pilots, tower, and airport personnel 

should be strongly encouraged to submit a detailed BASH record every time a collision with 

wildlife occurs or the remains of dead wildlife is found on the runway.  All bird remains that are 

found should be retained until they can be positively identified by a qualified individual, or if the 

remains are unidentifiable, they can be sent to Smithsonian Institute (Appendix 4).  In the case of 

a damaging strike, remains should always be sent to Smithsonian Institute for a positive 

identification. 

 

3.4. CURRENT WILDLIFE HAZARD MANAGEMENT 

 

WS has conducted pigeon trapping and shooting in hangars aboard NAS Lemoore for the past 

four years.  A total of 712 pigeons have been removed from these hangars significantly reducing 

pigeon abundance.  This reduction in numbers has decreased damage caused by droppings and 

lowered the BASH risk associated with pigeons.  Due to their flocking behavior and relatively 

dense body structure, pigeons pose a greater risk for damaging strikes. 

 

Special consideration of the selection of crops grown adjacent to the airfield within NAS 

Lemoore’s outlease program is an important management technique.  Crops which may be an 

attractant to wildlife (i.e. seed and grain) are discouraged in plots near the airfield. 

 

Coyotes pose a threat to aircraft due to their abundance and use of the airfield.  Prior to April 

2011, the only mitigation for coyote presence on the airfield consisted of harassment by ground 

maintenance and WS using a vehicle.  Coyotes seemed habituated to this technique and 

effectiveness was limited.  In April 2011, WS initiated a trapping program to lethally remove 

coyotes from the airfield.  Eight adult coyotes were caught and removed from the airfield (April 

2011 – June 2011). 
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Annual mowing of the infield reduces food and cover for wildlife within the airfield. 

 

A number of authorized actions can be taken to decrease wildlife hazards, depending on the 

species, time of year, ecological situations on the airfield, habitat characteristics on the airfield, 

and a number of other variables.  It is therefore necessary to take into account the ecological 

behavior of wildlife observed on the airfield, particularly in relation to specific environmental 

characteristics when establishing a wildlife control program (Cleary and Dolbeer 2005).  A 

variety of control methods are available for managing hazardous wildlife species observed at 

NAS Lemoore.  See results section for a species by species discussion of authorized techniques, 

which does not preclude the use of other effective mitigation measures.  It is important to 

remember that a little imagination and persistence greatly augments the duration and 

effectiveness of any bird hazard reduction measure. 

 

4.0. LEGAL STATUS OF WILDLIFE SPECIES 

 

Most forms of wildlife and their habitat are protected by one or more Federal, State, and/or 

Municipal laws.  Before administering any control action at NAS Lemoore, whether lethal or 

not, the legal status of the target species should first be determined and potential non-target 

animals identified. Many of the agencies involved in regulating wildlife will require permits to 

harass or lethally control wildlife, and will issue these permits depending on the species and 

method of control involved.  The commanding officer at NAS Lemoore is responsible for 

adhering to the current regulations regarding wildlife control and for obtaining the appropriate 

permits to take and/or harass specific types of wildlife.   

 

4.1. FEDERAL REGULATIONS 
 

The U.S. Government has passed several Acts for the protection of wildlife including the 

Migratory Bird Treaty Act (MBTA), Lacey Act, Endangered Species Act (ESA), Bald and 

Golden Eagle Protection Act, National Environmental Policy Act (NEPA), and the Federal 

Insecticide, Fungicide, and Rodenticide Act (FIFRA).  These are the basis of most wildlife 

regulations that have been issued in the CFR.  Several agencies are responsible for implementing 

these regulations and many of these regulations affect wildlife control operations at airports.  

Federal wildlife laws are mostly administered by the U.S. Fish and Wildlife Service (USFWS), 

and primarily involve birds and animals protected under the MBTA and the Endangered Species 

Act.  NAS Lemoore possesses a Federal depredation permit from the USFWS and this permit 

must be updated annually unless otherwise stated on the permit.  WS can assist NAS Lemoore by 

completing a Form 37 Migratory Bird Damage Project Report (Appendix 5) to be submitted 

along with the application for a USFWS Depredation Permit.  

 

4.2. STATE AND LOCAL REGULATIONS 
 

The State of California accepts the Federal depredation permit for nongame bird species, but 

requires a special permit for mammals and game birds (Table 4).  These regulations and statutes 

are primarily contained in the Fish and Game Code of California.  The California Department of 

Fish and Game (CDFG), the agency responsible for administering wildlife enforcement, 
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publishes these statutes in a booklet (Fish & Game Code 2011) which is available from them 

upon request.   

 

Table 4:  Permits necessary for lethal control in Kings County     

Category Wildlife Species State 

Permit 

Federal 

Permit    

Resident 

nongame birds Starlings, house sparrows No No 

Resident game 

bird 

Quail, turkey, ring-necked pheasant, 

grouse, partridge Yes No 

Migratory 

game bird Ducks, geese, coots, mourning doves No Yes 

Migratory 

nongame birds 

All species except game birds, resident 

nongame birds and domestic and exotic 

birds No Yes 

Depredation 

Order Birds Crows, blackbirds, cowbirds No No 

Domestic Birds Rock doves (feral pigeons) No No 

Furbearers Fox, Raccoon Yes No 

Nongame 

mammals 

All species of mammals, including 

coyotes, except game, furbearers, domestic 

mammals, and fully protected wildlife 

listed in Appendix 5 No No 

Game 

mammals 

Deer, elk, bear, wild pig, jackrabbits, other 

rabbits, tree squirrels Yes No 

Feral domestic 

mammals Dogs, cats, livestock No No 

Reptiles and 

amphibians 

All reptiles and amphibians except those 

fully protected listed in Appendix 5 No No 

Fully protected 

wildlife 

Threatened and endangered species listed 

in Appendix 5, and/or mountain lions Yes Yes 

 

5.0. DESCRIPTION OF STUDY SITE AT NAS LEMOORE 

 
This WHA identified wildlife hazards within the fenced-in airfield and agriculture outlease plots 

directly adjacent to the airfield.  Specific emphasis was placed on areas that attract wildlife.  

Wildlife attractants observed within the 12 month data collection period included: standing water 

in ditches and low-lying areas, springtime grasses and forbs (prior to mowing) within the airfield 

providing food cover and nesting sites to a variety of wildlife species and natural and man-made 

perches used by raptors.  Presently, a high prey base of California ground squirrels provides food 

for predators such as raptors and coyotes.  Adjacent to the airfield, attractants included alfalfa 

farming at the approach of 32R (located on the northeast side of the airfield) and winter wheat 
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production at the approach of 32L (located on the southwest side of the airfield).  A fallow field 

west of 32L was utilized by coyotes crossing into and out of the infield. 

 

5.1. FACILITIES 

 

The airfield at NAS Lemoore includes two offset parallel runways (32R and 32L) that are 4,600 

ft. apart.  Runways themselves are 13,500 ft. long flanked by service roads and taxiways.  Six 

hangars lie between the runways, as well as the air traffic control tower, terminal, fire station and 

administrative buildings.  Ordinance storage and transfer sites lie to the east as well as a small 

arms range.  Extensive culverts and canals drain runoff water from paved areas.  An eight foot 

chain link fence encloses the entire operations area.  

 

5.2. WILDLIFE 

 

NAS Lemoore and the surrounding areas are diverse in wildlife.  Bird strike data often show that 

the larger flocking birds, such as gulls, wading birds, and waterfowl, are considered to be more 

of a potential threat to aviation safety than smaller birds such as starlings, blackbirds, and feral 

pigeons, which can also present significant hazards in the formation of tight flocks comprised of 

hundreds of individuals (Barras et al, 2009).  Solitary birds, i.e., raptors and turkey vultures, also 

present a concern due to their soaring and hovering behavior.  NAS Lemoore attracts a moderate 

variety of bird species throughout the year.  

 

Mammals are a hazard at NAS Lemoore.  Coyotes are common in and around the airfield and 

have the potential for damaging strikes with aircraft.  The habitat is very suitable for medium and 

small mammals which in turn provide foraging opportunities for raptors and larger carnivores.  

Bats are common in the area, and based on historical strike data are a potential hazard. 

 

5.3. HABITATS 
 

The availability of food, water, and cover attracts wildlife to airports and habitat management 

can provide the most effective long-term solution for excluding wildlife from the airfield.  

However, before implementing habitat modification, it is important to avoid redirecting wildlife 

into critical areas on the airfield.  For this reason, the identification of existing habitat 

characteristics need to be incorporated with wildlife use patterns.  

 

Habitats immediately surrounding the airfield at NAS Lemoore include: 1) A matrix of different 

agriculture plots and fallow fields.  2)  Irrigation canals and seasonal flood canals.  3)  

Windbreaks including tamarisk and eucalyptus tree species 

 

Water – Temporary standing water accumulates in the low lying areas and runoff ditches, almost 

exclusively on the east side of the airfield (32R) following periods of moderate to heavy rainfall.  

Long term, seasonal water occurs in the ditch perpendicular to both runways north of hangar 4.  

The runoff ditch paralleling 32R to the east is also very slow in draining, providing a wildlife 

attractant.  Irrigation of alfalfa provides wildlife (particularly white-faced ibis and long-billed 

curlews) with a water source ideal for foraging. 
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Vegetation – Tall grass and weeds (>1m.) dominate the infield at NAS Lemoore in the winter 

and spring months, providing cover, food and nesting habitat for wildlife.  Several large trees 

east of the approach of 32R provide cover and perches for wildlife.  Herbaceous vegetation, dead 

brush and debris exist in the ditches, providing food and cover for wildlife.  Farmed and fallow 

plots of land surround the airfield.  Some crops (alfalfa) may be more of an attractant to wildlife 

than others (cotton). 

 

Structures – Structures (hangars and buildings) provide perching, roosting and nesting sites for 

birds. In addition to buildings, the perimeter fence is frequently used by a variety of birds. 

Multiple bird species perch (and in some cases nest) on ILS structures, runway markers and 

outbuildings. 

 

 5.4. THREATENED AND ENDANGERED SPECIES (T&E) 
 

Kings County hosts a number of T&E species that are granted protection under the auspices of 

Federal or State regulations (Appendix 6).  The USFWS and CDFG should be contacted bi-

annually to obtain updated species lists and should be reviewed prior to conducting operational 

control work such as hazing, shooting, trapping, toxicant utilization, or habitat manipulation to 

remain in compliance with Federal and State wildlife regulations.   

 

6.0. METHODS 

 

6.1. BIRD SURVEYS 

 

Bird abundance and activity patterns were surveyed on the airfield (June 2010 – July 2011) using 

a standardized sampling design, based on the USFWS Breeding Bird Survey (Seavy et al. 2005).  

Ten surveys were conducted each month: including four morning, four evening, one midday and 

one nocturnal.   Morning surveys began within a time range of 10 minutes before sunrise to 3 

hours after sunrise.  Evening surveys began within a time range of 2 to 3 hours before sunset.  

Midday surveys were conducted anytime between the morning and evening surveys.  Nocturnal 

surveys using a spotlight were conducted one to three hours after sunset (see below for nocturnal 

survey protocol).  A complete survey took approximately 2 hours.  Twelve survey points were 

determined based on access, vantage point and approximated distance apart (~0.75 miles) to 

sample the extent of habitat types of Naval Air Station (NAS) Lemoore’s airfield (see appendix 

7).  Surveyors used a vehicle to access points, which were all located on service roads adjacent to 

both runways.  Prior to conducting the survey, time and date, percentage of cloud cover and wind 

speed were recorded. 

 

At each survey point, observers noted time, exited vehicle and with the aid of binoculars 

recorded all birds seen and heard within approximately 0.25 miles radius of the point in all 

directions.  This was done in 3-5 minutes.  Next, all birds outside of 0.25 miles were recorded by 

sight in a time range of an additional 1-3 minutes.  The surveyor then made every effort to avoid 

double-counting (i.e. birds were not counted in the direction of the next survey point beyond 0.25 

miles).  As the surveyor drove from one point to the next, birds seen or flushed by the vehicle 

which were not previously recorded at a point count location were noted.  
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6.2   NOCTURNAL SURVEYS 

 
Spotlighting surveys were conducted from a vehicle along perimeter roads and taxiways using a 

3,000,000 candle power light.  Roadsides were scanned from within the vehicle (out to 

approximately 500ft.) moving at approximately 5-10 mph, and all mammalian and avian 

predators were recorded.  Night surveys were conducted from 1-3 hours after sunset.  One survey 

constituted a complete loop of the airfield and took approximately 1.5 hours to complete.   

 

6.3 ANALYSIS OF DATA 
 

For analysis purposes, common bird species were categorized into groups or guilds (Appendix 

8).  Species were placed into their respective guilds based on similar behavioral characteristics, 

not on phylogenetic (ancestral) or taxonomic relationships, although the guilds often paralleled 

taxonomic lines. This approach was selected because behavioral attributes play a significant role 

in predisposing some species of wildlife to collisions with aircraft. In addition, wildlife control 

strategies are often selected based on their ability to exploit an animal’s specific behavior(s) 

therefore, species that exhibit similar behaviors and life history attributes generally require 

similar control methods.    

 

6.4 EVALUATION OF WILDLIFE ATTRACTANTS 
 

Birds and mammals require a variety of habitats in order to meet their basic needs for food, 

water, and cover.  Crows, meadowlarks, doves, feral pigeons, starlings, sparrows, and small 

passerines are attracted to grassy areas of the infield to feed on seeds, insects, and small rodents. 

Waterfowl and shorebirds feed and loaf in temporary standing water, inside drainage ditches, in 

low-lying areas following heavy rains, and during a crop irrigation or harvest. Blackbirds feed on 

grass seeds and breed and roost in the uncut infield in the spring months. Larger raptors, such as 

red-tailed hawks, Swainson’s hawks and northern harriers, perch on runway structures and fly 

over short grass and ditch areas to feed on small rodents and birds. The airfield provides suitable 

habitat for burrowing owls due to the large number of California ground squirrel burrows which 

are utilized by the owls for shelter and nesting. Swallow species forage in and around the airfield 

and nest underneath overpasses and in large culverts in the spring and summer months.  

 

Habitat management provides the most effective long-term remedial measure for reducing 

wildlife hazards on or near airports, which includes the physical removal, exclusion, or 

manipulation of cover, nesting habitat, water sources or food items that attract wildlife.  The 

ultimate goal is to make the environment unappealing to the species posing the greatest hazards 

to air traffic. This is most easily accomplished by promoting an airport environment with habitat 

that is monotypic or uniform throughout (Washburn and Seamus 2004). 

 

6.5 AGRICULTURE CROP ANALYSES AS AN ATTRACTANT TO WILDLIFE 

 

Crops in agriculture lands were identified in sections (1 mile squared [640 acres]) directly 

adjacent to the airfield (Appendix 9). Agriculture was identified in these areas from 2007 

through 2010 using pesticide report applications obtained from the Kings and Fresno County 

Agriculture Department.  Eleven sections within Kings County and five sections from Fresno 

County were queried for historical crop data.  The county is obligated to keep five years of 
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historical crop data on file.   Agriculture was quantified by adding up acreage of specific crops 

grown within these sections.  This provided a general picture at what crop was grown and how 

much (acreage).  Type and quantity of crop was then compared to the number of strikes 

documented at NAS Lemoore in that year. 

 

7.0 RESULTS AND DISCUSSION 

 

7.1 BIRD SURVEYS 
 

7.1.1 ALL SPECIES COMBINED AND MONTHLY TRENDS 
A total of 108 (not 

including nocturnal 

spotlighting) surveys were 

conducted from July 2010 

to June 2011, resulting in 

16,485 bird observations.  

Figure 3 illustrates total 

monthly bird observations 

throughout the study 

period.  Figure 4 compares 

bird observations with 

historical strikes, using 

percentages of the total 

number of each.  A trend in 

increased bird abundance 

and increased strike 

occurrence in the fall/winter months is noticeable.   

 

A brief synopsis of 

monthly survey 

observations, and what 

guild and species 

contributed to these 

numbers, as well as 

historical strike data are as 

follows: 

 

January:  There were 

1,429 bird observations 

recorded, ranking January 

the 5
th

 most bird-abundant 

month during the study 

period.  The perching bird 

guild held the highest 

numbers (accounting for 74% of total birds observed) in the month of January.  Species within 

this guild ranked in order of most abundant, included:  1) horned lark – 55%.  2) Western 
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meadowlark – 20%.  3) savannah sparrows – 14%.  The starling/blackbird guild was the second 

most abundant group of species observed during surveys, accounting for 17% of the total 

(European starlings – 69% and blackbird species – 31%).  The raptor/vulture guild ranked third 

in abundance (6% of total).  Red-tailed hawks were the most abundant species at 60%, 

burrowing owls and northern harriers at 28%, and American kestrels at 11%. 

 

This month has the 2
nd

 most recorded bird strikes with 34.  There were 28 unknown wildlife 

species, two passerine species, two raptor species, one unknown shorebird species and one 

northern shoveler struck in the month of January (1981-2011). 

 

 

February:  There were 1,453 bird observations recorded, ranking February the 4
th

 most bird-

abundant month during the study period.  The perching bird guild held the highest numbers 

(accounting for 66% of total birds observed) in the month of February.  Species within this guild 

ranked in order of most abundant, included:  1) western meadowlark – 58%.  2) horned lark – 

22%.  3) savannah sparrows and passerine species combined – 19%.  The starling/blackbird guild 

was the second most abundant group of species observed during surveys, accounting for 23% of 

the total (blackbird species – 71% and European starling – 29%).  The raptor/vulture guild 

ranked third in abundance (8% of total).  Red-tailed hawks were the most abundant species at 

50%, American kestrels at 24%, northern harriers at 14% and burrowing owls at 12% 

 

This month had the most recorded bird strikes with 38.  There were 36 unknown wildlife species, 

one passerine species and one European starling struck in the month of February (1981-2011). 

 

March:  There were 1,316 bird observations recorded, ranking March the 6
th

 most bird-abundant 

month during the study period.  The perching bird guild held the highest numbers (accounting for 

46% of total birds observed).  Species within this guild ranked in order of most abundant, 

included:  1) western meadowlark – 54%.  2) horned lark – 19%.  3) savannah sparrows – 15%.  

The starling/blackbird guild was the second most abundant group of species observed during 

surveys, accounting for 22% of the total (blackbird sp. – 78% and European starling – 22%).  

The swallow guild was the third most abundant, accounting for 19% of the total.  All swallows 

close enough to identify to species were cliff swallows. 

 

This month had the 6
th

 most recorded bird strikes with 18.  There were 14 unknown wildlife 

species, one barn owl, one red-tailed hawk, one horned lark and one Brazilian free-tailed bat 

struck in the month of March (1981-2011).  

 

April:  There were 1,830 bird observations recorded, ranking April the 3
rd

 most bird-abundant 

month during the study period.   The starling / blackbird guild held the highest numbers 

(accounting for 59% of total birds observed).  Blackbirds (mostly red-winged blackbirds) 

accounted for 98% of the species within this guild.  Perching birds were the second most 

abundant guild observed, accounting for 24% of the total.  Species within this guild ranked in 

order of most abundant, included:  1) western meadowlark – 39%.  2) western kingbird – 22%.  

3) passerine species – 15%.   

 

 

This month had the 4
th

 most recorded bird strikes with 23.  There were 19 unknown wildlife 
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species, one Swainson’s hawk, one barn owl, one passerine species and one grasshopper sparrow 

struck in the month of April (1981-2011). 

 

May:  There were 1,213 bird observations recorded, ranking May the 7
th

 most bird abundant 

month during the study period. The starling / blackbird guild held the highest numbers 

(accounting for 48% of total birds observed).  Blackbirds (mostly red-winged blackbirds) 

accounted for 92% of the species within this guild.  Perching birds were the second most 

abundant guild observed, accounting for 24% of the total.  Species within this guild ranked in 

order of most abundant, included:  1) western meadowlark – 44%.  2) western kingbird – 21%.  

3) savannah sparrow – 15%.  The swallow guild accounted for 9% of the total.  Swallows 

observed in close enough proximity resulting in species identification were cliff swallows – it 

may be safe to assume the majority of birds counted within this guild are cliff swallows.  The 

raptor/vulture guild accounted for 8% of the total, with the most abundant species being 

burrowing owls (55%), followed by red-tailed hawks (38%). 

 

This month had the 9
th

 most recorded bird strikes with 10.  There were 6 unknown wildlife 

species, one Swainson’s hawk, one mourning dove, one Wilson’s warbler and one Brazilian free-

tailed bat struck in the month of May (1981-2011). 

 

June:  There were 1,045 bird observations recorded, ranking June the 9
th

 most bird abundant 

month during the study period.  The perching bird guild held the highest numbers (accounting for 

26% of total birds observed).  Species within this guild ranked in order of most abundant, 

included:  1) western meadowlark – 50% 2) horned lark – 16%.  3) western kingbird – 13%.  The 

raptor/vulture guild ranked second in abundance (25% of total birds observed).  Burrowing owls 

were the most abundant species at 82% and red-tailed hawks accounting for 14% of this guild.  

The starling/blackbird guild was the third most abundant group of species observed during 

surveys, accounting for 25% of the total (blackbird sp. – 79% and European starling – 21%). 

 

This month had the 10
th

 most recorded bird strikes with six (1981 – 2011).  All six strikes 

involved an unknown wildlife species. 

 

July:  There were 747 bird observations, ranking July as the 12th most bird abundant month 

during the study period.  The dove/pigeon guild held the highest numbers (accounting for 31% of 

total birds observed).  Mourning doves accounted for 99% of the guilds numbers.  The swallow 

guild ranked 2
nd

 in abundance, accounting for 27% of the total birds observed.  Cliff swallows 

accounted for 100% of their respective guild.  Raptors/vultures was the third most abundant 

guild (accounting for 22% of total birds observed), with burrowing owls accounting for 83% and 

red-tailed hawks accounting for 15% of this category. 

 

This month (and September) had the 8
th

 most recorded bird strikes with 14.  There were nine 

unknown wildlife species, one red-winged blackbird, one burrowing owl, one cliff swallow, one 

American white pelican and one coyote involved in strikes in the month of July (1981-2011). 

 

August:  There were 792 bird observations, ranking August the 11
th

 most bird abundant month 

during the study period.  The dove/pigeon guild held the highest numbers (accounting for 38% of 

total birds observed).  Mourning doves accounted 100% of the species in this guild.  

Raptors/vultures ranked second in abundance (accounting for  23% of total birds observed) with 



Wildlife Hazard Assessment Page 18 
 

burrowing owls accounting for 76%,  red-tailed hawks accounting for 18% and American 

kestrels making up the final 6% of this category.  The starling/blackbird guild was the third most 

abundant group accounting for 18% of total species observed.  Starling observations accounted 

for 65% of this guilds total. 

 

August had the 7
th

 most recorded bird strikes with 17.  There were 11 unknown wildlife species, 

two barn swallows, two Brazilian free-tailed bats, one Mollosidae species bat and one unknown 

species of bat involved in strikes in the month of August (1981-2011). 

 

September:  There were 918 bird observations, ranking September the 10
th

 most bird abundant 

month during the study period.  The dove/pigeon guild held the highest numbers (accounting for 

26% of total birds observed).  Mourning doves accounted 98% of the species in this guild.  The 

starling/blackbird guild was the second most abundant guild (accounting for 25% of total birds 

observed) during surveys.  Blackbird species observations accounted for 83% of this guilds total.  

Raptors/vultures ranked third in abundance (23% of total birds observed) with burrowing owls 

accounting for 67%, red-tailed hawks accounting for 21% and American kestrels, Swainson’s 

hawks, northern harriers and one peregrine falcon making up the remainder.   

 

September (and July) had the 8
th

 most recorded bird strikes with 14.  There were 12 unknown 

wildlife species, one European starling and one red-winged blackbird involved in strikes in the 

month of September (1981-2011). 

 

October:  There were 1,140 bird observations, ranking October the 8
th

 most bird abundant 

month during the study period.  The perching bird guild held the highest numbers (accounting for 

53% of total species observed).  Species within this guild ranked in order of most abundant, 

included:  1) Finch species – 39%.  2) savannah sparrows – 21%.  3) western meadowlarks – 

16%.  4) Passerine species and horned larks – 16%.  This increase in abundance of passerine 

species is likely due to fall migration patterns.  The doves/pigeons guild (accounting for 20% of 

the total birds observed) was the second most abundant group of species observed during 

surveys.  Mourning doves accounted for 100% of this guild.  Starlings/blackbirds was the third 

most abundant guild (accounting for 9% of the total birds observed), with blackbird species 

accounting for 100% of these numbers.  

 

October had the 3
rd

 most recorded strikes with 24.  There were 20 unknown wildlife species, one 

European starling, one passerine species, one red-winged blackbird and one Brazilian free-tailed 

bat involved in strikes in the month of October (1981-2011). 

 

November:  There were 2,617 bird observations, ranking November the most bird abundant 

month during the study period.  The perching bird guild held the highest numbers (accounting for 

73% of total birds observed).  Species within this guild ranked in order of most abundant, 

included:  1) Finch sp. – 28%.  2) horned larks – 25%.  3) western meadowlarks – 21%.  4) 

passerine species– 20%.  This increase in abundance of passerine species is likely due to fall 

migration patterns.  The shorebirds/waders guild was the second most abundant group of species 

observed during surveys.  Mountain plovers (in flocks of up to 150 individuals) were observed 

for the first time in November, foraging in the infield northeast of RW 32R, accounting for 74% 

of species observed within this guild.  Long-billed curlews accounted for 14% and were 

observed foraging in groups in multiple areas within the airfield.  Killdeer were also observed for 
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the first time this month and accounted for 12% of this guild. 

 

November (and December) had the 5
th

 most recorded strikes with 19.  There were 18 unknown 

wildlife species and one song sparrow involved in strikes in the month of November (1981-

2011). 

 

December:  There were 1,985 bird observations, ranking December the 2
nd

 most bird abundant 

month during the study period.  The perching bird guild held the highest numbers (accounting for 

73% of total birds observed).  Species within this guild ranked in order of most abundant, 

included:  1) western meadowlark – 29%.  2) horned larks – 27%.  3) passerine species – 24%.  

4) savannah sparrows – 12%.  This increase in abundance of passerine species is likely due to 

fall migration patterns.  The shorebirds/waders guild was the second most abundant group of 

species observed during surveys.  Killdeer were the most abundant species in this guild (43%).  

Mountain plovers and long-billed curlews accounted for the remaining numbers. 

 

December (and November) had the 5
th

 most recorded strikes with 19.  There were 17 unknown 

wildlife species, one passerine species and one wood duck involved in strikes in the month of 

December (1981-2011). 

 

Locality of birds observed during surveys can be helpful in managing attractants on and/or 

directly adjacent to the airfield.  Appendix 6 displays the locations of 12 survey points used in 

the point-count survey within the airfield.  Approximately 0.25 mile buffers designate the area in 

which birds included in analysis were counted.  Figure 5 depicts total bird observations for the 

year at each survey point.  An increased abundance of birds were observed at the approach and 

departure ends (points 

2,6,8 and 12) of both 

runways.  Birds at these 

locations increase BASH 

threat because a majority 

of reported strikes occur at 

low altitude on takeoff and 

landing (Cleary et. al. 

2005).  These areas may be 

attractive to wildlife due to 

their relatively remote 

location within the airfield.  

The approach of 32R 

(ranked 3
rd

 highest in bird 

observations) includes 

several trees, brush, runoff 

ditches and alfalfa farming 

in the general area. 
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7.1.2 SPECIES 

GUILDS 

 

Figure 6 represents the 

percentage of abundance 

of species within their 

respective guilds. 

 

7.1.3 MORNING AND 

EVENING SURVEYS 

COMPARED  

 

Figure 7 shows that birds 

were more abundant in the 

morning, totaling 9,167 

observations.  Evening 

observations totaled 6,297.  

Figure 8 compares mid-

day survey totals 

throughout the year.   

 

7.1.4  PERCHING BIRDS 

 

Strike History – There are 

11 BASH incidents 

recorded at NAS Lemoore 

involving species from this 

guild (Table 1).  Although 

no strikes specifically 

involving western 

meadowlarks have been 

reported at NAS Lemoore, 

they are commonly hit by 

planes across the nation.  

On 10 March 2009 one or 

more horned larks were 

struck by an F-18 in the 

landing pattern.   

   

Description – The 

perching birds are the most 

diverse with 11 species 

(mostly passerines) 

grouped into this guild 

(Appendix 8).  

These species have a wide 

range of foraging, 
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flocking, nesting and 

roosting behaviors.  

Generally, perching birds 

have a small body size. 

  

General Abundance at 

NAS Lemoore - Perching 

birds represent the most 

abundant guild of species 

surveyed at Lemoore 

(Figure 6) totaling 7,882 

observations throughout 

the study period. Figure 9 

illustrates their abundance 

by month.  Their numbers 

peaked in the fall months 

presumably due to 

migration.  The following 

analysis includes species 

within the perching bird 

guild that were most 

abundant, OR were 

involved in strikes at NAS 

Lemoore in the past.   

Western meadowlarks were 

the most abundant species 

surveyed at NAS Lemoore 

in the perching bird guild, 

equaling 27% of the total.  

Meadowlarks were 

observed all year (Figure 

10) and had the greatest 

abundance in February 

totaling 554 observations.  

Horned larks were observed 

in all months with the 

exception of July and 

September (Figure 11), and 

accounted for 24% of the 

total perching birds 

observed.  Peak abundance 

occurred in January with 

574 observations.  Horned 

larks were observed singly, 

in loose flocks and in some 

cases large, tight groups 

(250 individuals were seen 
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foraging adjacent to 32R during a morning survey in January).  Although relatively small, their 

abundance and flocking behavior make them a hazard to aircraft. 

 

At 11% of the total perching bird guild, savannah sparrows were the third most abundant species 

(Figure 12).  December held the greatest abundance of savannah sparrows with a total of 168 

observations.   

 

Attractants – Due to the 

wide ranging natural 

history of this diverse 

guild, perching bird 

attractants (food, water and 

cover) will favor some 

species, and limit others.  

Meadowlarks, horned larks 

and savannah sparrows are 

attracted to short grass and 

agricultural fields where 

seeds and insects are 

abundant. These species 

tend to forage at ground 

level. Meadowlarks will usually perch above ground on trees, shrubs, high tension wires, and 

fences, while savannah sparrows spend most of their time on the ground and flying low.  Horned 

larks tended to forage on paved surfaces (runways and taxiways), as well as the infield grass. 

 

Damage - Meadowlark and horned lark flocks aggregate on airfields during the winter migration 

to forage alongside and in-between the runways. Since large numbers of meadowlarks fly over 

the runways to reach open grass areas to forage, they are occasionally struck by aircraft.  

Savannah sparrows may be less of a threat to aircraft due to their tendency to fly low and in 

small numbers. 

 

Legal Status – All species within this guild (except house sparrows which have no protection 

due to their non-native status) are migratory nongame birds protected under MBTA and require a 

USFWS permit for lethal take. 

 

Control Measures - Pyrotechnics and shooting harassment is partially effective in moving the 

birds from one area to another.  Care must be taken when applying these techniques so that birds 

do not disperse into areas where a strike is possible. Visual repellents, especially raptor kites, 

helium balloons, and stretched mylar tape can also be used, taking into account their potential to 

become a hazard as foreign object debris/damage (FOD). WS has had limited success in the use 

of mist nets at other airports to capture birds flying inside critical zones of the airfield. 

 

7.1.5 EUROPEAN STARLINGS AND BLACKBIRDS 

 

Strike History – There are six BASH incidents recorded at NAS Lemoore involving species 

within this guild (Table 1), including three red-winged blackbirds and three European starlings. 
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Blackbird strikes were reported in October 1982, July 1984 and in October 2010.  European 

starling strikes were reported in October 1981, February 1982 and in October 2005.  

 

Description - Blackbirds are medium-sized songbirds with heavy bills, medium length tails and 

iridescent black feathers. Species encountered at NAS Lemoore include red-winged blackbirds 

(most abundant), Brewer’s blackbirds and tri-colored blackbirds.  European starlings are small 

stocky birds with a short tail and bright yellow bills. Adult plumage is black with a purple hue 

and change to a light heavily speckled brown in fall and winter. Starlings were introduced into 

North America from Europe, are cavity nesters, and will use any structure with holes for nesting. 

All are gregarious, especially in winter when they form roosts in the thousands, sometimes 

comprised of mixed species (Mott 1984, Linz et. al. 2007). Large flocks begin to form roosts as 

early as August and disband by April.   

 

General Abundance at 

NAS Lemoore - 
Blackbirds and European 

starlings are common 

residents in Kings County.  

Blackbird species (mostly 

red-winged blackbirds) 

were the most abundant 

within this guild, totaling 

2893 observations 

throughout the study 

period.  They were 

observed year round, with 

April and May accounting 

for the highest numbers 

(Figure 13).  Blackbirds were attracted to the high infield grass in April, and dispersed as the 

infield was mowed in May and June.  Territorial and breeding behavior was observed in the 

spring as birds congregated in the high grass. Starlings, while not technically classified as 

blackbirds, were grouped 

into the same category due 

to similarities in 

behavioral and 

morphological 

characteristics, especially 

as it relates to bird strike 

hazards.  Starlings were 

observed throughout the 

year (with the exception of 

October) totaling 657 

observations throughout 

the study period.  Peak 

numbers occurred in 

January and February 

(Figure 14).  
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Attractants - Blackbirds are primarily granivorous, whereas European starlings are omnivorous 

and require a higher protein diet consisting of mainly fruits, insects, and some grain.  Blackbirds 

are attracted to a variety of habitats depending on the species, while Brewer's blackbirds and 

starlings are attracted to urban areas, especially parks, golf courses and dairies. Starlings also 

prefer open areas on the airfield for foraging and hangars and trees for nesting and roosting.  

NAS Lemoore’s primary attractant to blackbirds is the tall grass of the  infield in the spring, 

which provides food, cover and nesting habitat. 

 

Damage - Blackbirds and European starlings are considered a threat to aviation because of the 

large flocks they form when roosting in wetland vegetation (blackbirds) and foraging in short 

grass areas (starlings).   These species have been attributed with some of the most devastating 

aircraft crashes.  They are also vectors for many diseases transmittable to humans (Salmonella 

and Chlamydiosis), cattle (Johne’s disease) and swine (transmissible gastroenteritis) (Barras et 

al. 2009).  Starlings can also create a fire hazard in combustible structures due to the annual 

deposit of flammable dried grasses and twigs in their nests each year. 

 

Legal Status - Blackbirds are classified as migratory nongame birds (Table 4), but can be taken 

when dense concentrations of birds constitute a health hazard (Appendix 10). However, the 

starlings are categorized as a non-native introduction, which does not afford it any state or 

federal protection and can be removed at any time without a permit. 

 

Control Measures – The most effective mitigation effort for blackbird abundance observed at 

NAS Lemoore was the mowing of tall grass in the infield in the late spring.  Flocks of birds 

foraging on the airfield can also be dispersed with pyrotechnics, bioacoustics, and visual 

repellents. However, birds often move to another location on the airfield without much effect. To 

increase the effectiveness of harassment techniques, concentrate efforts in the early morning and 

late afternoon hours when the birds are most active. Shooting may become a necessary 

reinforcement technique if the birds become habituated to pyrotechnics. The proper and 

consistent use of decoy traps can remove the highest number of birds over the shortest period of 

time.  The use of pesticide DRC – 1339 (see below) may be an effective control technique.  

However, this pesticide can only be applied by WS under strict, hard-to-attain circumstances:  

intimate and certain knowledge of the baited birds roost site, where they will eventually die.  

This is especially important at NAS Lemoore due to the possibility of birds dying in an urban 

area.  Additionally, surveys are required at the baiting site to determine if there are any protected 

species (threatened, endangered or species of conservation/special concern) that may be affected 

by this control technique.  Tri-colored blackbirds (a California species of special concern) have 

been documented in Kings County, and if present at NAS Lemoore, DRC – 1339 may not be a 

control option for starlings or blackbirds. 

 

1.   Mechanical/Habitat Control at NAS Lemoore – The timely use of harassment techniques 

provides an immediate effect of bird dispersal from the runway environment. Vehicle/shooting 

harassment and pyrotechnics can effectively disperse flocks from the airfield when aircraft are 

not in the process of taking off or landing. Habitat management, such as mowing grass in the 

infield, removal of trees and securing of outbuildings and hangars (starlings) and cattails in 

watersheds (blackbirds), can make the area less attractive for feeding and roosting.  
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2. Chemical Control - DRC-1339  - DRC-1339, (3-chloro-p-toluidine hydrochloride) under the  

direction of WS, is available for use in California to target red-winged blackbirds, starlings, and  

brown-headed cowbirds in non-crop staging areas associated with roosts.  When mixed in flocks 

with one or more of the above mentioned species, American crows, Brewer’s blackbirds, and  

yellow-headed blackbirds may also be considered target species.  DRC-1339 can be used to  

significantly reduce the population when decoy trapping, habitat modifications, and frightening  

techniques are ineffective. A 98% concentration of the more dilute Starlicide, is a slow acting  

poison that kills most birds from 12–72 hours after ingestion by disrupting kidney function of the 

target species. It is species specific and has virtually no secondary toxicity hazards due to the  

metabolic breakdown of the compound into non-toxic metabolites. Mammals and birds such as  

house sparrows are unaffected at the delivered concentrations.  The secondary poisoning  

potential of DRC-1339 to scavengers is low as it is less toxic to many other species including  

raptors and most mammals (DeCino et al. 1966). The label must be strictly followed and the  

CDFG should be contacted prior to use so they can address issues that may arise if the public  

reports the finding of dead birds. An application form must be filled out and submitted to the 

respective County Agriculture Department by the applicator to keep on record and must include 

the amount of chemical used, the number of birds taken, application sites and the disposition of 

unused baits.   

 

A. Pre-baiting - Birds should be pre-baited with untreated grain placed in feeders for at 

least a week at staging areas away from public access. After most of the birds are 

accustomed to feeding, untreated baits are replaced with treated baits in the same 

containers and locations. The pounds of pre-bait used per day needs to be monitored to 

determine the amount necessary for the first treatment. Bait consumption will drop off 

daily thereafter, requiring less and less treated baits. Baiting sites must be carefully 

monitored to make sure non-target birds are not feeding on the bait. 

 

B. Baiting with toxicant - Prepare baits the day before they are to be put out to give them 

time to air dry properly. All baits should be used within a week or disposed of 

according to label instructions; DRC-1339 baits discolor and lose their potency in a 

short time. Screened cracked corn should be used for blackbirds and a protein pellet 

such as calf manna can be used for starlings. About two pounds of bait should be 

prepared for every 1,000 birds in the roost.  The abatement program should begin as 

soon as large numbers of blackbirds or starlings are seen staging at NAS Lemoore  

prior to going to the roost. Subsequent programs conducted during the same winter 

should be planned only if warranted. Baits should be placed out approximately two 

hours before sundown or an hour before sunrise and retrieved when birds stop feeding, 

usually about three hours later. The applicator must remain on site and the baits should 

be watched from nearby to ensure that non-target species are not present. Treatment 

should continue for a week or until all birds have had the chance to feed. 

 

C. Clean Up - Birds will begin to die at the roost the morning following treatment. They 

should be picked up immediately by the custodial and field maintenance personnel and 

the area should be monitored frequently during the day to ensure all birds are picked 

up. Dead birds and any unused bait should be counted by species and properly disposed 

of in a hole, 3-6 feet deep in an inaccessible area. Soil binds up and detoxifies DRC-
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1339 quickly so that it is not considered an environmental hazard.  At the conclusion of 

the baiting trial, the hole will need to be covered back over with dirt. 

 

3.    European Starling Nests and Roosting Sites – Starlings commonly nest in the cavities of 

man-made structures and trees and should be discouraged from doing so where applicable. 

Securely fasten quarter inch wire mesh over holes or entrances to exclude them from structures. 

If this is not feasible, nest box traps can be used to capture target birds by placing the trap near 

the cavity that starlings are using or are expected to use. Clean out the nests and hang the trap 

near an active cavity. Inspect the trap frequently during the day, especially early in the nesting 

season which will commence around early to mid-March. Remove any trapped starlings and 

euthanize them with an acceptable and humane method such as cervical dislocation (breaking the 

neck) or the use of carbon dioxide gas. If non-target species are caught, they should be freed 

immediately.  To exclude starlings from roost sites all entrance and exit routes should be 

blocked. 

 

A.    Decoy Traps - European starlings and blackbirds can be caught in decoy traps. The 

        primary trap used is a modified Australian crow trap.  This trap can be set up on  

        the airfield in areas where birds are feeding, loafing, and roosting. A 1.75 inch wide  

        opening in the slot-board is recommended. 

.  

  Traps should be pre-baited on the top of the trap with dry cat food (starlings) and  

  sunflower seeds (blackbirds) for several weeks until there are signs of active feeding.  

  Once this is accomplished, start baiting the inside of the trap with the door open to allow  

  birds to acclimate to the inside of the trap. After several days, close the door with a  

  supply of food and water and wait until a few birds are captured. Retain approximately  

  3-5 birds as live decoys to attract the remaining birds to go inside. Remove and  

  euthanize excess birds and maintain fresh food and water daily as needed.  

 

7.1.6 RAPTORS  

 

Strike History – There were nine BASH incidents recorded at NAS Lemoore involving species  

within this guild (Table 1).  Two unknown raptor species were struck in the month of January in 

2004 and in 2009.  Three Swainson’s hawks were struck in April and May (this strike caused a 

recorded $5,332 worth of damage to an F-18) of 2009 and again in July of 2010.  One red-tailed 

hawk was struck in March 2008, causing $16,000 worth of damage to an F-18.  One burrowing 

owl was struck in July of 2010. 

 

Description - Raptors are predatory birds and scavengers that possess hooked beaks and talons 

to capture and feed on prey.  Raptors include vultures, eagles, hawks, osprey, kites, harriers, 

falcons, and owls.  Raptors range in size from as small as the 8-inch long American kestrel to as 

large as the 36-inch long golden eagle.  Most species have characteristic foraging styles such as 

soaring (vultures and eagles), low-flying (harriers) and dense forest (accipiters) ambush, 

hovering (white-tailed kite and kestrel), and watching from perches (red-tailed hawks and owls).  

Seven species represent the raptor/vulture guild observed during surveys at NAS Lemoore (see 

Appendix 8). 
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General Abundance at 

NAS Lemoore – Raptors 

represent the third most 

abundant guild of species 

surveyed at NAS 

Lemoore (Figure 6) 

totaling 1,576 

observations throughout 

the study period. Figure 

15 illustrates their 

abundance by month.  

Raptor numbers peaked 

in the summer months 

due to a large breeding 

and summering 

population of burrowing 

owls.  The following 

analysis includes species 

within the raptor guild 

that were most abundant, 

or were involved in 

strikes at NAS Lemoore 

in the past.   

 

Burrowing owls were the 

most abundant species 

(and were also involved 

in one bird strike) 

surveyed at NAS 

Lemoore in the raptor 

guild, equaling 50% of 

the total.  Burrowing 

owls were observed all 

year (Figure 16), but 

spiked dramatically as 

owls migrated to NAS 

Lemoore in the summer 

months.  June had the 

highest number of 

burrowing owl 

observations – 217.   

 

Red-tailed hawks were 

the 2
nd

 most abundant 

species observed in the 

raptor guild (accounting 

for 33% of the total), and 
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were involved in one damaging strike at NAS Lemoore.  Red-tailed hawks were observed all 

year (Figure 17), but were more abundant in the winter months, as migrating hawks frequented 

NAS Lemoore.  December had the highest number of red-tailed hawk observations – 66. 

 

Swainson’s hawks were rarely observed during surveys (Figure 18), but were involved in three 

strikes in 2009 and 2010.  One of these strikes was recorded as having caused damage to the 

aircraft.  September observations during the survey peaked at 10 individuals observed foraging 

together at the approach of 32R.  Anecdotal observations in October included 100+ individual 

Swainson’s hawks 

foraging (on the ground) 

in a freshly cut alfalfa 

field east of the CALA 

(ordnance storage and 

transfer site).  Although 

these numbers were not 

captured in the bird 

survey, they do represent 

a serious threat to aircraft 

due to their flocking 

behavior and large body 

size.  The recorded 

strikes occurred in spring 

and summer months, not 

in concurrence with the 

large migrating flocks observed in the winter, suggesting that smaller numbers of Swainson’s 

hawks may be breeding in the area. 

 

Attractants - Adequate prey availability (ground squirrels, rodents and insects), open spaces, 

roosting, and perching structures at NAS Lemoore provide attractive habitat for raptors.  Mowed 

infields ideal for visual hunting, coupled with numerous perching sites (glide slopes, wind socks, 

buildings and trees) provide raptors with an ideal situation.  Agriculture immediately adjacent 

may also be attractive to raptors for food (i.e. cut alfalfa attracting Swainson’s hawks), and 

windbreak trees for nesting sites. 

 

Damage - Raptors represent a significant hazard to aircraft because they are typically large in 

size and because their hunting and soaring behavior increases the likelihood of collisions with 

aircraft.  

 

Legal Status - Raptors are protected under the MBTA and are classified as nongame migratory 

birds.  The bald eagle, golden eagle, Swainson’s hawk, and ferruginous hawk are afforded 

varying degrees of protection under state and/or Federal laws and the respective regulating 

agencies should be consulted prior to implementing any control action that may affect them.  

Eagles have further protection under the Bald and Golden Eagle Act of 1940 which requires 

additional permitting to harass or take.  Wildlife control personnel should be aware and have the 

ability to identify these species to avoid any potential violations of their respective added 

protection.  Other species such as the northern goshawk, merlin, flammulated owl, and 

burrowing owl are species of special concern and/or birds of conservation concern for State 
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and/or Federal agencies.  Further evaluation is needed before action is taken concerning these 

species. This list should be reviewed and updated twice a year pending a change in status.  

 

Control Measures - Habitat modifications, specifically tree and shrub removal on and near the 

airfield, spike stripping and/or other exclusion techniques on man-made structures used as 

perches, and prey-base reduction (squirrels and rabbits), will have profound effects on the 

number of raptors using an area.  If raptors still persist to remain on the airfield, hazing 

(pyrotechnics) can be used to deter their presence.  The most non-respondent individuals may 

have to be trapped or shot.  Raptors can be captured using several styles of traps including bal-

chatri, padded-jaw leghold (WS use only), and Swedish goshawk.  Most of these can be used to 

take and relocate specific individuals.  If a hawk becomes trap shy, and continues to pose a risk 

to flight safety, lethal removal may be the last resort to protect human health.  The appropriate 

permit must be obtained prior to implementing any of the described control methods. 

 

1. Bal-Chatri Trap - These traps are relatively small and are shaped into a semi-cylindrical 

form.  They can be modified to trap specific types of raptors. Live bait is used to lure raptors 

and nylon nooses entangle their feet, holding the birds.  Traps are made of 1" chicken wire 

(1/4” mesh hardware cloth if mice are used for bait), formed into Quonset-huts, 18" long, 10" 

wide, and 7" high. Floors are 1" wire mesh or smaller, depending on bait. Tops are covered 

with about 80 nooses of 20-40 lb. test monofilament line. Traps should be anchored to the 

ground to prevent birds from dragging them off or breaking the nooses and baited with live 

rodents for the best attractant. Once a trap has been set, it is important to monitor it 

continually.  

 

2. Padded-Jaw Leghold Trap (WS use only) – Problem raptors can be caught with sliding 

padded pole traps. Erect 5-10 foot poles near areas where hawks frequent and place modified 

# 1 coil spring traps on top of the poles; it is suggested that one of the coil springs be 

removed and a small perch be mounted to the pan that does not interfere with closing. Jaws 

must be padded with foam rubber, wrapped by electrician’s tape. Run a 12-gauge steel wire 

through the trap-chain ring and staple it to the top and bottom of the post. This allows a trap 

to slide to the ground where the bird can safely rest. An anchor of light gauge wire can be 

used on the opposite side to give the trap stability, but should remain loose so the trap falls to 

the ground.  

 

3. Swedish Goshawk Trap - These are relatively large traps that can be used to capture all types 

of perching raptors. They consist of 3'x3'x1' bait cages made of 1" wire mesh with traps 

mounted on top that consist of wooden A-frames, nylon net panels, and a trigger mechanism. 

The trigger mechanism is a hinged stick that snugly fits between the panels and collapses 

when a raptor lands on it. Pigeons, starlings, rats and mice can be used as bait, but the bait 

cage needs smaller wire mesh for mice. 

 

7.1.7 DOVES  
 

Strike History – There has been one BASH incident recorded at NAS Lemoore involving a 

mourning dove (Table 1).  The strike occurred in May of 2009 and caused a recorded $200 

worth of damage to an F-18.  No recorded strikes of rock doves (feral pigeons) are documented 
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at NAS Lemoore, but they have caused damage by excreting waste onto aircraft in hangars. 

Multiple canopies have been destroyed by their acidic droppings. 

 

Description - Doves are powerful fliers with a robust body, small head, and short beak.  

Mourning doves and rock doves are the only two species representing this guild.  Mourning 

doves are widespread throughout California and typically fly in pairs or small groups of 3-10 

birds close to the ground near cover as they travel between feeding and roosting areas. Rock 

doves (feral pigeons) were introduced from Europe and have spread across the U.S. into 

California. They tend to fly in flocks of 10-100 birds at higher altitudes, descending to their 

destinations in a rapid circling pattern with wings spread back. Although both species are 

primarily granivorous, they are also well-known for readily accepting handouts from humans. 

 

General Abundance at NAS Lemoore – Doves represent the 4th most abundant guild of 

species surveyed at NAS Lemoore (Figure 6) totaling 1,574 observations throughout the study 

period.  Mourning doves account for 99% of this guilds total.  Figure 19 illustrates mourning 

dove abundance by month.   Observations of rock doves were rare during surveys, presumably 

due to a control program implemented in 2006, which includes trapping and shooting inside the 

hangars.   

 

Mourning doves were 

abundant in the summer 

and fall months, peaking in 

August with 300 

observations recorded.   

 

Attractants - Mourning 

doves and rock doves are 

common in agricultural 

areas, dairies, open grass 

fields, disturbed areas, and 

urban settings. Buildings 

often provide desirable 

nesting areas for rock 

doves, e.g. rafters in hangars and outbuildings.  Mourning doves will usually nest in trees or 

elevated structures, or in brushy areas on the ground. 

 

Damage - Although rock doves are not as large as many other species considered detrimental to 

air safety, e.g. waterfowl, gulls, and raptors, they are still a concern because of their loose 

flocking behavior, overall abundance, and dense body structure, all of which increases their 

potential to damage an aircraft. Rock dove droppings damage buildings and airplanes, which are 

corrosive to painted and metal surfaces and are vectors for several infectious diseases such as 

psittacosis, salmonella and histoplasmosis (Haag-Wackernagel 2006).  Although not as large as 

rock doves, mourning doves must be considered a threat due to their prolific abundance at NAS 

Lemoore. 
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Legal Status – Rock doves are not regulated by federal or state laws and can be taken at any 

time.  Mourning doves, however, are migratory game birds and are regulated by Federal and 

State regulations and permits are required for lethal control activities. 

 

Control Measures - Habitat modification, such as elimination of seed producing vegetation and 

the reduction of available water sources, will reduce the number of doves on the airfield. 

Building construction plans should include designs to prevent nesting by doves and other birds 

and pre-existing buildings should be retrofitted with exclusionary netting or types of barriers to 

block access to eaves and I-beams.  Installation of wire slinky coils, porcupine wire, or some 

other tactile repellent, e.g. Tanglefoot™ or 4-the-birds™, can be applied to problem areas. 

 

Doves can be effectively hazed and removed by shooting with a shotgun or pneumatic air gun, 

and/or decoy trapping.  Hazing birds with pyrotechnics and vehicle/shooting harassment are 

effective in areas where birds pose an immediate threat to aircraft safety. Shooting does reduce 

bird abundance on the airfield, and can be used to remove birds from hangars as well as other 

roosting and nesting structures. Once a large percentage of birds have been removed from these 

sites, it is prudent to install exclusion barriers or employ continual trapping to prevent birds from 

re-colonizing the area.  

 

Avitrol7 (4-aminopyridine), a chemical frightening agent, is also available for rock doves, but it 

is not recommended for use near airports due to the bird’s unpredictable behavior under its 

influence.  In higher doses, Avitrol can be applied as a toxicant. 

 

DRC-1339, (3-chloro-p-toluidine hydrochloride) under the direction of WS, is available for use 

 in California to target rock doves.  See section 7.1.5 for application instructions. 

 

Decoy or walk-in traps that utilize a swinging door are very effective in removing a significant 

number of rock doves from buildings that are adjacent to the airfield and the outer perimeter of 

the airport. To set one, pre-bait a trap with scratch (mixture of cracked corn and millet) and/or 

bread in an area where birds are loafing and roosting. Capture a decoy and keep it inside the trap 

with enough feed and water and check the trap weekly. Rotate the trap to new locations as 

necessary to maintain maximum catch rates. Euthanize captured birds by placing them inside a 

carbon dioxide chamber, especially large-scale projects, or cervical dislocation and dispose 

according to regulation.                                                                                                      

 

7.1.8  SWALLOWS 

 

Strike History -- There were three BASH incidents recorded at NAS Lemoore involving species  

within this guild (Table 1).  Two barn swallows were struck in August of 2004 and 2009.  One 

cliff swallow was struck in July of 2010.  No damage was reported. 

 

Description– Swallows are a gregarious species and spend much of their time foraging on 

 insects in the air.  They are slight in stature and are well known for their mud nests which they 

 build colonially, usually in the eaves of man-made structures or under bridges.  Although every 

 swallow observed during a survey was not identified to species due to their small size and 

 erratic flying patterns, the birds that were identified at NAS Lemoore were cliff swallows. For 

 purposes of analysis swallow species were lumped together. 
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General Abundance at NAS Lemoore - Swallows represent the 5th most abundant guild of  

Species surveyed at NAS Lemoore (Figure 6) totaling 915 observations throughout the study 

period.  Swallows occurred during spring, summer and early fall months (Figure 20).  March 

and July held the highest numbers observed during surveys, 256 and 200 respectively 

 

Attractants – Swallows need a water source coupled with fine textured dirt in close proximity to 

their nesting site to construct their mud nests.  Wide open country is needed for aerial foraging 

on insects.  NAS Lemoore hosts good habitat for this species:  water in drainage ditches, 

concrete structures (culverts and underpasses) for nesting and abundant foraging grounds. 

 

Damage – Cliff swallows are a commonly struck species by aircraft across the nation (Dolbeer 

2009).  The tendency for swallows to forage in loose flocks increases the potential for multiple 

strikes, and their presence on the airfield is a risk to aircraft and should be mitigated for. 

 

Legal Status – Swallow 

species are protected under 

the MBTA. A Federal 

depredation permit will 

need to be obtained if 

swallows or their 

established nests are to be 

removed.   

 

Control Measures – 

Swallows are controlled by 

excluding them from 

preferred nesting sites 

and/or removal and 

destruction of nests and 

eggs.  Exclusion techniques 

include hanging obstructions (rope, chain, plastic sheeting, etc.) at prime nesting sites such as 

eaves of buildings or under bridges.  Non-stick paint can be applied to man-made nesting areas 

(buildings and concrete structures) to repel mud pellets which make up a swallows nest.  In the 

non-breeding season, old nests should be washed away completely to deter re-nesting in the area.  

Insect control may decrease swallow abundance by removing their food source, yet can be cost 

prohibitive. 

 

7.1.9 SHOREBIRDS AND WADING BIRDS  

 

Strike History – There are two BASH incidents recorded at NAS Lemoore involving species 

 within this guild (Table 1).  One American white pelican was struck in July 2009, over 32L and 

 caused $265,000 worth of damage.  One unknown shorebird was struck in January 2010, with 

 no damage reported. 

 

Description – Wading birds are tall and long-necked birds with wide wingspans, which include 

egrets and herons. Egrets and herons have long beaks used to catch aquatic organisms, small 
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rodents and lizards from wetland to dry grassland habitats. Adults migrate to nest in trees near 

watersheds called rookeries. Since wading birds have large wingspans and generally fly in pairs 

or small groups, they have the potential to cause severe damage to aircraft components.  

Shorebirds vary in size and flocking behavior and are generally found near wetland areas.  A 

majority of shorebirds are long range migrants, nesting in Alaska or Canada and wintering in the 

neotropics. 

 

General Abundance at NAS Lemoore –   Shorebirds/waders represent the 6th most abundant 

guild of species surveyed at NAS Lemoore (Figure 6) totaling 808 observations throughout the 

study period. Figure 21 illustrates their abundance by month.  Shorebird numbers peaked in the 

winter months of November and December, in large part due to migrating mountain plovers 

foraging in the infield.  The following analysis includes species within the shorebird/wader guild 

that were most abundant, posed an obvious threat to aircraft, or were involved in strikes at NAS 

Lemoore in the past.   

 

Mountain plovers were 

observed in only two 

months yet had the highest 

numbers within this guild, 

totaling 327.  In 

November, several large 

flocks were observed 

foraging east of 32R, 

approximately 100-200 

yards from the runway.  

Observations totaled 230 

in this month.  There were 

97 observations of 

mountain plovers in 

December, foraging in the same general area.  This species accounted for 40% of the total 

number within this guild, 

in just two months. 

 

Killdeer were the second 

most common shorebird 

species observed 

accounting for 27% of the 

total number of species in 

this guild.  They were 

observed in nine of 12 

months, and most 

abundant in December 

(Figure 22).  Killdeer have 

a tendency to forage and 

nest close to or on the 

runway/taxiways at 

airports.  Although there  
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have been no reported strikes involving killdeer, they pose a threat and should be mitigated for.   

 

Long-billed curlews were observed in surveys occasionally (Figure 23), yet due to location and 

behavior posed a significant risk to aircraft.  On 30 August at 1915 during an evening point count 

survey, a large group of 

shorebirds was observed 

landing in the freshly cut 

alfalfa field south of the 

approach of 32R.  This 

observation was made 

from the west side of 32L.  

As birds were landing, a 

jet made an approach on 

32R, flushing 

approximately 100 birds, 

which re-landed 

immediately.   At 1940 on 

that same evening, 

approximately 500 long-

billed curlews were 

observed foraging in the cut field.   Curlew numbers subsided as this field was observed for the 

next few days.  It appeared that curlews were attracted to this field in large numbers for a short 

amount of time following the alfalfa cut. 

 

White-face ibis were observed in surveys in the months of June and September for a total of 34 

observations.  Like the curlews, ibis were reported as a threat while foraging in the alfalfa field 

south of the approach of 32R.  Ibis preferred using the field during irrigation.  Reports included 

hundreds of ibis flushing after a jet landing on 32R, causing a serious BASH threat to planes 

landing after they had flushed.  The ibis were present in large numbers for the duration of the 

irrigation – two to three days. 

 

Although American white pelicans were not observed during surveys, they are a concern due to 

their large size and the fact that they were involved in a damaging strike in 2009.  An anecdotal 

observation occurred on 06 April: four white pelicans were observed flying east over the north 

end of 32R at approximately 300 feet above ground level (AGL). 

 

Attractants – Wading birds are attracted to temporary or permanent shallow bodies of water (i.e. 

irrigated alfalfa fields) to feed on aquatic organisms and/or open grassland areas to feed on 

rodents and lizards.  Shorebirds are attracted to semi-permanent wetland areas established long 

enough to produce invertebrate prey. 

 

Damage –Wading birds due to their large size and relatively slow flight are a potential threat to 

aircraft.  Shorebirds are a hazard due to their flocking behavior and potential for multiple strikes. 

 

Legal Status – Wading birds and shorebirds are protected under the Migratory Bird Treaty Act 

(MBTA). A Federal depredation permit will need to be obtained if wading birds or shorebirds are 

to be removed.  
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Control Measures - The best method of control for shorebirds and wading birds is the removal 

or exclusion of attractive wetland habitat. Wire grids are effective at 10-20 foot intervals over 

ponds and other wetlands. Mylar tape stretched between two stakes, 50-100 feet apart at 25 foot 

intervals are effective for feeding areas. Pyrotechnics work well for some species and can be 

ineffective on others. The use of trained dogs to haze shorebirds and wading birds can be an 

effective technique.  If they habituate to hazing efforts, it may become necessary to shoot a few 

individuals to reinforce these methods. Habituation to hazing techniques is most often noticeable 

with resident birds, but may also occur with migrants during a prolonged stopover. Shorebirds 

and wading birds are also affected by the use of visual repellents in conjunction with 

pyrotechnics. A coyote effigy may be an effective deterrent for keeping shorebirds and wading 

birds away from feeding areas, especially if the birds are migrants just passing through.   

 

7.1.10 WATERFOWL  

 

Strike History -- There are two BASH incidents recorded at NAS Lemoore involving species 

 within this guild (Table 1).  One wood duck was struck in December of 1995 and one northern 

shoveler was struck in January of 2011 during an FCLP exercise.   

 

Description - Waterfowl are aquatic birds with webbed feet, flattened bills, narrow pointed 

wings, and short legs.  This guild includes ducks, geese, and swans. Ducks are classified as 

divers or dabblers, i.e., surface feeders. Coots are generally included in the same guild as other 

waterfowl and appear slate black with a short tail and wings, lobed feet, and a white beak with a 

black band near the tip. Since waterfowl are large birds and generally fly in tightly grouped 

flocks, they have the potential to cause severe damage to aircraft components. 

 

General Abundance at NAS Lemoore –   There were only 12 observations of waterfowl 

species recorded during the study period (Figure 24). On 12 November 2010, four white-fronted 

goose species were observed foraging west of 32L at the north end and were immediately hazed 

out of the area.  Prior to 

observing these geese, 

approximately 20 white-

fronted geese were seen 

flying across both runways 

west to east in the general 

area of where the four 

geese were observed 

foraging.  These birds were 

75 feet AGL.  Mallards 

were the only other species 

observed in this guild.  

Although observations of 

waterfowl were rare during 

the survey study period, 

their strike history at NAS 

Lemoore warrants concern.   
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Attractants - Waterfowl are attracted to temporary and small water bodies to feed, nest, loaf, 

and escape predators.  Geese, swans, and to a lesser extent, ducks and coots, will frequent open 

grass fields, parks and golf courses to graze. Other waterfowl species, especially the diving 

ducks, are attracted to open water where they feed on fish and submerged aquatic vegetation.  

 

Damage - Waterfowl can be particularly hazardous to aircraft because of their size and weight, 

flocking behavior, and relative abundance. The potential for damage by waterfowl was most 

tragically illustrated in September 1995 when an Air Force jet crashed in Alaska after striking a 

flock of Canada geese on takeoff, killing all 24 crew members. More recently, Canada geese 

were also involved in the highly publicized bird strike of flight 1549, where the plane had to 

make a water landing into the Hudson River. 

 

Legal Status - Waterfowl are protected by the MBTA as a game species. Both Federal and State 

laws exist for their protection, but most can be hunted during established hunting seasons. 

Hunting dramatically increases the effectiveness of non-lethal hazing techniques. A Federal 

depredation permit will need to be obtained if waterfowl are to be removed.   

 

Control Measures - The best method of control for waterfowl is the removal or exclusion of 

attractive wetland habitat. Wire grids are effective at 10-20 foot intervals over ponds and other 

wetlands. Mylar tape stretched between two stakes, 50-100 feet apart at 25 foot intervals are 

effective for feeding areas. Pyrotechnics work well for most waterfowl, especially during the 

hunting season. The use of trained dogs to haze waterfowl can be an effective technique.  If they 

habituate to hazing efforts, it may become necessary to shoot a few individuals to reinforce these 

methods. Habituation to hazing techniques is most often noticeable with resident birds, but may 

also occur in migrants a few weeks after the regular hunting season closes. Waterfowl are also 

affected by the use of visual repellents in conjunction with pyrotechnics. A coyote effigy may be 

an effective deterrent for keeping waterfowl from feeding areas, especially if the birds are 

migrants just passing through.   

 

7.1.11 CROWS AND RAVENS 

 

Strike History – There are no recorded strikes involving this guild at NAS Lemoore.  Due to the 

 large percentage of strikes involving unknown species, it is possible that they have been 

 hit by planes in the past, and should be considered a realistic threat to aircraft. 

 

Description - Crows and ravens (Corvids) are gregarious birds of exceptional intelligence.  They 

are medium to large sized birds black in color that are omnivorous as they feed on a wide range 

of food items, including vegetable and grain crops, insects, and refuse.  

 

General Abundance at NAS Lemoore –   There were 142 observations of corvid species 

recorded during the study period (Figure 25), totaling less than one percent of the total species 

observed.  American crows accounted for 79% of the species observed within this guild, and 

common ravens made up the remainder. 
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Attractants – 

American crows and 

ravens prefer to feed in 

open areas, especially 

when there is dense 

cover nearby such as 

trees or shrubs. As 

opportunistic feeders, 

they will feed on a wide 

variety of foods to 

include fruits, nuts, bird 

hatchlings, lizards, 

insects, refuse, and 

carrion. Since mowing 

activities often attract 

large numbers of crows 

and ravens into critical areas on the airfield, rapid response for dispersal would greatly reduce the 

potential for bird air strikes. 

 

Damage – American crows and common ravens are medium to large-sized birds and can inflict 

severe damage to aircraft. Crows are especially gregarious, sometimes forming large flocks, 

which increases the threat they pose to aircraft. 

 

Legal Status – American crows and ravens are afforded protection under the MBTA. However, 

crows and blackbirds, i.e., Brewer’s and red-winged, can be taken without a Federal permit 

under a Federal Depredation Control Order (Appendix 8).    

 

Control Measures - Habitat modifications are helpful in reducing the numbers of crows and 

ravens on an airfield. This is most effectively accomplished through prey-base reduction and the 

removal of dense tree stands, refuse, and carrion from runways. Activities such as mowing or 

irrigation may act as an attractant and should therefore be carefully managed. Crows and ravens 

can easily be hazed using pyrotechnics, bioacoustics, and visual repellents, but soon habituate to 

these devices if not enhanced by lethal control.  Pyrotechnics are especially effective when 

supplemented with shooting. Shooting with a pellet gun or shotgun can be useful in removing 

low to moderate numbers of crows and ravens from an airfield. 

  

1. Roost Control - If a roost forms on or near the airport, it can be removed by thinning the 

trees and/or hazing with pyrotechnics and bioacoustics. In addition, a few should be shot for 

reinforcement. If a hazing effort is conducted, it needs to be done intensively until the roost 

disperses, usually for 3-4 days. Birds may not return, but if they do, the process should be 

repeated immediately upon their return. 

 

2. Australian Crow Trap – Using a 6 by 6 inch drop-in slot, this decoy trap can be effective in 

capturing crows.  The traps should be pre-baited with canned or dry dog food until the first 

few individuals are caught, which can then be used as decoys.  The decoys should be left in 

the trap with an adequate supply of food and water to act as decoys for attracting other birds.  
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7.2   MAMMALS AND NOCTURNAL SURVEYS 

 
Strike History -- There are eight BASH incidents recorded at NAS Lemoore involving 

mammals.  This includes five Brazilian free-tailed bats, one Mollosidae species of bat, one 

unknown species of bat and one coyote.  The coyote strike was reported as causing damage to 

 landing gear. 

 

Night operations are routine at NAS Lemoore, and bat strikes may occur with greater frequency 

than reports indicate. 

 
Description – Mammals observed at NAS Lemoore included coyote, American badger, 

California ground squirrel, cottontail rabbit, bat species, rodent species, and feral cats.  These 

species are abundant in Kings County.   Smaller mammals such as ground squirrels, rabbits and 

rodent species pose both direct (strikes and undermining of runways and taxiways) and indirect 

(attracting predators into the airfield environment) threats to aircraft safety.  Predators such as 

coyote and fox, and birds of prey (hawks and herons), forage for small mammals near the 

runways, which significantly increases the potential for wildlife strikes to occur.  Bats also pose 

a direct threat to aircraft safety.  Three species of owls were regularly observed while conducting 

nocturnal surveys: burrowing owls, barn owls and great-horned owls.  These crepuscular and 

nocturnal species can be hazardous for night operations at airports. 

 

General Abundance at NAS Lemoore – In 12 nocturnal spotlight surveys, 141 observations of 

mammals and owls were recorded (Table 5).  Cottontail rabbits and burrowing owls were most 

abundant in surveys, accounting for 45% and 33% of total species observed, respectively.  

Rabbits are prey for avian and mammalian predators alike, and indirectly cause a threat to 

aircraft.  Owl species are mostly nocturnal which make them a safety hazard during night 

operations.   

 

Table 5:  Wildlife observed during nocturnal spotlighting surveys at NAS Lemoore (July 2010 – June 

2011). 

Month Owls Mammals Totals 

  burrowing barn great-horned owl species coyote cottontail rabbit feral cat   

Jan 0 1 0 0 0 5 0 6 
Feb 1 1 0 1 3 7 0 13 
Mar 10 2 0 0 0 7 0 19 
Apr 2 0 0 0 1 3 0 6 
May 17 0 0 0 2 9 0 28 
Jun 6 0 0 0 0 1 0 7 

Jul 1 3 0 0 2 8 0 14 
Aug 3 2 1 0 1 4 0 11 
Sep 3 0 0 0 2 6 0 11 
Oct 2 1 2 0 3 5 1 14 
Nov 1 2 0 0 0 3 0 6 

Dec 0 0 0 0 1 5 0 6 

totals 46 12 3 1 15 63 1 141 
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Coyote observations during the day totaled 110.  These coyotes were seen as bird surveys were 

conducted each month (Figure 26).  The spike in observations in May is largely due to 14 pup 

sightings, as there were two confirmed den sites on the airfield. 

 

Soft-catch leghold 

trapping for coyotes was 

conducted in the months 

of April, May and June 

2011, at the request of the 

natural resource program 

manager, due to coyote 

abundance on the airfield.  

A total of eight coyotes 

were removed and two 

den sites were gassed 

during these months. 

 

Attractants – Desirable 

habitat, water and food 

availability attracts mammals to NAS Lemoore.  Open grassland on the airfield and agriculture 

nearby attract a variety of small mammals and birds, which in turn attracts coyotes, badgers and 

owls.  The run-off ditches in the airfield retain water for most of the year and also provide cover 

and movement corridors for larger species such as coyotes. Culverts, ditches, burrows, 

vegetation and surrounding cropland provide food, water and cover for mammalian and avian 

wildlife. Structures on and around the airfield can provide roosting sites for bats, and insect 

populations provide for foraging opportunities. 

 

Damage - Because of their moderate to large size, coyotes can easily damage the landing gear on 

an aircraft when struck or deflect into an engine in-take on take-off or landing.  Coyotes often 

cross runways, taxiways, paved areas, and roads as travel corridors in search of prey, which 

increases the potential for wildlife strikes. Badgers have the potential to be hit by planes, and can 

undermine paved areas on the airfield with aggressive digging.  Squirrels and rabbits can also 

undermine asphalt roadways to include runways and taxiways and chew electrical wires in ILS 

systems. Bats are a commonly struck species across the nation (Cleary et.al. 2005) and can be 

damaging. 

 

Legal Status –Federal and state permits are not needed to remove coyotes, feral dogs, feral cats, 

squirrels, skunks, rabbits and raccoons from the airfield.  NAS Lemoore resides on the fringe of 

San Joaquin kit fox critical habitat as designated by the U.S. Fish and Wildlife Service, which 

does limit some methods of control for certain species (i.e. snares). 

 

Control Measures – Coyotes can be effectively controlled by habitat modification, exclusion 

and permanent removal by shooting and trapping. Dispersals can be difficult near runways due to 

their unpredictable behavior. Airfield Operations staff are encouraged to report sightings of 

coyotes on or near the runways to initiate control measures. 
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1.  Habitat Alteration/Exclusion - The ideal scenario would be to fence the entire airfield with at 

least an 8- foot high fence including an Aburied apron™, which is a two-foot wide strip of 

fence attached to the base of the fence at a perpendicular angle and buried 12-24 inches 

underground. Unfortunately, this may not be feasible due to installation costs and erosion 

problems. Clearing or thinning trees and shrubs at least 1000ft from the runway centerline, 

leveling dirt mounds to remove vantage points for predators and reduction of the prey base 

through trapping and pesticide application may be a feasible option in high risk areas such as 

the approach/departure ends of the runways. However, the cost of covering the entire airfield 

may be prohibitively expensive.  

 

2. Hazing - Harassment with pyrotechnics may disperse mammals from critical areas, providing 

short-term relief of a potentially hazardous situation. Before initiating a hazing action, the 

potential response of the individual(s) should be considered because they may respond in an 

unpredictable manner when frightened. If the animal is an airfield resident, harassment 

methods will not provide a long-term due to habituation. If the animal does not respond to 

hazing methods, it may have acclimated to loud noises and people or is possibly sick or 

injured and should be approached with extreme caution.  

 

3.    Catch-Pole - If a free-roaming dog is on the airfield and is approachable, i.e., wagging its     

tail and/or wearing a collar, it may be captured with a catch pole and placed in a kennel or live 

trap until the animal can be taken to the local Animal Control. 

 

4.   Trapping – The use of padded leg-hold traps are currently illegal in the State of California, 

except for the protection of T&E species and human health and safety (e.g. airport wildlife 

hazard mitigation). Leg-hold traps are specialized equipment and should only be applied by a 

qualified individual that is familiar with its function and regulations. They can be a very 

effective way to capture coyote, fox and feral dogs.  Cage traps are effective for removing feral 

cats, opossums, raccoons, skunks, and squirrels. 

 

5. Shooting - Shooting is a very selective control method, which eliminates chance of removing  

      a nontarget species. If shooting is not feasible, trapping and snaring can be used to remove  

      hazardous mammals.  

 

7.3   AGRICULTURE CROPS ADJACENT TO THE RUNWAY 

 
Cotton is the most abundant crop grown in close proximity to the airfield (2007-2010).  It 

accounts for an average of 47.5% of all crops grown in this area.  Alfalfa is the second most 

abundant crop (15%), and tomatoes are third (14.5%).  Additional crops in order of abundance 

include onion, safflower, wheat, corn, garbanzo beans, barley, garlic, cantaloupe, sugar beets and 

chili peppers.  Acreage of fallow fields does not exist in this data, but can be looked at 

comparatively within the years studied.  By comparing the number of acres of crops treated with 

pesticides between years (via pesticide applications), it may be possible to approximate how 

much fallow ground occurred in that particular year.  Fallow ground may provide more of an 

attractant to wildlife than cultivated fields, due to heterogeneity of habitat.  Rainfall data 

(www.weather-warehouse.com) for that year is also included due to the possibility that it may 

influence crops, or lack thereof.  

http://www.weather-warehouse.com/
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2007 – Figure 27 

illustrates crops grown 

within the study area in 

the calendar year 2007, 

based on pesticide 

applications.  A total of 

10,161 acres of crops 

were treated with 

pesticides.  There were 

13 reported strikes at 

NAS Lemoore in 2007.  

This was a very dry year 

with only 2.37 inches of 

rain.   

 

2008 – Figure 28 

illustrates crops grown 

within the study area in 

the calendar year 2008, 

based on pesticide 

applications.  A total of 

9,483 acres of crops 

were treated with 

pesticides, suggesting an 

increase in fallow lands 

of over 600 acres.  The 

increase in fallow lands 

may be an effect of the 

dry year in 2007.  There 

was an increase in 

precipitation this year, 

with rainfall totaling 

5.11 inches.  There were 

19 reported strikes at 

NAS Lemoore in 2008.  

  

2009—Figure 29 

illustrates crops grown 

within the study area in 

the calendar year 2009, 

based on pesticide 

applications.  A total of 

8,369 acres of crops 

were treated with 

pesticides, suggesting 

another increase in 

fallow ground of over 
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1100 acres from the previous year.  Rainfall totaled 4.33 inches in this calendar year.  Reported 

BASH incidents peaked to 27 in 2009, the highest number in recorded history.  Factors 

attributing to this number are unclear, but may have been in part due to increased awareness of 

bird strikes due to the infamous crash-landing of flight 1549 which occurred in January of this 

year, or, in part due to increased fallow lands surrounding the airfield.  Increased vigilance and 

data collection in the future may shed light on factors contributing to bird strikes at NAS 

Lemoore. 

 

2010 – Figure 30 illustrates 

crops grown within the 

study area in the calendar 

year 2010, based on 

pesticide applications.  A 

total of 9,936 acres of 

crops were treated with 

pesticides, suggesting a 

decrease in fallow ground 

compared to that with 

2009.  This year was 

extremely wet with 10.34 

inches of rain.  Reported 

strikes remained relatively 

high at 20, when compared 

to years past. 

 

In summary, it is difficult to make any conclusions or correlations regarding bird strikes and 

agriculture adjacent to the airfield.  Anecdotal evidence (alfalfa attracting shorebirds) may be the 

most valuable information attained regarding crops and wildlife hazards during the study period. 

 

8.0. RECOMMENDATIONS  

 

The following recommendations are offered as a means to alleviate the hazards observed at NAS 

Lemoore during the WHA.  The main purpose of these recommendations is to enhance the 

reduction of current wildlife hazards at NAS Lemoore. Moreover, they do not diminish the need 

for NAS Lemoore to report new hazards as airport conditions change. 

 

Focus on Reduction of Prey Base 

 

Several hazardous species of wildlife including coyotes and raptors frequent the airfield to forage 

on abundant ground squirrels and cottontail rabbits.  Reducing this prey base will, in turn, lower 

the number of predators on-site.  Ground squirrel burrows attract burrowing owls which they use 

for nesting sites and cover.  Removal methods should include, but not be limited to poisoning, 

trapping, shooting and destruction of burrows.  Efforts should first be directed at approach and 

departure ends of runways, developing into full-scale removal efforts throughout the airfield.  

Keeping prey animals at a low level will involve constant monitoring and removal efforts. 

 



Wildlife Hazard Assessment Page 43 
 

As ground squirrels are removed, their burrows should also be destroyed which will deter 

burrowing owls from using the airfield.  Exclusion devices may be effective on burrowing owl-

inhabited squirrel holes: after the owl is evicted, the burrow can then be destroyed without 

harming the owl.  Finding an alternate site for burrowing owls and enticing them with artificial 

burrows would decrease BASH hazards on the airfield and would also keep the owls out of 

harm’s way. 

 

Rodent abundance should be addressed due to their potential to attract predators.  Baseline 

abundance data should be collected and management options considered. 

 

Habitat Modification 

 

Although time consuming and expensive, habitat modification is the single most effective 

method for reducing wildlife abundance.  Food, water and shelter are necessary for all species of 

wildlife, and if they can be eliminated or reduced, wildlife will disperse and intrusive methods 

(hazing, lethal take) may be employed less frequently.  A monotypic habitat type is less 

attractive to wildlife.  In the airfield, this would include grass at the same height, and the 

elimination of brush, trees and standing water.   In adjacent croplands, this would include the 

propagation of a single or dominant crop, preferably with no food value to wildlife (i.e. cotton).  

A variety of anti-perching methods are available for employment on man-made structures 

utilized as perches on the airfield (i.e. ILS structures, windsocks and runway markers) 

 

Proactively Discourage, Haze and/or Remove Hazardous Wildlife from the Airfield 

 

Adopt a policy of zero-tolerance on the airfield toward all hazardous wildlife.  Continue lethal 

removal of coyotes and pigeons.  Initiate a relocation program targeting raptors, as well as 

exclusion techniques for burrowing owls on the airfield.  Reduce the attractiveness of the infield 

to blackbirds and lark species in the spring by keeping the grass mowed.  Couple harassment 

(pyrotechnics) with lethal removal (shooting) of flocking shorebirds and waterfowl.   

 

Locate and Exclude Bat Species from Roosting in the Area 

 

Night operations at NAS Lemoore increase the risk of bat strikes.  Identification of bat roosting 

sites (i.e. hangars and buildings adjacent to the airfield), and the employment of exclusion 

methods may reduce the risk of strikes at night. 

 

Encourage Agriculture Outlease Farmers to Grow Cotton 

 

Research is being conducted by USDA Wildlife Services National Wildlife Research Center in 

Sandusky, Ohio related to best agriculture practices around airfields.  Based on initial 

observations and a literature review, it appears that cotton can be grown with minimal concerns 

of it being a bird attractant (T. DeVault, pers. comm.).  Soybeans are also a crop showing 

promise of minimal bird attraction.  Based on observations in Ohio and on-site, alfalfa is an 

attractant to birds, and should be avoided, especially adjacent to approach and departure lanes at 

NAS Lemoore.  Research on this subject needs to be followed, and as conclusive results emerge, 

farming practices can be managed for aircraft safety. 
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Obtain the Necessary Permits to Control Wildlife 
 

NAS Lemoore currently possesses a USFWS depredation permit to control wildlife protected by 

the State and Federal governments. The ability to respond to hazardous situations in a prompt 

and efficient manner is paramount to ensuring flight safety and may sometimes require the lethal 

removal of hazardous wildlife. To enable a rapid response, NAS Lemoore should keep a current 

depredation permit from the USFWS. WS is available to assist in the application/renewal 

process.   

 

Develop an Active BASH Plan Using the Wildlife Hazard Assessment to Prioritize Mitigation 

 

One of the objectives of a WHA is to identify and prioritize wildlife hazards for mitigation. It is 

our opinion that an active BASH plan is necessary at NAS Lemoore because it provides the 

framework from which a wildlife dispersal program operates.  Airports are dynamic 

environments, which require an annual review to determine if changes to the plan are necessary 

and to consider how the wildlife deterrent program can be improved or modified. 

 

Train Personnel in Wildlife Hazing Procedures and Species Identification 
 

All personnel that have duties requiring them to access the Air Operating Area (AOA) should be 

trained to recognize and respond to potential wildlife hazards in an appropriate manner. 

Depending on the situation, responding may entail an active hazing or shooting action or it may 

simply require the employee to notify the on-staff biologist or other responsible entity of the 

hazard. Every employee that might encounter wildlife hazards on the airfield should be made 

aware that it is their responsibility to recognize and respond to the situation and not just the role 

of the on-staff biologist. Employees should also be familiar with the damage caused by wildlife 

and how to respond to potentially hazardous situations. Inherent in this decision process is that 

employees should be trained in species identification of the most hazardous wildlife or at least 

the general category/guild of wildlife, i.e., gulls, waterfowl, crows, hawks, and pigeons. A field 

guide is very useful for achieving this goal and should be made readily available to those who 

would use it. There are many guides that are easy to use and can be purchased at a local 

bookstore for $15 - $20 such as Stokes Field Guide to Birds - Western Region, All the Birds of 

North America, and Field Guide to the Birds of North America. All appropriate personnel should 

be trained in the safe handling and most effective use of hazing devices to avoid creating 

hazardous situations, i.e., chasing birds into the path of an approaching aircraft. This training 

may be conveniently added to the AVOIC content requirements. 

 

Increase Thoroughness of BASH Incident Reports 

 

Historical BASH data for NAS Lemoore leaves much to be desired.  All personnel that have 

duties requiring them to access the Air Operating Area (AOA) should be trained to recognize 

evidence of a BASH incident, and to pick up all wildlife remains found within the AOA and 

secure as evidence.  A thorough account of each BASH incident should include the following 

information:  location, time, date, altitude, speed, maneuver, type of aircraft, effect on flight, 

weather conditions, species of wildlife struck (Smithsonian identification laboratory), contact 

information of reporting party, observations (i.e. solitary bird or flock), damage (monetary costs 

including downtime), where damage occurred on plane and photographs of damage and/or struck 
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wildlife species.  This information will benefit mitigation of BASH hazards.  Again, training 

regarding this responsibility of all personnel on the airfield may be included with AVOIC 

requirements. 

 

Have Control Supplies (Pyrotechnics, Cannons, Effigies, Etc.) On Hand 
 

It is recommended that vehicles regularly operating on the airfield be equipped with a 15mm 

single or double shot pyrotechnic launcher and an accompanying supply of bangers and 

screamers.  This will enable all airport personnel to quickly and easily haze any birds they may 

encounter while conducting their primary duties. As a minimum, the airport should have on hand 

at least: 1) 15 mm pyrotechnic pistol launchers and caps (5 ea.); 2) bird bombs/bangers (10 

boxes); and 3) bird screamers (10 boxes).  Additional supplies such as distress calls and effigies 

may be necessary as specific situations arise and it is up to the airport to ensure these static 

deterrents are procured in a timely manner.   

 

Continue Monitoring Wildlife Populations and Use Patterns on the Airfield 

 

The intent of this WHA has been to document general occurrence, land-use patterns, and 

population characteristics of wildlife at NAS Lemoore. It must be realized that wildlife 

abundance and use patterns on airfields are affected by a host of variables that are rarely the 

same from year-to-year. Hence, conclusions based on wildlife populations and patterns during 

this study are only meant to be a guide and may or may not be consistent in subsequent years. 

Survey routes and methods were cognitively established in a manner that facilitates continued 

monitoring by airport personnel. Data from this study will provide a baseline for comparison in 

subsequent years and NAS Lemoore should continue to monitor wildlife populations by 

conducting monthly surveys using the same stations established in this assessment. While 

surveys conducted in subsequent years by airport personnel will not be conducted with the same 

frequency or intensity as this initial hazard assessment, they will still provide general insights 

into wildlife use patterns over time and enable NAS Lemoore to gauge the effectiveness of its 

control efforts.  

 

Evaluate Potential Wildlife Hazards When Planning New Construction or Land Use Changes 

 

Airports are constantly undergoing expansion and improvement projects. It is critical to consider 

wildlife attractants during these planning phases. Several aspects to consider will be the planting 

of new vegetation, which may provide food to wildlife in the form of seeds and fruits and the 

creation of water bodies or drainage basins that provide fresh water. Contact WS for review of 

airport plans and recommendations.  In addition, adjacent off-site projects (i.e. sensitive species 

habitat enhancement) need to be considered as potential wildlife attractant hazards and dealt with 

accordingly.    

 

Guild – Specific Management Techniques 

 

Perching Birds:  Pyrotechnics and shooting harassment is partially effective in moving the birds 

from one area to another.  Care must be taken when applying these techniques so that birds do 

not disperse into areas where a strike is possible. Visual repellents, especially raptor kites, 

helium balloons, and stretched mylar tape can also be used, taking into account their potential to 
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become a hazard as foreign object debris/damage (FOD). WS has had limited success in the use 

of mist nets at other airports to capture birds flying inside critical zones of the airfield. 

 

European Starlings and Blackbirds:  The most effective mitigation effort for blackbird 

abundance observed at NAS Lemoore was the mowing of tall grass in the infield in the late 

spring.  Flocks of birds foraging on the airfield can also be dispersed with pyrotechnics, 

bioacoustics, and visual repellents. However, birds often move to another location on the airfield 

without much effect. To increase the effectiveness of harassment techniques, concentrate efforts 

in the early morning and late afternoon hours when the birds are most active. Shooting may 

become a necessary reinforcement technique if the birds become habituated to pyrotechnics. The 

proper and consistent use of decoy traps can remove the highest number of birds over the 

shortest period of time.  The use of pesticide DRC – 1339 may be an effective control technique.  

However, this pesticide can only be applied by WS under strict, hard-to-attain circumstances:  

intimate and certain knowledge of the baited birds roost site, where they will eventually die.  

This is especially important at NAS Lemoore due to the possibility of birds dying in an urban 

area.  Additionally, surveys are required at the baiting site to determine if there are any protected 

species (threatened, endangered or species of conservation/special concern) that may be affected 

by this control technique.  

  

1.   Mechanical/Habitat Control at NAS Lemoore - The timely use of harassment techniques 

provides an immediate effect of bird dispersal from the runway environment. Vehicle/shooting 

harassment and pyrotechnics can effectively disperse flocks from the airfield when aircraft are 

not in the process of taking off or landing. Habitat management, such as mowing grass in the 

infield, removal of trees and securing of outbuildings and hangars (starlings) and cattails in 

watersheds (blackbirds), can make the area less attractive for feeding and roosting.  

 

2. Chemical Control - DRC-1339 - DRC-1339, (3-chloro-p-toluidine hydrochloride) under the  

direction of WS, is available for use in California to target red-winged blackbirds, starlings, and  

brown-headed cowbirds in non-crop staging areas associated with roosts.  When mixed in flocks 

with one or more of the above mentioned species, American crows, Brewer’s blackbirds, and  

yellow-headed blackbirds may also be considered target species.  DRC-1339 can be used to  

significantly reduce the population when decoy trapping, habitat modifications, and frightening  

techniques are ineffective. A 98% concentration of the more dilute Starlicide, is a slow acting  

poison that kills most birds from 12–72 hours after ingestion by disrupting kidney function of the 

target species. It is species specific and has virtually no secondary toxicity hazards due to the  

metabolic breakdown of the compound into non-toxic metabolites. Mammals and birds such as  

house sparrows are unaffected at the delivered concentrations.  The secondary poisoning  

potential of DRC-1339 to scavengers is low as it is less toxic to many other species including  

raptors and most mammals (DeCino et al. 1966). The label must be strictly followed and the  

CDFG should be contacted prior to use so they can address issues that may arise if the public  

reports the finding of dead birds. An application form must be filled out and submitted to the 

respective County Agriculture Department by the applicator to keep on record and must include 

the amount of chemical used, the number of birds taken, application sites and the disposition of 

unused baits.   

 

A. Pre-baiting - Birds should be pre-baited with untreated grain placed in feeders for at 

least a week at staging areas away from public access. After most of the birds are 
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accustomed to feeding, untreated baits are replaced with treated baits in the same 

containers and locations. The pounds of pre-bait used per day needs to be monitored to 

determine the amount necessary for the first treatment. Bait consumption will drop off 

daily thereafter, requiring less and less treated baits. Baiting sites must be carefully 

monitored to make sure non-target birds are not feeding on the bait. 

 

B. Baiting with toxicant - Prepare baits the day before they are to be put out to give them 

time to air dry properly. All baits should be used within a week or disposed of 

according to label instructions; DRC-1339 baits discolor and lose their potency in a 

short time. Screened cracked corn should be used for blackbirds and a protein pellet 

such as calf manna can be used for starlings. About two pounds of bait should be 

prepared for every 1,000 birds in the roost.  The abatement program should begin as 

soon as large numbers of blackbirds or starlings are seen staging at NAS Lemoore  

prior to going to the roost. Subsequent programs conducted during the same winter 

should be planned only if warranted. Baits should be placed out approximately two 

hours before sundown or an hour before sunrise and retrieved when birds stop feeding, 

usually about three hours later. The applicator must remain on site and the baits should 

be watched from nearby to ensure that non-target species are not present. Treatment 

should continue for a week or until all birds have had the chance to feed. 

 

C. Clean Up - Birds will begin to die at the roost the morning following treatment. They 

should be picked up immediately by the custodial and field maintenance personnel and 

the area should be monitored frequently during the day to ensure all birds are picked 

up. Dead birds and any unused bait should be counted by species and properly disposed 

of in a hole, 3-6 feet deep in an inaccessible area. Soil binds up and detoxifies DRC-

1339 quickly so that it is not considered an environmental hazard.  At the conclusion of 

the baiting trial, the hole will need to be covered back over with dirt. 

 

3.    European Starling Nests and Roosting Sites - Starlings commonly nest in the cavities of 

man-made structures and trees and should be discouraged from doing so where applicable. 

Securely fasten quarter inch wire mesh over holes or entrances to exclude them from structures. 

If this is not feasible, nest box traps can be used to capture target birds by placing the trap near 

the cavity that starlings are using or are expected to use. Clean out the nests and hang the trap 

near an active cavity. Inspect the trap frequently during the day, especially early in the nesting 

season which will commence around early to mid-March. Remove any trapped starlings and 

euthanize them with an acceptable and humane method such as cervical dislocation (breaking the 

neck) or the use of carbon dioxide gas. If non-target species are caught, they should be freed 

immediately.  To exclude starlings from roost sites all entrance and exit routes should be 

blocked. 

 

A.    Decoy Traps - European starlings and blackbirds can be caught in decoy traps. The 

        primary trap used is a modified Australian crow trap.  This trap can be set up on  

        the airfield in areas where birds are feeding, loafing, and roosting. A 1.75 inch wide  

        opening in the slot-board is recommended. 

.  

  Traps should be pre-baited on the top of the trap with dry cat food (starlings) and  

  sunflower seeds (blackbirds) for several weeks until there are signs of active feeding.  
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  Once this is accomplished, start baiting the inside of the trap with the door open to allow  

  birds to acclimate to the inside of the trap. After several days, close the door with a  

  supply of food and water and wait until a few birds are captured. Retain approximately  

  3-5 birds as live decoys to attract the remaining birds to go inside. Remove and  

  euthanize excess birds and maintain fresh food and water daily as needed.  

 

Raptors:  Habitat modifications, specifically tree and shrub removal on and near the airfield, 

spike stripping and/or other exclusion techniques on man-made structures used as perches, and 

prey-base reduction (squirrels and rabbits), will have profound effects on the number of raptors 

using an area.  If raptors still persist to remain on the airfield, hazing (pyrotechnics) can be used 

to deter their presence.  The most non-respondent individuals may have to be trapped or shot.  

Raptors can be captured using several styles of traps including bal-chatri, padded-jaw leghold 

(WS use only), and Swedish goshawk.  Most of these can be used to take and relocate specific 

individuals.  If a hawk becomes trap shy, and continues to pose a risk to flight safety, lethal 

removal may be the last resort to protect human health.  The appropriate permit must be obtained 

prior to implementing any of the described control methods. 

 

1. Bal-Chatri Trap - These traps are relatively small and are shaped into a semi-cylindrical 

form.  They can be modified to trap specific types of raptors. Live bait is used to lure raptors and 

nylon nooses entangle their feet, holding the birds.  Traps are made of 1" chicken wire (1/4” 

mesh hardware cloth if mice are used for bait), formed into Quonset-huts, 18" long, 10" wide, 

and 7" high. Floors are 1" wire mesh or smaller, depending on bait. Tops are covered with about 

80 nooses of 20-40 lb. test monofilament line. Traps should be anchored to the ground to prevent 

birds from dragging them off or breaking the nooses and baited with live rodents for the best 

attractant. Once a trap has been set, it is important to monitor it continually.  

 

2. Padded-Jaw Leghold Trap (WS use only) - Problem raptors can be caught with sliding 

padded pole traps. Erect 5-10 foot poles near areas where hawks frequent and place modified # 1 

coil spring traps on top of the poles; it is suggested that one of the coil springs be removed and a 

small perch be mounted to the pan that does not interfere with closing. Jaws must be padded with 

foam rubber, wrapped by electrician’s tape. Run a 12-gauge steel wire through the trap-chain 

ring and staple it to the top and bottom of the post. This allows a trap to slide to the ground 

where the bird can safely rest. An anchor of light gauge wire can be used on the opposite side to 

give the trap stability, but should remain loose so the trap falls to the ground.  

 

3. Swedish Goshawk Trap - These are relatively large traps that can be used to capture all types 

of perching raptors. They consist of 3'x3'x1' bait cages made of 1" wire mesh with traps mounted 

on top that consist of wooden A-frames, nylon net panels, and a trigger mechanism. The trigger 

mechanism is a hinged stick that snugly fits between the panels and collapses when a raptor 

lands on it. Pigeons, starlings, rats and mice can be used as bait, but the bait cage needs smaller 

wire mesh for mice. 

 

Doves:  Habitat modification, such as elimination of seed producing vegetation and the reduction 

of available water sources, will reduce the number of doves on the airfield. Building construction 

plans should include designs to prevent nesting by doves and other birds and pre-existing 

buildings should be retrofitted with exclusionary netting or types of barriers to block access to 
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eaves and I-beams.  Installation of wire slinky coils, porcupine wire, or some other tactile 

repellent, e.g. Tanglefoot™ or 4-the-birds™, can be applied to problem areas. 

 

Doves can be effectively hazed and removed by shooting with a shotgun or pneumatic air gun, 

and/or decoy trapping.  Hazing birds with pyrotechnics and vehicle/shooting harassment are 

effective in areas where birds pose an immediate threat to aircraft safety. Shooting does reduce 

bird abundance on the airfield, and can be used to remove birds from hangars as well as other 

roosting and nesting structures. Once a large percentage of birds have been removed from these 

sites, it is prudent to install exclusion barriers or employ continual trapping to prevent birds from 

re-colonizing the area.  

 

Avitrol7 (4-aminopyridine), a chemical frightening agent, is also available for rock doves, but it 

is not recommended for use near airports due to the bird’s unpredictable behavior under its 

influence.  In higher doses, Avitrol can be applied as a toxicant. 

 

DRC-1339, (3-chloro-p-toluidine hydrochloride) under the direction of WS, is available for use 

 in California to target rock doves.  See section 7.1.5 for application instructions. 

 

Decoy or walk-in traps that utilize a swinging door are very effective in removing a significant 

number of rock doves from buildings that are adjacent to the airfield and the outer perimeter of 

the airport. To set one, pre-bait a trap with scratch (mixture of cracked corn and millet) and/or 

bread in an area where birds are loafing and roosting. Capture a decoy and keep it inside the trap 

with enough feed and water and check the trap weekly. Rotate the trap to new locations as 

necessary to maintain maximum catch rates. Euthanize captured birds by placing them inside a 

carbon dioxide chamber, especially large-scale projects, or cervical dislocation and dispose 

according to regulation.                                                                                                      

 

Swallows:  Swallows are controlled by excluding them from preferred nesting sites and/or 

removal and destruction of nests and eggs.  Exclusion techniques include hanging obstructions 

(rope, chain, plastic sheeting, etc.) at prime nesting sites such as eaves of buildings or under 

bridges.  Non-stick paint can be applied to man-made nesting areas (buildings and concrete 

structures) to repel mud pellets which make up a swallows nest.  In the non-breeding season, old 

nests should be washed away completely to deter re-nesting in the area.  Insect control may 

decrease swallow abundance by removing their food source, yet can be cost prohibitive. 

 

Waterfowl, Shorebirds and Wading Birds:  The best method of control for waterfowl 

shorebirds and wading birds is the removal or exclusion of attractive wetland habitat. Wire grids 

are effective at 10-20 foot intervals over ponds and other wetlands. Mylar tape stretched between 

two stakes, 50-100 feet apart at 25 foot intervals are effective for feeding areas. Pyrotechnics 

work well for some species and can be ineffective on others. The use of trained dogs to haze 

waterfowl, shorebirds and wading birds can be an effective technique.  If they habituate to 

hazing efforts, it may become necessary to shoot a few individuals to reinforce these methods. 

Habituation to hazing techniques is most often noticeable with resident birds, but may also occur 

with migrants during a prolonged stopover. Waterfowl, shorebirds and wading birds are also 

affected by the use of visual repellents in conjunction with pyrotechnics. A coyote effigy may be 

an effective deterrent for keeping waterfowl, shorebirds and wading birds away from feeding 

areas, especially if the birds are migrants just passing through.  
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Crows and Ravens:  Habitat modifications are helpful in reducing the numbers of crows and 

ravens on an airfield. This is most effectively accomplished through prey-base reduction and the 

removal of dense tree stands, refuse, and carrion from runways. Activities such as mowing or 

irrigation may act as an attractant and should therefore be carefully managed. Crows and ravens 

can easily be hazed using pyrotechnics, bioacoustics, and visual repellents, but soon habituate to 

these devices if not enhanced by lethal control.  Pyrotechnics are especially effective when 

supplemented with shooting. Shooting with a pellet gun or shotgun can be useful in removing 

low to moderate numbers of crows and ravens from an airfield. 

  

1. Roost Control - If a roost forms on or near the airport, it can be removed by thinning the 

trees and/or hazing with pyrotechnics and bioacoustics. In addition, a few should be shot for 

reinforcement. If a hazing effort is conducted, it needs to be done intensively until the roost 

disperses, usually for 3-4 days. Birds may not return, but if they do, the process should be 

repeated immediately upon their return. 

 

2. Australian Crow Trap - Using a 6 by 6 inch drop-in slot, this decoy trap can be effective in 

capturing crows.  The traps should be pre-baited with canned or dry dog food until the first few 

individuals are caught, which can then be used as decoys.  The decoys should be left in the trap 

with an adequate supply of food and water to act as decoys for attracting other birds.  

 

Mammals:  Coyotes can be effectively controlled by habitat modification, exclusion and 

permanent removal by shooting and trapping. Dispersals can be difficult near runways due to 

their unpredictable behavior. Airfield Operations staff are encouraged to report sightings of 

coyotes on or near the runways to initiate control measures. 

 

1.   Habitat Alteration/Exclusion - The ideal scenario would be to fence the entire airfield with 

at least an 8- foot high fence including an Aburied apron™, which is a two-foot wide strip of 

fence attached to the base of the fence at a perpendicular angle and buried 12-24 inches 

underground. Unfortunately, this may not be feasible due to installation costs and erosion 

problems. Clearing or thinning trees and shrubs at least 1000ft from the runway centerline, 

leveling dirt mounds to remove vantage points for predators and reduction of the prey base 

through trapping and pesticide application may be a feasible option in high risk areas such as the 

approach/departure ends of the runways. However, the cost of covering the entire airfield may be 

prohibitively expensive.  

 

2. Hazing - Harassment with pyrotechnics may disperse mammals from critical areas, providing 

short-term relief of a potentially hazardous situation. Before initiating a hazing action, the 

potential response of the individual(s) should be considered because they may respond in an 

unpredictable manner when frightened. If the animal is an airfield resident, harassment methods 

will not provide a long-term due to habituation. If the animal does not respond to hazing 

methods, it may have acclimated to loud noises and people or is possibly sick or injured and 

should be approached with extreme caution.  

 

3. Catch-Pole - If a free-roaming dog is on the airfield and is approachable, i.e., wagging its tail 

and/or wearing a collar, it may be captured with a catch pole and placed in a kennel or live trap 

until the animal can be taken to the local Animal Control. 
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4. Trapping - The use of padded leg-hold traps are currently illegal in the State of California, 

except for the protection of T&E species and human health and safety (e.g. airport wildlife 

hazard mitigation). Leg-hold traps are specialized equipment and should only be applied by a 

qualified individual that is familiar with its function and regulations. They can be a very effective 

way to capture coyote, fox and feral dogs.  Cage traps are effective for removing feral cats, 

opossums, raccoons, skunks, and squirrels. 

 

5.  Shooting - Shooting is a very selective control method, which eliminates chance of 

removing a nontarget species. If shooting is not feasible, trapping and snaring can be used to 

remove hazardous mammals.  
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10.0. APPENDICES 

Appendix 1:  Code of Federal Regulations Part 139.337. 

TITLE 14 - AERONAUTICS AND SPACE 

 

CHAPTER I - FEDERAL AVIATION ADMINISTRATION, DEPARTMENT OF 

TRANSPORTATION 

 

SUBCHAPTER G - AIR CARRIERS AND OPERATORS FOR COMPENSATION OR HIRE: 

CERTIFICATION AND OPERATIONS 

 

PART 139 - CERTIFICATION OF AIRPORTS 

 

subpart d - OPERATIONS 

 

139.337 - Wildlife hazard management. 

 

  (a) In accordance with its Airport Certification Manual and the requirements of this section, 

each certificate holder must take immediate action to alleviate wildlife hazards whenever they 

are detected. 

 

  (b) In a manner authorized by the Administrator, each certificate holder must ensure that a 

wildlife hazard assessment is conducted when any of the following events occurs on or near the 

airport: (1) An air carrier aircraft experiences multiple wildlife strikes; (2) An air carrier aircraft 

experiences substantial damage from striking wildlife. As used in this paragraph, substantial 

damage means damage or structural failure incurred by an aircraft that adversely affects the 

structural strength, performance, or flight characteristics of the aircraft and that would normally 

require major repair or replacement of the affected component; (3) An air carrier aircraft 

experiences an engine ingestion of wildlife; or (4) Wildlife of a size, or in numbers, capable of 

causing an event described in paragraphs (b)(1), (b)(2), or (b)(3) of this section is observed to 

have access to any airport flight pattern or aircraft movement area. 

 

  (c) The wildlife hazard assessment required in paragraph (b) of this section must be conducted 

by a wildlife damage management biologist who has professional training and/or experience in 

wildlife hazard management at airports or an individual working under direct supervision of such 

an individual. The wildlife hazard assessment must contain at least the following: (1) an analysis 

of the events or circumstances that prompted the assessment. 

 

  (2) Identification of the wildlife species observed and their numbers, locations, local 

movements, and daily and seasonal occurrences. 

 

  (3) Identification and location of features on and near the airport that attract wildlife. 

 

  (4) A description of wildlife hazards to air carrier operations. 

 

  (5) Recommended actions for reducing identified wildlife hazards to air carrier operations. 
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  (d) The wildlife hazard assessment required under paragraph (b) of this section must be 

submitted to the Administrator for approval and determination of the need for a wildlife hazard 

management plan. In reaching this determination, the Administrator will consider (1) The 

wildlife hazard assessment; (2) Actions recommended in the wildlife hazard assessment to 

reduce wildlife hazards; (3) The aeronautical activity at the airport, including the frequency and 

size of air carrier aircraft; (4) The views of the certificate holder; (5) The views of the airport 

users; and (6) Any other known factors relating to the wildlife hazard of which the Administrator 

is aware. 

 

  (e) When the Administrator determines that a wildlife hazard management plan is needed, the 

certificate holder must formulate and implement a plan using the wildlife hazard assessment as a 

basis. The plan must (1) Provide measures to alleviate or eliminate wildlife hazards to air carrier 

operations; (2) Be submitted to, and approved by, the Administrator prior to implementation; and 

(3) As authorized by the Administrator, become a part of the Airport Certification Manual. 

 

  (f) The plan must include at least the following: (1) A list of the individuals having authority 

and responsibility for implementing each aspect of the plan. 

 

  (2) A list prioritizing the following actions identified in the wildlife hazard assessment and 

target dates for their initiation and completion: (i) Wildlife population management; (ii) Habitat 

modification; and (iii) Land use changes. 

 

  (3) Requirements for and, where applicable, copies of local, State, and Federal wildlife control 

permits. 

 

  (4) Identification of resources that the certificate holder will provide to implement the plan. 

 

  (5) Procedures to be followed during air carrier operations that at a minimum includes (i) 

Designation of personnel responsible for implementing the procedures; (ii) Provisions to conduct 

physical inspections of the aircraft movement areas and other areas critical to successfully 

manage known wildlife hazards before air carrier operations begin; (iii) Wildlife hazard control 

measures; and (iv) Ways to communicate effectively between personnel conducting wildlife 

control or observing wildlife hazards and the air traffic control tower. 

 

  (6) Procedures to review and evaluate the wildlife hazard management plan every 12 

consecutive months or following an event described in paragraphs (b)(1), (b)(2), and (b)(3) of 

this section, including: (i) The plan's effectiveness in dealing with known wildlife hazards on and 

in the airport's vicinity and (ii) Aspects of the wildlife hazards described in the wildlife hazard 

assessment that should be reevaluated. 

 

  (7) A training program conducted by a qualified wildlife damage management biologist to 

provide airport personnel with the knowledge and skills needed to successfully carry out the 

wildlife hazard management plan required by paragraph (d) of this section. 

 

  (g) FAA Advisory Circulars contain methods and procedures for wildlife hazard management at 

airports that are acceptable to the Administrator. 



Wildlife Hazard Assessment Page 55 
 

 
Read more: http://cfr.vlex.com/vid/139-337-wildlife-hazard-management-

19562217#ixzz0xfRoiCQM 

http://cfr.vlex.com/vid/139-337-wildlife-hazard-management-19562217#ixzz0xfRoiCQM
http://cfr.vlex.com/vid/139-337-wildlife-hazard-management-19562217#ixzz0xfRoiCQM
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Appendix 2:  Memorandum of Understanding (MOU) between DOD and USDA.  

 

Memorandum of Agreement Between 

the Federal Aviation Administration, 

the U.S. Air Force, 

the U.S. Army, 

the U.S. Environmental Protection Agency, 

the U.S. Fish and Wildlife Service, and 

the U.S. Department of Agriculture 

to Address Aircraft-Wildlife Strikes 

 

PURPOSE 

 

The signatory agencies know the risks that aircraft-wildlife strikes pose to safe aviation. 

 

This Memorandum of Agreement (MOA) acknowledges each signatory agency’s respective 

missions. Through this MOA, the agencies establish procedures necessary to coordinate their 

missions to more effectively address existing and future environmental conditions contributing to 

aircraft-wildlife strikes throughout the United States. These efforts are intended to minimize 

wildlife risks to aviation and human safety, while protecting the Nation’s valuable environmental 

resources. 

 

BACKGROUND 

 

Aircraft-wildlife strikes are the second leading causes of aviation-related fatalities.  Globally, 

these strikes have killed over 400 people and destroyed more than 420 aircraft. While these 

extreme events are rare when compared to the millions of annual aircraft operations, the potential 

for catastrophic loss of human life resulting from one incident is substantial. The most recent 

accident demonstrating the grievous nature of these strikes occurred in September 1995, when a 

U.S. Air Force reconnaissance jet struck a flock of Canada geese during takeoff, killing all 24 

people aboard. 

 

The Federal Aviation Administration (FAA) and the United States Air Force (USAF) databases 

contain information on more than 54,000 United States civilian and military aircraft-wildlife 

strikes reported to them between 1990 and 19991. During that decade, the FAA received reports 

indicating that aircraft wildlife strikes, damaged 4,500 civilian U.S. aircraft (1,500 substantially), 

destroyed 19 aircraft, injured 91 people, and killed 6 people. Additionally, there were 216 

incidents where birds struck two or more engines on civilian aircraft, with damage occurring to 

26 percent of the 449 engines involved in these incidents. The FAA estimates that during the 

same decade, civilian U.S. aircraft sustained $4 billion worth of damages and associated losses 

and 4.7 million hours of aircraft downtime due to aircraft-wildlife strikes. For the same period, 

USAF planes colliding with wildlife resulted in 10 Class A Mishaps2, 26 airmen deaths, and over 

$217 million in damages. 

 
1
 FAA estimates that the 28,150 aircraft-wildlife strike reports it received represent less than 20% of the 

actual number of strikes that occurred during the decade. 
2 See glossary for the definition of a Class A Mishap and similar terms. 



Wildlife Hazard Assessment Page 57 
 

Approximately 97 percent of the reported civilian aircraft-wildlife strikes involved common, 

large-bodied birds or large flocks of small birds. Almost 70 percent of these events involved 

gulls, waterfowl, and raptors (Table 1).  About 90 percent of aircraft-wildlife strikes occur on or 

near airports, when aircraft are below altitudes of 2,000 feet. Aircraft-wildlife strikes at these 

elevations are especially dangerous because aircraft are moving at high speeds and are close to or 

on the ground. Aircrews are intently focused on complex take-off or landing procedures and 

monitoring the movements of other aircraft in the airport vicinity. Aircrew attention to these 

activities while at low altitudes often compromises their ability to successfully recover from 

unexpected collisions with wildlife and to deal with rapidly changing flight procedures. As a 

result, crews have minimal time and space to recover from aircraft-wildlife strikes.  Increasing 

bird and wildlife populations in urban and suburban areas near airports contribute to escalating 

aircraft-wildlife strike rates. FAA, USAF, and Wildlife Services (WS) experts expect the risks, 

frequencies, and potential severities of aircraft-wildlife strikes to increase during the next decade 

as the numbers of civilian and military aircraft operations grow to meet expanding transportation 

and military demands. 

 

SECTION I. 

 

SCOPE OF COOPERATION AND COORDINATION 

 

Based on the preceding information and to achieve this MOA’s purpose, the signatory agencies: 

 

A. Agree to strongly encourage their respective regional and local offices, as appropriate, to 

develop interagency coordination procedures necessary to effectively and efficiently implement 

this MOA. Local procedures should clarify time frames and other general coordination 

guidelines. 

 

B. Agree that the term “airport” applies only to those facilities as defined in the attached 

glossary. 

 

C. Agree that the three major activities of most concern include, but are not limited to: 

 

1.airport siting and expansion; 

2. development of conservation/mitigation habitats or other land uses that 

could attract hazardous wildlife to airports or nearby areas; and 

3. responses to known wildlife hazards or aircraft-wildlife strikes. 

 

D. Agree that “hazardous wildlife” are those animals, identified to species and listed in FAA and 

USAF databases, that are most often involved in aircraft wildlife strikes. Many of the species 

frequently inhabit areas on or near airports, cause structural damage to airport facilities, or attract 

other wildlife that pose an aircraft-wildlife strike hazard. Table 1 lists many of these species. It is 

included solely to provide information on identified wildlife species that have been involved in 

aircraft-wildlife strikes. It is not intended to represent the universe of species concerning the 

signatory agencies, since more than 50 percent of the aircraft-wildlife strikes reported to FAA or 

the USAF did not identify the species involved. 
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E. Agree to focus on habitats attractive to the species noted in Table 1, but the signatory agencies 

realize that it is imperative to recognize that wildlife hazard determinations discussed in 

Paragraph L of this section may involve other animals. 

 

F. Agree that not all habitat types attract hazardous wildlife. The signatory agencies, during their 

consultative or decision making activities, will inform regional and local land use authorities of 

this MOA’s purpose. The signatory agencies will consider regional, local, and site-specific 

factors (e.g., geographic setting and/or ecological concerns) when conducting these activities and 

will work cooperatively with the authorities as they develop and implement local land use 

programs under their respective jurisdictions. The signatory agencies will encourage these 

stakeholders to develop land uses within the siting criteria noted in Section 1-3 of FAA Advisory 

Circular (AC) 150.5200-33 (Attachment A) that do not attract hazardous wildlife.  Conversely, 

the agencies will promote the establishment of land uses attractive to hazardous wildlife outside 

those siting criteria. Exceptions to the above siting criteria, as described in Section 2.4.b of the 

AC, will be considered because they typically involve habitats that provide unique ecological 

functions or values (e.g., critical habitat for federally-listed endangered or threatened species, 

ground water recharge). 

 

G. Agree that wetlands provide many important ecological functions and values, including fish 

and wildlife habitats; flood protection; shoreline erosion control; water quality improvement; and 

recreational, educational, and research opportunities. To protect jurisdictional wetlands, Section 

404 of the Clean Water Act (CWA) establishes a program to regulate dredge and/or fill activities 

in these wetlands and navigable waters. In recognizing Section 404 requirements and the Clean 

Water Action Plan’s goal to annually increase the Nation’s net wetland acreage by 100,000 acres 

through 2005, the signatory agencies agree to resolve aircraft-wildlife conflicts. They will do so 

by avoiding and minimizing wetland impacts to the maximum extent practicable, and will work 

to compensate for all associated unavoidable wetland impacts.  The agencies agree to work with 

landowners and communities to encourage and support wetland restoration or enhancement 

efforts that do not increase aircraft-wildlife strike potentials. 

 

H. Agree that the: U.S. Army Corps of Engineers (ACOE) has expertise in protecting and 

managing jurisdictional wetlands and their associated wildlife; U.S. Environmental Protection 

Agency (EPA) has expertise in protecting environmental resources; and the U.S. Fish and 

Wildlife Service (USFWS) has expertise in protecting and managing wildlife and their habitats, 

including migratory birds and wetlands. Appropriate signatory agencies will cooperatively 

review proposals to develop or expand wetland mitigation sites, or wildlife refuges that may 

attract hazardous wildlife. When planning these sites or refuges, the signatory agencies will 

diligently consider the siting criteria and land use practice recommendations stated in FAA AC 

150/5200-33. The agencies will make every effort to undertake actions that are consistent with 

those criteria and recommendations, but recognize that exceptions to the siting criteria may be 

appropriate (see Paragraph F of this section). 

 

I. Agree to consult with airport proponents during initial airport planning efforts.  As 

appropriate, the FAA or USAF will initiate signatory agency participation in these efforts. When 

evaluating proposals to build new civilian or military aviation facilities or to expand existing 

ones, the FAA or the USAF, will work with appropriate signatory agencies to diligently evaluate 

alternatives that may avoid adverse effects on wetlands, other aquatic resources, and Federal 
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wildlife refuges. If these or other habitats support hazardous wildlife, and there is no practicable 

alternative location for the proposed aviation project, the appropriate signatory agencies, 

consistent with applicable laws, regulations, and policies, will develop mutually acceptable 

measures, to protect aviation safety and mitigate any unavoidable wildlife impacts. 

 

J. Agree that a variety of other land uses (e.g., storm water management facilities, wastewater 

treatment systems, landfills, golf courses, parks, agricultural or aquacultural facilities, and 

landscapes) attract hazardous wildlife and are, therefore, normally incompatible with airports. 

Accordingly, new, federally-funded airport construction or airport expansion projects near 

habitats or other land uses that may attract hazardous wildlife must conform to the siting criteria 

established in the FAA Advisory Circular (AC) 150/5200-33, Section 1-3. 

 

K. Agree to encourage and advise owners and/or operators of non-airport facilities that are 

known hazardous wildlife attractants (See Paragraph J) to follow the siting criteria in Section 1-3 

of AC 150/5200-33. As appropriate, each signatory agency will inform proponents of these or 

other land uses about the land use’s potential to attract hazardous species to airport areas.  The 

signatory agencies will urge facility owners and/or operators about the critical need to consider 

the land uses’ effects on aviation safety. 

 

L. Agree that FAA, USAF, and WS personnel have the expertise necessary to determine the 

aircraft-wildlife strike potentials of various land uses. When there is disagreement among 

signatory agencies about a particular land use and it’s potential to attract hazardous wildlife, the 

FAA, USAF, or WS will prepare a wildlife hazard assessment. Then, the appropriate signatory 

agencies will meet at the local level to review the assessment. At a minimum, that assessment 

will: 

 

1. identify each species causing the aviation hazard, its seasonal and daily populations, and the 

population’s local movements; 

2. discuss locations and features on and near the airport or land use attractive to hazardous 

wildlife; and  

3. evaluate the extent of the wildlife hazard to aviation. 

 

M. Agree to cooperate with the airport operator to develop a specific, wildlife hazard 

management plan for a given location, when a potential wildlife hazard is identified. The plan 

will meet applicable FAA, USAF, and other relevant requirements. In developing the plan, the 

appropriate agencies will use their expertise and attempt to integrate their respective 

programmatic responsibilities, while complying with existing laws, regulations, and policies. 

The plan should avoid adverse impacts to wildlife populations, wetlands, or other sensitive 

habitats to the maximum extent practical. Unavoidable impacts resulting from implementing the 

plan will be fully compensated pursuant to all applicable Federal laws, regulations, and policies. 

 

N. Agree that whenever a significant aircraft-wildlife strike occurs or a potential for one is 

identified, any signatory agency may initiate actions with other appropriate signatory agencies to 

evaluate the situation and develop mutually acceptable solutions to reduce the identified strike 

probability. The agencies will work cooperatively, preferably at the local level, to determine the 

causes of the strike and what can and should be done at the airport or in its vicinity to reduce 

potential strikes involving that species. 



Wildlife Hazard Assessment Page 60 
 

 

O. Agree that information and analyses relating to mitigation that could cause or contribute to 

aircraft-wildlife strikes should, whenever possible, be included in documents prepared to satisfy 

the National Environmental Policy Act (NEPA).  This should be done in coordination with 

appropriate signatory agencies to inform the public and Federal decision makers about important 

ecological factors that may affect aviation. This concurrent review of environmental issues will 

promote the streamlining of the NEPA review process. 

 

P. Agree to cooperatively develop mutually acceptable and consistent guidance, manuals, or 

procedures addressing the management of habitats attractive to hazardous wildlife, when those 

habitats are or will be within the siting criteria noted in Section 1-3 of FAA AC 5200-33. As 

appropriate, the signatory agencies will also consult each other when they propose revisions to 

any regulations or guidance relevant to the purpose of this MOA, and agree to modify this MOA 

accordingly. 

SECTION II. 

 

GENERAL RULES AND INFORMATION 

 

A. Development of this MOA fulfills the National Transportation Safety Board’s 

recommendation of November 19, 1999, to form an inter-departmental task force to address 

aircraft-wildlife strike issues. 

 

B. This MOA does not nullify any obligations of the signatory agencies to enter into separate 

MOAs with the USFWS addressing the conservation of migratory birds, as outlined in Executive 

Order 13186, Responsibilities of Federal Agencies to Protect Migratory Birds, dated January 10, 

2001 (66 Federal Register, No. 11, pg. 3853). 

 

C. This MOA in no way restricts a signatory agency’s participation in similar activities or 

arrangements with other public or private agencies, organizations, or individuals. 

 

D. This MOA does not alter or modify compliance with any Federal law, regulation or guidance 

(e.g., Clean Water Act; Endangered Species Act; Migratory Bird Treaty Act; National 

Environmental Policy Act; North American Wetlands Conservation Act; Safe Drinking Water 

Act; or the “no-net loss” policy for wetland protection). The signatory agencies will employ this 

MOA in concert with the Federal guidance addressing wetland mitigation banking dated March 

6, 1995 (60 Federal Register, No. 43, pg. 12286). 

 

E. The statutory provisions and regulations mentioned above contain legally binding 

requirements. However, this MOA does not substitute for those provisions or regulations, nor is 

it a regulation itself. This MOA does not impose legally binding requirements on the signatory 

agencies or any other party, and may not apply to a particular situation in certain circumstances. 

The signatory agencies retain the discretion to adopt approaches on a case by-case basis that 

differ from this MOA when they determine it is appropriate to do so. Such decisions will be 

based on the facts of a particular case and applicable legal requirements. Therefore, interested 

parties are free to raise questions and objections about the substance of this MOA and the 

appropriateness of its application to a particular situation. 
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F. This MOA is based on evolving information and may be revised periodically without public 

notice. The signatory agencies welcome public comments on this MOA at any time and will 

consider those comments in any future revision of this MOA. 

 

G. This MOA is intended to improve the internal management of the Executive Branch to 

address conflicts between aviation safety and wildlife. This MOA does not create any right, 

benefit, or trust responsibility, either substantively or procedurally. No party, by law or equity, 

may enforce this MOA against the United States, its agencies, its officers, or any person. 

 

H. This MOA does not obligate any signatory agency to allocate or spend appropriations or enter 

into any contract or other obligations. 

 

I. This MOA does not reduce or affect the authority of Federal, State, or local agencies regarding 

land uses under their respective purviews. When requested, the signatory agencies will provide 

technical expertise to agencies making decisions regarding land uses within the siting criteria in 

Section 1-3 of FAA AC 150/5200-33 to minimize or prevent attracting hazardous wildlife 

to airport areas. 

 

J. Any signatory agency may request changes to this MOA by submitting a written request to 

any other signatory agency and subsequently obtaining the written concurrence of all signatory 

agencies. 

 

K. Any signatory agency may terminate its participation in this MOA within 60 days of 

providing written notice to the other agencies. This MOA will remain in effect until all signatory 

agencies terminate their participation in it. 
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Appendix 3:  Map of NAS Lemoore and surrounding area. 
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Appendix 4:  How to collect bird strike evidence. 
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Appendix 5: Form 37 Migratory Bird Damage Project Report. 
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Appendix 6:  List of state and federally threatened, endangered, candidate, and species of 

concern in California.  
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Appendix 7: Map depicting point count survey stations at NAS Lemoore.  
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Appendix 8: List of bird species recorded at survey stations and grouped into their respective 

guilds.  

 

Guild Species Included  

corvids American crow 

  common raven 

swallows cliff swallow 

doves/pigeons mourning dove 
  rock dove 

perching birds logger-headed shrike 
  western meadowlark 
  western kingbird 

  northern mockingbird 
  passerine species 
  savannah sparrow 
  horned lark 
  song sparrow 
  finch sp. 
  flycatcher sp. 
  northern flicker 

raptors/vultures red-tailed hawk 
  American kestrel 
  burrowing owl 

  northern harrier 
  Swainson's hawk 
  peregrine falcon 
  turkey vulture 

shorebirds/waders killdeer 

  great egret 

  snowy egret 

  long-billed curlew 

  white-faced ibis 

  mountain plover 

  tern sp. 

  whimbrel 
starlings 

blackbirds European starling 
  blackbird sp. 

waterfowl mallard 

  white-fronted goose 

gulls gull sp. 
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Appendix 9:  Study area of agricultural lands adjacent to the runway. 
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Appendix 10:  Depredation order for blackbirds, cowbirds, grackles, crows, and magpies 

 

 

TITLE 50 - WILDLIFE AND FISHERIES 

 

CHAPTER I - UNITED STATES FISH AND WILDLIFE SERVICE, DEPARTMENT OF THE 

INTERIOR 

 

SUBCHAPTER B - TAKING, POSSESSION, TRANSPORTATION, SALE, PURCHASE, 

BARTER, EXPORTATION, AND IMPORTATION OF WILDLIFE AND PLANTS 

 

PART 21 - MIGRATORY BIRD PERMITS 

 

subpart d - CONTROL OF DEPREDATING BIRDS 

 

21.43 - Depredation order for blackbirds, cowbirds, grackles, crows and magpies. 

 

A Federal permit shall not be required to control yellow-headed red-winged, rusty, and Brewer's 

blackbirds, cowbirds, all grackles, crows, and magpies, when found committing or about to 

commit depredations upon ornamental or shade trees, agricultural crops, livestock, or wildlife, or 

when concentrated in such numbers and manner as to constitute a health hazard or other 

nuisance: Provided: (a) That none of the birds killed pursuant to this section, nor their plumage, 

shall be sold or offered for sale, but may be possessed, transported, and otherwise disposed of or 

utilized. 

 

  (b) That any person exercising any of the privileges granted by this section shall permit at all 

reasonable times including during actual operations, any Federal or State game or deputy game 

agent, warden, protector, or other game law enforcement officer free and unrestricted access over 

the premises on which such operations have been or are being conducted; and shall furnish 

promptly to such officer whatever information he may require, concerning said operations. 

 

  (c) That nothing in this section shall be construed to authorize the killing of such birds contrary 

to any State laws or regulations; and that none of the privileges granted under this section shall 

be exercised unless the person possesses whatever permit as may be required for such activities 

by the State concerned. 

 

[39 FR 1178, Jan. 4, 1974, as amended at 54 FR 47525, Nov. 15, 1989]  
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