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Abstmct: Naval Air Station Alameda, on the San Francisco Bay, California, was visited from December 1990 to December 199 1 
to document the diversity and abundance of bird species, and the movements of birds in relation to the airfield and flight operations. 
The results of this research will be used in the Navy's Bird-Aircraft Strike Hazard (BASH) Program. We found no differences in 
number ofbirds observed between mornings and afternoons. A seasonal difference was found with higher numbers ofbirds occurring 
during the late fall-winter and the late winter-spring compared to the summer months. Numbers of birds increasedwith decreasing 
visibility, the presence of fog, and increasing cloud cover. Bird numbers also increased as temperatures and wind speeds increased. 
Daily and seasonal flight patterns were obsaved for gulls (Larinae), double-crested cormorants (Phalacmora* auntus), Caspian 
and least tems (Stem caspia and S. antillarum), red-winged blackbirds (Agelaius phomiceus), and house finches (Carpodacus 
mexicanus). The mean altitude of flight for the year for all birds combined was 2 15 m; however, flight altitude was highly variable. 
During all 4 seasons, 22.5% of the birds were observed in San Franci-s foraging in the water. The greatest number 
of bird-arcd collisions was documented during the winter. Management strategies for reducing birdgircraft strikes include 
increasing airfield pessonnel awareness, airfield habitat manipulation, and mod@ng the timing of flight occurrences. 

Bird-aircraft strikes are of major cohcern to the 
aviation community. Since the first fatality in 1912, 
incidents involving bird collisions have increased as 
aircraft speed and number of aircraft flights have both 
increased. There are about 1500 bird strikes recorded 
annually for United States civil airplanes, and the United 
States Air Force loses as much as $50 million a year in 
material damagebecause ofbird-strikes (Steenblik 1989). 

Military aircraft are especially prone to strikes 
because they frequently fly at high speeds and at low 
altitudes where birds are most active. Three-fourths of 
all bird strikes occur at or near airports, usually during 
take~ffs and landings ( S o h  1971). For this reason, 
numerous studies have dealt with the reduction of bird 
populations and bird-suikes on and around airfields 
(e.g., Murtonand Wright 1968; Gauthreaw 1974,1976; 
Will 1985). In 1981, the U.S. Department of the Navy 
responded to the bird aircraft problem by implementing 
its present mandatory Bird Aircraft Strike Hazard (BASH) 
reporting system to document collisions and to develop 
management plans for avoiding bird-aircraft interactions. 

'Present address: Cooperative Park Studies Unit, Northem 
Arizona University, P.O. Box 5614, Flagstaff, AZ 8601 1 
2Present address: School of Renewable Natural Resources, 
University of Arizona, Tucson, AZ 8572 1 

The effectiveness of BASH management programs was 
immediate: four Naval air stations that started bird- 
aircraft strikehazard reduction programs in 1984 reported 
57-78% fewerbird-strikes in 1984 than in 1983 (Walker 
and Bennet 1985). 

A primary reason for the initiation of this project at 
Naval Air Station @AS) Alameda, was its location on 
San Francisco Bay and the associated presence of many 
water birds. Gulls (Larinae) are most frequently 
mentioned as the birds creating the chief hazards to 
aircraft at airports near coastal areas (Blockpoel1976). 
Gulls are attracted to open water of bays, solid waste 
disposal sites, and the large, open, flat areas provided by 
airports and the shallow pools that can form on asphalt 
after rain (Cogswell 1974). 

Our objectives were to: (1) document the diversity 
and abundance of birds on all parts of the air station, 
includingthe helicopterpads, the 2 runways, the taxiways, 
andthesolid waste disposal site, (2) determine movements 
ofbirds in relation to the aboveareas andflight operations, 
and (3) make recommendations for the reduction of bird 
strikes at NAS Alameda. 

STUDY AREA 
The study area was the Naval Air Station, Alameda, 

in Alarneda County, California, located on the east shore 
of the San Francisco Bay near Oakland. San Francisco 
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Fig. 1. NAS Alameda and the location of the 9 observation points. 

Bay comprises the largest coastal wetland system in 
California and provides important resting and feeding 
sites for millions ofbirds during annual migration along 
the Pacific flyway (U. S. Fish and Wild. Serv. 1985). 
The study area included the entire airfield, focusing on 
the 2 runways, the helicopter pads, and the solid waste 
disposal site. Runway 25 runs in an east-west direction 
and runway 3 1 runs in a northwest-southeast direction 
(Fig. 1). NAS Alameda accomodates nearly 70,000 
flight operations annually (including take-offs, landings, 
touch-and-goes, and overflights). Of these operations, 
approximately 25% are jet-pattern operations, 25% are 
helicopter pattern operations (pattern operations are 
" touchand goes"), and the remaining 50%aredepartures 

and arrivals. Over 50% of the total operations and the 
majority of fixed wing operations take place on runway 
3 1 (West. Div. Naval Facilities Eng. Command 1986). 

MEMODS 
The year was divided into 4 seasons to facilitate data 

collection and analysis: season 1 = late fall-winter, 
November through January; season 2 = late winter- 
spring, February through April; season 3 = late spring- 
summer, May through July; season 4 = late summer-fall, 
August through October. These seasonal divisions were 
created after comparing numbers of birds per month 
using 1-way analysis of variance (ANOVA) and Tukey's 
multiple comparisons test (Sokal and Rohlf 1969:204- 
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206). Consecutive months with no signiscant differences 
in the mean number of birds were combined into the 4 
seasons. 

Observation Point Counts 
In November, 1990, nine permanent census points 

were established around the airfield to count and observe 
birds (Figure 1). The points were located from 500 to 
1500 m apart to reduce the probability of doublecounting 
birds (Verner 1985). Two points were located about 500 
m apart and the remaining points were 1000 to 1500 m 
apart. All birds observed and heard within a 500-m- 
radius were recorded for 30 minutes at each point. Birds 
were identilied to species with binoculars. Distance to a 
bird was estimated in meters, and a clinometer was used 
to measure the angle from the observer to the bird to 
estimate its altitude of flight. 

During the first 6 months of the study, data were 
collected fiom 15 minutes prior to sunrise to approximately 
3 hours after sunrise; midday for 3 hours centered around 
noon; and in the afternoon from 3 hours before sunset 
until approximately 15 minutes after sunset. Data were 
collected for 2 days every other week. Morning, midday, 
and afternoon points were done in the same order the first 
day, then reversed the following day. For the second 6 
months the method of data collection was modified to 
collect data on a weekly basis. Censuses occurred from 
15 minutes before sunrise to approximately 6 hours after 
sunrise, and then in the afternoon from 6 hours before 
sunset to approximately 15 minutes after sunset. Morning 
and aftemoon points were surveyed in the same order 
during 1 week, then reversed the following week. 

The direction each bird was observed in and its 
direction of flight was measured with a compass. A 
visual estimation of cloud cover, visibility (we used four 
codes of increasing visibility in m), temperature, wind 
speed, wind direction, background noise (high, medium, 
low), and presence or absence of fog and precipitation 
were recorded at each point. 

The mean altitude offiight of all birds was calculated 
fortheyearand thenby season separately. The percentage 
ofbirds flying in the following categories by season were 
also calculated: 125 m, >25-100 m, >loo-250 m, >250- 
500 m, >500-1000 m, and >lo00 m. 

Numbers ofbirds recorded at each 30 minute census 
point were averaged over a season to obtain mean 
number of birds per half hour. Seasonal means were 
calculated for both morning and afternoon periods. 
Morning and afternoon mean bird numbers for all four 
seasons combined were compared, and morning and 
afternoon means within each season were compared 
using 2-tailed t-tests (Sokal and Rohlf 1969:229-23 1). 

Seasonal means (combining mornings and 
afternoons) were compared using 1-way ANOVA and 
Tukey's multiple comparisons procedure (Sokal and 
Rohlf 1969:204-206). Numbers of birds among the 9 
observation points were also compared with 1-way 
ANOVA and Tukey's multiple comparisons procedure. 
A 2-way factorial ANOVA was used to compare the 30- 
rnin means between time and season factors, and a 3-way 
ANOVA was used to compare means between time, 
season, and the observation points (Sokal and Rohlf 
1969:299-356). Spearman rankcorrelation coeilicients 
(Lehmaun andD'Abrera l975:300) wereusedtocompare 
the total number ofbirds observed with weather condition 
variables. A significance level of P < 0.0'5 was used in 
all analyses. 

Bird Flight Patterns 
Birds observed flying in a specific direction during 

data collection periods were recorded as flying north, 
south, east, west, northeast, northwest, southeast, or 
southwest. Bird numbers in each directional category 
were combined for each morning and afternoon over a 
season to see if general trends in flight direction were 
evident. For ease of interpretation, the following 
directions were combined for the analyses: north and 
northwest, east and northeast, south and southeast, and 
west and southwest. Total percentages of birds flying in 
these four directions were calculated, and then the total 
percentages were broken down into the various species. 
Achi-square analysis of the fresuencies ofthese directions 
was used to test if the numbers within categories were 
equally distributed (Sokal and Rohlf 1969:701-704). 
Log-linear analyses (Fienberg 1980: 13) were used to test 
for relationships among flight direction, time (morning 
versus afternoon), season, and julian date. 

Habrtats 
The location of the bird in relation to the airfield and 

the habitat it was observed in was recorded during a 
census period. Most habitats on the site were classified 
by dominant vegetation. However, several habitats were 
classified descriptively; i.e., asphalt, flooded asphalt, 
and r d q  seawall (Figure 1). The percentages of birds 
recordedin the various habitatsby season were calculated. 

Bird-Aircraft Collision Reports 
Bird-aircraft strike reports were obtained from a 

Navy listing of all reported bird-aircraft collisions and 
total flight operations per year from 198 1 to 199 1. Bird 
strike data are usually reported as strike-rates, which are 
the number of strikes per 10,000 aircraft movements 
(Burger 1985). Annual strike-rates were calculated for 
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Table 1. Mean numbers of birds counted per observation Table 2. Mean number nf birds for the individual 
pointfor30-minutecountsmadeinmorningvs. afternoon observation points (all 30-minute counts combined) at 
at NAS Alameda during 1990-199 1. NAS Alameda during 1990- 199 1. 

Season1 Time Mean N SD P-valuez Point Mean N SD 

' Season 1 = late fall-winter 
Season 2 = late winter-spring 
Season 3 = late spring-summer 
Season 4 = late summer-Ml 
AM vs PM t-test. 

1981 through 1991. Seasonal and monthly flight 
operations were not available and, therefore, seasonal 
comparisons of bird-strike rates could not be made. 

The bird-aircraft strike reports were Summarized as: 
the number of strikes per season; the number of strikes 
by solitary birds or flocks of birds; the number of strikes 
by phase of flight (the Navy's categories, such as landing 
or take-off); and the number of strikes per type of bird 
(the Navy's categories, such as small bird, tern, or gull). 
These numbers provide an overview of when strikes 
occurred, what birds were hit, and whether these birds 
were hit in flocks or singly. 

RESULTS 
Observation Point Counts 

During all 4 seasons there was no significant 
difference between numbers of birds recorded in the 
morning versus the afternoon (Table 1). Seasonal 
differences in numbers of birds recorded at census points 
were found between late fall-winter (season 1) and late 
spring-summer (season 3), and late summer-fall counts 
(season 4, P < 0.0001). The greatest numbers of birds 
during both morning and afternoon counts occurred in 
late fall-winter. Significantly (P < 0.0001) greater 
numbers of birds were also recorded during late winter- 
spring compared to late summer-fall (Table 1). Mean 
numbers of birds among the 9 census points (both 

morning and afternoon combined) differed sigmficantly 
over the year (Table 2, P < 0.0001). Significantly more 
birds (P < 0.05, 1-way ANOVA) were recorded at point 
9, located at the west end of the solid waste disposal site, 
than all other points except 3, which was located at the 
southwest end of runway 3 1 adjacent to the bay. 

Neither the 2-way interaction between time and 
season on number of birds recorded, nor the 3-way 
interaction between time, season, and point were 
significant (P = 0.31 and P = 0.96, reqetAvely). 

Total numbers of birds detected were inversely 
correlated with visibility (rho = 4.2  1, P < 0.0001) and 
positively correlated with the presence of fog (rho = 0.14, 
P < 0.0001), increasing temperature (rho = 0.17, P < 
0.0001), cloud cover (rho = 0.07, P = 0.03), and wind 
speed (rho = 0.02, P = 0.28). 

Bird Flight Patterns 
The overall mean altitude of flight for all seasons 

and temporal periods combined was 2 15 m. However, 
that altitude of flight throughout the year was highly 
variable (s.d. = 325.3). The mean altitude varied across 
the 4 seasons, but all means were between 169 and 245 
m (Table 3). During all 4 seasons, large percentages of 
birdswere flying between 25 and 100 m (30.2%). During 
season 4, a large percentage of birds (3 1.5%) flew below 
25 m (more than the other 3 seasons). Overall, small 
percentages of birds were found flying between 500 and 
1000 m (8.7%) and above 1000 m (3.0%). 

The percentage ofbirds flying in each of the 4 flight 
direction categories varied for each season (Table 4). 
Differences in flight direction numbers were attributable 
to seasonal and temporal effects. The partral associations 
from log-linear analysis of flight direction of birds over 
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Table 3. Mean altitude of birds flying by season, the Table 4. Percentage of birds recorded for each flight 
percentage of birds flying by height classification by direction category at NAS Alameda, 1990 - 199 1. 
season, and the overall altitude of flight and height 
classification at NAS Alameda during 1990-199 1. 

Flight Direction 
Season1 Season1, Chi- 

Time N/NW SISE E/NE WISW square 
1 2 3 4 All 

Flight altitude (m) 
Mean 198.0 245.3 231.3 169.0 215.4 
SD 337.7 332.1 344.6 245.7 325.3 
N 5,520 5,807 3,054 2,721 17,102 

Percent of birds flying at each altitude class (m) 
<25 22.0 2.8 23.4 31.5 17.2 
>25-100 30.2 35.2 24.4 26.1 30.2 
>loo-250 25.1 31.8 20.6 20.2 25.8 
>250-500 13.9 17.3 15.5 11.9 15.0 
>500-1000 5.1 9.0 14.1 9.3 8.7 
>lo00 3.6 3.8 2.0 1.1 3.0 

Season 1 = late fall-winter 
Season 2 = late winter-spring 
Season 3 = late spring-summer 
Season 4 = late summer-fall 

the year were high for the time (552.3, P < 0.000 1) and 
forthe season (42474.9, P < 0.000 1) effects. In addition, 
the interaction between time and season was also highly 
signiscant (2725.9, P < 0.0001). The high partial 
association values indicate that wer the course of the 
year, time, season, and time and seasonal interactions 
affected the flight patterns of birds. 

No consistent flight patterns were found on a daily 
basis within a season when all bird species were combined 
(Table 5). Flight patterns of birds within a season were 
found to be affected by time (AM vs PM) and julian date 
and the interactions between time and date. The 
percentages of birds flying in the four directional 
categories were not equally distributed (P < 0.0001, 
Table 4). 

When the flight direction percentages were broken 
down by bird species, specific flight patterns were 
observed. For the late fall-winter mornings, 50.3% of all 
species of birds observed were flying south-southeast 
(Table 4). Of those birds heading south-southeast, 
62.4% were unknown and mixed gulls and 11.6% were 
surf sooters (Melanittaperspicillata). In addition, 19.2% 
of all birds were seen heading to the north-northwest in 
the mornings. Surf scoters (53.7%), mixed and unknown 
gull species (22.0%), and doublecrested cormorants 

Season 1 = late fall-winter 
Season 2 = late winter-spring 
Season 3 = late spring-summer 
Season 4 = late summer-fall 

P < 0.0001. 

(Phalacrocormauritus, 10.3%) comprised the majority 
of the individual bird species. In the afternoons during 
this same season, a large percentage of birds were 
observed flying west-southwest (34.4%). The majority 
of these birds were surf scoters (58.8%) and mixed and 
unknown gulls (29.4%). Also, 30.1% of the birds were 
observed flying south-southeast and the majority of those 
birds were surf sooters and gulls (52.4% and 34.8%, 
respecbvely). 

During late winter-spring mornings, 27.5% of the 
birds were seen flying south-southeast, and gulls (46.8%). 
surf scoters (13.3%), and doublecrested cormorants 
(10.6%) were the majority of birds. In addition, 39.5% 
of all birds were seen heading to the west-southwest in 
the mornings. Surf scoters and gulls made up the 
majority of the birds heading in that direction (36.3% 
and 27.4% respectively). In the afternoons of this same 
season, 30.2% of the birds were observed flying north- 
northwest and these birds included gulls (48.0%) and 
double-crested cormorants (28.8%). Also in the 
afternoons, 27.2% of the birds were seen flying west- 
southwest and gulls (42.5%), red-winged blackbirds 
(Agelaiusphoeniceus, 10.00/0), and surf scoters (1 1.9%) 
were the majority of birds. 

During the late spring-summer mornings, 33.9%0f 
the birds were observed flying west-southwest. The 



TRANS. WEST. SECT. WILDL. SOC. 28: 1992 Bird-Aircraft Strike Hazards . Ellison et al. 53 

Table 5. Summary ofpartial associations from log-linear 
analysis of flight direction of birds at NAS Alameda 
during 1990- 199 1. All likelihood-ratio chi-squares were 
significant (P < 0.0001). 

-- 

Season1 Time Date Time X Date 

Season 1 = late fall-winter 
Season 2 = late winter-spring 
Season 3 = late spring-summer 
Season 4 = late summer-fall 

majority of those birds were Caspian terns (Sterna 
caspia, 18.6%), western gulls (Lorus occidentalis, 
16.7%), least terns (Sterna antillarum, l3.9%), and red- 
winged blackbirds (10.0%)). Also in the mornings, 
27.4%ofthe birds were seen flying to the south-southeast 
and these b i i  included western gulls (22.9%), double- 
crestedcormorants (16.2%),and Caspianterns(14.8%). 
In the afternoons, 30.7% of the b i  were observed 
heading north-northwest, the opposite direction from the 
mornings. The majority ofbirds heading north-northwest 
were shorebirds (30.3%), western gulls (12.0%), double- 
crestedcormorants(11.7%),and Caspianterns(10.9%). 
Also in the afternoons, 33 3% of the birds were observed 
flying west-southwest and these birds included western 
gulls (20.9%), least terns (14.6%), unknown passerine 
species (1 1.7%), and Caspian terns (1 1.5%). 

During the late summer-fall mornings, 3 1.1% of the 
birds were observed flying south-southeast. Double- 
crested cormorants and western gulls comprised the 
majority of birds flying south-southeast (34.5% and 
16.9% respectwely). Alsoin the mornings, 25.5%ofthe 
birds were seen flying to the north-northwest and these 
birds included western gulls (26.1%), house finches 
(Carpodacus mexicanus, 17.9%), and mixed gulls 
(10.1%). In the afternoons, 35.8% of the birds were 
observed flying north-northwest and these birds included 
doublecrested cormorants and western gulls (56.2% 
and 12.3%, respectively). Also in the afternoons during 
the same season, 24.7% of the birds were seen flying 
south-southeast including western gulls (26.8%) and 
mixed gulls (2 1.6%). 

H a b i i  
Habitats present at NAS Alameda did not differ 

substantially among seasons, but the percent of birds 

Table 6. The percentage of birds observed among the 
seasons in habitats at NAS Alameda, 1990 - 199 1. 

Season1 

Habitats 1 2 3 4 

Asphalt - dry 
flooded 

Baseball field-rec area 
Exposed mudbank 
Field of dirt 
Field of grass 
General workshop area 
Grass-<4"tall 

4-12" tall 
> 12" tall 

Iceplant 
Mixed vegetation 
Pickleweed species 
Pier 
Rocky seawall 
Rumex species 
Trees - Monterey cypress 

mixed tree species 
Water 

Total 98.6 

' Season 1 = late fall-winter 
Season 2 = late winter-spring 
Season 3 = late spring-summer 
Season 4 = late summer-fall 

detected in the habitats varied by season (Table 6). 
During the late fall-winter (season l), 33.7% of the birds 
detected were observed in the water (bay and channels) 
and 12.4% were detected on the asphalt (runways, 
buildings, and hangars). The majority of birds in the 
water weresurfscoters (23.0%), unknown ducks (18.0%), 
western grebes (Aechmophorus occidentalis, 12.6%), 
and gulls (18.10/0). The majority of birds observed 
resting on the asphalt were gulls (54.8%). 

During the late winter-spring, 36.4% of the total 
birds were detected in the water, 14.9%inthe short grass, 
14.3% on the asphalt, and 12.1% were found on exposed 
mudbanks. The majority of birds in water were surf 
scoters (24.2%). unknown scaups (Aythya sp., 28.8%), 
and western grebes (14.9%). The majority of birds in the 
short grass were Caspian terns (22.4%), red-winged 
blackbirds (l3.3%), and unknown passerines (18.4%). 
Again, the birds observed on asphalt were mostly gulls 
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Table 7. Bird strike-rates for NAS Alameda from 198 1 
through November 199 1. 

-- 

Total 
Year Operations' Strike-rat$ 

1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 

All 

0.50 
1 .O3 
0.29 
0.61 
0.48 
0.58 
0.18 
0.79 
1.19 
0.33 
0.21 

Mean 0.56 
SD 0.31 

'Total operations included take&& landings, touch- 
and-goes, and overflights. 
ZStrike-rates are the number of bird strikes per 10,000 
aircraft movements. 

(69.0%). Birds observed on exposed mudbanks included 
American wigeon (Anas americana, 27. I%), Caspian 
terns (46.4%), and sandpipers (Calidris sp., 16.9%). 

During the late spring-summer, 22.6% of the birds 
were detected in the mixed vegetation, 28.1% were on an 
exposedmudbank, 11.2%inthewater,and ll.l%onthe 
asphalt. Most of the birds observed in the mixed 
vegetation included Caspian terns (65.8%) and western 
gulls (10.3%). Caspian terns comprised 83.4% of the 
birds located on the exposed mudbank. The birds 
o b s d  in the water were Caspian terns (35.8%) and 
gulls (36.5%). The birds using the asphalt included least 
terns (38.5%), rock dwes (Columba livia, 10.2%), and 
western gulls (14.4%). 

During the late summer-fall, 38.9% of the birds 
were detected in the mixed vegetation and 12.4% resting 
on the asphalt. Of the birds observed in the mixed 
vegetation, 60.6% were house finches and 11.5% were 
Caspian terns. The majority of birds observed on the 
asphalt were gulls (29.6%), rock doves (14.5%), and 
European starlings (Sturnus vulgaris, 10.9%). For a 
detailed breakdown of the percentage of birds in each 
habitat for each observation point, see Ellisonet al. (1992). 

Bird-Aircafk Collision Reports 
Thirty-seven bird-aircraft collisions were reported 

for NAS Alameda from 1981 through November 1 99 1. 

Table 8. Bird-strike reports by season including total 
strikes reported, the phase of flight in which strikes 
occurred, and type and number of birds involved in the 
strikes from 1981 through Nwember, 1991. 

Total strikes 
AM 
PM 

Phase of flight 
Climbing 
Descent 
Final approach 
Landing 
Low level 
Missed approach 
Take off 
Tratfic pattern 

Type of animal 
Bat 
Bird -all sizes 

-small 
-medium 
-large 

Gull 
Sandpiper 
Tern 
Vulture 

Bird numbers 
Flock 
Single 

Total (strike reports) 
- - --- 

I Season 1 = late fall-winter 
Season 2 = late winter-spring 
Season 3 = late spring-summer 
Season 4 = late summer-fall 

The mean strike-rate for this period was 0.56 and 
ranged firm a high of 1.19 in 1989 to a low of 0.18 in 1987 
(Table 7). 

A large percentage of strikes over the 11 years 
(45.9%) occurred during landing or while approaching 
anairstrip toland. During all 4 seasons, high percentages 
of strikes occurred during missed approaches (18.9%) 
and take+ffs (1 3.5%). Only 13.5% ofall strikes occurred 
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duringactualflights (low-levelflyhgandtratEcpatterns), 
and only 5.4% occurred during climbing and 2.7% 
during descent (Table 8). 

The majority of collisions (64.9%) involved solitary 
birds (Table 8). Most of the strikes within individual bird 
type categories were also caused by solitary birds. There 
were 2 bird categories in which the majority of strikes 
involved flocks: sandpipers (100Y0) and small birds 
(66.7%). For solitary bird-strikes, gulls accounted for 
29.2% of the strikes and unknown birds for 45.8%. 

DISCUSSION 
Bird activity levels at NAS Alameda were evenly 

distributed throughout the day. This even distribution is 
probably the result of foraging behaviors of gulls, tern, 
andother aquatic birds that forage throughout the day. In 
spite of this distribution of activity, relatively more bird- 
strikes occurred in the afternoon and evening for all of 
the seasons except late spring-summer. According to the 
Western Division Naval FacilitiesEngineering Command 
(1986), flight operations were evenly spaced from 07:OO 
to 19:OO; however, we notedthat flight operations appeared 
concentrated between 13:OO and 17:OO. Such a 
concentration might explainwhy the majority dcollisims 
oocurred in the afternoons. Burger (1985) found that 
strikes not involving gulls occurred evenly throughout 
the day at John F. Kennedy International Airport, but 
gull strikes occurred between 0500 and 09:OO which is 
contrary to the findings at NAS Alameda where gull 
activity was constant throughout the day. 

Our observed seasonal variations in numbers of 
birds were not swprising given that the San Francisco 
Bay is a major stopover location during migration and 
wintering area along the Pacific Flyway. As long ago as 
the early 1940s, Bartholomew (1942, 1943) noted that 
large flocks of water birds congregated around the San 
Francisco Bay Area during the winter months. Numbers 
of birds today are not as high, but there are still large 
concentrations of aquatic birds present in the fall, winter, 
and spring (U. S. Fish and Wild. Serv. 1985). More 
bird-strikes were reported at NAS Alameda during the 
late winter-spring as opposed tothe other 3 seasons. This 
could be due to seasonal differences in bird abundances 
or possibly to increased pilot awareness during the 
winter months. Monthly and seasonal variations in the 
bird aircraft strike-rates were also found at JFK Airport 
(Burger 1985). Pilot-reported strike-rates peaked in 
May and November during the spring and autumn 
migration and low strike-rates occurred from December 
through March. 

Variation in bird numbers among the 9 census 
points can be explained by habitat differences between 
the points. Overall, the solid waste disposal site located 

on the southwest comer ofNAS Alameda had significantly 
more birds than any other are. of the base. The disposal 
site is a sanitary landfill not in operation for the past 15- 
20 years. In 197 1, this dumpsite handled 150 tons of 
unlcnown refuse a day, refuse material was dumped 
sporadically, and gulls were o b m e d  all day @avidson 
et al. 1971). Since then, the area has been closed and 
revegetation has occurred. Most of the area is now 
covered with weeds, tall grasses, and coastal shrubs. A 
large lagoon is located at the southern end and a salt 
marsh at the northwest end. 

The dumpsite area exhibits a diversity of habitats 
that attract birds. In the late winter-spring, shorebirds 
and waterfowl were numerous on the exposed mudbank 
and lagoon, including a resident flock of 60 Canada 
geese (Branta canadensis). An upraised flat areaof short 
grass and mixed vegetation at the east end of the site 
attracted up to 500 Caspian terns roosting during late 
May and June. The mixed vegetation (mainly tall weeds) 
contained many birds especially in the spring and summer 
months. Weeds are known toattract birds. Bollinger and 
Caslick (1985) found a positive correlation between 
blackbird damage to cornfields and the amount of weeds 
present in the fields. In our study, during the late spring 
and summer, red-winged blackbirds were numerous in 
the dumpsite area and in the mixed vegetation at point 2 
because of the presence of weeds. The blackbirds would 
fly to the west-southwest from the buildings and hangars 
at the east end of the base to the dumpsite crossing 
runway 31 along the way. House finches were also 
commonly observed in the dumpsite and were noticed 
flying to the north-northwest in the mornings within the 
dumpsite, foraging in the weeds. 

In addition to the dumpsite, the area at the northwest 
end of the dumpsite, adjacent to the bay and the west end 
of runway 25, contained larger numbers of birds than 
other areas of the base. This site was more fragmented 
than the other sites and hence had many edges. It has 
been well established that edge habitats affect overall 
species diversity andthe total abundance ofwildlife (e.g., 
see Shaw 1985:38-40). 

The short grass areas around the taxiway, runway, 
and centerfield areas attracted small flocking birds. Hild 
(1983) speculated that birds use short grasses because 
they have a clear view of predators. Many western 
meadowlarks (Sturnella neglecta), horned larks 
(Eremophila alpestris), killdeer (Charadrius vocgerus), 
and rock doves were found feeding on insects and seeds 
in short grass areas. Unfortunately, these small flocking 
birds represent a serious threat to aircraft. When a flock 
is hit, several birds can be ingested at once and the 
probability that birds will be ingested in more than one 
engine is high (Caithness et al. 1967). Bird collisions at 
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NAS Alameda have involved flocks of unknown small 
birds. 

The number ofbirds detected decreased asvisibility 
increased while bird numbers detected increased with 
the presence of fog. The correlation d c i e n t s  were 
weak, however, indicating the associations were weak. 
Fog reduces visibility, but may improve the transmission 
of sound (Robbins 198 1) so more birds would be detected 
by soundalone. During conditions of lowvisibility, birds 
may fly within sight of the shoreline, using it as a guide, 
and thus fly closer to the observer whereas during clear 
conditions, the birds may be more dispersed. 

We also found that as cloud cover increased, the 
number of birds detected increased. Although heavily 
overcast days can delay the dawn chorus and cause early 
cessation of evening activity, heavy cloud cover may 
cause bird activity to increase later in the morning 
(Robbins 1981). In addition, an increase in cloud cover 
obscuresbright sunlightwhich may aid invisual detection. 
Cloud cover may also serve as a good background for 
viewing birds as they fly overhead. 

As temperature increased, bird detections increased. 
Robbins (1981) found that unusually low temperatures 
tended to inhibit activity of birds, and unusually high 
temperatures in the summer also shortened activity 
periods. For the NAS Alameda site, the range of 
temperatures was not extreme and an overall positive 
correlation was probably due to an increase in bird 
activity with warmer temperatures. 

The majority of birds detected in this study flew 
below 500 m. This result is important for military 
aircraft because 95% of bird-strikes in the United States 
occur under 600 m, and 70% occur under 150 m, where 
the density of birds is greatest (Stables and New 1968). 
A large percentage of bird-strikes at NAS Alameda 
occurred during landing or while approaching a runway. 
Similar results were found in Europe, with the majority 
of strikes occurring during landings and on the final 
approaches to land (Hild 1983). 

The environment surrounding NAS Alameda is an 
important factor in explaining directional flight patterns 
of birds on a seasonal basis. The importance of habitats 
surrounding airports has been observed at several other 
airports around the world. For example, the Invercargill 
Airport in New Zealand was built on a reclaimed swamp 
near anextensive estuaryand rubbishdump. Theseareas 
served as a rich feeding ground for waders, waterfowl, 
and gulls. Flight patterns of gulls were traced from the 
Invercargill city rubbish dump to the estuary (Caithness 
et al. 1967). Like Invercargill, NAS Alameda has a 
complex distribution of habitats including open water, 
open space, a vegetated solid waste disposal site, and 
rocky outmppings. This combination of feeding sites, 

flat open areas for loafingand the bay attracts many 
birds, especially gulls. The largest concentrations 
occurredon the open water. Gulls and shorebirds are also 
attracted to asphalt areas, especially if the areas are 
flooded because of poor drainage (Solman 1978). Birds 
are attracted to fresh water as a drinking source, but also 
use fresh water for bathing. 

Many of the bird-strikes at NAS Alameda, when the 
species struck was recorded, involved gulls. Gulls 
account for 40% of the world's reported bird-strikes and 
are considered to be the most serious threat to aircraft, 
eqwially at coastal airports (Seubert 1976, Murton and 
Wright 1968). Gulls do indeed represent the greatest 
threat to aircraft at NAS Alameda; however, they might 
be avoided because they follow predictable daily flight 
patterns. Cogswell (1974) noted a southeast mwement 
of gulls in the mornings along rocky seawalls from the 
active Alameda disposal site towards the San Leandro 
Bay and the two dumpsites active there, and also a 
movement of gulls to the northwest originating from the 
waste site at Alameda. Similar patterns of flight were 
observed around NAS Alameda during our study. 

Duringthe latespring-summer, Caspianterns roosted 
on the upraised areas at the eastern end ofthe solid waste 
disposal site. The foraging behavior of these birds 
explains their general flight pattern from the southern 
rocky seawall boundary of the dumpsite, west to the bay 
to feed. Also, during the spring, least terns bred on the 
sanctuary located in the south end of the centerfield. 
Least terns are designated a Federally endangered species 
(Ainley ad Hunt 1991). The species nests at estuarine 
and coastal sites from the San Francisco Bay southward. 
A recovery program has been in place for the last 10 years 
throughout California (Ainley and Hunt 1991). About 
70 pairs of least terns breed every yea. from June into the 
first week of July at the asphalt sanctuary. These birds 
fly from the sanctuary to the western channel and bay 
area to forage, crossing the south end of runway 3 1 on the 
way. Thus, because they also fly at low altitudes, there 
is a large chance for their colliding with military aircraft. 

MANAGEMENT IMPLICATIONS 
Based on our results and the current literature, 

recommendations for reducing bird-strike rates are: 
1) Increase pilot and airfield personnel awareness 

of bird-strike hazards and the attractions an airfield has 
to birds. The majority of collisions at NAS Alameda 
were with solitary birds and a high percentage of these 
bids were not identified to species. By emphasizing 
bird-strike reporting and the identification of every bird 
involved in a strike to the species level, more specific 
management programs can be developed. Even a few 
bird remains left on the runway can be positively identified 
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to species. If the identification of bird remains is not 
possible, all informationthat canbe collected is important, 
including the time of day of the strike, the runway on 
which the strike occurred, the size and number of birds 
involved in the strike, height when the strike occurred, 
and the weather conditions. 

2) Pilots should be made aware of the movements of 
birds from their roosting and feeding sites and of their 
general behaviors in nearby habitats. At NAS Alameda, 
flight pattemsof particular concern are least terns as they 
fly across runway 3 1 during spring, and the movements 
of gulls from the southern rock breakwater to daily 
feeding sites during all seasons. During thespring, flight 
operations that occur low over the southeast end of 
runway 3 1 should be avoided. The flight patterns of 
Caspian terns, house finches, and red-winged blackbirds 
toward and within the solid waste disposal site are also 
of concern. Low level flights over the dumpsite should 
be avoided, especmlly during spring and summer months. 

3) Bird control programs should be employed during 
times of the day when the most bi-stdces occw. Most 
bird& at NAS Alameda occurred in the afternoons 
and evenings, but it was unknown whether this was due to 
more flight operations duringthosetimes. Ifthere are more 
flights occuning in the afternoons and evenings, we 
recommend that total flights be spread more mnly  
througtsouttbedayandnotbeconcentratedintbeaftermons. 
Bird control programs such as scaring methods should be 
employed during aRemoons and evenings. 

4) Plane activity levels should vary seasonally at 
airports where bird densities vary seasonally. For NAS 
Alameda, bird numbers were the highest in the winter 
and lowest in the summer. Plane activity could be 
increased during the summer, but strikes might increase 
because of the presence of immature birds. Thomas 
(1972) speculated that immature (and therefore 
inexperienced) gulls may be involved in more strikes 
than mature gulls. 

5) The habitat should be manipulated to discourage 
large flocks of birds on or near airfields. Keeping the 
grass heights 20-30 crn around the airfield has been 
suggestedasadequate indetemng these social feeders by 
several authors (Caithness et al. 1967, Blockpoel1976). 
For instance, the grassy areas at NAS Alameda that 
needed special attention included areas directly adjacent 
to the taxiways and runways. 

6) At coastal airports, flocks of gulls and shorebirds 
can congregate around asphalt areas after rain because of 
the flooding from inadequate drainage. The asphalt 
areas around the helicopter pads and taxiways collected 
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water after rains and largeflocks of ring-billed gulls, 
California gulls, and western gulls were observed resting 
there. Draining off excess water from these areas would 
prevent birds from concentrating near where helicopters 
take-off and land. 
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