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SECTION I

INTRODUCTION

THE RANDOLPH AFB BAT PROBLEM

The ever-increasing use of high performance USAF aircraft has resulted
in a rising number of collisions with flying wildlife (Ref. 1). These col-
lisions cause millions of dollars damage to USAF aircraft each year and have
been responsible for several fatal accidents. Within the continental United
States, the frequency of such collisions or strikes varies with geographical
location, Almost 50% of the USAF strikes recorded each year occur in the
southwest (Ref. 2).

An unknown percentage of these southwest strikes involve bats rather
than birds, Bats are a major cause of aircraft engine failures at Randolph
AFB near San Antonio, Texas (Refs. 3-4). Randolph AFB is a major USAF
flight training facility.

The evidence that bats are a hazard to aircraft operating from Randolph
AFB comes from two sources. The first concerns the seasonal and daily timing
of the collisions. Figure 1 shows the average number of both damage and
nondamage bird and bat collisions per month at Randolph AFB during 1966 and
1967, the two years prior to the introduction of any bat avoidance procedures.
Note that there are many strikes during the summer months as well as in the
spring and fall when large numbers of migrant birds pass through the San
Antonio area, and when the greatest number of strikes would normally be
expected. This yearly pattern of strikes is not surprising. Large numbers
of bats are present in the San Antonio area each year from April through

October. Further, the majority of strikes at Randolph AFB occur at times












of Randolph AFB, almost directly in line with the base funways. The entrance
to the bracken cave is shown in figure 3.

Each evening the bats leave the caves to forage for insects. Figure 4
is a photograph of bats leaving the vicinity of the Bracken cave. The sound
produced by millions of Mexican free-tails leaving a large roost has been
compared to the roar of a white-water river (Ref. 8). The bat flight appears
as a dark cloud in the sky which 1s often visible for several km. The bats
frequently travel away from the caves in dense formations resembling serpen-
tine columns., These columns travel parallel to the ground at altitudes of
200 m or less, for distances of up to several km, and then ascend, rising out
of sight of ground observers. In the morning, the bats often assemble in
dense formations before returning to the caves. Young bats are born in June
and most are capable of flight by early August, a fact which may explain
the August peak in strikes shown in figure 1., Migration back to Mexico
usually begins in September and few bats remain in Texas caves by the middle
of December (Ref. 8).

Bats fFom the Bracken cave may consume more than 5 tons of insects
during a single night, many times the number destroyed by any human insect
control program (Refs. 3, 8). Bats are, therefore, of considerable enonomic
importance in the San Antonio area. Neither the destruction of bat popula-
tions nor the closing of bat roosts are viable solutions to the bat strike
problem, Attempts to keep the bats within the cave until nighttime flying
operations are completed are also inadvisable. Mexican free-tailed bats have
been found to be highly sensitive to such disturbances, often abandoning a
cave for alternate roosts at the slightest provocation (Ref. 11). Any dis-
turbance of the population in the Bracken cave would quite likely result in

large numbers of bats seeking alternate roosts in buildings in the surrounding









community, including buildings on Randolph AFB.

RESEARCH ON THE BAT HAZARD TO AIRCRAFT

For the past several years, we have worked closely with the 12th Flying
Training Wing Flight Safety Office at Randolph AFB in devising procedures for
reducing the bat hazard to aircraft, The information contained in this report
was collected in 1967, 1968, 1971, 1972, and 1974. This manuscript summarizes
our techniques for collecting data on bat flights with radars, describes our
findings concerning the vertical and horizontal distribution of bat flights
and how these variables are related to the frequency of bat strikes, describes
the operation of a bat avoidance program based on real time radar observations,
summarizes our progress toward predicting evenings when bat strikes are most
likely to occur, and describes the results of our experiments concerning the

bat deterrent properties of strobe lights.



SECTION II

MATERIALS AND METHODS

RADARS

For an ex-ellent review and discussion of the techniques used to detect
flying wildlife with radars and the procedures employed to make permanent
records of radar data, consult references 12, 13, and 14. The following
cites only the specific techniques and procedures used in our research.

Figure 5 shows the location of the radar installations used to observe
bat flights, the approximate maximum range at which each radar could detect
bats, and the location of several caves near Randolph AFB housing an esti-
mated million bats or more.

Three types of radar were employed: search, height-finding, and
weather. Three search radars were used to obtain information on the hori-
zontal distribution of bats: a 10 cm wavelength, 400 kw pegk power, ASR-6
approach control radar located at San Antonio International Airport; a 10
cm, 100 kw, MPN-14 approach control radar located at Randolph AFB; and a
23 cm, 5 Mw, FPS-91-A surveillance radar located at Lackland AFB, The FPS-
77 weather radar at Randolph AFB (5 cm, 250 kw) provided information on. the
vertical distribution of bat flights, Data on the altitude of bats flights
were also obtained from the FPS-6 height-finding radar at Lackland AFB (11
cm, 4 Mw).,

The FPS-91-A search radar was used to gather information on the overall
pattern of bat activity in the San Antonio area. Due to the proximity of the
Bracken cave to Randolph AFB, the majority of our observations were made on

bats emerging from and returning to this roost. The ASR-6 approach control
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Figure 5, The triangles on the above figure show the locations of
the radar installations in the San Antonio, Texas, area which we

used to observe bat flights., The lengths of the lines extending from
the triangles indicate the approximate maximum ranges at which each
radar could detect bats. The letters and numbers along each line
identify the radars at each site (see text). The letter (H) indi-
cates that a radar was used in the height-finding mode and the

letter (S) indicates that a radar was used in the search mode.

The circles show the location of several large caves, each housing

an estimated million bats or more.
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radar at San Antonio Airport provided the most detailed information on the
horizontal distribution of bat flights near the Bracken cave, and the FPS-
77 weather radar at Randolph AFB provided the most detailed data on their
vertical distribution. Consequently, the majority of our observations from
1967 through 1972 were made on these radars. Unfortunately, in 1974 we were
able to use the ASR-6 for only 10 days. The MPN-14 provided more detailed
information on the horizontal distribution of bat flights within 25 km of
Randolph AFB than did the FPS-91-A, and so most of our 1974 search radar
observations were made with the lower powered MPN-14, The MPN-14, however,
provided far less detailed data on bat flight directions than did the other
two search radars, and all information on flight directions presented in
this report was obtained from the ASR-6 and FPS-91-A,

Observations were made from 20 to 29 October 1967; 6 June to 11 August
1968; 19 July to 26 August 1971; 17 June to 17 August 1972; and 3 June to 18
August 1974, From 1967 through 1972, the majority of our observations were
made in the evening to coincide with pilot training operations. In 1974,
morning observations were also made whenever possible. All radars were used
on a noninterference, time-available basis. Other operations at the radar
sites often prevented our obtaining information on bat activity. Whenever
possible, we began making observations two hours before sunset or sunrise
and continued for as long as we could detect bat activity on the radars.

Information was recorded from the Plan Position Indicator displays (PPI)
of the search radars with a Polaroid 180 camera, a 35 mm still camera, or
with a time-lapse 8 mm camera which recorded an entire evening's or morning's
activity, Samples of such photographs are shown in figures 6 and 8 thru
10. The radars were operated with linear polarization and minimal Sensitiv-
ity Time Control (STC) to maximize small targets. On some days, Moving

Target Indicator (MTI) was used to reduce ground return. Circular Polari-
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In figure 7b, taken 20 min later, the column has risen to a height of approxi-
mateiy 3,000 m and has progressed about 9 km toward the radar. The increased
return near the ground in figure 7b probably represents low flying bats. See
reference 17 for a discussion of the potential advantages of high altitude
fiight to Mexican free-tailed bats.

In the morning, when the bats returned to the cave, the sequence of
events shown in figures 6 and 7 occurred in reverse order. Approximately an
hour before sunrise, small echoes would appear in the vicinity of the bat
roosts. These would increase in number until they formed large radar echoes
similar to those in figure 6b. Over the next few hours these echoes would

slowly diminish in size, disappearing usually about 1 hour after sunrise.

HELICOPTER OBSERVATIONS

The presence of large numbers of bats within these radar targets was
confirmed by visual observations from a helicopter. On two evenings, the
aircraft was directed to fly across the large radar echo near the Bracken
cave. Within the radar target, large numbers of bats would pass through the
light beam more rapidly than an observer could count (more than 30 per min)
and then disappear, followed rapidly by another group. Beyond the perimeter
of the radar targets, bats were far less numerous and were flying singly or
in groups of less than 10. The greatest concentration of animals oufside the
radar echo was usually within 160 m of the ground. These bats were often ob-
served flying with the characteristic darting flight of feeding animals.
Behavior typical of feeding was not observed for bats flying at altitudes of
over 200 m,

Further data on the flight pattérns of bats leaving the Bracken cave were
obtained by observing the bat flight from the helicopter before sunset. The

aircraft was positioned about 1 km west of the column of emerging bats, at an
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was based on real time radar observations. The program has continued

each year since that time. The program made use only of equipment available
in the San Antonio area and required the close cooperation of scientists, USAF
personnel, and the Federal Aviation Administration. A primary concern was to
train USAF personnel in all necessary procedures. The details of the program
are described below.

Each night that training operations were conducted, and each late after-
noon and morning in 1974, the bat flight emerging from or returning to the
Bracken cave was observed with either the ASR-6 or the MPN-14 search radar,
and with the FPS~77 weather radar. When Phase 1 activity was first noted on
the search radar, the radar operator informed both the T-38 Supervisor of
Flying (SOF) and the operator of the weather radar of the position and size
of the bat flight by telephone. The weather radar operator determined the
maximum and minimum altitudes of the bat fl;ght and reported this information
to the SOF, The SOF used the information from both radars to obtain a com=-
posite picture of the vertical and horizontal distribution of the bat flight
and determined what action, if any, was required. This procedure continued,
at 10 to 15 min intervals, until bats were no longer visible on either radar.

If observatione indicated that the distribution of bats was such that
T~38 aircraft could sarely leave and return to the base, they were simply
vectored away from the bat flight. If the bats were observed to be entering
the T-38 traffic patterns, if pilots reported seeing large numbers of bats
passing through their landing lights, or if one or more aircraft struck bats,
the SOF advisad pilots to reduce their speed and return to base. Both pilots
and Supervisors of Flying were initially skeptical of the bat avoidance pro-
gram and our suggestions were often disregarded. Enthusiasm for the program
developed after several bat strikes occurred following a "bat warning."

Early in the summer of 1972, we made progress toward identifying evenings

40



when aircraft are most likely to collide with bats., On three evenings when
bats damaged T-38 engines, the distribution of bats emerging from the Bracken
cave appeared quite different from that seen on nights when strikes did not
occur. On these three evenings, Phase III bat activity was observed to dis-
appear from the PPI display of the search radar at a position approximately
12 km NW of the base. Examination of the RHI photographs taken on these
evenings indicated that the bats had descended to low altitudes (< 500 m) and
then moved toward Randolph AFB. It was these observations which prompted us
to construct the three dimensional drawings of bat flights which led to the
grouping of flight patterns into three types (see Section III). The bat
flights on the nights cited above, of course, were Type III flights. Re-
examination of our data from 1967, 1968, and 1971 revealed that radar data
had been recorded on 21 evenings when flight training operations were con-
ducted. On these evenings, a total of seven engines were damaged either by
bats or unidentified flying animals., Five of these seven engines were damaged
on evenings when the bats flew a Type III pattern. The other two engines were
damaged when aircraft flew directly through Phase I, Type II, bat flights.

From early summer of 1972 on, we recommended that nighttime pilot
training operations be terminated whenever Type III bat flights were detected
on the radar displays. In practice, it proved possible to determine that the
bats would move toward the base at low altitudes and to cancel the training
mission from 10 to 30 min before the bats entered the T-38 traffic patterns,
On several evenings, it was possible to recall all aircraft to base without
bat strikes being reported. On several other evenings, the bats arrived near
or over the base before all aircraft could be recalled and aircraft struck
bats either to the north of the base or while landing.

In April of 1974, following two evenings on which five engines were

damaged, permission was given to halt all takeoffs and to divert aircraft
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PREDICTING EVENINGS WHEN TYPE 1II FLIGHTS ARE LIKELY TO OCCUR

Halting nighttime flight training and diverting airborn aircraft to
Kelly AFB whenever Type III bat flights are detected results in added costs
to the Randolph AFB training mission. Significant savings would be realized
if one could forecast evenings on which Type III flights are likely to occur
and schedule training operations on other evenings. Multiple regression
analyses may be used to search for "predictors" which can be used to make
forecasts. A comprehensive description and discussion of multiple regression
techniques is8 beyond the scope of this report. For an excellent review of
these statistical procedures, see references 19, 20, and 21.

Multiple regression analysis is a method for studying the effects and
the magnitude of the effects of more than one independent (predictor) variable
on the value of a single dependent variable using principles of correlation
and regression. In preparation for the analysis, the investigator records the
value of the dependent variable (DV) on a number of occasions, as well as the
values of a number of other known or forecastable independent variables (X)
which he suspects might be good predictors. The analysis fits a linear addi-
tive equation to the various values of the independent variables, and each
variable is assigned a constant (C) which indicates its relative predictive
"weight". The analysis also provides a corrective constant (K). The con-
stants chosen are those which maximize forecasting accuracy for the values of
the independent variables and the dependent variable on which the analysis
was performed. The equation mav then be used to forecast the dependent vari-
able. The formula for the predictive equation where there are N predictor
variables 1s as follows:

DV = K+ C; X; +Cy Xg + ¢ ¢ ¢ ¢ Cy Xy
The square of the multiple correlation coefficient (R?), the percentage of

the variance in the dependent variable accounted for by the relationships
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SECTION V
EVALUATION OF THE BAT AVOIDANCE PROGRAM

It has proven impossible t ..!tain all the information necessary to
perform a rigorous statistical evaluation of the efficacy of the bat avoid-
ance program. Records distinguishing bat strikes, bird strikes, and col-
lisions in which the animal was not identified were not kept prior to 1966.
Also, we found that USAF regulations concerning documentation of nondamage
strikes varied from year to year. Consequently, this evaluation is based
only on collisions which resulted in damage to a T-38 engine or airframe., We
wished to compute the yearly number of T-38 strikes which resulted in damage
during months and periods of the day when bats were active, and to compare
these figures across years. We found, however, that while we could obtain
extremely well documented records of damage strikes, only records of the total
number of T-38 flying hours per month were available. The information pre-
sented below in tables 2 thru 4 was obtained from the files of the 12th
Flying Training Wing Flight Safety Office at Randolph AfE.

Table 2 shows the total number of T-38s damaged by pnats, birds, and
unidentified flying animals at Randolph AFB each vear, from April thru
October, from 1966 thru 1974, Note that exactly twice as many bats as birds
were identified as being involved in collisions. This does not necessarily
indicate, of course, that one third of the collisions in which it was not
possible to identify the animal involved were bird strikes or that birds were
involved in one third of the strikes which occurred during periods when bats
were active, Table 3 shows the number of T-38s aamaged by bats, birds, or

unidentified animals at dawn (the 2 hour period after sunrise), during the
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TABLE 3

NUMBER AND TYPE OF DAMAGE TO T-38S BY BATS, BIRDS, AND
UNIDENTIFIED FLYING ANIMALS AT DAWN, DURING THE DAY,
AT DUSK, AND AT NIGHT, FROM APRIL THRU
OCTOBER, FROM 1966 THRU 1974

Type Time of Day
Animals of Totals
Damage Dawn Day Dusk Night
Bat Engine 3 0 0 31 4k
Structural 0 0 0 0 Ok *x
Bird Engine 2% 2 0 4 Bk
Structural 0 7 1 1 Qkkk
Uniden- Engine 5 21 3 33 62%*
tified
Structural 1 3 0 1 Shik
Totals 11 33 4 70 118

*One T-38 destroyed.
**Total Engine Damage = 104,

***Total Structural Damage = 14,
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SECTION VI

RECOMMENDATIONS

There can be no doubt that bats will continue to be a serious hazard to

T-38 aircraft operating from Randolph AFB in the coming years. Collisions

with bats could most certainly result in the loss of aircraft and the loss of

life.

There is no deterrent system known to us which 1s capable of clearing

bats from runway areas or of causing bats to avoid aircraft. The USAF will

have to determine what it considers to be an acceptable level of bat strikes.

The effort and resources required to reduce the bat hazard will necessarily

be a function of the desired level of strike reduction.

Our recommendations for the reduction of the bat hazard to aircraft at

Randolph AFB are as follows:

1.

3.

Reduce nighttime T-38 flying operations to the absolute minimum
during "bat season." If possible, transfer nighttime operations

to another base. During the summer and winter, nighttime training
could be carried out on cross-country flights, We do not recommend
nighttime cross-country flights during the spring and fall,
especially at altitudes of less than 3,000 m, because of the
possibility of aircraft encountering the large numbers of migrant
birds aloft during these periods.

Eliminate straight-in approaches near the Bracken cave from 2 hours
before sunset until 2 hours after sunrise, unless radar observations
indicate that this approach is necessary to avoid the bat flight.
Whenever the direction and velocity of the surface winds make it

necessary for T-38s to launch toward the NW, we recommend that
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APPENDIX A

INSTRUCTIONS FOR TUNING RADARS TO DETECT BATS

SAN ANTONIO INTERNATIONAL AIRPORT ASR-6 SEARCH RAIAR

Antenna Elevation. -- 2.0°

Power. -- Maximum.

Radar Gain, =~ Maximum,

Video Gain. -~ Approximately 8032

Range. -- 20 miles. Plan Position Indicator display should be decentered
10 miles toward the SW.

Polarization. ~- Linear. Circular polarization should be used only to
reduce the returns from fog and precipitation. It should be noted that the
use of CP will reduce the size of the bat echo.

Stability Time Control. =- Out to 5 miles.

Moving Target Indicator. -- Off. The MTI circuit should be used only on

occasions when ground return is particularly heavy. Use of MTI usually results

in a reduction in the size of the bat echo.

In the evening, the bats will first be detected at a point approximately
12 miles NE of the radar. In the morning, the bats usually approach the
radar from the south. Morning bat radar targets have a diffuse, scattered

appearance.

RANDOLPH AFB MPN-14 SEARCH RADAR

Antenna Elevation, =-- S.0°

Power. == Maximum.,

Radar Gain. -- Maximum.

Video Gain. -- Approximately 75%
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Range. -- 20 miles.
Polarization. =- Linear.

Stability Time Control. == Out to 3 miles.

Moving Target Indicator. -- Off,

In the evening, the bats will first be detected at a point approximately
11 miles NNW of the radar. In the morning, the bats usually approach the

base fromthe south, producing a radar echo resembling a diffuse cloud,

RANDOLPH AFB FPS-77 WEATHER RADAR

Antenna Elevation. -- 0° to 90°

Altitude Scale., -- 0 to 30,000 feet.

Power, -- Maximum.

Radar Gain, -- Maximum.

Video Gain. -- Approximately 80%
Range., -- 15 miles,

Polarization. -- Linear.

In the evening, bats will first be detected at an azimuth of from 325°
to 340°, at a range of approximately 11 miles. In the morning, the bat
flight will usually first be detected at an azimuth of from 135° to 225° at

a range of from 10 to 15 miles.

59









	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048
	0049
	0050
	0051
	0052
	0053
	0054
	0055
	0056
	0057
	0058
	0059
	0060
	0061
	0062
	0063
	0064
	0065
	0066
	0067
	0068
	0069

