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BirdQi e to agricultural crops continues
to"M ro em in localized areas of the UnitedStates and other countrics (DeGrazio 1978,
Dolbeer 1980, Wright t al. 1980). Besides
ecunomic losses, bird damage may exacerbate 
conflicts between agriculture and the enforce-
ment of laws 'rotecting wildlife and theirhabitats (Anon. 1983, Stone et al. 1984, Flick-
inger ct al. 19186). 

There is a continuai need for the develop-
ment of new means for keeping birds out ofcrops. Nonchemicl techniques are especially
attractive because of the expense of govern-
mental registration of chemical reellets a dtoxicants (flood 1978) and the economic andtechnical difficulfti.-s surrounding their use. One 
new technique for repelling birds is reflectingz, 

L .or rlw made of mylar, marketed asBird Scaring- Reflecting Tape® (reference totrade names does not imply endorsement by
tie U.S. Government). The tapes (11 nm wide,0.025 mm thick, metallic red and silver on
opposite sides) flash in sunlight and wind whensuspended above a fleid and produce a "roaring" noise under certain wind conditions. Reflecting tapes have shown promise in reducing
bird activity in field trials in the United States,
Philippines, India, and Bangladesh (Bruggers
et al. 1986). However, no replicated experiments have evaluated the performance and
optimal deployment of these tapes. \Ve evaluated tie effectivenecs of reflecting tapes at 3spacing intervals fo, reducing bird damage toripening millet, sunflowers, and corn and de
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Fig. I. Bird S aring Reflecting Tapes suspended above a field of millet at Ottawa National Wildlife Refuge,Ohio, 1985 (Photo by R. L. Bruggers).
 

termined the cost/hectare of deploying these
tapes and their durability under field condi-

tion.each 


METHODS 


This study was
National 

done in 1985, primarily at OttawaWildlife Refuge (ONWR),
Ohio, with Lucas County,,a satellite study site 70 km away in ErieCounty, Ohio. The ONWR site was a 100-ha t.nit ofthe refuge loc:.ted 1.5 km south of Metzger Marsh andLake Erie. Up to 100,000 birds, primarily red-wingedblakbird;(olotrus ter ),anEuroan-advgs (t-blakbirds andEuroc ), eat snus oulgaris), roost there in late summer (Dolbeer etSal. 1984). The location in Erie County was adjacent to 

a 2 ,400-ha National Aeronautics and Space Adminis-tratin facility consisting of predominantly unmowedold-.field habitat. 

7'.Mile! 

At ON\VR 18 fields of prose millet were planted,15 on 15 June anti 3 on100 m (0.21-0.30 ha) in size. The 18 fields were grouped 
t0 July. Fields were 30 x 70-

into 6 blocks of 3 fields each based on location. The 3late-planted fields were in I block. The 3 fields within m apart.block r 60-70 m apart And blocks were >200 
In each block, I field was randomly selected to havereflecting tapes strung across the nanow (30 m dinension from 1.8-m wooden poles (driven 0.3 innthe ground) in parallel strands at 3-m intervals. Anotherfield in each block had tapes strung at 7 -m intervalsand the remaining field served as an untaped control.

Tapes were installed when the seed panicles began toform, from 9 to 12 August for the early-planted blocksand on 28 August and 2 September in the late-plantedblock. Tapes were strung with 2-4 twists 30 m andwith enough slack to allow undulations of about 0.51.0 m at the center of the strand. Tapes were suspend.ed 0.5-1.0 m above the millet (Fig. 1). 
Bird counts wereonce daily) from made in each millet field (usually10 Augtst to 19 September in theearly-planted blocks and from 28 August to 5 October 

in the late-planted block. Counts were started at various times from 0700 to 1800 hours. An olsen er walkedalong the edge of each field and either cunted (for 
small numbers) or estimated (for large flocks) the number of birds in the field. Broken tapes ,Aere noted andrepaired during these counts.Bird damage was assessed on 10 September in the 
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Percent of millet panicles with >-10% bird
Table 2. 

Table 1. Total numbers of blackbirds' observed dur-
damage in 18 millet fields (6 blocks of 3 fields each) 

ing 39 counts/field between 10 August and 5 October 
at Ottawa National Wildlife Pefuge, Ohio, 10 Septem

in IS millet fields (6 blocks of 3 fields each) at
19S5 ber 19S5' (n = 180 panicles/field). 
Ottawa National Wildlife Refuge, Ohio. 

Taped fields 
u2a|-dif 

TUn~ard 3-m spacingTApedfirlds 7-m sl cing 
-n s pcing Muck fields 

-. in rpucigUnvaeldit 6.735.646.1 
3,02 3,107 8 A 23.9A B 63.3 2.803,1-a0 12 7.2B C 45.0 63.3 

C 14,001 1,350 27 27.2 70.6 
2,501 D 41.7 

D 7,300 4,700 2.8 5.068.31 E 
E 1,000 7,001 4.4 3.6F 44.00300 500F 19.5B51.4Ab 22.7B423C Mean 

Mean 4,784A b 2,778B 
blocks. s.asasseesdfor 

' Block F. plInted I month later tha. the other 
red-.i nged blackbirds.

>90.' brno.n-headed co birds, < 19. 
damager 195,

diffect letters differ (P < 0.05). randoniyed block analysis 11 October 0,05). randomized block analyss
Means . i Means with different letterS differ (P < 

were sub-. 
of saritme ,2 and 10 d ) and Dunscan'smultiple range tet. Data 

of variance (2 and 10 dl) and Duncan$ multiple range test. 

to square-r-'t translnrmratior.jected 

and on 5 October in the late
early-planted blocks at 5-m intervals over 1 field in each block. Bird obser

located along each 
planted block. Twelve plots were 

vations were made as in the millet fields from 15 Au
the length of each field. The 

of 3 transects that ran gust to 1 October. Bird damage was assessed on 5, 16, 
length

first plot was randomly !ocated in the first /, 

of the field and the remaining 11 were systematically and 26 September and 4 October (29, 40, 50, and 58 
on 4, 13, and 

days Pfter 50% bloom) at ONWVR and
plot 5 

located at '/-o-thefield increments. Ateach 
26 September (23, 32, and 45 drys after 50% bloom) 

clipped and the number located as in the
consecutive panicles were in Erie County. Sampling plots were 
having ut10% bird damage noted. We used u10%o 

sweet corn, and the percent of seed removed by birds 
to avoid miscate-

damage as a conservative criterion 
as visually eszmated for each sampled head (Dolbeer

few glurne l.  as damaged that had a
gotizing panicles 1975).
 
with undeveloped seeds or a few seeds missing because 


then placed in
of wind shattering The panicles were 

RESULTS a paper bag (1 bag/transect) and were dred at 40 C 

for 1 w. ek. The seeds then were winnowed from the 

panicles and weigh,-d. Millet 
A total of 48,573 birds was recorded in the 

millet fields during 39 counts/field be-
S fweet c (18 x 100 in), grouped tween 10 August and 5 October. About 99% 

(14-2Six fields of sweet corn 
were planted on 12 June 

into 2 blocks of 3 fields each, 
(47,910) were blackbirds with mourning doves 

at ONWR. Tapes were installed on 9 August, with the 
(Zenaida macroura)(271) and house sparrows 

samt spacing scheme and height above the crop as in 

the millet fields, from 3-m steel electrical conduit (Passerdomesicus) (256) being the net most 

(1.9-cm diam) driven 0.5 m in the ground. Bird and 

common species. 
was assessed on 27 August, 25 days 

wasmammal damage The total number of blackbirds/field
after 50% of the ezrs had silked, and mammal damage 

greater for untaped than for taped fields (Ta
wa, assessed again 10 days !ater. Eight plots were lo-
cated in each of 4 transects as in thle millet fields. In 

ble 1). Flocks of >_1,000 blackbirds were ie
each plot, the top ear on each of 5 consecutive plants 

corded in a millet field 17 times: 10 in untaped 
was examined and the incidence of bird or mammal 

fields, 6 in fields with 7-m tape spacing, and 
damage noted. 

field with 3-m tape spacing. Untaped
1 in a 
fields had 11.2 times more blackbirds than did

Sunflower 
fields taped at 3-m intervals.x 

There were no differences (P > 0.05) amongFour fields of oil-seed sunflower (27-46 61 m) 
6 June in Erie County and 4 fieldswere planted on 

i2 June at ONWR. of
(14 x 100 m) were planted on treatment groups in the mean numbers 
The fields were grouped in 4 blocks of 2 fields each. 

more (P < 0.05)mourning doves. However, 
Reflecting tapes were installed from 3-m conduit poles 
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Table 3. Percent of ears drmaged by blackbirds and Table 4.mammals (white-tailed deer and raccoon, 
Totai numbers of blackbirds, Americanin 6 sweet goldfinchles, house sparrows, and mourning doves reearn fields (2 blocks of 3 fields each) at Ottaw,' Na-

tional Wildlife Refuge, 1985 (n = 
corded in 8 sunflower fields (n = 2/treatment per160 ears sampled/ county) in Lucas and Erie counties, Ohio, 1985. Birdsfield on 27 August and 120 on 6 September). in the fields in Lucas and Erie counties were counted 
4:3.4nd 20 times, resrpecively, between 15 August and 

p.nt tnlajx~ - Tjd tield, 1 October. 
d nmge 
 fi'ld -inf pacing 3.'Sspacing 

Bird' 17.2AL 6.3B 3.2B L,,a co,,,>-
Untaped cr, : 
Mammal, 6.2A Taped Unalped TapedMammal, 0.3A 2.2A16.8A 10.0.A 20.4A - Sp.cin fields relds felds fields 

Sar,,pI,-d 27, BlackbirdsAugwI. 5 dilafe,, 5 . of c.rs 12,362 1,804iLet Goldfinches 0 0 
t 355 1,989 768 826M.ean
sn ron, %i hdifferen Itltiers differ (P < 0 03),random ized blockHaiial ) sis of s.riance (2 and 2 (if) and Duncun's multiple ranceet House sparrows 2,165 312'Sampled 3 Scptrrlnr,35 da,s .a 77 2r 50% of eas silked." Doves 68 46 191 275 

Total 14,950 4,151 1,036 1,103house sparrows were recorded in the untaped .2O Naional Wildlife Reuhg..
 
fields (i = 27.2) than in the 7- (7.5) and 3-m
 
(6.0) fields.


The mean percentage of panicles with within and among fields added considerable
>10% damage by birds was greater (P < 0.05) variation 
 to the seed weight estimates indein the untaped fields than in the taped fields pendent of bird damage.

(Table 2). All 6 untaped fields had >40% o7

th2 panicles with >-10% damage, whereas only 
 Sweet Corn ...
1 eich of the 3- and 7-m fields had >40% The percent of ears damaged by blackbirdsdamage. Furthermore, circumstances unique 25 days after silking (about 5 days after the
to th ese 2 ta p ed fi e lds c an explain a t le a st p a rt co5 d en ut d e
a e b a ro aoter cih
of their high damage. The 7-m field in BlockC was adjacent to a corn field and blackbirds corn would have been harvested commercially) wvas '-neater (P < 0.05) in the 2 untaped
Cthas adjacn to con 
ied angroundk

that fed in thle 

l fields than the 7- and 3-m fields (Table 3).coin moved at ground )evel There wvere nounder differences (P > 0.10) amrongthe tapes into the millet field. In the the 3 treatments in damage caused by8-m field in Block D, the tapes were .namnstrung te tramnsidmgecudby3-inh fied inyBlocs ndthetaps wesung awith too many mals at 25 or 35 days after silking (Table 3).twists and too much tension. Bsdo rcsadtetp fdmg,~'
 
This resulted in the tapes cuning around 
on Based on tracks and the type of damage, wethemselves to take on a taut, cord-like ap- bedieve most mammal damage was by whitpearance with little flashing or sound produc- tailed deer (docoleus cirginianus), al
tion. though some raccoon (Procyon Ioor) damage
 

The mean seed weight/180 panicles was was noted.
 
124.9, 180.7, and 159.3 g in the untaped, 7-,
and 3-m fields, respectively. Although the pattern was the same as for percent damage, with Table 5. Temporal trends inmean percentage of seedthe untaped fields having the lowest mean seed 
 eaten by birds in 2 blocks of taped and untaped sunweights, the flower fields (n = /treatment),means were similar (P > 0.10) Wildlife Refuge, 3hio, 1985. Ottawa National 
among the 3 treatments. However, if thc 7-m -
field in Block C and the 3-m field in Block D Dateblnrn r 5-m eiingt |

Date 5O him ,irdd 5-rFelds thsn 
are deleted, the mean weights for the 2 taped 5 Sep 29 33.5trtatmt.incts are greater (P < 0.05) than for the 

12.9 
16 Sep 40 57.0 19.4untaped fields. Furthermore, substantial vari- 26 Sep 50 83.6 50.0ation in the quality of the millet stands both 4Oct 5s 98.3 91 4 



apart; p)oles within rows re 3. 5, and 7 in apart. 

Si.cg of 

1toi-nr...i'm)\ C€'-i Si 34**1,1. iirf,,clN . ,.,Ii) 

3 136 8.16 102 2-1.97 
5 80 60.80 14.69oe 
7 60 3.60 4% 11.02 

0 30 "at1 p t 1rc~In $0 M ic:, a1r 5-) eafrr iod, The 3-rn inmal i'rilei u 
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Table 6. Approximate quantities of material required and costs for installing 34-mi strands of reflecting tapeat 3-, 5-, and 7-rn intervals over a 1-ha (100 x 100-ni) field. Tli:, configuration assumes 4 rows of poles 33.3 rn 

Thi , riu ipli l,,s"- oI b, 5 for 3-in lai.s. 
.LO0721 () i 
A 0wiuinng 0 75 o h/p. h-i01 2 m in, trand of ta . 

$S'50.' hiir 

Sunflowers 

Blackbirds totaled 75% of the birds o-
served in - sunflower fields at ONWR, where-
as American goldfinches (Carduelistristis) to-
taled 75% of the birds recorded in the 4 Erie 
Countyfield. No blackbirds were recorded in 
th Erie Clcmpoi t uty fields. Because the bird specisiereds. Becae t2e birdseies dcomposion differed in the 2 Counties and 
goldfinches and blackbirds 
spond differently to the reflecting tapes (Table
4), we analyzed the 2 sets of data separately. 
Statistical analyses were not performed be-
cause there were only 2 replications of eachcaueth reony 2consistentlytreatment/county. 

The tapes appea red to have no deterrenteffect on goldfinches; about equal numbers 
were recorded in untaped and taped fields in 
Erie Count, (Table 4). Goldfinches inflicted 
almost all damage in Erie County fields (cloves 
fed only on heads arid seed that had fallen to 
the ground) and there was no apparent differ
ence in mean percent damage between taped 

= 1S.3) and untaped (i = 20.3) fields 
Blackbirds, however, appeared to be sim 

larly affected by the !apes in sunflowers as they 
were in millet and sweet corn. At ONWR1 al-
most 7 tiries niore blackbirds were recorded 
in the 2 untaped fields than in the 2 fields with 
tapes at 5-rn spacing (l'able -1). Flocks of _>100 
blackbirds were inrecorded these sunflower 
fields on 33 occasions; 28 were in uintalpd fields 
arid 5 were in taped fields. A similar pattern 

Twal oi ( 
l18-in 3.miii irs" Cmi I$p pols ioles 

5.10 17.85 50.98 83.62 
3.00 10.50 29.99 49.19 
2.25 7.88 22.50 36.90 

d on cora and SUllooers m 1.50 each prorated io $0.30 each over 5 )yea ,. 

was shown for house sparrows but goldfinches 
showed an opposite pattern with 5.6 times 
more birds recorded in the taped fields than 
in the untaped fields (able 4). As the tapes 
had no apparent deterrent effect on the gold
finches in Erie County, the greater number of 
goldfinches in taped fields at ONWR perhapsresulted from goldfinches avoiding competition with blackbirds that preferred the un

app1earced to re-taefils 
taped field. 

Bird feeding pressure was intense in the 
sunflower fields at ONWR and alhough the 
taped fields received substantial damage, it was

less than in the untaped fields ateach of the 4 assessments (Table 5). The max

i i rid fee c nd m g w ee hinum difference in damage between the 2 
treatments (4-38 percentage points) oc
curred at 40-50 days after bloom vhen the 
crop normally vuld have been harvested. 

Deployment Costs and 
Durbility of Tapes 

Cost of deploying tapes over a field varies 
with spacing and iength of' strands, field con
figuration, type of poles, labor, and assump
tions regarding prorated costs over years of 
use. Reasonable costs (Table 6) are $22.50
50.98/ha with 1.8-m wood poles and $36.90
83.62/ha with 3-in metal poles. Actual costs 
would deviate from these estimates under var
ious circumstances. For example, if the sup
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port poles remained in place for use in sub-
sequent ycars, labor costs for installing poles
could be prorated over the life of tile poles.

Based on the damage levels and costs (Ta-
bles 3, 6), the use of reflecting tapes in the 
sweet corn fields would have resulted in a net
benefit to a farmer selling the corn in the fresh-
produce market. With a population of about 
56,000 ears/ha, untaped fields averaged 9,600
ears/ha lost to birds compared to losses of 3,500
and 1,800 ears/ha for fields taped at 7- and
3-m intervals, respectively. At a price of $0.0/ 
ear, this amounts to a savings of $305-390/
ha in the taped fields, about 4.6-8.2 times tile
$37-84 cost/ha for taping fields. Yield esti-
mates were not obtained in the sunflower and 
millet fields so definite cost-benefit calcula

. tions cannot be made. However, because of
the lower value of these crops, the benefits
would certainly not have been as favorable as
in corn. For example, if we assume an average
yield of 1,2'25 kg/ha for sunflowers and a price
of $0.26/kg (Anjon. 1986), the untaped fields 
at ONWR at 50 days after bloom (Table 5)
lost 1,025 kg of .eed/ha worth $265 to birds, 
compared with a loss of 615 kg/ha worth $160 
in 	the taped fields. This translated to a $105 
ssavings/ha in the taped fields compared to $49 expense for taping, a 2.1 benefit-to-cost ratio,

Obviously, the cost of taping the sunflower 
fields in 	Erie County would have exceeded 
any benefits because the tapes proved ineffec-
tive against goldfinches. 

For 30-m strands of tape, the daily break-
age rate averaged :51% (-51 break/100 strands 
per day) for tile first 20 days after installation, 
It then rose to about 4% by 30--35 days. For 
14-m strands, the daily breakage rate was 0
for the first 20 days and -51.5% for days 21-

L 40. After 40 days, the rate rose to about 4%. 
z. 	Most breaks occurred at the points of attach-

ment to the poles, or where 2 tape ends were
spliced together. However, after 30-40 days
of exposure to sun and wind, the tapes weak-
ened and breakage occurred at other points, 

A few breaks occuried where a tape rubbed 
against a plant. 

The most critical factor influencing break
age of tapes was the method of attachment !o 
poles. If tapes were simply wrapped around
and tied to a pole with a tight knot, breakage
often occurred at tile knot within a few days.
Ve therefore attached a 15- to 20-cm strip of

2-cm-wide nylon reinforced packing tape to 
the reflecting tape where it was wrapped 2 or
3 times around the pole. Then the knot was 
tied on the back side of the pole so that the 
reflecting tape, with the nylon-reinforced tape
as support, was fl.t against the side of the pole
at the point of stress. This greatly reduced 
breakage. 

DISCUSSION 
This study demonstrated that reflecting tapes

stretched over agricultural crops deter certain 
species of birds, thus confirming the results 
from initial trials by Bruggers et al. (1986). In
general, 3-m spacing seemed most effective,
but repellent effects were noted with 5- and 
7-m spacing also. 

Gull, waterfowl, and heron numbers havebeen reduced in fish ponds and at other sites
by stringing monofilament or thin wires at in
tervals of -<15m over areas to be protected
(McAtee and Piper 1936, Lagler 1939, Blok
poel and Tessier 1984). Tile repellent action 
perhaps results from the birds' reluctance to 
fly through a grid of thin wires that they can
not see clearly. However, the mnde of action 
of the highly visible reflecting tapes is proba
bly different. In fact, we noted that the tapes 
were least effective where they had been
stretched and twisted to the point that they 
were not prominently visible. 

There were differences among bird species
and between birds and mammals in their re
sponse to the tapes, which may help explain
the repellent mode of 	 action. Red-winged
blackbirds, cowbirds, and house sparrmws gen
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erally avoided the taped fields, whereas gold-
finches and mourning cloves appeared to be 
little influenced. Blackbirds and house spar
rows usually feed in more cohesive flocks than 
do goldfinches and mourning doves. Perhaps
the undulating movement, flashing, and sound 
of thk iapes are more disruptive to species that 
depend on visual and auditory communica-
tior. to maintain flock cohesiveness while feed-
ing. We also noted no deterrent effect on deer, 
which fed primarily at night when the flash-
ing phenomenon was minimal, 

The cost of material and labor and the 
maintenance effort required make reflecting 
tape generally impractical for protecting large 
(e.g., >4 ha) fields of crops, such as field corn, 
sunflowers, anid rice, that are frequently dam-
aged by blackbirds in North America. How-
ever, for small fields of high-value crops (e.g., 
sweet corn, fruits, farm plots in developing 
countries, experiment station plantings), re-
flecting tapes may offer a simple and safe 
means to reduce damage by certain ovian 
species. Additional testing will be needed to 
determine the effectiveness of the tapes in fruit 
crops that attract a variety of bird species. The 
tapes may also prove useful as bird deterrents 
in nonagricultural settings, such as toxic or 
polluted sites and urban or residential roosting 
sites. 

In conclusion, we believe reflecting tapes 
can be useful in repelling certain species of 
birds. However, we caution that in our eval-
uations, repellency was not absolute, even for 
the species most affected by the tapes, and in 
all cases the birds had a convenient unpro-
tected source of food to exploit. Under cir-
cumstanccs where all desirable sources of food 
in an area would be taped, the reflecting tape
might be less effective. As with most pest man-
agement programs, the tapes should be used 
as part of an integrated approach to reducing 
damage. Additional repellent devices, alter-
note food sources and cultural methods such 
as bird-resistant cultivars may have to be used 

in combination with the tapes to achieve max
imum protection or repellency. 

SUMMARY 

We evaluated the bird-repellent effective
ness and cost of reflecting tapes suspended in 
parallel strands at intervals of 3, 5, and 7 m 
above 0.14- to 0.30-ha fields of agricultural 
crops. Tapes suspended at 3- and 7-m intervals 
reduced (P < 0.05) the number of brown
headed cowbirds and red-winged blackbirds 
feeding in millet fields and the percent of pan
icles damaged compared with untaped fields. 
Blackbird damage to sweet corn was similarly 
reduced in fields taped at 3- and 7-m intervals, 
but the tapes did not reduce deer damage. 
Blackbird numbers and damage were reduced 
in sunflower fields taped at 5-m intervals; 
however, goldfinches and mourning doves ap
peared unaffected by the tapes. The estimated 
cost of deploying the tapes was $22.50-83.62/ 
ha. Reflecting tapes can provide a simple and 
safe means of repelling certain species of birds 
from high value crops or from other localized 
sites. 
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Feral pigs (Sus scrofe) are a major pest of (1080) is the most widely used method to conagriculture in Australia. They are responsible trol feral pigs. Most pigs vomit after ingestingfor damage to crops (Giles 1976, Pavlov 2980), 1080 under experimental conditions (Table 1).pasture degradation (Hone 1980), physical In addition, vomitus is frequently observeddamage (Pullar 1950), and lamb predation near bait stations during poisoning programs(Plant ei al. 1978, Pavlov et al. 1981, Pavlov (P. H. O'Brien and R. E. Kleba, pers. obs.).and Hone 1982), which may result in losses in The high incidence of vomiting following 1080excess of $A70m/year (Tisdell 1982). Further, ingestion has 4 implications: (1) vomitus conferal pigs are potential vectors and reservoirs taining 1080 may cause secondary poisoningof a number of exotic diseases (Geering 1981). of nontarget species close to, and at distancePoisoning with sodium monofluoracctate from, 1080 bait stations, (2)secondary poison


