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(57) Abstract: The present disclosure relates to the use of various pigments and colorants that absorb light in the UV range as tfunc-
tional feeding cues for birds and ungulates to synergistically enhance the repellency effect of poly cyclic quinones, specitically 9,10
anthraquinones.
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USKE OF VISUAL CUES TO ENHANCE BIRD REPELLENT COMPOSITIONS

CROSS REFERENCE TO RELATED APPLICATIONS

F000H The present application claims priority to UK, Provisional Patent Application Serial

No. 62/028,200 filed July 25, 2014, the disclosure of which is incorporated herein in #ts enlivety,
FIFLD OF THE TECHNOLOGY

(00071 The present disclosure relates to the use of a light absorbent compound or compounds
o lower the amount of bird repelient active ingredient required to effectively repel birds from
plants. In particular, the disclosure relates to incorporating one or more Hght absorbent

compounds in a bird repellent that uses taste or gut based ingestive conseguences.
BACKGROUND OF THE TECHNGLOGY

16003} Apphication of effective bird repellents o prolect crops ready for harvest and for
seedlings cxposed to bird loss are important for agriculture. Post ingestive bird repellents have
been proven (o be an effective way to prevent crop losses to birds. Birds see food sources in
known wavelengths of UV light and known repellents absorb light in the appropriate range to be

visible by birds as well as repel birds by post ingestional irrttation.

(60047 Known ultraviolet cues can be effective mimics of bird repelienis that can also cue
birds 1o the uliraviclet range of 300-400 nin, See U.S. patent application 12/652,944,
incorporated herein in its entirety. The *944 application describes the implications of lowering
the active ingredient concentration of a bird repellent. Achieving a repellency effect with a
lower concentration of bird repelient product {i.g., active ingredient) is economically important
1o agriculture and can increase the safety uses of low concentration products, such as for uses in
food or feed,

[GGOS] The 944 application also describes light absorbing compounds in the UVa and UVh
range of ultraviolet hight, including Ti0; and other forms of Titanium (IV) compounds,

iristioxanes, siloxanes, etc. The usefulness of these compounds in regards to bird repeliency i
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based on the unique bird behavior of secing in both the visible and UV vange of light. Birds use
the UV range to identify food sources and visually determine the timing of the food source for
herbivory., The 944 application also discusses synergy between Ti(h, and 9,10 anthraguinone,
an active ingredient known to be a bird repellent. The *944 application discloses that the amount
of 9,10 anthraguinone needed to achieve effective bird repellency was reduced by 23% (i.e,,

1778 ppm to 1370 ppm AQ concentration to achieve 74% repellency),
SUMMARY OF THE INVEXRTION

[(006] The present disclosure is related to & method for combining a UV absorbent
compound with a known bird repellent compound to enbanee the visual effects of the UV
absorption characteristics of the UV absorbent compound whereby surprising and synergistic
repellent effects result when the UV absorbent compound is combined with bird repeilent

compounds.

[D007] The present disclosure further refates to the use of light absorbing compounds such as
Ti0; in the UV range and others either alone or in combination to tske advantage of veflectance,

refractance and light scatiering as it relates o bivd vision and food cueing behavior,
BRIEF BESCRIPTION OF THE DRAWINGS

[6008] FIGURE 1 shows comparative images of a UV absorbing compound with and

without surfactant.
DETAILED DESCRIPTION OF THE INVENTION

{00091 In one embodiment, the present disclosure relates to a method of enhancing bird
repellency comprising using a visual cue agent and a bird repelient in synergistic amounts to

enhance bird repeliency.

{6010} The methods and compositions of the present disclosure are effective for repelling a
variety of birds from any target (i e., food or place) of interest, The present disclosure can be
used for repelling wild birds, including but not limited to, blackbird species {{creridae), red-
winged blackbirds (dgelaivis phoenicens), grackles (Quiscalus spp.), yellow-headed blackbirds
{(Xanthocephalus xanthocephaius), brown-headed cowbirds (Molothrus ater), starlings, including

Furopean starlings (Sturnus vulgaris), geese, including Canada geese (Brania canadensis),
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cackling geese (8. hurchinsiiy and snow geese {Chen coerylescens), crows, crangs, swans,

pheasants, wild turkeys, pigeons, sparrows, woodpeekers, larks, robins, finches and waxwings.

0011} Bird repellent agents which are suitable for use in the present disclosure can be those
that are efficacious as primary and/or secondary repellent. Primary repellents possess 2 quality
{e.p., unpalatable taste, odor, irritation) that evokes reflexive withdrawal or escape behavior in an
animal. In contrast, secondary repellents evoke an adverse physiologieal effect (e.g., illness,
pain}, which in turn is associaied with a subseguently-avoided sensory stimulus {e.g., aste, odor,

visual cuel.

{00127 A variety of bird repelients have been previously described and are suitable for use
herein inchuding, but not limited to, anthraquinones, athrahydroquinones, Hutolanil,
benzogquinones, anthraniiates (including methyl and dimethyl anthranilate), methiocarb, caffeine,
chiorpyrifos, (plus —cyhalothrin, methyl phenyl acetate, ethyl phenyl acetate, o-amino
acetophenone, 2-amino~-4,3-dimethy! acetophenone, veratryl amine, cinnamic aldehyde,
cinnamic acid, cinnamide and chitosan. These agents may be used alone or in combination,
Sirstlarly, the technigues for application of these agents are also well-known and have been
described, including forrmulations, application rates, and application techniques. See, for
example, Hermann {118, patent no. 3,941 887} describing the use of anthraguinones; Wilson
{published U.8. application 2007/0178127 A1) describing the use of Hutolanil; Kare (U.S. patent
ne. 2,967,128} and Mason (U.S. patent no, 4,790,990 describing the use of anthranilates and
esters of phenyl acetic acid, Crocker and Perry {1990, 15id) describing the use of cinnamide,
Schafer ef gf (1983, ibid) and Werner ef o (2005, Cafteine Formulation for Avian Repellency, 1
Wildlife Management, 71:1676-1681) describing the use of cafleine and caffeine plus benvoate,
respectively, and Preiser (U.S. patent no. 5,549,902} desoribing the use of any of anthranilates,
methyl phenyi acetate, ethyl phenyl acetate, o-amino acerophenone, 2-amino-4,5-dimethyl
ceetophenone, veratroy! amine, cinnamic aldehyde, cinnamic acid or cinnamide, the contents of
each are herein incorporated by reference in their entirety, Many formulations of these repellents
are also available commercially, including, but not limited {o, 9,10-anthraguinone (Avipel®,
Flight Control Plus®, AV-1011, AV-2022, AV-4044 by Arkion Life Sciences, New Castle, DE),
flutolanil (CWN-4770 and GWN-4771, marketed by the Gowan Company, Yuma, AZ), methyl
anthranilate (Bird Shield®, marketed by the Bird Shield repellent Corp., Spokane, WA),
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methiocarb (MESUROL®, marketed by the Gowan Company, Yuma, AZ), catleine (Flavine
North America, Ine., Closter, NI, and chlorpyrifos plus gamma-cyhalothrin {(Cobalt), marketed

by Dow AgroSciences, Indianapolis, IN).

{0013] As noted hereinabove, suitable visual cue agents of the present disclosure can exhibit
spectral characteristics sufficiently similar to the previounsly-applied repelient treatment that the
Birds of interest do not visually differentiate between the visual cue agent and the bird repelient
agent or the first treatment formulation containing the repellent agent. For example, by way of
iilustration and without being Hmited thereto, the known bird repellents anthraquinone, flutolanil,
anthranilate, methiocarh, caffeine, and chlorpyrifos plus gamma-cyhalothrin all exhibit UV-A
{320-400 nm) and/or UV-B (280-320 nm) absorbance, Thaus, suitable visual cue agents should
exhibit ultraviolet absorbance at or sufficiently near these wavelengths, A variety of visual cue
agenis are suitable for use herein, and may be identified by determining the UV absorption
spectra of the bird repellent agent of interest (or the formulation of the first treatment in which
the repellent agent is applied) and the candidate UV absorbing compounds or agents and
selecting a visual cue agents those UV absorbing agents which possess a UV absorbance
spectrum or color that is substantially the same as that of the bird repellent agent or the first
freatment. The UV absorption spectra of other bird repellent agents and visual cue agents may
be readily determined using conventional spectroscopic analysis techniques. Although the visual
cue agent may itself be effective as a repellent, typically, the visual cue agents will exhibit no
statistically significant level of repelling or attracting unconditioned birds when used alone.
Preferved visual cue agents for use herein, include, but are not imited to, titamum (1V) oxides
(Ti0n), trisiloxanes, stloxanes, UV-B absorbent agents, UV-A absorbent agents, CaCGs, Mg,

Carbon Black, Zn0 or combinations thereof.

(0014} The amount of the bird repelient agent used will vary from the nitial o the
subseqguent applications. In the initial application (as well as any subseqguent applications in the
absence of visual cue agent), the amount of the repellent agent is sclected to effectively repel
birds from a treated target {i.e., food or place). Thus, as used herein, an “effective amount” is
defined as that amount which results in a significant repellence of the birds from a treated target
in comparison to an unireated control (farget without repellent). The actual effective amount will

vary with the particular repellent agent selected, its formulation, the bird pest, the target, and
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environmental factors, and may be readily determined by routine controlled expertmentation,
Suitable amounts and formulations are described in the prior art as noted hereinabove, and are
alse provided by the repellent manufacturers and suppliers. By way of example and without
being lumnited thereto, in the initial application, a particular amount of asthraquinone (Avipel®,
Flight Control Plus®, AV-1011 or AV-2022) can be about, or less than about, 100, 200, 300,
400, 500, 600, 700, 800, 900, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800, 1904,
2000, 2100, 2200, 2300, 2400, 2500, 2600, 2700, 2800, 2900, 3000, 3100, 3200, 3300, 3400,
3500, 3600, 3700, 3800, 3900 or about 4000 ppm active ingredient {a.1.} for most birds. These
amounts can also be used to define a range, such as between about 1000 and about 2000 ppm,
For example, the particular amount of anthraguinone can be about 600 ppm a.l. for some birds,

such as larks,

100153 A particular amount of flutolanil can be about, or less than abeout, 304, 1000, 3000,
6000, 9000, 12000, 15000, 18000, 20000, 25000, 30000, 35000, 40000, 45004, or about 50000
ppm. These amounts can also be used 1o define a range, such as between about 10000 and about
40000 ppm. For example, the particular amouont of GWN-4770 can be about 35000 ppm, and of
GWN-4771 can be about 13,000 ppm.

00161 A particular amount of anthranilate (Bird Shield®) can be about, or less than about,
1000, 5000, 10000, 20000, 30000, 40000, S0000, 60000, 70000, 80000, 0000 or about 100,030
ppm. These amounts ¢an also be used to define a range, such as between about 18000 and about

0000 ppm.

(00171 A particular amount of methiocarb (Mesurol®) can be about, or less than about, 1, 2,
3.4,5,.6,7, 89, 10, 15, 20, 25, 30, 3258, 40, 45 or about 50 ppm. These amounts can alse be
used to define a range, such as between about 2 and about 10 ppm. For example, the particular
amourtt of methiocarb (Mesurol®), e.g., Mesurol® 75-W, can be about 1,250 ppm for
blackbirds, or about 30 ppm for larks, or about 13 ppm for robins, starlings, grackles, finches,

and WaXwIngs.
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{(018] A particular amount of caffeine (e.g., 111 caffeine plus sodium benzoate) can be
about, or less than about, 100, 250, 500, 750, 1000, 1500, 2000, 2500, 3000, 3584, 4000, 4500 or
about 5,000 ppm. These amounis can also be used to define a range, such as between about 230

and about 3500 ppm.

(60197 A particular amount of chlorpyrifos plus gamma-cyhalothrin (Cobalt) can be about, or
less than about, 50, 100, 250, 500, 750, 1000, 1500, 2000, 2500, 30040, 3500, 4000, 45040 or about
5,000 ppm. These amounts can also be used to define a range, such as between about 50 and

about 2500 ppm.

(60207 It is also undersiood that while the visual cue agent may be applied with the initial
repellent application, iis application at this time provides no advaniage and may be omitied until

the subsequent applications.

{00211 In some applications wherein the bird repeilent agent is applied in conjunction with
the visual cue agent, the amouant of the repellent agent can be significantly veduced as discussed
herein throughout. These applications can be subsequent to an inttial application of the bird
repelient alone. The amount of bird repellent agent in one or more of the subsequent
applications can be less than about 90%, 85%, B0%, 75%, 70%, 65%, 60%, 55%, 50%, 45%,
4%, 409, 35%, 30%, 25%, 20%, 15%, 10%, 5%, 2% or about 1% of the initial application
amount or the effective deterrent amount. These amounts can also be used to define a range,
such about 196 to about 50%. In some applications, suitable amounts of the repelient agent may
be between about 2% to about 60% of the amount used in the initial application, or between
about 10% to about 60% of the amount used in the initial application, or between about 25% to
about 60% of the amount used in the inttial application, or between about 40% to about 60% of
the amount used in the initial application. The amount of the repellant agent can be greatly
reduced, for example, to less than about 10% of the aroount used in the initial application, oy

between 4% to 9%, or between 4% to 7%.

{00227 The amount of visual cue agent can vary with the particular visual agent, its
formulation, s particle size and the target. By way of example and without being hmited
thereto, the amounts of visual agent, e.g., ttanium oxide (IV}, may vary from about, or greater

than, 50, 100, 150, 200, 250, 500, 1000, 1500, 2000, 2500, 3000, 3300, 4000, 4500, 50600, 6000,
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TO00, 8000, S000, 10000, 20000, 30000, 40000, 50000, 60040, 700600, 30000, 90000 and about
100000 ppro. These value can also define a range, such as about 3500 to 5000 ppm {e.g.,
Asgroxide® P25, Evonik Goldschmidt Corp., Hopewell, VA or Catalog no. 232033 available
from Aldrich, 5t Louis, MO, or 4000 10 7000 {e.g., Catalog no. 808 available from Merck &
Co,, Whitchouse Station, NJ or Hombikat UV 100 available from Sachtleben, Duisburg,
Germany, or Catalog no. §9490 available from Aldrich, 5t Louis, M{,, or Catalog no. T315-500

available from Fisher Scientific, Pittsburgh, PA).

100231 A particular amount of trisiloxane can be about, or greater than about, 30, 100, 230,
500, 750, 1000, 1500 or about 2000 ppm. These amounts can also be used to define a range,
such as between about 50 and aboul 2000 ppm. A particular amount of siloxane can be about, or
greater than about, 500, 750, 1000, 1500, 2000, 3000, 4000, 5000, 6000 or about 7000 ppm,

These amounts can also be used to define a range, such as between about 3500 and about 5500

pp.

{00241 The visual cue agent particle size can influence the repellency enhancement. In
particular, the reflective or absorptive properties of visual cue compounds having very small
particle sizes, and in particular, within the range of about 1 to about 100 nanometers can be
cffective 85 a visual raimic for birds. Surprisingly, when the particle size is increased to greater
than about 100 nanometers, the synergy ts enhanced. In particular, birds scemingly attempt o
discern a signal and relate it to food sources. The nanoparticle range of less than 100 nanometers
down to 10 nanomelers show a synergistic effect, The use of larger than nanometer size particles

{e.g., 100 nanometer up to 50 micron) shows an unexpectedly more significant synergistic effect.

(00257 In one embodiment, the particle size of the visual cue, e.p., Ti(h, can be gbout 1 nm,
5,10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 210,
220, 230, 240, 250, 260, 270, 280, 290, 300, 310, 320, 330, 340, 350, 360, 370, 380, 390, 400,
410, 420, 430, 440, 450, 460, 470, 480, 490, 300, S10, 320, 530, 540, 550, 568, 570, 580, 590,
600, 700, 800, 900, or about 1000 nm. In another embodiment, the particle size of the visual
cue, e.8., Ti(, can be about | micron, 2, 3,4, 5, 6,7, 8,9, 10, 15,20, 25, 30, 35, 40, 45, 50, 55,
60, 63, 70, 75, 80, 85, 90, 95, 100, 200, 300, 400 or about 300 microns, These values can also

define a range, such as about 1 nm to about 30 nm, about 250 nm fo about 500 nm, or abowt T am
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0 about 300 microns. In one embodiment, the visual cus particle size is greater than about 100

rom, 200 nm, 300 nm, 400 nm or about 300 nm.

{3026} The bird repellent agent, visual cue agent, or both, can be formulated with a sutiable
inert carrier ag is known in the art. Formulations of the bird repellent agent and the visual cug
agent can vary with the particular target and method of application, The agents may, for
example, be formulated as solutions, emulsions, emulsifiable concentrates, suspension
concentrates, wettable powders, dusts, granules, adherent dusis or granules, and acrosols. In
particidar, the carrier can be agronomically acceptable and suitable for application onto
structures, agricultural fields or crops, seeds, seedlings, orchards, vinevards, livestock feed,
fertilizers, pesticides, animal or insect baits, and combinations thereof, The particular carricr can
be a Hauid or solid phase carrvier, including but not limited to water, aqueous surfactant mixtures,
alcohols, ethers, hydrocarbons, halogenated hydrocarbons, glycols, ketones, esters, oils (natural
or synthetic), clays, kaolinite, silicas, celiulose, rabber, ialc, vermiculate, and synthetic polymers.
The bird repelient agent and the visual cue agent can also be formulated in a single composition
or formulated in different compositions and applied separately. The repelient agent and/or the
visual cue agent can also be formulated in admibxture with other agriculiurally beneficial agents,
including but not limited to, uliraviolet stabilizers, antioxidants, baits, adjuvants, herbicidal

agents, fertilizers, and pesticides including insecticides and fungicides.

{0271 in one embodiment, the present disclosure can be used to repel birds anywhere they
POSe a nuisance or, more importantly, to prevent or minimize economic damage, particularly to
agricultural products, The repellent agent and the visual cue agent can be applied on any target
or spatial location of concern from which birds are to be repelled. Particular targets include, but
are not limited to, one or more of structures, agricultural fields or crops, seeds, seadiings,
orchards, vineyards, hvestock feed, fortilizers, pesticides, animal or insect baits, and
combinations thereof. Crops include, but are not Hmited to, one or more of com, frult, graius,
grasses, legumes, lettuce, millet, oats, rice, row crops, sorghum, sunflower, iree nuts, turf,

vegetables, and wheat.

10024} The subsequent treatments of the target with the repelient agent and the visual cus
agent are typically applied at any time following the inilial application as desired by the user.

For instance, in one embodiment, subsequent treatiments can be applied when the efficacy of the
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initial application is reduced or significantly reduced, or during periods wherein heavier bird
damage ic anticipated. In practice, the subsequent treatment is typically applied at least one

week after the first treatment (in the same growing season).

[0029] The methods and compositions of the present disclosure can also contain one or more
adjuvants, such as those routinely used in agriculture to adhere compounds to the surface of plant
material. The inclusion of one or more adjuvants may also be effective in enhancing the UV
absorbance of colorants and pigments. Such enhancements can be accomplished by placing the
particles of the UV absorbent materials in an adjuvant layer with enough depth to allow
overlapping of the particles. For example, a droplet of polymeric adjuvant providing a matrix
such as the diagram below compared to the pigment or colorant residing in a flat aspect on the

ieaf, the UV absorbance can be improved.

100307 Ancther variable affecting UV absorbance, and ultimately repellency, in the matrix
relates to the preparation of the formudation. In one embodiment, a visual cue shurry, e.g., a TiO,
slurry, and/or an AQ slurry can be formed that can then be mixed together. The separate
manufacturing or preparation of the non-soluble erystals can allow addition and/or separate steps
of reducing agglomeration. Agglomeration is a common condition for both AQ and visual cues,
such as Ti(y. Agglomerates are particularly difficult 1o break apart and should be removed to

maintain the specific particle size of the components.

{03 H While this disclosure has been particularly shown and described with reference to
example embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made therein without departing from the scope of the

invention encompassed by the appended claims.

10032} The following examples are intended only to further illustrate the invention and is not

intended to limit the scope of the invention which is defined by the claims.



WO 2016/014227 PCT/US2015/038780

[0033] EXAMPLES

{0351 (General Methods

{00361 Feeding experiments were conducted at the National Wildlife Research Center
(NWRC) owtdoor animal research facility in Ft. Collins, CO. 121 live-captured red-winged
blackbirds (RWBL) were obtained and all elemenis of the experiments were approved by the
NWRC Animal Care and Use Committee (NWRC Study Protocol QA-1968;8.J. Werner-Stady

Director),

{037] Blackbirds were maintained in a 4.9 x 2.4 x 2.4 meter cages within a wire mesh sided
builiding for at least 2 weeks prior to the experiments. Free access to grit and a maintenance diet
was provided to all birds during quarantine and holding. The maintenance diet inchuded two
parts millet: one cracked corn: one milo: one safflower. Blackbird feeding experiments were
conducted in visually isclated individual cages (0.9 x 1.8 x (.9 meters) within a wire mwesh sided

puilding. Water was provided ad Hbitum to all birds thronghout the experiments.

[(038] An anthraguinone based bird repelient {50% AQ in squecus formulation), titaniurm
dioxide (28 nm average particle size as a powder) and a red feeding cus {redi#4}, FC&C
aluminum lake dispersion) were used for the feeding experiments. A Genesys 2, 336002
spectrophotometer (Thermo Spectronic US, Rochester NY) was used to determine that both the
A repellent and the titanium dioxide feeding cue absorb light in the near UV wavelengths (280~
350 nm). Seed treatmnents for all experiments were formulated by applying agueous suspensions

{60 ml/kg) 1o whole oilseed sunflower using a rotating mixer and household spray equipment.

{0039} A basehine preference feeding experiment was conducted to evaluate blackbird
consumption of untreated sunflower seeds versus those treated with the UV feeding cue and to
identify g numerically preferred conceniration of the UV feeding cue for our subsequent feeding

experiments.

10
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{3040} Daily sunflower consumption was measured throughout the preference experiment
(test days 1-4). Unconsumed sunflower seeds that remained in each food bowl and spillage were
collected and weighed daily. Weight change (s.g. dessication) of sunflower seeds was measured

daily by weighing seeds offered within a vacant cage throughout the preference experiment.

{00411 Bleven red-winged blackbirds {experimentally naive} were randomly assigned to the
baseline preference experiment. All blackbirds were offered untrested sunflower seed ad libitum
in two food bowls for 3 days of acclimation in individual cages. Each blackbird was
subsequently offered one bowl of unireated sunflower and one bowl of sunflower treated with
0.2% titaniurn dioxide feeding cue (wi/wi) at 0800 h daily throughout the 4 day test. The north-
south placement of food bowls was randomized on the first day and alternated on subsequent

days of the trial,

(00421 The dependent measure for the baseline preference experiment was average test
consumption of treated and untreated sunflower seeds. The treatment effect was analyzed using
a mixed model {SAS v9.1). Descriptive statistics were used to summarize consumption of

treated and unireated seeds throughout the preference experiment.

100431 Relative to average consumption of untrested sunflower, blackbirds non-significantly
preferred sunflower treated with 0.2% of the titanium dioxide UV feeding cue (F1,10=2.15,
P=(1732y. Blackbirds consumed an average of 3.3 + (.4 g of treated sunflowerand 25403 g
of untreated sunflower during the 4 day experiment, The UV feeding cue was not itself aversive

0 the birds,

[0044] The concentration response of AQ plus Ti(h, feeding cue was tested. This cxperiment
was designed to establish a concentration response relationship of AQ plus 0.2% Ti0, treated
sunflower seeds for blackbirds in captivity. The experiment was also designed to establish a
threshold concentration of AQ necessary for blackbird feeding repellency when reduced by
varying the conceniration of AQ based repellent combined with a Ti0O; feeding cue. This
optimized AQ concentration was expected 1o be less than the threshold AQ concentration
previousiy esiablished for red-winged blackbirds done by Werner et al. (2009) and shown in
column 2 of Table 1. Daily sunflower consumption was measured throughout the pretreatment

and test phases of the experiment as previously described. Greater than 80% repeliency during &

11
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captive feeding trial is the operational level for an effective repellent as has been documented in

the field using AQ repelionts, sce Werner et al. (2009) and (2011}

{00451 Materials and Methods: Fifty five red-winged blackbirds {experimentally naive} were
offered untreated sunflower seed ad libitum in one food bowl for S days of acclimation in
individual cages. Hach blackbird was subsequently offered 30 g of untreated suntlower seeds in
one bowl during cach of study days 1,2, and 3. Blackbirds were ranked based upon average
prefreatment consumpiion and assigned fo one of § treatment groups (n=9 to 10 birds per group)
such that each group was similarly populated with birds that exhibited high-low daily

consumption.

{0046] Subsequent to the pretreatment, treatments were randomily assigned among groups
{.02%, 0.035%, 0.05%, 0.1%, 0.25% and 0.5% AL(}; targeted concentrations wi/wt), Each of
these seed freatments also included 0.2% of the Ti0; feeding cue. 30 grams of treated sunflower
seeds in ong bowl to all birds on study day 4 and determined the combined mass (= 0.1 g) of

uncaten seeds and seed spillage at 0800 b on study day 3,

10047} The results of this experiment are shown in column 3 of Table 1. A positive
concentration-response relationship was observed with varying concenirations of the AQ plus
T} feeding cue. A synergistic effect was observed as reflected in the fact that the expected AL}
concentration for 80% repellency was 1737 ppm AQ and with the mixture of AQ and TiOo, the
result was 1481, a 13% improvement as measured by the lower amount of AQ needed {o repel

the birds,

{00481 The experiment was repeated using larger particle size Ti0O;. The same maierials and
methods were replicated except for the type of Ti0, used in the seed preparation. Instead of the
nanoparticle TiD, (28 nm average particle size) a pigment grade TiGy (385 mu average particle
size, DuPont RPS Vantage) was used. The amount of TiO: (385 nm) used was the same as the

nanoparticle TiC; (28 nm). The bird testing was conducied in the same manner, as well,

100491 The results of this experiment are shown in column 4 of Table 1. An enhanced
synergistic effect was observed using a larger particle size Ti(h,, The 80% repeliency for straight

A required 1737 ppm AQL The 80% repeliency for AQ + nanoparticle Ti(d, required 1481 ppm

12
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{15% improvement). The 80% repeliency for AG + pigment grade Ti0; required only between
1049 and 1247 ppro (28% to 40% improvement). The synergistic advantage was observed for

both visual cues, and more significantly with the larger particle size visual cue.

100501
Table i
RWHL Anthragainone Only TiC (28 nm) and AQ (16:1 T (385 nm) and AQ (1
Repellency | [AQ] ppm by weight ratio} ratio}
(%%} [AQ] ppm by weight [AQ] ppm by weight
20 193 { I
VVVVVVVVVVV 35 572 {556%34/353 337 {325%36,3/35)
50 538 (560%50/52) 163 {166%49/50)
218 (272%49/56)
N 281 {290%47/50)
7{ 1682 (1778%74/70) | 752 {6TT*63/70) S67 (585%70/72.2)
701 (TRO*T7G/77 .83
80 1737 {{1846- 1481 (1370 74/80) 1049 {1040%79.3/80)
162 1/3vH1682 1247 (1300%80/83 .4}
100 E846 (1994%160/108) 29 v

{0051 As shown above, and as is generally known, Ti0s is not a repelient in any nominal
concentration. Ttk may be a slight bird attractant, see UK, Provisional Application No.
62/021,393, lines 147-184. Ii is only when Ti() 18 mixed with the known bird vepellent, e.g.,
AQG, can there be a repellency effect. It is believed that the repellency effect is further atfected
by the foHowing parameters: mairix effects, particle size, refractive index of the pigment and

source of Ti0, {e.g., rutile, anatase).

[0052] Lxample &

[0053] Ti(, particle characieristics were studied to determine what influence particle size
had on repellency enhancement. Refraction of UV light in the range that birds can detect
reguires particle sizes approximately ¥ of the wavelength of the light range. For example, o
refract Hght in the 400 micron range requires particles of about 0.2 nm {¢.g., 200 micron} average
size. The reflective or absorptive properties of these T, particles may also be important to
birds because recognition and ultimately repellency may not be as simple as adding a colorant or

pigment to a plastic matrix, Instead, birds can visually discern greater detail and relate the visual
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signal to food sources. With this in mind, various particle characteristics were lesied to evaluate
this effect on repellency.

00547 Feeding repellency was tested among red-winged blackbirds offered varying
compositions of a visual cue-enhanced bird repellent. The bird repelient was 0.0325%
anthraguinone { Avipei®; Arkion Life Sciences, New Castle, DE). The visual cues were pigiment-
grade titanium dioxides, e.g., particles having over about 100, 200 or 300 nm sizes.

{00537 Both rutile T, and anatase TiO; were tested as visual cues. Both contained an
average particle size of over 300 nm. As deseribed above, a controlled feeding experiment was
conducied with red-winged blackbirds to comparatively evaluate 1:1 to 2.5:1 ratios of TiO, to

anthragquinone. The results are shown in Table 2.

{0056]
Table 2
______________________ Repellent Eilicacy
Ty 1 AQ Rutile TiO; Anatase TiO,
Ranked Performance Ranked Performance
{host=1) (best = 1)
(021 5 ' 3
1.3:1 5 4
1.6:1 2 2
8.1 4 H
221 3 3
S A 6
Repsfleny f
1.8:1
2 S ! 3:‘3’5‘?{‘ ...............

[GO87Y For rutile and anatase TiOs, it was observed that the greatest feeding repeliency
occurred at the 2.5:1 and 1.9:1 ratios, respectively. Another controlied feeding experiment was
conducted with experimentally naive blackbirds, It was observed that 2.5 paris ratile Ti(h and |
part anthraguinone exhibited a 35.3% repellency. It was also observed that 1.9 paris anatase
Ti0: and 1 part anthraquinone cxhibited a 1.5% feeding repellency. The greatest relative
repellent efficacy was observed for 2.5 parts rutile TiO; and 1 part anthraguinone.

(0058} In one embodiment, the ratio of visual cue to bird repellent can be abouwt 0.1:1, 8.2:1,
0.3:1,04:1, 051,061,071, 0% 0%, 11, LB L2, D3 L4, 1500, 161, LT,
1.1, 190,201, 2.2:1,2.3:1, 2400, 2.5:1, 2,600, 2701, 281, 2900, 3.0, 3,101, 3200, 3.3,
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341,351,361, 3.7, 3.8, 3.9:1, 44, 81,61, 711, 8191 or gbout 10/, These values can
also define a range, such as about 1.5:1 to about 3.0:1.

{6059 In one embodiment, the visual cue agent can be a rutife pigment grade. Rutile
pigment grade material have a unique crystal structure, uniform particle size and higher
refractive index, Beiter UV absorbance can improve the ability of birds to identily the presence
of a UV absorbing bird repellent in combination with a mimic {e.g., Ti0z). The results show that
there is a clear repellency advantage to using rutile Ti() pigment grade of 385 nanometer
average particle size in combination with a UV absorbent bird repellent.

[0060]

(0061} The effect of including an adjuvant in the formutlation was tested. Feeding repeliency
was tested among red-winged blackbirds offered varying compositions of a visual cue-eshanced
bird repelient. The bird repelient was .0325% anthraquinone (Avipcl';@; Arkion Life Sciences,
New Castle, DE). The compositions were formulated with 2.5 parts ratile Ti(h and 1 part
anthraquinone, with and withowt a polymeric adjuvant (polyethylene glyeol). The results are

shown in Table 3,

10062}
Table 3
Repelent Efficaey L
Avipel® | Technical Anthraquinone |
With Polymeric Adjuvant 31.3% -2.3%
Without Polymeric Adjuvant 23.0% 0.4%
{00631 The greatest relative repetlency was observed for 2.5 parts rutile TiO; and | part

anthragquinoene {Avipel® with the polymeric adjuvant. In one embodiment, the composition can
coniain sbout 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, or about 93 wt%
polyvmeric adjuvant. These values can also define a range, such as about 50 to about 30 wt %

polymerie adjuvant.

{0064] Example 4

{0065] The effect of other visual cues, such as pigments, in the formulation were tested.
Feeding repellency was tested among red-winged blackbirds offered varying compositions of g

. . . B - 5 . i
visual cue-enhanced bird repellent. The bird repellent was 0.0325% anthraguinone (Avipel”;
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Arkion Life Sciences, New Castle, DE). The visual cues were magnesium carbonate, zinc oxide,
calcium carbonate and carbon black

[0066] For each of magnesium carbonate, zinc oxide, caleiurn carbonate and carbon black as
visual cues, the feeding experiments comparatively evaluated 111 to 2.5:1 ratios of ruttle TiOp to

anthraguinone, The results are shown in Table 4,

(0671
Table 4
Repelleat Efficacy
CuerAQ MgCGy Za0 CaCO4 Carbon Black
Ranked Performance | Ranked Performance | Ranked Performance | Ranked Performance
{best = 1} {best = 1) {best = 1} (best=1y
i {j - E ............... 6
6 8 2 2
2 ........... 2 3 \\\\\\\\ E
5 4 6 4
3 ---------- 1 5 ;;
4 3 4 5 .....
Repellsney Repellency
1.0 41
1.6:1 25 5%
2231 26.0%

{000E] The greatest feeding repellency was observed at 11 (MgCQs3, 2.2:1 n(, T
{CaC(h) and 1.6:1 (carbon biack) ratios. The greatest relative repellency was observed for 1.6
pasts carbon black and 2 part anthraquinone. Another controlled feeding experiment was
conducted with experimentally naive blackbirds. Relative repellency values observed for

MgCO; was 22.2%, for Zn( was 26.0%, for CaCQOy was 28.3%, for carbon black was 29.5%.
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CLAIMS
We elaim:
i, A method of enhancing bird repeliency comprising

using a composition comprises a visual cue agent and a bird repellent in synergistic
amounts 1o enhance bird repellency, whergin the particle size of the visual cue agent is greater

than about 100 nm.

2, The method of claim | wherein the visual cue agent is selected from the group consisting
of titanium (V) oxides (Ti0s), trisiloxanes, siloxanes, UV-B absorbent agents, UV-A absorbent

agents, CaC,, MgCQs, Carbon Black and Zn0.
3 The method of claim 1 wherein the visual cue agent is a titanium IV} oxide (11},

4. The method of claim 1 wherein the bird repellent is selected from the group consisting of
anthraguinones, athrabydroguinones, futolantl, benzogquinones, anthranilates, methiocarb,
catfeine, chiorpyrifos, cyhalothrin, methyl phenyl acetate, ethyl phenyl acetate, o-amino
acetophenone, 2-amino~-4,5-dimethyl acetophenone, veratryl amine, cinnamic aldehyde,

cinngmic acid, cinnamide, and chiiosan,
3, The method of clann 1 wherein the bird repelient is an anthraguinone.

8. The method of claim 1 wherein the ratio of visual cue to bird vepelient is within the range

af about 0,11 to agbout 10:1.

7. The method of claim | wherein the composition further comprises about 50 wi% to about

90 wi%h polymeric adjuvant,

8. The method of claim 1 wherein the particle size of the visual cue agent is greater than

ahout 200 nm.

g, The method of claim 1 wherein the particle size of the visual cue agent ie greater than

about 300 nm.
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10, A composition comprises a visual cue agent and a bird repellent in synergistic amounis {o
enhance bird repellency, wherein the particle size of the visual cue agent is greater than about

100 nm,

i1 The composition of claimn 10 wherein the visnal cue agent is selected from the group
consisting of titanium (1Y) oxides (Ti(},), trisiloxanes, siloxanes, UV-B absorbent agents, UV-A

absorbent agents, CaCOy, MgCOs, Carbon Black and Yn(,
12. The composition of claim 10 wherein the visual cue agent is a titanium (IV) oxide (Ti(s).

13 The composition of claim 18 wherein the bird repellent is selected from the group
consisting of anthraquinones, athrahydroquinones, Jutolaml, benzoquinones, anthranilates,
methiocarb, catfeine, chlorpyrifos, cyhalothrin, methyl phenyl acetate, ethyl phenyl acetate, o-
amino acetophenone, Z-amino-4,5-dimethyi acetophenone, veratryl amine, cinnamic aldehyde,

cinnamic acid, cinnamide, and chitosan.
t4.  The compostiion of claim 10 wherein the bird repellent is an anthraquinone.

5. The composition of claim 10 wherein the ratio of visual cue to bird repellent is within the

range of about 0.1:1 to about 10:1.

16, The composition of ¢laim 10 wherein the composition further comprises about 50 wi% to

about 90 wi% polymeric adiuvant,

17 The composition of claim 10 wherein the particle size of the visual cue agent is greater

than about 200 nm.

I8, The composition of claim 10 wherein the particle size of the visual cue agent is greater

than about 300 nm.
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Figure 1

UY absorber particles w/ polymerie surfaciant UV absorber particles w/out polymeric suriactant
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