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Blackbirds cause extensive damage to sunflower

United States: Sunflower Production
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Adapting drone technology to combat bird damage

AVG. FLIGHT
INITATION DISTANCE

39.9 M (+ 14.3 M)

(White, 2021)

| | When operating the drone 15 M
= |t AG| ispray Was detected as far as
=—=—HP Y | ~ 50 M downwind of the drone.
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Study Objective
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Main Objective:

Assess the effectiveness of
this integrated method to
elicit flock reductions or
field abandonment by
blackbirds foraging in
commercial sunflower.
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Study Site, UAS Platforms, & Behavioral Metrics

Study Sites:

UAS Platform:
*Commercial sunflower fields in ND DJI Agras MG-1P

*September — October
*Presence of actively foraging
blackbirds

* Spraying drone with a 10L
spray tank
* ~10 min battery (full tank)

, i -
| > 4% Lf -l}ia& -!4, ’?‘!‘

- 7 4&' ‘}“’ ‘fa <
.-w _'4‘ b F”l&’; ‘“‘4

M ) 8 4 - . v
>3 s j
"' > ‘é’ ‘“,1‘, :{'» -l“ "“*_'
= 2 ) * S‘r
< ‘}4')‘ & 13‘ & ‘J 1)11“
I
J})"'J") “ ,)afft
"!

o V3 ‘l
> A
‘1‘:‘"
Red
o > 4‘ 4‘
, 4 )4* f‘-v"1

o ‘a,ﬁ‘lll }‘:’

)11‘1“"'»‘3 =Y _:JJ el
v

S

»
>
4 - 4
‘ Al
A j* Ao .& .
< 3

Flock Metrics:

*Pre-trial, During and Post-trial
*Flock size estimation
* Flock behavior

s Number of flock lift-offs/min
*Flock flight duration

METHODS



Study Design

Trials length = 8 minutes

Bird Repellgnt pry—

2 treatments:

» Avian repellent application
 Water application

Avian Control®:
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b’ Only avian rep ellent currently errVicao: niz;r:nﬂ A: 'cfzrun::lla:;id with food grade ingredients. ACTIVE INGRED_II‘E.NT
registered for foliar application P, Carea Grans) and Non-Agncultra Stes .F..ic,,:,sﬁonf A “f,o& oedng.  OTHER INGREDIENTS o0 0%
near harvest. o o R TR
» Contains methyl anthranilate (MA) KEEP OUT OF REACH OF CHILDREN gionolproduct
* Primary chemical repellent CAUTION it s

* Chemically noxious stimuli response
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Field Abandonment and Return Rates

Bird RETURN
repellent 83%
(MA)
Control RE:;’;N
(Water) (11)

Total trials = 64;
MA trials = 32 and water trials =32

RESULTS



Field Abandonment and Return Rates

Bird
RETURN
repellent 83%
(MA) (15)

What factors influence

OBJECTIVE 1: field abandonment of

blackbird flocks?

Are there behavioral

OBJECTIVE 2: differences before, during

& after the trial?

What factors influence

OBJECTIVE 3: behavior during the 8 min

trial?

Control LESLL
69%

. What influences reductions
(Water) (11) OBJECTIVE 4: in flock size?

. What influences flock
OBJECTIVE 5 latency to return?

Total trials = 64;

MA trials = 32 and water trials =32
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OBJECTIVE 1: Birds closer to the field edge are more likely to abandon.

Covariates:
®Environment ¥ Flock Metric  JEUAS
T VMODEL AIC 57D Success = Target flock abandons sunflower
> 96.973
Q 97113 1.00 3 T Yo DO T * oo ® * @
S 97.195 =
\ 97.255 £ 05
4 97.749 S
Sk 97.839 =
s 97.871 < 050
S 97.995 ©
® 98.077 =
® Ambient light 98.906 § 0.25
Y 99.590 o
® 100.072 a
¥ Est. flock size 101.211 0.00| wew® omeo w oo oo w o o oo
% Distance to field edge 102.954 0 100 200 300

Optimal model: Distance to field edge (m) 0= 64

glm(Field abandonment ~ Est. flock size +
Distance to field edge + Ambient light)

OPTIMAL MODEL p=0.012
¥ Distance to field edge 0.047
& Ambient light 0.137

¥ Est. flock size 0.157




OBJ ECTIVE 2 Flock behavior changes when exposed to drone hazing.

2-WAY ANCOVA

Significant effect of period: F'= 57.65, df= 2,184, p <0.001

2-WAY ANCOVA

Significant effect of period: F'=74.212, df= 2,183, p <0.001
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Observational period

LIFT-OFFS PER MINUTE

Observational period
Treatment - MA - Water

Treatment - MA - Water

Lift-offs per minute
PROPORTION OF TIME IN FLIGHT

Pwc: emmeans, p.adjust -= bonferroni Puwc: emmeans, p.adjust -= bonferroni

RESULTS




OBJECTIVE 3: Flock lift-offs is best predicted by year and julian day

Covariates:
®Environment ¥ Flock Metric  JEUAS Number of flock 8

FULL MODEL AIC (44.18) o

& julian day 49.543 LIFT OFFS/MIN 2

QAvg. wind speed 42.205 dU_I’ll’lg the 8-min trial §

& Closest tree patch 43.267 E

k Distance to launch site 49.543 §4 !
I Avg. drone speed 42.225 ki ‘
I Treatment 42.203 % 21 ;
& Year 50.061 e, g

& Temperature 42.272 ’ oL

& Sunflower field size 43.459 E{; 2021 Vear L
QAmbiont light 42.369

Y Lift-offs per minute 43.998 8 Flock size distribution by year

& Area of adjacent cattail 42.513 2 =21 | ‘

¥ Est. flock size 42.190 Ee 10.0;

¥« Distance to field edge 42.185 o = 75]

Optimal model: %04 § 501

Im(Trial lift-offs per minute ~ Year + E .
Julian day + Distance to launch site) Ez 251

OPTIMAL MODEL p <0.001 8 0.0. e
&S Year <0.001 - R ] 0 10000 20000 30000
& Julian day 0.001 AUG_ _ TSN Est. flock size

¥« Distance to launch site 0.055 Julian day n=62 year [l 2021 [l 2022

RESULTS



OBJECTIVE 38: Flock time in flight is best predicted by julian day.

Covariates:

®Environment ¥ Flock Metric  JEUAS = PROPORTION OF
FULL MODEL AIC (-114.61) Q

& Julian day 11110 7 ® TIME IN FLIGHT
' during the 8-min trial

¥ Distance to launch site 113.11

Predicted proportion of time in flight
o

oCT
240 260 280 300
Julian day n=61

U

"
T

Optimal model:

Im(trial proportion of time in flight ~ Julian
day + Distance to launch site)

OPTIMAL MODEL p = 0.006
& Julian day 0.004

;‘.f .
T
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OBJECTIVE 4: Flock size reductions are best predicted by the distance to edge, wind speed,

year and cattail area

Covariates:
®Environment ¥ Flock Metric  JEUAS

FULL MODEL AIC (452.15)

& Julian day 450.65 FULL

& Avg. wind speed 459.10 NO

& Closest tree patch 450.49

¥ Distance to launch site 451.19 1001 100

X Avg. drone speed 450.20

X Treatment 450.47 - -~

® Year 453.66 = 754 e 757

& Temperature 450.37 g g

& Sunflower field size 450.64 = =

& Ambient light 452.82 32 50 . 50

¥ Pre-trial lift-offs per minute 452.10 Qo o

& Area of adjacent cattail 455.99 X X

¥ Est. flock size 450.48 E 251 § 257

¥ Distance to field edge 460.82 L L

Optimal model: 0 |

lm(Flock reduction ~ Distance to launch site + | : 0 , ,
Ambient light + Area of adjacent cattail + Year + Water MA Water
Avg. wind speed + Distance to field edge) Treatment Treatment
W P e v g
: évg. wind speed g-ggg A7£6%for MA and 43£794 for water. 562£10% for MA and 88£10% for water.

ear .

& Area of adjacent cattail 0.028

& Ambient light 0.051

¥ Distance to launch site 0.114

RESULTS



OBJECTIVE 4: Flock size reductions are best predicted by the distance to edge, wind speed,

year and cattail area

Covariates:
QEnVironment }‘Flock Metric %UAS 100|  eeepe o . e 100 e .

FULL MODEL AIC (452.15) s | oo 5 :

& Julian day 450.65 = = 75 .

® Avg. wind speed 459.10 2 50 £

& Closest tree patch 450.49 % %

¥ Distance to launch site 451.19 % % %

X Avg. drone speed 450.20 2 o 2

X Treatment 450.47 3 8 2

® Year 453.66 3 3

& Temperature 450.37 a a

& Sunflower field size 450.64 -0 °

# Ambient light 452.82 0 100 200 300 25 5.0 75

¥ Pre-trial lift-offs per minute 452.10 Distance to field edge (m) n =62 Avg. wind speed (m/s) n =62
& Area of adjacent cattail 455.99

¥ Est. flock size 450.48 10013 ' 00 e ot

¥ Distance to field edge 460.82 g . 9 . . .

Optimal model: £ 1 g . ..

Im(Flock reduction ~ Distance to launch site + ‘§ el
Ambient light + Area of adjacent cattail + Year + K B 50
Avg. wind speed + Distance to field edge) —E 50 x

OPTIMAL MODEL p = 0.001 - 2 2

¥ Distance to field edge 0.002 g 5 :

® Avg. wind speed 0.009 B B 0 veee - e . . .
# Year 0.026 S . WY

& Area of adjacent cattail 0.028 of . 25

& Ambient light 0.051 2021 2022 0 .50 _ 100

¥ Distance to launch site 0.114 vear n =62 Adjacent cattail area (acres) n =62

RESULTS



OBJ E CTIVE 5 . Latency to return to the field is best predicted by the drone speed, temperature,

and 1nitial flock size

Covariates:
QEnVironment kFlock Metric %UAS 12 12 .
FULL MODEL AIC (62.46) ’g =
E . E
%Avg. drone speed 67.852 o o
@® % 5
& Year g, T 4
& Temperature 63.181 g 8
Q o 0 . . ® o o 0 b
¥ Est. flock size 65.272 3 4 5 5 10 15 20

Avg.drone speed (m/s) n =27 Temperature (C) n=27

’)‘ ;
W

Optimal model:
Im(Latency to return ~ Avg. drone speed +
Temperature + Est. flock size + Year)

-
N

OPTIMAL MODEL p =0.003 8
3 Avg. drone speed 0.017 .
& Temperature 0.028 :
¥ Est. flock size 0.032 )

Predicted latency to return (min)
o

0 3000 6000 9000
Est. flock size n=27
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So, what does all of this mean?

MANAGEMENT IMPLICATIONS:

 Smaller fields = More edge # more success!

* Use early in the season on smaller flocks to prevent
establishment of feeding areas.

\ / d
RTHRY T

3  Extended periods of hazing (>8 min) or multiple drones for
T ARy T larger flocks (>10,000 birds).

Future Directions:
« KExtended periods of hazing
 Drone speed + size
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THANK YOU!

Graduate Advisor
* Dr. Page Klug

Questions? Email me! Jessica.duttenhefner@ndsu.edu
Committee members
* Dr. Ned Dochtermann

NDSU swate RiversiTy
+ Dr. Timothy Greives

« Dr. David Kramar s Nat](mal
Suniflower
* Mallory White

Morgan Donaldson ASSOCIATION

USDA

* Heidinger Lab

e Greives Lab

UAS Technicians ;
+ Melissa Baldino, Avalon Cook, & o e A w
R~ L EF T * FAA Part 107 — Small Unmanned Aircraft System Pilot
Shay ly Van Ert BRI C T e NG o b 3 W% » FAA Part 137 — Agricultural Pesticide Applicator
Sunflower Producers - § %7, - % * NDGF Scientific Collection Permit — #0OLN05908426
4 ¢ i * NDSU IACUC Approval
Funding Sources s e * US EPA — Experimental Use Permit
,g N, * ND Aeronautics Commission — Aerial Applicator License/Temp. Exemption
* National Sunflower Association » State of North Dakota Department of Agriculture Air and Ground Core
« USDA Commercial Vertebrate Pesticide Certificate
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