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Table S1 Test matrix for spore capture investigation.
	Flight
	DRBC % agar
	Flight Plan UA #1
	Flight Plan UA #2
	Objective

	1
	1.5%
	30 s transect out and 30 s return transect at 30 m
(67 m leg length)
	1 min hover at 30 m
	Analysis of spore counts as a function of time

	2
	1.5%
	2.5 min transect out and 2.5 min return transect at 30 m
(335 m leg length)
	5 min hover at 30 m
	Analysis of spore counts as a function of time

	3
	1.5%
	5 min transect out and 5 min return transect at 30 m
(670 m leg length)
	10 min hover at 30 m
	Analysis of spore counts as a function of time

	
	
	
	
	

	4
	1.5%
	A single 305 m transect at 30 m and 2.24 m/s. Petri dish continually oriented into the prevailing wind
	Hover at 30 m with Petri dish oriented into prevailing wind
	Analysis of spore counts as a function of Petri dish orientation to the prevailing wind

	5
	1.5%
	A single 305 m transect at 30 m and 2.24 m/s. Petri dish continually oriented away from the prevailing wind
	Hover at 30 m with Petri dish oriented away from the prevailing wind
	Analysis of spore counts as a function of Petri dish orientation to the prevailing wind

	
	
	
	
	

	6
	1.5%
	2.5 min transect out and 2.5 min return transect at 5 m
(335 m leg length)
	5 min hover at 5 m
	Analysis of spore counts as a function of altitude

	7
	1.5%
	2.5 min transect out and 2.5 min return transect at 30 m
(335 m leg length)
	5 min hover at 30 m
	Analysis of spore counts as a function of altitude

	8
	1.5%
	2.5 min transect out and 2.5 min return transect at 60 m
(335 m leg length)
	5 min hover at 60 m
	Analysis of spore counts as a function of altitude

	9
	1.5%
	2.5 min transect out and 2.5 min return transect at 90 m
(335 m leg length)
	5 min hover at 90 m
	Analysis of spore counts as a function of altitude

	
	
	
	
	

	10
	1.5%
	5 min of translational flight at 30 m
(670 m leg length)
	5 min hover at 30 m
	Analysis of spore counts as a function of medium hardness

	11
	2.0%
	5 min of translational flight at 30 m
(670 m leg length)
	5 min hover at 30 m
	Analysis of spore counts as a function of medium hardness

	12
	1.0%
	5 min of translational flight at 30 m
(670 m leg length)
	5 min hover at 30 m
	Analysis of spore counts as a function of medium hardness

	13
	15%
	5 min of translational flight at 30 m
(670 m leg length)
	5 min hover at 30 m
	Analysis of spore counts as a function of medium hardness
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Fig. S1 Example petri dish results from ground reference (left), hovering reference flight (center), and dynamic flight (right).

Statistical analysis
Petri dish colony counts for each experiment were fit to separate generalized linear mixed models for each experiment. Models were assigned a Poisson error distribution using a log link. All models also included an intercept offset random effect grouping concurrent sample trials (i.e., paired ground reference, hovering UA flight reference, and dynamic UA flights) to account for shared variability due to environmental conditions or other outside factors (ɑTrial in Equation S1). Each model had the form: 
Equation S1
log(y) =  βi +  Bflight*Xflight +  βtreat*xtreat +  Bflight x treat*Xflight*xtreat + ɑTrial
where βi is the intercept and Bflight are coefficient offsets for flight types (hovering and dynamic flights), with ground reference as the reference level. The coefficient βtreat is fit to the experimental treatment variable (xtreat, i.e., flight time, altitude, orientation, and growth medium hardness). An interaction effect (Bflight x treat) was included to test for differences in treatment effects between flight types. The exception to this template is the model presented in Supplemental Table S2, which estimates overall means for each flight group across experiments; this model did not have a treatment and interaction effect and included an additional random effect for the experiment identity.
Analyses were conducted with the statistical software R [R Core Team, 2023], using the package ‘glmmTMB’ for model fitting [Brooks et al., 2017] and ‘tidyverse’ for data manipulation and visualization [Wickham et al., 2019]. The R package ‘DHARMa’ [Hartig, 2022] was used to check model residuals for overdispersion and the package ‘performance’ [Lüdecke  et al., 2021] was used to calculate model assessment metrics. Model results were interpreted by calculating pairwise contrasts using the package ‘emmeans’ [Lenth, 2022] and summaries were produced with the help of the package ‘sjplot’ [Lüdecke, 2023].

Results supplemental material
Table S2 Mixed-effects model estimating colony counts for dynamic flight, hover reference flight, and ground reference across all experiments. Experiment and trial effects are accounted for as nested random effects.
	 
	colonies

	Predictors
	Incidence Rate Ratios
	CI
	p

	(Intercept)
	5.98
	3.83 – 9.34
	<0.001

	flight [Hovering]
	2.32
	1.94 – 2.77
	<0.001

	flight [Dynamic]
	3.38
	2.84 – 4.01
	<0.001

	
Random Effects

	σ2
	0.07
	
	

	τ00 Trial
	0.56
	
	

	τ00 Experiment
	0.06
	
	

	ICC
	0.90
	
	

	N Trial
	22
	
	

	N Experiment
	4
	
	

	Observations
	64
	
	

	Marginal R2 / Conditional R2
	0.270 / 0.925
	
	



Table S3 Estimated marginal means for dynamic flights, reference hover flight, and ground reference.
flight    rate   SE df lower.CL upper.CL
Ground    5.98 1.36 59     3.79     9.43
Hovering 13.85 3.04 59     8.93    21.48
Dynamic  20.18 4.39 59    13.06    31.19

Confidence level used: 0.95 
Intervals are back-transformed from the log scale 

Contrasts
contrast           ratio     SE df null t.ratio p.value
Hovering / Ground   2.32 0.2118 59    1   9.183  <.0001
Dynamic / Ground    3.38 0.2950 59    1  13.917  <.0001
Dynamic / Hovering  1.46 0.0909 59    1   6.034  <.0001

P value adjustment: tukey method for comparing a family of 3 estimates 
Tests are performed on the log scale

Table S4 Flight time model results.
	
	colonies

	Predictors
	Incidence Rate Ratios
	CI
	p

	(Intercept)
	3.60
	1.10 – 11.78
	0.034

	time
	1.03
	0.86 – 1.24
	0.711

	flight [Hovering]
	2.13
	0.89 – 5.10
	0.089

	flight [Dynamic]
	4.29
	1.85 – 9.94
	0.001

	time × flight [Hovering]
	1.11
	0.98 – 1.27
	0.102

	time × flight [Dynamic]
	1.00
	0.88 – 1.14
	0.977

	
Random Effects

	σ2
	0.07
	
	

	τ00 Trial
	0.40
	
	

	ICC
	0.85
	
	

	N Trial
	6
	
	

	Observations
	17
	
	

	Marginal R2 / Conditional R2
	0.537 / 0.933
	
	



Table S5 Estimated marginal trend of flight time.
flight   time.trend     SE df lower.CL upper.CL t.ratio p.value
Ground       0.0342 0.0921 10  -0.1710    0.239   0.371  0.7184
Hovering     0.1415 0.0771 10  -0.0303    0.313   1.835  0.0964
Dynamic      0.0360 0.0763 10  -0.1340    0.206   0.472  0.6470

Contrasts
contrast           estimate     SE df lower.CL upper.CL t.ratio p.value
Hovering - Ground   0.10739 0.0657 10  -0.0728   0.2876   1.634  0.2769
Dynamic - Ground    0.00187 0.0651 10  -0.1765   0.1802   0.029  0.9995
Dynamic - Hovering -0.10552 0.0406 10  -0.2169   0.0059  -2.596  0.0633

Confidence level used: 0.95 
Conf-level adjustment: tukey method for comparing a family of 3 estimates 
P value adjustment: tukey method for comparing a family of 3 estimates

Table S6 Wind orientation model results.
	
	colonies

	Predictors
	Incidence Rate Ratios
	CI
	p

	(Intercept)
	1.96
	0.71 – 5.41
	0.195

	Treatment [into wind]
	2.77
	0.83 – 9.23
	0.097

	flight [Hovering]
	4.00
	1.34 – 11.96
	0.013

	flight [Dynamic]
	3.75
	1.24 – 11.30
	0.019

	Treatment [into wind] ×
flight [Hovering]
	0.30
	0.08 – 1.15
	0.079

	Treatment [into wind] ×
flight [Dynamic]
	0.70
	0.19 – 2.59
	0.596

	
Random Effects

	σ2
	0.13
	
	

	τ00 Trial
	0.04
	
	

	ICC
	0.21
	
	

	N Trial
	4
	
	

	Observations
	12
	
	

	Marginal R2 / Conditional R2
	0.697 / 0.761
	
	



Table S7 Estimated marginal means and contrasts of wind orientation model results.
Estimate marginal means
Treatment = away from wind:
 flight    rate   SE df lower.CL upper.CL
 Ground    1.96 1.02  5    0.516     7.43
 Hovering  7.83 2.24  5    3.757    16.33
 Dynamic   7.34 2.15  5    3.458    15.60

Treatment = into wind:
 flight    rate   SE df lower.CL upper.CL
 Ground    5.42 1.79  5    2.320    12.68
 Hovering  6.41 1.98  5    2.900    14.16
 Dynamic  14.30 3.28  5    7.924    25.79
Confidence level used: 0.95; Intervals are back-transformed from the log scale 

Contrasts
Treatment = away from wind:
 contrast           ratio    SE df null t.ratio p.value
 Hovering / Ground  4.000 2.236  5    1   2.480  0.1186
 Dynamic / Ground   3.750 2.110  5    1   2.349  0.1380
 Dynamic / Hovering 0.938 0.337  5    1  -0.180  0.9824

Treatment = into wind:
 contrast           ratio    SE df null t.ratio p.value
 Hovering / Ground  1.182 0.484  5    1   0.408  0.9139
 Dynamic / Ground   2.636 0.934  5    1   2.738  0.0883
 Dynamic / Hovering 2.231 0.745  5    1   2.404  0.1295
P value adjustment: tukey method for comparing a family of 3 estimates; Tests are performed on the log scale

Table S8 Altitude model results.
	
	colonies

	Predictors
	Incidence Rate Ratios
	CI
	p

	(Intercept)
	2.81
	0.86 – 9.21
	0.087

	altitude
	1.02
	1.00 – 1.04
	0.129

	flight [Hovering]
	13.05
	6.93 – 24.57
	<0.001

	flight [Dynamic]
	15.25
	8.18 – 28.44
	<0.001

	altitude × flight
[Hovering]
	0.97
	0.96 – 0.98
	<0.001

	altitude × flight
[Dynamic]
	0.98
	0.97 – 0.99
	<0.001

	
Random Effects

	σ2
	0.04
	
	

	τ00 Trial
	0.69
	
	

	ICC
	0.94
	
	

	N Trial
	8
	
	

	Observations
	23
	
	

	Marginal R2 / Conditional R2
	0.473 / 0.969
	
	



Table S9 Estimated marginal trend of altitude.
flight   altitude.trend      SE df lower.CL upper.CL t.ratio p.value
Ground          0.01557 0.01026 16 -0.00619  0.03732   1.517  0.1488
Hovering       -0.01315 0.00952 16 -0.03334  0.00704  -1.381  0.1863
Dynamic        -0.00377 0.00940 16 -0.02369  0.01614  -0.402  0.6932

Contrasts
contrast           estimate      SE df lower.CL upper.CL t.ratio p.value
Hovering - Ground  -0.02872 0.00500 16  -0.0416 -0.01582  -5.744  0.0001
Dynamic - Ground   -0.01934 0.00472 16  -0.0315 -0.00715  -4.095  0.0023
Dynamic - Hovering  0.00938 0.00271 16   0.0024  0.01636   3.466  0.0084

Confidence level used: 0.95 
Conf-level adjustment: tukey method for comparing a family of 3 estimates 
P value adjustment: tukey method for comparing a family of 3 estimates

Table S10 Agar concentration model results
	
	colonies

	Predictors
	Incidence Rate Ratios
	CI
	p

	(Intercept)
	9.70
	5.74 – 16.38
	<0.001

	agar [log]
	1.43
	1.03 – 1.98
	0.034

	flight [Hovering]
	0.51
	0.26 – 0.98
	0.045

	flight [Dynamic]
	1.38
	0.81 – 2.34
	0.238

	agar [log] × flight
[Hovering]
	1.17
	0.82 – 1.67
	0.396

	agar [log] × flight
[Dynamic]
	0.78
	0.56 – 1.08
	0.131

	
Random Effects

	σ2
	0.08
	
	

	τ00 Trial
	0.06
	
	

	ICC
	0.45
	
	

	N Trial
	4
	
	

	Observations
	12
	
	

	Marginal R2 / Conditional R2
	0.626 / 0.793
	
	



Table S11 Estimated marginal trend of agar concentration.
flight   agar.trend     SE df lower.CL upper.CL t.ratio p.value
Ground       0.0726 0.0343  5 -0.01563    0.161   2.115  0.0881
Hovering     0.1043 0.0385  5  0.00524    0.203   2.707  0.0424
Dynamic      0.0206 0.0353  5 -0.07018    0.111   0.583  0.5853

Contrasts
contrast           estimate     SE df lower.CL upper.CL t.ratio p.value
Hovering - Ground    0.0317 0.0374  5   -0.090   0.1534   0.848  0.6926
Dynamic - Ground    -0.0520 0.0344  5   -0.164   0.0600  -1.511  0.3620
Dynamic - Hovering  -0.0837 0.0386  5   -0.209   0.0418  -2.171  0.1698

Confidence level used: 0.95 
Conf-level adjustment: tukey method for comparing a family of 3 estimates 
P value adjustment: tukey method for comparing a family of 3 estimates
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