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Fig. S1. The total number of insects, including the contribution of Dipterans, collected from three Solidago taxa (SC – S. canadensis, SN – S. ×niederederi, SV – S. virgaurea) at study sites (DAB – Dąbrowskie, OLE – Olecko, SUW – Suwałki)

​[image: ]​Fig. S2. PCA of morphological characteristics of the three studied Solidago taxa (S. canadensis, S. ×niederederi, and S. virgaurea). All three taxa were included in this analysis to capture general correlations between morphological characteristics: panicle location (PLO), shoot length (SLE), fresh shoot biomass (FSB), panicle length (PLE), panicle width (PWI), fresh panicle biomass (FPB), number of secondary branches within the panicle (NSB), number of capitula in a panicle (NCA), and the ratio of the number of ray flowers to disc flowers (RRD)

Table S1. List of arthropods collected from inflorescences of Solidago canadensis (SC), S. ×niederederi (SN) and S. virgaurea (SV) at study sites (OLE – Olecko, SUW – Suwałki, DAB – Dąbrowskie)

	Order
	Family
	Species
	Total number of individuals

	
	
	
	OLE
	SUW
	DAB

	
	
	
	SC
	SN
	SV
	SC
	SN
	SV
	SC
	SN
	SV

	Araneae
	-
	-
	7
	-
	2
	8
	4
	3
	13
	4
	1

	Diptera
	Anthomyiidae
	-
	-
	1
	-
	-
	-
	-
	-
	1
	1

	
	Bibionidae
	-
	10
	1
	-
	2
	-
	1
	2
	-
	-

	
	Calliphoridae
	-
	8
	1
	3
	39
	19
	22
	21
	13
	11

	
	Chloropidae
	-
	-
	3
	3
	-
	-
	-
	-
	-
	-

	
	Conopidae
	Conops quadrifasciatus
	-
	-
	-
	-
	-
	-
	-
	-
	2

	
	
	Physocephala truncata
	-
	-
	-
	1
	-
	-
	-
	-
	-

	
	Ephydridae
	-
	-
	-
	-
	
	1
	-
	-
	-
	-

	
	Muscidae
	-
	-
	-
	-
	12
	6
	4
	52
	29
	5

	
	Sarcophagidae
	-
	1
	2
	3
	12
	29
	12
	5
	2
	2

	
	Sciomyzidae
	-
	1
	-
	-
	-
	-
	-
	-
	-
	-

	
	Syrphidae
	Chrysotoxum festivum
	-
	-
	-
	1
	-
	-
	2
	1
	1

	
	
	Eristalinus aeneus
	1
	1
	2
	3
	1
	1
	3
	2
	-

	
	
	Eristalis sp.
	-
	-
	-
	-
	-
	-
	1
	-
	-

	
	
	Eristalis abusiva
	-
	1
	1
	1
	-
	-
	10
	-
	-

	
	
	Eristalis arbustorum
	40
	10
	4
	70
	26
	8
	66
	11
	1

	
	
	Eristalis interrupta
	7
	11
	4
	2
	7
	19
	27
	6
	5

	
	
	Eristalis intricaria
	-
	-
	-
	-
	-
	1
	-
	-
	2

	
	
	Eristalis lineata
	-
	1
	-
	-
	1
	1
	3
	1
	-

	
	
	Eristalis obscura
	1
	-
	-
	-
	1
	-
	-
	-
	-

	
	
	Eristalis pertinax
	1
	-
	1
	4
	-
	2
	15
	5
	14

	
	
	Eristalis rupium
	-
	-
	-
	-
	-
	-
	-
	1
	-

	
	
	Eristalis tenax
	7
	8
	15
	16
	15
	18
	17
	8
	38

	
	
	Eupeodes corollae
	-
	-
	-
	-
	-
	-
	1
	-
	-

	
	
	Helophilus affinis
	-
	-
	1
	-
	-
	-
	-
	-
	1

	
	
	Helophilus hybridus
	-
	-
	1
	2
	-
	-
	-
	-
	-

	
	
	Helophilus pendulus
	-
	3
	4
	1
	5
	3
	8
	15
	16

	
	
	Helophilus trivittatus
	1
	2
	1
	3
	5
	-
	3
	4
	1

	
	
	Melanostoma mellinum
	-
	-
	-
	-
	-
	-
	1
	-
	-

	
	
	Myathropa florea
	-
	-
	-
	-
	-
	-
	1
	-
	-

	
	
	Orthonevra nobilis
	-
	-
	-
	-
	-
	-
	1
	-
	-

	
	
	Spaerophoria batava
	-
	-
	-
	1
	-
	-
	-
	-
	-

	
	
	Sphaerophoria scripta
	10
	6
	7
	12
	11
	15
	25
	15
	16

	
	
	Sphaerophoria taeniata
	-
	-
	-
	-
	-
	-
	-
	1
	-

	
	
	Syritta pipiens
	-
	-
	1
	-
	3
	-
	5
	4
	1

	
	
	Syrphus vitripennis
	-
	-
	-
	-
	-
	-
	-
	-
	1

	
	Tachinidae
	
	3
	2
	1
	-
	-
	-
	8
	3
	6

	Coleoptera
	-
	-
	1
	-
	1
	1
	1
	1
	2
	-
	-

	Hemiptera
	-
	-
	2
	9
	8
	9
	14
	23
	19
	12
	14

	Hymenoptera
	Apidae
	-
	-
	1
	5
	-
	1
	5
	1
	-
	-

	
	Vespidae
	-
	3
	-
	-
	-
	-
	-
	1
	1
	4

	
	Formicidae
	-
	-
	-
	-
	1
	1
	-
	-
	-
	-

	
	others
	-
	3
	9
	4
	8
	1
	2
	3
	2
	4

	Lepidoptera
	-
	-
	-
	-
	1
	2
	1
	-
	10
	1
	2

	Neuroptera
	-
	-
	-
	-
	-
	2
	-
	-
	-
	-
	-

	Thysanoptera
	-
	-
	2
	2
	1
	-
	1
	-
	-
	-
	1






Table S2. AIC values for competing models, testing various error distributions. The models are for total insect counts on flowers, total Diptera counts on flowers, number of Diptera species, Diptera diversity (Shannon Index), and Diptera visit duration. Models with the lowest AIC were identified as the best-performing models in the main text. Best models, with lowest AIC are highlighted in bold


	Model structure
	Error distribution
	DF
	AIC

	Total insect counts

	
	Gaussian
	2
	603.2086

	
	Gaussian
	11
	368.6141

	
	Gaussian
	19
	348.4922

	
	Gaussian
	25
	279.9548

	
	Negative Binomial
	2
	1765.9189

	
	Negative Binomial
	11
	1531.0405

	
	Negative Binomial
	19
	1525.8493

	
	Negative Binomial
	25
	1468.3256

	
	Poisson
	1
	1838.7030

	
	Poisson
	10
	1529.0388

	
	Poisson
	18
	1523.8462

	
	Poisson
	24
	1466.3196

	Diptera counts

	
	Gaussian
	2
	559.8459

	
	Gaussian
	11
	296.9249

	
	Gaussian
	19
	281.9827

	
	Gaussian
	25
	198.3936

	total_insect_ind_count ~ 1
	Negative Binomial
	2
	1614.1678

	
	Negative Binomial
	11
	1384.4909

	
	Negative Binomial
	19
	1386.0981

	
	Negative Binomial
	25
	1332.7508

	
	Poisson
	1
	1664.9213

	
	Poisson
	10
	1382.4890

	
	Poisson
	18
	1384.0955

	
	Poisson
	24
	1330.7460

	Diptera number of species

	
	Gaussian
	2
	365.4340

	
	Gaussian
	11
	159.8723

	
	Gaussian
	19
	137.5987

	
	Gaussian
	25
	109.7298

	
	Negative Binomial
	2
	1315.6756

	
	Negative Binomial
	11
	1195.0485

	
	Negative Binomial
	19
	1198.5562

	
	Negative Binomial
	25
	1194.7160

	
	Poisson
	1
	1313.6716

	
	Poisson
	10
	1193.0437

	
	Poisson
	18
	1196.5513

	
	Poisson
	24
	1192.7112

	Diptera Shannon’s diversity

	
	Gaussian
	2
	654.6014

	
	Gaussian
	11
	461.1759

	
	Gaussian
	19
	447.1382

	
	Gaussian
	25
	427.5105

	Duration

	
	Gaussian
	2
	11555.3979

	
	Gaussian
	11
	11471.2502

	
	Gaussian
	19
	11443.2733

	
	Gaussian
	25
	11402.4964

	
	Negative Binomial
	2
	31469.3958

	
	Negative Binomial
	11
	31346.9618

	
	Negative Binomial
	19
	31278.6116

	
	Negative Binomial
	25
	31175.2714

	
	Poisson
	1
	188509.1719

	
	Poisson
	10
	180981.9147

	
	Poisson
	18
	177543.2643

	
	Poisson
	24
	173130.9330



	Model
	Family
	DF
	AIC

	Total insect counts

	log(visitors + 1) ~ 1
	Gaussian
	2
	603.2086

	log(visitors + 1) ~ taxon + site + time_window + temp + wind + cloud
	Gaussian
	11
	368.6141

	log(visitors + 1) ~ taxon * site + taxon * time_window + temp + wind + cloud
	Gaussian
	19
	348.4922

	log(visitors + 1) ~ taxon * site + pca1 * taxon + pca2 * taxon + taxon * time_window + temp + wind + cloud
	Gaussian
	25
	279.9548

	visitors ~ 1
	Negative Binomial
	2
	1765.9189

	visitors ~ taxon + site + time_window + temp + wind + cloud
	Negative Binomial
	11
	1531.0405

	visitors ~ taxon * site + taxon * time_window + temp + wind + cloud
	Negative Binomial
	19
	1525.8493

	visitors ~ taxon * site + pca1 * taxon + pca2 * taxon + taxon * time_window + temp + wind + cloud
	Negative Binomial
	25
	1468.3256

	visitors ~ 1
	Poisson
	1
	1838.7030

	visitors ~ taxon + site + time_window + temp + wind + cloud
	Poisson
	10
	1529.0388

	visitors ~ taxon * site + taxon * time_window + temp + wind + cloud
	Poisson
	18
	1523.8462

	visitors ~ taxon * site + pca1 * taxon + pca2 * taxon + taxon * time_window + temp + wind + cloud
	Poisson
	24
	1466.3196

	Diptera counts

	log(total_insect_ind_count + 1) ~ 1
	Gaussian
	2
	559.8459

	log(total_insect_ind_count + 1) ~ taxon + site + time_window + temp + wind + cloud
	Gaussian
	11
	296.9249

	log(total_insect_ind_count + 1) ~ taxon * site + taxon * time_window + temp + wind + cloud
	Gaussian
	19
	281.9827

	log(total_insect_ind_count + 1) ~ taxon * site + pca1 * taxon + pca2 * taxon + taxon * time_window + temp + wind + cloud
	Gaussian
	25
	198.3936

	total_insect_ind_count ~ 1
	Negative Binomial
	2
	1614.1678

	total_insect_ind_count ~ taxon + site + time_window + temp + wind + cloud
	Negative Binomial
	11
	1384.4909

	total_insect_ind_count ~ taxon * site + taxon * time_window + temp + wind + cloud
	Negative Binomial
	19
	1386.0981

	total_insect_ind_count ~ taxon * site + pca1 * taxon + pca2 * taxon + taxon * time_window + temp + wind + cloud
	Negative Binomial
	25
	1332.7508

	total_insect_ind_count ~ 1
	Poisson
	1
	1664.9213

	total_insect_ind_count ~ taxon + site + time_window + temp + wind + cloud
	Poisson
	10
	1382.4890

	total_insect_ind_count ~ taxon * site + taxon * time_window + temp + wind + cloud
	Poisson
	18
	1384.0955

	total_insect_ind_count ~ taxon * site + pca1 * taxon + pca2 * taxon + taxon * time_window + temp + wind + cloud
	Poisson
	24
	1330.7460

	Diptera number of species

	log(richenss + 1) ~ 1
	Gaussian
	2
	365.4340

	log(richenss + 1) ~ taxon + site + time_window +  temp + wind + cloud
	Gaussian
	11
	159.8723

	log(richenss + 1) ~ taxon * site + taxon * time_window + temp + wind + cloud
	Gaussian
	19
	137.5987

	log(richenss + 1) ~ taxon * site + pca1 * taxon + pca2 * taxon + taxon * time_window + temp +  wind + cloud
	Gaussian
	25
	109.7298

	richenss ~ 1
	Negative Binomial
	2
	1315.6756

	richenss ~ taxon + site + time_window + temp + wind + cloud
	Negative Binomial
	11
	1195.0485

	richenss ~ taxon * site + taxon * time_window + temp + wind + cloud
	Negative Binomial
	19
	1198.5562

	richenss ~ taxon * site + pca1 * taxon + pca2 * taxon + taxon * time_window + temp + wind + cloud
	Negative Binomial
	25
	1194.7160

	richenss ~ 1
	Poisson
	1
	1313.6716

	richenss ~ taxon + site + time_window + temp + wind + cloud
	Poisson
	10
	1193.0437

	richenss ~ taxon * site + taxon * time_window + temp + wind + cloud
	Poisson
	18
	1196.5513

	richenss ~ taxon * site + pca1 * taxon + pca2 * taxon + taxon * time_window + temp + wind + cloud
	Poisson
	24
	1192.7112

	Diptera Shannon’s diversity

	diversity_sh ~ 1
	Gaussian
	2
	654.6014

	diversity_sh ~ taxon + site + time_window + temp + wind + cloud
	Gaussian
	11
	461.1759

	diversity_sh ~ taxon * site + taxon * time_window + temp + wind + cloud
	Gaussian
	19
	447.1382

	diversity_sh ~ taxon * site + pca1 * taxon + pca2 * taxon + taxon * time_window + temp + wind + cloud
	Gaussian
	25
	427.5105

	Duration

	log(duration) ~ 1
	Gaussian
	2
	11555.3979

	log(duration) ~ taxon + site + time_window + temp + wind + cloud
	Gaussian
	11
	11471.2502

	log(duration) ~ taxon * site + taxon * time_window + temp + wind + cloud
	Gaussian
	19
	11443.2733

	log(duration) ~ taxon * site + pca1 * taxon + pca2 * taxon + taxon * time_window + temp + wind + cloud
	Gaussian
	25
	11402.4964

	duration ~ 1
	Negative Binomial
	2
	31469.3958

	duration ~ taxon + site + time_window + temp + wind + cloud
	Negative Binomial
	11
	31346.9618

	duration ~ taxon * site + taxon * time_window + temp + wind + cloud
	Negative Binomial
	19
	31278.6116

	duration ~ taxon * site + pca1 * taxon + pca2 * taxon + taxon * time_window + temp + wind + cloud
	Negative Binomial
	25
	31175.2714

	duration ~ 1
	Poisson
	1
	188509.1719

	duration ~ taxon + site + time_window + temp + wind + cloud
	Poisson
	10
	180981.9147

	duration ~ taxon * site + taxon * time_window + temp + wind + cloud
	Poisson
	18
	177543.2643

	duration ~ taxon * site + pca1 * taxon + pca2 * taxon + taxon * time_window + temp + wind + cloud
	Poisson
	24
	173130.9330




Table S3. Results of log-likelihood ratio tests for models of total insect abundance, Diptera abundance, number of Diptera species, Diptera Shannon diversity, and Diptera visit duration, evaluating improvements from adding morphological characteristics of flowers based on the two PCA axes. The table presents the degrees of freedom (#Df), log-likelihood values (LogLik), chi-squared statistics (Chisq), and corresponding p-values (Pr(>Chisq)) for different models with fixed covariates: plant species (Solidago taxa), location, time window, temperature, wind, and cloud cover. Statistical significance is denoted by asterisks (*** – P < 0.001)

	Test
	Model
	Formula
	#Df
	LogLik
	Chisq
	Pr(>Chisq)
	Significance

	Abundance Total
	Model 1
	

	19
	-155.25
	
	
	

	
	Model 2
	

	25
	-113.44
	83.601
	6.431e-16
	***

	Abundance Diptera
	Model 1
	

	19
	-121.99
	
	
	

	
	Model 2
	
	25
	-73.59
	96.802
	< 2.2e-16
	***

	Richness Diptera
	Model 1
	
	19
	-49.799
	
	
	

	
	Model 2
	

	25
	-28.816
	41.967
	1.867e-07
	***

	Diversity
	Model 1
	

	19
	-204.57
	
	
	

	
	Model 2
	

	25
	-187.99
	33.162
	9.76e-06
	***

	Duration
	Model 1
	

	19
	-5702.6
	
	
	

	
	Model 2
	

	25
	-5679.6
	46.129
	2.791e-08
	***







Table S4. Results of linear models predicting total visitation number (log-transformed: log[Y+1]) with and without flower morphology variables. The table includes model predictors, estimates, 95% confidence intervals (CI), and p-values. Fixed covariates in the models were plant species (Solidago taxa), location, time window, temperature, wind, and cloud cover. Interactions between species, location, and time window were also tested, along with flower morphological characteristics based on PCA axes. Statistically significant results are highlighted in bold. Observations (n = 405), R², and adjusted R² values are provided for each model
	

	
Total visitation number (no morphology, log[Y+1])
	
Total visitation number (log[Y+1])

	Predictors
	Estimates
	CI
	p
	Estimates
	CI
	p

	(Intercept)
	0.84
	-0.00 – 1.69
	0.050
	0.60
	-0.19 – 1.39
	0.138

	taxon [SN]
	-0.60
	-0.80 – -0.41
	<0.001
	-0.39
	-0.67 – -0.12
	0.005

	taxon [SV]
	-0.50
	-0.69 – -0.30
	<0.001
	-0.21
	-0.70 – 0.28
	0.394

	site [OLE]
	-0.96
	-1.12 – -0.79
	<0.001
	-0.77
	-0.93 – -0.61
	<0.001

	site [SUW]
	-0.19
	-0.38 – -0.01
	0.037
	-0.13
	-0.30 – 0.03
	0.116

	time_window12:00-13:00
	-0.04
	-0.20 – 0.11
	0.582
	-0.02
	-0.17 – 0.12
	0.772

	time_window14:00-15:00
	-0.01
	-0.19 – 0.16
	0.883
	-0.02
	-0.19 – 0.14
	0.768

	temp
	0.05
	0.02 – 0.08
	0.001
	0.05
	0.02 – 0.08
	<0.001

	wind
	-0.00
	-0.01 – 0.01
	0.846
	0.00
	-0.01 – 0.01
	0.994

	cloud
	-0.00
	-0.01 – -0.00
	<0.001
	-0.00
	-0.00 – -0.00
	0.001

	taxon [SN] × site
[OLE]
	0.55
	0.33 – 0.76
	<0.001
	0.48
	0.27 – 0.68
	<0.001

	taxon [SV] × site
[OLE]
	0.37
	0.16 – 0.59
	0.001
	0.36
	0.14 – 0.57
	0.001

	taxon [SN] × site
[SUW]
	0.46
	0.25 – 0.68
	<0.001
	0.43
	0.24 – 0.63
	<0.001

	taxon [SV] × site
[SUW]
	0.31
	0.10 – 0.52
	0.005
	0.34
	0.14 – 0.54
	0.001

	taxonSN:time_window12:00-13:00
	-0.20
	-0.41 – 0.02
	0.070
	-0.19
	-0.38 – 0.01
	0.060

	taxonSV:time_window12:00-13:00
	-0.14
	-0.35 – 0.07
	0.198
	-0.14
	-0.34 – 0.05
	0.150

	taxonSN:time_window14:00-15:00
	-0.20
	-0.41 – 0.01
	0.067
	-0.16
	-0.36 – 0.03
	0.096

	taxonSV:time_window14:00-15:00
	-0.18
	-0.39 – 0.03
	0.094
	-0.17
	-0.36 – 0.03
	0.094

	pca1
	
	
	
	0.01
	-0.09 – 0.11
	0.828

	pca2
	
	
	
	-0.10
	-0.13 – -0.07
	<0.001

	taxon [SN] × pca1
	
	
	
	-0.05
	-0.19 – 0.09
	0.461

	taxon [SV] × pca1
	
	
	
	-0.02
	-0.18 – 0.13
	0.776

	taxon [SN] × pca2
	
	
	
	0.01
	-0.04 – 0.06
	0.791

	taxon [SV] × pca2
	
	
	
	-0.01
	-0.08 – 0.07
	0.817

	Observations
	405
	405

	R2 / R2 adjusted
	0.510 / 0.488
	0.601 / 0.577









[bookmark: _GoBack_kopia_1_kopia_1_kopia_1_kopia_1_]Table S5. Results of linear models predicting Diptera visits, number of Diptera species, and species diversity of Diptera (Shannon Index) with and without flower morphology variables (log-transformed where indicated: log[Y+1] or log[Y]). The table includes model predictors, estimates, 95% confidence intervals (CI), and p-values. Fixed covariates in the models were plant species (Solidago taxa), location, time window, temperature, wind, and cloud cover. Interactions between species, location, and time window were also tested, along with flower morphological characteristics based on PCA axes. Statistically significant results are highlighted in bold. Observations (n = 398) and R²/adjusted R² values are provided for each model

	Diptera visits (no morphology, log[Y+1])
	Diptera visits (log[Y+1])
	‍Number of Diptera species (log[Y])
	Species diversity of Diptera (Shannon Index)

	Estimates
	CI
	p
	Estimates
	CI
	p
	Estimates
	CI
	p
	Estimates
	CI
	p

	0.332
	-0.459 –1.123
	0.410
	0.152
	-0.575 – 0.879
	0.681
	0.197
	-0.453 – 0.847
	0.552
	-0.798
	-1.767 – 0.172
	0.107

	-0.524
	-0.705 – -0.343
	<0.001
	-0.214
	-0.462 – 0.035
	0.092
	-0.310
	-0.532 – -0.087
	0.006
	-0.386
	-0.718 – -0.054
	0.023

	-0.497
	-0.677 – -0.317
	<0.001
	-0.172
	-0.624 – 0.280
	0.455
	-0.265
	-0.669 – 0.138
	0.197
	-0.318
	-0.921 – 0.284
	0.299

	-0.881
	-1.032 – -0.729
	<0.001
	-0.687
	-0.831 – -0.543
	<0.001
	-0.608
	-0.737 – -0.479
	<0.001
	-0.820
	-1.013 – -0.628
	<0.001

	-0.151
	-0.321 – 0.019
	0.081
	-0.099
	-0.252 – 0.054
	0.203
	-0.122
	-0.259 – 0.015
	0.080
	-0.122
	-0.326 – 0.081
	0.239

	-0.043
	-0.192 – 0.106
	0.568
	-0.014
	-0.149 – 0.120
	0.832
	-0.014
	-0.134 – 0.106
	0.817
	-0.020
	-0.199 – 0.159
	0.823

	-0.065
	-0.230 – 0.101
	0.444
	-0.065
	-0.214 – 0.083
	0.388
	-0.066
	-0.198 – 0.067
	0.331
	-0.091
	-0.289 – 0.107
	0.369

	0.060
	0.032 – 0.088
	<0.001
	0.060
	0.034 – 0.085
	<0.001
	0.050
	0.028 – 0.073
	<0.001
	0.075
	0.040 – 0.109
	<0.001

	0.004
	-0.007 – 0.015
	0.490
	0.005
	-0.005 – 0.014
	0.363
	0.005
	-0.004 – 0.014
	0.277
	0.007
	-0.006 – 0.020
	0.268

	-0.003
	-0.004 – -0.001
	<0.001
	-0.002
	-0.003 – -0.001
	0.007
	-0.001
	-0.002 – 0.000
	0.069
	-0.002
	-0.003 – 0.000
	0.103

	0.402
	0.202 – 0.602
	<0.001
	0.303
	0.114 – 0.493
	0.002
	0.357
	0.188 – 0.526
	<0.001
	0.446
	0.193 – 0.698
	0.001

	0.298
	0.099 – 0.497
	0.003
	0.269
	0.072 – 0.466
	0.008
	0.282
	0.106 – 0.458
	0.002
	0.311
	0.048 – 0.574
	0.020

	0.412
	0.215 – 0.609
	<0.001
	0.379
	0.202 – 0.556
	<0.001
	0.427
	0.269 – 0.586
	<0.001
	0.579
	0.343 – 0.815
	<0.001

	0.234
	0.036 – 0.431
	0.020
	0.263
	0.082 – 0.444
	0.004
	0.263
	0.102 – 0.425
	0.001
	0.323
	0.082 – 0.564
	0.009

	-0.234
	-0.433 – -0.035
	0.021
	-0.225
	-0.404 – -0.046
	0.014
	-0.161
	-0.321 – -0.001
	0.048
	-0.233
	-0.471 – 0.005
	0.055

	-0.144
	-0.343 – 0.055
	0.157
	-0.146
	-0.324 – 0.033
	0.110
	-0.099
	-0.259 – 0.061
	0.224
	-0.135
	-0.373 – 0.104
	0.267

	-0.205
	-0.404 – -0.005
	0.044
	-0.179
	-0.357 – 0.000
	0.050
	-0.107
	-0.266 – 0.053
	0.189
	-0.147
	-0.386 – 0.091
	0.224

	-0.197
	-0.394 – 0.000
	0.051
	-0.182
	-0.358 – -0.006
	0.043
	-0.105
	-0.263 – 0.052
	0.190
	-0.143
	-0.378 – 0.092
	0.233

	
	
	
	0.021
	-0.072 – 0.114
	0.654
	-0.041
	-0.124 – 0.042
	0.331
	-0.058
	-0.181 – 0.066
	0.361

	
	
	
	-0.102
	-0.130 – -0.074
	<0.001
	-0.049
	-0.074 – -0.024
	<0.001
	-0.054
	-0.092 – -0.017
	0.005

	
	
	
	-0.004
	-0.133 – 0.125
	0.953
	0.067
	-0.048 – 0.182
	0.253
	0.103
	-0.069 – 0.275
	0.240

	
	
	
	-0.023
	-0.165 – 0.118
	0.745
	0.037
	-0.090 – 0.163
	0.570
	0.052
	-0.137 – 0.240
	0.592

	
	
	
	0.004
	-0.041 – 0.050
	0.849
	-0.016
	-0.057 – 0.024
	0.431
	-0.039
	-0.100 – 0.022
	0.213

	
	
	
	-0.004
	-0.071 – 0.063
	0.901
	-0.019
	-0.080 – 0.041
	0.525
	-0.042
	-0.132 – 0.048
	0.356

	398
	398
	398
	398

	0.543 / 0.523
	0.642 / 0.620
	0.534 / 0.505
	0.498 / 0.468







Table S6. Linear combinations of the two principal component axes (PCA1 and PCA2) for morphological characteristics of the three studied Solidago taxa. Positive and negative loadings indicate the relative contribution of each variable to the principal components

	Variable
	PCA1
	PCA2

	PLO (panicle location)
	0.448
	0.060

	SLE (shoot length)
	0.207
	-0.223

	FSB (fresh shoot biomass)
	0.198
	-0.383

	PLE (panicle length)
	-0.503
	-0.267

	PWI (panicle width)
	0.120
	-0.447

	FPB (fresh panicle biomass)
	-0.312
	-0.535

	NSB (number of secondary branches within panicle)
	0.300
	-0.217

	NCA (number of capitula)
	0.202
	-0.441

	RRD (ratio of the number of ray flowers to the number of disc flowers in capitulum)
	0.470
	0.003




Table S7. Results of linear models predicting Diptera visit duration (log-transformed: log[Y]) with and without flower morphology variables. The table includes model predictors, estimates, 95% confidence intervals (CI), and p-values. Fixed covariates in the models were plant species (Solidago taxa), location, time window, temperature, wind, and cloud cover. Interactions between species, location, and time window were also tested, along with flower morphological characteristics based on PCA axes. Statistically significant results are highlighted in bold. Observations (n = 3425) and R²/adjusted R² values are provided for each model

	
	Diptera visit duration (no morphology, log[Y])
	Diptera visit duration (log[Y])

	Predictors
	Estimates
	CI
	p
	Estimates
	CI
	p

	(Intercept)
	5.06
	3.98 – 6.14
	<0.001
	5.26
	4.13 – 6.40
	<0.001

	taxon [SN]
	-0.44
	-0.67 – -0.20
	<0.001
	0.45
	-0.05 – 0.96
	0.079

	taxon [SV]
	-0.29
	-0.53 – -0.05
	0.016
	0.57
	-0.22 – 1.36
	0.157

	site [OLE]
	-0.31
	-0.59 – -0.04
	0.023
	-0.26
	-0.60 – 0.09
	0.141

	site [SUW]
	-0.14
	-0.36 – 0.08
	0.200
	-0.21
	-0.44 – 0.03
	0.082

	time_window13:00-14:00
	-0.12
	-0.33 – 0.10
	0.302
	-0.09
	-0.31 – 0.13
	0.436

	time_window15:00-16:00
	0.02
	-0.20 – 0.25
	0.841
	0.05
	-0.17 – 0.28
	0.642

	wind
	-0.03
	-0.05 – -0.01
	0.003
	-0.02
	-0.04 – 0.00
	0.101

	cloud
	0.00
	-0.00 – 0.00
	0.522
	0.00
	-0.00 – 0.00
	0.303

	temp
	-0.06
	-0.10 – -0.03
	0.001
	-0.08
	-0.12 – -0.04
	<0.001

	taxon [SN] × site
[OLE]
	0.91
	0.55 – 1.28
	<0.001
	0.79
	0.37 – 1.22
	<0.001

	taxon [SV] × site
[OLE]
	0.25
	-0.16 – 0.65
	0.235
	0.26
	-0.20 – 0.73
	0.268

	taxon [SN] × site
[SUW]
	0.47
	0.23 – 0.70
	<0.001
	0.50
	0.26 – 0.74
	<0.001

	taxon [SV] × site
[SUW]
	-0.02
	-0.26 – 0.23
	0.894
	0.23
	-0.03 – 0.50
	0.088

	taxonSN:time_window13:00-14:00
	-0.06
	-0.33 – 0.22
	0.693
	-0.03
	-0.31 – 0.25
	0.843

	taxonSV:time_window13:00-14:00
	0.07
	-0.22 – 0.37
	0.617
	0.07
	-0.22 – 0.36
	0.649

	taxonSN:time_window15:00-16:00
	-0.11
	-0.37 – 0.16
	0.436
	-0.10
	-0.36 – 0.17
	0.463

	taxonSV:time_window15:00-16:00
	0.10
	-0.18 – 0.37
	0.501
	0.09
	-0.19 – 0.37
	0.537

	pca1
	
	
	
	0.11
	-0.12 – 0.35
	0.346

	pca2
	
	
	
	-0.04
	-0.14 – 0.07
	0.482

	taxon [SN] × pca1
	
	
	
	0.25
	-0.04 – 0.55
	0.090

	taxon [SV] × pca1
	
	
	
	0.03
	-0.26 – 0.32
	0.829

	taxon [SN] × pca2
	
	
	
	-0.11
	-0.22 – 0.01
	0.078

	taxon [SV] × pca2
	
	
	
	-0.16
	-0.30 – -0.01
	0.034

	Observations
	3425
	3425

	R2 / R2 adjusted
	0.042 / 0.037
	0.055 / 0.048





Table S8. List of volatile compounds emitted by the capitula of Solidago canadensis (N=15), S. ×niederederi (N=15) and S. virgaurea (N=15). Mean(±SD) values of the content from three study sites are showed. Abbreviations: RIexp – retention index according to experiment, RIlit – retention index after literature: a – Tkachev (2008), b – NIST 2020 Mass Spectral Library, and c – Wiley Registry of Mass Spectral Data (12th edition, 2020)

	Group of compounds
	RIexp
	RIlit
	Content (% of TIC)

	
	
	
	Solidago canadensis
	Solidago ×niederederi
	Solidago virgaurea

	Monoterpenes
	

	Tricyclene
	917
	921a
	0.04(±0.01)
	0.06(±0.02)
	0.06(±0.03)

	α-Thujene
	920
	924b
	0.30(±0.08)
	0.49(±0.12)
	0.62(±0.21)

	α-Pinene
	930
	932b
	47.49(±3.06)
	55.65(±1.49)
	50.05(±5.31)

	Camphene
	942
	946c
	1.23(±0.16)
	2.26(±0.23)
	1.55(±0.63)

	Thuja-2,4(10)-diene
	949
	953b
	0.07(±0.01)
	0.06(±0.02)
	0.21(±0.05)

	Verbenene
	961
	961b
	-
	0.13(±0.03)
	0.12(±0.05)

	Sabinene
	971
	969b
	1.37(±0.25)
	2.04(±0.28)
	2.07(±0.57)

	β-Pinene
	974
	974b
	3.78(±0.38)
	5.47(±0.52)
	4.86(±1.43)

	Myrcene
	989
	988b
	6.48(±0.90)
	5.41(±0.41)
	9.89(±4.20)

	α-Phellandrene
	1004
	1002b
	0.46(±0.07)
	0.36(±0.04)
	0.48(±0.16)

	3-Carene
	1010
	1010c
	0.07(±0.01)
	0.03(±0.02)
	1.18(±0.53)

	α-Terpinene
	1017
	1017c
	0.14(±0.03)
	0.17(±0.03)
	0.28(±0.08)

	p-Cymene
	1025
	1023a
	0.36(±0.06)
	0.36(±0.06)
	0.41(±0.12)

	Limonene
	1030
	1028c
	7.31(±1.65)
	5.15(±0.39)
	4.20(±1.57)

	cis-β-Ocimene
	1040
	1038c
	0.11(±0.03)
	0.08(±0.02)
	0.56(±0.27)

	trans-β-Ocimene
	1049
	1048a
	1.44(±0.28)
	0.38(±0.06)
	2.94(±0.89)

	γ-Terpinene
	1060
	1058c
	0.18(±0.02)
	0.29(±0.06)
	0.34(±0.12)

	cis-Sabinenehydrate
	1068
	1065c
	-
	-
	0.12(±0.05)

	trans-Furanolinalool oxide
	1074
	1073c
	0.13(±0.03)
	0.09(±0.04)
	0.12(±0.05)

	cis-Furanolinalool oxide
	1089
	1089c
	0.05(±0.01)
	-
	-

	α-Terpinolene
	1090
	1088c
	0.63(±0.08)
	0.45(±0.07)
	0.80(±0.26)

	Linalool
	1101
	1100c
	-
	-
	0.10(±0.03)

	2,6-Dimethyl-1,3(E),5(E),7-octatetraene
	1124
	1127a
	-
	-
	0.07(±0.04)

	α-Campholenal
	1125
	1122b
	-
	0.05(±0.02)
	0.10(±0.04)

	allo-Ocimene
	1130
	1129c
	-
	-
	0.16(±0.02)

	cis-Limonene oxide
	1134
	1133c
	0.09(±0.02)
	-
	-

	neo-allo-Ocimene
	1133
	1131a
	0.12(±0.05)
	-
	0.14(±0.04)

	Camphor
	1147
	1144c
	-
	-
	0.10(±0.03)

	Borneol
	1168
	1165b
	-
	0.05(±0.01)
	0.15(±0.05)

	iso-Pinocamphone
	1177
	1175c
	-
	-
	0.07(±0.03)

	cis-Dihydrocarvone
	1199
	1198c
	-
	-
	0.07(±0.01)

	Verbenone
	1212
	1210c
	0.08(±0.01)
	-
	0.05(±0.03)

	Coahuilensol, methyl ether
	1218
	1219b
	-
	-
	0.05(±0.02)

	Bornyl acetate
	1291
	1287b
	0.08(±0.04)
	0.07(±0.03)
	0.05(±0.02)

	Sesquiterpenes
	

	Bicycloelemene
	1342
	1339c
	0.18(±0.04)
	0.17(±0.04)
	0.20(±0.06)

	α-Cubebene
	1352
	1349a
	0.35(±0.10)
	0.39(±0.06)
	0.35(±0.13)

	α-Ylangene
	1376
	1373b
	0.12(±0.03)
	0.11(±0.03)
	0.06(±0.01)

	α-Copaene
	1379
	1376a
	0.22(±0.04)
	0.34(±0.04)
	0.29(±0.11)

	1,5-di-epi-β-Bourbonene
	1390
	1388c
	0.28(±0.05)
	0.20(±0.04)
	-

	β-Cubebene
	1394
	1392c
	0.05(±0.01)
	-
	0.68(±0.34)

	β-Elemene
	1396
	1392c
	0.64(±0.10)
	0.64(±0.07)
	0.15(±0.05)

	Sesquiterpene
	1400
	-
	0.18(±0.06)
	0.17(±0.04)
	0.09(±0.04)

	Isocaryophyllene
	1413
	1411c
	-
	-
	0.07(±0.03)

	β-Ylangene
	1421
	1421c
	0.07(±0.03)
	0.06(±0.00)
	0.05(±0.02)

	β-Caryophyllene
	1424
	1422c
	1.30(±0.13)
	1.75(±0.17)
	4.07(±1.95)

	β-Copaene
	1431
	1432b
	0.34(±0.06)
	0.34(±0.05)
	0.14(±0.03)

	Caryophylla-4(12),8(13)-diene
	1432
	1430c
	-
	-
	0.14(±0.04)

	trans-α-Bergamotene
	1436
	1432b
	0.13(±0.02)
	0.03(±0.00)
	0.08(±0.03)

	γ-Elemene
	1440
	1445c
	0.09(±0.03)
	0.07(±0.03)
	0.08(±0.02)

	Isogermacrene D
	1442
	1444c
	0.15(±0.05)
	0.02(±0.01)
	0.10(±0.02)

	Aromadendrene
	1443
	1439b
	-
	0.07(±0.03)
	0.14(±0.04)

	Guaia-6,9-diene
	1449
	1445c
	0.11(±0.04)
	0.08(±0.01)
	-

	trans-Muurola-3,5-diene
	1453
	1451b
	0.34(±0.07)
	0.28(±0.06)
	0.18(±0.06)

	Sesquiterpene
	1457
	-
	0.15(±0.04)
	0.14(±0.03)
	-

	α-Humulene
	1458
	1456c
	0.34(±0.08)
	0.33(±0.04)
	1.41(±0.78)

	Dauca-5,8-diene
	1468
	1471b
	0.10(±0.03)
	0.12(±0.04)
	0.10(±0.03)

	cis-Muurola-4(14),5-diene
	1468
	1465b
	0.68(±0.11)
	0.45(±0.10)
	0.24(±0.08)

	trans-Cadina-1(6),4-diene
	1478
	1475b
	0.21(±0.05)
	0.20(±0.05)
	0.20(±0.09)

	γ-Muurolene
	1484
	1480c
	0.73(±0.15)
	0.70(±0.14)
	0.39(±0.15)

	Germacrene D
	1487
	1484b
	9.52(±1.22)
	3.91(±0.46)
	1.89(±0.70)

	β-Selinene
	1495
	-
	0.76(±0.13)
	0.33(±0.06)
	-

	epi-Zonarene
	1498
	1499c
	0.14(±0.03)
	-
	-

	(Z,E)-α-Farnesene
	1498
	1496c
	-
	-
	0.07(±0.01)

	γ-Amorphene
	1498
	1495b
	0.73(±0.13)
	0.57(±0.10)
	0.41(±0.17)

	Bicyclogermacrene
	1502
	1500c
	-
	-
	1.22(±0.57)

	α-Muurolene
	1505
	1502c
	0.42(±0.04)
	0.65(±0.12)
	0.11(±0.04)

	α-Farnesene
	1512
	1510c
	-
	-
	0.11(±0.03)

	δ-Amorphene
	1515
	1511b
	0.15(±0.03)
	0.15(±0.03)
	0.08(±0.03)

	γ-Cadinene
	1520
	1517c
	0.79(±0.14)
	0.67(±0.09)
	0.29(±0.11)

	δ-Cadinene
	1530
	1527c
	1.96(±0.49)
	1.65(±0.19)
	1.50(±0.75)

	trans-Cadina-1,4-diene
	1540
	1536c
	0.15(±0.03)
	0.15(±0.02)
	0.22(±0.08)

	α-Cadinene
	1544
	1540c
	0.37(±0.07)
	0.32(±0.04)
	0.18(±0.04)

	α-Calacorene
	1550
	1546c
	0.13(±0.02)
	0.09(±0.02)
	0.06(±0.02)

	Germacrene B
	1565
	1559b
	0.07(±0.02)
	0.04(±0.02)
	0.08(±0.01)

	Cadalene
	1680
	1677c
	0.05(±0.01)
	-
	0.03(±0.01)

	Others
	

	Acetone
	502
	503a
	2.91(±0.39)
	1.41(±0.12)
	0.81(±0.42)

	n-Hexane
	600
	600a
	3.28(±0.77)
	1.74(±0.23)
	-

	Acetic acid
	602
	600a
	0.33(±0.07)
	-
	0.46(±0.19)

	(E)-2-Methyl-1,3-pentadiene
	623
	627a
	0.46(±0.10)
	2.99(±0.46)
	1.13(±0.33)

	Toluene
	760
	762c
	-
	0.04(±0.02)
	0.11(±0.03)

	Styrene
	881
	880a
	-
	0.08(±0.02)
	1.53(±0.74)

	Hexanoic acid
	977
	978a
	-
	-
	0.11(±0.00)

	(E)-4,8-Dimethyl-1,3,7-nonatriene
	1118
	1117c
	0.10(±0.04)
	0.09(±0.04)
	0.25(±0.11)

	Total content of monoterpenes
	71.22
	78.60
	80.49

	Total content of sesquiterpenes
	21.77
	15.09
	15.19

	Total content of other compounds
	7.01
	6.31
	4.32




Table S9. RDA results for differences in chemical compounds between plant taxa and sites. The first two rows represent the variance explained by species differences, while the last two rows reflect the variance explained by site differences. The table includes degrees of freedom (Df), variance, F-statistics, p-values (Pr(>F)), and significance codes, indicating in bold which factors significantly influence the variation in chemical compounds 

	Description
	Factor
	Df
	Variance
	F
	Pr(>F)
	

	Differences between species in chemical compounds
	Species
	2
	0.039806
	63.07
	0.001
	

	
	Residual
	40
	0.012623
	
	

	Differences between sites in chemical compounds
	Site
	2
	0.0008496
	1.3461
	0.088
	

	
	Residual
	40
	0.0126228
	
	




Table S10. The most important chemical compounds (based on vector lengths in the ordination space) explaining the differences between the three studied Solidago taxa (S. canadensis, S. ×niederederi, and S. virgaurea) in the Redundancy Analysis (RDA). Longer vectors indicate compounds with greater explanatory power in distinguishing the differences across the taxa

	RDA1
	RDA2
	Compound name
	Vector length

	0.354
	-0.394
	Germacrene D
	0.529

	-0.004
	0.494
	(E)-2-Methyl-1,3-pentadiene
	0.494

	0.429
	-0.072
	n-Hexane
	0.435

	-0.184
	-0.342
	trans-β-Ocimene
	0.389

	-0.304
	-0.059
	Styrene
	0.31

	-0.075
	-0.299
	Acetic acid
	0.308

	-0.283
	-0.103
	Bicyclogermacrene
	0.301

	-0.257
	-0.099
	3-Carene
	0.275

	0.005
	0.272
	α-Pinene
	0.272

	0.172
	-0.181
	Acetone
	0.249

	-0.161
	-0.16
	Myrcene
	0.226

	-0.201
	-0.1
	β-Cubebene
	0.224

	0.202
	-0.065
	β-Selinene
	0.212

	0.139
	-0.147
	Limonene
	0.202

	-0.2
	0.012
	β-Caryophyllen
	0.2

	0.144
	0.124
	α-Muurolene
	0.191

	0.007
	0.189
	Camphene
	0.189

	-0.027
	0.177
	β-Pinene
	0.179

	-0.143
	-0.073
	cis-β-Ocimene
	0.16

	-0.149
	-0.058
	α-Humulene
	0.16
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