Nematode Community Structures in the Presence of Wastewater Treatment Plant Discharge
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Table S1 PERMANOVA partitioning and analysis of nematode community structure diversity metrics from the St. Andrew Bay system based on Bray-Curtis dissimilarity. Effects P-values are noted in bold when ≤ 0.05, while higher values close to 0.05 where there is evidence of an effect are denoted in italics. S = number of taxa, N = number of individuals, d = Margalef’s diversity index, J’ = Pielou’s evenness, EG(51) = expected number of genera (based on Hurlbert’s (1971) expected number of species), H’ = Shannon index (log e), N1,2,inf = Hill’s indices. Se = season, Si = site, WW = wastewater treatment plant, St = station.

	Source
	df
	SS
	  MS
	Pseudo-F
	P(perm)
	 perms

	S

	Se
	1
	0.01011
	0.01011
	0.01355
	0.912
	994

	Si
	3
	14.734
	4.9114
	6.5838
	0.029
	999

	   WW
	1
	3.1558
	3.1558
	2.0931
	0.156
	996

	St
	2
	1.4021
	0.70103
	0.93976
	0.447
	998

	SexSi
	3
	1.6751
	0.55836
	0.74849
	0.571
	997

	   SexWW
	1
	0.40557
	0.40557
	0.269
	0.603
	995

	SexSt
	2
	0.32355
	0.16178
	0.21687
	0.785
	998

	SixSt
	6
	4.4399
	0.73998
	0.99197
	0.503
	999

	   WWxSt
	2
	0.6561
	0.32805
	0.21759
	0.825
	999

	Residual
	6
	4.4758
	0.74597
	        
	       
	      

	Total
	23
	27.061
	        
	        
	       
	      

	d

	Se
	1
	1.3086
	1.3086
	1.3257
	0.31
	997

	Si
	3
	16.811
	5.6037
	5.6769
	0.051
	999

	   WW
	1
	10.439
	10.439
	8.0089
	0.015
	996

	St
	2
	1.9366
	0.9683
	0.98095
	0.422
	999

	SexSi
	3
	5.6289
	1.8763
	1.9008
	0.23
	999

	   SexWW
	1
	2.4877
	2.4877
	1.9086
	0.194
	998

	SexSt
	2
	0.89787
	0.44894
	0.4548
	0.646
	998

	SixSt
	6
	3.846
	0.64101
	0.64938
	0.716
	999

	   WWxSt
	2
	1.0336
	0.5168
	0.39649
	0.698
	997

	Residual
	6
	5.9226
	0.98711
	        
	       
	      

	Total
	23
	36.352
	       
	        
	       
	      

	J’

	Se
	1
	0.00012
	0.00012
	0.0007
	0.979
	997

	Si
	3
	1.1443
	0.38144
	2.2077
	0.19
	999

	   WW
	1
	0.6907
	0.6907
	2.7022
	0.14
	997

	St
	2
	0.32696
	0.16348
	0.94621
	0.446
	999

	SexSi
	3
	0.16276
	0.05425
	0.314
	0.82
	999

	   SexWW
	1
	0.10939
	0.10939
	0.42798
	0.512
	994

	SexSt
	2
	0.0026
	0.0013
	0.00752
	0.995
	998

	SixSt
	6
	2.7696
	0.46161
	2.6717
	0.131
	998

	   WWxSt
	2
	0.73482
	0.36741
	1.4374
	0.281
	999

	Residual
	6
	1.0367
	0.17278
	          
	       
	      

	Total
	23
	5.443
	          
	          
	       
	      

	EG(51)

	Se
	1
	0.000377
	0.000377
	0.000378
	0.989
	997

	Si
	3
	8.9076
	2.9692
	4.8328
	0.051
	999

	   WW
	1
	3.6061
	3.6061
	3.432
	0.071
	999

	St
	2
	1.0973
	0.54867
	0.89304
	0.448
	998

	SexSi
	3
	1.4653
	0.48842
	0.79498
	0.554
	998

	   SexWW
	1
	0.53481
	0.53481
	0.509
	0.494
	997

	SexSt
	2
	0.20097
	0.10048
	0.16355
	0.839
	999

	SixSt
	6
	5.5356
	0.9226
	1.5017
	0.301
	999

	   WWxSt
	2
	0.74393
	0.37196
	0.35401
	0.7
	998

	Residual
	6
	3.6863
	0.61438
	        
	       
	      

	Total
	23
	20.924
	        
	        
	       
	      

	H’

	Se
	1
	0.00726
	0.00726
	0.01821
	0.9
	998

	Si
	3
	4.4076
	1.4692
	3.6827
	0.063
	999

	   WW
	1
	2.0469
	2.0469
	3.1389
	0.097
	996

	St
	2
	0.49975
	0.24987
	0.62633
	0.541
	998

	SexSi
	3
	0.55057
	0.18352
	0.46002
	0.702
	999

	   SexWW
	1
	0.23022
	0.23022
	0.35303
	0.558
	998

	SexSt
	2
	0.06712
	0.03356
	0.08412
	0.923
	999

	SixSt
	6
	5.1689
	0.86149
	2.1594
	0.199
	999

	   WWxSt
	2
	1.114
	0.55698
	0.8541
	0.457
	999

	Residual
	6
	2.3937
	0.39895
	        
	       
	      

	Total
	23
	13.095
	         
	        
	       
	      

	1 - Lambda

	Se
	1
	0.00813
	0.00813
	0.07664
	0.788
	998

	Si
	3
	1.1786
	0.39288
	3.7043
	0.081
	999

	   WW
	1
	0.69354
	0.69354
	3.225
	0.09
	997

	St
	2
	0.15829
	0.07914
	0.74623
	0.491
	998

	SexSi
	3
	0.16019
	0.0534
	0.50347
	0.697
	998

	   SexWW
	1
	0.09898
	0.09898
	0.46025
	0.509
	999

	SexSt
	2
	0.02741
	0.01371
	0.12923
	0.876
	999

	SixSt
	6
	2.4309
	0.40515
	3.8201
	0.062
	999

	   WWxSt
	2
	0.6029
	0.30145
	1.4018
	0.254
	999

	Residual
	6
	0.63635
	0.10606
	        
	       
	      

	Total
	23
	4.5999
	         
	        
	       
	      

	N1

	Se
	1
	0.00725
	0.00725
	0.00336
	0.958
	998

	Si
	3
	17.553
	5.8511
	2.7125
	0.157
	999

	   WW
	1
	8.2893
	8.2893
	2.6914
	0.122
	997

	St
	2
	3.8071
	1.9035
	0.88247
	0.457
	999

	SexSi
	3
	2.9951
	0.99836
	0.46283
	0.716
	999

	   SexWW
	1
	1.847
	1.847
	0.5997
	0.451
	996

	SexSt
	2
	0.90216
	0.45108
	0.20912
	0.809
	998

	SixSt
	6
	23.79
	3.965
	1.8381
	0.26
	998

	   WWxSt
	2
	4.0249
	2.0124
	0.6534
	0.527
	999

	Residual
	6
	12.942
	2.1571
	         
	       
	      

	Total
	23
	61.997
	         
	         
	       
	      

	N2

	Se
	1
	0.07912
	0.07912
	0.02118
	0.915
	998

	Si
	3
	20.066
	6.6888
	1.7902
	0.239
	999

	   WW
	1
	12.305
	12.305
	2.6028
	0.128
	997

	St
	2
	5.9507
	2.9753
	0.79634
	0.491
	999

	SexSi
	3
	3.5473
	1.1824
	0.31647
	0.8
	997

	   SexWW
	1
	2.9967
	2.9967
	0.63386
	0.418
	995

	SexSt
	2
	2.7638
	1.3819
	0.36986
	0.693
	999

	SixSt
	6
	43.796
	7.2993
	1.9537
	0.229
	999

	   WWxSt
	2
	8.3381
	4.1691
	0.88185
	0.432
	999

	Residual
	6
	22.417
	3.7362
	        
	       
	      

	Total
	23
	98.621
	        
	        
	       
	      

	Ninf

	Se
	1
	0.06244
	0.06244
	0.01955
	0.902
	995

	Si
	3
	16.964
	5.6546
	1.7702
	0.257
	999

	   WW
	1
	10.259
	10.259
	2.4199
	0.138
	995

	St
	2
	4.6245
	2.3123
	0.72388
	0.51
	999

	SexSi
	3
	5.2991
	1.7664
	0.55299
	0.666
	998

	   SexWW
	1
	4.4134
	4.4134
	1.041
	0.309
	999

	SexSt
	2
	4.1483
	2.0742
	0.64935
	0.549
	998

	SixSt
	6
	44.377
	7.3961
	2.3154
	0.184
	999

	   WWxSt
	2
	11.776
	5.888
	1.3888
	0.286
	999

	Residual
	6
	19.166
	3.1943
	        
	       
	      

	Total
	23
	94.64
	        
	        
	       
	      





Table S2 Abundance of nematode taxa found at each site. Mean % calculated across all sites and stations. -: 0%, *: > 0%, < 2%, **: ≥ 2%, < 4%, ***: ≥ 4%, < 8%, ****: ≥ 8%, < 10%, *****: ≥ 10%.

	Taxa
	East Bay
	Lynn Haven
	Millville
	West Bay
	mean %

	Acantholaimus
	-
	-
	-
	*
	0.05

	Aegialoalaimus
	*
	*
	*
	-
	0.50

	Alaimella
	-
	*
	-
	-
	0.04

	Amphimonhystrella
	*
	*
	-
	*
	0.36

	Anoplostoma
	*
	-
	-
	-
	0.04

	Anticoma
	*
	**
	-
	-
	0.75

	Anticyathus
	*
	-
	-
	-
	0.04

	Ascolaimus
	*
	*
	-
	-
	0.09

	Axonolaimus
	*
	*
	-
	-
	0.48

	Bathylaimus
	-
	*
	-
	-
	0.04

	Bolbolaimus
	-
	*
	*****
	***
	9.84

	Campylaimus
	*
	*
	-
	*
	0.14

	Ceramonema
	*
	-
	-
	*
	0.19

	Cervonema
	*
	-
	-
	-
	0.04

	Cheironchus
	*
	-
	-
	-
	0.04

	Chromadora
	-
	-
	-
	*
	0.34

	Chromadorella
	*
	-
	-
	-
	0.04

	Chromadoridae
	-
	-
	*
	-
	0.46

	Chromadorina
	-
	*
	-
	*
	0.14

	Chromadorita
	*
	*
	*
	*
	0.51

	Chromaspirina
	-
	*
	**
	-
	0.64

	Cobbia
	*
	*
	-
	*
	0.46

	Comesoma
	*
	*
	*
	**
	1.30

	Comesomoides
	*
	-
	-
	*
	0.23

	Comesomatidae
	*
	-
	-
	-
	0.09

	Coninckia
	-
	*
	-
	-
	0.04

	Craspodema
	-
	-
	-
	*
	0.05

	Crenopharynx
	-
	*
	-
	-
	0.04

	Cricolaimus
	-
	-
	-
	*
	0.15

	Cyartonema
	*
	*
	-
	*
	0.41

	Cyatholaimidae
	-
	*
	-
	-
	0.04

	Cyatholaimus
	*
	*
	-
	*
	0.18

	Daptonema
	*
	*
	*
	*
	0.99

	Desmodorella
	**
	***
	-
	***
	3.15

	Desmodoridae
	-
	-
	*
	-
	0.05

	Diplolaimella
	-
	*
	*
	-
	0.09

	Diplolaimelloides
	*
	*
	-
	-
	0.09

	Diplopeltis
	-
	-
	-
	*
	0.05

	Diplopeltoides
	*
	-
	-
	-
	0.04

	Diplopeltula
	*
	-
	*
	-
	0.18

	Ditlevsenella
	-
	*
	-
	-
	0.04

	Dolicholaimus
	*
	-
	-
	-
	0.13

	Dorylaimopsis
	*
	*
	-
	-
	0.57

	Elzalia
	**
	*
	-
	*
	1.12

	Endeolophos
	*
	*
	-
	*
	0.45

	Enoploides
	-
	*
	-
	-
	0.04

	Enoplolaimus
	-
	-
	-
	*
	0.05

	Ethmolaimidae
	-
	-
	***
	*
	1.51

	Ethmolaimus
	-
	*
	-
	-
	0.04

	Eubostrichus
	-
	*
	-
	-
	0.04

	Eurystomina
	-
	-
	*
	-
	0.05

	Filitonchus
	-
	*
	*
	-
	0.14

	Gammanema
	-
	-
	-
	*
	0.05

	Gammarinema
	*
	-
	-
	*
	0.23

	Gnomoxyala
	*
	*
	-
	-
	0.18

	Gomphionchus
	-
	*
	-
	-
	0.04

	Gomphionema
	-
	*
	-
	*
	0.09

	Graphonema
	-
	-
	-
	*
	0.15

	Halalaimus
	*
	*
	*
	*
	0.37

	Halomonhystera
	*
	*
	*
	*
	0.90

	Hopperia
	*
	*
	*
	-
	0.49

	Innocuonema
	*
	**
	*
	*****
	4.16

	Laimella
	*
	*
	-
	-
	0.13

	Ledovitia
	-
	*
	-
	-
	0.04

	Leptolaimus
	*
	-
	-
	*
	0.24

	Linhomoeidae
	-
	*
	*
	-
	0.13

	Linhomoeus
	*
	*
	*
	*
	0.49

	Marylynnia
	*
	*
	*
	-
	0.18

	Megadesmolaimus
	*
	*
	-
	-
	0.09

	Metachromadora
	-
	*****
	*
	*
	1.51

	Metacomesoma
	*
	*
	*
	*
	0.31

	Metacyatholaimus
	*
	-
	-
	-
	0.04

	Metadasynemella
	-
	-
	-
	*
	0.10

	Metalinhomoeus
	-
	*
	-
	-
	0.04

	Metasabatieria
	-
	*
	*
	-
	0.32

	Metoncholaimus
	*
	*
	*
	-
	0.44

	Microlaimidae
	-
	*
	**
	*
	1.02

	Microlaimus
	*
	*
	***
	*****
	6.05

	Molgolaimus
	-
	*
	*
	***
	1.81

	Monhysteridae
	*
	*
	*
	*
	0.77

	Monhystrella
	*****
	***
	**
	**
	4.75

	Monoposthia
	-
	***
	*
	*
	1.81

	Monyhysterida
	*
	-
	-
	-
	0.26

	Nannolaimoides
	-
	*
	-
	*
	0.19

	Nannolaimus
	-
	*
	-
	*
	0.19

	Neochromadora
	-
	-
	-
	*
	0.34

	Neotonchus
	**
	-
	*
	*
	0.96

	Nudora
	-
	*
	-
	-
	0.04

	Odontophora
	*
	*
	**
	-
	1.22

	Odontophoroides
	*
	-
	-
	-
	0.04

	Oncholaimidae
	-
	-
	*
	-
	0.05

	Oncholaimoides
	-
	*
	-
	-
	0.09

	Oncholaimus
	*
	-
	-
	-
	0.04

	Oxystomina
	-
	-
	*
	*
	0.09

	Oxystomininae
	*
	-
	-
	*
	0.14

	Pandolaimus
	-
	-
	*
	-
	0.05

	Paracanthonchus
	-
	-
	*
	-
	0.09

	Paracomesoma
	*
	-
	-
	-
	0.09

	Paracyatholaimoides
	-
	*
	-
	-
	0.13

	Paracyatholaimus
	*
	*
	-
	-
	0.55

	Paraethmolaimus
	-
	-
	*
	-
	0.05

	Parallelocoilas
	-
	*
	-
	-
	0.04

	Paralongicyatholaimus
	*
	*
	-
	-
	0.31

	Paramesonchium
	*
	*
	-
	-
	0.31

	Paramicrolaimus
	-
	-
	-
	*
	0.15

	Paramonohystera
	**
	-
	*
	*
	0.89

	Pareurystomina
	*
	*
	*
	*
	0.27

	Parodontophora
	*
	*
	-
	*
	0.49

	Perspiria
	-
	*
	-
	*
	0.14

	Phanoderma
	-
	*
	-
	-
	0.09

	Phanodermopsis
	-
	*
	-
	-
	0.13

	Pierrickia
	*
	-
	-
	*
	0.40

	Pomponema
	*
	*
	-
	*
	0.27

	Prochromadora
	-
	-
	-
	*****
	2.64

	Promonhystera
	**
	*
	-
	*
	0.97

	Pselionema
	*
	*
	-
	*
	0.42

	Pseudochromadora
	-
	*
	-
	-
	0.04

	Pseudolella
	*
	-
	-
	-
	0.09

	Ptycholaimellus
	-
	-
	-
	*
	0.05

	Retrotheristus
	***
	**
	*
	*
	2.51

	Rhabdocoma
	-
	-
	-
	*
	0.05

	Rhabdodemania
	*
	*
	*
	*
	0.67

	Rhinema
	-
	-
	*
	*
	0.23

	Rhynchonema
	-
	*
	*
	-
	0.09

	Sabatieria
	*****
	*****
	*****
	**
	9.99

	Setoplectus
	-
	-
	-
	*
	0.05

	Setosabatieria
	*
	*
	-
	-
	0.40

	Sigmophoranema
	-
	*
	-
	-
	0.04

	Southerniella
	-
	*
	-
	*
	0.29

	Sphaerolaimus
	-
	*
	-
	-
	0.04

	Spiliphera
	-
	-
	-
	*
	0.05

	Spirinia
	-
	*
	-
	-
	0.09

	Spiriniinae
	-
	***
	*
	-
	1.86

	Steineridora
	-
	*
	-
	*
	0.19

	Stilbonematinae
	-
	*
	*
	-
	0.27

	Stygodesmodora
	-
	-
	*
	-
	0.09

	Subsphaerolaimus
	-
	*
	-
	-
	0.04

	Synonchiella
	*
	-
	-
	-
	0.04

	Tarvaia
	-
	*
	*
	*
	0.14

	Terschellingia
	*
	***
	*
	*
	2.15

	Thalassoalaimus
	*
	*
	**
	*
	1.27

	Thalassomonhystera
	*****
	***
	***
	***
	10.60

	Theristus
	*
	*
	*
	*
	0.32

	Trefusiidae
	-
	*
	-
	-
	0.04

	Tricoma
	-
	*
	*
	-
	0.41

	Tripyloides
	-
	-
	-
	*
	0.29

	Trissonchulus
	*
	-
	-
	-
	0.04

	Trochamus
	*
	-
	-
	-
	0.09

	Tubolaimoides
	*
	*
	-
	-
	0.18

	Unknown Genus 1
	-
	-
	*
	-
	0.05

	Vasostoma
	*
	*
	-
	*
	0.67

	Viscosia
	-
	*
	-
	-
	0.22

	Wieseria
	*
	*
	-
	*
	0.23

	Xenolaimus
	-
	-
	-
	*
	0.05

	Xyala
	-
	*
	-
	-
	0.40

	Zalonema
	*
	-
	-
	-
	0.05




Table S3 SIMPER analysis results from station x station comparisons using nematode densities (ind./10 cm2), with cut-off percentage = 50.
	 
	Mean abundance
	Mean abundance
	Mean diss. (𝛅)
	𝛅/SD
	Σ𝝳 (%)

	Millville x Lynn Haven
	
	
	
	
	

	Mean dissimilarity = 84.59
	Millville
	Lynn Haven
	
	
	

	Bolbolaimus
	59.91
	0.66
	11.72
	1.61
	13.86

	Sabatieria
	27.05
	28.13
	5.53
	0.94
	20.4

	Terschellingia
	0.41
	30.04
	5.27
	0.53
	26.63

	SUBFAMILY Spiriniinae
	0.23
	25.81
	4.68
	0.73
	32.15

	Desmodorella
	0
	19.75
	4
	0.51
	36.88

	Metachromadora
	0.41
	21.57
	3.81
	0.8
	41.38

	Monoposthia
	2.38
	19.17
	3.54
	0.92
	45.56

	Monhystrella
	5.55
	16.37
	3.1
	1.06
	49.23

	Thalassomonhystera
	12.51
	18.09
	2.95
	0.9
	52.72

	Millville x East Bay
	
	
	
	
	

	Mean dissimilarity = 80.04
	Millville
	East Bay
	
	
	

	Bolbolaimus
	59.91
	0
	16.25
	1.37
	20.3

	Thalassomonhystera
	12.51
	49.8
	8.99
	1.42
	31.53

	Sabatieria
	27.05
	25.59
	5.09
	1.15
	37.89

	Retrotheristus
	0.58
	13.44
	2.76
	0.67
	41.34

	Monhystrella
	5.55
	16.28
	2.74
	1.24
	44.77

	Elzalia
	0
	13.47
	2.28
	0.63
	47.62

	FAMILY Ethmolaimidae
	7.23
	0
	2.2
	0.37
	50.37

	Millville x West Bay
	
	
	
	
	

	Mean dissimilarity = 85.96
	Millville
	West Bay
	
	
	

	Bolbolaimus
	59.91
	3.02
	18.54
	1.39
	21.57

	Sabatieria
	27.05
	12.13
	8.43
	1.43
	31.37

	Microlaimus
	8.75
	29.26
	6.29
	1.65
	38.69

	Thalassomonhystera
	12.51
	19.2
	5.51
	1.7
	45.1

	Prochromadora
	0
	21.6
	5.11
	1.31
	51.05

	Lynn Haven x East Bay
	
	
	
	
	

	Mean dissimilarity = 78.60
	Lynn Haven
	East Bay
	
	
	

	Thalassomonhystera
	18.09
	49.8
	6.78
	1.75
	8.63

	Sabatieria
	28.13
	25.59
	6.3
	0.77
	16.64

	Terschellingia
	30.04
	2.27
	4.76
	0.54
	22.7

	SUBFAMILY Spiriniinae
	25.81
	0
	4.61
	0.69
	28.57

	Desmodorella
	19.75
	4.61
	3.7
	0.57
	33.27

	Metachromadora
	21.57
	0
	3.58
	0.83
	37.83

	Monhystrella
	16.37
	16.28
	3.41
	1.46
	42.17

	Monoposthia
	19.17
	0
	3.28
	0.73
	46.35

	Retrotheristus
	6.49
	13.44
	2.75
	0.87
	49.85

	Innocuonema
	13.68
	1.29
	2.26
	0.87
	52.73

	Lynn Haven x West Bay
	
	
	
	
	

	Mean dissimilarity = 87.52
	Lynn Haven
	West Bay
	
	
	

	Sabatieria
	28.13
	12.13
	8.71
	0.63
	9.96

	Thalassomonhystera
	18.09
	19.2
	5.52
	0.93
	16.27

	SUBFAMILY Spiriniinae
	25.81
	0
	5.16
	0.68
	22.17

	Terschellingia
	30.04
	2.25
	4.7
	0.56
	27.53

	Microlaimus
	3.88
	29.26
	4.2
	1.47
	32.33

	Desmodorella
	19.75
	8.16
	4.1
	0.68
	37.01

	Monoposthia
	19.17
	0.59
	3.76
	0.74
	41.31

	Metachromadora
	21.57
	0.22
	3.75
	0.9
	45.59

	Monhystrella
	16.37
	4.14
	3.53
	0.73
	49.63

	Prochromadora
	0
	21.6
	3.38
	1.4
	53.49

	East Bay x West Bay
	
	
	
	
	

	Mean dissimilarity = 82.26
	East Bay
	West Bay
	
	
	

	Thalassomonhystera
	49.8
	19.2
	10.48
	1.9
	12.74

	Sabatieria
	25.59
	12.13
	6.84
	1.31
	21.06

	Microlaimus
	3.61
	29.26
	6.05
	1.11
	28.42

	Monhystrella
	16.28
	4.14
	5.08
	1.23
	34.59

	Prochromadora
	0
	21.6
	4.71
	1.22
	40.31

	Retrotheristus
	13.44
	1.64
	3.4
	0.57
	44.45

	Innocuonema
	1.29
	10.09
	2.91
	0.82
	47.99

	Elzalia
	13.47
	1.32
	2.32
	0.77
	50.81
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Fig. S1 Distance-based redundancy analysis (dbRDA) for nematode community composition. Symbols distinguish sampling sites. Vector overlays show the strength of the relationship between predictor variables and the dbRDA axes
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