[bookmark: _GoBack]APPENDIX 2-6: Species Sensitivity Distribution analysis for Fish

SSDs were fitted to test results for aquatic vertebrates exposed to Malathion.  Five distributions were used to test whether different subsets of data should be modeled independently.  Results supported separate SSDs for freshwater and saltwater (i.e., estuarine/marine) fish test results. For the aquatic phase amphibian dataset,  it is noted that the confidence limits are large for the HC05 and that the CV HC05 was greater than 1, therefore, discretion may be needed when using the values from this dataset.  Summary statistics for SSDs modeled are presented below.  For all vertebrates, freshwater (FW) vertebrates, all fish and FW fish, the HC05 value from the triangular distribution was chosen. For saltwater (SW) and aquatic amphibians, the HC05 value from the gumbel distribution was chosen.  These decisions were based on the AICc weight, CVs and confidence limits for the different distributions. 

Table B 2-6.1. Summary statistics for SSDs fit to Malathion test results
	Statistic
	All
Vertebr.
	FW
Vertebr.
	All
Fish
	FW
Fish
	SW
Fish
	Aquat.
Amphib.

	Best Distribution (by AICc)
	Triangular
	Triangular
	triangular
	Triangular
	Triangular
	Triangular

	Goodness of fit 
P-value
	1
	1
	1
	1
	1
	1

	CV of the HC05
	0.3639
	0.43
	0.4132
	0.5032
	0.7305
	1.74

	HC05
	43.26
	50.54
	38.56
	45.19
	42.82
	178.4

	HC10
	77.24
	90.9
	68.09
	80.74
	57.85
	261.1

	HC50
	892.1
	1082
	750.1
	934.37
	228.12
	1484

	HC90
	10302
	12882
	8263
	10813
	1964
	22686

	HC95
	18395
	23168
	14590
	19317
	4471
	64306

	Mortality Thresh.1
 (slope = 4.5)
	3.80
	4.44
	3.39
	3.97
	3.76
	15.7

	Indirect Effects Threshold1
 (slope = 4.5)
	22.5
	26.2
	20.0
	23.5
	22.2
	92.6


1Slope of dose-response curve = 4.5

I. Data

Available aquatic invertebrate toxicity data for SSDs included studies with a 96 hour duration and used technical grade active ingredient.  
 
The dataset contained 107 test results on 52 species (Table 2-6.2).

Table 2-6.2. Distribution of test results available for Malathion
	Data Subset
	Test results
	Species

	All
	107
	52

	All Fish1
	100
	46

	Freshwater Fish
	90
	39

	Saltwater Fish
	10
	8

	Aquatic Amphibians
	7
	6


1Nile Tilapia, Oreochromis niloticus, was tested in both freshwater and saltwater.

Figure 2-6.1 shows the distribution of test results among species, indicating that a few species have been repeatedly tested, but the majority of species have been tested only once.
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Figure 2-6.1. Distribution of the number of test results per species in Malathion aquatic vertebrate data

Five potential distributions for the Malathion data (log-normal, log-logistic, log-triangular, log-gumbel, and Burr) were considered.  To fit each of the first four distributions,  the toxicity values were common log (log10) transformed.  Also, evaluating separating the saltwater versus freshwater taxa and fitting separate distributions using linear models and Akaike’s information criterion (AICc) was conducted.  Furthermore, whether to separate aquatic phase amphibian data (all freshwater) was examined.  Finally, the direct and indirect effect thresholds and report five quantiles from the fitted SSDs (HC05, HC10, HC50, HC90, HC95) were calculated.

II. Comparison of distributions using AICc

AICc was used to compare the five distributions for all six datasets.  For these comparisons all SSDs were fit using maximum likelihood. 

For all six datasets, AICc suggested that the triangular distribution provided the best fit (Tables 2-6.4 to 2-6.9), followed by the normal distribution or gumbel distribution.  

Table 2-6.4. Comparison of distributions for all aquatic vertebrate toxicity data for Malathion
	distribution
	HC05
	AICc
	∆AICc
	Weight

	Triangular
	43.2596
	927.2194
	0
	0.7800

	Normal
	31.8068
	930.5212
	3.3018
	0.1497

	Gumbel
	44.8547
	932.9011
	5.6817
	0.0455

	Burr
	44.8365
	935.1578
	7.9384
	0.0147

	logistic
	22.3619
	935.9182
	8.6988
	0.0101



Table 2-6.5. Comparison of distributions for freshwater vertebrate toxicity data for Malathion
	distribution
	HC05
	AICc
	∆AICc
	Weight

	Triangular
	50.5435
	822.7728
	0
	0.7669

	Normal
	38.7303
	825.5799
	2.8071
	0.1884

	Logistic
	29.1302
	830.1500
	7.3773
	0.0192

	Gumbel
	49.3723
	830.1876
	7.4148
	0.0188

	burr
	44.3861
	832.2653
	9.4925
	0.0067



Table 2-6.6. Comparison of distributions for pooled fish toxicity data for Malathion
	distribution
	HC05
	AICc
	∆AICc
	Weight

	Triangular
	38.5640
	810.9473
	0
	0.7614

	Normal
	28.1004
	814.3001
	3.3528
	0.1424

	Gumbel
	40.6397
	815.8676
	4.9203
	0.0650

	Burr
	40.5453
	818.1969
	7.2496
	0.0203

	logistic
	19.0244
	819.4463
	8.4990
	0.0109



Table 2-6.7. Comparison of distributions for freshwater fish toxicity data for Malathion
	distribution
	HC05
	AICc
	∆AICc
	Weight

	Triangular
	45.1969
	707.2906
	0
	0.9196

	Gumbel
	43.8384
	713.6043
	6.3138
	0.0391

	Logistic
	24.5038
	714.1955
	6.9049
	0.0291

	Burr
	43.1959
	715.9496
	8.6590
	0.0121

	normal
	1.7773e-22
	880.4478
	173.1572
	2.3067e-38



Table 2-6.8. Comparison of distributions for saltwater fish toxicity data for Malathion
	distribution
	HC05
	AICc
	∆AICc
	Weight

	Triangular
	34.8424
	124.3434
	0
	0.3109

	Gumbel
	42.8246
	124.5082
	0.1648
	0.2863

	Normal
	29.7739
	125.0419
	0.6985
	0.2193

	Logistic
	23.3729
	125.5971
	1.2537
	0.1661

	burr
	42.8105
	130.1090
	5.7656
	0.0174



Table 2-6.9. Comparison of distributions for aquatic amphibian toxicity data for Malathion
	distribution
	HC05
	AICc
	∆AICc
	Weight

	Triangular
	142.7160
	122.1548
	0
	0.3250

	Gumbel
	178.4211
	122.5867
	0.4320
	0.2619

	Normal
	115.9434
	122.8795
	0.7248
	0.2262

	Logistic
	88.8717
	123.2792
	1.1245
	0.1852

	burr
	178.3340
	132.5874
	10.4327
	0.0018



III. Test for the need to model results separately by medium or vertebrate class

Next, examined whether or not separate SSDs should be fit for freshwater versus saltwater fish test results and whether aquatic phase amphibians should be modeled together with fish. 

The cumulative distribution functions for the separated and full SSDs for all fish are presented in Figure B 2-6.2 below.  Results for saltwater fish tests fall outside the 95% confidence limit on the all fish model, suggesting separate models for saltwater fish results.  Also, distributions were graphed for freshwater fish and amphibians (Figure B 2-6.3), suggesting that amphibians could be separated.  Figures B 2-6.4 to 2-6.9 plot the data points against the fitted SSDs for freshwater and saltwater test results.  
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Figure B 2-6.2.  SSD LC50s for Malathion for all fish (log-triangular SSD, black line), and for freshwater fish (log-triangular 95% Confidence Intervals, red dashed lines), and saltwater fish (log-gumbel 95% Confidence Intervals, green dashed lines 
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Figure B 2-6.3.  SSD LC50s for Malathion for FW fish (log-triangular SSD, black line), and for aquatic amphibians (log-gumbel 95% Confidence Intervals, green dashed lines) 
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Figure B 2-6.4. Log-triangular SSD for Malathion toxicity values for all aquatic vertebrates pooled. Red points indicate single toxicity values. Black points indicate multiple toxicity values.  Blue line indicates full range of toxicity values for a given species. 
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Figure B 2-6.5. Log-triangular SSD for Malathion LC50s for freshwater vertebrates. Red points indicate single toxicity values. Black points indicate multiple toxicity values.  Blue line indicates full range of toxicity values for a given species.
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Figure B 2-6.6. Log-triangular SSD for Malathion LC50s for all fish. Red points indicate single toxicity values. Black points indicate multiple toxicity values.  Blue line indicates full range of toxicity values for a given species.
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Figure B 2-6.7. Log-triangular SSD for Malathion LC50s for freshwater fish. Red points indicate single toxicity values. Black points indicate multiple toxicity values.  Blue line indicates full range of toxicity values for a given species.
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Figure B 2-6.8. Log-gumbel SSD for Malathion LC50s for saltwater fish. Red points indicate single toxicity values. Black points indicate multiple toxicity values.  Blue line indicates full range of toxicity values for a given species.

[image: E:\SSDs _Nov 2015\amphib.jpg]
Figure B 2-6.9. Log-gumbel SSD for Malathion LC50s for aquatic phase amphibians. Red points indicate single toxicity values. Black points indicate multiple toxicity values.  Blue line indicates full range of toxicity values for a given species.


IV. Goodness of fit and the importance of fitting method

To test goodness-of-fit, all five distributions to saltwater and freshwater toxicity data for Malathion were fit and bootstrap goodness-of-fit tests with 10,000 bootstrap replicates were run. The maximum likelihood (ML) fitting method was used.  Tables B 2-6.11 to B 2-6.15 give results of these fitting exercises.  No distribution showed significant lack-of-fit, except the Burr distribution (and the normal distribution for FW fish) (Tables B 2-6.10, B 2-6.12, B 2-6.14).  In general, the coefficient of variation for the HC05 was below 1 for the competitive distributions, except for the aquatic amphibians and a few of the saltwater fish distributions (Tables B 2-6.10 to B 2-6.15). 


Table B 2-6.10. Range of HC05 values for Malathion SSDs for all aquatic vertebrates
	distribution
	method
	HC05
	SE
	CV
	LCL
	UCL
	P

	Normal
	ML
	31.8068
	16.9438
	0.5327
	1.3158e-05
	75.5648
	0.4825

	Logistic
	ML
	22.3619
	13.6931
	0.6123
	7.7458
	58.4639
	0.1059

	Triangular
	ML
	43.2596
	15.7442
	0.3639
	28.4184
	90.8397
	1

	Gumbel
	ML
	44.8547
	14.6979
	0.3277
	26.9267
	84.0573
	0.5385

	burr
	ML
	44.8365
	14.1043
	0.3146
	26.2270
	82.7006
	0.0040

	
	
	
	
	
	
	
	



Table B 2-6.11. Range of HC05 values for Malathion SSDs for freshwater vertebrates
	distribution
	method
	HC05
	SE
	CV
	LCL
	UCL
	P

	Normal
	ML
	38.7303
	22.0930
	0.5704
	2.3234
	96.9451
	0.6314

	Logistic
	ML
	29.1302
	20.8638
	0.7162
	8.8738
	81.5071
	0.1938

	Triangular
	ML
	50.5435
	21.7336
	0.4300
	30.9883
	113.6003
	1

	Gumbel
	ML
	49.3723
	18.8301
	0.3814
	26.8754
	96.7578
	0.6404

	burr
	ML
	44.3861
	22.3299
	0.5031
	20.9016
	105.9737
	0.0020

	
	
	
	
	
	
	
	



Table B 2-6.12. Range of HC05 values for Malathion SSDs for all fish pooled
	distribution
	method
	HC05
	SE
	CV
	LCL
	UCL
	P

	Normal
	ML
	28.1004
	17.2794
	0.6149
	3.9236
	76.3266
	0.4855

	Logistic
	ML
	19.0244
	12.1252
	0.6373
	6.0320
	52.6729
	0.0829

	Triangular
	ML
	38.5640
	15.9350
	0.4132
	25.0321
	86.3705
	1

	Gumbel
	ML
	40.6397
	13.9941
	0.3443
	23.5929
	78.1382
	0.5125

	burr
	ML
	40.5453
	14.1277
	0.3484
	23.2201
	75.6857
	0.00099

	
	
	
	
	
	
	
	




Table B 2-6.13. Range of HC05 values for Malathion SSDs for freshwater fish
	distribution
	method
	HC05
	SE
	CV
	LCL
	UCL
	P

	Normal
	ML
	1.73e-22
	1.79e-15
	1.01e+07
	3.85e-28
	1.34e-16
	0.0009

	Logistic
	ML
	24.5038
	19.8450
	0.8099
	7.2954
	76.5291
	0.1638

	Triangular
	ML
	45.1969
	22.7427
	0.5032
	27.7279
	118.2116
	1

	Gumbel
	ML
	43.8384
	18.8750
	0.4306
	22.9342
	94.1121
	0.6114

	burr
	ML
	43.1959
	19.0844
	0.4418
	22.1038
	92.0117
	0.003

	
	
	
	
	
	
	
	




Table B 2-6.14. Range of HC05 values for Malathion SSDs for saltwater fish
	distribution
	method
	HC05
	SE
	CV
	LCL
	UCL
	P

	Normal
	M
	29.7739
	40.4107
	1.3573
	2.9339
	161.5704
	0.9491

	Logistic
	ML
	23.3729
	31.9685
	1.3678
	3.5217
	123.0083
	0.7672

	Triangular
	ML
	34.8424
	41.8778
	1.2019
	17.7451
	176.0619
	1

	Gumbel
	ML
	42.8246
	31.2827
	0.7305
	19.6451
	141.5783
	0.9431

	Burr
	ML
	42.8105
	33.0926
	0.7730
	0
	129.9661
	0.9391

	
	
	
	
	
	
	
	




Table B 2-6.15. Range of HC05 values for Malathion SSDs for aquatic amphibians
	distribution
	method
	HC05
	SE
	CV
	LCL
	UCL
	P

	Normal
	M
	115.9434
	375.7131
	3.2405
	4.4737
	1.348e+03
	0.985

	Logistic
	ML
	88.8717
	283.2684
	3.1874
	8.2029
	1.058e+03
	0.917

	Triangular
	ML
	142.7160
	452.7602
	3.1725
	54.6813
	1.614e+03
	1

	Gumbel
	ML
	178.4211
	311.7043
	1.7470
	64.4622
	1.050e+03
	1

	Burr
	ML
	178.3340
	281.8266
	1.5803
	65.5756
	954.9781
	0.870

	
	
	
	
	
	
	
	





V. Calculation of other quantiles
Tables B 2-6.16 to B 2-6.21 provide estimates of the HC05 as well as other quantiles of the fitted SSDs.

Table B 2-6.16.  Estimated quantiles of the fitted SSDs for Malathion LC50s for all aquatic vertebrates
	dist
	method
	HC05
	HC10
	HC50
	HC90
	HC95

	Normal
	ML
	31.80
	66.28
	883.56
	11778
	24545

	Logistic
	ML
	22.36
	56.74
	876.83
	15666
	34382

	Triangular
	ML
	43.26
	77.24
	892.0
	10302
	18395

	Gumbel
	ML
	44.85
	72.09
	627.8
	18741
	68610

	burr
	ML
	44.84
	72.09
	628.1
	18722
	68488

	
	
	
	
	
	
	



Table B 2-6.17.  Estimated quantiles of the fitted SSDs for Malathion LC50s for freshwater aquatic vertebrates
	dist
	method
	HC05
	HC10
	HC50
	HC90
	HC95

	Normal
	ML
	38.73
	81.01
	1094
	14781
	30918

	Logistic
	ML
	29.13
	74.10
	1153
	17976
	45731

	Triangular
	ML
	50.54
	90.90
	1082
	12882
	23168

	Gumbel
	ML
	49.37
	81.18
	784.9
	27610
	107620

	burr
	ML
	44.38
	82.08
	887.8
	22864
	75970

	
	
	
	
	
	
	




Table B 2-6.18.  Estimated quantiles of the fitted SSDs for Malathion LC50s for all fish
	dist
	method
	HC05
	HC10
	HC50
	HC90
	HC95

	Normal
	ML
	28.10
	58.77
	793.9
	10723
	22430

	Logistic
	ML
	19.02
	48.83
	780.9
	12488
	32056

	Triangular
	ML
	38.56
	68.09
	750.1
	8263
	14590

	Gumbel
	ML
	40.63
	65.13
	560.0
	16391
	59551

	burr
	ML
	40.54
	65.25
	561.8
	16112
	57973

	
	
	
	
	
	
	




Table B 2-6.19.  Estimated quantiles of the fitted SSDs for Malathion LC50s for freshwater fish
	dist
	method
	HC05
	HC10
	HC50
	HC90
	HC95

	Normal
	ML
	1.7e-22
	4e-18
	0.009
	2.1e13
	4.7e17

	Logistic
	ML
	24.50
	63.65
	1054
	17466
	45372

	Triangular
	ML
	45.19
	80.74
	934.3
	10813
	19317

	Gumbel
	ML
	43.84
	72.29
	708.1
	25423
	99868

	burr
	ML
	43.19
	72.50
	722.4
	24625
	94192

	
	
	
	
	
	
	





Table B 2-6.20.  Estimated quantiles of the fitted SSDs for Malathion LC50s for saltwater fish
	dist
	method
	HC05
	HC10
	HC50
	HC90
	HC95

	Normal
	ML
	29.77
	49.23
	290.2
	1711
	2830

	Logistic
	ML
	23.37
	43.23
	263.9
	1611
	2890

	Triangular
	ML
	34.84
	52.24
	288.8
	1596
	2394

	Gumbel
	ML
	42.82
	57.85
	228.1
	1964
	4471

	burr
	ML
	42.81
	57.84
	228.1
	1963
	4467

	
	
	
	
	
	
	




Table B 2-6.21.  Estimated quantiles of the fitted SSDs for Malathion LC50s for aquatic phase amphibians
	dist
	method
	HC05
	HC10
	HC50
	HC90
	HC95

	Normal
	ML
	115.9
	217.6
	2006
	18503
	34733

	Logistic
	ML
	88.87
	191.66
	1836
	17601
	37960

	Triangular
	ML
	142.7
	239.67
	2137
	19054
	31999

	Gumbel
	ML
	178.4
	261.13
	1484
	22686
	64306

	Burr
	ML
	178.3
	261.09
	1484
	22677
	64254

	
	
	
	
	
	
	





VI. Calculation of thresholds
Thresholds were calculated using a probit curve with the HC05 as the mean and three different slopes (2, 4.5, and 9). Calculated thresholds are provided in Tables B 2-6.22 to B 2-6.27.  The distributions are the chosen distributions for each dataset based on AICc weights, CVs of the HC05, and confidence limits.

Table B 2-6.22. Thresholds for determination of action area for Malathion LC50s for all aquatic vertebrates
	distrib.
	method
	Mortality Threshold (10-6)
	Indirect Effects Threshold (10-1)

	
	
	slope = 4.5
	slope = 2
	slope = 9
	slope = 4.5
	slope = 2
	slope = 9

	Triangular
	ML
	3.80
	0.18
	12.8
	22.5
	9.89
	31.2

	
	
	
	
	
	
	
	



Table B 2-6.23. Thresholds for determination of action area for Malathion LC50s for freshwater aquatic vertebrates
	distrib.
	method
	Mortality Threshold (10-6)
	Indirect Effects Threshold (10-1)

	
	
	slope = 4.5
	slope = 2
	slope = 9
	slope = 4.5
	slope = 2
	slope = 9

	Triangular
	ML
	4.44
	0.21
	15.0
	26.2
	0.12
	36.4

	
	
	
	
	
	
	
	



Table B 2-6.24. Thresholds for determination of action area for Malathion LC50s for all fish
	distrib.
	method
	Mortality Threshold (10-6)
	Indirect Effects Threshold (10-1)

	
	
	slope = 4.5
	slope = 2
	slope = 9
	slope = 4.5
	slope = 2
	slope = 9

	Triangular
	ML
	3.39
	0.16
	1.14
	20.0
	8.82
	2.78

	
	
	
	
	
	
	
	



Table B 2-6.25. Thresholds for determination of action area for Malathion LC50s for freshwater fish
	distrib.
	method
	Mortality Threshold (10-6)
	Indirect Effects Threshold (10-1)

	
	
	slope = 4.5
	slope = 2
	slope = 9
	slope = 4.5
	slope = 2
	slope = 9

	Triangular
	ML
	3.97
	0.19
	13.4
	23.5
	1.03
	32.6

	
	
	
	
	
	
	
	



Table B 2-6.26. Thresholds for determination of action area for Malathion LC50s for saltwater fish
	distrib.
	method
	Mortality Threshold (10-6)
	Indirect Effects Threshold (10-1)

	
	
	slope = 4.5
	slope = 2
	slope = 9
	slope = 4.5
	slope = 2
	slope = 9

	Gumbel
	ML
	3.76
	0.18
	12.7
	22.2
	9.79
	30.8

	
	
	
	
	
	
	
	



Table B 2-6.27. Thresholds for determination of action area for Malathion LC50s for aquatic phase amphibians
	distrib.
	method
	Mortality Threshold (10-6)
	Indirect Effects Threshold (10-1)

	
	
	slope = 4.5
	slope = 2
	slope = 9
	slope = 4.5
	slope = 2
	slope = 9

	Gumbel
	ML
	15.7
	0.75
	52.9
	92.6
	40.8
	129
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