
Appendix E ‐ Long‐term Trends in Benthic Bioindicators



Appendix E ‐ Section A. Long term trends in the B‐IBI and associated bioindicators for the James River and
Elizabeth River stations for the period of 1985 through 2012. 

James River/Elizabeth River

Station Parameter
Trend test 

P value Slope Baseline
Absolute
Change % Change Direction

TF5.5 Benthic Index of Biotic Integrity 0.16 0.02 2.16 0.63 29.10 No Trend
TF5.5 Total Abundance per square meter 0.20 201.14 1335.60 5631.78 421.67 No Trend
TF5.5 Total Biomass per square meter 0.52 0.02 0.34 0.63 183.39 No Trend
TF5.5 Shannon‐Weiner Diversity Index 1.00 0.00 1.18 ‐0.01 ‐0.63 No Trend
TF5.5 Pollution Sensitive Species Abundance 0.01 1.16 0.00 32.48 Improving
TF5.5 Pollution Indicative Species Abundance 0.04 ‐2.04 90.08 ‐57.19 ‐63.49 Improving
TF5.5 Pollution Sensitive Species Biomass 0.00 2.97 0.00 83.14 Improving
TF5.5 Pollution Indicative Species Biomass 0.01 ‐3.34 75.00 ‐93.38 ‐124.51 Improving
RET5.2 Benthic Index of Biotic Integrity 0.01 0.05 2.09 1.36 65.04 Improving
RET5.2 Total Abundance per square meter 0.19 27.30 610.56 764.26 125.17 No Trend
RET5.2 Total Biomass per square meter 0.82 0.00 7.34 ‐0.10 ‐1.34 No Trend
RET5.2 Shannon‐Weiner Diversity Index 0.02 0.04 1.66 1.19 71.66 Improving
RET5.2 Pollution Sensitive Species Abundance 0.00 1.54 10.42 43.11 413.72 Improving
RET5.2 Pollution Indicative Species Abundance 0.54 ‐0.50 17.50 ‐14.10 ‐80.60 No Trend
RET5.2 Pollution Sensitive Species Biomass 0.01 2.23 28.04 62.40 222.51 Improving
RET5.2 Pollution Indicative Species Biomass 0.13 ‐0.71 11.20 ‐19.90 ‐177.68 No Trend
LE5.1 Benthic Index of Biotic Integrity 0.37 0.03 2.90 0.66 22.75 No Trend
LE5.1 Total Abundance per square meter 0.81 11.33 524.70 283.22 53.98 No Trend
LE5.1 Total Biomass per square meter 0.22 ‐0.08 5.71 ‐1.91 ‐33.39 No Trend
LE5.1 Shannon‐Weiner Diversity Index 0.81 0.01 2.06 0.15 7.47 No Trend
LE5.1 Pollution Sensitive Species Abundance 0.52 ‐0.30 32.16 ‐7.44 ‐23.12 No Trend
LE5.1 Pollution Indicative Species Abundance 0.07 0.32 7.13 7.97 111.75 Degrading
LE5.1 Pollution Sensitive Species Biomass 0.68 ‐0.58 74.24 ‐14.50 ‐19.54 No Trend
LE5.1 Pollution Indicative Species Biomass 0.10 0.17 4.82 4.23 87.67 Degrading
LE5.2 Benthic Index of Biotic Integrity 0.54 ‐0.02 3.33 ‐0.54 ‐16.21 No Trend
LE5.2 Total Abundance per square meter 0.07 49.69 1221.12 1391.25 113.93 Improving
LE5.2 Total Biomass per square meter 0.37 ‐0.10 4.58 ‐2.80 ‐61.25 No Trend
LE5.2 Shannon‐Weiner Diversity Index 0.33 ‐0.03 2.55 ‐0.74 ‐29.02 No Trend
LE5.2 Pollution Sensitive Species Abundance 0.05 1.80 34.48 50.42 146.26 Improving
LE5.2 Pollution Indicative Species Abundance 0.95 ‐0.07 17.25 ‐2.05 ‐11.87 No Trend
LE5.2 Pollution Sensitive Species Biomass 0.75 ‐0.34 40.78 ‐9.39 ‐23.03 No Trend
LE5.2 Pollution Indicative Species Biomass 0.12 0.53 8.76 14.90 170.12 No Trend
LE5.4 Benthic Index of Biotic Integrity 0.70 0.00 3.72 0.00 0.00 No Trend
LE5.4 Total Abundance per square meter 0.63 12.72 2528.10 356.16 14.09 No Trend
LE5.4 Total Biomass per square meter 0.00 ‐1.34 22.86 ‐37.63 ‐164.61 Degrading
LE5.4 Shannon‐Weiner Diversity Index 0.08 ‐0.02 3.69 ‐0.67 ‐18.02 Degrading
LE5.4 Pollution Sensitive Species Abundance 0.17 ‐0.69 48.80 ‐19.36 ‐39.66 No Trend
LE5.4 Pollution Indicative Species Abundance 0.13 ‐0.07 2.24 ‐2.07 ‐92.24 No Trend
LE5.4 Pollution Sensitive Species Biomass 0.04 ‐1.77 59.75 ‐49.43 ‐82.72 Degrading
LE5.4 Pollution Indicative Species Biomass 0.92 0.00 0.94 0.00 0.00 No Trend
SBE2 Benthic Index of Biotic Integrity 0.14 0.02 1.93 0.43 22.53 No Trend
SBE2 Total Abundance per square meter 0.04 109.71 1659.96 2633.04 158.62 Improving
SBE2 Total Biomass per square meter 0.18 0.03 0.92 0.71 77.50 No Trend
SBE2 Shannon‐Weiner Diversity Index 0.82 0.01 1.67 0.22 13.36 No Trend
SBE2 Pollution Sensitive Species Abundance 0.00 3.59 4.62 86.17 1863.34 Improving
SBE2 Pollution Indicative Species Abundance 0.06 ‐1.65 75.68 ‐39.53 ‐52.23 Improving
SBE2 Pollution Sensitive Species Biomass 0.03 1.98 8.41 47.57 565.63 Improving
SBE2 Pollution Indicative Species Biomass 0.20 ‐1.03 69.21 ‐24.75 ‐35.77 No Trend
SBE5 Benthic Index of Biotic Integrity 0.10 0.03 1.25 0.71 56.58 Improving
SBE5 Total Abundance per square meter 0.26 103.41 3806.46 2481.73 65.20 No Trend
SBE5 Total Biomass per square meter 0.16 0.04 0.58 0.88 151.32 No Trend
SBE5 Shannon‐Weiner Diversity Index 0.26 0.03 0.99 0.66 66.70 No Trend
SBE5 Pollution Sensitive Species Abundance 0.00 2.07 0.31 49.57 15845.78 Improving
SBE5 Pollution Indicative Species Abundance 0.00 ‐3.73 85.43 ‐89.54 ‐104.80 Improving
SBE5 Pollution Sensitive Species Biomass 0.03 1.32 2.15 31.69 1472.08 Improving
SBE5 Pollution Indicative Species Biomass 0.29 ‐1.48 77.83 ‐35.46 ‐45.56 No Trend
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Appendix E ‐ Section B. Long term trends in the B‐IBI and associated bioindicators for the James River and
Elizabeth River stations for the period of 1985 through 2012. 

York River

Station Parameter
Trend test 

P value Slope Baseline
Absolute
Change % Change Direction

TF4.2 Benthic Index of Biotic Integrity 0.81 0.00 2.62 0.00 0.00 No Trend
TF4.2 Total Abundance per square meter 0.26 51.28 410.22 1435.77 350.00 No Trend
TF4.2 Total Biomass per square meter 0.87 0.00 0.15 0.08 55.26 No Trend
TF4.2 Shannon‐Weiner Diversity Index 0.08 0.03 0.96 0.82 84.84 Improving
TF4.2 Pollution Sensitive Species Abundance 0.22 0.46 12.50 12.87 102.98 No Trend
TF4.2 Pollution Indicative Species Abundance 0.24 ‐1.54 65.97 ‐42.98 ‐65.15 No Trend
TF4.2 Pollution Sensitive Species Biomass 0.72 ‐0.26 19.44 ‐7.26 ‐37.33 No Trend
TF4.2 Pollution Indicative Species Biomass 0.72 ‐0.35 59.72 ‐9.85 ‐16.50 No Trend
RET4.3 Benthic Index of Biotic Integrity 0.72 ‐0.01 3.57 ‐0.17 ‐4.79 No Trend
RET4.3 Total Abundance per square meter 0.04 197.61 1030.32 5533.20 537.04 Improving
RET4.3 Total Biomass per square meter 0.90 ‐0.01 4.43 ‐0.27 ‐6.03 No Trend
RET4.3 Shannon‐Weiner Diversity Index 0.49 ‐0.02 2.50 ‐0.55 ‐22.09 No Trend
RET4.3 Pollution Sensitive Species Abundance 0.66 ‐0.40 40.89 ‐11.18 ‐27.33 No Trend
RET4.3 Pollution Indicative Species Abundance 0.78 0.04 14.84 1.17 7.88 No Trend
RET4.3 Pollution Sensitive Species Biomass 0.44 0.72 83.08 20.14 24.24 No Trend
RET4.3 Pollution Indicative Species Biomass 0.66 ‐0.05 4.11 ‐1.29 ‐31.45 No Trend
LE4.1 Benthic Index of Biotic Integrity 0.37 ‐0.02 2.98 ‐0.58 ‐19.55 No Trend
LE4.1 Total Abundance per square meter 0.97 0.00 1535.94 0.00 0.00 No Trend
LE4.1 Total Biomass per square meter 0.18 ‐0.58 27.51 ‐16.26 ‐59.08 No Trend
LE4.1 Shannon‐Weiner Diversity Index 0.08 ‐0.02 2.47 ‐0.59 ‐23.85 Degrading
LE4.1 Pollution Sensitive Species Abundance 0.97 0.03 37.56 0.92 2.44 No Trend
LE4.1 Pollution Indicative Species Abundance 0.26 0.69 23.71 19.33 81.53 No Trend
LE4.1 Pollution Sensitive Species Biomass 0.07 ‐2.47 82.49 ‐69.10 ‐83.77 Degrading
LE4.1 Pollution Indicative Species Biomass 0.14 0.39 8.28 10.90 131.70 No Trend
LE4.3 Benthic Index of Biotic Integrity 0.08 0.06 2.92 1.56 53.33 Improving
LE4.3 Total Abundance per square meter 0.71 18.02 3138.66 504.56 16.08 No Trend
LE4.3 Total Biomass per square meter 0.97 ‐0.02 6.32 ‐0.49 ‐7.69 No Trend
LE4.3 Shannon‐Weiner Diversity Index 0.17 0.03 2.47 0.84 33.80 No Trend
LE4.3 Pollution Sensitive Species Abundance 0.57 0.21 56.44 5.90 10.46 No Trend
LE4.3 Pollution Indicative Species Abundance 0.48 ‐0.16 16.74 ‐4.50 ‐26.87 No Trend
LE4.3 Pollution Sensitive Species Biomass 0.79 ‐0.22 72.97 ‐6.21 ‐8.51 No Trend
LE4.3 Pollution Indicative Species Biomass 0.85 ‐0.03 4.88 ‐0.70 ‐14.41 No Trend
LE4.3B Benthic Index of Biotic Integrity 0.06 0.07 2.63 1.85 70.55 Improving
LE4.3B Total Abundance per square meter 0.59 25.44 2766.60 636.00 22.99 No Trend
LE4.3B Total Biomass per square meter 0.88 ‐0.02 3.28 ‐0.53 ‐16.15 No Trend
LE4.3B Shannon‐Weiner Diversity Index 0.22 0.05 2.44 1.14 46.63 No Trend
LE4.3B Pollution Sensitive Species Abundance 0.13 1.23 18.36 30.70 167.17 No Trend
LE4.3B Pollution Indicative Species Abundance 0.16 ‐1.25 41.44 ‐31.22 ‐75.35 No Trend
LE4.3B Pollution Sensitive Species Biomass 0.53 0.56 54.16 14.01 25.87 No Trend
LE4.3B Pollution Indicative Species Biomass 0.88 ‐0.13 14.87 ‐3.23 ‐21.72 No Trend
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Appendix E ‐ Section C. Long term trends in the B‐IBI and associated bioindicators for the James River and
Elizabeth River stations for the period of 1985 through 2012. 

Rappahannock River

Station Parameter
Trend test 

P value Slope Baseline
Absolute
Change % Change Direction

TF3.3 Benthic Index of Biotic Integrity 0.92 0.00 2.64 ‐0.06 ‐2.14 No Trend
TF3.3 Total Abundance per square meter 0.86 9.54 1001.70 267.12 26.67 No Trend
TF3.3 Total Biomass per square meter 0.05 ‐2.17 93.92 ‐60.68 ‐64.61 Degrading
TF3.3 Shannon‐Weiner Diversity Index 0.28 ‐0.02 1.95 ‐0.50 ‐25.69 No Trend
TF3.3 Pollution Sensitive Species Abundance 0.16 ‐1.00 32.36 ‐28.01 ‐86.57 No Trend
TF3.3 Pollution Indicative Species Abundance 0.41 0.84 11.14 23.57 211.53 No Trend
TF3.3 Pollution Sensitive Species Biomass 0.01 ‐2.17 80.17 ‐60.75 ‐75.78 Degrading
TF3.3 Pollution Indicative Species Biomass 0.19 0.74 6.59 20.77 315.09 No Trend
RET3.1 Benthic Index of Biotic Integrity 0.02 ‐0.07 3.62 ‐2.01 ‐55.60 Degrading
RET3.1 Total Abundance per square meter 0.20 70.45 1001.70 1972.58 196.92 No Trend
RET3.1 Total Biomass per square meter 0.00 ‐0.42 9.02 ‐11.70 ‐129.69 Degrading
RET3.1 Shannon‐Weiner Diversity Index 0.25 ‐0.02 2.37 ‐0.59 ‐24.73 No Trend
RET3.1 Pollution Sensitive Species Abundance 0.00 ‐1.21 33.99 ‐33.77 ‐99.37 Degrading
RET3.1 Pollution Indicative Species Abundance 0.24 0.45 1.88 12.74 678.49 No Trend
RET3.1 Pollution Sensitive Species Biomass 0.00 ‐4.00 71.23 ‐112.13 ‐157.43 Degrading
RET3.1 Pollution Indicative Species Biomass 0.11 0.37 1.57 10.49 667.67 No Trend
LE3.2 Benthic Index of Biotic Integrity 0.53 ‐0.01 1.94 ‐0.31 ‐16.00 No Trend
LE3.2 Total Abundance per square meter 0.39 9.54 429.30 267.12 62.22 No Trend
LE3.2 Total Biomass per square meter 0.75 0.00 0.27 0.08 28.57 No Trend
LE3.2 Shannon‐Weiner Diversity Index 0.68 ‐0.01 1.21 ‐0.38 ‐31.59 No Trend
LE3.2 Pollution Sensitive Species Abundance 0.46 ‐0.30 41.28 ‐8.52 ‐20.64 No Trend
LE3.2 Pollution Indicative Species Abundance 0.68 0.22 55.38 6.22 11.23 No Trend
LE3.2 Pollution Sensitive Species Biomass 0.55 ‐0.25 46.51 ‐7.07 ‐15.20 No Trend
LE3.2 Pollution Indicative Species Biomass 0.49 0.99 47.94 27.77 57.93 No Trend
LE3.4 Benthic Index of Biotic Integrity 0.57 0.02 2.06 0.53 25.72 No Trend
LE3.4 Total Abundance per square meter 0.87 ‐1.19 791.82 ‐31.01 ‐3.92 No Trend
LE3.4 Total Biomass per square meter 0.81 0.00 1.17 ‐0.03 ‐2.95 No Trend
LE3.4 Shannon‐Weiner Diversity Index 0.97 0.00 1.56 ‐0.03 ‐2.03 No Trend
LE3.4 Pollution Sensitive Species Abundance 0.84 0.00 16.74 0.00 0.00 No Trend
LE3.4 Pollution Indicative Species Abundance 0.84 ‐0.20 68.60 ‐5.11 ‐7.44 No Trend
LE3.4 Pollution Sensitive Species Biomass 0.49 ‐0.74 51.66 ‐19.21 ‐37.19 No Trend
LE3.4 Pollution Indicative Species Biomass 0.87 0.45 38.94 11.76 30.21 No Trend
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Appendix E ‐ Section D. Long term trends in the B‐IBI and associated bioindicators for the James River and
Elizabeth River stations for the period of 1985 through 2012. 

Virginia Chesapeake Bay Mainstem

Station Parameter
Trend test 

P value Slope Baseline
Absolute
Change % Change Direction

CB5.4 Benthic Index of Biotic Integrity 0.78 0.01 1.81 0.22 11.97 No Trend
CB5.4 Total Abundance per square meter 0.56 10.18 333.90 284.93 85.33 No Trend
CB5.4 Total Biomass per square meter 0.58 ‐0.01 0.44 ‐0.16 ‐36.52 No Trend
CB5.4 Shannon‐Weiner Diversity Index 0.92 0.00 1.71 0.05 2.63 No Trend
CB5.4 Pollution Sensitive Species Abundance 0.97 0.20 29.84 5.53 18.52 No Trend
CB5.4 Pollution Indicative Species Abundance 0.56 0.43 36.32 11.99 33.01 No Trend
CB5.4 Pollution Sensitive Species Biomass 0.92 ‐0.01 29.89 ‐0.16 ‐0.53 No Trend
CB5.4 Pollution Indicative Species Biomass 0.70 ‐0.23 33.95 ‐6.48 ‐19.09 No Trend
CB6.1 Benthic Index of Biotic Integrity 0.84 0.00 3.42 ‐0.13 ‐3.79 No Trend
CB6.1 Total Abundance per square meter 0.03 58.43 1488.24 1636.11 109.94 Improving
CB6.1 Total Biomass per square meter 0.09 ‐0.14 10.82 ‐3.93 ‐36.31 Degrading
CB6.1 Shannon‐Weiner Diversity Index 0.28 0.01 2.64 0.34 12.69 No Trend
CB6.1 Pollution Sensitive Species Abundance 0.76 ‐0.09 31.37 ‐2.44 ‐7.78 No Trend
CB6.1 Pollution Indicative Species Abundance 0.01 0.98 16.08 27.40 170.39 Degrading
CB6.1 Pollution Sensitive Species Biomass 0.81 0.13 27.34 3.66 13.37 No Trend
CB6.1 Pollution Indicative Species Biomass 0.06 0.47 1.70 13.28 778.78 Degrading
CB6.4 Benthic Index of Biotic Integrity 0.75 ‐0.01 4.47 ‐0.29 ‐6.52 No Trend
CB6.4 Total Abundance per square meter 0.02 148.55 1640.88 4159.44 253.49 Improving
CB6.4 Total Biomass per square meter 0.08 ‐0.15 5.35 ‐4.06 ‐75.86 Degrading
CB6.4 Shannon‐Weiner Diversity Index 0.03 0.03 2.94 0.72 24.61 Improving
CB6.4 Pollution Sensitive Species Abundance 0.65 ‐0.21 49.63 ‐5.93 ‐11.94 No Trend
CB6.4 Pollution Indicative Species Abundance 0.81 ‐0.12 16.91 ‐3.24 ‐19.16 No Trend
CB6.4 Pollution Sensitive Species Biomass 0.25 ‐0.76 83.36 ‐21.28 ‐25.53 No Trend
CB6.4 Pollution Indicative Species Biomass 0.51 0.10 1.39 2.72 195.54 No Trend
CB7.3E Benthic Index of Biotic Integrity 0.86 0.00 4.22 0.00 0.00 No Trend
CB7.3E Total Abundance per square meter 0.68 ‐15.90 5495.04 ‐445.20 ‐8.10 No Trend
CB7.3E Total Biomass per square meter 0.37 ‐0.14 12.91 ‐4.02 ‐31.16 No Trend
CB7.3E Shannon‐Weiner Diversity Index 0.76 0.00 3.72 0.10 2.72 No Trend
CB7.3E Pollution Sensitive Species Abundance 0.70 ‐0.12 49.82 ‐3.40 ‐6.82 No Trend
CB7.3E Pollution Indicative Species Abundance 0.06 ‐0.45 13.76 ‐12.66 ‐92.00 Improving
CB7.3E Pollution Sensitive Species Biomass 0.65 ‐0.27 63.30 ‐7.69 ‐12.15 No Trend
CB7.3E Pollution Indicative Species Biomass 0.23 ‐0.06 1.62 ‐1.60 ‐98.86 No Trend
CB8.1 Benthic Index of Biotic Integrity 0.72 0.00 4.33 0.00 0.00 No Trend
CB8.1 Total Abundance per square meter 0.18 70.60 3129.12 1976.69 63.17 No Trend
CB8.1 Total Biomass per square meter 0.88 ‐0.04 12.22 ‐1.24 ‐10.11 No Trend
CB8.1 Shannon‐Weiner Diversity Index 0.13 0.02 3.79 0.49 12.90 No Trend
CB8.1 Pollution Sensitive Species Abundance 0.20 ‐0.34 54.87 ‐9.55 ‐17.41 No Trend
CB8.1 Pollution Indicative Species Abundance 0.02 ‐0.79 18.00 ‐21.99 ‐122.18 Improving
CB8.1 Pollution Sensitive Species Biomass 0.03 ‐1.21 82.88 ‐33.90 ‐40.90 Degrading
CB8.1 Pollution Indicative Species Biomass 0.18 ‐0.05 1.07 ‐1.27 ‐117.94 No Trend
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