Appendix F - Long-term Trends in Benthic Bioindicators



Appendix F - Section A. Longterm trends in the B-IBI and associated bioindicators for the James
River stations for the period of 1985 through 2009.

James River

Station Parameter Pvalue Slope Baseline % Change Direction
TF5.5 Benthic Index of Biotic Integrity 0.1082 0.0 2.2 38.66 No Trend
TF5.5 Total Abundance per square meter 0.1738 206.49 1335.60 386.50 No Trend
TF5.5 Total Biomass per square meter 0.4366 0.03 0.34 196.43 No Trend
TF5.5 Shannon-Weiner Diversity Index 0.8969 0.00 1.18 7.03 No Trend
TF5.5 Pollution Sensitive Species Abundance 0.0038 1.33 0.00 Improving
TF5.5 Pollution Indicative Species Abundance 0.0277  -2.23 90.08 -62.02 Improving
TF5.5 Pollution Sensitive Species Biomass 0.0031 3.05 0.00 Improving
TF5.5 Pollution Indicative Species Biomass 0.0096 -3.45 75.00 -114.97 Improving
RET5.2  Benthic Index of Biotic Integrity 0.0085 0.0 2.1 59.58 Improving
RET5.2  Total Abundance per square meter 0.2064 26.42 610.56 108.19 No Trend
RET5.2  Total Biomass per square meter 0.7211  -0.01 7.34 -230 No Trend
RET5.2  Shannon-Weiner Diversity Index 0.0197 0.05 1.66 67.92 Improving
RET5.2  Pollution Sensitive Species Abundance 0.0008 1.67 10.42 400.28 Improving
RET5.2  Pollution Indicative Species Abundance 0.4173 -0.61 17.50 -87.42  No Trend
RET5.2  Pollution Sensitive Species Biomass 0.0115 2.24 28.04 199.94 Improving
RET5.2  Pollution Indicative Species Biomass 0.1273 -0.71 11.20 -158.64 No Trend
LES.1 Benthic Index of Biotic Integrity 0.2502 0.0 2.9 26.69 No Trend
LES.1 Total Abundance per square meter 0.8054 11.33 524.70 47.50 No Trend
LES.1 Total Biomass per square meter 0.3243 -0.04 5.71 -15.34 No Trend
LES.1 Shannon-Weiner Diversity Index 0.8054 0.01 2.06 6.58 No Trend
LE5.1 Pollution Sensitive Species Abundance 0.5654  -0.29 32.16 -19.83 No Trend
LE5.1 Pollution Indicative Species Abundance 0.1337 0.28 7.13 85.41 NoTrend
LES.1 Pollution Sensitive Species Biomass 0.8054 -0.28 74.24 -8.41 No Trend
LES.1 Pollution Indicative Species Biomass 0.1567 0.12 4.82 54.50 No Trend
LES.2 Benthic Index of Biotic Integrity 0.5172 0.0 3.3 -15.30 NoTrend
LES.2 Total Abundance per square meter 0.0858 45.22 1221.12 92.58 Improving
LES.2 Total Biomass per square meter 0.3634 -0.16 4.58 -84.64 No Trend
LE5S.2 Shannon-Weiner Diversity Index 0.3313 -0.03 2.55 -25.91 No Trend
LE5.2 Pollution Sensitive Species Abundance 0.0520 2.01 34.48 145.54 Improving
LE5.2 Pollution Indicative Species Abundance 0.9484  -0.07 17.25 -10.60 No Trend
LE5.2 Pollution Sensitive Species Biomass 0.8459 -0.13 40.78 -7.93 No Trend
LES.2 Pollution Indicative Species Biomass 0.1201 0.56 8.76 159.07 No Trend
LES.4 Benthic Index of Biotic Integrity 0.7435 0.0 3.7 0.00 NoTrend
LES.4 Total Abundance per square meter 0.5172 19.95 2528.10 19.73 No Trend
LES.4 Total Biomass per square meter 0.0015 -1.54 22.86 -167.99 Degrading
LES.4 Shannon-Weiner Diversity Index 0.0922 -0.02 3.69 -15.60 Degrading
LE5.4 Pollution Sensitive Species Abundance 0.1201 -0.77 48.80 -39.42 No Trend
LE5.4 Pollution Indicative Species Abundance 0.0892 -0.08 2.24 -87.21 Improving
LES.4 Pollution Sensitive Species Biomass 0.0197 -1.99 59.75 -83.21 Degrading

LES.4 Pollution Indicative Species Biomass 0.9479 0.00 0.94 0.00 NoTrend



Appendix F - Section B. Longterm trends in the B-IBl and associated bioindicators for the Elizabeth
River stations for the period of 1985 through 2009.

Elizabeth River

Station Parameter Pvalue Slope Baseline % Change Direction
SBE2 Benthic Index of Biotic Integrity 0.2176 0.0 1.9 21.58 No Trend
SBE2 Total Abundance per square meter 0.0136 150.26 1659.96 190.09 Improving
SBE2 Total Biomass per square meter 0.1283 0.04 0.92 100.96 No Trend
SBE2 Shannon-Weiner Diversity Index 0.7738 0.01 1.67 12.39 No Trend
SBE2 Pollution Sensitive Species Abundance 0.0008 4.26 4.62 1936.79 Improving
SBE2 Pollution Indicative Species Abundance 0.0536 -2.66 75.68 -73.70 Improving
SBE2 Pollution Sensitive Species Biomass 0.1183 1.59 8.41 397.70 No Trend
SBE2 Pollution Indicative Species Biomass 0.4851 -0.78 69.21 -23.75 No Trend
SBES Benthic Index of Biotic Integrity 0.0239 0.0 13 71.77 Improving
SBES Total Abundance per square meter 0.4353 76.32 3806.46 42.11 No Trend
SBES Total Biomass per square meter 0.1175 0.05 0.58 167.21 No Trend
SBES Shannon-Weiner Diversity Index 0.3885 0.02 0.99 48.14 No Trend
SBE5 Pollution Sensitive Species Abundance 0.0001 2.85 0.31 19139.99 Improving
SBE5 Pollution Indicative Species Abundance 0.0016  -4.68 85.43 -115.06 Improving
SBES Pollution Sensitive Species Biomass 0.0214 2.54 2.15 2479.42 Improving

SBES Pollution Indicative Species Biomass 0.1754 -2.18 77.83 -58.80 No Trend



Appendix F - Section C. Longterm trends in the B-IBl and associated bioindicators for the York River
stations for the period of 1985 through 2009.

York River

Station Parameter Pvalue Slope Baseline % Change Direction
TF4.2 Benthic Index of Biotic Integrity 0.7431 0.0 2.6 -1.99 No Trend
TF4.2 Total Abundance per square meter 0.3275 34.34 410.22 209.30 No Trend
TF4.2 Total Biomass per square meter 1.0000 0.00 0.15 0.00 NoTrend
TF4.2 Shannon-Weiner Diversity Index 0.0946 0.03 0.96 72.92 Improving
TF4.2 Pollution Sensitive Species Abundance 0.1654 0.53 12.50 106.10 No Trend
TF4.2 Pollution Indicative Species Abundance 0.2706  -1.54 65.97 -58.17 No Trend
TF4.2 Pollution Sensitive Species Biomass 0.7132  -0.26 19.44 -33.33 No Trend
TF4.2 Pollution Indicative Species Biomass 0.7132  -0.35 59.72 -14.73 No Trend
RET4.3  Benthic Index of Biotic Integrity 0.6538 0.0 3.6 -4.56 No Trend
RET4.3  Total Abundance per square meter 0.0376 197.61 1030.32 479.50 Improving
RET4.3 Total Biomass per square meter 0.8383 -0.04 4.43 -21.55 No Trend
RET4.3  Shannon-Weiner Diversity Index 0.4386 -0.02 2.50 -19.91 No Trend
RET4.3  Pollution Sensitive Species Abundance 0.5961 -0.51 40.89 -30.96 No Trend
RET4.3  Pollution Indicative Species Abundance 0.8385 0.03 14.84 5.51 No Trend
RET4.3  Pollution Sensitive Species Biomass 0.5409 0.63 83.08 18.87 No Trend
RET4.3  Pollution Indicative Species Biomass 0.7137  -0.05 411 -27.42 No Trend
LE4.1 Benthic Index of Biotic Integrity 0.4868 0.0 3.0 -12.47 No Trend
LE4.1 Total Abundance per square meter 0.9675 0.00 1535.94 0.00 No Trend
LE4.1 Total Biomass per square meter 0.2063  -0.57 27.51 -51.66 No Trend
LE4.1 Shannon-Weiner Diversity Index 0.1118 -0.02 2.47 -20.54 No Trend
LE4.1 Pollution Sensitive Species Abundance 0.8385 0.06 37.56 4.02 No Trend
LE4.1 Pollution Indicative Species Abundance 0.2209 0.76 23.71 80.30 NoTrend
LE4.1 Pollution Sensitive Species Biomass 0.0946 -2.45 82.49 -74.15 Degrading
LE4.1 Pollution Indicative Species Biomass 0.1917 0.36 8.28 108.41 No Trend
LE4.3 Benthic Index of Biotic Integrity 0.1020 0.1 2.9 47.62 No Trend
LE4.3 Total Abundance per square meter 0.8801 9.09 3138.66 7.24  No Trend
LE4.3 Total Biomass per square meter 0.9699 0.03 6.32 10.39 No Trend
LE4.3 Shannon-Weiner Diversity Index 0.1633 0.03 2.47 33.73 No Trend
LE4.3 Pollution Sensitive Species Abundance 0.7345 0.16 56.44 7.31 No Trend
LE4.3 Pollution Indicative Species Abundance 0.3861 -0.24 16.74 -35.15 No Trend
LE4.3 Pollution Sensitive Species Biomass 0.6785 -0.24 72.97 -8.13 No Trend
LE4.3 Pollution Indicative Species Biomass 0.7345 -0.04 4.88 -19.60 No Trend
LE4.3B  Benthic Index of Biotic Integrity 0.0558 0.1 2.6 62.08 Improving
LE4.3B  Total Abundance per square meter 0.7313 9.54 2766.60 7.59 No Trend
LE4.3B  Total Biomass per square meter 0.9609 -0.01 3.28 -6.40 No Trend
LE4.3B  Shannon-Weiner Diversity Index 0.1854 0.05 2.44 43.76  No Trend
LE4.3B  Pollution Sensitive Species Abundance 0.1549 1.09 18.36 130.30 No Trend
LE4.3B  Pollution Indicative Species Abundance 0.1549 -1.25 41.44 -66.31  No Trend
LE4.3B  Pollution Sensitive Species Biomass 0.5237 0.56 54.16 22.77 No Trend

LE4.3B  Pollution Indicative Species Biomass 0.9609 0.00 14.87 -0.65 No Trend



Appendix F - Section D. Longterm trends in the B-IBl and associated bioindicators for the
Rappahannock River stations for the period of 1985 through 2009.

Rappahannock River

Station Parameter Pvalue Slope Baseline % Change Direction
TF3.3 Benthic Index of Biotic Integrity 0.9441 0.0 2.6 -0.95 No Trend
TF3.3 Total Abundance per square meter 0.8887 9.54 1001.70 23.81 No Trend
TF3.3 Total Biomass per square meter 0.0501 -2.16 93.92 -57.56 Degrading
TF3.3 Shannon-Weiner Diversity Index 0.3273 -0.02 1.95 -20.25 No Trend
TF3.3 Pollution Sensitive Species Abundance 0.1617 -1.00 32.36 -77.29 No Trend
TF3.3 Pollution Indicative Species Abundance 0.4207 0.82 11.14 184.97 No Trend
TF3.3 Pollution Sensitive Species Biomass 0.0096 -2.04 80.17 -63.75 Degrading
TF3.3 Pollution Indicative Species Biomass 0.3100 0.45 6.59 170.95 No Trend
RET3.1  Benthic Index of Biotic Integrity 0.0325 -0.1 3.6 -47.47 Degrading
RET3.1 Total Abundance per square meter 0.2623 60.95 1001.70 152.12 No Trend
RET3.1 Total Biomass per square meter 0.0063 -0.40 9.02 -111.37 Degrading
RET3.1  Shannon-Weiner Diversity Index 0.3273 -0.02 2.37 -18.04 No Trend
RET3.1  Pollution Sensitive Species Abundance 0.0016  -1.43 33.99 -105.54 Degrading
RET3.1  Pollution Indicative Species Abundance 0.2770 0.39 1.88 523.94 No Trend
RET3.1  Pollution Sensitive Species Biomass 0.0033 -3.91 71.23 -137.13 Degrading
RET3.1  Pollution Indicative Species Biomass 0.1945 0.23 1.57 366.75 No Trend
LE3.2 Benthic Index of Biotic Integrity 0.5057 0.0 1.9 -15.43 No Trend
LE3.2 Total Abundance per square meter 0.3624 11.13 429.30 64.81 No Trend
LE3.2 Total Biomass per square meter 0.7793 0.00 0.27 22.68 No Trend
LE3.2 Shannon-Weiner Diversity Index 0.5989 -0.01 1.21 -30.27 NoTrend
LE3.2 Pollution Sensitive Species Abundance 0.4796  -0.28 41.28 -16.70 No Trend
LE3.2 Pollution Indicative Species Abundance 0.6485 0.23 55.38 10.44 No Trend
LE3.2 Pollution Sensitive Species Biomass 0.5717 -0.25 46.51 -13.35 No Trend
LE3.2 Pollution Indicative Species Biomass 0.4615 1.13 47.94 58.76  No Trend
LE3.4 Benthic Index of Biotic Integrity 0.5336 0.0 2.1 2331 NoTrend
LE3.4 Total Abundance per square meter 0.9671 0.00 791.82 0.00 No Trend
LE3.4 Total Biomass per square meter 0.7729 0.00 1.17 -2.88 No Trend
LE3.4 Shannon-Weiner Diversity Index 1.0000 0.00 1.56 0.00 NoTrend
LE3.4 Pollution Sensitive Species Abundance 0.8682 0.00 16.74 0.00 No Trend
LE3.4 Pollution Indicative Species Abundance 0.8048 -0.28 68.60 -9.44 No Trend
LE3.4 Pollution Sensitive Species Biomass 0.5067 -0.74 51.66 -32.82 No Trend

LE3.4 Pollution Indicative Species Biomass 0.9016 0.44 38.94 26.25 No Trend



Appendix F - Section E. Longterm trends in the B-IBl and associated bioindicators for the Mainstem
stations for the period of 1985 through 2009.

Chesapeake Bay Mainstem

Station Parameter Pvalue Slope Baseline % Change Direction
CB5.4 Benthic Index of Biotic Integrity 0.8336 0.0 1.8 9.46 No Trend
CB5.4 Total Abundance per square meter 0.5754 9.54 333.90 71.43 NoTrend
CB5.4 Total Biomass per square meter 0.5509 -0.01 0.44 -32.61 NoTrend
CB5.4 Shannon-Weiner Diversity Index 0.9442 0.00 1.71 1.47 No Trend
CB5.4 Pollution Sensitive Species Abundance 0.9442 0.20 29.84 16.81 No Trend
CB5.4 Pollution Indicative Species Abundance 0.5756 0.40 36.32 27.64 NoTrend
CB5.4 Pollution Sensitive Species Biomass 0.8887 -0.05 29.89 -3.97 No Trend
CB5.4 Pollution Indicative Species Biomass 0.7264 -0.21 33.95 -15.78 No Trend
CB6.1 Benthic Index of Biotic Integrity 0.8610 0.0 34 -2.96 No Trend
CB6.1 Total Abundance per square meter 0.0501 50.88 1488.24 85.47 Improving
CB6.1 Total Biomass per square meter 0.1073 -0.12 10.82 -28.32 No Trend
CB6.1 Shannon-Weiner Diversity Index 0.4011 0.01 2.64 7.38 No Trend
CB6.1 Pollution Sensitive Species Abundance 0.6243 -0.16 31.37 -12.76  No Trend
CB6.1 Pollution Indicative Species Abundance 0.0078 1.07 16.08 165.79 Degrading
CB6.1 Pollution Sensitive Species Biomass 0.7264 0.18 27.34 16.44 No Trend
CB6.1 Pollution Indicative Species Biomass 0.0501 0.48 1.70 698.05 Degrading
CB6.4 Benthic Index of Biotic Integrity 0.8885 0.0 4.5 -3.27 No Trend
CB6.4 Total Abundance per square meter 0.0358 143.63 1640.88 218.83 Improving
CB6.4 Total Biomass per square meter 0.0999 -0.14 5.35 -67.20 Degrading
CB6.4 Shannon-Weiner Diversity Index 0.0301 0.03 2.94 22.23 Improving
CB6.4 Pollution Sensitive Species Abundance 0.7264 -0.17 49.63 -8.31 NoTrend
CB6.4 Pollution Indicative Species Abundance 0.7264 -0.16 16.91 -23.91 No Trend
CB6.4 Pollution Sensitive Species Biomass 0.2342 -0.76 83.36 -22.87 No Trend
CB6.4 Pollution Indicative Species Biomass 0.6243 0.08 1.39 135.89 No Trend
CB7.3E  Benthic Index of Biotic Integrity 0.7759 0.0 4.2 0.00 NoTrend
CB7.3E Total Abundance per square meter 0.6490 -17.49 5495.04 -7.96 No Trend
CB7.3E Total Biomass per square meter 0.3443 -0.16 12.91 -31.24 NoTrend
CB7.3E  Shannon-Weiner Diversity Index 0.7796 0.00 3.72 2.66 No Trend
CB7.3E  Pollution Sensitive Species Abundance 0.9442 -0.01 49.82 -0.53 NoTrend
CB7.3E  Pollution Indicative Species Abundance 0.0501 -0.46 13.76 -84.34 Improving
CB7.3E  Pollution Sensitive Species Biomass 0.6243 -0.30 63.30 -11.85 No Trend
CB7.3E  Pollution Indicative Species Biomass 0.2342  -0.06 1.62 -88.23 No Trend
CB8.1 Benthic Index of Biotic Integrity 0.5838 0.0 4.3 -2.85 No Trend
CB8.1 Total Abundance per square meter 0.1840 69.37 3129.12 55.42 No Trend
CB8.1 Total Biomass per square meter 0.8562  -0.05 12.22 -10.21 NoTrend
CB8.1 Shannon-Weiner Diversity Index 0.1164 0.02 3.79 12.12 No Trend
CBs.1 Pollution Sensitive Species Abundance 0.2047 -0.34 54.87 -15.62 No Trend
CBs.1 Pollution Indicative Species Abundance 0.0217 -0.76 18.00 -105.23 Improving
CB8.1 Pollution Sensitive Species Biomass 0.0297 -1.20 82.88 -36.21 Degrading

CB8.1 Pollution Indicative Species Biomass 0.2047 -0.04 1.07 -100.66 No Trend



