
Appendix C ‐  Long‐term trends in Phytoplankton Bioindicators



Appendix C ‐ Section A. Long‐term trends in phytoplankton index of biotic integrity (IBI) primary
productivity and selected indicators in the James River, for the period of 1985 through 2009. See
the method section of the report for definitions of Seasons. “N.E.” in the Percent Change column
indicates “No Estimate” was made for the percent change due to a zero value for the parameter
baseline.

Station Season Parameter P value Slope Baseline
Percent
Change Direction

Homogeneity
test P value

TF5.5 ANNUAL Phytoplankton IBI 0.4569 0.00 1.60 0.00 No Trend 0.3220
TF5.5 ANNUAL Total Abundance 0.0451 426763 21243084 48.21 No Trend 0.0056
TF5.5 ANNUAL Total Biomass 0.0000 34942664 509107199 164.72 Increasing 0.3186
TF5.5 ANNUAL Margalef Diversity Index 0.8735 0.00 2.39 ‐0.85 No Trend 0.7717
TF5.5 ANNUAL C14 Productivity * 0.0001 3.16 32.33 195.73 Degrading 0.7061
TF5.5 ANNUAL Diatom Biomass 0.3972 2974119 343870864 20.76 No Trend 0.1064
TF5.5 ANNUAL Dinoflagellate Biomass 0.2468 0 700211 0.00 No Trend 0.5258
TF5.5 ANNUAL Cyanobacteria Biomass 0.0001 888552 16209464 131.56 Degrading 0.6509
TF5.5 ANNUAL Chlorophyte Biomass 0.0000 14130324 13674242 2480.05 Improving 0.8534
TF5.5 ANNUAL Procaryote Biomass 0.3350 0 0 16.63 No Trend 0.9790
TF5.5 ANNUAL Picoplankton Biomass 0.0006 ‐1375250 76800000 ‐37.60 Improving 0.0562
TF5.5 ANNUAL Cryptophyte Biomass 0.4553 ‐132976 10266340 ‐31.09 No Trend 0.0526
TF5.5 ANNUAL Cyanobacteria Abundance 0.0000 111934 4511922 59.54 Degrading 0.2655
RET5.2 ANNUAL Phytoplankton IBI 0.6881 0.00 2.50 0.00 No Trend 0.3380
RET5.2 ANNUAL Total Abundance 0.2657 ‐143379 7429901 ‐46.31 No Trend 0.0345
RET5.2 ANNUAL Total Biomass 0.1991 6165506 168028570 88.06 No Trend 0.0241
RET5.2 ANNUAL Margalef Diversity Index 0.0001 ‐0.02 1.65 ‐30.79 Degrading 0.5366
RET5.2 ANNUAL C14 Productivity * 0.0361 ‐1.29 125.14 ‐20.56 Improving 0.083
RET5.2 ANNUAL Diatom Biomass 0.8640 ‐407079 117653325 ‐8.30 No Trend 0.0228
RET5.2 ANNUAL Dinoflagellate Biomass 0.9292 0 478731 0.00 No Trend 0.3416
RET5.2 ANNUAL Cyanobacteria Biomass 0.8910 ‐7606 3577520 ‐5.10 No Trend 0.3750
RET5.2 ANNUAL Chlorophyte Biomass 0.0023 1205118 1762185 1641.30 Improving 0.0215
RET5.2 ANNUAL Procaryote Biomass 0.9454 0 0 ‐2.69 No Trend 0.7060
RET5.2 ANNUAL Picoplankton Biomass 0.0000 ‐2322847 113625000 ‐42.93 Improving 0.3298
RET5.2 ANNUAL Cryptophyte Biomass 0.9932 0 14385423 0.00 No Trend 0.7019
RET5.2 ANNUAL Cyanobacteria Abundance 0.3552 ‐19940 714837 ‐66.95 No Trend 0.1743
LE5.5 ANNUAL Phytoplankton IBI 0.8517 0.00 2.49 0.00 No Trend 0.6559
LE5.5 ANNUAL Total Abundance 0.3310 27844 5066591 13.74 No Trend 0.1708
LE5.5 ANNUAL Total Biomass 0.6168 ‐1105770 235110748 ‐11.76 No Trend 0.0438
LE5.5 ANNUAL Margalef Diversity Index 0.2468 ‐0.01 2.50 ‐5.70 No Trend 0.3436
LE5.5 ANNUAL C14 Productivity * 0.0985 0.84 62.05 27.2 No Trend 0.2721
LE5.5 ANNUAL Diatom Biomass 0.9544 ‐38115 161454403 ‐0.59 No Trend 0.0146
LE5.5 ANNUAL Dinoflagellate Biomass 0.4233 178786 20753674 21.54 No Trend 0.8015
LE5.5 ANNUAL Cyanobacteria Biomass 0.0000 9073 508 44694.20 Degrading 0.2295
LE5.5 ANNUAL Chlorophyte Biomass 0.7794 0 5826 0.00 No Trend 0.6656
LE5.5 ANNUAL Procaryote Biomass 0.0000 0 0 110694.63 Degrading 0.1003
LE5.5 ANNUAL Picoplankton Biomass 0.0803 ‐204104 68925000 ‐6.22 No Trend 0.6185
LE5.5 ANNUAL Cryptophyte Biomass 0.0000 ‐465011 20197572 ‐57.56 Decreasing 0.4341
LE5.5 ANNUAL Cyanobacteria Abundance 0.0000 4292 14288 750.91 Degrading 0.5348
*Primary productivity trends are for the period of 1990 through 2008.



Appendix C ‐ Section B. Long‐term trends in phytoplankton index of biotic integrity (IBI) primary
productivity and selected indicators in the Elizabeth River, for the period of 1985 through 2009. See
the method section of the report for definitions of Seasons. “N.E.” in the Percent Change column
indicates “No Estimate” was made for the percent change due to a zero value for the parameter
baseline.

Station Season Parameter P value Slope Baseline
Percent
Change Direction

Homogeneity
test P value

SBE5 ANNUAL Phytoplankton IBI 0.8409 0.00 1.40 0.00 No Trend 0.2516
SBE5 ANNUAL Total Abundance 0.3026 ‐28251 2554411 ‐23.23 No Trend 0.4449
SBE5 ANNUAL Total Biomass 0.0084 ‐2457611 76329377 ‐67.61 Decreasing 0.5324
SBE5 ANNUAL Margalef Diversity Index 0.6532 0.00 2.40 ‐2.37 No Trend 0.6211
SBE5 ANNUAL C14 Productivity * 0.3313 0.35 57.37 10.89 No Trend 0.5705
SBE5 ANNUAL Diatom Biomass 0.0006 ‐2106136 44433057 ‐99.54 Degrading 0.2461
SBE5 ANNUAL Dinoflagellate Biomass 0.5201 ‐45281 8659873 ‐10.98 No Trend 0.3469
SBE5 ANNUAL Cyanobacteria Biomass 0.0072 13379 103136 272.42 Degrading 0.8576
SBE5 ANNUAL Chlorophyte Biomass 0.0425 ‐1682 276008 ‐12.80 No Trend 0.5552
SBE5 ANNUAL Procaryote Biomass 0.0002 0 0 237.13 Degrading 0.7004
SBE5 ANNUAL Picoplankton Biomass 0.0964 122575 26850000 9.59 No Trend 0.0058
SBE5 ANNUAL Cryptophyte Biomass 0.0015 ‐354150 13747694 ‐54.10 Decreasing 0.9404
SBE5 ANNUAL Cyanobacteria Abundance 0.0221 2599 7868 693.59 No Trend 0.1139
*Primary productivity trends are for the period of 1990 through 2008.



Appendix C ‐ Section C. Long‐term trends in phytoplankton index of biotic integrity (IBI) primary
productivity and selected indicators in the York River, for the period of 1985 through 2009. See
the method section of the report for definitions of Seasons. “N.E.” in the Percent Change column
indicates “No Estimate” was made for the percent change due to a zero value for the parameter
baseline.

Station Season Parameter P value Slope Baseline
Percent
Change Direction

Homogeneity
test P value

TF4.2 ANNUAL Phytoplankton IBI 0.7358 0.00 3.00 0.00 No Trend 0.0295
TF4.2 ANNUAL Total Abundance 0.0223 65297 3316370 45.29 No Trend 0.9947
TF4.2 ANNUAL Total Biomass 0.1726 1636311 100121180 37.59 No Trend 0.8155
TF4.2 ANNUAL Margalef Diversity Index 0.6844 0.00 1.85 1.66 No Trend 0.4631
TF4.2 ANNUAL C14 Productivity * 0.0065 0.38 10.29 73.39 Degrading 0.2681
TF4.2 ANNUAL Diatom Biomass 0.9352 40454 86661160 1.07 No Trend 0.9940
TF4.2 ANNUAL Dinoflagellate Biomass 0.5594 0 155268 0.00 No Trend 0.7455
TF4.2 ANNUAL Cyanobacteria Biomass 0.0012 61568 364833 388.14 Degrading 0.0580
TF4.2 ANNUAL Chlorophyte Biomass 0.0000 344559 871272 909.57 Improving 0.6408
TF4.2 ANNUAL Procaryote Biomass 0.0120 0 0 196.27 No Trend 0.0089
TF4.2 ANNUAL Picoplankton Biomass 0.8521 ‐22088 38400000 ‐1.21 No Trend 0.9039
TF4.2 ANNUAL Cryptophyte Biomass 0.8566 ‐12855 8547560 ‐3.46 No Trend 0.2957
TF4.2 ANNUAL Cyanobacteria Abundance 0.0171 7974 58370 314.19 No Trend 0.0459
RET4.3 ANNUAL Phytoplankton IBI 0.3906 0.00 1.50 0.00 No Trend 0.3066
RET4.3 ANNUAL Total Abundance 0.1947 88035 7856296 26.89 No Trend 0.2819
RET4.3 ANNUAL Total Biomass 0.0974 4149272 329829759 30.19 No Trend 0.5461
RET4.3 ANNUAL Margalef Diversity Index 0.6864 0.00 1.61 2.65 No Trend 0.3353
RET4.3 ANNUAL C14 Productivity * 0.0007 1.61 34.81 92.27 Degrading 0.7536
RET4.3 ANNUAL Diatom Biomass 0.3067 1542526 185043140 20.01 No Trend 0.2695
RET4.3 ANNUAL Dinoflagellate Biomass 0.2603 147136 19948221 17.70 No Trend 0.8947
RET4.3 ANNUAL Cyanobacteria Biomass 0.0037 97928 901456 260.72 Degrading 0.8126
RET4.3 ANNUAL Chlorophyte Biomass 0.0000 156798 1404 268000.55 Improving 0.2185
RET4.3 ANNUAL Procaryote Biomass 0.0222 0 0 64.65 No Trend 0.6856
RET4.3 ANNUAL Picoplankton Biomass 0.3388 ‐219589 42525000 ‐10.84 No Trend 0.4196
RET4.3 ANNUAL Cryptophyte Biomass 0.1947 ‐282466 19348050 ‐35.04 No Trend 0.0121
RET4.3 ANNUAL Cyanobacteria Abundance 0.0003 16512 194361 203.89 Degrading 0.8292
WE4.2 ANNUAL Phytoplankton IBI 0.0602 0.02 2.39 17.43 No Trend 0.0619
WE4.2 ANNUAL Total Abundance 0.8967 4041 6089918 1.66 No Trend 0.8503
WE4.2 ANNUAL Total Biomass 0.1125 ‐3252645 358999358 ‐22.65 No Trend 0.6142
WE4.2 ANNUAL Margalef Diversity Index 0.0012 ‐0.02 2.61 ‐16.60 Degrading 0.2282
WE4.2 ANNUAL C14 Productivity * 0.0157 1.09 50.54 43.23 Degrading 0.4133
WE4.2 ANNUAL Diatom Biomass 0.6443 ‐531088 183248326 ‐7.25 No Trend 0.2559
WE4.2 ANNUAL Dinoflagellate Biomass 0.6757 118487 51821394 5.72 No Trend 0.2884
WE4.2 ANNUAL Cyanobacteria Biomass 0.0000 16477 0 Degrading 0.2275
WE4.2 ANNUAL Chlorophyte Biomass 0.7375 0 71432 0.00 No Trend 0.4699
WE4.2 ANNUAL Procaryote Biomass 0.0000 0 0 Degrading 0.2551
WE4.2 ANNUAL Picoplankton Biomass 0.3370 ‐185742 56850000 ‐6.86 No Trend 0.2413
WE4.2 ANNUAL Cryptophyte Biomass 0.0000 ‐774342 23280456 ‐83.15 Decreasing 0.5072
WE4.2 ANNUAL Cyanobacteria Abundance 0.0000 6175 1536 10049.93 Degrading 0.3848
*Primary productivity trends are for the period of 1990 through 2008.



Appendix C ‐ Section D. Long‐term trends in phytoplankton index of biotic integrity (IBI) primary
productivity and selected indicators in the Rappahannock  River, for the period of 1985 through
2009. See the method section of the report for definitions of Seasons. “N.E.” in the Percent Change
column  indicates “No Estimate” was made for the percent change due to a zero value for the
parameter baseline.

Station Season Parameter P value Slope Baseline
Percent
Change Direction

Homogeneity
test P value

TF3.3 ANNUAL Phytoplankton IBI 0.0387 0.00 2.00 0.00 No Trend 0.0010
TF3.3 ANNUAL Total Abundance 0.0000 1005512 4890501 493.45 Increasing 0.7479
TF3.3 ANNUAL Total Biomass 0.0000 27214849 94304280 692.61 Increasing 0.8517
TF3.3 ANNUAL Margalef Diversity Index 0.3325 0.00 1.54 6.86 No Trend 0.9031
TF3.3 ANNUAL C14 Productivity * 0 4.62 51.88 178.25 Degrading 0.6408
TF3.3 ANNUAL Diatom Biomass 0.0000 14976977 72419559 496.34 Improving 0.7458
TF3.3 ANNUAL Dinoflagellate Biomass 0.0027 31171 881362 84.88 Degrading 0.6608
TF3.3 ANNUAL Cyanobacteria Biomass 0.0000 1452737 1358370 2566.73 Degrading 0.2981
TF3.3 ANNUAL Chlorophyte Biomass 0.0000 3565479 1749939 4889.97 Improving 0.9291
TF3.3 ANNUAL Procaryote Biomass 0.0000 0 0 296.84 Degrading 0.0132
TF3.3 ANNUAL Picoplankton Biomass 0.6984 150500 71700000 4.41 No Trend 0.6424
TF3.3 ANNUAL Cryptophyte Biomass 0.2398 ‐225389 12445860 ‐43.46 No Trend 0.1604
TF3.3 ANNUAL Cyanobacteria Abundance 0.0000 312864 171100 4388.52 Degrading 0.8278
RET3.1 ANNUAL Phytoplankton IBI 0.6273 0.00 2.25 0.00 No Trend 0.3106
RET3.1 ANNUAL Total Abundance 0.0000 552268 6640168 199.61 Increasing 0.5476
RET3.1 ANNUAL Total Biomass 0.0000 14990340 201242741 178.77 Increasing 0.7783
RET3.1 ANNUAL Margalef Diversity Index 0.3440 0.00 1.77 ‐5.25 No Trend 0.1969
RET3.1 ANNUAL C14 Productivity * 0 4.11 65.84 124.97 Degrading 0.3669
RET3.1 ANNUAL Diatom Biomass 0.0265 3851426 117569989 78.62 No Trend 0.8213
RET3.1 ANNUAL Dinoflagellate Biomass 0.3384 ‐50376 20778928 ‐5.82 No Trend 0.9116
RET3.1 ANNUAL Cyanobacteria Biomass 0.0000 809208 1936906 1002.68 Degrading 0.3288
RET3.1 ANNUAL Chlorophyte Biomass 0.0000 975184 1492127 1568.53 Improving 0.6795
RET3.1 ANNUAL Procaryote Biomass 0.0000 0 0 245.71 Degrading 0.5214
RET3.1 ANNUAL Picoplankton Biomass 0.2013 ‐461438 119700000 ‐8.10 No Trend 0.7876
RET3.1 ANNUAL Cryptophyte Biomass 0.2633 ‐223013 21408468 ‐25.00 No Trend 0.2565
RET3.1 ANNUAL Cyanobacteria Abundance 0.0000 127810 169424 1810.51 Degrading 0.7529
LE3.6 ANNUAL Phytoplankton IBI 0.0086 0.03 2.88 21.74 Degrading 0.9511
LE3.6 ANNUAL Total Abundance 0.0310 81456 5063581 40.22 No Trend 0.8840
LE3.6 ANNUAL Total Biomass 0.0608 ‐5104120 377739520 ‐33.78 No Trend 0.8178
LE3.6 ANNUAL Margalef Diversity Index 0.1048 ‐0.01 2.23 ‐7.54 No Trend 0.4230
LE3.6 ANNUAL C14 Productivity * 0.0171 0.86 34.88 49.33 Degrading 0.8597
LE3.6 ANNUAL Diatom Biomass 0.0718 ‐2714214 225079575 ‐30.15 No Trend 0.6231
LE3.6 ANNUAL Dinoflagellate Biomass 0.0843 632637 23164503 68.28 No Trend 0.0302
LE3.6 ANNUAL Cyanobacteria Biomass 0.0000 66588 643 258816.45 Degrading 0.8789
LE3.6 ANNUAL Chlorophyte Biomass 0.8056 0 186621 0.00 No Trend 0.6622
LE3.6 ANNUAL Procaryote Biomass 0.0000 0 0 336104.74 Degrading 0.6256
LE3.6 ANNUAL Picoplankton Biomass 0.0000 ‐1309757 106500000 ‐25.83 Improving 0.6133
LE3.6 ANNUAL Cryptophyte Biomass 0.0000 ‐614354 27224033 ‐56.42 Decreasing 0.2579
LE3.6 ANNUAL Cyanobacteria Abundance 0.0000 19117 256 186691.67 Degrading 0.9054
*Primary productivity trends are for the period of 1990 through 2008.



Appendix C ‐ Section E. Long‐term trends in phytoplankton index of biotic integrity (IBI) primary
productivity and selected indicators in the Mainstem, for the period of 1985 through 2009. See
the method section of the report for definitions of Seasons. “N.E.” in the Percent Change column
indicates “No Estimate” was made for the percent change due to a zero value for the parameter
baseline.

Station Season Parameter P value Slope Baseline
Percent
Change Direction

Homogeneity
test P value

CB6.1 ANNUAL Phytoplankton IBI 0.0872 0.01 3.25 7.69 No Trend 0.9387
CB6.1 ANNUAL Total Abundance 0.0246 59558 5316407 28.01 No Trend 0.5080
CB6.1 ANNUAL Total Biomass 0.0346 ‐5189369 422147678 ‐30.73 No Trend 0.0787
CB6.1 ANNUAL Margalef Diversity Index 0.2339 ‐0.01 2.33 ‐6.03 No Trend 0.4757
CB6.1 ANNUAL C14 Productivity * 0.2942 0.32 23.89 27.18 No Trend 0.9069
CB6.1 ANNUAL Diatom Biomass 0.1854 ‐1472153 228810663 ‐16.08 No Trend 0.1614
CB6.1 ANNUAL Dinoflagellate Biomass 0.6988 147134 32128541 11.45 No Trend 0.0350
CB6.1 ANNUAL Cyanobacteria Biomass 0.0000 42346 653 162172.01 Degrading 0.2970
CB6.1 ANNUAL Chlorophyte Biomass 0.5805 0 140324 0.00 No Trend 0.7055
CB6.1 ANNUAL Procaryote Biomass 0.0000 0 0 766748.47 Degrading 0.4020
CB6.1 ANNUAL Picoplankton Biomass 0.0000 ‐1453733 81975000 ‐37.24 Improving 0.4770
CB6.1 ANNUAL Cryptophyte Biomass 0.0000 ‐778066 25735449 ‐75.58 Decreasing 0.9312
CB6.1 ANNUAL Cyanobacteria Abundance 0.0000 12580 9978 3151.79 Degrading 0.4763
CB6.4 ANNUAL Phytoplankton IBI 0.2774 0.01 2.74 6.74 No Trend 0.7695
CB6.4 ANNUAL Total Abundance 0.0211 73961 3712028 49.81 No Trend 0.9036
CB6.4 ANNUAL Total Biomass 0.3373 ‐2146675 221864754 ‐24.19 No Trend 0.6266
CB6.4 ANNUAL Margalef Diversity Index 0.0021 ‐0.01 2.19 ‐15.71 Degrading 0.1026
CB6.4 ANNUAL C14 Productivity * 0.0091 0.92 30.47 60.45 Degrading 0.8394
CB6.4 ANNUAL Diatom Biomass 0.1999 ‐1494771 161577654 ‐23.13 No Trend 0.8018
CB6.4 ANNUAL Dinoflagellate Biomass 0.0728 676674 31861194 53.10 No Trend 0.4390
CB6.4 ANNUAL Cyanobacteria Biomass 0.0000 20171 0 Degrading 0.9829
CB6.4 ANNUAL Chlorophyte Biomass 0.7724 0 82373 0.00 No Trend 0.5483
CB6.4 ANNUAL Procaryote Biomass 0.0000 0 0 Degrading 0.9937
CB6.4 ANNUAL Picoplankton Biomass 0.0000 ‐906600 92512500 ‐20.58 Improving 0.8959
CB6.4 ANNUAL Cryptophyte Biomass 0.0001 ‐475836 16798536 ‐70.82 Decreasing 0.0299
CB6.4 ANNUAL Cyanobacteria Abundance 0.0000 7147 0 Degrading 0.9599
CB7.3E ANNUAL Phytoplankton IBI 0.3402 0.01 2.67 6.96 No Trend 0.9361
CB7.3E ANNUAL Total Abundance 0.3081 23142 3428481 16.87 No Trend 0.3093
CB7.3E ANNUAL Total Biomass 0.1060 ‐3010013 297662958 ‐25.28 No Trend 0.3022
CB7.3E ANNUAL Margalef Diversity Index 0.0004 ‐0.02 2.46 ‐17.96 Degrading 0.7766
CB7.3E ANNUAL C14 Productivity * 0.0772 0.4 20.48 39.46 No Trend 0.9523
CB7.3E ANNUAL Diatom Biomass 0.1950 ‐1525428 193693507 ‐19.69 No Trend 0.5667
CB7.3E ANNUAL Dinoflagellate Biomass 0.7820 ‐68946 31423533 ‐5.49 No Trend 0.2435
CB7.3E ANNUAL Cyanobacteria Biomass 0.0000 17477 9326 4684.90 Degrading 0.9924
CB7.3E ANNUAL Chlorophyte Biomass 0.3470 0 1569 0.00 No Trend 0.6977
CB7.3E ANNUAL Procaryote Biomass 0.0000 0 0 6860.51 Degrading 0.9868
CB7.3E ANNUAL Picoplankton Biomass 0.1172 ‐379775 83062500 ‐9.60 No Trend 0.9023
CB7.3E ANNUAL Cryptophyte Biomass 0.0000 ‐462777 18016468 ‐64.22 Decreasing 0.3452
CB7.3E ANNUAL Cyanobacteria Abundance 0.0000 5681 8294 1712.23 Degrading 0.9873
CB7.4 ANNUAL Phytoplankton IBI 0.2246 0.01 3.15 8.19 No Trend 0.4503
CB7.4 ANNUAL Total Abundance 0.0050 59858 2535640 59.02 Increasing 0.6076
CB7.4 ANNUAL Total Biomass 0.4340 1417590 163322672 21.70 No Trend 0.8011
CB7.4 ANNUAL Margalef Diversity Index 0.0000 ‐0.03 2.85 ‐29.94 Degrading 0.9792
CB7.4 ANNUAL C14 Productivity * 0.0021 0.56 15.95 70.5 Degrading 0.6604
CB7.4 ANNUAL Diatom Biomass 0.4597 763259 135076476 14.13 No Trend 0.7852
CB7.4 ANNUAL Dinoflagellate Biomass 0.1373 278140 18234240 38.13 No Trend 0.5951
CB7.4 ANNUAL Cyanobacteria Biomass 0.0000 2324 0 Degrading 0.6081
CB7.4 ANNUAL Chlorophyte Biomass 0.6561 0 29864 0.00 No Trend 0.0297
CB7.4 ANNUAL Procaryote Biomass 0.0000 0 0 Degrading 0.6344
CB7.4 ANNUAL Picoplankton Biomass 0.4194 ‐143786 97800000 ‐3.09 No Trend 0.5459



Station Season Parameter P value Slope Baseline
Percent
Change Direction

Homogeneity
test P value

CB7.4 ANNUAL Cryptophyte Biomass 0.0031 ‐215349 7805429 ‐68.97 Decreasing 0.2448
CB7.4 ANNUAL Cyanobacteria Abundance 0.0000 4037 240 42053.62 Degrading 0.1199
*Primary productivity trends are for the period of 1990 through 2008.


