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Hg Is toxic to and through fish

Hg is ubiquitous in the environment, but is mostly of concern
as CH3;Hg in fish

CH;Hg is toxic to fish and wildlife/hnuman consumers

Fish consumption advisories
for CH;Hg are common




Hg in lakes
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Isle Royale’s inland lakes

>40 lakes are renowned as pristine aquatic ecosystems

Kallemeyn (2000) reported high Hg+
concentrations in fish from several lakes

"Every effort should be made
to protect the fish fauna
of Isle Royale”



Objective 1

Determine the toxicological effects of CH;Hg on fishes in
Inland lakes of Isle Royale National Park
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Objective 1

Determine the toxicological effects of CH;Hg on fishes in
Inland lakes of Isle Royale National Park

Objective 2

Determine cause for CH;Hg decline in northern pike



Hypothesis 1

Atmospheric Hg deposition has declined, reducing the amount
of Hg available for methylation

Hypothesis 2

Changes in the ecology of northern pike and/or its underlying
food web have occurred, reducing the bioaccumulation and/or
biomagnification of methylmercury

Hypothesis 3

Environmental factors that stimulate net methylation have
lessened, reducing the amount of CH;Hg for bioaccumulation



Atmospheric Hg deposition has not declined
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Changes in the ecology of
northern pike have not occurred
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Changes in the ecology of
northern pike have not occurred

Mean (1 SE) stable carbon (613C) and nitrogen (015N) isotope
compositions in edible fillets of northern pike in lakes of Isle Royale

1905 1929 1998-1999 2004-2006
Lake n__ 5°C (a) 5°N (&) n__ 5°C (a) 55N (&) n__ 5°C (&) 55N (&) n__ 5°C (&) 55N (&)
ANG . . . 3 -25.27(0.10) 8.47 (0.20) . . . 12 -28.20 (0.22) 9.10 (0.15)
EVA 3 -2851(0.51) 9.76 (0.30) 12 -29.59 (0.27) 9.73(0.11)
INT 3 -24.44(0.77) 8.84(0.11) . . . 20 -27.13(0.12) 10.21(0.12)
RIC . . . 2 -25.99 (0.36) 9.98 (0.19) 11 -26.06 (0.34) 9.99 (0.14) 16 -26.50 (0.25) 9.70 (0.28)
SAR 1 -2439(na)  9.49 (na) 3 -25.97 (0.35) 9.80 (0.32) 14 -27.90 (0.17) 10.29 (0.14) 20 -26.95(0.14) 10.58 (0.16)
SHE . . . 3 -28.79(0.16) 8.17 (0.48) . . . 14 -30.92(0.11) 9.57 (0.08)
SIS 1 -2202(na)  8.39 (na) 11 -23.18 (0.50) 8.48 (0.17)
WAG 5 -26.61(0.29) 8.28 (0.13) 19 -28.63 (0.40) 8.47 (0.12)




Changes in the ecology of
northern pike have not occurred

Mean back-calculated total length (cm) of northern pike in lakes of Isle Royale

Kallemeyn (12); 1995-1996

Age (Years) total length = a + b Ln(age)
Lake Sex n 1 2 3 4 5 6 7 8 9 10 11 a b r’
ANG F 16 181 364 484 531 569 602 653 . . . . 19.606 23.595 0.991
M 11 175 346 469 524 554 56.9 . . . . . 18.925 22.822 0.981
EVA F 5 20.1 311 43.0 503 526 . . . . . . 18.995 21.332 0.984
M 2 18.2 324 424 47.9 . . . . . . . 18.007 21.671 0.998
INT F 24 199 359 464 522 548 553 . . . . . 21.373 20.711 0.977
M 21 21.0 36.6 46.3 50.0 524 535 547 . . . . 23.651 17.471 0.960
RIC F 39 208 345 429 511 56.1 64.7 . . . . . 19.083 23.650 0.983
M 23 194 322 428 505 527 . . . . . . 18.797 21.643 0.991
SAR F 50 209 389 494 537 565 582 598 . . . . 23.813 20.024 0.967
M 27 196 36.3 465 515 53.7 557 545 54.2 . . . 23.722 17.184 0.919
SHE F 2 17.8 303 422 493 524 534 . . . . . 17.610 21.240 0.984
M 3 142 272 384 471 515 537 . . . . . 13.246 23.198 0.991
SIS F 3 220 414 530 656 730 746 799 829 937 959 983 19.997 32.015 0.990
M 2 220 379 587 639 686 . . . . . . 20.987 30.531 0.975
WAG F 10 185 328 428 47.0 486 50.2 50.1 . . . . 20.921 16.839 0.954
M 7 16.3 321 415 446 465 463 47.2 482 . . . 20.519 14.951 0.913
Drevnick et al.; 2004-2006
Age (Years) total length = a + b Ln(age)
Lake Sex n 1 2 3 4 5 6 7 8 9 10 11 a b r
ANG F 7 194 343 427 519 56.3 604 637 679 . . . 18.627 23.356 0.997
M 5 184 323 417 513 572 59.7 616 62.9 . . . 18.052 22.685 0.988
EVA F 8 215 323 404 465 515 543 587 . . . . 19.142 20.302 0.995
M 4 21.0 311 374 435 505 54.0 . . . . . 19.270 18.523 0.980
INT F 13 209 358 433 494 529 552 573 593 623 . . 22.413 18.329 0.993
M 7 21.0 361 432 478 516 546 572 636 650 66.0 66.5 21.581 19.145 0.993
RIC F 13 19.7 345 440 499 549 595 649 . . . . 19.068 22.756 0.997
M 3 19.1 341 422 476 . . . . . . . 19.364 20.615 0.999
SAR F 13 224 382 454 493 533 565 59.1 613 635 . . 24.105 18.118 0.994
M 6 21.0 347 436 469 520 53.7 558 . . . . 21.988 18.031 0.992
SHE F 10 19.2 325 423 487 533 558 . . . . . 18.880 21.040 0.998
M 4 166 303 415 464 505 529 . . . . . 16.801 20.991 0.994
SIS F 9 23.0 401 528 637 694 742 807 834 . . . 21.371 29.824 0.996
M 2 23.2 383 48.2 56.3 . . . . . . . 22.712 23.664 0.997
WAG F 11 195 335 433 493 534 583 595 . . . . 19.505 21.140 0.998
M 5 196 314 40.1 466 515 546 59.0 . . . . 18.528 20.311 0.997
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Methylation of Hg is
dependent on [SO,]

SO, addition experiments:

Intact sediment cores
Wetland mesocosms

Whole lake

Source: loer.tamug.tamu.edu
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SO, Is a primary component of acid rain

Historic SO, deposition in the Great Lakes region

20 - Aherne et al. Water Air Soil Pollut. Focus 4, 37-48 (2004)
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SO, in inland lakes of Isle Royale National Park

SO, concentration (UM)
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Hypothesis

Declines in SO, deposition have inhibited SO, reduction,
resulting in less methylation of Hg and thus less CH;Hg
bioaccumulation into fish

Hypothesis Test

Reconstruct the history of SO, reduction by exploring sulfur
concentrations in sediment profiles
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Hypothesis

CH;Hg bioaccumulation in fish primarily a function of SO,
deposition and SO, reduction during past century

Hypothesis Test

Compare Hg; in fish to time-equivalent CRS in sediment
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SO, deposition and SO, reduction
control CH;Hg bioaccumulation in fish
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Conclusions

Reductions in CH;Hg possible without reductions in Hg

Reductions in CH;Hg possible with reductions in SO,

To solve Hg problem in SO,-limited lakes:

Local: Don’t unnecessarily add SO, (e.g., CuSO,)



Houghton Lake, MI: CuSO, additions
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Conclusions

Reductions in CH;Hg possible without reductions in Hg

Reductions in CH;Hg possible with reductions in SO,

To solve Hg problem in SO,-limited lakes:

Local: Don’t unnecessarily add SO, (e.g., CuSO,)
Regional: Continue existing acid rain programs

Global: Don’'t add SO, to atmosphere to slow climate change
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