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1. Introduction

1.1 Eutrophication: an ongoing challenge
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1.2 Load reduction effects on eutrophication

1.2.1 Phosphorus controls in the St. Lawrence Great Lakes
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1.2.2 The role of internal recycling in eutrophicat  ion
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1.2.3 Nearshore areas: subject to regime shifts
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1.3 Invasive mussel effects on eutrophication

1.3.1 Dreissenid colonization in the Great Lakes
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1.3.2 Dreissenid impacts on nutrient cycles and foo d web structure
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1.3.3 The nearshore shunt
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1.4 Dissertation objectives
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1.5 Study site: inner Saginaw Bay
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2. Phosphorus load estimation in the Saginaw River

2.1 Introduction
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2.2 Methods

2.2.1 Description of study area and data
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/0 110 2 & & %

' 331 4 % 5
0, .
Year Estimated 2r5efi)ictive an Z;ZZ:S:LI,W Sample size
load Corval oW o 9

G (tonnes/yr) (tonneslyr) (#s) tonnes/yr Total Station 1Station 2Station 3Station 4Station 5Used in the models
196¢ 1108.¢ 3274 115¢  1.0C 13 13 0 0 0 0 13
1969 1541.7 342.1 1234 1.00 12 12 0 0 0 0 12
1970 898.4 328.0 1040 100 12 12 0 0 0 0 12
1971 742.1 366.1 1041 1.0C 1 1 0 0 0 0 11
1972 960.4 619.0 1273 1.00 7 7 0 0 0 0 7
1973 14305 4870 1961 100 23 10 0 6 0 7 20
197/ 1645.: 253.¢ 1715 1.0C 41 0 0 27 3 1 31
1975 1428.4 265.8 2031 100 46 0 0 24 11 1 39
1976 1038.8 61.8 2105 100 215 0 90 101 12 12 186
1977 616.¢ 177.€ 88.€ 1.0C 47 0 0 23 12 12 35
1978 650.9 324 1044 1.00 254 0 206 24 12 12 217
1979 4745 48.8 1107 1.00 197 0 150 24 1 12 165
198C 529.¢ 28.¢ 1185  1.0C 288 0 243 21 12 12 24¢
1981 885.2 284.0 1689 1.00 35 0 0 12 11 12 23
1982 1397.9 315.9 1626 1.00 29 0 0 12 5 12 17
198 644. 372.( 156  0.9¢ 30 0 0 12 6 12 18
1984 763.3 126.6 1401 1.00 56 0 0 12 32 12 43
1985 1356.7 424.2 2444 100 40 0 0 12 16 12 28
198¢ 1287.: 370.7 2515 1.0C 28 0 0 12 4 12 15
1987 4425 356.2 1283 050 26 0 0 12 0 14 14
1988 660.0 368.4 1342 099 25 0 0 12 1 12 13



1989 5295 265.8 1163 091 28 0 0 12 4 12 16
199C 547.1 421.¢€ 168.¢  0.87 28 0 0 12 4 12 16
1991 1103.¢ 216.¢ 1932  1.0C 64 0 0 32 4 28 37
1992 583.5 210.7 1858 1.00 74 0 0 35 4 35 48
1997 631.¢ 379.¢ 167.1  0.97 30 0 0 13 4 13 16
1994 1012.¢ 421.1 159.¢  1.0C 8 0 0 2 4 2 6
1995 393.3 7185 1219 041 0 0 0 4 0

199¢ 704.: 530.¢ 1675 0.97 18 0 0 7 4 7 11
1997 468.¢ 837.( 1511  0.57 4 0 0 0 4 0 4
1998 503.9 577.8 1254 066 12 0 8 0 4 0 12
199¢  379.1 448.¢ 78.2 0.3C 3 0 0 0 3 0

2000 453 ¢ 473¢ 876 0.4€ 0 0 0 4 0

2001 818.0 246.4 1232 1.00 15 0 12 0 3 0 15
200: 623.¢ 256.( 119.6  1.0C 16 0 12 0 4 0 16
200: 228. 216.¢ 67.1 0.0C 16 0 12 0 4 0 16
2004 740.1 267.5 1464 1.00 16 0 12 0 4 0 16
200F 361. 350.¢ 116.6  0.2C 14 0 12 0 2 0 14
200€ 1177. 372 1775 1.0C 12 0 12 0 0 0 12
2007 4115 344.1 1219 036 12 0 12 0 0 0 12
200¢ 544.7 240.¢ 1406 0.9t 31 0 31 0 0 0 31

1 On the days when multiple TP concentrations wanepded at different stations, the average values weed.



15007 Measured
—— Estimated
11004
£
E_ 700
s b | I | ; '
3001 bRk
VUMW AR ,
-100-
| | | | |
1970 1980 1990 2000 2010
) t&
& &
2.2.2 Model development
2.2.2.1 Ratio estimation
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3. Long-term dynamics of mussel populations in

Saginaw Bay
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3.4 Bayesian modeling of temporal dynamics of musse I

populations
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4. Mass balance model evidence that invasive mussel
restrict offshore phosphorus transport in Lake Huro
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5. Long-term responses of pelagic water quality in
Saginaw Bay to phosphorus control and dreissenid
Invasion
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5.2.2 Comparison of pelagic water quality parameter s for pre- and
post-invasion periods
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5.2.3.2 Model development
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5.2.4 Bayesian hierarchical modeling of lake total phosphorus
concentration

5.2.4.1 Exploratory analysis
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5.3 Results

5.3.1 Long-term changes of water quality parameters

in response to

phosphorus control and dreissenid invasion
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5.3.2 Comparison of chlorophyll-lake total phosphor us relationship
for pre- and post-invasion
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5.3.3 Effects of uncertainty in predictor and respo nse variables on
parameter estimation and model prediction
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5.3.4 Comparison of lake total phosphorus—river tot  al phosphorus
relationship for pre- and post-invasion

! ! ; 702C2;022/8

! ; 7022.;./148) 1

7>  D)028) !

7> D)028)
00D



Ro Ro

oocC



5.4 Discussion
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5.4.1 A Bayesian perspective on modeling
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5.4.2 Management implications
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6. A synthesis analysis of dreissenid invasion impa cts
on chlorophyll and total phosphorus in 24 US lake
ecosystems

6.1 Introduction
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6.2 Methods

6.2.1 Data description
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6.2.2 Statistical analysis

6.2.2.1 Comparison of chlorophyll and total phospho rus levels for pre- and
post invasion
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6.2.2.2 Comparison of chlorophyll-total phosphorus relationship for pre-
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6.3 Results

6.3.1 Effects of dreissenids invasion on total phos phorus and
chlorophyll concentrations
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6.3.2 Effects of dreissenids invasion on chlorophyl | - total
phosphorus relationship
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6.3.3 Effects of dreissenids invasion over differen t time scales
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6.4 Discussion
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7. Conclusions
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