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acid mine waste, 82

acid rain, 297

aeration, 170

algal growth potential (AGP), 57, 126
alkalinity, significance of, 146, 153, 154, 169
allochthonous, 6, 175, 203, 230

alum, effects of, 169

antagonism, 289, 296

antibiotic factors, 115, 116, 157, 168
application factor, 287
autochthonous, 6, 230, 244

autolysis, 63, 74

autotrophic, 8, 207, 230

bacterial “plates,” 82

bioassay, 173, 262, 286, 287

biomass, pyramid of, 14

biosphere, 5, 8

bioturbation, 169

blue-green algae, 78,79, 93, 114, 117, 124,

125, 150-60, 165, 168, 172, 175, 200, 203

blooms, 125, 147
gas vacuoles, 157
toxicity, 115, 116

carbon

alkalinity, significance of, 146, 153, 154,
169

atmospheric input, 183, 146, 213

CO,: buffering effect on, 83, 155; system,
83

cycling processes, 84

decomposition of organic, 26, 136, 147,
246

dissolved inorganic, 83

limitation to algae, 59, 83, 85, 145-50
organic nutrients, 145
sewage, 136, 137, 147
total, 84, 85, 155
CO,
diffusion, 148
effects of, 83, 85, 145-50, 152-60, 213; on
photosynthesis, 83-5, 192
chemolithotrophs, 8, 77
chemosynthesis, 8
coastal jet, 35, 40
compensation depth, 97, 100
continuous culture, 51
Coriolis force, 30, 31, 35
critical depth, 101
current velocity, 31, 33, 38-41, 187, 196, 198,
201

deforestation, effects of, 269, 270

denitrification, 78—-80

density currents, 21, 26, 42

detritus food web, 6,178

diatoms, 17,112, 113,117, 124,125, 137,138,
150, 151, 175

diffusion, 37-40, 42, 197

dilution equation, 51, 168

dimictic, 28, 35, 42,43

dinoflagellates, 124, 125

diversion, sewage, 68, 126, 165, 172

drawdown, lake level, 226, 227

dredging, 68, 168,228

ecosystem
biosphere, 5, 8
chemical cycle, 5,7,8,9
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ecosystem (cont.)
complexity, 9
efficiency, 9, 10, 11, 178, 230
energy flow, 5,7, 14,243
function, 5, 6, 173, 230
grazing food web, 6
instability, 209
laws of thermodynamics, 5,7
management conflicts, 6, 11
maturity, 10
net productivity, 9, 10
organization, 9
production, 2
resistance to change, 12
stability, 9, 19, 210, 232, 243
steady state, 9, 10
structure, 2, 6,9, 11, 15, 173, 233, 255
trophiclevels, 6, 8, 13
waste assimilation, 11
watershed, 6
Eckman drift, 35
Eckman spiral, 31
energy
ATP,7
content of organisms, 8
entropy, 7, 10
lake temperature, 22, 26, 27
solar, 5, 22
sources for ecosystems, 6
turbulence, exchange of water, 21, 24
26
epiphytes, effect of, 217
erosion, effects of, 20, 234, 251
estuaries
salinity, 20
stratification, 20, 43
tidal prism, 43
tides, effects of, 34, 43
eutrophication
cultural, 118, 160, 222, 223, 249
fertilization, artificial, 71, 148, 156, 198
fish, effects on, 271, 272
food web, effects on, 178, 271
macroinvertebrates, effects on, 249,
250
natural aging, 118, 222, 223
N/P ratio, effect on, 141, 143
nutrients, controlling, 150, 160
rate of, factors affecting, 118
recovery from, 160, 177
zooplankton, role of, 173, 176, 177

’

experiments
small container, 91, 219-21
stream, 196, 198, 201, 207
whole-lake, 91, 177
extinction coefficient, 96, 99

fertilization, artificial, 71, 148, 156, 198
fish
activity and growth, 263, 271, 276, 287
concentrating capability, toxicants,
295
deforestation, effect of, 269
development, embryos and larvae, 263,
264,294
fecundity, hatching, 287
food consumption and growth, 268, 272,
276, 287
intragravel flow, velocity, 208, 269
oxygen, effect of, 2, 11, 209, 262-9; on
metabolism, 263, 276
pH, effect of, 209, 255, 292, 296, 297
reproduction, 208, 268, 272,281,283, 288,
295,297
sedimentation, effects of, 41, 269
swimming performance, effect of oxygen,
265, 266
temperature, effect of, 271, 273-85; ac-
climation, 61, 274, 281; on
metabolism, 263, 276
tissue hypoxia, 290
urban runoff, effect of, 269, 290
warm versus cold water, 281, 282
winter kill, 271
fixation, nitrogen, 77-80, 142, 152
flow, water, 16-21
flushing, effects of, 51-3, 64, 106, 120, 123,
127-9, 133, 161, 167
fungi, 202, 203, 207

genetic capacity, 49, 61
gravity wave, 18
grazing, 53, 92, 156, 175
food web, 6
green algae, 111, 112, 150, 151, 152-5
growth equation, 50
growth limitation, 50, 57
growth rate, 57-9, 100, 106

heated discharge, 117, 173, 180, 181, 191,
218,241,274

heating, lakes, 23, 24, 26-8

heterotrophic, 7, 196, 202, 207, 230
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iron, oxidation-reduction effects, 65, 66, 70,
170, 221

Kelvin waves, 35

lake aging, 118, 213, 222, 223
laws
of minimum and tolerance, 57, 61
of thermodynamics, 5, 7
light
absorbance, chlorophyll, 93
adaptation, photosynthetic, 94, 100, 191
attenuation, water, 15, 96, 97, 215
compensation depth, 97, 100
controlling factor, 57, 61, 97, 223
“critical” depth, 101
extinction coefficient, 96, 99
inhibition, photosynthesis, 100
long-term effects, 117
nutrient interaction with, 192, 198, 223
penetration, visible, 23, 93, 98, 195
photic zone, 97, 189
productivity, 14, 190, 283
quality, 94
quantity, 94, 95
Secchi disk, 131, 132
self-absorption (shading), 103, 119, 122,
223
short-term effects, 117
sunlight, 96, 190
temperature, interaction with, 109, 117
luxury storage, nutrients, 144, 189

macroinvertebrates

adaptation, 233, 236, 243

alum, effects of, 169

composition: insects, 231; marine versus
fresh water, 231, 241, 243, 244

current velocity, effect of, 233, 238, 252

development, effects of urban, 251

emergence, 231, 236, 240, 243

erosion, effect of, 20, 234, 251

feeding types, 230, 243

food supply, effect of, 238, 243, 244, 247

habitat requirements, 208, 231, 232, 234

indexes, formulas, 2569

lakes, 235

life history, 231

midges, 208

organic waste, effects of, 224-8, 255

oxygen tolerance of, 2, 236, 244, 247

recycling, effect on, 247

331

repopulation rate, 253

samplers, 232

sampling: control, 235, 260; diversity,
260; frequency, 231, 260; interpreta-
tion, 235; qualitative, 233; quantita-
tive, 232, 260

sediment, effect of, 41, 233, 235, 237, 251,
252

species: abundance (number) 246, 248,
252, 258; diversity, 203,232, 234, 241,
244, 245, 257-9; dominance (shifts),
231,239, 243, 247; evenness (equabil-
ity), 257, 258; richness, 256, 258, 260

statistical treatment, 255

substrata, depositing, 20, 234, 235, 247,
251, 252, 270; eroding, 20, 233, 235,
251, 252; natural and artificial, 232,
233; stability, 235, 252

succession, organic waste, 256

taxonomy problem, 231, 255, 260

temperature: interacting factors, 239; tol-
erance of, 238, 239-43

macrophyte control

biological, 227

costs, 225, 228

“disease,”” 226

drawdown, 226, 227

dredging, 228

harvesting and herbicides, 225, 226

nutrient removal, harvesting, 225

sediment: blankets, 227; consolidation,
227, oxidation, 227, 228

macrophytes

emergent, 212

epiphytes, effect of, 217

fish, significance to, 214

lake aging, 213

light: effect on growth, 214, 222; limita-
tion, effect of eutrophication, 222

littoral distribution, 213, 222

milfoil problem, 214, 223, 224

nuisance growth, 214, 216

nutrient limitation, CO,/HCQ;, 224; crit-
ical tissue levels, 219

nutrient “pumping,” 75, 226

nutrient sources, roots or leaves, 75, 166,
218,219-22,227

physical substrate, effect of, 212, 213, 222

reproduction, milfoil, 223

running water, effects of environmental
factors, 212
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macrophytes (cont.) nutrients
shading effect, milfoil, 224 adaptation, 141
standing water, 213 allochthonous, 6, 175, 203, 230
submergent, 212 autochthonous, 6, 230, 244

temperature, effect of, 217
wave action, 31
median tolerance limit, 286
meromictic, 28
Michaelis-Menton kinetics, 50, 58, 63, 139,
160
microorganisms
autotrophic, 8, 207, 230
bacterial “plates,” 82
chemolithotrophs, 8, 77
denitrifiers, 78
fungi, 202, 203, 207
growth: equation, 50; limitation, 50, 57
heterotrophic (decomposers), 7, 196, 202,
207, 230
mercury toxicity, role in, 292
mineralization (regeneration) of nu-
trients, 74, 75, 203
nitrifiers, 77
sulfur bacteria, 82
midges, 208
milfoil (Eurasian), 215, 223, 224
mixing zone, 40
models, 53, 58, 59,73, 129, 130, 133, 134,
161
monomictic, 28

niche, 61, 230
nitrification, 77, 292
nitrogen
atmospheric transfer, 77, 80
budget, 79
concentration range, 77
cycling processes, 8, 76-8, 80, 81
denitrification, 78—80
fixation, 77-80, 142, 152; rate of, 79, 80
foliar (macrophyte) uptake, 80, 170, 218,
219
limiting factor, 55, 80, 81, 141, 142, 198
loading, 126, 199
nitrification, 77, 292
NO; “reserve,” 143
preference of forms by plants, 77
sink, 77,79
solubility, relative, 80
sources, 77-81
turnover rate, 78
waste treatment, removal by, 78

cell content, 144

concentration, effect of, 37, 51, 52, 57, 58,
125, 126, 137, 151, 152—-60

current velocity, interaction with, 197,
198

demand:supply ratio, 60

dilution equation, 51, 168

growth rate limiting levels, 50, 144, 147,
197, 198, 200

inhibition, 141

limitation: algae, 1, 50, 55, 57-9, 63, 80,
83,137, 139, 145-50, 192, 193; in-
teraction of N and P, 58-60, 140, 159;
long versus short term, 143, 148, 160;
marine versus fresh waters, 60, 81,
141, 170; related to trophic state, 78;
surface/volume of cell, 14, 156

luxury storage, 144, 199

manganese, 156

multiple limitation,58, 59

organic factors, substrate, 145, 200-4, 208

point versus nonpoint, 40, 161, 167, 172

potassium, 198, 218, 220

ratios, significance of, 59, 60, 81, 137,
139-41, 143, 145

recycling, 55, 74, 92, 247

requirements, 151, 152, 200

silica, limitation by, 137, 157

supply rate, effect of, 52, 54, 55, 58, 72,
115, 119, 126, 137, 147, 158, 197

threshold effect, 138, 197

trace elements, 59, 137, 145, 156

uptake rate, 55, 58, 59, 139, 176

vitamins, 145

zooplankton biomass, effect on, 176, 177

oligomictic, 28
organic matter

natural effect of, 203, 244

pollution, 205, 248, 256, 259

sewage, 147, 204, 205, 245, 256

sources of ecosystems, 8

stream purification, 204, 206, 230
tolerance of groups (invertebrates), 247
wastes, effect of, 2047, 244-8, 256

oxygen

ammonia, effect on, 77
BOD, secondary, 135, 136, 208
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concentration versus percent saturation,
263

consumption rate, macroinvertebrates,
238

criteria, 262

“critical” concentration, 238

deficit rate (ODR), hypolimnetic, 123,
136, 176, 249, 271, 273

minimum versus average daily, effect on
fish, 266, 268, 271

nitrogen cycle, effect on, 77, 79

partial pressure, 263

requirements for fish, 1, 262-73; for mac-
roinvertebrates, 1, 236, 244

sulfur cycle, effect on, 82

periphyton

accumulation (accrual) rate, 189, 196, 197

blue-green algae, 200, 203

current velocity, effect of, 187, 196-8,
201

enrichment, benefits versus detriments,
209

filamentous algae, 186, 195, 196, 208

filamentous bacteria, 186, 196, 200, 201,
206, 208

grazing, effect of, 207, 230, 244

habitat selection, 187

indicator organisms, 204, 205

light, effects of, 187, 190, 191, 194

measurement, 189, 190

nuisance: algae, 186, 189, 195; bacteria,
203, 204, 208

nutrients, effect on growth rate, 197, 198

organic nutrients, effect of, 200-4

productivity, relative contribution,
187-9, 223

scouring, effect of, 197

sewage, effects of, 204-7

slimes, bacterial, 200, 204, 207

species composition, 186, 191, 195, 207,
208

succession, species, 200, 201, 205

temperature, effects of, 190,191, 195, 201,
204

toxicants, effects of, 207

turnover rate, 189, 196

phosphorus

autolysis, 63, 74

bioturbation, 169

control, point-source, 67, 81

cycling processes, 63, 64,70,71, 75,76

333

dangerous or critical limit, loading, 64,
129, 199

dissolved, 60, 63, 71, 126, 148

equilibrium concentration, 70, 130, 177

fate in lakes, 73

flushing, effect on loading, 64, 123,
127-9, 133, 161, 167

internal loading, 135, 162, 166, 225;
aerobic versus anaerobic, 66, 75, 76,
162, 164, 166, 171

interstitial, 75

iron, oxidation-reduction, effect of, 65,
66, 70,170, 221

littoral, source from, 70, 73, 75, 135

loading, 64, 123, 126, 127, 161, 162, 172,
199, 271,273

mass balance, 133

metal sorption, 67, 71, 80

models, 73, 129, 130, 133, 134, 161

organic, 63,71

particulate, 60, 63, 71

polymixis, effect of, 67, 75

precipitation: alum, 67, 73, 162, 166, 168,
169, 171; iron, 65, 66, 164, 170

prediction, 76, 133, 134

reactions, mud-water interface, 65-7

refractory, 64

regeneration, 74-6, 81

residence time, water, effect on loading,
80,127-9

retention coefficient, 130, 133

sedimentation, 64-7, 74, 80, 81, 133, 161;
rate, 75, 133, 134, 161

sediment release, 63, 65-8,70,75,76, 147,
172,225, 228

sink, 70, 73, 119, 147

sources, 63, 68, 73-6, 80, 81

steady-state concentration, 119, 130, 133,
134, 162

thermocline erosion, effect of, 27, 67, 73,
75,195

total, 126, 131, 132

turnover time (rate), 71

vertical transport, 27, 66, 67,73

photic zone, 97, 189
photosynthesis

bacterial, 8, 82

CQO, limitation, 83, 213
efficiency, 14, 98
energy for, 7,93
equation for, 8, 135
glucose, 8
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photosynthesis (cont.)
light saturation, 94, 96, 109, 191, 217
oxygen production, 8
pigments, 8, 94
quotient, 135
self-limitation, CO,, 85
phytoplankton
algal growth potential (AGP), 57, 126
antibiotic factors, effects of, 115, 116, 157,
168
biomass, 91, 122
bloom prediction, 99, 102, 108
blue-green algae, 78,79, 93, 114, 117, 124,
125, 150-60, 165, 168, 172, 175;
blooms, 115, 125, 147, 157; gas vac-
uoles, 157; toxicity of, 115, 116
chlorophyll a, 122, 131, 132, 164, 166, 167
diatoms, 17, 112, 113, 117, 124, 125, 137,
138, 150, 151, 175
dinoflagellates, 124, 125
flushing (retention), effects of, 51, 52, 53,
106, 120
grazing, 53, 92, 156, 175
green algae, succession of, 111, 112, 150,
151, 152-5
growth rate, 57-9, 100, 106
indicator species, trophic state, 123-5
loss rate, 51, 53, 55, 107
mixing, turbulence, effect of, 17, 92, 99,
102, 103, 106, 115, 158
outburst, spring diatom, 48, 55, 92, 100,
102,112
PH, effect of, 83, 152—-60
productivity, 51, 54, 91
seasonal succession, species, 59, 79, 83,
92,108, 111, 116, 150-60, 180
sinking rate, effects of, 17, 53, 115, 158
species composition, 91, 124, 125, 153,
156
thermal bar, effect of, 37
thermal optima, 112-114
polymictic, 28, 67,75, 168
population
adaptation, 61
cell washout, effect on growth, 51, 120,
167, 188
niche, species, 61
productivity, 13, 14
standing crop, biomass, 13, 48, 50
steady state, 52, 53, 174
turnover rate, 13, 14

population growth

age structure, effect of, 49

continuous culture, 51

dilution rate, biomass, 51

equation, first order, 50

exponential, 48

genetic capacity, 49, 61

law of minimum, 57

law of tolerance, 61

limiting substrate, 50

loss rate, biomass, 51, 53

maximum rate, 49, 57

Michaelis-Menton kinetics, 50

model, 53, 58, 59

multicellular, 49

optimum environment, 61

phases, 48

rate of increase, 48, 53

steady-state, application of, 51-3, 55

unicellular, 49

unlimited versus limited resources, 48
predation, fish, 176-8, 180
primary consumers, 14, 173, 175
primary producers, 14, 175, 187
production

fish, 208, 268, 272

gross, 14

net, 14

primary, 14

zooplankton, 176
productivity

biomass, in terms of, 13, 14

light inhibited, 100

measurement of, 190
pyramid of biomass, 14

reproduction
cycle, zooplankton, 173, 174
insect, life stage, 231
milfoil, 223
oxygen requirement, fish, 262,272
parthonogenic, zooplankton, 173
rate of, tubificids, 236, 247
sexual, 174
temperature and photoperiod, 240, 281,
283
residence time, 80, 127, 129
restoration
advanced waste treatment, 161, 162,
166
aeration, hypolimnetic, 170
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biological predator-prey effects, 169,
170,177

cost, 167, 168, 209

dilution, 167

diversion, sewage, 68, 126, 165, 172

dredging, 68, 168

fish, effects on, 171

in-lake treatment, 172

Olszewski, tube, 171

phosphorus inactivation, 162, 168, 169

streams, recovery, 209, 252, 253, 255, 270

techniques, 160-72

toxicity, recovery from, 292

watershed improvement, 172

withdrawal, hypolimnetic, 171
retention coefficient, 130, 133
Richardson number, 21, 22

sampling macroinvertebrates, 231-5, 260
Secchi disk, 131, 132
secondary consumer, 14
sedimentation, effects of, 41, 64-7, 74, 80,
81,133, 161,233, 235, 237,251, 252, 269,
292
seiche, 30, 32, 33, 35
self-absorption (shading), 103, 119, 122,223
sewage, 147, 204-7, 245, 256
slime bacteria, 200, 201, 205
species
diversity, 2, 9, 11, 230, 232, 256—60
succession, 59, 79, 83, 92, 108, 111, 116,
150-60, 180, 200, 201, 205
standing crop (biomass), 13, 48, 50
substrata, macroinvertebrates, 20, 233-5,
247,251, 252,270
sulfur
availability of, 81
bacteria, 82
cycling processes, 8, 81, 82,294
sulfide, odor of, 81
synergism, 289, 296

taxonomy, invertebrates, 231, 255, 260
temperature

acclimation, 61, 239, 274, 281

adaptation, 114

classification of lakes, 28

criteria, standards, 239, 276, 281-3

daily mean, significance of, 239, 240, 242,

275,282
deforestation, 270
density, effecton, 20, 21, 23, 41, 104

335

entrainment, coolant water, 239
equilibrium loss, 276
feeding rate of zooplankton, 176
fish, tolerance of, 239, 262, 273-81
growth rate, effect on, 57, 110, 217, 243
heated discharge, effects of, 117, 173, 180,
181, 191, 218, 241, 274, 277, 279
lakes, factors determining, 22
lethal limits, fish, 274, 280; zooplankton,
180, 239
long-term effects, 117, 190, 275
longevity, effect on, 243
macroinvertebrates, tolerance, 238—-43
maximum: daily, 241; significance of, 278
nutrient interaction, 115, 117, 151, 159,
195
optimized regime, 285
preferred temperature, 277,279
productivity, effect on, 117, 180, 190
Qolaw, 109, 190, 217
reproduction, effects on, 240, 281, 283
scope for activity and growth, 276, 281,
282
seasonal cycle and standards, 284, 285;
requirements, fish, 281, 284
short-term effects, 117, 190, 275
stability, effect on, 37, 103, 158
stratification, 22,24, 28, 103, 106, 158, 271
thermocline, barrier, 66, 73, 109, 195
zones of tolerance, resistance, 273, 274
thermal
bar, 35, 36, 40
stratification: negative effects of, 108,
271; positive effects of, 104, 106
thermodynamics, laws of, 5, 7
tides, effects of, 34, 46
toxicity
accumulation, 291, 295
acid mine waste, 82
acid rain, 297
additive model, 289, 290
alum, in lake restoration, 169
ammonia, 77, 209, 292, 296, 297
antagonism and synergism, 289, 296
application factor, 287
bioassay: fish, 262, 286, 287; zoo-
plankton, 173
chemical form, importance of, 290
chlorine, 294, 296
chloroform, 296
copper, 207, 288, 296
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toxicity (cont.)
cyanide, 294, 297
DDT, 207, 226
dioxin, 296
fly ash, 255
hardness, effect of, 296
heavy metals, 290
herbicides, 226, 295, 296
long-term, 286, 289, 290
macroinvertebrates, general effect, 248
median tolerance limit, 286
mercury, 292
mode of action (mechanism), metals, 290,
297
nonmetal (inorganic) compounds, 292
organics, 294-6
organochlorine insecticides, 294, 295
PCB, 295
residues, organic, 295
safe concentration, 290
sedimentation, effect of, 292
short-term, 286, 289, 290
solubility of substance, 291, 292
standards, criteria, 286
sublethal effects, 286, 288, 295
sulfide, 293, 294, 297
trace metals, 61
water quality, effect of, 288, 296
zinc, 207, 290, 296
trace elements, 59, 137, 145, 156
trophic state
criteria, 121,273
eutrophic, 65,119,121, 141, 175, 178, 189,
200, 235, 250, 272
hypereutrophic, 119, 121, 180, 250
indexes, 91, 121-32, 161, 250
mesotrophic, 119, 121, 178, 250, 271
oligotrophic, 65, 119, 121, 141, 180, 188,
235, 245, 248, 250
turbidity, 102, 187, 195, 212, 216, 217
current, 22
turnover time (rate), 13, 14, 71

uptake rate, 55, 58, 59, 139, 176
urban runoff, effects of, 251, 269, 290

vitamins, 145

waste
assimilation, 11
treatment: advanced, 67,78, 161, 162, 166,
170; secondary, 204, 258, 292, 294;
stream recovery, 252, 253

water layers

epilimnion, 24, 30, 33, 39
hypolimnion, 24, 30, 33, 64-7, 120, 271
ice cover, 27

metalimnion, 24

thermocline, 24, 26, 32, 35, 42

water movement

amictic, 28

bottom flow, 43

boundary layers, 18, 19

circulation periods, 28, 30, 35, 64

coastal jet, 35, 40

coastal zones, 31, 34

Coriolis force, 30, 31, 35

current velocity, 31, 33, 38—41

density currents, 21, 26, 42

dispersion, 37, 40, 42; modeling, 42;
plume, 40

eddy diffusion, 37-40, 42

Ekman drift, 35

Ekman spiral, 31

flow, laminar, 16-18, 20, 21; shooting and
tranquil, 18; steady and unsteady,
17; turbulent, 16-21; uniform and
non-uniform, 17

geostrophic, 36

gravity wave, 18

Kelvin waves, 35

large lakes, 39

mixing, 16, 24, 40, 42; zone, wastes, 40

molecular diffusion, 38, 197

Richardson number, 21, 22

seiche, 30, 32, 33, 35

surface waves, 22, 31, 33

thermal bar, 35, 36, 40

turbidity current, 22

turbulence, lakes, 17, 24, 37, 39, 40, 41, 65

upwelling, 26

velocity gradient, 19

viscosity, 17, 20

wind, effect of, 23, 24, 26, 29, 31, 32, 35

wind-driven current, 31, 32

water quality

assessment, 255

BOD, 135, 204, 245

criteria, standards, 61, 262, 268, 282—4

diffusion, pollutants, 40

diffusors, waste water, 16

indicator organisms, 123-5, 173, 190, 205,
231,232, 238, 250, 255, 256

management, 2,11, 91, 131, 148, 150, 209,
252
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