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Abutilon theophrasti
allocation and display flexibility in
competition, 111-23
allocation of resources, 109
biomass, 108-9
light and nutrient gradients, 1657
environmental heterogeneity, 175-81
germination, 88-90
growth response, 235, 237
mycorrhiza, 76
photosynthetic response, 207
relative growth rate (RGR), 1267
response flexibility, 198
seedlings, herbivory damage, 104-5, 106
stomatal conductance, 99
acclimation
defined, 199
and plasticity, 197-203
Acer spp.
hurricane damage and forest regeneration,
257-8
partitioning gap-understory environment,
249-56
Acer rubrum, photosynthesis rate, 26, 96,
208, 250
Acer saccharum, 94
gap dynamics, 248
modeling response, 22435
photosynthesis, 26, 250
plasticity, 202
aerial environment
carbon dioxide, 67-71
light, 64-6
temperature, 66—7
agriculture, plough layer, 63
Agropyron repens
allocation costs and disturbance
frequency, 27, 28

photosynthesis, 267
Agropyron spicatum, replacement by A.
desertorum, 111
allocation of resources, 21, 23-8
controllers and signals, 19-21
costs and disturbance frequency,
Agropyron repens, 27, 28
and display flexibility in competition,
111-23
examples
Abutilon theophrasti, 109
Datura, 109, 111-23
Erigeron canadensis, 133
Polygonum pensylvanicum, 111-23
Setaria faberii, 111-23
Verbascum thapsus, 28
nutrients, 108-23
reproductive allocation (RA), 25, 26, 28
theory, 24
Amaranthus
biomass vs. density, 49-51
competition, 116, 236
environmental variation, 178
germination, 88-90
growth potential, 136
leaves and seeds, nitrogen, 29
phosphoglucoisomerase (PGI), allelic
frequencies, 179, 180-1
relative growth rate (RGR), 126-7
survivorship, 99, 100
Ambrosia spp.
biomass and density, 49—51
photosynthetic response, 207
pollen record, 274
Ambrosia artemisiifolia
air temperature response, 163
biomass responses, 141
dominance patterns, 39-40
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Ambrosia artemisiifolia (cont.)
germination cycle, 87, 88-90
leaves and seeds, nitrogen, 29
response shifts with ontogeny, 164
response to neighbor identity, 125-7
survivorship, 142
Ambrosia trifida
competition, 127, 237
germination, 233-7
growth potential, 134-6
oldfield vs. annual field, 187
oldfields, dominance, 47, 235-6
plasticity, 202
recruitment, 86
seeds
data, 187
germination and emergence timing, 186
predators and herbivores, 103-7
size, germination depth, emergence, 85,
86
stomatal conductance, 99
Andropogon virginicus
dominance, 47
replacing Aster, 142--3
successional change, 275
annuals
vs. herbaceous perennials, 140-2
C, and C, species, 12, 236
co-occurring with early-successional
plants, 157
root depth, 158
disturbance and recruitment, 88-90
examples
summer see Ambrosia spp.
winter see Erigeron spp.
gaps in Poa community, 119
leaves and seeds, nitrogen content, 29
oldfield successional change, 38—60
recruitment, comparisons, 84
recruitment times, 98
resource augmentation, 19
response breadths, Levins’ B, 155
response to pre-emption of space, 117, 137
winter vs. summer annuals, interactions,
136-9
see also early-successional plants
Antennaria parlinii
role in succession, 168—-70
stolons, 59-60
anthropogenic disturbance, 264—5
anthropogenic disturbance and recovery,
61-3
apomixis, 59-60, 168
Arrhenius model, 88
Aster spp.
14C distribution, 144
vs. annuals, 140-2

vs. Solidago spp., 142-4
architecture, 120
biomass and density, 50, 51
clonality, 52-9
development, 122
photosynthesis and transpiration rates,
121
plasticity, 201
axillary bud enhancement cloning, 228

Betula spp.
biomass, and light, 212
elevated CO,, herbivores, 279
hurricane damage and forest regeneration,
259-63
nitrogen-deposition treatments, 73—4
partitioning gap—understorey
environment, 249-56
photosynthesis, rates, 208
place in successional change, 43
root production and loss, 221, 222
biomass, vs. density, 49-51
Brosimum alicastrum, plasticity, 203, 204

capacitance, of resources, 22
carbon dioxide
aerial environment, 67-71
early-, mid-, and late-successional plants,
213
Keeling curve, 13
photosynthesis, 6771
rise
CO, effect, 32
global consequences, 264—78
influence of elevated CO,, 277
plant changes, 275-6
scaling, 34
sunflecks, post-illumination fixation,
261-2
see also photosynthesis
carbon sinks
formation from recovering ecosystems,
268
and removal of primary forest, 269-70
Castanea, mortality, 103
Cecropia obtusifolia, 110
plasticity, 203, 205
Ceiba pentandra, response flexibility, 209
Celtis occidentalis, modeling response, 224-5
Chenopodium album
biomass vs. density, 49-51
germination, 88-90
response to pre-emption of space, 117
seed size, germination depth, emergence,
85
Clementsian views of successional change, 3,
9, 38, 230-1
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climate change
General Circulation Models (GCMs), 224
human activities, 267-70
plant adaptation, 276-9
and successional change, 264—79
successional trajectories, 230, 274-6
temperature rise, 271
clonal plants, 51-60
clonal integration, 184-5
recruitment in successional habitats, 90-2
cloning techniques, 228
competition
competitive competence, 146
components, 108
intraspecific (conspecific), 132-6
and successional change, 131-2
see also plant—plant interactions
competitive superiority, dominance, 235-6
congruence, of resources, 22
controllers
defined, 20
and signals, 19-21
CSR strategies, 15-16

dam building, vegetation response, 224, 225
Datura
allocation and display flexibility in
competition, 111-23
allocation of resources, 109
germination, pattern, 89
density, vs. biomass, 49-51
diallel competition experiment, 124-5
Diospyros, clonality, 51, 91
disturbance
consequences of disturbance regimes, 227
defined, 61
impact on atmosphere—biosphere—-ocean
interactions, 2
succession mechanisms, 5-6
disturbance and recovery
basic principles, 67
complexity and dynamics, 8
disturbance severity and site heterogeneity,
44
gap size, 244
human activities, 61-3
intermediate disturbance hypothesis, 45
patterns, 39-40
plant—plant interactions, 131-2
predictions, niche separation, 153-4
research strategy, 24
resources, 19-21
divergence, defined, 171
dominance
clonal plants, 51-60
competitive superiority, 235-6
patterns, 38-44, 47, 133-4

dominance-diversity relationships, 46-9

early-successional plants
biomass, conspecific and heterospecific
pairs, 161
carbon dioxide exchange attributes, 213
co-occurring annuals, 157
competitive competence, 146
decline in photosynthetic rate, 211
ecological and genetic variation, 173-90
monospecies in patches, 132-6
nutrient gradient, 156
photosynthesis, 21213
physiological attributes, 210
response breadths, 155-6
responses to environmental change, 228-9
survivorship, 156
see also annuals; successional plants
ecological variation
defined, 174
early-successional plants, 173-90
and genetic variation, 188-90
ecology
community and population ecologists,
225
evolutionary, 227
ecosystem models, scaling, 225-9
effect and response, resources, 22-3
environmental factors
growth responses, 234-8
influence on fitness, 185-6
environmental heterogeneity, 175-81
and species diversity, 177
variability, 78-81
equivalency of neighbors, plant—plant
interactions, 123-7
Erigeron canadensis
germination, 90
interactions with Erigeron annuus, 137,
138
intraspecific (conspecific) competition,
132-3
leaf rosettes, temperature, 137
niche separation, 151-2
plant height and reproductive allocation,
133
evolutionary ecology, 227
exotic species
in competition, 127
successional change, 51
extinction, 270-4

Ficus, plasticity, 203, 205
fire, effects, 269
fitness
defined, 24
environmental influences, 185-6
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flexibility, 193-205
flooding regime, vegetation response, 224,
224-5
flower color diversity, successional change,
44, 45
forest, primary, removal, and carbon sinks,
269-70
forest communities
dynamics, 239-63
gap dynamics, 240-63
gap size and severity of disturbance, 244
light availability, 245-7, 246
partitioning gap—understory
environment, 248-56
plant responses, 247-8
resource fluxes in gaps, 244-7
successional change, 240-4
migration, adaptation and extinction,
272-4
predicted changes, 271
regeneration, 256-63
after clearcutting, successional change
simulation, 18
successional change, in oldfields, 13
tree replacement, 434
FORET models, 17-19, 231, 240, 241
Fraxinus, 91-7
germination response surfaces, 91
photosynthesis rate, 96
free air carbon dioxide exposure (FACE),
32
frost heaving, 101
fungal pathogens, 101-3

gap dynamics see forest communities
genetic variation
changes in genetic structure of persistent
populations during succession, 1868
early-successional plants, 173-90
and ecological variation, 188—90
fast (FF) and slow (SS) alleles, 179
structure of population response, 189-90
Gleasonian views, plant communities, 3, 230
Gleditsia, 91-7
competition, 95
germination response surfaces, 91
photosynthesis rate, 96
water stress, 95
Grime’s triangle, 16
primary strategies, 15-16
growth responses
environmental factors, 234-8
relative growth rate (RGR), 126-7

habitat selection
methods available, 192-3
and response flexibility, 191-205

Heliocarpus appendiculatus, tropical pioneer
tree, 110

light and leaf area, 194, 195, 211
herbivory

change, CO, increase, 277-8

damage to seedlings, 104

species richness, 76-8

insecticide use, 78

successional change, 76-8
Heterotheca, relacement of Erigeron, 127
Hubbard Brook ecosystem, USA, 48-9, 241,

242

human activities

climate change, 264-78

disturbance and recovery, 61-3

magnitude, 2647
human population, projection, 2
hurricane damage, 63, 107

enhanced recovery, 254

forest regeneration, 256-63

simulation, 171, 265, 266

individual species response, prediction of
community composition, 229-38

JABOWA-FORET model, 17-19, 231, 240,
241

Janzen—Connell hypothesis, seeds, 243

Juniperus virginiana, 66

K-strategists, 15, 153
Keeling carbon dioxide curve, 13

Lactuca scariola, 138
niche separation, 151-3
late-successional plants, physiological
attributes, 210
leaf area index (LAI), 31
‘big leaf” of the ecosystem model, 226
leaf area profiles, successional change, 80
leaf temperature, transpiration, 216
life cycle, attributes, 232
life forms, successional change, 51
light
aerial environment, 64—6
Beer—Lambert formula, 64
gap dynamics, 245-7, 246
sunflecks, 261-2
see also photosynthesis
Liriodendron, response flexibility, 209
Long Term Ecological Research (LTER)
network, 5
Lotka—Volterra formulation, 17, 19

maple see Acer
mesocosms, 12
microorganisms, soil, 74—6
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migration, 270
models and modeling
Arrhenius model, 88
General Circulation Models (GCMs), 224
JABOWA-FORET models, 17-19, 231,
240, 241
modeling response, 2245
resource ratio model (Tilman), 16-17, 231
SORTIE model, 18, 240
species used as models, 12
strategies and models in successional
plants, 14-19
transition matrix models, 230
vector models, 170-1
ZELIG model, 18
Morus, germination response surfaces, 91
mycoplasmal pathogens, 103
mycorrhiza, 75-6

neighbors, equivalency, 123-7
net ecosystem carbon exchange (NEE),
temperate forest, 31
net primary production (NPP), prediction
equation, 226
niches
defined, 147-50
determining a plant’s niche, 1503
evolution, 147-72
‘fundamental’ niche, 150
and genetic variation, 189
niche differentiation, 150
niche separation, 150
population niche, structure, 163-70
quantification, 170-2
response breadth, early-successional and
late-successional plants, 159-60
species coexistence, 148
successional ecosystems, 153-62
volume reduction, 162
see also patches and patch-types
nitrogen
annuals, leaves and seeds, 29
anthropogenic disturbance, 265-6
availability, patterns, 71-3
chronic deposition, 265-6
forms, 734
leaf, decline in high CO, environment,
276
Tilman’s model of change, 16—17
nitrogen-fixing bacteria, inhibition by
Solidago spp., 73
normalized difference vegetation index
(NDVI), 31, 226
nuclear winter scenario, 266—7
nutrients
additions, response flexibility, 196—7
allocation of resources, 108-23

biomass accumulation, 241 -2
gradient, early-successional plants, 156

oak see Quercus
oldfields, abandoned
clonality, successional change,
mid-successional habitats, 51-60
dynamics and succession, 7
flow diagram of species and lifeforms, 39
leaching, 11-12
species on soil depth gradient, 10
successional change
biomass vs. density, 49-51
dominance—diversity relationships, 46-9
forest community regeneration, 13,
239-63
generalizd pattern of dominance, 39-44
lifeforms, 51
native vs. exotics, 52
patterns of diversity, 446, 47
ontogeny, response shifts, 162-3, 164

patches and patch-types
alpha, beta and gamma scales, 46
dynamics, and recruitment of trees, 92-7
genotypes, evaluation of performance, 228
Illinois oldfields, 7-9
mid-successional field, 41
monospecies, early-successional fields,
132-6
plant—plant interactions, 132-6
and scale, 4, 38
and succession mechanisms, 9-11
succession trajectories, 94-7
successional change, 21
Suchatchev effect, 47
see also niches
pathogens
examples, 62
and mortality, 101-3
perennials, mechanisms which maintain
variation, 182-3
phenotypic plasticity, defined, 199
phenotypic variation, defined, 174
Phlox drummondi, environmental
heterogeneity, 177
phosphoglucoisomerase (PGI)
changes in allelic frequencies, 179
changes in fast (FF) and slow (SS) allelic
frequencies, 179-81
photosynthesis
13C and '2C discrimination, 6970
14C distribution, 144
absorbed photosynthetically active
radiation (APAR), 226
C, and C, species, 12, 236
carbon dioxide, 67-71
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photosynthesis (cont.) allocation and display flexibility in
net primary production (NPP), 226 competition, 111-23
and partitioning gap-understory competition, 236
environment, 249-56 density, and rank change, 35
photosynthetically active radiation (PAR), differential response, light and nutrient
31, 251-2 gradients, 167, 168
rate Acer rubrum, 26, 96, 208 dominance, 133-4
reallocation of nitrogen, Rubisco activity, germination, 234-7
194 growth responses, 235
Rubisco, plasticity, 199 population density, 33
successional plants, 210-15 response flexibility, 198
physiology of successional plants, 20622 seed size, germination depth, emergence,
photosynthesis, 210-15 85
respiration, 217-19 survivorship, 99, 160
seeds, germination, 210 Polygonum persicaria
transpiration, 215-17 genetic variability, 183
water-use efficiency, 219-22 plasticity, 204
phytometers, 206 population, attributes of successful
Pinus, facilitation, 93 population, 4
Piper auritum, 110 population niche, structure, 163-70
plant communities Populus deltoides, modeling response, 224-5
community-wide predictions, 229 Poulsenia armata, plasticity, 203, 204
composition, 223-38 pre-adaptation, 153
prediction from life history patterns, prediction
233-8 changes in forest communities, 271
prediction of successional change, disturbance and recovery, niche
229-33 separation, 153-4
dynamics and succession, 5 equation for net primary production
ecological emphases in classical studies, (NPP), 226
227 plant community composition
middle-number systems, 228-9 individual species response, 229-38
reciprocity and symmetry, 22 from life history patterns, 233-8
resource capture, congruence and short-lived communities, 233
capacitance, 22 successional change, 22938
resources and responses, 36—7, 1301 principal component analysis (PCA), 94
stand vs. community confusion, 4 Prunus
see also forest communities germination response surfaces, 91
plant—plant interactions, 108-27 photosynthesis rate, 96
equivalency of neighbors, 123-7 recruitment, 91-7
facilitative or neutral, 129-30
niches, early-successional and Quercus macrocarpa, photosynthesis, 26
late-successional plants, 159-60 Quercus rubra
species guilds, 136-46 gap dynamics, 248
winter vs. summer annuals, 136-9 hurricane damage and forest regeneration,
and successional change, 128-46 258
Plantago major, and P. rugellii, 28, 29 photosynthesis
nutrient pulse responses, 196 rate, 208
reproductive effort (RE), 28 rate decline during day, 214
plasticity place in successional change, 43
and acclimation, 197-203
evidence for evolution, 189-90 r-strategists, 15, 153
Platanus, germination response surfaces, 91  recruitment
Poa annuals, recruitment times, 98
competition, 125-6 fate of recruits, 97-100
mid-successional community, 119 hazards, 101-3
pollinators, competition for, 155-6 successional habitats, 82—107
Polygonum pensylvanicum trends in successional habitats, 82-107
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relative growth rates (RGR), 1267
reproductive allocation (RA), 25
reproductive effort (RE), 25-7
resource fluxes, gap dynamics, 244--7
resources

congruence, capture, 21-2

effect and response, 22-3

and responses, 28-30

plant communities, 36-7, 1301

see also allocation of resources
respiration

soil, 268-9

successional plants, 217-19
response breadth

Levins’ B, 155

niches, early and late successional change,

154

response flexibility

defined, 197

of individuals, 183-4

plasticity and acclimation, 197-203

tracking environmental change, 194-7
response shifts

ontogeny, 162-3, 164

see also response flexibility
Rhus spp., plasticity, 202
root specific absorption rate (RSR), 130
Rorippa sessiliflora, 133, 138

Sassafras, clonality, 51, 91
scalar field, 170-1
scale of succession see patches
scaling
community and population ecologists, 225
in ecosystems, space and time, 225-9
leaf-level response to canopy-level
response, 226
and mechanistic complexity, 30-5
seedlings
gap dynamics, 2601
herbivory damage, 104
seed bank dynamics, 82-6
seeds
and biomass, 30
biomass vs. density, 49-51
germination, 86-90, 233-4
depth and emergence, 85, 86
determinant of recruitment time, 233
successional plants, 210
Janzen—Connell hypothesis, 243
nitrogen content, annuals, 29
predators and seed herbivores, 103-7
seed bank dynamics, 82-6
longevity, 181-3
shadows, recruitment curves and diversity,
92
size, 85, 86

size and number, 24-5
Setaria faberii
allocation and display flexibility in
competition, 111--23
biomass vs. density, 49-51
competition, 236
environmental heterogeneity, 180
germination, 233--7
leaves and seeds, nitrogen, 29
photosynthetic response, 207
response flexibility, 198
survivorship, 99, 100
Shorea spp.
gap partitioning, 253
plasticity, 204, 212, 219
soil(s)
depth gradient, species distribution, 10
disturbance, plow layer, 63
early-successional habitats, 70—1
microorganisms, 74-6
nutrient availability, 71-3
see also nitrogen
respiration, 268-9
soil warming simulation, 265-6
see also nutrients
Solanum dulcamara, environmental
heterogeneity, 177
Solidago spp.
14C distribution, 144
vs. Aster, 142-3
vs. trees, 145
clonal integration, 184-5
development, 122
dominance in oldfield succession, 478
inhibition of N-fixing bacteria, 73
photosynthesis and transpiration rates,
121
plasticity, 201
recruitment, 902
successional change, 39-42, 275
water-use efficiency, 220
Solidago altissima
clonality, 52-9
dominance, 48
Solidago canadensis
architecture, 120
clonality, 52-9
Solidago giganta, clonality, 529
SORTIE model, 18, 240
species
allocation of resources, 21, 23-8
response, prediction of community
composition, 22938
used as models, 12
species diversity
environmental heterogeneity, 177
patterns, 446
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stomatal sensitivity, water-use efficiency, see also annuals; early-successional plants;
219 forest; oldfields; physiology
strategies

plant types, 15
primary, Grime’s triangle, 15, 16
r—K continuum, 153
successional change
and climate change, 26478
prediction, 229-33
trajectories, 230, 274-6
successional habitats
niches, 153-62
physical environment, 61-81
trends, 63-4
recruitment, 82—107
summary, 81
successional plants
carbon dioxide exchange attributes, 213
Clementsian vs. Gleasonian views, 3
and competition, 131-2
defined, 1-2
forest communities, 18
Grime’s triangle, 17
and herbivores, 76—8
historical perspective, 3
late-successional plants, physiological
attributes, 210
life forms, 51
patterns of dominance, 39-43
and plant-plant interactions, 128—-46
scale, 4-6
strategies and models, 14-19
Tilman’s model, 16-17

temperate forest, net ecosystem carbon
exchange (NEE), 31
temperate successions
flow diagram, 39
winter vs. summer annuals, 136-9
temperature
aerial environment, 66-7, 84
and photosynthetic response, 138
rise see climate change
Tilman’s model, successional change, 16-17,
231
transpiration, successional plants, 215-17
transpirational efficiency, 226
trees, recruitment, and patch dynamics, 92-7
Trema micrantha, 110

Ulmus, mortality, 103
Ulmus americana, modeling response, 2245

vector models, 170-1

vegetation index (NDVI), 226, 31

vegetation response, dissimilarity of surface
to present vegetation, 224

Verbascum thapsus, reproductive allocation
(RA), 28

water-use efficiency, successional plants,
219-22

ZELIG model, 18
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