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Acantharia, 76

Aiptasia, 11

Alternaria sp., 191

Ambrosia, 201

Ampbidinium, 412

Amphisorus hemprichii, 38F, 38=9, 39F, 40
and F, 43, 50, 55, 56, 58F, 58-9, 60
and F, 62

Ampbistegina, 38, 39F, 46, 54

Ampbhistegina lessonii, 43, 45F, 46, 50,
S1F, 52F, 53F, 54, 55-6, 60, 62

Amphistegina lobifera, 43, 46, 50, 54, 55,
56, 60, 62

Amphistegina papillosa, 43, 46

Ampbistegina radiata, 55

Ampbhistegina spp., 58

Amphisteginidae, 45

Amphisteginids, 51

Amphora, 46

Anabaena, 114F, 114-15, 122, 1234,
126, 137, 139-40; cost to, in Azolla-
Anabaena association, 141; nitrogen
transfer, 126—7

Anabaena azollae, 119

Anabaena cylindrica, 137

Anthoceros, 109

Anthoceros punctatus, 148

Anthopleura, 11

Anthopleura xanthogrammica, 44

Araceae, 201

Archaias angulatus, 39, 42, 56, 60, 62, 63

Artemia nauplii, 87

Asclepias, 201

Aspicilia calcarea, 153, 153F, 154, 155

Aureodinium, 42, 59

Azolla, 109-19, 113F, 121-7, 122F

Azolla caroliniana, 115-16, 117F, 118F,
119 and F, 121, 128F, 132, 133F,
134F, 136F, 138

Azolla caroliniana-Anabaena, 122

Azolla caroliniana Willdenow, 115

Azolla filiculoides, 113, 116, 117F, 119,
120, 121, 132

Azolla filiculoides Lamarck, 115

Azolla imbricata (pinnata), 120

Azolla mexicana, 114F, 115, 116, 117F,
119, 120

Azolla microphylla, 116

Azolla microphylla Kaulfuss, 115

Azolla nilotica, 116

Azolla nilotica DeCaisne, 115

Azolla pinnata, 112F, 113, 114, 116,
117F, 119, 120, 132, 138

Azolla pinnata R. Brown, 115

Azollaceae, 113

Axzotobacter, 168—9

Bacillariophyceae, 100
Blasia, 109
Botryodiplodia sp., 191

Calcarina spengleri, 63

Capsosiphon fulvescens, 158

Cassiopiea, 14

Caulerpa, 98, 100

Caulerpales, 100

Cavicylaria, 109

Cephalenros, 148, 173, 174-91, 175F,
17GF, 177F, 178F, 180F, 185F, 18GF,
192, 194, 197, 198, 200, 201; species
of, 183

Cephalenros parasiticus Karsten, 176

Cephalenros virescens, 176, 181, 182, 188—

Cephalenros virescens Kunze, 174

Chaetophorales, 150

Chlamydomonas hedleyi 423, 43F, 60-1

Chlamydomonas provasolii, 42, 43, 44F, 50,
G1F, 61-2

Chlamydomonas sp., 45F

Chlorella, 26, 43-5, 46-7

Chlorella saccharophila, 45

Chlorella spp., 42, 62, 84

Chlorella variegata, 158

Chlorococcales, 149

Chlorochytrium, 201

Chlorochytrium inclusum, 201

Chlorophyta, 100

Chlorosarcinales, 150

Chroolepidaceae, 1734, 176, 177, 178,
180, 196, 199, 200

Chrysophyceae, 100

Ciliophora, 100

Cladonia, 150

Cladonia convoluta, 149

Cladonia cristatella, 149, 150 and F, 151F,
152, 156, 157F, 160F, 163F, 164F,
165F, 166, 169; chemistry of, 167—8;
synthesis and development of, 159-69

Cladonia impexa, 168

Cladoniaceae, 150

Cladophora socialis, 55
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Codiales, 100

Codium, 98, 100

Codium fragile, 98. 100. 101

Coleochaete scutata Brébisson, 200

Collosphaera globularis (Haeckel), 81, 83T

Collozoum inerme 21-2, 85F

Collozoum inerme Miller, 84

Congea, 191

Convoluta, 11, 13, 14

Convuluta roscoffensis, 76, 92

Ctenocladus, 173

Cyanocyta korschikoffiana, 2

Cyanophora paradoxa, 2

Cycas, 109

Cyg/orbiculina compressa, 42, 50, 53, 61F,
3

Didemnidae, 13, 91
Dinophycaea, 22, 76, 100
Diplodia sp., 191
Diplosoma virens, 92, 93
Diptera (Chironomus), 112

Eichhornia crassipes, 201
Elphidium williamsoni, 39, 57F, 57-8
Elysia, 3

Eﬁy;ia atroviridis, 97

Elysia australis, 99, 102

Elysia canze, 98

Elysia cf. furvacanda, 99

Ely sia chlorotica, 99

E/y sia maoria, 99

E;Il'd spp., 102

Elysia viridis, 98, 99, 101-2, 103
Elysiidae, 100

Encephalartos, 109

Euazolla, 115, 116

Euglena, 14

Foraminifera, 100

Fragilaria, 46

Fragilaria shiloi, 46, 47F, 49, 50

Friedmannia, 150, 151

Friedmannia tsraeliensis, 149, 150, 151
and F, 167-8

Globigerina ruber, 42 and F

Globigerinoides glutinata, 46

Globigerinoides ruber, 55

Globigerinoides sacculifer, 42, 55, 56, 59

Gloeocapsa quicola, 148

Glorigerinoides conglobatulus, 35

Gomontia, 173

Gongrosira, 173

Gunnera, 109

Gymnoderma, 150

Gymnodiniam microadriaticum, 20, 21,
22-3, 24, 26, 27, 28, 29, 31

Gymnodinium vertebralis, 42

Halagoraceae, 109

Halophila, 39F

Ha})tophyceae, 100

Helminthosporium sp., 191

Heterocyclina tuberculata, 47

Heterostygina depressa, 43-4, 45, 47, 49,
50, 55, 56, 57, 58F, 60, 63

Huilia albocaerulescens, 156, 161
Hydra viridis, (green), GF, 57
Hypnum spp., 201

Lecidea, 150

Lemna spp., 201

Lepidoptera (Nymphula), 112
Lepraria, 150

Lissoclinum patella, 925

Macrozamia, 109

Madracis, 21

Magnolia grandiflora, 176, 186F, 191
Mangifera indica Linnaeus, 180
Marginopora vertebralis, 38, 42, 53, 62, 63
Monostroma groenlandicum, 158
Montastrea annularis, 25

Montastrea cavernosa, 25

Myrionema, 13

Myrmecia, 149

Navicula, 46

Navicula reissi, 47

Nitzschia, 46

Nitzschia frustulum var. subsalina, 47, 49

Nitzschia laevis, 46, 48F, 49

Nitzschia panduriformis var. continua, 47,
48F, 49, 50, 58F

Nitzschia valdestriata, 47, 49, 50

Nonion germanicum, 39, 56, 57

Nostoc, 149, 152

Nostoc sp., 109

Nostoc sphaericum, 148

Nostocaceae, 109

Nummalitidae, 46, 47

Nummulites, 51, 57

Nummaulities gizebensis, 37

Omphalodiam arizonicum, 153—4, 154F,
155 and F, 156F, 158F, 158-9

Operculina ammonoides, 47

Operculina sp., 63

Orbitolites sp., 41-2

Orbulina universa, 55

Paramecium bursaria, 14, 57

Paramecium bursaria Prinscheim, 83—4

Parmelia, 150

Parmelia caperta, 158

Parmelia saxatilis, 164

Peltigera, 152

Peltigera canina, 148

Peltigera horizontalis, 148

Peltigera polydactyla, 148

Peneroplis pertusus, 53, 60

Peneroplis planatus, 49

Peneroplis proteus, 63

Peneroplis sp., 41

Pestalotia sp., 191

Phoma sp., 191

Phycopeltis, 173, 176, 178, 191-6, 192F,
193F, 194F, 195F, 196F, 197, 198, 200

Phycopeltis epiphyton Millardet, 1912

Phyllobium, 201

Phyllosiphon, 201

Physolinum, 173

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org
http://www.cambridge.org
http://www.cambridge.org/9780521177429

Cambridge University Press
978-0-521-17742-9 - Algal Symbiosis: A Continuum of Interaction Strategies
Edited by Lynda J. Goff

Index

More information

Taxonomic index

Phytophysa Weber-van Bosse, 201
Pilophoron, 150

Placida dendritica, 98—9
Platymonas convolutae, 76
Pleurastrum, 151

Plenrastrum terrestre, 150, 151
Porphyridium sp.; 49

Praesorites orbitolitoides, 63
Printzia, 173

Prochloron, 7F. 91, 92

Prochloron symbiosis, 916
Prochlorophyta, 91

Prymnesiales, 77

Pseudochlorella, 149
Pseudotrebouxia, 149, 150, 151, 158
Pseudotrebouxi sp., 153

Raciborskiella, 190
Rbizoplaca chrysoleuca, 161
Rbizosperma, 115
Rbodochytrium, 201
Richrysolenca, 161F

Sacoglossa, 97, 99-100, 102, 103, 104

Salvinia, 113

Salviniaceae, 113

Sorites marginalis, 39, 40 and F, 41F, 43,
56, 58-9

Sorites orbiculus, 41, 53

Soritidae, 40

Sphagnum spp., 201

Spivolina arietina, GO

Spirolina sp., 49

Spirolinata arietina, 53

Stereocanlon, 150

Sticta, 152

Stomatochroon, 173, 196-9, 197F, 198F

207

Stomatochroon lagerbeimii, 196

Strigula, 190, 191

Strigula elegans, 190

Strigula sp., 187F

\Y tylofbom piotillata, 62

Symbiodinium microadriaticam, 21, 40, 41,

43, 58

Thalassia testudinum, 39

Thalassicolla nucleata, 87

Thalassicolla nucleata Huxley, 74

Thalassolampe margarodes, 80

Trebouxia, 149, 150, 151, 158

Trebouxia erici, 150, 152, 156, 157-8,
160F, 163F, 164F, 167

Trebouxia excentrica, 161F, 162F, 165F

Trebouxia gelatinosa, 150F

Trebouxia glomerata, 156

Trebouxia impressa, 151

Trebouxia italiana, 150

Trentepoblia, 173, 176, 177, 180, 199—
200

Trentepoblia effusa, 188—9

Trentepohliaceae, 173

Tridachia crispata, 101 103

Tridacna, 10

Trididemnum, 7F

Trididemnum cyclops, 93

Vaucherta, 100

Xanthoria anreola, 150
Xanthoria parietina, 150, 159

Zamia, 109
Zooxanthella microadriatica, 21, 41F
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Ahmadjian, V., 70, 84, 149, 156, 157, Hallock, P., 54
159, 167, 168 Hansen, H., 53, 54
Anderson, O. R, 45, 55 Harbison, G. R., 81
Anglesea, D., 164 Haselkorn, R., 137
Hawes, C. R., 99
Ball, G, 21 Hill, D. J., 132, 139
Bartusch, H., 159 Hinde, R., 97
Batista, A. C., 174 Holcomb, G. E., 174
B¢, A., 59, 56, 59 Hollande, A., 21
Becking, J. H., 120 Hutchinson, C. M., 188
Bertsch, A., 168 Hutson, W. H., 59
Bonnet, A. L-M., 116
Bonnier, G., 159 Jacobs, J. B., 70, 84, 149, 157
Brandt, K., 21, 22, 80 Jia Ssu Hsieh, 110
Bubrick, P., 149, 153 Jolley, E., 14
Buckingham, K. W, 121 Jose, G., 188-9
Bunt, J. S., 26 Joubert, J. J., 185, 188, 201
Cachon, J., 80 Kaplan, D., 135
Campbell, C. W., 182 Kapoor, R. J., 116
Campbell, D. H,, 116 Kawaguti, S., 97
Caram, B., 80 Keeble, F. W., 20
Carré, D., 21 Kessler, E., 45
Chapman, R. L., 148, 192 Konar, R. N, 116
Chowdary, Y. B. K., 188-9 Kremer, B., 60
Collins, C. R., 152
Culberson, C. F., 167, 168 Lamarck, J. B., 112
Czygan, F-C,, 45 Lang, N.J., 157-8
Lange, O. L., 169
Dalberg, P., 53 Lange-de la Camp, M., 159
DeBary, A, 1, 2 Larsen, A. R., 54
D’Elia, C. F., 28 Lasker, H. R., 25
DiSalvo, L. H,, 25 Lee, J., 56, 70
Drew, E. A., 152 Lewin, R. A., 92,93
Durrell, L. W., 152 Lewis, D. H., 27
Lichtenthaler, H. K., 157
Espinas, C. R., 120 Lima, D. A, 174
Liu, C. C, 110, 112
Farrar, J. F., 152, 153 Lockhart, C. M., 148
Febvre, J., 77 Loeblich, A. R, 111, 21
Febvre-Chevalier, C., 77 Lopez, E., 57
Ferguson-Wood, E. J., 2 Lumpkin, T. A, 112, 115, 116
Fisher, K. A., 157-8
Flint, E. A., 173 McEnery, M., 70
Fraser, E. A, 13 McLean, N., 98-9
Mann, H. H., 188
Gallop, A, 98, 101 Manton, 1., 76
Galun, M., 149 Margulis, L., 2, 3
Good, B. H., 148, 192 Marlace, R. B., 182
Green, T. G. A., 152 Mellor, R. B., 140
Greenhalgh, G. N, 164 Meyers, J., 26
Gunning, B. E. S, 116 Millardet, M. A., 191
208
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Moore, A. W, 111 Singh, P. K, 112
Muller, P., 38, 56 Slocum, R. D., 158
Muscatine, L., 25, 27 Smith, D., 62
b Smith, D. C,, 14,627, 152, 153
Newcomb, E. H., 92 Smith, G. M., 11
Newton, J. W., 137 Sorokin, Y. L, 25
Sournia, A., 37-8
Ohlhorst, S., 103 Swanberg, N. R., 81
Palm, B. T., 196 Talley, S. N., 121
Papenfuss, G. F., 173 Taylor, D., 42
Parambaramani, C., 189, 190 Thinh, L. V., 93
Pardy, R. L., 10, 70, 92 Thomas, E. A., 159
garke, %‘,26 135 Thompson, R. H., 177, 181, 186, 192,
eters, G. A., 197, 198, 201
getlt,l.P., %348153 Thompson, Rufus H., 173, 184
eveling, E., Timpano, Peter, 173
Pirozynski, K. A., 201 Trefch, R. K., 103
Plucknett, D. L., 112, 115, 116
}gglgtezr’i]-i W/ﬁilo—ll, 25,27 Vidhyasekaran, P., 189, 190
Provasoli, L., 14
P Watanabe, 1., 112
Pugh, T. D., 92 Wellman, F. L., 182, 191
Rains, D. W., 121 yethey, D. 8., 11
Ray, T. B, 138 Wiche W. 62
Riclk(xardson, D.H.S., 153 Willis' A 7. 189
Rijkenberg, F. H. J., 185, 201 el
Ross, C., 42 Wolf, F. A., 186, 189
Ross, C. A, 38
Roth, G., 191 Yamasu, T., 97
Roteger, R., 56 %atazawg, I\\%., 1128%
emm, E. W,
Saks, N. M., 61 Yonge, C. M., 19, 26
Schultz-Baldes, M., 93
Sherley, J. L., 21 Zweier, 1., 45
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abscission septum, 178-9, 178F
acantharia, 77

acetylene, 124

acetylene reduction, 124, 125, 126
actinorhizal symbioses, 110

action spectra, 123

adaptations, 10, 19, 34-5, 69, 100, 101,

200; host-specific, 22; morphological, of

host, 51—4; for symbiosis, 37

adaptive modifications, 70-1, 73, 77, 83,
84, 86, 88, 169

agriculture, 110-12, 141

air, 120

akinete(s), 109, 114-15, 179, 181

alanine, 27, 29, 101, 190

alditols, 177

alfalfa, 121

algae, 2, 7, 8, 13, 55, 57, 147; capable of
being endiosymbionts, 63

algal-animal symbioses, 5, 6, 14-15

algal chloroplasts, 97-107

algal family, 180

algai—foraminiferan symbiosis, 3940,
54-5

algal-fungal relationships, 147-72, 174

algal inhibition, 167, 168

algal-invertebrate symbioses, 5, 6, 23, 26,
27, 50, 92

algal resistance, 149-52, 169

algal rust, 174

algal symbionts, 2, 6, 39, 77, 97; central
body, 93; ingested by host, 836, 87

allophycocyanin, 122

alveoli, 73, 74, 86, 88

alveolines, 54

amino acids, 24, 103, 121, 126, 127, 140,
188, 190

ammonia, 24, 27, 103, 110, 124, 126-7,
135-6, 137

ammonia-assimilating enzymes, 127, 137,
140, 141

ammonia assimilation, 127, 136, 140

ammonia excretion, 136, 137

ammonium, 121, 126, 135

ammonium chloride, NH4Cl, 28

amphistegines, 57

amylopectin, 176

amylose, 176

angiosperms, 109, 192, 196, 199, 201

animals: in chloroplast retention, 101-3

annual: term, 6

antheridia, 114

antherozoids, 114

210

anthocyanins, 122

antigens, 7, 14, 137, 152

aphids, 112, 188

apical cell, 116, 117

apical colony, 127, 128, 129, 139

apical mass, 129

apical meristem, 127, 128

apical region, 128, 132, 135, 137, 139

apical tissue(s), 131F, 141

apigeninidin glucoside, 122

aplanospores, 164

aposymbiont, 10, 11, 12, 13, 14; term, 5

aposymbiotic hosts, 83—4

apothecia, 159

appressoria, 161

arachnids, 174, 177, 179-80, 182

archegonia, 114

arginine, 190

argon, 125

ascidian compound, 91

ascidians, 93

ascospores, 166

asexual reproduction, 12, 175, 177, 181,
1934, 195, 197, 198

aspartate, 27

associative stability, 70—1, 83, 84, 88

ATP, 124, 125, 126

autolysis, 59

autospore production, 44

autotrophy, 10-11, 29, 102, 189

avocado, 184

axenic clones, 50-1

axenic culture, 50, 60, 61

axenic synthesis, 148, 159-62, 166, 169

axopodia, 73, 78, 86

Azolla-Anabaena association, 131-8, 140;
functional organization (hypothesis),
138-41, 139F; use of, in agriculture,
110-12

Azolla caroliniana-Azolla azollae
association, 123-5

bacteria, 25, 55, 56, 102, 166, 168, 169
barbatic acid, 167, 168

basal bodies, 180, 194, 195
benefit: term, 5

benthic, 20, 26, 37, 63
biochemistry, 92, 122-7
biogeography, 115—-16
biosynthesis, 29

biotin, 50

blue-green algae, 91, 109, 148
blue-green lichens, 149
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body cells, 139, 140
bryophytes, 109, 192

cacao, 184

calcification, 10, 20, 30, 62-3

calcium, 20, 30, 120

calcium carbonate skeleton, 56

calories, 25

Calvin cycle, 123

Cambrian, 22

camellia, 184

carbofuran, 112

carbohydrate, 10, 24, 80, 84, 101, 103,
152-3, 157, 180, 190; green algae,
176-7

carbon, 8, 25, 60, 61, 121, 152; fixed, 30,
50, 99, 62, 101-12, 138, 141, 153;
reduced, 25-6, 29; respired, 56;
transfer, 29

carbon budget, 25, 56

carbon dioxide, 10, 11, 12, 53

carbon dioxide fixation, 98, 100, 123,
124, 126

carbon fixation, 26, 81, 102

carbon-14, 30, 62, 81, 93, 101; tracer
studies, 55—06; uptake, 82

carbon metabolism, 20, 124, 189, 190

carbon:nitrogen ratio, 134, 135, 136F

carbon pathways, 24

carbon source, 138, 153, 188, 189

carbon transfer, 63, 81-4, 101

carotenoids, 50, 122

Casparian thickenings, 117

cell biology, 30

cell envelopes, 49

cell evolution, 30-1

cell wall, 44, 49, 51, 93, 97, 102-3, 117,
149, 152; Chroolepidaceae. 174;
Phycopeltss, 193; two-layered, 153-4

cell wall modifications, 128, 130, 152

cell wall synthesis, 153

cellulose, 91, 102, 121, 189

Central Rice Research Institute (CRRI),
111

Cephaleuros infection, 174-5

chimeras, 19

chlorophyll, 43, 56, 98, 117, 201; «, 50,
91, 122, 201; 4, 91, 92, 122, 201; ¢, 50

chlorophytes, 40, 42-3, 45, 92

chloroplast-animal association, 98-9

chloroplast retention, 97—107

chloroplast symbiosis, 97, 104

chloroplast uptake, 98—9

chloroplasts, 3, 6, 39, 44, 567, 57F, 122,
197; Azolla, 123; benefit/harm to, 103;
Cephaleuros, 176; lichenized algae, 154,
155, 156, 158, 159; maintenance of, in
digestive gland cells, 99-101; parietal,
150; see also algal chloroplasts

chromosomes, 76

chrysophytes, 39

ciliary currents, 92

circadian periodicity, 55

cisterna(e), 76

citrus, 174, 184

cloaca, 92, 94

cloacal channels, 92

cloacal lumen, 93

clones, 50, 54, 55, 62

cobalt, 120

coelenterates, 10, 12, 28, 40, 41

coenocytic algae, 98, 100, 201

coevolution, 20, 147

coffee, 174, 184

commensalism, 1, 71

compatability, 69, 71; see also mutualism

concanavalin A, 149

concentric bodies, 148, 166, 169

continental drift, 22

continuity of association, 8, 140

coral-algal symbiosis, 19-35

coral reefs, 2, 20

corals, 12, 13; ahermatypic, 21, 31;
autotrophy, 10-11; endosymbiont of,
40; hermatypic, 10, 14, 20-3, 27, 29—
30, 31

cortex, 117, 118, 166

crop plants, 184

crosswalls, 176, 178, 179, 193 and F

cryptophyte, 40

cuticle, 175, 176, 177, 179, 180, 181,
182, 186, 195

cyanobacterium(a), 109-10, 123, 124,
137, 138, 141

cyanophytes, 91, 92, 93, 140

cycads, 109

cysteine, 24

cytokinesis, 12, 158-9

cytoplasm, 49, 73-4, 76, 80, 86, 93, 99,
100, 174; compartmentalized, 57-8;
fused, 118; lichenized algae, 154;
organelle-rich, 128; starch grains in, 59;
sucked out by sacoglossan molluscs,
97-8, 102-3; translocation of carbon
to, 101

cytoplasmic cleavages, 181, 194, 195

cytoplasmic differentiation, 80

cytoplasmic network, 73, 74, 75, 80

dark conditions, 124, 125-6, 188

DCMU (herbicide), 62, 126

4-O-demethylbarbatic acid, 167, 168

desiccation, 113, 187

desmoschisis, 149, 150

detergent fiber, 121, 122

detritus, 55

diatoms, 39, 40, 45-9, 53F, 55, 56, 57,
58

dibenzofuran, 167

dictyosomes, 154, 157

didemnids, 92, 95

didymic acid, 167

digestion, 57, 59; of chloroplasts, 98, 99,
100, 104; enzymatic, 161; host, 84

digestive gland (hepatopancreas), 98, 99—
101, 104

digestive gland cell, 99, 100

digestive vacuoles, 58, 73, 80, 85, 86, see
also food vacuoles

dinoflagellate-coral symbiosis, 20—30

dinoflagellate symbionts, 70, 77F, 77-80;
ingested by host, 84—6

dinoflagellate zooxanthellae, 42F, GOF
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dinoflagellates, 19-20, 26, 40, 87, 88; as
radiolarian symbionts, 70, 76, 77, 78,
80

dispersal, 177-8, 179-80, 182

dissolved organic materials, 23, 24-5, 29
diurnal cycle, 78-80, 86

diversity, 69-70, 76-80, 87, 93
diverticulae, 10

DNA, 22, 93

ecological niche, 7, 14

ecosystem(s), 2, 19, 20, 27

ectotherm: term, 6

electron microscope, 81, 84, 85, 86, 91,
98, 152

embryo, 114

endodermal cells, 118

endodermis, 117

endophyte(s), 115, 119, 122, 1234, 125,
132, 199, 201; growth rate of,
coordinated with that of host, 127; GS
activity, 137, release of nitrogen, 140;
vegetative cells, 131

endzphyte metabolism, 135-6, 137-8,
140

endophyte retention, 140
endoplasmic reticulum (rough), 128, 154,

endosymbionts, 40, 42, 46, 57, 59; algae
capable of being, 45, 67; role of, in
calcification, 62-3

endosymbiosis, 20, 37, 39, 55; algae
involved in, 39-49; trophic significance
of, 55-62

energy, 23-9, 102, 120

energy budget, 25, 29

energy source, 30, 103

enteron, 13

enzymes, 2, 28, 127, 161, 167, 186, 188

Eocene, 37

epidermal cells, 129, 176

epidermal hair(s), 127-8, 129, 137

epidermis, 117, 118, 130, 185, 186;
abaxial, 118, 119; adaxial, 118, 119,
127, 129

epiphyte, 174, 192, 195-6, 200, 201

epiphytic contaminants, 120, 121

Epon, 93

erythrocytes, A, B, O, 148

escape mechanisms, 99

escape pore, 177, 179, 197, 198;
potential, 194, 195

ethylene, 124

eukaryotes, 3, 30, 109, 110

evolution, 3, 7, 14, 21, 22, 26, 101, 152,
200, 201; see also coevolution

exclusion effects, 701, 83, 86, 88

exclusion threshold, 70

exit pores, 181; see also escape pore

exploitation, 1, 83, 105

extracapsular cytoplasmic network, 74, 78,
80, 86, 88

extracapsulum, 73

eyespot, 194, 195, 197, 198

fats, 10, 121
fatty acids, 103

feeding, 24, 56~7; by sacoglossan
molluscs, 97-8, 102, 103, 104

fern(s), 112, 117, 140, 141, 192

fern-endophyte carbon metabolism, 137

ferredoxin, 138

ferredoxin NAOP™ oxidoreductase, 138

fertile branch, 175-6, 177-8, 178F, 181

fertilization, 114

filaments, 109, 123, 127, 128-9, 131,
132, 135, 137, 140, 181, 192, 195,
197, 199, 200, 201; generative, 115,
135, 138, 139, 140, 141; thallus, 175—
6, 176F, 177; undifferentiated, 115,
126, 137

flagella, 77—-8, 180; keeled, 194, 195

floridoside (2-O-D glycerol-D
galactopyranoside), 60

foliar trace, 131, 140

foliicolous lichens, 148, 190

food reserves, 73, 81

food vacuoles, 49, 57, 58-9

foraminifera, 37, 38F, 38—9; symbiosis in,
37-68

foreign organelle retention, 97

fructose, 138, 189

fruit(s), 183, 192

frustules, 46, 49, 58

fungi, 55, 147, 159, 174, 186, 191

fusilines, 54

galactose, 101

gametangium(a), 181, 188-9, 194-5,
195F, 198 and F

gametes, 13, 180, 195, 198

gametophytes, 114

gastrodermis, 10, 13

gene expression, 22, 31

genomes, 2, 3, 31

geology, 30

germ plasm, 141

germination, 195, 198

globigerinids, 39, 45

glochidia, 114

glucose, 62, 101, 152, 188, 189

glucose-6-phosphate dehydrogenase, 138

glutamate, 27

glutamate dehydrogenase (GDH), 28,
127,127

glutamate synthase (GOGAT), 127

glutamate synthetase, 28

glutamic acid, 190

glutamine synthetase (GS), 28, 127, 136—
7, 140

glutaraldehyde, 82

glycerol, 60, 168

glycerol phosphate, 49—50

glycogen, 176

glycolipids, 98

glycollate, 101

gnotobiotic techniques, 47

grapefruit, 184

green alga(e), 109, 138, 177, 201;
interactions with vascular plant bodies,
173-204

green compost, 110, 111

growth, 55-6, 119-21, 127-31, 177

guard cells, 118

guava, 182, 184 and F, 189
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gut, 10, 13, 102
gymnosperms, 109

Haber-Bosch process, 110

habitat(s), 10, 20, 187, 189, 190, 200

Hackensporangien, 177

haustorium(a), 148, 152, 161-2, 190

head cell, 177, 194, 197

hematochrome, 174, 175, 192

hepatopancreas, see digestive gland

herbivore: term, 6

heterocyst frequency, 138, 139-40

heterocysts, 109, 110, 124, 126, 129,
131-2, 136, 137, 139

heterotrichy, 200

heterotrophic growth, 188, 189

heterotrophy, 24, 29, 158

hexoses, 188

histidine, 121

hormones, 188-9, 200

hornwort, 148

host(s), 2, 24, 26, 49, 88, 137, 138, 141,
179, 180; ability to metabolize nitrogen
carriers, 27; dinoflagellates as, 19-20;
harmed by parasite, 186, 201,
heterokaryotic, 58; ingestion of algal
symbionts, 83—6; morphological
adaptations of, 51—4; specificity,
responses, interaction, 181-9; starch
grains in cytoplasm of, 59; symbiont
selection, 28; symbiont’s structural
association with, 76—80; term, 5; value
of symbiotic relation to, 55-62

host factor, 101

host infection, 179, 180-1, 182-3, 184—
6, 188, 190, 191; site of, 183

host-parasite relations, 148, 151

host specificity, 63, 93, 160-1, 175, 179,
181-9

host: symbiont cell ratio, 13

host-symbiont interaction, 14, 86—8, 92—
S, 200; Azolla-Anabaena, 132;
conceptual model of, 69-71; in
radiolaria, 80—-6

host tissue, 93-5, 135; necrotic, 176

hosts’ cell(s), 6, 12, 13, 92, 148, 151-2

hydra, 13; green, 10, 11, 12—-13, 14, 92~
93

hydrogenase, 124

hydrophyte(s), 201

3-a-hydroxybarbatic acid, 167

hyperparasitism, 190

hyphae, 148, 149, 151, 160, 161, 162—6,
163F, 168, 169

incompatibility, 70

insecticides, 112

insects, 112, 174, 178, 179-80, 181, 182

intercellular spaces, 92, 117, 118, 176,
199, 201

International Rice Research Institute
(IRRI), 111

ion transport, 30

iron, 115, 120

isotope dilution techniques, 121

isozymes, 22

jellyfish, 12, 14

Jia Ssu Hsieh: Art of Feeding the People, 110

Khong Minh Khong, 111
Koch’s postulates, 141, 184
Kopizelle, 177

kumgquat, 184

lamellae, 54, 131

lamina(e), 54, 119

larvae, 13, 91, 112

lectins (phytohemagglutinins), 14, 140-1,
148-9, 169

legume bacteroids, 136

legume-Rhizobium symbioses, 110

lichen associations, 1, 3

lichen crystals, 166

lichen thallus, 6, 147, 149, 152, 153, 154,
155, 156, 157, 159, 166, 169

lichenization, 149-52, 156, 160, 162,
166, 169, 190-1

lichens, 6, 7, 109, 138, 147-8, 174; algal-
fungal relations in, 147—72; lectins and,
148-9; resynthesized, 167-8

life cycle, 113F, 115, 140, 181, 195, 198

light, 29, 53, 55, 120, 124, 125, 126,
147, 157-8; and internal cycling of
nitrogen, 27, 28; penetration, 54

light emission, delayed, 123

light energy, 140

light gathering, 75

light intensities, 50-1, 55-7, 62, 192, 197

lignin, 121, 189

lime, 184

lipids, 60, 101, 156, 157, 158

luteolinin-5-glucoside, 122

lycopods, 192

lysine, 121

lysomal acid phosphatase, 85

lysosomal enzymes, 99

lysosome, 99

macronutrients, 120

magnesium, 120

magnolia, 184

maltose, 188

mango, 184, 189

mannitol, 61

mannose, 62

mantle, 10

massulae, 114

matrix, 156, 157 and F, 160, 164

medulla, 166

megasporangium(a), 113

megaspore floats, 115

megaspores, 114

megasporocarps, 113-14

meiosis, 198

meiozoosporangia, 181, 198

membrane proteins, 98

mesophyll, 118, 127, 131, 140, 186, 197,
199, 200

metabolic pathways, 27-8, 29, 30

metabolism, 87, 101-2, 135; chloroplast,
103, fern-endophyte carbon, 137; G.
microadriaticum, 26; host control over,
136; mitotrophic, 138; parasite/host,
190; phycobiont, 157; see also carbon
metabolism; endophyte metabolism;
nitrogen metabolism
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metabolite transfer, 59, 60-2, 95, 139

metabolites, 101, 102

metaxylem, 117

metazoa, 87

methionine, 24, 121, 190

micronutrients, 120

microsporangia, 113

microspores, 114

microsporocarps, 113-14

microtubules, 14, 73

mineral nitrition, 119-21, 140

minerals, 37, 122, 147, 186, 189

mites, 178

mitochondria, 53, 73, 128, 155-6

molluscs, 40, 41, 99, 102; retention of
algal chloroplasts, 97-107

molybdenum, 120

morphological adaptations, 51—-4

mucus, 13, 92, 101, 103

mucus flocs, 25

mutations, 7

mutualism, (symbiosis), 69-71, 83, 84,
86, 140, 147; term, 5

mycelium, 160, 166

mycobiont, 109, 153, 157, 159, 160, 161,
166, 167, 168; combined with different
algae, 148, 149; lichenization, 151, 152;
role of, 147

mycorrhizal associations, 1

mycovirus, 148

natural gas, 110

natural selection, 104

neck cells, 177

neutral red, 51

nitrate, 24, 27, 103, 121

nitrite, 103

nitrogen, 27-8, 103, 111, 120, 124, 125;
atmospheric, 110; Azolla, 121, 122;
combined, 120-1; fertilizer, 110; fixed,
110, 124, 126-27, 132, 135, 139, 140;
reduction, 124; requirements, 49—50

nitrogen conservation, 27

nitrogen fixation, 120-1, 124—6, 136,
137, 138, 141

nitrogen metabolism, 27-8, 137, 189-90

nitrogen sources, 24, 188

nitrogen transport, 29, 140, 141

nitrogenase, 110, 120, 121, 124-5, 126,
131-2, 135, 136F, 139, 140

norobtusatic acids, 167

nuclei, 73, 76, 113, 179; generative,
vegetative, 58

nutrient acquisition, 19, 23—8

nutrient conservation, 19, 24

nutrient solutions: Knop’s, Hoagland’s,
Crone’s, 120

nutrient sources, 24, 59, 70, 84, 139;
incomplete, 102-3; photosynthesis as,
102; radiolaria, 88

nun;iient transfer 23-9, 69, 75, 78, 95,
148

nutrient uptake, 23, 24, 28, 55, 80, 87,
120

nutrients, 29, 120, 147, 183; availability
of, 115

nutrition, 20, 25, 119-21; limited, 27, 50;
oligotrophic, 87; symbiont-derived,

81-3; value of symbiotic relation to
host, 55-62

obtusatic acid, 167, 168

oil palm, 184

orange, 184

Ordovician, 22

organelles, 30, 73, 97, 148

organisms: benefits and harm to, in
chloroplast retention, 101-4

orsellinic acid decarboxylase, 168

osmiophilic wall, 80

osmotic shock, 100

osmotrophy, 24

oxygen, 20, 98, 123, 124; (32-02), (36—
02), 2

oxygen inhibition, 11-12

paleoclimatology, 30

paleo-oceanography, 30

papilla, 118-19, 195

Para rubber tree, 184

parasite, 174; term, 5-6

parasitism, 1, 71, 190; algal-fungal relation
in lichens, 148, 149, 150, 169;
biotrophic, 147-8; controlled, 1, 147,
148, 169

parenchymatous cells, 117, 118

particulate organic materials, 23, 24-5, 29

partners: term, 5

pathogens, 99, 148, 152, 174, 183, 186

pecan, 184

pedicel system, 178

pedicels, 177

perialgal vacuoles, 78, 80, 86, 88

pericapsular cytoplasm, 82, 84, 86

pericycle, 117

pericycle cells, 118

persimmon, 184

pests, 112

phagocytic vacuole, 99

phagocytosis, 99, 100

phagosome, 99

phagosome membrane, 99

phloem, 117

phloem parenchyma, 130

phosphate, 28, 29, 120

phosphorus, 28, 28, 49-50, 115, 120

photoautotrophic metabolism, 138

photoautotrophs, 120

photocompensation values, 50—-1

photoheterotrophic metabolism, 137, 138

photons, 10, 12, 25

photorespiration, 26

photosynthate(s), 60, 62, 88, 101, 126,
138, 141

photosynthate transfer, 140, 176

photosynthate uptake, 86

photosynthesis, 6, 23, 25-6, 62, 63, 86,
120, 124; A. caroliniana-Anabaena
association, 123—4; axenic clones, 50-1;
Azolla-Anabaena azollae synthesis, 122—
4; and calcification rate, 30; by
chloroplasts, 100, 101; critical aspect of
phycozoan’s biology, 8, 10;
dinoflagellate, 20; facilitated by pores,
53; in lichens, 168; net, gross, 27; and
N; fixation, 125~6; phycobiont, 10—12;
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Prochloron capable of, 92; production of
carbohydrates during, 103; rate of, 11,
62, 99; as source of organic nutrients,
102; symbiont, 56; of symbiotic
diatoms, 55; by undigested chloroplasts,
98

photosynthesis : respiration ratios, 29

photosynthetic energy, 28

photosynthetic membranes, 93

photosynthetic pathways, 26

photosynthetic products, 95, 101, 157

phototaxis, 11, 54-5

phycobilin absorption, 123

phycobilins, 91

phycobiliproteins, 122, 126

phycobilisomes, 91

phycobiont, 6, 7, 8T, 8—12, 109, 138,
148, 149, 150, 151, 152, 154, 155,
156, 157, 158, 159, 164; Cephaleuros as,
190; endocellular, 12; functional
integrity of, 12; green algae as, 174;
metabolism, 157; role of, in symbiosis,
147; serial transfer of, 12—13; symbiotic
modifications of, 152—9; translation by,
from various symbionts, 8—10, 9T

phycocyanin, 122

phycoerythrocyanin, 122

phycozoan, 6-17; diversity of, 8T

phycozoology, phycozoologists, 15

phytoalexins, 152, 169

phytoplankters, 14

phytoplankton, 19, 26, 38

pigments, 2, 98, 122, 126, 174, 192

plankton, 37

plant-cyanobacterial symbiosis, 110, 131,
136, 137-8

plant-prokaryote symbioses, 115, 140

plasma membrane, 92, 152, 156

plasmodesmata, 128, 176, 178, 179, 193

plastid(s), 2, 6, 77, 98, 100, 101—4

plastoglobuli, 157

platymonads, 14

podetia, 159

polar bear, 14

polyglucan, 60

polyhydroxy alcohols, 177

polyols, 153, 177

polyps, 14, 25

polysaccharide jelly, 103

polysymbiosis, 168—9

polytrophs, 29

pores, 51-3, 55; see also escape pore

potassium, 120

prasinophytes, 76, 78F, 80, 87, 88

premesophyll tissue, 127

presquamules, 149, 150, 151, 159, 164,
165F, 166, 168

prey, 23, 25, 29, 74, 80, 81, 88

primary branched hair (PBH), 128-30,
129F, 130F, 131, 135F, 139, 140

primary production, 20, 26-7, 29, 30,
55~6; effect of light on, 50;
maximizing, 795; rate of, 88; symbiont,
81, 82, 86-7, 88

primary production:feeding ratio, 56

Prochloron cell, 93, 94F

prochlorophytes, 91-2, 93

prokaryotes, 30, 109, 110

215

propagation, 180—1; vegetative, 116,
119-20; see also dispersal

proplastids, 128

protein, 24, 29, 101, 103, 121, 122, 127,
137

prothalli, 114

protons, 124

protoplasm, 57, 73

protoplast, 51

protoxylem, 117

protozoa, 55, 86, 87

pseudopods, 55

pteridophyte, 109

pycnidia, 159

pyrenocarpous lichens, 190

pyrenoglobuli, 155, 157-8

pyrenoid(s), 42-3, 44, 77, 150, 151,
156F, 158F, 158-9, 194, 195

pyrenoid cap, 84

pyrenoid matrix, 154-5

pyriform cell, 177

radioactivity (C-14), 62

radiolaria: as model systems, 867, 88

radiolarian, 73F

radiolarian cell body, 72F

radiolarian colonies, 74—5, 76F, 79F, 86,
87

radolarian symbiosis, 69—89

radionuclide tracer experiments, 50, 56

ramulus(i), 176

reciprocal benefit, 5; see also mutualism

red algae, 100

red formazan, 124

red rust, 174

reductant, 124, 125, 126, 140

reproduction, 12, 84, 103, 182; rate of,
81; see also asexual reproduction; sexual
reproduction

resource budget, 24, 29

respiration, 27, 153

rhizomes, 116-17, 118, 176, 193

rhizopodia, 73—4, 80

rhizopodial network, 55, 71-2, 75, 78,
84, 86, 87

rhodocladonic acid, 167

rhodophytes, 40, 49

ribitol, 152

ribosomes, 2, 128

ribulose bisphosphate carboxylase, 2, 98

rice, 110, 111

root hairs, 117

sacoglossan mollusc, 97-9, 100, 1045

sacoglossans, 100, 101, 102—-4

sapota, 189

scanning electron micrograph (SEM), 53,
93, 149, 161, 166

secondary branched hair, 129-30, 131,
133F, 140

selective advantage, 1

selective pressure, 71, 104, 105

seta(e), 175

sexual reproduction, 13; 112-15, 180-1,
194-5, 198

shoot apex, 115, 139

silica, 74

sirﬁple hairs, 129, 131, 133F, 138, 139-
0
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skeletal crud, 26

skeletogenesis, 29-30, 31

skeleton: calcium carbonate, 56;
radiolarian, 74, 86, 88; strontium
sulfate, 76

soredium (a), 164

spiders, 178

sporangia, stalked, 188

sporangiate-lateral, 177

sporangiophore, 181, 199F, 200

sporangium(a), 164

sporangium mother cells, 177

spores, 114, 141, 159, 166

sporocarp(s), 113

sporophyte, 113, 115, 116, 181, 195, 198

sporopollenin, 193 and F

sporulation, 141

squamules, 149, 159, 160, 161-2, 167,
development of, 162-6, 168, 169

stalk cell, 129, 130, 134F, 140, 177

starch, 59, 81, 154, 188, 189

starch grains, 41, 42-3, 59, 61F, 80, 176,
177F

stem, 120, 137, 183, 185, 192

sterols, 70

stomata, 118, 196-7, 198, 199

stroma, 155

suberin, 185

sucrose, 123, 138, 140, 177, 188, 189

sucrose density gradient, 123

suffultory cell(s), 177, 178, 179, 1934,
197, 198

sugar(s), 24; in leaves, 189

sugar alcohols, 147

sulfate, 24

sulfur, 24, 120

supernatants, 126

symbiogenesis, 92

symbionts, 13, 14, 24, 26, 80, 92;
coevolution, 147; dinoflagellates as, 19—
20, 21, 24, 70, 76, 77, 78, 80;
interactive, 1602, 190; lichen, 162,
164, 166, 168, 169; nitrogen-form
preferences, 28; physical intimacy with
host, 92, 95; potential prey for hosts,
80; predisposition for symbiosis, 20;
radiolarian, 77-8; role of, 80;
secondary, 169; term, 5; see also algal
symbionts; host-symbiont interaction

symbiont-derived nutrition, 81-3

symbiont distribution, 75, 78—80, 87

symbiont diversity, 76—80, 87

symbiont environment: structure of, 72—5

symbiont primary productivity, 81, 82

symbiont recognition, 148—-52, 169

symbiosis, 2~-3, 55, 148, 190; chloroplast
retention is not, 104; continuity of, 91,
115; defined, 1-2; exploitation of food
sources in, 102—3; in foraminifera, 37—
68; as functional unit, 19-20, 22, 29,
31; and origin of primitive multicellular
systems, 87; and punctuational view of
evolution, 31; radiolaria as model, 86—
87, 88; term, 5; see also Azolla-Anabaena
association; coral-algal symbiosis;
lichens; Prochloron cell; radiolarian
symbiosis

symbiotic algae, 7, 49-51, 88

symbiotic associations, 2, 19, 20; degree
of, 84; lichens most familiar and diverse
form of, 109, 167

syngamy, 198

tannins, 185-6

taurine, 24

tea, 174, 184

tentacles, 11, 25

terminal cell(s), 128, 129, 130, 131, 139,
140, 181

termites, 102

thallus (Cephalenros), 175-6, 177, 179,
181, 184, 185, 187, 190, 191, 200;
Phycopeltis, 192, 193, 194-5;
Stomatochroon, 197 and F, 199; see also
lichen thallus

thecae, 49

thecal plates, 78

thermocline, 54

thiamine, 50

thylakoids, 42, 93, 154F, 154-55, 155F,
157, 158

toxins, 148, 152, 186

transfer cell(s), 128, 129, 131, 133, 139

translocation, 29, 30, 92, 185

transmission electron microscope (TEM),
42, 43, 45, 46, 49, 53

Triassic, 20, 22

trichocysts, 76

trichomes, 175, 176, 192, 193, 194, 197,
198F

triphenyltetrazolium chloride (TTC), 124

tubules, 10, 42

tunicine, 91

tunicine matrix, 92

University of California, Davis, 111
urea, 24, 27, 121
usnic acid, 167

vacuolar differentiation, 80

vascular bundle, 117

vascular plants, 182, 192, 199, 200; green
algae and, 173-204

vegetative cells, 127, 131, 138, 176, 190

virus, 166

vitamin Bi,, 50

vitamins, 50, 102, 103

water mites, 112

xerophyte: term, 6
xylem, 117
xylem parenchyma, 117, 130

zoobionts, 7, 8T, 10, 11, 12-13, 14

zooids, 91

zooplankton, 25

zoosporangia, 174, 181, 188, 1934,
194F, 195, 197, 198F, 199 and F;
dispersal, 177, 178, 179-80

zoospores, 151, 156, 179, 180 and F,
181, 193, 194; Stomatochroon, 197-8

zoosporogenesis, 149, 150-1

Zooxanthella, 22

zooxanthellae, 2, 3, 19, 55, 57, 58, 59

zygote, 13, 49, 115, 181, 198
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