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EMENDATIONS

1. Page 65, Fig. 29. For S. infumata read S. velata.

2. Page 65, Fig. 30. For S. velata read S. infumata.

3. Page 65, Fig. 35. For S. infumata read S. velata.

4. Page 65, Fig. 36. For S. velata read S. infumata.

5. Page 67, Fig. 54. Read as follows: S. velata showing bursa copulatrix in situ.

6. Page 67, Fig. 60. For S. velata read S. infumata.

7. Page 73, line 3 under Sialis infumata Newman, Male. Read as follows: genitalia as

follows: figs. 30 and 36: ninth

8. Page 73, line 3 under Sialis infumata Newman, Female. Read as follows: sternite, fig. 60.

This is longer and rec-

9. Page 197, line 53. For Spaeropsis read Sphaeropsis.

10. Page 243, Table 1, line 20. For Vallisnerea spiralis read Vallisneria spiralis.



INDEX

The following index covers Articles 1, 2, 5, 6, 7 and 8 of Volume 21 of the Illinois Natural

History Survey Bulletin. An index to Article 3, Studies of Nearctic Aquatic Insects, by H. H.

Ross and T. H. Prison, will be found on page 98 of this volume, and an index to Article 4,

Descriptions of Nearctic Caddis Flies, by Herbert H. Ross, will be found on page 180. An appen-

dix to Article 8, Duck Food Plants of the Illinois River Valley, by Frank C. Bellrose, Jr., appears

on page 280. It contains a list of all but the rarer plants occurring in the Illinois River valley

that may be used as food by waterfowl. Only the names of plants referred to in the text of

.\rticle 8 are included in the following index.

also Water

Acanthocephala, in greater prairie chicken,

186, 187, 190

Acnida tuberculata, 246, 248, 250, 251 ; see also

Pigweed, Water hemp
Aglaospora taleola, 196

Alder flies, 57-78 ; see Index, 98

Ateurodiscus Oakesii, 196

Alisma Plantago-aquatica, 272

Alternaria, 197, 200, 213, 223, 224, 226

American lotus, 243, 245, 246, 247, 248, 249,

250, 251, 252, 253, 254, 255, 256, 258.

269, 270, 271, 272, 273, 277, 278, 279

Ammannia coccinea, 248, 251

Amphimerus pseudofelineus, 191, 193

Anacharis, 277 ; sec also Waterweed
canadensis, 243, 246, 249, 250, 251 ;

see also

Waterweed
occidentalis, 244, 248, 251; see

weed
Ancylostoma canium, 192, 193

Anderson Lake, 242, 246

Aphids, oil emulsion against, 21

Aphis
pomi, oil emulsion against, 21

spiraccola. oil emulsion against, 21

Aplitcs salmoides

vision, color, 33—55

training, 37

Aquatic insects, Nearctic, 57—99, 101—83
; sec

Indexes, 98, 180

Aquatic plants; see Duck food plants, specific

references, also list, 280

Arc/lips aryyrospila, oil emulsion against, 26

Armillaria, 195, 197, 200, 220, 221

mellea, 195, 197, 199, 220

Arrowleaf, 275, 277

Arthrocephalus, 192, 193

maxillaris, 192

Arthropods, 188

Ascarids, 192, 193

Ascaris, 192, 193

lumbricoides, 192

Ascochyta piniperda, 234

Aspergillus, 217

Aspidiotus perniciosus, oil emulsion against, 17

Austrian pine, needle blight of, 231—6

B

Baldpate, 237, 274, 275

Bass; see Large-mouth black bass

Bath Lake, 248, 253, 274

Becbe Lake, 242, 246, 255, 256, 263, 268, 270,

272

Belascaris marginata, 193

Bidens, 245, 251

Billsbach Lake, 242, 243, 247

Black bullhead, 260
Black jack oak, 199, 204, 227
Black oak, 196, 199, 201, 203, 204, 206, 214, 217,

223, 225, 226, 227; see also Quercus
tinctoria and Quercus velutina

Blackhead, 187

Bladderwort, 243, 273

Blatella germanica, 186

Blue-green algae, 270

Blue-winged teal, 275

Bobwhite quail, parasites of, 185, 186, 187,

189, 190

Botryodiplodia Ravenellii, 197

Brachylaemus opisthotrias, 191, 193

Buffalo (fish), 259

Bulgaria, 197, 199, 200, 217, 227

inquinans, 196, 217

polymorpha, 196

Bullhead, 2S9; see also Black bullhead

Bulrush, 276 ; see also Common three-square,

Hardstem bulrush. River bulrush,

Softstem bulrush

Bur oak, 199, 204, 212, 213, 217, 226, 227

Bur-reed, 265 ; see also Giant bur-reed

Bureau Creek, 265

Bushy pondweed, 243, 244, 248, 249, 250, 251,

252, 261, 274, 277, 279

Buttonbush, 255, 265, 259, 270, 271, 277, 278,

279

Caddis flies, 101-83
; see Index, 180

Cane, 271, 273 ; see also Reed cane

Canis, parasites of, 192, 193

/fl/ranj, 'parasites of, 191

Carp, 259

Carpocapsa pomonclla, oil emulsion against, S

Castalia tuberosa, 245, 246, 249, 250, 251, 277;
see also White water lily

Cat, domestic, parasites of, 191

Catatropis filam cutis. 191, 193

Catfish, 259

Cattail, 243, 249, 250, 251, 271, 273

Cecal worms, 185—94

Cephalanthus occidentalis, 277 ; see also

Buttonbush

[281]
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Ccphalosporium, 200, 213, 217, 223, 225, 227

Ceratophyllum demersum, 243, 245, 246, 247,

248, 249, 250, 251, 277; see also Coon-

tail

Cestodes

in bobwliite quail, 186, 187, 190

in greater prairie chicken, 186, 190

in opossum, 192, 193

in raccoon, 192, 193

in red fox, 192, 193

in skunic, 192, 193

Chactomium, 200, 225

globosum, 226

Chapinia, 187

Chara, IVi ; see also Muskgrass

Chautauqua, Lake, 241, 243, 249, 252, 253, 257,

258, 259, 261, 263, 266, 268, 270, 271,

275

Chautauqua National Wildlife Refuge, 240,

278

Chestnut oak, 196

Chinquapin oak, 199, 204, 226, 227

Chlorophyceae, 270

Choanotaenia, 186, 190

Chufa, 257, 270, 272, 274, 275, 276, 277, 279

Citrus rust mite, 17

Clear Lake, 242, 248, 253, 255, 272, 274

Coccidia, 187

Cocklebur, 250

Cockroach, 186

Codling moth, oil emulsion against, 8

Colinus ^irg'ijiianus virginianus, parasites of,

185, 187, 190; see also Bobwhite

quail, parasites of

Common three-square, 277

Coniothyrium, 200, 217, 218, 223, 227

truncisedum, 218

Cook County Forest Preserve District, 260

Coontail, 243, 245, 246, 247, 248, 249, 250, 251,

252, 256, 258, 261, 263, 265, 269, 270,

273, 274, 277, 278, 279

Corn, as duck food, 237

Coryneum, 197, 198, 199, 200, 205, 206, 213,

221, 223, 224, 227

Kunzei, 197, 206, 227

Cottonwood, 255

Coyote, parasites of, 191

Crane Lake, 242, 248, 253, 255, 260, 265, 270,

272

Club, 271

Creeping water primrose, 243, 273, 275, 276,

277

Cruzia tentaculata, 192, 193

Crystal Lake, 260, 261, 272
Club, 271, 273

Cuba Island, 242, 246, 268

Cunninghamella, 200, 224

Cylindrosporium, 199, 200, 221

quercinum, 221

Cyperus
erythrorhizos, 244, 247, 248, 250, 251 ; see also

Nutgrass

Cyperus—continued

esculcntus, 277 ; see also Chufa

str'ujosus, 244, 247, 248, 250, 251 ; see also

Nutgrass

Cytospora, 196, 197, 199, 200, 206, 207, 213,

223, 226, 227

chrysosperma, 195, 196

intermedia, 208

Cytosporina liidibunda, 204

D

De Pue, Lake, 242, 247

Decodon verticillatus, 271

Des Plaines River, 237, 239

Diaporthe taleola, 196

£)ui/r>/f, 197, 199, 200, 211, 227

stigma, 197, 211, 212

Dicliacna quercina, 196

Didelpliis aurita, parasites of, 191

virginiana, parasites of, 191, 192, 193 ; see

also Opossum, parasites of

Diplodialongispora, 195, 197

Diplostomum variabile, 191, 193

Dogfish, 259

Dothidea noxia, 197

Dothideaceae, 234

Dothiorella, 198, 199, 200, 201, 203, 204, 206,

213, 223, 224, 225, 226, 227

quercina, 203, 227

Dothistroma, 235, 236

Pin/, 235

Dotted smartweed, 251

Douglas Lake, 242, 243, 244, 245, 249, 250,

269, 272

Drought; see Duck food plants

Duck (see specific references)

clubs, 265, 271, 273, 274, 279

diving, 237, 274

food plants, 237—80; see also specific

references, also list, 280

effect of commercial fishing on, 265, 279

effect of drought on, 255, 279

effect of fish on, 259, 279

effect of floods on, 253, 278

effect of soils and sedimentation on, 260,

264, 279

effect of turbidity on, 261, 279

effect of various water levels on, 245

effect of water depth on, 261

effect of water fluctuation on, 256, 278

effect of water pollution on, 260

effect of wave action on, 258, 265, 279

of Illinois River valley, 237-80

important, 268, 278, 279

management recommendations, 273, 279

methods of control, 270, 279

methods of planting, 276, 279

natural propagation, 272, 279

plant competition, 269, 279

seed production, 265, 279

tolerant, 275, 279 1^
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Duck potato, 239, 243, 2+4, 245, 246, 247, 248,

249, 250, 251, 252, 254, 269, 270, 271,

273, 275, 277, 278

Duckweed, 246, 251, 273; see also Greater

duckweed, Lester duckweed

Eehinoeliloa

crusgalU. 247, 248, 250, 251; see also Wild

millet

frumeniaiea, 247, 248, 251, 277; see also

Japanese millet

tValteri, 248, 250, 251; see also Walter's

millet

Echinoparyphium, 191, 193

Echinostoma, 191

armigerum, 191

eallawayensis, 191

coalilum, 191

revoliitum, 191, 193

Eleocliaris, 251, 277

palustiis. 247, 248, 249, 250; see also Spike

rush

Encyclops, 196

Endothia gyrosa, 197

Eragrostis hypnoidrs, 248, 251 ; see also Teal
grass

European elm scale, oil emulsion against, 25

Felis

catus domest'ua, parasites of, 191

parasites of, 192, 193

Fish

eflfect of duck food plants, 259, 273, 279

vision ; see Vision, color

Fishing, commercial, effect on duck food

plants, 265

Fistulina hepatica, 196

Flat Lake, 268, 272, 273

Fleas, oil emulsion against, 27

Floods; see Duck food plants

Fames, 195

igniariiis, 197

rohustus, 197

Fox ; see Red fox, I'ulpes, I'ulpes ful-va,

I'lilpes I'ulpes

Fox Lake, 276

Fox River, 263

Fruit-tree leaf roller, oil emulsion against, 26

Fungi

attacking oak, 195—230
Aglaospora laleola, 196

Aleiirodiscus Oakesii, 196

Alternaria, 197, 200, 213, 223, 224, 226
Armillaria. 195, 197, 200, 220, 221

Mellea. 195, 197, 199, 220
Aspergillus, 2\7

Botryodiplodia Ravenellii, 197

Fungi

—

iontinued

attacking oak

—

continued

Bulgaria, 197, 199, 200, 217, 227

iiiquiuaus, 196, 217

polymorpha, 196

Cephalosporium, 200, 213, 217, 223, 225,

227

Chaetomium, 200, 225

globosum, 226

CoJiiothyrium. 200, 217, 218, 223, 227

iruucisedum, 218

Coryncum. 197, 198, 199, 200, 205, 206,

213, 221, 223, 224, 227

Kunzei, 197, 206, 227

Cunninghamella, 200, 224

Cylindrosporium, 199, 200, 221

quereinum, 221

Cytospora, 196, 197, 199, 200, 206, 207, 213,

223, 226, 227

chrysosperma, 195, 196

intermedia, 208

Cytnsporina ludihunda, 204

Uiaporthe taleola, 196

Dialrype, 197, 199, 200, 211, 227
stigma, 197, 211, 212

Uichaena quercina, 196

Diplodia longispora, 195, 197

Dolhidea noxia, 197

Dothiorella, 198, 199, 200, 201, 203, 204,

206, 213, 223, 224, 225, 226, 227

quercina, 203, 227

Endothia gyrosa, 197

Fistulina hepatica, 196, 197

Fames, 195

igniarius, 197

robustus, 197

Fusarium, 197, 217

Fusicoccum, 199, 200, 214, 227

Ellisianum, 215

noxium. 197

quereinum, 215

Gnomonia, 195

Godroniopsis Quernea, 197

Hydnum, 195

Marssonia, 195

Metanogaster Tariegatus hroomianus, 196

Nrctria, 196

cinnaharina, 195

eoccinea, 196

ditissima, 195, 196

yalligena, 195, 196

Mgrospora, 200, 223

sphacrica, 224

iXummularia, 199, 200, 208, 209, 226, 227
clypeus, 209

Uzonium, 195

Penicillium, 197, 200, 213, 223, 226, 227
Festalotia, 200, 223, 225

flavispora, 225

Phoma, 197, 199, 200, 213, 214, 223, 227
aposphaerioidcs, 213

quercina, 214

Phomachora, 197, 203
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Fungi

—

continued

attacking oak

—

continued

Plwmopsis, 197, 199, 200, 211, 227

guercina, 212

Phyllosticta, 195

Polyporus, 195

hispidus, 196

Pscudoi'alsa, 197

longipes, 197

sigmoidea, 197

Pyrenochaeta, 200, 218, 219, 227

minuta, 219

Rhodosticta, 197, 199, 200, 222, 223

Caraganae, 223

guercina, 223

Septoria, 195

Sphaeropsis, 197, 199, 200, 215, 227

malorum, 197

guercina, 196

guercinum, 217

Stereum, 195

rugosum, 197

Strumella, 196

coryneoidea, 195, 196

Trabutia erythrospora, 197

Ustulina, 197

J'aha intermedia, 208

attacking pine and spruce, 231—6

Ascochyta piniperda, 234

Dothideaceae, 23+

Dothistroma, 235, 236

Pini, 235

Hemidothis, 235, 236

Lecanosticta acicola, 235

Miconia, 235

Phomaceae, 235, 236

Polystomellaceae, 233

^f/i^ofli/a, 235, 236

Septoria, 2Z1, 234, 235

acicola, 234

parasitica, 234

pinicola, 234

spadicea, 234

Tympanis, 235

Fungicides, with oil emulsions, 27

Fur-bearing mammals, parasites of, 190—4

Fusarium, 197, 217

Fusicoccum, 199, 200, 214, 227

Ellisianum, 215

noxium, 197

guercinum, 215

Golden shiner, 260

Goose Lake, 242, 246, 252, 254, 255, 270

Goose Pond, 242, 243, 244, 245, 249, 258, 266,

270

Gossyparia spuria, oil emulsion against, 25

Greater duckweed, 243, 244, 273, 277 ; jcc a/jo

Spirodela polyrhiza

Greater prairie chicken, parasites of, 185, 186,

188, 190

Green algae, 270
Grouse; j^'c Sage grouse. Sharp-tailed grouse.

Greater prairie chicken

H
Hardstem bulrush, 265, 273, 276, 277, 278

Harmostomum opisthotrias virginianum, 191

Helminths, 185-94

Hemidothis, 235, 236

Heterakis bonasae, 188, 190

gallinae, 187, 188, 190

Heteranthera dubia, 243, 249, 250; see also

Mud plantain

Hibiscus militaris, 245, 247, 250

Hill's oak, 199, 227

Histomonas melcagris, 187

Hookworm, 192

Horn Lake, 248, 253, 255, 270, 274

Horned pondweed, 244
Huro satmoides ; see Aplites salmoides

Hydnum, 195

Hymenolepis, 188, 190

Hysteroneura setariae, oil emulsion against, 21

I

Illinois River

hydrography, 237

valley, duck food plants of, 237—80
Ingram Lake, 242, 247

Jack Lake, 242, 254, 260, 268

Japanese millet, 253, 257, 268, 269, 270, 272,

273, 274, 275, 276, 277, 279; see also

Echinochloa frumentacea
Jussiaca diffusa, 243, 277 ; see also Creeping

water primrose

Gadwall, 237, 274

Giant bur-reed, 244, 246, 247,

252, 261, 265, 266, 269,

276, 277

Gilbert Lake, 272, 273, 275

Glacial lakes, 263

Glendale, Lake, 278

Gnomonia, 195

Godroniopsis Qusrnea, 197

249, 250, 251,

270, 273, 275,

Kankakee River, 237

Knobcone pine, 234

Largemouth black bass

vision, color, 33—55

training, 37

Largeseed smartweed, 248, 252, 277

Leafy pondweed, 261, 273

Lecanosticta acicola, 235
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Leersla oryzoides, 244, 246, 248, 249, 250, 251,

277 ; see also Rice cut-grass

Lemna minor, 243, 244, 246, 251 ; see also

Lesser duckweed
Lepidosaphes ulmi, oil emulsion against, 24

Lesser duckweed, 243, 244, 273 ; see also

Lemna minor

Lice, on greater prairie chicken, 186, 187, 190

Live oak, 197

Longleaf pine, 234

Longleaf pondweed, 239, 243, 244, 245, 246,

247, 248, 249, 250, 251, 252, 263, 265,

266, 268, 270, 273, 274, 276, 277, 278,

279

Longleaved ammannia, 248, 251

Lophotocarpiis calycinus, 277 ; see also

Arrowleaf

Lotus, 270, 271 ; see also American lotus

Lower Peoria Lake, 242, 243, 252

M
McGinnis Slough, 260, 261, 266, 273

Mallard, 237, 274,275

Mallard Club, 265

Marsh cord grass, 246, 249, 250, 271

Marsh mallow, 245, 247, 250

Marfh smartweed, 243, 244, 245, 246, 247, 248,

249, 250, 251, 252, 254, 255, 265, 267,

268, 269, 270, 271, 273, 275, 276, 277,

278,279

Marssonia, 195

Mcdiorhynchus papillosus, 187, 190

Megaloptera, 57-78; see Index, 98

Melanogaster variegatus broomianus, 196

Menopon monostaechum, 187, 190

Mephitis mephitis, parasites of, 192, 193 ; see

also Skunk, parasites of

Meredojia Bay, 242, 274

Michigan, Lake, 238, 240

Miconia, 235

Millet, 247, 248, 249, 251, 253, 270, 278; see

also Japanese millet, Walter's millet,

Wild millet

Mink, parasites of, 185, 191, 193

Miserable Lake, 246, 255

Mississsippi River, 237, 260, 261, 271, 272

Mites, on greater prairie chicken, 186, 187, 190

Mud Lake, 242, 243, 244, 245

Mud plantain, 243, 249, 250, 273

Muscooten Bay, 242, 243, 247, 252, 260, 266

Muskgrass, 243, 261, 273, 276

Muskrat, parasites of, 185, 191, 193

Mustela -vison, parasites of, 193 ; see also

Mink, parasites of

Najas (juadaliipensis, 243, 244, 248, 249, 250,

251, 277; see also Bushy pondweed
Nectria, 196

cinnabarina, 195

coccinea, 196

ditissima, 195, 196

galligena, 195, 196

Nehimbo liitea. 243, 245, 246, 247, 248, 249,

250, 251, 277; see also American lotus

N

Nematodes
in bobwhite quail, 186, 188, 190

in greater prairie chicken, 186, 190

in opossum, 192, 193

in raccoon, 192, 193

in red fox, 192, 193

in ring-necked pheasant, 186, 188, 190

Neodiplostomum lucidum, 192

Nigrospora, 200, 223

sphaerica, 224

Nodding smartweed, 248, 250, 251, 252, 253,

269, 272, 275, 277, 279

Norway spruce, 234

Nummularia. 199, 208, 209, 226, 227

clypeus, 209

Nutgrass, 244, 247, 248, 250, 251, 252, 253,

268, 269, 272, 274, 278, 279; see also

Chufa

Oak (see also specific references)

diseases, 195—230

"alcoholic flux," 195

Armillaria root rot, 219

bark blotch, 196

"brown oak," 196

Bulgaria canker, 217

Coniothyrium dieback, 217

Coryneum canker and dieback, 204

Cytospora canker and dieback, 206

Diatrype canker and dieback, 209

Dothiorella canker and dieback, 199, 200

Fusicoccum canker, 214

Nectria canker, 196

Nummularia canker and dieback, 208

nut rot, 196

Phoma canker, 212

Phomopsis canker and dieback, 211

Pyrenochaeta dieback, 218

shoestring root rot, 199; see also

Armillaria root rot (above)

slime flux, 195

smooth patch, 196

Sphaeropsis canker, 215

staghead, 197, 199, 219, 220

stem blight, 197

Strumella canker, 196

tumor, 197

twig blight, 196, 197, 198, 199, 203, 205,

213, 218, 227

wetwood, 196

wilt, 199

wood rot, 197

fungi attacking; see Fungi

Oil emulsions, 1—32

with derris, 5, 9, 10, II, 12, 13, 15, 23

with fungicides, 12, 13, 14, 27
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Oil emulsions

—

continued

insecticidal properties against

aphids, 21

Aphis
pomi, 21

spiraecola, 21

Arc/lips argyrospila, 26

Aspidiotus perniciosiis, 17

Carpocapsa pomonella, 8

codling moth, 8

European elm scale, 25

fleas, 27

fruit-tree leaf roller, 26

Gossyparia spuria, 25

Hysteroncura setariae, 21

Lepidosaphes ulmi, 24

oyster-shell scale, 24

Pulex irritans, 27

red spider, 16

San Jose scale, 17

Tetranychus, 16

with lead arsenate, 8, 9, 12, 13, 15, 26

with nicotine, 5, 9, 10, 11, 12, 13, 15, 23, 24,

25,26
physical properties, 1

droplet size, 6

effect of emulsifier on, 7

saturation effect on injury, 6

plant tolerances, 3

with pyrethrura, 5, 9, 10, 11, 12, 13, 15, 23, 24

Ondatra zibeihica, parasites of, 191, 193 ; see

also Muskrat, parasites of

Oockoristica, 192, 193

mephitis, 192, 193

Opisthorchis ionkae, 191

Opossum, parasites of, 185, 191, 192, 193

Oyster-shell scale, oil emulsion against, 24

Ozonium, 195

Parasites

of fur-bearing mammals, 190—4

of upland game birds, 185—90

Penicillium, 197, 200, 213, 223, 226, 227

Peoria Lake, 250 ; see also Lower Peoria Lake,

Upper Peoria Lake

Permeles macrura, parasites of, 192

Pestalotia, 200, 223, 225

clavispora, 225

Petroleum-oil sprays; see Oil emulsions

Phasianus colchicus torquatus, parasites of, 185,

188, 190; see also Ring-necked

pheasant, parasites of

Pheasant; see Ring-necked pheasant,

parasites of

Phoma. 197, 199, 200, 213, 214, 223, 227

aposphaerioides, 213

qucrcina, 214

Phomaceae, 235, 236

Phomachora, 197,203

Phomopsis, 197, 199, 200, 211, 227

quercina, 212

Phraijmites communis, 250, 271 ; see also Cane
Phyllocoptee oleivorus, 17

Phyllosticta, 195

Physaloptera turgida, 193

Pickerelweed, 244, 246, 250, 251, 273, 276, 277
Pigweed, 252, 257, 268, 269, 274, 275, 279; sr,

also Water hemp
Pin oak, 196, 197, 199, 200, 203, 204, 205, 206,

211, 212, 213, 217, 218, 222, 223, 224,

226, 227

Pine ; see specific references

fungi attacking; see Fungi

Pintail, 237, 274
Piniis

flexilis, 236

nigra austriaca

calahrica, 236

needle blight of, 231—6
resinosa, 236

virginiana, 234

Plecoptera, 78-98
; see Index, 98

Polygonum, 249; see also Smartweed
hydropiperoides, 244, 277 ; see also Swamp

smartweed
lapathifolium, 248, 250, 251, 277; see also

Nodding smartweed
Muhlenbergii, 243, 244, 246, 247, 248, 249,

250, 251, 277; see also Marsh smart-
weed

pcnnsylvanicum, 248, 277; see also Large-
seed smartweed

punctata, 251

Polyporus, 195

hispidus, 196

Polystomellaceae, 233

Ponderosa pine, 234
Pondweed, 249, 261, 270, 276; see also Bushy

pondweed, Horned pondweed. Leafy
pondweed, Longleaf pondweed. Sago
pondweed. Small pondweed

Ponlcderia cordata, 244, 246, 250, 251, 227;
see also Pickerelweed

Post oak, 199, 204, 205, 214, 223, 224, 226, 277
Potamogeton

americanus, 243, 244, 246, 247, 248, 249, 250,

251, 277; sec also Longleaf pondweed
foliosus, 261 ; see also Leafy pondweed
pectinatus, 243, 244, 246, 247, 248, 249, 250,

251, 277 ; sec also Sago pondweed
pusillus, 243, 251

Potomac River, 272

Poultry, parasites of, 186, 187, 188, 189

Prairie chicken ; see Greater prairie chicken

Procyon
lotor, parasites of, 192, 193 ; see also

Raccoon, parasites of

parasites of, 192

Protozoa, of greater prairie chicken, 187

Proventricular worm, 188; see also

Scurocyrnea colini

Pseudovalsa, 197

tongipes, 197

sigmoidea, 197
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I'lilrx initiiiu, oil emulsion against, 27

Pyrenochaeta, 200, 218, 219, 227

rni/iiita, 219

Quail ; see Bobwhite quail, parasites of

Quercus, 197, 213, 221

alba, 196, 197, 199, 219; see also White oak

hicolor, 199; see also Swamp white oak

horealis maxima, 199; see also Red oak

Cerris, 196

coccinea, 197

ellipsoidalis, 199; see also Hill's oak

imhricaria, 199, 221 ; see also Shingle oak

macrocarpa, 199; see also Bur oak

marilandica, 199; see also Black jack oak

Muhlenbergii, 199; see also Chinquapin oak

palustris, 196, 199, 219, 223 ; sec also Pin oak

Priniis, 196, 197

nihra, 196

slellata, 199; jcc also Post oak

tineloria, 196

•velutina, 197, 199; /(; «/jo Black oak

virginiana, 197

Quiver Lake, 242, 248, 253, 272

R

Raccoon, parasites of, 185, 191, 192, 193

Raillielina, 186, 188, 189, 190

centrocerci, 189

cesticillus, 189

tetragona, 189

Red fox, parasites of, 185, 191, 192, 193

Red oak, 196, 199, 201, 204, 205, 206, 208, 209,

211, 212, 213, 214, 215, 217, 223, 224,

226, 227 ; see also Quercus rubra and

Quercus borcalis maxima
Red pine, 235

Red spider, oil emulsion against, 16

Red spruce, 234

Red-winged blackbird, 269

Reed, 273 ; see also Cane, Reed cane

Reed cane, 250; sec also Cane
Rhahdometra odiosa, 188, 190

Rhodosticta, 197, 199, 200, 222, 223

Caraganae, 223

i/uercina, 223

Rhopalias macrocantlius, 192, 193

Rice cut-grass, 244, 246, 248, 249, 250, 251, 252,

257, 268, 269, 270, 274, 275, 277, 279

Rice Lake, 242, 246, 255, 256, 258, 270

Ring-necked duck, 275

Ring-necked pheasant, parasites of, 185, 186,

188, 190

River bulrush, 243, 244, 245, 246, 247, 248, 249,

250, 251, 252, 254, 255, 256, 265, 266,

267, 269, 270, 271, 272, 273, 276, 277,

278, 279

Rumex aliissimus, 272

Sage grouse, parasites of, 189

Sagittaria latifolia, 243, 244, 246, 247, 248,

249, 250, 251, 277; sec also Duck
potato

Sago pondweed, 239, 243, 244, 245, 246, 247,

248, 249, 250, 251, 252, 254, 258, 261,

265, 266, 268, 269, 270, 272, 273, 274,

276, 277, 278, 279

San Jose scale, oil emulsion against, 17

Sangamon Bay, 242, 247

Sangamon River, 265

Sawmill Lake, 242, 243, 244, 245, 249, 259, 260,

266, 272

Scarlet oak, 196, 197

Scirpus

acuius, 277; see also Hardstem bulrush

americanus, 277

fluviatilis, 243, 244, 246, 247, 248, 249, 250,

251, 277; see also River bulrush

validus, 243, 277; sec also Softstem bulrush

Scrub oak, 196

Senachwine Lake, 242, 243

Scplocyla, 235, 236

Septoria, 195, 231, 234, 235

acicola, 234

parasitica, 234
pinicola, 234

spadicea, 234

Scurocyrnea colini, 186, 188, 190

Sharp-tailed grouse, parasites of, 187, 189

Shawnee National Forest, 278

Sheepshead, 259

Shingle oak, 199, 204, 205, 209, 212, 213, 223,

226, 227

Sialidae, 57-78; sec Index, 98

Sialis, 57-78
; see Index, 98

Siebolt's Lake, 242, 243, 244, 245, 249, 258, 266

Skokie Lagoons, 276

Skrjabinia, 189, 190

Skunk, parasites of, 185, 191, 192, 193

Small pondweed, 243, 251

Smartweed, 249, 253, 257, 268, 273, 274, 276,

278, 279; see also Dotted smartweed,
Largeseed smartweed. Marsh smart-

weed. Nodding smartweed. Swamp
smartweed

Softstem bulrush, 243, 270, 276, 277, 278

Spanish needle, 245, 251

Sparganium eurycarpum, 244, 246, 247, 249,

250, 251, 277; see also Giant bur-reed

Spartina Michauxiana, 246, 249, 250; see also

Marsh cord grass

Sphaeropsis, 197, 199, 200, 215, 227

malorum, 197

tjucrcina, 196

(juercmum, 217

Spike rush, 247, 248, 249, 250, 251, 269, 276,

277

Spirodela polyrhiza, 243, 244, 246, 251, 277;

see also Greater duckweed
Spring Lake, 241, 242, 243, 247, 261
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Spruce
; see specific references

fungi attacking; see Fungi
Starved Rock Pool, 2+1, 243, 260, 265

Stercum, 195

ruffosum, 197

Stewart Lake, 242, 247

Stoneflies, 78-98; see Index, 98

Strumella, 196

coryncoidea, 195, 196

Subulura strongylina, 188, 190

Swamp smartweed, 244, 275, 277

Swamp white oak, 199, 204, 205, 211, 212, 217,

226, 227

Taenia pisiformis, 192, 193

Tapeworm, 186, 189, 190; see also Cestodes

Teal, 237; see also Blue-winged teal

Teal grass, 248, 249, 251, 252, 274, 275

Tetranychus, oil emulsion against, 16

Thorny-headed worm, 187

Toxocara canis, 193

Trabutia erythrospora, 197

Treadway Lake, 242, 243, 247, 274

Trematodes
in muskrat, 191, 193

in opossum, 191, 192, 193

in red fox, 191, 193

Trichoptera, 101-83
; see Index, 180

Trichuris, 192, 193

vulpis, 192

Turkey, parasites of, 187, 188

Tympanis, 235

Tympanuchus cupido americanus, parasites of,

185, 186, 190; see also Greater prairie

chicken, parasites of

Typha angustifolia, 243, 250, 251 ; see also

Cattail

U
Upland game birds, parasites of, 185—90

Upper Peoria Lake, 242, 243, 252

Ustill ina, 197

Utricularia, 243 ; see also Bladderwort

Fallisneria spiralis, 243, 251, 277 ; see also

Wild celery

Falsa intermedia, 208

Viannaia bursobscura, 193

Vision, color

of Alburnus speclabilis, 33

of Aplites salmoides, 33—55

of Atherina hepselus, 34

of Box salpa, 34

of Cliaraz puntazzo, 34

of Corbitus barbalula, 33

of Cottus gobio, 34

of Eucalia, 34

of Eupomotis gibbosus, 34, 35

Vision, color

—

continued

of Fiindiilus lieteroclitus, 34

of Gasterosteus spincliia, 33

of Idus melanotus, 34

of Lutianus griseus, 34

of Mugil, 34

of Plioxinus laet'is, 34, 35

of Rhodeus amarus, 34

of Semotilus atromaculatus, 34, 35

of Syngnathus acus, 33

of Tinea vulgaris, 34

of Umbra limi, 34

Vulpes

ful<va, parasites of, 191, 192, 193 ; see also

Red fox, parasites of

parasites of, 193

vulpes, parasites of, 192

w
Walter's millet, 248, 250, 251, 257

Water chestnut, 272

Water dock, 272

Water hemp, 246, 248, 249, 250, 251, 252, 253,

268, 270, 272, 274, 275, 278; see also

Pigweed
Water lily; see White water lily

Water plantain, 272

Water primrose; see Creeping water primrose

Water willow, 271

Watermeal, 246

Waterweed, 243, 244, 246, 248, 249, 250, 251,

252,277, 278

fVeinlandia, 192, 193

White oak, 196, 199, 201, 203, 204, 205, 206,

211, 213, 217, 218, 223, 225, 226, 227;

see also Quercus alba

White pine, 234

White water lily, 245, 246, 249, 250, 251, 276,

277, 278

Wild celery, 239, 243, 250, 251, 252, 265, 277

Wild millet, 250, 252, 253, 257, 268, 269, 270,

272, 274, 275, 279; see also Ecliino-

c/iloa crusgalli

Wild rice, 243, 244, 246, 249, 250, 251, 252, 269,

272, 273, 277

Willow, 255, 265, 270, 271, 278, 279

Willow-leaf oak, 197

ffolffia punctata, 246

Wood duck, 275

Wrightman's Lake, 242, 243

X

Xanthium, 250

Zannichellia palustris, 244

Zizania aguatica, 243, 244, 246, 249, 250, 251,

277 ; see also Wild rice
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FOREWORD

In 1919 the Illinois Natural History Survey began an Investigation of

oil sprays for the control of insects. In 1925 the Crop Protection Institute

established a research fellowship on oil sprajs with the Natural History
Survey. This fellowship was supported by funds from the Standard Oil Co.

of Indiana. This paper brings together data from the eight years of investi-

gation 1925-33, and includes the data that appear to illustrate progress in the

knowledge of oil sprays.

Types of materials and tests

The experiments have included tests on about 310 oil or oil-emulsion

formulae, of which about 16 per cent were soluble oils and 84 per cent stock

emulsions. In addition to these, various chemicals were included in many of

the formulae. For purposes of discussion and comparison of the various

emulsions the information is grouped under general headings referring to the

specific insects and plants used in the experiments.

Avery limited number of emulsion formulae were tested under field con-

ditions for more than one season. The greater portion were tested under

field conditions for only one year. Laboratory studies were made upon all

of the formulae to determine their physical properties and toxicity to bean

foliage. A limited number of tests were performed on insects to evaluate the

insecticidal properties of each emulsion. Those formulae which looked

promising as a result of information gained in the laboratory were tested

under field conditions the following season.

Present knowledge of oil sprays

As tangible results of the investigation, a miscible oil and a white-oil

stock emulsion have been developed. In the investigation of these products

and the study of their related formulae, a fund of constructive information

has been compiled that has been of great assistance in the interpretation of

results. This information has added greatly to our understanding of some ot

the factors affecting the reactions of petroleum oils on insects and plants.

Indicative of present knowledge concerning oil sprays are the following :

The use of oil emulsions for codling moth control in late-brood sprays, particular-

ly when mixed with nicotine sulfate, is very promising.

Sprays of oil emulsions for late-biood codling moth larvae have given excellent

results in the reduction of lead arsenate residues.

The larvicidal limits of oil emulsions are fairly well established.

The use of oil emulsions with lead arsenate sprays shows promise in the control

of codling moth larvae.

The use of petroleum oil as a carrier for plant poisons is recognized.

Oil emulsions are giving a control of scale insects superior to all other sprays

for scale.

Acknowledgments
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project and for experimental samples prepared and furnished through its en-

tomological staff and chemists; the Illinois Natural History Survey,

Urbana, for permission to use the equipment employed in the investigation;

members of the staffs of the Universitx' of Illinois and Iowa State College for

experimental material and assistance in the carrying on of the investigation,

taking of data and evaluation of results ; and Dr. L. L. English, former inves-

tigator of this project, who has furnished much time and eiifort in the collec-

tion and evaluation of data.

Definition of Terms

Concentration of emulsions refers to measurements by volume.

Lead arsenate is acid lead arsenate, the powdered commercial product

marketed for insecticidal purposes.

Miscible or soluble oils are clear oil-like emulsions containing very little

water. In these a soap emulsifier is dissolved into the oil. Upon the addition

of water the miscible oils disperse to form a milky white emulsion of very

small oil-droplet size. The commercial oils Dendrol and Sunoco are exam-

ples.

Paraffin oil or unsaturated oil is not as highly refined as technical white

oil (which see) and contains unsaturated hydrocarbons in varying amounts

depending on the degree of refinement. The degree of saturation is expressed

as unsulfonated residue and is determined by a standard procedure known as

the Whiting method.

Quick-breaking emulsions are made in the spray tank with or without

addition of some emulsifying agent. The emulsion depends upon the agita-

tion to break up the oil into droplets. The oil droplets are very large and

loosely emulsified, so that the oil phase may separate either on standing or

soon after application. For certain insects such as leaf rollers and case-

bearers, they are superior to the more stable emulsions.

Stock emulsions are oil emulsions of a pastelike consistency. They gen'

erally contain water as a separate phase. Boiled fish-oil soap emulsion is an

example of this type.

Technical white oil is an oil from which the preponderance of unsat-

urated hydrocarbons has been removed, but it is not of medicinal grade. A
technical white oil, or saturated oil, is practically inert chemically.

Viscosity, as measured by the Saybolt test, is the resistance to flow of a

given volume of oil through a given orifice at 100° F, and is expressed in

seconds.

Urbana
January 1, 1936 M. D. F.



Contents

Foreword iii

Types of materials aiul tests. Present knowledge ot oil sprays. Acknowl-

edgments. Definition ot terms.

Properties ot Oil Emulsions 1

Plant tolerance limits viscosity. Less stable emulsions most toxic. Spray

methods regulate coverage. Stability determines mortality.

Kffect of Petroleum Oils on Plants 3

Oils tile modern insecticide. Tolerances variable, specific. Normal
metabolism disturbed. Measure of injury unsettled. .Annual dormant
sprays safe. Unsaturated oils highly toxic. Saturated oils generally safe.

Smaller droplets more injurious. Emulsifier controls droplet size.

Insecticide Tests with the Emulsions 8

Codling moth. Red spider. San Jose scale. .Aphids. Oyster-shell scale.

Kuropean elm scale. Fruit-tree leaf roller. Fleas.

Oils with Fungicides 27

Dormant oils with fungicides. Summer oils with fungicides.

Bililiography 29



Testing Codling Moth Sprays.— Top, Apparatus devised by Farrar and McGovran to

secure uniform deposit of spray on apples. At tlie left is sliown a 110-volt, 60-cycle (1800 rpm'l

one-sixth horsepower stir motor with reduction gear. The stir rod buffers against a No. 13 rubbci

stopper supported between two roller-skate wheels as bearings. On the lower end of the shaft

carrying the stopper is a heavy-walled rubber tube extension that buffers against the rim of an

auto wheel covered with friction tape to reduce slipping. The wheel is part of a whirligig that

rotates a group of six experimental apples while revolving each apple separately. Moving at

8 rpm, the wheel turns six skate wheels, supporting an apple apiece, at 27 rpm against a fixed

6-inch buffer wheel. At right is a sprayer constructed for use with compressed air, spraying with

25 pounds pressure. The spray mixture in the jar is stirred by an agitator driven by a compressed-

air turbine. Bottom, Rack of test apples used in laboratory tests of codling moth sprays.
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PROPERTIES OF OIL EMULSIONS

The ratio between saturated and unsaturated hydro-

carbons in an oil determines to a large extent the [use

of that oil as an insecticide on either dormant or non-
dormant plants. The viscosity, volatility and degree of

dispersion are important properties which affect both

plant tolerance and insecticidai eflficiency. Spreading
properties of unit volumes of spray are nearly identical

as to coverage and time. Preparation of emulsions for

these experiments was by the Whiting method.

SATURATION, or the ratio between

saturated and unsaturated hydrocar-

bons, has sharpl}- di\ided the usage

of oil sprays into two distinct fields. The
works of Gray & deOng (1926), deOng.

Knight & Chamberlin (1927), English

(1928) and others show that the oils con-

taining the larger quantities of unsaturated

hydrocarbons are the more likely to cause

plant injury under comparable conditions.

Extensive experiments indicate that the

less highly refined oils are safe to apply on

dormant trees if they are properly emulsi-

fied. Because of the lower cost of this grade

of oil its use in dormant sprays has become

general.

Plant Tolerance Limits Viscosity

The viscosity of oils used in tree sprays

must be kept within the limits of plant

tolerance. Oils of less than 40—50 seconds

of viscosity are \ery difficult to combine

into a stable emulsion. Although somewhat
safer to use on plants, these light-viscosit\

oils disappear too rapidly to have a good

insecticidai value. Knight, Chamberlin &:

Samuels (1929) feel that a 60-second vis-

cosity oil represents about the upper limit

of plant tolerance and that oils of higher

viscosities must be used with caution if seri-

ous ultimate injury is to be avoided. Most
authors agree that the lighter oils are safer

on plants and generally recommend the

lightest oil that will give proper control of

the insect involved. Temperature under
which an oil is used in the field should

determine the proper viscositv, accordint'

todeOng(1931), although Green ( 1
927

')

did not find viscosity a factor for toxicitx

in dormant spraying. Oils of 60—12.S

seconds viscosity are now being used in the

manufacture of the greater part of the com-
mercial brands of oil emulsions.

Less Stable Emulsions Most Toxic

Volatility is a property that some authors

have considered important in petroleum

oils for use in tree sprays. Although per-

haps of some importance its significance ha<

not been fully accepted by all workers. The
property of volatility is by no means iden-

tical with that of viscosity, nevertheless it

is closely associated with viscosity. Ac-
cording to the findings of Knight, Cham-
berlin & Samuels (1929), the effect of

volatility "due to the enclosure of the oil in

the intercellular spaces ... is unquestion-

ably negligible in comparison with trans-

location." In this paper the author has not

considered \olatility an independent prop-

erty of the oils used in the emulsions tested.

The emulsifier plays a very important

role in the performance of oil emulsions, as

is shown bv the work of deOng & Knight

(1925), deOng (1926), deOng, Knight 5:
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Cliamln-rlin (1*^27) and others. Oil emul-

sions that incorporate excessive amounts of

cmulsifier are \ ery easily emulsified but are

not as efficient for the control of scale as are

less stable emulsions. English (1928),

working with aphids, San Jose scale and

oyster-shell scale, clearly demonstrated that

high mortality was associated with emul-

sions exhibiting the quicker breaking prop-

erties.

Spray Methods Regulate Coverage

The total volume of an\' spray material

required to cover a certain block of fruit

applied. This fact is in accordance with

the findings of Swingle & Snapp (1931),

and it is brought out also in the records of

commercial orchards which use large

amounts of materials for each spray. In

well-equipped orchards the variations can

usually be accounted for by adverse weather

conditions.

Additional proof that the volume of

spra> material necessary to cover a unit

number of trees is relatively constant was
given in a series of tests that made use of

commercial oil W at 2 per cent concentra-

Table 1.—Properties of experimental oils.'

Type or On. and Number
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oil, water or emulsifier phases of these

emulsions often changed the degree of dis-

persion. The difficulty of classification

made impractical the consideration of par-

ticle size in the experimental white-oil

emulsions. It is generally recognized that

the less dispersed oil emulsions separate-

faster and are more toxic to insects.

A'lost miscible oils and many of the stock

emulsions were prepared by a standard

technique worked out in the Standard Oil

laboratories at Whiting, Ind. Stock emul-

sions incorporating inert emulsifiers were

emulsified by colloid mills, capable of pro-

ducing emulsions of uniform dispersion of

oil droplets in the technical white-oil emul-

sions. (For analysis of oils used see Table

EFFECT OF PETROLEUM OILS
ON PLANTS

The physical properties of oil emulsions cannot be

associated with some forms of plant injury that follow

applications of oil sprays. Such plant disturbances are

associated with general vigor, stage of growth, soil mois-

ture and food relations.

Petroleum-oil emulsions formed with soap are generally

toxic to foliage irrespective of the saturation or viscosity

of the petroleum oil.

The amount of emulsifier present in an emulsion pre-

determines to some extent the physical nature of the

emulsion and to a greater extent its insecticidal value.

The emulsions which possess the larger oil droplets are

the more toxic to insects and less toxic to plants.

The viscosity of a petroleum oil determines to a limited

extent its safety to growing plants. The lighter oils, 50

seconds of viscosity or less, are less toxic to plants but

are not efficient insecticides. Oils of greater than 100

seconds of viscosity tend to create physiological disturb-

ances within the growing plant.

A laboratory study of the larvicidal efficiency of emul-
sions indicates only a limited possibility of increasing

the mortality of codling moth larvae by changes in the

physical properties of an emulsion.

The technical white-oil emulsions are relatively safe

on foliage if they possess the proper degree of saturation,

viscosity, oil-droplet size, and an inert emulsifier.

Previous to 1900 many cases of plant

injury were reported ' from the spraying of

plants with petroleum oils. It is not sur-

prising to find injury occurring early in the

-Manufacturers of commercial oils used in
tliise tests: .Sun Oil Co., B. G. Pratt & Co..
Sherwiu-Willianis Co., California Spray-Chem-
ical Co., Shell Oil Co.. Schaefter Bro.«. & Powell,
and Standard f>il Co. of Indiana.

'According to Liodeman (1S06), tJoeze was the
first to recommend the use of oils on plants. In
1763, .T. A. E. Doeze wrote, "petroleum, turpen-
tine and other oils are also recommended, but
care must be taken in their use, since they act
upon the plants, making them sick or even kill-
ing them." liodeman also credits William For-
syth as the first (1800) to call attention to the
use of train (whale) oil against coccus or scale
insects on plants.
The first record of petroleum oil as an insec-

ticide in Anierica is a recommendation in 18r,G

development of oil sprays. About 1900 the

use of petroleum oils became more general

and information became available as to the

more suitable oils and emulsion types that

ctjuld be safely used on growing plants.

Louring this same period there was rapid

development in the machinery necessary for

the proper preparation and application of

emulsions.

Oils the Modem Insecticide

Entomologists now recognize that oil

spra\ s ser\'e as very important weapons for

the control of many dangerous pests, such

as scales, mites, aphids, leaf rollers, case-

bearers, codling moth and oriental fruit

moth. Petroleum-oil emulsions are now
available that are adaptable for definite

insecticidal purposes with a minimum of

danger to the host plant.

\'olck (1903) published the first com-

prehensive paper on the effect of petroleum

oil when used on plants as an insecticide.

In this paper he concluded, "by far the

greatest cause of injury to \egetable tissue

is brought about by the penetration of the

oil applied, into the interior of the plant."

He also found the lighter oils less injurious

than heavy oils and that the degree of

injury depended upon certain physical fac-

tors. Some of the factors listed by \'olck

are the condition of the plant, type of oil,

amount of spra\ used, whether the spray is

applied to the upper or lower leaf surface,

and temperature and humidity at the time

of spraying. He demonstrated a physical

injury from oil that he attributed to "insu-

lation" or sealing over of the parts of the

plant ; this insulation interfered with both

respiration and transpiration of the plant.

The chemical effects caused by the petro-

leum oils used b\- Volck can now be largely

corrected by employing the highly refined

white oils, which contain a minimum of

unsaturated hydrocarbons.

tci use kerosene undiluted. The oil was to be
applied by means of a feather on citrus trees
for the control of citrus scale. Kerosene was
fust employed as a spray in 1868 by Henry Bird.
Newark, X. .T. He used a mixture of kerosene,
soaii and water for the control of the currant
worm. It was not generally used as an emulsion
until recommended bv A. J. (7'ook in 187S.

By 18S2, H. O. Hubbard had developed a satis-
factory formula for kerosene emulsion, using
soap as an emulsifier. Kerosene and other lig-ht

petroleum oils were used quite generally either
as emulsions or as mechanical mixtures previ-
ous to 1900, followed by distillate-water me-
chanical mixtures in 1902 and bv miscible oils in

1904, according; to Ma.son (1928) and Essii?
il9:!l).
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Tolerances Variable, Specific

Volck (1903) found that the important

injuries to citrus leaves by oil are general

and not local. This observation has been

substantiated in more recent work by the

determination of rather definite plant tol-

erances to oil sprays. No rules can be estab-

lished relative to the tolerance of plant

species to oils, but we do know within

limits the amount of certain petroleum oils

that can be applied with relative safety to

the more important trees and plants. It is

now well established that a dormant tree

will withstand higher dosages of less refined

oils than the growing tree. The type of oil

that may be used with safety to the plant

will depend to a great extent on the season

of the year when it is applied.

The accumulative effect of oil sprays has

been mentioned by Volck (1903), Yothers

(1913) and others. It is pronounced dur-

ing the active growth of the plant and

becomes less evident as the plant approaches

dormancy, at which time the effect appar-

ently disappears.

Burroughs (1924) stated, "from theoret-

ical considerations and from observations

and experiments, it is quite certain that a

covering of oil on the surface of the plant

organ may affect the physiological processes

of that organ. It is probable that under

some conditions the effect of the oil may be

infinitesimal."

Normal Metabolism Disturbed

Herbert (1924), working with prunes,

found the greatest plant stimulation asso-

ciated with the heavy types of miscible oils.

He correlated the degree of stimulation

with the moisture and food relations of the

soil and the season of the year when the

trees were sprayed with the oil. deOng

(1926) also found a correlation between

the season of spraying and the effect on

French prunes. In his experiments, extend-

ing over two years, sprays applied in No-

vember before the trees were fully dormant

slightly retarded development, December

sprays had little effect, January and early

February sprays stimulated, while sprays

applied between February 15 and March
15 retarded development.

Knight, Chamberlin & Samuels (1929)

determined histologically the distribution

of the petroleum oil in the plant tissue fol-

lowing an oil spray. They found that the

saturated white oils were absorbed by the

tissues and not volatilized, as considered by

some authors. The translocation of the

absorbed oil was traced from the leaf sur-

face to its final deposition in the large stor-

age cells of the pith and the old wood fiber

of the xylem. During the period of oil pene-

tration and initial translocation, transpira-

tion was sharply decreased and respiration

enormously increased. Knight and his co-

workers attributed the metabolic disturb-

ances to physical rather than chemical

handicaps imposed by the intrusion of the

saturated petroleum oils into the plant tis-

sue. Ginsburg (1929) found that apple

foliage sprayed four times between July 12

and August 24 increased in chlorophyll

content from 28 to 47 per cent in the two

apple varieties tested. This secondary effect

of oil sprays, that of intensifying the green

appearance of the oil-sprayed foliage, has

been reported by numerous workers with

oil emulsions. Working with excised twigs,

Kelley (1930a) found that "Saturation of

the heavier oils, comparable to those used in

commercial spraying, was not important in

either the dormant or delayed-dormant

periods. It was relatively unimportant in

foliage applications."

Measure of Injury Unsettled

The works of Volck (1903), Yothers

(1913), deOng (1926, 1928b, 1931),

English (1928), Knight, Chamberlin &
Samuels (1929), Kelley (1926, 1930a, b),

Ginsburg (1929, 1931a, b) and others

demonstrate that oils applied to foliage pro-

duce certain physiological effects on the

trees. As yet no one has advanced a good

criterion for classifying these physiological

effects as injury resulting from an oil spray.

Woodworth (1930) proposes certain terms

which may be useful in classifying these

effects. It is true that certain oils will

injure or burn more than other oils under

a comparable set of conditions, but it has

never been possible to show that a certain

property of an oil, if present in an emul-

sion, will result in foliage injury. In this

paper, injury is considered as visible

changes in the normal leaf tissue following

the application of an oil spray. This type

of injury usually is evident on the margins

or tips of the terminal and adjoining leaves.

A part of the difficulty in dealing with

emulsions lies in the fact that every emul-
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sion prepared is an individual colloidal sys-

tem possessing properties distinctive from
every other emulsion. Although this con-

dition is literally true, the emulsions tested

in this work were approximately the same
since they were prepared in the same way
and from very similar materials. It was
found possible to duplicate quite closely for-

mulae that had been used in previous tests.

Annual Dormant Sprays Safe

Consistent annual spraying of deciduous

fruit trees in the dormant stage with good

oil emulsions has produced no apparent

injury to them, according to Yothers

(1918), Burroughs (1924), Newcomer c<c

Yothers (1927) and Swingle & Snapp

(1931). This fact is well established even

though many individual cases of injury

Table 2.—Relation between the properties of emulsions and their relative safety when applied
on apple foliage at a concentration of 2 per cent.

Cases
Type No. Cases Cases of Cases
OF Form- Total of of Moder- of

ULAE No. Mo Slight ate Severe
Tested Tests Injury Injury Injury Injury

Emul-
sion
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Others. Overholser & Overley (1930)

found that more than three applications of

medium to heavy-viscosity oils applied to

apple trees carrying a heavy crop resulted

in a decrease in the size of fruit and a poor

set of buds and fruit the following year.

These effects usually follow the too-fre-

quent application of emulsions to foliage

early in the growth of new tissue. Delay

of such sprays until growth has about

stopped and the tissues hardened greatl\

reduces the abnormal physiological changes,

such as destruction of tissue, yellowing,

premature leaf-drop, and change in chlo-

rophyll content.

Unsaturated Oils Highly Toxic

The lower-viscosity oils have from the

first been considered less toxic to foliage

than the heavier oils. The usual explana-

tion is based on the fact that the heavier

oils are less volatile and persist on the plant

over a longer period than do the lighter

oils. Detection by Gray and deOng in

1915, (Gray & deOng 1926), that the

unsaturated hydrocarbons present in un-

treated oils are largely responsible for the

injury to plants has contributed more

toward the development of emulsions for

use on growing plants than any other dis-

covery.

Associated with plant injury are addi-

tional, less important factors: the use of

inert emulsifiers, the limits of the size of

the oil droplets, and the effect of oil-droplet

size on quick breaking. All of these prop-

erties have a bearing on the emulsions and

predetermine to a limited extent the phys-

ical properties of an emulsion suitable for

tree-spray purposes.

The stage of growth in the plant,

weather conditions at the time and follow-

ing spray application, time and method of

application, and a host of other factors so

influence the results from application of an

oil spray that an emulsion incorporating all

the desirable properties of a summer oil

will not insure uniform performance of an

insecticide without injur\' to the host plant.

Saturated Oils Generally Safe

With these conditions in mind one is in

position to attempt to judge foliage injury

following the use of an oil spray. Table 2

presents data summarizing most of the

results obtained from the use of oil sprays

on foliage over a five-year period. Particu-

lar attention should be given to item 1, cov-

ering the work with a summer oil that pos-

sessed all the physical properties deemed
necessary for safety to foliage. This oil

emulsion in 75 field tests gave one case of

severe injury, two of moderate, three of

slight injur\- and 69 cases where no injury

was observed. When given adverse con-

ditions, this oil emulsion, although rela-

tively safe, produced severe injury or burn

to apple foliage. A very similar result was
obtained with the emulsions under item 5.

If given a sufficient number of trials under

varying conditions, there is no doubt that

the other emulsions listed in the table

would have shown a similar number of

cases where injury occurred.

Emulsions listed in items 3 and 4 are sim-

ilar to those in item 1 with the exception

that extracts of tobacco or derris have been

added to the emulsions for the purpose of

increasing their insecticidal efficiency. The
incorporation of these materials into an

inert white-oil emulsion did not materiall>

increase foliage injury.

The injury shown in items 6, 7 and 8

was probably caused by the copper, sulfur

or sodium fluosilicate mixed with the white-

oil emulsions. The formulae containing

copper injured in 51 per cent of the cases,

and those with sulfur in 70 per cent of the

cases, where they were tested.

Technical white oils, item 9, made up as

a stock emulsion with a soap emulsifier did

not injure in the limited number of trials

given. The same oils combined as a misciblc

oil injured in 14 per cent of the tests.

Smaller Droplets More Injurious

Petroleum oils containing as much as 9

per cent of unsaturated hydrocarbons will

cause injury in most cases if they are com-

bined with soap emulsifiers. The soap

einulsifier, item 14, is no doubt responsible

for some of the injury obtained with emul-

sions containing soap. The miscible or solu-

ble oils, items 11 and 12, give relatively

more injury than do the stock emulsions,

item 13. The smaller oil-droplet size and

greater stability of the miscible oils are

responsible to some extent for the injury

that follows the use of miscible-oil emul

sions. It is evident that, other factors being

equal, the emulsions with the smaller oil

droplets are the more likely to cause injury

to foliage.
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In Talile 2 ;i large number of cases are

reported where no injury was observed

with any of the sprays listed in items 1 to

14. These occurrences are significant be-

cause they explain to some extent the con-

fusion resulting from reports of injury

occurring in the individual experiments of

all workers.

Some of the recent work of deOng.
(1^26), deOng, Knight &: Chamberlin
(1^27). and Smith (1029, 1030 and 1031 1

has again raised the problem of applying

oils to plants without the aid of an emul-

stability of such an emulsion was almost

negative and the oil droplets so irregular

and unstable that they were difficult to

measure. The oil drops were very large

and coalesced rapidly. Neither of these oils

injured foliage at l'^ per cent concentra-

tion but the less saturated oil spotted the

fruit of apple.

Emulsifier Controls Droplet Size

In items 3, 4 and 5 a technical white oil

was used that contained a product known
as "butylacet\l resinoleate," which has been

Table 3. —Relation between emulsifier, droplet size, saturation and foliage injury to apple.
Sprays applied to foliage at 1

' -j per cent concentration of oil in the water phase.

C O M P O S I T I c

Viscosity Saturation
seconds

at 100° F perceutang

Stabilil

Oil- Injury
droplet to
Size Foliage

Paraffin oil Paraffin oil

3
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experiment as a comparison with the other

emulsions. It contains a technical white oil

with an inert emulsifier, has quick-breaking

properties and is relatively safe on apple

foliage.

Soluble oils 8800 and 8790 contain the

same ratio of emulsifier as soluble oil 17 but

are prepared with 60 and 83-second-viscos-

ity white oils respectively. In items 7, 8

and 9 there was no marked difference be-

tween the technical white oils and the less

saturated oil in their injury either to fruit

or foliage when they were emulsified with

certain soaps.

Considering the graduation in the oil-

droplet size and stability between items 1,

3, 5 and 8, all containing technical white

oils, it is evident that the emulsions with

the smaller oil droplets and greater stabil-

ity are the more injurious to apple foliage.

Similar differences are exhibited between

items 2 and 9, both of which contain oils

with a lower sulfonation test.

IIISECTICIDE TESTS WITH THE
EMULSIONS

Codling Moth

Carpocapsa pomonella (Linn.)

White-oil emulsions are practical in the late-brood

codling moth sprays in order to avoid arsenical residues

on the fruit. The white-oil emulsions alone are not

equivalent to lead arsenate in larvicidal efficiency but

when combined with nicotine sulfate they are comparable

to lead arsenate in the control of the late-brood codling

moth larvae.

Addition to emulsions of extracts of plant poisons such

as pyrethrum, derris or tobacco materially increases

toxicity of the emulsions as contact insecticides. Of the

plant poisons, nicotine alone was stable to exposure under

field conditions. Toxicity to foliage was not influenced

by the addition of plant extracts to the emulsions.

White-oil emulsions can be used as ovicides in codling

moth control either alone or included in the lead arsenate

sprays. The combined spray has excellent ovicidal and
larvicidal properties.

FIELD TESTS IN CONTROL OF
CODLING MOTH

The codling moth is by far the most

destructive insect encountered in the pro-

duction of apples. The annual abundance

of codling moth and the difficulty of secur-

ing an adequate control by the use of poison

sprays have given this pest a role as limit-

ing apple production, particularly in the

sections where apples are grown commer-
cially. In seasons of abundance the late-

brood larvae will destroy 10—40 per cent

of the marketable fruit. This condition

Lead
Arsenate
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efficiency of oil emulsions with lead arse-

nate. Spuler & Dean (1930) state, "when
oils are combined with lead arsenate the

resultant spra\- has an ovicidal value equal

to that of oil alone and a larvicidal value

greater than that of lead arsenate alone."

In their tests a three-fourths per cent

actual oil ga\'e 80—95 per cent kill of cod-

ling moth eggs. Newcomer & Mothers

(1932) suggest use of "a medium oil, hav-

ing a Saybolt test of 65—75 seconds and a

high sulfonation test applied in a proper-

1 LEIAD ARSENATE 12), n/^s

LIME C4), WATER (lOOJ ^"
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Mothers (1932) found that from 80 to

97.6 per cent of tlie eggs failed to hatch if

spra) ed with a 2 per cent heavy-oil emulsion

and that 64.6 per cent of the eggs did not

hatch if laid within seven days after appli-

cation of an oil spray. The ovicidal effect

obtained from oil sprays will explain in

many cases wh\ the same oil spray has gi\en

variable results in succeeding years and in

different orchards.

Since 1927, orchard tests have been con-

ducted to compare the eflSciency of oil-emul-

sion sprays with that of lead arsenate

sprays. The schedule followed for dates of

furnished the fruit used in scoring spra\'

performance. Apple pickers gathered the

fruit from the inside quarters of these trees.

A 1000-apple sample was taken from this

fruit to be graded in scoring the plot. The
population of codling moth varied in the test

orchards from liglit to extremely heavy,

including in the five years of records repre-

sentative orchards in the commercial apple-

growing sections of the state.

A summary of five years of data is given

in Table 5 and fig. 1. The relative control

given by all of the sprays as compared with

no spraying is striking, especially in the

Table 5.—Codling moth control in the orchard over a five-year period. Orchard tests were
conducted in commercial orchards of western, central and southern Illinois. A test was a count
made on 1000 apples taken from the four center trees of a test block.

Spray Treatment r

Secoxd and Third-br
Item Larvae

Tests Cent

Oil emulsion stock 200 at 2%
Oil emulsion stock 5 at 2%
Oil emulsion stock 200 plus

pyrethrum. at 2%
Oil emulsion stock 200 plus

nicotine (Ni-SO^ 3-^ pt. per
100 gals.), at 2%

Control, no spray all ;

1.8
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Item 1 can be used as a basis of compari-

son since this treatment conforms with tlie

recommendations for the control of second

and third-brood codling moth larvae. Lead
arsenate was applied at 2 pounds per 100

gallons in 1927, 1928, 1929 and 1930, and

at 4 pounds per 100 gallons in 1931. The
change in 1931 gave lead arsenate an

advantage, as no change was made in the

oil-spray schedule. In items 1 and 2 a direct

comparison is shown between lead arsenate

plus hydrated lime ( 1 pound of lead arse-

nate to 2 pounds of lime) and oil emulsion

at 2 per cent concentration. The results in

1927 were decidedl\ unfavorable to the oil-

sprayed plot. The years 1928 and 1930

showed 5 and 16 per cent fewer entrances

in the oil-sprayed fruit. In 1929, 55 per

cent, and in 1931 18 per cent, more larvae

entered the oil-spra> ed fruit. For the five-

'^oOO

O o
^

O o
oO o oO<
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o o

Fig. 2.—Oil stock 200. X490.

year average, 19.5 per cent more larvae

entered the oil-sprayed than the lead arsc-

nate-spra\ed fruit.

Items 2 and 3 show the performance of

two commercial white-oil emulsions. The
droplet size of these t\\o oils is illustrated

b\ microphotographs, figs. 2 and 3. The
oil-droplet size in stock 200, fig. 2, is much
larger. The emulsion contains 15.6 per

cent less oil, has a relatively low wetting

property, and gives a very spotted type of

covering. Commercial oil stock 5, fig. 3,

has small oil droplets, high wetting, and
leaves a smooth, even oil covering. If the

protection given fruit from codling moth
larvae and tlie safety to fruit and foliage

be considered, oil stock 200 is superior to

tile other oil emulsion for second-brood

codling moth control.

White-oil Emulsions with Pyrethrum
and Derris

Poison plant-extracts from pyrethrum
ilowers, tobacco or derris root, mixed with

stock emulsion 200, have been given many

field trials. Data covering the work with
codling moth are given in Table 5, items

4, 5 and 6. Emulsions containing extracts

of derris and pyrethrum were found to be

less toxic to codling moth larvae under
lield conditions than the nonimpregnated
emulsions. Exposure of derris or pyre-

thrum products to the action of sunlight

and oxygen destroyed their activity toward
insects, as is clearly demonstrated by lab-

orator}' tests. These same oil emulsions,

when tested against codling moth larvae

in the laborator>' after a relati\ely short

exposure to the air, consistently gave per-

formance superior to nonimpregnated
emulsions.

White-oil Emulsions with Nicotine

The use of nicotine with oil emulsions

is finding a place in the oil-spray program

Fig. 3.—Commercial oil stock 5. X4y0.

for second-brood codling moth, according

to Herbert ( 1931 ). The field results with
nicotine and oil spra\s. Table 5, item 5,

show it to be equal or superior to lead

arsenate. This is in line with the results

of Herbert & Leonard (1929), Regan
(1930), Leonard (1930), Spuler .^ Dean
(1030) and Webster (1931).

The most favorable mixture of oil and
nicotine has been that (jf summer-oil emul-
sion at 1 per cent concentration with nico-

tine sulfate in dilutions of from 1 :800

parts to 1 :1600 parts. Free nicotine used

in place of nicotine sulfate will give a some-

\\hat quicker kill but is not so effective a

mixture as is the oil with nicotine sulfate,

riie relati\ e persistence of the two nicotine

products has not been tested in the field

under Illinois conditions. The 1932 report

of the Western Cooperative Codling Motli

Conference recommends oil and nicotine

spravs as the most practical sprays for late-

brood codling moth larvae where lead arse-

nate cannot be used.
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water to a 2 per cent concentration by vol-

ume and applied at once to test apples by

standardized methods to be described.

Laboratory Technique

The method used in rearing codling

moth larvae for larvicidal tests was de-

scribed by Farrar & Flint (1930). The
apparatus and technique for handling the

apples and the larvae were developed in the

present work.* The method of applying

the spray to the fruit was standardized as

Table 6.—Larvicidal efficiency of oil sprays tested in the laboratory against newly hatched
codling moth larvae.

No. Average
ORMULAE Relative
Tested Efficiency

LABORATORY TESTS IN CONTROL
OF CODLING MOTH

Standardized laboratory tests were used

in making close comparisons between oil

emulsions. Many combinations of insecti-

cides were tried in the search for improved

killing power of the oil sprays. White-oil

stock emulsion 200 served as a basis of com-

parison for oil emulsions. This formula con-

tains 64.4 per cent of a technical white oil

of 83 seconds viscosity, with an inert emul-

sifier. The formula was varied with respect

1
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PERCENTAGE CONTROL
CONTROL

MISCELLANEOUS
EMULSIONS
COMMERCIAL
WHITE OIL
STOCKS

2 STOCK \B00

MISCELLANEOUS
EMULSIONS CROUP n

10 20 30 40 iO • 60 70 80 90

5 WHITE OIL 200 , savbolt test

WHITE OIL 200
WITH FUNGICIDES

1 rURFURAMIDE
2 SULFUR
3 BASIC COPPER SULFATE
4 FURFtJRAL
b BETA NAPHTHOL

WHITE OIL 200
7 WITH \0°/o

FLUOSILICATES

1 CALCIUM
2 SODIUM
3 BARIUM

WHITE OIL 200
8 WITH VARIOUS

EMULSIFIERS

I GUM
2 CUM I REDUCED AMOUNT}
3 TRIETHANOLAMINE
4 COULAC

MISCELLANEOUS
EMULSIONS

LEAD ARSENATE
10 (2).LIMEC4),

WATER (100)

WHITE OIL 200
II WITH PYRE THRUM
AND FUNGICIDES

1 SULFUR
2 BORDEAUX
3 FURFURAMIDE
4 COPPER SOAP
5 BETA NAPHTHOL
6 FURFURAL

WHITE OIL 200
WITH DERRIS
PRODUCTS

1 DERRIS, WATER, OIL
2 cube' EXTRACT
3 ROTENONE
4 DERRIS, OIL
5 DERRISOL, WATER
6 DERRIS WATER
7 CROUND DERRIS htB.PEfi GAL

8 ROTENONE, PENETROL
9 GROUND DERRIS ILB PER GAL
JO GROUND DERRIS 2LBS PER GAL

WHITE OIL 200
13 WITH PYRETHRUM

PRODUCTS

SAyBOLT TEST

150
5 GROUND PYRETHRUM
6 STABILIZER OF PYRETHRUM

WHITE OIL 200
14 WITH NICOTINE

PRODUCTS
1 FREE NICOTINE
2 NICOTINE SULFATE

EMD

E)

EE)

ED
E)

ED

20 30 40 50 60 70 80 90

PERCENTAGE CONTROL
Fig. 4.—Laboratory tests of sprays to control codling moth in Illinois, showing relative

efficiency of 13 groups of materials. Each white dot marks the average efficiency of a series of
tests.

larvae were considered a series and a check

apple with 10 larvae was included with

every two series. Seven series of tests were
conducted with each emulsion. In the total
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test a material thus received 21 or more

trials, in which 210 codling moth larvae

were given opportunity to enter the sprayed

fruit. Because of the natural variation of

larval vitality it was found adxisable to

conduct the seven smaller tests of three

apples each over a period of days rather

than to make a large single test.

Scoring of treated and untreated fruit

was done five days after infestation. All

data obtained were calculated against the

number of larvae entering untreated fruit.

The relative efficiency for each emulsion

has been calculated on the basis of the con-

trol afforded b\' the untreated fruit.

For purpose of discussion, emulsions that

are related in certain ingredients are

grouped together, as shown in Table 6.

The emulsions within each group, and the

several groups as a whole, have been ar-

ranged to show the relative efficiency of

the sprays against codling moth larvae.

Figure 4 is a graphical illustration of the

exact performance of each material tested.

Each white dot in the columns of this graph

represents the average efficiency of a series

of laboratory tests on a respective emulsion,

the length of the column then showing the

range of efficiency.

White-oil Emulsions

The property of an emulsion can be

altered by changing the viscosity of the oil.

The average efficiency given by 15 changes

in viscosity was .34.2 per cent. The changes

included cover the entire range in oil vis-

cosities suitable for tree-spray oils. This

control is only 2.2 per cent greater than

that given by the 83-second oil, which is

the same as commercial oil stock 200. The
total range in the results by changes of vis-

cosities alone is not much greater than that

exhibited by the commercial white-oil emul-

sions. Laboratory data, fig. 4, item 5,

would indicate that oil viscosities under 83

seconds are not so satisfactory as the higher-

viscosity oils for the killing of codling moth
larvae.

The most efficient white-oil emulsions

were obtained by varying the concentration

or type of emulsifier. The most efficient

emulsion contained the emulsifier Goulac,

lignin pitch, which according to Hurt

( 1931 ) is a by-product of the paper indus-

try. Physically this emulsion has undesir-

able properties. It is relatively unstable,

lias large irregular oil droplets, and tlu'

stock tends to jell on standing.

The amount of emulsifier included in an

emulsion will determine within certain

limits the type of emulsion that will be

formed. When the percentage of emulsi-

fier to the oil and water phases is reduced,

the size of the oil droplets tends to increase.

In the cases of the emulsions shown in fig.

4, item 8, where the gum emulsifier was
greatly reduced, the emulsion formed was
stiff, had larger oil droplets, and was more
difficult to dilute than was oil emulsion

200, item 5. Although the physical change

brought about by reduction of the emul-

sifier resulted in somewhat higher kill of

codling moth larvae, the characteristics of

tiiis gum emulsion make it impractical.

In general, under laboratory conditions

the oil emulsions containing the smaller

oil droplets did not give so high a kill of

codling moth larvae as did those with the

larger oil droplets. The emulsion contain-

ing a triethanolamine emulsifier, item 8,

did not follow this trend as did some of the

other white-oil emulsions.

Need of a fungicide that can be safel\-

combined with an oil emulsion as a summer
spray has long been recognized. In this

study a number of possible fungicides were

tested. Fungicides typical of those tested

are shown in fig. 4, items 6 and 1 1. Fungi-

cides mixed with an emulsion tend to

reduce the efficiency of the emulsion below

that of the emulsion without the fungicide,

rhis fact is particularly true of those fun-

gicides tiiat have the property of adsorption

of a part of the emulsion to the surfaces of

their particles. Examples of such fungi-

cides are sulfur and Bordeaux. Furfural,

beta naphthol and copper soaps do not seem

to ha\e this reaction of adsorption, neither

do they reduce larvicidal efficiency as do the

more bulky materials. In this study there

was no fungicidal material tested thatj

could be included in an emulsion in suffi-l

cient quantity to be toxic to the fungi of

'

apple scab, lentiirin iiitierjiuilis (Cke.)

Wint., or apple bitter-rot, Phyllosticta soli-

taria Ell. & Ev., under field conditions.

The commercial white oils include two

of the most successful summer-oil emul-

sions. The laboratory efficiency of these

oils was 24, 32 and 53 per cent, with an

a\erage of 36.3 per cent, Table 6, item 9.

Stock oil 5, fig. 3, with the highest efficiency
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—53 per cent— lias 15.6 per cent inure

oil, smaller oil droplets and better wetting

properties than the other two emulsions.

Stock 200, fig. 2, is uniform phjsically but

has low wetting power. Stock 7 is one with

poor physical properties, including poor

wetting, irregular oil droplets and low sta-

bility. Jhe results obtained with these com-
mercial white oils show that they are

typical of results that may be obtained with

an>' satisfactory white-oil emulsion. The
variations used in experimental emulsions

were not sufficient to show marked superi-

ority over the standard emulsions. The
physical changes made in emulsions, Table
6 and fig. 4, express about the physical

limits possible with strictly white-oil emul-

sions for use in tree sprays applied to foli-

age.

White-oil Emulsions plus Pyrethrum

Pyrethrum extracts, 1—3 pounds per gal-

lon of oil, combined with the oil phase of

emulsions, produced the most efficient cod-

ling moth larvicides. Ten formulae con-

taining pyrethrum gave an average relati\e

efficiency of 87.8 per cent. The consistent

superiority of pyrethrum emulsions is

shown in fig. 4, item 13.

Addition of fungicides to pyrethrum
emulsions reduced a\erage efficiency of the

latter 21 per cent. Furfural and beta naph-

thol did not reduce the kill as greatly as did

copper soap, furfuramide, copper Bor-

deaux or sulfur, Table 6, item 4, fig. 4,

item 1 1.

White-oil Emulsions plus Nicotine

Oil emulsions with nicotine produced the

second most efficient codling moth spray.

Table 6, item 2. The seven formulae tested

averaged 10 per cent less efficient than the

pyrethrum sprays, although the range in

control shown b\' the oil—nicotine sprays is

greater than that of pyrethrum sprays, fig.

4, item 14. All sprays of oil emulsion with

nicotine were more efficient than white-oil

emulsions alone. The use of oil emulsion-
nicotine sprays in the field has shown the

residue to be as toxic and nearh as persis-

tent for codling moth larvae under field

conditions as that of lead arsenate. Oil
emulsions containing nicotine are the only

mixtures of oil and a plant poison that have

withstood exposure to weather approxi-

mately as well as lead arsenate.

White-oil Emulsions plus Derris

Derris extracts act more slowly and are

more stable to oxidation than are pyreth-

rum extracts. It was with the hope of

finding a more stable insecticide than pyr-

ethrum that derris was tried extensively in

laboratory and field tests. The results of

tliese tests were disappointing. In many
cases emulsions containing derris were in-

ferior to those containing pyrethrum. The
efficiency of derris. Table b, item 5, fig. 4,

item 12, is shown to be widely distributed,

illustrating the very erratic results obtained

with this material. The derris sprays tested

are not a dependable group when incor-

porated with white-oil emulsions for kill-

ing codling moth larvae.

White-oil Emulsions plus Other Insecticides

Fluosilicates at 10 per cent mixed with
oil emulsions are more toxic than white oils

alone, but such combinations have very un-

desirable properties which do not make
them practical mixtures. Table 6, item 7,

fig. 4, item 7.

In the miscellaneous group III, Table 6,

item 3, is a substance called petroleum
nitrogenous base. The nitrogenous bases

used in the tests have a boiling range be-

tween 180 and 520" F. This is the only

material other than the extracts of the plant

poisons which offered promise as an insec-

ticide with oil. The other materials listed

under the miscellaneous groups I and II

do not show sufficient promise to justify

further study. The materials included in

the miscellaneous groups are not all chemi-

calh related, which makes the grouping

artificial.

Laboratory Tests with Lead Arsenate

IWi) pounds ot lead arsenate plus 4
pounds of hydrated lime killed codling

moth larvae in the laborator\- as efficiently

as this spray did in the field. It is of inter-

est to note that with the most uniform coat-

ing obtainable with lead arsenate on apples,

the efficiency of this spray over unspra\ed

apples was only 36.3 per cent. This means
that relati\ely 63.7 per cent of the larvae

penetrated a coating of lead arsenate and
gained entrance to the fruit. The highest

control with lead arsenate was 88 per cent,

or identical in control with the average

efficienc\' for the p\rethrum-impregnated
emulsions. Table 6 and fig. 4, item 10.
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Red Spider

Tetranychus sp.

The most satisfactory control of red spider was obtained

by the use of a technical white-oil emulsion at a con-

centration of 1 per cent.

ON CONIFKRS
Conifers are often attacked by red spi-

ders to such an extent that the younger

trees are killed. Where the mites are not

sufficiently abundant to kill the trees, they

so destroy the chlorophyll in the tissues that

the trees appear brown. Many of the

needles become dry and drop off, leaving

the tree very unsightly.

than in a film, as is commercial oil stock 5.

This irregular type of coating reduces the

danger of injury to foliage and leaves the

oil spots scattered over the surface to en-

tangle the red spiders as they crawl about

the needles. Immediate kill of red spider

by oil stock 200 is not apparent, but its

residual effect gives the most satisfactory

control of any emulsion tested. Addition of

a material to give this oil emulsion higher

wetting properties did not cause foliage

injury but did reduce protection afforded

against red spider.

In two cases oil stock 6990 gave very

Table 7.—Degree of safety and red spider control for oil emulsions on the foliage of conifers.

Oil
Formula

Item No.
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The technical white oils, properl}- emulsi-

fied, may be applied with relative safety at

any time of the year except in extremely

hot weather. Care should be taken in ap-

plying oil sprays to blue spruce, compact
arbor vitae and all new plantings. Drench-
ing of conifer foliage with oil sprays should

be avoided. Pines and junipers will toler-

ate one or more applications of 1—2 per

cent oil emulsion ; spruce, arbor vitae and
similar tender species from one-half to 1

per cent oil emulsion. One, or at most two,

applications of the proper oil emulsion have
given excellent protection for the season

against the common red spiders attacking

evergreens.

ON RASPBERRIES

Oil emulsions have been tested on rasp-

berries for two seasons. In these tests one

mite, Phyllocoptee oleivorus Ashm., by the

use of oil sprays.

San Jose Scale

Aspidiolus perniiiosHs Com.

For control of San Jose scale, the most efficient emul-
sions contained relatively large oil droplets associated
with high wetting and quick breaking properties.

Oil emulsions have been used against

scale since about 1878. Because of the

wide distribution of San Jose scale it has

received much attention in the development
of control measures. Great impetus was
given to the study of oil emulsions for this

insect following the complete destruction

of many orchards by this scale from 1919
to 1922, according to Ackerman (1923),
Davis (1924) and Chandler, Flint &
Huber (1926).

Fig. S.—Soluble oil 16. X490.

to three applications of stock oil 200 at 1

per cent concentration gave excellent con-

trol of red spider without injury to the foli-

age. The sprays were applied with a power
sprayer at a pressure of 200 pounds. For
satisfactory results it was necessary to use

care to wet tlie under surfaces of all leaves.

For this purpose a short rod carrying three

fine nozzles turned upward permitted ex-

cellent spraying from the underside. Stock

oils 5220 and 5230 did not injure the foli-

age but failed to control the mites. The low
viscosity of these oils, 40 and 60 seconds

respectively, would suggest that they pene-

trated the tissues readily and did not leave

a persistent oil film to entangle the crawl-

ing spiders.

Favorable results with oils on red spi-

der are reported by Vinal (1917) on

cucumbers, by Newcomer& Yothers ( 1 927

)

on fruit trees, by Whitcomb & Guba
(1928) on cucumbers, and by Compton
(1931) on greenhouse crops. Yothers &:

M^ison (1930) had unfavorable results in

controlling the egg stage of the citrus rust

Fig. 6.—Soluble oil 90. X490.

The scale affords such natural protec-

tion that any insecticide to be effective

must gain access to the living insect. Abil-

ity of oil sprays to form films or coatings

that are toxic to scale has made oil emul-
sions a reliable source of control. The
work done in the control of tiiis insect lias

demonstrated the physical and chemical

properties necessary in an emulsion for

high efficiency against a number of insects

other than scale.

According to Ackerman (1923) and
Davis, Yothers, Ackerman & Haseman
(1926, 1927), most workers find that at

least a 2 per cent actual oil is required to

give satisfactory control of scale. The
proper concentration will depend entirely

on the properties of the emulsion, as is

shown in Table 8. The data were calcu-

lated according to the formula of Abbott

(1925). Abbott (1926) found that mor-
tality counts on San Jose scale made 30
days after the treatment by sprays gave

accurate indices of performances. In these

tests the mortalit\' counts were made from
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four to six weeks after the oil-spray treat-

ments were applied.

Soluble oils 16, fig. 5, and 90, fig. 6, con-

tain the same amount of emulsifier, but oil

16 contains a highly saturated white oil.

This emulsion is less stable than the emul-

sion containing the unsaturated oil. The
effect of saturation on the stability of solu-

ble oil 16 is reflected in the difference be-

tween these two emulsions in the mortality

in this comparison between soluble oils 47,

48 and 49. All are less stable than the 83-

second-viscosity emulsions even though the

lighter emulsions contain the emulsifier in

greater quantity.

deOng 5; Knight (1925) found as they

decreased the amount of soap emulsifier

used in relation to the volume of oil that

"the results showed a progressive increase

of kill as the amount of soap was decreased,

Table 8.—Relation between viscosity, saturation, ratio of emulsifier, and droplet size, for

miscible-oil sprays tested on San Jose scale.

Oil
Formula

Oil-
droplet

No. Tests
Per Cent

Item No. Composition* Size Concentration*!*
Ratio of
Emul-

Vis- Satu- Emul- sitier

cosily ration sifier to Oil

microns 1. I J .'
. .'.5 J.

Relative Efficiency
at Per Cent
Concentration

Soluble
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It is evident from these data that effici-

ency is influenced b\ viscosity, saturation

and oil-droplet size. These variations give

to an emulsion certain properties that in

with their respective degrees of control, are

shown in Table 9. Certain relationships

are lacking but those most influential in

control of scale are included. Soluble oils

^"f^^--p'pm'>^

t
c

Fig. 9.—Soluble oil 22. X490.

Table 9.—Relation between viscosity, saturation, ratio of emulsifier and oil-droplet size for

commercial oil sprays tested against San Jose scale.

Fig. 7.
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containing a 350-second oil. The oil-drop-

let size is not greatly different in these two

emulsions. Soluble oil 17 has a lower ratio

of emulsifier to the oil than the other solu-

Fig. H.-^C

ble oils and is a quicker-breaking emulsion.

This oil is consistently superior to the

others in its control of scale.

Boiled fish-oil soap emulsions, fig. 12,

were as efficient against San Jose scale as

was soluble oil 17. Both of the boiled emul-

sions, Table 9, items 4 and 5, have larger

oil droplets and somewhat quicker break-

ing qualities than soluble oil 17. The gov-

ernment formula'^ contains half as much
soap emulsifier and considerably more

water than the Illinois formula^. This con-

dition imparts to the government formula

a slightly larger oil-droplet size and quicker

breaking qualities.

There are certain sections in Illinois

orchard areas where the extremely hard

water will prevent this formula from emul-

sifying properly. For this reason the Illinois

formula is recommended and used. This

emulsion contains sufficient soap to permit

emulsification in most Illinois waters. Both

of these emulsions contain about one third

Fig. 12.— Boiled fish-oil soip miiilsioii stock,

Illinois formula. X490.

= Government formula:
Potash fisli-oil soap 1 pound
Water 2 quarts
Lig:ht-gTade lubricating oil 1 gallon

Illinois formula;
Potash flsh-oil soap 1-2 pounds
"Water 1 quart
Light-grade lubricating oil 1 gallon

of their volume in water and soap and arc

therefore recommended for use at a con-

centration of 3 per cent, which places them

about on a basis of comparison with a solu-

ble oil at 2 per cent concentration. When
boiled-soap emulsions are tested and com-

pared with miscible oils on their oil basis

they are as effective in their kill of scale as

the soluble oils. This accords with find-

ings of Ackerman (1923), Davis (1924),

Chandler, Flint & Huber (1926), English

(1928) and Swingle & Snapp (1931).

Stock emulsions 5 and 8, Table 9, items

b and 7, are emulsions containing inert

cmulsifiers. In both, the ratio of emulsifier

to the oil is sufficiently low to impart quick-

MODERATE

^H 2>i OIL
Cn 6K LIME
1777} 2% 0IL,6"< LIME SULFUR

I

Fig. 13.— I-lelation in days between bud de-

velopment of apple and safety to the tree when
sprayed with a 2 per cent soluble-oil emulsion,

6 per cent liquid lime sulfur, or a combination

of both. The first spray was applied in the

following periods of tree development: dormant,

tip-green, delayed-dormant, and cluster-bud.

breaking properties, as shown by their

respective oil-droplet size. The control of

San Jose scale exhibited by these emulsions

is comparable with the quick-breaking solu-

ble oils and boiled fish-oil soap emulsions.

Factors other than insecticidal efficiency

have entered into public acceptance of the]

several commercial emulsions. Many of

those who have made and used the boiled

fish-oil soap emulsions will continue to do

so, but there is an increasing trend toward,

the commercially prepared quick-breakingj

soluble oils. This has come about from the}

relatively low cost of soluble oils, the easel

with which they can be stored and diluted,

and the uniform performance given by such

oils as soluble oil 17 in the control of San

Jose scale.
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Delayed-dormant Applications of Oil Sprays

For a number of years there has been a

tendency to delay the application of oil

sprays for the control of San Jose scale as

late as possible in the season in order to kill

such aphids as were hatched. Very few
cases of injury are reported from stable oil

sprays applied when the trees are strictly

dormant. Felt (1913) reported less in-

jury when oils were applied just before

growth started in the spring than in fall

applications. deOng (1926) observed that

the blooming date was influenced by the

season of application, recording that the

have been obtained. In the test are included

an unsaturated miscible oil at 2 per cent,

applied in the fall, winter and spring dor-

mant, and the delayed-dormant stages

;

boiled fish-oil soap emulsion at 3 per cent

:

and the miscible oil at 8 per cent concen-

tration. The last two are applied in the

spring dormant. In one year the fish-oil

soap emulsion, and for three years the 8 per

cent miscible oil, have shown a retarding

effect on leaf de\elopment. In all cases the

retardation was no longer noticeable six

weeks after the buds started to open. There
have been no injurious effects on an\' of

Table 10.—Relation between oil-droplet size of a miscible oil and its insecticidal efficiency

as tested against aphids.*

Ratio
of Soap
to Oil

No. OF Tests
(1000 .\PHIDS)
AT Per Cent
CONXENTRATION

Relative
Efficiency at
Per Cent

Concentration

1
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unc witli the fircatcf \\cttiiig; abilit\- is tlic

more cftcctixc on aphids.
"

Griffin, Richardson c^ Hurdcttc (1927)

found tliat "under conditions of compar-

able concentrations and type of oil, misciblc

Fig. 14.—SoluMe oil 18. X490

breaking emulsion and a higher mortality

of aphids. In soluble oil 17, (ig. 10, the

emulsifier has been reduced over that of

soluble oil "^O \\ith a still greater efficiency

against aphids. I'liis oil exemplifies about

the maximum killing power obtainable

with a miscible oil that is sufficiently stable

to be marketed commercially. In all of

the tests the toxicity to aphids is greater

at the lower concentrations of the emul-

sions or the emulsifier. This condition

illustrates the principle that excess wetting

causes a run-off of the spray material and
a reduction in the kill of some contact in-

secticides.

Table 1 1 includes the results obtained

Table 11. -Relation between droplet size and insecticidal efficiency of commercial oils tested
against aphids.*

Com-
mercial

Item Oil No.

Oil-
droplet

Size

No. OF Tests
(1000 Aphids)
at Per Cent
Concentration

Relative
Efficiency at
Per Cent

Concentration

1
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and stability of each emulsion determine to

a large extent these factors. The effect of

the wetting properties of emulsions on their

efficiency can be illustrated by comparing

stock oils 5 and 4. Stock oil 5. Table 11,

item 1, and fig. 3, contains an inert emul-

sifier and has quick breaking properties. It

is less effective than stock oil 4, which con-

tains a soap emulsifier and has higher wet-

ting and quicker breaking properties.

Soluble oil 17 combines the property of

higher wetting than that possessed by the

former emulsions with almost as good

breaking properties. This oil, however.

dilute emulsion for increasing its toxicity

against aphids but soap is not compatible

with the stock emulsion when incorporated

with it as a concentrate.

Free nicotine is compatible with this

emulsion in the concentrate when used in

proportions of not more than 1 per cent.

Such a combination makes an emulsion that

is very efficient against aphids. When one-

fourth of 1 per cent of soap is added to the

dilute emulsion to give it increased wetting,

as in item 6, the mortality of aphids is

higher than that given by the emulsion

without soap but containing twice the

Table 12.—Laboratory tests on aphids with gum emulsions, demonstrating the necessity

for increasing wetting power or for incorporating nicotine into gum emulsions to control aphids.

ITE.M
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Nicotine, added to either the stock emul-

sion or the diluted spray, was the only

really efficient spray for aphids. These tests

demonstrate the toxic nature of nicotine to

aphids.

Experiments were conducted with 25
different oil emulsions, most of which were
tested at 5, 8 and 10 per cent concentra-

tions. The results are shown in Table 13.

These experiments demonstrate clearly

Table 13.—Results of laboratory tests with various concentrations of oil emulsions on eggs
of oyster-shell scale.

Item
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oil sprays. The results of field trials are

shown in Table 14. Young oyster-shell

scale hatch at a season of the year (May-
July) when their host plant is in full foli-

age. Although practically any oil applied

at 2 per cent concentration will give con-

trol of this scale, the oil selected for ap-

plication should be safe to apply on foliage.

The white-oil emulsions marketed as sum-
mer oils have proved the most satisfactory.

similar to soluble oil 17, at 5 per cent con-

centration, have been tested against this

pest. This oil has given a verj- high degree

of control where good wetting is obtained

and when the oil is applied in the spring

before the elm foliage appears.

The control of young European elm

scale by summer-oil sprays has not been as

satisfactory because of the wide distribu-

tion of the young over the leaves. To obtain

Table 15.—Results of leaf roller ovicide tests in the laboratory at three concentrations of

emulsions. Each egg mass averaged 57 viable eggs.

Formula
Item No.
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tion gave excellent control of hatching scale

when 4 pounds of 30 per cent potassium

fish-oil soap were added to each 100 gal-

lons of dilute emulsion. He found the addi-

tion of soap necessary in order to secure

adequate wetting of the foliage and insects.

No injury resulted from his sprays on

American and Cornish elms, applied July
15 at Monroe, Mich.

Fruit-tree Leaf Roller

Archips argyrospila \\'alk.

Stability was the dominant physical property of an
emulsion that was efficient in killing eggs of the fruit-

tree leaf roller. The less stable emulsions were the most
efficient.

The control of fruit-tree leaf roller b)'

the application of lead arsenate sprays has

not given uniformly satisfactory results,

Fig. 16.—.Soluble oil 8350. X490.

according to Regan (1923), Wakeland
(1925), Flint & Bigger (1926) and Har-
man (1928). Feeding of the larvae can

be checked with lead arsenate sprays, but

special sprays using high dosages of lead

arsenate are necessary. Authors agree that

the logical method of control is one directed

against the egg stage of the insect.

Oil emulsions have given the most satis-

factory control of leaf roller eggs in the

laboratory and in the field. Wide varia-

tions have been found to exist between the

various oil emulsions tested. Under field

conditions it is seldom that sprays can be

applied thoroughly enough to strike every

egg mass on the tree. For this reason field

trials of the same oils and concentrations

have not given so high a mortality as have

laboratory tests. This is in accord with the

findings of Penny (1921). Comparable
results were obtained in field tests (not

included in this paper) where the oil sprays

listed in Table 15, items 1, 5, 6, 7 and 12

were given field trials.

Regan (1923) asserts that unless 75 per

cent of the eggs can be killed the expense of

the spray is not warranted.

Experiments of Flint & Bigger (1926),
Harman ( 1928), ToUes ( 1931 ), and Par-

rott, Hartzell, Glasgow & Harman ( 1931

)

show that less than 6—8 per cent actual oil

in an emulsion will not give control of leaf

roller eggs. These tests further indicate

that the quicker-breaking emulsions will

kill the pggs at a lower concentration than

the slow-breaking emulsions. The cold-

mixed Bordeaux or Kayso emulsions have

been the most efficient because of their

quick-breaking properties.

Laboratory data on leaf roller eggs given

in Table 15, items 1 and 2, illustrate the

superior killing power of cold-mi.xed emul-

sions. With an actual oil content of 4 per

cent, the 4:4:50 Bordeaux and calcium

caseinate emulsions gave 100 per cent kill

of eggs. Commercial soluble oil 7 is the

only soluble oil giving complete kill at a

low concentration. The non-miscible prop-

erties of this oil in hard water would not

make it a practical commercial emulsion

for other than leaf roller or similar insect

control. Only a small portion of this emul-

sion would remain in suspension without

constant agitation. Boiled fish-oil soap

emulsion, item 4, with a large oil-droplet

size and quick-breaking property, gave al-

most as high mortality of eggs as did the

oils under items 1, 2 and 3.

Soluble oil 8350, item 5 and fig. 16, has

the same emulsifier ratio as soluble oil 17,

item 12, but contains a 225-second-viscosity

oil. The higher-viscosity oil produces an

emulsion that does not disperse as readily

as does oil 17. As a result the diluted solu-

ble oil 8350 tends to separate out of the

water phase, giving to the emulsion a quick-

breaking property. The same characteris-

tic is exhibited to an even greater extent

by commercial soluble oil 7. Neither oil

has sufficient emulsifier to disperse the oil

particles completely when diluted with

hard water.

Emulsions included in items 6 to 1 1 var\'

in certain ingredients from soluble oil 17.

Ihe cresylic acid in soluble oil 5110 and
extra emulsifier in soluble oil 22 did not

increase the toxicity materially. The addi-

tion of 1 per cent free nicotine as in oil

8360, fig. 17, nicotine sulfate at 1 :800, or

petroleum base, as in oil 8370, fig. 18, did

not increase the kill over that exhibited bv
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soluble oil 17. In all of the experiments the

quick-breaking soluble oils tested at 8 per

cent concentration gave a satisfactory con-

trol of leaf roller eggs. This is significant

because of the wide use of soluble oils com-
mercially for the control of this insect.

As ovicides for leaf roller eggs, emulsions

with, large oil droplets, such as occur in

cold-mi.\ed emulsions, are more efficient

than commercially prepared emulsions

when compared at equal concentrations.

Certain quick-breaking soluble oils will

give a commercial control of leaf roller if

they are carefully applied at a concentra-

tion of 8 per cent or greater. The viscosity

'stm'^if^^W^J^

will cover the a\erage farmstead. One
application is sufficient for light infesta-

tions but two or three treatments at inter-

vals of two weeks are recommended in

heavily infested areas.

OILS WITH FUNGICIDES

Dormant-oil emulsions can be used with sulfur fungi-
cides in the dormant stage of tree development. If used
after the buds start to swell, serious injury may result.

There is danger of injury if oil emulsions are applied in

the delayed-dormant stage of tree development, par-
ticularly when sulfur is to be used in the later sprays for

the control of fungous diseases.

It is doubtful whether fungicides of the more common
types can be used with summer emulsions without dis-

turbing the efficiency of the emulsion or causing injury

to the plant tissue when they are applied to foliage.

sHM
'V^ *','

/'-r«-

XXr^

Fig. 17. Fig. 18. - Soluble oil 8370. X490.

of oils between 83 and 350 seconds is not

of major importance except as it affects the

breaking property of the emulsion. A solu-

ble oil containing an oil of 47 seconds fif

\iscosity was not efficient against the eggs

of the fruit-tree leaf roller.

Fleas

Pii/ex inilaiis Linn.

Oil emulsions at a concentration of 5 per cent gave
excellent control of fleas on farmsteads.

The economic importance of fleas as .1

pest of rural communities is not generally

recognized nor appreciated. The author

made a survey of several counties in central

Illinois and found a large number of farm-

steads infested with fleas. Reports from
farm advisers located in other counties in-

dicated that similar conditions were present

over a large section of the state.

Tests carried on over a period of three

years indicate that soluble oil 17 at 5 per

cent concentration will give a satisfactor\

control of fleas. Premises (interiors of barns,

outbuildings, etc.) must be thoroughly
cleaned of litter, dust and other refuse. The
area is then sprayed with a 5 per cent oil

emulsion and the floors thoroughly soaked.

From 300 to 800 gallons of dilute spra\

Dormant Oils with Fungicides

Under some conditions it is practical to

use sprats that contain an emulsion and .1

fungicide. The most cotnmon fungicides

contain either copper or sulfur. Dormant
peach and apple trees will withstand rela-

tively high concentrations of either oil

einulsion or lime sulfur without injury. It

is therefore possible to spray dormant trees

with oil emulsions mixed with some fungi-

cides. Such sprays are ver\- useful in the

control of scale and peach-leaf curl on

IH'ach, and scale and apple scab on apple.

The properties of such sprays will depend
on the fungicide added.

The use of copper in the form of Bor-
deaux has been widely tested and has proved
successful in most respects. Emulsions con-

taining soap can be added to Bordeaux it

the concentration of the uncombined copper
or calcium is not so high as to re\erse the

type of emulsion.

Most soap emulsions flocculate in the

presence of inert forms of sulfur. "Flota-

tion," a t\pe of ver>- finely divided precip-

itated sulfur obtained in the manufac-
tured-gas industr> from a process known as

h'quid purification, combines with an inert
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emulsified oil, such as oil 210, to make an

oil—sulfur combination possessing unusual

properties, figs. 19, 20. These properties

are described by Farrar & Smith (1930).

Emulsions made with extremel\ stable

cmulsifiers, as oil 210, will mix with lime

sulfur without separation. Such sprays can

be used on dormant trees without notice-

able injur)'.

The addition of sulfur to emulsions, par-

ticularly in the form of lime sulfur, has

many objectionable features, the most seri-

ous of which is separation of the emulsion

in the presence of lime sulfur. All miscible

oils and stock emulsions that contain soap

as the emulsifier will not mix with lime

sulfur without separation of the emulsion

and the liberation of free oil in the spray

the tip-green stage,'' the emulsion alone did

not injure, but lime sulfur either alone or

mixed with oil emulsion caused very notice-

able injury. In the delayed-dormant period,

when the leaves were beginning to unfold,

all of the sprays produced some injury.

Least injury occurred on the oil emulsion-

sprayed trees; those receiving lime sulfur

were badly burned, and those receiving the

mixture of oil and lime sulfur were so

severely burned that the leaves did not

develop further. The oil emulsion sprayed

in the cluster-bud stage resulted in very

noticeable injury to the unfolding leaves

and flower clusters. Dutton (1932) finds

that "there is evidence that the presence of

oil with lime sulfur renders lime sulfur

injury more severe or causes its develop-

..O

&

Fig. 10. Oil siotk 210 4''(l, Fig. 20. -Oil stock 210 plus sulfur. X490.

mixture. This finding is in accord with the

results of Ackerman (1923) and Yothers

& Winston (1924). It is dangerous prac-

tice to apply partly separated emulsions to

trees even in the dormant stages of their

development. Yothers & Winston (1924)
suggest the addition of stabilizers to oil-

lime sulfur mixtures. Cutright (1929)
describes the 10 oil—fungicide combinations

which he thought possible to use under

Ohio conditions. deOng (1930) suggests

the use of organic sulfur in the cyclic series

with oil emulsions to increase their fungi-

cidal value.

The results of two years of tests with

sprays containing lime sulfur and oil emul-

sion are shown in fig. 13. In these experi-

ments three distinct types of emulsions were

tested—a miscible oil at 2 per cent concen-

tration, a proprietary emulsion recom-

mended for use with lime sulfur, and stock

210. All were applied in the dormant, tip-

green, and delayed-dormant stages of tree

development. No injury from any of the

materials was apparent among those trees

sprayed while dormant. With the trees in

ment when lime sulfur without oil would
not produce injury." Although sometimes

recommended, the spraying of fruit trees

\vith oil emulsion and lime sulfur is not a

safe practice.

In many sections spray schedules on

apples call for a spray of lime sulfur ver\'

early in the season, for the control of apple

scab. This spray is often applied in the

cluster-bud stage of development. Figure

13 shows the effect of oil emulsion and liine

sulfur on foliage. Serous burning will

usually result. The same condition can be

approached where the oil spray is delayed

and followed soon after by an application

of summer-strength lime sulfur. Figure 21

summarizes the experiments to determine

the interval of time that should eLapse be-

tween the oil spray and a spray of lime

sulfur. It appears to be relativelj- safe to

apply lime sulfur two weeks after an appli-

cation of oil emulsion.

" The tip-green stage of buel development
is the time at which the bud scales have parted
sufficiently to show the new green tissue that
has been developing within the expanding bud.
This stage precedes by a few days the rapid
expansion of new leaves.
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Yothers & Mason (1930) found that

two or three weeks should elapse before an

oil spray on citrus was followed by a sulfur

spray or dust for the control of citrus rust

mite. Overholser 5: Overley (1930) found

imder Washington conditions that oil

sprays previous to Jul\' 1 caused injury to

fruit and foliage following a delayed-dor-

mant application of lime sulfur.

Summer Oils with Fungicides

The need of an oil emulsion with fungi-

cidal properties has been recognized. Many
attempts ha\e been made to combine sulfur,

moderate:

1 I
Fig. 21.—The incompatibility of dormant-oil

spray and sulfur makes necessary an interval of

10 days to two weeks between applications ot

the two mixtures. The graph shows the in-

jury to the tree caused by applying a dormant
oil too late in the season; that is, just before

the cluster-bud stage.

I

copper and their derivatives with both suni-

I

mer and dormant-oil emulsions. Other
\ materials that have exhibited fungicidal

properties have been tested but most of

\ them have been discarded as unsatisfactory

! Although sulfur is widely used as a fungi-

cide, it will produce injury even when used

in small quantities with oil, according to

deOng (1928c). Hoerner (1929) sug-

I

gests that Penetrol is compatible with flo\v-

ijers of sulfur and safe on apple foliage if

!| the two are mixed with water before thc\

I

are combined. Talbert & Swartwout
1(1931) state, "Lubricating-oil emulsions

(I have been used throughout the summer in

[applying the regular summer combination

applications, using the oil at 1 per cent and

2 per cent with the standard insecticidal

and fungicidal spray, lime sulfur and Bor-

deaux with lead arsenate."

This finding is not in accord with tlie

general knowledge of sulfur and oil com-
binations. Oil emulsions containing cer-

tain forms of copper are relatively safe on

foliage but the spray has low insecticidal

efficiency and it is difficult to store because

of its corrosive action on metal. Oil emul-

sions may be added to well-made Bordeaux
without danger of injury but the Bordeaux
reduces the efficiency of the oil emulsion,

according to Porter & Sazama (1930).

Oil emulsions containing derivatives of

furfural show promise but are not com-
pletely satisfactory as insecticides or fungi-

cides.

To our present knowledge there is no
material sufficiently toxic to fungi that can

be added to an oil emulsion without inter-

fering with either the insecticidal efficiency

of the oil emulsion or with the toxicit\' of

the fungicide to fungi. The reduced effi-

ciency of emulsions with fungicides was
demonstrated in experiments with codling

moth larvae, Table 6 and fig. 4. In these

experiments, fungicides added to the p\i-

ethrum sprays reduced their average effi-

ciency from 88 to 66 per cent, and that of

the white oils without pyrethrum from 3-1

to 33 per cent. Fungicides that were par-

tially soluble in the oil phase of the emul-

sion decreased efficiency of the sprays les.^

than did the fiocculent materials, such as

flowers i)f sulfur or Bordeaux.
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Responses of

the Large-mouth Black Bass*

to Colors
FRANK A. BROWN, JR.^

PROBLEM OF COLOR VISION IN FISHES

ECAUSE an excellent review of havior is in response to wave length and
not intensity, then the fish may be
spoken ot as having color vision for that
particular wave length of light. Those
few who are not contented with such a

broad interpretation of color vision

must certainly be content with the re-

sults derived from the formation of

association between colors and foods.

It is generally accepted that the form
and function of animals are primarily

concerned with feeding, protection of

self, and reproduction. The methods of

training fishes used by most investiga-

tors utilize the first, second, or both of

these. Thus we may reason that any
differential responses to wave lengths of

light which involve such fundamental
factors as these, together with modifica-

tion of behavior in the face of a new
situation, will concern the most highly

evolved functional regions of the central

nervous system. Even here, however,
we need not consider such speculative

aspects as the degree of consciousness

of the fish with respect to the stimulus

quality, or whether light of any particu-

lar wave length produces the same sen-

sation in a fish as in man.

Graber (1884, 1885), utilizing the

phototactic responses ot the fishes, de-

termined that Corbitns barbattda, Albiir-

nus spectabilis, Gasterostcus spinchia, and
Syngnalhus acus selected areas illumi-

nated by light of one color in preference

to areas lighted by another color.

Bauer (1910, 1911) similarly used a

B color vision in fishes has been
written recently by Warner

(1931), a detailed historical introduction
here is considered unnecessary. A brief

statement of the work done in this field,

however, is included to permit a clearer

understanding ot the results and in-

terpretations that are to be found in this

report.

Survey of Literature

The problem of color vision in fishes

was one which rather early attracted the
attention ot zoologists. Four general

modes ot attack upon this problem have
been used, that of colored light prefer-

ence, that ot choice of variously colored
foods, that ot the responses of the in-

tegumentary pigmentary system to

colored backgrounds, and finally, that
of training fishes to discriminate among
colors through the formation of asso-

ciations. These methods are listed in

the order in which they have received
the most of their popularity, the oldest

experiments being almost exclusively of
the preference type while the latest ones
are almost always of the association

type.

Thus tar nearly all zoologists are

agreed that if a fish responds in a specific

manner to light of a particular color
in contrast to light of all other colors

and intensities of white, i.e., if it can be
established that the difference of be-

^ A pities salmoides (Lacepede).
sAssistant zoologist. Illinois Natural Historv

SURVEV. July-August 1935.
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preference method with the fishes Charaz
piintazzo, Athcrina hepsetns. Box salpa

and Mugil sp., and came to the con-

clusion that these fishes likewise had a

color vision. On the other hand, Hess
(1910, 1911, 1913, 1914) published a

series of papers upon color vision in a

number of kinds of young fishes. He
too used chiefly the preference method.
His interpretation of his experiments in-

dicated that fish vision was approximate-
ly that of a color-blind man, and that the

apparent ciifferences in response to

different colors were based solely upon
differences in intensities. Hess severely

criticised the work of Graber and Bauer
in not having eliminated the possibility

that the effects they obtained were due
to brightnesses.

Upon similar grounds Hess discredited

as evidence establishing color vision the

observations of Zolotnitsky (1901) and
Reighard (1908). Zolotnitsky had
found that fish that had been fed for

some time upon red chironomid larvae

would snap only at red pieces of yarn
when a number of variously colored bits

of yarn were attached to the outside of

the glass container. Reighard (1908)

had noted that Lutianus griseus selected

baits of one color in preference to baits

of another.

Sumner (1911) and Mast (1916),

working upon the adaptations of flat-

fishes to colored backgrounds, arrived

at the conclusion that their color vision

was much like that of man. Haempel
& Kolmer (1914), experimenting with
Cottus gobio and Phoxinus laevis, found
that these fishes became reddish when
upon a red background. Connolly

(1925) showed that Fundidus hetero-

ditus would modify its pigmentary sys-

tem in a different fashion in red and
yellow lights than in blue light. That
color change in fishes in response to

colored backgrounds proves color vision

to exist has been seriously questioned by
Schnurmann (1920). He shows that

the color adaptations in the minnow
Phoxinus appear to be the reactions of a

color-blind fish with approximately the

characteristics of vision of a color-blind

man looking through a yellow-tinted

screen, h. screen of this sort would
absorb the short wave lengths much
more than the long ones and thereby

the differential response may result

from intensity.

A rather conclusive work upon the

color vision of fishes was performed by
von Frisch (1913) who trained Phoxinus
laevis to respond positively to a particu-

lar color and then had the fish select

that color out of a long series of grays.

He also demonstrated that red, yellow
and purple-red were much alike to the

fish. Green and blue were distinguish-

able from one another and from red and
yellow. Burkamp (1923), using in

principle the same kind of technic,

arrived at essentially similar conclusions

for Phoxinus laevis, Rhodeus amarus,
Idus melanotus and Tinea vulgaris.

Both von Frisch and Burkamp con-

trolled the intensities of their colors

principally in using a confusing series

of grays. The latter worker also used
colors diluted with black and white.

Washburn & Bentley (1906) trained

Semotilus atromaculatus to accept food

from a red pair of forceps and to refuse

it when offered from green. An attempt
was made to control the intensity by
reversing the order of brightness of the

colors as they appeared to the human
eye. White (1919) and Hineline (1927),

employing color filters, showed that

Umbra limi and Eucalia appear to

distinguish between all colors with the

exception of the combination green and
blue. The latter work has also been

criticized in that it has not sufficient

control of the intensity factor.

Reeves (1919) was the only one to

equalize two colors in the brightnesses

that they appeared to the fishes them-
selves and then to have the fishes dis-

tinguish between them. Miss Reeves
has demonstrated quite conclusively

\

that Semotilus atromaculatus and Eupo-
motis gibbosus distinguish red from blue

by virtue of the color values.

Schiemenz (1924) used a method in

which he trained Phoxinus to respond

positively to a white enameled stick

upon which was shone light of a par-

ticular wave length and to refuse to

respond to other colors. These colors

were obtained by screening off small

portions of a spectrum obtained with a

prism. The intensity factor was con-

trolled by varying the variously colored
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lights through a broad range of in-

tensities. \VolfF(1926) permitted trained

fish to select their training color from
a series of spectral colors presented
simultaneously. These two researches

have demonstrated quite conclusively

that Phoxinus laevis is able to distinguish

among about 20 colors of the visible

spectrum and ultraviolet by virtue of
color as opposed to brightness. These
last two are perhaps the most complete
experiments which have been carried

out in the field of color vision of fishes.

A critical summary of the field now
indicates that the minnow Phoxinus
laevis is able to distinguish about 20
colors from one another by virtue of the

wave length of the light. Furthermore,
it appears to be proved that Seuwtilus
atromaculatus and Eupomolis gibbosiis

are able to distinguish red from blue
solely by differential effects of the

colors as distinct from intensity. Be-
yond these statements all we can say
is that it is quite probable that about
15 or 20 more genera of fishes also have
a kind ot color vision although this

has not been decisively proved.

Significance of Determining Color Vision

in Black Bass

In view of the small amount of con-
clusive data upon the color vision of
fishes and the fact that the best of what
there is has been for all practical pur-
poses confined to few genera of fishes,

it was believed profitable to investigate

the color vision of the large-mouth
black bass, Aplites salmoides (Lacepede).
The fact that there is a color vision in

some fishes does not preclude the possi-

bility of some other fishes being color

blind or having modified color vision.

In addition to the purely scientific

outlook upon this problem, there are
some economic aspects to the study of
this particular fish. Thousands of
dollars are spent annually for the pur-
chase of highly colored bass lures by
sportsmen. Bass in some regions are
believed to prefer one color or combi-
nation and those ot other regions, others.

Furthermore, there is often voiced the
belief that at different times of day or
in different weathers there are changes
in the choice of colors by this fish. Thus
this work has a double interest.
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MATERIALS FOR THE EXPERIMENTS

Fish

.All the fish used in the following

experiments were large-mouth black
bass which were caught in Crystal lake,

Urbana, 111. One lot of animals was
taken on July 5 and the second lot on
July 23. The fish varied in length from
2.5 to 4.8 cm. at the time they were
caught. Upon being brought into the
laboratory the fish were first allowed to

remain in large aquaria for a dav or

more in order to accustom them
to the laboratory temperatures and
water supply. Thereafter they were
placed in individual white enameled
basins, where they remained for the
rest of the experimentation.

Apparatus

Twelve white enameled basins were
lined up along one side of a room. There
were no windows along this side and as a

result the illumination was independent
of the changing sky light to a consider-
able degree. Never at any time did the
fish receive direct sunlight. Throughout
the actual experimentation the fish

were lighted by a number of incandes-
cent lamps in such a way that the dishes
were all quite uniformly illuminated to

the extent of 12 to 20 foot-candles,

depending upon the amount of day-
light entering through the single window
of the room.

The water in the basins was main-
tained at a depth of 2.5 cm. and was
changed every second day.
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The circular bottoms of the pans were

15 cm. in diameter. These bottoms were

marked ofF in arcs of circles differing 1

cm. in radius from one another and all

having a common center at a point upon

the circumference of the bottom of the

pan nearest the observer, fig. 1. The
marking of the bottoms of the pans in

this manner enabled an observer quite

accurately to record the distance of the

bass at any given moment from the

given point upon the periphery of the

dish where training pipettes were to

be presented and the fish fed or shocked

in association.

For shocking the fish, each dish was

provided with a pair of fixed copper

electrodes 12 cm. apart, dipping into

the water at the edge of the pan ap-

proximately equidistant on either side

of the common center of the arcs of the

circles, fig. 1, EE. A 12-way switch per-

mitted the experimenter to shock any

fish without disturbing the others. Thus,

everything in the pans was constant

order that the observer could conven-

iently carry out the whole training pro-

cedure.

Colored Pipettes

It was found that an ordinary pipette

(medicine dropper) covered neatly with

white adhesive tape could be readily

Fig. 1.— Diagram of the markings upon the

bottom of a training basin, and the position of

the electrodes, EE.

except for the pipettes, which were

presented at a given spot from time to

time.

The electric current for the shock was
furnished by two dry-cell batteries and
a Harvard inductorium with the secon-

dary coil set at about 7 upon the scale

of the instrument. A button switch

was attached to an extension cord in

Fig. 2.—Training pipette, showing the man-
ner in which the white adhesive tape was a))-

plied.

colored by wax crayons or water colors

and at the same time act as an opaque
container in which the Dapbnia or

mosquito larvae which were used as

food material could be held concealed

until the time for feeding arrived.

The adhesive tape was applied to all

the pipettes as shown in fig. 2. This was
done in such a way as to cover the whole

of the glass even to the tip.

The colors involved in the experiment

were standard according to Ridgway
(1912). Wax crayon was used to color

the tape on the pipettes for the follow-

ing:

Rose red

Scarlet

Flame scarlet

Lemon yellow

Scheele's green

Meadow green

Helvetia blue

Seal brown

The following could be obtained only

by using water colors:

Orange rufous

Analine yellow

Calliste green

Thulite pink

Pale greenish yellow

Pale turquoise green

Light Columbia blue

Black, White and Gray Pipettes

For the series of gray pipettes the

adhesive tape was first applied to the

outside of the pipettes in the same
manner as for the colored ones. White
was constructed by first whitening the

surface of the tape with shoe whitening

and, after drying, the whole was rubbed

with hard paraffin. Grays 1-6 inclusive

I
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were obtained by dipping the tape-

covered pipettes into black Inciia ink ot

different dilutions. Paraffin was applied

to the dried outer surface ot the pipettes.

Black 7 was the result of rubbing a

covered pipette with a black wax
crayon and then paraffining it.

Measurements of the relative light

reflection of these gray pipettes were

made with a MacBeth illuminometer.

A petri dish filled with water was placed

upon a milk glass plate and 2 inches

above the surface of the water the illu-

minometer was directed in such a

manner that light, emitted from a light

source making an angle of 60 degrees

with the water surface, was reflected up
into the illuminometer at the same
angle, fig. 3. The pipettes were lowered

one by one just beneath the surface of

the water of the petri dish and the re-

lative values ot the light reflected from
the side ot each was measured.

The relative brightnesses of the

pipettes as measured by this method
were as follows:

White 63

Gray 1 49

Gray 2 32

Gray 3 26

Gray 4 21

Gray 5 15

Grav 6 7

Black 7 1

It is thus seen that the range ot in-

tensity of the gray pipettes was con-

siderable and it was very reasonable to

expect that it would cover the range of

intensities of the colors used.

From a good quality, 1 mm. thick,

water-color board, small 6 by 65 mm.
strips were cut. Twenty-eight of these

were painted with water colors in such
a way that the strips could be arranged
into a complete visible spectrum divided

into 28 grades of color of roughly equal

degrees of difference. The stages were
made by imitating the pure spectral

colors given by Ridgway in his "Color
Standards and Color Nomenclature."
The colored paper rods were finally

dipped in warm paraffin to render them
waterproof and to obviate any possible

{
odor ot the pigments. The paraffin

coating had practically no detrimental

effect as far as changing the original

color was concerned.

\.

Fig. 3.—Method used to determine the re-

lative brightness of the gray pipettes.

The following is a

in order from red to

1. Spectrum red

2. Scarlet red

3. Scarlet

4. Grenadine red

5. Flame scarlet

6. Orange chrome
7. Cadmium orange
8. Orange
9. Cadmium yellow

10. Light cadmium
11. Lemon chrome
12. Lemon yellow
13. Greenish yellow
1-i. Bright green-

vellow

list

vio

15.

16.

17.

18.

19.

20.

21.

12.

23.

24.

25.

26.

27.

of the 28 colors

let:

Neva green

Emerald green

Vivid green

SkobelofF green

Benzol green
Italian blue

Cerulean blue

Methyl blue

Spectrum blue

Bradley's blue

Phenyf blue

Blue-violet

Bluish violet

Spectrum violet

TRAINING AND RESPONSES
OF LARGE-MOUTH BLACK BASS

Method

In all the training experiments the

fish were shown a number ot pipettes

one after another. From a particular

pipette the fish were fed either Daphuia
or mosquito larvae, whereas trom all the

others nothing was ted, but instead, it

the fish approached closer than a cer-

tain distance trom the pipette a shock
was given. In some of the training ex-

periments that distance was 6 cm. and in

others it was 3 cm. Whenever the same
series ot pipettes was shown to a fish

time after time, the sequence was con-

tinually changed in order that the

responses of the fish could not possibly

be a result of a learned sequence, but
rather must be a response unmodified

by anything other than color or inten-

sity. That the presence ot the living

food in the pipette might have had
some attracting influence upon the fish

was highly improbable. It was impossible

that the effect could be chemical tor the

fish responded within a second or two



38 ILLINOIS NATURAL HISTORY SURVEY BULLETIN \^ol. 21 , Alt. 2

and from a distance ranging from two

to 15 cm. from the entering pipette.

The other possibility, that the bass

might have heard the swimming move-
ments of the Bapluiia or mosquito

larvae, was eliminated by repeatedly

presenting an empty pipette of the

color to which the fish was trained and
obtaining exactly the same results as

when food was present. Furthermore,

of the pipette and then retreat. The
distance they would retreat was inverse-

ly related to the frequency with which
they struck. A well trained fish would
strike repeatedly at its own color,

retreating very little between strikes.

Occasionally it would strike at another
color but in this case it would rapidly

retreat considerably farther and appear
very timid. Striking a color other than

Table 1.—The distance away in cm. that each of 12 untrained black bass remained from
colored, black and light gray pipettes. Each value is the average of four traials.

Fish
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Table 2.—Records obtained during the
training of bass to approach one cf the four
colors, rose red, lemon yellow, Scheele's
green, or Helvetia blue, and at the same time
retreat from the other three colors. Each value
for an individual fish is the average number of
cm. a fish remained away from the color during
five training trials.

eat rapidly and continuously from 15 to

20 of these. In all the experiments at

training and measuring response this

capacity was borne in mind and a safe

margin of hunger was always main-
tained. With practically no exceptions
the bass eyed attentively all the pipettes

and rods which were shown them and
their other general movements and be-

havior also indicated clearly to an
observer that the fish were actively

responding to them.

Reactions of Untrained Fish

to Colors and Grays

Bass Nos. 19 to 30 inclusive were
placed in the individual, white enameled
training dishes and Daphiia were added
to the water. At first the fish refused
to eat and were very nervous. They
were permitted to remain unmolested
until they had become accustomed to

their new surroundings, which required
two or three days. At the end of this

time they would dash to a pipette and
strike futilely at a Daphnia which was
clearly visible through the glass wall

and then promptly seize the Daphnia
when it was ejected from the end.

These fish were now considered suffic-

iently at ease in their laboratory en-

vironment to permit a fair test of the
responses of the untrained fish to rose

red, lemon yellow, Scheele's green,
Helvetia blue, gray 1 and black 7. The
same procedure as in training was used
except that here there was neither food
nor shock associated with the pipettes.

The series was shown to each fish four

times over a period of two days. The
average distance away from each pipette
for each fish tor the tour trials was record-

ed to the nearest halt of a centimeter
I and can be seen in Table 1.

These results indicated that red was
the most attractive color; yellow was
next; then in order came light gray,
green, blue and black. This experiment
presented reactions upon which the
modification of response in the bass

Fish
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Fig. 4.—Average data for groups of three fish trained to each color, showing stages in the
learning process. See Table 2.
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was to be superimposed. It was borne

in mind, however, that the attractive-

ness of red for the fish might have been

the result of the feeding upon Baphuia
which were reddish brown.

Training to Each of Four Colors

Twelve bass were now subjected to

training to four colors. Numbers 7, 11

and 14 were trained to rose red as con-

trasted with Scheele's green, lemon
yellow and Helvetia blue; Nos. 8, 12

and 15 were trained to lemon yellow as

contrasted with the other three colors;

Nos. 9, 13 and 16 were trained to

Scheele's green, and Nos. 6, 10 and 17 to

Helvetia blue as contrasted with the

remaining three colors. Throughout
this experiment the bass were fed

Daphnia from the pipette of their train-

ing color and were shocked whenever
they were less than 6 cm. from the end
of any other pipette after three seconds

had elapsed. Each fish was shown the

series of four pipettes five times each
half day for two and a halt days. At the

end of this period the fish were con-

sidered trained tor the purposes of the

experiment.

Table 2 and fig. 4 show the records

that were obtained during the course ot

the training of these fish. The average

of each group ot five trials on each color

has been calculated and every record

in the table is thus an average of five

Table 3.—The average distance in cm.
away from colors and grays that color-trained

fish remained. Each value is the average of

nine trials taken with three fish.

Trained Trained Trained Trained
to to to to
Red Yellow Green Blue

Rose Red 1.22 4,38 5. 4.5
Scarlet 1.56 3.38 5.33 4.17
Shrimp pink 1.75 2.33 5.17 5.5
Flame scarlet 1.22 5.13 5.5 5.34
Lemon yellow 5.8 1.88 4.66 6.

Scheele's green 7.23 5.63 1.84 1.5
Meadow green 7. 6.13 1.5 1.5
Helvetia blue 7.23 6.88 1.33 1.33
Seal brown 6.78 7.38 1.33 1.5
Gray 1 5.9 1.12 5.33 5.33
Gray 2 5.77 1.62 4.17 4.67
Gray 3 5.9 3.62 3.66 3.66
Gray 5 6.66 6.5 2.67 2.17
Gray 6 7. 6.13 2.5 1.33
Gray 7 7.23 6.63 2. 1.5

trials. From this data a series of curves

illustrating the learning process has

been constructed. These indicate that

even at the end ot six to eight trials the

bass have become considerably modified
in their behavior towards the colors.

The learning with respect to the red
and yellow has been most striking and
that to green and blue much less so.

Thus, tor the same kind of training for

the same length of time the results of

training to the four colors are by no

Table 4.—Results obtained in an attempt to

train yellow-trained fish to approach lemon
yellow and retreat from gray 1 and 2 and
shrimp pink. Values for individual fish are
average distances in cm. from the pipettes for
10 training trials.

Fish
No.
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Fig. 5.—Responses of trained bass Nos. 6-17 to variously colored pipettes. The pipettes

are the same as in Table 3.



May 1937 BROWN: COLOR RESPONSE OF L A RGE - MOUTH BASS 43

reddish tint in strong contrast to all

other colors and shades of gray, and
secondly, that among the grays the

light grays were slightly more attrac-

tive to these fish than were the dark.

Fish trained to yellow were not nearly

so color specific but responded equally

well to the lightest gray and to the

yellow to which they were trained. They
were also somewhat positive to shrimp
pink, a very pale-colored pipette.

Lastly, fish trained to green or blue

were almost equally positive to green,

blue and dark grays. Unlike the fish

trained to red and yellow, these fish

were quite negative to the light grays.

In the light of the similarity of yellow,

light grays and shrimp pink to animals

trained to yellow it was deemed ad-

visable to determine whether the fish

had been trained to yellow only as a

bright pipette because no other equally

bright color was present in the original

training series, or whether it was be-

cause the fish distinguished very little

between yellow and light gray. Five

trials training to lemon yellow in con-

trast to gray 1, gray 2 and shrimp pink

pipettes were given to each ot the fish

trained to yellow and then the average

of the next 10 trials (still training

trials, i.e., feeding upon yellow and
shocking upon the other pipettes) was
taken as a criterion of the degree of

learning ot the fish. The original train-

ing had shown that five to eight trials

were sufficient to produce a strikingly

modified behavior to pipettes the colors

or intensities of which were quite dis-

tinct for the fish. Table 4 gives the

averages of the 10 trials for each ot the

fish.

Still a light gray and the yellow were

quite indistinguishable and the very

pale reddish pipette, shrimp pink, was
becoming the most different from the

yellow though to the human eye it

appeared of a brightness intermediate

between the two lightest shades of gray.

In other words, here again red was dis-

tinctive.

Bass were next shown two pipettes

simultaneously in order to deterniine

what the effects of choice would be.

The pipettes were placed 7 cm. apart

in a metal rack and then the rack lower-

ed in such a fashion that the pipettes

broke the surface ot the water at the

same instant. When the fish struck at

one ot the pipettes or remained before

one for two seconds, that pipette was

Table 5.—Choice of flsh trained to each of
four colors when presented simultaneously
with two colors.

Given Choice of Pi Pipette Selected

1

Trained to Ro^t

Tliulite pink
Thulile pink
Tiiulite pink
Shrimp pink
Rose red
F'lame scarlet
Orange rufous
Analine yellow
Rose red
Flame scarlet

Red. Fish Nc
Gray 4
Gray 3
Gray 5

Gray 4
Gray 6
Lemon yellow
Lemon yellow
Lemon yellow
Seal brown
Seal brown

Trained to Lemon Yellow, Fish Nos.

Lemon yellow Flame scarlet
Lemon yellow Orange rufous
Lemon yellow Analine yellow
Lemon yellow Gray 1

Lemon yellow Pale turquoise
green

Lemon yellow Calliste green
Lemon yellow Thulite pink
Lemon yellow Gray 3
Lemon yellow Shrimp pink

Trained to Si heele's Green, Fish Nos.

Pale greenish
yellow

Scheele's green
Scheele's green
Pale turquoise

green
Meadow green
Scheele's green
Calliste green
Scheele's green

Trained to Helveti

Light Columbia
blue

Light Columbia
blue

Light Columbia
blue

Light Columbia
blue

Light Columbia
blue

Light Coll

blue
Helveti iblue

Helvetia blue
Helvetia blue
Helvetia blue
Helvetia blue
Helvetia blue

Gray 3

Black 7

Gray 6
Light Colum-

bia blue
Helvetia blue
Lemon yellow
Lemon yellow
Helvetia blue

Blue, Fish Nos.

Gray 1

Gray 3

Gray 5

Lemon yellow

Thulite pink

Scarlet

Pale turquoise
green

Scheele's green
Lemon yellow
Calliste green
Black 7

Seal brown

regarded as the choice of the fish. On
the other hand, if the fish approachetl

neither or swam back and forth between
them, then the response of the fish was
termed "undecided." Table 5 gives the

results ot these experiments.

Glancing through this table we are

again impressed with the distinctness
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of red as a color. Several different reds

were selected very decisively from a

number of contusing colors and grays.

The blues, greens and grays appeared

to be more or less confused by the fish,

the blues being the most often confused

with gravs.

from those other colors shown it. The
results of 30 training trials made after

the completion of the first 10 trials were
averaged together and are shown in

Table 6 and fig. 6. The results are fully

comparable since all the fish had had
equivalent training.

Table 6.—Results of a second experiment of training fish to approach certain colors and to

retreat from others. Each value for individual fish is the average distance from the pipettes in cm.
for 30 training trials after the initial 10 training trials have been excluded.

Fish
No.
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shades of gray to the first lot ot bass had
given a clue that seemed worth follow-

ing up. Did rose red and lemon yellow

actually appear to the fish as bright

colors and did Helvetia blue and

Scheele's green appear as colors of low

intensity? To the light-adapted human

at about this time, the number of trials

that are available for red is somewhat
smaller. One red-trained animal was
given 15 series, and the only one which
survived at the end of the training, No.
27, was given 35 series.

The results of this experiment are

UJI2
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Table 7.- Data obtained in teaching trained

fish to approach the color toward which they

had been trained and to retreat from each of

three shades of gray. Each value for individual

fish is the average distance in cm. the fish re-

mained away from the color during five train-

ing trials.

Fish
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Table 8.—Data obtained in teaching trained fish to approach the color toward which they
had been trained and to retreat from each of eight shades of gray. Each value for individual

fish is the average distance in cm. the fish remained away from the color during five training

trials.

Fish Training White Gray Gray Gray Gray Gray Gray Black
No. Color 12 3 4 5 6 7
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Fig. 7.—Responses of trained bass to three shades of gray and their own training color. See

Table 7.

~i—I—r~i—I—I—I—I

—qn—n—i—i—i—i—i 1 1 i—i—i—i—i—i—i—i ii i—i—i—i—i—i—i—i—

r

TDAIMIMr! Tr\ ^V TOAIMIM/- Tr\ TDAIMIKl/- ~rr\ T O A I M I M /- Tr\

ui 7

TRAINING TO
SCHEELE'S GREEN

TRAINING TO
HELVETIA BLUE-

COLOR PIPETTE
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shades of gray. See Table 10.
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what less distinct and blue appears

almost identical with the black.

All these results strongly suggest that

the bass is relatively yellow-blue blind.

Bass trained to yellow were once again

subjected to an intensive training for

distinguishing yellow and gray 1, with

the intention of ascertaining whether
there was actually any color vision tor

yellow. A total of 100 series were carried

out on the three fish. The results are

indicated in Table 9. The proportional

difference in the response to the two
pipettes did not increase with the extra

training and it was definitely below that

difference between green and gray 6
for bass with considerably less training.

Response to Strange Dilute Color
AND Eight Shades of Gray.—In order

further to establish just what part was
played by intensity and what part by
color the bass were shown a pale tint

of the color to which they had been
trained and the series ot grays, white
to black 7 inclusive. The pale colors

were light Columbia blue, pale green-

ish yellow, thulite pink and pale tur-

quoise green. The fish had never before

been shown these pale colors and the

sudden appearance of one of these in the

series of grays should have completely
baffled them if they were color blind.

The distinctness with which they saw
the various colors should show up in

the results with considerable significance

in settling the question of color vision.

The bass were shown the series of

grays with the color three times with
neither food nor shock associated with
the trials. Results, the averages of the

three test trials, are shown in Table 10,

A, and in fig. 8, B.

The interpretation of these results is

simple and clear in the instances of the

fish trained to red and yellow. Here one
can again draw conclusions in complete
accord with those of all previous work.
However, more must be considered in

reading the meaning of the results in the
cases of the animals trained to green and
blue, l^nlike the pale red and yellow
pipettes, the green and blue were doubt-
less much lighter to the fish than the
original colors and hence there must be
considered the effect of the low in-

tensity of the original training color.

If the original training Scheele's green
had an equivalent intensity for the fish

with gray 6, then pale turquoise green
probably would equal in intensity gra\-

3 or 4. The behavior of the fish trainetl

to Scheele's green was still positively

influenced by low intensities of grav,

but the fact remains that the pale green
was being selected from among grays
of its own intensity with the same re-

lative precision of earlier experiments.

Table 9. Results obtained in attempting, by
intensive training, to have fish trained to yellow
distinguish between lemon yellow and gray 1.

Each value for individual fish represents the
average number of cm. away from the pipettes
the fish remained during 10 trials.

Fish
No.
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from the grays of all shades, and the

failure to do likewise for the yellow and
blue.

Response to Spectral Color Ser-

ies.—The bass which now remained,

Nos. 20, 21, 22, 24, 25, 26, 27, 29, 30

value taken. Nine trials were made
upon the remaining fish trained to each
of the four colors, with the average re-

sults shown in Table 11 and fig. 10.

In addition to the orderly change in

intensity of positive or negative response

Table 10.—The average distance in cm. that bass remained away from a strange pale tint of

the color towards which they had been trained and eight shades of gray, as shown by (A) three

nontraining trials, and (B) five training trials.

Training
Color
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general, upon whether the difference be-

tween two objects with which they were
being trained was greatly different in

intensity, color or both. Colors of
greatly different intensity, as for ex-

ample red and blue or green, have been
easily and quickly distinguished by the

bass. Likewise, yellow and green or

blue have been readily distinguished

more closely that one to which they
were being trained. In other words
bass learn much more quickly to avoid
an unpleasant stimulus than to react

positively to a pleasant one.

Although no special experiments were
carried out to determine the extent of
the memory ot bass, it has been ob-
served that there was nearly perfect

I
I I I I I

TRAINING TO
YELLOW TINT

TH I I I

- 2

I r

TRAINING TO
GREEN TINT

T-r
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true for red. Green stood second in this

respect, then came yellow and finally

blue.

Vision of the bass through the^urface

film of the water was remarkably acute.

During the experiments the pipette was
always quickly lifted above the rim of

the pan and immersed. It was astound-

ing to notice the response of the trained

Table 11.—The responses of bass trained to

colors, to a series of colored rods. Each record

is the average number of cm. away from a

colored rod that a fish remained during nine

nontraining trials.
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28 colors ot the spectrum also demon-
strates a similarity ot response to red

and violet. Here appears to be more
evidence tor the actuality ot the "color

circle" in fishes. Bass that were trained

against red reacted negatively to violet,

and those that were trained towards red

reacted positively to violet although

SUMMARY
Thirty-one specimens of the large-

mouth black bass, Aplites salmoides

(Laceende), have been trained to re-

spond positively to pipettes of one color

and to give negative responses to

pipettes of other colors. They have
been trained positively to one ot tour
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training must be somewiiat longer to

produce a definitely modified behavior.

Both color and intensity play parts

in the responses of the bass to objects.

There has not yet been given a sufficient

amount of training to have them respond

solely to color.

Red appears to be the outstanding

color, as such, in the responses of the

bass. This color is easily and readily

selected from everything else, with the

exception of violet.

Bass learn very readily to respond

preferentially to yellovk- as contrasted

with red, green and blue, but there is

great difficulty experienced in dis-

tinguishing between yellow and very

light gray.

Green and blue are colors towards

which the bass learned to respond

positively with the most difficulty. Al-

though these colors were readily dis-

tinguished from red and yellow, yet

they were distinguished from one

another much more poorly. Blue, dark

grays and black were distinguished

from one another with little accuracy,

and greens were more confused with

blues than with the grays. Blue would
therefore appear to occupy a tinted

shade intermediate between green and
dark gray.

Bass trained to red and yellow re-

sponded more positively to the lighter

of the grays, while those trained to

green and blue responded more posi-

tively to the darker grays. This was
interpreted to signify that reds and
yellows are colors of high intensity to

the fish while greens and blues are colors

of low intensities.

The gray most nearly corresponding

in apparent brightness to each of the

training pipettes was determined, and
from the relative differences in response

to these pairs of pipettes it was de-

termined that the order of distinctness

from gray of the four colors for the bass

was first, red, then in order came green,

yellow and blue. The evidence indi-

cates that bass are relatively yellow-

blue blind.

The conclusion of Schnurmann (1920)

that light-adapted fish respond in vision

as if they were seeing through a yellow-

ish screen has been confirmed. The re-

sults of this experiment indicate that

the fish are able to distinguish among
colors in about the same manner as

would a human being with perfectly

normal color vision looking through a

yellowish filter.

The similarity of the reds and violets

is further evidence in favor of similarity

of color vision of man and bass. It

further suggests that the yellow screen

of the eye of the fish does not absorb
violet very strongly.

The responses of bass to 28 colors of

the visible spectrum not only demon-
strate a quite definite specificity to a

particular color, but bring out strongly

the degrees of similarity and dissimilar-

ity of colors differing to a greater or

lesser extent in wave length. In general,

and excepting the violets, the degree of
difference of different colors to bass is a

function of the difference in wave length.

BIBLIOGRAPHY

Bauer, V.
1910 Ueber das Farbenunterscheidungsver-

mogen der Fische. Archiv fiir die

gesammte Phvsiologie 133( 1,2,3) :7-

26. June 18.

1911 Zu meinen Versuchen iiber das Far-
benunterscheidungsvermogen der Fi-

sche. Archiv fiir die gesammte
Physioloaie 137(ll-12):622-6. Jan.
26.

Burkamp, W.
1923 Versuche iiber das Farbenwiedererken-

nen der Fische. Zeitschrift fiir Psy-
chologie und Phvsiologie der Sinnes-

organe, Abteilung II, 55:133-70. 2

figs.

Connolly, C. J.
1925 Adaptive changes in shade and color of

Fiindulus. ^Biol. Bui. 48(l):56-77.

Jan.

Frisch, K. von
1912 Sind die Fische Farbenblind? Zoolo-

gische Jahrbiicher; Abteilung fiir

allgemeine Zoologie und Physiologic

dei^Tiere33(l):107-26. 2 fig. Nov. 9.

1913 Weitere Untersuchungen iiber den
Farbensinn der Fische. Zoologische

Jahrbiicher; Abteilung fiir allgemeine
Zoologie und Phvsiologie der Tiere

34(l):43-68. 5 figs. Dec. 30.

Graber, V.
1884 Grundlinien zur Erforschung des Hel-

ligkeits und Farbensinnes der Tiere.

Prag. Tempskv. 322 pp. (Cited from
Wai^ner 1931).'

1885 Uber die Helligkeits und Farbenemp-
findlichkeit einiger Meertiere. Sitz-

ungsberichte der Akademie der Wis-



Mav 1937 BROWN: COLOR RESPONSE OF LARGE-MOUTH BASS 55

senschafteii- Mathematischen- Katur-
wissenschlaftliche Klasse, Abteilung
I, 91:129-50. Wien. (Cited from
Warner 1931).

Haempel, O. and W. Kolraer
1914 Ein Beitrag zur Helligkeits und Far-

benanpassung bei Fischen. Biologi-

sches Centralblatt 34(7):450-8. July
20.

Hafen, G.
1935 Zur Psychologie der Dressurversuche.

Zeitschrift fiJr vergleichende Phv-
sioloi,'ie 22(21:192-220. 5 figs. June
13.

Hess, C.

1910 Uber den angeblichen Nachweis von
Farbensinn bei Fischen. Archiv fiir

die gesammte Physiologic 134(1,2):

1-U.' Aug. 15.

1911 Experimentelle Untersuchungen zur
vergleichenden Physiologie des Ge-
sichtssinnes Archiv tiir die gesammte
Physiologic 142(9,10,11, 12 j:405-46.

5 figs. Oct. 30.

1913 Untersuchungen zur Frage nach dem
V^orlcommen von Farbensinn bei

Fischen. Zoologische Jahrbucher;
Abteilung fiir allgemeine Zoologie und
Physiologie der^Ticre 31(4):629-46.
1 fig. Apr. 1.

1914 Untersuchungen zur Physiologie des

Gesichtssinnes der F'ische. Zeitschrift

fiir Biologic 63|45 n.s.|:245-74. 14

figs. Feb. 6.

Hineline, G. M. (White)
1927 Color vision in the mud-minnow. Jour.

Exp. Zool. 47(l):85-94. 3 charts.

Feb.

Mast, S. O.
1916 Changes in shape, color and pattern in

fishes and their bearing on the prob-
lems of adaptation and behavior,
with especial reference to the floun-

ders, Paralichlhys and Anc\lopselta.

Bui. U. S. Bur. "Fisheries 34:173-238.
Doc. 821. 3 figs., 37 pis. Apr. 10.

Reeves, C. D.
1919 Discrimination of light of difl^erent

wave lengths by fish. Behav. Monog.
4(3). Serial No. 19. 106 pp., 17 figs.

IMav 23.

Reighard, J. E.
1908 ."^n experimental field study of warning

coloration in coral reef fishes. Carne-
gie Inst, of Wash. Pubs., No. 103.
Papers from the Tortugas Lab. 2:

257-325. 1 fig. 5 pis.

Ridgway, R.
1912 Color standards and color nomencla-

ture. Published by author. 43 pp.,
53 colored pis., 1115 named colors.

Wash., D. C.

Schiemenz, F.

1924 Uber den Farbensinn der Fische.
Zeitschrift fiir vergleichende Physi-
ologic l(l,2):175-220. 2 figs. Apr.

Schnunnann, F.

1920 Untersuchungen an EIritzen iiber Far-
benwechsel und Lichtsinn der Fische.
Zeitschrift fur Biologic 71 [S3 n.s.l

(21:69-98. May 28.

Sumner, F. B.
1911 The adjustment ot flatfishes to various

backgrounds: -A study of adaptive
color change. Jour. Exp. Zool.
10(4):409-506. 13 pis. May.

Warner, L. H.
1931 The problem ot color vision in fishes.

Quart. Rev. Biol. 6(31:329-48. 4
figs. Sept.

Washburn, M. and I. M. Bentley
1906 The establishment of an association in-

volving color discrimination in the
creek chub, Semotilus atromaculalus.

Jour. Comp. Neurol. 16(2):113-25.
Mar.

White, G. H.
1919 Association and color discrimination in

mud minnows and sticklebacks. Tour.

Exp. Zool. 27(41:443-98. 10
"

figs.

Feb.

Wolff, H.
1926 Das Farbenunterscheidungsvermogen

der Ellritze. Zeitschrift fiir vergleich-
ende Physiologie 3(31:279-329. 28
figs. Dec. 19.

Zolotnitsky, N.
1901 I,es poisson distingent-ils les couleur?

.Archives de Zoologie Exp^rimentale
et Generale, ser. 3, 9(11:1-5







CURRENT PUBLICATIONS

of the Illinois State Natural History Survey

A.—ILLINOIS NATURAL HISTORY SURVEY BULLETIN.
Volume 20, Article 5:—Annotated List of the Fishes of Illinois. By D. John O'Donnell.
August 1935. 28pp, front + 4fig, bibliog, index. Appendix note by David H. Thomp-
son. Contents: Introduction; Classified list of Illinois fishes; Hybridization and
racial differentiation among Illinois fishes. 50 cents.

Volume 21, Article 1.—^The Effect of Petroleum-oil Sprays on Insects and Plants. By
M. D. Farrar. November 1936. 32pp, front + 21fig, bibliog. Contents: Foreword;
Properties of oil emulsions; Effect of petroleum oils on plants; Insecticide tests with
the emulsions; Oils with fungicides.

B.—ILLINOIS NATURAL HISTORY SURVEY CIRCULAR.
26.—Insect Enemies of Peach in Illinois. By S. C. Chandler and W. P. Flint. May 1935.

38pp, 30 fig. Contents: Appearance and type of injury, control and life history of San
Jose scale, peach borer, lesser peach borer, shothole borer, peach-tree bark beetle,

terrapin scale, oriental fruit moth, peach-twig borer, plum curculio, tarnished plant
bug, stink bug, Japanese beetle, green June beetle, cotton-leaf worm moth, aphids,
grasshoppers, tree crickets, thrips. 25 cents.

27.—Windbreaks for Illinois Farmsteads. By J. E. Davis. April 1937. 17pp, front +
12fig. Contents: Planning the windbreak; Planting the windbreak; Care of the wind-
break ; What the windbreak trees are like.

C—ILLINOIS NATURAL HISTORY SURVEY MANUAL.
1.—Fieldbook of IlUnois Wild Flowers. By the staff. March 1936. 406pp, color front +

349 fig, index. Contents: Introduction; Key to families; Description of species (650).
$1.50.

Address orders and correspondence to the Chief

ILLINOIS STATE NATURAL HISTORY SURVEY

Natural History Bldg., Urbana, 111.

Payment must accompany requests for pubUcations, in the form
of U. S. Post Office money order made out to State

Treasarer of lUinois, Springfield, Illinois.



STATE OF ILLINOIS

HENRY HORNER, Governor

DEPARTMENT OF REGISTRATION AND EDUCATION

DIVISION OF THE
NATURAL HISTORY SURVEY

THEODORE H. FRISON, Chi^

Volume 21 BULLETIN Article 3

Studies of

Nearctic Aquatic Insects

H. H. ROSS and T. H. FRISON

w'-M

PRINTED BY AUTHORITY OF THE STATE OF ILLINOIS

URBANA, ILLINOIS

September 1937





STATE OF ILLINOIS

HKXRY HORNER, Governor

DEPARTMENT UK REGISTRATION AND EDUCATION

DIVISION OK IHE

XATl RAL HISTORY SL'RVKY
THEODORE H. PRISON. Chkr

Volume 21 BULLETIN Article 3

Studies of

Nearctic Aquatic Insects

I. NEARCTIC ALDER FLIES OF THE GENUS
Sialis (MEGALOPTERA, SIALIDAE)

H. H. ROSS

II. DESCRIPTIONS OF PLECOPTERA

I', II. PRISON

PRINTED BY AUTHORITY OF THE STATE OF ILLINOIS

URBANA, ILLINOIS

September 19,?7



STATE OF ILLINOIS

Henry Horner, Governor

DEPARTMENT OF REGISTRATION AND EDUCATION
John J. Hallihan, Director

BOARD OF NATURAL RESOURCES AND CONSERVATION
John J. Hallihan, Chairman

William Trelease, D.Sc, LL.D., Biology William A. Noyes, Ph.D., LL.D.,

Henry C. Cowle.s, Ph.D., D.Sc, Forestry Chem.D., D.Sc, Chemistry

John W. Alvord, C.E., Engineering Edson C. Bastin, Ph.D., Geology

Arthur Cutts Willard, D.Eng., LL.D.,
President of the University of Illinois

NATURAL HISTORY SURVEY DIVISION

URBANA, ILLINOIS

Scientific and Technical Staff

Theodore H. Prison, Ph.D., Chief

SECTION OF ECONOMIC ENTOMOLOGY

W. P. Flint, B.S., Chief Entomologist

C. C. CoMPTON, M.S., Associate Ento-

mologist

M. D. Farrar, Ph.D., Research Ento-

mologist

J. H. Bigger, B. S., Associate Ento-

mologist

S. C. Chandler, B.S., Southern Field

Entomologist

L. H. Shropshire, M.S., Northern Field

Entomologist

W. E. McCauley, M.S., Assistant

Entomologist

C. W. Kearns, Ph.D., Research Fellow

in Entomology

J. F. Alsterlund, M.S., Research Fellow

in Entomology

DwiGHT Powell, M.S., Research Fellow

in Entomology

L. R. Tehon, Ph.D., Botanist

J. C. Carter, Ph.D., Assistant Botanist

G. H. BoEWE, M.S., Field Botanist

SECTION OF FORESTHY

James E. Davis, M.F., Exteniion For-

ester

SECTION OF AQUATIC BIOLOGY

David H. Thompson, Ph.D., Zoologist

F. D. Hunt, Field Naturalist

D. F. Hansen, A.M., Assistant Zoologist

D. J. O'Donnell, M.S., Assistant Zo-
ologist

SECTION OF INSECT SURVEY

H. H. Ross, Ph.D., Systematic Ento-

mologist

Carl O. Mohr, Ph.D., Associate Ento-
mologist, Artist

B. D. Burks, Ph.D., Assistant Ento-

mologist

R. E. Yeatter, Ph.D., Game Specialist

W. H. Leigh, M.A., Assistant Zoologist

SECTION OF PUBLICATIONS

Carroll Chouinard, M.A., Editor

TItis paper i tlrihulion/rnni the Sectio

(31401—1200—6-37)

of Insect Survey



I CONTENTS

i. nearctic alder flies of the genus sialis (megaloptera, sialidae)

Biology and Ecology 57

Habitat preference.—Distribution.— Physiological segregation of species.

—

Preservation and preparation of material.—Illustrations.—Value of char-
acters.—Terminology of genitalia.

Taxonomy 59

Acknowledgments.— Present holders of material: s>niliols.

Description of Species 60

Sill/is—generic characteristics—key to nearctic species.— .S'. joppa.—
.">'. nrvalis.—S. iola.— S. californica.— .?. occidens.— S. cornula.—S. hamata.—
S. americana.— S. glabella.— S. velata.— .V. ilasca.— S. infiimala.— .S'. con-
cava.— S. hasta. .?. mnhri. S. rotunda. .V. nevadensis. tV. varans.—S. aeqnalis.

Bibliography 77

II. DESCRIPTIONS OF PLECOPTERA, WITH SPECIAL REFERENCE TO THE
ILLINOIS SPECIES

Rksults FROM New Materiai 78

.\i)i)irioNs TO THE Illinois Plecoptera 79

.icroneuria evoluta.—.]. perplexa.— Togoperla kanserisis—key to species of

Togoperla.—Hydroperla varians— key to nymphs of llydrupcrhi.

Xdoitions to Nearctic Plecoptera Not Known in Illinois , . 8,?

iVeniottra oregonensis.—N. tubercuUUa.—Leiictra jorcipata. —F^ucapnopsis
brfcicatida.—Capnia distincta.— C. excavata.—C. projectu.—C. promota.—
Diclyuplerygella knowlloni.—Hydroperla parallela.— Chloroperla orpha.—
Isoperla pinta.—/. truncata.—Alloperla exquhita,—.1. occidens.

.Synonymy 97

.Icroneuria tycorias.— Togoperla inimarginala.— T. media.

Bibliography 97

Index.





ILLINOIS NATURAL HISTORY SURVEY BULLETIN
VOL. 21, ART 3 SEPTEMBER 1937

Studies of

Nearctic Aquatic Insects

I. Nearctic Alder Flies of the Genus Sialis

( Megaloptera, Sialidae i

HKRBERT H. ROSS

BIOLOGY AND ECOLOGY

IN
American literature the genus Si/ilis

has been in confusion for some time

because of the fact that all authors,

except Kanks, have recognized only three

nearctic species, anier'uaiia, iievadensis and

infujiiata. Americana and nevadeiisis differ

from infumata in color and sculpturing

and have long been recognized correctly.

Everything else has been grouped under

injiiiiKitd. The only effort to enlighten the

problem was made by Banks, who described

four species chiefly on the basis of genital

characters. In spite of this prophetic indi-

cation, no other extensive work has been

done.

Critical study of the genitalia has re-

vealed no less than 10 eastern and six

western species grouped under the name
infuinata. As a result the observations and

records in literature of "Sialis itifuinata"

can have no specific validity unless the

actual specimens involved are re-identified.

The biology and liabits of the genus have

been treated in detail by Davis ( 1903), so

that only a brief resume taken chiefly from
his study need be given here. The Sialis

adults, fig. 1 (p. 58), with few e.xceptions

are fairly large, black, broad insects, only

moderately rapid in their movements.
They are diurnal, most active during the

middle of the day. The eggs, fig. 2, are

cylindrical, rounded at the top and have

an apical curled tassel. They are laid in

rows forming large masses, situated on

branches, bridges, and other objects hang-

ing over water. Upon hatching, the larvae,

hg. .?, presumably fall into the water.

where development takes place. The larvae

are predaceous, hunting under stones, etc.,

for their prey. Respiration occurs through
the tracheal filaments on the sides of the

abdomen. When full grown the larvae

crawl out of the water and dig into the

bank to form an earthen cell several feet

from the water's edge. Here pupation

occurs, the adult emerging from this pupal

cell. The life of the adult is probably

short, since it has soft mouthparts which
do not appear fitted for extensive feeding.

Habitat Preference

Judging from present data the species

inhabit all variety of fresh-water situations

in which aeration is good. The habitat

range, therefore, is from small streams to

large rivers and lakes, and for the same
species it may be equally variable. Thus
in Illinois S. velata has been taken onh
along rivers whereas iiiohri has been taken

abundantly along rivers and around the

northern lakes. In Michigan, however, Dr.
T. H. Prison has taken both these species

in large numbers on Houghton lake, associ

ated unmistakably with the lake fauna.

Se.asonal Succession.—The adults
occur with the early spring fauna in

Illinois, and at a proportionately later

date farther north. Data on hand certain-

ly indicate a seasonal succession of species

within the genus. Collecting dates for the

three commoner eastern species indicate

that velata appears earliest in the season,

iiiohri soon after and itasra last. Average
dates for the collection of males of these

three in Illinois are, respectiveh', April 27,
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May 21 and June 13. This tells neither

the duration of the emergence period nor

the overlapping between species, but it

gives some approximation of the difference

in time between peaks of abundance. Dr.

Prison made a large collection of velata

and /iioliri at Houghton lake, Mich., June

15 to 18, 1935, which gives a good illustra-

tion of the overlapping of these species

where they occur in the same habitat. The
earlier species velata was represented by 7b

specimens, of which 67 per cent were fe-

males, all extremely gravid ; nioliri was
represented by 353 specimens of which only

47 per cent were females, half of which

appeared relatively fresh. From this it

would seem that the population wave of

one species breaks over that of the pre-

ceding species soon after the latter begins

to wane.

Distribution

With the small amount of material col-

lected at present, plotted records of indi-

vidual species give only scanty maps. Even

so a few interesting points are brought out.

Some species, such as velata and mohri, are

widespread, occurring from the Atlantic

to the eastern base of the Rocky moun-
tains. On the other hand, iola is restricted

to the Appalachian region. Several species

are distinctly western, occurring in the

Rocky mountain region or westward, as

for example, californica, haiiiata and

rotunda.

Physiological Segregation of Species

There are several pairs of species in

Sinlh which are very closely related, such

as the combinations velata-itasca, aeqiialis-

vagans, iola-joppa and califoniica-occideits.

Analysis of their known distribution rec-

ords brings out the following points:

(1) Both members of such a pair of

species have never been collected together

at the same time and place. In the case of

lola and jnppa the geographic range and

seasonal timing of both species are appar-

ently quite similar, but in no case have

specimens of both been submitted bearing

exactly the same collection labels. This

would indicate that each species has a dif-

ferent habitat preference within the same

range.

(2) In the case of velata and itasca we
have two forms with approximately the

same range. All data indicate, however,

that tiie two species have radically different

seasonal adjustments, velata appearing

early and itasca late, their average col-

lection dates for the same locality being

four to six weeks apart.

(3) The pair califoniica and occidein

present an interesting type of difference in

range. Californica occurs through the

Rockies from north of 50° to at least north-

ern California, and down the coastal range

to Kern county, Calif. On the other hand,

occideus has so far been collected onl\-

Fig. l.~Adult of Sialis

around Reno, Nev., and the upper Sierra i

Nevada in California.

A similar marked difference in range is

shown by the eastern pair, aequalis and I

vayaiis. The former is distinctly a southern i

and eastern species of restricted range, hav-

ing been collected in Virginia, Maryland, ,

New Jersey and southern Pennsylvania.

The range of vagans begins where that of

aequalis ends, and continues north to Que-

bec and west to Illinois and Michigan.

The northern species has a much more ex-

•

tensive range than the southern one.

This information shows that the

morphological differences which are tlie

tangible characters separating the species •

recognized in this paper coincide with i

physiological differences expressed by eco- •

logical orientation.
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Preservation and Preparation of Material

The most satisfactory method of pre-

serving specimens seems to be in fluid. We
have used 80 per cent ethyl alcohol witii

good results. Genitalia and other diag-

nostic parts of specimens so preserved

usually may be seen without injuring the

specimen or performing other preparation.

If a specimen is pinned, its abdomen must
usually be removed and cleared before it

is possible to give a complete diagnosis.

The follow technic has been used with fine

results: soak the abdomen for three to six

hours in cold 10 per cent caustic potash

(KOH) solution, change to distilled

water for an hour or more, then with for-

ceps and needle gently press out the dis-

solved viscera. This leaves a fairly trans-

parent shell which may be preserved and
studied in 80 per cent alcohol or glycerin.

Illustrations

The illustrations of genitalia used in

this paper are made from specimens treated

in caustic potash solution. They are drawn
with the parts considerably expanded,

since it is only in such a position that some
details can be seen clearly.

Value of Characters

Genitalia have provided the best char-

acters for separation of species, although
other characters may be of value. Differ-

ences in wing venation are subject to

considerable individual variation and ma\
be expressed at best as averages and not

as absolute characters. For example.
(/ilifornica usually has three or four

branches of R,, but may have only two,
whereas velata and some others usualh
have only two branches of R2 but ma\'

have three or four. The cross-veins of the

costal area of the front wing vary in the

same fashion: americana has four to six,

nioliri has four to 10, averaging seven, and
the others have 10 to 15, averaging 12 or

more. Differences in punctuation and
gloss of the head are quite constant, but
offer no differences between many species.

It is difficult to express some of these char-

acters, since the differences are relative and
can be recognized only after acquaintance
with the various types.

Terminology of Genitalia

Use of genitalia necessitates a terminol-
ogy for its components, and since no one
has homologiz.ed them definitely witii

those of other insects an original set of

terms is proposed for them. No attempt
is made here to homologize these parts;

instead the names are purely descriptive

and are used as a convenience. The names
applied to the genital parts are as follows:

(1) Lateral plates: a pair of plates on the
venter beyond the eighth sternite, tii;. 4, 1,

p. 000.

(2) Terminal plate: a single plate on the
caudal enil ot the abdomen, which a.ssumes
many shapes, (ig. 4, t.

(3) Genital plate: a pair of sclerites forming
a more or less solid plate on the venter between
the above two parts, fig. 4, g. From this arise
various appendages called genital hooks, figs.

12, 28.

Fig. 2.—Eggs ot Sinlis mohri.

TAXONOMY
From the standpoint of ph\ logenetic

position Sialis is an interesting genus.

Many generalized features of its structure

and biology place it as one of the most

archaic genera of holometabolous insects.

The group comprising Sialis, Cnrydalis

Chauliudes and allied genera has been con-

sidered by some authors as a member of

the order Neuroptera and by others as a

separate order Megaloptera. Due to its

apparent axial position with reference to

the phylogenj- of the Neuroptera, Mecop-
tera and Hynienoptera, it seems clearer to

designate the group as a distinct order.

Most recent authors consider that the

fainily of Sialida: is composed of two well-

marked subfamilies: the Sialinne, including

Sialis, and the Corydalinre, including

Corydalis, Cliauliodes and their allies.

The separating characters between tiir

two groups seem of sufficient magnitude to

warrant recognition of each as a distinct
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famih. Recognition was accorded bv

Brues & Melander (1932, p. 179), usini?

tlie name first proposed bv Burmeister

(1839, p. 948).

Table 1.—Distingxiishing features of Sialidae

and Corydalidae.

SIALID.AE CORYDALIDAE

Adult
No ocelli Three distinct ocelli

Fourth tarsal segment Fourth tarsal segment
dilated and deeply cylindrical

bilobed
Larva

Abdomen with a long Abdomen with a pair

terminal filament on ot apical prolegs each
the meson, fig. 3. bearing a strong

hook.

Table 1 gives distinguishing features of

the two families, Sialid.p and Corydalidas'.

Townsend (1935) has separated the larva-

of these groups from others with which

tlie\ might be confused.
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DESCRIPTION

SIALII

OF SPECIES

This family contains only one nearctic

genus, Sialis, which is characterized in

table 1.

Sialis LatreiiJe

Xialis Latreille (1802, p. 290; 1803, p. 2cS7;

1810, p. 435); Burmeister (1839, p. 945);
Hagen (1861, p. 187); Davis (1903, p. 443).

Genotype Semi/is lutaria Fabricius by subse-

i|uent ilesignation of Latreille (1810, p. 435).

Semblis Rambur nee Fabricius (1842, p. 446).

Prolosiatis Wheele (1909, p. 263; 1910, p.

74). Monobasic, genotype Semblis americana
Kamhur. New synonymy.

Generic Characteristics

Adult, Fig. 1.—Head broad and long,

prognathous, with eyes situated on anterior

half; clypeus narrow; labrum wide, entire

* The type fti genitalia also, is different in

in the female and cleft almost to its base in

the male ; antennae long, slender and multi-

segmented. Posterior part of head witli

raised bars and dots forming a constant

pattern, these raised areas always at least

shining if not glossy. Pronotum large and

rectangular, about 21/2 times as wide as

long, dull to slightly shining. Mesonotum
no longer than pronotum, extremely con-

vex transversely. Metanotum similar in

size and shape to mesonotum. Wings with

venation as illustrated by several authors.

Abdomen cylindrical, the apex with genital

apparatus as illustrated for each species.

Larva, Fig. 3.—Head and thorax con-

siderably flattened, smooth and shining.

Head quadrate, eye-spot composed of about

six facets, antennae four segmented, clypeus
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wide and narrow, labrum produced into

a loHfi, pointed flap covering; the elongate

niouthparts. Pronotum quadrate, as long

as head. iMesonotuni and metanotum sub-

eijual, together as long as the pronotum.

Thoracic legs well developed and long,

with coxae almost as long as the femora.

Abdomen fairly robust, the first seven

segments with a pair of lateral processes.

Fig. 3.— I.arv;i of Sialis sp.

Each of these is slender and tapers to a fine

point, and is composed of five distinct seg-

ments, the apical one sometimes with a

trace of a division. The apex of the ab-

domen is produced into a median process

which is broad at the base and tapers to a

long fine point. The entire process is

almost as long as the abdomen.

The genus Protosiidis is considered a

synonym of Sialis. It was erected for S.

(iiiu'ricfina on the basis of this species having

a reduced number of cross-veins in the

costal area of the front wing. A complete

intergradation between both extremes of

this character may be found in S. mohri, so

that wing venation alone will not serve as

a basis for generic separation of Protosialis

from Sialis. The entire lot of species, how-

ever, may be grouped into several units on

the basis of the male genitalia, supplement-

ed by other characters, as shown in table 2.

The segregations shown undoubtedK'

represent distinct phylogenetic units within

the genus, but their designation as separate

genera seems an unnecessary' complication.

Hence the dropping of Protosia'is.

Table 2.—Phylogenetic units of North
American species of Sialis.

Geniliiliti RcUilively Simple, Fig. 4; No Paris

(iietilly Knliuxed

CAl.IFORNICA GROri'
arvalis

ciilifornica

Cjenifal :irms very short, iola

hookuil, fig. 18 cornula
hamata

.AMERICANA GROUI'

Gcnitiil arms long, straight, atnericanii

rtg. 22 '.
. . glabella

Genital Pliile with Long Hooks, Figs. .JH~33

INFUMATA GROUP
velata

Tcrniinal phite produced ilasca

only along vertical axis, conciwa

tigs. 28-31 injnmciiii

hitSt II

Terminal plate with a long

forked process at right

angles to its axis, fig. 32. mohri

Ninth Sternile Produced into ii Fla/i

Covering Genitalia, Fig. JJ

Heaii of male with a horn-

like process, tig. -13 rotunda

Terminal plate with a pair

oflarge knol.s, tig. 27.. .

Terminal plate without
knobs, tig. 2,S

lEIJCALIS GROt-1'

aeqiialis

vagans

The genotype of Sialis, which is lutaria

(Fabricius) belongs to the aequalis group.

It is typical in color, size and general struc-

ture for these species but differs in male

genitalia as follows, figs. 14, 26: ninth

sternite produced into a flap which is semi-

truncate at apex; lateral plates small,

pointed at tip
;
genital plate with long hooks

and a membranous pair of flaps at base, (ig.

26a ;
terminal plate large and truncate at

apex, fig. 26b.

Application of the name Semblis to this

group was proposed by Rambur (1842).

but application of the name to a genus of

Phryganeidae by Milne (1934), with

Seiiiblis phalaenoides (L.) as its genotype,

seems a better disposition and is so accepted.
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Ventral Aspect of Genitalia and Ninth Segment of Sialis Males

Fig. 4.—S. joppa.

Fig. 5.—S. hamata.
Fig. 6.—S. arvalis.

Fig. 7.—S. comuta.

Fig. 8.—S. califomica. Fig. 12.—S. aequalis.

Fig. 9.—S. iola. Fig. 13.—S. rotunda.
Fig. 10.—S. americana. Fig. 14.—S. lutaria.

Fig. 11.—S. vagans. Fig. 15.—S. nevadensis.

Abbreviations.— 1, lateral plate; t, terminal plate; g, genital plate; 9, ninth sternite.
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KEY TO NEARCTIC SPECIES OF SIALIS

Apex of abtiomen with broad, rounded
ovipositor, fig. 51 (temales) 20

Apex of abdomen without an ovipositor

but with a more or less complicated
assemblage ot parts, figs. 4-15
(males) 2

Kront between eyes with a prominent
hornlike process, fig. 43 rotunda

Front between eyes without a hornlike

process 3

Ninth sternite produced into a flap

covering most of the genitalia,

figs. 11-15 4
Ninth sternite not produced into a flap,

figs. 4, 34 6

Apex of lateral plates with a strong

tooth, fig. 15 nevadensis
.Apex of lateral plates without a tooth 5

Terminal plate wide with apex divided

into two large processes, fig. 25b .

aequalis

Terminal plate narrowed at apex and
not markedly incised, fig. 23b, vagans

Terminal plate produced at apex into

a pair of long arms, figs. 31b, 32b. , . 7

Terminal plate sometimes with an api-

cal incision, fig. 28b, or a pair of short

"horns," fig. 19b, but not with a pair

ot long arms 8

Apical arms of terminal plate separ-

ated at their base by a distance

almost equal to their length, fig.

31b hasta
.Apical arms of terminal plate close to-

gether at base and converging at tip,

fig. 32b mohri

Legs with temora rufous and tibiae the

same color or blackish 9

Legs black, or with tibiae slightly

lighter than temora 10

Head smooth and polished glabella

Head punctured and dull americana

Genital hooks long and whiplike, figs.

28-33, extending forward between
the lateral plates, figs. 34-39 11

Genital hooks short, never longer than
the plate from which they arise, figs.

16-21; lateral plates always closely

appressed on meson, figs. 4-9 14

.Apex of lateral plates produced into

large knobs, fig. 36 infumata
Apex of lateral plates not knoblike .... 12

Terminal plate long, its apex slightly

enlarged but not cleft, fig. 33b; genital

hooks simple, without a basal lobe,

fig. 33a concava
Terminal plate short, its apex markedly

cleft, fig. 29b; genital hooks with a

basal lobe, fig. 29a 13

Basal lobe of genital hooks smaller, as

in fig. 29a; terminal plate as long as

genital hooks are high, fig. 29b velata

Basal lobe of genital hooks markedly
robust compared with distal lobe,

fig. 28a; terminal plate shorter than

genital hooks are high, fig. 28b. itasca

.Apex ot terminal plate produceil into

two short, stout, curved "horns,"
fig. 19 cornuta

.Apex of terminal plate not with horn-
like processes 15

.Apex of terminal plate produced into a

thin, flat "neck," at the end of which
the genital hook articulates, fig. 20;

this hook, fig. 20a, strongly recurved
to form the swan's neck type of
hook hamata

.Apex of terminal plate without a neck-
like process, fig. 21; genital hooks
not recurved 16

Basal portion of genital plates, figs.

21, 49, projecting above apex of

terminal plate; ninth sternite with
lateral setae long and whiskerlike,

fig.8.... ....17
Basal portion ot genital plates neither

enlarged nor projecting over terminal
plate, figs. 16 to 18a, ninth sternite

with fairly short lateral setae, figs.

4, 9 18

Genital plate as in figs. 8 and 21a, the

base narrow and produced into two
bulbous elevations califomica

Genital plate as in fig. 49, the base

wider, and not produced into two
bulbous knobs occidens

Terminal plate with the apex narrow,
tapered to a blunt point and not in-

cised on meson, fig. 18b iola

Terminal plate with apex wider, and
either markedly incised or almost
truncate, figs. 16, 17b 19

Terminal plate almost as wide as long,

more or less pentagonal, fig. 17b;

genital plates more than a third as

long as terminal plate, fig. 17a. . joppa
Terminal plate 1}4 times as long as

wide, more or less quadrangular, fig.

16b; genital plates less than a fourth

as long as terminal plate, fig. 16a. . . .

arvalis

Ninth sternite large, triangular and
distinctly sclerotized, fig. 56 . . .mohri

Ninth sternite apparently membranous
and difficult to distinguish in un-

cleared specimens 21

Eighth sternite large and with a long
narrow cleft on the apical margin,
fig. 63 nevadensis

Fighth sternite never with such a clett . 22

Legs with femora rutous and tibiae the

same color or darker than temora. . .23

Legs either entirely black or with the

tibiae lighter than the temora 24

Head smooth and polished glabella

Head punctured and dull americana

Both clypeus and front just above it

with a small but fairly conspicuous
tuft of black hairs on the meson.
Median depression ot eighth sternite

very large and deep, fig. 55 . . . .rotunda
Clypeus and front without any trace
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Genitalia of Sialis Males
Fig. 16.—S. arvalis. Fig. 20.—S. hamata. Fig. 24.^S. rotunda.

Fig. 17.—S. joppa. Fig. 21.—S. califomica. Fig. 25.—S. aequalis.

Fig. 18.—S. iola. Fig. 22.—S. americana. Fig. 26.—S. lutaria.

Fig. 19.—S. comuta. Fig. 23.—S. vagans. Fig. 27.—S. nevadensis.

Abbreviations.—a, lateral view of genital and terminal plates; b, caudal view of terminal

plates; g, genital plate; 1, lateral plate; t, terminal plate.

«l
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37 38
Genitalia of Sialis Mai.f.>

Fip. 28.— S. itasca. Fig. 32.—S. mohri.
Fig. 29.—S. velata. Fig. 33.—S. concava.
Fig. 30.—S. infumata. Fig. 34.—S. itasca.

Fig. 31.—S. hasta. Fig. 35.—S. velata.

Abbrkvia I'lONS.— a, Literal view ot genital and terminal plates; b, caiulal view of terminal

plate; g, genital plate; 1, lateral plate; t, terminal plate; 9, ninth sternite.

Fig. 36.—S. infumata.
Fig. 37.—S. concava.
Fig. 38.—S. hasta.

Fig. 39.—S. mohri.
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SiRlICTlIRES OF SlAI.IS MaI.KS AND FeMAI.F.S

Fig. 40.—Costal area of front wint; of S. Fig. 46.—Lateral view of bursa copulatrix ot

:ilcibella. S. infumala.

Fig. 41.—Costal area of frcint wing of .S". Fig. 47.— Dorsal view of head of male i\

niohri. i-otunda.

Fig. 42.— Costal area of front wing of S. Fig. 48.—Dorsal view of head of .9. «^Mrt'<'H-

infnmala. sis.

Fig. 43.—Lateral view of head of male S. Fig. 49.—Genitalia of male 5. occidens.

rolunda. Fig. 50.—Lateral view of bursa copulatrix of

Fig. 44.—Lateral view of head of female S. S.joppa.
rolunda. Fig. 51.—Lateral view of abdomen of female

Fig. 45.—Genitalia of male S. glabella. S. infumala.

Abbrf.viations.—a, lateral view of genital and terminal plates; b, ventral view o( genital

]>larc and hooks; h, humeral cross-veins; o, ovipositor; 7, 8, 9, abdominal sternites.

KEY TO NEARCTIC SPECIES OF SIALIS—Concluded

of a tuft of hairs. Median depression

of eighth sternite not as large 25

Eighth sternite narrow and divided into

two separate lobes by a median de-

sion, fig. 57 aequalis, vagans
Eighth sternite either wider, fig. 60, or

not divided so completely into two
separate parts, fig. 54 26

Eighth sternite as in fig. 60, rectangular
and with the distal portions set out
as distinct swellings infumata

Eighth sternite not as in fig. 60, either

with apex rounded out, fig. 53, or

not set off with such conspicuous
lobes 27

P.ighth sternite flat, not tilted so that

the apical margin is raised, fig. 54.

Bursa copulatrix with a terminal
fingerlike process velata, itasca

Eighth sternite tilted so that the apical

margin is markedly raised and basal

margin depressed, figs. 53, 59. Bursa
copulatrix with terminus triangular,

fig. 53 28

Species occurring only east of the Great

Plains region iola, joppa

Species occurring only west of the Great
Plains region 29

Median depression situated near the tip

of a long, slender mesal process on the

apical margin of the eighth sternite,

fig. 52 hamata
Median depression not situated on such

a long slender process 30

Apex of eighth sternite not evenly

rounded, fig. 59. Lateral area of

eighth sternite with abundant and
dark setae californica, occidens

Apex of eighth sternite evenly rounded,
much as in fig. 53. Lateral area of

eighth sternite with considerably less

abundant and light-colored setae. . . .

cornuta
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Apical Sternites of Sialis Females
Fig. 52.— .v. hiimiild.

Fig. 53.

—

S'. jo/tpa, .showing Inirsa copul.Ttrix
in situ.

Fig. 54.—S. velata showing bursa copu-

NWbatnx in situ. Jj^
Fig. 55.

—

S. rntnnda.
^^"

Fig. 56.— ,V. mohri.
Fig. 57.— .v. uequalis.

Abbreviation.s.— c, bursa copulatrix; 7, 8, 9, alulominal sternites

Fig. 58.— .v. amfriccDia,

Fie. 59.— .V. ailifornica.

Fig. 60.

—

S. injumata.
Fig. 61.—Lateral view of bur

of .S\ yievadensis.

Fig. 62.— Bursa copulatrix of S. neiiadens
as seen through venter of abdomen.

Fig. 63.

—

S. yievadensis.

copulatrix

Sialis joppa

—

new .species

MALE.—Length 12 mm. Head, body and
appendages black with the following excep-
tions : raised lines and dots on head and nar-
row ring around ej'e, yellowish ; legs shad-
ing to brown ; wings dark brown, slightly

lighter towards ape.x.

General Structure.—Front and ad-
joining portion of vertex slightly roughen-
ed but highly polished, concave. Remainder
of head dull and shagreened except raised

areas on front and vertex. Front wing with
eight to 12 supernumerary cross-veins in

costal area; radius 3 with two or three
branches.

Abdomen and genitalia as in figs. 4 and
17. Ninth sternite narrow and bandlike,

clothed with abundant short setae, and
sometimes with depressed area on the meson
of the basal margin. Lateral plates more
or less ovoid, typically closely appressed on
meson. Genital plate small, as wide as its

mesal length, with a pair of short, closely

appressed genital hooks, fig. 17b. Termi-
nal plate ovoid, fig. 17a, tending to be

pentagonal, ventral margin or apex form-
ing two low rounded lobes separated by a

slight incision on the meson.

FEMALE.—Length 14 mm. Color and
general structure as in male, except for the



68 ILLINOIS NATURAL HISTORY SURVEY BULLETIN Vol. 21, Art. 3

head, which may be swollen behind the ejes.

Abdomen and genitalia as in fig. 53.

Seventh sternite heavily sclerotized, ap-

pearing longer than wide due to convexity
;

sometimes with a small swelling on meson
near apex. Eighth sternite tilted, the base

depressed and apex raised; the mesal
portion slightly depressed longitudinally

;

the setae only moderately long. The apical

margin of the segment bears a small round
depression on the meson ; if the segment is

stretched out there can be seen a small

pointed process running forward from
under this depression. Ninth sternite mem-
branous but fairly rigid, forming a wide V.
Tip of bursa copulatrix entirely membran-
ous, fig. 50, triangular in dorsal view, fig.

53.

Holotype, male.—Newfound Gap, Great
Smoky Mountain National Park, N.C.: May
28, 19.U, T. H. Prison, inhs.

Allotype, female.—Same data as for holo-
type.

Paratypes.—Same data as for holotype and
allotype, !&, 19.

Illinois.— Eichorn, Buck creek: Apr. 22,
19.32, Ross & Mohr, Id', inhs.
Maine.—Naples: Farley, Icf, inhs.
New Hampshire.—White mountains, Al-

pine: Icf, inhs. Gorham: Icf, mcz.
New York.—Crosby: May 20, 1920, Id',

cu. Ithaca: May 23, 1915, 1 d', cu. McLean:
June 2, 192,3, Id', inhs. Stanley: May 17-20,
C. R. Crosby, IcT, inks; 19, cu. VVilliams:
May .31, 1913, 2&, 29, cu; Id', 19, inhs.
North Carolina.—North fork Swannanoa

river. May, Icf, mcz.
Ohio.—Sugar Grove: April 17, 1902, Id',

osu.

Pennsylvania.—Castle Rock: May 21,
1908, Id", ANs. Jeanette: H. G. Klages, Id',
CM. Two miles north of Narberth, Montt^omerv
county: May 16, 1925, E. T. Cresson, }r., 1 d'',

ANS. Philadelphia: May 11, Icf, inhs.

This is a decidedly eastern species, its

distribution resembling that of /o.V;. The
Ohio and Illinois records, however, are

more western than any records of iolri

Total size and color of wings vary con-

siderably in both sexes. This species is

closest to arvalis and tola but may be sepa-

rated from them in the male by the shape

of the terminal plate. The females of this

entire group are difficult to separate.

Sialis arvalis—new species

MALE.—Length 11 mm. Color and gen-

eral structure similar to joppa. Differs

only in details of abdomen and genitalia

figs. 6, 16. Ninth sternite bandlike, clothed

with scattered short setae. Lateral plates

somewhat ovoid, mesal side angular and

appressed on meson for a short distance.

Genital plate very small, quadrate and with
a pair of short genital hooks, fig. 16a.

Terminal plate, fig. I6b, rectangular in

general outline, the apex divided into two
lobes which are considerably swollen.

FEMALE..—Unknown.
Holotype, male.—Mokel Hill, Calif., April,

F. E. Blaisdell, cas.

Paratypes. California.—Mokel Hill: F. E.
Blaisdell, Icf", cas; Icf, inhs. Yorkville, Men-
docino County: April 30, 1934, E. P. Van
Duzee, 1 cf, cas.

Sialis iola—new species

MALE.—Length, color and general struc-

ture similar to joppa. Differs only in details

of genitalia, figs. 9, 18. Ninth sternite

bandlike and with onh' moderately long

setae. Lateral plates more or less ovoid

and appressed on meson. Genital plate

small, narrower than its mesal length, with
a pair of short, closely appressed genital

hooks, fig. 9. Terminal plate triangular

in general outline, the apex round and very

narrow, without an incision on the meson.

female. —Apparently identical with that

of joppa.

Holotype, male.— Pittsburgh, Pa. inhs.
Allotype, female.—Same data as for holo-

tvpe.

Washington, D. C—April 1928, id', 19,
nm; Id' , 19, INHS.
New Jersey.—Riverton: May 4, 1903, 2d',

INHS. Paterson: June 10, 1 cf, am.
New Hampshire.—Durham: lcf,cu.
New York.—Axton, Adirondack mountains:

June 12-22, 1901, 5d', 19, cu; 2d', 19, inks.
Black brook, Clinton county: June 11, 1916,
Icf, 19, cu. McLean: May 31, 1913, Icf, 19,

inhs; Icf, 19, cu. McLean bogs, Tompkins
county: May 29, 1915, Icf, cu. Ringwood,
Ithaca: June 26, 1920, 1 d', 19, cu.
Pennsylvania.— Inglenook: May 31, 1914,

Id', MCZ. Pittsburgh: May 22, 1899, 1 cf, cm.
Quebec— Fairy lake: June 1, 1927, 19,

cnm. Knowlton: June 5-14 and fuly 12, 5cf

,

59, cnm; 5d', 59, inks. Lachine: iune4, 1930,
I.. J. Milne, Icf, CNM.

Sialis californica Banks

Sialis Juliginosa Davis (1903, p. 449) in part

\nec Pictet|.

Sialis injumata Davis (1903, p. 448) in part
\nec Newman).

Sialis californica Banks (1920, p. 326). .,

MALE. —Length 11-14 mm. Color and J

general structure as in joppa e.xcept that

many specimens are larger and have the

wings solid iridescent black. This darker

coloration intergrades to a liglit brown in

a long series.
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Abdomen and t;enitalia, figs. 8, 21.

.Ninth sternite bandlike, the mesal portion

clothed with only moderately long setae,

but the lateral portions bearing many long

setae which project considerably beyond the

lateral margins of the segment to give the

appearance of a bushy set of cat's whiskers,

fig. 8. Lateral plates ovoid, appressed for

a distance on the meson. Genital plate

narrow, evenly tapered to apex where it is

produced into a pair of short hooks; the

base of the plate, fig. 21a, bulbous and

raised above the apex of the terminal plate.

Terminal plate, fig. 21b, triangular in out-

line, the extreme apex rounded but not

divided into two lobes.

FEMALE.—Length 12-16 mm. Color and

general structure as in male.

Abdomen and genitalia as in joppa with

the following differences: eighth sternite,

fig. 59, with the apical margin raised, in-

cised on meson, the mesal depression fairly

large and bounded apically by a narrow

bridge ; basally from this extends a fan-

shaped, concave area with few or no setae;

on either side of this the segment is raised

and these raised areas are clothed with

setae which are longer than those on other

females in the callfnrnica group. Bursa

copulatrix with the tip more or less sclero-

tized, triangular from the ventral aspect,

somewhat beaked from the lateral aspect.

Lectotype, male, by present designation.

—

San Emiedio canon, Kern county, Calif.; F.

Grinnell jr., June 3, 1904, Type * 10844, mcz.
.Alberta.—Jasper to Buffalo Prairie: June

30, 1915, IcT.iNHS.
British Columbia.— .Alta lake, Mons: June

11, 1926, J. McDunnough, Icf, 19, cnm.
Goldstream: June i, 1923, K. F. Auden, 19,

CNM. Ucluelet: July 20, 1909, C. H. Young,
1 cT, CNM.

California.—Alameda county: Id', inhs.

Berkeley: April 14, 1928, Id', cas; April 27,

1921, Id', INHS. Big Basin Park, Santa Cruz
county: May 12, 1918, Id", cas. Carrville,

Trinity county, altitude 2400-2500 feet; May
19, 19,?5, Id', 29, cas; Id', 19, inks. Eureka;
June 6, Icf, nm. Phoenix lake, Marin county;
April 4, 1927, 1 cT, 19, cas. San Emigdio canon,

Kern county: Icf, mcz, paratype; \&, inhs,

paratype. San Jeronimo: Icf, mcz, paratype;

Icf INKS, paratype. Yorkville, Mendocino
county: May 1, 1924, cas.

Oregon. -^Albany; April 25, 1934, T-

Schuh, 19, INHS. Alsea; May 23, 1931, H. k.

Scullen, 19, gag; 19, inhs. Cannon Beach;
June 10-18, 1927, Ic?, 39, cas; Id', inhs.

Corvallis: June 9, 1930, Lorin? G. Hudson,
Id', inhs; .April 29, 19,50, H. A.' Scullen, IcT,

oac; May 15, 1925, Id', oac. Oak creek; May
4, 1934, Eldon Ball, 29; May 22, 1934, Dimick,
Id', inhs; May 26, 1898, 19, oac. Philomath,

Rock creek: May 1, 1934, R. E. Dimick, 19,
oac Santiam road, Cash creek: July 20, 1910,
19, OAC. Siletz river: May 24, 1934, R. E.
Dimick, 19, oac Tidewater: July 3, 1933, 19,
OAC Warner mountains. Lake county: June
19, 1922, Id', 19, CAS.
Washington.—Stabler: June 20, 1928, K.

Gray, Id', oac; elevation 1500-2000 feet, 39,
OAC; 2 9, INHS.

Sialis occidens—new specie.s

Stalls fuHginosa Davis (1903, p. 449) in part
\nec PictetJ.

MALE. —Length 11-13 mm. Similar in

all respects to californica, except for the

genital plate. Ninth sternite, lateral plates

and terminal plate as described and illus-

trated for cnlifoniica. Genital plate, fig. 49,

wide at base and tapering to apex, basal por-

tion curved upward above apex of terminal

plate but not forming two bulbous lobes.

FEMALE.—Apparently identical with that

of californica.

Holotype male —Wolverton, Sequoia Na-
tional Park, Calif., altitude 7000-9000 feet:

June r:., 1929, E. C. Van Dyke, cas.
Allotype, female —Same data as for holo-

type.

Paratypes. California.— Id', nm. Wolver-
ton, Sequoia National Park, altitude 7000-
9000 feet; June 23-25, Id', 19, cas; 1&, 19,
INHS. Fallen Leaf lake. Lake Tahoe; July 2,

Icf, cas; June 26, 19, cas. Placer county:
June, Icf, INHS. Sierra Nevada: Crotch, Id',

19, MCZ.

Nevada.—Reno: 1878, Morrison, Icf, 29,

MCZ; IcT, 29, inks; Icf, 29, NM; Id', 19, kac;
June 27, 1927, E. P. Van Duzee, 19, cas.

This species is apparently restricted to

a more southern distribution than cali-

furnica. The specimens from Reno,
Nevada, collected by Morrison were re-

corded as fuUginosa by Davis.

Sialis cornuta—new species

MALE. —Length 12 mm. Color and gen-

eral structure similar to joppa. Differs in

details of abdomen and genitalia, figs. 7

and 19. Ninth sternite bandlike, clothed

with onlii' moderately long setae. Lateral

plates more or less ovoid, mesal margins

somewhat angled and appressed for a dis-

tance. Genital plate wide and deep, narrow-

ing towards apex and produced into a pair

of narrow hooks half as long as the plate
;

these hooks, fig. 19a, projecting almost

straight upward from the plate and scarcely

curved. Terminal plate ovoid and flat,

fig. 19b, its apex divided into two lobes by

a narrow mesal incision, each lobe produced

into a short, stout, hornlike process curved

laterad.
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FEMALE.—Similar in all respects to that

of juppa, with the exception of the apical

mesal projection of the eighth sternite,

whicli is slightly longer.

Holotype, male.—Horseshoe lake, Blue
nuiuntains. Ore., elevation 7500 feet: July 26,
1929, H. A. Scullen, inhs.

Allotype, female.—Same data as holotype.
Paratypes. Alberta.—Nordegg: July 7-11,

1921, J. McDunnough, 2&, 29, cnm; !>, 29,

INHS. Waterton: Julv 12, 1923, H. L. Seamans,
Id', cnm; July 14, 1923, E. H. Strickland, IcT,
cnm; 1 d', INHS.
Idaho.—Moore's lake: July 10, 1907, J. M.

Aldrich, IcT, inhs. Moscow: J. M. Aldrich,

19, inks.
Utah.— Fruitland: March 20, 1937, F. C.

Harmston, Icf, inhs. Red creek: March 20,

1937, F. C. Harmston, Id', uac.

The male of this species is readily dis-

tinguished by the hornlike processes on the

terminal plate, but the female is difficult

to separate from others of the califoniiai

group (see key).

Sialis hamata—new species

MALE.—Length 12 mm. Color and gener-

al structure as in joppa. Differs in details

of abdom.en and genitalia, figs. 5 and 20.

Ninth sternite bandlike, clothed with

sparse, moderately short setae. Lateral

plates more or less ovoid, appressed for a

distance on the meson. Genital plates small

from ventral aspect, but with a large re-

curved hook at apex which is apparent only

in lateral view, fig. 20a. Terminal plate

Hat and round, the basal part produced at

the apex into a thin flat neck, fig. 20b, at

tlie end of which the genital plate articu-

lates. This neck varies in length but is

always as long as shown in the illustration.

FEMALE.—Apparently identical with that

of joppa except for the eighth abdominal

sternite, fig. 52. This is emarginate along

the apex except at the meson where a nar-

raw projection juts forward. This pro-

jection is on the same plane as the re-

mainder of the segment. The bursa copu-

latrix is membranous and amorphous.

Holotype, male.—Logan, Utah: April 16,

1933, J. A. Meacham, inhs.
Allotype, female.—Blacksmith Fork canon,

Utah: July 9, 1935, C. F. Smith & G. F. Knowl-
tOn, INKS.

Paratypes. Alberta.—Lethbridge: Aug. 4,

1922, E. H. Strickland, Id', cnm. Waterton
lakes: June 26-July 13, Id', 19, inhs; 39,
CNM. Watertown: June 30, 1924, H. L. Sea-
mans, Icf, cnm; Id', inhs; July 1, 1924, H. L.
Seamans, 19, cnm.

British Columbia.—Creston: May 28,
1926, A. A. Dennys, Id", cnm.

Montana.—Lake Saint Mary, Glacier Na-
tional Park: July 2, 1930, E. C. Van Dyke,
Icf, CAS; 19, inhs. Spring Creek, Yellowstone
National Park: July 15, 1923, A. L. Melandcr,
1 d', mcz.
Oregon.—Warner lake, Lake countv, high

tablelands: June 21, 1922, E. C. Van Dvke,
1 &, 19, CAS; Icf, INHS.
Utah.— Parley canon, Salt Lake City: lunc

24, 1922, E. P. Van Duzee, Id", CAS.
Washington.—Pullman: May 10, 1928,

1 cf, UM.
Wyoming.—West Yellowstone: June 14,

1930, E. C. Van Dyke, 2d', cas.

This western species is one of the few
in the califoriilca group having a dis-

tinguishing character in the female. The
male is readily distinguished from other

members of the genus by the "neck" on the

terminal plate and the swan's-neck hook
articulating with it.

Sialis americana (Rambur)
Semblis americana Rambur (1842, p. 447j.
Sialis ferrupneus Walker (1853, p. 195).
Sialis americana Hagen (1861, p. 188j; Banks

(1892, p. 357); Davis (1903, p. 450).
Prolosialis americana Van der Wheele (1909,

p. 263; 1910, p. 75).

MALE. —Length 12 mm. Yellowish
orange with the antannae, eyes, tibiae and
tarsi almost black. Abdomen, posterior

half of head, palpi and margins of prono-

tum suffused with blackish. Wings and
veins yellowish orange.

Head dull with fine reticulations, con-

cave around branching of epicranial stem.

Front wing with five to seven supernum-
erary cross-veins in costal cell.

Abdomen and genitalia as in figs. 10 and
22. Ninth sternite produced caudad into

a fairly long, truncate sclerite, clothed with
sparse but moderately long pubescence and
covering bases of lateral plates. Lateral

plates small and triangular, the postero-

lateral portion angulate ; appearing as ap-

pendages of the ninth sternite and not

appressed on the meson. Genital plate .,

forming a broad collar in front of terminal
||

plate, and bearing a pair of broad, straight ']

arms. These appear in fig. 22a, so that at

first glance they appear as appendages of

the terminal plate. Terminal plate round,

the margins clothed with long setae, the

apex with a small, semicircular incision.

FEMALE. —Size, color and general charac-

teristics as in male. Seventh sternite, fig.

58, rectangular, neither larger nor more
heavily sclerotized than the preceding seg-

ments; produced into a convex area on the

meson ; the entire segment together with
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the eighth clothed witli sparse but fairl\

long setae. Eighth sternite small and rec-

tangular, the apical margin with a dia-

inond-shaped shining area on the meson.

Ninth sternite and bursa copulatrix indis-

tinct in cleared specimens.

Maryland.— Laurel: June 22, 1912, E. B.

Marshall, Icf, nm.
Ohio.— Kent: June 18-22, 1900, R. C.

Osburn, 2c?', 19, osu; 2d', 19, inhs.

The character of "black antennae'

mentioned for americana by Van der

Wheele and for ferrugineus by Walker in-

dicate that both names apply to the species

herein described. It is possible, however,

that Rambur's name americana could apph
to the species glabella described herein as

new. At the present time it seems better to

follow the synonymy of previous authors.

Sialis glabella—new species

MALE. —Length 12 mm. Yellowish
orange with the following exceptions:

mesal two-thirds of vertex dark reddish

brown with the usual bars and spots yellow,

forming a regular pattern, fig. 49 ; dorsum
of abdomen dark brown ; sutures of mouth-
parts, thorax and legs light brown; and
antennae, tibiae and tarsi slightly darker

and browner than body ground color.

Head and pronotum smooth and
polished, without any trace of sculpturing,

clothed with ven,- fine short pubescence

;

concave at branching of epicranial stem.

Venation as in americana.

Abdomen and genitalia very similar to

those of americana with the following dif-

ferences : Ninth sternite only two-thirds as

long, lateral plates longer and closer to-

gether, terminal plate identical, genital

plate with a pair of long arms whose apical

half is markedly narrowed, fig. 45.

FEMALE.—Size, color and general struc-

ture as in male, abdomen as in americana.

Holotype, male.— Mt. Carmel, III.: May 28,
1884, sweeping (^acc. no. 1796), inhs.

Allotype, female.—Same data as holotype.
Paratypes. Illinois.— Muncie: June 16,

1908, H. E. Ewing, 19, INHS.

This species looks very much like ameri-

cana. but is easily distinguished from it b\

the shining, impunctate head, paler anten-

nae and tibiae, and the narrowed genital

arms of the male. Both records are points

on the Wabash river drainage system.

Sialis velata—new species

MALE.—Similar to itasca, p. 72, in size.

color and general structure. Ihc wings arc

on the average darker and only rarcl\

present a banded appearance.

Abdomen and genitalia, figs. 29 and 35.

similar to itasca with these differences

:

ninth sternite with apical margin rounded ;

lateral plates shorter, their apex broad and
rounded and the lateral margin not angu-
late

; genital hooks bending just below level

of terminal plate and with a slender basal

appendage which runs some distance from
top prong; terminal plate longer, raised

more than its width from the sclerite at its

base.

FEMALE.—Apparently identical with that

of itasca.

Holotype, male.— Houghton lake, Mich.:
June 15-18, 19,H5, T. H. Frison, inhs.

Allotype, female.—Same data, collected in

coilit with holotype.

Paratypes. .Alberta.— Medicine Hat: Mav
24, 1923, Icf, CNM.

British Columbia.—Osovoos: Mav 20-21,
1923, C. B. Garrett, .^cf, 49, cnm; 3d', 19,

INHS.

Illinois.—Calvin: April 14, 1930, Frison &
Ross, i(f, INHS. Charleston; April 23, 1932,
Ross & Mohr, 1 cf, INHS. Dixon Springs: April
21, 1935, T. H. Frison, 2d', inhs. Dubois:
.April 24, 1919, creek valley, 1 cf, inhs. Havana,
Illinois river front: April 27, 1896, C. A. Hart,
^(f, inhs. Homer: May 6, 1911, Id', inhs.
Mt. Carmel: April 19, 1932, Ross & Mohr,
Id", inhs. New Columbia, Ciiftv creek: .April

n, 1932, Ross & Mohr, Id', inhs. Parker:
April 17, 1914, Id', inhs. Rock Island: Mav
10, 19.U, Ross & Mohr, Id', inhs; May 16,

1931, 20^, INKS. Shawneetown: .April 26,
1926, Frison & Auden, Icf, 19, inhs. Spring
Grove, along Nippersink creek: May 14, 1936,
Ross & Mohr, Sd', 129, inhs. Urbana: Mav
22, 1923, Id', inhs; April 26, 1890, C. A. Hart,
at light. Id', inhs. Vienna; April 21, 1932,
Ross & Mohr, Icf, inhs.

Kansas.— Douglas county; .April 14, 1922,
R. Guentert, 34d', 109, RU; 7d', SS, inhs;
April 1923, R. H. Beamer, 3d', Ku. Manhattan:
April 2, 1932, F. E. Whitehead, Id', kas;
April 18, 1930, A. Audant, Id", kas. Mc-
Pherson county: .April 16, 1932, Icf, kas.

Onaga; May' ,^0, 1926, Id", inhs. Riley
county; .April 29, Popenoe, Id', kas.

Ma'ine.—Waldoboro: May 1902, I.ovell,

Id', cu.

Manitoba.^.Aweme: lune 14, 1912, N.
Criddle, Id", cnm; May 27,' 1925, R. M. White,
Icf, inhs; 19, cnm; June 13, 1926, N. Criddle,

Id', cnm; June 4, 1926, R. D. Bird, i&, cnm;
Criddle, Id', cu.

Maryland.— Plummet's Island; .April 17-

22, 1903, W. V. Warner, 2d', 29, nm; April 22,

1915, T. C. Crawford, 2&, inhs; April 18,

1915, H. S. Barber, Id', nm; May, Id', 19, nm.
Massachusetts.—Cambridge: May 28,

1900, S. Henshaw, 40^, mcz. Lake Cochicuate:
May 28, Id", inhs. Wellesley: May 1895,
.A. P. Morse, 5d", mcz.
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Michigan.—Ann Arbor, Washtenaw county:

May 16, 1917, IcT, mm-/.. Detroit: May 5,

H. G. Hubliard, Icf, mcz; May 27, 1897, 19,

am; Icf, mcz; May, 2^", 19, mcz. Grayling,

power dam on Au Sable river: June 17, 19.^5,

T. H. Prison, Icf, inhs. Higgins lake, Craw-
fonl county: June 19, 1932, G. Kelker, Icf,

29, MMZ. Houghton lake: Tune 15-18, 1935,

T. H. Fri,son, 2 mating pairs, 220^, 489, inhs.

Margurite lake: May 23, 1936, Prison & Ross,

2 mating pairs, 391 cf, 6629, inhs. Mio, along

Au Sable river: May 21, 1936, Prison & Ross,

35cf , 39, INHS. Omer, along Rifle river: May
21, 1936, Prison & Ross, Icf, 19, inks. Wash-
tenaw county: May 22, 1930, lrf',MMz.

Minnesota.— Big Cormorant lake: May 14,

1900, R. C. Osborn, !&, 29, osu. Coon creek:

May 20, 1933, D. J. Pletsch, 2cf, um. Itasca

county: Icf, um. Itasca Park: May 30, 1932,

C. H. Hofl^man, 14c?, 19, um; Scf, inks; June
13, 1928, L. W. Orr, 3d', 29, um; June 9, 1934,

W. A. Riley, 19, um.
Missouri.—Columbia: April 21, 1905, Icf,

INHS.
New H/iMPSHiRE.—Three-mile island: June

2, Icf, MCZ.

New York.—Cortland county, Labrador
lake: May 14, 1921, Id', cu. Crosby, Yates
county: May 18, 1918, Icf, cu. Cranberry
lake: June 23, 1919, J. C. Clark, Icf, cu; June
26, 1920, C. J. Drake, Icf, inhs. Litchfield:

May, 1903, Icf, AM. Oswego: May, 1894, 1 cf,

NM. Peru: May, 1914, 2 cf , cu. Stanley: May
1920, Icf, cu. Syracuse: Cook & Collins, 1 cf,

NM. Westport: May 1921, 1 cf, inhs; May 20,

1922, 4cf , 19, am; Icf, 19, inhs.

North Dakota.— Pargo: June, Icf, inks.

Ontario.—Casselman: May 23, Icf, cnm;
April 21, 1904, Icf, CNM. Jock'river: May 23,

1927, G. S. Walley, Icf, inhs. Maitland: June
12, 1931, L. J. Milne, 4cf, 119, cnm, Icf, 19,

inhs. Ottawa, Rideau river: May 27, 1930,

L. L Milne, Icf, cnm; June 9, 1920, J. Mc
Dunnough, 2cf, cnm; May 29, 1920, J. Mc
Dunnough, 2cf, 39, cnm; Icf, 19, inhs. Rat
Portage island: June ,1905, J. C. Bradley, 1 cf

,

cu. Sand lake:
"

July 3, 1926, P. P. Ide, 3cf

,

cnm. Sioux Lookout: June 25, 1929, J. Russell,

Icf, CNM. Southampton: June 20, 1931, G. S.

Walley, Icf, CNM. Trenton: May 5, 1900, 1 cf

,

CNM.
Quebec— Knowlton: June 21, 1929, L. J.

Milne, Icf, CNM. Lachine: June 8-9, 1926,
F. P. Ide, 11 cf, 39, cnm. La Prairie: June 14,

1927, G. S. Walley, 4cf, 49, cnm; Icf, 39,
inhs; June 9, 1926, F. P. Ide, 2cf , cnm.
Saskatchewan.—Scudder, icf, 19, inhs.

Saskatchewan river: Icf, mcz.

Texas.— Kerrville: March 24, 1906, P. C.

Pratt, 1 cf, INKS.

Virginia.—Great Palls: April 19-30, 6cf,
mcz; May, 1 cf , nm; May 2, 1916, 1 cf , nm.
Washington, D. C.—May, Ashmead, 2cf,

nm; Apr. 3, 19, nm; Apr. 20, Icf, mcz; Apr.29,
Icf, NM.
West Virginia.—Millville: Apr., 1921, Icf,

INHS.

Wisconsin. — Washington Island, Door
county: June 7, 1905, Icf, 19, mcz. Sturgeon
bay; June 7, 1929, A. Granovsky, 2cf , 69, uw;
Icf, 29, inhs. Madison: May 1934, 1 cf, uw;

May 31, 1912, A. C. Burrill, Icf, uw. Lake
Mendota: June 7, 1910, J. G. Sanders, Icf, uw.
Trout lake: June 1, 1934, H. L. Chada, Icf,
uw.

Sialis itasca—new spelie.s

MALE.—Length 11 mm. Black with

these exceptions : head with hars and spots,

narrow margin around eye and malar space

orange. Wings dark brown with apical

two-thirds varying from slightly paler to

completely hyaline. Specimens of this type

present a striking banded appearance when
the wings are spread.

GENERAL STRUCTURE.—Dorsum of

head dull with coarse and abundant sha-

greening. Vertex usually concave along

meson, but sometimes robust and even

slightly convex. Front wing with about

10 accessory cross-veins in costal area, re-

mainder of venation normal.

Abdomen and genitalia as in figs. 28 and

34. Ninth sternite narrow, apical margin

angular. Lateral lobes long, their lateral

margins more or less angular ; apex blunth

pointed so that the apical portion is some-

what triangular. Genital plate collarlike,

situated below terminal plate, and giving

rise to a pair of long, bent arms, fig. 28a,

projecting forward almost to the ninth

sternite ; the two arms are closely appressed,

usually appearing as one; each arm angles

forward just above level of terminal plate

and at its base has a lobe thicker than the

arm and running very close to it. Terminal
plate, fig. 28b, with a wide angular incision

at apex ; the plate rising less than its width

above the sclerite at its base.

FEMALE.—Length 13 mm. Color and

general structure as in male.

Abdomen and genitalia as in fig. 54.

Seventh sternite wider than long, only

slightly arcuate at ape.x. Eighth flat, wide

and narrow, with a median shallow de-

pression. Apex of bursa copulatri.x sclero-

tized and rounded, with a long straight

fingerlike process on the ventral side at

extreme tip, figs. 46, 54.

Holotype, male.—Momence, 111., along Kan-
kakee river: June 1, 1937, B. D. Burks, inks.

Allotype, female.—Same data as holotype.

Paratypes.

—

Illinois.—Charleston: June 19,

1931, H. H. Ross, INHS. Maywood, DesPlaines
river: June 7, 1912, 1 cf , inks. Momence: same
data as holotvpe, 2cf, 19, inhs. White Heath:
June 9, 1929,' C. O. GofT, Icf, inhs; June 18,

1906, woods, 1 cf , INHS. W'hite Pine State Park:
May 30, 1936, Ross, 1 &, inhs.

Kansas.—Manhattan: May 20, 1925, R. E.

Sears, Icf, inhs.
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Michigan.—Douglas lake: July 4, 1927,
L. K. Gloyd, IcT, inhs.

Missouri.— Bryant's Point: Mav 13-15,
1915, P. Bartsch, la", inhs; 2d', nm.
New York.—Cranberry lake: July 8, 1920,

C. J. Drake, Icf, cu. Ithaca: June 20, 19<)7,

Icf, inhs; June 12, 1914, Icf, inhs; June 12-

14, 1915, 2c?',cu; 2 cf, inhs; June 17, 1916, Icf,

ci; June 25, 1916, IcT, cu; June 16, 1915, Icf,

cu; 2c?', inhs; June 12, 1913, IcT, cu; May 18,

Icf, cu. Rochester Junction: June 9, 1914,

M. D. Leonard, Icf, cu.

North Dakota.— p'argo: June 3, 1901, R. C.

Osborn, 1 cf , osu.
Ohio.—Huron: June 24, 1914, 1 cf, 139, cu;

1 cf, 49, INHS. Marietta: icf.MCz.
Ontario.—Algonquin park: June 18, 1922,

I. McDunnough, Id", cnm. Britannia: June
Z^, 1920, G. Beaulieu, 3cr, 29, cnm; 2(f, 29,

inhs. Ottawa West: June 21, 1920, C. B.

Hutchings, Icf, cnm; Icf, inhs.

Pennsylvania.—Candy Hill: May 28,

Icf, INHS. Harrisburg: Mav 30, 2cf, inhs.
West Chester: May 19, 1924, Icf, cu; Icf,
inhs; 1 cf , ANS.
Quebec—Lacolle: July 5, 1928, G. H,

Hammond, Icf, cnm. Laprairie: June 17,

1925, F. P. Ide, 3cf , 29, cnm; 2cf , 29, inhs.

Virginia.—Dyke: May 28, 1915, W. L.

McAtee, Icf, nm. Great Falls: May 25, N.
Banks, iOcf , mcz; 4cf , inhs; June 3, Icf, Mcz;
|une 18, 1 cf , mcz; June 5, 1 cf , mcz. Mt. Ver-
non: June 6, 1915, W. L. McAtee, Icf, inhs.

Washington, D. C.— F. C. Pratt, Icf, nm.

Sialis infumata Newman
Siri/ii infumata Newman (1838, p. 500j.

MALE.—Similar in size, color and genera]

structure to velala and itasca. Differs in

genitalia as follows, figs. 30 and 36: ninth
sternite narrow and slightlj- angulate at

apex; lateral lobes long, the apical fourth

constricted and forming a large round
knob

;
genital hooks long and slender, bend-

ing at half the height of the terminal plate,

the appendage near their base ovate and
short, no longer than a third of the hori-

zontal portion of the hook ; terminal plate

twice as high as wide, its sides convex and
narrowing towards apex, the latter with

a shallow, narrow incision on the meson.

FEMALE.—Similar to that of velata, dif-

fering only in the structure of the eighth

Sternjt^. hg. 60. This is longer and rec-

tangular, with a narrow V-shaped depres-

sion extending along the meson of the entire

segment. The halves have the apical half

somewhat raised into a lobe and the pos-

terior half flat.

Holotype, female.—Trenton Falls, N. J.:
Doubleday, bm.

Allotype, male.—Wilmington, 111., along
Kankakee river: May 17, 1935, H. H. Ross,
inhs.

Illinois.—Algonquin: May 12, 1906, W. A.
Nason, 2cf, 19, inks. Cedar lake: 3cf, 19,
inhs; 3cf, osu. Kaston, central ditch: May
1, 1914, icf, INHS. Galena: Icf, 19, mcz.
Oakwood: April 26, 1936, Eugene Rav, 2cf,
INHS. Rantoul: April 24, 1929, Prison & Ross,
Icf, INHS. Wilmington: May 12, 1935, Prison
& Ross, 3cf, iNHs; May 17, 1935, H. H. Rcss,
30^, 19, INHS.
Kansas.—Manhattan: April 30, 1933, D. E.

Musser, 2cf , inks; April 7, 1930, R. H. Painter,
Icf, KAs; May 15, 1933, Icf, kas; Sept. 10,
1932, M. W. Allen, 2cf, kas.
Michigan.—Vassar branch of Cass river:

May 20, 1936, Prison & Ross, 1 cf , inhs.
New York.—Ithaca: May 3-25, 4cf, 99,

inhs; 2cf, 159, cu; inlet valley. May 3, 1913,
Icf, cu. Syracuse: Cook & Collins, Icf, nm.
Ohio.—Columbus: April 23, 1899, R. C.

Osborn, 1 cf , osu.
Pennsylvania.—Harrisburg: May 11, 1909,

Icf, INHS. Manayunk: April 26, 1 cf, ans.

The identity of this species is still a trifle

uncertain. D. E. Kimmins of the British

Museum has kindly compared specimens

with the female type and says that it agrees

most closely with this determination. The
differentiation of the females of the in-

1utnata-itasca-velata group, however, is not

as definite as might be w-ished. Mr. Kim-
mins, however, cleared the abdomen of the

type, so that the present treatment is as

satisfactory as possible under the circum-

stances.

The bibliography of this species includes

only the original description. The other

references to the species in literature can-

not be placed with certainty due to the

confusion of so many species under this

name by various authors.

Sialis concava Banks
Siaiis concava Banks (1897, p. 22)

MALE.—Similar in size, color and general

structure to infumata and itasca. Dift"ers

in genitalia as follows, figs. l>3i and 37

:

lateral plates smaller, more or less triangu-

lar, flat and angled at apex
;
genital hooks,

fig. 33a, long, slender for their whole
length, angled at half or less the height of

the terminal plate, and without an appen-

dage at their base ; terminal plate, fig. 33b,

long, slender, tapering almost to apex,

which is slightly widened and beset with a

cluster of fairly long setae.

FEMALE.—Unknown.
Holoytpe, male.— Ithaca, N. Y., mcz.

Maryland.— Icf, inhs.

New York.— Ithaca: May 29, 1913, Icf,
INHS.

Ontario.—Power Glen: June 25, 1926,
G. S. Walley, Icf, cnm.
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The tj'pe has the genitalia expanded so

that the parts are readily seen.

Sialis hasta—new species

MALE.—Similar in size, color and general

structure to inluniata. Differs in genitalia

as follows, figs. 31 and 38: ninth sternite

hroad, apical margin evenly rounded; lat-

eral plates broad, their apex wide and
evenly rounded; genital hooks, fig. 31a,

hroad at base, tapering beyond bend to a

point, very low, the outer margin of the

bend angular; appendage at base of hooks

triangular, short and with an angular apex
;

terminal plate quadrate, fig. 31b, each

lateral corner prolonged into a long,

straight apical process, these processes sur-

mounted by a tuft of setae and separated

by a distance almost equal to their own
length.

FEMALE.—Similar in color and general

structure to male. Genitalia very similar

to those of infuiiiata, fig. 54, differing as

follows: seventh sternite with only apical

half sclerotized, apical margin broadly and
shallowly emarginate, eighth sternite with

antero-lateral portions slightly more round-

ed than in fig. 54.

Holotype, male.—I.ovells, Mich., along Au
Sable river: May 22, 1936, Prison & Ross,
INHS.

Allotype, female.—.Same data as holotype.
Paratypes. Michigan.—Hale, along Au

Ores river: May 21, 19,36, Fri.son & Ross, Icf

,

INHS. Lovells: 4cf , 89, same data as holotyvie;

May 24, 19,36, J. W. Leonard, Id', 159, inhs.
Whittemore along Johnson creek; May 21,
19,36, P'rison & Ross, 2c?', inhs.
Pennsylvania.—Allegheny county, Icf, cm;

1 &, INHS. Washington county, 1 cf, cm.

Sialis mohri—new species

MALE.—Similar in size and color to

infumata. Differs in general structure as

follows: median area of vertex concave,

velvety in appearance due to fine setae and

punctures ; costal area of front wing with

six to 10 accessory cross-veins, averaging

seven or eight.

Abdomen and genitalia as in figs. 32 and
39. Ninth sternite angular on meson, not

very long; lateral lobes broad, narrowed
at apex to a rounded point

;
genital plate,

fig. 32a, broad at base, with a long, thin,

curving blade three times as long as the

basal portion ; terminal plate, fig. 32b,

more or less heartshaped, bearing a pair

of long arms at apex which come off at

right angles to the main sclerite, and curve
slightly upward; each arm is stocky at its

base and tapers to a fine point, is ver\

heavily sclerotized, and sinuate, fused with
each other at base, and beyond that sepa-

rate.

FEMALE.—Similar to male except for

genitalia and larger size. Abdomen and
genitalia, fig. 56, very characteristic of

species: seventh sternite as for genus;
eighth very narrow on meson, the lateral

portions more or less triangular ; apparent
ninth sternite sclerotized, fitting within the

cut-out margin of the eighth, having a

sclerotized carina along the meson at apex,

the entire segment somewhat diamond
shaped.

Holotype, male.—Boulder Junction, Wis., on
Trout river: June 20, 19,34, Prison & Mohr,
INHS.

Allotype, female.—Same data as holotype,
and collected in coilti with it.

Paratypes. Connecticut.—New London:
June 23, 1917, R. C. Osborn, 2&, osu.

Illinois.—Algonquin: May 20, 1906, W. A.
Nason, 5d', 29, inhs; May 29, 1909, 19, inhs.
Antioch; Channel lake: June 5, 1919, T. H.
Prison, 2cf, 29, inhs; May 16, 1936, Ros.s &
Mohr, 2cr, 99, inhs. Near Cooperstown, Illi-

nois river: May 20, 1932, Ross & Mohr, 1 &,
INHS. Dubois: April 24, 1914, Creek valley,

ScT, 79, INHS. Pox Lake, along lake: May l.S,

1936, Ross & Mohr, 214^", 609, inhs; May 28,

1936, Ro,ss, 2cf , 109, inhs; May 28, 1936, Ro.ss,

2cf,iNHs. Glenn Ellyn: May ,30, 1908, W. J.
Gerhard, 2cr, fm; Icf, inhs. Grays lake:

May 26, 1936, Ross, i&, 79, inhs. Havana,
Illinois river: June 3, 1933, Mohr, Icf, inhs;
May 4, 1895, Hart, 1 cT, 19, inhs; May 8, 1932,
Mohr, Icf, 89, inhs; May, 1895, 19, inhs;
May 21, 1895, 29, inhs; M.ay 21, 1932, Ross &
Mohr, 3c?, 89, inhs; April 27-30, 1896, C. A.
Hart, 2cf , 39, inhs. Henry, Lake Senachwine:
May 30, 1932, D. H. Thompson, Id", 39, inhs.

Kankakee: June 6, 1935, Ross & Mohr, Id",

inhs. Lake Porest: May 1905, J. G. Needham,
1 cf , 19, cu. Meredosia, Illinois river: May 15,

1934, Prison & Mohr, 2&, 39, inhs. Paris:

1931, Id', INHS. Pistakee lake: June 12, 1936,

Icf, 19, inhs. Rockford: W. Bebb, 1 d", inhs;

June 10, 1897, 19, inhs. Rock Island, near
Rock river: 1863, Walsh, 19, mcz; 19, inhs;

May 18, 1934, Ross & Mohr, 19, inhs; Walsh,
19, MCZ. South Chicago, Calumet river: June
9, 1880, 39, INHS. Wilmington, Kankakee
river: May 17, 1935, H. H. Ross, Id", inhs.
Indiana.—Wolf lake: May 26, 1912, A. B.

Wolcott, i(f, 19, fm; 2d', inhs.

Kentucky.—Near Mammoth Cave: May
2, 1874, J. G. S., IcT, mcz; Id', inhs.

Massachusetts.—Cambridge: May 28,

1900, S. Henshaw, 2&, mcz; IcT, kas. Pram-
ingham: May 23, 1930, C. A. Prost, Ic?, inhs.

Haverill: June 7, 1866, 19, mcz. Minot county:

June 10, 1871, Sharon, 2d', 19, mcz. Holliston:

May, i&, mcz. Wellesley: May 1900, A. P.

Morse, 8cf', 39, mcz.

Michigan.—Ann Arbor, Washtenaw county:

May 22, 1919, P. M. Gaige, Id', mmz. Bryant
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bog: July 12, 1924, H. B. Hungerford, 19, ku.

Cedarville: June 1929, IcT, cm. Cheboygan
county: July 4 and 24, 1935, D. S. Shetter,

IcT, 19, MMZ. Clinton along Raisin river: May
19, 1936, Prison & Ross, Id", inhs. Detroit:

Tune 1874, Icf, 49, mcz. Douglas lake: ]u\\-

3, 1927, L. K. Glovd, 3cf , kas: July 8, 1929,
H. B. Hungerford, 59, ku; 29, inhs; July 20,

1926, H. Br Hungerford, 29, ku; June 6, i925,
Charles Martin, Icf, 19, ku; Icf, 19, inhs;

June 22-25, 1926, Charles Martin, 39, ku;
June 25, 1928, Charles Martin, 1^, ku. Fonte-
nalis Run, Burt lake: July 7, 1926, H. B.

Hungerford, Icf , inhs; 19, ku. Houghton lake:

June 15-18, 1935, T. H. Prison, 1 mating pair,

1886", 1659, INHS. Mill lake, Washtenaw
county: May 24, 1919, R. F. Hussey, 1 d' mmz.
Mio, along Au Sable river: May 21, 1936,
Prison & Ross, 6cf, 19, inhs. Portage lake,

Washtenaw county: May 30, 1905, N. A.
Wood, Scf, 39, MMZ.
Minnesota.— Bemiji: June 19, 1932, J.

Karlovich, 2cf, inhs. F'rontenac, shore of
Lake Pepin: May 25, 19.?0, W. C. Stehr, 5d<,
19, um; 2&, 19, inhs; Mav 29, 1930, C. F..

Mickel, 2d', 29, um: May 22, 1932, Theodore
Olson, 89, um; 29, inhs. Goodhue countv:
May 25, 1930, Carl T. Schmidt, 60", um.
Hennepin county: May 30, 1921, A. T. Hertig,

29, UM. Lake Superior: Icf, 19, um. Minne-
apolis: June 7, 1916, Id", inks. Ramsey
county. Lake Johonna: Mav 17, 1922, Wm. ¥..

Hoffman, 29, um; June 17, 1920, H. H. Knight,
Id", UM. Red Lake county: Tune 12, 1920,
Jonson, 19, um. Staples: Tune 22, 1924, C. B.
I'hilip, 29, UM.
New F^ngi.and.—A. .'\gassi7., 19, inhs.

New Jersey.— Lakehurst: May 24, 1914,
R. C. Osborn, Icf, osu. Lake Hopatcong:
Mav 30, 2d", 19, am. Newfoundland: Mav,
R. C. Osburn, 19, osu.

New York.—Nepperhan: May 27, 1905,
2^, cu; Id", INHS. Mosholu: 6d', 49, am;
1 <f, 19, INHS.

Ohio.—Sanduskv, Cedar Point: June 22,
1913, 2d", 19, osu; June 20, 1912, IcT, osu;
Ic?', cu.

Ontario.—Honev Harbor: June 4 and 6,

1932, G. S. Wallev, 2d", 19, cnm; Ottawa West:
June 21, 1920, C. B. Hutchings, 19, cnm.
Point Pelee: June 8, 1925, G. S. Wallev, 4d',
19, cnm; 2d", 19, inhs.; June 1, island, id", 19,
CNM. Rondeau park: June 13, 1929, G. S.

Walley, Id", 19, cnm.

New Brunswick.—Frederickton: 192-, 19,
CNM. Greys Mills: June 1, 1921, R. P. G.,

29, CNM.

Pennsylvania.—Huntsville: Mav 23, 1918,
M. W. Eddy, Id", kas. Mt. Pocono: Tune 9,

1906, A. S. Calvert, 19, ans. Povntelle; June
17, 1904, Id', ANS. Wilkes Barre: May 1918,

J. N. Knull, Id", MCZ, Icf, inhs.

Quebec.—Knowlton: June 11, 1930, L. J.
Milne, 3d", 609, cnm; Id', 49, inhs.

Wisconsin.—Chetek: June 6, 1925, 19, um.
Sayner, Plum lake: June 20, 1931, Orlando
Park, Id", 29, inhs. Delavan: April 27, 1916,
G. A. Chandler, Id", uw. Madison: June 9,

1931, Id-, inhs; June 10, 1932, 29, vw; June
1, 1912, Id", uw; June 13, Id", uw; June 6,

1927, 19, inhs; 1911, Id", inhs; 1914, 19, uw.
Sturgeon Bav:June 7, 1929,.-\.Granovskv,l 9, uw.
Trout lake: May 6, 1934, H. L. Chada,l d", uw.

Sialis rotunda Banks
Si«/is rotunda Banks ( 1920, p. 327).

MALE.—Length 12 mm. Color as for

vagaiis, p. 76. General structure very sim-

ilar to vagans with the following radical

difference : head between eyes raised, form-
ing a ridge bearing a blunt point surmount-
ed by a conspicuous, close tuft of black

setae, fig. 43 ; middle of clypeus with a

similar tuft of setae.

Abdomen and genitalia as in figs. 13 and
24. Ninth sternite produced into a large

flap, somewhat orbicular, clothed with long

setae. Lateral plates long, the apical por-

tion narrower than the base, the apical

margin truncate or emarginate in the

middle; in the middle of the basal portion

there is a small, rounded protuberance

surmounted by a conspicuous group ot

setae, fig. 24a. Genital plate large and
wide ; the genital hooks arising at right

angles to the apical margin, slender, grace-

fully curved and touching at base and apex
;

the apical margin of the plate upturned to

form a thin, extensive lamella along the

entire apex of the plate. Terminal plate,

hg. 25b, flat and triangular with a narrow
notch dividing the tip.

FEMALE.—Length 14 mm. Color as for

the male. Head, fig. 44, lacking the promi-

nent frontal horn but with a low but dis-

tinct elevation between antennae above

clypeus. Center of this hump and clypeus

each with a small cluster of dark setae.

Abdomen and genitalia as in fig. 55.

Seventh segment rectangular. Eighth fairly

small, angulate and produced posteriorly,

mesal depression oval and large. Basal

portion of segment semimembranous, apex

strongly sclcrotized and clothed with fairly

short setae. Bursa copulatrix entirely

amorphous.

Lectotype, male, by present designation.

—

Bon Accord, B. C: May 20, type * 10845, mcz.

Lectoallotype, female.—Same data as lecto-

type.

British Columbia.— .'Vgassiz: April 4 to

May 27, 4d', 39, cnm; ii^, 19, inhs. Bear
Lake: July 20, 1903, R. P. Currie, 2d", nm;
Id", INHS. Cultus lake, Chilliwack: June 5,

1929, H. H. Ross, Id', inhs.

Oregon.—Alsea Mt.: May 3, 1936, R. G.
Rosentiel, oac. Blodgett: ' June 29, 1927,
Darlington, 1 d", MCZ. Cannon Beach: Tune 14,

1927, E. C. Van Dvke, 19, inhs. Corvallis:

Mar. 29, to July 6, 12 d", 139, oac; 6d", 69,
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INHS. Crater hike, 7000 feet elevution: July 18,

1922, E. C. Van Dyke, Icf, cas. East lake:

Julv 8, 1933, R. E. Dimick, IV, oac; 19, inhs.

Independence: June 8, 1934, N. P. Larson,

Icf, 19, OAC. Lacomb, South Fork Crabtree

creek: March 21, 1934, Gray & Edwards, Vcf,

39, oac; 5cf, 29, inhs; Apr. 10, 1936, oac.

Lebanon, Santiam river: March 21, 1934,

R. E. Dimick, Icf, oac. Marshfield: March
22, 1931, 19, INHS. Mt. Hood: July 1, 1927,

Darlington, IcT, 19, mcz. Mt. Jefferson, 3000

feet elevation: July 1907, J. C. Bridwell, 29,

INHS. Olney: June 15, 1925, E. C. Van Dyke,

19, CAS. Portland: 1927, E. Walley Jones, 19,

UM. Scott lake, Three Sisters, 4650 feet ele-

vation: July 17, 1927, ScuUen, Icf, oac; July

12, 1936, R. E. Rieder, oac. Slide lake, Grant

county, 7200 feet elevation: July 16, 1936,

H. A. Scullen, Icf , oac. Strawberry lake, Grant

county, 6400 feet elevation: July 17, 1936,

H. A. 'Scullen, 29, oac; Icf, 19, inhs. Valsetz

lake: April 5, 1934, J. Schuh, 9cJ', 29, oac;

ScT, 29, INHS. Wauhink lake. Lane county:

May 19, 1933, R. E. Dimick, 2cf, 19, oac;

2cr, INHS.
Washington.—Bellingham: June 8, 1932,

19, OAC. Seattle: June 19, 1920, E. C. Van
Dyke, 19, cas.

Sialis nevadensis Davis

Sio/is nevadenis Davis (1903, p. 450).

Sia/is morrisoni Davis (1903, p. 450).

MALE.—Length 15 mm. Black with the

following exceptions: head usually with an

orange band covering lateral area of head

and posterior half of vertex, and legs some-

times partly or entirely suffused with red-

dish. Wings dark brown, almost black.

GENERAL STRUCTURE.—Head and pro-

thorax dull with scattered shagreening,

sometimes shining; front and adjacent part

of vertex evenly concave. Front wing with

eight or 10 accessory cross-veins, remainder

of venation normal for genus.

Abdomen and genitalia as in tigs. 15 and

27. Ninth sternite produced into a large

llap rounded at apex and clothed with long

setae. Lateral plates long, with a fingerlike

lobe on mesal side at base, fig. 27a; apex

armed with a stout and sharp tooth curving

mesad. Genital plate small, fairly high,

and forming a stubby, sharp tooth on

meson ; its anterior face membranous, bi-

sected on meson by a linear sclerotized

strip. Terminal plate produced at apex

into a pair of divergent arms; the inner

margin of these is membranous, swelling in

treated specimens as illustrated, but in dry

specimens sometimes collapsing into a nar-

row, cylindrical structure.

FEMALE.—Length 18 mm. Color and

general structure as in male, except that

the head is usually shining and impunctate.

Abdomen and genitalia as in figs. 61 to

63. Seventh and eighth sternites heavily

sclerotized, clothed with moderately long

setae. Seventh sternite almost as long as

wide, apical margin sinuate and produced

on the meson. Eighth sternite, fig. 63, rec-

tangular, divided on the meson for two-

thirds its length by a narrow, deep fissure,

forming almost quadrate halves. Tip of

bursa copulatrix well sclerotized, figs. 61

and 62, and bearing a large knob.

Types, male and female.—Reno, Nev.: nm.

The male has the genitalia showing to allow

certain diagnosis.

Paratypes. Nevada.—Reno: 2cf, 19, mcz.

The type of morrisoni is a female from Reno,

Nev., which shows the characteristic genital

plate, MCZ.
California. — Carrville, Trinity county,

2400-2500 feet elevation: June 7-9, 1935, E. C.

Van Dyke, l&, 29, cas; 19, inhs. Meadow
valley, Plumas county, 3500-4000 feet ele-

vation: June 10, 1934, E. C. Van Dyke, Id",

cas; Id', INHS. Mt. Lassen, 7000 feet eleva-

tion: July 14, 1935, E. P. Van Duzee, Id', cas.

Mt. Shasta: June 23, 1914, Icf, inhs; 19, cu.

Sialis vagans—new species

MALE.—Length 1 1 mm. Black with only

the usual marks on head yellowish. Wings

almost black, sometimes with apical half or

more almost hyaline, giving the wing a

banded appearance.

GENERAL STRUCTURE.—Head dull with

dense shagreening, front sloping to clypeus.

vertex slightly concave along meson. Pro-

notum shagreened. Front wings with

about 10 accessory cross-veins, radius 2

with two or three branches.

Abdomen and genitalia as in figs. 1 1 and

23. Ninth sternite forming a large flap

covering the genitalia when folded in re-

pose ; apical margin rounded and very

slightly notched on the meson; covered

with fairly sparse, long setae. Lateral

plates broad at base, tapering to a bluntly

rounded apex, clothed with short setae.

Genital plate broad, forming a wide collar

in front of the terminal plate; produced

at apex into a closely appressed pair of

short, wide processes which are bent for-

ward at their extremity to form a small
;

"beak," fig. 23a. Terminal plate flat and

triangular, the apex forming a small knob

notched slightly on the meson, fig. 23b.

FEMALE.—Length 12 mm. Color and

general structure identical with male.

Abdomen and genitalia as in fig. 57.

Seventh sternite rectangular, its apical
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margin gently rounded. Eighth sternite

narrow, with a deep median groove, the

two lateral areas raised into two ovate lobes

clothed with moderately long setae. Ninth

sternite membranous and almost trans-

verse, the angle it forms on the meson ver\

wide. Bursa copulatrix amorphous and

membranous.

Holotype, male.—Columbia City, Ind., along

Eel river: May 19, 1936, Prison & Ross, inhs.

Allotype, female.—Same data as holotype.

Paratypes. Illinois.— Easton, central ditch:

May 1, 1914, IcT, inhs. Palos Park: June 3,

1934, VV. J. Gerhard, Icf, inhs; 19, fm. Spring

Grove, along Nippersink creek: May 14, 1936,

Ross & Mohr, Scf, 29, inhs.

Indiana.— 19d', 189, same data as holotype.

Maine.—Norway: S. J. Smith, 3cf, mcz

(two are paratypes of aequalis). Waldoboro:
May 28 to June 5, 1902, J. H. Lovell, i&, 19,

CU; Icf , INHS.

Massachusetts.— Boston; Id", am; !&,
INHS. Forest Hills: May 14, 1881, T. Henshaw,
Icf, MCZ. Holliston: June 5, N. Banks, Id",

MCZ. Wellesley: May 11, 1911, A. P. Morse,

1 d", MCZ.

Michigan.— Big Rapids, along Muskegon
river: May 22, 1936, Prison & Ross, 19, inhs.

Breedsville: June 1932, Nettie Puller, Id", 19,

NM. Bronson, along Prairie river: May 19,

1936, Prison & Ross, 6d", 29, inhs. Goodrich,

along Thread river: May 20, 1936, Prison &
Ross, 5cf, inhs. Grayling, along Manistee

river: May 22, 1936, Prison & Ross, Id", 49,

INHS. Hale, along Au Gres river: May 21,

1936, Prison & Ross, 6d", 19, inhs. Lovells

along Au Sable river: May 22, 1936, Prison

& Ross, Id", 19, inhs; May 24, 1936, J. W.
Leonard, 4d", mmz. Vassar, along branch ot

Cass river: May 20, 1936, Prison & Ross, 4d',

29, inhs. Whittemore, along Johnson creek;

May 21, 1936, Prison & Ross, IcT, inhs.

Vpsilanti township, Washtenaw county: May
19, 1918, M. H. Hatch, Icf, mmz.
New Brunswick.—Prederickton: 192—,3d",

cnm; 2d", inhs.

New Hampshire.—Durham: Weed & Fiske,

2d', cu; 2c?, inhs.

New Jersey.—Lakehurst: May 24, 1914,

R. C. Osburn, Id", am; Icj", inks; 3cf, osu;

May 31, 1912, Id", inhs.

New York.—New York: July 19, 1902,

R. C. Osburn, Icf, inhs.

Nova Scotia.—Greene county: June 22,

1921, Id", MCZ.
Ontario.—Algonquin Park: June 18, 1922,

J. McDunnough, 1 cJ", cnm; 1 d", inhs. Lake ot

Bays: June 22, 1920, J. McDunnough, Id",

inhs. St. Davids: June 11, 1926, G. S. Wallev,

Id", cnm. Waubamic: July 10, 1915, H. S.

Parish, 1 d", cu.

Pennsylvania.—May 19, Id', ans. West
Chester: May 24, 1919, Id", cu.

Quebec— kazubazua: June 7-10, 1927, J.

McDunnough, 1 d", CNM. Knowlton: July 21,

1929, L. J. Milne, 19, cnm; June 10, 1930, L.

J. Milne, 2cf', 29, cnm; June 7, IcT, inhs.

South Bolton: June 16, 1928, J. A. Adams,
1 d", cnm.

Wisconsin.—Spooner, along Namakagon
river: lune 5-6, 1936, Prison 6; Ross, 2&,
INHS.

Sialis aequalis Banks
Sinhs aequalis Banks (1920, p. 326).

MALE.— Size, color and general structure

similar to vagans. Differs only in details

of genitalia, figs. 12 and 25, as follows:

lateral plate slightly more pointed, the

apex upturned, short and subconical; geni-

tal plate with a pair of pennantlike mem-
branous flaps attached to sides at base:

apical processes of genital plate long and

slender, fig. 25a, the tip curved over almost

at right angles to remainder of process;

terminal plate large, flat and wide, fig. 25b,

produced at apex into a pair of wide, remote

lobes.

FEMALE.— Practically identical with that

of vatjans.

Lectotype, male, by present designation.

—

Falls Church, Va.: April 25, Nathan Banks,

type * 10843, mcz.

Maryland.—Cabin John bridge: April 28,

1901, E. A. Schwartz, Id", NM.
New Jersey.—Jamesburg: .April 30, 1911,

1 d', AM.
Pennsylvania. — Lansdowne, Delaware

county, in woods: April 30, 1900, Id", ans.

Virginia.—Arlington: .'^shmead, IcJ", nm;

Id", inhs. P'alls Church: \^x\\ 13, IcJ", mcz;

May 25, N. Banks (cotvpe) Id", inhs. Vienna:

April 18, 1915, W. L.' Mc.Atee, 3 0?, 19, nm;

2d", inhs.

North Carolina.—Morganton: 1877,

Morrison, 1 d", kas.
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I

II. Descriptions of Plecoptera

with Special Referance to the Illinois Species

r. H. KRISON

RESULTS FROM NEW MATERIAL

SINCE publication of "The Stone-

flies, or Plecoptera, of Illinois"

(Prison 1935a), some effort has

been expended to fill gaps in our knowledge

which existed at that time. Particularly

important in furthering our information

was the discovery of an abundance of

certain species of stonefly nymphs in the

White river of Indiana, at a place not far

from the Illinois boundary line. The col-

lecting of this material and its subsequent

rearing at Urbana has made possible (1)

specific determination of three different

nymphs previously named only to genera,

(2) recognition of the previously unknown
female of Hydroperla varians (Walsh),
and (3) recognition of a new species of

Acrnneuria. These specific placements

bring the total of Illinois stoneflies to 38,

with the certainty that two additional

species will be added by future studies, one

a questionable identification of a female

Capnia as vernalis Newport and the other

an Isoperla represented as yet by a single

nymph not placeable to species.

In addition to securing material of spe-

cial interest to our Illinois studies, the

SURVEY has been fortunate also in having

material sent from various places in North

America for determination. Most of these

specimens have belonged to species previ-

ously described or comparatively well

known. Some, however, have been found

to be new to science and their description is

presented. Others, too, are so little known
to entomologists to date as to warrant the

description of a previously unknown sex

and additional comments pertaining to dis-

tribution or matters of nomenclature.

The material upon which this paper is

based has been obtained in part by the

field work of various survey entomologists

and by the donation or loan of material

from the following sources: G. F. Knowl-
ton, Utah State Agricultural College,

Logan, Utah; J. W. Leonard, Institute

of Fisheries Research, Ann Arbor, Mich.

;

D. C. Mote and R. E. Dimick, Oregon
State Agricultural College, Corvallis,

Ore. ; W. E. Ricker, Biological Board of
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Canada, Wdder Crossing, B. C. ; and H.

B. Mills, Montana State College, Bozc-

man, Mont.
I am especially indebted to Dr. Carl O.

Mohr, associate entomologist with the

SURVEY, for the many drawings.

All holotypes, allotypes and part of the

paratypes of the species described in this

paper are deposited in the collection of the

ILLINOIS NATURAL HISTORY SURVEY.
Paratypes of some of the species collected

in (Oregon are deposited in the collection

of the Oregon State Agricultural College.

Corvallis.

ADDITIONS TO THE ILLINOIS
PLECOPTERA'

Acroneuria evoluta Klapalek

.Icroueuria evoluta Klapalek (1909, p. 24.S).

Original ilescription.

.Icroneurui sp. a, Frison (1935a, p. 40,S|.

Nymphal description and illustration.

Among the series of stonefly n\mphs

found in the White river near Rogers and

Petersburg, Ind., in 1936 were the nymphs

of a species of Acroneuria which 1 have

listed as "sp. a" in my Illinois report

(1935a) on the basis of exuviae found at

Keithsburg, 111. The rearing of males and

females from these nymphs confirmed my
previous opinion that this was a different

species from our other Illinois stoneHies.

In 1935 I considered evoluta Klapalek

(1909) as a synonym of arida Hagen

(1861), based mainly upon Klapalek's

dr.nwing which certainly resembles arida,

and failure to find two species in Illinois

with female subgenital plates of so similar

appearance, at least in line drawings. A
study of specimens named evoluta in the

Cornell University collection, kindly

placed at my disposal by Professor P. W.
Claassen, revealed that the Kansas material

so named was similar to the adults reared

from nymphs of my "sp. a." Although 1

am still doubtful whether the female type

of evoluta Klapalek from New Orleans is

the same as my material now called evoluta.

1 am using this specific name for this species

on the basis of its being used by Needham
& Claassen (1925) for similar specimens

from Kansas. If future critical studies of

the type of evoluta do reveal it to be the

same as arida, and not as used here, the

species here recorded will require a new
name.

As just mentioned, the nymph of what

1 am now calling evoluta was described in

my Illinois report (1935a) m" Acroneuria

sp. a." Illustrations of its important struc-

tural features in the adults are now present-

ed, fig. 64. In my key to the adults of

Acroneuria (Frison 1935a, p. 390) the

J TERMINAL ABDOMINAL
TERGITES

For prpviou;

Fig. 64.

—

Acroneuria evoluta.

male and female will both run to arida.

The subgenital plate of arida is wider

throughout and its apical portion is not de-

pressed or declivitous as it is in what I am
now calling evoluta. Also, the subgenital

plate of arida is more constricted on its

lateral margins. In the males evoluta

averages larger and the tips of the genital

hooks seem to be slightly more curved in-

wards at their tips but to date I have been

unable to find good concise characters for

separating evoluta and arida. The nymphs

are readily separated upon the basis of

their color pattern as noted in the previous

descriptions and key.

Illinois.— .'\lton: June 26, 19,U, Del-ong

& Ross, Icf, 19. Homer park: June 30, 1927,

Frison & Glasgow, 19, at light. Keithsburg,

Mississippi river: June 14, 1931, Frison &
Mohr, 2 exuv.; June 9, 1932, Ross & Mohr,
2 exuv. Oakwood, Salt Fork river: July 7,

1936, Mohr & Burks, 29, at light. Topeka,
Quiver creek: July 9, 1936, Mohr S^ Burks, 1

n>'mph.

A series of males and females of this

species was reared at Urbana from nymphs

collected in the White river at Rogers,

Ind., June 1936.

Acroneuria perplexa

—

new species

MALE.—General color light to dark
brown. Head, fig. 65, with a yellowish

brown transverse area extending between

compound eves across ocellar region, most

of area anterior and posterior to this

transverse patch a dark brown. Pronotum

light brown, with lateral margins and

raised rugosities or embossings much
darker. Legs mostly light brown, with a

small conspicuous black band at tip of each
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femur and at base of each tibia. Antennae

and cerci brown.

Head scarcely wider than pronotum

;

three ocelli arranged in a triangle, and

lateral ocelli closer together than to median

ocellus and slightly closer to each other

than to inner margins of compound eyes.

TIPS OF SUBGENITAL
PLATES 5 ABDOMINAL STERNITES

Fig. 65.

—

Acroneuria perplexa.

Pronotum, fig. 65, approximately quad-

rangular, much broader than long, hind

angles rounded, front angles rather sharp,

rugosities arranged in a definite pattern and

corresponding well with color pattern a

in nymph ; median longitudinal depressed

area narrow.

Wings long, extending well beyond tip

of abdomen ; membrane hyaline with veins

dark brown ; venation somewhat variable

in regard to numbers of cross-veins but

otherwise essentially typical for the genus,

several cross-veins in forewing in area be-

yond the cord, and veins 9-1 1 of hind wing

reaching margin of wings variable.

Abdomen, fig. 65, without special struc-

tures except for terminal segments. Tenth

tergite not cleft
;
genital hooks prominent,

recurved upwards, narrow for most of

length and tapering to a point ; small spin-

ulae numerous on ninth and tenth tergites;

ninth sternite with a small, slightly trans-

versely oval padlike disk.

Two groups of gill remnants are on the

side of each thoracic segment and on upper

part (usually concealed) of subanal lobes,

thus correlating with gills of nymph.

Length to tip of wings 27 mm. ; lengtli

to tip of abdomen 18 mm.
FEMALE.—In general very similar to the

male as here described, but somewhat

larger. Differs from male in important

characters as follows : eighth abdominal

sternite, fig. 65, with posterior margin

somewhat produced over ninth sternite, in

most specimens with posterior margin of

subgenital plate rounded but sometimes

slightly truncate or notched.

Holotype, female.—Petersburg, Ind., White
river: June 16, 1936, Mohr & Burks, reared

from nymph.
Allotype, male.—Petersburg, Ind., White

river: June 8, 1936, Prison & Mohr, reared

from nymph.
Paratypes. Illinois.—Shawneetown, at

light: June 21, 1927, Prison & R. Glasgow,

19.

Indiana.—Rogers, White river: May 26-27,

1936, Prison, Ross & Mohr, 39, reared. Peters-

burg, White river: June 4-24, 1936, prison,

Mohr & Burks, Icf, 49, reared.

Ohio.—Ironton: June 1, 1899, 19.

Pennsylvania.—Philadelphia, at light: June
15, P. Haimbach, 19.

Washington, D. C: 19.

The nymph of this species has not previ-

ously been recognized and therefore its

description is now presented. Most of our

adult material has been obtained by rearing

and therefore the association of the adult

with nymph and males with females rests

upon a reliable foundation.

NYMPH.—General color of head, thorax

and abdomen pale whitish yellow with dark

markings as in illustration, fig. 66. The
most important dark markings are the

broad patch on head, pattern of pronotum

and the band on basal half of each abdomi-

nal tergite. The light-colored W-shaped

mark anterior to median ocellus and two

light spots associated with each lateral

ocellus on the dark part of the head are also

prominent. Cerci and antennae pale whit-

ish yellow.

Head with three ocelli arranged in a

triangle, lateral ocelli much closer to each

other than to median ocellus. No occipital
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iidf;c. Labium and maxillae approximatel)

the same as described for other members of

the genus.

Proiiotum about twice as wide as long,

all angles well rounded. Legs, tarsal seg-

ments and cerci approximately the same

as described for other species of the genus.

Two pairs of gill tufts on each thoracic

segment placed as in Acrotieuria internatn

(Prison 1935a, fig. 266). No submental

gills. Caudal gills at apex of abdomen are

present.

Approximately mature specimens with a

body length, exclusive of appendages, of

about 22 mm.
Nymphs and exuviae.—All from the White

river, near Rogers, Portersville and Peters-

burg, Ind., collected trom one to several weeks
prior to emergence ot reared adults recorded

above.

This species has been described as ne\\"

with full knowledge that a few specimens

of the same species in other collections ha\ e

been determined in the past as peimsyl-

rniiica (Rambur). This specific name has

been applied to so many different species,

however, and so much doubt exists regard-

ing the important structural details of the

type, if still in existence, that clarity and

certainty in diagnostic work cannot be ob-

tained at the present time by the use of this

old name. It has seemer best, therefore, in

\iew of the fact that my specimens of male,

female and nymph are reliably associated

upon the basis of reared material, to name
my specimens as new. If ever the type of

pi'iinsyh'anica Rambur is definitely proved

to be the same as the species I am now nam-
ing, then my name can be shelved in syn-

onymy. Meanwhile the present species

will not have been confused with other

forms going under the same name.

In my Illinois report (Frison 1935a, p.

395 ) a single adult female specimen of this

species from Shawneetown, III., June 21,

1927, was erroneously recorded as iib-

norrnis. Due at the time to the lack of

additional Illinois material and knowledge
of the nymph, the observable difference in

the subgenital plate was considered as an

instance of unusual variation. This same
specimen, too, was named by Professor P.

W. Claassen in 1928 as peiinsylvanica

Rambur, indicating that part or all of his

specimens recorded as peiinsylvanica may
be the species here described. Evidently,

based upon its rareness in this state, Illinois

may be on the extreme limits of its range.

That some slight variation exists in the

shape of the subgenital plate, fig. 65, is

evident from my reared specimens. The

posterior margin of this plate in most of my
specimens is rounded, but in one specimen

it is slightly notched, and in another somc-

wh.at truncate.

^'l^,^

Fig. 66.—Nymph of Acroneuria perplexa.

My experience with the identification of

Acroneuria to date is such as to warrant

the statement that the fundamental units

or species are not always easy to recognize.

In Illinois there are six species as proved

by important structural characters, associ-

ation of reared males and females, kinds of

nymphs, etc. Certainty in recognizing

these species has come only through the

rearing of adults from distinctive nymphs.

This suggests that further revision of the

genus and description of species should

await the association of adults with nymphs
bv rearings and field work.
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Togoperla kansensis (Banks)

Pcrld kansensis Banks (1905, p. 56). Origi-

iiiil description.

Togoperla sp. a, Prison (193Sa, p. 414).

Nymphal description.

In the report on stoneflies of Illinois

(Frison 1935a) a nymph was figured as

""Togoperla sp. a" based upon several small

specimens collected at Alton and Grafton,

111., on the Mississippi river. At that time

3 TERMINAL ABDOMINAL
TERGITES

Fig. 67.— Togoperla kansensis.

it was stated, "It may be that this is the

nymph of Perla kansensis Banks which is

known from Kansas." Discovery of this

nymph in numbers in the White river, Ind.,

has permitted the rearing of both sexes of

the adult and the definite association of this

nymph with kansensis Banks.

Since illustrations of the adults were not

included in my 1935 report, figures of the

most important structural features are

presented here in fig. 67. The specific

placement of this stonefly necessitates a

key for separation of the adults of our two

Illinois species of this genus as follows:

KEY TO SPECIES OF TOGOPERL.'V

Males

Eighth abdominal tergite (Frison 1935a, fig.

206) with its posterior margin produced

backwards into a definite lobe; genital

hooks of tenth tergite with ends rounded .

media (Walker)

F^ighth abdominal tergite, fig. 67, without a

produced lobe on posterior margin; genital

hooks of tenth tergite with ends pointed. .

kansensis (Banks)

Females

Subgenital plate of eighth abdominal sternite

(Frison 1935a, fig. 254) but slightly produced
backwards over ninth sternite

media (Walker)

Subgenital plate of eighth abdominal sternite,

fig. 67, considerably produced backwards as a

triangularly shaped projection over ninth
kansensis (Banks)

No Illinois records for this species have

been obtained in addition to those already

recorded (Frison 1935a). My Indiana

records are as follows:

Indiana.—Petersburg, White river: May
10, 1936, Frison & Mohr, Icf, reared; June
3-4, 1936, Mohr & Burks, 12 cT nymphs, 139

nymphs, 6 small nymphs, 3 exuv.; June 9,

1936, Frison & Mohr, 19, reared; June 17-20,

1936, Frison & Mohr, 7cr, reared; June 22-27,

1936, Frison & Mohr, 39, reared, i&, reared;

July 1-6, 1936, Frison & Mohr, 1 d', 39,

reared, 2cf, reared. Portersville, East Fork

river: June 3, 1936, Mohr & Burks, 3cf

nymphs. Rogers, White river; May 13, 1936,

Mohr S: Burks, 1 small nymph.

Hydroperla varians (Walsh)

Perla varians Walsh (1863, p. 364). Original

description (cf, 9).

Hydroperla varians Frison (1935a, p. 426).

Male description and records.

In my previous treatment of the Illinois

stoneflies (1935a) I did not have available

for illustration the female of this species,

and its nymph was unknown. In the origi-

nal description of varians by Walsh the

female was recorded but the description of

it might well have applied to either of the

other two Illinois species of this genus.

Recently I have studied a female specimen

belonging to the Academy of Natural

Sciences of Philadelphia, which was named

by Walsh as varians, and two specimens,

male and female, reared from similar

nymphs collected in the White river near

Rogers, Ind. This reared female agrees

with the female specimen now in the Phila-

delphia Academy, which was named by

Walsh, and therefore establishes the correct

association of the male and female of this

species in his original description.

d" HEAD AND PRONOTUM

Fig. 68.

—

Hydroperla varians.

The subgenital plate and head, not

illustrated in 1935, are shown in fig. 68.

Hydroperla varians seems to be best dis-

tinguished from the females of the other

Illinois species {crosbyi and harti) by the

subgenital plate covering a much greater

area of the ninth sternite (Frison 1935a,

figs. 324 and 325).
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Since the nymph, fig. 69, has not been

previously recognized a description of it is

given as follows:

NYMPH.—General color of head, thorax

and abdomen pale yellowish with brown
markings. Prominent uf the brown mark-

ings are the dark area between ocelli, the

dark ring connecting dark area between

ocelli and compound eyes, the dark border

of pronotum, and pattern of meso- and

metathorax. Antennae, legs and cerci pale

yellowish.

Head with three ocelli forming a tri-

angle with distance between lateral ocelli

longest ; lateral ocelli situated about on a

line through front margin of compound
eyes. No real occipital ridge but posterior

margin of the dark ring connecting dark

area between ocelli and compound eyes is

lined with short stout spinulae. Labium
and maxillae practically the same as those

of H . harti and H. crosbyi.

Pronotum about twice as wide as long,

all angles well rounded, fringed with short

setae and stout spinulae on anterior and

posterior margins; marginal groove well

developed on the anterior and posterior

margins and weakly so on sides. Short

stout setae delineating the dark markings

(jn meso- and metathorax.

Legs somewhat flattened, posterior mar-

gins of femora, tibiae and tarsi with a fringe

of long fine setae.

Abdomen with short stout spinulae very

prominently lining posterior borders of

tcrgites and also with scattered spinulae

on tergites in addition to short hairs. Cerci

long, many segmented, segments progres-

sively longer apically, a longitudinal row of

long fine hairs in middle of segments from
base to apex.

Submentum with a small fingerlike gill

at each outer posterior corner.

Body length, exclusive of appendages,

15 mm.
Indiana.—Rogers, White river: April 21,

19,?6, Prison & Mohr, 1 nymph. Portersville,

East fork White river: June 3, 1936, Mohr &
Burks, exuv. Petersburg, White river; June 3,

1936, Mohr & Burks, exuv. Rogers, White
river: .'^pril 21 and 30, 1936, Prison & Mohr,
exuv.

A revised key for the Illinois nymphs
of this genus is as follows:

KEY TO NYMPHS OF HYDROPERI.A

^r»**-t>

Fig. 69.—Nymph of Hydroper/n varians.

so that abdomen appears distinctly

transversely banded (Prison 1935a, fit;.

329) crosbyi (N. & Cj
Uorsal segments ot abdomen not thus dis-

tinctly banded 2

Dorsum of head with a round open eyelike

spot ringed with brown back of epicran-

ial arm between compound eye and lat-

eral ocellus on each side ot head; ab-

dominal tergites without brown spots

except those associated with stout

spinulae varians (Walsh)
Dorsum ot head with a wide dark trans-

verse band crossing head anterior to

lateral ocelli, no open eyelike spots; ab-

dominal tergites with some small dark
spots in addition to those associated

with stout spinulae harti I'Vison

1. Dorsal segments of abdomen with basal

portions dark and apical portions light

ADDITIONS TO NEARCTIC PLECOPTERA
NOT KNOWN IN ILLINOIS

Nemoura oregonensis Claassen

Nemoiira oregonensis Claassen (1923, p.

2,S8). Original description.

This species was originally described

from a single male collected "June 21,

1922, Blitzen Valley, Harney county.
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Oregon," and has not been recorded since.

A series of specimens of this species, includ-

ing the previously undescribed female, have

been recognized among an assortment of

material sent to me for determination by

entomologists of the Oregon Agricultural

College.

FEMALE.—Similar in most morphological

features to the male. Wings, fig. 70, with

the same pattern as for the male. Seventh

abdominal sternite, fig. 70, with posterior

with middle of compound eyes, median

ocellus located somewhat anterior to a line

between front margin of compound eyes.

Wings, fig. 7 1 , stained with brown except

for clear spots in scattered areas ; subcosta

ending before cord. Ventral cervical region

without gill remnants.

Fig. 70.

—

Neinoio
oregoneiisis.

margm produced bulblike, over eightn

sternite. Four fingerlike gill remnants in

ventral cervical region.

Allotype, female.—Corvallis, Ore., Oak
creek: Apr. 1.^, 1934, E. E. Ball.

Oregon.—Corvallis; Apr. 10, 1933, R. E.

Dimick, 19; Apr. 16, 1931, Itf'; Dixon creek,

March 10, 1935, R. E. Dimick, \&; Oak
creek, March 18, 1934, R. \V. Prentiss, 19,

and March 31, 1934, E. K. Ball, IcT, and Apr.

7, 1934, E. E. Ball, 19. Benton county. Woods
creek: Apr. 11, 1936, R. E. Rieder, <f cf, 99.

Nemoura tuberculata—new species

MALE.—Body and appendages essentiall)'

brown with paler intersegmental areas and

patches on body
;
particularly noticeable be-

cause of lighter color is the area on head

between compound eyes and posterior to

ocelli, a tendency for a light median stripe

extending longitudinally across dorsal parts

of thorax and abdomen, most of legs and

venter of body. Length to tip of wings 10

mm. ; length of body 6.5 mm.
Head much wider than pronotum. The

pronotum broader than long, angles round-

ed, and with width of anterior margin
greater than that of posterior margin.

Lateral ocelli slightly closer to compound
eyes than to one another, located on a line

a ABDOMINAL STCRNITES

if ABDOMINAL TERGirEsI

Fig. 71

—

Nemoura tuberculata.

Abdomen with tergites 2, 3 and 4, fig.

71, with prominent tubercles; tubercle on

second tergite small, conical and on median

line ; one tubercle on third tergite large and

bent over at tip, flanked by a smaller hump
on each side, the whole with a somewhat
asymmetrical arrangement ; fourth tergite

with two small humps, one each side of

median line. Abdominal tergites 5 through

9 without special structures. Tenth tergite

modified into two flat plates sloping down-
wards towards base of supra-anal process.

Cerci one-segmented, bulbous and without

special structures. Supra-anal process a

bluntly tipped pronglike structure bent

upwards and backwards between an en-

casing sheath composed of subanal lobes

and two lobes originating each side of base

of supra-anal process. Sub-anal lobes well

developed, extending backwards and up-

wards to form a kind of protecting sheath

for supra-anal process and flanking lobes.



September 1*537 PRISON: DESCRIPTIONS OF STONEFLIES 85

Ninth abdominal sternite with a well-

sclerotized subgenital plate which extendi

posteriorly somewhat over lower base of

subanal lobes and is almost truncate on

posterior margin, arising beneath the tip of

this plate and extending upwards between

subanal lobes to supra-anal process is a

fingerlike tongue or projection ; a small

lobe, slightly longer than broad, at base of

subgenital plate.

FEMALE.—Similar in most morphological

features to the male. Seventh abdominal

sternite, fig. 71, with a poorly developed

subgenital plate, partly overlapping base of

eighth sternite and rounded.

Holotype, male.— Rock creek near Philo-

mnth. Ore.: March 28, 1935, F. Foley.

Allotype, female.— Hillsboro, Ore.: March
10, 1936, Gray & Schuh.
Paratypes. Oregon.—Same data as for

allotvpe, 3cf. Corvallis, Dixon creek: March
10, 1935, R. E. Dimick, 2cf.

I'his species is easily recognized from all

other described Nemourn known to me by

descriptions or specimens because of the

extraordinary humps or tubercles on the

basal abdominal tergites.

Leuctra forcipata—new .species

MALE.—Body and appendages brown.

Wings with membrane uniformly light

brown, veins but slightly darker, venation

practically typical for genus in that there

is no cross-vein beyond the tip of subcosta

and radial sector originated from the radius

apart from media. Second tarsal segment

much shorter than either first or third.

Length to tip of wings 8 mm. ; length of

body 6 mm. No gill remnants evident.

Head much wider than pronotum, later-

al ocelli about twice as far apart as from

inner margin of compound eyes; median

ocellus about as far forward from lateral

ocelli as distance between the latter; maxil-

lary palpi large.

Pronotum much longer than wide, with

a slightly impressed median longitudinal

area or stripe which is about one-rifth as

wide as pronotum, and some dark embossed

markings flanking this stripe.

Abdomen with the first nine segments

normal, darkly sclerotized and essentially

similar, except that eighth tergite has its

middle basal portion more membranous,

with result that crescent-shaped anterior

margin of ninth tergite is plainly visible.

Tenth tergite, fig. 72, partly cleft, supra-

anal process small, somewhat fingerlike and

concealed b>' other structures ; subanal lobes

modified into a long produced lobe, curving

upward beneath cerci ; cerci sclerotized,

pincher shaped, main upper prong with

small tooth at base and tip strongly pointed,

main lower prong similarly shaped, tips of

two main prongs widel\' divergent, base of

cerci from which prongs project narrow ;

ninth sternite produced into a short, feebly

indented plate.

FEMALE.—Similar in most morphological

features to the male. Terminal and ab-

9 ABDOMINAL STERNITES

Fig. 72.

—

Leiiclra forciptUd.

dominal sternites with a well-developed

subgenital plate, the lobes of which are

widely divergent. Dorsal tergites of ab-

domen 1 through 3 darkly sclerotized,

through 8 mostly membranous with a

median longitudinal darkly sclerotized

stripe, ninth and tenth tergites darkU
sclerotized.

Holotype, male.— Corvallis, Ore.

Allotype, female.—.Same locality as holo-

type.

Paratypes. Oregon.—Same locality as holo-

type, i&, 19. ,^lsea Mt.: March 18, 1936,

]. Schuh, IcT.

This species is closeh' related to L. oc-

riiletitalis Banks and to L. purcellaiia

Neave. It differs from both in the shape of

the cerci. In purcell/ina the cerci have the

upper projection or prong truncate and in

occidentalis the upper prong is much longer

than the lower and its base is more elongate.

Eucapnopsis brevicauda (Claassen)

Capnia brenicauda Chiassen (1924b, p. 55).

Original description.

Eucapnopsis brevicauda Neave (1934, p. 5).

This species has had a short but interest-
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ing history tu d;ite. The original lU'scrip-

tion was based upon females, the male being

unknown at the time, and placed in the

genus Capniti. Needham & Claassen

(1925) recognized the short cerci as aber-

rant for Ciifiniti and noted the assignment

of brevicauda to Eucapnopsh Okamoto

(1922); the latter, however, they con-

sidered a sub-genus.

Since then Neave (1934) has found this

species in British Columbia and has de-

d" ABDOMINAL SEGMENTS

8 ABDOMINAL STERNITES

Fig. 73.

—

Eucapnopus hievicauda.

scribed the previously unknown male. It

has a combination of characters which

caused him to consider Eucapnopsh as a

valid genus and with this conclusion the

writer is in agreement (1935a).

Illustrations, records and notes pertain-

ing to this species are given here because of

its peculiar combination of morphological

characters, the likelihood of its being over-

looked and redescribed as new because it is

not keyed to genus in any present key of

North American forms, and the scarcity of

information regarding its geographical

range. The small elongate lobe on the

ninth sternite of the male, fig. 73, is an out-

standing character for its separation from

Capiiia. The presence of a cross-vein be-

yond the tip of the subcosta, which in this

instance has real significance, is sufficient

to separate it from Leuctra. The short

cerci, not exceeding six segments in any of

the specimens recorded here, contrasts with

the one, modified or unmodified, found in

Leuctra, and the many in Capnia. I still

consider my assignment of Eucapnopsh to

the Leuctridae (1935) as the present best

family placement for this genus.

New records are as follows:

Oregon.—Corvallis, Oak creek: March 31,

1934, E. E. Ball, 3cf, 69; Apr. 1, 1934, R.

Dimick, Id', 29; .'\pr. 13, 1934, E. E. Ball, 19.

Philomath, Rock creek: March 19, 1933, R.

Dimick, 6cf, 109; March 28, 1935, Icf, 29;

Greasy creek, Apr. 1, 1936, V. EL. Starr, Icf.

King's Vallev, tributarv ot Luckimute river:

May 11, 1933, Prentiss & Dimick, 19.

Capnia distincta—new species

MALE.—Body and appendages brown to

black. Wings abbreviated and extending

only to base of abdomen. Cerci long, man.\

segmented. Length of body 6.5 mm. No
gill remnants visible.

Head much wider than pronotum ; later-

al ocelli about three times as far apart as

from inner margins of compound eyes;

median ocellus about as far forward from

lateral ocelli as distance between them

;

maxillary palpi less than thickness of basal

flagellar segments.

Pronotum slightly wider than long, with

a distinct median line, with indistinct em-

bossings.

Abdomen with the first four segments

normal or without special structures; be-

ginning with fifth tergite and extending to

ninth with a transverse swollen ridge or

hump on each tergite, except that mem-
branous cleft of tenth tergite carries for-

ward on middle area of ninth and eighth

tergites. Supra-anal process, fig. 74, very

LATERAL VIEW OF
S TERMINAL

ABDOMINAL SEGMENTS

? ABDOMINAL STERNITES

Fig. 74.

—

Capnia dislincla.
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luny;, extending about to third segment,

divided into two pronglike processes, the

upper shorter than the lower and with tip

slightly fan shaped, lower prong curving to

right of body and tapering to a point. Sub-

anal lobes or plates heavily sclerotized,

extending up between bases of cerci as two

fused plates with outer upper corners
slightly hooked and middle prolonged to-

wards supra-anal process as a fingerlike

projection. Ninth sternite without a lobe

at base, posterior margin prolonged and

slightl)' recurved upwards to meet subanal

lobes.

FEMALE.—Simliar in most morphological

features to the male. Eighth abdominal

sternite, fig. 74, forming a subgenital plate,

tip darkly sclerotized, basal portion pale or

lightly sclerotized, triangular areas in later-

al posterior corners of sternite darkh

sclerotized, tip of plate distinctly indented.

A broad membranous median stripe extends

longitudinally across tergites 1 through 7

and slightly onto the basal part of the

eighth.

Holotype, male.— Havdeii Valley, Yellow-
stone National park, Wyo.: April 4, 1935,

H. B, Mills.

Allotype, female.—Same data as tor holo-

type.

Paratypes.—Same data as tor holotype, .?9.

Ihis is a very distinctive species. It runs

in the ke)' to species of the genus Capnia in

iNeedham & Claassen (1925) to the coup-

let keying the species iiianitoba Clsn. and

c'lliuiihidiia Clsn. It differs markedly from

both in the shape of the supra-anal process.

Its relationship with columbiana is further

indicated in the female by character of the

subgenital plate but here too it differs

markedl)'.

Capnia excavata Claassen

Capnia excavata Claassen (192-ta, p. 47).

Original description.

Among a series of specimens of Capnia

sent to me from Oregon I have recognized

this species, originally described by Claas-

sen on the basis of males from California.

In addition to extending the known range

for this species, this lot of material has re-

xealed what I consider to be the female,

hitherto undescribed.

S ABDOMINAL STERNITES

Fig. 75. Capnia
cavata.

FEMALE.—Similar in most morphological

features to the male. Eighth abdominal

sternite, fig. 75, with posterior edge slight-

ly projecting backwards in middle portion

and evenly sclerotized, a transverse mem-
branous band separating seventh and eighth

sternites. A broad membranous median

stripe extends longitudinally across teigite>

1 up to 9.

Allotype, female.— Alsea Mt., Ore.: March
16, 1936, K. Grav.
Oregon.—.Alsea Mt.: March 16, K. Gray, 1 cf

,

59; March 18, 1936, J. Schuh, 19. Corvallis,

Oak creek: Jan. 24, 1934, J. Roaf, 3cf, 29.

Fig. 76. Capnia
prajecla.

Capnia projecta—new species

MALE.—Hody and appendages brown.

\Vings, (ig. 7b, with membrane mostly light

brown, except that portions of cells in

middle area of wing are more hyaline,

forming spots ; veins dark brown ; venation

in essentials typical for genus. Length to

tip of wings 7 mm. ; length of body 4.5 mm.
No gill remnants evident.

Head much wider than pronotum; later-

al ocelli about three times as far apart as

from inner margin of compound eyes

;

median ocellus about as far forward from

lateral ocelli as distance between them

;

maxillary palpi less than thickness of basal

flagellar segments.

Pronotum scarcely longer than wide,

with a feebly impressed median longitudin-

al area or stripe which is about one-sixth as

wide as pronotum, some indistinct emboss-

ings flanking impressed stripe.
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Aliddmeii with the first nine segments

normal or without special structures except

that median area of first few basal tergites

is less sclerotized. Tenth tergite cleft

;

supra-anal process, fig. 76, recurved back

over tergites 9 and 10, slightly enlarged be-

fore pointed tip, extending to posterior

margin of eighth tergite; eighth and nintli

tergites without any special structures or

tubercles; in a few specimens median area

of ninth tergite is somewhat membranous.

Subanal lobes or plates small, somewhat

transverse, with median posterior margin

produced slightly upward. Ninth sternite

without a ventral lobe at base, posterior

margin produced and rounded behind.

Cerci many segmented.

FEMALE.—Similar in most morphological

features to the male. Eighth abdominal

sternite, fig. 76, with posterior margin in

middle produced into a small point ; seventh

and eighth sternites otherwise unmodified

and separated by membranous area. A
broad membranous median stripe extends

longitudinally across tergites 1 up to 9.

Holotype, male.—Corvallis, Ore., Oak creek:

Jan. 24, 1934, J. Roaf.

Allotype, female.—Same data as for holo-

type.

Paratypes. Oregon.—Same data as for holo-

type, 1^^,29. Corvallis: Dec. 23, 1933, A. W.
Larson, Icf, 149; March 2, 1937, R. E. Rieder,

Icf ; roof of agriculture bldg., Jan. 22, 1934,

J. Roaf, 2cf; Feb. 4, 1935, R. W. Prentiss,

19; Dixon creek, Ian. 19, 1935, R. W. Prentiss,

3cr, 39, and Jan. 23, 1935, R. W. Prentiss, 29;

Oak creek, Jan. 21, 1936, R. W. Prentiss, 19,

and Jan. 30, 1935, R. W. Prentiss, 29. .'^Isea,

Alsea river: Jan. 5, 1935, R. Dimick, Icf.

Lincoln countv, north fork .Alsea river: May
2, 1936, R. E'. Rieder, 19. Philomath, Rock
creek: Dec. 2, 1934, R. Dimick, IcT, 39.

Benton county, Woods creek: Apr. 11, 1936,

R. E. Rieder, 19.

In the key to males of the genus Capniti

by Needham & Claassen (1925) this

species will run closest to gracUaria Clsn.

It differs from the latter in having a much
shorter supra-anal process, gracUaria hav-

ing a supra-anal process which reaches to

the seventh tergite, whereas in projecta the

supra-anal process extends only to the

posterior margin of the eighth tergite.

Capnin oenone Neave (1929) is another

very closely related species and possibly

future studies will show that they are

identical, in which case oenone will have

priority. According to the drawing of

Neave the female of oenone has a subgeni-

tal plate which is not produced, whereas in

the females of projecta there is an evident

medial projection of the posterior margin,

fig. 76, of the eighth abdominal sternite.

Both sexes of projecta have wings with

clear spots in the cells adjacent to the cord,

which are not mentioned in the original

description or evident in paratypes of

oenone sent to me by Neave.

Capnia promota

—

new .species

MALE.—Body and appendages brown.

Wings in general with membrane rather

uniformly light brown, in some specimens

darker near veins, area in proximal position

d" ABDOMINAL TERGITES 9 ABDOMINAL STERNITES

Fig. 77.

—

Capnia promota.

of area beyond costa darkened and usually

contrasting with rest of wing membrane;
venation in essentials typical for genus,

radius where joined by the radial sector

somewhat bowed or humped. Length to

tips of wings 7-8 mm ; length of body 4-5

mm. No gill remnants evident.

Head much wider than pronotum ; later-

al ocelli about three times as far apart as

from inner margin of compound eyes;

median ocellus about as far forward from

lateral ocelli as distance between them

;

maxillary palpi less than thickness of basal

flagellar segments.

Pronotum slightly wider than long, with

a feebly impressed median longitudinal

area or stripe which is about one-sixth as

wide as pronotum, some indistinct emboss-

ings flanking impressed stripe.

Abdomen with the first six segments

normal or without special structure;
seventh tergite with a somewhat V-shaped
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membranous area on posterior margin

;

eit;hth, ninth and tenth tergites, fig. 77,

with median longitudinal membranous area

for reception of supra-anal process, this

area on eighth tergite more V-shaped and

terminating on anterior margin in a small

raised ridge. Supra-anal process elongate,

slightly enlarged before pointed tip, re-

curved back over tergites 8, 9 and 10 and

extending about to anterior margin of the

eighth. Subanal lobes or plates small, some-

what transverse, with median posterior

margin slightly produced upwards. Ninth

sternite without a ventral lobe at base,

posterior margin produced and rounded be-

hind. Cerci with manv segments.

FEMALE.—Similar in most morphological

features to the male. Eighth abdominal

sternite, fig. 77, with middle portion of

posterior margin produced into a short

projection with its middle part slighth

pointed ; se\enth and eighth sternites sepa-

rated by a membranous area. A broad

membranous median stripe extends longi-

tudinally across tergites 1 up to 9.

Holotype, male.—Corvallis, Ore., roof' of
uKficulture bldg.: Jan. 2,?, 1934, K. Gray &:

D. Edwards.
Allotype, female.—Same data as tor holo-

type.

Paratypes. Oregon.—Same data as tor

holotype, 160^, 469. Same place: Tan. 22,

1934, J. Roaf, 49; Jan. 26, 1935, R. Prentiss,

Icf, 189; Jan. 30, 1934, 18cf, 109, 2 mating
pairs. Corvallis, Oak creek: Jan. 1, 1936, 3cf,

69; Jan. 15, 1934, Roaf, 1 &, '19; Jan. 16, 1935,
R. Dimick, 19, and R. W. Prentiss, 19; Jan.
24, 19,U, Roaf, 19; Jan. 24, 1935, R. \V. Pren-
tiss, 10^,49; Jan. 30, 1935, R. \V. Prentiss, 3cr,
49; March 29, 1935, S. Jewett, Jr., 19; .^pr. 2,

1935, J. Schuh, 19. Corvallis: "Jan. 23, 1935,
R. W. Prentiss, 19; Jan. 27, 1933, J. Roaf, 19;

Ian. 31, 1934, \. P. Larson, Icf ; Feb. 27, 1933,
"R. Dimick, 19; March 15, 1935, J. Schuh, 19.

Philomath, Rock creek: March 19, 1933, R.
Dimick, 159. Wrens, Marv's river: March 16,

1935, R. Dimick, Id', 29;' March 19, 1933, R.
Dimick, 39. King's \'alley, tributary of Lucki-
mute river: Mav 11, 193.^, Prentiss & Dimick,
19. VVoodburn: Jan. 31, 1935, 1 cT. Stavton,
Stavton creek: March 20, 1934, R. Dimick,
19. Hillsboro: March 19, 1936, Schuh & Grav,
2cr,39.

This species is very closeh' related to C.

t/racilaria Clsn., described from Manitoba.
and to C. nenone Xeave, described from
Alberta. It is not improbable that large

series of specimens from many localities

would reveal that the differences at present

noted between them break down. The onl\

safe procedure at this time is the recognition

of this Oregon material as representing a

new species. In the original description of

C. gracilaria it is stated that the supra-anal

process extends to the seventh tergite and
that there is a slight indication of a small

median knob on this tergite. This Oregon
material does not have a knob on tiie

seventh tergite but there is a small raised

ridge on the anterior margin of the eightli

tergite. It differs, too, from the illustration

of the supra-anal process of gracilana as

gi\en by Xeedham iSc Claassen (1925) in

having the tip more abruptly pointed and
in being slightly enlarged before its end.

C. (leiione Neave differs in the description

of the male by the lack of reference to a

raised ridge on anterior margin of the

eighth tergite and in the female by the

eighth sternite, which is stated to be "not
produced." Two paratypic specimens of

oenoiie kindly given to me by Neave do not

have the ridge on the anterior margin of

the eighth tergite visible. It should be

noted, too. that the supra-anal process of

these paratypes extends only to the posterior

margin of the eighth segment, a condition

shown in Neave's drawing but contrary to

his statement in the original description

that this process extends "forward to the

posterior margin of the seventh abdominal
tergite." If the type and other males of

the paratypic series have a supra-anal

process extending to the posterior margin
of the seventh tergite, this would be another
point of difference between oenone and
firrjiii'/tii.

Dictyopterygella knowltoni

—

new
SI'ECIES

MALE.—General color yellowish brown
to dark brown. Head, fig. 78, mostly dark
brown with some lighter areas, the spot

between ocelli and extending back to pro-

notum particularly conspicuous. Pro-

notum, fig. 78, chiefly dark brown with a

medial longitudinal stripe and dark em-
bossed markings ; meso- and metathorax

mostly black or brownish. Abdomen ap-

parently mostly brown, with basal tergites

and sternites somewhat lighter. Legs yel-

lowish to dark brown. Antennae and cerci

light brown.

Head wider through compound eyes

than width of protonum ; three ocelli form-

ing a nearly equilateral triangle, distance

between lateral ocelli greatest, lateral ocelli

placed on a line slightly back of front mar-
gin of compound eyes, somewhat farther
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ifiiiovecl from one another than from com-

pound cjes.

Pronotum approximately quadrangular,

much broader than long, diameter at front

angles apparently greater than at hind

angles, front margin bowed, front angles

appear sharp, a distinct pattern of raised

rugosities on surface each side of median

stripe.

Legs with first tarsal segment mucii

longer than second and third together, the

second much shorter than third.

Fig. 78.

—

Diclyoplerygella knowltoni.

Wings, fig. 78, with venation as in

illustration, tip of wing with branches of

radial sector somewhat turned upwards.

Wing membrane stained with brown and

veins dark brown. Hind wing with eight

branches of anal veins reaching margin of

wing.

Abdomen, fig. 78, with tergites normal
except for small areas on terminal segments

which are heavily covered with spinulae

;

tenth tergite not cleft for reception of the

supra-anal process. Ninth sternite not pro-

duced and recurved upwards, without a

disklike pad. Subanal hook very peculiar,

prolonged backwards as a projection from
bodv, the two plates together when viewed
from above or below forming a mushroom-
shaped structure.

Length to tip of wings, 15 mm.; lengtli

to tip of abdomen, 12 mm. No gill rem-
nants found on any body area.

Holotype, male.—Loyun, Ut;ih: luiic 23,

1929, G. F. Knowlton.
"

I his new species is unique among North
American stoneflies described to date b\'

virtue of the peculiarly prolonged subanal

plates, fig. 78. Tentatively, pending the

collection of fresh material and the female,

it is placed in the genus Dictyopteryyellu

Klapalek (1904). This genus is character-

ized among other things by the peculiar

subanal plate which in such a European
species as D. uaiiseni Kempny is very sug-

gestive of knrju'ltoiii as here described.

Dictyopterygella is placed by Klapalek

in the Perlodidae. According to the

author's studies the Perlodidae of North
America (Ferlndes, Isogenus and Hydru-
pcrla) all have peculiar fingerlike gills on

the submentum of the nymphs and rem-

nants of such gills in the adults. I cannot

find such remnant submental gills on the

submentum of knowltoni but it must be

said that the type was originally a pinned

specimen and it is possible that either such

gills cannot now be located in the relaxed

specimen, have been accidentally lost

through handling or never were present.

My judgment is that they never existed and

accordingly I am skeptical regarding the

placem.ent of this new species in Perlodidae.

As far as I am aware the species previously

assigned to Dictyopterygella are rarities,

have never been studied with reference to

the presence of remnant submental gills or

have never been associated with their

nymphs. It will not be surprising, there-

fore, if knoii'honi and the genus to which it

belongs will eventually be placed in the

group of genera now going by the family

name of Perlidae in North American liter-

ature. The type of wing venation is not

sufficient to place the genus as to family.

I take pleasure in naming this species for

its collector. Dr. G. F. Knowlton, who has

sent to me for studv many specimens of

Plecoptera from Utah.

Hydroperla parallela Prison

Jlydroperla parallela I'Vison (1936, p. 261).

Original description.

The original description of this species

was based upon a single male (Frison

1936). Since then additional specimens of

the male have been received, and also the

undescribed female, a brief description of

which is here presented.

FEMALE.—Similar in most morphological

respects to the male (Frison 1936). Color
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));itti.'iii of dorsum of head and pronotum
as in rig. 79. Subgenital plate, fig. 79, well

developed but only slightly extending over

ninth sternite, posterior margin essential!)

straight witii corners angulate.

Allotype, female.— Cultus lake, B. C,
Sweltzer creek: Apr. 28, 1935, W. E. Ricker.

(J HEAD AND PRONOTUM

Fig. T).— Uy,iroperl,i parallela.

Other records for this species which ha\ c

accumulated since it was originalh de

scribed are as follows:

British Coi.imbia.— Cultus lake: Apr. 18,

l')36, W. K. Ricker, 19; Apr. 21, 1936, \V. K.

Ricker, IcT.

Oregon.— Clatskanie, Beaver creek: May
9, 1936, J. .Schuli, IcT. Hillsboro: March 19,

1936, Gray & Schuh, Icf.

Chloroperla orpha

—

new species

MALE.— [dominant color a pale greenisli

white in life and pale yellowish white when
preserved. Dark or black areas are as fol-

low s: ocelli and compound eyes, fig. 80,

hiteral margins of pronotum, and a narrow
longitudinal stripe extending across ab-

dominal tergites as in fig. 80. Cerci and

antennae at base concolorous with bod>

,

segments of antennae beginning a short

distance from base progressively becoming
darker to black. \Vings with membrane
and veins pale.

Head wider through compound e}es

than width of pronotum ; three ocelli form-

ing a nearly equilateral triangle, lateral

ocelli placed about on a line with posterior

margin of compound eyes, about twice as

far apart as each lateral ocellus is distant

from compound eye. Antennae many seg-

mented, basal segments not much longer

than broad, middle and apical segments
about of equal length and much longer

than broad.

Pronotum slightly broader than long

angles rounded, pronotal flange not well

developed, embossings not evident.

Legs slender ; first and second tarsal seg-

ments very short, third tarsal segment over

twice as long as length of iirst and second

togetiier.

Wings extending well beyond tip of

abdomen ; witli membrane and veins pale
;

no anal lobe on hind wing and in this im-

poitant respect, as well as venation in

general, agreeing with Chloroperlii as now
recognized for North America.

Dorsal segments of abdomen without

special structures. Tenth tergite somewhat
cleft for reception of a small tablike supra-

anal process. Subanal lobes not specialized.

Ninth sternite produced and turned up-

waxA over tenth segment so that it is not

\ isible from below, without a padlike disk

near middle of apical portion.

Length to tip of wings 7 mm. ; length

t(j tip of abdomen 5.5 mm. No gill rem-
nants on any body area.

FEMALE.—Not known.

Holotype, male.—Xamakagon river, Spoon-
er, Wis.: June ,S, 1936, Prison & Ross.

Paratypes. -Same data as for holotype, 11 cf

.

This species is of special interest because

the genus was considered by Needham &
Claassen (1925) to contain but a single

North American species and all my ma-
terial, previous to the collecting of these

specimens, has supported this view. The
lack of an anal lobe on the hind wing sepa-

rates this small delicate species frcjm other

<? ABDOMINAL
TERGITES

Fig. SO.—C/iloroperla
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superficially similar forms belonging in the

genera now going in North America under

the generic names of Alloperln and Isu-

pcrla. The dark stripe on the abdominal

tergites and the dark lateral margins of

pronotum are sufficient to separate this

species from the only other North Ameri-

can species now placed in Chloroperla.

namely cydippe.

Kimmins (1936) has recently shown

that the generic name Chloroperla New-
man has as its type the European species

tripuiutata (Scopoli) a.nA thai hopteryx h
synonymous with Chloroperla, as original-

ly pointed out by Banks (1906). It is

questionable whether the species now going

in North America under the name cydippe

Newman (probably an Alloperla according

to a recent letter from W. E. Ricker who
has seen the types) has been correctly

identified. There also is a point to be settled

regarding placing the species now called

cydippe in North America ( Needham &
Claassen 1925) in Chloroperla. When
some of these points are finally cleared it is

likely that the species here described will

be placed in another genus together with

the species to date called cydippe. Brevis

Banks (1895) is the specific name which

must replace cydippe if the latter is an

.-I lloperla.

Hastoperla was originally proposed b\

Ricker ( 1935a) as a new genus for the re-

ception of his new species calcarea. This

latter species, however, is an outright syno-

nym of cydippe as recognized by Needham.

& Claassen (1925). If Chloroperla of

fc^urope proves not to be the same as Chloro-

perla of American authors then the name
Hastoperla may by accident be available to

serve for the American species placed to

date in Chloroperla. The species Chloro-

perla idei Ricker and C. inilnei Ricker

(1935a) do not belong in Chloroperla, as

used to date in America, but in Alloperla.

Isoperla pinta—new species

MALE.—General color black or brown

with conspicuous yellow spots or areas,

particularly on head and thorax. Head.

fig. 81, black with yellow areas as follows:

small spot in ocellar space and anterior

to median ocellus, large area between com-

pound eyes and lateral ocelli, and spots on

anterior margin beyond articulation of

antennae. Pronotum chiefly black or

brownish with a median longitudinal yel-

low stripe, interrupted in middle with line

of black, and other spots on disk and lateral

margins as indicated in fig. 81 ; meso- and

metathora.x mosth black or brownish. Ab-
domen mostl\ black or brownish, except for

yello\\ish median longitudinal stripe on

Fig. 81.

—

Isoperla pinta.

sternites and partially yellowish ninth and

tenth tergites. Legs brownish with basa!

t\\o-thirds of femora mostly yellowish.

Antennae brown. Cerci yellowish brown,

each segment with basal portion lighter

than apical part.

Head much wider through compound
e\es than width of pronotum; three ocelli

forming a nearly equilateral triangle, later-

al ocelli placed about on a line with middle

of compound eyes, about as far removed
from one another as from compound eyes.

Antennae many segmented ; basal segments

wider than long, middle and apical seg-

ments progressively becoming longer than

wide.

Pronotum approximately quadrangular,

much broader than long, angles rather

sharp
;
pronotal flange well developed on

anterior and posterior margins but weakly

developed on sides ; an indistinct pattern of

1
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raised rugosities on surface; and with a

faint longitudinal median depressed stripe

somewhat less in width than distance be-

tween lateral ocelli.

Legs with first tarsal segment slightly

longer than second, third segment about

twice as long as first.

Wings long, extending well be\(>nd tip

of abdomen ; membrane but slighth tinged

with brown, veins dark brown and con-

trasting; venation slightly variable in right

or left wings or between individuals but

essentially typical for the genus as no«-

recognized in North America.

Abdomen with dorsal segments without

special structures. Tenth tergite nut cleft

:

subanal lobes modified into a pair of up

turned or recurved pointed hooks which

are about as wide at base as diameter of

basal segments of cerci. Ninth sternite

strongly produced and turned upward
around tenth segment so that it is not visible

from below, without a distinct padlike disk

near middle of apical portion. Eighth

sternite with a small lobe, wider than long,

in middle of posterior margin.

Length to tip of wings 14 mm.; length

to tip <jf abdomen 10.5 mm. No gill rem-

nants on any bod\' area.

FEMALE.—Head, thorax, basal abdomi-

nal segments and appendages in general

similar to those of male. Slightly larger

than male, and differs as follows: eighth

abdominal sternite, hg. 81, with posterior

margin or subgenital plate produced about

one-third over ninth sternite, posterior

margin rounded and in some specimens

slightly indented at middle.

Holotype, male.—Curry countv, Ore., Floras

creek: May 20, 1933, R. Dimick.'

Allotype, female.— Corvallis, Ore.: April 5,

\9^^, N. !•'. I.urson.

Paratypes. British Columbia.— Cultus
lake: June 5, 1927, H. H. Ross, 19. VV. E.

Ricker has supplied the following material of

his collection from Cultus lake, for inclusion in

the paratypic series. Apr. 1932, IcT, 19; Apr.

22, 1932, \&, 29; Apr. 24, 1935, ScJ', 119; Apr.

26, 1935, id", 39; Apr. 28, 1935, 4cf, 109;

May 13, 1935, IcJ', 19; May 18, 1933, IcT;

May 18, 1935, Icf, 19; May 20, 1935, 29;

May 26, 1932, Id"; May 28, 1935, Icf, 49;

June 3, 1935, 19; June 7, 1934, 19.

Oregon.—Philomath, Woods creek; .Apr.

24, 1936, \V. Graf, Id'. Beatty, Swan river:

June 17, 1934, J. Schuh, 39.' Winchester,
North Umpqua river: March 22, 1933, R.
Prentiss, 19. .Alsea, Alsea river: May 22,

1933, R. Dimick, 19.

IVIr. Ricker has also supplied me with

four cast nymphal skins, among (jther

n\niphs, collected at Cultus lake, British

Columbia, April 24, 1935, and May 28.

1935, which I am certain belong with this

species. Besides belonging to Isopei'la

(1. s. ) these nymphal skins have a coU)r

Fig. 82.—Nymph of Uoperia piiiln.

pattern on the head and thorax which is

practically identical with that of the adults

and therefore the basis of my association.

NYMPH.—General color of head, thorax

and abdomen pale yellow with dark mark-

ings as in fig. 82. Markings on dorsum of

pronotum are very suggestive of pattern

shown by adult. Antennae yellowish with

a dark spot on large basal segment. Cerci

with tips of segments narrowly ringed witli

black or brown.

Head with three ocelli forming a nearly

equilateral triangle, lateral and median
ocelli occupying the same relative position

as in adult. No occipital ridge. Labium
and maxillae as in fig. 82.
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Pionotuiii about twice as wide as long,

ail angles well rounded; fringed with

numerous small setae and occasional long

ones, marginal groove well developed (jn

anterior and posterior margins but absent

on lateral margins. Mesonotum with wing
pads extending almost straight backwards,

those on metanotum extending slightly out-

\xard.

Legs very little flattened ; hind margins

of femora, tibiae and tarsi with a fringe of

long fine setae ; femora with a narrow dark

band before apex.

Cerci long, many segmented, segments

progressively longer apically, distal half

with a row of long fine setae on dorsal

surface in addition to shorter ones en-

circling segments.

Approximately mature specimens with a

body length, exclusive of appendages, of

about 15 mm. Submental, thoracic and
abdominal gills entirely lacking.

Nymphs. British Columbia.— Cultus lake,

.Sweltzer creek: March 28, 1937, W, E. Ricker;
April 24, 1935, cast skins; Reservoir creek,

May 30, 1935, W. E. Ricker, cast skins.

Isoperla truncata—new species

MALE.—Dominant color a pale whitish

vellow with some light brown and dark

mai kings. Head, fig. 83, mostly pale whit-

ish vellow; compound eyes and area im-

Fig. 83.

—

Isoperla Irnncalii.

mediatel)- surrounding ocelli black; lateral

ocelli connected with median ocellus by

short dark brown stripes which connect

with a large solid transverse quadrate
brown patch adjacent to median ocellus.

Prothorax mostly pale whitish yellow with

two longitudinal brown stripes, particu-

larly accentuated in depth of brown at

anterior margin ; dorsum of meso- and
metathorax mostly pale brown. Abdomen
pale with weakly indicated brownish
median and lateral longitudinal stripes on

dorsum. Antennae, cerci and most of legs

pale brown.

Head much wider through compound
eyes than pronotum ; three ocelli forming a

nearly equilateral triangle, lateral ocelli

placed on a line slightly anterior to middle
of compound eyes, farther removed from
one another than from compound eyes.

Antennae many segmented ; basal segments

but slightly longer than wide, middle and
apical segments progressively becoming
longer than wide. Mandibles flabby and
nonfunctional.

Pronotum essentially quadrangular,
much broader than long, angles somewhat
rounded, pronotal flange well developed on
anterior and posterior margins but weakly
so on sides ; embossings indistinct.

Legs with first tarsal segment but slight-

ly longer than second, third tarsal segment
more than twice as long as first and second

together.

Wings long, extending well beyond tip

of abdomen ; membrane and veins pale, a

few veins more brownish ; hind wing rarely

with intercubital cross-veins, venation
essentially typical of this genus, as now
recognized in North America.

Abdomen with dorsal segments without

special structures. Tenth tergite, fig. 83,

not cleft ; subanal lobes essentially weakly
sclerotized lobes, without well-developed

upturned or recurved hooks. Ninth ster-

nite strongly produced and turned upward
over tenth sternite so that it is not visible

from below, without a padlike disk near

middle of apical portion. Eighth sternite

with a small but rather broad lobe in

middle of posterior margin.

Length to tip of wings 1 1 mm. ; lengtli

to tip of abdomen 8 mm. No gill rem-
nants on any body area.

FEMALE.—Head, thorax, basal abdomi-
nal segments and appendages in general
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similar to those of male. Differs from male

as follows: eighth abdominal sternite, fig.

83, with a well-developed process or sub-

genital plate which projects well over the

ninth sternite, truncate at tip and in side

view turns down from body at an angle.

Holotype, female.—Spooner, Wis., Namaka-
gon river: June 5-6, 1936, Prison &: Ross,
reareil from n>'niph.

Allotype, male.—Same data as for holotype.

Paratypes. Indiana.—Knox, Yellow river:

May 24, 1937, H. H. Ross, 21 cT, 49.

Michigan.—Omer, Rifle river; May 21,

1936, Prison Se Ross, IcT. Big Rapids, Muske-
gon river: May 22, 1936, Prison & Ross, Icf,

89. Grayling, Klanistee river: June 17, 1935,

T. H. Prison, 4rf', 49. Lovells, Au Sable river:

May 22, 1935, Id; north branch, May 24,

1936, J. W. Leonard, Icf. Crawtord county,
north branch Au Sable river: June 16, 1935,

J. \V. Leonard, 2d", 39. Cheboygan county.
Pigeon River State Porest, Pigeon river: July
21, 1935, J. \V. Leonard, 6cf, night at light.

Otsego county, Pigeon river: June 23, 1936,

J. W. Leonard, 19.

Wisconsin.—Same data as tor holotype,

39; same data except not reared, IScT, 89.

The adults of this species are best dis-

tinguished from other species of this genus

by the characteristic dark patch on head

near ocelli and in the female by the truncate

subgenital plate which sticks out from the

h()d\- at an angle, hg. 83. In all respects

this is a typical species of Isoperln (r. s. )

,

as now recognized in North America, be-

longing to the group of species now having

/. hilnieata (Say) as type.

ihe nymph of this species has been col

lected as well as the adult and therefore its

description is given. Association of the

nymph with this new species is based upon
reared specimens. The nymph is quite

characteristic of other Isoperla (r. s. ) as

this genus is now recognized in North
America. It is perhaps most easily sepa-

rated from other species known to me by

the two longitudinal rows of prominent
spots on dorsum of thorax.

NYMPH.—General color of head, thorax

and abdomen a whitish yellow with dark

markings as in fig. 84. The most important

dorsal dark markings are the broad trans-

verse band across head, the two longitudi-

nal rows of spots on thorax, and the three

narrow longitudinal stripes on abdomen.
Cerci pale \ellowish brown.

Head with three ocelli forming a nearh
equilateral triangle, lateral and median
ocelli occupying the same relative position

as in adult. No occipital ridge. Labium
and maxillae as in lig. 83.

Pronotum about twice as wide as long,

all angles well rounded ; fringed with short

as well as some long hairs ; marginal groove

well defined on anterior and posterior mar-
gins but absent on lateral margins. Meso-
notum with wing pads extending almost

straight backwards, those on metanotum
extending slightly outward.

Legs very little flattened ; hind margins
of femora, tibiae and tarsi with a fringe of

long fine setae. Tarsal segments 1 and 2

very short; third segment long, about three

times as long as first and second combined.

Cerci many segmented, moderately long,

stout at base, segments progressively longer

apically, distal half with a row of long fine

setae on dorsal surface in addition to

shorter ones encircling segments.

Approximately mature specimens with a

body length, exclusive of appendages, of

about 10 mm. Submental, thoracic and
abdominal gills entirely lacking.

Nymphs. Michigan.—Omer, Rifle river:

May 21, 1936, Prison & Ross. Grayling, Manis-
tee river: May 22, 1936, Prison & Ross. Mio,

Fig. 84.—Nymph of Isoperln in
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All Sable river; May 21, 19J6, Krison & Ross.

Lovells, All Sable river: May 22, 1936, Prison

& Ross. Hale, Au Gres river. May 21, 1936,

Prison & Ross.
Wisconsin.— Dells, Wisconsin river: June

5, 1936, Prison & Ross. Spooner, Namakagon
river: June 5-6, 1936, F'rison & Ross.

Cast nymphal skins. Michigan.—Honor,
Platte river: Sept. 16, 1936, Ross & Burks.

Wisconsin.—Spooner, Namakagon river:

June 5-6, 1936, Prison & Ross.

AUoperla exquisita Frison

Alloperla exquisita Prison (1935b, p. 337).

This species was originally described

from males only and from material collect-

ed in Oregon. Additional material from

Washington and British Columbia has

ABDOMINAL STERNITES

Fig. %'a.^Alloperla
sqnisila.

made available the previously unknown
female and therefore the description of this

sex is now given.

FEMALE.—Similar in most morphological
features to the male (Frison 1935b).
Eighth abdominal sternite, fig. 85, with
>ubgenital plate produced backwards over

about one-half of ninth sternite and with
posterior margin approximately truncate.

Allotype, female.—Shucksan, Wash., Bagley
creek, 2700 feet elevation; July 24, 1936, H. H.
Ross.

British Columbia.—Cultus lake, Smith
Palls creek: May 20, 1935, W. E. Ricker, Icf,
19.

Washington. — Shucksan, Bagley creek,
2700 feet elevation: July 24, 1936, H. H. Ross,
5cf , 119; Razorhone creek, 3200 feet elevation:
July 24, 1936, H. H. Ross, Hd', 119.

AUoperla occidens—new species

MALE.—Body, cerci, antennae and legs

in general a pale yellowish white. Dark or

black areas are as follows: ocelli and com-
pound eyes, fig. 86, lateral margins of pro-

notum, a U-shaped mark on meso- and
metanotum, a broad median longitudinal

stripe extending across all abdominal ter-

gites up to the ninth, and basal segments
1 through 3 with a small dark stripe on
each lateral margin running parallel to

median stripe.

Head wider through compound eyes

than width of pronotum ; median ocellus

located about in line with anterior margins
of compound eyes, lateral ocelli located

well anterior to line connecting posterior

margins of compound eyes, distance be-

tween lateral ocelli greater than distance

between a lateral ocellus and adjacent

compound eye.

Pronotum much wider than long, front

angles rather sharp, hind angles more
rounded.

Dorsum of abdomen as in fig. 86. Supra-
anal process small, inset on tenth tergite,

forming a fingerlike projection which in

lateral view is slightly swollen at tip

;

eighth and ninth tergites without raised

ridges. Tenth tergite cleft for reception of

supra-anal process, without distinct inward-
pointing lobes or hooks at bases of cerci.

Wings extending well beyond tip of

abdomen ; with membrane and veins pale

;

a well-formed anal lobe on hind wing and
in this respect, as well as venation in gener-

al, agreeing with Alloperla as now recog-

nized in North America.

Length to apex of wings 8 mm. ; length

to tip of abdomen 6 mm. No gill remnants
on any bodv area.

(? ABDOMINAL SEGMENTS
d" ABDOMINAL TERGITES

Fig. ?t(i.- Alloperla ncciilens.
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FEMALE.—Similar in most morphological

characters to the male. Median longitudi-

nal dark stripe on abdominal tergites ex-

lending only to eighth tergite, and lateral

stripes only on first and second tergites.

f^ighth abdominal sternite, fig. 86, with

subgenital plate extending in middle area

over about one-half of ninth sternite,

posterior margin somewhat broadly tri-

angular and depressed.

Holotype, male.—Shucksan, Wash., Razor-
hone creek: July 24, 1936, H. H. Ross.

Allotype, female.—Same data as for holo-

type.

Paratypes.—Same data as for holotvpe, Icf,
49.

This species resembles ./. exqu'niUi

Prison (1935b) in general color pattern.

It differs in the male, however, in lacking

a trans\erse ridge on ninth tergite and in

the female the subgenital plate is more
triangular.

as defined by Xeedham iS: Claasscn. The
name fiiiiins/i must therefore be pl.iced in

s\non\niv.

SYNONYMY
Acroneuria lycorias (Newman)

Acroneuria cueslae Ricker (19351), p. 260)
»New synonymy (cf, 9).

A male and a female paratype of Acro-
neuria cuesiae Ricker, kindly sent to me for

the Survey collection by \V. E. Ricker,

prove upon close study and comparisons

with other material to be the species ./.

Ixcur'ias as defined b\' Needham li: Claassen

( 1925). The name cuestae. therefore, must
be relegated to synonymy.

m Togoperla"media' (Walker)

P Acrotieuria salvelini Ricker (193.Sli, p. 261).
New synonymy (91.

A stud}' of a paratypic female sent to me
for the SURVEY collection by W. E. Ricker
and a second paratypic female loaned by
the Canadian National Museum prove
that these are the same as the common
northern and eastern American species now
going by the name of tnedin (W-Aktr).
The name salvelini, therefore, must be

synonymized.

Togoperla immarginata (Say)

Acroneuria fiimosa Ricker (193.ili, p. 262).
New synonymy (9).

Examination of a paratypic female of

A. funiosa Ricker, loaned by the Canadian
National Museum, and comparisons with
other material, including a female specimen
and a nymphal skin named as jumosa by
Ricker and sent to me by him, have enabled
me to recognize this as immarginata (Say)
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FOREWORD
This paper, describing new species of caddis flies from Illinois and

other localities in North America, is the initial report on a project of

the Illinois Natural History Survey pertaining to these aquatic in-

sects. A complete report treating of the Illinois fauna is planned tor

later publication. This latter, more comprehensive faunistic study will

be fashioned after some recent Survey reports on insect groups and will

include keys to the adults and larvae, illustrations of the diagnostic

characters, and data on the biology and distribution of these insects

occuring in Illinois. The role of these insects in the economy of our

lakes and streams makes their study of special interest.

This investigation was started as a major enterprise of the Insect

Survey Section during the summer of 1931. Dr. Cornelius Betten of

Cornell University was employed by the Illinois Natural History Sur-

vey during the summer of that year to initiate the extensive field work
and acquaint the systematic entomological staff of the survey with the

characters used in the classification of caddis flies and, in so far as

possible, with the identity of the various species inhabiting the waters

of our state. Since 1931, Dr. H. H. Ross, Systematic Entomologist of

the Illinois Natural History Survey, has been responsible for the con-

tinuation of this project. In addition to the great assistance received

from Dr. Betten, our studies have profited greatly by Dr. Ross' study

of the Hagen and Banks types in the Museum of Comparative Zoology,

Cambridge, Massachusetts, kindly made available for detailed study

and designation of lectotypic specimens by Dr. Nathan Banks.

As these studies progressed, it became apparent that a study of the

entire North American fauna would be necessary to identify properly

the Illinois species. Therefore, specimens were assembled from localities

representing as many parts of the continent as possible. Some of this

material was obtained by Illinois Natural History Survey field trips,

whereas other material was submitted for study by outside individuals

and institutions. When all of this material was finally determined, it

was found that a large proportion of it represented new species. It now
seems advisable to describe these forms new to science so that the names
may be known to others and made available tor use in future publications

of the Survey.

T. H. FRISON



Kankakee River near Momence, Illinois

Many of Illinois' rarest and most interesting species of caddis flies have been found in this clear,

fast-flowing stream.
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(Trichoptera)
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HERBERT H. ROSS

DESCRIPTIONS of the new species

of caddis flies (Trichoptera)
treated in this paper are based for

the most part upon specimens collected

by various members of the Illinois

Natural History Survey. They are

based in part, also, upon other collec-

tions sent to the Survey by the follow-

ing members of other institutions:

G. F. Knowlton, Utah State Agricultural

College, Logan, Utah; J. W. Leonard,
Institute of Fisheries Research, Ann
Arbor, Michigan; D. C. Mote and R. E.

Dimick, Oregon State Agricultural Col-

lege, Corvallis, Oregon; R. W. Kaiser,

Oklahoma Agricultural College, Still-

water, Oklahoma; and various staff

members ot the LTniversity of Wisconsin,

Madison, Wisconsin. I wish to thank
these individuals and others who have
been of assistance to me at various times

for their welcome cooperation.

In several cases, notably in Hydro-
psyche, the differences used to separate

the adults into species will appear
slight. Collections of thousands ot

specimens and the association ot larvae

with adults, however, have shown that

these small differences are (1) constant

and visible through the large series I

have studied, (2) correlated with marked
differences in the larvae, (3) correlated

with distinct ecological habits and dis-

tribution patterns and (4) trequently

associated with distinct differences in

the color pattern of the males.

Many ot the species herein described

have been reared. The descriptions ot

the larvae and pupae will not be pre-

sented now but will be treated in the

torthcoming report on the caddis flies

ot Illinois. These descriptions will be
much more valuable when taken up in

conjunction with a synopsis ot the entire

Illinois group.

Most of the drawings have been made
by Dr. C. O. Mohr, of the Illinois
Natural History Survey, to whom I

wish to express my deep gratitude.

The drawings ot genitalia in all cases

have been made from genital capsules

cleared in caustic potash (KOH) solu-

tion, washed in distilled water and
mounted in glycerin. Many structures

necessary for accurate identification

cannot be seen clearly unless the speci-

men is treated in this manner.
Except for the few paratypes other-

wise noted, the types ot the species

described in this paper are deposited in

the collection of the Illinois Natural
History Survey.
The structures hitherto called preanal

appendages, socii, anal appendages, etc.,

appear to be indubitably associated

with the lateral margins of the tenth

tergite. For this reason they are con-

sidered the true cerci. In many of the

more primitive genera there is no doubt
that these cerci are homologous to the

same structure in Hymenoptera, Me-
coptera and other orders.

The general order of families and
genera is, with few exceptions, that used
in Dr. Cornelius Betten's Caddis Flies

of Neiv York Slate. Wherever reference
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is made in the text to "Betten (1934)"

this book is the one indicated.'

Family RHYACOPHILIDAE
Rhyacophila fenestra new species

This handsome species, fig. 1, is re-

lated to members of the Carolina group
but differs from previously described
forms in the digitate spurs on the lateral

arms ot the oedagus as well as in other

points of the genitalia.

Male.—Length 11 mm. Head straw
color with a quadrangular dark brown
spot between the ocelli; antennae and
palpi dark brown; eyes black. Thorax
brown with the venter, prothorax and
lateral sutures yellowish. Abdomen
straw color, the dorsum with a purplish

cast. Legs straw color with the tarsi

suffused with brown. Front wings gray
with white markings in the membrane,
each marking supplemented with a

Oedagus

^ (J Genitalia

Fig. 2.

—

Rhyacophila fenestra

patch of silvery pubescence on the
dorsal side; these light markings are all

situated between the darker veins and
are so arranged that they form more or

less diagonal bands of spots across the

wing. Hind wings uniform bluish-

gray. The various warts, raised areas

and the veins on the wings are provided
with rows or clusters of long setae which
are either brown, golden or a mixture of

these two colors. The blue-gray patches
of the front wings are clothed with
minute, dark setae matching the color

of the wing membrane. The pubescence
of the legs is straw color.

General structure typical for genus.
Tibiae with small, straw colored spines
in addition to the usual number of very
long ones. Front wing with fork of
R2+3 distinctly beyond fork of R4+S;
Mi+2 branching very close to margin;
M3+4 branching midway between 7n-cu

and margin of wing. Seventh sternite

with a small, pointed mesal projection.

Genitalia as in fig. 2. Claspers rel-

atively short and broad, the dorsal

margin of the apical segment subequal
to the dorsal margin of the basal seg-

Fig. 1.

—

Rhyacophila fenestra, adult 9
York State Mu Bulletin 292. December.
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>^;i^s5^

Fig. 3.

—

Rhyacophila fenestra, larva

ment; the apical segment incised for

one-third its lateral and one-tourth its

mesal length; both lobes straight and
rounded, the dorsal one small and the
ventral one large. At the base of the

segment there is a mesal incurving lobe;

most of the apical segment and this

lobe are covered with short, dark setae.

Tenth tergite narrow, the dorsal lobe

cleft down the meson for more than one-
half its length; the lateral lobes so pro-

duced have convex dorsal margins with
a rather short, sharp apical point; below
these the segment is produced into two
closely appressed concave plates which
articulate with the dorsal band of the

oedagus. Oedagus consisting of a basal

bandlike structure that articulates with
the tenth segment and an apical cluster

of structures at the end of a membranous
tube. This cluster is composed of (1)

a semimembranous pair of arms arising

at its base, these arms enlarged at the
apex and bearing usually five large,

incurved spines, each surrounded by

small spines; (2) a dorsal, sclerotized

median process which is thin and blade-
like from the dorsal view and from lateral

view is divided into two sinuate rods;

and (3) a mesal structure that has a

vertical membranous connection with a

pair of fanlike ventral lobes which are

thin, colorless, only semisclerotized and
together are slightly concave on the
meson.

Fem.'^le.—Length 12 mm. Color and
general structure exactly the same as for

male. Sixth sternite with a narrow
process on the meson. Eighth segment
tubular, the dorsum carinate, the apical

opening circular except for the emargi-
nation caused by the dorsal carina.

Holotype, male.—Herod, Illinois: May 12,
19.56, reared from Gibbons Creek, Ross & Mohr.

Allotype, female.—Same data as for holo-
type.

Paratypes.—Illinois.—Herod: May 29,
1935, Ross &' Mohr, IcT; pupae collected May
5, Ross & Mohr, adults emerged at Urbana,
May 7-12, 19.?6, 40^, 19; pupae collected May
12, Mohr & Burks, adults emerged at Urbana,
May 14-June 6, 1936, 18c?', 179; pupae col-

lected May 13, Prison & Ross, adults emerged
at Urbana, May 17-24, 1937, lOd', 119.

The larvae, fig. 3, are common in the
rocky streams of the Ozark region in

southern Illinois.

Rhyacophila iranda new species

This species most closely approaches
MJixa Milne but differs radically in the

elongate apical portion of the oedagus,
fig. 4.

Male.—Length 9 mm. Head and
thorax black; the setiferous warts and
antennae dark brown. Abdomen with

Rhyacophila iranda
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venter straw color and dorsum purplish.

Legs with coxae and femora dark brown;

remaining parts yellowish-brown. Wings
dark brown with light patches in the

membrane at the end of each apical cell

and in the subcostal, cubital and anal

cells; the pubescence dark brown except

over the light areas, where it is almost

white.

General structure typical for genus.

Genitalia as in fig. 4. Ninth segment

with ventral portion narrower than

dorsal. Clasper with basal segment about

as long as depth of ninth segment, its

dorsal and ventral margins slightly

convex; the apical segment is slightly

more than twice as long ventrally as

dorsally, the apical margin scooped out

and evenly concave, the dorsal angle

slightly but sharply produced. Tenth
tergite short, the dorsal angle produced

into a pair of short points, the ventral

angle produced into a pair of truncate

lateral areas; most of the surface covered

with sparse setae. Apical portion of

oedagus with a pair of narrow lateral

processes which taper to a thin curved

apex, this extreme apical portion with a

row of fine setae on the mesal margin;

the mesal portion sclerotized, divided

into a thin ventral process and a wide,

somewhat spatulate, dorsal process.

Holotype, male.—Mount Baker, Washing-
ton: July 21, 1936, along Razorhone Creek, H.
H. Ross.

Rhyacophila manistee new species

Belonging to the same small group as

minora Banks, this species differs from

it in the narrower tenth tergite and in

the arrangement of the dorsal setae at

the apex of the oedagus in two regular,

parenthesislike bands, fig. 5.

Male.—Length 9 mm. Color dark

brown, the legs below coxae yellowish

brown, the wings with membrane lighter

than the venation, with slightly lighter

spots at the ends of the apical cells;

most of setae dark brown, intermixed

with patches of golden setae.

General structure typical for genus.

Genitalia as in fig. 5. Tenth tergite,

seen from above, almost twice as long

as wide, the apex divided into two short,

somewhat pointed lobes; laterally tergite

is produced into a postero-ventral lobe

with the apex pointed. Claspers with api-

cal segment slightly shorter than basal

one; basal segment almost twice as long

as wide, the ventral margin straight;

apical segment of ventral margin straight

at base and upturned at apex; dorsal

margin sinuate, so that the clasper is

rounded off to a short apical lobe.

Oedagus composed of two distinct

parts: (1) a short compact basal portion

which is sclerotized and has one ventral

and three short, apical dorsal projec-

tions and (2) a membranous extensile

tube at the apex of which is situated a

semisclerotized ovate structure which is

hollowed out dorsally and has a con-

spicuous band of small, black setae

bordering margin of depression.

Female.—Length 10 mm. Color and
general structure same as for male.

Genitalia very simple; eighth segment

cf Genitalia

Fig. 5.

—

Rhyacophila manistee

tubular, tapering evenly from base to

apex; the remaining segments of the ab-

domen extensile, tubular and sub-

membranous.
Holotype, male.—Grayling, Michigan: May

21, 1936, along Manistee River near town,
Prison & Ross.

Allotype, female.—Same data as for holo-

type.

Paratypes.—Michigan.—Grayling: Same
data as for holotvpe and allotype, 74 cf, 569.

Lovells: May 22, '1936, along Au Sable River,
Prison & Ross, 3(^.

Rhyacophila melita new species

This is distinct from all other North
American species not only in the poorly

set off and ovate terminal segment of
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the clasper but also in the oedagus with
its short, heavy, five-tined process,

shown in fig. 6.

Male.—Length 11.5 mm. Head dark
brown with setiferous warts and anten-
nae light brown. Remainder of body

c? Genitalia

Fig. 6. - Rhyacophila ynelita

dark brown, with the legs and venter of

the abdomen straw color. Wings uni-

formly brown, the veins and stigmal

region darker.

General structure same as for genus,

the diagnostic differences being almost

entirely in the genitalia. Genitalia as in

fig. 6. Seventh sternite with the small,

triangular mesa! projection just above
apex. Ninth segment cylindrical, onK-

slightly longer dorsally than ventrally.

Claspers only one-tenth longer than

depth of ninth segment; the basal seg-

ment has the ventral margin slighth'

more than twice as long as the dorsal

margin, the two being parallel; the

apical segment, viewed lateralh', appears

egg shaped, the dorsal side longer than

the ventral side, the basal suture in-

distinct dorsally, the inner margin with

the dorso-basal region thickly set with

long, stout setae. Tenth tergite, viewed
laterally, appears short and beaklike;

the dorsal aspect is divided into two
halves, each one tapering toward apex
and produced near meson into a short,

pointed projection; the entire surface is

sparsely set with setae. Oedagus as

illustrated, the ventral process con-

sisting of a narrow mesal style with a

pair of semimembranous flaps at base;

the dorsal portion is a heavily sclerotized

structure with a single mesal spine at

base and with the apex divided into a

pair of bifid processes.

Holotype, male.—Crawford County, Miclii-

yan: June 16, 1935, north branch ot Au Sable
River", J. \V. Leonard.

Rhyacophila perda new species

This species closely resembles monlana
Carpenter and lobifera Betten, but
differs from both in the dorsal prolonga-

tion of the ninth segment which con-

sequently overhangs the basal segment
of the clasper.

Male.—Length 13 mm. Head with
lower portion yellowish brown, dorsal

portion black with setiferous warts
brown, antennae brown with a tawny
ring at the base of each segment. Thorax
light brown with the scutal lobes darker
in the middle. Abdomen yellowish

brown, the dorsum with a purplish

tinge. Legs entirely yellowish brown.
Wings completely infuscate with pur-

plish brown, the veins darker; the mem-
brane around the edge of the wing and
in the radial area has small pale areas

which do not contrast much with the

darker part of the wing.

General characteristics same as for

genus. Front wing with fork of Ri+.i

slightly before fork of R4+S. Genitalia

as in fig. 7. Ninth segment with the

dorsal portion twice as long as the ven-
tral half and forming a quadrate angle

into which fits the basal segment of the

clasper. Clasper (lateral view) with
basal half slightly longer than its width
at apex; both upper and lower margins
concave. Apical segment with its

greatest diagonal length almost equal
to basal segment and with a dorso-

apical incision which forms a long,

narrow dorsal lobe and a wide, truncate

ventral lobe iuttina: out considerablv

Genitalia

Fig. 7. Rhyacuphila perdu
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beyond the dorsal lobe; the entire

lateral face sunken except for the dorsal,

basal and ventral margins. Tenth

tergite fitting beneath meso-dorsal pro-

jection of ninth; it is a relatively small,

padlike area, appearing somewhat heart-

shaped when viewed from above and as

a plate when seen from the side. Oeda-

gus has apical portion composed of two

main parts: (1) a pair of slender lateral

appendages set with small setae at apex

and (2) a mesal sclerotized process

which bears approximately the same
parts as illustrated for fenestra but

which have become so completely fused

that they appear as a single structure.

Holotype, male.—Mount Baker, Washing-

ton: July 21, 1936, along Razorhone Creek,

H. H. Ross.

Agapetus artesus new species

Practically identical with minutus and
////;// in size and general characteristics,

this species differs in the short tenth

tergite, particularly the vasiform side

Fig. 8.

—

Agapetus artesus

pieces or lateral pieces which have no

spines on their distal margin.

Male.—Length 5 mm. Color identi-

cal with illini (see below), the body
brown and the legs a lighter shade.

General characteristics, such as spurs,

antennae, ocelli and wings, typical of

genus. The abdomen has the usual

ovate organ on the fifth sternite and the

long tapering process on the sixth.

Genitalia as in fig. 8. Claspers short

and deep; seen from the ventral aspect

they appear to have a wide base and
abruptly narrowed apex, the apical

half having a pair of dark, sclerotized

points, the larger on the ventral margin,

the smaller near the dorsal margin, the

two connected by a sclerotized ridge.

Tenth tergite composed of two vasi-

form lateral plates markedly narrowed
and pointed at apex, connected by mem-
branous folds. Cerci narrow at base,

broader and almost truncate at apex;

slightly more than one-third the length

of the claspers, pointed latero-caudad

and with a cluster of long setae on their

lateral face. Oedagus simple with the

apex slightly enlarged.

Female.—Slightly larger than male,

similar to it in color and general struc-

ture. To date no distinguishing charac-

ters have been found between this female

and that of iUini.

Holotype, male.—Greer Spring, Missouri:

June 7, 1937, H. H. Ross.

Allotype, female.—Same data as for holo-

type.

Paratypes.—Missouri.—Greer Spring: Mar.
28, 1937, T. H. Frison, 1 cf ; same data as for

holotype, 1 cf, 3 9

Agapetus illini new species

This species is indistinguishable from

minutus except on the basis of genitalia.

It is characterized by the longer tenth

tergite with a smaller cluster of spines

at its apex and a short apical spur on the

clasper, fig. 9.

Male.—Length 5 mm. Body dark

brown, clothed with brown setae. Legs

with basal half dark brown, apical half

lighter, clothed with straw colored setae.

Wings dark brown with slightly lighter

setae. Spurs, antennae, ocelli and wings

typical of genus. Fifth sternite with a

bulbous organ and sixth with a stout

mesal projection which is slightly longer

than the segment itself.

Genitalia as in fig. 9. Claspers nar-

rowed toward apex, the upper margin

convex; the mesal margin armed with

two heavily sclerotized points, one on

the dorsal and one on the ventral mar-

gin, connected by a sclerotized ridge.

Cerci curved outward and bearing on

their lateral surface long setae. Tenth
tergite composed of a dorsal membran-
ous region and a pair of ventro-lateral

sclerotized plates; these are truncate at

the apex, which is armed with many
spiny projections; the tenth tergite has

at its base a pair of dorso-lateral

sclerotized projections which can be

readily seen only from the dorsal aspect.

Female.—Slightly larger than male,
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Fig. 9.

—

Agapetus illini

similar to it in color and general struc-

ture; middle tibia and basi-tarsus com-
pressed. Filth, sixth and seventh stern-

ites with a crescentic ridge running from
the baso-lateral corner through the

meso-apical region. Sixth sternite with
a definite mesal projection at apex.

Genitalia consists of a simple type of

sclerotized tube with the apical seg-

ments invaginated.
Holytype, male.—Herod, Illinois: May 1,

19,^6, Ross cV- Mohr.
Allotype, female.—Same data as tor holo-

type.

Paratypes.— Illinois.—Eichorn: May 11,

1935, C. O. Mohr, 4cf. Herod: Same data as

for holotvpe, 24 d'; May 29, 1928, along
Gibbons Creek, T. H. Prison, llcT; May 10,

1935, C. O. Mohr, 11 cf, 19: May 29,

1935, Ross & Mohr, 11 cf, 79; July 11, 1935,
Ross & DeLong, 1 cT ; May 12, 1936, Mohr &
Burks, 7cr, 39; May 13, 1937, Prison & Ross,

70cf , 7?.

Agapetus medicus new species

Another species indistinguishable from
the miniitus group on the basis of general

characteristics but radically different on
the basis of genitalia, having the claspers

long and truncate and the tenth tergite

also long and truncate but lacking the

apical dentation of minntiis and illini.

Male.—Length 5 mm. Color and
general structure as given for illini.

.'Abdomen and genitalia as in fig. 10.

Tenth tergite bilobed from base, each
lateral lobe long and deep but narrow;
truncate at the apex and bladelike, the

ventral and apical margins without
serrations or teeth, the upper margins
concave and joined by membranous
folds. Cerci slender and slightly sinuate;

the apex narrowly rounded and the dor-
sal half bearing a cluster of long, slender

setae; the appendage attaining half the
length of the lobes of the tenth tergite.

Claspers, seen from the side, rectangu-
lar, four times as long as high, the apex
truncate except for a slight production
near ventral margin and having a

sclerotized ridge running across the

mesal face at apex. Seen from above,
the clasper is fairly uniform in thickness

for about three-fifths its length, beyond
which it tapers to a rounded tip rein-

forced mesally by the apical sclerotized

ridge. The oedagus is a simple tube, as

in the other species of the group.

d" Genitalia

Fig. 10. Anapelui medicus

Holotype, male.—McFadden Springs, .Ar-

kansas: June 5, 1937, H. H. Ross.

Paratypes.—.Arkansas.—Same data as for

holotype, ic^

.

Agapetus pinatus new species

.Although this species is indistinguish-

able from some previously described

forms in color and general structure,

the genitalia are markedly different.

Male.—Length 5 mm. Body light

brown, the antennae and legs even

paler. Color and general characteristics

same as for other members of the genus.

Genitalia as in fig. 11. Claspers long

and narrow. Seen from ventral view,

they appear to have a rather long, rec-

tangular basal portion tapering to a

fairly sharp point; the sclerotized points

on either side of the mesal ridge appear

almost in line from this aspect. Tenth
tergite with a dorsal semisclerotized

portion composed of two flat plates

obliquely truncate at apex anei almost
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Fig. 11.

—

Agapetus pinaius

touching on the meson; and with a

ventral portion consisting of two long,

sclerotized rods fused at the base with

this dorsal portion and extending con-

siderably beyond it, their apices abrupt-

ly turned dorso-laterad and divided into

two lobes visible from the dorsal aspect.

The lateral one ot these apical lobes is

divided into two small points, the mesal

one clavate with several small, spiny

processes. Cerci long, curved outward
near apex and having a cluster of long

setae along their dorso-lateral margin.

The cerci and the ventral rods of the

tenth tergite seem to be fused with each
other and with the remainder of the

tenth tergite at their base. Oedagus
simple, composed of a basal tube in

which articulates a slender sclerotized

rod.

Holotype, male.—Elkmont, Tennessee: June
12, 1935, H. H. Ross.

Agapetus debilis new species

This species is readily distinguished

from other members of the group by the

long and bidigitate claspers combined
with the short tenth tergite.

Male.—Length 6 mm. Body dark
brown; the raised areas of the head and
thorax, most of the anterior aspect of
the head and legs below coxae straw
color (except spurs, which are dark
brown). Wings uniformly dark brown,
the veins darker than the membrane.

General characteristics as forjgenus
except as follows: Front wings with

radial crossvein oblique but with vein

R2+3 hardly at all angled at that point;

base without a large specialized area

such as in Glossosoma. Legs with tibial

spurs very long, all of them simple,

their count being 2-4-4. Fifth sternite

of abdomen without the usual compli-

cated platelike appendage but with a

raised area on each side connected by a

raised line which runs transversely

across the segment about one-third the

distance from the apex. Sternites 6 and
7 with only small raised processes ending

in a small point at apex.

Genitalia as in fig. 12. Ninth segment
cylindrical. Tenth tergite divided on
meson for almost its entire length. Seen

from lateral view, it appears wide at

base, gradually tapering to a narrow,

depressed, blunt apex; seen from above,

the apices seem to diverge slightly from

the main axis of the segment. Claspers

very long, projecting three-fourths of

Fig. 12.

—

JgnpclHS debilis

their length beyond the remainder of

the genitalia; the basal portion, or

"handle" (comprising .6 of the entire

length), is bowed, increasing in depth

beyond the middle of the arc. Beyond
this "handle" the clasper is divided

into two long, fingerlike processes, both

of them almost straight, the upper one

slightly fusiform, the lower one tapering

slightly from base to apex, each one
surmounted by a group of setae, the

setae on the dorsal process modified into

flat spindles. The entire clasper is

covered with scattered setae, those on

the "handle" longest; it is concave

mesally and turned in so that the ventral

margin is considerably mesad of the
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dorsal margin. Oedagus and its as-

semblage very small, composed of short,

needlelike processes articulating as a

group with the tenth tergite andcTaspers.
Holotype, male.—Logan Canvon, Utah: June

27, 1937, \V. P. Nye.

This species brings up some interest-

ing questions in relation to the genera
ot the Glossosomatinae. It is placed
here in Jgapetns but lacks the lateral

plate on the fifth segment, which con-
dition should exclude it from Agapetus.
On the other hand, the straight tibial

spur excludes it from Mystrophora anti

the lack of a callosity on the front wing
wing excludes it from Glossosonia. The
venation, especially the oblique radial

crossvein, is somewhat suggestive of
Mystrophora. Here, then, we have a
species set oft' from almost every known
genus in the subfamily by the lack of a

specialized development of the male.
It may well be that a new genus should
be erected for this. At present I am
placing it in Agapetiis on the basis of
general resemblance of genitalia. I be-
lieve, however, that this species should
be set oft" as a distinct subgenus. Per-
haps, when the females are associated
with more species in this group, we
shall find it necessary to express many
of the groups as subgenera and not
genera.

Anagapetus new subgenus

Differs from Agapetiis s. st. in the fol-

lowing characters in the male: Lateral
platelike structures on the fifth abdomi-
nal sternite represented only by small
callous elevations which do not have an
internal lamellate structure. No stern-

ites with long, fingerlike mesal projec-
tions. Front wing with the radial

crossvein diagonal, joining R2+3 just

basad of the fork of this vein. Other
characters typical of the genotype.

Genotype. — Agapetiis debilis new
species (by original designation).

Glossosoma excita nt^ species

This species is distinguished from all

others in the genus by the claspers, which
are very wide at the base and taper to
an apex that appears narrow and up-
turned when viewed from the lateral

cJ Genitalia

OEDAGUS

Fig. 13. ssosomii excUa

aspect anel truncate when seen from the
ventral.

Male.—Length 7 mm. Color and
general structure almost exactly as
described (or veloiia (below), the diagnos-
tic characters occurring chiefly in the
genitalia.

Genitalia as in fig. 13. Genital parts
in repose shielded by lateral extensions
of the ninth segment. Clasper very
broad at base, ventral margin slightly

sinuate, the dorsal margin arcuate, the
clasper narrowing abruptly about two-
thirds the distance from the base and
turned up at its extreme apex; the
ventral margin angled meso-dorsad so
that the clasper has a wide mesal shelf

with its meso-apical corner sharply
angled; only the apex of the clasper has
setae, these relatively short. Tenth
tergite stocky, the dorsal margin de-
clivous, the dorsal part of the apex
forming a sharp, curved process, the
portion beneath this rounded; from the
extreme lateral portion of this region
there arises a pair of cylindrical, tusk-
shaped processes which bear no setae;

mesad of these are a pair of fingerlike

processes only half as long as the lateral

ones and sparsely covered with setae.

Oedagus long and simple, its apex nar-
rowed and pointed, articulating by
two ribbonlike structures which extend
from the extreme base of the oedagus to

near the lateral corner of the claspers.

Holotype, male.— Pringle Falls, Oregon:
May 26, 19JS, N. V. Canova.

Glossosoma velona new species

Although this species is closely re-

lated to the parviiliiiii group, it is readily
distinguished by the shorter cerci and
claspers.
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abruptly angled at its apex, the apex

arising free from the segment. Oedagus

with a large mesal rod articulating with

the tenth tergite at one end and with

the remainder of the oedagus at the

other; from near the base of this struc-

ture arise two stout, sclerotized pro-

cesses which appear almost fused at

their base but are distinct and taper

toward the slender and sharp apex.

Female.—Length 7 mm. Similar in

color and general characteristics to the

male, differing chiefly in that the mid-

tibiae and tarsi are enlarged and flatten-

ed. Genitalia as in fig. 14. Sixth sternite

with a raised meso-apical process.

Eighth sternite produced at the base

into a humplike keel, the apex flattened.

Eighth tergite hoodlike, only slightly

incised dorsally; remainder ofgenitalia

a simple extrusible tube with thin,

sclerotized supporting rods attached to

base of clasper.

Holotype, male.—Centralia, Washington:

July 26, 1936, H. H. Ross.

Allotype, female.—Same data as for holo-

type.

Paratypes.—Montana.—Ennis: July 8,

1936, along Madison River, H. H. Ross, TcT,

39.

Oregon.—Arlington: July 29, 1936, along

Columbia River, H. H. Ross, 19.

Washington.—Same data as for holotype,

19.

Glossosoma verdona new species

The absence of hoodlike projections

of the ninth segment groups this species

with penitum Banks. It differs from

penitum, however, in the ventral portion

of the claspers and the subquadrate

tenth tergite.

Male.—Length 7.5 mm. Color and

general characteristics exactly as de-

scribed for velona. The distinguishing

* CLASPER

Fig. 14.

—

Glossosoma velona

Male.—Length 6.5 mm. Head, in-

cluding palpi and scape, dark brown,

remainder of antennae straw color.

Thorax and abdomen a slightly lighter

shade of brown than the head. Legs

straw color, the coxae and femora fre-

quentlv suffused with brown. Wings

brown,' the portion below the stigrna

slightly darker than the rest, the veins in

this region also darker than the others.

General structure typical for genus as

follows: Antennae slightly shorter than

wing, broadest at base and tapering

greatly to apex. Ocelli well separated

from eye, postocellar region with two

pairs of setiferous warts. Legs with a

spur count of 2-4-4. The spurs on the

front tibiae very short, on the middle

and hind tibiae very long. Venation

typical for genus. Sixth sternite with a

broad, flat ligula arising on meson;

seventh sternite with a small, stubby

process on the meson.

Genitalia as in fig. 14. The entire

assemblage in repose enclosed by a hood-

like extension of the ninth segment.

Claspers with basal half broad, apical

half suddenly narrowed, the apex slightly

clavate and provided with a mesa!

brush of stout setae. Tenth tergite held

at right angles to longitudinal body axis,

divided into two lobes; each of these

has the apical portion sharply pointed

and bears a lateral enlargement which

is probably the cercus; this appendage

has a large tooth at its base and is

(J Genitalia

Fig. 15.

—

Glossosoma verdona
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characteristics occur only in the genital

apparatus.

Genitalia as in fig. 15. Claspers fairly

long, basal half narrow, apical half con-
siderably widened, the apical margin
practically truncate, seen from either

the lateral or ventral aspects; the apical

half clothed with long setae and having
a mesal lobe abundantly provided with
setae. Tenth tergite almost as deep as

long; the meso-apical corner is produced
into a sharp, curved point; the ventral

portion ends in a very broad, curved
point and within this is a flaplike lobe;

the entire structure is sparsely covered
with setae, those on the apical margin
being very Jong. Oedagus anchored at

the base by two ribbonlike, sclerotized

bands which are fashioned laterally near
the base ot the claspers; the apical por-

tion ot the oedagus is composed of two
tapering, sclerotized rods; from the cen-
tral portion of the oedagus arises an erect

process with its apex enlarged into a

knoblike structure which is densely
covered with short, straight setae.

Holotype, male.— Pinedale, Wyoming: July
6, 1936, along Green River north of town,
H. H. Ross.

Paratypes.—Utah.—Big Cottonwood Can-
yon: April 24, 1937, G. K. Knowlton & F. C.
Harmston, 5 d'

.

Wyoming.—Same data as for holotype, 2c?'.

The five paratypes from Utah differ

trom the others in being uniformly
darker in color, and in having the dorso-
mesal point of the tenth tergite of the
male reduced or absent. The extreme
similarity of all other points of the
genitalia leaves no doubt, however, that
the two series are the same species.

Paragapetus celsus new species

This species is most closely related to

nearcticus Banks, but differs in lacking
a long, palmate dorsal process on the
tenth tergite.

Male.—Length 4 mm. Color, in-

cluding wings, legs and other ap-
pendages, uniformly blackish brown.

General structure: Antennae about
24-segmented, two-thirds length of
lorewing. Maxillary palpi stocky, 5-

segmented, first two segments short,
third subequal in length to first two
together, fourth slightly shorter than

d* Genitalio
DORSAL VIEW

Fig. \6.- Pani^iipeliis celsus

third, fifth slightly shorter than fourth,
pointed at apex, fig. 16. Ocelli present,
the median one situated between anten-
nal sockets, the lateral pair midway
between antennal sockets and posterior
margin of head. Tibial spurs 2-4-4,
none modified. Tarsal claws curved,
fig. 16, all of them similar in shape.
Wings with typical, simple, Rhy-
acophilid venation; front wing with Rs
and M having two symmetrical di-

chotomies; Sci and basal abscissa of Sc2
variable. Abdomen has a sclerotized

thickening just before apex on sternites
5-7; that on the seventh has a small,
pointed thickening on meson.

Genitalia as in fig. 16. Most of the
parts seem fused at the base with the
genital capsule. The lateral margin is

prolonged dorso-apically into a forked
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process; the upper prong ot the fork

bears a row of stout, fairly longsetae on

its dorsal margin, and a long, fingerlike

process branches from its base, which

may he seen dorsally; the lower branch

is shorter, with only a few setae, and is

situated almost directly beneath the

upper. The ventral margin is produced

apically into a pair of lateral lobes

bearing scattered setae on their inner

margin toward apex. Tenth tergite

rounded and slightly upturned at apex.

Oedagus submembranous, short and

thick, with a sclerotized area on its

ventral surface; the apex membranous.

Female.—Length 4.5 mm. Similar

in color and general structure to male.

Abdomen simple in structure. Segments

1-7 normal, remainder retracted into

abdomen to form an extensile tube.

Bursa copulatrix as in fig. 16.

Holotype, male.—Newfound Gap, North

Carolina: lune 13, 1935, along Little Pigeon

River, H."H. Ross.

Allotype, female.—Same data as for holo-

type.

Paratypes.

—

North Carolina.—Same data

as for holotype, 54 d', 109.

Protoptila Banks

On the basis of their small size and
long fringe of hair on the anal margin of

the wings, the small insects belonging

to this genus would key out to the

Hydroptilidae. Certain other charac-

ters, however, such as the immature
stages, lack of setation on the abdomen
and the structure of the male and fe-

male genitalia, present conclusive evi-

dence that the genus belongs in the

Glossosomatinae of the family Rhy-
acophilidae. The adults of Protoptila

may be keyed out from the Hydroptili-

dae on the basis of always having ocelli

which are distant from the eye.

Protoptila jeanae new species

This and the following three species

differ from previously described mem-
bers of the genus in lacking a produced,
furcate apical sternite.

Male.—Length 3.5 mm. Head and
dorsum of body brown; antennae white

with apical eight segments blackish

brown; palpi, legs and venter whitish;

tibial spurs brown; wings brown with a

narrow, white transverse band two-

thirds distance from base.

General structure: Head robust and
ovoid, with a pair of caudal warts, three

prominent ocelli and a pair of larger

warts between the lateral ocelli. Max-
illary palpi five segmented; the first and
second segments subequal and together

subequal to the third; the third, fourth

and fifth subequal; the entire palpus

short and stocky. Antennae filiform,

the two basal segments thicker than the

rest. Tibial spurs 0-3-3. Abdomen
membranous with only few setae except

on genitalia.

Genitalia as in fig. 17. Ninth tergite

incised on margin, the lateral lobes

pointed, fig. 17. Superior appendages

with heavy setae along margins, apex

surmounted by a rounded, sclerotized

process. Claspers sinuate in lateral view,

with no setae, the apex roughened and

dark. Between these two pairs of

appendages are exserted two narrow

and pointed processes, and within the

body can be seen an erect, somewhat
hook-shaped appendage associated with

the oedagus.

Female—Size and general structure

as in male. Apex of abdomen as in fig.

17, the ultimate segment rounded, the

apex bearing a pair of fingerlike pro-

cesses, the surface covered with fine

setae pointing basad. Penultimate seg-

ment broad and short, with two lateral

slits, under which may be seen the

broad, roughened bursa copulatrix.

Holotype, male.—Sevierville, Tennessee:

June 11, 1935, J. A. & H. H. Ross.

Fig. 17.

—

Pioloplilii

jennae
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Allotype, female.—Same data as for holo-

type.

Paratypes.—Kentucky.—Livingston: June
16, 1935, along Rockcastle River, J. A. & H.
H. Ross. 19.

North Carolina.—Cherokee; June 14,

1935, J. A. & H. H. Ross, 21 cj', 39.

Tennessee.—Same data as for holotvpe,

9cr, 39.

Protoptila erotica new species

In characters of tibial spurs and ven-
ation, this species belongs to the ma-
ciilata group but difters in lacking a

, d" Tergites

Fig. 18.

—

Proloplila erotica

conspicuous and large ventral plate in

the male.

Male.—Length 3.0 mm. Color and
general structure typical for genus.

Middle and hind tibiae have four spurs
of about equal length. Hind wings ex-

cavated along the anterior margin be-

yond the middle of the wing.

Genitalia as in fig. 18. Tenth tergite

divided into two lateral arms which
together appear in somewhat the shape
of a horseshoe. Ventral plate small,

short and narrow, with a few apical

setae. What appear to be the claspers

are short, stubby processes angled at the
apex and closely attached at the base
to a plate bearing a paired mesal process
which protrudes slightly beyond the
claspers. Oedagus large, consisting of a

large knoblike portion within the body
cavity and an exterior portion. This
consists of a central piece, which is

angled and widened near its middle
and tapers to its apex; arising from its

base are two membranous arms, each
bearing an elongate hook sheathed with
membrane around the base.

Female.—Similar in size, color and
general structure to male.

Holotype, male.—Parco, Wyoming: July 5,

1936, along North Platte River, H. H. & j'. A.
Ross.

Allotype, female.—Same data as for holo-
type.

Paratypes.—Illinois.—Momence: May 26,
1936, along Kankakee River, H. H. Ross, 124 d";
Aug. 21, 1936, Ross & Burks, 6cr.

Wisconsin.—Chetek: June 5, 1936, Frison
& Ro.ss, Icf, 3 9. Merrill: July 1 ,1933, along
Wisconsin River, Frison & Mohr, 1 rf". Spooner:
June 5, 1936, along Namekagon River, Frison
& Ross, 1 cf.

Wyoming.—Madison Junction, Yellowstone
National Park: July 8, 1936, H. H. Ross, along
Gibbon River, 5 cf. Parco: Same data as for holo-

type, 8cr.

Protoptila cantha new species

Differs from other members of the

genus in combining the characters of a

single preapical spur on the hind tibiae

with an incised hind wing, and in de-

tails of the genitalia.

Male.—Length 3.0 mm. Color and
general structure t\'pical for genus.

Head with only one pair of warts, situ-

ated close to the posterior margin.
Hind wing with anterior margin incised

beyond middle, the wing therefore

saberlike. Middle and hind tibiae with

three short spurs, the single preapical

Ventral Plate

Fig. 19.

—

Proloplila canllui
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spur being the same size as tiie two
apical ones.

Genitalia as in fig. 19. Tenth tergite

horseshoelike, the apices appearing sharp

and stout when seen from the side.

Ventral plate bilobed in the center, the

lateral angles having three small points.

Claspers short, the apex ot each blunt.

Oedagus contained in a hoodlike struc-

ture which is somewhat triangular and
extends the full width of the genital

capsule. Oedagus a simple, heavy,

sclerotized rod sharply bent at the base.

Below the oedagus is a curved mesal

process with a sclerotized dorsal portion

and a membranous ventral border.

Holotype, male.—Parco, Wyoming: Aug. 1,

1936, along North Piatt River, H. H. Ross.

Paratypes.—Idaho.—Caldwell: July 30,

1936, H. H. Ross, along Boise River, Icf.

Maryland.—Plummet's Island: June 24,

1902, H. S. Barber, 8cf

.

Wyoming.—Same data as for holotype, 1 cf.

Protoptila thoracica new species

Distinguished from other members of

the genus by the enlarged scutal lobes

and details of the genitalia.

Male.—Length 3.0 mm. Color and

-:=z:ZJ<S Genitalia / ' <^ Tergite s

Fig. 20.

—

Protoptila thoracica

general characteristics same as tor

genus. Lateral portions of mesoscutum
greatly swollen, each lobe as large as

head. Spur count 0-4-4. Hind wing
with anterior margin only slightly in-

cised beyond middle.

Genitalia as in fig. 20. Apical tergite

long, rectangular and overhanging geni-

talia. Tenth tergite long, forming a

broad horseshoe bearing several large

setae. Ventral plate short, deeply cleft

on meson. Oedagus consists of two rods,

a short, sinuate one and a longer one
with the base bent at a right angle and
the apex flattened and curved; the two
rods are apparently bound together

near the apex with two fine, sclerotized

bands. A broad, triangular sheath sur-

rounds these externally. The claspers

and other ventral sclerites are reduced
and consolidated almost beyond dif-

ferentiation. From them a pair of curved
organs arise, much as in cantha.

Holotype, male.—Boulder, Wyoming: July
6, 1936, along tributary of Big Piney River,

H. H. Ross.

Family HYDROPTILIDAE

Agraylea saltesea new species

Externally this species differs from
multipunctata Curtis in having the

light spots on the wings smaller and in

greater contrast with the dark back-

ground. Structurally the two species

differ in the conical process on the

seventh sternite and in the shape of the

claspers, which in this new species have
a smaller mesal point and a much larger

lateral expanse, fig. 21.

Male.—Length 5.5 mm. Color of

head, body and appendages dark brown,

the basal segments of the antennae and
most of the legs below the coxae yellow-

ish brown, the pubescence on these

parts tawny yellow. Wings uniformly

dark brown with several cream colored

spots as follows: a large one below

stigma, a large one on the middle of the

caudal margin, a small one at apex of

discal cell and about eight small ones

each situated at the apex of one of the

apical cells.

General structure, including venation,

ocelli and tibial spurs, as for genus.

Seventh sternite with a short, smooth
conical process on meson of apical

margin. Genitalia as in fig. 21. Claspers

somewhat auriculate, the caudo-mesal

angle produced into a short, sharp

process, the lateral portion wide, the

entire surface clothed with relatively

abundant setae. Above and closely

associated with the claspers is a pair of
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c? Genitalia

Fig. 21. .-/gray/ea sa/leseti

sinuate appendages (probably cerci)

bearing a number of well separated
setae at their apex; these extend con-
siderably beyond the claspers. Above
these and below the oedagus is a sclero-

tized rod which (seen from lateral view)
appears bent downward at almost a

right angle; this has practically no setae

on it and forms a sheath for the oedagus.
Oedagus with the basal portion shorter

than the apical portion; its margins
irregular and sinuate and gradually

tapering to the neck; apical portion

somewhat bulbous at base, then gradu-
ally tapering to a constriction and be-

yond this expanding again into a cuplike

structure; within this is a sclerotized

rod running through a circular opening
which is above the neck; opposite this

opening there originates a spiral ap-
pendage which circles the oedagus com-
pletely and then runs toward its apex.

Holotype, male.—Saltese, Montana: July 7,

1936, H. H. Ross.

Stactobia brustia new species

This species differs from the geno-
type in lacking well-defined cerci and in

the crook-shaped apex of the oedagus.

Male.—Similar in size, color and

general characteristics, such as spur
count, position ot ocelli, etc., to geno-
type. Genitalia as in fig. 22. Tenth
tergite consists of a large membranous
hood, indistinctly divided transversely

and bearing a few small setae scattered

along this division and two large ones
near the ventro-basal corner. Ventral
plate heavy, bearing three whiskerlike

brushes of setae, although their bases

are not segregated into patches; the

apex of the plate is turned up. Oedagus
long and slender, its apex hooked. The
internal support ot the genitalia is long,

consisting of two long, ventro-lateral

rods with a wide, sclerotized arch form-
ing a dorsal bridge between them. The
ends ot this support join the sides of the

ventral plate. This plate is provided
with sclerotized supports.

Fig. 22.— Slaclobia brustia

Holotype, male.—Parco, Wyoming: July
5, 1936, along North Platte River, H. H. Ross.

Stactobia delira new species

This species may be separated trom its

congeners by the long claspers and the

unique, spicate mesal process above
them, fig. 23.

Male.—Length 3 mm. Color of head
and thorax golden brown. Abdomen
pallid with the characteristic dark
dorsal pattern. Antennae and legs

pallid, almost colorless. Wings gray,

the close hairs forming a dark gray
background crossed transversely by
two light bands situated respectively
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Genitalia

Fig. 23.

—

Staclobia delira

one-third and two-thirds the distance

from the base to the apex of the wing.

General structure same as for genus.

Genitalia as in fig. 23. Claspers long and

slender, hooked dorsad at extreme tip,

with only a few minute setae on apical

portion. Above these is a pair of short,

hooklike appendages (probably cerci)

produced laterally into a thumblike

process bearing a dense cluster of long

setae. Above and between the base of

the claspers is a stout, curved tenth

tergite which is spicate, from ventral

view. The internal skelton of the geni-

talia is similar in most respects to that

of brustia, consisting of two long ventral

arms with a curved, platelike roof oyer

the apical portion. Oedagus is fairly

long and straight, the basal end flute-

shaped, the apex divided into a pair of

submembranous lateral lobes and a

sclerotized mesal process through which

the true penis runs; below this apical

structure is a pair of threadlike muscle

attachments.
Holotype, male.—Spooner, Wisconsin: June

.S, 1936, along Namakagon River, Prison &
Ross.

Paratypes.—Wisconsin.—Same data as for

holotype, 7 cT •

Stactobia palmata new species

The male is set off from other mem-
bers of the genus by the digitate proc-

esses above the claspers.

Male.—Length and general charac-

teristics as in the two preceding species.

Color similar to species of Hydroptila,

the species in life appearing a salt-and-

pepper combination of light and dark J

grays because of the irregular pattern of
|

these colors on the head, thorax and

wings.

Abdomen and genitalia as in fig. 24.

Sternites without mesal processes.

Claspers curved, short, directed ven-

trally and with abundant setae on

apical portion. Above them arise a

pair of trifurcate processes whose bases

curve so that the handlike apices almost

meet on the meson below the oedagus.

Just below the oedagus is a short

"transverse plate. Oedagus long and

slender, without armature, but slightly

narrowed at apex. Above it there seem

to be only copious folds of membrane.

The tenth tergite is entirely membran-

ous. The internal, sclerotized portion ot

the genitalia is long and bridgelike.

Fig. 24.— Stactobia palmata

forming a broad, shallow structure under

the dorsal surface of the abdomen.

Female.—Size, color and general

structure same as in male. Abdomen
typical of the family, with the terminal

segments forming a long extensible tube

braced along the lateral margins by in-

ternal, sclerotized rods. Bursa copulatrix

similar in general structure to that of

Hydroptila, but differing in outline, fig.

24.

Holotype, male.— Merrill, Wisconsin: June

18, 1934, along Wisconsin River, Prison &
Mohr.

Allotype, female.—Same data as for holo-

type.

Paratypes.— Illinois.—Kankakee: June
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6, 1935, along Kankakee River, Re
2&.

.Si Mohr,

Kentickv.—Livingston: June 16, 1935,
along Rockcastle River, H. H. Ross, 2d', 19.

Tennessee.—Gatlinburg: June 12, 1935,
along Little Pigeon River, H. H. Ross, 14 cf,

79.

Wisconsin.—Same data as for holotvpe,

&&, 309.

Oxyethira aeola new species

The arcuate dorsal plate of the male
and the approximate internal arms of
the female genitalia distinguish this

species from all others described in the

genus.

Male.—Size, color and general char-

acteristics as described for members of

the genus.

Genitalia as in fig. 25. Seventh ster-

nite with a large, pointed process on the
meson. Eighth segmept produced into

wide lateral lobes which are deeply
incised dorsally. Tenth tergite arcuate,

angling ventrad and extending just

beyond the other parts. Ventral plate

truncate. Claspers broad but short,

their extreme apex conical. Above them
arise a pair of smooth, sinuate append-
ages composed of one segment and
tipped with a long, slender seta. Oedagus
composed of an outer sheath, tubular
at base, the sclerotized portion narrow-
ing at apex to a thin mesal strip bearing
dorsally an extensive membranous area
which overlaps the sclerotized strip

laterally; within this outer structure is a

long, sinuate, slender, sclerotized rod,

probably representing the true func-
tional penis.

Female.—Similar in size, color and
general characteristics to the male.
Genitalia resembling other species of
the genus in general pattern, fig. 25.

Eighth sternite emarginate on meson.
The ninth sternite is represented by an
ovoid, sclerotized area, bearing a pair

of internal dorsal arms which project
into the eighth segment. The bursa
copulatrix is small and vasiform, con-
nected with the ninth sternite by a

membranous fold.

Holotype, male.—Vancouver, British Co-
lumbia: julv 20, 1936, along Sevmour Creek,
H. H. Ross.

Allotype, female.—Same data as for holo-
type.

Fig. 25.

—

Oxyelhira aeola

Paratype.— British Columbia.—Same data
as for holotype, 1 cf

.

Oxyethira serrata new species

Differs from described members of the
genus in the serrate dorso-lateral pro-
cesses and other characters of the
genitalia.

Male.—Length 2.8 mm. Color and
general characteristics apparently iden-
tical with other members of the genus.

Genitalia as in fig. 26. Seventh stern-

ite has a simple median process on apical

margin. Apical margin of eighth
sternite deeply and angularly incised.

Dorso-lateral processes have lower mar-
gin curved, upper margin serrate, taper-
ing to a smooth, upturned tip. Ventro-
lateral processes, probably the true

claspers, with dorsal margin straight,

ventral margin concave and setate,

the apex deeply excavated to form an
apical, upturned hook. Situated along-

side the meson and above the claspers

is a stout process, the tenth tergite,

forming a blunt hook. Below this are
two small, semimembranous lobes, each
bearing a stylelike process on its caudo-
lateral angle. Oedagus has basal tube
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q Sternites/

Fig. 26.

—

Oxyelhira serrala

short, apical portion long, with tip

mostly membranous and blunt; spiral

process ribbonlike, encircling tube once.

Female.—Size, color and general

characteristics same as in male. Gen-
ital characters as in fig. 26.

Holotype, male.—Fox Lake, Illinois: July

15, 1Q3,S, at light in town, DeLong & Ross.

Allotype, female.—Same data as for holo-

type.

Paratypes.—Illinois.—Antioch: Julv 7,

1932, Prison & Metcalf, 4cf, 329; May 27,

1936, along Channel Lake, H. H. Ross, 15 cf,

59. Fox Lake: .Same data as for holotvpe,

175cf , 2509; May 28, 1936, H. H. Ross, 64cf

,

19; June 10, 1936, Ross & Burks, Icf. Johns-
burg: May 28, 1936, along Fox River, H. H.
Ross, 85 cf, 159.

Michigan.—Houghton Lake: June 15-18,

1935, T. H. Frison, 47c?', 2009.

Wisconsin.—Spooner: June 5-6, 1936,

along Namakagon River, Frison & Ross, 2cf.

Oxythira verna new species

This species is readily distinguished

from all other North American species

of the genus by the peculiar shape of

the oedagus, fig. 27, which has a slender

curved tip and a digitate tooth at the

point of constriction of the oedagus.

Male.—Length 2.7 mm. Color of

head dark brown, of body light brown.

Wings mottled with a salt-and-pepper

mixture of cream and brown spots,

without conspicuous striping or spot

arrangement.

General characteristics as for genus,

including spur count, position of ocelli

and the narrowed apex of the forewing.

Abdomen without conspicuous processes

on the sixth to eighth sternites. Eighth
sternite deeply incised on the dorsum
and incised for one-third its length on the

venter, so that this segment is repre-

sented chiefly by two lateral areas which
flank the genital capsule. These lateral

plates have the dorsal margin slightly

sinuate, the apical corner with a cir-

cular emargination forming a sharp

corner on both the dorsal and caudal

margins; the caudal margin is slightly

emarginate and shelves off into a

diagonal caudo-ventral portion which

joins the ventral margin.

Genitalia as in fig. 27. The endoskele-

Fig. 27.

—

Oxyethira verna
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ton of the genital capsule forms a short,

round dorsal lobe and a very long,

slender and pointed ventral lobe which

extends normally to the sixth segment.

Claspers short and stocky, tuseel on the

meson, the lateral portions produced
into a pair of prominent lobes separated

by a concave mesal portion. Tenth
tergite with base sinuate and apex form-

ing a flat plate; the apical margin
arcuate except for the sharp corners of

the lateral angle; from the base of this

arise a pair of semimembranous smooth
appendages which have a sinuate base

and are tipped with a long seta. Oeda-
gus with the basal portion wide and
gradually tapering to the neck; the

apical portion is broad at the base but

tapers suddenly to form a filamentous

rod which is curved at the extreme apex;

at the point of constriction there is a

large sclerotized digitate process which
is half the length of the filamentous

portion of the oedagus.

Holotype, male.—Spring Grove, Illinois:

June 12, 19.?6, Ross & Burks.

Neotrichia falca new species

Closely related to collata Morton,
but differentiated on the basis of a

shorter basal tube on the oedagus and
other details of hooks and processes on
the apical portion of the oedagus.

Male.—Size 2.5 mm. Color a salt-

and-pepper mixture of cream and brown
spotting over the entire body and wings.

General characteristics typical for genus;

diagnostic characters apparently re-

stricted to genitalia.

Genitalia as in fig. 28. Tenth tergite

membranous, having lateral faces which
make a distinct angle with the dorsal

face, and a deep cleft on the meson.
Below this is a pair of membranous
lobes lying beside the oedagus, each
lobe surmounted by a bristle. Claspers

bladelike, short and stocky, set with
fairly numerous setae. Ventral plate

divided into two halves, each short and
heavily sclerotized; each having apex
sinuate and a heavy ventral projection

near the middle of the mesal side.

Oedagus with basal portion of tube

Fig. 28.

—

Neotrichia

falca

widely flared, about
a third as long as nar-

row portion; apical

portion consists of ( 1

)

a narrow stem with

(2) a pair of stout,

dark hooks set in a

dorsal excavation and
(3) a stout process

arising dorsally from
below this and ex-
ten c1 i n g almost to

apex of hooks. These
dark hooks seem to

be set in place quite

rigidly with no artic-

ulation other than
connective membrane.

Holotype, male.— Muncie, Illinois: Sept.
20, 1Q35, along Stony Creek, Prison & Mohr.

Neotrichia vibrans new species

The curiously shaped oedagus, fig. 29,
tlifferentiates the male of this species
from all others in the genus. Reliable
characters for separating the females
have not yet been discovered.

Male.—Size 2 mm. Head and its

appendages, thorax and legs pale yellow;
the front tibiae covered with black
setae; antennae covered with black hair,

except apical four segments, which are

white. Abdomen gray. Wings covered
with patches of black, brown and white,
typical for genus.

General characteristics same as for

genus. Eighth sternite with a rounded
mesal projection on apical margin.
Genitalia as in fig. 29, bearing three sets

of paired appendages: a dorsal pair,

d, diverging and angling ventrad, thin,

pointed at apex and without setae; a

middle pair, ;«, short, stocky at base
with the apex curved meso-ventrad and
armed with one or two small setae; and
a ventral pair, the claspers, somewhat
irregular in shape, pointing caudad,
slightly concave on their inner margin,
and beset with sparse, fine setae. Be-
tween the bases of the claspers is a pair

of ringlike areas, whose mesal margin
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Fig. 29.

—

Neolrichia vihnins

bears small raised portions. Oedagus

with a very wide basal cylinder which

tapers to a narrow neck; the apical

portion is not much thicker than the

neck and is slightly enlarged at apex

into an ovoid structure bearing two

long setae; the neck gives rise to a long,

thin filament which curves around the

apical portion.

Holotype, male.—Oakwood, Illinois: Sept.

7, 1936, along Middle Fork River, DeLong &
Ross.

Polytrichia shawnee new species

Resembles very closely tarsalis

(Hagen), but differs in the shape of the

genitalia, fig. 30.

Male.—Length 3 mm. In general,

color brown. Head and antennae almost

entirely dark brown; thorax and ab-

domen mottled brown and whitish.

Legs luteous with spurs. Mid and hind

tarsi and most of hind tibiae blackish.

Wings blackish brown, with a narrow,

whitish band just before middle; a white

spot on the costal and anal margins

two-thirds distance from base, and a

white spot at extreme apex.

General structure same as for genus.

OceUi large; antennae filiform, long and

slender, reaching apex of abdomen.
Apical tibial spurs short and stout.

Preapical spur on mid tibiae short and

stout; shorter one on hind tibiae the

same length; longer one twice that

length.

Genitalia as in fig. 30. Claspers almost

identical with those o{ tarsalis \ t\\^ two

slightly different, armed within with

stout, short, dentiform setae. Oedagus

long, slender and enlarged at apex,

without armature. Dorsal aspect bears

pair of complex appendages; the right

one has a long, thin process before

middle, is curled in clockspring fashion

near apex and ends in a stout tooth

set off by a basal suture; the left one

bears near base a very long process,

beyond this a mesal lobe terminating in

a densely sclerotized point, and narrows

at its apex to an upturned point.

Female.—Similar in size, color and

general structure to male. External

genital structure similar to that of most

members of the family; bursa copulatrix

long and slender.

Holotype, male.—Herod, Illinois: May 29,

1935, Ross & Mohr.

~^ Gfnitalia

Fig. 30.

—

Polytrichia shawnee

Allotype, female.—Same data as for holo-

type.

Paratypes.—Illinois.—Same data as for

holotype, 11 cf , 69.

Polytrichia stylata new species

Indistinguishable from shawnee ex-

cept for the dorsal aggregate of stylets

on the genitalia, fig. 31. The diagnostic
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/Ncf Dorsal Complo

Fig. 31. Polylrichi

stvlala

characters are as follows: Left process

with a small tooth near base, its apex
produced into a sinuate, narrow stylet;

right process stouter, partially hidden
under the "plate" of the left process,

the apex pigmented and crossing be-

neath apex of left process; the right

process has a strong tooth arising untler

the "plate"; at the base of the two
processes is a large, dark tooth slightly

sinuate at its apex. Reliable characters

tor separating the females have not yet

been unearthed.

Holotype, male.— Karson, Wvomirm: (uly

6, 19,16, along Little Sandy Creeic, H. H. Ross.

Allotype, female.—Same data as for holo-

type.

Paratypes.—Mo.ntana.— Knnis: Julv 8,

19,?6, along Madison River, H. H. Ross, id.
Oklahoma.—Turner Falls State Park: lune

2, 19.?7, along Honey Creek, H. H. Ross, U<S'.

WvoMiNG.—Same data as for holotvpe, Itf',

19.

Polytrichia oregona new species

Belonging to the section of the genus
containing confiisa Morton, this species

differs from Morton's illustrations in the

long mesal process of the left clasper anti

other details in the shape of the clasper.

Male.—Length 3.25 mm. Color and
general structure typical for genus, as

described for shawnec. Genitalia as in

fig. 32. Eighth segment sclerotizeil

much more than sixth or seventh, the

dorsal margin almost completely di-

vided by a V-shaped fissure. Dorsal

assemblage of parts compiosed of a

stout left and a lighter right sclerotizeil

rod; these are separated at the base anil

converge to the apex where they are

joined by a membranous fold; at the

base arise three sclerotized points which
curve dorsad, the one toward the apex
being the longest. Claspers asymmetri-
cal; left one, seen from lateral view,

appears sinuate, near the middle with a

long ventral projection which curves

slightly mesad, and at the apex with a

short, sclerotized point which also

curves mesad; right clasper sinuate,

shaped like the left but with no trace

of the ventral process. Seen from the

ventral aspect, each clasper has a cluster

of black spines near the middle, those

on the left clasper situated on the mesal

side, those on the right clasper situ-

ated on the ventro-mesal corner. Oedagus
simple, as illustrated for shawnee.

c? Dorsal Complex
OEXTRAL VIEW

Clasf

Fig. 32.

—

Polytrichia oregona

Holotype, male.—La Grande, Oregon: July

30, 1936, along Grande Ronde River, H. H. Ross.

Polytrichia spinosa new species

Close to confusa and oregona, this

species differs from the latter in having a

black spine pointing mesad in place of

the long process on the left clasper and
from the former in having the dorsal

assemblage of the genitalia short, not

reaching beyond the cluster of spines on
the right clasper.

Male.—Length 2.25 mm. Color and
general structure as described for shaw-

nee. Genitalia as in fig. ii, and similar

in general to the description given for
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Dorsal
Complex

Fig. 33.

—

Polytrichia spinosa

oregona, with the following differences:

Eighth segment with the dorsal fissure

much wider so that the two parts of the

dorsum are well separated. Dorsal
assemblage of genitalia shorter, the in-

dividual sclerotized rods proportionately

shorter and stouter; best seen from a

lateral view. Left clasper sinuate, the

apex with a sclerotized spine pointing

mesad, with a fairly long spine on the

ventral corner and with a cluster of two
black spines just basad of this on the

mesal face; right clasper sinuate, with
a small cluster of three spines on the

mesal face near the ventral corner.

Oedagus same as for shawnee.

Holotype, male.—Turner Falls State Park,
Oklahoma: June 2, 1937, along Honey Creek,
H. H. Ross.

Paratype.—Oklahoma.—Same data as for

holot\'pe, 1 cT.

Pol3rtrichia xena new species

This species is distinguishable from
others in the genus on the basis of the

shart mesal process of the genitalia,

which has no complicated armature.

Male.—Length 2.5 mm. Color whit-

ish; areas on periphery of head, all

mesonotum, metanotum except scutel-

lum, upper portion of pleurae and dorsum
of abdomen brown. Wings dark gray
with a light transverse band just before

middle; legs whitish, the front tibiae

and tarsi clothed with dark setae.

General structure same as in shawnee.

Genitalia as in fig. 34. Genital cap-
sule wide and long but shallow. Ninth
segment twice as long ventrally as dor-
sally, the dorsal margin cut in on meson
so that the segment forms merely a
narrow bridge mesally. Tenth tergite

triangular, apparently fused with the
other appendages of the genitalia aside

from the claspers and oedagus. T^is
entire process is short; the base is se'mi-

sclerotized; the right side of the apex
is mostly membranous and the left side

covered with a sclerotized shield; a

small dorsal tooth lies just below ex-

treme apex; the basal third is striate,

with irregular creases radiating from the
meson. Claspers as long as genital

capsule, slightly upturned with the base
oblique and the apex bluntly pointed;

the inner margin is convex and bears

two brushes of stout, dark setae, one at

the apex and the other just basad of it;

the rest of the clasper is covered with
long, scattered setae. Oedagus very
simple, as illustrated for shawnee, con-
sisting of a narrow filament with the

extreme apex more heavily sclerotized

than the rest.

<S Tergites

cJ Genitalia

Fig. 34.

—

Polytrichia xena

Fig. 35.—Case and larva of Polytrichia xen
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Holotype, male.—Herod, Illinois: May IS,

1937, along Gibbons Creek, Frison & Ross.

Paratypes.— Illinois.—Same data as for

holotype, i &.

The larva in its purselike case, fig. 35,

is one of the commonest "micros"
found in the rocky streams of the Ozark-
ian uplift in southern Illinois.

Hydroptila vala new species

This species differs trom already de-

scribed members of the genus in the

oedagus, fig. 36, with its coiled middle
process and upturned end.

Male.—Length 3.3 mm. Body
brown, with palpi, legs and venter
whitish; patches of white setae on front

of head and some small areas on wings.

General structure typical for genus.
Antennae long, slender and filiform.

Tibial spurs thick and long. Seventh
sternite with a long, slender process of

almost uniform thickness, thickly cloth-

ed with setae and as long as the longer

apical spur on the hind tibia.

Genitalia as in fig. 36. Tenth tergitc

apparently forming two lateral plates

separated by a mesal membranous area.

Lateral plate small and with apex angu-
late. From the mesal side at the base of

the lateral plates arise a pair of semi-
membranous appendages, a, which are

straight to the apex of the claspers and
then abruptly hook upward and back-
ward over the dorsal plate. Claspers
flattened transversely, curving down-
ward, their lateral margin having some
large and some small setae. Oedagus
long, the tubular portion subequal in

length to the portion beyond the spiral

spur; spiral spur encircling tube two
and one-half times; free tip not very
long; apical portion slender and of uni-

form thickness; apex upturned but
without armature.

Female.—Similar in size, color and
general structure to male. Has the
elongate and tubular ovipositor typical

of the genus. Eighth sternite termi-
nated by an arcuate lobe bearing six

long setae; the middle of the segment,
bearing an urnshaped mesal area, shown
in fig. 36. Bursa copulatrix with closed
end elongate.

Holotype, male.—Herod, Illinois: May 29,
1935, Ross & Mohr.

(f Tergites

Fig. 36.- Hydropliln vala

Allotype, female.—Same data as for holo-

type.

Paratypes.— Illinois.—Same data as for

holotype, ISo^, 189.

Hydroptila armata new species

Closely allied to vala, but dif?^ers in

details of the genitalia as given below.

Male.—Similar in size, color and
general structure to vala. Eighth seg-

ment with a long, sinuate process at

apex.

Genitalia as in fig. 37. Tenth tergite

membranous, narrowed toward apex,
with a slight incision on meson, and the

two caudolateral angles produced into

slender, sclerotizcLl processes. Lateral

plate long, narrow and upturned at end.
From within this at base arises a pair

of long, upturned and semimembranous
hooks, a. The left one is longer than
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the right. Claspers long, narrow at

base and thickened toward apex; ex-

treme tip upturned and heavily sclerot-

ized. Entire clasper studded with small
setae; a few large ones on dorsal margin.
Oedagus fairly simple; basal portion
long; apical portion of almost uniform
thickness; apex with a stout transverse
tooth; spiral process encircling tube
twice.

Female.—Similar in color and general
characteristics to male. Eighth sternite

with a crescentic apical lobe bearing six

long and diverging setae; eighth tergite

with a sclerotized apical portion forming
a pair of lateral lobes bearing several

setae, the lobes connected with a

sclerotized bridge and not conspicuously
extended.

Holotype, male.—Winamac, Indiana: May
24, 1937, drainage ditch west of town, H. H.
Ross.

Allotype, female.—Same data as for holo-

type.

Paratypes.—Illinois.—Fox Lake: July
15, 1935, DeLong & Ross, 2cf. Momence:
Aug. 21, 1936, Ross & Burks, 1 cf ; May 24,
1937, H. H. Ross, 7cf. Oakwood: Sept. 20,
1935, along Salt Fork River, DeLong & Ross,
\(f. Spring Grove: Tune 12, 1936, Ross &
Burks, Icf. Wilmington: July 1, 1935, De
Long & Ross, 2d'.

Indiana.—Kankakee State Game Preserve:
May 24, 1937, along Kankakee River, H. H.
Ross, Icf. Winamac; May 24, 1937, drainage
ditch west of town, H. H. Ross, 5^^, 99.

Michigan.— Batavia: May 19, 1936, along

Swan Creek, Frison & Ross, IcT. Clinton:
May 19, 1936, along Raisin River, Frison &
Ross, Id". Goodrich: May 30, 1936, along
Thread River, Frison & Ross, Id".

Wisconsin.—Spooner: June 5, 1936, along
Namakagon River, Frison & Ross, Id'.

Hydroptila amoena new species

Similar in many respects to haiiiata

Morton, but has a more slender process
on the seventh segment, longer and more

d" Genitalia

,
Oedagus

t£

Style of Seventh d" Sternite

Fig. 38.

—

Hydroptila amoena

deeply cleft tenth tergite, oedagus not
curved sharply at tip, as well as other

differences.

Male.—Length 3 mm. Color and
general structure same as for vala.

Seventh sternite has a long, slender proc-

ess with its extreme apex curved out,

enlarged and roughened.
Genitalia as in fig. 38. Tenth tergite

long, mesal portion depressed and in-

cised at apex, lateral portions at first

glance appearing separate and clasper-

like. Remainder of external parts

difficult to determine from the stand-
point of homology, but as illustrated

in fig. 38. Claspers short, stout and
pyramidal, the extreme apex forming a

short, blunt tooth; both claspers ap-
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pressed on meson. Oedagus with basal

tube less than two-thirds length of

apical portion; spiral process short, cir-

cling only halfway around the tube;

the tube divided immediately beyond
this point, the two tubes thus tormetl

progressing side by side to their apex
where they may separate; one of them
becomes smaller toward the apex and
finally terminates as a narrow filament;

the other narrows, then widens again

and finally narrows to a small tip.

Beside the oedagus a small rodlike

structure, .v, has been observed, which is

apparently associated with the oedagus
but which has not been oriented with

certainty.

Holotype, male.—Herod, Illinois: Mav 29,

1935, Ross &' Mohr.

Paratypes.— Illinois.—Herod: April 19,

1937, along Gibbons Creek, Ross & Mohr, Id'.

Oklahoma.—Turner Falls State Park;

June 2, 19.57, along Honey Creek, H. H. Ross,

20 cf.

Hydroptila tortosa new species

This species is a member of the hamata
complex but differs from the other

species of that group in the peculiar

oedagus, fig. 39.

Male.—Length 2.5 mm. Color anti

Style of Seventh <3 Stermite

Fig. 39.

—

Hydroptila lorlaa

general structure same as for anioena

except for the legs, which have the

femora and tibiae dark brown. Seventh
sternite has a long, slender process

clothed at base with long setae, the apex
enlarged but laterally compressed and
having the ventral margin serrate.

Genitalia as in fig. 39. Basal arm of

ninth segment short, no longer than
segment itself. Tenth tergite pointed,

as seen from lateral view; divided into

two ovate lobes, as seen from the dor-

sal view, without setae. Claspers saber-

like, curvecH meso-ventraii and almost
touching on the meson; thickness uni-

form for most ol length, apex pointed,

ventral half with minute setae. Oedagus
very long, the basal portion about equal

in length to the apical portion which
has a heavy, sinuate central stem, the

apex of which is twisted and flattened.

Two slender filamentous processes arise

near base but lIo not extend so far as

the central stem; at the base of the

apical portion is the detached, sclerotized

rod found also in amoena.

Holotype, male.— Lurav, Virginia: Sept. 28,
10.^6, 'I'. H. Frison.

Hydroptila virgata new species

Resembles hamata Morton very close-

ly but differs from it in the tapered

projection of the seventh sternite, fig.

40, the absence of a long style beside the

oedagus and other characters ot the

genitalia.

Male.—Size 3.25 mm. Color and
general structure as in vala. Seventh
sternite with a process three-quarters

the length of the longer apical spur of

the hind tibiae; this process tapered at

base and flattened and turned out at

apex, normally so densely clothed with

wide setae that the shape is obscured,

pjghth sternite with an apical mesal
protuberance which appears angulate

as seen ventrally.

Genitalia as in fig. 40. Lateral lobe

of ninth segment small, outcurved and
pointed at apex. At the base of the

lateral lobe arises a short, tubular pro-

cess, /), bearing a very long seta at apex.

Tenth tergite with apex membranous,
the tip upturned and set off with a

transverse crease; basal portion large

and rounded, the ventro-apical region
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having a patch of short setae. Claspers

sinuate, short and small, with apex

rounded on end and coming to a blunt

point dorsally. Oedagus with basal

tube subequal in length to apical por-

tion beyond spiral; apical portion cylin-

drical, tapering gradually to region near

apex, where it forms a complete S-

shaped curve, at the base of which is a

stubby and membranous protuberance;

spiral process slender, curved around
base of tube almost twice and finally

continuing beside it for half its length.

Female.—Size, color and general

structure same as in male. Bursa
copulatrix with the apex shorter and
stockier than in vala. Penultimate seg-

ment without ventral ornamentation.

Holotype, male.—Herod, Illinois: May 29,

1935, Ross & Mohr.

Allotype, female.—Same data as for holo-

type.

Paratypes.—Illinois.—Eichorn: May 29,

1935, along Hicks Branch, Ross & Mohr, Icf.

Oedagus

Fig. 40.

—

Hydroplila vir^ala

Herod: Same data as for holotvpe, 44 cf,

1609; May 10, 1935, C. O. Mohr.'lcf; May
13, 1937, Prison & Ross, 13 cf.

Hydroptila dentata new species

This species is most closely related to

the delineata group but differs from all

hitherto described species in the lateral,

spurlike setae of the eighth segment.
Male.—Length 2.3 mm. Color and

general structure identical with pre-

ceding species. Eighth segment pro-

Oedagus

<S Genitalia"'

Fig. 41.

—

Hydroptila dentata

duced into a pair of lateral processes,

each armed at apex with four or five

stout, fingerlike setae; the ventral por-

tion of the segment is emarginate on the

meson and produced into a lateral hump
on each side.

Genitalia as in fig. 41. Claspers small,

apex rounded and produced into a

sharp process on the meson, not ex-

tending beyond the lateral lobes of the

eighth sternite. Tenth tergite semi-

membranous and cleft down the meson,
the lateral lobes each tapering to a

threadlike apex which is recurved to

form a bladelike process on each side.

Oedagus short, the basal portion very

wide compared to the threadlike apical

portion. The base of the apical portion

is marked by a slender filament which
encircles the oedagus at this point.

Holotype, male.—Luray, Virginia: Sept.

28, 1936, T. H. Prison.

Paratypes.—Virginia.—Same data as for

holotype, 2 c/'.

Hydroptila grandiosa new species

This species approaches delineata Mor-
ton very closely in most respects but
differs markedly from it in the peglike

setae at the apex of the lateral margin
of the eighth segment and in the heavily

sclerotized, curved appendages of the
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Oeoagus

Fig. 42.

—

Hydroptilii pandiosa

genitalia, fig. 42. The latter separate it

from dentata also.

Male.—Length 3 mm. Color and
general appearance as for other mem-
bers of the genus. Seventh sternite with
a bkmtly pointed mesal spur, short and
more or less inconspicuous. Eighth
sternite incised at apex, each lateral

portion produced into a stout lobe

bearing four or five peglike setae at the

apex. Eighth tergite small and more or

less quadrate; does not extend as far

caudad as the sternite.

Genitalia as in fig. 42. Claspers small,

narrow at apex and broadening out at

base; extreme tip obliquely truncate,

with a slight notch and tooth on lateral

corner. Above the claspers are two long,

sinuate processes which are divergent
toward apex. The tenth tergite is re-

duced to a small triangular sclerite

which is pointed at apex. Articulating

with it are a pair of large, heavily

sclerotized hooks with a very wide base
and long curved tips. The dorsal corner
of the base of each hook is closely con-

nected with the apex ot the dorsal plate,

and the ventral corner is closely asso-

ciated with the sinuate processes below
it. Oedagus small compared to the re-

mainder of the genital capsule, the por-

tion beyond the constriction slender

and gradually tapering to apex; tube
slightly bulbous below constriction, the

spiral rod making a complete revolution

around it and lying along and over the

apical portion to form a somewhat 8-

shaped pattern.

Holotype, male.—Oakwood, Illinois: Sept.
20, 1935, along Salt Fork River, DeLong &
Ross.

Paratypes.— Illinois.—Momence: Mav 24,

1937, along Kankakee River, H. H. Ross,'2c?'.

Oakwood: July 18, 1933, along Salt Fork
River, Ross & Mohr, 2 c?.

Indiana.—DeLong: May 24, 1937, along
Tippecanoe River, H. H. Ross, 13 cf. Knox:
Mav 24, 1937, along Yellow River, H. H. Ross,

Hydroptila ajax new species

A close ally of albicornis Hagen,
differing in details of genitalia^ notably
the different claspers and long, stout

spiral process of the oedagus.

Male.—Length 2.5 mm. Color and
general structure typical for genus.

Oedagus
Fig. 43.

—

Hydroptila ajax

short,Seventh sternite with only
pointed mesal process.

Genitalia as in fig. 43. Lateral lobe of

ninth segment short and rounded.
Tenth tergite entire, but with a pair of

membranous areas dividing it distinctlv
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into one mesal and two lateral lobes.

Claspers turned down at end, with a

pair of dark areas at tip; lateral margin
armed with about six long setae grouped

near apex and having smaller setae

scattered over entire area; footlike base

only slightly produced laterad and not

conspicuously large. Oedagus almost

straight; basal portion regularly tubular

and fully twice length of apical portion;

apical portion round, gently tapering

and with the penis projecting as a thin

rod; articulation with constricted por-

tion apparent but not so well developed

as in albicornis; spiral process stout,

encircling tube one and one-half times.

Female.—Similar in color and general

structure to male. Diagnostic charac-

teristics, fig. 43, as follows: eighth

sternite with a mesal, triangular sclerite

which is much longer than wide; dorsal

margin of eighth segment with incision

humped in middle and ventral margin
sinuate with two or three pairs ot setae

below the emargination.

Holotype, male.—Oakwood, Illinois: July
18, 1933, along Salt Fork River, Ross & Mohr.

Allotype, female.—Same data as for holo-

type.

Paratypes.—Illinois.—Muncie: June 27,

1932, H. H. Ross, at light, lOcT, 129; July 18,

1933, Ross & Mohr, 1 cf ; Sept. 18, 1935, De
Long & Ross, Id". Oakwood: July 18, 1933,

Ross & Mohr, 184 d', 249; July 18, 1933, along
Middle Fork Vermilion River, Ross & Mohr,
1d\ Sept. 20, 1935, DeLong & Ross, \&.

Idaho.—Bear River Narrows: Aug. 8,

1937, G. F. Knowlton, 120^, 169.

Oregon.—LaGrande: July 30, 1936, along
Grande Ronde River, H. H. Ross, Id", 19.

Washington.—Centralia: July 26, 1936,
H. H. Ross, 5cr, 19.

Wyoming.—Farson: July 6, 1936, along
Little Sandy Creek, H. H. Ross, 7d', 49.

Hydroptila scolops new species

In many respects this species is inter-

mediate between albicornis and ajax,

but differs from both in the shape of the

claspers and oedagus.

Clasper
;

Fig. 44.

—

Hydroptila scolops

Male. — Indistinguishable in size,

color and general structure from ajax.

Genitalia, fig. 44, also very similar to

these, the only tangible differences being

in the claspers and oedagus. Claspers

slightly curved ventro-laterad, the apico-

lateral corner produced into a rounded,
corneous projection; apical and lateral

margins set with several small setae;

a smaller number ot setae on the ventral

face; the baso-lateral seta not on a

lateral projection. Oedagus with basal

portion short and flaring, constricted

before robust portion bearing spiral;

apical portion tapering to a thin, curved
apex, one side cut away for nearly half

its length to form a trough in which lies

the apex of the rodlike penis; spiral pro-

cess short, not encircling tube, its apex

very slender and lying close to tube.

Holotype, male.—Shawneetown, Illinois:

May 11, 1935, at light, C. O. Mohr.

Hydroptila melia new species

This species is closest to members ot

the albicornis group but differs from

them in the lengthened claspers and
ninth and tenth tergites.

Male.—Length 3 mm. Color and
general structure same as for genus.

Seventh sternite with a small, pointed

mesal process. Eighth segment only

moderately incised ventrally.

Genital capsule as in fig. 45, its in-

vaginated portion rounded and arcuate

in such a fashion that there is little

asymmetry in the dorsal and ventral

halves. Ninth tergite slightly produced
into a pair of small lobes on the meson,

excavated on either side ot these. Tenth
tergite produced into two long, slerotized

and sharp lateral processes. These two
lobes have their lateral margins slightly

diverging from the base; their mesal

margins almost meet at the base and
between them is a pair of membranous
folds which partially cover the mesal

angle; from the side these lateral pieces

appear relatively shallow, deepest near

base and tapering to a sharp apical

point; both are attached at base by
membrane to an orbicular, sclerotized

mesal plate connected with the ninth

tergite. Claspers long, slightly widened
toward apex, the apical two-thirds

covered with small scattered setae, the
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Fig. iZ.—Hyiiroplila

mesal margin with a slightly produced,
darkly sclerotized point in the middle;
the transverse footlike portion of the

base of the clasper is concealed within
the last segment. Oedagus very long;

portion below neck no longer than por-
tion beyond neck, widening gradually
to a moderately bulbous base; neck
very narrow, not at all bulbous, with
only a faint and thin spiral rod which
encircles the basal portion of the neck;
apical portion of oedagus saber-shaped
and thin, the terminal opening long
because of the extreme obliqueness ot

the apex.

Holotype, male.—Turner Falls State Park,
Oklahoma: June 2, 19,^7, along Honev Creek,
H. H. Ross.

Paratypes.

—

Oklahom.-*.—Same data as for

holotype, 36cr.

Hydroptila arctia new species

.'\lthough similar in a large number of
respects to consimilis Morton, the at-

tenuated claspers identify this new
species at once.

M.ALE.—Length 2.5 mm. Color and
general structure same as for other mem-
bers ot the genus. Seventh sternite with
only a short, pointed mesal process.

Genitalia as in fig. 46. Genital capsule
extending only a short distance into the

abdomen, the basal lobe produced strong-

ly ventrad. Lateral portion of ninth
segment produced into a fairly long
upturned process which is wide at the
base and narrow at the apex, and has a
dorsal cushion of stout setae at its base;
below this the segment is slightly

bilobed to form a pair of convex areas
bearing numbers of setae. Tenth tergite

markedly flares toward apex, the lateral

areas having sclerotized plates which
are wide on their basal half and taper
on the flared portion to a point; their

mesal portion consists of wide membra-
nous lobes which are separated by a

narrow cleft down the meson. Claspers
broad at base, the apical portion rapidly
tapering to an elongate, narrow struc-

ture having a few scattereci setae on the
mesal and lateral surfaces and a few
minute ones over the entire surface at

extreme apex; the apical lateral angle
turns out slightly and forms a small

sclerotized point; the mesal margins of
the two claspers diverge slightly and
have no sclerotized armature. From the

lateral aspect the claspers appear quite

Fig. 46.

—

Hydruplihi arctia
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regularly filiform with sides parallel and
apex rounded.

Oedagus with a long, slightly sinuate,

otherwise regular, basal tube which is

twice as long as the portion beyond the

constriction. Middle "neck" slender,

slightly enlarged into a small, bulbous

process, at which point the apical por-

tion of the oedagus articulates; apical

portion with its greatest diameter near

base, from there narrowing evenly to

transverse spine, beyond which it con-

tinues for a short distance as a narrow
membranous tube. The transverse

spine is sharp and as long as the "neck."

The spinal process encircles the "neck"
one and one-half times, its apex angling

forward and passing across the vasiform

apex.

Holotype, male.—Bear River Narrows,
Idaho: Aug. 8, 1937, G. F. Knowlton.

Hydroptila angusta new species

Very similar to consimilis Morton but

differs from it in having the head of the

oedagus long and slender with a small

tooth at the apex. In consimilis this

apical process is much longer in pro-

portion to the length of the head of the

oedagus.

Male.—Length 2.75 mm. Color and
general characteristics same as for

other members of the genus. Seventh
sternite with only a short, pointed mesal

process.

Genitalia, as in fig. 47, similar in al-

most all respects to those of consimilis

figured by Betten (1934). Tenth tergite

wide, deeply and angularly cleft for

half its length, with only the extreme
lateral margins sclerotized. Claspers

sinuate, thin, curved at apex and with a

sclerotized point at the base ot the

curve. Ventral plate membranous,
rounded at apex and reaching almost as

far caudad as the claspers; it bears a

pair of short, erect spines just below the

middle. Oedagus slender; basal tube

long, narrowed to a creased area just

below spiral process; portion beyond
constriction with bulbous base, soon
tapering into a long, slender apical por-

tion surmounted near apex by a short

oblique process; spiral process of neck
stout, encircling tube one and a half

times, its apex angling away from the

tube. Penis a slender tube, typical ot

genus, the basal portion semimembran-
ous, the apical portion sclerotized.

Female.—Size, color and general

structure same as tor male. Genital

characters of importance, fig. 47, as

follows: Eighth sternite near apex with

a trapezoidal structure; apex of eighth

segment of tube with a square cleft on

/^ Claspers

Fig. 47. Hydroplila angiisla

the dorsum and with a rounded lobe

bearing six paired setae on the venter.

Holotype, male.—Muncie, Illinois: Sept.

18, 1935, along Stony Creek, DeLong & Ross.

Allotype, female.—Same data as for holo-

type.

Paratypes.—Illinois.—Charleston: Aug. 15,

1933, Embarrass River, Ross & Mohr, 6(3^.

Danville: Sept. 20, 1935, Prison & Mohr, Icf.

Homer Park: Aug. 5, 1931, H. H. Ross,

Icf ; Oct. 16, 1932, Ross & Mohr, 9cr. Kan-
kakee: Aug. 1, 1933, along Kankakee River,

Ross & Mohr, 146cf ; June 6, 1935, Ross &
Mohr, Icf; July 21, 1935, Ross and Mohr,
Id'; July 22, 1935, DeLong and Ross, i&.
Momence: May 24, 1937, H. H. Ross, Id'.

Muncie: lune 27, 1932, H. H. Ross, 50^, 89;

June 27, 1932, at light, H. H. Ross, i&, 89;

Sept. 18, 1935, DeLong & Ross, 21 d'; Sept.

20, 1935, Prison & Mohr, 13 d'. Oakwood:
July 18, 1933, along Middle Fork Vermilion

River, Ross & Mohr, 65 d'; July 18, 1933, Ross
& Mohr, 140 d', 909; Sept. 20, 1935, DeLong
& Ross, SOcT. Putnam: July 11, 1933, Lake
Senachwine, C. O. Mohr, 4d'. Rock Island:

June 24, 1931, C. O. Mohr, id". Wilmington:
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Mav 12, 1935, Prison & Ross, Id'; June 6,

1935, Ross& Mohr, 1 cf ; July 1, 1935, DeLong
& Ross, 366".

Hydroptila protera new species

This species is distinguished from all

others in the genus by the combination
of the twisted, bladeiike apex of the

oedagiis and the narrow and converging
ciaspers, fig. 48.

Male.—Length 3 mm. Color and
general structure typical for genus.
Seventh sternite with only a small,

pointed mesal process.

Genitalia as in fig. 48. Genital capsule
with the basal portion rounded at base
and not produced far into the abdomen.

IOedagus d" Tergites

Fig. 48. Hyiirnplila prolera

The apico-lateral margins of the ninth

segment bear a small setiferous sclerite

at the base of the tenth tergite, and just
ventrad of this sclerite are produced
into a short lobe bearing a few long
setae. Tenth tergite long and deep,
deeply incised down meson into two
halves; these angle considerably laterad;

the basal portion of each half is almost

entirely sclerotized, the sclerotized por-
tion narrowing off abruptly beyond
middle into a narrow arm which ends
in a small point directed laterad; the
mesal portion of the apex of each half
consists of a large membranous lobe,

the lobes of the two sides almost touch-
ing near the middle. Ciaspers with a
distinct and almost quadrate base, the
apical portion arising from the lateral

half of the base, slightly swollen just

beyond base, thence narrowing and
ending in outcurved points; from the
lateral aspect the ciaspers appear to

have a straight dorsal margin and an
evenly sinuate ventral one; the lateral

margin has a few long setae supple-
mented by scattered shorter ones. The
ventral plate is very short and armed
with a pair of fairly long setae near
apex. Oedagus with basal tube slightly

more than twice as long as portion be-

yond constriction; neck small, slightly

twisted and slightly bulbous, narrowed
where it articulates with the apical

portion; apical portion with basal two-
thirds almost cylindrical, apex forming
a stout, twisted blade. The spinal pro-

cess, which encircles the neck one and
one-half times, is quite stout.

Holotype, male.—Turner Falls State Park,
Oklahoma; June 2, 1937, along Honev Creek,
H. H. Ross.

"

Paratypes.—Oklahoma.—Same data as for

holotype, 8cf

.

Hydroptila argosa new species

This species differs from all hitherto

described members of the genus in the

curved condition of the entire apex of the

oedagus, fig. 49.

Male.—Length 2.5 mm. Color and
general structure typical of genus.

Seventh sternite with only a short,

pointed mesal process.

Cienitalia, fig. 49, relatively simple,

without long or recurved lateral pro-

cesses. Tenth tergite entire, evenly

rounded at apex, entirely membranous
and with a small, triangular digitate

process on meson near apex. Ciaspers

fairly long, narrow, triangular and
markedly diverging, beset with short,

fine setae. Above them is a submem-
branous flap bearing two setae near its

apex. Oedagus with a long basal por-

tion surmounted bv a narrow neck and
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Fig. 49.

—

Hydroplila argosa

small bulbous portion; the apical por-

tion fits on this bulb and is curved al-

most into a quadrant in one plane; the

neck is provided with a thin spiral

process encircling the neck one and one-

half times.

Female.—Slightly larger than the

male; similar to it in color and general

structure. Diagnostic characters occur

on the eighth segment, fig. 49. Apex of

eighth tergite almost transverse, slightly

produced at sides. Apex of eighth

sternite with a long, round, smooth
mesal projection, with a semicircle ot

eight large setae just basad of the apical

margin. Seventh sternite with a wide

internal process which is slightly emar-

ginate at apex. Bursa copulatrix similar

to some other members of the genus.

Holotype, male.— Parco, Wyoming: Aug.

1, 1936, along North Platte River, H. H. Ross.

Allotype, female.—Same data as for holo-

type.

Paratypes.

—

Wyominc.—Same data as tor

holotype, 167 cf, 1319.

Idaho.—Bear River Narrows: Aug. 8,1937,
G. F. Knowlton, Srf', 14V.

Hydroptila xera new species

Distinguished from previously de-

scribed members of the genus by the

long, slender oedagus and the long, out-

curved claspers, fig. 50.

Male.—Size 2.5 mm. Color and
general structure typical for genus.

Seventh sternite with a meso-apical

process about half the length of the

segment and pointed at apex; without
flattened setae.

GenitaHa as in fig. 50. Tenth tergite

semimembranous, deeply incised on

meson, the lateral portions of the apex
diverging. Claspers sinuate and slender,

with a small quadrate base; medium-
sized setae along stem and a cluster ot

minute setae at apex. Above the claspers

is a pair of smooth sclerotized appen-
dages which are wide apart at base and
meet at apex. Oedagus very long and
slender, the bulbous portion set off from
the base by a constriction; the extreme
apex curved, the apex of the protrusible

penis straight. No spiral process has

been detected, perhaps because of ex-

treme translucencv.

Fig. 50.— Hydrolitila xera

Holotype, male.—Caldwell, Idaho: July

30, 1936, along Boise River, H. H. Ross.

Paratypes.—Idaho.—Bear River Narrows:
Aug. 8, 1937, G. F. Knowlton, 2cr.

Family PHILOPOTAMIDAE
Philopotamus dorcus new species

This species differs from the other

nearctic members of the genus in the

spatulate terminal segment of the clasp-

ers and the appendagelike lateral

branches of the apical tergite.
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Male.—Length 8.5 mm. Body black,

covered with gray hairs. Legs and

antennae yellowish brown, covered with

dark brown hairs. Front wing mem-
brane gray, irrorate over the entire

surface with whitish areas, the gray

portion covered mostly with blackish

hairs, the white areas with whitish or

cream-colored hairs; these white areas

form a row of conspicuous spiots around

the edge of the apical half of the wing.

Hind wing uniformly gray, covered with

black hairs.

General characteristics of antennae,

ocelli, venation and spur count same as

for genus. Genitalia as in fig. 5\.

Seventh, eighth and ninth sternites

without mesal processes. Ninth tergite

pointed on meson. Tenth tergite set off

from ninth by a deep excavation, the

tergite cleft practically to the base,

forming a pair of foliaceous appendages
well separated on the meson. Claspers

with the two segments subequal in

length, the apical segment slightly con-

stricted near base and expanded at

apex. Cerci more than two-thirds

length of apical segment of claspers.

Oedagus assemblage composed of a pair

ot slender rods housed in a more or less

triangular sheath which is wide at base

and short.

Female.—Length 11 mm. Color and
general structure as in male with the

following differences: membrane ot

front wings darker, the pattern there-

fore having greater contrast; terminal

abdominal segments tubular.

Holotype, male.— Burke, Idaho: |uly 1^,

1935, K. F. Richardson.

Allotype, female.—Same data as for holo-

type.

Paratype.— British Columbia.—Vancou-
ver: July 15, 1936, along Capilano River, H
H. Ross.'lcf.

Dolophilus shawnee new species

Closely resembling major Banks and
gabriella Banks, this species differs from
the former in having only a short dorso-

mesal process on the tenth tergite, and

Fig. 52.

—

Dolophilus shawnee

Fig. 51.— Phllopotamus "py
doreus I'l

from the latter in having only a short

mesal process on the eighth abdominal
sternite.

Male.—Length 7 mm. Color of head,

body and legs varying shades of brown;
antennae annulate with tawny and dark
brown; wings uniformly gray. In un-
rubbed specimens, fig. 52, the head and
prtjthorax are covered with tufts of

thick, tawny hair, and the wings with
fine, short, black setae which give them
a purplish shade.

General structure same as for genus,
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with the following differences: Seventh

sternite with a broad, triangular process

one-half length of sternite, eighth stern-

ite onlv slightly produced. Genitalia as

in fig. '53. Claspers long, basal segment

large, scarcely longer than wide, apical

segment almost twice as long as basal

segment, four times as long as wide and

with a brush of short, stout setae within

-Dolophilus shawnee

-Dolophilns occideus

apex. Tenth tergite produced into a

sharp, triangular process with a pair of

narrow cerci almost as long as the proc-

ess.

Female.—Similar in size, color and

general structure to male. Abdomen
terminated by a tubiform ovipositor

typical for genus, without conspicuous

sclerotized appendages.

Holotype, male.—Herod, Illinois: May 26,

1936, reared from Gibbons Creek, Mohr &
Burks.

Allotype, female.—Herod, Illinois: May 29,

1936, along Gibbons Greek, Ross & Mohr.

Paratypes.—Illinois.—Same data as for

allotype, Scf, 79.

Dolophilus occideus new species

This species differs from most mem-
bers of the genus in the short ventral

processes of the seventh and especially

the eighth sternites. From shawnee, to

which it is most closely related, it

differs in the short apical segment of the

claspers.

Male.—Length 7.5 mm. Color as

described for shawnee. The specimen is

rubbed to such an extent that the con-

dition of pubescence cannot be given.

General structure same as for genus.

Diagnostic characters found only in the

apex of the abdomen and genitalia.

Abdomen and genitalia as in fig. 54.

Seventh sternite produced into a very

broad mesal lobe which is rounded at

apex. Eighth sternite sinuate, slightly

produced on meson. Ninth tergite

with a mesal T-like protuberance run-

ning almost the entire length of the

segment and projecting slightly beyond

the apical margin. Tenth tergite pro-

duced into a long, triangular process.

Cerci lanceolate, shorter than the mesal

projection; claspers with basal segment

only slightly longer than apical one,

robust and covered with scattered setae;

apical segment short, slightly wider at

base than apex, with scattered setae on

the outer side and with a band of short,

dense setae just within the apex.

Holotype, male.—Lincoln County, Oregon:

May 3, 1936, along Yew Creek in Alsea

Mountains, R. E. Rieder.

Chimarrha utahensis new species

This is the first species of this genus

to be recorded from the Rocky Moun-
tain region of North America. It

differs radically from the other known

North American species in the shape

of the clasper and in the shape of the

tenth tergite.

Male.—Length 6.5 mm. Color en-

tirely black, the pubescence a mixture

of black and gray hairs. General struc-

ture: Head robust, the postero-dorsal

portion expanded, the eyes small and

set close to the base of the mandibles.

Ocelli very small and inconspicuous.
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c? Genitia

Fig. 55.— Chimarrha ulahensis

Antennae filiform. Maxillary palpi long
and relatively thick. Venation and
spurs on tibiae typical for genus.

Genitalia as in fig. 55. Claspers with
base narrow, apex expanded, the dorsal
and ventral corners appearing sharply
differentiated when seen from a lateral

view, the apical margin (seen from above
or below) serrate; the apico-dorsal margin
with a fingerlike mesal process. Convex
outer surface with moderately thick
setae, the apical margin with one or two
heavier ones; the hollowed-out inner
lace has only a few setae. Tenth tergite

relatively simple, composed of a pair
of sclerotized plates which are somewhat
quadrangular, with the postero-ventral
corner attenuated; the apico-dorsal por-
tion has a thumblike projection which is

not conspicuous from the lateral view.
.At the base of the tenth tergite is a

round, biscuit-shaped cercus set with
long, thin setae.

Holotype, male.—Gandy, Utah: Sept. 26,
1936, C. J. Sorenson.

Family POLYCENTROPIDAE
Holocentropus glacialis new species

A close relative oi grellus Milne, dif-

fering in the rhomboidal clasper in

having a shorter but wider meso-dorsal
flap. Xvigrellus, fig. 56, the caudo-ventral
portion ot the clasper is produced into

a thin point but in glacialis no such
segregation is evident.

Male.—Length 8 mm. Body and
appendages light brown, with abundant
tawny hair covering the entire head and
body. Front wings with a checkered
pattern of light brown and cream which
is most noticeably contrasting along the
apical margin ot the wing; hind wings
uniformly light brown. General struc-

ture typical for genus, including wing
venation, tibial spurs, etc.

Genitalia as in fig. 57. Ninth tergite

short and semimembranous. Below its

base arise two pairs of processes, a

sclerotized, thin, curved dorsal pair

(probably the tenth tergite, which
follows the line of the oedagus), and a

shorter, stout, submembranous ventral
pair (the cerci), which lies beside the
oedagus and is clothed with long,

scattered setae. These two pairs are

connected at the base. Claspers with a

fairly narrow base, in general somewhat
rhomboidal in shape; the lateral face is

evenly convex with a deep crease not
lar above the ventral margin; the dorsal

margin is produced into a large flap

which is long and wide; its mesal margin
is more or less straight, its anterior and
posterior margins oblique; the inner

Fig. 56.

—

Holocenlropiis grellm

c? Genitalia

Fig. 57.

—

Holocentropus glacialis
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face is studded with triangular spines;

the apical margin of the clasper is

sinuate, forming a low dorsal lobe and a

broad, rounded ventral projection. Oeda-
gus somewhat arcuate, the extreme

base bulbous, the apical portion fusi-

form and tapering to a pointed apex;

from the ventral aspect this apical

projection appears short and thumblike.

Holotype, male.—Antioch, Illinois: June 11,

1936, beside Channel Lake, Ross & Burks.

Paratypes.—Illinois.—Antioch: Same data

as for holotype, 2 cj'; July 1, 1931, Prison, Betten

& Ross, 16 d'; July 7, 1932, at light. Prison &
Metcalf, Id'. Fox Lake: July 1, 1931, Prison,

Betten & Ross, 15 d'; June 30, 1935, DeLong &
Ross, id'; May 28, 1936, in weeds, H. H. Ross,

led'.

Wisconsin.—Lake Delavan: Sept. 5, 1892,

C. A. Hart, no. 18799, Id'; Sept. 7, 1892, C. A.

Hart, no. 18810, Id'.

Holocentropus melanae new species

Closely related to flavus, this genus

differs in the lateral projection of the

clasper in addition to other details of

the genitalia.

Male.—Length 7.5 mm. Dorsum
brown; antennae, venter and legs straw

cf Genitalia

Fig. 58.

—

Holocenltopus melanae

color. Forewings almost uniformly
brown with a few light patches around
stigma and crossveins; hind wings
lighter, unicolorous. General structure

typical for genus, including setation and
wing venation. Diagnostic character-

istics apparently restricted to genitalia.

Genitalia as in fig. 58. Ninth tergite

weakly developed and submembranous.
From the base of it arise two pairs of
processes: (1) a pair of long, slender,

setaceous filaments, probably repre-

senting the tenth tergite, which follow a

semicircular course that straightens out
at their extremity; (2) a pair of shorter.

two-segmented cerci which have the

basal segment stocky, angulate laterally,

densely clothed with setae, the apical

segment shorter than the basal, sub-

membranous and with only a few

scattered setae. Ventro-mesad of the

base of these processes are two short

projections sticking straight out, with

their apices bearing numerous setae.

Claspers broad at base, with a mesal
fold at the base which from lateral view
appears only as a hump; they have a

large lateral projection near the base

which appears like a pointed flange

when seen from ventral view. Between
these two projections the remainder ot

the clasper narrows off rapidly; its

apical portion is slender, appearing
somewhat angled when seen from the lat-

eral view but fingerlike and seemingly

rounded when seen from ventral view.

Oedagus somewhat semicircular, the

basal portion round, slightly sinuate,

the middle slightly enlarged and the

apex decidedly pointed.

Holotype, male.—Montmorency County,
Michigan: July 3, 1935, along east branch of

Black River, J. W. Leonard.

Cernotina new genus

This genus is a very interesting con-

necting link between the two groups

Polycentropidae and Psychomiidae. It

combines the venation and spur count
of the groups considered typical of the

latter family with the habitus, struc-

ture of mouthparts and general organiza-

tion of genitalia of the Polycentropidae.

There seems little doubt but that these

two groups should be placed together in

a single family.

Characteristics.—Head without any
ocelli, antennae not longer than length

of body. Maxillary palpi, fig. 61, with

first segment short and angular; second

short with a distinct meso-ventral lobe

which is as long as the width ot the seg-

ment; third segment longer than first

two together and slightly longer than

fourth; third and fourth widest just

above apex; fifth segment subequal to

third and fourth together, indistinctly

multisegmented. Forewing, fig. 61, be-

tween four and five times as long as

wide, R2-1-3 not divided, Mi-1-2 not di-

vided; hind wing, fig. 61, narrow, the

apex rounded. The branches of Rs and



March 1938 ROSS; NEARCTIC CADDIS FLIES 137

M much reduced. Tibial spur count 2-

4-4, the front tibia without a preapical

spur.

Genotype.

—

Ccmotina calcea new
species (original designation).

This genus differs from previously

described genera of the Polycentropinae

in lacking the preapical spur of the front

tibia and in having a narrow condition

of the hind wing; from hitherto de-

scribed genera of the Psychomiinae
it differs in the lobate second segment of

the maxillary palpus.

Cernotina calcea new species

Male.—Length 5 mm. Head, body
and appendages straw color; the wings,

tibiae and tarsi darkened with brown
hairs; the abdomen purplish above.

General characteristics as described

above for genus.

Genitalia as in fig. 59. Tenth tergite

bifid at apex, the two processes long,

narrow and pointed, covered with thin

setae. Cerci consist of a wide, somewhat
bulbous base, a long, slender apical

process and three large, heavy, pointed
spines set one above the other on the

mesal side. Claspers extend as far as

the cerci, the apex circularly incised,

the mesal side produced into a thin, ver-

tical plate, the pair almost touching on
the meson. Oedagus tubular, apparently
opening between the mesal angles ot the

dorsal appendages.

Female.—Length 6 mm. Color and

<3 Genitalia

general structure similar to those ot

male. Genitalic segments forming a

conical structure with no apparent tie-

velopment of diagnostic parts.

Holotype, male.— Kankakee, Illinois: July
21, 1935, along Kankakee River, Ross & Mohr.

Allotype, female.—Kankakee, Illinois: Aug.
1, 19.53, along Kankakee River, Ross & Mohr.

Paratypes.— Illinois.—Oakwood: July 18,

1933, along Salt Fork River, Ross & Mohr, 1 cf

.

Oklahoma.—Turner Falls State Park: June
2, 1937, along Honey Creek, H. H. Ross, 36 cf.

Cernotina Oklahoma new species

This species differs from calcea in the

short cerci without mesal armature,
fig. 60.

Maxillary Palpus '

Fig. 59.— Ccrnolina calcea

c? Genitalia

Fig. 60.

—

Cernotina Oklahoma

Male.—Size, color and general char-

acteristics same as for the genotype.
Diagnostic characters present only in

the genitalia.

Genitalia as in fig. 60. Tenth tergite

incised as with calcea; the lateral lobes

separated slightly more at their apex
and more nearly triangular in shape.

Cerci not projecting beyond lobes of

tenth tergite; they are broad at the

base and angle sharply mesad at the

apex, the apical portion much more
slender than the basal, and its distal

corner produced into a short, narrow,
fingerlike process. At the base of the

each cercus is an angulate ventro-mesal
lobe bearing at its apex a group of setae.



138 ILLINOIS NATURAL HISTORY SURVEY BULLETIN Vol. 21, Art. 4

Claspers have a short, oblique dorsal

lobe bearing on its mesal surface at the

apex conspicuous, well-separated setae;

the main body of the clasper is bifid at

the apex, the dorsal process narrow and
fingerlike, the ventral portion wide and
obtusely angled at the apex. The tenth

tergite, basal portion of cerci and main
body of clasper are clothed with long,

scattered setae.

Holotype, male.—Turner Falls State Park,

Oklahoma: June 2, 1937, along Honey Creek,

H. H. Ross.

Paratypes.

—

Oklahoma.—Same data as for

holotype, 51 <?.

In the collection from Turner Falls

State Park containing males of the three

species here described in this genus, 50

females were represented. No characters

have yet been found to segregate these

into groups corresponding with the

three species indicated by the male
genitalia.

Cernotina spicata new species

Differs from calcea in lacking the

mesal teeth of the cerci and the larger

dorsal lobe of the claspers.

Male.—Size, color and general struc-

<} Genitalia —

—

Fig. 61.

—

Cernotina spicata

ture same as for the genotype. Diagnos-
tic differences occur only in the genitalia.

Genitalia as in fig. 61. Tenth tergite

divided into two narrow, acute lobes.

Cerci with a long, slender dorsal process

curving mesad, the two overlapping

slightly, and a sclerotized ventral lobe.

From the mesal portion ot the base of

each cercus a stout, spurlike process
arises, extending caudad beyond the

ventral lobe. Claspers have a large

dorsal lobe surmounted by a cluster of

large, curved setae; the main ventral

portion slightly concave beneath; the

apex deeply incised to form a narrow,
oblique and almost truncate upper
process and a lower, shorter and more
pointed one.

Holotype, male.—Turner Falls State Park,
Oklahoma: June 2, 1937, along Honey Creek,
H. H. Ross.

Paratypes.—Mi c higan.—Montmorency
County: July 3, 1935, along east branch of
Black River, J. W. Leonard, 1<S^.

Oklahoma.—Same data as for holotype,

ScT.

Psychomyiella nomada new species

In many respects this species is in-

termediate between Psychomyia and
Psychomyiella. It has the hind wing
with R2-1-3 distinct and Mi separating

from M2 as in the former. In common
with the latter, it possesses a hind wing
having the apex tapered and male
genitalia having the dorsal plate fused

with the dorsal appendages. This
species differs from all the other species

of these two genera in lacking a flaplike,

sclerotized plate at the base of the fe-

male genitalia. The mixture of char-

acters suggests the possibility that

Psychomyia and Psychomyiella might
better be regarded as subgenera rather

than genera.

The long cerci separate this species

from related nearctic members of the

group.

Male.—Length 5.7 mm. Color vari-

ous shades of light brown, in life the

entire insect appearing pale, yellowish

brown.
General characteristics same as for

genus, with the following exceptions:

hind wing with R2+3 distinct from Ri
and separated from it by a crossvein;

M with both Mi and M2 present.

Genitalia as in fig. 62. Tenth tergite

cleft, its lateral processes each fused

with a cercus to form a pair of long,

stout, upturned processes; the portion

made up of cercus bears long setae, the

portion composed of tenth tergite is
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d" Tergites\\\ ///

Fig. 62.— Psychomyiella twmadit

covered with microtrichiae. Claspers,

about half length of dorsal processes,

divided at apex into a shining, slender

inner lobe and a wider outer lobe set

with microtrichiae. Over the base ot

the claspers lies a pair of ovoid plates.

These are situated in the mesal emargi-

nation of the ventral plate. Oedagus
fairly stout, round and forming a semi-

circular arc terminated by a small knob
which is surmounted by a small, truncate

process.

Female.—Size 6 mm. Color and
general structure same as for male.

Differs from female of flavida in lacking

the sclerotized flap at the base of the

genitalia.

Holotype, male.—Cherokee, North Caro-
lina: June 14, 1935, along branch of Little

Tennessee River, H. H. Ross.

Allotype, female.—Same data as for holo-

type.

Paratypes.—North Carolina.—Same data
as for holotype, 102 cf, 69.

Psychomyiella lumina new species

This species is verv close to nomada
but differs in the elongate claspers and
other details of the genitalia.

M.ALE.—Length 6.5 mm. Body and
legs brown. Head and thorax darker

than the abdomen. Wings light brown
with veins darker. General character-

istics same as in nomada.

Genitalia as in fig. 63. Tenth tergite

cleft, the lateral extensions long and
pointed, fused only at base with the

preanal cerci. These are long and
angled, with long setae on the sides

and over the entire apical halt; their

mesal margin bears an area of stout,

dense setae. The apices ot the tenth

tergite and cerci are not fused. Claspers

long, narrow and slightly flattened

dorso-ventrally. Seen from the ventral

side, they appear slightly pointed at

apex toward the meson and have a

pair of padlike areas covering their

base. Oedagus slender and hook-

i=i-^=r5^=^ 3 Genitalia

c? Tergites^--'--

Fig. di. ~Ps\chom\i€lla lumina

shaped, the extreme apex bulbous and
provided with small spiny processes.

Holotype, male.—Pringle Falls, Oregon:
May 26, 1935, N. F. Canova.

Paratypes.—Oregon.—Same data as for

holotype, Itf.

Family HYDROPSYCHIDAE
Hydropsyche simulans new species

Very similar to bidens, but differs in

the convex dorsal hump at the base ot

the head of the oedagus.

Male.—Length 13 mm. Head and
body various shades of brown, clothed

with variously colored patches ot hairs.

Front wings mottled with cream, gray

and brown, in addition to patches ot

light and dark colored setae; the effect

is the somewhat patterned mottling

shown in fig. 64. Hind wings unitormly

gray.
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Fig. 64.

—

Hydropsyche simulans

General structure typical for genus.

The eyes are slightly larger than those

of corniita but smaller than those of

jrisoni. Genitalia as in fig. 65. Very
similar to cornuta, differing only in the

following points: Tenth tergite not

declivous, but flat and almost trvmcate

at apex, the lateral lobes separated by
only a small notch; claspers inclined

to be fusiform, with the base and apex

narrowed; apex of oedagus flared only

slightly, with the mesal plates narrow
at the base, long and curved ventrad,

their ventral margins not approximate;
where the base of the oedagus joins the

apical portion it forms a convex hump.

Female.—Length 14 mm. Color and
general structure same as for male,

except for the smaller eyes. Genitalia

apparently identical with those of

cornuta (see p. 141).

Holotype, male.—Mount Carmel, Illinois:

Sept. 11, 1937, .ilong Wabash River, H. H.
Ross.

Allotype, female.—Same data as for holo-

type.

Paratypes.—Illinois.—Alton: September 6,

1932, along Mississippi River, Prison & Mohr,
Id'; June 26, 1934, DeLong & Ross, 35c?".

Freeport: June 28, 1935, DeLong & Ross, 1 cT.

Havana: May 14, 1934, H. H. Ross, 1 cf

;

April 15, 1935, along Quiver Creek, Ross &
Mohr, Id"; April 25, 1935, along Quiver Creek,

Ross & Mohr, \^\ April 29, 1937, Ross &
Mohr, 5c?', 49. Homer Park: July 6, 1927, at

light, Prison & Glasgow, 1 d'. Kankakee: June
12, 1931, Prison & Mohr, Id'; June 6, 1935,

Ross & Mohr, 7d', 29. Lawrenceville: Sept.

7, 1933, Ross & Mohr, Id". Mount Carmel:

June 25, 1936, DeLong & Ross, 46d'; Sept.

11, 1937, Ross, lOd", 49. Oakwood: July 18,

1933, at Salt Pork River, Ross & Mohr, Id';

Sept. 20, 1935, DeLong & Ross, Id". Olnev:

Aug. 20, 1902, E. G. Titus, no. 33630, Id'.

Rockford: June 12, 1931, Prison & Mohr, Sd";

May 30, 1936, H. H. Ross, 2d'. Rock Island:

June 21, 1928, Id"; May 3, 1931, H. H. Ross,

1 d" ; May 6, 1931, Ross & Mohr, 1 d" ; May 16,

1931, Ross & Mohr, Id"; June 5, 1935, Ross &
Mohr, Id". Rockton: Julv 2, 1931, Prison,

Betten & Ross, Id". Savanna: Julv 30, 1892,

Hart, Porbes, Shiga & McElfresh, no. 18547,

Id"; June 29, 1935, DeLong & Ross, Id", 19.

Shawneetown: May 27, 1928, at light, Prison,

2d'; May 28, 1935, Ross & Mohr, 2d', 69.

Sterling: May 21, 1925, at light, D. H.
Thompson, IcT. Wilmington: May 12,

1935, Prison & Ross, Id"; May 17, 1935, along

Kankakee River, H. H. Ross, Id".

Indiana.—Petersburg: June 4, 1936, along

Oedagus

Fig. 65.

—

Hydropsyche simulans
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White River, Mohr & Burks, 2d', 19. Porters-
ville: June 3, 1936, along East Fork River,
Mohr & Burks, acf. Shoals: Sept. 10, 1936,
along White River, Ross & Burks, l<f.

Iowa.—Ottumwa: August 2, 1936, H. H.
Ross, Scf.

Wisconsin.—The Dells: June 5, 1936,
along Wisconsin River, Prison Sz Ross, IScf

.

Hydropsyche comuta new species

Closely allied to scalaris and simulaiis,

differing in the wide mesal plates of the

oedagus and other small details of the

genitalia.

Male.—Length 12 mm. Color as

described for simulans, but with slightly

^9 Sternite

$ Tergites

Fig. 66.— Hydropsyche cornula

less contrast in the pattern. General
structure same as for this species also,

with the exception of the eyes, which are

smaller, being only half as wide as the

distance between them.
Genitalia as in fig. 66. Suture separ-

ating ninth and tenth terga present at

the sides only. Median ridge of ninth

tergum short and narrow, with a row
of long setae just below it on each side.

Tenth tergum wide, with a wide \'-

shaped incision on the meson, the

lateral lobes more or less pointed and
each having small setae on the mesal
and apical regions; lateral portions with
a pair of setiterous warts on each side

bearing scattered, long setae. Seen
from the side, the tenth segment ap-
pears declivous and pointed at apex.
Clasper sinuate; apical segment hooked
upward at apex. Oedagus curved at

base, middle portion cylindrical, apex
slightly upturned and pointed; mesal
plates wide and low, close together on
the ventral side; ventral cavity orbicu-
lar, the lateral processes of the apex
widest near apex and almost touching
along the meson.

Female.—Length 13 mm. Similar to

male in color and general structure,

differing in antigenetic characters of
genitalia. Eighth tergite without a

brush ot strong setae. Eighth sternite

divided into two lateral lobes, the mesal
incision only half the length of the

segment. Mesal angle ot lobes of eighth
sternite slightly produced, the hump so

formed having longer and denser setae

than nearby margins of lobe. Characters
have not yet been found to differentiate

the females of this species from those of

simitlans, bidens, etc.

Holotype, male.—Hamilton, Illinois: Aug.
30, 1931, Russ & Mohr.

Allotype, female.—Same data as for holo-

type and collected in coitii with it.

Paratypes.

—

Illinois.—Alton: June 26,

1934, DeLong & Ross, 22 cj'. Dixon: June 27,

1935, DeLong & Ross, 42cr, 59. East Dubu-
que: July 22, 1927, Prison & Glasgow, 3cf.
Elizabethtown: June 22, 1927, at light. Prison
& Glasgow, 1 cf ; June 27, 1931, Prison, Betten
& Ross, IcT; June 25, 1932, Ross, Dozier &
Park, 5(^,29. Florence: June 7, 1928, Prison,

Icf. Golconda: Sept. 4, 1924, T. H. Prison,

Icf. Hamilton: June 22, 1928, at light.

Prison, Hottes & Ross, 44cf , 19; June 3, 1930,
Prison & Ross, Id', 19; Aug. 30, 1931, Ross &
Mohr, 122 cf, 2749, 8 mating pairs. Harris-
burg: June 15, 1934, at light, DeLong & Ross,
lOd',49. Havana: Mav 9'^ 1931, Ross & Mohr,
Id'; Aug. 30, 1931, H. H. Ross, 2 0^; May 14,

1934, H. H. Ross, 17 d', 269. Herod: June 9,

1936, T. H. Prison, Id', 19. Homer Park:
May 11, 1927, along Salt Pork River, Id";

July 6, 1927, at light. Prison & Glasgow, Id'.
Kankakee: June 6, 1935, Ross & M"ohr, Id'.
Keithsburg: 1932, 2d'. Mount Carmel: June
25, 1936, DeLong & Ross, 3d'. Oakwood:
April 24, 1925, T. H. Prison, IcT. Oregon:
June 30, 1935, at Castle Rock, DeLong &
Ross icf: Mav 29, 1936, H. H. Ross, 6d'.
Putnam: Julv 11, 1933, at light. Lake Senach-
wine, Mohr, Id'. Rockford: Mav 30, 1935,
H. H. Ross, 24d'; May 30, 1936, H. H. Ross,
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15 d'; June 4, 1936, at light, Frison & Ross,

Icf. Rock Island: Mav 12, 1928, at Electric

Station, ScT; July 23, 1928, at light, Frison &
Hottes, 3cf; May 6, 1931, Ross & Mohr, 4cf

;

May 10, 1931, Ross & Mohr, 8cr; June 24,

1931, C. O. Mohr, 8cf ; May 11, 1934, Ross &
Mohr, 35cf: June 5, 1935, Ross & Mohr,
Sic?, 269. Rosiclare: Julv 5, 1935, Frison &
Mohr, Icf. Savanna: July 20, 1892, along

railroad, Forbes & McElfresh, no. 18504,

Icf; Julv 23, 1892, along Mississippi River,

Hart & Forbes, no. 18518, 1 cf ; July 26, 1892,

Mississippi River, Hart, Shiga, Forbes &
McElfresh, no. 18532, 1 cf ;

July 30, 1892,

Hart & Forbes, no. 18547 and no. 18549,

2cr; June 29, 1935, DeLong & Ross, 23cf.
Shawneetown: May 27, 1928, at light, Frison,

Ic?. St. Joseph: July 29, 1919, 1 cf. Sterling:

Mav 21-22, 1925, at light, D. H. Thompson,
6d', 109. Urbana, Icf.

Michigan.—Berrien Springs: Sept. 17,

1936, Ross & Burks, 29 cf, 459. Grand Rapids:
May 23, 1936, Frison & Ross, Icf.

Wisconsin.—The Dells: June 5, 1936,

along Wisconsin River, Frison & Ross, Icf.

Hydropsyche bidens new species

A close relative of cornuta, differing

in the conformation of the apex of the

oedagus.

Male.—Length 10 mm. Similar in

color, general structure and genitalia to

cornuta with the following differences:

Oedagus

Fig. 67.

—

Hydropsyche bidens

Form usually more slender; tenth tergite

slightly upturned at apex; apex of

oedagus, fig. 67, with lateral arms
pointed, narrowly V-shaped and aligned

with the horizontal axis of the oedagus;
the dorsal portion between them de-

pressed at apex.

Female.—Length 11 mm. Color,

general structure and genitalia appar-
rently identical with cornuta.

Holotype, male.— ."^pple River Canyon State
Park, Illinois: Aug. 22, 1935, DeLong & Ross.

Allotype, female.—Same data as for holo-
type.

Paratypes.—Illinois.—Alton: June 26,
1934, DeLong & Ross, 121 d'. Apple River

Canyon State Park: Aug. 22, 1935, DeLong &
Ross, 2cr. Carmi: April 24, 1935, on bridge
across Wabash River, T. H. Frison, 2 cf ; May
28, 1935, Ross & Mohr, 7cr, 239. Charleston:

June 11, 1931, at light, H. H. Ross, lOcf;
Aug. 15, 193.?, Embarrass River, Ross &
Mohr, Id". Danville: Sept. 20, 1935, Frison

& Mohr, Irfi. Dixon: June 27, 1935, DeLong
& Ross, 2cf. East Dubuque; June 15, 1932,
Frison & Mohr, 1 cf. Elizabethtown: June 27,

1931, Betten, Frison & Ross, Icf. Freeport:

June 28, 1935, DeLong & Ross, IcT. Fulton:

June 20, 1927, Frison & Glasgow, 1 d'. Havana:
July 20, 1927, at light, Frison & Glasgow,
Id', 19; Aug. 30, 1931, Ross & Mohr, 3d';
May 9, 1934, Ross & Mohr, 1 d"; May 14, 1934,
H. H. Ross, Id'. Hardin: June 25, 1931,
Frison, Betten & Ross, 8d'. Homer Park:
Aug. 10, 1925, T. H. Frison, 1 d" ; June 30, 1927,
at light, Frison & Glasgow, 2cf', 19; July 6,

1927, at light, Frison & Glasgow, 4d'; July 11,

1927, at light, Frison & Glasgow, 2d'. Kamps-
ville: June 25, 1931, Frison, Betten & Ross,
6cr. Kankakee; June 12, 1931, Frison &
Mohr, 6d'; June 6, 1935, Ross & Mohr, icS'.

Keithsburg: 1932, 4d'. Momence: June 4,

1932, Frison & Mohr, Xd", May 26, 1936,
along Kankakee River, H. H. Ross, 6d'.
Mount Carmel: June 25, 1936, DeLong &
Ross, 4d'. Oakwood: July 6, 1927, at light,

Glasgow & Frison, 4d' ; Sept. 20, 1935, DeLong
& Ross, 3d'. Pike: May 26, 1906, 1 d'. Quincv:
June 9, 1932, Ross & Mohr, 26'. Rockford:
June 12, 1931, Frison & Mohr, 2^^; May 30,

1936, H. H. Ross, 4d'; June 4, 1936, at light;

Frison & Ross, Id'- Rock Island: June 23,

1928, Frison & Hottes, 1 d" ; May 3, 1931,
H. H. Ross, Id'; May 16, 1931, 2d'; June 24,

1931, C. O. Mohr, 3d'; May 11, 1934, Ross &
Mohr, 3d'; May 11, 1935, Ross & Mohr,
Id'; June 5, 1935, Ross & Mohr, 27 d'. Sa-
vanna: July 20, 1892, Forbes & McElfresh,
no. 18504, Id'; July 20, 1927, at light, Frison
& Glasgow, Id', 19; June 29, 1935, DeLong &
Ross, 12d'. Urbana: June 17, 1887, Hart,
no. 12096, Id'.

Indiana.—Petersburg: June 3, 1936,
White River, Mohr & Burks, Icf, 29. Rogers:
Sept. 8, 1936, Ross & Burks, Id". Shoals:

Sept. 10, 1936, along White River, Ross &
Burks, Id'.

lowA.—Ottumwa: Aug. 2, 1936, H. H.
Ross, 6d'.

Michigan.—Grand Rapids: May 23, 1936,
Frison & Ross, Icf.

Wisconsin.—The Dells: June 5, 1936,
along Wisconsin River, Frison & Ross, 3d'.

Hydropsyche frisoni new species

Similar in size and color to scalaris,

but differs in having larger eyes and in

the more upturned apex of the oedagus,
fig. 68, in which the lateral plates are

below the level of the mesal portion.

Male.—Length 12 mm. Body dark
brown, covered with tawny hair; wings
with an irregular mottling of tawny and
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brown, the latter color darkest along

the cubital veins; the entire surface ot

the wing beset with patches of whitish

hairs, the assemblage ot colors giving

the wing a salt-and-pepper effect.

General structure similar to simulans.

Eyes large, each about one-third the

size of the entire head.

Genitalia, as in fig. 68. Suture sep-

arating ninth and tenth terga apparently

Oedagus

Fig. 68.

—

Hydrnpsyche

frison't

obsolete. Median ridge short and
pointed, a row of long setae below it on
each side. .'\pex of tenth tergite wide
and truncate with a narrow mesal notch;

mesal and lateral areas of apex with

clusters of small setae; each of lateral

portions with a large raised wart bear-

ing about a dozen scattered, long setae.

Seen from lateral view the tenth tergite

appears short and declivous at the apex.

Claspers narrow at base, widening
toward apex; the apical segment is

slightly sinuate, with the tip upturned.
Oedagus angled at base, the middle
portion cylindrical and the apical por-

tion upturned at a slight angle to it.

Apex with lateral processes flared,

dividing the ventral cavity with a wide
incision; the plates appear narrow and
triangular, seen from the ventral view.

Female.—Similar in size, color and
general structure to male. The eyes are

small, and the genitalia appear to be

identical with those of cornuta.

Holotype, male.—Oakwood, Illinois; .April

24, 1Q25, along Salt Fork River, T. H. Prison.

Allotype, female.—Same data as for holo-

type.

Paratypes.—Illi.vois.—Danville, July 18,
193,?, alone Middle Fork Vermilion River,
Ross & .\Iohr, IcT. Homer Park: July 11,

1Q27, at light, T. H. F. & R. D. C.^ld".
Muncie: July 27, 1927, T. H. Frison, 2d'.
Oakwood: Same data as tor holotvpe, 5c?;
lulv 6, 1927, at light, T. H. F. & R. D. G., 5 d"

;

lulv 18, 1933,Ross&Mohr, 2cf ;.Aus. 25, 1936,
H. H. Ross, IcJ'.

Michigan.—Crawford County: May 2,

1936, along north branch of .AuSable River,

J. \V. Leonard, !<?.

Hydropsyche arinale new species

This species resembles several others

in the scalaris group in general structure

of genitalia but differs from them in the

monilitorm apex of the oedagus.

M.ALE.—Length 9 mm. Color and
general characteristics same as in pre-

ceding species.

Genitalia as in fig. 69. Suture dividing

ninth and tenth terga apparently ob-

solete. Median ridge of ninth tergite

short and pointed. Tenth tergite with
a wide incision on meson; apical mar-
gins and mesal area with a few short

setae; on each side of the meson at

apex is an elliptical membranous area

bearing medium-long setae. Claspers

with first segment thicker beyond mid-
dle; apical segment with tip slightly

Oedagus

Fig. 69.— Hydropsyche arinale

upturned. Oedagus curved at base,

narrowed at middle and swollen at

apex; when oedagus is seen from above
or below, an extra constriction is visible

below the apex. .Apical portion with

lateral arms remote at apex; ventral

cavity not covered below, but entirely

covered above by mesaL extensions of

the lateral arms which overlap slightly

at apex and are incised to form a small
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opening just below it; mesa! plates

appearing slightly hooked dorsally.

Holotype, male.—Oregon, Illinois: July 18,

1927, at light, T. H. Prison & R. D. Glasgow.

Paratypes.—Illinois.—Algonquin: Sept.

5, 1904, Icf. Oregon: Same data as for holo-

type, Id". Richmond: May 28, 19,S6, H. H.

Ross, Id".

Hydropsyche valanis new species

Similar in size of body and eyes to

aerata but differs in its deeper brown
color, its rounded ninth and tenth

cal, narrowing slightly at apex; apical

portion flattened dorso-ventrally, the

lateral processes meeting on the meson
at tip and leaving only a small hole

between them.

Holotype, male.—Rockton, Illinois: July 2,

1931, along Rock River, Prison, Betten & Ross.

Paratypes.— Illinois.— Kankakee: July
21, 1935, Ross & Mohr, Id". Rock Island:

June 23, 1928, Prison & Hottes, Id". Rockton:
Same data as for holotype, Tcf.

Indiana.— Peru: May 18, 1936, at light.

Prison & Ross, Id'.

Iowa.—Ottumwa: Aug. 2, 1936, H. H
Ross, 1 d'.

Wisconsin.—Merrill: July 1, 1933, along

Wisconsin River, Prison & Mohr, Id".

Hydropsyche aerata new species

Closely allied to valanis but differs in

the white and brown pattern of the

wings and body, the narrower apex of

the oedagus and the upturned tenth

tergite.

Fig. 70.

—

Hydropsyche valanis

segments, more nearly flat apex of

oedagus and other genital characters.

Male.—Size and general structure

similar to corniUa. Color tawny or

cream, with irregular flecking of light

brown over the entire surface of the

wings. Antennae with diagonal black

lines on the basal seven segments of the

flagellum. Legs light tawny. Eyes
large, as wide as the distance between

them.
Genitalia as in fig. 70. Ninth and

tenth abdominal terga separated by a

well-marked suture. Ninth tergite with

median hump rounded at apex and
with a line of four or five long setae

below it on each side; apical margin of

segment emerginate on meson, forming

a pair of lateral, angulate projections.

Tenth tergite semimembranous, di-

vided by a mesal incision into two wide

lobes, each with scattered, short setae

along its margin. Claspers sinuate, the

apical segment slightly hooked at tip;

the basal segment with scattered, short

setae over its entire surface and in ad-

dition an area near apex bearing many
extremely long setae; apical segment
covered with fine setae. Oedagus
angled at base; middle portion cylindri- Fig. 71.

—

Hydropsyche acrala

I
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Male.—Length 9 mm. Color mark-
ings as in fig. 71. Head and thorax

dark brown; abdomen light brown,
covered with white hair; antennae and
legs white; wings white with definite

brown markings which form a broad,

sacidle-shaped mark on the meson just

beyond the middle and a rectangular

spot on the anterior margin near apex;

in addition to these, there are a few in-

distinct, lighter markings in the anal

and cubital region near the base of the

wing and sparse mottling over the apical

fourth ot the wing.

Form slender. Eyes very large, fig.

71, together forming two-thirds of the

head. Malar space narrow, no longer

than the width of the flagellum.

Genitalia as in fig. 72. Ninth tergite

humped, forming a high, pointed mesal
ridge, just below which is a row ot long

setae. Tenth tergite long and narrow,
the apex divided by a short incision into

a pair of semispatulate lobes; on each
lateral margin is a slightly elevated,

oval region bearing distinct, scattered

setae. Lateral lobe considerably pro-

duced, with eight to twelve long setae

on its caudal margin. Claspers with
apical segment rounded at tip, slightly

elliptic and covered with short setae;

basal segment with basal half narrow,
apical halt abruptly wider, the latter

with an area bearing several long setae,

the entire segment bearing sparse,

shorter setae. Oedagus with base
angled, middle portion narrowed and
apical portion wider; extreme apex con-

siderably flattened and widened, in-

<S Tergites

IITALIA"^

Fig. 72. Hydrofisyche aeraui

cised on meson to form a circular area

almost surrounded by a pair of rounded
processes.

Female.—Length 10 mm. Darker

than male; similar to light females of

phalerata and hageni, with which aerata

usually occurs. Structure identical

with that oi cornuta.

Holotype, male.—Aurora, Illinois: Tulv 17,

1927, at light, T. H. F. & R. D. G.

Allotype, female.—Kankakee, Illinois: Aug.
8, 1(W5, Ross & DeLong.

Paratypes.— Illinois.— Kankakee: Aug. 1,

19.i.5, along Kankakee River, Ross & Mohr,
Icf; May 26, 1935, Ross & Mohr, cage no. 3,

Icf
;
June 6, 1935, Ross & Mohr, 78d', 429;

July 21, 1935, Ross & Mohr, lid'; Aug. 8,

1935, Ross & DeLong, Id'. Momence: May
26, 1936, along Kankakee River, Ross, Icf;
Aug. 4, 1936, Prison & Burks, 4c?: Aug. 21,

1936, Ross & Burks, \&. Mount Carmel:
July 3, 1906, IcT. Wilmington: May 12, 1935,
Prison & Ross, lOc?, 79; May 17, 1935, along
Kankakee River, H. H. Ross, 37cr, 109; June
6, 1935, Ross & Mohr, 7cr; July 1, 1935, De
Long & Ross, Icf; Aug. 20, 1935, DeLong &
Ross, 2 c?'.

Indiana.—Shoals: Sept. 10, 1936, White
River, Ross & Burks, 61 cf, 259.

Hydropsyche leonardi new species

This species is very closely related to

hageui Banks but differs in the shorter

and thicker apical projection of the

Oedagus

Fig. 73.

—

Hydropsyche leonardi

oedagus beyond the ventro-mesal cav-

ity.

Male.—Length 12 mm. Color iden-

tical with that of corniita. General

structure as described tor corniita ex-

cept for the eyes, which are as large as

those in sunnUins.

Genitalia as in fig. 73. Ninth and
tenth tergites almost identical with

those illustrated for cornuta, the apex
of the tenth tergite not upturned and
only slightly emarginate on the meson.
Claspers with basal segment slightly

sinuate and slightly enlarged at apex;

apical segment twice as wide as great-

est length, the dorso-apical angle con-

cave, the extreme ventro-apical corner

pointed and slightly hooked. Oedagus
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with base angled as in simulans. Apex
of oedagus shaped much like a duck's

bill, long, wide, narrowed at base and
expanded at apex; the lateral processes

extending beyond the mesal cavity,

slightly more than the full length of

the cavity; seen from the side, with the

apex appearing only obtusely angled,

the portion adjacent to the mesal

cavity narrowed, giving it a spatulate

appearance; mesal cavity with a wide
opening ventrally, and the dorsal side

with a fairly narrow, parallel-sided

opening; mesal plates small, seemingly

very low seen from side view, closely

appressed on the meson.

Holotype, male. — Lovells, Crawford
County, Michigan: May 2, 1936, along north
branch Au Sable River, two miles above town,

J. W. Leonard.

Paratype.—Michigan.—Same data as for

holotype, 1 cT.

Hydropsyche dicantha new species

The swollen oedagus and large spines

on the tenth tergite distinguish this

species from all other members of the

genus.

Male.—Length 8.5 mm. Color vari-

ous shades of brown. Head and dorsal

portion of thorax almost black, covered

with a mixture of white and tawny,

bushy pubescence; antennae yellowish

brown, the eight basal segments of the

flagellum with a dorsal, dark brown V;
legs and ventral portion of abdomen
yellowish brown, the tarsi with sparse,

short, black setae. Wings for the most
part brown with small light areas over

the entire surface and with a larger

light area just before the apex of the

anal cells; pubescence of wings generally

tawny, cream colored over the light

areas of the membrane.

Oedagus

d' Genitalia

Fig. 74.

—

Hydropsyche dicaniha

General structure same as for genus.

Seen from front, eyes appear twice as

high as wide; longer than the distance

between them at base as 4:3; markedly
converging at base.

Genitalia as in fig. 74. Tenth tergite

deeply and narrowly incised on the

meson, the two lobes thus formed round-

ed at the apex and having a dorsally

directed spine arising near the latero-

ventral margin; claspers long and ex-

tremely slender, the basal segment very
little expanded at apex and five times

the length of the apical segment. Oeda-
gus sigmoidal, markedly swollen before

apex, the apical portion having slender

lateral arms which are slightly de-

pressed dorsally; meso-ventral cavity

almost completely open ventrally, the

dorsal margins meeting on the meson;
mesal plates somewhat orbicular, not

very prominent seen from the ventral

aspect.

Holotype, male.—Swansea, Ontario: Aug.
15, 1934, H. S. Parish.

This species was identified as venu-

laris Banks by Betten. Venularis,

however, although a member of the

scalaris group, is very different from
this species.

Hydropsyche betteni new species

This species is close to depravata

Hagen, differing from it in the truncate

apex and abruptly curved base of the

oedagus, fig. 75.

Male.—Length 12 mm. Color:

Head yellowish brown with dark brown
mottling on the dorsum; antennae dark
brown with a black V mark on the

seven basal segments of the flagellum;

thorax dark brown, the mesonotum al-

most black; the legs concolorous with

thorax at base, gradually merging into

a yellowish brown toward apex; wings

dark gray with whitish areas scattered

over the entire surface, the gray portion

of the wing covered with blackish

pubescence, the lighter spots covered
with whitish pubescence.

General structure typical of genus.

Genitalia as in fig. 75. Claspers with

basal segment narrow at base and
widened at apex; the apical segment,

half the length of basal segment, gradu-

ally tapering from base to apex, curved
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Fig. 75.

—

Hydropsyche bettetti

mesad, the extreme apex blunt. Tenth
tergite cleft on meson to its base, the

two lobes with the dorsal margin
incised just above apex, the apical

dorsal corner angular, the apical mar-
gin truncate and slightly declivous.

Oedagus long, the basal portion turned

abruptly and forming a complete halt

circle, the remainder almost straight

and cylindrical; the extreme apex al-

most truncate except for two small,

ovate dorsal lobes.

Female.—Length 13 mm. Similar in

color and general structure to the male.

Genitalia as in fig. 75. Eighth tergite

with apical ventral corner produced
ventrad, with a brush of ventrally di-

rected setae. Eighth sternite cleft for

only two-thirds its length, the lateral

lobes highest near lateral margin and
with scattered setae at apex. Ninth and
tenth tergites form a round structure

divided down the meson by a furrow.

Holotype, male.—Richmond, Illinois: May
28, 1Q36, H. H. Ross.

Allotype, female.—Same data as tor holo-

type.

Paratypes.

—

Illinois.—Clinton: May 21,

1935, at Weidon Springs, Prison & Ross, 2cr,
39. Havana: .April 25, 1935, along Quiver
Creek, Ross & Mohr, 3 c?. McHenry: May 28,

1936, two miles north of town, H. H. Ross, 1 d".

Richmond: Same data as for holotvpe, 39.

St. Anne: July 20, 1934, Prison, DeLong &
Ross, Icf. White Pines State Park: Mav 30,

1936, H. H. Ross, Sd".

Indiana.—Rome City: May 19, 1936,

Prison & Ross, 9cf', 69.

This species was identified as in-

commoda Hagen by Betten (1934).

Hagen's species, however, is a close re-

lative of scalaris and simu/ans.

Hydropsyche cuanis new species

Similar in general structure to de-

pravata Hagen but differing markedly
in the incised apex of the oedagus.

M.-^LE.—Length 10 mm. Body black,

covered with light brown pubescence;

eyes reddish; antennae annulate with

light and darker brown; legs beyond
coxae yellowish; wings fairly dark,

mottled with shades of brown and with-

out a definite pattern.

Antennae slender. Eyes large, two-
thirds as wide as the distance separating

them, the inner margins diverging ven-

trad. Malar space subequal in length

to width of flagellum.

Genitalia as in fig. 76. Tenth tergum
with a narrow mesal impression, divid-

ing the apical portion of the sclerite into

/q Sternitc 2 Tergites

Fig. 76.— Hydropsyche cuanis

two wide and almost truncate parts.

Ninth tergite humped, separated from
the tenth tergite by a definite crease.

Claspers narrowing just beyond base,

then gradually enlarging to region near

joint; apical portion of uniform thick-

ness except at apex, which is obtusely

pointed because of the obliqueness ot

the dorsal portion; basal segment ot

clasper with long setae, apical segment
with close, fine setae and with a tew

additional longer ones on the ventral

side. Oedagus broad and curved at base,

narrowed in middle and swollen at apex;

extreme apex with a pair of liplike lobes

pointing dorsoventrad, separated by a

fairly sharp clett.

Female.—Length 11 mm. Color and
general structure as tor male. Eighth
tergite with an inconspicuous row of
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small setae along lateral half of apical

margin, fig. 76. Eighth sternite with

two lateral lobes, the mesal incision

reaching only halfway to base of seg-

ment; meso-apical portion of these

lobes almost evenly rounded, with an

even fringe of slender setae over a wide

margin.

Holotype, male. — Wilmington, Illinois:

May 17, l^M, on Kankakee River, Ross &
Burks.

Allotype, female.—Collected in coilii with

holotype.

Paratypes.— Illinois.—Momence: June 4,

1Q32, Prison & Mohr, 4d'; .'^ug. 1, 1935, Ross

& Burks, Icf; May 26, 1936, Ross, 1 cf ; July

14, 1936, B. D. Burks, Id'; Aug. 3, 1936, C. O.

Mohr, Icf; Aug. 4, 1936, Prison & Burks, 53 cf.

Spring Grove: Mav 14, 1936, Ross & Mohr,

3cf , 19; June 12, 1936, Ross & Burks, 5cf', 19.

Wilmington: May 12, 1935, Prison & Ross,

130cf , 1429; May 17, 1935, H. H. Ross, 136cf

,

229; May 27, 1935, Ross & Mohr, 24cr, 509;

June 6, 1935, Ross & Mohr, 31 cf , 79; May 17,

1937, Ross & Burks, 142 d', 65?.

Michigan.—Bronson: May 19, 1936, along

Prairie River, Prison & Ross, i(f, 39. Good-
rich: May 20, 1936, along Thread River, Prison

& Ross, 6d'.

Hydropsyche piatrix new species

Although closely related to vexa, this

species differs in the short processes of

the tenth tergite and the lack of spines

at the apex of the lateral appendages of

the oedagus.

Male.—Length 8 mm. Head, thorax

and abdomen various shades of brown;

legs straw color; antennae alternate

bands of straw color and brown; wings

with membrane almost clear and with a

mottled, irrorate pattern of setae re-

sulting in a salt-and-pepper brown
mixture typical of the aiterna?is group.

General structure typical for genus.

Genitalia as in fig. 77. Tenth tergite

with a round, raised portion before apex

and with a pair of short, stubby lateral

processes. Oedagus with base sharply
angled and slightly constricted at the

angulation, then gradually increasing

in size to apex. The dorsal sclerotized

plates are large and fit into the abrupt
angle at the apex of the oedagus. Be-
hind this is a pair of short membranous
lobes, each bearing at its end a short,

buttonlike sclerotized spine. The termi-

nal projection of the oedagus is angled
down more than usual and bears a single

invaginated cluster of spines and a pair

of thin, membranous lateral appendages
which reach one-third of the way to the

base of the oedagus; these appendages
have no spines at their apex but instead

a circular opening around which are

several small setae.

Holotype, male.—Greer, Missouri: March
28, 1937, at spring near town, T. H. Prison.

Paratypes.— .Arkansas.— Mammoth
Springs: June 6, 1937, H. H. Ross, 2d'.

Hydropsyche vexa new species

This species differs from piatrix in

having spines in the apex of the disto-

lateral arms of the oedagus and from
others in having only short and very

Fig. 77.— Hydropsyche piatrix

Fig. 78.

—

Hydropsyche vexa

slender spines on the dorso-lateral arms
of the oedagus.

Male.—Length 9 mm. Color and
general structure and characteristics ex-

actly as in piatrix. Genitalia as in fig.

78. Tenth tergite fairly long with a

relatively sharp angle at its apex, and
with a pair of long, slender lateral pro-

cesses. Oedagus with the basal portion

wide and low and a distinct thickening

near middle; dorso-lateral appendages
membranous, each tipped with a short,

slender spine; apex of oedagus with a
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single invaginated group of spines and
with a pair of stout, membranous ap-

pendages which have a group of spines

at their apex.

Holotype, male.— Bloomer, Wisconsin: (une
5, 19,?6, Frison & Ross.

Paratypes.—Wisconsin.—Same d:itn :is for

holotype, Id'.

Hydropsyche bronta new species

Although close to morosa Hagen, this

species differs markedly in the very long

spur at the end ot the lateral appendage,
fig. 79.

Male.—Length 11 mm. Color same
as described tor piatrix. General struc-

ture typical of genus. Diagnostic
characters, apparently, present only in

the genitalia.

Genitalia as in fig. 79. Ninth anti

tenth tergites with prominent hump;

Oedacus

Fig. 79. Hydropsyche hronta

tenth tergite with a pair ot short, finger-

like apical processes. Apical segment ot

claspers conical, the base about one-

third as wide as the length of the seg-

ment, the apex very narrow and pointed.

Oedagus with base broad and at right

angles to remainder. Horizontal portion

swollen beyond basal angle, the apical

halt little more than halt as thick.

Mesal plates ovate. Behind these arise

a pair of long, membranous processes,

at the end of which is situated a long

spur which projects beneath the ven-
tral margin ot the oedagus. This spur is

held at right angles to the oedagus; its

surface is armed with spinelike teeth,

and its apex is curved slightly caudad.
Apical portion of oedagus knoblike,

with one mesal anci two lateral mem-
branous pockets; the lateral pockets
provicied with two to four very small

sclerotized spicules; mesal pocket hav-
ing at the most a few weak, unsclerotized

spicules; the spicules ot the lateral

pockets are completely sessile.

Female.—Length 12 mm. Color and

general structure same as for male;
genitalia apparently indistinguishable

from other species of alternay^s group
(see sparna, p. 150).

Holotype, male.— Bronson, Michigan: May
19, 1936, along Prairie River, Frison & Ross.

Allotype, female.—Same date as for holo-

type.

Paratypes.—Illinois.—Apple River Can-
yon, Aug. 22, 1935, DeLong & Ross, i&.
Havana: April 25, 1925, along Quiver Creek,
Ross & Mohr, IcT. Oregon: Aug. 23, 1935,
DeLong & Ross, 2cf . White Pine State Park:
May 30, 1936, H. H. Ross, 1&, 39.

Michigan.— Big Rapids: May 22, 1936,
along Muskegon River, Frison & Ross, Icf.
Bronson: Same data as for holotype, 12 cf.

New York.— Ithaca: Aug. 1, 1934, C.
Betten, Icf.

Wisconsin.—Bloomer: .June 5, 1936,
Frison & Ross, 5cf. Trout Lake: Aug. 13.

1936, D. M. DeLong, Icf.

Hydropsyche cheilonis new species

This is a close relative ot the species

described above. The points of differ-

ence in the genitalia are described below.

Male.—Similar in size, color and
general characteristics to bronta. Geni-
talia as in fig. 80. Horizontal part of
oedagus not markecfly constricted just

below mesal plates; the apical bulb

Oedagus

Fig. 80.— Hydropsyche cheilonis

short and stout, with four pockets (two
meso-dorsal and two lateral) each bear-

ing a group of at least six relatively long
and heavily sclerotized spicules; the

lateral pockets are exserted so that these

lateral groups of spicules are slightly

stalked. The membranous appendages
behind the mesal plates are short, and
the spur at the end ot these is narrower
and more nearly round in cross section

than is that of bronta; this spur has a

distinct constriction just beyond its

base, and the apex is pointed.

Female.—This is indistinguishable
trom that of bronta and other females
ot this group.

Holotype, male.—Oakwood, Illinois: July
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18, 1933, along Salt Fork River, Ross & Mohr.

Allotype, female.—Same data as for holo-

type.

Paratypes.— Illinois.—Muncie: May 4,

1936, Ross & Burks, Icf. Oakwood: Same
data as for holotype, 2cf, 69; Sept. 20, 1935,

DeLong & Ross, Tp", 99; July 18, 1933, along

middle fork Vermilion River, Ross & Mohr,

Irf'.

Indiana.— Knox: Mav 24, 1937, along

Yellow River, H. H. Ross, Id".

Hydropsyche sparna new species

Belonging to the chlorotica group,

this species differs from hitherto de-

scribed members in the long, mem-
branous appendages of the oedagus

which bear a sclerotized lateral process

shaped like a collar button, fig. 81.

Male.—Length 11 mm. Color and
general structure same as in piatrix, the

Fig. 81.

—

Hydropsyche sparna

differences occurring in the male geni-

talia.

Genitalia as in fig. 81. Ninth and
tenth tergites humplike but not ex-

cessively so. Apical process of tenth

tergite short, slightly thickened in

middle and tapering off to a rounded
apex; bilaterally compressed, arcuate

and converging at tip when seen from

above. Oedagus with basal portion

sharply S-shaped, the extreme base

wide. Dorsal plates ovoid. Basad of

these extend a pair of membranous ap-

pendages with the apex terminating in a

group of colorless, flattened spines and
with a collar buttonlike spine on the

ventro-lateral margin near middle. Ex-
treme apex of oedagus bulbous with

three eversible pockets of spines, one
mesal and two lateral.

Female.—Length 12 mm. Color and
general structure same as for male.
Lateral corner of eighth tergite similar to

cuanis but with a longer fringe of setae.

Eighth sternite incised on the meson for

only one-half its length, as is typical of

the genus, but with the apical lobes

much more prominent than in either

cornuta or cuanis.

Holotype, male.—Lovells, Michigan: May
22, 1936, along Au Sable River, Prison.& Ross.

Allotype, female.—Same data as for holo-

type.

Paratypes.—Michigan.— Lovells: Same
data as for holotype, 90^, 99.

New York.— Ithaca: Sept. 1, 2 0^; May 20,

Id'; Mav 26, 49; Aug. 1, 1924, 390^; June 23,

1937, D.T. Ries, Id'.

Tennessee.—Gatlinburg: May 28, 1934,
along fork of Little Pigeon River, T. H. Prison,

Id".

This species was recorded as H.
phalerata Hagen by Betten, 1934. An
examination of Hagen's type shows that

true phalerata is not the one described

here.

Hydropsyche centra new species

This species is close to cockerelli but
differs in having longer lateral append-
ages of the tenth tergum and a longer

postero-lateral spur on the oedagus,
fig. 82.

Male.—Length 9 mm. Color and
general structure same as for piatrix

and other members of alternans group.

Genitalia as in fig. 82. Tenth tergite

with an angulate crest, its lateral

appendages long, thickened in middle

(f Tergites

Fig. 82.

—

Hydropsyche centra
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and tapered at apex, close together at

base and converging toward apex.

Claspers with apical segment long and
tapering. Oedagus with a very large

lateral spur which is upcurved and
sharp. Apex ot oedagus rounded, with

a mesal and two lateral patches of very

short, almost indiscernible rods.

Female.—Size, color and general

structure as in male. At present in-

distinguishable from females of other

closely related species.

Hoiotype, male.—Centralia, Washington:
July 26, 1936, at light, H. H. Ross.

Allotype, female.—Same data as for hoio-

type.

Hydropsyche tana new species

Closely related to oslari Banks, but is

distinguished by the high crest ot the

tenth tergite and the short apical seg-

ment of the clasper.

Male.—Size 8.5 mm. Color and
general structure same as for centra and
other members of alternans group.

Genitalia as in fig. 83. Tenth tergite

with a high, spurlike crest, its lateral

appendages short, stout and curved
ventrad, narrow and close together as

seen from the dorsal aspect. Claspers

with relatively short apical segment.
Oedagus with a short, pointed lateral

spur; the dorsal plates longer than deep.

'c? GcrjiTALiA / 9 Xd" Tebgite

Fig. 83.

—

Hydropsyche lana

overhanging apex of oedagus; the latter

is rounded at tip, with two pockets of

fairly long rods.

Female.—Size, color and general

structure same as in male. No dis-

tinguishing characters found to separate

it from females of other species in the
group.

Hoiotype, male.—Harrison, Montana: July
8, 1936, along creek, H. H. Ross.

Allotype, female.—Same date as tor hoio-
type.

Paratypes.—Montana.—Same data as for

hoiotype, QcT, 29.

Cheumatopsyche aphanta new species

This species is closely related to

gracilis Banks but is readily dis-

tinguished from it by the shorter and

Clasper

(? Genitalia

Fig. 84.

—

Cheiimalopsyche aphania

Stockier basal segment of the claspers,

the shorter and deeper tenth tergite

and the ovate, oblique lobes at the

apex of the tenth tergite.

Male.—Length 7 mm. Color dark
brown with the following exceptions:

antennae yellowish brown, the six

basal segments of the flagellum with a

dark dorsal V mark, the apical portion

slightly darker; prosternum, most of

the legs and the venter of the abdomen
straw color; each wing with indistinct

grayish spots scattered over most of its

area, in addition to a large gray spot

on the anal margin near apex and a

smaller but conspicuous spot near apex
of stigmal region. General structure,

including warts on the head, venation
and spur count of legs, typical for

genus. Diagnostic characters apparently

restricted to genitalia.

Genitalia as in fig. 84. Tenth tergite

almost as deep as long, and having a
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lateral lobe covered with about ten

long, scattered setae; apex developed

into two lateral processes which are

situated obliquely in reference to the

anal aspect and are somewhat ovate,

wider near the lobe; clothed with fine

setae which are most abundant at the

apex. Claspers with basal segment not

quite three times length of apical seg-

ment, enlarged at apex and with a clus-

ter of long setae on the lateral angle

near apex; apical segment long and
slender, tapering gradually from base

to apex, clothed with short, fine setae.

Oedagus with base considerably en-

larged, and with the apico-lateral plates

short.

Female.—Similar in length, color anci

general structure to male. To date no

definite characters have been found to

separate the females of this genus ex-

cept average size and color, so that

their determination is largely a matter of

association.

Holotype, male.—Oakwood, Illinois: June
14, 1935, C. O. Mohr.

Allotype, female.—Oregon, Illinois: Aug.
23, 1935, Ross & DeLong.

Paratypes.— Illinois.—Apple River Can-
yon: Aug. 22, 1935, Ross & DeLong, 7 d' ;

June
29, 1935, DeLong & Ross, 1<f. Chemung:
May 28, 1936, Piscasaw Creek, H. H. Ross, 2 cf

.

Muncie: Sept. 7, 1931, at light, H. H. Ross,

5 6", 19. Oakwood: June 14, 1935, C. O. Mohr,
52 cT; Sept. 20, 1935, DeLong & Ross, 13 cf.

Oregon: Same data as for allotype, 41 cf.

Cheumatopsyche campyla new species

This species forms an intermediate

step between the gracilis group and
lasia, which in turn is intermediate be-

tween campyla anti speciosa. Campy/a
differs from the gracilis group in having
the apical processes of the tenth tergite

tapering from base to apex and form-

ing a narrow tip, fig. 85. From /asia

it differs in that these processes are

straight and not deeply emarginate near

base, fig. 85.

Male.—Length 10 mm. Color of

head and thorax blackish, remainder
of body and appendages light brown,
the legs and antennae shading to straw
color toward apex. Flagellum with five

or six basal segments having a distinct,

dorsal V mark. Fach front wing finely

irrorate with light brown and cream

color, and with a large light spot on
anal margin near apex. Hind wings
uniformly light brown. General struc-

ture same as for genus.

Genitalia as in fig. 85. Tenth tergite

slightly longer than deep with a lateral

submembranous knob bearing long,

scattered setae and with the apex pro-

duced into a pair of lateral processes
which extend considerably above the

level of the segment. These processes,

seen from caudal view, are wide at

base, gradually narrowed to the apex
and curved, sometimes the lateral mar-
gin having a small but noticeable

emargination; processes are clothed

with setae which fringe the lateral

margin and form a rather thick crown
at the apex. Claspers with basal seg-

ment three times length of second;
slender and somewhat knobbed just

above apex and with the usual type of

pubescence; apical segment broad at

base, tapering to a slender and slightly

sinuate apex. Oedagus with basal

portion not greatly enlarged compared
to other members of the genus; the

lateral lobes short and ovate.

Female.—Similar in length, color

and general characteristics to male.

Holotype, male.— Momence, Illinois: May
26, 1936, along Kankakee River, H. H. Ross.

Allotype, female.—Same data as for holo-

type. Collected in coitu with it.

Paratypes.— Illinois.—Algonquin: W. A.
Nason, Icf, 19. Carmi: April 24, 1935, on
bridge across Little Wabash River, T. H.

Fig. 85.

—

Cheumalopsyche campyla
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Prison, PcT, 79; Mav 28, 1935, Ross & Mohr,
dcf. Dixon: June 27, 1935, DeLone & Ross,
21 cf. East Dubuque: July 22, 1927, prison &
Glasgow, sweepings, 3d', 19. Plorence: Oct.
11, 1931, Mohr, Icf. Harrisburg: June 15,

1934, at linht, DeLong & Ross, Icf . Havana:
June 20, f936, at light, C. O. Mohr, 4c?', 49.

Kankakee; .*\ub. 1, 1933, along Kankakee
River, Ross & M^ohr, Icf

; Julv 2r, 1935, Ross
& Mohr, 19d'. Momence: May 26, 1936,
Ross, 2 mating pairs; Aug. 3, 1936, along Kan-
kakee River, C. O. Mohr, Icf, 19. Mount
Carmel: June 23, 1927, Prison & Glasgow, lo'.

Oakwood: June 14, 1935, C. O. Mohr, 1 cf

;

Sept. 20, 1935, DeLong & Ross, IScf. Oregon;
June 27, 1928, Prison, Hottes & Ross, mating
pair; ,'\ug. 23, 1935, DeLong & Ross, 2(f; May
29, 1936, H. H. Ross, 2d', 29. Rockford: Mav
30, 1936, H. H. Ross, 12 d", 159; June 4, 1936,
at light. Prison & Ross, Id'. Rock Island:

Mav 6, 1931, Ross & Mohr, Id'. Savanna:
June 29, 1935, DeLong & Ross, 4d'. Spring-
field: lulv 9, 1931, Prison, Icf. Spring Grove;
May 10, 1935, Prison & Ross, 2d', 39. Wil-
mington: Mav 12, 1935, Prison & Ross, Icf;
May 17, 1935,' along Kankakee River, H. H.
Ross, 45 cT; July 1,1935, DeLong & Ross, 10 d'

;

May 17, 1937, along Kankakee River, Ross &
Burks, 9d'.

Indiana.— Peru: Mav 18, 1936, at light.

Prison & Ross, id", 159. Shoals: June 26,
1936, along White River, Ross & DeLong, 4 0^,

29; Sept. 10, 1936, along White River, Ross &
Burks, 19d', 169.

Iowa.—Lewiston: Julv 10, 1936, altitude

550 feet, 2d'.

Michigan.— Berrien Springs: Sept. 17,

1936, Ross & Burks, Id", 59. "Grand Rapids:
Mav 13, 1936, Prison & Ross, 5d', 19. Jones-
ville: Mav 19, 1936, Prison & Ross, 2d'.
Omer: May 21, 1936, along Rifle River,
Prison & Ross, 4d', 69.

Montana.— Plathead Lake: .^ug. 26, 1891,
S. A. Porbes, no. 27108, Id'.

Ohio.—Gibralter Island, Put in Bav: Mav
25, 1937, DeLong & Smith, 4d', 49.

Ontario.—Niagara Falls: June 10, 1937,
Ries & Davis, 9d'.

Oregon.—.Arlington: Julv 29, 1936, along
Columbia River, H. H. Ross, 43d', 519. La
Grande: July 30, 1936, along Grande Ronde
River, H. H. Ross, lid'.

Wisconsin.—The Dells: June 5, 1936,
along Wisconsin River, Prison & Ross, 9cr,
29. Edgerton: June 5, 1936, Prison & Ross,

2d', 29.

WvoMiNG.— Boulder: Julv 6, 1936, tribu-

tary Pine Branch River, H. H. Ross, Id".
Pinedale: July 6, 1936, along Green River
north of town, H. H. Ross, 1 d'~, 149.

Cheumatopsyche enonis new species

Probably one of the most generalized
in the genus, this species differs from the
sordida complex in having the apical

segment ot the claspers pointed and
triangular; it differs from other nearctic

cT Genitalia

Fig. 86. Cheumalopsyche enonis

members of the genus in having a short

apical segment ot the claspers and in

lacking conspicuous lateral processes

at the apex of the tenth tergite, fig. 86.

M.ALE.—Length 6 mm. Body light

brown, with the venter and legs grading
into straw color and the wings having a

definite mottling of lighter brown than
the body. General structure same as for

genus.

Genitalia as in fig. 86. Tenth tergite

long and shallow, almost three times as

long as deep, the usual lateral tubercu-
late processes bearing long, slender

setae. The apex ot the segment is

divided into two lateral processes which
are erect along the transverse line; they
do not extend above the level of the

segment and, because of their small size,

they are inconspicuous. Claspers with
basal segment tour times length of
apical, enlarged at apex with setation as

in preceding species; apical segment
somewhat triangular with both the

lateral and mesal margins convex, the

baso-mesal corner produced into an
angle, the entire segment covered with
minute setae which are longer on the

mesal margin. Oedagus with basal por-

tion enlarged very little, the lateral

lobes at the apex appear more or less

globular seen from lateral view.

Holotype, male.— Parco, Wyoming: July 5,

1936, along North Platte River near town, H.
H. Ross.

Allotype, female.—Same data as for holo-

type.

Paratypes.—Wvoming.—Parco: July 5,

1936, along North Platte River near town, H.
H. Ross, 28d', 279; .Aug. 1, 1936, along North
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PlatteRiver.H. H.Ross, 6cr, 49. Rock Springs:

July 5, 1936, at light, H. H. Ross, Ud', 189.

Cheumatopsyche gyra new species

This species is closely related to

gracilis, from which it differs in the more
bulbous oedagus and the caudal ap-

pendages of the tenth tergite, which

Fig. 87.

—

Cheumatnpsyche gyra

have a sharp tooth on the dorso-lateral

corner and which meet to form a much
wider angle.

Male.—Length 7 mm. Color dark

brown with the following exceptions:

Apical half of legs shading to a light

brown, the body and wings with a few

very distinct, light spots, the spot on the

anal margin near apex being very much
reduced in size and no larger than any
of the other spots. Antennae, unlike

aphanta, uniformly brown with only a

slight indication of the dorsal V mark
on the basal segments of the flagellum.

General structure as for genus.

Genitalia as in fig. 87. Tenth tergite

almost twice as long as deep, with a

lateral tuberculate hump bearing several

long, slender setae; apex divided into a

pair of lateral plates almost touching

dorsally and forming a wide angle.

Viewed from the caudal aspect, these

plates have both inner and outer mar-
gins slightly sinuate, the lateral margin
produced dorsally into a sharp, angular

projection so that the dorsal margin of

the process is concave. These plates

bear scattered setae; a slight concen-
tration of setae is found on the dorso-

mesal portion. Claspers with basal

segment slightly more than three times
length of apical segment; apex slightly

enlarged, clothed with scattered setae

and having the usual cluster of long
setae on the lateral side at apex; apical

segment with the lateral margin evenly
concave, the mesal margin sinuate,

which results in the base being wide and
tapering to a narrow constriction, above
which the remainder of the segment
widens very slightly. The entire seg-

ment is sparsely studded with minute
setae, a few longer ones occurring along

the mesal margin. Oedagus with basal

portion more bulbous than in aphanta
and with a narrower constriction upon
the lobe. The lateral lobes at the apex
are longer than in aphanta.

Holotype, male.— Cherokee, North Caro-
lina: June 14, 1935, H. H. Ross.

Cheumatopsyche lasia new species

In general appearance this species is

similar to campyla but differs from it in

the bent condition of the lateral proc-

esses at the apex of the tenth tergite,

fig. 88.

Male.—Length 7 mm. Color similar

to campyla except that the irrorate

Fig. 88.

—

Cheumalopsyche lasia

pattern of the front wings is finer and
slightly more markedly contrasting.

General structure typical for genus.

Genitalia very similar in most par-

ticulars to campyla, the oedagus, claspers

and general proportions being almost
identical with those in fig. 85. Tenth
tergite, fig. 88, slightly longer than deep,
the apex produced into two lateral

lobes. The base of each lobe is at right
j

angles to the axis of the segment, but I

the apical half is bent back at a 45-

degree angle and hides part of the apex
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of the tergite. Seen from caudal view,

these processes have an angular lateral

projection near base, which bears a few

short setae. This projection merges

with the apical portion, which is some-

what ovate and which has a crown of

about ten long setae that curve dor-

sad and then caudad. These setae are

more conspicuous from a lateral view.

Female.—Size, color and general

structure same as for male, with the

usual antigeny.

Holotype, male.— Davis, Oklahoma; June
2, 1937, along Washita River, H. H. Ross.

Allotype, female.—Same data as for holo-

type.

Paratypes.—Illinois.—Dixon: June 27,

1935, DeLong & Ross, 1^. White Pine State

Park: May 30, 1936, H. H. Ross, 1 cT.

Iowa.—Ottumwa: Aug. 2, 1936, H. H.
Ross, 110^,329.

Oklahoma.—Same data as for holotype,

242 cf, 969.

Cheumatopsyche oxa new species

This species is closely related to

/)c///// but differs from it on the basis of

the much longer apical segment of the

claspers, the more bulbous oedagus and
the shape of the processes at the end of

the tenth tergite.

Male.—Length 8 mm. Color in-

distinguishable from that of gyra, the

wings having only inconspicuous light

areas so that they appear almost uni-

formly brown. General structure typical

for genus.

Genitalia as in fig. 89. Tenth tergite

scarcely longer than deep, the apex pro-

duced into two lateral processes appear-

ing slightly constricted in middle, seen

from caudal view. These processes are

clothed with scattered setae that are

more abundant at the apex. The later-

al aspect of the tenth tergite has the

usual knoblike projection, which bears

long, scattered setae. Claspers long,

the apical segment slender, two-thirds

as long as the basal segment; the basal

segment bears the usual setation but is

scarcely thickened at the apex; the

apical segment is clothed with minute

setae scattered sparsely over its entire

surface and also a few longer setae along

the mesal margin. Oedagus bulbous,

very similar in proportions to that of

aphanta^ fig. 84.

c? Tergite

Clasper

Fig. 89.

—

Cheumatopsyche oxa

Female.—Similar in length, color and
general characteristics to male. Differ-

ing in the usual antigenetic characters

of genitalia.

Holotype, male.—Columbia City, Indiana:
May 19, 1936, along Eel River near town,
Frison & Ross.

Allotype, female.—Same data as for holo-

type.

Paratypes.—Indiana.—Same data as for

holotype, 4cf

.

Michigan.—Bronson: May 19, 1936, along
Prairie River, Frison & Ross, icT, 59.

Family LEPTOCERIDAE
Athripsodes alagmus new species

Closely resembling tarsipunctatus Vor-
hies, this species differs from it in having
the cerci and tenth tergite shorter, the

ventral spines of the tenth tergite almost

as long as the tergite itself and the

oedagus more robust.

Male.—Length 12 mm. Color red-

dish brown except as follows: antennae
straw color, each segment having a nar-

row, dark apical band; in addition,

apical half of antennae covered with

dark brown scales and basal half cov-

ered with almost white scales; wings

with membrane rather dark brown,

bearing very small, round areas of

lighter brown scattered over the entire

surface; membranous area whitish; legs

beyond coxae straw color. General

structure typical for genus; size of eyes

same as given for ophioderus (see p. L57).

Genitalia as in fig. 90. Tenth tergite

seen from above appears vasiform; seen

from the side shallow at base and en-

larged at extreme apex; a pair of heavily



156 ILLINOIS NATURAL HISTORY SURVEY BULLETIN Vol. 21, Art. 4

Clasper ,,

Fig. 90.

—

Athripsodes alagnuis

sclerotized lateral arms arise at the ex-

treme base, progressing for a distance

parallel with the rest of the tergite;

moderately upturned near apex and

with the end truncate. Cerci short, as

wide as long and deeply incised laterally

near apex to form a narrow apical pro-

jection on the mesal side. Claspers with

the basal portion projecting into a long,

pointed process, the apical lobe sub-

membranous, fusiform and markedly

curved caudad; the sclerotized process

curved, either slightly truncate or round-

ed at apex. The basal portion of each

clasper has a baso-mesal projection

which is truncate, with a basal thread

and a semitruncate or semiangulate

smaller projection just above this on the

meson. Oedagus short and deep with a

small lateral flange and with the apex

pointed. Of the internal structures, the

most conspicuous is a pair of heavily

sclerotized spines which are more than

half the length of the oedagus, bulbous

at base and pointed at apex.

Holotype, male.—Fox Lake, Illinois; July

1, 1931, Prison, Betten & Ross.

Paratypes.—Illinois.—Antioch: July 7,

1932, Prison & Metcalf, 2d'. Pox Lake: Same
data as for holotype, tcf. Pulton: July 20,

1927, Prison & Glasgow, 5cf. Homer Park:

July 6, 1927, at light, Prison & Glasgow, Icf.

McHenry: June 30, 1931, Prison, Betten &
Ross, 1 S.

Wisconsin.—Little St. Germaine Lake:

Aug. 12, 1936, D. M. DeLong, 2d'.

Athripsodes cophus new species

Male.—Length 14 mm. Color of

head, thorax, dorsum and venter of

abdomen, and most of legs blackish

brown to black, antennae slightly darker

brown than head; apices of tibiae and
all but apical segment of tarsi light

brown; wing membrane pale yellowish

brown, most of veins darker shades of

brown. Pubescence of head a mixture

of white and black hairs, that of thorax

black and that of the remainder includ-

ing the wings brown. General charac-

teristics same as for genus. Eyes small;

seen from dorsal view, separated by

slightly more than twice longest dorsal

length. Venation and spur count same
as for genus.

Genitalia as in fig. 91. Tenth tergite

with a large base from which protrude

(1) a narrow, mesal prolongation flared

This species is similar in general habi-

tus to submaculus Walker and erraticus

Milne but differs from both in the flange-

like structures at the base of the tenth

tergite, in addition to other characters

of the genitalia.

Fig. 91.

—

Athripsodes

cophus

at the apex and with the apical margin

arcuate; (2) a pair of short, flaplike

plates below the base of the mesal pro-

jection. Cerci short, bluntly angled at

apex. Clasper with base bulbous, with-

out rows of heavy setae or mesal flaps;

only the mesal margin armed with a

patch of short setae; apical lobe finger-

like, semimembranous, with about fif-

teen long, slender setae scattered over

its surface; at the base of this lobe is the

sclerotized lateral appendage which is

almost as long and wide as the apical

lobe and has the apex pointed and
slightly hooked. Oedagus anchored

firmly within the genital capsule, com-
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posed of a tonguelike ventral flap which
is thin and spatulate in outline, a middle
submembranous and extrusible lobe and
a dorsal pair of pointed, sclerotized rods
which also are extrusible.

Holotype, male.— Pinedale, Wyoming: July
6, 1936, Green River north of the town, H. H.
Ross.

Paratypes.—Wyoming.—Same data as tor

holotype. Id'.

I have compared this species with
Athripsodes nigronervosus Retzius, of
Europe, with which it is very similar in

size and general appearance, but the

genitalia of the two species are very
different.

Athripsodes ophioderus new species

Close to the punctattis group, this

species differs from the members of that

group in the necklike tenth tergite with
its ovate apical enlargement.

Male.—Length 10 mm. Color of

head, body and appendages reddish
brown, with the following exceptions:

antennae almost straw color, each seg-

ment with a very narrow, dark brown
ring at apex; wings with three whitish

spots, one just in front of and the other

just beyond the stigmal area of the costal

margin, the third on the anal margin
near apex. Setation of body and ap-

pendages a mixture of brown and black-

ish hairs.

General structure, including wing
venation and setation, typical for genus.

Eyes small, seen from lateral view ap-

pearing slightly longer than high; seen

from above, the two seem separated by
three times the distance of their greatest

dorsal length.

Genitalia as in fig. 92. Ninth tergite

produced dorsally into a narrow point.

Tenth tergite somewhat S-shaped, di-

vided into three distinct regions: (1) a

robust basal part bearing at its apex a

pair of short dorsal spurs and a pair of

disto-ventral humps with a cluster of

short, stout setae; (2) a slightly curved
necklike portion which is slightly ex-

cavated beneath, the dorsum convex
transversely and twice as wide as deep;
and (3) a bulbous apical portion which
is rounded apically, no wider than the

"neck" but enlarged ventrally. Cerci

short and wide, the apico-lateral margin
incised. Claspers with the basal portion

Clasplr

Fig. 92.

—

Athripsodes ophioderus

somewhat triangular, the ventro-mesal
corner produced into a right angle
plate; mesal margin immediately behind
this plate with a small flange bearing a
few small setae; apical lobe fingerlike and
semimembranous, with about fifteen

long setae scattered over its surface; at

the base of this lobe is the sclerotized

lateral appendage which is only one-half
the greatest length of the apical lobe,

moderately stout at base, curved and
tapering evenly to a slender point.

Oedagus with a spatulate ventral plate
and a pair of stout, upcurved dorsal

spines; between these and the ventral

plate a semisclerotized process some-
what fingerlike but indefinite in outline

for most of its length. Oedagus with-
drawn into a small socket joined intern-

ally with the tenth segment.

Holotype, male.—Elizabethtown, Illinois:

June 11, 1927, at light, Frison & Glasgow.

Paratype.—Illinois.— Same data as for

holotype, 1 cT.

Triaenodes taenia new species

This species resembles dentata Banks
in the general pattern of the genitalia

but differs in the longer lateral process
and the small, short mesal process of the

claspers and the shorter and wider
sclerotized bands which arise from the

base of the claspers, fig. 93.

M.Ai.E.—Length 10 mm. Head, body,
mouthparts and legs almost straw color

and covered with long, yellowish pu-
bescence. Wings tawny, covered with
long and fairly dense pubescence which
forms a tawny background with poorly
defined darker areas covering the basal

third of the costal region and the apical

fourth of the front wing. Antennae
cream color with a narrow brown ring
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(J Genitalia

Fig. 93.— Triaenodes

laenia

at the apex of each segment; these rings

diminish in darkness from base to apex
until at the tip of the antennae they are

scarcely perceptible.

General structure typical for sub-

genus Triaenodes. The basal segment of

the antennae is furnished with an ellip-

soid, scalelike plate which runs the en-

tire length of the dorso-mesal margin.
Wing venation, mouthparts and legs

same as for subgenus.

Genitalia as in fig. 93. Tenth tergite

cleft, divided into two long, ribbonlike

processes which curve ventrad near the

middle and follow the outline of the

oedagus; the right process is longer than
the left and curves to the left at its ex-

treme apex; the left is shorter but curves
as much to the right as the right does to

the left. Cerci long and fingerlike,

clothed with long setae. Claspers with

(1) a long arcuate lateral arm whose tip

is smooth and sclerotized, the remainder
of the arm set with abundant setae; (2)

a small mesal projection which is sub-
divided into two almost equal lobes

separated at the base by a distance equal
to their length, one basal, the other
apical, only the latter visible from a

ventral view, both clothed with setae,

those on the apical lobe shorter and
much stouter; and (3) a curved, almost
saberlike process originating from the
base of the clasper and following the con-
tours of the oedagus, curving downward
and reaching only half the distance to

apex of clasper. Oedagus arcuate, semi-

membranous, with a conspicuous dorsal
lobe near middle and with the apex some-
what enlarged.

Holotype, male.—Gatlinburg, Tennessee:
June 12, 1935, along Little Pigeon River, H. H.
Ross.

Triaenodes tridonta new species

Related to the more primitive mem-
bers of the genus, this species differs

from them in the tridentate tenth ter-

gite, fig. 94.

Male.—Length 10 mm. Head and
body chestnut brown, the antennae an-
nulate with narrow bands of brown and
wider bands of cream color. Mouth
parts and legs shading to straw color;

wings uniformly brown, covered with
brown pubescence.

Belongs to the subgenus Triaenodes,

having a scale on the dorso-mesal sur-

face of the basal antennal segment; the

scale having a round base, more or less

parallel sides and a tapering, rounded
apex. Maxillary palpi long and very
bushy. Venation and spurs typical for

genus.

Genitalia as in fig. 94. Ninth segment
very short dorsally and long ventrally.

Tenth tergite longer than the claspers or

the preanal appendages. The base is

somewhat cylindrical, gradually widen-
ing to a tridentate apex, the two lateral

arms long and sharp, the mesal one
short and sharp; the entire structure

twisted so that the tridentate condition

is not conspicuous from a dorsal view.
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Cerci shorter than tenth tergite, narrow,
pointed and clothed with long setae.

Claspers short, the base enlarged and
bulbous, especially when seen from the

side, the apical portion divided into a

short, sharp lateral angle and a wider

mesal lobe. The lateral half of the

clasper is provided with abundant long

setae, and the oblique apical margin ot

the mesal lobe bears a dense row of

short, peglike setae. From the base of

the clasper arises a long, sclerotized,

filamentous process which curves near

the base and thence follows the direc-

tion of the oedagus; the apical portion

of this process is slightly fusiform with

the apex narrowed and slightly upturn-

ed. The processes of each side are sim-

ilar in general outline. Oedagus arcuate,

the basal portion tubular and the apical

portion composed in part of semimem-
branous folds which are difficult to dis-

tinguish.

Holotype, male.—Pushmataha County, Ok-
lahoma: May 28, 1934, C. A. Soeler.

Triaenodes perna new species

A close relative ot helo Milne, this

species differs in the constricted claspers

and the much stronger asymmetry ot

the ribbonlike processes which arise at

their base.

Male.—Length 9 mm. Color of head,

body, antennae, mouthparts and legs

same as tor ty'idonta. Wings with a fairly

well defined pattern as tollows: Front
wing basad of cord with a nearly parallel-

sided, dark brown stripe occupying
about one-half of the width of the wing,

set off from the anal margin by a narrow,

tawny border and from the costal region

by a tawny border which is narrow at

the base and gradually increases in

width to the cord; the area beyond the

cord is dark brown, unicolorous with
the dark streak on the basal part of the

wing, except for the small continuation

ot the tawny costal part, which tapers

off beyond the stigma, and indications

of tawny shading along the extreme
distal edge of the wing. General struc-

ture typical of the subgenus Triaenodes
with respect to the antennal scale, wing
venation, etc.

Genitalia as in fig. 95. Ninth segment
very short dorsally, ventral half to-

ff Genitalia

Fig. 95. -Triaenodes perna

gether with the tenth sternite forming a

long, deep projection which is longer

than and twice as deep as the claspers.

Tenth tergite very slender, slightly

clavate at extreme apex. From immedi-
ately below the tergite protrudes a

semimembranous "tongue" which is

broad at base and soon tapers to a whip-
like apex. Both the tenth tergite and the

"tongue" project almost as far posterior-

ly as the apex of the claspers. Cerci half

length of tenth tergite, narrow, finger-

like and clothed with long setae.

Claspers somewhat triangular, the later-

al margin indented so that the baso-

lateral corner is somewhat bulbous; the

meso-apical margin oblique and with a

dense row of short, peglike setae; the

ventro-mesal lobe is not developed but is

represented only by a low ridge directly

ciorsad ot the area bearing the peglike

setae. From the base of the claspers arise

the usual ribbonlike bands. They are

very long and form an almost complete
circle, ending below and beyond the

apex of the claspers; the right band has
the apical half greatly widened and
turned, and has a sharply pointed tip;

the left band is slender throughout,
slightly thickened a short distance be-

fore the apex, scarcely twisted and has
a sharp point. Oedagus branched near
base, the dorsal branch forming a nar-

row, tonguelike structure underneath
the larger similar structure that arises

from under the tenth tergite; the ventral

branch bulbous at extreme base, thence

arcuate and tapering to a narrow apex.

Female.—Similar in size, color and
general characteristics to male, differing

chiefly as tollows: venter of abdomen
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with third and fourth sternites dark
brown; fifth, sixth and seventh gradu-
ally becoming lighter toward apex;

scale at base of first antennal segment
absent; external genitalia typical for the

genus, provided with a hoUowed-out,
clasperlike pair ot appendages which
hide the ovipositor tube.

Holotype, male.—Eichorn, Illinois: June
13, 1934, along Hick's Branch, DeLong &
Ross.

Allotype, female.—Same data as for holo-

type.

Paratype.—Illinois.—Same data as for

holotype, 19.

Oecetis eddlestoni new species

This species is intermediate between
avara Banks and scala Milne, differing

from the former in the long processes of

the tenth tergite and from the latter in

the reniform claspers, fig. 96.

Male.—Length 10 mm. Color vari-

ous shades of brown; the flagellum straw
color with a dark apical ring on each seg-

ment; the palpi dark brown; the wings
fairly dark brown with fine, light dots
scattered over the membrane, the cord
and cubital veins darker than the rest;

the abdomen pale with a dark dorso-

mesal line down each segment.

Fig. 96.

—

Oecetis eddlestoni

General characteristics same as for

genus. Antennae thrice length of body.
Protibiae with only one apical spur.

The three "crossveins" forming the

cord staggered ladderlike, none inter-

stitial with each other, the posterior one
interstitial with Cuia+M3+4.

Genitalia as in fig. 96. Ninth segment
with a long, thumblike caudal projec-

tion closer to dorsal margin than to ven-
tral. Tenth tergite with a small, sub-

membranous mesal projection at ex-

treme base and with the apex produced
into a pair of long, flat, sclerotized arms
curving ventrad at base and armed with
two spines, one at apex and one just

beyond arch of curved portion. Cerci

lanceolate, short and covered with sparse

but long setae. Claspers rectangular-

reniform in general outline, the apical

margin with one emargination and the

ventral one with two, each emargina-
tion bordered by blunt lobes; the apico-

ventral lobe curved mesad, slightly

longer than the others, although this is

not apparent from the lateral aspect;

each lobe is surmounted by a tuft of

setae, those on the dorsal lobe more
scattered, shorter and slightly stouter

than the others. Oedagus suddenly con-

stricted just above base, the apical por-

tion swollen and bilobed, the ventral

lobe hanging much lower than the dorsal

one.

Holotype, male.—Sayre, Pennsylvania;
July 29, 1937, along Susquehanna River, J. H.
Kddleston.

The similarity of this species to both

the subgenus Oecetodes Ulmer and
^naria Milne in regard to wing venation

and general characteristics, as well as

its intermediate position between the

two in regard to genitalia, necessitates

the sinking of the subgenus ^uaria under
Oecetodes.

Leptocerus oligius new species

This species is very close to guttata

(Banks) from which it differs in the

shape of the tenth tergite, which in

oligius is broad at base and suddenly
narrowed to form a pair of filaments. In

guttata these processes are long and
gradually tapering for their entire

length. This is the species illustrated

by Betten (1934, plate 36, fig. 10, and
plate 37, fig. 1) as Setodes sp. 1 from
Ogdensburg and Buffalo, New York.

Male.—Length 8 mm. Body creamy;
some sutures and veins light brown; eyes

black.

General structure same as for geno-

type; eyes large, occupying most of the

lateral view of head capsule, the dorsal

length two-thirds the shortest distance

between them. Basal segment of each

antenna swollen; one and one-halt times
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as Ion

third

0-2-2

apex,

g as wide and no longer than the

antennal segment. Spur torimila

. Front wings slender, pointed at

radial sector three-branched.

,(? Genitalia

Fig. 97. [.rplocenis oligiiis

media two-branched; hind wings also

narrow and pointed, with Cui branched.

Genitalia as in fig. 97. Tenth tergite

divided into two processes whose basal

two-fifths are broad and contiguous

on meson; the apical three-filths narrow,

slender filaments slightly thickened and
sinuate before apex, the constriction

occurring abruptly. Claspers divided

into a ventro-mesal, quadrate lobe

slightly emarginate at the apex, and a

long, fingerlike, dorso-lateral lobe with

a pair of toothlike processes at apex.

From the baso-mesal angle of each

clasper arises a sclerotized plate joining

the base of the oedagus. The entire

clasper is clothed with long, fine setae.

Oedagus arcuate with basal portion

sclerotized and with a sharp ventral

process near the height of its arc, the

apical portion semimembranous; from

each side at base arises a sclerotized

filament which curves back to the base

of the ninth segment, then curves up
and follows oedagus to its apex, the two
processes being similar.

Female.—Similar in size, color and

general structure to male, differing in

characters of the genitalia, fig. 97.

Ninth tergite cylindrical and heavily

sclerotized. Tenth tergite carinate on
meson, broad at base, the apical half

tapering to a triangular and pointed

apex. Below this on each side is a spatu-

late, clasperlike process constricted at

the base; between these is a moundlike
structure formed of two lateral plates

open above and fused ventrally. The
sternal plate is somewhat produced, its

apical margin forming one mesal and
two lateral pointed projections. A pair

of invaginated, spindlelike structures lie

just above the venter and extend halt-

way into the eighth segment.

Holotype, male.—Wilmington, Illinois: Aug.
20, 1934, along Kankakee River, DeLong &
Ross.

Allotype, female.—Same data as for holo-

type.

Paratypes.— Illinois.—Same data as for

holotype, 2?.

Family PHRYGANEIDAE
Agrypnia dextra new species

Similar to glacialis, differing in the

apex of the tenth tergite, which has
only a single pair of lateral styles, the

two being distinctly asymmetrical, the

right one the longer and the left one the

shorter, fig. 98.

Male.—Length 19 mm. Light brown
to straw color, the pubescence straw

color; the eyes are slightly darker.

General structure identical with other

members of the genus Agrypnia s. sL

Genitalia as in fig. 98. Ninth segment
with the vental half cylindrical, the

dorsal half narrowed and forming a short

collar across meson; this collar bears

tufts of long setae at the apex. Tenth
tergite twice as long as wide, the ventral

cf Tergite \ rU^ <^ Genitalia

Fig. 98.- -Jx'yP"'" liextra
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margin evenly arcuate, the dorsal mar-
gin slightly concave and the apex nar-

rowed to a blunt point; just before the

apex there arises a pair of submem-
branous styles which are both slightly

fusiform, the right one longer than the

left and bearing at its apex a very long,

stout seta; the left style is shorter, bears

a short seta only one-third the length of

seta of the right style, and is not narrowed
at apex; near the base of the tergite is

a small, submembranous and flaplike

preanal appendage. Claspers arcuate

and converging apically; from a lateral

view the basal segment appears over

twice as long as the apical segment and
bears an angular projection two-thirds

the distance from base (this projection

is on the mesal margin and is better seen

from the ventral aspect). The apical

segment is almost lanceolate and bears

tufts of spines pointing basad. Oedagus
tubular and evenly but not greatly

arcuate; the apical margin oblique,

forming a pointed ventro-mesal end.

Holotype, male.—Riverdale, Idaho: May
10, 1935, C. F. Smith & G. F. Knowlton.

Paratype.—Idaho.—Same data as for holo-

type, Icf.

Family LIMNEPHILIDAE

Apatelia aenicta new species

This species is a very close relative of

A. wallengreni but differs in the longer

mesal process of the ninth tergite and
the apical widening of the cerci.

Male.—Length 10 mm. Color of

body and appendages black with the

following exceptions: apical segments of

antennae brownish, sutures of venter,

apical and upper portion of femora,

most of tibiae and basal portion of tarsi

reddish brown; wing membrane dark
gray, venation dark brown. The body
and wings are clothed with tawny hair.

General characteristics same as for

genus in regard to setation and shape of

head and thorax. Spur count of tibiae

1-2-4, the spurs relatively short, very

sharp and yellow. Front wing with
stigmal area half as deep as long, tapered

in relation to the remaining surface ot

the wing and set off sharply at the base
by an oblique, weakly sclerotized but
convex crossvein. Remainder of vena-
tion typical for genus.

d" Genitalia

c? Tergite

Fig. 99.

—

Apatelia aenicta

Genitalia as in fig. 99. Ninth segment
cylindrical, narrow and slightly sinuate

from lateral view. Set in the mesal
notch is a three pronged appendage com-
posed of a slender, sinuate mesal rod and
a pair of lateral rods greatly expanded
at the apex in the vertical plane; these

lateral appendages are considerably

shorter than the mesal rod; each has at

its base and apex a tuft of scattered

setae. Tenth tergite long and wide,

deep at its base but excavated dorsally

to form a shallow apical portion which is

upturned at the tip; seen from a ventral

view the lateral margins of the tenth

tergite appear slightly sinuate, then in-

cised near tip to form a relatively sharp

lateral point. Claspers very large, the

basal segment covered with thick, long

setae, the apical segment covered with

shorter and denser setae; basal segment
shorter than apical segment, only slight-

ly longer than wide; apical segment nar-

rower than basal segment, tapering

:

gradually to a sclerotized and curved 1

point free from setae. Oedagus consists

of a large, vasiform base from which ex-

trude a pair of long, sclerotized rods >

lying one on each side of the apical por-

tion of the oedagus, which is surmounted I

by a bilobed, cushionlike pad.
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Female.—Similar to male in size,

color and general structure, differing

from male in genitalia. Diagnostic

characters have not yet been worked
out for females of this genus, but the

tapered and wide stigmal area will sep-

arate this female from most of its con-

geners.

Holotype, male.—Churchill, Manitoba: July
2, 19.?6, H. K. McClure.

Allotype, female.—Same data as for holo-

type.

Paratypes.—Manitoba.—Same data as for

holotvpe, 1 d^ : same place as for holotype, July
5, 1936, IcT, 29.

Carborius lyratus new species

This species, fig. 100, differs from
piinctatissimus (Walker), fig. 101, in the

short genal spine and different shape of

the oedagus and claspers, fig. 100.

M.M-E.—Length 16 mm. Heatl and
thorax light brown; the abdomen, an-

tennae, mouthparts and legs straw color

(except the spines on the legs, which are

black); the wings light brown, minutely
flecked with pale areas over the entire

membrane.
General structure, including legs and

vtcw /

Fig. 100.— Carborius lyratus

Fig. 101.— Carborius punclalissimus

wing venation, same as for genus. Head
with a small genal projection, which is

only a third as long as that in the geno-

type. A large macrochaeta present be-

hind each lateral ocellus. Basitarsi with-

out black spines on ventral side.

Genitalia as in fig. 100. Eighth tergite

with apical margin only finely setate,

and produced into a mesal process which
is slightly wider than long, is shallowly

emarginate at apex and has sharp cor-

ners and well delineated margins. Ninth
and tenth tergites much reciuced, re-

presented by a pair of mesal, thumblike
processes pointing dorsad, these flanked

by a pair of cerci laid back flat against

the tergite; caudad of these is a triangu-

lar, sclerotized plate, the narrowed apex
rounded, the widening base invaginated

into the body cavity and articulating

with the base of the oedagus. Claspers

with a wide, quadrate base, beyond
which the clasper narrows and then

widens just before apex. Oedagus ex-

trusible; apical portion consisting of a

pair of heavy, sclerotizeci, sinuate rods

each bearing four or five stout appressed

spines near apex and a central oedagus
tube which is slightly dumb-bell-shaped
and is surmounted by a lyre-shaped di-

vision of the apex.

Holotype, male.—Oakwood, Illinois: Sept.

20, 19.15, DeLong & Ross.

Paratype.— Pennsylvania.—-Columbia
Crossroads: July 7, 1931, R. M. Leonard, \&.

Glyphopsyche ormiae new species

Close to ullus Milne, this species dif-

fers in the smaller pads on the eighth

tergite and the smaller, thinner and
less bulbous apices of the tenth tergite.

Male.—Length 19 mm. Color tawny
to yellowish brown except for the follow-

ing: some black spines and setae (es-

pecially those on the legs); a pale, silvery

stripe on the front wing down the radial

cell and continuing in a straight line

through cell Rs almost to margin of

wing; and an almost entirely colorless

hind wing.

General structure typical for genus,

the form very slender. Shape and seta-

tion of head and thorax, and venation of

wings, typical for genus. Tibiae with the

spur count 1-2-1, the lone spur on the

hind tibiae long, sharp and sinuate.
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Genitalia as in fig. 102. Eighth tergite

with a pair of convex apical pads densely
clothed with short, fine, brown setae.

Ninth and tenth tergites narrowed on

Fig. 102.—Glyphopsyche ormiae

meson, mostly submembranous except
for the lateral processes of the tenth
tergite; these are heavily sclerotized, en-

larged and deeply concave at apex to

form a pair of spurlike lobes. Cerci very
small, situated at base of tenth tergite.

Claspers not readily differentiated from
apical sternite; they have a broad base
with the lateral angle produced into a

pointed, fingerlike process curved later-

ad; the extreme base of the clasper is

armed with scattered, long setae; it is

set off from the apical sternite by a V-
shaped mesal suture which becomes
obsolete toward the lateral margin.
Oedagus with a pair of sclerotized lateral

arms lying beside the central portion;

the central portion is divided into two
long, submembranous lobes at extreme
apex and is provided with a long, narrow
cushion of minute spines from the base
of these lobes to the base of the sclerite.

Holotype, male.—Smithfield, Utah: Oct.
20, 1936, H. F. Thornley.

Paratypes.—Utah.—Smithfield: Same data
as for holotype, Icf. Logan: Nov. 3, 1934, C.
F. Smith, Icf.

Limnephilus acnestus new species

In color and general appearance this

species resembles many species hitherto
placed in Colpotauliiis. It differs from

them in the combination of small tenth
tergite, large cerci and spiny lateral

arms ot the oedagus.

Male.—Length 9 mm. Head and
body various shades of brown. Wings
with a pale, tawny brown color irregu-

larly peppered with darker brown spots,
brown sections of veins and dark brown
setae. Legs uniformly tawny to light

brown, the spurs and setae concolorous,
the spines conspicuously black.

General characteristics same as for

genus. Dorsum of head with scattered,

appressed setae and long, black bristles;

the wart in front of the lateral ocellus

bears three, and there is one bristle which
arises mesad and slightly caudad of the
ocellus. Pronotum collarlike, with a

fossa between the two halves. Mesono-
tum slightly flattened, the scutal warts
long and bearing a linear row of very
long, black bristles arched caudad. Front
wings bearing long and erect setae along
the veins; the wing is somewhat abbrevi-
ated so that the apical cells are short,

giving the wing a chopped-off appear-
ance. Front tibia with apical spur,

Cercus' Oedagus

Fig. lOi. -Limnephilus acnestus

which is very wide at base, triangular

and flattened. Front basitarsus sub-
equal in length to next segment of tar-

sus. Eighth tergite with a long mesal
projection overhanging the genitalia;

this projection bears a cushion of short,

black bristles.

Genitalia as in fig. 103. Ninth seg-

ment wide in the middle, suddenly con-

stricted to a very narrow dorsal bridge.

Lateral lobes of tenth tergite small and
low, the apex of each lobe curved and
emarginate to form a pair of low humps.
Cerci large, the base broad, the central

mesal portion incised so that the apex is
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somewhat hoodlike. Claspers broad,

their apex forming a sharp, sclerotized

point which does not extend above base

of cerci; they are covered with moder-
ately long setae and set off from the

ninth segment by an obsolescent suture.

Apical portion of oedagus tubular, the

extreme apex forming a short, narrowed
cylinder; lateral arms stout, tapering to

a somewhat pointed apex which bears

on its dorso-mesal corner a row ot six or

seven stout spines interspersed with

thinner setae.

Holotype, male.—Invo County, Calit'ornia;

May, 1922, O. C. Poling.

Limnephilus keratus new species

In general appearance this species

comes closest to members of the Anabol-

ina group but differs from all species

previously described in having the two
horns arise from the base of the tenth

tergite.

Male.—Length 17 mm. Color of

head, body and appendages various

shades of reddish brown. The spines on

the tibiae and tarsi are black. Wings a

fairly uniform salt-and-pepper mixture

of dark brown and straw-colored dots;

the brown markings are thickest just

below radius 1, cubitus 1 and the anal

veins.

General structure same as tor sub-

genus Anabolina. Head with one or two
bristles mesad and slightly caudad ot

lateral ocellus, the base of the bristles

arising from a wide calyx. The wart in

front of the ocellus bears two or three

large and a few small bristles. Pronotum
with the two warts forming a collar

bisected by a tossa on the meson. Mes-
onotum with scutal warts only moder-
ately long and bearing two large, black

bristles and about eight small, pale ones,

all arching caudad. Tibiae with spur

formula 1-3-4, all the spurs long, pale

and pointed. Front basitarsus elongate,

one and one-half times the length of the

next segment. Front wings wieie with

the apex evenly rounded. Fjghth seg-

ment cylindrical with no patches ot

bristles or produced lobes.

Genitalia as in fig. 104. Ninth seg-

ment cylindrical, widened dorsally to

form a projection over part of the genital

appendages. Just below the apex ot the

ninth and above the base of the tenth

tergite is a very heavily sclerotized

structure divided almost to base to form

a pair of slightly diverging horns which

curve ventrad slightly. Lobes of the

tenth tergite composed of deep, thin

c? Genitalia

<? Genitalia

Fig. 104.

—

Limnephilus keratus

plates sunken in the middle to form a

wide basal portion situated m the trans-

verse plane and a produced and up-
pointed apical portion in the longitudi-

nal plane; the apex is indented to form
an upturned and a shorter, blunter

ventral angle, the dorsal point being

armed with a tew minute setae. Cerci

situated between the base ot the lobes ot

the tenth tergite and the pronged struc-

ture; their base is small but their entire

dorsal, lateral and mesal margins are

expanded into an earlike structure whose
edges are heavily sclerotized, irregularly

serrate and armed with long setae.

Claspers greatly reduced and scarcely

differentiated from ninth segment, with

no dorsal projection of any description.

Apical portion ot oedagus wide at base,

tapering to a slightly narrower apex,

which is semimembranous with a sclero-

tized tork embedded in the dorsal mar-
gin; lateral arms stout, the apex divi-

ded into a narrow, pointed dorso-mesal

spike beset with a few small spines and
an apical, foliaceous and in-curved

"palm." This "palm" bears a small pro-

jection on each lateral margin just be-

tore apex and a picketlike row of setae

along the apical margin.
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Holotype, male.—Thunder Bay, Ontario:

July 1, 1937, H. S. Parish.

Limnephilus merinthus new species

This species is most closely related to

the kincaidi group but differs in the

short and uniformly sclerotized lateral

arms of the oedagus.

Male.—Length 8.5 mm. Head and

body dark brown to black, the warts

reddish brown. Antennae and legs red-

dish brown suffused slightly with dark

brown; the spines of the tibiae and tarsi

black. Wings light brown to tawny with

irregular, darker brown markings be-

tween radial sector and cubitus 1.

General structure typical of the sub-

genus AnaboUna. Head long, with a

Fig. 105.—Limnephilus merinthus

large bristle mesad and slightly caudad
of each lateral ocellus, the wart in front

of lateral ocellus with one or two large

and several small bristles. Pronotum
collarlike, the two dorsal warts separated

by a fossa. Mesonotum flat, the scutal

warts long and wide, containing an

abundance of long and short bristles

arched caudad. Venation same as for

subgenus, the wings somewhat abbrev-

iated so that the apical cells are short.

Front basitarsus short and stocky,

slightly shorter than succeeding seg-

ment. Tibial spur formula 1-3-4, the

spur on the front leg black, smooth and
angled sharply at extreme apex, the

other tibial spurs long, sharp and yellow.

Eighth tergite produced on the meson to

form an apical lobe extending over

genitalia in repose.

Genitalia as in fig. 105. Ninth seg-

ment narrowed to a collar dorsally.

Lobes of tenth tergite thin, platelike and
with a rounded ventral angle but with

the dorsal segment produced into an

erect projection recurved at extreme

apex. Cerci appear semiovate as seen

from lateral view, the apex rounded;

seen from the caudal view they appear

somewhat auriculate and close together

on the meson; the mesal margin is armed
with a single stout spur; the apical sur-

face of the cercus is fringed with scatter-

ed, long setae. Clasper projecting

caudad considerably, its apex turned up
slightly, the surface covered with a

scattering of medium length setae.

Oedagus with apical portion short, the

mesal tube cylindrical with a more
slender terminal portion; lateral arms
entirely sclerotized. Dorsal margin

practically smooth; extreme apex di-

vided into two or three heavy spines, the

ventral margin having a fringe of setae

longest at the apex and gradually di-

minishing in length toward the base.

Female.—Similar in size, color and

general structure to male, differing in the

longer front basitarsus, genitalia and

other antigenetic characters.

Holotype, male.—Churchill, Manitoba: July

17, 1936, H. E. McClure.

Allotype, female.—Same data as for holo-

type.

Paratypes.—Manitoba.—Same data as for

holotype, 3cf; same place as for holotype, July

10 and July 20, 1936, l<f.

Limnephilus taloga new species

This species belongs to the section

Colpotaulius and bears a marked re-

semblance in the genitalia to spinatus

Banks. It differs from this species niark-

edly in the shape of the cerci and in the

setation of lateral arms of oedagus.

Fig. 106.—Limnephilus

taloga
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Male.—Length 12 mm. Body various

shades of brown; the dorsum mottled
with dark and light shades; the venter,

including the legs, straw color; wings
with the membrane straw color, no pat-

tern, the venation a mixture of straw

color and brown. Most of the long setae

on the head and thorax black, the re-

mainder tawny; the spines on the legs

black, the spurs brown; the setae on
the veins of the wings black, the re-

mainder of the wing vestiture dark
brown to black.

General characteristics typical of the

genus Llmnephilus. The lateral ocellus

has a wart just in front of it bearing two
very long, black macrochaetae and has

one small and one large macrochaeta

just meso-caudad ol ocellus. Scutal

wart of the mesonotum very long, the

anterior setae the shorter, the posterior

ones the longer, all curved caudad.

Front femur with a band of black spin-

ulae beneath; the tibia with a companion
band of black spinulae; the basitarsus

short, flared at apex and only one-third

the length of the succeeding segment.

Wing venation typical for genus, the

veins supplied with regularly placed and
abundant long setae, more erect and
markedly longer than the hairs of the

membrane.

Genitalia as in fig. 106. Eighth with-

out cushions of setae and with only two
or three sparse rows of setae across the

segment. Tenth tergite with the median
area low and inconspicuous; the lateral

processes broad at base, narrowed and
up-turned at the apex to form almost

needlelike structures which appear di-

vergent when seen from a caudal view.

Cerci almost twice as high as width at

base, both margins evenly curved, the

mesal aspect with a single long, sharp

spinous process near the dorso-caudal

angle; seen from above, the cerci are

separated at their base tor a distance

almost equal to their length. Claspers

long and pointed, set off at the base by a

faint suture. Apical extensile portion ot

oedagus with the central portion typical

of genus, the lateral arms diagnostic,

having the base broad and armed with

three strong dorsal spines, the apical

portion narrowed gradually to a sharp
point which may have a slight division

near its apex. All parts of the genital

capsule are yellowish with tne exception

of the following : the setae, the lateral

processes of the tenth tergite and the

mesal spines of the cerci, which are

black; the lateral arms of the oedagus,
which are a darker brown than the re-

mainder of the structure.

Female.—Length 13.5 mm. Similar

in color and general structure to male,

except tor the usual antigeny. No
characters have been discovered which
will separate the females ot the closely

related form of this genus.

Holotype, male.—Taloga, Oklahoma: Tune
6, IQ.n, .Stamiish & Kaiser.

Allotype, female.—Same data as for holo-

type.

Paratypes.—Oklahoma.—Taloga: Same da-
ta as tor holotype, 19.

Utah.— Indian Writings (near Logan): Sept.

11, 1937, San Rafael Road, at light, W. P. Nye,
IcT, 19.

Limnephilus thorus new species

Closely related to externus Hagen,
this species differs in the larger clasper,

the sharper dorsal angle of the cerci and
the less ornamented lateral arms of the

oedagus.

Male.—Length 18 mm. Body brown
with the eyes black and the wings shad-

Oedagus

Fig. 107.—Limnephilus thorns

ing to yellowish; there is no pattern on
the wings except a slight shading from
light to dark at various places.

General structure: Macrochaetae of
head inconspicuous because they are

tairly short and the same color as the

head. Front tarsus with basal segments
one-quarter longer than second, neither

the tarsus nor tibia with areas of black
spines underneath. Wings extending
beyond apex of abdomen, three and
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three-fourths times as long as wide;

venation typical for genus. Eighth ter-

gite with patch of black setae at apex.

Genitalia as in fig. 107, with ap-

pendages short. Ninth segment reduced

to a narrow collar on the dorsum. Tenth
tergite short and stocky, its apical mar-

gin produced into a dorsal knob and a

ventral point which juts out beyond the

base of the cerci. Cerci triangular, the

apex angular; the caudal margin with

two projections on ventral portion

visible from the side and with four tooth-

like processes visible from caudal view.

Clasper short and stocky, its extreme

apex turned up into a small, sharp dorsal

point. The setae on the entire genital

capsule are scattered. The apico-dorsal

knob of the tenth tergite and the apical,

mesal, toothlike processes of the cerci are

heavily sclerotized. Oedagus with cen-

tral portion tubular, the extreme apex

constricted at its base; lateral arms as

long as the mesal portion, wider at base

than in middle and slightly enlarged in

apex; the mesal margin of the apex is

armed with a row of short setae.

Holotype, male.— Blue Creek, Utah: Aug.
28, 1934, C. F. Smith.

Neophylax oligius new species

This species resembles autumnus Vor-

hies in size and general appearance, but

differs from it in the genitalia of the

male, in particular the claspers with

their short, sharp mesal point and un-

recurved lateral corner, fig. 108.

Male.—Length 11 mm. Body, an-

tennae and legs light brown, the pubes-

cence light brown and the spines on the

legs dark brown to black; front wings

with the ground color brown, darker

Fig. 108.—Neophylax oligius

than the body, and with lighter brown
areas forming an irrorate pattern on
the distal two-thirds of the wing and a

narrow band covering most of the area

caudad of vein Cu2; hind wings uni-

form color, lighter than front wings.

General characteristics typical for

genus, with diagnostic characters ap-

parently restricted to the genitalia of the

male. Wing venation, ocelli and legs

normal; the head with the small wart
just behind lateral ocelli.

Genitalia as in fig. 108. Tenth tergite

long, divided into a dorsal, robust branch
rounded at apex and a ventral branch
which is slender and slightly truncate at

apex. Apparent ninth sternite with an
apico-dorsal lobe which appears trian-

gular viewed laterally, straplike viewed
caudally, and which joins the oedagus
assemblage on the meson; the remainder
of the sternite is hemicylindrical. Clasp-

er short, produced into a short, sclero-

tized mesal point and an erect lateral

point which is apparent chiefly from the

side; the entire clasper, except the mesal
point, is covered with scattered setae.

Between the claspers is a pair of small,

sclerotized, quadrate plates which are

striate. The internal portion of the

oedagus is tubular; from this juts a

smaller, tapering tube.

Female.—Length 12 mm. Color and
general structure same as in male. The
female genitalia are very simple and to

date no good morphological differences

have been discovered which will sepa-

rate the females of this genus.

Holotype, male.— Merriweather, Michigan:
Aug. 23, 1937, H. H. Ross.

Allotype, female.—Same data as for holo-

type.

Paratypes. — Michigan. — Merriweather:
Same data as (or holotype, Scf, 39. Honor:
Aug. 24, 1936, in Platte River, C. O. Mohr,
IcT, 19, taken from cocoon.

Wisconsin.—Sayner: Aug. 25, 1937, in

Plum Creek, H. H. Ross, i^, 19, taken from

Neophylax ayanus new species

This species is distinguished from
previously described members of the

genus by its somber coloring and the

elongate claspers.

Male.—Length 11 mm. Head, body
and wings dark brown, the wings in-
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(? Genitalia

Indiana.—Cataract:
Creek near Cataract Fa
19.

Sept. 24, 1937, Mill

s, Frison & Ros.s, 1 cf

,

Fig. \09.— Meophy!iis ayanus

conspicuously flecketl with luterous

markings in the membrane which are

somewhat obscured by the tawny hair

that covers the entire wing. Antennae
and legs pale yellow, the spines ot the

tibiae and tarsi black.

General structure as described for

preceding species.

Genitalia as in fig. 109. Tenth tergite

with the basal portion rounded and
humplike, the apex attenuated into a

beaklike structure following the line of

the oedagus; the apparent cerci form a

pair of clavate knobs above the base of

the beak. Claspers twice as long as

wide, the lateral margin convex, the

inner margin concave and with a cup-

like mesal process arising near middle;

the margins and lateral surface are cov-

ered with a scattering of long and med-
ium length setae. Apical portion ot

oedagus beaklike, extending under the

beak of the tenth tergite. Ninth sternite

with the apical margin produced to

form a pair of wide mesal lobes, sur-

mounted by a pointed projection on the

meson; this mesal projection is the hump
in the center of a caudo-mesal sclerite

set at right angles to the ninth sternite.

Female.—Similar in size, color and

general structure to male. The charac-

ters of the female genitalia have not yet

been worked out in this genus, so that

for the present the female can be distin-

guished only by the color.

Holotype, male. — Louisville, Kentucky:
Oct. 8, 1037, Bear Grass Creek, Ross & Burks.

Allotype, female.—Same data as for holo-

type.

Paratypes.— Kentuckv.—Same data as for

holotvpe, 6cf, 39.

Neophylax stolus new species

A close relative o{ ayanus, this species

differs from it in the narrow projection

(it the ninth sternite and in the twistetl

condition ot the clasper.

Male.—Similar in size, color and
general structure to ayauns. Genitalia,

fig. 110, similar in general to ayanus but
with the toUowing differences: Beak ot

tenth tergite and that ot oedagus more
slender and slightly longer, seen from
lateral view. Claspers slightly shorter,

with the dorsal margin evenly convex
and with the apical portion twisted so

that only a triangle at the base is in full

lateral view; the oblique apical portion

forms a hoodlike apex; trom ventral

view the clasper appears concave; it has

a sheltlike plate across it two-thirds the

distance from the base; the apical mar-
gins of the clasper bear several long

setae, the basal portion shorter setae.

c? Genitalia

c? Genitalia

Fig. 110. Nenphylax stolus

Ninth sternite excavated on the sides to

form a prolonged mesal lobe, at the apex
of which is a heavily sclerotized, decli-

vous plate ending in a sharp mesal point.

Holotype, male.— Monterey, Virginia: Sept.

28, 1Q36, T. H. Frison.

Platycentropus plectrus new species

This species is easily distinguished

from iudistinctus Walker by the lateral,

hornlike angles of the ninth tergite.

Male.—Length 16.5 mm. Dorsum ot

head and bod\' tlark brown to blackish
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with the warts brownish yellow; entire

venter, antennae, legs and mouthparts
yellow; the spines on the tibiae and tarsi

black. Wings almost entirely brownish

yellow with the following darker marks:

a light brown streak running from base

Fig. 111.—Platycentropus pleclnis

of media along stem of media, M3+4 and

cubitus 1, a lighter brown band in the

postanal field and a dark brown band
filling all but the central portion of cell

Re-

structure typical for genus. Head
with a long bristle mesad and slightly

caudad of lateral ocellus. Mesonotum
with scutal wart triangular, the anterior

portion forming a sharp angle and the

wart bearing only medium sized, lute-

ous bristles. Front basitarsus long and
slender, almost twice length of next seg-

ment. Tibial spur formula 1-3-3.

Eighth tergite simple, without pro-

longations or patches of small bristles.

Male genitalia as in fig. 111. Ninth
tergite mostly cylindrical but with the

dorsum flattened slightly, produced

laterally and incised dorsally to form a

pair of dark, heavily sclerotized, sharp

projections which overhang the geni-

talia. Lobes of tenth tergite with a broad

base and a platelike mesal extension;

this latter has the apico-ventral margin
rounded, the apex up-turned and the

apico-dorsal margin slightly raised,

moderately serrate and very heavily

sclerotized; the basal portion of the lobe

is furnished with a few short bristles.

Cerci obovate, the dorsal margin evenly

convex and bearing numerous long

setae. Claspers small, distinctly set off

from the ninth segment and with a

cushion of long setae on the small knob
which forms the apex. Oedagus with the

apical portion consisting of a very large

central tube and a pair of much shorter

lateral arms which are flat, thin and
with the apex divided into a number of
small, uneven points.

Holotype, male.—Honor, Michigan: Sept.
16, 1936, along Platte River, Ross & Burks.

Paratype.—Wisconsin.—Prairie du Lac,
1 cf (Museum ot Comparative Zoology col-

lection).

Family SERICOSTOMATIDAE
Notidobia pele new species

Running closest to asshni/is Banks,
this species differs from it in having no
hook at the apex of the clasper; instead
it has a plate situated on the mesal mar-
gin.

Male.—Length 12 mm. Color light

brown mixed with irregular areas of a
lighter shade; the costal and apical cells

Fig. 112.—Notidobia pele

of the wings even paler except for a

narrow area adjacent to the veins.

Structure typical for genus. Eyes set

with dark setae. First antennal segment
very short, as wide at base as length.

Eyes large, separated anteriorly for a

distance equal to the greatest dorsal

length of the eyes. Maxillary palpi very

short and closely appressed to face, the
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apical segment short and submembra-
nous, the first and second very closely

united, twice as long as the third and
with a membranous mesal filament ex-

tending almost the entire length of the

combined two segments. Spur formula
2-2-4.

Genitalia as in fig. 112. Sternites

without processes. Ninth segment with

lateral pointed extensions reaching into

the eighth segment. Tenth tergite ap-

pearing somewhat triangular viewed
from above, narrowed to a subacute

tip which is slightly depressed as seen

from side; from the baso-lateral corners

extend a pair ot slender semisclerotized

styles which reach almost to the apex

of the tergite. Cerci short, obovate and
flaplike, covered with sparse setae

Claspers with base quite narrow, apica

portion enlarged and reniform, the

disto-ventral margin emarginate, the

mesal margin with a long, clavate pro-

cess extending up from base and a small,

platelike projection at right angles to

the clasper, one-tourth the distance from

the apex; in addition, the dorsal margin
near middle has a short, blunt mesal

projection. The lateral aspect of the

clasper, except at base, is covered with a

scattering of long and very coarse setae.

Oedagus bowed, the extreme base slight-

ly enlarged and with a fingerlike process,

the apical portion slightly enlarged and
then excavated dorsally to form a nar-

rowed and very slightly upturned apex.

Holotype, male.—Smokemont, North Caro-
lina: June 14, 1935, H. H. Ross.

Paratype.—North Carolina.—Same data
as tor holotype, Id'.

Goerita new genus

This genus differs from the Brachy-
centrinae in having four spurs on the

hind tibiae; from the Lepidostomatinae
in having the spurs short and grouped
close together toward the apex ot the

tibia; from the Helicopsychinae in hav-

ing the hind wings broad at base; from

the Sericostomatinae in having the eyes

smooth and not hairy. From the Goeri-

nae, to which it is most closely related,

this genus can be distinguished by the

maxillary palpus of the male, which has
a quadrate second segment, and by the

high crown of the head in the female,

fig. 113.

<S Genitalia

Fig. \\i.- Goerila lemala

Characteristics: Maxillary palpi of

male three-segmented, the first segment
widening to apex, the second quadrate,

the third membranous and tapering to a

thin filament; the two palpi held up
together in front ot the face to torni a

short mask. First antennal segment only

as long as greatest length ot eye; cylin-

drical. Eyes small, separated by almost
twice their length in both sexes. Wing
formation typical for generalized mem-
bers ot the subtamily. Both eyes ovate,

relatively broad at base and blunt at

apex, with most of the hypothetical

veins and crossveins present. Male
claspers distinctly two-segmented.
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Genotype.— Goerita seviata new
species (original designation).

Goerita semata new species

Male.—Length 6 mm. Body light

brown; the membranous areas white;

the dorsum of the abdomen purple; the

first antennal segment and legs below

coxae straw color; the wings uniformly

light brown with light brown pu-

bescence. General structure as given

for genus.

Genitalia as in fig. 113. Abdomen
without ventral ornamentation. Ninth
segment very narrow dorsally, forming

across the meson a thin, sclerotized

bridge. Tenth tergite formed of a pair

of fairly wide lateral plates, practically

touching on meson, wide and arcuate at

base, the apical half with sides sub-

parallel, the apex divided into two
rounded lobes, the lateral lobe slightly

overlapping the mesal lobe; the entire

structure with only scattered long setae

clustered chiefly at apex and along
meson. Claspers, viewed from above,

with basal segment swollen at apex and
apical segment swollen at base. Seen

from the lateral view, the basal segment
appears almost rectangular; it appears

slightly concave when viewed ventrally.

It is incised at the apex to form a hollow

bearing the apical segment, which is

constricted just beyond base to form an

apical, sausagelike portion having on its

ventral surface a row of rounded, fat,

peglike setae. Oedagus tubular, with an

apical fringe of very fine setae; in pre-

pared specimens there protrudes from

the apex a large, membranous fold and

within the oedagus can be seen two
stout spines.

Female.—Similar in size, color and
general structure to male, except for

antigeny. Maxillary palpi longer than

width of front between eyes. Eighth
sternite crescentic; ninth forming a con-

cave sinuate pad fitting within the cres-

cent. For purposes of diagnosis the

shape of the head is most important.

Holotype, male.—Newfound Gap, North
Carolina: June 13, 19,55, H. H. Ross.

Allotype, female.—Same data as for holo-

type.

Paratypes.—North Carolina.—Same data
as for holotype, 14 cf, 49.

Goera stylata new species

This species is readily distinguished

from others in the genus by the disto-

mesal processes of the claspers and the

extremely long styles of the tenth ter-

gite.

Male.—Length 9 mm. Color a med-
ium dark shade of brown, with the

following exceptions: membranous
areas white; warts, labial palpi and legs

beyond femora straw color; maxillary

Fig. 114.— Goera stylata

palpi white with a black line along the

ventro-mesal edge; pubescence brown
throughout. General structure typical

for genus.

Genitalia as in fig. 114. Sternites 6

and 7 with a row of six or seven erect

yellow spines, those on the sixth stern-

ite slightly longer. Ninth segment seen

from lateral view appears twisted into

an oblique position, the ventral margin
j

pushed twice its own length caudad of I

the dorsal margin. Tenth tergite,!

arising far back in a fold of the ninth,
|

consists of a narrow central style reach-

ing midway to apex of genitalia and a
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pair of long, sclerotized styles which
arise under and laterad of the central

style and proceed as far caudad as the

rest of the genital capsule; these sclero-

tized styles diverge slightly from near
the base to almost the apex but at this

latter point curve mesad and almost
touch at extreme apex. Cerci long anil

slender, clavate, bearing at their apex a

cluster of scattered setae and reaching
not quite so far caudad as the middle
lobe of the tenth tergite. Claspers com-
plicated, the basal portion embracing a

large proportion of the segment, the

two claspers truncate anci approximate
on the venter; the apex is divided into

two lobes, a triangular, lateral lobe set

with long, scattered setae and a very
heavy, dark, sclerotized mesal lobe

which is sigmoidal from lateral view,

broad at base and tapering to apex, and
which from a ventral view curves into

meson, where it touches the mesal pro-

cesses of the other clasper. The two pro-

cesses proceed distad with only slight

divergences until close to the apex,

where they are angled laterad to form a

short point. The dorsal margin of the

mesal process is produced into a thin,

serrate ledge. Oedagus with the basal

portion tubular and sinuate, constrictetl

just beyond middle and expanded into

an apical bulb which is three times as

long as wide, is constricted in the middle
and bears at the apex an ovate mass of

membranous folds.

Holotype, male.—Lovells, Michigan: M;iy
24, 1936, north branch Au Sable River near
town, J. W. Leonard.

Theliopsyche epilone new species

Closely related to parva Banks, this

species differs from it in the longer pro-

cess of the clasper, fig. 115.

Male.—Length 6 mm. Body dark
brown with the membranous areas and
legs below coxae lighter brown to straw
color. Pubescence dark brown.

General structure: Maxillary palpi

cylindrical, the apical segment slightly

longer than the preapical and clothed
with abundant, very long setae, the

ventral setae forming a fairly thick

brush. First antennal segment long and
cylindrical, slightly longer than half

width of head. Wing venation and spur
count typical for genus.

Genitalia as in fig. 115. Seventh
sternite with a broad, ligulate mesal
tongue, typical of genus. Ninth segment
oblique, the apico-ventral margin trun-

cate with a slight incision on the meson

c? Genitalia

Fig. lis. -Tlieliopsyche epilone

ami situated very much caudad of the

dfjrsal portion ot the segment. Tenth
tergite long, set into a mesal angulation
of the ninth, consisting of (1) a pair of

long, sclerotized, sinuate rods which
arise at the baso-lateral corner of the

tergite and follow the outline of the

mesal sclerite and (2) a mesal pair of
wider, thinner plates which are ap-

pressed on the meson to form a rooflike

structure, which end on a rounded lateral

corner and a short, round mesal pro-

jection and which bear scattered setae

along meson. Claspers with a wide base,

produced into three apical processes:

(1) a short, truncate ventral one which
curves mesad and which has the mesal
corner pointed (2) a short, thumblike
dorsal one which is about the same
length as the ventral one and (3) a

lateral one, representing the body of the

clasper, which curves mesad and ends
in a very short, sharp spur; the base of

the clasper is covered with a scattering

of long setae, as is the dorsal lobe also,

but the lateral and ventral lobes bear
only a few short setae on the apical half.

Oedagus submembranous; situated be-

neath rooflike tenth tergite.
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Holotype, male.—Newfound Gap, North
Carolina: June 13, 1935, along Little Pigeon

River, H. H. Ross.

Paratypes.—North Carolina.—Same data

as for holotype, 3(3^.

Aopsyche new subgenus

This subgenus is very closely related

to Theliopsyche as evidenced by the

similar type of distinctive genitalia and
the tonguelike process on the seventh

sternite. It differs from that genus,

however, in the different shape of the

maxillary palpi, fig. 116, and the peculiar

venation featuring a very wide sub-

costal cell and crowded branches of

radial sector.

Characteristics: Structure typical of

Lepidostomatinae. First antennal seg-

ment almost as long as width of head.

Maxillary palpi long, the second seg-

ment slender at base, widened toward

apex, and the inner apical side bearing

a brush of dense, dark setae; apical

segment slender, tapering to apex, bear-

ing only a few long setae on inner side.

Front wing without scales; venation as

in fig. 116. Costa thick to juncture with

subcosta, wl(ich is close to costa and
faint; subcostal cell wide; branches of

radial sector crowded together and
close to Ri; media with three branches.

Hind wing with costa and subcosta

indistinguishable, radius with four

branches, media with two and cubitus

1 with two; all are weak except the

strong veins Ri and Cut. Spurs 2-4-4.

Seventh sternite of abdomen with a

tonguelike projection extending from
the incised apical margin. Eighth stern-

ite reduced to a narrow, sclerotized band.

Genotype.—Theliopsyche corona new
species (original designation).

Theliopsyche corona new species

Male.—Length 6 mm. Color black-

ish brown with the wings and legs lighter

than the other parts. General structure

given under description of the genus.

Genitalia as in fig. 116. Tenth tergite

consists of a pair of raised plates, each
of which gives rise to a lateral, elongate,

spinous process extending almost to the

apex of the claspers. Claspers consisting

of several parts: a broad base, a large

dorsal knpb which is more or less thumb-

d Genitalia

Fig. 116.— Theliopsyche corona

shaped, a ventral projection which is

slightly truncate at apex and a lateral,

fingerlike appendage which bears a

small outer tooth at extreme apex,

flanked by several small setae. Oedagus
large, composed of a tubular base which
merges into an oval area bearing a pair

of lateral, spinous processes and a sub-

membranous, mesal appendage; this

latter has a circular opening on the ven-

tral side, above which the oedagus is

divided along the meson.

Holotype, male.—Gatlinburg, Tennessee:
May 27, 1934, along branch of Little Pigeon
River, T. H. Prison.

Lepidostoma Rambur

A study of the females of the Lepi-
dostomatinae shows that many of thel

genera, such as Lepidostoma, Nosopus\
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and Olemira, are set apart as genera only

on secondary sexual characters. A de-

tailed study of the genitalia shows that,

in many cases, past divisions have cut

across phylogenetic lines. It seems ad-

visable at the present time to group the

species of this complex under the one

genus Lepidosto7na. There is no doubt
but that a great deal of investigation

will be needed to establish even a semi-

permanent generic organization ot the

subfamily, and it seems to me that until

this takes recognition of the females it

will not be at all satisfactory.

Lepidostoma knowltoni new species

This species is closest to the togatum

group but differs in the combination of

unreflexed costa in the front wing with

a very twisted and abnormal first an-

tennal segment, fig. 117.

Male.—Length 10 mm. Body light

brown with the eyes, first antennal seg-

ment and dorsum of thorax darker

brown.
General structure: Basal antennal

segments contorted, excavated and
twisted as in fig. 117, bearing at the base

a short dorsal process pointed dorso-

mesad, beyond this another similar one
on the mesal margin pointing mesad and
between these on the ventral margin
another process which is pointed and
contmues as a thick brush of stout setae,

the entire structure curving meso-
dorsad and ending on a level with the

dorsal margin of the segment. Beyond
this the segment is dorso-ventraily com-

cf Tercites

Fig. 117.

—

Lepidostoma knowltoni

pressed, then widened again at apex.

Maxillary palpi with a stout brush of

scales issuing from the apex; in both

specimens examined this brush is opened
up to form an almost globular mass
which hides the structure of the palpus.

Legs and wings normal for genus. Both
wings with a sparse scattering of scales

over most of the wing but without the

costal margin reflexed.

Genitalia as in fig. 117. Ninth tergite

produced caudad on meson, merging
imperceptibly with the tenth tergite.

Tenth tergite represented by two rather

distinct parts: (1) a pair of dorsal,

mesally appressed lobes with a scatter-

ing of fine setae and (2) a pair of lateral

appendages joined at their base to the

dorsal pair, converging toward the tip

and angled dorsad at the tip; the basal

portion is tairly stocky, clothed with

numerous long setae; the apical portion

is smooth and more heavily sclerotized;

this pair of processes is almost twice the

length of the dorsal pair. Claspers fairly

long anti narrow, the base with a long,

thin and clavate dorsal appendage and
a short, wide, hooklike process on the

ventro-mesal edge (seen from ventral

view). The apex is abruptly tapered to

a triangular point, beneath which is a

short, smooth projection. The entire

ventral aspect of the clasper bears a

dense mat of long setae. Oeciagus is

tubular and forms a semicircular arc.

Holotype, male.—Clinton, Utah: June 21,

19v?6, G. F. Knowlton.

Paratype.

—

Utah.—Same data as for holo-

type, Icf.

Lepidostoma pleca new species

Closely related to bryanti, this species

differs in the depressed and pointed apex

of the tenth tergite and the bristle-filled

cavities on the first antennal segment.

Male.—Length 9 mm. Color dark

brown with the following exceptions:

pubescence on maxillary palpi mostly

white; bristles on the first antennal seg-

ment a mixture of black, brown and
white; legs below coxae light brown;
wing membrane almost colorless with

a sparse covering of light brown hair

and irregular patches of black scales on

front wing and a fairly thick, uniform

scattering of black scales on the hind

wing.
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General structure as follows: Max-
illary palpi with apical segment long and
cleft, clothed ventrally with long, whit-

ish hair and dorsally with a long brush

of long, slender scales. F'irst antennal

segment twisted and compressed, the

lateral margin deeply excavated for al-

most its entire length, the cavity so

formed filled with a dense brush of

Fig. 118.—Lepidostoma fleea

bristles; ventro-mesal margin produced
into an arcuate, flat appendage, usually

hidden by a lateral brush of bristles.

Tibial spurs numbering 2-4-4. Wing
venation typical of group, the costal

margin reflexed at base for one-tenth

the distance to stigmal region, the pocket
thus formed filled with scales.

Genitalia as in fig. 118. Ninth seg-

ment annular, its meso-dorsal margin
indented to receive the tenth tergite.

Tenth tergite divided down the meson
for its entire length but with an open
V fissure for only half its length; the

resultant lobes broad at base with the

ventral margin almost straight and the

dorsal margin S-shaped, resulting in a

quadrantlike base and a narrow finger-

like apex; the apical half of this S-

shaped upper margin set with a row of

irregular, toothlike spines. Clasper ex-

tends one-third its length beyond apex
of tenth tergite. From the meso-dorsal

angle of the base arises a fingerlike pro-

cess which proceeds at a wide angle to

the clasper. Near the base is a second
small, fingerlike process appressed to

the dorsal margin, and near the apex is

a third flat process which (from lateral

view) seems to lie behind and to ex-

tend slightly dorsad of the pointed apex
of the clasper. From a ventral view the

clasper appears arcuate, with both
mesal and lateral margins evenly curved.

Oedagus tubular and arcuate with a

pair of dorsal, fingerlike processes arising

near base and following contour of

oedagus almost to apex.

Holotype, male.— Ingles Creek (near Bluett
Pass), Washington: July 10, 1936, H. H. Ross.

Lepidostoma quercina new species

This species is close to podager McL.
but dift'ers in having the front legs nor-

mal. In podager, the first segment of the

tarsus is abnormally developed and di-

lated, twice the length of the tibia.

Male.—Length 10 mm. Body brown
with the eyes almost black, the mem-
branous areas white, the venter of the

abdomen and legs below coxae lighter

brown than the sclerotized portions of

the head and thorax; wings light brown,
the veins slightly darker than the mem-
brane, surface covered with brown setae

but without patches of white scales.

General structure: Basal segment of

antenna subequal in length to greatest

length of eye, only slightly swollen.

<S Genitalia

Fig. \\9.— Lepidnsloma quercina

Maxillary palpi short, the apical seg-

ment slightly expanded and covered

with a dense brush of white setae.

Front basitarsus one-fourth shorter than

front tibia and not quite twice length of

second tarsal segment. Spur formula of

tibiae 2-4-4, the spurs long, straight and

pointed. Front wing obovate, the front

margin not reflexed and the venation

typical of the genus. Cells C, Sc anci Ri

subequal in width. Hind wing typical

for genus.

Genitalia as in fig. 119. Ninth tergite

annular. Tenth tergite with base sub-

membranous and apex divided into two
sclerotized lateral plates. Seen from the

lateral view, each of these appears to

have a fairly straight ventral margin, a

slightly irregular, oblique caudal margin; ;

the dorsal angle produced into a long,

,

sharp, recurved point and the lateral I
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margin near base having a pointed hump
that bears a seta, this hump being more
conspicuous from the dorsal aspect.

Basad of this is a small, shelflike pro-

jection (probably the cercus) bearing

several conspicuous setae. Claspers ex-

tending considerably beyond apex of

tenth tergite. From the main body ot

each clasper arise three, straight, finger-

like processes: a short one arising just

within apex and extending not quite to

apex; a meso-dorsal one arising about
one-third distance from base and running
in the same longitudinal plane as the

clasper and from a lateral view having
the dorsal margin just visible above the

dorsal margin of the clasper; and a

third arising on the mesal margin near
base and diverging dorsally at close to a

right angle to the body ol the clasper.

The body ot the clasper itself has a con-

vex ventral margin; the dorsal margin is

excavated near apex to form an apical

point; from ventral view the clasper

appears arcuate, the two claspers con-

verging toward apex. Oedagus tubular

and bearing two dorsal plates which lie

above it; these plates are very thin,

wide at base, tapering gradually to a

sharp point, and follow the outline of

the oedagus.

Holotype, male.— Corvallis, Orenon: April

2, 1935, Oak Creek.

The male genitalia of this species are

practically exact for Nosopus podager
McL. but the legs and mouthparts are

quite normal. Considering the close re-

lationship of these two, expressed bv
similarity in male genitalia, it is obvious
that the genus Nosopus is not really a

distinct unit from many species which
I am placing in Lepidostoma.

Lepidostoma strophis new species

This species is closest in most respects

to modesta, differing in the short tenth

tergite and other details of the genitalia,

fig. 120.

Male.—Length 8 mm. Color similar

to quercina. General structure also

similar to quercina with the following

differences: maxillary palpi held close

together for their entire length, forming
a spatulate mask which when held up to

face reaches to the apex ot the first an-

tennal segment.

Genitalia as in fig. 120. Ninth seg-

ment annular. Tenth tergite divided as

tar as its length by a wide V-shaped
cleft, the apical process thus formed ap-

pearing triangular from dorsal aspect

and arcuate dorsally from a lateral as-

pect; the extreme apex is slightly pro-

duced into a short stub which diverges

slightly laterad and bears a cluster of

small setae. The area basad of this

stubby apex bears only a few scattered

d" GCNrTALIA

Fig. 12Q.- -Lepiciosloma strophis

setae. Claspers extend somewhat be-

yond apex ot tenth tergite; they are

broadest near middle and the apex is

surmounted by a thin, spatulate plate

which bears no conspicuous setae; near
the base of the clasper there arise two
dorsal processes, one is fusiform and
thumblike and curves dorso-caudad, the

other is pointed and runs along partly

hidden tor its entire length by the latero-

dorsal edge ot the clasper. Each clasper

has its ventral margin so densely clothed

with setae that they form a brush.

Holotype, male.— Beulah, Michigan: Sept.
16, 1W6, Ross & Burks.

Paratypes.— B r i r i s h Columbia .—C u 1 1 u s

Lake: June 5, 1927, H. H. Ross, 2d.
Michigan.—Same data as tor holotype, 1 d".

Amiocentrus new subgenus

Characteristics: Venation as in Bra-
chycentrus, with the apex of vein radiusi

bowed in the front wing. Maxillary
palpi, fig. 121, very short, failing to

reach the ventral margin of the antenna,
the first and second segments sufficiently

coalesced to obscure completely the

dividing suture; the apical segment very
short and pointed at the apex, the outer
face of the entire palpus clothed with
long, shaggy hair. Tibial spur count
2-2-2; structure otherwise typical of
Brachvceiitriis.
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Genotype.—Brachycentrus aspilus

new species (by original designation).

Brachycentrus aspilus new species

Male.—Length 9 mm. Color mostly

dark brown with the sutures and mem-
branous areas whitish, the legs upon the

femora light brown to straw color, the

wing membrane light brown, the vena-

Fig. 121.— Brachycentrus aspilus

tion darker. General structure as de-

scribed for subgenus.
Genitalia as in fig. 121. Ninth seg-

ment very narrow dorsally and ven-

trally, but with large lateral expansions

which underlie the eighth segment.

Tenth tergite membranous with the

lateral margins and apex sclerotized, di-

vided down the meson from apex to base

of sclerosis; just basad of this point are a

pair of small, flabby tubercles bearing

two to three setae. Cerci short, with all

corners rounded, the short mesa! margin

closely appressed, the dorsal surface

clothed with a mixture of long and short

setae. Claspers with a broad basal por-

tion and a pair of lateral lobes; seen

from ventral view the base appears

ovate with a meso-apical, sharp point,

the disc bearing a pad of long, dense

setae, the ventral lobe sclerotized with

only a few minute setae and the dorsal

lobe membranous with a scattering of

medium setae. Oedagus arcuate, tubu-

lar. The apical fifth rounded and semi-

membranous.

Female.—Size, color and general

structure similar to those of male except

for antigeny. Genitalia apparently

identical with other members of the

genus.

Holotype, male.—Pinedale, Wyoming: July
6, 1936, along Green River north of town,
H. H. Ross.

Allotype, female.—Logan, Utah: July 31,

1937, at light, K. Nye.

Paratypes.—Montana.— Ennis: July 8,

1936, along Madison River, H. H. Ross, Irf'.

Utah.—Same data as for allotype, Icf, 19.

This species resembles many forms of

Brachycentrus s. st. in the approximate
cerci, shape of the oedagus and the

short maxillary palpi. On the basis of

key characters, notably tibial spurs, the

species would key out to Micrasema but

this similarity is only superficial.

Micrasema wataga new species

Closely related to both rustictim

(Hagen) and charonis Banks, this spe-

cies differs from both in the long pair of

setiferous tubercles on the tenth tergite

(these are very short and stubby in

both previously described species) and
in the arrangement of setae along the

edge of the apical lobes of the tenth ter-

gite (these setae form a small, round
cluster in both previously described

species).

Male.—Length 6 mm. Color dark

brown, the eyes black, the membranous
areas white and the entire body covered

with brown hair. General structure, in-

cluding venation and spur count, typi-

cal for genus. Maxillary palpi three-

segmented, long and hairy, and extended

in front and considerably above dorsal

LATERAL VIEW

cf Tergite: DORSAL \

Fig. 122.—Micrasema walaga

I
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margin of head, the second and third

segments subequal in length. Tibial

spurs short and not much longer than

some of spurlike setae elsewhere on the

tibiae. Venter of abdomen with abun-
dant long setae but without mesa! proc-

esses.

Genitalia as in fig. 122. Tenth tergite

represented most conspicuously by two
lateral, sclerotized plates connected at

base by membranous folds; these plates

appear pointed as seen from lateral view
and bear a row of stout setae along the

edge; from dorsal view they appear as in

fig. 122, their mesal margins subparallel,

their lateral margins rounded. At the

base of these lateral processes and just

caudad of the cerci are two long, narrow,

submembranous filaments, bearing at

their apex a single long setae. Cerci

short and somewhat auriculate, held in a

somewhat vertical position and covered
with long, scattered setae. Claspers

narrowed in middle, the apex creased

to form two small, irregular lobes; the

entire clasper covered with long, scatter-

ed setae, those near the base longest.

Oedagus elongate, appearing egg-shaped
seen from above and arcuate seen from
the side; identical with that of charonis.

Female.—Length 7.5 mm. Color and
general structure same as for male ex-

cept for antigeny. Abdomen with only
sternites 2-7 rectangular, these covered
with scattered setae clustered more
abundantly near apex. Beyond this the

abdomen presents the usual structure

for the subfamily.

Holotype, male.—Elkmont, Tennessee: June
12, 1935, H. H. Ross.

Allotype, female.—Same data as for holo-
type.

Paratypes.—New York.— Enfield Glen:
Aug. hi, 1928, A. R. Park, Id'.

North Carolina.—Smokemont: May 28,
1934, along Oconoluttee River, T. H. Prison,

2d'.

Tennessee.—Same data as for holotype, 5 rf'.

Helicopsyche limnella new species

This species differs from previously
described members of the genus from
North America in the longer scape and
the pointed corner of the male claspers.

Male.—Length 5.5. mm. Body al-

most uniformly brown; wings and ab-
domen the same color; the fiagellum

and apical segments of the legs straw
color; the membranous portions white.
The pubescence is almost entirely dark
brown.

General characters as for genus, with
the maxillary palpi three-segmented,
the second and third subequal and
long; spur formula 2-2-4 and venation
as illustrated for the genus. Scape one
and one-half times depth of head; ro-

bust; the inner margin concave and
bearing a dense cluster of long, thin
setae. Fore tibiae and tarsi covered

cJ Genitalia

Fig. 123. Helicopsyche linnielhi

with scales, mid and hind tibiae and
tarsi with rows of small, black spinulae.

Genitalia as in fig. 123. Sixth sternite

with a mesal, spatulate projection which
is as long as the segment. Tenth ter-

gite redticed to a narrow, submem-
branous flap extending between the

claspers and above the oedagus. Cerci

small, reduced to small knobs bearing

scattered setae at apex. Each clasper,

seen from the side, appears small at

base and flared at apex, the caudo-
ventral corner produced into a slender

point curving mesad; from a ventral

view each clasper appears to have a

small basal lobe situated mesad and
crowned with a tuft of short setae; from
this base the clasper curves gracefully to

the apex. Oedagus bulbous at base and
apex, these two portions connected by a

narrow tube.

Female.—Length 6 mm. Color and
general structure same as for male with
the following exceptions: Maxillary
palpi five-segmented and the scape of

the antennae small. Genitalia indis-

tinguishable from those of other mem-
bers of the genus, displaying the usual

brush of unkempt, black setae on the

fourth, fifth and sixth sternites.
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Holotype, male.—McFadden Springs, Ar- Paratypes.— Arkansas. — McFadden
kansas: June 5, 1937, H. H. Ross. Springs: Same data as for holotype, 2d'.

Allotype, female.—Mountain Pine, Arkan- Mountain Pine: Same data as for allotype,

sas: June 5, 1937, H. H. Ross. 6cf , 29.

\
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melita, Rhyacophila, 104

merinthus, Limnephilus, 166

Micrasema charonis, 178, 179

rusticum, 178

wataga, 178

minora, Rhyacophila, 104
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Notidobia assimilis, 170
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protera, Hydroptila, 131

Protoptila, 112
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Psychomyiinae, 137

punctatissimus, Carborius, 163

punctatus, Athripsodes, 157

Quaria, 160

quercina, Lepidostoma, 176, 177

Rhyacophila Carolina, 102

fenestra, 102, 106

iranda, 103

lobifera, 105

manistee, 104

melita, 104

minora, 104
montana, 105

perda, 105

vofixa, 103
RHYACOPHILIDAE, 102

rusticum, Micrasema, 178

saltesea, Agraylea, 114

scala, Oecetis, 160

scalaris, Hvdropsvche, 141, 142, 143,

146, 147

scolops, Hydroptila, 128

semata, Goerita, 172

SERICOSTOMATIDAE, 170

serrata, Oxyethira, 117

Setodes sp. 1, 160

shawnee, Dolophilus, 133, 134

shawnee, Polytrichia, 120, 121, 122

simulans, H^'dropsvche, 13Q, 141, 143,

145, 146, 147

sordida, Cheumatopsyche, 153

sparna, Hydropsyche, 149, 150

speciosa, Cheumatopsyche, 152

spicata, Cernotina, 138

spinatus, Limnephiius, 166
spinosa. Polytrichia, 121

Stactobia brustia, 115, 116
delira, 115

palmata, 116
strophis, Lepidostoma, 177
stolus, Neophylax, 169
stylata, Goera, 172
stylata. Polytrichia, 120
submaculus, Athripsodes, 156

taenia, Triaenodes, 157
taloga, Limnephiius, 166
tana, Hydropsyche, 151

tarsaiis. Polytrichia, 120
tarsipunctatus, Athripsodes, 155
Theliopsyche corona, 174

epilone, 173

parva, 173
thoracica, Protoptila, 114
thorus, Limnephiius, 167
togatum, Lepidostoma, 175

tortosa, Hydroptila, 125
Triaenodes dentata, 157

helo, 159

pern a, 159
taenia, 157

tridonta, 158, 159

tridonta, Triaenodes, 158, 159

ullus, Glyphopsyche, 163

utahensis, Chimarrha, 134

vala, Hydroptila, 123, 124, 125, 126
valanis, Hydropsyche, 144
velona, Glossosoma, 109, 110
venularis, Hydropsyche, 146

verdona, Glossosoma, 110
verna, Oxyethira, 118

vexa, Hydropsyche, 148
vibrans, Neotrichia, 119

virgata, Hydroptila, 125

vofixa, Rhyacophila, 103

wallengreni, Apatelia, 162

wataga, Micrasema, 178

xena. Polytrichia, 122

xera, Hydroptila, 132
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Young of the ring-
necked pheasant, a de-
sirable upland game
bird important in Illi-

nois.

Adult of the muskrat,
most numerous and
valuable of the Illinois

fur-bearers.
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Preliminary Studies

On Parasites of Upland Game Birds

And Fur-Bearing Mammals in Illinois

W. HENRY LEIGH

THE following is a brief report on

studies of the parasites of Illinois

upland game birds and fur-bearing

mammals. It was undertaken by the au-

thor during graduate study at the Univer-

sity of Illinois as a project of the Section

of Game Research and Management of the

Illinois Natural History Survey.

Because it was not possible to continue

the stud\' following completion of graduate

work, it has seemed advisable to present

what has been learned in a preliminary

way about the parasite fauna of such im-

portant upland game birds as the prairie

chicken, pheasant and quail, and of such

fur-bearers as the raccoon, muskrat, opos-

sum, red fox, skunk and mink.

While it obviously is not to be regarded

as giving a satisfactory picture of host-par-

asite relations of the animals mentioned,

the information embodied by this paper

constitutes most of that available concern-

ing these relationships in Illinois, and is to

be viewed only as an explorative attempt

to evaluate the possibilities for further pro-

ductive and more intensive work to deter-

mine what part parasites play in the econ-

omy of nature as it concerns these animals

in Illinois.

Sincere appreciation is extended to all

those who assisted in this work, especially

to Dr. R. E. Yeatter and Dr. D. H.
Thompson of the Illinois Natural History

Survey and Dr. H. J. Van Cleave of tjie

University of Illinois, who cooperated with

the author in many ways. Gratitude is

felt for the fine cooperation of the Illinois

State Department of Conservation and of

the various farmers' and sportsmen's clubs

throughout the state, too numerous to

mention individually, in the collection of

animals for study.

This paper is divided into two parts,

the first dealing with a brief discussion of

some parasites of three upland game birds

of the state, the second reporting what was
learned about parasites of the miscellane-

ous fur-bearing mammals that were col-

lected by or sent to the Illinois Natural
History Surve\' during the time of the

author's connection with this organization.

UPLAND GAME BIRDS

At the time this report was written,

no significant information was available

concerning the parasites of the ring-necked

pheasant, Phasiaiius colchiciis torquattis,

Gmelin ; bobwhite quail, Colinus virgin-

iiiiius virginianus (Linnaeus) ; and greater

prairie chicken, Tyiiipdnuchus cupido

(iinericaiius ( Reichenbach ) in Illinois.

Much had been learned and written about

parasites of the pheasant and quail in other

parts of the country, and game farms had

contributed considerably to a knowledge
of the parasites to which these birds are

susceptible, but information concerning

parasites of tiie prairie chicken was almost

totally lacking tiiroughout its entire range.

Because, at the time the present study

was being made, the Section of Game Re-

search and Management of the Illinois

Natural Histor\- Survey was conducting a

general ecological investigation of the pro-

tected prairie chicken in central Illinois,

this bird received careful consideration,

and the information concerning it is more
nearl\' complete tiian that for tjie pheasant

and quail in that in the prairie chicken

IS5
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stud\- thi- birds were fulh' autopsied,

whereas in the pheasant and quail investi-

gations only the viscera were examined.

During 1Q35 and in the early summer

of 1936, dead >oung prairie chickens were

found in unusually large numbers by Sur-

vey investigators on a study area in Jasper

County, and others were reported in the

vicinity by farmers. The present study

was undertaken to determine the possible

role of parasites as a cause of these deaths.

Because of the relative scarcity of the

prairie chicken over the state as a whole

and the desirability of making collections

without significantly reducing breeding

stock in the limited areas where birds were

fairly abundant, and because of the low

rate of survival of young in the drought

summer of 1936, only a few birds were

collected. Fourteen young and 14 adult

prairie chickens were taken, most of them

shot on the wing in Jasper and Richland

counties during the summers of 1936 and

1937. Most of the birds were autopsied

in field headquarters soon after collection.

Examination comprised a search for exter-

nal parasites or abnormalities, observations

on the intact internal organs and, finally,

separate examination of component parts

of the viscera for helminth parasites or

gross pathological change. When possible,

blood smears were made and intestines and

ceca examined for protozoan parasites.

Three species of cestodes, comprising

two genera and one new species, two spe-

cies of nematodes, one species of acantho-

cephalon, one species of louse and an unde-

termined species of mite constitute the list

of parasites realized from this study of the

prairie chicken.

The source of material for the quail and

pheasant studies was the farmer and sports-

man hunters of the state. To avoid sacri-

fice of the edible portions of the birds, the

cooperating farmers and sportsmen were

instructed to preserve only the viscera of

quail and pheasants that were killed during

the hunting season of 1936. One hundred

forty-one quail were collected from 15

counties and 41 pheasants from 5 counties;

the majority of the latter came from Liv-

ingston County.

The quail harbored four species of nem-

atodes and two species of cestodes. The
relatively few pheasants examined had only

one species of helminth, a nematode. Since,

in most instances, the respiratory tract was

not preserved, this study does not suppl\

information concerning the presence or ab-

sence of parasites of that tract.

The following discussion treats individ-

ually the hosts and their parasites. At the

close of the discussion a list is given show-

ing the parasites found in each host species.

The Greater Prairie Chicken
Tyinpiinuchiis ciipldo americaiius

Cestodes

Tapeworms were by far the most im-

portant and abundant of the parasites

found in the prairie chicken. They were

found in 10 of the 14 young birds but in

none of the 14 adults. The genera Rail-

Hetina and Choaiiotaeiiia were represented.

Those cestodes belonging to the genus

RailUetitia were found to comprise a new
species, which will be described elsewhere.

This new species appeared in 9 of the 14

young birds and, since it differs distinctly

from described species of poultry cestodes

of the same genus, may be indigenous to

the prairie chicken in this area. In four

cases, the infestations were so intense as

completely to occlude the lumen of the

small intestine for most of its length. In-

festations varied from 3 to 52 specimens

but, because of size variation, numbers

mean little. Seven specimens in one host

filled the intestine as completely as did 52

smaller specimens in another host. The
genus Cliotinotaenia was represented by

seven specimens in two hosts. Two species

were present, but neither could be identi-

fied with published descriptions of mem-
bers of the genus.

Nematodes

Seiirocyniea coliiii (Cram), inhabiting

the proventricular wall at its junction with

the gizzard and using the cockroach, Bla-

iella germatiicn (Linnaeus), as an inter-

mediate host (Cram 1931), was taken in

seven young and seven adult prairie chick-

ens. Infestations ranged from 1 to 35

worms per individual, averaging 12.4

worms per infested young and 5.1 worms
per adult bird. There is no indication that

S. colini is ever responsible for a severe

pathological condition of its hosts. It was

originally described from quail in the

southeastern states and has been reported
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from the turkey in Georgia and from
sharp-tailed grouse in Wisconsin and Mon-
tana ; Gross ( 1930) in Wisconsin gave the

first report of its occurrence in the prairie

chicken.

Heterakis //ullinue (Gmelin), the com-
mon cecal worm of poultry, was found in

1 1 of the 28 young and adult prairie chick-

ens. No intermediate host is required for

this parasite, the infestation being acquired

when the birds eat over infested ground.
Infestation ranged from 1 to 30 individ-

uals per infested host and averaged 11.5

worms for the adult, 2.4 worms for the

\oung birds. The presence of Heterakis in

moderate numbers is not of serious conse-

quence, although large numbers may cause

unthriftiness. Barger & Card (1935)
state, "The irritation caused by these small

worms in the ceca often leads to a general

unthriftiness, and in young chicks death

may result from heavy infestation."

Heterakis yallinae has been reported

from a number of wild birds and is com-
mon in quail, pheasant and domestic poul-

try. Its presence in wild game birds is

indicative of their contact with domestic

|ioultry. Game birds that range over

ground occupied by domestic fowl are in

danger of falling prey to fatal diseases of

poultry, especially blackhead, a serious pro-

tozoan disease of domestic turkeys that

ma\' be contracted through eating the eggs

of H. galliiiae containing viable blackhead

organisms. Gross (1930) reports. H. i/al-

liiitie in 50 per cent of the prairie chickens

examined in Wisconsin and in association

with a case of blackhead.

Acanthocephala

The thorny-headed worm has never be-

fore been reported from the prairie chick-

en. The two occurrences of Mediorhyn-
tliiis papillosiis, described by Van Cleave

(1916), in this collection are undoubtedly
accidental infestations. A single male
worm was found in each of tv\-o young
birds taken on the same area. Its presence

in such limited numbers cannot be con-

sidered as important.

Lice

MeiiDpoii iiKJiiostaechum Kellogg, iden-

tified by R. O. Malcomson of the Uni-
versity of Illinois, was taken from only

four \()ung prairie chickens, and the in-

festations were light in all cases, ib being
the heaviest infestation encountered. This
is a new host record for this species of

louse. Gross (1930) states that the louse

parasitizing a large number of the prairie

chickens of Wisconsin belongs to the genus
Chiipiiiia. In the numbers observed, lice

are not significant. However, their pres-

ence is a potential threat to the health of

the host, since under circumstances suitable

to the parasites their numbers could quick-

ly grow to serious proportions.

Mites

Two light infestations on young prairie

chickens constitute the only records of

mites during this study. The mites were
not identified.

Protozoa

Blood smears were made of the majority
of the prairie chickens collected. These
were e.xamined by Dr. R. R. Kudo of the

University of Illinois and by the author,
but they showed no indications of blood
parasites of an\' kind. Smears of intestinal

and cecal scrapings were negative for coc-

cidia or other protozoa.

It is believed that one case of blackhead,

caused by the protozoan Histomonas iiie-

leagris (Smith), was encountered. An
adult male bird in an extremely emaciated
and weakened condition was easily caught
b\- a bird dog in use on the study area. It

died before examination was possible.

While it had the clinical symptoms of

typical blackhead, the causative organism
could not be definitely demonstrated, possi-

bly because of the death of the host. As
Gross ( 1930) had similarly found in Wis-
consin, the infected bird was heavily para-

sitized with the cecal worm Heterakis
yallinae. The Illinois bird was caught on
an area where domestic turkeys known to

ha\e died of blackhead ranged widely.

The Bobwhite Quail
(ji)liniis !'ir</iniii/iii.\ viryiiiiaiiiis

Cestodes

Cestodes were taken from bobwhite
quail in only two instances, once in Bond
and once in Christian County. Thev were
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identiried as Rhahdornetra odiiisa (Leidy)

and Hymenolepis (Hymenolepis) sp. The
infestations were light.

Nematodes

Three species of cecal nematodes ap-

peared in the quail collections, Heterakis

bunasae Cram, H. gaUiniie (Gmelin) and

Subiilura strongylinti (Rudolphi).

Heterakis bonasae, a characteristic para-

site of quail in the southeastern states, was
found only in Alexander County, at the

southern tip of the state, in 18 of the 20

hosts. Only a single specimen of H. gal-

li/ine was noted from this county. While
the percentage of H. yaUinae may be

higher than is here indicated, there is no

doubt that H. bonasae highly predominates

in this area. It seems reasonable to believe

that the extreme southern part of the state

may be the normal northern limit for this

characteristic southern parasite.

Heterakis gallinae, found in 12 of the

15 counties from which quail were col-

lected, takes the place of H. bonasae in the

central and northern parts of the state as

a dominant parasite. Its range is indicated

in fig. 1. It is a common parasite of domes-

tic poultry and would be expected to be

found in wild birds frequenting areas

ranged by poultry.

Subuhira strongylina occurred in quail

in only four centrally located counties,

Bond, Sangamon, Montgomery and Chris-

tian. Heterakis gallinae existed in three of

the four counties and in multiple infesta-

tions with <S. strongylina. The latter spe-

cies is a common parasite of domestic and
wild birds in South America and was re-

ported by Stoddard (1932) from quail in

North Carolina. The pathogenicity of this

parasite is unknown, but it is probably

similar to that of H. gallinae. Fifty-one,

or 36 per cent, of the 141 quail examined
were infested with cecal worms of one or

more of the above-mentioned species; 110
was the heaviest infestation encountered

and 15 the average number for infested

hosts.

Seurocyrnea colini (Cram), the proven-

tricular worm, a common parasite of quail

in the southeastern states, occurred in 21,

or 15 per cent of the 141 quail, 18 of the

infestations occurring in 20 quail from
Alexander County at the southern tip of

the state. It also was taken from Living-

ston, Sangamon and Jasper counties, where
collections \\ere few in number. Twenty-
two specimens represented the heaviest in-

festation recorded. Infested hosts averaged

8 worms. No pathological condition has

been attributed to this parasite.

Madison and Crawford counties had no

parasites recorded for the three quail repre-

senting these areas. Obviously the number
of birds from these counties is too small

to be significant.

The Ring-Necked Pheasant
Phasianus colchicus torqiiatns

Nematodes

Heterakis gallinae (Gmelin) was the

only parasite encountered in the pheasant.

Nineteen of 41 birds, 46 per cent, har-

bored this cecal worm in varying degrees

of infestation. The heaviest single infesta-

tion was 60 worms ; the average infestation

for parasitized birds was 18 worms. Al-

though this parasite occurred in pheasants

taken from five counties, fig. 2, 36 of the

41 birds examined came from Livingston

County.

Conclusions

Prairie Chicken

It is not possible to draw any definite

conclusions as to the role that parasites

play in prairie chicken mortality in the

area studied. The data obtained from 28

prairie chickens do not indicate that pro-

tozoan, arthropod and helminth parasites

are responsible for any widespread loss of

life in south-central Illinois. However,
this study has been primarily limited to

prairie chickens vigorous enough to be on

the wing when shot and does not take into

account birds which may have been too ill

to flush. Neither does it determine the

cause of death of the young prairie chickens

whose remains were found by the Survey

investigators or reported by others.

It seems reasonable to believe that some
prairie chicken loss may occur from cestode

infestation, inasmuch as considerable loss

in domestic turkeys and other poultry is

known to occur occasionally from this

cause in south-central Illinois. Because

cestodes of a previously undescribed species

of Raillietina occurred in 10 of 14 young
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birds and in 4 cases were so numerous or

so large as to occlude the lumen of the

ijreater part of the small intestine, the\

siiould not be overlooked as a factor in

prairie chicken mortality.

References in the literature to RaUlic-

liii/i in wild birds for the most part do not

'^ive any indication of pathogenicity. Gross
(1930) reported finding heavy infestations

of cestodes of the genus Raillietiiia in

sharp-tailed grou.se and in one prairie

cliicken but made no mention of the age

or condition of the hosts. Simon (1937)
described Rtnllietina (Skrjabi/iiii) ceiitro-

or only cause of death of 25 young quail

raised by bantam foster parents. Passage of

food stopped, the intestinal lining sloughed

oft and some birds exhibited locomotor

% Heterakis galuna^
A Heterakis bonasae
§SEUROCrRN€A COLINl

,

SUBULURA STRONCYLINA
® HyMENOL EPIS S P
U Rhabdometra odiosa
VNo Parasites

Fig. 1.—Range of helminths of qii.iil in Illi-

nois, as indicateit by parasites fouml on 141

liirils collecleii in hunting season of 1936.

ctrci from the sage grouse in Wyoming
but gave no indication of degree of infesta-

tion, age or condition of host.

Jones (Stoddard 1932) gave some evi-

dence of the pathogenicity of this genus

of cestodes by reporting that Riiillietiini

ti'/rti//onri was obser\ ed to be the principal

S Heterakis galunae

Fig. 2.—Range of helminths of ring-necked
pheasants in Illinois, as indicated by parasites
tounci on 41 birds collected in 1936.

difficulties. Jones also observed that Ra'il-

lii-fiiiii tfsiicilliis caused less serious dam-
age, but the vitalit\ oi the infested quail

was greatlx reduced.

Tile pathogenic ettects of cestodes in

poultrx are well known, and it seems rea-

sonable to believe that the effects on wild

gallinaceous birds might be similar, at least

in \()ung birds heavih infested. Cestodes

of the genus RaiHtetiiui are common in

poultry. Buckley ft til. (1933) state,

"Loss of weight, loss of appetite, a general

condition of droopiness or unthriftiness,

intestinal catarrh and diarrhea are the con-

ditions most frequentlv found associated

with the presence of tapeworins. \ oung
fowls are most serioush aftected. Occa-
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sionalh laim-iu-ss and paralysis have been

associated with heav\- infestations with cer-

tain tapeworms." Barger (Sc Card (1933)

state that "It has also been fairly well

established that the worms (cestodes) pro-

duce substances during their growth which

are harmful when absorbed by the fowl.

In heavy infestations the bowel may be

practically occluded, and the normal move-

ment of intestinal contents greatly dis-

turbed."

Although it cannot be definitely stated

at this time that the high incidence and

heavy infestations with cestodes of a genus

known to be pathogenic for other gallina-

ceous birds constitute a serious mortality

factor in young prairie chickens, it is rea-

sonable to think that the minimum effect

of such intense parasitism in birds -t to S

weeks old would be a reduction in vitality

which would open the way to secondary

infections and render the birds more sus-

ceptible to predation or unfavorable en-

vironmental factors. Finding no cestodes

in adult hosts would seem to indicate that

the prairie chicken is susceptible to the new-

species of RaiUietina during only the first

few weeks of life.

The nematodes in the indicated numbers

cannot be regarded as dangerous, although

Heternkis gallinae as a carrier of black-

head is a potential threat. External para-

sites, acanthocephala and parasitic protozoa

do not seem, on the basis of autopsies per-

formed on a small number of birds, to be

important factors in prairie chicken mor-

talit\' in the area studied.

Quail

The results of this study indicate that

the quail of Illinois are not so heavily in-

fested with the diversity of helminth para-

sites as are the quail of the southeastern

states. Stoddard (1932) for the latter

area reports lb species of nematodes and

5 species of cestodes from quail. Addi-

tional data are necessary before the effects

of parasites on Illinois quail can he de-

termined.

Pheasant

The data available on the parasites of

Illinois pheasants are not sufficient to en-

able the drawing of conclusions about

them at this time.

Limitations of the Study

Because these observations on the prairie

chicken, pheasant and quail embrace only

a part of the year and do not cover all

parts of the state, the)- do not indicate con-

clusively that helminth parasites are not an

important consideration in the w-elfare of

their hosts. The study needs to be extend-

ed to other seasons of the year, with par-

ticular attention given to the young birds,

because mortality from parasitic infesta-

tions is most severe during the early weeks

of life. Ideally, the studies should be made

on the entire, freshly killed birds. Pre-

served viscera are only partially satisfac-

tory- for this type of study.

Host Parasite List

The numerals following the names of

parasites belo-w indicate the number of

hosts in which the parasites were found.

The letter preceding the name of each

parasite may be identified from the follow-

ing key: C, cestode; N, nematode; A,

acanthocephalon ; L, louse.

Greater Prairie Chicken, Tympnnuchus
ciipido nmeriraniis (Reichenbach)

(28 examined)

C Raittietina (Skrjabinia) sp.

( uniiescribeii ) 9

C Clioanotaenia spp. (undescnlied) . . . 2

N Seurocyrnra colini 1+

N Ueterakis gallinae 1

1

A Mrdiorhyntlius papitlosus 2

L Mrnopnn monostaeclium 4

Mites (unidentified) 2

Bobwhite Quail, Colinus virginiiuiii.t

virginiiiniis (Linnaeus)
( 141 examined)

C Rluihdometra odiosa 1

C Uymrnotrpis (Uymcnolepisj sp 1

N Ueterakis hnnasae 18

N llelerakis gallinae 31

N Subulura strongylina H
N Seiiroeyrnra colini 21

Ring-Necked Pheasant, Phasiamis
rolrliiriis lorqiiatus Gmelin

(41 examined)

N Ueterakis gallinae 19

FUR-BEARING MAMMALS
In order to acquire a general knowledge

of the diversity and prevalence of the hel-

minth parasites of fur-bearing mammals in



August l'^40 LEIGH: PRELIMINARY STUDIES ON PARASITES 191

Illinois, as opportunitN afforded, the writ-

er obtained and examined viscera of these

animals taken by hunters. Sixteen opos-

sums, 12 red foxes, b raccoons, 5 mink, 8

muskrats and 1 skunk, a total of 48 fur-

bearers, comprise this incidental collection

made during the hunting seasons of 1^35-

.16 and 1936-37. Hecause this problem
cannot be continued by the writer, the fol-

lowing information is made available.

All the helminths were identified to

genus and. when the condition of the ma-
terial justified it, to species. Seven species

of trematodes, representing as many gen-

era, 3 genera and species of cestodes, and
8 genera and species of nematodes, com-
prising a total of 18 genera and species,

were found in the 48 host individuals. In

view of the small number of hosts and host

species, these results are surprising, and
they suggest the desirability of further de-

\elopment of this problem in Illinois.

Pathogenicity of the helminth parasites

identified is not discussed, since the con-

dition of much of the material received did

not warrant such observations. A study of

the literature offers little information on

pathogenicity of the parasites found in the

hosts studied. So this report, because of

the preliminary nature of the observations,

consists of miscellaneous remarks on inci-

dence and degree of infestation, morphol-

ogy, distribution and host records. Para-

sites are listed b\ host ,it the close of the

discussion.

Trematodes

Amphimeriis pseudofelineus (Ward)
Biliary ducts of liver and gall bladder of

opossum, DiJilf'/iis viri/inintiii. Tuscola,
III.

Occurred in two opossums from the

.same area. Liver ducts packed with 300
to 400 of the flukes. This is the first record

of this species from the opossum. Stiles

& Baker (1935) list only the domestic

cat, felis ctitus doiiie-sticti, and the coyote,

Canis latrruis, as hosts. \V^alIace & Penner
(1939) have recently described a similar

trematode, Opisthnrchis toiikae, from the

bile ducts and gall bladder of the muskrat.

Bnichyhiemus (jfiistlio/ruis (Lutz)
Intestine of opossum, Didclphis virtjinltiiut.

Greenup, Olney, Tuscola and Urbana, III.

These forms measure 2 to 4 mm. in

length and largely conform to Lutz's

(1895) description of Brazilian trema-

todes from Diilcl/>liis iiiiritn, but lack the

spines. In this last respect, they agree with
those described by Chandler (1932) in

Texas. Because the spines are likely to

slough off following the death of the host

and its parasites, this characteristic has

limited diagnostic value. These trematodes

are much larger than the forms which
Dickerson (1930) described as Htirmos-
toiiiuni opisthotrias var. virt/i/nti/iiiin. Oc-
curred in 5 of 16 hosts. Heaviest infesta-

tion was 115 worms. Average for infested

hosts was 28 worms.

Catatropis filaiiieiitis Barker
Small intestine of muskrat, Ondatra zihethi-

ca. Sellers, III.

Only one specimen. Conforms to Bark-
er's (1915) description except that the

three rows of papillae are not observable.

hcbinostoiim revolutuni (Froelich)
Intestine of muskrat. OnJaIra zihelhita.

Sellers, 111.

Intestine of opossum. DiJelphis •vinjiniaiia.

St. Joseph, 111.

Beaver (1937) has reduced the mem-
bers of the genus Echinostoiiia by absolute

synonymy of eight species and has expressed

doubt concerning the validity of seven more
species. E. ariniyeriiin and E. cnalltum are

direct synonyms of E. revoli/tiini. and E.

iiillaicayensis is of doubtful validity (Bark-

er 1915). All three species were described

from the muskrat. So the echinostomes

under consideration are assigned to E.. rev-

(jIuIuiii. Bea\er states that A. revrjlutiini

"would probably occur in almost any bird

or mammal whose feeding habits are sim-

ilar to the so-called 'natural hosts.' " Dik-

mans (1931) reports Echinosloma sp. in

opossums in Louisiana. There were 8

worms in 1 of the 16 opossums and 1 worm
ill 1 of the S muskrats in the present iines-

tigation.

Echiiioparyphiuiii sp.

Small intestine of red fox, I'ulpis jiih'a.

Bath, 111.

Two specimens taken from 1 of 12 hosts

were not in condition for accurate specific

determination. No record has been found
of a previous occurrence of this genus in

foxes.

Diphistcjiiiurii rtiritil/ilf (Chandler)
Small intestine of opossum, DiJilphis v'lr-

ijiniana. l^rbana and Tuscola, 111.

First record of its occurrence since de-

scribed by Chandler (1932) in Texas
opossums. Great variation in size, shape

and degree of division between fore and
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hind liodies, reported b\' Chandler, observed

in these forms, although none was observed

to lack the glandular organs lateral to the

pharynx. Because of the constancy of the

glandular organs it is not likely that Dip-

lostonium variabile could be confused with

a similar species, Neodiplostoi/ium lucidum,

which La Rue .S: Bosma (1927) described

from Didelphis virginiaiia. Diplostomuin

varuiiiile was found in 2 of the 16 opos-

sums. One hundred fifty-six worms con-

stituted the heaviest infestation.

Rliopalias macrocaiiihus Chandler
Small intestine of opossum, Didelphis vir-

(jiniana. Urbana, 111,

Only one specimen. Conforms to Chand-
ler's (1932) description of Texas forms.

Cestodes

Hymenrjlepis (JJ'eiulandia) sp.

Small intestine of opossum, Didelphis <vir-

giniana. Urbana, 111.

Hooks were gone from rostella ; so spe-

cific determination could not be made. As
far as can be ascertained this genus has

been reported only once from marsupials,

from Peremeles macrura in Australia (Im-

perial Bureau of Agricultural Parasitolog)'

1933). There were 3 specimens in 1 of

the 16 hosts.

Oochoristica jtiephitis Skinker
Small intestine of skunk, Mephitis mephitis.

Urbana, 111.

Described by Skinker (1935) from
Mephitis elongate in Georgia. Specimens

from M. mephitis in Illinois conform to

Skinker's description. Sixteen specimens

were found in the only skunk collected.

Oochoristica sp.

Small intestine of raccoon, Procyon lotor.

Tuscola, 111.

Small intestine of opossum, Didelphis t'ir-

yiniana. Champaign County, 111.

Specific identification could not be made
due to immaturity of the specimens. Three
specimens were taken from 1 of the 16

opossums and 75 were taken from 1 of the

6 raccoons.

Taenia pisiiorinis ( Bloch )

Intestine of red fox, I'ulprs fut-va. Bath,
Areola and Dwight, 111.

This species has been reported from the

European fox, Vulpes vitlpes, but not from
the American fox, Vulpes fulva. Reported

from species of Felis, Canis and Procyon.

Because of immaturity of the specimens,

identification was made on scolex charac-

ters alone ; so the determination is ques-

tionable. Six of 12 foxes were infested.

The maximum infestation was seven hel-

minths.

Nematodes

Ascaris sp.

Small intestine of raccoon, Procyon lotor.

Tuscola and Urbana, III.

These ascarids were taken from four of

the six raccoons examined. Morphologi-

cally they do not differ significantly from
Ascaris lumbricoides. The genus Ascaris

has not previously been reported from the

raccoon. Ascaris did not occur in other

mammals collected. Maximum infestation

was 71 helminths; average for infested

hosts, 27 helminths.

Arthrocephalus sp.

Small intestine of raccoon, Procyon lotor.

Tuscola and Havana, 111.

This genus of nematodes has not previ-

ously been reported for Procyon lotor, but

Vaz (1935) has redescribed ^i/r//!rocf/)/ifl/-

ns inaxillaris (Molin) from Procyon can-

crivorus in South America. Since the form

under consideration shows capsule charac-

ters not figured by Vaz, it is not assigned

to A. inaxillaris. Other characters con-

form to Vaz's description. Two of the six

hosts were infested. Each had approxi-

mately 100 specimens.

Ancylostoma caninum (Ercolani)
Small intestine of red fox, J'ulpes fulva.

Havana, 111.

Only one specimen. A common and

widely distributed hookworm of dogs and

cats. Has often been reported from Euro-

pean foxes, but no previous specific record

has been found of its occurrence in Vulpes

fulva in North America.

Cruzia tentaculata (Rudolphi)
Intestine and cecum of opossum, Didelphis

lirffiniana. Havana, Tuscola and Green-
up, III.

Has been recorded for South American

Didelphis, and for D. virginiana in Penn-

s\ Ivania, Texas and Louisiana (Chandler

1932, Dikmans 1931). Four of 16 hosts

were infested. The heaviest infestation

was 1 20 specimens ; 44 was the average per

infested host.

Trichuris sp.

Large intestine of red fox, Vulpes fulva.

Bath, 111.

Possibly Trichuris vulpis (Froelich)

but, because of the absence of males, spe-

cific identification was not made. It is the

only valid species listed for foxes in Stiles



Aufiust I '140 LEIGH: PRELIMINARY STUDIES ON PARASITES 193

!*< Haker (l''J5). Two specimens were
found in 1 of tlie 12 hosts.

Toxfjcara canh (Werner)= Bcldsraris

iiiari/iiiala ( Rudolphi

)

Small intestine of red fox, lulpcs tiil-va.

Bath. Havana, Areola, Manville and
Pwight, 111.

Occurred in all 12 fo.xes examined. A
common parasite of various species of Felts,

Cii/iis and J'ulpes. This common ascarid

of dogs is one of the most frequent para-

sites of foxes and may cause serious trouble

in young puppies. Heaviest infestation was
30 specimens; the average was 12 speci-

mens per host.

Physaloptera turi/idd (Rudolphi)
Stomach ami intestine of opossum, Didilph'is

virffiniana. Urbana, Tuscola, St. Joseph,
CJreenup, Danville and Olney, III.

Stomach and intestine of raccoon, Procyon
lotor. Tuscola, 111.

Stomach and intestine of skunk. Mephitis
mephitis. Urbana, 111.

This nematode seems to be a common
and cosmopolitan parasite of the opossum.

Members of this genus froin the raccoon

and skunk did not differ noticeably from
those from the opossum ; hence, thev are

assigned to the same species. This is the

first record of Physnloptera lurgida from
Procyon lotor and Mephitis mephitis.

Found in 15 of 16 opossums; 49 speci-

mens were the inaximum and 18 specimens

the average infestation. Sixty-three speci-

mens were in one of six raccoons. ¥i\e

specimens were found in the only skunk

collected.

Viaiinaia bitrsobscura (Dikmans)
Small intestine of opossum, Didelp/iis -vir-

ffiniana. Urbana, 111.

Sixty small, coiled worms, blood-red

when alive, were found in onl\- one opos-

sum ; first record of this species since its

description by Dikmans (1931).

Host Parasite List

The numerals following the names of

parasites indicate the number of liosts in

which the parasites were found. The letter

preceding the name of each parasite ma\-

be identified from the following key : T,
trematode; C, cestode ; N, nematode.

Opossum, Didetphi.s itrginianti Kerr
(16 examined)

T Echinostoma revolutum 1

T Bracliylarmus opistliotrias 5

T .Imphimerus pseuJojflineus 2
T Diplostomum variahile 2
T Rhopatias macroeanthiis 1

C Hymenolepis (Weinlandiaj sp 1

C Oodioristiia sp I

N Cruzia terilaculata .... 4
N I'iannaia hursohscura 1

N Physaloptera turgida 15

Red Fox, f'ltlpe.sfith'it Desmarest
( 12 examined)

T Echinuparypliium sp 1

C Taenia pisiformis (?) 6

N .4ncylosloma caninum 1

N Toxncara lanis 12
N Tridiuris sp 1

Raccoon, Procyon lotor (Linnaeus)
( 6 examined

)

V Oochuristica sp 1

N .Iscaris sp 4
N Arthrncephatus sp 2
N Physaloptera turt/ida 1

.Skunk, W<»/)/ii/i.s- ntephilis (Schreber)
{ 1 examined

)

C Oochnristica mephitis 1

N Physaloptera turgida 1

Mink, Miistela vison Schreber
(5 examined)

No helminth parasites found

Muskrat, Ondatrn zibelhirn (Linnaeus)
(8 examined)

T El hinosloma revolutitm 1

T Catatropis filamentis 1
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rhe bur oak, Qiiercin inacrocdrpa
Michx., is one of the several species of
oak found in Illinois. Because native
oaks are numerous throughout the
state and have become increasingly
popular, diseases of these trees are an
important concern to Illinois citizens.
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Preliminary Investigation of Oak
Diseases in Illinois

J. CEDRIC CARTER

IN
our investigation of tree diseases in

Illinois the cases of disease of oak that

have heen brought to our attention

have increased each year since 1934. These
cases have consisted mainly of canker and
dieback diseases of small to large branches.

Species of Gnomonia, Marssoiiiii, Ph\l-

loslitt/i and Scptori/i, some of the fungi

that cause leaf diseases, have been studied

b\' other investigators, and control meas-

ures have been recommended. Man\
heart-rot and a few root-rot fungi, name-
ly, species of Aj-niillaria. Foiiies, Hyiliiiiin.

Polyporus, Slereiini and Ozuiiiii/ii, have

been studied by others in relation to their

parasitism of oaks. Only a few twig-blight

and twig- and branch-canker producing

fungi, principally Cy/osponi chrysospiriiui

(Pers. ) Fr., Diplodia longispora Cke. ik

Ell., Nectrid cinnabtirina Fr., X. gnUitjeiid

Bres., A', ditissima Tul. and Strumella

coryneoidea Sacc. & Wint., have been in-

vestigated by other workers.

The diseases of oak studied by the author

and the fungi associated with tlieni are

described in this paper.

ACKNOWLEDGMENTS

The author wishes to express his sincere

appreciation for the helpful assistance

given to him during the course of this

work. Through the cooperation of the

Forest Preserve District of Cook County
and many commercial nurseries in northern

Illinois, he collected and studied many
specimens of diseased oak material. Robert

Everly of the Glencoe Park District,

Glencoe, and George R. Pedlow of the

Rockford Park District, Rockford, co-

operated with the author in the study of

the relationship of Ainiillaria inelha

(\;ihl.) Quel, to the infection of oaks.

Much credit is given to G. H. Boewe,

Field Botanist of the Natural History
Surve\ ; \Villiam Ellsworth Rose, \'illage

Forester, Hinsdale; H. F. Seifert, Chief
State Plant Inspector of Illinois, and his

.issistants, William R. Jack, Glenn L.

Pierce and John K. Karlovic ; and to many
others for their help in collecting diseased

oak material. The author is indebted to

Dr. Lewis E. Wehmeyer, Associate Pro-
fessor of Botany at the University of

Michigan; Dr. E. F. Guba, Research Pro-

fessor of Botany at Massachusetts State

College; and Dr. H. A. Edson, Principal

Pathologist in Charge, Mycology and Dis-
ease Survey, U. S. Department of Agri-

culture, and his associates—Dr. J. A.
Stevenson and Dr. VV. W. Diehl—for the

identification of several of the fungi de-

scribed in this paper. The photographic

illustrations were produced through the

willing cooperation of Ray R. Hamm,
photographer for the University of Illinois.

Fhe examination of exsiccati was made
possible by the Department of Botany,

LTni\'ersity of Illinois. The author is in-

debted to Dr. L. R. 'Fehon, Botanist and
head of the Section of Applied Botany and
Plant Pathology, Natural History Survey,

under whose supervision the study was
conducted, for suggestions and criticisms

during the course of the work.

REVIEW OF LITERATURE

Internal disturbances of the living parts

of oak trees have received very little atten-

tion h\ investigators of tree diseases. The
"alcoholic Hux" or white slime flux of oak

was described by Ludwig (1886) and
later reported by Massee (1907) at Kew.
Ludwig ( 1888) also reported brown slime

Hux of oak 1 years after he had described

white slime flux. Slime flux of oak was
further discussed b\' Tubeuf 5c Smith

[195]
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(1897), Holtz (1901), Ward (1901),

Ogilvie (1924) and Cuba (1934). An
abnormal discoloration of oak wood, called

"brown oak," was described by Groom
(1915). He associated Melanogaster va-

riegatus Tul. var. broomianus Berk., a

Penicilliutn-Wkt fungus, with the produc-

tion of the disease. Davidson (1935) ob-

served that FistuUiia hepatica (Huds.)

Fr. was associated with the type of "brown

oak" described by Groom. A recent in-

vestigation by Cartwright (1937) estab-

lished the relationship of F. hepatica to the

production of "brown oak." A vascular

disease of trees, none of them oak, was first

reported by Hartley & Crandall (1935).

This disease, since called wetwood, was

later found in oak by Crandall, Hartley

& Davidson (1937), who isolated bacteria

from the wood adjacent to the wetwood
regions.

A bark disease of oak, called smooth

patch, was described by Tehon & Jacks

(1933). They found Aleurodiscus Oakesii

(B. & C.) Cke. associated with smooth

patch and believed it to be the cause of the

disease. Craighead (1923) previously had

attributed this type of injury to the larvae

of Eiicyclops, and stated that these larvae

have the peculiar habit of mining in the

dry, corky outer bark of Quercus alba L.

and other trees. Bark blotch of oak pro-

duced by Dichaena quercina Fr. was de-

scribed by Massee (1910).

A trunk canker of Quercus rubra L.

was described by Ludwig (1887) and

attributed to Bulgaria inquinans (Pers.)

Fr., considered by him a wound parasite.

A basal canker of oak was reported on O.

Cerris L., Q. palustris Muench. and Q.
rubra by Hennings (1894), who found

B. polymorpha (Oeder) Wett. associated

with the disease and pointed out that this

fungus may attack and kill the bark of

old trees. A trunk canker of oak attributed

to Polyporus hispidus (Bull.) Fr. was de-

scribed by Sleeth & Bidwell (1937).

Twig and branch cankers of oak have

received some attention. Hartig (1894)
attributed a Nectria canker in the cortical

tissue of oak and other trees to Nectria

ditissima Tul. Buckhout (1900) reported

a disease originating in crotches of black

oak {Quercus tinctoria Bart.) and pin

oak ; he attributed it to N. ditissima.

Zeller & Owens ( 1922) , Ashcroft (1934)
and Clinton (1934) reported Nectria

canker on oak and considered the disease

to be produced by N. galligena Bres.

Welch (1934a) reported Nectria canker,

as caused by A', ditissima, on oak in Con-
necticut, Massachusetts, New Hampshire
and Vermont. Kienholz & Bidwell

(1938) listed Nectria canker on black,

chestnut, red, scarlet, scrub and white oaks

in Connecticut and stated it was caused by

Nectria coccinea (Pers.) Fr. and other

Nectria species. Welch (1934b) and

Spaulding, Grant & Ayers (1936) pointed

out that no hardwoods are immune to

attack by Nectria. Grant & Spaulding

(1939) recently pointed out that the ave-

nues of entrance for the canker-forming

species of Nectria on oak and other hard-

woods in New England are branch stubs,

cracks at the axils of branches, and rub-

bing injuries, as well as other avenues of

infection not determined.

Strumella canker on oak, with which
Strumella coryiteoidea Sacc. & Wint. is

associated, was found by Anderson (1922)
in Illinois in 1919. Strumella canker was
also reported on oak by Bidwell & Bram-
ble (1934), Bramble (1934), Clinton

(1934), Davis (1935), McKenzie
(1937), Kienholz & Bidwell (1938) and
others (Anonymous 1934). Heald
(1914) and Heald & Studhalter (1914)
pointed out that there are two forms of

Strumella infection. One form produces

cankers and the second form causes a

diffused type of infection. In this latter

type of infection the fungus spreads rapid-

ly in the tree without callus production,

and the tree dies quickly. Cytospora chry-

sosperma (Pers.) Fr., the willow canker

fungus, was reported by McKenzie
(1937) to be the cause of a canker on oak.

Two years earlier, Cytospora sp. (Hum-
phrey & Wood 1935) was reported to be

the cause of canker on oak in New Jersey.

A canker on oak described by Hartig

(1894) was attributed by him and by

Henry ( 1902) to Aglaospora taleola Tul.,

considered Diaporthe taleola (Fr.) Sacc.

by Massee (1910) and by Moreillon

(1918). Moreillon pointed out that, in

Switzerland, twigs up to one-half inch in

diameter and 20 inches long were affected

with D. taleola. A nut rot of red oak was
attributed by Orton ( 1908) to "Sphaerop-

sis quercina" Cke. & Harkn.

Twig blight and canker of chestnut

oak, Quercus Prinus L., is becoming in-
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creasingly important. The hlight, found
occasionally on O. alba as well as on O.
Priiiiis, was reported in 1912 and de-

scribed in 1014 by Ingram (1012, 1014),
who demonstrated that Diplndia loiiyi-

spora Cke. & Ell. is the fungus responsible

for the disease. Ingram (1914) stated

that infection occurs through wounds in

the bark and that the fungus, after pene-

trating the twig, does not extend into the

leaves. Small trees are killed outright;

large trees are weakened by loss of \()ung

branches and die later. This twig blight

was reported on O. Prinus and other

species of oak bv Haensler (1932), Clin-

to-i (1034), Davis (1035) and White
(1936). In 1035 it was found on C^- "lb"

in California, Maryland, Texas and Wis-

I

consin (Edson & Wood 1936). Four
years later, it was reported on Quercus

,

in Iowa, Massachusetts, Virginia and

j

West Virginia by Waterman (1939). A
similar twig blight has been attributed

to Splititropsis iiudoriini Berk, bv Rankin
(1014) and others ( Anonvmous 1030,

1031).
' Brjtr\(jdiplijdia RoveneUii Sacc. was

found by Babcock (1015, 1016) to be

the cause of twig blight on scarlet oak

in the vicinity of Cincinnati, Ohio, and

to attack the host through bark wounds.
Doihidea uoxia Ruhl. was reported on

oak by Ruhland (1904). He stated that

it attacked the living cortex of twigs and

branches of oaks, and that it was especially

noticeable in \oung trees. The conidial

stage of this fungus he called Fusicociurn

noxiu/ii Ruhl. D. noxia has since been

reported on American oaks in Europe by

Bavendamm (1036). A tumor disease of

oaks and hickories in the United States,

attributed to a species of Plioriiopsis. was
described by Brown ( 1038). Other fungi,

that are mentioned by Boyce (1038) and

that appear to be related to canker diseases

of oak, are Stereuni riigosuni Pers. and

Foines igniarius ( L. ) Gill in Germany
and / . rubustus Karst. in France.

Ten genera of fungi were reported b\-

Carter (1038) associated with branch dis-

eases of oak: Bulc/ariti, Coryneum, Cyto-

spora, Diatrype, Phoiiia. Phumachura*
Rhodusticta, Spaeropsis and VstuliiiuA

From diseased specimens of oak Carter

isolated the fungi Alternaria, Armillaria,

(Jnryncui/i, Cylnspora. I usarium, Peni-

rillium, Phoma, Phomachnra* Plinmop-
sis and VstiilinaA

Other genera of fungi that are believed

to cause twig and branch diseases of oak
include Pseudovalsa and Coryiieum. Pseu-
dnvalsa longipes (Tul.) Sacc. was report-

ed on oak by Henry (1902). Wehmeyer
(1926) reported P. longipes on twigs of

Q. coccinea Muench. and studied the cul-

tural life history of this fungus and its

imperfect stage, Coryiieuiii Kunzei Corda.
P. sigmolded (Cke. & Ell.) Sacc, which
Wehmeyer believed to be synonymous
with P. longipes, and an unidentified spe-

cies of Coryneuin were reported in Fort

W^jrth, Texas, by Taubenhaus & Ezekiel

(1932), who suggested that the Coryne-
iim. which was causing injury to live oak,

might be a stage of P. sigmoidea; they

found both forms fruiting on the same
diseased tree. A stem blight of Q. vir-

giniana Mill, in Texas was first reported

in 1934 and attributed to Trubulia ery-

ihrosporii ( B. i!i C.) Cke. by Taubenhaus
(1934, 1035). Death of three pin oaks

and one willow-leaf oak on the Kansas
State College campus in 1033 and 1034
was associated with Diatrype stigma

(Hoffm.) Fr. b\ Lefeb\ re & Johnston

(1035). Atkinson (1807) had previous-

ly reported the same fungus on dead oak

branches at Auburn, Alabama. Godroni-

opsis Quernea (Schw. ) Diehl 5c Cash was
reported by Overholts (1034) on living

branches of Q. coccinea. fistulina hepa-

tica (Huds.) Fr. was found by Hartig

(1804) to be the cause of a reddish-brown

wood rot of oak and was suggested by

Braid (1024) as a major factor in the

production of staghead and hollow tree

of oak. Weir (1025) reported that Endo-
thiii gyrosa (Schw.) Fr. was capable of

causing a root disease of Q. velutin/i Lam.
Numerous studies have been made on

the relationship of .Irmillaria mellea

(\ ahl.) Quel, to the decline and death of

oaks and other trees. Thomas ( 1934)

reported that the fungus is capable of in-

\ ading the roots through the sound and

health)' periderm by a combination of

mechanical and chemical means. Camp-
bell (1034) maintained that the black

zone lines produced in the infected roots

b>' this fungus are actually sheets or plates

of black strands, which he called pseudo-

sclerotia. Rhizomorphs of A. mellea are
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present and often widespread in soils cov-

ered by natural oak stands. Numerous
control measures have been suggested and

recommended, but none of these has

proved to be completely satisfactory

(Home 1914, 1915, 1919, Newman 1926,

Rankin 1927, Brooks 1928, Owens 1928,

Hubert 1931, Kendall 1931, Felt & Ran-

kin 1932, Heald 1937 and lioyce 1938).

The parasitic nature of most of the

above fungi has not been proved. A large

majority of these fungi, which have been

reported on living oak trees, have been

associated with cankers on twigs and

branches. These twig and branch cankers,

in the later stages of their development,

frequently result in twig blight or branch

dieback.

METHODS OF STUDY

To study the parasitism of various fungi

that might be associated with the diseases

of living oaks it was necessary to examine

many diseased specimens. Culture tests

were made in order to isolate the organism

that was present in the diseased tissue of

each specimen. Wood pieces for culture

tests were taken from diseased living tissue

and from diseased dead tissue that had

been only recently killed, and isolations

were made of those fungi that were sporu-

lating on the dead tissue.

The fungi present in the diseased speci-

mens were isolated in the following man-
ner. A diseased specimen, including the

bark, was sterilized in 0.1 per cent mer-

curic chloride for 1 to 2 minutes, and

then thoroughly rinsed in sterile water.

After the bark was removed, several slices

were cut from the diseased wood with a

sterile scalpel. With sterile forceps some

of the slices were planted directly on

Difco corn meal agar in Petri dishes. The
others were sterilized individually by be-

ing dipped in and out of a 0.1 per cent

mercuric chloride solution. Then they

were washed in two changes of sterile

water and planted on the agar in the Petri

dish with the unsterilized slices. A similar

procedure was followed in making isola-

tions from diseased bark.

Single-spore plantings were made of the

fungi found fruiting in the cankerous tis-

sue. These plantings were made by steril-

izing the cankerous tissue, which contained

the fungus, in 0.1 per cent mercuric chlo-

ride for 30 to 60 seconds. The fruiting

structures were then removed with a

sterile scalpel and placed in a large drop

of sterile water on a flamed microscope

slide. The fruiting structures were
crushed, placed in suspension and agitated

to liberate the spores. A sterilized bac-

teriological loop was used to transfer the

spores in suspension to agar in Petri dishes.

The spores were planted in streaks across

the agar. Widely separated spores on the

agar, that were visible with the low power
of the microscope, could be located and

their positions marked. After the spores

had started to germinate they were easily

removed, with a small amount of the sur-

rounding agar. A sterilized, bacteriologi-

cal, spatula-tipped wire was used to remove

these germinating spores, and they were
placed on sterile agar in Petri dishes for

further development.

Some histological studies were made of

the diseased tissues. Some of the fungi

associated with canker and with dieback

grew and progressed slowly in the host

tissues. It is quite possible that other fungi

of secondar\' importance were present in

these diseased tissues. In such cases histo-

logical studies would be of very little

value. Careful examinations were made
of living xylem from which Dothiorella

and Coryneum had been isolated. Cart-

wright's (1929) method of staining fungal

mycelium in wood sections was followed

in this investigation.

INCIDENCE OF OAK DISEASES

Diseases of oaks and other trees have

not received so much attention and con-

sideration as have the diseases of field

crops, vegetables, fruits and similar eco-

nomic plants. However, in recent years

the importance of tree diseases has been

forcefully brought to our attention by the

destruction of the American chestnut and

by the widespread dying of the American

elm. The destruction of trees by disease

is an economic and aesthetic loss to the

inhabitants of large areas of the United

States. Because native oak forests and

groves are numerous throughout Illinois,

and because oaks for shade and ornamental

purposes are receiving more attention than

formerly from nurser\men and home own-
ers, diseases of oaks are now an important

concern to the people of the state.
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In this investigation, diseased trees were
found among native, shade, ornamental
and nursery phmtings of oaic, including

Quercus alha L. (white oak), O. bicolor

Willd. (swamp white oak), Q. borealis

maxima Ashe (red oak), O. ellipsoidalis

E. J. Hill (Hill's oak),~Q. imbricaria

Michx. (shingle oak), Q. tnacrocarpa
Michx. (bur oak), O. marilatidica
Muench. (black jack oak), Q. Muhlen-
bergii Engelm. (chinquapin oak), Q. pa-

lustris Muench. (pin oak), O. stellaia

Wang, (post oak) and Q. veliilina Lam.
(black oak). Future reference to these

oak species will be made by common name.
The diseases considered in this investiga-

tion are those of the twigs, branches and
to some extent the trunks of living trees.

The much-studied heart rots and leaf dis-

eases, as well as the root diseases, have
received very little attention in the present

study. However, it has been necessary to

give some consideration to shoestring root

rot caused b\' Armillarin mellen (Vahl.)
Quel.

The diseases most frequentlv observed

on the wood of living oak trees in Illinois

are known as cankers, dieback and stag-

head. Although wilts of elm and maple are

common, wilt of oak is very unusual. On
oaks, the development of cankers as well

as the progress of dieback and staghead is

very slow. The slow progress of these

diseases, which each year spread only a

few inches in some cases to a few feet in

others, is ideal for the growth and fructifi-

cation of parasitic fungi. Furthermore,
saprophytic fungi may attack and develop

on and in the dead and dying tree parts.

It is not uncommon to find that the

same fungus is associated constantly with
the perennial development of a canker or

dieback on an oak branch. The frequency

and consistency with which numerous
fungi have been associated with the dis-

eases of oaks leave no doubt of their im-

portance in the occurrence, prevalence and
spread of the diseases.

The diseases under consideration in this

bulletin occur as cankers, dieback and root

rot. Cankers are found on twigs and
branches of trees of various sizes and on
trunks, principally, of small trees. Die-
back is found on twigs and branches.

I Deep wood infections, associated with both
canker and dieback diseases, are found
mainly on medium to large branches. The

blighting of leaves and twigs, which usu-

ally results in twig cankers or dieback,

is quite prevalent throughout the state.

Often, differentiation between cankers and
dieback is difficult because many cankers

continue to grow and spread year after

year, and frequently branches are entirely

encircled by them. After a canker has

encircled a branch, subsequent dying may
develop as dieback, as in Dothiorella can-

ker and dieback. In some cases, when the

twig is afifected with dieback, the whole
twig is killed, and the causal agent con-

tinues to grow and to spread into the

branch at the base of the twig. From this

type of infection a branch canker may de-

velop with the dead twig for the original

region of infection, fig. 27. Differentia-

tion between canker and dieback seems to

depend more on the physical appearance
of the diseased region than on the infec-

tious agent.

In the study of diseased specimens ob-

tained for examination, an attempt was
made to associate specific symptoms with

a specific fungous parasite. Accomplish-
ment of this purpose was impracticable,

because each of several fungi was associ-

ated with cankers, dieback and twig blight.

The external and internal characters of

several cankers may appear to be identical,

but the causal organisms associated with

these cankers may represent several species

of fungi. This situation holds true for

dieback and twig blight, as well as for

cankers, and makes practically impossible

an accurate field diagnosis of the cause of

a given branch disease of oak.

Twelve genera of fungi were found

fruiting on the cankerous tissues of 80 of

the diseased oak specimens that were
studied. These genera and the number of

specimens infected by each genus are given

in table 1.

Of the fungi observed fruiting on the

80 specimens, Dothiorella and Coryjieum

were prevalent, as shown in table 1.

Dothiorella comprised 42.50 per cent and

Coryiieum 21.25 per cent of the specimens.

Ten genera, namely, Cytospora, Phoma.
Diatrype, X/immiilaria, Fusicoceum , Bul-

garia, Cylindrosporium, Phomopsis. Rho-
dostiita and Sphaeropsis, comprised the re-

maining 36.25 per cent.

A list of the genera of fungi obtained in

culture from 284 specimens of diseased

oak and the frequency of the appearance
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of each genus may be observed in table 2.

Although Dothiorellii was secured in the

fruiting stage from only 6 specimens, a

fungus which appeared similar to single-

spore cultures of Dothiorella but which did

Table 1.—Genera of fungi found fruiting in

the cankerous oak tissues of 80 specimens.

Genus
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li\ing tissue from 1 to 10 inches beyond
the lower extremity of the cankerous re-

gion. The streaks of discoloration in the

xylem vary in size. Some streaks are so

small as to be just visible, while others are

approximately 2 mm. in diameter. In some
cases the streaks coalesce and form solid

regional discolorations.

Dothiorella was associated with branch
cankers and dieback of 40 diseased speci-

mens collected throughout Illinois from
black, pin, red and white oaks. Indica-

tions are that the growth of the fungus is

perennial : the cankers continue to progress

in their de\elopment for several years.

Branches that show dieback continue to die

\ear after year until the whole branch is

killed. In many instances infection occurs
first on twigs and small branches. These
infections spread and invoh e the larger

branches when the originalh infected part

has been killed.

The pycnidia of Dolhwrella var\ in

their development from single pycnidia to

aggregated p\cnidia in a pulvinate stroma.

In fig. 4, pycnidial chambers are shown in

the vertical section of a stroma. The fruit-

ing structures are laid down in the phel-

logen-phelloderm tissues of the branch,

and their development causes a separation

of these tissues accompanied by very little

cellular disintegration. Further develop-

ment to maturity ruptures the overlying

phellem and epidermis. These tissues are

forced back to form oval to round open-

ings with shielded sides. The erumpent
stromata are visible through these open-

ings, as shown in fig. 2.

Mature stromata of Dothiorella in the

cankerous bark are dark brown to black,

sessile, dothideoid, erumpent, 600-1300

IX in diameter and 400-500 /i high. The
pycnidial walls for the most part fuse to

form the stromatic tissue. The pycnidial

cavities are globose to o\oid, 145-300 /x

in diameter, and open by individual, cir-

cular ostioles 15-30
fj.

in diameter. Co-

nidiophores are hyaline, simple, 6—15 X
2.8—3.4 ju,, and papillate. The conidia,

shown in fig. 5, are continuous, hyaline,

15-26 X 9-15 jx, and ovoid. The content

of each spore is granular.

A culture of Dothiorella, grown from a

single-spore isolation on corn meal agar, is

shown in fig. 6. The fungus produces an

exceedingly sparse mycelial growth with
gray aerial hyphae, gray to very light tan

surface hyphae and gra\"-black to tan sub-

surface hyphae. A single germ tube from

Fig. 1.— Dothiorella canker and dieback on
pin oak. The smooth, sunken, brown to almost
black, diseased region, shown at the lett of the

branch, contains numerous black, erumpent
stromata of Dothiorella. X Ja.
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each spore pushes out as an evagination of Spore germination as high as 66 per cent

the spore cell wall, and the cell contents occurs in approximately 10 hours. This

pass from the spore into the germ tube. high germination percentage is obtained

Fig. 2.— Dothiorella dieback on red oak. The brown to black, cankerous bark ot each branch

contains numerous black, erumpent stromata of Dolhiorelta. X 2.

Fig. 3.—Wood discoloration of white oak associated with Dothiorella infection. Discoloration

of the xylem tissue is characterized by fine to broad streaks that frequently coalesce and appear
as solid regional discolorations. X 1^.
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wlu'ii the spores are suspended in sterile,

distilled water on a microscope slide and
when the slide is maintained in a moist

atmosphere. Single-spore colonies on corn

meal agar produce an average diameter

growth of 46 mm. in 8 days, or an average

Do/hiorellfi was isolated from ti\e dis-

eased oak specimens affected with twig
blight. Two of the five isolations were ob-

tained from black oak: one from discolored

li\ing wood of a twig and one from a

blighted petiole. Three were obtained

Fig. 4.- .A stroma of Dolhiorella. The black
stromatic tissue and pycnidial cavities that
contain spores are shown in vertical section.

X ,S0.
J

Fig. 5.—Spores of Dolhiorella. I'he spores
.irc continuous, hyaline and ovoid. X 300.

daily diameter growth of 5.8 mm. Germ
tubes reach a length of approximately 188
/I before any branching occurs.

Cultures of Dotliiorella grown from
^iIlgle-spore isolations failed to produce

fructifications on artificial media or on

sterilized wood of white oak. However,
fructifications of Dolhiorella developed on

the naturally infected wood pieces that

w ere placed on corn meal agar.

Fig. 6.—Culture of Dolhiorella. On corn
meal agar, this fungus produced gray to tan
mycelium without stromata.

from pin oak: two from blighted petioles

of two separate specimens and one from a

twig. In the above cultures the fructifica-

tions varied from a pycnidium with one
chamber to compound p\cnidia in a stroma.

The fructifications are black, ovoid, ostio-

late, pseudoparenchymatous, and 260-530
/I in diameter. They contain conidia that

are 18-25 X 12-17 fx, hyaline, ovoid and
continuous. The conidiophores are hya-

line, 12-16 X 2.8-3.4 jx, papillate and un-

hranched.

Microscopic examination did not reveal

the presence of fungous hyphae in the dis-

colored regions of the x\ lem, fig. 3. Many
of the trachea and parenchyma cells ap-

peared to be partially filled with a granular

material, and many of the cell walls were
dark and evidently were not stained.

The Dolhiorella described in this paper

was previously called Phoinaehora by Car-

ter (1938). Our material agrees with

Dolhiorella querciria (Cke. & Ell.) Sacc.

as represented in Shear's New \'ork Fungi

No. 373.

Other fungous cultures from 135 speci-

mens of diseased oak appeared to be iden-

tical with Dolhiorella in every respect ex-
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cept that the\' did not fructify on artificial

media, on sterilized oak twigs or on ster-

ilized clover stems. They were isolated

from 10 species of oak, nameh, black,

black jack, bur, chinquapin, pin, post, red,

shingle, swamp white and white. They
were grown from bark and wood of can-

kers, some with and some without Dotliio-

rella stromata in the bark, from dieback

specimens, from blighted petioles and

twigs, and from deep wood infections.

The deep wood infections were conspicu-

ous because they showed dark brown to

black discolored regions, illustrated in fig.

3. Over 50 per cent of the fungi cultured

from the deep wood infections were sim-

ilar in appearance to Dothiorella. How-
ever, it cannot be conclusively stated that

these cultures were Dothiorella, since

fructifications did not occur.

Inoculation Trials.—On March 8,

1937, three white oaks, grown in flower

pots in the laboratory, were inoculated

with living cultures of Dothiorella. The
method of inoculation was, in general, that

described by Carter (1936) in the inocula-

tion of American elms with Cytosporina

ludibunda Sacc.

By March 20, 1937, leader tips of two

of the three inoculated trees had started

to die. By April 23 each of the two dying

trees had 3 inches of its leader tip dead.

The third tree showed dying back of the

leader tip by May 1. All three trees were

dead by July 1, 1937; however, at that

time no stromata of Dothiorella had de-

veloped in the dead bark.

Stromata were first observed in the dead

bark of one of the above three trees on

March 24, 1938, when attempts were

made to reisolate Dothiorella from each

of the three trees. These stromata were

brown to black, globose to ovoid, pseudo-

parenchymatous, dothideoid, 600-800 /n in

diameter and 450-530 jx high. They con-

tained from one to several pycnidia, and

the pycnidial walls, for the most part,

formed the stromatic tissue. The pycnidia

were immature, and conidia developed in

only a few pycnidia. These conidia were

hyaline, 18-23 X 12-16 ;u,, ovoid, contin-

uous, and had granular contents.

Dothiorella was reisolated in pure cul-

ture from each of the three inoculated

oaks. The reisolated Dothiorella did not

produce stromata on artificial media.

However, it did produce stromata on ster-

ile white oak wood and on sterile clover

stems. The oak wood and clover stems

were partially submerged in corn meal

agar in test tubes. Approximately 6 months
were required for the stromata to develop.

These stromata were ovoid, black, osti-

olate, pseudoparenchymatous, and 775-

825 X 625-675 /i. The pycnidial cavities

were 350-670 jx in diameter, and the

conidia were ovoid, hyaline, 18-22 X 12-

16 fi, continuous, and had granular con-

tents. The reisolated Dothiorella was

identical in appearance with the original

isolate.

A second series of inoculations, previ-

ously reported by Carter (1940), was '

made, June 20, 1940, on nine oaks (three

each of black, red and white oaks) located

in the experimental nursery of the Natural

History Survey. Dothiorella infection of

these trees occurred, and within 3 weeks

after the trees were inoculated bark was
dying around the inoculated regions. Can-

ker and dieback developed with external

and internal symptoms identical to those

described above as the characteristic symp-

toms of Dothiorella canker and dieback.

Stromata of Dothiorella appeared in the

infected bark within 7 weeks after inocu-

lation but had not become erumpent by

the end of 9 weeks.

Dothiorella was reisolated in pure cul-

ture from representative trees of each of

the three species of oak on August 17,

1940. The reisolated Dothiorella was
identical with the original isolate.

Adequate check trees were maintained

for both the 1937 and the 1940 series of

Dothiorella inoculations. In no instance

was Dothiorella cultured from the check

trees.

Coryneum Canker and Dieback

Coryneum cankers develop on twigs and

small to large branches of oaks of various

sizes, and occasionally on trunks of small

oak trees. They are found most frequently

on small branches. The diseased tissues

of Coryneum canker and dieback are red-

dish brown ; the cankerous region is some-

what sunken and is dotted with erumpent

acervuli of the fungus, as may be seen in

fig. 7. The borders of the canker are

sharply defined by the contrast in color of

the healthy and diseased tissue and by the

shrinking of the cankerous bark. Inter-
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Fig. 7.--Cor\neum canker and dieback on red oak. The section of a diseased branch pictured
here shows black, erumpent acervuli in the reddish-brown, shrunken bark. X^s-

Fig. 8.- Portion ot' an acervulus of Coryrie-
11)11. Several attached spores and the broken
host tissue are shown on the upper portion ot'

the acervulus. X 100.

iKilly tile cankerous tissue is light brown,
and the discoloration in the xylem does
nut progress over 2 cm. beyond the ex-

ttrnal cankered region. From observa-
tiiiii it seems quite evident that Cnryrieum
liriiws \ear after year and that the cankers
progress down the branch. Not infre-

quently a canker encircles a branch and
de\ elops into dieback, which may progress

to the base of the branch. In a few cases

Coryneiii/i was associated with twig blight.

Coryneum canker and dieback was found
on pin, red and white oaks. The fungus
(Ifiryiieum was grown from cankerous
bark, discolored wood, blighted twigs and
li\ ing wood adjacent to developing cankers

un post, shingle, red, swamp \\hite and
white oaks.

The acervulus of Coryneuin is laid down
fundamentally in the phellogen-phelloderm

region of the bark. Development of a

compactly interwoven hyphal mass, the

base of the acervulus, causes a separation

uf the associated tissues that is accom-
panied by very little cellular disintegration.

Further development of the acervulus,

especially about the time conidia are pro-

Fig. 9.— Spores of Coryneum. Each tip cell

and base cell of the tan to olive-brown, curved
spores are hyaline. X 230.

duced, ruptures the overlying phellem,
epidermis and cuticle, forcing these tissues

back
; the result is a more or less triangular

opening through which the black acervulus

is visible. A portion of an acervulus in

vertical section, with attached conidia, is

shown in tig. 8. The erumpent acervuli are

dark brown to black, discoid or pulvinate,

compact, 1000-1500 /i in diameter and
260—100 /I. high. Conidia are shown in fig.

9. They are 3- to 6-septate, not constricted

at septa; they are curved, clavate or nar-

row-fusiform, tan to olive brown, 40-80

X 9—18 yu, with each tip and base cf'l

hyaline. The conidiophores are 15-30 X
3—1 fjL, straight to slightly curved, hyalini'

to brown and few-septate.

Single spores of Coryiieu/ii planted on
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corn meal agar give rise to slowly spread-

ing, dense mycelial growth. A culture of

Coryneiim is illustrated in fig. 10. The
surface and aerial growth is hluish gray

with a margin, approximately 1 mm. wide,

of white hyphae. The subsurface growth

as greenish gray. Sporodochialike, grayish-

brown acervuli arise promiscuously over

the surface of the older portions of the

Fig. 10.— Culture of Coryyieiim. The fungus
grows slowly and produces gray to tan myce-
lium on corn meal agar. Acervuli and spores
develop on old cultures when the agar becomes
dry.

culture. Typical tan to olivaceous-brown

conidia arise from the acervuli and are

interspersed with aerial hyphae. Growth
of colonies from single-spore plantings in-

creased radially about 1.6 mm. each day
for a period of 28 days. In culture the

acervuli are 1200-1600 /x longitudinally

and 650—675 jx vertically, and the conidia

are 40-90 X 12-19 jx. In shape and color,

acervuli and conidia that developed in cul-

ture are similar to those that developed on
the branch. Coryneum has not only been

grown in culture from single-spore trans-

plants but it also has been isolated from
cankerous bark and from discolored living

sapwood beyond the diseased tissue of

cankers.

The identification of this fungus as Cor-
yneiim Kunzei Corda (Wehmeyer 1926)
was verified by Dr. Lewis E. Wehmeyer.

Microscopic examination of branches of

red oak infected with Coryneum showed
no evidence of the fungus in the xylem
tissue.

Inoculation Trials.—Three white

oaks were inoculated with Coryneuni on
March 8, 1937. The procedure followed

is that described on page 204 for the

Dothiorella inoculation trials.

Two of the three trees showed dying of

the leader tips by March 20. A gradual

dying back of these two trees progressed

rapidly from tip to base, and by April 1

they were dead. Culture tests were not

made from these trees until March 24,

1938. Coryneuni acervuli did not develop

in the bark of the dead trees during the

period from April 1, 1937, to March 24,

1938, and no fungus was obtained in cul-

ture tests from these two trees. The third

tree inoculated with Coryneuni showed no

signs of infection by February 1, 1939.

Adequate check trees were maintained for

this series of Coryneuni inoculations. In

no instances was Coryneuni cultured from
the check trees.

Cytospora Canker and Dieback

Cytospora canker and dieback was found
on red oaks in the northeastern section of

Illinois. Isolations of Cytospora were ob-

tained from cankerous bark, diseased wood,
blighted petioles and twigs, and discolored

living wood adjacent to developing cankers

on black, pin, red and white oaks. Cyto-

spora canker and dieback on a black oak

branch is shown in fig. 11. The cankerous

tissue is sunken and varies from light to

dark brown ; few to many scattered erum-
pent stromata appear in the bark. The
stromata appear as small, circular, black

spots. Stromatic regions appear oval to

elongate when two or more stromata fuse.

Shrinkage of the cankerous tissue causes

the irregular margin of the canker to ap-

pear raised. Internally the diseased xylem

is light brown above and below the base

of the canker ; the woody tissue beneath

the cankerous bark is discolored and varies

from dark brown to almost black. The
fungus develops year after year, and the

cankers continue to spread down the in-

fected branches. A gradual drying out and

dieback of the branches result when they

are completely girdled by the cankers.

The stromata are laid down in the cor-

tex just beneath the phelloderm. As the

interwoven hyphal mass continues to de-

velop, the outer cortical cells disintegrate,

the stromata develop laterally, and the
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periderm and epidermis are ruptured by
the time the conidia are mature. An
erumpent stroma is shown in vertical sec-

tion in fig. 12. Stromata are black, val-

soid, tubercular, pulvinate, compact, 550-
2000 ,, in diameter and 400-600 /j, high,

Fig. 12.—Portion of a stroma o( Cylospora.
The erumpent appearance of the stroma is

shown in vertical section. The black stromatic
tissue with its locules and spores is embedded
in the cankerous host tissue. X 5.S.

\^ d

Fig. 11.— Cytospora canker and dieback on
black oak. Only a few scattered, erumptnt
stromata are present in the light to dark brown,
sunken, diseased region. The border ot this

region is made conspicuous by the contrast in

color of the living and diseased bark and by the

shrunken appearance of the diseased bark. X 1.

Fig. 13.—Culture of Cylospora on corn meal
agar. The black stromata are embedded in

white to greenish-white tutts ot hyphae.

and they are exposed through the ruptured

host tissues. The locules are irregularly

arranged. The conidia are continuous,

hyaline, allantoid, elongate, 4.5-9 X 1

—

^

fjL, and they exude from the stromata in

cirrhi. Conidiophores are typically simple

but occasionally are branched.

A culture of Cytospora, grown on corn

meal agar, is shown in fig. 13. The fungus,

in its early development, appears white
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with a very sparse growth of interwoven

mycelium. Later a more dense growth of

white surface and aerial mycelium de-

velops. Tufts of hyphae appear more or

less concentrically or promiscuously inter-

spersed with the mycelium. They are white

to greenish white above and green below.

In some instances the hyphae adjacent to

the developing tufts are liglit brown. The
stromata are black, firm, multilocular, tu-

bercular, 525-1600 /i in diameter, 600-

1500 /JL high and embedded in tufts of

hyphae. The conidia produced in culture

are 3-9 X 1-3.5 /x. Except for greater

variability in size, they are identical with

the conidia produced in the host tissue.

The conidiophores are simple to branched,

10-15 X 2-3.5 /x, and hyaline.

This fungus is considered to be Cyto-

spora intermedia Sacc. ( I'aha intermedia

Nits.). The pycnidial stage is identical

morphologically with that of Jaap's Fungi

Selecti No. 621 J'alsa intermedia Nits.

(Cytospora intermedia Sacc).

Nummularia Canker and Dieback

Small to large Nummularia cankers

were found on branches of red oaks. The
cankers extend a few inches to several

feet along the branches ; dieback results

when the branches are completely girdled

by the cankers. The cankers appear as

sunken diseased regions with small to large

stromata located at irregular intervals.

The smooth, reddish-brown, cankerous

bark and two stromata in a portion of a

canker are shown in fig. 14. On old

branches the bark turns black and becomes

fissured. The fissures are produced by

lengthwise and crosswise splitting of the

bark. The borders of the cankers are

sharply defined on young branches by a

contrast in color between living and can-

kerous tissues. There is no discolored

streaking in the wood ; however, the wood
appears dried out and light brown.

Summularia stromata produced in the

cankerous tissue are shown in fig. 14.

These stromata are discoid to linear, sub-

effuse and rather thick. Immature stro-

mata are covered with a pulverulent, cine-

reous, conidia! hymenium that sloughs off

at maturity, when the stromata become
black, carbonous, rigid, bare and usually

somewhat convex. They are laid down in

the phellem immediately under the epi-

dermis, and the epidermis disappears dur-

ing the early development of the stromata.

The periderm, endodermis, pericycle and
phloem tissues turn dark brown to black

and disintegrate. The cortical tissue is

crushed during the development of the

stromata.

The stromata vary from 460 to 530 /x

thick. The perithecia, shown in fig. 15.

are large, monostichous, globose to ovoid,

:md immersed in the stroma. They range

from 260 to 400 /i in diameter and from

350 to 370 /x in height. The height meas-

urement does not include the extended

ostioles, which are 135-200 /i long and 18-

30 fx in diameter. The asci are cvlindric,

90-125 X 9-12 ^, pedicellate and 8-

spored. The ascospores are arranged ob-

liquely in one row in the ascus and are

ellipsoid to fusiform, continuous, 15-19 X
9-12 /x, and brown when mature. They
are illustrated in fig. 16. The paraphyses

are hyaline, 125-215 X 4.7-7.8 ^, fili-

form and somewhat abundant.

This Nummularia was determined as

Fig. 14.— Portion of a Nummularia canker on red oak. The gray to blackstromata develop
in the smooth, reddish-brown cankerous tissues. X 13^.
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N Hill miliaria cly/yrus (Schw.) Cke. by Dr.
W. W. Diehl.

Single-spore plantings of N uiiinnilaria

riypeus, from red oak, were made on corn
meal agar. Abundant germination of asco-

spores occurred in 12 hours. The asco-

spores germinated by sending out, ter-

minally or lateral!), one to several germ
tubes from each spore. Branching of the

Fig. 15.— Portion ot a stroma n( Xiimmit-
liiriii in virtical section. The ovoid perithecia
are enibtdded in the black stromatic tissue,

and the black perithecial wall separates readil>

from the stromatic tissue. X 70.

germ tubes occurred in 24 hours and after

they were 60 /x long. One colony, which
had grown froin a single spore, produced
in 10 days a growth 80 min. in diameter.

The average growth for several colonies

was 36 mm. in diameter, produced in 5

days. Cultures of A', clypeus from single-

spore plantings on corn meal agar de-

\eloped a sparse growth of interwoven,

gra\ aerial h)phae. The surface growth
was interwoven, gra\-tan and more dense

than the aerial growth. Spores placed in

sterile distilled water gave an average ger-

mination of 28 per cent in 17 hours. N.
tlypcus failed to sporulate when grown on
artificial media. A culture of this Niim-
itiiilarld is shown in fig. 17.

A fmigus isolated from 28 specimens of

diseased oak appeared to be identical with

«#

*> .K •
iL. ^ - »

Fig. 16.—Ascospores of iV;(?HOT«/rtn'rt. The
immature ascospores are hyaline to light brown,
and the mature ascospores are dark brown to
black. Fight ascospores develop in each hyaline
a.-cus. \ 200.

Fig. 17.— Culture ot Niimmulariti grown
from a single-spore isolate. The aerial hyphae
are gray, and the surface hyphae are gray to tan.

The fungus grows vigorously and spreads rapid-
1\ on corn meal agar.

known cultures of Nuinniularia clypeus.

This fungus was isolated from discolored

wood, stromatic tissue of cankers, canker-

ous bark and discolored regions of living

wood of both red and shingle oak.

Diatrype Canker and Dieback

I)iatr\pe cankers were found on me-

dium to sinall branches of red oak in the

northeastern region of Illinois. .A young

canker is shown in fig. 18 and an old

canker in fig. 19. Diatrype canker de-

velops as a light to dark reddish-brown,
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T^-

Fig. 18.— Diatrype canker and dieback on
red oak. The diseased tissue is light to dark
reddish brown and sunken. The border of the

diseased region is raised where Hving and dead
tissues meet. The stromata are irregular, black,

erumpent, roughened and fissured. X Y2.

Fig. 19.—Diatrype canker on red oak. Por-

tion of an old canker which shows a large,

fissured, mature stroma that has almost cov-

ered the whole cankered region. X j4.
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Fig. 20.—Perithecia ot Dialrype. .\ vertical

section ot stromatic tissue which shows the
arrangement ot perithecia. X 75.

Fig. 21.—.Asci and ascospores ot Dialrype,
\ .ich hyaline and clavate ascus contains S
In aline, botulitorm, 1-celled ascospores. X 320.

Miiiken region on the branch. The canker

iv conspicuous because of the contrast be-

tween the healthy and the diseased tissues,

and it is surrounded by a callus. Dieback

de\elops when the branches are completely

L'irdled by cankers.

The stromata of Diiitrype de\elop sub-

t-pidermally, and they become erumpent at

maturity. \ portion of a stroma is shown
in tig. 20. Stromata are diatrypoid, black

and smooth at first, but later they become
Lirayish black, somewhat roughened and
tl^^ured. The fissures are produced by ver-

tical and longitudinal splitting of the

~trumatic tissue. The ovoid, dark, car-

honous and ostiolate perithecia are shown
in fig. 20. Immature perithecia are 48—53

// in diameter and 63-68 ;( high. Mature
perithecia are globose and 200-225

fx. in

diameter without their e.xtruded beaks,

whicli are 75-85 /x long from the top of

the perithecia to the ostioles at the external

surface of the stromata. The ostioles are

papillate, round, not compressed, and are

30—1^0
fj.

in diameter. The asci, shown in

rig. 21, are 8-spored. hyaline, 30—33.5 X
4.8—5.2 fjL. and somewhat clavate with a

tapering base. Each ascus has a pore at its

apex. The ascospores are pictured in fig.

21. They are hyaline, 6.6-9.5 X 1.6-3.3

,u, botuliform and continuous. Known cul-

tures of Diatrype were not secured on arti-

ficial media.

Our material agrees with Diatrype

stigma (Hoffm.) Fr. as represented in

Ellis ik Everhart's North .American Fungi,

Second Series, No. 3,529.

Phomopsis Canker and Dieback

Phomopsis canker and dieback, identi-

fied by isolation of the fungus from the

diseased wood, was found on branches of

pin, red, swamp white and white oaks.

Externally, Phomopsis cankers are reddish

brown, elongate, smooth and somewhat
shrunken, and they have definite borders

where the cankerous and living bark meet.

In most of the cankers the diseased xylem

tissue varies from light brown to dark

brown ; and occasionally light to dark

brown streaks extend into the adjacent

living xylem tissue.

Phomopsis was found fruiting in the

diseased bark of only one canker and die-

back specimen of oak—pin oak. The
pycnidia in the diseased bark are black,

ovoid to discoid, erumpent, 200-270 /x

high and 400-470 fi in diameter. They
are fundamentally laid down in the phel-

Icgen-phelloderm region of the bark. Their

development causes very little distortion

of the underlying cortical tissue, but the

overhing phellem and epidermis are rup-

tured by the enlarging pycnidia. The rup-

tured tissues form a triangular-shaped

shield around the mature pycnidia. The
conidia, a-spores, are hyaline, 7-10 X
1.5-3 fi, ellipsoid to fusoid, and continuous.

In culture, Phomopsis de\elops a sparse

growth of gray mycelium that spreads

rapidly on corn meal agar. Pycnidia are
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pioniiscuously interspersed with the m\ce-

liuin. The portion of the pycnidium that

grows above the agar is gray, and the por-

tion that is embedded in the agar is black.

Fig. 22.—Culture ot Phomopsis on corn
meal agar. The gray pycnidia are produced
promiscuously and are interspersed with the

mycelium.

Fig. 23.— Spores of Phomopsis. Both a-
and 0-spores are produced on sterilized red
oak twigs. The ellipsoid to tusoid, continuous,
hyaline a-spores are produced in greater abun-
dance than are the straight to curved or

hamate, filiform, hyaline /3-spores. X 300.

A culture of Phomopsis on corn meal agar

is shown in fig. 22.

Phomopsis from the red and swamp
white oak branches produced both a- and
j8-spores in culture. It was isolated from
the discolored, diseased xylem and from
the living xylem of cankers that showed
fine, light to dark brown streaks. It was
cultured not only from cankers but from
the black, discolored xylem tissue of a die-

back specimen of red oak. One canker

from which Phomopsis was cultured had
stromata of Diatrype stii/iiui on the canker-

ous tissue.

The p\cnidia of the Phomopsis that pro-

duced both a- and /iJ-spores are black, glo-

boid to o\oid, without ostioles, are subcar-

bonous, and 500-1000 y. in diameter. The
a- and /i-spores are shown in fig. 23. The
a-spores are elliptic to fusoid, 5-10 X 2—

f

IX, hyaline and continuous. The /i-spores

are straight to curved or hamate, normally
16-30 X 1-2.8 ju, filiform, hyaline and
continuous. In one instance the /i-spores

measured 28—34 X 3—5 jx.

Our material from the red and swamp
white oak branches agrees with Phomopsis
quercina (Sacc.) v. Hohn. as represented

in Sydow's Alycothecii gcrmmiica No.

1,122.

Phomopsis grown from the branch cank-

ers of pin oak and white oak and also from
the blighted petioles of one specimen of

red oak produced only a-spores in culture.

The pycnidia are black, 400-500 X 330-

450 jx, globoid to ovoid, and pseudoparen-

chymatous. The conidia are continuous,

-1—10 X 2—4 jx, hyaline, and ellipsoid to

fusoid. They are comparable in size to tlie

Phomopsis spores produced in the canker-

ous tissue of the pin oak and also to the

a-spores of Phomopsis grown in culture

from red and swamp white oak branches.

CANKER DISEASES

Phoma Canker

Phoma cankers were found on twigs

and on small to large branches of bur, pin,

red, shingle and white oaks. The cankers

are dark brown to black, somewhat shrunk-

en and roughened, and have definite bor-

ders where the cankerous and living tissues

meet. In some specimens of diseased oak,

dark brown to black streaks of discolora-

tion are present in the living wood beyond

the extremities of the cankers. This dis-

coloration is similar to that of the Dothi-

orella cankers shown in fig. 3. Pycnidia

develop in the phellogen-phelloderm re-

gion. The overlying host tissue is rup-

tured by the developing pycnidia, which

are erumpent at maturity.

Five Phoma cankers—two on twigs,

two on small branches and one on the

trunk of a small tree—were found on red

oak. The pycnidia in these cankers are
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black, globoid to slightly ovoid, ostiolate,

and 150-200 ji in diameter. The conidia

are hyaline, ,?-,?. 5 X 1-2.5 ju, oblong to

fiisoid, and continuous.

From one of the two twig cankers,

Plioma was obtained in culture; Cephalo-
sporium was obtained from the other.

Dothiorella was obtained from the trunk
canker and from one branch canker ; Peni-
cilliuni and Cephalosporiuin were obtained

from the other branch canker. The Phomii
from the twig canker, cultured on corn
meal agar, produced black, globose pyc-

nidia 80-110
fx. in diameter. The conidia

are oblong to fusoid, h\aline, 3.3-3.6 X
2.5-3.2 ft,, and continuous.

Plio/iia was obtained in culture from 22
canker specimens of diseased oak that had
no Phoinii pycnidia in the cankerous tissue.

One of these cankers was on bur oak, 2 on
pin oak, 12 on red oak, 1 on shingle oak

and 6 on white oak. Pho/iin was grown
from the living wood that showed dark
brown to black streaks in 7 of these 22
specimens and from the cankerous tissue

of the remaining specimens.

Phoriiii was the only fungus obtained

in culture from 17 of the 22 diseased oak

specimens mentioned above. It was ob-

tained in association with other fungi from
the remaining 5 specimens. The asso-

ciated fungi were Jlteniaria, Cephidu-

sporiiini and Dotliiorellti. CoryiifUiii was
found fruiting on 1 and Cyl'jsp(jni on 2 of

the 22 specimens.

Cultures of Phoriia from the above-de-

scribed sources produced pycnidia on corn

meal agar. The pycnidia, illustrated in

fig. 24, are black, globoid, pseudoparen-

chymatous, and 50-200 [i, in diameter.

Conidia are hyaline, 1.5—I- X 0.7-2.5 fi,

continuous, and oblong to fusoid. The
fungus produces a dense growth of radiate

mycelium, which develops slowly. Black

pycnidia are interspersed with the myce-

lium. A culture of Phoniii is shown in fig.

25. The dense growth of surface hyphac

is tan to brown with a 1 mm. marginal

growth of white hyphae. The sparse

growth of aerial hyphae is white to gray.

All of the pycnidia and conidia of Phoiiui

described above are sufficiently similar in

size and shape to be regarded as from one

species. This species compares more closely

with the morphological description of

Phoina aposphaerioides Briard &: Hariot

(Saccardo 1892) than with the morpho-

logical descriptions of other species of

Ph'iiiiii on (Jiii'iiiis.

A second PhniiKi was found fruiting on
the blighted petioles of a post oak. This

Fig. 24.—Pycnidia of Phoma. NunitTous
black, globoid, pseudoparenchymatous pyc-
nidia are produced on corn meal agar. X 140.

•
Fig. 25.—Culture of Phonia on corn meal

agar. Numerous black pycnidia develop in
more or less concentric circles.

fungus was grown in culture from these

diseased petioles and from blighted petioles

of another post oak.

On the petioles, the second Piwma pro-

duced dark brown to black, ovoid, pseudo-
parenchymatous pycnidia 350-450 fx in

diameter. The conidia are hyaline, 6-8.5

X 2.8-3.4 ;u,, continuous, and ellipsoid to

fusoid. On corn meal agar the fungus pro-

duced dark brown to black, ovoid, pseudo-

parenchymatous pycnidia 250-400 ;u, in

diameter, and conidia that are hyaline,

6-9 X 1.5-3 (u,, and oblong to fusoid.

T his Phoma was associated with only

the blighted petioles of twig blight speci-

mens of oak. In this disease the leaves

wilt and then turn brown to reddish

brown during the summer (July and
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August). The petioles, externally and

internally, turn brownish purple, and the

twig tips die back 1 to several inches. The
bark turns brown and then dries and

shrinks tightly around the wood.

This second Phoma agrees with the

morphological description of Phoina quer-

cina (Peck) Sacc. (Saccardo 1884).

Fusicoccum Canker

Fusicoccum cankers, shown in figs. 26
and 27, are slightly sunken, dark brown
to brownish-black areas, with conspicuous

borders where the cankerous and living

tissues meet. Erumpent stromata develop

in the cankerous tissue. Deep fissures,

which extend partially to completely across

the cankerous bark, are very conspicuous.

Dark brown discoloration of the wood
beneath the cankerous bark does not extend

into the living wood beyond the margin of

the canker. Fusicoccum was isolated from

two cankers on red oak and from brownish-

purple, blighted petioles of two diseased

oaks (black and post oaks). The brown-
ish-purple discoloration is most apparent at

the base of the petioles; it fades to a light

brown color where the petioles and the

brown leaf blades unite. Abscission layers

are formed at the junction of the petioles

and twigs, and the leaves are easily re-

moved from the twigs.

Stromata are laid down fundamentally

in the phellogen-phelloderm region of the

bark. Their development causes very little

distortion and crushing of the underlying

cortical cells. The overlying phellem and

epidermis are ruptured as the stromata en-

large and mature. The mature stromata

appear dotlike in the cankerous tissue.

The stromata, 700-1400 /x in diameter

and 250-450 jx high, are black, ovoid to

conoid, erumpent, multilocular and with

a sterile central region of pseudoparen-

chymatous hyphae. A vertical section of

a stroma is shown in fig. 28. The conidial

cavities are ovoid to elongate and some-

what irregular in outline. Conidia, shown
in fig. 29, are hyaline, 6-12 X 2—1- /*,

ellipsoid to fusoid, and continuous. Conid-

iophores are hyaline to subhyaline, 6-12

X 1.5-3 n, and bacillar.

Fusicoccum produces white mycelium
on corn meal agar. A few promiscuously

scattered stromata that are black, 1300-

1500 fx. across, ovoid to globoid, and multi-

&*,

Fig. 26.—Fusicoccum canker on red oak.

The shrunken, dark brown to brownish-black,

cankerous tissue contains numerous black,

ovoid to conoid, erumpent stromata. Numer-
ous fissures extend partially to completely

across the cankered region. X 1.

locular are interspersed among the hyphae.

The pycnidial locules are globoid to ovoid,

black, and 650-800 jx in diameter. The
conidia are hyaline, 6-13 X 2.5-4 jx, con-
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'mr'n

:s Fig. 28.— Portion of a stroma of Fiisicocciim
trom red oak. This vertical section shows the
internal cavity of the stroma and the hiack
stromatic tissue that has pushed through the
host tissue. X 5S.

^ \
^/

Fig. 27.- Kusicoccum cankers on red oak.
The erumpent stromata and fissures in the
shrunken, cankerous bark are conspicuous in

the larger canker, which has developed around
the base of a twig. The smaller canker, below,
has developed trom infection through an in-

jury. X 3.

tinuous, and they are ellipsoid to fusoid.

Our material agrees with Fusicoccuin

queriinum Ell. & Ev. as represented in

North American Fungi, Second Series, No.
3,360. Saccardo (1899) considered /'.

querciinuii Ell. & Ev. identical with /". El-

Usiaiium Sacc. & Syd. and not with /•".

qiierciiium Sacc. (Saccardo 1884). There-
fore, according to the classification of Sac-

Fig. 29. —Spores of Ftishoiniiii. The spores
are hvaline, ellipsoid to fusoid, and continu-
ous. X 320.

cardo (184')), the material that we
:tudied is F. F.Uisiaiiiuii Sacc. ^ Syd.

Sphaeropsis Canker

A portion of the only Sphaeropsis canker
found on oak, on a red oak twig, is shown
in fig. 30. This canker is reddish brown,
is promiscuously dotted with Sphaeropsis

pycnidia and is bounded b\ a definite bor-

der made conspicuous b\ the contrast be-

tween the smooth, reddish-brown, dead
bark of the canker and the adjacent, liv-

ing, dark green bark. The dead wood be-

neath the cankerous bark is discolored

chocolate brown and is bordered by a black

region adjacent to the healthy wood. This
discoloration in the wood extends down
the twig approximate!) 1 inch beyond the

base of the cankerous bark.
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The pycnidia are black, ostiolate, sep-

arate to cespitose, globose to ovoid, 650-

860 (n in diameter and 400-600 /i high.

They arise fundamenta]l\- in the phellogen-

phelioderm region of the bark. The over-

l\ing phelleni and epidermis are broken

when the pycnidia mature and become

erumpent, and there is ver\' little crushing

or disintegration of the underlying tissues.

The broken host tissues form oval to cir-

Fig. 30.— Portion ot" a Sphaeropsis canker on red oak. The reddish-brown, smooth, shrunken

cankerous tissue contains numerous black, globose to ovoid, erumpent pycnidia. X 1.

Fig. 31.—Spores of Sphaeropsis. \ cross section of a pycnidium which shows the brown,

1-celled, ovoid to ellipsoid spores and the black pseudoparenchymatous pycnidial tissue. A 150.



h 1941 CARTER: OAK DISEASES IN ILLINOIS 217

cular shields around the erunipent p\ c-

iildia. The conidia, shown in the cross

section of a pycnidiiim in fig. 31, are

brown, 15-25 X 8-11 /i, continuous, and
o\(iid to ellipsoid. The conidiophores are

hyaline, rodlike, 6-9 X 1.5-2.5 jx, and
the oval ostioles are 15—25 ix in diameter.

This fungus was not grown in culture.

Our material compares closely with the

morphological description of SplKierofisis

queriiiiuni Cke. .^' Harkn. (Cooke ^'

llarkness 1884).

Bulgaria Canker

Apothecia were obtained from Bulgaria

cankers on two black oak trees. The
cankers were located on the trunks ap-

Fig. 32.—Ascospores of Bulgaria. Kacli
hyaline, cylindric, pedicillate ascus contains
4 to 8 brown, ovoid to suboblong, continuous
ascospores. .\ IM).

proximately 2 feet above the soil line,

.'^mall and oval to large and irregular

areas of the bark had been killed. Ihe
camb.um under the dead bark was tan to

light brown and was water soaked. Black
zone lines were present in the underlying

wlem tissue. Killing of the cambial re-

gion was followed b\ general decline and
finalU death of the infected trees.

Several attempts to grow the fungus

on artificial media (corn meal agar, po-

tato dextrose agar and acidified potato

dextrose agar) from ascospores and from
apothecial tissue were unsuccessful. As-

peif/Uliis. (Ji-fihiihsfioriuni , Fusariuin and
an unidentified fungus were obtained in

culture from the apothecial tissue of Bul-

ijaria.

The apotiiecia of Bulyaria are black,

substipitate to sessile, gelatinous to fleshy.

and cupulate « ith a wail 71)0-1 800 jx

thick. Asci are hyaline, 40-60 X 6-10
II. cjlindric, pedicillate and 4- to 8-spored.

The ascopores, fig. 32, are brown, 7-15 X
4—6.5 fx. continuous, and o\oid to ellip-

soid or suboblong. Paraphyses are sub-

hyaline to light tan, 75-110 X 0.7-1.7

IX. and filiform.

Our material agrees with Bulyaria iii-

quiiians ( Pers. ) Fr. as represented in

Ellis' North American Fungi No. 448.

DIEBACK DISEASES

Coniothyrium Dieback

Coniothyrium branch and twig dieback

was found on black, bur, pin, red, swamp
white and white oaks. The Con'wlhyriinn

fungus was isolated from diseased bark,

blighted twigs and discolored regions in

the live wood that extended from the

dead wood in specimens of dieback.

In this type of dieback the diseased bark

is light reddish brown to dark brown,
smooth, slightly raised, and continuous

with the surrounding living bark. There
are no pxcnidia or fissures in the diseased

bark. In some cases streaks that are light

to dark brown and fine to broad extend

from the discolored dead wood beneatli

the diseased bark into the living wood be-

low the dieback region.

On corn meal agar, the Coniothyriiun

isolated from oak develops dark tan to

Fij. 33.- Culture of Cuniuthyrium on corn
meal agar. The dark brown to black, partially

submerged, sphaeroid pycnidia develop in old
cultures.



218 ILLINOIS NATURAL HISTORY SURVEY BULLETIN Vol. 21, Art. 6

brown mycelium, fig. ii. The mycelium

is white when young but becomes tan to

brown with age. A dense growth of sur-

face hyphae and a very sparse growth of

aerial livpbae develop in culture.

Pycnidia develop as partially submerged,

dark brown to black, pseudoparenchyma-

V

c

# 9 9

• %

Fig. 34.—Spores of Coniolhyrium. They
are ovoid to subcylindric, olivaceous and 1-

celled. X 430.

tous, spheroidal structures with flattened

bases; they are 150-500 /x in diameter.

The conidia, Hg. 34, are ovoid to sub-

cylindric, 4-7 X 3-4.5 ft., olivaceous and

continuous.

This Coniothyrium compares closely

with the morphological description of

Coniolliyritii/i trunciseduni Vestergr. (Sac-

cardo 1899).

Pyrenochaeta Dieback

Pyrenochaeta dieback was found on pin

oak and white oak. The diseased bark is

dark brown to brownish black and is

shrunken; most of it is smooth. Fungous
fructifications are not present in the can-

kerous tissue. The underlying wood is

dark brown to black and has broad streaks

of discoloration that extend into the living

wood. Pyrenochaeta was isolated from

discolored living wood of pin oak and

white oak about one-half inch below the

base of the dieback regions ; also from one

twig blight specimen of white oak.

On corn meal agar the fungus produces

small, globose to ovoid, pseudoparenchyma-

tous, dark brown to black, ostiolate pyc-

nidia, normally 60-100 /x in diameter,

and with setae. The measurement of the

pycnidia of one culture from white oak is

335-535 /x in diameter and, in a second

culture, 100-250 ^i in diameter. Two
pycnidia are shown in fig. 35. The ostioles

are circular and H-10 jx in diameter. The
setae, shown in fig. 35, are brown, septate,

10-50 X 2—1 IX., straight to curved, and

tapering toward the apices. Conidia of

this Pyrenochaeta are very small, hyaline,

1.5-4 X 0.7-3 /x, fusiform, continuous,

and they are ovoid to ellipsoid in shape.

Fig. 35.—Pycnidia and spores of Pyreno-

ch:jeta. The small, globose to ovoid, dark
brown to black pycnidia have septate, straight

to curved, tapering, brown setae especially

around their ostioles. The spores are minute,
hvaline, continuous, (usiform and ovoid to

ellipsoid. X 170.

Fig. 36.— Culture of Pyrenochaeta. The tan

to dark brown mycelium grows slowly and pro-

duces a dense mat on corn meal agar.
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The mycelium is light to dark brown.

A culture is shown in Hg. 36. The sparse

growth of aerial hyphae is gray to light

brown. The dense growth of surface and

subsurface hyphae is light to dark brown
with a 1 mm. marginal growth of white

hyphae.

This Pyrenocliaeta does not appear tn

compare morphologically with any of the

described species of Pyrenochaetii.

in widely scattered sections of Illinois;

linwe\er, they were noticed especially in

the northeastern section of the state. In

nearly e\ ery instance, staghead and gen-

eral decline of oak were associated with
root disturbances, especially with root rot.

In the stagheaded trees examined, young
roots and the white wood of older roots

Pyrenochaeia minuta sp. nov.

Mycelium in culture light to dark

brown in mass, with sparse, gray to light

brown aerial hyphae and abundant light

to dark brown surface hyphae; pycnidia

scattered, globose to ovoid, sooty brown
to black, 60-535 /it, mostly 60-100 ju, in

diameter; ostioles round, 8-10 yu. in diam-

eter; setae brown, septate, straight to

cur\ed, tapering toward apex, 10-50 X
2—I- /i; conidia hyaline, minute, fusiform,

continuous, o\'oid to ellipsoid, 1.5—1 X
0.7-3

ij..

Mycelio in cultura dilute usque atrato brunneo
in niassa, hyphis aeriis sparsis griseis usque dilutis

brunneis, hyphis in superficie medii abundantibus
dilutis usque atratis brunneis, picnidiis sparsis

globosis usque ovoideis tuhginosis usque nisris

60-535 M ut plurinum 60-lCO ii dianietris cum
ostioMs rotundatis 8-10 n diametris et setis

brunneis septatis rectis usque curvatis ad apicem
attenuatis 10-50 x 2-4 ti, conidiis hyahnis niinutis

tusitormibus continuis ovoideis usque ellipsoideis

1.5^x0.7-3 M.

Type specimen : Pure culture isolated

from the cortical parts of an infected

branch of Quercus paltistris Aluench., col-

lected bv I. C. Carter at Xenia, Cla\

Countv,' iflinois, October 8, 1937, 111.

Nat. Hist. Surv. Ace. No. 27,082.

Other specimens cultured from branch

of Quercus (ilha L. collected by J. C.

Carter at Galena, In Daviess Countv,

Illinois, October 28,' 1937; twig of Q.
alba collected by J. C. Carter at Lake
Forest, Lake Count\ . Illinois, September

25, 1937.

ROOT ROT

Armillarja Root Rot

Observations were made in the course

of this investigation to determine the

cause of staghead, general dieback and the

sudden dying of numerous oak trees. These
pathologic conditions of oak were observed

Fig. 37.— Culture of Jrmillaria. The red-

dish-brown rhizomorphs are produced in abun-
dance on corn meal agar.

were affected by a white rut. The brown
wood of the older roots showed a gradual

change from the early to the late stages

of rot. In the earl\ stage of rot the brown
wood of the older roots becomes lighter

brown, but later it gradually changes to

gray, which is sometimes mottled. Finally,

in the late stage of rot, the wood becomes
white, soft and spongy, and in time it

crumbles away and leaves a cavity in each

infected root. From specimens of this
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Fig. 38.—Young sporophores of Armillaria. They were found developing in tlie soil about
1 foot from the base ol a bur oak tree and above the infected root. The reddish-brown to black
rhizomorphs are attached to the young sporophores. X 1.

white, heart-rot wood as well as from
rhizomorphs, Armillaria ?neUea (Vahl.)

Quel, was isolated. A culture of A. mel-

lea with rhizomorphs that permeate the

potato dextrose agar is shown in fig. 37.

In the roots of many of the diseased

oaks, rhizomorphs of Arinillaria, shown
with attached sporophores in fig. 38, de-

velop in the cambial region and in root

cavities. In the late stage of staghead, the

rhizomorphs are frequently found under
the bark at the base of the large roots and
in the root crotches. Rhizomorphs may
enter through wounds in the root crotches

at or below the surface of the soil. Thev
are present in the duff at the base of seri-

ously infected trees and frequently are

found spreading through the soil for dis-

tances of 25 feet or more. In the earlv

stage of staghead, rhizomorphs are asso-

ciated with the death and rotting of the

very small feeding roots. Gradual de-

struction of these roots reduces the feed-

ing capacity of the root system and limits

the amount of foliage that can be sup-

plied with plant food and water. An in-

adequate supply of plant food and water
causes the gradual drying back and dying

of the extremities of the branches, and in

time the affected trees show staghead.

Armillaria infection at the base of a large

root quickly reduces the amount of food

and water supplied by the root and causes

dieback or death of the branches that are

supported by the infected root. Infections

of this type in several roots cause the rela-

tively sudden death of the tree.

In the soil, rhizomorphs are dark red-

dish brown to black externally, cylindric.

Fig. 39.—Sporophores of /Irtnillaria. This
group of sporophores developed at the base of

a dead bur oak root. X ?i.
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little branched, 0.5-3 mm. in diameter,
and they contain cream to white hyphal
strands. The rhiznmorplis that develop in

the cambial region of the roots and tree

trunks are dark red to reddish brown,
Hattened, much branched, 0.2-3 mm.
broad, and they contain cream to white
hyphal strands.

Sporophores of Arniillaria develop, usu-
ally in October in Illinois, on the dead
bark of the trunks and the roots of in-

fected trees. Also they may be found on
the ground at or near the base of the

infected trees and sometimes at distances

of several feet from them. A group of

immature sporophores taken from the root

of an oak ma\' be seen in fig. 39.

MISCELLANEOUS FUNGI

CylindTOsporium

Cylindrosporiuiii was found fruiting in

the diseased tissue of one dieback specimen
of shingle oak. The fungus was not grown
in culture from this specimen nor from
any other specimens of diseased oak. How-
ever, Coryneuin was grown in culture from
the diseased tissue of this specimen and
was most likely the fungus responsible for

the dieback. The Cylindrosporium evi-

dently developed in the bark after the

branch had become infected with Cory-
neuin.

The diseased bark of this shingle oak

specimen is light to dark brown, slighth-

shrunken and for the most part smooth
;

however, where the numerous Cylindrn-

sporiiint acervuli have been produced there

Fig. 40.— Accrvulus of Cyiindrosporitim on
shingle oak. A vertical section of an acervulus
whicli shows the position ot the acervulus in re-

lation to the host tissues. X 75.

are blisters. An acervulus is shown in ver-

tical section in fig. 40. Acervuli are dark
brown to black, pulvinate and immersed.
Thev become erumpent at maturitv and
are 530-1100 ^ in diameter and 130-400

/J, high. The acervuli arise fundamentally
in the phellogen-phelloderm region of the
bark and at first cause very little distor-

tion and disintegration of the cortical cells.

As they expand in growth and become ma-
ture, the\- rupture the o\erlying phcllem
and epidermis, which form shields around

Fig. 41.—Spores of (

tachcd to a portion ot" an ai

are hvalinc, acicular and
X 500.

111,1),ji [1,1 ijiiii at-

^ulus. The spores
aight to curved.

them. The conidia, shown in fig. 41, are
hyaline, 20-40 X 1-3 /i, acicular, 1- to

2-celled, and straight to curved.
This fungus does not appear t(j com-

pare morphologically with any of the de-
scribed species of Cylindrosporiiini that

have been found on Oueiciis.

Cylindrosporium quercinum sp. nov.

Acer\ uli scattered, dark brown to black,

pulvinate, innate, becoming erumpent,
530-1100 II in diameter, 130-400 ^ high,

inhabiting an elongated, light to dark
brown diseased region of the branch

;

conidia hyaline, acicular, continuous to

I -septate, straight or slightlv curved, 20-
40 X 1-3 IX.

Acervulis sparsis atrobrunneis usque nigris
pulyinatis innatis dein crumpentibus 530-1100
M diametris 130-400 /x altis regionein elongatam
dilutam usque atratam brunneam aegrotam
rami incolentibus, conidiis hyalinis acicularibus
continuis vel 1-septatis rectis curvulisve 20-40
X 1-3 ^.

Type specimen: Collected by G. H.
Roewe, Cartter, Marion County, Illinois,

on branch of Ouercus imbricaria Michx.,
September 17, 1936, 111. Nat. Hist. Surv.
Ace. No. 27,081.
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Rhodosticta

Rhdiiosticta was found fruiting on a

single specimen of dieback, taken from a

pin oak growing in a nursery row. The
diseased branch, approximately 1 inch in

parenchymatous hyphae that compose the

bases of the stromata. The overlying

phellem and epidermis are ruptured and
forced back to form a collar around the

erumpent stromata.

Erumpent stromata are shown in fig. 42.

Fig. 42.—Dieback of pin oak with Rhodosticta fruiting in the diseased tissue. The central

region of the shrunken and smooth diseased bark is pale yellow but it blends into a light brown
and then into a dark brown at the border. The scattered, ovoid to irregular, red stromata are

present in the discolored, diseased tissue. X 2.

diameter, had become infected through

the stub of a lateral.

The color of the diseased bark in the

central region is white to pale yellow,

blending into a light brown and then into

a dark brown toward the margin. A raised

region of callus tissue contrasts sharply

with the adjacent diseased bark. This con-

trast marks a definite separation of the

living and dead tissues. Light brown dis-

coloration of the dead wood beneath the

diseased bark does not extend into the

living wood.
Stromata are laid down fundamental!)

in the phellogen-phelloderm region of the

branch. These tissues and the underlying ,,..,c rn,j- ^ .
• ,, ,. . ,1 Fig. 43.—stroma or Rhodosticta. A vertrcal

cortex are partially dismtegrated and ^^^^,^„ ^f ^ .^oma which shows the variable
crushed by the development of the pseudo- shape and arrangement of the pycnidia. X 29.
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rhe\' are red, oxoid, witli an irregular
outer surface, not crustose, 1200-1500 /x

In diameter and 800-1000 ,jl high. The
p.\cnidial cavities, visihle in the vertical

section of the stroma, illustrated in fig. 43,
are ovoid to irregular, promiscuously dis-

persed throughout the stromatic tissue and
variable in size. They are of three types:

small, oval cavities, 60-65 X 25-35 /*

;

large, oval cavities, 160-180 X 30-40

Fig. 44.—Spores of RhodosluUi. Tlu spurcs
are minute, ovoid to ellipsoid, and hvaline to
subhyaline. X 860.

jj.; and long, narrow cavities, 115-135 X
70-85

IX.. The conidia, shown in fig. 44,

are hyaline to subhyaline, 2.8-3.5 X 1-2

II, and ovoid to ellipsoid. The fungus was
not grown in culture.

Our material does not compare with
Rhodostiitti Cariigdiiae VVoronichin (Sac-
cardo 1913). The present report is be-

lieved to be the first of Rhodostkta on
Quercus.

Rhodostkta quercina sp. nov.

Stromata scattered, red, tubercular, not

crustose, 1200-1500 ^ in diameter, 800-
1000 /i high, inhabiting a light to dark
brown diseased region of the branch

;

pycnidia ovoid to irregular, immersed, 60-
180 X 25-85 n; conidia hyaline to sub-

hyaline, ovoid to ellipsoid, 2.8-3.5 X
1-2 ix.

Stromatibus sparsis rubris tuberculitormibus
non crustosis 1200-1500 m diametris 800-1000 m
altis regionem dilutam usque attratam brunneam

acgrotani rami ineolcntibus, picnidiis ovoideis
usque irrcgularibus immersis 60-180 x 25-85 n,
conidiis hyalinis usque subhyalinis ovoideis usque
cilpisoideis 2.8-3.5 x 1-2 ^

Type specimen : Collected by J. C.
Carter, Onarga, Iroquois County, Illinois,

October 25, 1935, on branch of Quercus
palustris Muench., 111. Nat. Hist. Surv
Ace. No. 27,083.

Cephalosporium

Cepludosporium was obtained in culture
from 27 specimens of diseased oaks, black,
red, shingle and white. It was isolated
from cankerous wood and bark and from
discolored living wood of red, shingle and
white oaks, and from a living twig of
black oak that had blighted leaves. Ceph-
(ibispfjtiuni was the onl\- fungus isolated

from the living wood below cankers of
three specimens of red oak and of one
specimen of white oak. In each case th
fungus was isolated from discolored, light

to dark brown living wood that was taken
at points 1 to 3 inches below the cankers.

Cfph/ilosporiufii was obtained from most
specimens in association with other fungi,

including Alteniaria, Coniothyrium, Co-
ryni'ui/i, Cytospora, Pemcillium, Pesta-
I'jliri, Phonia and Dothwrella. The only
cultures of Cepluilosporiuin not associated

with other fungi were obtained from dis-

colored dead wood and, as pointed out
above, from discolored living wood.
On corn meal agar the surface of old

cultures of this Cephalosporium appears
granular or pulverulent. The appearance
is due to the numerous conidia produced.
The fungus grows and spreads rapidly

over the surface of the agar. Conidio-
phores, produced on septate, hyaline,

branched hyphae, are unbranched, variable

in length hut approximately 250-300 X
2~i /J., hyaline and filiform. Conidia are

capitate, hvaline, ellipsoid to ovoid, ses-

sile, 2-3 X 1.5-2 IX to 7.5-10 x 3-3.5 ,x,

most frequently 3-4 X 1.5-2 /*, and pro-

duced acrogenously in globose heads on
the conidiophores.

Nigrospora

Niyrospora was isolated from two speci-

mens of diseased oak : one isolate from a

blighted twig of post oak and one from a

blighted petiole of pin oak. The blighted
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twi't: was hroun internall\ and liad blight-

ed leaves witli purplish petioles attached.

Tlie blighted petiole was shriveled, dead

purplish internally and e.xternally, and

was attached to a twig that had h\per-

Fig. 45.— Culture o\ Nigrospora. The white

to gray, abundant growth of mycelium devel-

ops on corn meal agar.

Fig. 46.—Spores oi Nigrospora. The black,
smooth, globose to ovoid spores develop singly
on doliform basidia. X 320.

trophied buds. Siyrnspnni was not found
fruiting on the diseased wood of any speci-

mens of oak. Both Xit/rosporii and Cor-

yiiriiin were cultured from the blighted

twig of post oak; Dothinrclln and Alter-

iiiiria, as well as Nii/ros/tora, were cul-

tured from the blighted petioles of pin

oak.

When grown on corn meal agar, the

Niffrospora discussed here develops a dense

surface and aerial growth of hyphae that

is white and somewhat powdery. A culture

is illustrated in fig. 45. Produced on
erect conidiophores, the black, exogenous,

smooth, globose to ovoid, acrogenous

conidia, shown in fig. 46, develop singly

on doliform basidia and are 11.5—22 /i,

most of them approximating 15.5 /x, in

diameter. Sometimes the conidiophores are

branched, and several conidia develop on

each of the branched conidiophores.

This fsitjrospora agrees with Niffrospora

sphaerica ( Sacc. ) Mason on elm, discussed

by Harris (1932). Harris' material was
determined by E. W. Mason of the Im-
perial Mycological Institute.

Cunninghamella

Cutiiiinghamella was isolated from a

specimen of red oak dieback. The dieback

had developed where the branch was
broken. The diseased bark was reddish

brown, shrunken and cracked crosswise.

The xylem tissue under the bark was dis-

colored dark brown to black with fine

streaks that extended into the living xylem
below the base of the dieback region. Im-
mature fungous fruit bodies were present

in the diseased bark. The fungus was
obtained in culture not only from dead dis-

colored wood but from living discolored

wood taken from an area approximately 1

inch below the base of the dieback region.

This Cunniiiffhamella develops a sparse

growth of yellowish-tan surface mycelium
on corn meal agar. Conidia are borne in

abundance on erect, tan conidiophores.

Sporangia and sporangioles are lacking.

The condiophores, shown in fig. 47, are

continuous with the hyphae and are tan,

straight or curved, 75-300 X 4-6 /u,, fre-

quently joined to the hyphae at right

angles and apically swollen. The swollen

apices of the conidiophores are 9-15 /i in

diameter. Conidia, shown in fig. 47, are

globose, 2.9-3.3
fj.

in diameter, tan and
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cells aie li\ahne and somewhat conoid.

The intermediate cells, 3 in each conidium,

are brown : the upper 2 dark brown and

itaim

Fig. 47. S]M,ris ,nui i unuli. .p h, m'l s of C:ill-

ninghiimella. The glohosf, tan, cchinulate
spores are produced on erect, tan, apieally

swollen conidiophores. X 200.

echinulate. The h\phae are coenocvtic,

hyaline and 2.8-3.5 /i in diameter.

This is believed to be the first report

of a CunninghaineUd cultured from dis-

eased oak wood ; no attempt has been made
to secure zygospore production, and the

species has not been determined.

Pestalotia

Festalotia was isolated from living tissue

of a black oak twig that had blighted leaves

attached to it. The twig was not dis-

colored internally, but the leaves were

dead and brown, and the petioles were
purplish, shriveled and dead. No fungus

was fruiting on the twig or on the at-

tached petioles. Cephalosporiuin and

Dothiorella as well as Pestalotia were ob-

tained in culture from the twig.

This Pestalotia produces a sparse growth

of light to dark tan surface and aerial

mycelium on corn meal agar. Scattered

acervuli are dark brown to black, ovoid to

globoid and 300—1-00 yu, in diameter. The
conidia, shown in fig. 48, are clavate,

mostly straight, 5-celled, not constricted

to slightly constricted at septa, 20-30 X
6-9 /i, and with setae (usually 4) on each

apical cell. Basal cells of the conidia are

hyaline and ellipsoid to conoid. Apical

. ?.,
%«» 1

Fig. 48.—.Spores of Pcslalolia. The clavate,
.S-celled spores have hyaline apical and basal
cells, and brown intermediate cells. There are
usuallv 4 setae on the apical cell of each spore.
X 200.

the lower 1 light brown to tan. The setae

are 25-40 X 2.8-3.4 ,x and hyaline. The
basidia are 9-12 X 1-2 jx and hyaline.

This fungus was determined as Pesta-

lotia clavispora Atk. (Atkinson 1897).
The determination was verified by Dr. E.

F. Guba.

Chaetomium

A single isolation of (jhaelomium, a cul-

ture of which is shown in fig. 49, was se-

cured from brownish-black, discolored live

wood of white oak. The discolored live

Fig. 49.—Culture of Chaetomium. Numer-
ous brownish-black, ovoid, membranous per-

ithecia develop on corn meal agar.
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wood was adjacent to the base of a dis-

eased region that showed dieback. Both

Chaelrjinium and Cytnspora were obtained

from this specimen of dieback. The living

wood from which Chaetomium was iso-

lated showed black, discolored streaks that

appeared to be identical with the black

streaks that are commonly associated with

Dothiorella infection of oak, as illustrated

in fig. 3.

The Chaetomium discussed here pro-

duces appendaged brownish-black, ovoid,

membranous perithecia in abundance on

corn meal agar. The perithecia are 375-

425 /i. in diameter and 270-300 fi high.

Appendages are dark brown to black, long

wavy to spiral (wavy at base and spiral

toward top of perithecia) and, above the

perithecia, form dense tufts that measure

610-650 /* in diameter and 400-415 /^

high. The asci are hvaline, ovoid to cla-

vate, 8-spored, 40-50 X 12-14 ^, and

tapering to 6-7 fi in diameter near the

base. Ascospores are olivaceous, 9.3-1

1

X 7-9 IX, and lemon shaped.

This Chaetomium was identified as

Chaetomium globosum Kunze by Dr. J. A.

Stevenson.

Alternaria

Alternaria was frequently obtained in

culture from diseased bark and wood and

occasionally from blighted petioles of

black, bur, chinquapin, pin, post, red,

shingle, swamp white and white oaks. Only

one isolation of Alternaria was obtained

from the living wood of a specimen of

diseased oak—white oak. This specimen

showed fine streaks of black discoloration

that extended from a canker into the liv-

ing wood a few inches up the branch.

Large, black, carbonous and immature

stromata, characteristic of the stromata

of Nummularia, were present in the dis-

eased tissue.

The Alternaria isolated from oak is

similar to the Alternaria that is frequently

obtained from diseased woody tissues of

other hosts. A culture of the Alternaria

from oak, grown on corn meal agar, is

shown in fig. 50. The dense growth of

surface and aerial mycelium is dark brown

to almost black, and conidia are produced

in abundance. The conidia are dark brown

to almost black, 9-46 X 6-12 /x, averag-

ing approximately 21 X 9 /i, muriform,

Fig. 50.—Culture of Alternaria. This fungus

produces a dark brown mycelium that grows
rapidly over the surface of corn meal agar.

catenulate, with 1 to 6, usually 3 to 4,

transverse septa, and with none to 3, usu-

ally 1 to 3, longitudinal septa.

Penicillium

Penicillium, fig. 51, was obtained in cul-

ture from specimens of diseased living and

dead wood of oak, including red, white

and an unidentified species. It was ob-

tained from living wood that showed dark

brown to black, discolored streaks and

from dead wood at the junction of the

Fig. 51.—Culture of Penicillium. The gray

to pale green mycelium develops on corn meal

agar. Abundant production of spores causes

the mycelium to have a granular surface ap-

pearance.
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li\ing and dead wood of a single dieback

specimen of red oak. Scattered, black,

erumpent stromata of Cytospora were
present in the diseased bark of this par-

ticular specimen of dieback. The dis-

eased bark was dark brown and was
shrunken and attached closely to the un-

derlying brown to black, discolored wood.
Penicilliuiii, Cephalosporin iii and an un-

identified fungus were obtained from a

second specimen of diseased red oak. Both
Penicilliii/n and Dothiorella were obtained

from a specimen of diseased white oak

;

Phoma and bacteria, as well as Penicilliii/ii,

from the diseased wood of the unidentified

species of oak.

The conidia of PemcilUuni are hyaline.

4. -I—4.8 X 3.4—3.8 /x, ovoid to globose,

and catenulate. The light green mycelium
develops as concentric circles of sparse

and dense growth that spreads rapidly on

corn meal agar.

SUMMARY

In this investigation it was found that

in Illinois diseases of oak, namely, cankers,

dieback, twig blight and root rot, are im-

portant in the decline and death of trees

in nursery, shade and ornamental plant-

ings and in native stands. Numerous fungi,

of which 22 are described in this paper,

were associated with cankers, deep wood
infections, dieback and twig blight. Some
of the fungi associated with cankers fre-

quently were found fruiting on or were
isolated from specimens of dieback and
twig blight. It was apparent, in many
cases, that canker infections developed into

dieback when the infected branches were

completely girdled b\' the in\ading fungus.

The fungi associated most consistently

with canker and dieback of oak were
species of Dothiorella, Coryneum, Cyto-

spora, Sum malaria, Diatrype and Phom-
opsis. Those associated principally with
canker diseases were species of Phoma,
Fusicoccum, Sphaeropsis and Bulgaria.

Those associated mainly with dieback dis-

eases were species of Coniothyrium and
Pyrenochaeta. Dothiorella quercina (Cke.
ik Ell.) Sacc. and Coryneum Kunzei Corda
were the fungi associated most frequently

with the diseases of oak. The fungi de-

scribed in this paper can develop on dead

oak wood as saprophytes. Many of them
are potential parasites of oak trees, espe-

cially when the trees are growing under

adverse conditions.

This investigation was made on dis-

eased material of black, black jack, bur.

chinquapin. Hill's, pin, post, red, shingle,

swamp white and white oak.

Inoculation trials were made with

Dothiorella quercina and with Coryneum
Kunzei. Black, red and white oaks inocu-

lated with D. quercina became infected

and showed canker and dieback symptoms
typical of those described as characteristic

of Dothiorella canker and dieback. D.
quercina was reisolated in pure culture

from the inoculated oaks.

Two of the three white oaks inoculated

with Coryneum Kunzei died within 1

month after they were inoculated ; how-
ever, C Kunzei was not reisolated from

either of these two oaks. The third white

oak inoculated with C. Kunzei showed no
symptoms of infection at the end of 21

months.
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A Needle Blight of Austrian Pine

ROBERT L. HULBARY*t

OV'ER a period of years, blighted

needles of ornamental pines ha\e

constituted an important part of

the diseased evergreen samples received by

our laboratory for diagnosis. Needle blight

is a well-known and widespread type of

pine injury. It has been attributed to such

environmental factors as frost, heat, in-

tense sunlight, wind burning and drought,

alone and in various combinations. Also,

it has been attributed to the attack of

certain fungi which have been classified

chiefly in the genus Septor'ui. In the case

of many of the samples submitted to us,

however, it has been impossible to attribute

the injury to any obvious cause or. when
a fungus was present, to assign this fun-

gus accurately to any described form.

Late in the fall of 1^)38, badly blighted

needles of Pinus nigra Arn. var. austriacti

Aschers. & Graebn. were obtained in

northern Illinois. Superficially these nee-

dles appeared to have been injured by in-

sects, for some uf them seemed to have

been punctured and there was oozing of

resin near the bases of the blighted re-

gions. Microscopic examination of trans-

verse sections of these needles revealed,

however, that the punctures were small

epidermal ruptures due to the develop-

I
ment of \ oung fungous stromata. Since

I

none of these stromata were mature, a

method of wintering the infected material

was devised, so that the needles could be

examined periodically and the development

lit the fungus studied in detail.

j

The Method

Twelve lots of infected needles, each

lilt consisting of 50 fascicles and including

at least 10 badly blighted fascicles, were

Technical assistant in tlie Section of .\pplied Botany
and Plant Pathology, Illinois Natural History Sur\'ey.

irom September, 1938. to June, 1939.

placed in as many test tubes. The open
ends of the test tubes were covered with
cheesecloth, and each tube was labeled

according to a predetermined order of ex-

amination. The test tubes were then laid

on the ground, in a well-drained grassy

spot, so as to be subject to out-of-door

winter weather. The\ were tilted slightly

to allow water to drain out of them rather

than collect in them.

Beginning with December 2i, 1^38, one
test tube of needles was examined everv

15 days. Beginning with March 10, 193'i,

the interval between examinations was
shortened to 10 days and, beginning with
April 5, to 5 days, in order to follow in

detail the rapid development of the fungus,

which accompanied warm spring weather.

Also, cultures of the fungus were made
on artificial media, but they failed to

produce spore-bearing structures.

For the purpose of hastening develop-

ment at certain times, diseased needles

which had been weathered in test tubes for

\arious periods were placed over moistened

filter paper in sterile Petri dishes and kept

at laboratory temperature. Conidiospores

were produced by well-developed stromata
in 4 to 5 days under these conditions.

Development of the Fungus

The first evidence of infection visible

on the needle is a small brown or tan re-

gion up to 10 mm. long, which in a few
days in\olves all sides of the needle, is

sharply delimited basally and fades dis-

tally into the normal green of the leaf

(frontispiece). Such a region may develop

anywhere on the needle ; usually, however,

it develops on the distal half. Often, if an

infected needle is held before a light, the

+The writer wishes to thank Dr. L. R. Tehon and
Dr. J. C. Carter lor helpl'ul suggestions during the
preparation of this paper.

[231]
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Fig. 1.—Cross sectional view in the mesophyll in the region of a lesion, showing how the

mycelium of the causal fungus grows within the mesophyll cells and brings partial disintegration

of these cells.

Fig 2 —Fragments of infected needles after overwintering. Stromata appear in various stages

f development. Not until the ectostroma is fully developed, as on the needle at the bottom of
„. „^.elop...-

, . • 1 J J
the illustration, do locules form and spores begin to be produced
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infected region will appear translucent.

The effect of the mycelium within a

needle is e\idently to cut off the flow of

nutrients, or at least to weaken it, for the

part of the needle distal to the infection

soon dies. In the blighted part of a needle,

hyphae can be found in abundance in and
between the mesophyll cells, tig. 1 ; but

they occur only rareh' in the transfusion

tissue and have not been found in the

laboratory from time to time during May
had mature, sporulating, ruptured stro-

mata.

Morphology of the Fungus

The stroma of this needle-blighting

fungus arises between the mesophyll and
the hypodermis, fig. 3, and is seated on

the mesophyll. The basal part of it is a

Fig. 3.—Section through two nuituro stronuita. Origin of the stroma at the periphery of the
mesophyll, dissolution ot the hypodermis, variable extent ot the cntostroma, palisadelike arrange-
ment of ectostromatic hyphae, poorly defined hut mature and sporiferous loculcs, and adherent
fragments ot epidermis are evident.

vascular bundles. Although a fruiting

body may appear at any point in the dead
portion of a needle, it usually develops

near the site of infection.

Under the out-of-door conditions de-

scribed above, rapid enlargement of stro-

mata began to take place on infected leaves

between February 15 and 28, Hg. 2. Be-

tween April 10 and 15, differentiated re-

gions appeared in the upper parts of these

stromata, in which the hyphae were lighter

amber than elsewhere in the stromata. A
month later these lighter regions had

been transformed into locules, contained

conidiophores and were producing conidia.

Overwintered needles brought into the

pseudoparench\ina, from \\hich hyphae
push up between the hypodermal cells,

usually dissolving them at the same time.

These hyphae spread out laterall)' below
the epidermis and form a compact, pseudo-

parenchymatic entostroma. Often the

entostroma becomes extensive and has at-

tachments to the myceliuin in the meso-
phyll at several points. This multiple an-

chorage is suggestive of the dothideaceous

family Polystomellaceae (Stevens 1Q25).
Growth of the stroma, produced by the

elongation of the stromatic h\phae, causes

the epidermis above the stroma to split

longitudinally, usually along a row of

stomates. As the stroma emerges, it ma>
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rip off sections of epidermis lying between

rows of stomates ; and these epidermal

fragments usually remain attached to the

top of the stroma.

The size and shape of the ectostroma are

correlated with the vigor and extent of the

hypostromatic mycelium, the thickness of

the host cuticle and epidermis, and the

ratio, as to volume of stromatic tissue, of

ectostroma to entostroma. There naturally

is, therefore, much variation.

The ectostroma ranges from 125 to

1,500
fj.

long, from 50 to 450 /n wide and

up to 600 /J. high. Usually it is elongated

and loaf shaped, and its height often ex-

ceeds its width. It is nearly always ori-

ented parallel to the longitudinal axis of

the needle, fig. 2. The tips of stromatic

hyphae, as they grow outward to form the

ectostroma, secrete a gelatinous fluid. On
the surface of the mature stroma this fluid

hardens into a crusty, dark brown coating

;

within the stroma it cements together the

walls of adjacent filaments.

The ectostroma consists of brown hyphae

with numerous cross-walls. These hyphae

are vertical, parallel and closely applied

to each other. In microscopic view, they

present the palisadelike appearance char-

acteristic of the Dothideaceae. Cells of

the stromatic hyphae are somewhat smaller

than the cells of the hyphae in the meso-

phyll and transfusion tissues and are also

darker.

The first indication of the development

of sporiferous locules is a localized change

in the color of hyphae in the upper part

of the ectostroma. This change, which

may occur in one to several places in each

stroma, fig. 3, results in the formation of

an ovate to tubular chamber which lies

parallel to the longitudinal axis of the

ectostroma. The tissue surrounding the

locule is continuous with that of the

stroma, and no distinct locular wall is de-

veloped. The continuity of tissue from

stroma to locule wall also indicates rela-

tionship with the Dothideaceae. The locule

is sporiferous around its entire inner sur-

face.

Conidiophores arise directly as branches

from the palisadelike hyphae forming the

body of the stroma, and their bases form

the poorly defined boundary of the locule.

They are light amber to hyaline, un-

branched, very numerous, densely packed

and almost as long as the conidia but

slightly narrower. They cut off from their

tips h>aline, septate, scoleciform spores

which are blunt at the ends, straight or

slightly curved and, in ratio of length to

width, never greater than 10 to 1.

When the stroma is mature, a rift oc-

curs along the top of each locule, which
provides for the emission of spores. Spore
dissemination is evidently aided by wind
and by spattering raindrops.

Taxonomy

A careful study has been made of all

descriptions and, when possible, of exsic-

cati types or authentic specimens of the

species which might resemble the Austrian

pine fungus.

The majority of fungi associated with

needle blight in various parts of the coun-

try have been placed in the genus Septoria.

Spaulding (1909) reported Septoria spa-

dicea Patterson & Charles as the cause, in

the East, of a blight of white pine needles

similar to the brown-spot of longleaf pine.

Graves (1914) &iioc\SiX.tA Ascochyta pini-

perda Lind. {Septoria parasitica Hartig)

with a blight occurring on young shoots

of red and Norway spruce in North Caro-
lina. Dearness (1928) described Septoria

piiticola on blighted needles of the lower

limbs of Pinus virginiana Mill, in Vir-

ginia. Hedgecock (1929) and Siggers

(1932, 1934) studied Septoria acicola

(Thiim.) Sacc. in connection with brown-
spot on longleaf pine needles in the south-

eastern part of the United States and con-

sidered it a distinct threat to seedling

plantations in that region. Boyce (1938,

p. 98 ) has pointed out that brown-spot

ranges westward to Kansas and Texas and

occurs in Idaho on ponderosa pine and in

Oregon on knobcone pine.

The taxonomy of Septoria acicola, the

cause of brown-spot, has been given at-

tention by several men ; but it still is a

moot question.* At least two diseases, per-

haps more, have been included under the

term Septoria needle blight and attributed

*After the manuscript of this article was submitted for

publication, Paul V. Siggers defined the brown-spot dis-

ease, confirming the binomial Lecanosticla acicola (Thijrn.)

Syd. for the imperfect stage of the fungus associated with

the disease and proposing the binomial Scirrhia acicola

(Dearn.) Siggers for the perfect stage (Phytopath. 29(12):
1076-7. 1939.). Later still, Frederick A. Wolf and W. J.

Barbour also confirmed the binomial Lecanoslicta acicola

but considered the perfect state a Systremma and pro-

posed for it the binomial 5. acicola (Dearn.) Wolf &
Barbour (Phytopath. 3I(l);61-74. 1941.).
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to the brown-spot fungus. Sporiferous

chambers contained in the top of a highly

developed stroma such as that produced

by the Austrian pine fungus are, however,

conformable neither with the estromatic

pycnidium of a typical Septoria nor with

the non-septorioid structure of the brown-

spot fungus.

Of Sydow's genus Heniidothis there are

two species; both occur in V^enezuela on

the leaves of shrubby species of the me-

lastomaceous genus Miconia Ruiz & Pav.

From Sydows' (1916) original descrip-

tion and the exsiccati it is clear that the

Austrian pine needle fungus cannot be

assigned to Hernidothis, for in that genus

the locules are partially liberated at the

vertex, the stromata are arranged in con-

centric rings in the infected areas, and

the conidia are much longer and narrower

than in the pine fungus and are non-sep-

tate. Despite these points of dit+erence,

the dothideaceous structure of the stroma

in both forms suggests that they ma\- be

related.

Clements & Shear (1931, p. 367) list

Septocyta Petrak as a synonym of Henii-

dothis Sydow. Petrak's (1927) descrip-

tion of Sep/rjcy/ii indicates distinct simi-

larities with the Austrian pine fungus; but

the spores of Septocyta are long, threadlike

and continuous. In Septocyta a dothid-

eaceous relationship is suggested by the

structure of the stroma and conidiferous

chambers.

Sydow & Petrak (1922) described a

fungus associated with brown spots on pine

needles in Arkansas and Oregon, which

they later (1924) called Lecaiiosticta aci-

cola (Thiim.) Sydow. According to Sy-

dow's description, this fungus has a rim

of hairlike appendages on its stroma, dark

spores and branched conidiophores—char-

acters markedly difierent from those of the

Austrian pine fungus.

Hansborough (1936), in his paper on

the T>mpanis canker of red pine, has illus-

trations of the imperfect stage of Tym-
panis, which in arrangement of locules and

in internal structure somewhat resemble

the stromata of the Austrian pine fungus.

He reports, however, that in Tympanis

the conidiophores are branched and that

the spores measure 2—1- X 1-2 ;u and are

borne at the tips and on lateral branches

of the conidiophores. The fact that the

needle blight fungus on Austrian pine,

which is distinct genetically as well as

speciticall\ from all previously described

needle-blighting fungi, cannot he placed

in any recognized genus warrants the pro-

posal of a suitable genus. This genus is

placed in the scolecosporous division of the

Phomaceae and is closely associated therein

with genera such as Heniidothis Sydow
and Septocyta Petrak, which exhibit

dothideaceous characteristics.

Dothistroma gen. nov.

Stroma dark, elongated, endogenous, be-

coming prominently erumpent and swollen,

dothideoid, with a stalk extending into

the substratum ; composed internally of

densely arranged, vertical, parallel, sep-

tate hyphae. Locules separate, one to sev-

eral in the upper part of the stroma, ovate

to tubular, not distinguished from the

surrounding stroma, the entire inner face

sporiferous. Conidiophores simple, arising

directly from stromatic hyphae. Conidia

hyaline, scoleciform, sexeral-septate.

Stroma atratuni, elongatum, endogenum, mox
multo exsertum et bullatum, dothideoideum, cum
pede in substrate extante, intus hypharum com-
pactarum, vertlcalium, parallelarum compositum.
Loculi sejuncti, unus vel plures in parte superiore

stromatis, ovati usque tubulosi, non stromate
circumdante distinct!, in facie interna oninino

sporiferi. Conidiophora simplicia, ex hyphis

stromatum directe orienta. Conidia hyalina,

scolecif'orma, nonnulla-septata.

Dothistroma Fitii sp. nov.

Stromata seated on the mesophyll, form-

ing more or less extensive hypostromata

between mesophyll and hypodermis,

erumpent through rents in the epidermis,

oriented parallel to the longitudinal axis

of the needle, dull dark brown, 125-1500

/x long, 50-450 IX \\ide, up to 600 /i high.

Locules oriented parallel to the longitu-

dinal axis of the stroma, without a distinct

wall. Conidia hyaline, scoleciform, 1- to

5- but usually 3-septate, blunt at the ends,

straight or slightly curved, 16.5-29 X 3.5

fi. Conidiophores numerous, approximate-

ly the same size as the conidia, hyaline or

amber, dense, unbranched, producing co-

nidia at their tips.

Stromatibus in mesophyllo stantibus, inter

mesophyllum et hypodcrmidem hypostromatem
plus minus magnum formantibus, per scissos in

epidermide erumpentibus, cum axe longitudinali
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foliorum parallelis, atrotuscis, 125-1500 m longis,

usque 600 n altis; locuiis cum axe longitudinali

stromatum parallelis; conidiis hyalinis, scolcci-

formibus, 1- usque 5- frequentissime 3-septatis,

apicibus rotundatis, rectis vel curvulis, 16.5-29 x

3.5 m; conidiophoris nunierosis, conidiis sub-
aequantibus, hyalinis vel succineis, compactis,

simplicibus, conidios in apicibus generantibus.

Type specimen : Collected by J. C.

Carter, De Kalb County, Illinois, No-
vember 2Q, 1Q38, on Piniis nigra Arn.
var. austriaca Aschers. & Graebn., 111.

Nat. Hist. Surv. Ace. No. 27,093.

Through the courtesy of Dr. Paul V.

Siggers, the following specimens have been

examined and found conspecific with the

above: ( 1 ) on Pin us flexilis James, Wa-
terloo State Forest, Ohio, February 26,

1936, C. C. Green col.; (2) on P. nigra

Arn. var. austriaca Aschers. & Graebn.,

Springfield, Ohio, May 8, 1932, R. L.

Beard col.; (3) Miami, Oklahoma, Au-
gust, 1934, Moore col.; (4) Sherman
Nursery, Charles City, Iowa, January,

1934, B. C. Helmick col.; (5) on P.

nigra var. calahrica Schneid., Waterloo
State Forest, Ohio, January 11, 1936, C.

C. Green col.; (6) on P. resinosa Ait.,

Old Man's Grove, Hocking County, Ohio,
February 26, 1936, C. C. Green' col.

Summary

In blighted needles of Austrian pine col-

lected in northern Illinois in the fall of

1938, immature stromata indicated the

cause of the blight. Infected needles were
wintered out-of-doors and examined peri-

odically. The stromata remained quiescent

through the winter but very early in the

spring began to develop and by March 1

had emerged as strongly erumpent, loaf-

shaped structures. A month and a half

later, pycnidial locules were becoming dif-

ferentiated, and by May 15 conidia were
being produced.

The distinctive dothideaceous structure

of the stroma distinguished the fungus

from every described group. For it the

new genus Dothisiroma is proposed.

The well-marked dothideaceous struc-

ture of the stroma and the spore char-

acters place the new fungus in the scoleco-

sporous group of the Phomaceae close to

Hemidothis Sydow and Septocyta Petrak.
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Duck Food Plants of the Illinois

River Valley

FRANK C. BELLROSE, Jr.

EACH year several million ducks

pass through the Illinois River val-

ley, scene of one of the greatest

concentrations of migrating waterfowl in

the United States. Over 90 per cent of the

fall flight is made up of mallards, which

have in recent years found an abundant

food resource in the mechanically picked

corn fields lying adjacent to the bottom-

land lakes. Even though corn amounts to

a considerable percentage of the plant diet

of the mallard,* natural waterfowl feed-

ing grounds still are important. Diving

ducks and most baldpates, gadwalls. teal

and pintails, as well as large numbers of

mallards, congregate principally where
natural food plants are abundant.

For the past 5 years the necessity for im-

provement of natural food beds in the

Illinois River valley has been apparent.

The large amount of money and effort

being spent on artificial propagation of

waterfowl food plants prompted the in-

auguration in 1937 of a study (Bellrose

1938) to determine the abundance and

interrelation of aquatic plants and to dis-

co\er optimum methods for management.
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Illinois River Hydrography

The Illinois River is formed by the

junction of the Des Plaines and Kankakee
rivers in eastern Grundy County, near

Channahon, 111. From there, it flows 60
miles almost due west to Bureau, where it

turns abruptly, flowing southwestward

into the Mississippi River at Grafton. Its

total length is about 270 miles, extending

diagonally across the state from north-

east to southwest. The major waterfowl

habitat is located between Hennepin and

Meredosia, a distance of about 140 miles,

fig. 1.

Because its fall is slight—onl\- 0.267

foot per mile over its length and 0.137

foot per mile from Utica to the mouth, a

distance of 230 miles—the Illinois River

is not able to carry its load and is in the

process of building up its bottoms. Its im-

mediate banks are higher than the sur-

rounding bottomlands farther from the

channel because in flood times the swift

water of the channel drops its load where
it meets the slower water of the flooded

bottomlands.

The water le\el of the ri\er and con-

nected bottomland lakes fluctuates greatly

with the season. The seasonal variation

in water level over a 20-year period is

shown in fig. 2. This variation appears to

have been very similar throughout the

valley. It will be seen in fig. 2 that the

general seasonal trend is for a spring rise

to occur in February and high water to

continue through May ; for low water

[237]
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levels to occur during July, August and

September; and for a small fall rise (25

per cent of the spring rise) to take place

during October and November. Since the

water generally fluctuates greatly during

the plant growing season, it has a tremen-

dous effect on aquatic life.

Because of drought, dredging, changes

in the amount of water diverted from

Lake Michigan, and creation of naviga-

tion dams on the Illinois River, the water

levels of the river valley have undergone

radical changes during the past few years.

The yearly trend of water levels in the

Illinois River, 1919-1939, is shown in

fig. 3. It should be noted that, as a re-

sult of drought and a reduction in the

amount of water diverted from Lake

Michigan, the level was considerably

lower after 1930 than in the years just

previous.

The seasonal fluctuations in water

levels during 1938, 1939 and 1940, fig. 6,

were abnormal in comparison with the

seasonal trend represented in fig. 2. Dur-

ing the fall months of the years repre-

sented in fig. 6, there was no appreciable,

consistent rise in the water levels. Be-

tween Nov. 28 and Dec. 17, 1940, a small

rise occurred in the waters of the Illinois

River at Havana. This was caused by the

much publicized increase of about 9,000

cubic feet per second in diversion from

Lake Michigan. Heavy precipitation re-

sulted in high water throughout June and

July, 1938, and from the middle of June
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Fig. 1.—Principal concentration area of migratory waterfowl in the Illinois River valley.

The map indicates the location of lakes involved in waterfowl food plant studies; also the location

of dams and of cities and villages significant in this study.
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BEARDSTOWN

PEORIA

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Fig. 2.— Index of seasonal variation in Illinois River water levels over a 20-year periodi

1920-39, at Peoria and Beardstown. Figures indicate per cent of variance from normal, which
is 100 per cent.

to nearly the middle of Juh', 1^30. In

1940, there was a fluctuation of less than

2 feet of water at Havana, during May
and June, and only relatively minor \ aria-

tions through the other months of the year.

Six navigation dams extend across the

Illinois River system. Four dams, of the

gate type, form navigation pools on the

upper reaches of the Illinois and Des
Plaines rivers. Two dams, of the wicket

type, are located in the central section of

the river. Only two lakes on the upper

Illinois River are important waterfowl

areas ; they were formed by dams at

Star\ed Rock and Dresden Island. In

both these lakes, beds of sago and longleaf

pondweeds, wild celery, duck potato and

other aquatic plants have in recent years

become established as a result of the re-

duction of turbidity, the reduction of cur-

rent and the stabilization of water levels

by the dams.

The two wicket dams, one situated a

short distance below Peoria and the other,

the La Grange dam, below Beardstown,

are in the center of the Illinois River

waterfowl habitat. The\' therefore play

an important role in any waterfowl habi-

1920 1922 1924 1926 1928 19I3O 1932 I9!34

Fig. 3.—Trend in water levels of the Illinois River at Havana, 1919-.59. The profile represents

a moving average ot three. Scale in teet.
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tat management program ; they not only

increase the size of certain waterfowl rest-

ing grounds, but they affect waterfowl

food plants. The Peoria dam was placed

in operation in December, 1938, and the

La Grange or Beardstown dam on July

27, 1939. Figs. 4 and 5 show a stabiliza-

tion of water levels above the dams, except

at flood stages, after each dam was placed

in operation. Fig. 6 shows marked fluctua-

tions of water levels in 1938 and 1939 at

Havana, midway between the dams. The
fact that fluctuations shown for 1940 at

Havana were relatively small may be ac-

counted for by the lack of heavy precipi-

tation and the reduced, even flowage from

Lake Michigan, rather than by the dams.

Water of some of the fluviatile lakes

does not fluctuate with that of the river,

for dams and natural and artificial levees

retain the water during drought periods.

The best example of this condition is at

the Lake Chautauqua National Wildlife

Refuge, where artificial levees stabilize the

water level, fig. 7, except during periods of

unusually high water, at which time the

water rises over the spillways. From Feb.

14 to May 23, 1939, the water was above

the 437.5-foot spillway elevation; it is

obvious that during this period the water

level inside the Chautauqua Refuge was
practically identical with that of the river.

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Fig. 4.—Seasonal fluctuation of Illinois River water levels at Beardstown, 1938, 1939 and
1940. Scale in feet. The decreased fluctuation in water levels, except at flood stages, in 1939 and
1940, is a direct result of the La Grange dam, placed in operation July, 1939.
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JAN FEB MAR APR MAY JUL AUG SEP OCT NOV DEC

Fig. 6.—Seasonal fluctuations of Illinois River water levels at Havana, 1938, 1939 and 1940.

Scale in feet. The river levels at Havana, midway between the La Grange and Peoria dams,
apparently were little affected by these dams.

On either side of the river channel,

from De Pue to Meredosia, numerous flu-

viatile lakes, ranging in size from 60 to

6,500 acres, dot the bottomlands, fig. 1.

Together these lakes form at low stage

about 56,000 acres of water surface, while

the river channel covers an additional

15,000 acres. In relation to vegetation,

lakes in the Illinois River valley may read-

ily be grouped under three major types:

( 1 ) those with stable waters, except dur-

ing flood stages; (2) those with fairly

stable water levels, in which the water is

high during flood times but is more or less

retained during drought periods; and (3)
those with widely fluctuating water levels,

in which the water rises and falls with that

of the river. The lakes of the last type

usually have a wide entrance connecting

the lower end of the lake with the river,

while the land separating lake from river

is low and flat, hg. 8.

Prior to 1940, lakes with stabilized

water levels covered approximately 5,680

acres between Ottawa and Meredosia.

These included the Starved Rock Pool,

formed by a navigation dam on the Illi-

nois River below Ottawa ; the remnant of

Spring Lake, inclosed by levees within the

Spring Lake Drainage District near Ban-
ner ; and Lake Chautauqua, an abandoned
drainage district above Havana.

Prior to 1940, lakes with semistabilized

water levels covered about 7,920 acres ad-

ILLINOIS RIVER 1939

UAKE CHAUTAUQUA 1939

LAKE CHAUTAUQUA 1940

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Fig. 7.—Water levels, in feet, of the Illinois River in 1939 and of Lake Chautauqua in 1939

and 1940. While water levels of the river fluctuate considerably, a stabilized water level is main-

tained in Lake Chautauqua except during flood periods such as occurred in the spring ot 1939.
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jacent to the Illinois River. These lakes

were Douglas, near Chillicothe ; Rice,

Beebe and Goose, near Banner; Cuba Is-

wine. Sawmill, Siebolt's and Billsbach,

near Henry; Mud and Wightman's, near

Sparland ; Upper and Lower Peoria, above

OOTEN BAY
NEAR

5T0WN, ILLINOI S

LUVIATILIS
UTEA

, LATIFOLIA

A MUHLENBERG!)
TON AMERICANUS

POTAMOGETON PECTINATUS

Fig. 8.—Vegetation map of Muscooten Bay, showing location of principal duck food bed'
1938. Muscooten Bay in 1938 had a scarcity of waterfowl food plants because of fluctuatinu

water levels and high turbidity. A few patches of longleat pondweed {Potamogelon americanui)
occurred scattered among the islands of willow (Salix spp.), which protected them from the wind
and thereby reduced the turbidity. Note that American lotus (Nelumbo lutea) and marsh smart-
weed (Polygonum Muhlenhergii) were the two most common waterfowl food plants. However,
many beds of marsh smartweed failed to produce seed because by the time of flowering the water
had receded from the beds. As shown on the map a few beds of duck potato (Sagittaria tatijolia)

occurred despite the fluctuating water levels.

land, near Chandlerville; and Jack* and
Anderson, near Sheldons Grove.

Prior to 1940, lakes with fluctuating

water levels greatly predominated in area

throughout the valley. This type covered

about 43,000 acres and included the fol-

lowing lakes ; Lake De Pue, Spring Lake
and Goose Pond, near Bureau ; Senach-

*Regarded as a fluctuating lake in 1938; further
observation in 1940 showed it belonged to the semistabil-
ized type.

Peoria; Clear and Quiver, above Havana;
Muscooten Bay, Treadway Lake, Sanga-

mon Bay, Crane, Ingram and Stewart

lakes, above Beardstown ; and Meredosia

Bay, above Meredosia. Upper and Lower
Peoria lakes were then, and are, merely

broad expanses of the river.

In 1940, because of the absence of

spring floods and because of stabilization

of water levels by the Peoria and La
Grange dams, the character of many lakes
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changed, with a resulting change in water-

fowl food plants.

Hydrographically, Douglas Lake
changed from the semistabilized to the

stabilized type; Upper and Lower Peoria

lakes, Mud and Wightman's lakes and

Muscooten Bay from the fluctuating to

the stabilized type; Goose Pond and

Senachwine, Sawmill, Siebolt's, Billsbach

and Treadway lakes changed from the

fluctuating type to the semistabilized type

of lake.

Methods of Study

During the summer and fall of 1937,

a general survey was made of the vegeta-

tion of certain lakes along the Illinois

River (Bellrose 1938). In 1938, the scope

of the study was broadened to include

ascertaining the abundance of aquatic

plants. Maps showing the area covered by

various plant beds were constructed and

a planimeter was then used to measure the

area covered by each important plant spe-

Table 1.—Abundance of duck food plants in Class I lakes of the Illinois River valley—lakes

with stable water levels. Figures in acres.

Species of Plant
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cies. Other plants are unable to live under
varying environmental conditions. Bushy
pondweed, cattail, teal grass, millet and
water hemp, as shown by tables b-8, be-

long to this second type.

Examination of tables 1-8 discloses that

water levels are a major influence on the

Illinois River valley waterfowl habitat.

Changes in levels have caused the decline

or e.xtinction of many areas as duck feed-

ing grounds, and the creation or improve-

ment of others. A few grounds have re-

mained stabilized, but the majority have
been subject to yearly, if not seasonal,

changes.

Class I Lakes, Stabilized Waters.—
Tables 1 and 2, as well as 6, 7 and 8,

affirm the importance of stabilized water
levels to submerged aquatic plants. In

lakes with stable waters, the pondweeds,

sago, longleaf and bushy, covered a larger

percentage of area than any other aquatic

plant, according to these last three tables.

Lake Chautauqua, rigs. 9 and 10, is

the best example of this class. Levees and
control gates aid in maintaining a fairly

constant water level, which resulted in

the formation of large beds of pondweeds
and coontail in 1938.

In 1938 and early 1939, Douglas Lake
was a semistabilized lake ; the other bodies

of water represented in table 2 were in

the fluctuating class. With a greater stab-

ilization of water levels by the Peoria dam,
fig. 5, a decided shift toward submerged
aquatic plants was noted in these lakes

in 1939 and 1940. Sago pondweed acre-

age increased from 1 to 13 acres at Goose
Pond, from to over 281 acres at Siebolt's

Lake and from to 5 to 115 acres at Saw-
mill Lake. Waterweed increased from a

trace to 6.4 acres at Douglas Lake. Coon-
tail increased from a trace to 33.8 acres at

Goose Pond, from to 0.8 acre at Sie-

Table 6.—Aquatic plants and their relative abvindance, expressed in percentage of total acreage
of plants in 2 stable, 9 semistable and 8 fluctuating lakes of the Illinois River valley,

August, 1938.

Species of Plant
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bolt's Lake and from 32 to 40 to over Cursory inspection of Peoria Lake in

103 acres at Douglas Lake. With the 1938 revealed a few scattered beds of

greater stabilization of the water, wild bushy, sago and longleaf pondweeds, and
rice occurred in abundance during 1939 one wild celery bed of approximately 10

and 1940 at Douglas Lake. acres. The wild celery bed was located

Table 7.—Aquatic plants and their relative abundance, expressed in percentage of total acreage
of plants in 3 stable, 7 semistable and 9 fluctuating lakes of the Illinois River valley,

August, 1939.

Species of Plant
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Table 8.—Aquatic plants and their relative abundance, expressed in percentage of total acreage

of plants in 2 stable, 9 semistable and 5 fluctuating lakes of the Illinois River valley,

August, 1Q40.

Species of Plant Stable Semistable Fluctiating Total

River bulrush
Scirpus ffuviatilis

American lotus

Nelumbo lutea

Water hemp
Jcnida tuherculata

Coontail
Ceralophyllum demersum

Duckweeds
Spirodela polyrhiza

Lemna minor
Sago pondweed

Polamogelon peclinatus

Marsh smartweed
Polygonum Muhlenbergii

Longleat pondweed
Polamogelon americanus

Nutgrasses
Cyperus sirigosus

Cyperus erylhrorhhos

Duck millets

Echinochloa crusgalli

Echinochloa frumentacea
Rice cut-grass

Leersia oryzoides

Nodding smartweed
Polygonum lapathijolium

Duck potato
Sagiltaria lalifolia

Walter's millet

Echinochloa JValteri

Cattail
Typha angustijolia

Wild rice

Zizania aquatica

Pickerelweed
Ponlederia cordala

White water lily

Caslalia tuberosa

Wild celery

Vallisneria spiralis

Spanish needles

Bidens sp.

Bushy pondweed
Najas guadalupensis

Small pondweed
Polamogelon pusillus

Waterweeds
Anacharis canadensis
Anacharis occidentalis

Dotted smartweed
Polygonum punctala

Spike rush
Eleocharis sp.

Teal grass
Eragroslis hypnoides

Giant bur-reed
Sparganium eurycarpum

Longleaved ammania
Ammannia coccinea

0.14

1.92

0.65

1 30

2.04

0.78

0.39

o.os

0.07

28.62
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between Upper and Lower Peoria lakes.

Increased stabilization of water in 1939 re-

sulted in bushy, sago and longleaf pond-

weed and coontail beds much greater in

extent. With continued regular water

levels in 1940, wild celery, sago and bushy

pondweeds and coontail appeared through-

out Upper Peoria Lake. Also a smatter-

ing of waterweed was found in 1940.

Class II Lakes, Semistabilized Waters.

—According to tables 6, 7 and 8, river

weed covered no more than 3 acres, long-

leaf pondweed no more than 19 acres and

coontail no more than a trace in any lake

of this class. American lotus was about as

abundant in lakes of this class as in lakes

of Class II.

Among the emergent species, duck po-

V SCIRPUS FLUVIATILIS

o NELUMBO LUTEA
fi SAGITTARIA LATIFOLIA

S SALIX SPP.

'». CERATOPHYLLUM DEMERSUM
«SS POLYGONUM MUHLENBERGII
X POTAMOGETON AMERICANUS
Vv POTAMOGETON PECTINATUS
D NAJAS GUADALUPENSIS «.

HETERANTHERA DUBIA

Fig. 9.—Vegetation map of Lake Chautauqua, showing location of principal duck food
beds, 1938. Because of the great reduction necessary, the outlines in this and other similar maps
have been simplified. Note extensive beds of longleaf pondweed [Potamogeton americanus) and
coontail (Ceratophyllum demersum) through much of the lake; also extensive marsh smartweed
beds (Polygonum Muhlenbergii) in and among tracts ot willow (Sa/ix spp.).

bulrush, American lotus, marsh smartweed
and coontail were the predominant spe-

cies in lakes with semistable water levels.

Table 3 indicates that coontail in Class

II lakes covered large areas that com-

pared favorably in size with the areas of

this plant found in Class I lakes. Sago

and longleaf pondweeds occurred in only

small quantities in Class II lakes. Other
significant facts to be noted in table 3 are

the presence of rice cut-grass and wild rice,

the absence of wild celery and the scarcity

of waterweed. Goose Lake, fig. 11, is

typical of this class except that it contains

an unusualljf large bed of duck potato.

Class III Lakes, Fluctuating Waters.

—

As shown in tables 4, 6 and 7, lakes with

fluctuating water levels may be almost de-

void of submerged and floating aquatic

plants. Table 4 discloses that sago pond-

tato covered as much as 51 acres, giant bur-

reed as much as 20 acres and marsh smart-

weed as much as 95 acres in a single lake

of Class III. River bulrush covered 198

acres in one lake of this class. This was
considerably less than the 414 acres found

in a comparable Class II lake. Muscooten
Bay, fig. 8, was in 1938 a typical Class

III lake.

Lakes of Class III occasionally undergo

an early summer metamorphosis, during

which the water recedes to expose broad,

extensive mud flats. In the summer of

1936, and to a lesser extent in 1937, many
moist-soil plants of value as duck foods

grew on these mud flats. Such plants as

nutgrasses, wild millet, teal grass, nodding

and largeseed smartweeds and water hemp
or pigweed made up the bulk of this vege-

tation. Data in table 6, however, show



August 1941 BELLROSE: DUCK FOOD PLANTS 253

that during 1938 there was little develop-

ment of such plants in the Illinois River

valley. A glance at fig. 6 helps to explain

this situation. The water remained high

in lakes of this type throughout July.

Shortly after the water level dropped in

August, exposing mud flats, a subsequent

rise drowned the immature moist-soil

plants commencing to appear.

In 1938, Clear Lake had a dearth of

moist-soil plants. In 1939, it had an

occurred in the Havana region in the lat-

ter part of June and throughout July,

1940, than in the equivalent 1939 period.

Consequently, an unusual development of

wild and Japanese millets, nutgrasses,

smartweeds and water hemp occurred in

1940, table 5, on the mud flats of Qui\er,

SCIRPUS FLUVIATILIS
NELUMBO LUTEA
SAGITTARIA LATIFOLIA
SALIX SPP

i^ CERATOPHYLLUM DEMERSUM
^ POLYGONUM MUHLENBERGII

X POTAMOGETON AMERICANUS
; POTAMOGETON PECTINATUS

n NAJAS GUADALUPENSIS &

HETERANTHERA DUBIA

Fig. 10.—Vegetation map of Lake Chautauqua showing location of principal duck food beds,
1939. Compare this map with that for 1938. Note the increase in American lotus (Nelumbo
lutea). Note also the decrease in coontail [Cercitophyllum demersum) and longleaf pondweed
{Polamogeton amerhatius). Sago pondweed iPolaniogeton pectinalus) showed an increase in 1939
but has since suffered a marked decline. The decrease in these three species started after 1937,
when the levees were repaired, and has continued because the water depth has been held too high
for sufficient light intensity to reach those plants that were established when the lake was shallower.
A stabilized water level of increased depth has resulted in an encroachment of duck potato iSugit.

taria latifolia) on river bulrush (Scirpas fliiriatiliA.

abundance of such plants, table 5. This
change represents a typical metamorphosis

of Class III lakes. As indicated by fig. 6,

the water level of the Illinois River at

Havana, a few miles below Clear Lake,

averaged about 2 feet lower during July,

1939, than during July, 1938, and lower

still during August and September, 1939.

The low water caused much of the shal-

low, flat Clear Lake basin to be exposed

as mud flats, on which moist-soil plants

rapidly grew as the water receded. The
water was too high at other bodies of

water to expose mud flats of appreciable

size.

As shown in fig. 6, a lower water stage

Bath, Clear, Crane, Horn and other lakes.

At Clear Lake, fig. 12, water hemp cov-

ered over 930 acres, nodding smartweed
1 53 acres, nutgrasses over 84 acres and
millets over 128 acres. Horn Lake, com-
pletely covered by American lotus in 1939,

had 11.2 acres of Japanese millet and over

2i acres of water hemp in 1940.

Effect of Floods

Severe floods have at various times in

the past poured through the Illinois valley.

Exceptionally high water prevailed in

most of the summer of 1927. This, it is

reported, wiped out almost all the Ameri-
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can lotus beds in the region and drowned
innumerable pecan trees in the bottoms

above Beardstown.

In 1938 the water level, after dropping

in mid May, rose 2 to 3 feet in June
and July, figs. 4-6. Such a small rise had

no effect on the American lotus, fig. 13,

the leaves of which rose with the water,

but it left its mark on several other species.

by 2 feet of water. When mapping was
done in August, there was scarcely a leaf

left on the plants, which were covered with

sediment. They failed to flower. Thus it

SCIRPUS FLUVIATILIS
NELUMBO LUTEA
SAGITTARIA LATIFOLIA
CASTALIA TUBEROSA
SALIX SPR
CERATOPHYLLUM DEMERSUM
POLYGONUM MUHLENBERGN
POTAMOGETON AMERICANUS
POTAMOGETON PECTINATUS

Fig. 11.—Vegetation map of Goose Lake, showing location of principal duck tood beds,

1938. This lake is near Duck Island, a few miles south of Banner. Here semistable water levels

resulted in large beds of duck potato (Sagittaria latijolia), marsh smartweed (Polygonum Muhlen-
bergii) and American lotus {Nelumho luted). High water in the spring of 1938 resulted in the dis-

appearance the following year of much of the duck potato bed, the areas being taken over by

river bulrush (Scirpus fluviatilis), American lotus {Nelumho lulea) and coontail (Ceratophyllum

demersum). Note the scarcity of longleaf and sago pondweeds {Polamogelon americanus and P.

peclinalus).

For instance, only a trace of sago pond-

weed remained in Jack Lake in August,

1938, table 3, although in late May the

lake had innumerable patches scattered

over the area of several hundred acres.

From the August appearance and associa-

tion of the remaining patches, it was ob-

vious that the greater part of the sago

pondweed had been killed by the high

water of June and July.

Table 3 shows 210 acres of duck potato

at Goose Lake in 1938, fig. 11. A survey

in June revealed these plants to be covered

is no wonder that only 15.5 acres of duck

potato remained in 1939, and only 4.8

acres in 1940. River bulrush and Ameri-

can lotus occupied the vacated areas.

River bulrush, figs. 14, 15 and 16, be-

gan to send up shoots from its large tubers

in mid May, 1938. With the high water

in June and July of that year, fig. 6,

many beds of river bulrush were inundated

and the plants killed. Marsh smartweed

stems and foliage, which rose with the

water, were not inundated, and this smart-

weed began to spread over areas formerly
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occupied by the river bulrush. Later, with
the return of low water in August, a sec-

ond growth of bulrush stems appeared

from the resistant tubers. In 1939, with
low water in June and July, river bul-

rush regained areas it had lost to marsh
smartweed. AVith low water in 1940,

river bulrush invaded marsh smartweed
beds in several places.

Table 3 indicates the shift in abundance
of these species at Rice, Miserable, Beebe
and Goose lakes over a 3-year period. At

herbaceous plants to develop ; it is also con-

ducive to growth of willows, cottonwoods
and buttonbush, plants of little value as

sources of waterfowl food. In 1940, sev-

eral areas of the exposed basins of Crane
and Horn lakes were covered with seed-

ling willows and cottonwoods. There is

evidence that in other lakes willows and
buttonbush, figs. 17 and 18, have in the

past invaded exposed areas in periods of

low water and maintained their position

with the return of higher water. Thus,

CLEAR LAKE

ECHINOCHLOA FRUMANTACEA
POLYGONUM LAPATHIFOLIUM
ECHINOCHLOA WALTERI
ELEOCHARIS PALUSTRIS
LEERSIA ORYZOIDES

SCIRPUS FLUVIATILIS

SAGlTTARIA LATIFOLIA
ACNIDA TUBERCULATA
CYPERUS SPP.

ZIZANIA AQUATICA
SALIX SPP.

Fig. 12.—Vegetation map of Clear Lake, showins; location of principal duck food beds, 1940.
Clear Lake in 1940 was an excellent mallard and pintail leeding ground because of the extensive
beds of moist-soil plants. Japanese and Walter's millets {Echinochloii friimantacen and £. If'a/leri),

nutgrasses {Cypenis slrigosus and C. erylhrorhizos'i, water hemp or pigweed i.icnida tuherculata)
and nodding smartweed (Polygouum hipalhifoliuni) appeared on the exposed mud flats shortly
after recession ot the water in early summer. A small levee was constructed to enable springs
and rains to flood these beds during the hunting season.

Beebe Lake, for example, marsh smart-

weed shifted from 124 acres to 1 1 acres to

18.2 acres; river bulrush, from 195 acres

to 363 acres to 332.7 acres.

Effect of Drought

Drought not only lowers water levels

sufiicientlv to allow desirable moist-soil

they often become a pest by encroaching
upon waterfowl feeding grounds during
drought periods.

While various factors not understood

at the present time may be partly respon-

sible, I believe that the low water in Rice
Lake in 1940, resulting from drought,

was the principal cause of an increase in

American lotus from b4 to over 317 acres.
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Fig. 13.—American lotus (Nelumho lutea),

also known as yorkey nut. Able to withstand
fluctuating water levels, it is very abundant,
but unfortunately is a poor duck food. Seldom
do ducks consume the hard, nutlike seeds ot

this plant.

Fig. 14.—River bulrush (Scirpus fluvialilis).

This is often called flag in the Illinois River
valley, where it covers thousands of acres.

It is of little value as a waterfowl food plant,

since it rarely produces seed. It reproduces

by means of woody tubers and rootstocks.

table 3, with a corresponding decrease in

coontail, a more valuable duck food plant,

from 99 to 2.9 acres. Adjoining Beebe

Lake, although lowered by the drought,

averaged 8 inches deeper than Rice Lake.

In Beebe Lake, coontail increased from
34 to over 418 acres, although American
lotus was present in much of the same
area. This increase in coontail was un-

doubtedly the result of shallower water,

which was still not too shallow and which
allowed greater bottom light intensity.

Effect of Water Fluctuation

The importance of fluctuating water

levels as a factor affecting aquatic plants

has been discussed, but the manner in

which these levels directly influence vari-

ous plants needs explanation.

Fluctuating water levels affect aquatic

plants in several ways. During flood times

in spring and early summer, adequate sun-

light does not penetrate sufficiently deep

to enable aquatic plants to make normal

growth, as in their customary depths of

water. If aquatic plant beds become es-

tablished in the shallows during periods

Fig. IS.—An extensive bulrush bed at Rice
Lake; a few fruiting heads ot American lotus

are visible.

of high water, these same beds are ex-

posed with the return of normal or lower

levels to drying and to fermentation of the

vegetative parts. This exposure not only

prevents waterfowl from utilizing the

plants as food, but it also usually results

in failure of the plants to reproduce. As
pointed out elsewhere, American lotus and
river bulrush, among the less valuable

waterfowl food sources, are two of the few
plants tolerant of such severe physical con-

ditions.
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Fluctuating water levels affect such

marsh and moist-soil plants as wild and
Walter's millets, figs. 19-20, chufa. rice

cut-grass, certain smartweeds and pigweed,

as well as aquatic plants. \Vhen these

plants are inundated in their immature

more turbid the waters, the shallower be-

comes the maximum depth at which vari-

ous species of aquatic plants are able to

live.

During the summer of 1939 and 1940,

the transparency of many lakes along the

Fig. 16.—Remnant ut .i bed ot duck, potato iScigit/cuiii lalijiiiui] being cncro-ichtd upon by
r bulrush (Scirpiis fliivinlilisi in an area from which water has receded.

stages, as they frequently are during the

summer, they drown through lack of suf-

ficient carbon dioxide and oxygen. The
more mature these plants become, the

longer they are able to tolerate flooding.

In 1938 and 1939, many seedling Japan-
ese millet patches planted by duck clubs

failed to develop because of inundation in

July or August.

Factors Influencing Turbidity

^Vith the exception of fluctuating water

levels, turbidity is apparently the most
potent factor affecting aquatic plant beds

in the Illinois River region. Turbidity in-

hibits light penetration. The depth to

which submerged and floating aquatic

plants grow is dependent largely upon the

amount of sunlight they obtain. Thus, the

Illinois River was measured by means of a

Secchi disc. This disc is 10 centimeters (4
inches) in diameter and white in color.

The maximum distance below the water

surface that the outline of the disc is visible

in the shade is used as a measure of the

degree of transparency.

Fluctuating Water Levels. — Physical

factors may change the transparency of

part of a lake or an entire lake within a

few hours. In order to compare transpar-

encies as affected by water levels, it was
necessary to consider only those readings

not influenced by other factors. The
transparency readings at Lake Chautau-
qua, a lake with stable waters, varied from
8 to 60 inches, with an average of 10

inches. The exceedingly clear water of

this lake occurred in a narrow, spring-fed

arm that is protected from wind. In lakes
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Fig. 17.— Buttonbush (Cephalanlhiis occi-

dentalis), also called buckbrush. It is a medi-
ocre source ot duck food.

with semistable water levels, Secchi read-

ings ranged from 7 to over 32 inches, with
an average of 10 inches. At Rice Lake, the

d!sc was \isible on the bottom at all

depths, the greatest depth being 32 inches.

Secchi disc readings for lakes with fluctu-

ating water levels varied from 5 to 17

inches, with an average of 8 inches.

Thus, it is apparent that even lakes

with stable and semistable water levels in

the Illinois River valley have medium to

high turbidity. Lakes with fluctuating

waters have a greater turbidity, even at

times other than flood periods, probably

largely because of the paucity of vegeta-

tion. In times of high water, Class III

lakes become very roily, transparencies be-

ing reduced to 4 inches and less.

Waves.—^Vaves are frequently as im-

portant as floods in causing lake waters

to assume a roily condition. Observations

made on Lake Chautauqua during the

summer of 1940 yielded information of

importance on this subject. Table 9 re-

veals that e\'en moderate winds may result

in a reduction of the transparency of water
from 1 1 to 6 inches. Waves may stir the

bottom soil and produce a high degree of

turbidity within an hour or two. Once
there is a heavy suspension of soil particles

in the water, 1 to 3 days are required be-

fore these particles commence to settle

noticeably (June 29—July 2, table 9).

Plants may be influential in curtailing

turbidity caused by wave action and by

fish. In the open water of Goose Pond a

strong wind reduced the transparency

from 1 1 to 3 inches in a few hours. In

nearby American lotus beds, which con-

tained coontail, the transparency readings

ranged between 12 and 20 inches and were

the same for identical positions before

and after the wind.

At Siebolt's Lake in 1939, Secchi discs

disappeared from sight at depths of 6 to 8

inches. No submerged or floating aquatic

vegetation was noted in this lake that

year, table 2. Following stabilization of

water levels, the lake was almost covered

by sago pondweed in 1940, and the Secchi

Fig. 18.—Buttonbush often occupies ground that could be utilized by better duck food plants.

\
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disc was visible 16 inches below the sur- were noted at Sawmill Lake and othei

face. Similar instances in which aquatic places.

plants increased the transparency of the Fish.—Rough fish—carp, buffalo, bull-

water, through inhibiting wave action, heads, catfish, sheepshead and dogfish —
Table 9.—
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are at times important causes of turbidity

in shallow lakes. They evidently create

greater turbidity than fine fish because of

their bottom-feeding habit. Their influ-

ence is more pronounced in shallow than

in deep water.

In August, 1938, several turbid areas

were noticed in the otherwise fairly clear

water of Muscooten Bay. Investigations

showed that rough fish were making the

waters roily. Since then a like condition

has been observed at several other lakes.

At Crystal Lake, in the bottomlands of

the Mississippi River, opposite Burlington,

Iowa, seining operations disclosed rough

fish to be verv abundant in 1939. Secchi

Fig. 20.—Walter's millet (Echinochloa JVal-

teri). It has longer awns, smaller seeds and
grows in wetter situations than wild millet

(Echinochloa crusgalli). Both species are

colloquially called corn grass.

disc readings taken weekly from May to

October of that year showed an average
transparency of 15 inches. During the

winter of 1939-40, the lake was frozen to

such an extent that the rough fish popula-

tion was greatly reduced. Secchi disc

readings made during March and April,

1940, revealed a transparency of 34
inches. It is believed that rough fish re-

duced the transparency of these waters
by nearly 2 feet.

Lynn Hutchens of the Cook County
Forest Preserve District reports in a letter

dated Jan. 8, 1941, the effect of fish on the

transparency of McGinnis Slough in Cook
County. Secchi disc readings in 1939 ran

from 6 to 10 inches, with an average of

8 inches. During the winter of 1939-40,

18 inches of ice combined with snow to

seal the slough from aeration and to

cause the destruction of an estimated 95

per cent of the fish population. Sample
counts in April disclosed approximately

50,000 black bullheads and 200,000 golden

shiners dead on the shore of the slough. An
immediate improvement in the transpar-

ency was noted, with Secchi readings av-

eraging 40 inches during the summer of

1940. Fish undoubtedly caused a loss in

transparency of at least 30 inches in Mc-
Ginnis Slough.

Soils.—The composition of soil {i.e.,

size and binding characteristics of soil

particles) influences aquatic plants in Illi-

nois River habitats much more than does

fertility of the soil. Waves, currents and

fish create greater turbidity where soil

particles are fine and loose than where they

are coarse or compact.

At Jack Lake, with readings taken in

areas of similar depths, transparencies ex-

ceeded 20 inches in an area with a hard

bottom, while, short distances away, over

a soft bottom, transparencies averaged

only 7 inches. The transparency of a shal-

low, silt-bottomed pond near Crane Lake
averaged 3 inches. A section of Sawmill

Lake having a very soft silt bottom gave

a transparency reading of 4 inches ; other

areas with firmer bottoms gave readings of

19 inches.

Pollution.—In the Illinois River navi-

gation pools above Utica, pollution seems

to be an important factor in increasing

turbidity. While transparencies in the

lower pool (Starved Rock) vary from 13

to 36 inches, transparencies 50 miles up-
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stream (Dresden Island) vary from 5 to

10 inches. Since each pool acts as a settling

basin, the louer one would seem to contain

fewer suspended pollution particles. The
effect of pollution on aquatic plants is

probably largely that of diminishing the

amount of sunlight penetrating the water,

rather than that of restricting plant

growth through lack of dissolved owgen.

Turbidity and Plant Abundance

Evidence at hand indicates that an aver-

age transparency of less than 9 inches

through the growing season almost pre-

cludes de\elopment of submerged and
floating aquatic plants, despite the fact

that other conditions may be favorable.

At Crystal Lake, across the Mississippi

Ri\er from Burlington, Iowa, not a trace

of pondweeds or coontail was found in

1939; a transparency of 15 inches was re-

corded as approximately average at the

time. In 1940, with transparency in-

creased to 34 inches, small beds of sago

pondweed appeared. A nearby pond, very

turbid, contained no plants in 1939. In

early 1940 the water cleared sufficiently to

make visible a Secchi disc on the bottom
at 30 inches. By June the pond contained

a mass of muskgrass and leafy pondweed
{Potamrjgeton foliosus).

Hutchens found only a few emergent
plants and no submerged or floating aqua-

tic plants in AIcGinnis Slough, Cook
County, in 1939, when the water averaged

8 inches in transparency. He reports that,

with the transparency increased to 40
inches in 1940, approximately 28 acres of

giant bur-reed appeared. Submerged
aquatic vegetation developed in the open

waters of the lake. One dense bed of

muskgrass, coontail and leafy pondweed
covered about 44 acres, a bed of muskgrass

and coontail covered approximately 98
acres, coontail and leafy pondweed grew
on 2.8 acres, and muskgrass and coontail

occurred in sparse growth over the rest

of the lake. Since other environmental

conditions were about the same in both

years, it seems obvious that the increase

in transparency was responsible for the ap-

pearance of aquatic plants in 1940. A
transparency varying between 6 and

10 inches seems to have precluded the

growth of aquatic plants at McGinnis
Slough in 1039.

Water Depth and Plant Abundance

The water level of Lake Chautauqua
was practically the same from June 1 to

Sept. 1 in 1939 and 1940, fig. 7. Although
there is only one gauge reading for 1938,

it is known that the water level was about

8 inches higher during the corresponding

period in that year. However, the total

abundance of coontail, fig. 21, and pond-

weeds, figs. 22, 23 and 24, has steadily

decreased, table 1. These species aggre-

gated about 1,149 acres in 1938. 859 acres

in 1939 and 441 acres in 1940. It was
believed at one time that wind action,

combined with water depth, caused the

decrease through diminishing transpar-

ency. A check of wind velocity records

at Peoria, a short distance away, revealed

that the number of days with a wind veloc-

ity of at least 9 miles per hour (for June,

July and August) was 52 in 1938, 47 in

1939 and 41 in 1940. The total movement
of wind for those months was 1 1,684 miles

in 1938, 10,053 miles in 1939 and 10,535

miles in 1940. Wind action showed no

appreciable increase in the years pond-

weeds and coontail were decreasing from
1,149 acres to 441 acres.

The water in Lake Chautauqua was
shallower before its levee was repaired in

1938 than after. Perhaps the shallow

water prior to 1938 favored establishment

of certain aquatic plant beds, while the

higher water maintained since then has

been too deep to favor germination and

propagation of pondweeds and coontail.

In areas of Lake Chautauqua where
the Secchi disc normally becomes invisible

at 1 1 inches, scattered patches of coontail

grow in water up to 54 inches deep. \Vhere

the Secchi readings are 60 inches, coontail

forms a dense mat 5 to 6 feet deep.

Bushy pondweed evidently requires high

transparency. At Lake Chautauqua it

grows only where the bottom can be seen,

and then only in areas protected from

waves creating roily waters. Probably be-

cause the water in those areas has become
shallower each year, the bushy pondweed
lias increased from a trace to 7.3 to 8.6

acres, table 1. At Spring Lake, near Ban-
ner, the exceedingly clear water is un-

doubtedly the reason for abundance (78
acres) of this pondweed there.

In Lake Chautauqua areas where the

transparency is normally 10 inches, sago
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Fig. 21.—Coontail or hornwort (Ceratophyllum demersum), a favorite food of baldpates and
jadwalls. It thrives in stable or semistable waters that are fairly clear and protected from waves.

Fig. 22.—Sago pondweed iPotamogeton pectinatus). This plant grows best in lakes with

stable water, at depths of 2 to 4 feet. It is colloquially called teal grass and eel grass.
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Fig. 23.—Longleaf pondweed (Potamogeton americanus), deer's tongue to most Illinois River
residents. Ducks feed on the seed of this plant.

pondweed has ceased to thrive in water
over 48 inches deep, and it is entirely ab-

sent from water over 56 inches deep. How-
ever, in the glacial (Fox River) lakes, we
have found it growing in 70 inches of

water having a transparency of 54 inches.

Martin Sc Uhler (193Q) report long-

leaf pondweed growing at depths of 3 to

r'.„i-'xi:.: ^

5 feet. Yet, at Lake Chautauqua, this

species has not been found in water over

3 feet deep. In 1938, and to a lesser de-

gree in other years, beds of longleaf pond-

weed extended through the lower lake

on the spoilbanks of former drainage

ditches, where the water was 8 to 20
inches shallower than elsewhere. This
apparent restriction on the maximum
depth at which this pondweed will grow in

Lake Chautauqua must be due to turbidity.

The increase of coontail at Beebe Lake
from 34 acres in 1939 to over 418 acres

in 1940, table 3, I feel certain must be

attributed to the lower water during the

latter year. A transparency of 9 inches,

ombined with an average depth of 30
inches, apparently did not encourage dense

-rowths of coontail in 1939. But the

-ame transparency, with the water only

22 inches deep, permitted a greater light

intensity to reach the plants, and was
therefore more favorable for the formation

of dense beds in 194(1.

Fig. 24. I Mii^ri, ,ii piiTKlHcfd beds at Lake
l.'h:iut:iui}ua, northeast of Havana. .At Lake
Chautauqua, where the water level is stable,

extensive beds of this valuable duck tood plant
oeeur in water about 2 feet deep.

Other Factors in Plant Abundance

In addition to turbidity and water

depth, many other factors influence the
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abundance of aquatic plants. Among the

most important are soil character, sedi-

mentation and wave action.

Soils and Sedimentation.— The in-

fluence of soils on turbidity has been dis-

cussed. Soils in the Illinois River valley

influence aquatic plants more by the ex-

tent to which they contribute to turbidity

than by other properties they may or may
not possess. The lake beds vary little in

soil type. Beds in the upper portion of the

valley are composed of Sawmill clay loam,

while those in the middle part tend toward

Sawmill clay and Beaucoup clay loam.

The lake basins of the lower part of the

Illinois River region are made up of Saw-
mill clay plus Beaucoup clay. These soil

types have a high fertility and are very

productive.

The majority of bottomland lakes have

large amounts of silt and clay particles

deposited in their basins. During flood

stages the river overflows its banks, there-

by covering the bottomland and its lakes

with a sheet of water containing a heavy

load of soil. In the slowly moving back-

Fig. 25.—Marsh smartweed (Polygonum Muhlenbergii), red-top to most duck hunters be-

cause of its bright pink-red blossoms. When this plant grows in water 6 to 18 inches deep it

produces seed, but when growing on dry ground it rarely produces either seed or flowers.

t
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waters, sand first settles from the water
and, a few hours after the water becomes
quiescent, silt particles commence to settle.

It is sometimes a matter of dajs, however,
before fine, suspended clay particles begin

to settle from motionless water.

Streams that flow into bottomland lakes

are another important source of sedimen-

tation. In the past 5 years. Crane Lake
has been filling up at a rapid rate because

of the deposits from the channel waters
of the Sangamon River. Several other

lakes are in the same predicament. If

nothing is done to check sedimentation,

these lakes will continue to shrink in size,

eventually becoming tangles of buttonbush
fig. 18, willows and herbaceous vegetatimi

of little use for waterfowl feeding or

resting grounds.

Little can be done to prevent the drop-

ping of sediment in flu\iatile lakes during
flood periods of the Illinois River, but it

may be feasible to divert the course of

streams entering these lakes so that they

will deposit their loads elsewhere. At the

Mallard Club, near Bureau, small dams
are used during the hunting season to hold

water from channels of Bureau Creek,

which flows through the marsh. After
the season, spillways are lowered so that

the marsh is no longer a huge settling

basin for the streams entering it. It is

also possible to retard silting in some lakes

by employing soil conservation measures
on adjacent drainage areas.

Wave Action.—Influences of wind and
wave action on aquatic plants through re-

ducing transparency have been discussed.

The direct effect of wave action in tearing

and uprooting plants, because it is more
apparent, is generally overemphasized in

the Illinois River region. Occasionally,

however, after severe wind storms, the

shore of Lake Chautauqua is littered by
coontail and sago and longleaf pondweed
plants. During September, 1939, many
wild celery plants were uprooted from
beds in the Starved Rock pool. Occasion-
allv wind has been known to blow down
clumps of bur-reed and other marsh plants

with an insecure footing.

Turbidity caused bv waves may be al-

leviated on large bodies of water by the

construction of islands and levees at right

angles to the prevailing; winds. These
earthen structures should be planted with
willow, buttonbush, marsh smartweed,

river bulrush or hardstem bulrush in order
further to reduce wave action and wash-
ing. Such areas furnish ideal shooting

Fig. 26. 'I'ypical niarih ijnartwccd licds in

water 12 inches deep at Lake Chautauqua,
near Havana.

stands on large lakes where there is a pau-

city of these places.

Commercial Fishing. — Commercial
fishing is an important industry in the Illi-

nois River valley, where the bottomland
lakes yield an abundant supply of carp,

buffalo, catfish and sheepshead. These fish

are caught largely with hoopnets and
seines. Hoopnets have little effect on
aquatic vegetation. Seines may, and fre-

quently do, injure beginning plant beds by
uprooting small patches of coontail and
pondweeds or breaking off the growing
tips of young plants.

Seed Production

Because seeds furnish the bulk of the

plant food taken by ducks in the Illinois

River valley, seed production is very im-
portant in determining the value of duck
food plants.

We have made no quantitative measure-
ment to date of seed production by various
aquatic plants. Yet, from observation, it

is obvious that seed production of several

aquatic plants varies tremendously. We
know too little concerning the environ-
mental complexities that govern seed pro-

duction.

On numerous occasions I have examined
beds of giant bur-reed. Of more than 30
such beds inspected, only 2 were producing
an appreciable supply of seeds. One bed
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Fig. 27.—Nutgrass (Cy-
perus sirigosus). This de-
sirable source of duck food
grows on mud flats. Chufa
(Cyperus esculenlus) is very
similar but a better duck
food because it produces
tubers as well as seeds, on
both of which ducks feed.

The inset shows a bed of red-

rooted nutgrass (Cyperus ery-

Ihrorhizos) flooded by fall

rains.

of 20 acres in Muscooten Bay had only

one fruiting head per 16 linear feet in

August, 1939. Two acres of giant bur-

reed in Goose Pond in the same month had

one fruiting head per 3 linear feet. The
first bed was located in an area with more
rapidly fluctuating waters than was the

second.

Hutchens reports (letter, Jan. 8, 1941)

that at McGinnis Slough in Cook County
no seed was produced by giant bur-reed

plants growing in water. Those growing
on moist soil produced seed. The plants

growing in water were 3 to 4 weeks later

in development than those growing on

moist soil.

Sago pondweed, fig. 22, is an erratic

seed producer in the Illinois River valley.

Often rated as one of the most valuable

duck food plants, it falls short of this repu-

tation in the Illinois valley because of its

failure to produce seed in certain years.

In 1938, inspection showed that longleaf

pondweed beds in Lake Chautauqua, fig.

24, were producing fully twice as much
seed as were sago pondweed beds of equal

size. A study involving use and abundance
of duck foods (Bellrose& Anderson 1940)
corroborated this finding. Although at

Lake Chautauqua sago pondweed pro-

duced more seed per plant in 1939 than in

the previous year, the seed it produced in

1940 was approximately as much as in

1938. At Siebolt's and Sawmill lakes,

sago pondweed produced little seed in

1940 notwithstanding the abundance of

plants in those lakes, table 2. According

to estimate, less than 0.5 per cent of the

plants at these lakes, and at Goose Pond
in 1940 only 2.0 per cent of the plants,

had spikes bearing seed.

River bulrush, fig. 14, is a notoriously

poor seed producer. Despite the fact that

it covers several thousand acres in the Illi-

nois River valley, I have found only two
small beds that were fruiting extensively.

One was at Lake Chautauqua in 1938,

and the other at Goose Pond in 1940.
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Stable waters may be conducive to fruiting,

but such conditions do not insure it, since

many beds in stabilized water areas have
produced no seed. River bulrush propa-
gates largely by rootstocks.

Much of the fruiting of marsh smart-
weed, figs. 25 and 26, is directly dependent
on water depth. When growing in water
3 to 18 inches deep, this smartweed pro-
duces quantities of seeds, as observed at

Fig. 28.—Water hemp or pig-
weed i.-Zcnitiii liiberculalai. This
plant forms a rank growth on
mud flats, frequently competing
with Japanese millet. It is a
good source of duck food, but
not so good as either wild or
Japanese millet. Pintails and
mallards like the minute, dark-
colored seeds of the water hemp.
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Lake Chautauqua in 1938, 1939 and 1940,

at Jack Lake in 1938, at Cuba Island in

1938 and 1939, at Beebe Lake in 1938,

and elsewhere. At Flat Lake, in 1938, a

large bed of marsh smartweed fruited

heavily in water 14 inches deep; in 1940,

the water depth had been increased to 36

inches, with the result that the smartweed

was scattered, the plants sickly and the

fruiting poor.

Numerous examples are known of marsh

smartweed beds that failed to produce seed

after the water had receded from the beds,

leaving only moist soil. The beds at Jack

Lake, fruiting heavily in 1938, were pro-

ducing less than 1 per cent as much seed

in 1940, when they were exposed by re-

ceding water levels. At Beebe Lake, in

1938, almost every plant was pink blos-

somed; in 1939, little water remained in

the marsh smartweed zone, and only a few

flowering spikes were noticed. By 1940,

no water was left in the marsh smartweed

zone, and scarcely a fruiting spike was

found.

Observations alone are sufficient to show

that moist-soil plants— wild millet, fig.

19, and Japanese millet, nutgrasses, fig.

27, water hemp or pig^veed, fig. 28, smart-

weeds and rice cut-grass, fig. 29—produce

more seed per unit of area than aquatic

plants, such as longleaf and sago pond-

weeds, figs. 23, 24 and 22.

Important Duck Food Plants

To determine the value of duck food

plants in the Illinois River valley, Bellrose

& Anderson (1940) compared the 1938

abundance and use of aquatic plants. Since

numerous duck food plants, notably those

in the moist-soil groups, were very scarce

in 1938 because of high waters the value

of all duck food plants was not ascertained.

Compilation of the 1939 and 1940 data,

when completed, should give an accurate

index to the value of all important duck

food plants in the Illinois River valley.

Essence of the report for 1938 was that

rice cut-grass, figs. 29 and 30, was the

best native duck food plant in the Illinois

River valley in that year, and that coon-

tail, fig. 21, marsh smartweed, fig. 25,

and longleaf pondweed, fig. 23, were

Fig. 29.—Rice cut-grass (Leersia oryzoides), better known in the Illinois River valley as

sawgrass. It is one of the best native duck food plants, growing on moist soil and in shallow

water. Ducks feed on the rootstocks and seeds. The plant pictured here is bent to show both

ends.
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among the better plants. Giant bur-reed,

duck potato, tig. 31, and buttonbush. fig.

17, rated as fair to poor sources of duck
food. Sago pondweed, fig. 22, regarded

usually as an excellent duck food plant,

rated low in value in 1938, probably be-

cause of the fact that it produced little

seed locally. Spike rushes, river bulrush,

fig. 14, and American lotus, fig. 13. were

by Harry G. Anderson revealed not one

trace of wild rice seed. When 1 visited

Douglas Lake in August and September,

1939, thousands of red-winged blackbirds

were congregated there, feeding upon the

seed. They undoubtedly consumed most
of the crop. Since there are only very

limited areas suitable for the development
of wild rice, it would seem that any plant-

Fig. 30.- -Rice cut-grass beds in Quiver Creek, near Lake Chautauqua, September, 1940.

found to be practically worthless as food

for ducks in the Illinois River valley in

1938.

Stomach analyses by Harry G. Ander-
son* of 1939 and 1940 gizzards, while not

complete, indicate that rice cut-grass still

ranks first. Marsh smartweed, coontail

and buttonbush seem to have dropped in

relative value. Wild millet, fig. 19, and
Japanese millet, pigweed, fig. 28. nut-

grasses, fig. 27, and nodding smartweed
appear to be among the top foods in these

years, in which they were much more
abundant than in 1938.

Wild rice, generally a highly rated duck
food, is apparently of little value as a duck
food in the Illinois River valley. Although
81 acres of this species grew in Douglas
Lake in 1939, 108 duck gizzards obtained

there in the fall of that vear and e.xamined

•Working on Illinois Natural History Survey Federal
Aid Project 2-R. referred to earlier in this paper.

ings made—even though successful—

-

would not produce much food for ducks
in the Illinois River region ; blackbirds

would consume most of the seed.

Plant Competition

As already indicated, there are among
the waterfowl food plants certain species

that are little utilized for food by ducks.

These species are often in direct competi-

tion with more beneficial waterfowl food

plants. Our studies ha\ e shown that de-

spite their abundance in the Illinois River
region, American lotus and river bulrush

furnish little waterfowl food. They domi-
nate most other forms of aquatic and
marsh vegetation. In most places the\ must
be considered weeds in the waterfowl habi-

tat.

American lotus, rig. 13, which covers

hundreds of acres with its broad o\al
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leaves, has been seen to shade out beds

of coontail and pondvveeds. At Rice Lake,

the decrease of coontail from 99 acres in

Fig. 31.—Duck potato {Sagittaria lalifo/ia),

a mediocre duck food, forms dense beds in

shallow water and on moist soil. The seed
is more important as a duck food than the

tubers, which are usually too large and buried
too deep to be of maximum availability to

waterfowl.

1939 to 2.9 acres in 1940 must be attrib-

uted largely to the increase of lotus from
64 to over 317 acres in these same years,

table 3. Nevertheless, lotus may, when it

is not too dense, act as a nurse crop to coon-

tail. Much of the 418.5 acres of coontail

at Beebe Lake in 1940 was among open

stands of lotus, while the 33.8 acres at

Goose Pond were entirely among lotus.

The increase of lotus at Lake Chautau-
qua from 6 to more than 207 acres in 3

years, table 1, has been directly responsi-

ble for the loss of several sago and long-

leaf pondweed beds.

Lotus has continued to exist on mud flats

during periods of low water, thereby fre-

quently making inadvisable the sowing of

Japanese millet and preventing the devel-

opment of moist-soil plants on such habi-

tats. A scattering stand of millet was ob-

tained at the Central Illinois Club in

1939 and 1940 by broadcasting the seed

among the lotus leaves. At Horn Lake, a

sparse growth of millet was obtained

where this method was tried in 1940;

where lotus had been mowed before the

seed was broadcast, dense beds of millet

grew and thrived. Water hemp in 1940

assumed dominance over lotus at Crane
and Horn lakes, where it completely

crowded out several beds of the latter

species.

River bulrush, fig. 14, a coarse marsh
species, has been found to be an important

factor in restricting the growth of marsh
smartweed at Beebe and Goose lakes, as

well as at other lakes. It has also been
observed to encroach upon giant bur-reed,

softstem bulrush, duck potato, chufa, rice

cut-grass and wild millet beds, all species

more useful to waterfowl than river bul- '

rush.

Buttonbush, figs. 17 and 18, and wil-

lows tolerate long periods of inundation.

In many lakes with fluctuating water
levels, these species are encroaching upon
such marsh plants as river bulrush, marsh
smartweed and rice cut-grass. While our

studies show that buttonbush furnishes

fair duck food, willows are valueless as

food. Both species cover many areas that i

could well be occupied by more desirable I

plants. However, willows have a place in

the waterfowl habitat as cover and as a

means of reducing wind action.

Certain species of green algae {Chloro-

phyceae) have destroyed submerged and
floating plants on Lake Chautauqua and
one or two other lakes. These algae in

1938 and 1939 formed dense mats over

beds of sago and longleaf pondweeds and
coontail, thereby excluding a large amount
of sunlight from those plants. We do not

know whether the pale, sickly appearance

assumed by many pondweed beds at that

time is the result of blanketing by algae or

whether it is due to some other cause. Dur-
ing 1940, algae blown by the wind so

matted some marsh smartweed beds of

Lake Chautauqua as apparently to cause

considerable loss of vigor in the smartweed
plants. Martin & Uhler (1939) report

that certain blue-green algae appeared

upon decomposition to secrete a toxic sub-

stance that affected submerged seed plants.

Possibly marsh smartweed, an emergent

species, was affected by a toxin released by

the algae.

Methods of Control

There are several methods by which

American lotus, river bulrush and other

weeds may be partially if not entirely con-

trolled. They are ( 1 ) by altering existing

water levels, (2) by cutting and (3) by

using chemicals.

River bulrush may be partially if not en-

tirely controlled by raising the waters of its
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lake or marsh habitat. Although an in-

crease ot a few inches in the water level

does not injure the river bulrush, it can-

not tolerate water 20 or more inches deep

during the growing period. At Lake
Chautauqua, because of stabilized waters

10 to 18 inches deep, river bulrush has

since 1*5 .?S become less abundant each year.

Marsh smartweed. figs. 25 and 26, and

plants should be cut just before the flow-

ering period, before the plants produce

seed. With lotus, flowering does not us-

ually occur before July, and it is believed

that by that time the plant has stored suf-

ficient energy to produce quickly new
leaves and flower stalks. Experiments are

now being conducted by Homer Bradley

on Lake Chautauqua to determine if sev-

)wing aquatic plants,

s shown in operation.

Fig. 32. Machine tor i

Kcluge, where this machine
Intus per hour.

(luck potato, figs. 16 and 31, occupy areas

f(jrmerl\' held by ri\er bulrush.

We believe that the American lotus can

readil\- he drowned by flooding the plants

during the flowering period. In 1927,

American lotus was extirpated from many
M-ctions of the Illinois vallev by a summer-
long flood. Buttonbush and willows also

arc controlled b\- flooding, but it is nec-

(^-ary to inundate these species for over a

\ear. Cattail, marsh cordgrass, cane

[I'hrayinites communis) and water wil-

liiw {Decodon verticill/itus) . all marsh
plants, are also readily controlled b\' in-

undation.

It is necessary to cut herbaceous aquatic

plants over an extended period to eradi-

cate the beds completely. Mowing at least

twice per year for 2 or more years is nec-

essary for such species as cattails, river

Inilrush and American lotus. With the

possible exception of American lotus.

po;

ike Chautauqua National Wildlife

sible to mow an acre ot .American

eral mowings, beginning in June and re-

peated at inter\als throughout the sum-
mer, will control lotus more successfully

than mowings made only before flowering

occurs.

Mowing with a scythe may successfully

remove patches of river bulrush, cattail,

lotus and other marsh species. Several

duck clubs have found it practical to re-

move lotus from mud flats and shallow-

water areas with scythes. At the Crane
Lake Club, an average of 1 man-day was
necessary to mow, by hand, 1 acre of lotus

growing on moist soil.

A mechanical underwater weed cutter

that can be purchased, fig. 32, consists of a

sickle attachment operated by a small

motor, mounted on the bow of a shallow-

draft boat. At the Crystal Lake Club,

across the Mississippi River from Burling-

ton, Iowa, and at Lake Chautauqua, this

mower has been u.sed successfullv to cut
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American lotus. Under favorable working

conditions, 1 acre of lotus was cut per

hour. Mowing lotus with the mechanical

weed cutter before leaves and flower stalks

are extended above the water surface

would result in faster mowing and would

lessen trouble caused by vegetation piling

up beneath the boat, but might necessitate

three or four mowings per year.

Frederic Leopold reports that, at Crystal

Lake, lotus beds mowed once in 1939 and

twice in 1940 were reduced in size and

much less dense in 1941 than check beds

that had not been cut.

Several chemical sprays and dusts have

been used in an attempt to control various

aquatic and marsh weeds. At Crystal

Lake, Frederic Leopold and Arthur Haw-
kins experimented with the use of copper

sulfate and sodium chloride in the control

of river bulrush. Only copper sulfate ap-

peared to have any effect on this species.

The chemical caused some loss of vigor in

the plants, but did not materially retard

their growth.

Martin & Uhler (1939) experimented

with various chemicals on water chestnut

and other worthless marsh plants on the

Potomac River in 1935 and 1936, using

chemicals in solution applied with a pres-

sure sprayer and, where possible, also in

the form of dusts. Chemicals they experi-

mented with were sodium chlorate, sodium

arsenite, sodium chloride, copper sulfate,

iron sulfate, zinc chloride, ammonium
thiocyanate, calcium oxide and a commer-
cial herbicide.

They found that the most effective kill

was obtained on calm, hot days of bright

sunshine, and the best solution consisted of

1 pound of dry, powdered sodium arsenite

and one-half pound of sodium chlorate dis-

solved in 1 gallon of water and sprayed

over an area of 150 square feet of plant

growth. River bulrush they controlled

fairly well by a solution of ammonium
thiocyanate : 1 1'z pounds of that chemical

in 1 gallon of water applied to 150 square

feet of marsh. They sprayed chemical

solutions by means of 4-gallon, hand-oper-

ated sprayers capable of developing a

pressure of 90 pounds.

At the present time chemical control of

aquatic and marsh weeds is in the experi-

mental stage. It is too expensive to use

over extensive areas, results are uncertain

and many of the chemicals used are dan-

gerous not only to wildlife and fish but

also to man.

Natural Propagation

Aquatic and marsh plants frequently

make their appearance in newly created

or altered habitats by natural methods of

dispersal. Seeds and other propagative

parts are carried by water, ducks and other

water birds. Evidence indicates that seeds

of certain plants may be deposited and re-

main viable on a lake bottom for several

years, not germinating until suitable

growth conditions prevail.

With increased stabilization of water,

5 acres of sago pondweed appeared at Saw-

mill Lake in 1939 and increased to over

115 acres in 1940, table 2. So far as is

known, no plantings of sago pondweed

were made there. Evidently because of

improved environment, wild rice appeared

in 1939 over 81 acres at Douglas Lake,

where it had been absent for a number of

years. Wild rice appeared in 1939 at Rice

and Beebe lakes without being planted,

table 3.

The rapidity with which most moist-soil

plants appear by natural propagation when
conditions become suitable is indicated in

table 5. The occurrence of over 141 acres

of water hemp and 79 acres of nutgrasses

at Crane Lake, and 153 acres of nodding

smartweed, over 84 acres of nutgrasses

and nearly 931 acres of water hemp at

Clear Lake is noteworthy in this respect.

Wild millet has appeared with planted

Japanese millet at these lakes. The
nearly 50 acres of millet at Quiver Lake

in 1940 came probably from seeds depos-

ited by plants growing there in 1936 and
1937.'

In 1937 and 1938, Gilbert Lake and

sloughs near the mouth of the Illinois

River were barren of plants except for

chufa. Nearby Flat Lake contained, dur-

ing the summer of 1938, scattered patches

of water dock {Rumex altissimus) , water

plantain {Alisma Plantago-aquatka) and

marsh cord grass.

In the summer of 1938, after the Alton

navigation dam on the Mississippi River

had been placed in operation these Illinois

valley areas were flooded. Since then the

pool level has been fairly constant during

the summer season. By July, 1940, the
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forest-lined sloughs were carpeted by

greater and lesser duckweed, and they also

supported extensive beds of mud plantain,

coontail and sago pondweed. A few beds

of longleaf pondweed, creeping water

primrose, bladderwort, marsh smartweed
and cattail were also growing there.

In July, 1940, extensive areas of Gilbert

Lake were covered by longleaf pondweed.

Scattered beds of mud plantain, coontail,

American lotus, duck potato, water prim-

rose, river bulrush and cattail occurred.

In 1938, none of these species had been

seen there.

Marsh smartweed appeared at Flat

Lake in 1939, forming a bed of some 20

acres. In July, 1940, parts of this bed

had died, apparently because of the deep

water. Scattered patches of coontail and

longleaf and sago pondweeds also dotted

the lake.

A pond at the Crystal Lake Club appar-

ently contained no vegetation in 1939.

Lack of vegetation seemed to be due to

high turbidity created by rough fish. Re-

moval of the fish cleared the water in 1940.

An abundance of muskgrass and leafy

pondweed shortly afterward covered the

area. No plantings of these species had

been made.

No submerged and only a few emergent

aquatic plants occurred in McGinnis
Slough, Cook County, in 1939. When en-

vironmental conditions improved in 1940,

approximately 28 acres of giant bur-reed,

and over 144 acres of muskgrass, coontail

and leafy pondweed appeared in the

slough. No plantings of these species had

been made.

From this evidence it appears that the

sowing of duck food plants is not always

essential to the establishment of waterfowl

feeding grounds, for frequently the plants

become established by natural means, upon
the creation of a suitable environment.

The planting of duck food plants is often

advisable, however, to speed development
of natural food resources and to insure

valuable species a start against competing
weed species.

Management Recommendations

For many years, duck clubs along the

Illinois River have been attempting to im-

prove the waterfowl habitat by planting

numerous species of aquatic and marsh
plants. Most of these plantings have been

made with little regard for environmental

conditions. Reports received from 31 rep-

resentative duck clubs in the valley show
that all but three of these clubs have
planted waterfowl food plants of some
sort in recent years.

Table 10 summarizes the results of

waterfowl food plantings made by 28 duck
clubs in the Illinois valley. Thirty-four

plantings failed, while 22 plantings were
at least partially successful. Japanese mil-

let plantings were more successful than

those of any other species; fair results were
secured from duck potato plantings.

Since 1934, thousands of dollars have
been spent by Illinois valley duck clubs

for aquatic plant propagating material. In

1939, 12 clubs reported that in the pre-

vious 3 years they had spent more than

$970 on planting stock and more than $320
on labor employed to sow it. Sixteen other

clubs, of 26 answering a questionnaire

sent out in 1940, reported that they had
spent $1,760 for duck food plantings in

1939. Three duck clubs spent $1,050 for

coontail, sago pondweed and several other

Table 10.—Results of waterfowl food plantings made by 28 duck clubs in the Illinois River valley

in recent years.

Species
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plants in the spring and early summer of

1940. When 1 inspected these plantings

in August and September of the same year,

only fragmentary and unsatisfactory re-

sults were apparent. In one duck club

pond, $200 worth of coontail had been

dumped, upon the recommendation of a

specialist from an aquatic nursery. There

was not a trace of coontail left when I in-

spected the area 3 months later. High
turbidity and shallow water undoubtedly

were responsible for its disappearance.

Field inspection indicates that wide-

spread failure of aquatic plantings cannot

necessarily be charged to poor stock but

rather may often be caused by planting

species where conditions are not suitable

for their survival or by planting stock

that is not indigenous to the region. Exist-

ing plants and environmental conditions

should be noted, and species known to

grow under similar conditions should be

used. It must be remembered that, if a

habitat becomes suitable for a particular

species, that plant usually appears through

natural dissemination of propagative parts.

What, then, can be done to improve

waterfowl feeding grounds? Evidence

presented heretofore in this paper indicates

that improvement of the area by control-

ling water levels is the best attack. In

the Illinois River valley there are two

methods of controlling the water levels and

thereby managing the habitat. Which
method is to be followed must necessarily

depend upon prevailing conditions in the

area under consideration. Whether the

level of drainage of the river is above or

below the lake basin is of primary import-

ance in determining the method to be

used.

Method A.—The type of habitat re-

sulting from the first method furnishes

more food per unit area and attracts larger

numbers of mallards and pintails than

other types of habitats. It is, therefore,

the optimum waterfowl habitat in the Illi-

nois River valley.

The water levels should be lowered suf-

ficiently by July 1 to leave at least 30 per

cent of the area in mud flats, allowing

such moist-soil plants as nutgrasses, water

hemp or pigweed, various smartweeds, teal

grass, wild and Japanese millets and rice

cut-grass—all good duck food plants—to

develop on the mud flats. These plants

usually appear by natural means, without

the necessity of sowing. However, if

they have not occurred on the grounds in

a number of years, it is advisable to sow
the mud flats with Japanese millet seed and

tubers of chufa. Chufa might well replace

other less valuable nutgrasses, which pro-

Fig. 33.—Small dam constructed at outlet

of lake. The lake shown here is fed by springs;

closing of the gate in the hunting season will

flood the area.

duce no tubers and which are the more
abundant of the species in the Illinois

River valley.

In order to make the seeds, tubers or

rootstocks of the moist-soil plants available

to waterfowl, it is necessary to flood the

beds in the fall months. Springs, streams,

pumps and natural rises in the Illinois

River are used in conjunction with dams,

fig. 33, and levees to flood such areas. Fig.

2 shows that over a period of 20 years

there is a trend toward a rise in the Illi-

nois River waters during these months.

Management method A was used suc-

cessfully in 1940 at Horn Lake, Clear

Lake and Bath Lake. It is generally appli-

cable to that region below the Peoria dam
as far as Treadway Lake, near Browning,

and to the Meredosia Bay region, near

Meredosia.

Method B.—The type of habitat re-

sulting from the second method is more
attractive to diving ducks, baldpates and

gadwalls than the first type.

Water levels should be maintained as

nearly constant as possible at a depth of

2 to 3 feet. This creates a habitat suitable

for such submerged and floating aquatic

plants as longleaf, sago and bushy pond-

weeds and coontail. As a result of the

water level created by the Peoria naviga-

tion dam, bodies of water between Peoria
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and Henr\ appear to be best adapted to

this type of management.

Tolerant Food Plants

Where little can be done to impro\e the

physical condition of a bottomland lake

through stabilization or control of the

water level, the only remaining alternati\'e

is to encourage vegetation that is tolerant

of such an environment. The following

plants have the ability to grow under con-

ditions resulting from irregular fluctua-

tions, and among them are a few impor-

tant waterfowl food species which should

be considered in a program to improve

habitats through planting: giant bur-reed,

duck potato, arrowleaf, rice cut-grass, wild

millet, Japanese millet, teal grass, marsh

smartweed, swamp smartweed, nodding

smartweed, chufa, creeping water prim-

rose and water hemp or pigweed. Giant

bur-reed, duck potato, arrowleaf, rice cut-

grass, marsh smartweed, swamp smart-

weed and creeping water primrose grow
in shallow water (averaging less than 1

foot) and on mud flats and banks. Japan-

ese and wild millets, teal grass, chufa, nod-

ding smartweed and water hemp grow on

moist to fairly dry soils.

As determined from examinations of

duck gizzards by Harry Anderson* and

by Martin 5: Uhler ( 19.S9), rice cut-grass,

wild millet, Japanese millet, marsh smart-

weed and chufa are among the most val-

uable waterfowl food plants in the Illinois

and Mississippi river valleys.

Before 1940, creeping water primrose,

fig. 34, had her-ti found :l^ f.ir north as

Fig. 34. L rct-ping water primrose {'Jussiaen

liitfii.ui]. Small areas of this plant occur near

Havana and near the mouth ot the Illinois

River. A fair duck food, this southern plant

may prove to be valuable in certain areas

that lack first class duck toods.

Fig. 35.—White water lily ( Castalia luberosa)

is a slightly better duck food than American
lotus, from which it can be distinguished by
its clelt leaves.

Gilbert Lake and sloughs near the Illinois

River mouth. In 1940, I observed several

beds in Lake Chautauqua, the first such

record for this lake. Several bushels of

\\ater primrose plants were transplanted in

July to lakes near Havana which have

fluctuating water levels. They were
planted on mud flats and in shallow water,

and despite a 20-inch rise in v\ater levels

the plantings were thriving in October.

In regard to the value of creeping water

primrose, Francis M. Uhler (letter, Jan.

22, 1941) states: "I have considered it a

third-grade duck food, in about the same

class as the white water lily ( fig. 35 ) ,
pick-

erelweed and the arrowheads. In the re-

gion centering around Arkansas, mallards,

ring-necked ducks, baldpates, blue-winged

teal and wood ducks have been found to

Iced on water primrose seeds in fair quan-

tities, sometimes eating thousands of seeds.

A mallard contained more than 100.000

seeds of a Jussiaen that was not identified

to species."

On the question of planting water prim-

rose, Mr. Uhler states: "In areas like the

Illinois River valley, where first-class duck

foods are scarce because of fluctuating

water levels, I would favor planting it in

those areas where the better food plants

cannot thrive, for it can tolerate irregular

fluctuations in water levels that would
destroy most of the truly aquatic plants."

In the propagation of aquatic and

marsh plants, various parts are employed.

*Working on Illinois Natural History Survey Fed-
eral Aid Project 2-R. referred to earlier in this paper.
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Some kinds develop best from seeds, others

from tubers, rootstocks, cuttings or entire

plants. Time, method, cost and ease of

planting are factors to be considered in

selecting the types of propagating material.

Smartweed seeds, for instance, are usually

low in germination unless scarified or

stored under conditions approaching nat-

ural freezing and thawing of winter.

Pondweeds readily develop from cuttings,

transplants and seeds. Japanese millet seed

is inexpensive, easily sown and produces

good results when natural conditions are

favorable. Table 11 lists the parts of a

number of waterfowl food plants most de-

sirable to use in planting. Data on propa-

gative parts have been adapted largely

from McAtee (1939) and Martin &
Uhler (1939).

Japanese millet and chufa are best sown

on mud flats left exposed by receding

waters. Such flats usually occur, as shown
in fig. 2, in July and August. In the Illi-

nois River valley, in order to assure ma-

turity, this millet and chufa should be

planted previous to July 15. Plantings

made as late as Aug. 1, however, will oc-

casionally mature before frost. Because of

the low germination rate of dry-stored

smartweed seeds, these seeds should usually

be sown in the fall, unless stored as pre-

viously mentioned.

Other species of aquatic and marsh

plants may be planted in the spring or

fall months. Where there are large con-

centrations of waterfowl during the

autumn, however, there is danger that the

propagative material may be consumed by

them. Planting in early spring is often un-

wise because of the erratic water levels

created by high water, usually prevalent at

that time. For most aquatic species, the

latter part of May and the first part of

June constitute the best planting period.

By this time the migrating waterfowl have

departed, the spring floods are usually

subsiding, and yet the plantings should

have sufficient time to mature before frost.

Methods of Planting

Seeds of Japanese millet and smart-

weeds are easily broadcast over mud flats.

Smartweed seeds may be broadcast in

shallow water that will later recede, leav-

ing exposed mud flats. Water-saturated

seeds of most aquatic plants, such as the

pondweeds, will usually sink. If they

float, they should be embedded in small

clay balls and these dropped in water of

the correct depth. With softstem and
hardstem bulrushes, which are good duck
food plants not to be confused with river

bulrush, greater success has resulted from
broadcasting the soaked seeds upon the

moist soil along the edge of the water than

from sowing them in shallow water. A
bushel of seeds of these plants is sufficient

to cover 1 acre.

Tubers of sago pondweed and white

water lily are easily planted by embedding
one or two tubers in a clay ball and drop-

ping the balls overboard from a boat in

the desired place. Rootstocks of giant bur-

reed, spikerush, bulrushes, pickerelweed

and marsh smartweed are easily planted

by hand, the operator wading into the

shallow water and embedding the root-

stocks in the soft mud. Where the soil is

hard, a hoe or spade may be found neces-

sary to dig a pocket. Tubers of chufa may
be broadcast on mud flats that are dragged

or raked afterwards, or they may be

planted to a depth of 1 or 2 inches by hand.

About one bushel of chufa tubers is re-

quired for each acre to be planted, while

1,000 to 1,200 tubers and rootstocks of

other aquatic and marsh plants are suffi-

cient to sow 1 acre.

Leafy cuttings of the pondweeds grow
successfully if short sections of the stem

containing two or three nodes are covered

by 1 inch of soil. They may be planted

by hand in water up to 30 inches in depth,

or in deeper water by first forming a ball

of mud around several cuttings. The balls

then should be dropped from a boat at the

rate of about one per 2 square yards.

Lynn Hutchens and 1 planted several

species of aquatic plants in early August,

1940, in the newly created Skokie Lagoons
of Cook County. Most of the transplant

material was gathered at Fox Lake.

Approximately 2,500 longleaf pondweed
plants, 4,000 muskgrass "tufts," 100

creeping water primrose plants and over

1,000 each of hardstem bulrush and giant

bur-reed plants were used. When I in-

spected the Skokie Lagoons on July 21,

1941, I found dense longleaf pondweed
beds around the margins of the lagoons

where the plantings were made. I found
only a few clumps of muskgrass and only

two patches of creeping water primrose.
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Perhaps due to bank washing, less than tural History Survey successfully trans-

10 per cent of the hardstem bulrush and planted a number of emergent species in

giant bur-reed plants had survived, and 1940. In this instance. 1,500 duck potato
no spread had occurred from these. transplants showed a survival of over 95

Dr. Lee E. Yeager of the Illinois Nat- per cent, while both hardstem and soft-

Table 11.—Aquatic plants, with parts most suited for propagation, and optimum
planting conditions.

Species of Plant Propagating Parts Optimum Planting
Conditions*

Giant bur-reed
Sparga fi ium eiirycarpum

Sago pondweed
Polamogelon peclinatns

Longleat pondweed
Potamogeton a?>iericaniis

Bushy pondweed
Najas guadalupensis

Duck potato
Sagillaria latijolia

Arrowleaf
Lopholocarpus calycinus

VVaterweeds
Anacharis sp.

Wild celery

Vallisneria spiralis

Rice cut-grass
Leersia oryzoides

Wild rice

Zizania aqttatica

Japanese millet

Echinochioa frumenlacea
Chufa
Cypenis esculenliis

Spike rushes
Eleocharis sp.

Common three-square
Scirpits americaTius

.Softstem bulrush
Scirpus validus

Hardstem bulrush
Scirpus aciilus

River bulrush
Scirpus flu-jialilis

Greater duckweed
Spirodehi polyrhiza

Pickerelweed
Ponlederia cordala

Marsh smartweed
Polygonum Muhlenhergii

Swamp smartweed
Polygonum hydropiperoides

Nodding smartweed
Polygonum lapalhifolium

Largeseed smartweed
Polygonum pennsylvanicum

Coontail
Ceratophyllum demersum

American lotus

Nelumbo lulea

White water lily

Castalia tuberosa
Creeping water primrose

Jussiaea dijfusa

Buttonbush
Cephalanthus occidentalis

Rootstocks, entire plants, seeds

Entire plants, tubers, leafy
cuttings, seeds

Entire plants, leafy cuttings,
seeds

Leafy cuttings, entire plants

Tubers, entire plants, seeds

Entire plants, seeds

Masses of plants

Winter buds, rootstocks, seeds

Rootstocks, entire plants, seeds

Seeds

Seeds

Tubers, transplants

Rootstocks, entire plants

Entire plants, rootstocks, seeds

Entire plants, rootstocks, seeds

Entire plants, rootstocks, seeds

Entire plants, rootstocks,
woody tubers

Masses of plants

Rootstocks, entire plants

Rootstocks, entire plants

I Entire plants, seeds

Seeds, transplants

Seeds, transplants

Masses of plants

Rootstocks, seeds

Tubers

Entire plants, roots, seeds

j

Cuttings, transplants

Moist soil to 12 inches

2 to 4 feet

18 inches to 3 teet

18 inches to 40 inches

Moist soil to 18 inches

Moist soil to 18 inches

2 to 6 feet

30 inches to 5 feet

Moist soil to 6 inches

1 to 3 feet

Moist soil

Fairly dry to moist soil

Moist soil

Moist soil to 6 inches

Moist soil to 12 inches

Moist soil to 20 inches

Moist soil to 12 inches

Broadcast on water surface

3 inches to 14 inches

Moist soil to 18 inches

Moist soil to 8 inches

Fairly dry to moist soil

Moist soil

2 to 5 feet

20 inches to 40 inches

28 inches to 40 inches

Moist soil to 3 feet (in pro-

tected areas)

Moist soil to 6 inches

*Measurements indicate optimum depth of water in which seed may be sown or plant parts planted.
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Stem bulrush and white water lily, aggre-

gating over 3,000 plants, showed an aver-

age sur\ival of about 90 per cent. This
planting was made about mid June on
Lake Glendale, an 80-acre artificial lake

flooded only 3 months previously, in the

Shawnee National Forest in Illinois.

Dr. Yeager used the entire plants, with

as little disturbance to the roots as possible.

The duck potato stock averaged about 6

inches high. Care was taken in digging to

avoid disturbing the soil about the roots

or dislodging the tuber. The plants were
transported by truck to the planting site,

2 miles distant, and set within a few hours

after being dug. Planting was in moist

soil and in shallow water, and consisted

merely of setting each duck potato clump
in a hole roughly cut to fit, followed by

light firming with the foot. In August, 2

months later, these plants averaged nearly

2 feet in height, and in addition, each had
given rise to an average of about five

other plants.

The softstem and hardstem bulrushes

were lifted as "sod" clumps ; and the water
lily stock consisted of 8- to 10-inch lengths

of the large, fleshy roots. The lilies were
buried in the bottom soil ; the bulrushes

were planted in the moist soil along the

shore. The water lily stock was leaf-

clipped, although this operation may not

have been necessary. Hardstem bulrush

transplanted in June matured seed later in

the season.

Fragments of the growing branches of

coontail and waterweed readily grow into

entire plants. While fragments or masses

of these plants may by themselves become
attached to the bottom after being placed

in the water, it is advisable to anchor

some plants to the bottom. Such attach-

ment prevents the plantings from being

washed ashore or displaced by wind. An
oar or forked stick is often satisfactory in

anchoring masses of these plants to the

bottom. About 8 bushels of these species

are necessary to plant 1 acre.

At Lake Chautauqua National Wildlife

Refuge, the placing of willow and button-

bush cuttings in moist soil readily resulted

in growth. There was an exceptionally

high success of the buttonbush cuttings.

Failure of a number of plots was due to

wave washing and to flooding.

The depths best suited for propagating

aquatic and marsh plants in the Illinois

Ri\er valley are given in table 11. The
figures are based on depths at which the

plants were found growing in the bottom-

land lakes. Only the normal depth range

of the plants is listed. Abnormal variance

created by drought or floods is not given.

For example, American lotus often exists

on mud flats in midsummer, and grows in

10 feet of water during the spring. River

bulrush and marsh smartweed have been

observed living for short periods in water

4 or more feet in depth ; longleaf pondweed

has existed, temporarily, on mud flats.

Summary

1. The major waterfowl habitat in Illi-

nois extends along the Illinois River for

140 miles, coinciding with the distribution

of bottomland lakes.

2. The water levels of the river and the

connecting bottomland lakes customarily

fluctuate greatly with the season. Recently

navigation dams have stabilized water

levels in many lakes.

3. At other lakes, natural and artificial

levees stabilize and control water levels.

4. With respect to water levels, the

bottomland lakes lying adjacent to the

Illinois River may be grouped into three

classes: stable, semistable and fluctuating.

5. Abundance of aquatic plants in vari-

ous lakes of the Illinois River valley was

determined by plotting the vegetation beds

on base maps and measuring the areas by

means of a planimeter.

6. A comprehensive survev of plant spe-

cies in 1938, 1939 and 1940 in more than

20 lakes in the Illinois River valley re-

vealed that sago and longleaf pondweeds,

coontail and marsh smartweeds predomi-

nated at lakes with stable water levels.

River bulrush, American lotus and coon-

tail topped the list in semistable lakes. In

lakes with fluctuating waters, only river

bulrush and American lotus were abun-

dant. In 1936, 1937 and 1940, however,

moist-soil plants—such as millets, smart-

weeds, nutgrasses and water hemp—were

very abundant on the mud flats about cer-

tain lakes of this last class.

7. Floods which occur between June

and September may be destructive to

aquatic plants. A reduction in the abun-

dance of sago pondweed, American lotus,

duck potato and river bulrush is often di-

rectly traceable to high water.
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8. Drought may not only lower water

levels sufficienth' to enable desirable

moist-soil herbaceous plants to develop on

mud flats, but it may also be conducive to

growth of buttonbush and willows, species

of little or no value as sources of water-

fowl food.

9. Turbidity is influenced by fluctuat-

ing water levels, wave action, fish, plants,

soils and pollution.

10. A transparency of less than 9 inches,

through the growing season, almost pre-

cludes development of submerged and
floating aquatic plants.

11. Soils and sedimentation, wave ac-

tion and commercial fishing are other fac-

tors influencing the development of aqua-

tic plants.

12. The amount of seeds produced by

certain duck food plants varies annually

and with the habitat in which the plant

grows. Moist-soil plants apparenth' pro-

duce more seeds per unit area than aquatic

plants.

13. Rice cut-grass, coontail, marsh
smartweed and longleaf pondweed were
the best duck food plants in the Illinois

River valley in 1938, when moist-soil

plants were wanting. Wild and Japanese

millets, pigweed, nutgrasses and nodding
smartweed were among the top-ranking

foods in 1939 and 1940.

14. American lotus, river bulrush, but-

tonbush and willow furnish little or no
duck food, and are undesirable in many
waterfowl feeding grounds, since they

compete with more valuable duck food

plants.

15. Present methods for control of

aquatic and marsh weeds leave much to

be desired. Natural, manual, mechanical

and chemical methods may be employed.

Flooding and cutting the weeds by hand or

by a mechanical device appear to be the

most practical methods.

16. Aquatic and marsh plants spread

into newly created or altered habitats by

natural dispersal methods.

17. Only fair and temporary benefits

have thus far resulted from thousands of

dollars spent by duck clubs on waterfowl
food plantings.

18. At least partial control of water
levels through small dams and levees is

necessary if duck clubs in certain areas are

to achieve maximum results from water-

fowl food planting programs.

19. Two desirable methods of manag-
ing waterfowl habitats in the Illinois

River valley are as follows

:

(a) Lower waters early in summer,
exposing mud flats for development of

moist-soil plants such as nutgrasses, pig-

weed, smartweeds, rice cut-grass, wild

and Japanese millets. This method is,

in general, suited to the area between

Peoria and Browning.
(b) Maintain water level at depths

of 2 to 3 feet for development of aquatic

plants such as sago, longleaf and bushy

pondweeds and coontail. This method
is, in general, suited to the region be-

tween Henry and Peoria.

20. \\'here it is impossible to improve

physical conditions, plantings should be

made only of those species tolerant of fluc-

tuating water levels and turbidity.

21. In certain years it is possible to

take advantage of natural conditions to

plant Japanese millet and chufa on mud
flats.

22. Aquatic and moist-soil plants gen-

erally appear naturalh' in areas wiien suit-

able environmental conditions occur.

23. Desirable duck food plants may be

propagated from one or more of the fol-

lowing: tubers, rootstocks, winter buds,

leafy cuttings, seeds and transplants of en-

tire plants.

24. The most favorable planting time in

the Illinois River valley is late May and

early June.

25. Water-saturated aquatic plant seeds

often sink in water ; if they float, they

should be embedded m mud balls before

being planted. In shallow water, tubers

and rootstocks of aquatic plants may be

planted directly in the bottom ; in deep

water, they should be embedded first in

mud balls, which can then be dropped in

the desired place.

26. Marsh plants usually thrive on

moist soil, or in water not more than 18

inches deep. Aquatic plants do best in

water IS inches to 4 feet in depth. Lack
of transparency in water is a limiting fac-

tor in the depth to which aquatic plants

will grow.
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APPENDIX
List of Waterfowl Food Plants in the Illinois River Valley

The following is a list of all but the rarer
plants occurring in the Illinois River valley
that may be used as food by waterfowl. With
few exceptions the classification and nomencla-
ture follow Gray's New Manual of Botany^
Seventh Edition.

nd Vernacular

Longleaf pondweed, deer's
tongue

Leafy pondweed
Small pondweed
Sago pondweed, teal grass,

eel grass
Bushy pondweed. southern

naiad
Water plantain

AiTGwleaf, arrowhead

Duck potato, wapato,
arrowhead, bootjack

Stiff arrowhead , duck po-
tato

Waterweed, elodea

Narrow-leaved waterweed

Wild celery, tape grass
Creeping eragrostis, love

grass, teal grass
Common reed, cane

Wild rye
Marsh cord grass, slough

grass, marsh hay
White grass
Rice cut-grass, saw grass
Catch-flv grass
Wild rice

Witchgrass

Switchgrass
Fall panicnm , spreading

switchgrass
Wild millet, barnyard grass,
duck millet, corn grass,
d-jck corn

Japanese millet, duck mil-
let

Walter's millet, corn grass.
tall duck mdlet

Nutgrass, straw-colored cy-
perus, teal grass

Nutgrass, red-rooted cy-
perus. teal grass

Chufa, ground almond, nut-
grass, teal grass

American bulrush, three-
square

Softstem bulrush, tule,

roundstem bulrush
Hardstem bulrush, big bul-

rush, tule
River bulrush, flag, three-

square flag
Dark-green bulrush

C.

Scientific Names

Chara spp.
Sparganium enrycarpu

Engelm.
Polamogelon americanu.
& S.

Polamogelon foliosus Raf.
Polamogelon pusillus L.
Polamogelon pectinatiis L

Najas guadalupensis
(Spreng.) Morong.

Alisma Plantago-aquaticQ

Lopholocarpits calyciniis
(Engelm.) J. G. Sm.

Sagillaria lalifolia Willd.
Sagillaria cuneala Sheldon
Sagillaria rigida (Pursh)

Engelm.
A nacharis canadensis

(Michx.) Planch.
Anacharis occidentalis

(Pursh) Vict.
Vallisneria spiralis L.
Eragrostis hypnoides (Lam.)
BSP.

Phragmiies communis
Trin.

Elymus virginicus L.
Spartina Michau.xiana

Hitchc.
Leersia virginica Willd.
Leersia oryzoides (L.) Sw.
Leersia lenticular is Michx.
Zizania aqualica L.
Panicum capillare L.
Panicum Galtingeri Nash
Panicum virgatum L.
Panicum dicholomiflorum

Michx.
Echinochloa crwi^alli (L.)

Beauv.

Echinochloa frumenlacea
(Roxb.) Link

Echinochloa Walleri (Pursh)
Nash

Cyperus slrigosus L.

Cyperus erythrorhizos Muhl.

Cyperus esculentus L.

Sr.irpus americanus Pers.

Scirpus validus Vahl.

Scirpus aculHs Muhl.

Scirpus Jiuviatilis (Torr.)
Gray

Scirpus atrovirens Muhl.

Blunt spike rush, wiregrass

Common spike rush, wire-
grass

Arrow arum, wampee, duck

Greater duckweed, teal

moss, seed moss, floating
duck's meat

Submerged duckweed, star
duckweed, star duck's
meat

Lesser duckweed, teal moss,
seed moss floating duck's
meat

Minute duckweed
Watermeal

Pickerelweed
Mud plantain, water star-

grass
Tall dock, pale dock
Curly dock, yellow dock
Swamp dock
Nodding smartweed
Marsh smartweed, red-top,
shoestring, water smart-

Largeseed smartweed

Water pepper
Dotted smartweed
Lady's thumb
Swamp smartweed, white

water smartweed
Arrowleaf tearthumb
Water hemp p-gweed. hog-
weed

Coontail. hornwort, foxtail
moss, water moss, moss

Yellow pond lily, spatter-
dock

White water lily, pond lily

American lotus, yawky,
yorkey nut. yonkapin

White water buttercup

Fox grape
Riverbank grape
Marsh mallow
Long-leaved ;

Water willow, swamp loose-
strife

Creeping water primrose,
floating primrose willow

Water milfoil

Swamp privet

Fog-fruit
Bladderwort
Buttonbush, buckbrush
Greater ragweed
Lesser ragweed
Western ragweed
Cocklebur
Spanish needles,

ticks, pitchfork;

Eleocharis oblusa (Willd.
Schultes

Eleocharis palustris (L.) R.
&S.

Pellandra virginica (L.)
Kunth

Spirodela polyrhiza (L.)
Schleid.

Lemna irisulca L.

Lemna minor L.

Lemna minima Phillipi

Wolffia Columbiana Karst.
Wolffia punctata Griseb.
Pontederia cordata L
Heteranlhera dubia (Tacq.)
MacM.

Rumex altissimus Wood
Rumex crispus L.
Rumex verticillalus L.
Polygonum lapaihifolium L.
Polygonum Muhlenbe^gii

(Meisn.) Wats.

Polygonum penn.svlvanicum
L.

Polygonum Hydropiper L.
Polygonum punclalum Ell.

Polygonum Persicaria L.
Polygonum hydropiperaides

Michx.
Pdygonum sagillatum L.
Acnida tuberculala Moq.

Ceratophyllum demersum ]

Nymphaea advena Ait.

Castalia tuberosa (Paine)
Greene

Nelumbolulea (Willd.) Pers.

Ranunculus aquatilis L. var.

capillaceus DC.
Radicula Naslurlium-
aquaiicum (L.) Britten &
Rendle

Vitis labrusca L.

Vitis vulpina L.
Hibiscus militaris Cav.
Ammannia coccinea Rottb.
Decodon verticillalus (L.)

Ell.

Jussiaea diffusa Forsk.

Myriophyllum spp.
Foresliera acuminata

(Michx.) Poir.

Lippia lanceolala Michx.
Uiricularia spp.
Cephalanthus occidentalis L.

Ambrosia trifida L.

Ambrosia arlemisiifolia L.

Ambrosia psilostachya DC.
Xanthium spp.
Bidens cernua L.
Bidens comosa (Gray' ^ie-
gand

Bidens trichosperma
(Michx.) Britton

Bidens frondosa L.
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