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Preface

The third edition of Animal Parasites follows the format of the preceding ones. Much
new information has been added, together with a large number of text figures. Most of
the chapters have been rewritten to include recent advances. All references are given °
as complete citations. This edition is intended as a text and reference book for all
persons interested in parasitology or concerned with it. It is a text for students of
biology and parasitology, as well as a reference for veterinarians, extension agents,
wildlife personnel, and investigators in advanced aspects of parasitology, including the
protozoans and helminths.

The book presents what I consider the basic principles of parasitology essential to
an understanding of the subject. They include (1) basic classification for understand-
ing relationships of common parasites, (2) general morphology of adults and larval
stages for recognition, (3) patterns of life cycles of the different groups for comprehen-
sion of how they live, (4) general ecological requirements of all stages of the parasites
in the physical and biological environments, and (5) means of transmission of all
stages.

An understanding of these fundamentals provides sound background for a career in
applied parasitology or for investigating additional important and practical aspects of
the subject. These include ecology of the parasites in the physical and biological
habitats occupied by them; physiology of all stages of the parasites in their various
microhabitats; investigation of ultrastructure of the different stages to recognize the
organelles and the significance of their roles; nutrition of the various stages and how it
is achieved; development of immune processes and their roles in limiting parasites in
the hosts; host-specificity and the nature of its operation; geographic distribution of the
parasites and their intermediate hosts; seasonal distribution of parasites; and, finally,
the application of the great body of biological information to the development of
methods of controlling parasites to prevent economic loss, morbidity, disease, suffering,
and death.

The life cycles presented here have been chosen because they are representative
types, are well known for the most part, and generally represent parasites that the
students find in animals that they know and see about them. In selecting parasites from
common hosts whose habits and ecological environments are familiar, students are able
to understand and appreciate better the biological problems associated with the
phenomenon of parasitism.

Parasites of humans are not excluded, but neither are they emphasized. Common
species that are likely to occur, such as pinworms, entamoebas, taenias, and ascarids,
are included. Other important species, such as the filarioids, medina worm, hookworms,
and others known from man and treated extensively in texts on clinical parasitology,
are represented here by closely related species found in domestic and wild animals of
this country.

There is no extensive treatment of physiology, immunology, pathology, and medica-
tion. In cases where reference is made to these subjects, it pertains to the species under
consideration and represents basic aspects of special interest.

Grateful acknowledgment is made to Dr John L. Olsen from the Department of
Pathology, College of Veterinary Medicine and Biomedical Sciences, Colorado State
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University, and the Division of Veterinary Research, Food and Drug Administration,
Agricultural Research Center, for his skillful and critical review of the manuscript,
with timely comments.

Appreciation is expressed to the personnel of the Colorado State University Library
for their willing and able assistance in obtaining literature and to the publishers of
books and journals for permitting use of their printed material.

Special acknowledgment is made to Dr Charles G. Wilber, Chairman, Department of
Zoology and Entomology, Colorado State University, and to the University for provid-
ing facilities, space, and encouragement for conducting the work.

Finally, the author extends his gratitude to members of the staff of University Park
Press, especially to Mrs. Frannie Levy, for their assistance, skill, and taste in producing
a book that is pleasing and artistic in appearance and usable in its design.



I. PARASITISM

Development of parasitism 1
Symbiotic relationships 1

Kinds of parasites 1

Properties of parasitism 2
Adaptations for parasitic life 2
Specific host-parasite relationships

Contents

3

Specificity of host-parasite relationships 3

Effect of parasitism on the evolution of the host

species 4
Effect of parasitism on individual host
Evolutionary effects of parasitism 5
Life cycles of parasites 5
Ecology of parasitism 6
Transmission 7
Escape from hosts 7
Life cycles 7
Factors of the environment 10
Intermediate hosts 10

4

Entrance of parasites into hosts 10

Role of infective stage 10

Localization of parasites in hosts 11

Host-parasite specificity as an ecological factor

12

Immunity as an ecological factor 12

Ecological niche 12
Age of host 12
Diet 12
Conclusions 12

I. PHYLUM PROTOZOA
Subphylum Plasmodroma 16

Class Mastigophora 18
Order Rhizomastigida 18

Family Mastigamoebidae 18
Histomonas meleagridis 18

Order Protomonada 20
Family Trypanosomatidae

20

Monogenetic trypanosomatids 21

Leptomonas 21
Leptomonas oncopelli

21

Leptomonas ctenocephali 21
Crithidia 21

Crithidia fasciculata 21
Herpetomonas 22

Herpetomonas muscarum 22
Blastocrithidia 24

Blastocrithidia gerridis 24

Digenetic trypanosomatids 25
Trypanosomatids of bugs and plants
25

Phytomonas elmassiani 25
Trypanosomatids of mammals and in-
sects 25
Trypanosoma 27
Trypanosomes of mammals 28
Section Stercoraria 28
I. The lewisi group 28
A. The lewisi complex 29
Trypansoma lewisi 29
B. The cruzi complex 32
Trypanosoma cruzi 32
Trypanosoma rangeli
33
Section Salivaria 34
I. The vivax group 37
Trypanosoma vivax 37
II. The congolense group
38
Trypanosoma congolense
38
ITI. The brucei-evansi group
38
A. The brucei subgroup
39
Trypanosoma gam-
biense  39.
B. The evansi subgroup
39
T'rypanosoma evansi
40
Trypanosoma equinum
40
Trypanosoma equiper-
dum 40



CONTENTS

Trypanosomes of birds, reptiles,
amphibians, and fish 43
Leishmania 48
Leishmania donovani 48
Leishmania tropica 52
Leishmania braziliensis 52
Family Cryptobiidae 53
Cryptobia helicis 53
Trypanoplasma borreli 54
Family Bodonidae 56 .
Proteromonas lacertae 56
Order Polymastigida 58
Suborder Monomonadina 58
Family Tetramitidae 58
Costia necatrix 58
Family Chilomastigidae 60
Chilomastix mesnili 60
Suborder Diplomonadina 62
Family Hexamitidae 62
Hexamita 62
Octomitis 64
Giardia lamblia 65
Order Trichomonadida 68
Family Trichomonadidae 68
Tritrichomonas foetus 68
Trichomonas 72
Trichomonas spp. 72
Class Opalinida 74
Family Opalinidae 74
Opalina ranarum 74
Class Sarcodina 75
Family Endamoebidae 75
Entamoeba 76
Entamoeba histolytica 76
Other amebae from man 81
Amebae from other animals 81
Class Sporozoa 84 ’
Order Gregarinida 84
Suborder Eugregarinina 85
Superfamily Acephalinoidea 85
" Family Monocystidae 85
Monocystis lumbrici 85
Family Diplocystidae 88
Lankesteria culicis 88
Superfamily Cephalinoidea 92
Family Gregarinidae 92
Gregarina blattarum 92
Suborder Schizogregarinina 95
- Schizocystis gregarinoides 95
Order Coccidida 98
Suborder Eimeriina 98
Family Selenococcidiidae 99
Selenococcidium intermedium 99
Family Eimeriidae 100
Eimeria tenella 100
Other species of Coccidia 106
Family Aggregatidae 109
Aggregata eberthi 109
Family Lankesterellidae . 113
Schellackia 113
Lankesterella. 114
Suborder Adeleina 116
Family Adeleidae 117

= —

Adelina cryptocerci 117
Family Haemogregarinidae 120
Haemogregarina stepanowi 120
Hepatozoon 124
Hepatozoon muris 124
Karysysus lacertae 128
Order Haemosporida 132
Family Plasmodiidae 132
Mammalian species of Plasmodium 132
Plasmodium vivax 132
Plasmodium malariae 138
Plasmodium ovale 138
Avian species of Plasmodium 138
Family Haemoproteidae 143
Haemoproteus columbae 143
Family Leucocytozoidae 147
Leucocytozoon simondi 147
Summary of life cycles of some sporo-
zoan species 154
Order Piroplasmida 155
Family Babesiidae 155
Babesia 155
Babesia bigemina 155
Family Theileriidae 163
Thetleria parva 163
Order Toxoplasmida 167
Family Toxoplasmidae 168
Toxoplasma gondii 168
Family Sarcocystidae 173
Sarcocystis tenella 174
Class Cnidosporida 179
Order Myxosporida 179
Family Myxosomatidae 180
Myxosoma cerebralis 180
Family Myxobolidae 184
Myxobolus notemigoni 184
Family Myxidiidae 184
Myxidium lieberkiihni 184
Myxidium serotinum 184
Family Ceratomyxidae 185
Ceratomyxa blennius 185
Order Microsporida 185
Suborder Monocnidina 186
Family Nosematidae 186
Nosema apis 186
Suborder Dicnidina 190
Family Telomyxidae 190
Telomyxa glugeiformis 190

Subphylum Ciliophorea L191

Family Balantidiidae 191
Balantidium 191 .
Balantidium coli 191
Family Ophryoglenidae 194
Ichthvophthirius multifiliis 194

III. PHYLUM PLATYHELMINTHES

| Class Trematoda 199

Subclass Monogenea 199

Order Monopisthocotylea 199

Family Dactylogyridae 200
Dactylogyrus vastator 200

Order Polyopisthocotylea 204



Family Polystomatidae 204
Sphyranura oligorchis 204
Polystoma nearcticum 206

Subclass Aspidobothrea 209
Family Aspidogasteridae 209
Aspidogaster conchicola 209
Subclass Digenea 213
General classification 213
General characteristics of Digenea 214
Adult flukes 214
Cercariae 216
Morphology and life history stages of digenetic
trematodes 219
Molluscan intermediate hosts of digenetic tre-
matodes 220
Freshwater snails 224
Land snails 226
Superorder Anepitheliocystidia 228
Order Strigeatida 228
Suborder Strigeata 228
Superfamily Strigeoidea 228
Family Strigeidae 228
Cotylurus flabelliformis 228
Family Diplostomatidae 231
Uvulifer ambloplitis 231
Diplostomum baeri eucaliae 234
Alaria canis 237
Superfamily Clinostomatoidea 240
Family Clinostomatidae 240
Clinostomum complanatum 240
Superfamily Schistosomatoidea 242
Family Schistosomatidae 242
Subfamily Schistosomatinae 244
Schistosomatium douthitti 244~
Subfamily Bilharziellinae 248
Trichobilharzia cameroni 248
Family Spirorchiidae 250
Spirorchis parvus 250
Family Sanguinicolidae 254
Cardicola davisi 254
Suborder Brachylaemata 256
Superfamily Brachylaemoidea 256
Family Brachylaemidae 256
Postharmostomum helicus 256
Superfamily Bucephaloidea 260
Family Bucephalidae 261
Bucephalus elegans 261

Order Echinostomida 262

Suborder Echinostomata 264
Superfamily Echinostomatoidea 264
Family Echinostomatidae 264 °

Echinostoma revolutum 264
Family Fasciolidae 267
Fasciola hepatica 267
Suborder Paramphistomata 273
Superfamily Paramphistomatoidea 273
Family Paramphistomatidae 273
Paramphistomum cervi 273
Stichorchis subtriquetrus 276
Family Diplodiscidae 278
Megalodiscus temperatus 278
Superfamily Notocotyloidea 280
Family Notocotylidae 280

CONTENTS vii

Quinqueserialis quinqueserialis
280
Superorder Epitheliocystidia 284
Order Plagiorchiida 284
Suborder Plagiorchiata 284
Superfamily Plagiorchioidea 284
Family Dicrocoeliidae 284
Dicrocoelium dendriticum 285
Family Plagiorchiidae 289
Plagiorchis muris 289
Haematoloechus medioplexus 292
Haplometrana utahensis 296
Lechriorchus primus 298
Family Prosthogonimidae 302
Prosthogonimus macrorchis 302
Superfamily Allocreadioidea 304
Family Allocreadiidae 304
.Crepidostomum cooperi 306
Plagioporus sinitsini 309
Family Gorgoderidae 310
Gorgodera amplicava 312
Family Troglotrematidae 315
Paragonimus kellicotti 315
Nanophyetus salmincola 318
~ Order Opisthorchiida 320
Suborder Opisthorchiata 322
Superfamily Opisthorchioidea 322
Family Heterophyidae 322
Apophallus venustus 322
Family Opisthorchiidae 325
Metorchis conjunctus 325
Suborder Hemiurata 328
Superfamily Hemiuroidea 328
Family Halipegidae 328
Halipegus eccentricus 328
Class Cestoda 330
Morphological types 332
Order Caryophyllidea 336
Family Caryophyllaeidae 336
Archigetes sieboldi 336
Glaridacris catostomi 337
Order Pseudophyllidea 340
Family Diphyllobothriidae 340
Diphyllobothrium latum 340
Order Proteocephala 345
Family Proteocephalidae 345
Proteocephalus ambloplitis 345
Order Cyclophyllidea 348
Family Taeniidae 348
Taenia soliuth 348
Taeniarhynchus saginatum 351
Echinococcus 351
Echinococcus granulosus 352
Life cycles of some common taenioid cestodes
of dogs and cats 356
Families of Cyclophyllidea other than Taeniidag'
358
Family Dilepididae- 359
Dipylidium caninum 359
Family Davaineidae 360
Davainea proglottina 360
Raillietina 362
Raillietina (S.) cesticillus 362



viil CONTENTS

Raillietina ( R.) echinobothrida 364
Raillietina ( R.) tetragona 364

Family Hymenolepidiidae 366
Hymenolepis carioca 366
Drepanidotaenia lanceolata 368
Hymenolepis fraterna 370

Family Anoplocephalidae 374
Moniezia expansa 374

IV. PHYLUM ACANTHOCEPHALA

Classification 379
Order Neoechinorhynchidea 387
Family Neoechinorhynchidae 387
Neoechinorhynchus cylindratum 387
Order Echinorhynchidea 390
Family Echinorhynchidae 390
Leptorhynchoides thecatus 390
Order Gigantorhynchidea 391
Family Moniliformidae 391
Moniliformis dubius 391
Family Oligacanthorhynchidae 396
Macracanthorhynchus hirudinaceus

Resume of acanthocephalan life cycles 398

V. PHYLUM NEMATHELMINTHES

General considerations 399

Classification of Nemathelminthes included in this

chapter 399 i
Morphological characteristics of nematodes
Reproductive systems 401
© Life eycles 401
(Class Secernentea 406

Order Rhabditida 406

Suborder Rhabditina 406
Superfamily Rhabditoidea 406
Family Strongyloididae 406
Strongyloides papillosus 406
Suborder Strongylina 410
Superfamily Strongyloidea 410
Family Ancylostomatidae 410
Ancylostoma caninum 410
Uncinaria lucasi 413
Family Strongylidae 417

Oesophagostomum columbianum

Stephanurus dentatus 420

Genus Strongylus 423
Strongylus edentatus 423
Strongylus equinus 423
Strongylus vulgaris 424
Syngamus trachea 427

Superfamily Trichostrongyloidea 430

Family Trichostrongylidae 430
Haemonchus contortus 430
Ostertagia circumcincta 434
Trichostrongylus colubriformis

Superfamily Metastrongyloidea 436

Family Metastrongylidae 436
Dictyocaulus filaria 436
Protostrongylus rufescens 439
Muellerius capillaris 439
Metastrongylus apri 441

Suborder Ascaridina 442
Superfamily Oxyuroidea 442

Family Oxyuridae 442

Enterobius vermicularis 444
Superfamily Ascaridoidea 447

Family Heterakidae 447
Heterakis gallinae 447
Ascaridia galli 448

Family Ascaridae 451
Ascaris lumbricoides 451
Toxocara canis 455
Contracaecum 459
Contracaecum aduncum 459

Order Spirurida 462
Suborder Camallanina 462
Superfamily Dracunculoidea 462
Family Dracunculidae 462
Dracunculus medinensis 462
Suborder Spirurina 466
Superfamily Spiruroidea 466
Family Thelaziidae 466
Oxyspirura mansoni 466
Family Spiruridae 468
Habronema megastoma 468
Family Tetrameridae 470
Tetrameres crami 472
Family Ascaropidae 474
Ascarops strongylina 474
Family Physalopteridae 476
Physaloptera phrynosoma 476
Physaloptera rara 480
Superfamily Filarioidea 482
Family Diplotriaenidae 483
Diplotriaena agelaius 483
Family Onchocercidae 484
Litomosoides carinii 486
Dirofilaria immitis 488
Family Dipetalonematidae 492
Genus Foleyella 492
Foleyella brachyoptera 493
Class Adenophorea 496
Order Enoplida 496
Suborder Enoplina 497
Superfamily Trichuroidea 497

Family Trichuridae 497
Trichuris ovis  497.
Capillaria annulata 500
Capillaria hepatica 503
Capillaria plica 506

Family Trichinellidae 507
Trichinella spiralis 507

Superfamily Dioctophymoidea 514

Family Dioctophymatidae 514

Dioctophymarenale 514



List of Plates

PLATE
1 Histomonas meleagridis 17 ’
2 Genera of Trypanosomatidae and Their Basic
Life Cycles 23 \
3  Trypanosoma lewisi 31 ‘
4 Trypanosoma cruzi 35
5 Trypanosomes of the vivax (I), congolense ‘
(11), and brugei-evanst (I1I) groups 41
6  Trypanosoma percae 47 |
7  Leishmania donovani 51 \
8 Cryptobia helicis, Trypanoplasma borreli, and ‘
Chilomastix mesnili 55 ‘
9 Proteromonas lacertae 57
10 Costia necatrix 61
11 Hexamita ovatus, H. intestinalis, H. muris, H.
salmonis, and Octomitis pulcher 63 ‘
12 Giardwa agilis, G. muris, G. lamblia 67
13 Tritrichomonas f[oetus, T. augusta, T. batra-
chorum, and Trichomonas vaginalis 71
14  Opalina ranarum, Zelleriella elliptica, Cepedea
cantabrigensis, and Protoopalina mitotica 77
15 Entamoeba histolytica 79
16 Endamoebidae (nuclei) 83
17 Monocystis lumbrict 87
18 Lankesteria culicis 91
19 Gregarina blattarum 93
20 Schizocystis gregarinoides 97 ’
21  Selenococcidium intermedium 101 l
22  Eimeria tenella 103
23  Aggregata eberthi 111
24 Schellackia bolivari 115
25 Adelina cryptocerci 119
26 Haemogregarina stepanowi 123
27 Hepatozoon muris 125
28 Karyolysus lacertae 131
29 Plasmodium vivax 135
30 Morphological Features Used to Identify
Species of Plasmodium in Birds 141
31 Haemoproteus columbae 145
32 Leucoeytozoon simondi 149
33 Summary of Development of Some Sporozoan
Parasites 157
34 Babesia bigemina 159
35 Theileria parva 165

PLATE

36 Toxoplasma gondii 171

37 Sarcocystis tenella 177

38 Myxosporidian Types 183

39 Microsporidian T'ypes, Nosemaapis 189

40 Balantidium coli 193 )

41 Ichthyophthirius multifiliis 197

42  Types of Common Monogenetic Trematodes
201

43  Dactylogyrus vastator 203

44 Sphyranura oligorchis 205

45 Polystoma nearcticum 207

46  Aspidogaster conchicola 211

47 Morphological Types of Adult Digenetic
Trematodes 215

48 Cercarial Types 217

49 Morphology and Life History Stages of
Digenetic Trematodes 221

50 Some Families of Common Freshwater Snails
of North America 223

51 Some Families of Common Land Snails of
North America 225

52 Cotylurus flabelliformis 229

53 Uvulifer ambloplitis 233

54  Diplostomum baeri eucaliae 235

55 Alaria canis 239

56 Clinostomum complanatum 243

57 Schistosomatium douthittt 245

58 Trichobilharzia cameroni 251

59 Spirorchis parvus 253

60 Cardicola davisi 257

61 Postharmostomum helicus 259

62 Bucephalus elegans 263 '

63 Echinostomarevolutum 265

64 Fasciola hepatica 269

65 Paramphistomum cervi 275

66 Stichorchis subtriquetrus 277

67 Megalodiscus temperatus 281

68 Quinqueserialis quinqueserialis 283

69 Dicrocoelium dgndriticum 287

70 Plagiorchis muris 291

71 Haematoloechus medioplexus 295

72 Haplometrana utahensis 299

Lechriorchis primus 301



X

LIST OF PLATES

PLATE
74 Prosthogonimus macrorchis 305
75 Crepidostomum cooperi 307
76 Plagioporus sinitsini 311
77 Gorgodera amplicava 313
78 Paragonimus kellicotti 317
79 Nanophyetus salmincola 321
80 Apophallus venustus 323
81 Metorchis conjunctus 327
82 Halipegus eccentricus 331
83 Some Representative Life Cycles of Digenetic
Trematodes 333
84 Morphological Types of Cestodes 335
85 Archigetes sieboldi 339
86 Glaridacris catostomi 341
87 Diphyllobothrium latum 343
88 Proteocephalus ambloplitis 347
89 Taenia solium 349
90 Taeniarhynchus saginatum 353
91 Echinococcus granulosus 355
92 Resumé of Life Cycles of Some Taenioid
Cestodes of Dogs and Cats 357
93 Dipylidium caninum 361
94 Davainea proglottina 363
95 Rallietina (Skrjabinia) cesticillus, R. (R.)
echinobothrida, and R. (R.) tetragona 365
96 Hymenolepis carioca 367
97 Drepanidotaenia lanceolata 369
98 Hymenolepis fraterna 373
99 Moniezia expansa 377
100 Summary of Life Cycles of Three Common
Orders of Cestodes 381
101 Morphological Characteristics of
Acanthocephala 383
102 Morphological Characteristics of
Acanthocephala 385
103 Neoechinorhynchus cylindratum 389
104 Leptorhynchoides thecatus 393
105 Moniliformis dubius 395
106 Macracanthorhynchus hirudinaceus 397
107 Basic Morphology and Stages of Development
of Nematodes 403
108 Morphological Characteristics of Superfamilies

of Nematodes 405

PLATE

109
110
111
112
113
114

115
116

117

118
119
120
121
122
123
124

Strongyloides papillosus 409

Ancylostoma caninum and A. braziliensis 411
Uncinaria lucasi 415

Oesophagostomum columbianum 419
Stephanurus dentatus 421

Strongylus edentatus, S. equinus, and S.
vulgaris 425

Syngamus trachea 429

Haemonchus contortus, Ostertagia circum-
cincta, Trichostrongylus colubriformis 433
Dictyocaulus filaria, Protostrongylus rufescens,
Muellerius capillaria 437
Metastrongylus apri 443
Enterobius vermicularis 445
Heterakis gallinae and Ascaridia galli
Ascaris lumbricoides 453

Toxocara canis 457

Contracaecum aduncum 461
Dracunculus medinensis 465
Oxyspirura mansoni 467
Habronema megastoma, H. microstoma, and
H. muscosae 471

Tetrameres crami 473

Physocephalus sexalatus and Ascarops
strongylina 477

Physaloptera phrynosoma 479
Physaloptera rara 481

Diplotriaena agelaius 485

Litomosoides carinii 487

Dirofilaria immitis 491
Foleyella brachyoptera
Trichuris ovis 499
Capillaria annulata
Capillaria hepatica
Capillaria plica 509
Trichinella spiralis 511

Dioctophyma renale 515

Summary of Direct Life Cycles of Some
Nematodes 518

Summary of Indirect Life Cycles of Some
Nematodes 519

449

495

501
505



Parasitism

Animal parasitism is a way of life in which one
species, the parasite, living in or on another spe-
cies, the host, gains its livelihood at the expense
of the latter. The host furnishes both the habitat
and the food for the parasites which are physio-
logically dependent on it for life. Moreover, the
parasite always does damage in some degree to
its host.

Parasitology is the study of parasitism. It in-
cludes the morphology, classification, biology,
and physiology of the parasites. In addition to
these, it involves the relationships between the
parasites and their hosts, as well as the reactions
toward each other. Its purpose is to lead to a
fuller understanding of these relationships and
the results of them on both the host and the
parasite.

Development of Parasitism

As phylogenetic groups of animals appeared in
the beginning of our planet, they spread through-
out the world, occupying all the available eco-
logical niches of the physical environment. Their
bodies, both inside atd outside, constituted new
ecological biohabitats ready for occupancy by
those species that possessed the potential and

capability of adapting to them. Many different
phylogenetic groups of animals invaded this new
living habitat but few were capable of adapting to
it in a large measure of success. The protozoa, the
helminths, and some of the arthropods were the
most successful. They constitute the important
groups of parasites known today. This biotic
association is one of symbiosis in which animals
live together in varying degrees of dependency
between the host and the symbiont.

Symbiotic Relationships.  Three degrees of
symbiosis are generally recognized. They are
mutualism, commensalism, and parasitism.

Mutualism constitutes one type of relation-
ship in which the host and the symbionts are
physiologically dependent upon each other and
the relationship is mutually beneficial. Termites
and their intestinal protozoa are an example.
The termites provide the habitat and the food in
the form of wood (cellulose) which they cannot
digest. The protozoa in the intestinal habitat,
however, are capable of hydrolyzing the wood for
their own and the termites’ use. Ruminants and
other herbivores with their rich flora of bacteria
and fauna of protozoa are additional examples of
mutualism wherein both the host and the sym-
bionts are physiologically dependent on each
other.

Commensalism is the condition in which the
host provides the habitat and food for its sym-
bionts which live without benefit or harm to it.
The symbionts, however, are physiologically de-
pendent on the host for their existence. The host,
on the other hand, is not dependent on them.
Certain of the protozoa living in the alimentary
canal of man or on the bodies of hydra are ex-
amples of commensals. Other examples of com-
mensalism appear among the marine animals,
particularly sea anemones and crabs.

Parasitism is that relationship in which the
symbiont is physiologically dependent on the
host for its habitat and sustenance and at
the same time may be harmful to it. All of the
trematodes, cestodes, acanthocephalans, and
many of the protozoa and nematodes are ex-
amples of true animal parasites.

Kinds of Parasites

The degree to which parasites are dependent on
their hosts ranges from intermittent visits for
food, as in the case of mosquitoes, to one of com-
plete dependence inside the body with no free-
living stage, as occurs in the plasmodia and trnich-
inella. Several groups of parasites are recog-
nized, depending on ,their relationship to the
host.
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Location on or in the body of the host serves
as one basis for dividing parasitic animals into
two groups. Ectoparasites live on the external
surface of the body of the host or in cavities that
open directly onto the surface. They include
monogenetic trematodes, lice, mites, and ticks.
Endoparasites live in the bodies of the hosts, oc-
curring in the alimentary canal, lungs, liver, and
other organs, tissues, cells, and body cavity. Ex-
amples are tapeworms, digenetic trematodes,
nematodes, and protozoa.

The amount of time spent on or in the host
serves as temporal basis for dividing parasites
into two major groups. Temporary parasites visit
the host for food. Having satisfied their hun-
ger, they leave. Bloodsucking arthropods and
leeches are examples. Stationary parasites spend
a definite period of development on or in the
body of the host. They may be divided into
groups, according to the amount of time spent
with the host. Those which remain with the host
for only a part of their development and then
leave to complete it and continue a nonparasitic
life are known as periodic parasites. Botflies and
mermithid nematodes represent this group. Para-
sites that spend their entire existence in hosts
except for the times they occur free while trans-
ferring from one host to another are designated
as permanent parasites. The trematodes, ces-
todes, acanthocephalans, nematodes, and proto-
zoa are examples.

Parasites found in unusual hosts, or unusual
places in normal hosts, are designated by terms
indicating the nature of their abnormalities. In-
cidentul parasites are those which occasionally
appear in unusual hosts under natural condi-
tions. The double-pored tapeworm of dogs is
found sometimes in children, or the common liver
fluke of sheep occurs in dogs or cats. Erratic or
aberrant parasites are individuals of a species
that wander into unusual places in the normal
host. Ascarids of swine and man may wander
from the intestine into the liver, body cavity, or
nostrils.

All of the parasites listed in these categories
are obligate parasites. They are unable to exist
without some degree of development on or in the
host. A few normally free-living animals, on the
other hand, are able to exist for short periods in
the bodies of other animals when accidentally
introduced into them. They are spoken of as
facultative parasites. Representatives of them
are certain free-living nematodes of the genera

Rhabditis and Turbotrix, and fly maggots such
as those of the cheese skippers (Piophila casei)
and some of the blowflies.

Properties of Parasitism

The basic properties of parasitism appear in the
many adaptations necessary for the parasite to
live in its biotic environment, to reproduce, and
to infect new hosts. These interactions between
the two living organisms give rise to both conse-
quences and specializations for each participant,
which become fixed through inheritance.

Adaptations for Parasitic Life. The basic
physiological requirements of a parasite are simi-
lar to those of free-living animals. They are habi-
tat, food, and reproduction. The problems in
achieving -these requirements under the condi-
tions of parasitism are complex, and special
adaptations have evolved:to meet them. Prob-
ably the one basic underlying characteristic of
parasitism is that of adaptation. One writer has
called it the hallmark of parasitism.

In order to live on or in a host, the parasite
must evolve structures for adhering to it. Such
adaptations appear in the tarsi of Anoplura for
holding on to hairs. Monogenetic trematodes and
acanthocephalans have rigid hooks for attaching
to the host. Suckers for the same purpose are
highly developed by trematodes and cestodes.

Living in a host necessitates means of leaving
it in order to reach new ones. Parasites of the
alimentary canal, lungs, liver, and reproductive
system utilize the natural outlets of these organ
systems as avenues of exit for cysts or eggs.
Those living in the bloodstream and tissues gen-
erally utilize other animals or means to leave
their hosts. Bloodsucking arthropods serve as
the route by which malaria and related proto-
zoans and the microfilariae of filarioid nematodes
escape from the body and in which further de-
velopment occurs. Dracunculid worms in the
subcutaneous tissues vesiculate the epidermis,
forming openings through which the female re-
leases active larvae into the water. Others (trich-
inella, cestodes, and trematodes) depend on
the digestive processes of predators or scavengers
which serve as definitive hosts to release them
from the tissues of their intermediate hosts.
Capillaria hepatica eggs in the liver of rodents
may be freed by postmortem decomposition of
the host or digestion of it by another animal,
after which development of them proceeds under
favorable conditions in the physical environment.



Means of survival and development are es
sential during the interval of transfer from one
definitive host to the next. This transfer involves
a period of development in the soil or water, in
the case of parasites having a direct life cycle,
or development in the body of one or more inter-
mediate hosts with those having an indirect
cycle. In parasites with a direct life cycle, pro-
tective cysts, thick egg shells, or the retained
cuticle of larvae are adaptations to protect the
stages free in the soil against the hazards of
desiccation and freezing. Species having an in-
direct life cycle may depend on some of the fea-
tures listed above for protection during the time
of transfer between their several hosts. But since
practically all of their development takes place
-in the body of one or more intermediate hosts,
their adaptational requirements must be ad-
justed to the biotic environment of the bodies
of several species, often from different phyla. An
example is the lancet fluke, Dicrocoelium den-
driticum, which lives and develops successively
in sheep, snails, and ants.

Transmission of the infective stage of the
parasite to the néxt host in the developmental
cycle is accomplished by one of three methods.
They are passive, active, or inoculative. Passive
transmission occurs when the infective stages of
the parasites contaminate or infect the food or
water of the host and are swallowed with them.
Examples are the eggs of ascarids, cysts of Ent-
amoeba, and larvae of trichostrongyles. Infec-
tion of food occurs in the larval stages of trema-
todes, cestodes, acanthocephalans, and many
nematodes. Active transfer occurs in the hook-
worms, and the miracidia and cegcariae of trema-
todes. These parasites actively penetrate the
bodies of their hosts upon coming in contact with
them. Often responses such as thermotropic,
geotropic, as in the case of hookworm larvae,
or chemotropic, as occurs in miracidia toward
their snail hosts, aid in bringing the host and
parasite together. Inoculative transmission oc-
curs when the infective stage of the parasite has
developed in the body of a bloodsucking arthro-
pod, as with Plasmodium in mosquitoes. Trans-
fer back to the vertebrate host is accomplished
when the arthropod inoculates the parasites into
the host while feeding upon it.

Survival within the host is dependent upon
the ability of the parasites to withstand the de-
structive action of the digestive juices and the
immunological reactions of the host against
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them, or to reach microhabitats within the host
where the required nutrients for growth and
reproduction are available in adequate amounts.

The most successful parasites have evolved
a biotic potential of great capacity in order to
compensate for the tremendous losses of eggs or
larvae, or both, incurred in the completion of
their complicated life cycles. This is accom-
plished by an increased production of eggs, as
in the ascarids and cestodes, the duplication of
sex organs in segments, as in cestodes, or vege-
tative reproduction extending over long periods
of time such as occurs in the sporocysts or rediae
of trematodes and scolices in cestodes (Echino-
coccus and Multiceps).

Specific Host-Parasite Relationships. Par-
asites normally do not infect different species
of animals at random under natural conditions
but show varying degrees of preference for hosts
and for habitats within them. Thus parasites of
horses, cattle, dogs, or humans are most likely
to be found in their respective hosts. Moreover,
parasites of the intestine, the liver, or tissues
occur with marked regularity in these sites. This
condition is designated as host specificity, organ
specificity, or tissue specificity, as the case may
be.

Specificity of Host-Parasite Relationships.
Specificity of host-parasite relationships is de-
termined by the success of the parasite to in-
vade, occupy, and reproduce in certain micro-
habitats inside or on the outside of the bodies
of hosts. The factors involved in the develop-
ment of host specificity among parasites are op-
portunities for contact between them and their
hosts, followed by entrance, adaptation, estab-
lishment, nourishment, and reproduction in
them.

Opportunities for infection of the host are
present only when it and the parasite come in
contact with each other under favorable condi-
tions. This occurs during periods when develop-
mental, kinetic, or behavioral activities of the
parasite and the host bring them together.

Ability to invade the host and survive in it
involves the capabilities, requirements, and sus-
ceptibilities of the parasite. Structural properties
of the integument may be beyond the capability
of the parasite to penetrate, thereby serving as
a barrier. The physiological properties of the tis-
sues or organs may not meet the requirements
of the parasite, making growth and development
impossible. Susceptibility to antibodies produced
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by the host in response to the presence of the
parasite may prove lethal to it or produce an
environment unfavorable to growth and repro-
duction.

Chemotropic response by parasites to sub-
stances elaborated by hosts leads to host, organ,
or tissue specificity. The miracidia of trematodes
are attracted to their specific snail hosts by cer-
tain substances in the mucus secretions. Para-
sites in the body of hosts are directed to specific
organs or tissues through their chemotropic re-
sponses to them. Young liver flukes, Fasciola
hepatica, Dicrocoelium dendriticum, and Clonor-
chis sinensis, liberated from their cysts in the
small intestine of the definitive host, find their
way to the bile ducts, each by its own route,
doubtless being directed by different stimuli
originating in the liver. In cases where distribu-
tion is directed by chemotropic responses, para-
sites accumulate in specific hosts or tissues with-
in them. In the absence of such responses, they
occur at random in species or tissues. The cer-
cariae of echinostome flukes encyst in a number
of species of snails, and trichinella larvae may
be found in the skeletal muscles of many species
of mammals.

A single species of parasite may be limited to
one species of host, as in the case of the beef
tapeworm Taeniarhynchus saginatum in man. On
the other hand, a species occurs in hosts as
widely separated as orders, such as the tre-
matode Plagiorchis muris in birds, rats, and
humans.

Substances in certain organs or tissues be-
come inimical to parasites and interfere with
their development in them. After chicks become
a few weeks old, the goblet cells of the mucosal
lining of the intestine develop and secrete mucus
which hinders the establishment and develop-
ment of the larvae of Ascaridia gall.

The specific nutritional requirements of para-
sites must be satisfied if they are to succeed.
These are developed through the evolutionary
processes of host and parasite, resulting in host
specificity.

Effect of Parasitism on the

Evolution of the Host Species

Parasitism may be considered as an evolutionary
pressure in which the host and parasite adapt to
each other through a selective process. Since
parasitism has a deleterious effect on the host,
it may be manifested in lowered vitality, reduced

rate of reproduction, slower growth, or death of
infected individuals. This can result in extinc-
tion of a species or it can lead to a change in
the population through the selection of resistant
species or strains. Host adaptation to parasitism
develops from selective pressure resulting in
strains better adapted to resist or tolerate para-
sitism. This is accomplished through the evolu-
tion of antibody responses on the part of the
host.

Effect of Parasitism on Individual Host

The effect of parasitism on the individual host
may be injurious or defensive. Injurious effects
show a wide range of severity, leading to mani-
fested disease often resulting in the death of the
host. When parasites, such as hookworms in man
or trichostrongyles in cattle and sheep, affect the
entire population, the effect of the disease is
masked and often not recognized. The less severe
effects of parasitism are kept in repair by the
host, and therefore are not readily detectable.
The mechanisms of injury are mechanical, chemi-
cal, inflammatory, and the introduction of patho-
gens.

Mechanical injury involves destructive action
such as perforation of an organ (ascarids, acan-
thocephalans), destruction of cells (coccidia,
plasmodia), piercing tissues (whipworms, mos-
quitoes), chewing (Mallophaga), obstruction of
a lumen (ascarids, cestodes), or the interference
in transfer of foods across cell membranes
(Giardia).

Chemical injury results from secretions by
the parasites. Hookworms secrete substances
from the cephalic glands that interfere with the
blood. One of them is an anticoagulant that
causes the blood to flow freely, even after the
worms detach and move to new sites, and
another depresses hematogenesis. Cysticercus
fasciolaris of the cat tapeworm is carcinogenic in
the liver of rats.

Parasites rob the host of essential nutrients.
Trichostrongyles and hookworms feed on blood.
Moreover, the injection of the anticoagulant
factor by hookworms while feeding results in
a great loss of blood through bleeding into the in-
testine. The broad fish tapeworm, Diphylloboth-
rium latum, of man absorbs vitamin B,. from
the tissues of the intestinal mucosa and stores
it in its own body.

The introduction of pathogenic organisms
such as bacteria (Clostridium nouvyi) by the



common liver fluke into the liver of sheep, rickett-
siae (Neorickettsia helminthoeca) into the
tissues of the intestine by the salmon poisoning
fluke of dogs, or protozoa (Histomonas mele-
agridis) through the eggs of the cecal nematode
into the alimentary canal of turkeys results in
a high mortality among these hosts.

Defensive reactions to invasion or attack by
parasites are aspects of physiological or conscious
responses by the host against them. Inflam-
matory responses of a general or local nature
are often the first reaction to the presence of
parasites. They are primarily cellular and are
divided into relatively distinct but overlapping
stages of 1) temporary localization and destruc-
tion of parasites, as in the case of the cercariae
of blood flukes of birds that infect humans, caus-
ing papules; 2) walling off or encapsulation of the
invaded area, as seen in infection by the large
American liver fluke, Fascioloides magna, of Cer-
vidae in cattle; and 3) repair of damaged tissue,
as occurs in light infections of amebiasis. Anti-
bodies may destroy, localize, neutralize, Or inter-
fere with the reproduction of parasites and there-
by serve as secondary defenses. Conscious efforts
are made by the host to avoid parasitism by
fleeing, as cattle do from botflies, or bunching,
in the case of sheep as a protective measure
against nose bots.

Evolutionary Effects of Parasitism

Once parasitism has been achieved, it proceeds
by its very nature to exert a definite directive
influence on the evolution of the host and the
parasite. In the biotic environment, the parasite
is isolated in the body of the host and confronted
with the dynamic defensive mechanisms of it.
The host, which constitutes the environment, is
attacked and injured by the parasite. Improved
relations on the part of each are indicated. In
order to be successful, the evolution of parasitism
must be toward better adaptation between the
host and parasite. Any other course would lead
to the ultimate destruction of one or both.
The direct force in achieving better adapta-
tion between parasites and hosts is natural selec-
tion. The conditions for it are excellent. Through
isolation of the parasites in the host, a popula-
tion of genotypes of parasites is evolved that is
adapted to meet more successfully the resistive
efforts of the host. By the same selective forces,
strains of genotypes of host animals appear
whose antibody systems have evolved to cope
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more adequately with the destruction caused by
the parasites in them. Thus, through the pro-
cesses of isolation and natural selection, popu-
lations of parasites and hosts with specific toler-
ances for each other have developed.

Life Cycles of Parasites

The life cycles of parasites are complex and the
physical and biological requirements for com-
pleting them are manifold and exacting. In order
to surmount the many adverse conditions en-
countered in the course of maintaining them-
selves, parasites have developed a great repro-
ductive potential together with the means” of
protection against physical hazards. In spite of
the great odds, sufficient numbers of them suc-
ceed to assure continuity of the species.

The life cycles fall into two basic types. They
are 1) the direct one with only the definitive
host, and 2) the indirect one with a definitive
host and one or more intermediate hosts. Para-
sites with a direct life cycle have a free-living
phase, except for a few species, during which
they develop to the infective stage. Those with
an indirect life cycle usually, though not always,
have a free-living stage between some of the
hosts.

The Protozoa have both types of life cycles
among their members. In the Sporozoa, which
have both types of life cycles, there are inter-
mediate stages such as trophozoites, merozoites,
sporozoites, and gametocytes which may occur
in a single host in the case of the direct type of
cycle or in two hosts in the indirect type (Plate
33).

Among the Trematoda, the Monogenea and
most of the Aspidogastrea have the direct type
of life cycle. The stage hatching from the egg is
a larva that develops directly into the adult.
Others of the Aspidogastrea and all of the Di-
genea have an indirect life cycle involving mol-
lusks. In the Digenea, the egg produces a
miracidium whose development in a mollusk pro-
duces the sporocyst, rediae, and cercariae. The
cercariae, with the exception of several families
of ‘blood flukes, encyst on objects or in other
animals and develop into metacerca iae which
are infective to the definitive host upon enteriftg
the alimentary canal (Plate 83).

In nearly all cases, the Cestoda have one or
two intermediate hosts in the life cycle. The eggs
hatch into a six- or ten-hooked larva. In the
Pyoteocephala and Pseudophyllidea, there is a
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procercoid and plerocercoid larval stage, usually
each in a different intermediate host (Plate 100).
The Cyclophyllidea have three basic types of
larvae in the intermediate hosts (Plates 92, 100).
They are the cysticercoid, the dithyridium, and
the vesicular types. The vesicular type has such
variations as the cysticercus, strobilocercus, coe-
nurus, and hydatid.

All species of Acanthocephala have an inter-
mediate host. An acanthor hatches from the egg
in the intestine of the intermediate host and de-
velops into an acanthella and a cysticanth in
succession. Species infecting aquatic vertebrates
usually have aquatic invertebrates as the inter-
mediate host; those in terrestrial vertebrates
usually have terrestrial invertebrates as the in-
termediaries.

The Nemathelminthes have both a direct
(Plate 141) and an indirect (Plate 142) type of
life cycle. The larvae pass through a series of
four molts to become adults. Some of the molts
take place in the egg, in the free-living phases,
and others in the intermediate and -definitive
hosts. :

While these are basic patterns on which broad
principles of the parasite life cycles can be based,
the individual cycles in each of them often vary
greatly within the fundamental plan. Some para-
sites, such as the sporozoans, trypanosomes, trich-
inella, and filarioids, with intermediate hosts,
have no free-living stages. In others, such as
Probstmyria viviparus and Hymenolepis nana
(Plate 98), the eggs may hatch and the larvae
develop to sexual maturity without ever leaving
the definitive host.

The life cycle of each parasite presents its

- own peculiarities. Solution of it requires a broad
knowledge of the physiology, biology, and ecol-
ogy of the parasite and all of the hosts involved.
The elucidation of the life cycle of a parasite,
or, indeed, a part of it, is a distinct challenge
and a gratifying achievement.
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Ecology of Parasitism

Ecology refers to the relationship of an organism
to its environment for essentials necessary for
the life processes. In the case of parasitic ani-
mals, the requirements for development and sur-
vival in the physical environment outside their
hosts include favorable temperature, adequate
moisture, sufficient oxygen, and, in some parasitic
stages, nutriment. In addition, there must be
protection from the lethal effects of freezing, heat
from direct sunlight, and desiccation. For some
species, the physical environment provides stim-
uli for 1) hatching of the eggs of many trema-
todes and nematodes, 2) direction of movement,
such as cercariae swimming to or away from
light, 3) periodic activity, shown by tricho-
strongyles that migrate up and down grass blades
in response to light intensity, diurnal periodicity
of microfilariae, and time of day when cercariae
leave their snail hosts, and 4) molting of first
and second stage strongyles and trichostrongyles.

The internal, or biological, environment in or
on the bodies of host animals provides parasitic
animals with stimuli for hatching of eggs and
growth of larval stages, nutriment, site-finding,
and a habitat favorable for reproduction. The
biological environment, like the physical, may be
inhospitable in some respects. The host may re-
act toward the presence of the parasite by pro-
ducing antigens that prevent it from becoming
established and reproducing.

Only when conditions in the external and
internal environments are met at an adequate
level can parasitic animals survive, develop to
the reproductive stage, and be transmitted to
other hosts. :

The ecological adaptations of parasites of
terrestrial hosts have evolved to meet the exi-
gencies of the external environment. They in-
clude thick-shelled eggs, ensheathed larval



