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ABSTRACT

Introduced parasites and diseases are among the
many threats which confront the continued existence of
native Hawaiian landbirds. These birds are infected
with a variety of endemic parasites, and many new para-
sites have arrived in Hawai'i wvia introduced birds.
There 1is evidence today which suggests that disease is
playing a role in limiting the numbers and distribu-
tions of native birds. To better understand the inter-
actions of parasites with their hosts, a myriad of na-
tive and introduced disease-causing organisms must be
identified.

This paper presents a summary of the recorded
parasites and diseaszes in Hawaiian birds. Each
disease-causing organism is discussed in terms of its
characteristics of infection and pathogenicity, life
cycle and intermediate hosts, and avian hosts in
Hawai'i. The disease records and references are cat-
egorized taxonomically and by avian host. Most dis-
eases appear to be of little concern to biologists
worried about the preservation of Hawaiian birdlife.
However, at least 2 have been important in the past
(avian pox and malaria}, and others could be equally
important in the future. It is, therefore, imperative
that the impact of the disease threat be recognized,
and that steps be taken to properly deal with this
situation in the Islands. Recommendations are given
for future directions that disease research might
pursue, and for possible monitoring and centrol methods
for extant and potential newly arriving diseases.

INTRODUCTION
More +than 20 million years ago, molten lava rose
from the ocean depths to form the first Hawaiian

island. Velcanic activity constantly added new materi-
al to replace eroded land, leaving today an island
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chain extending more +than 5,000 kilometers across the
Pacific and rising in places to heights greater than
9,000 m from the ocean floor. Sporadic bkicleogical
colonization relying principally on the trade winds and
ocean currents led to the evolution of many endemic
land and fresh-water bkird species, including 3 unique
subspecies of sea birds. Colonizing birds brought com-
plinents of parasites to these remote islands. Today
the biclogical complexity is enhanced as new infectious
organisms c¢ontinue %to arrive and interact with native
and introduced bhird species.

The first avian parasites to reach the Hawailian
Islands undoubtedly arrived with early migrant birds.
In recent times there has been a tremendous influx of
new arrivals, and consegquently the numbker of parasites
and diseases has also increased. Most diseases hold
little <threat to well established populations, and in-
deed may support the ecological balance and stability
of the host population. However, when confronted with
newly encountered diseases, the native birds coften be-
come more severely infected than their introduced coun-
terparts.

The situation of differential specles susceptibil-
ity has been documented in North American birds, where
intreduced avian s=specles succumb more readily to the
native eastern equine encephalitis virus than do native
birds (Karstad 1971). A similar case may be made for
avian malaria in Hawai'i (van Riper et al., in press:
Warner 1968), where native birds are more susceptible
to this introduced parasite. Of special note is the
fact that many extant populations of Hawallan birds are
small, and when population numbers are not sufficient
to sustain fluctuations caused by disease outbreaks,
the threat of extinction is enhanced.

In order to preserve and properly protect the
Hawaiian avifauna, it is imperative that the impact of
disease bhe recognized, and that proper steps be taken
to adequately deal with it. The procurement of base-
line data showing which avian diseases are currently
present in Hawai'l is especially important. The pur-
pose of this paper is to catalog the known information
on parasites and disease factors recorded in wild
Hawaiian birds. Captive and domesticated birds are
considered only where transmission to wild populations
is possible (e.g., domestic chickens, turkeys, some zoo
birds, and pigeons). Scientific names of birds not
given in the text are given in the Appendix. Each dis-
ease 1is discussed in terms of its individual character-
istics of infection and pathogenicity, life cvcle, and
avian hosts In Hawai'i; and records of parasites and
diseases are summarized in the Appendix. Confusing
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reports have been omitted, as have many cases of para-

EH;BE noL lc!enl:me:! LO genus or SDEC].BS.

CLASSIFICATION OF PARASITES
REPORTED FROM HAWAIIAN BIRDS

The taxoncnmic classification given below is based
on information from the following scurces: Baker and
Wharton 1952; Bequaert 1941; Goff 1980: Goff and van
Riper 1980; FKeymer 1982b; Krantz 1978; Kudo 196&;
Levine 1980, 1982a, 1982b; Levine, van Riper, and van
Riper 1980; Lewin and Holmes 19%71; McDonald 1981;
Rothechild and Clay 1957; Turner 1%71; Wardle, McLeod,
and Radinovsky 1974. Synonyms used in reference to
Hawaiian birds are given in parentheses.

Phylum: Protozea
Order: Rhizomastigida

Family: Mastigamoebidae
Histomonas meleagridis
Order: Trichomonadida
Family: Trichomonadidae
Trichomonas gallinae {= T. columbae}
order: Coceidida
Family: Eimeriidae
Eimeria tenella
Isospora ivensae
Isospora brayl
Isospora phaeornis
Isospora loxopis
lspspora vanriperorum
Family: Atoxoplasmatidae
Atoxoplasma sp.
Order: Haemosporida
Family: Plasmodiidae
Plasmodium relictunm
Family: Haemoproteidaa
Haemoproteus colunbae

Phylum: Nematoda
Order: Strongylorida

Family: Syngamidae
Svyngamus trachea
Family: Trichostrongylidae
Amnidostomum sp. (= Amidospomen)
ornithostrongylius ad adiatus
Order: Ascaridorida
Family: Heterakidae
Ascaridia galld
Ascaridia perspicillum
Ascaridia sp.
Aulonocephalus pennula
Heterakis gallinarum (= H. papjillosa
= H. gallinae)
Heterakis sp.
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Fanily: Ascarididae
Porrocaecum semiteres
Porrocaecum ensicaudatum

Family: Subuluridae
Subulura brumpti

{= Allodapa brumpti)
Subulura skrijabinensis
Subulura sp.
Order: Spirurorida

Family: Spiruridae
Cyrnea daraphophasiani
Microtetrameres sp.
Procyrnea Jlongialatus
Tetrameres americana

{= Tropisurus americanus)
Tetrameres sp.

Family: Acuariidae

Cheilospirura hamulosa

(= Acuaria hamulosa)
Chejlospirura sp.
Dispharynx nasuta (= D. spiralie)
Dispharynx sp.
Synhimantus

{= Dispharynx zosteropsi)
Vicquiera hawaiiensis

Family: Thelaziidae
Gongylonema ingluvicola
Oxyspirura mansoni
oxyspirura sp.

Order: Dorylaimorida
Family: Trichuridae

Capillaria sp.

Phylum: Acanthocephala
Order: Echinorhynchidea
Family: Plagiorhynchidae
Plagiorhynchus charadrii
Order: Gigantorhynchidea
Family: Gigantorhynchiidae
Mediorhynchus orientalis

Phylum: Cestoda
Order: Davalneidea

Family: Davaineidae
Fuhrmannetta crassula
(= Raillietina crassula)
Raillietina cesticillus
(= Davainea cesticillus)
Raillietina tetragona
(= Davainea tetragona)
Raillietina sp.
Order: Hymenolepididea
Family: Hymenolepididae

Hymenolepis carioca
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(= Echinolepis carioca:

] ]
= Davainea carioca)
Hymenolepis megalops
(= Cloagetaenia megalops)
Orientolepis exiqua
(= Hymenolepis exigua;
= Hymenosphenacanthus exiquus)
Order: Dilepididea
Family: Paruterinidae
Anonchotaenia bprasilense
Family: Dipylidiidae
Choanotaenia infundibulum
(= €. infundibuliformis)
Family: Dilepididae
Metroliasthes lucida

Phylum: Trematoda
Order: Strigeatoidea
Family: Schistosomatidae
Austrobilhargia variglandis
Family: Brachylaenidae
Postharmostomum gallinum
Urotocus rossjittensis
Order: Echinostomida
Family: Philophthalmidae
Philophthalmus gralli
Order: Opisthorchiida
Family: Heterophyidae
Centrocestus formosanus
Haplorchis taichui
Haplorchis yokogawai

Phvlum: Arthropoda
Class: Arachnida

Subclass: Acari
Order: Parasitiformes
Suborder: Ixodida
Family: Argasidae
Ornithodoros capensis
Ornithodoros denmarki
Family: Ixodidae

Haemaphysalis wellingtoni

Ixodes laysanensis
Suborder: Gamesida

Family: Rhinonyssidae
Mesonvssus geopeliae
Neonys=us sp.
Paraneonyssus sp.
Ptilonyssus hirsti

(= Haemolaelaps casalis)
Ptilonyssus sp.
Rhinonvssus coniventris
Rhinonyssus sp.
Sternpostoma tracheacolum
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Family: Dermanyssidae
Dermanyssus gallinae

Fanily: Macronyssidae
ornithonyssus bursa

(= Liponyssus bursa)
Ornithonyssus sylvigrum

(= Liponysgsus sylivaun)
ornithenyasus sp.

Family: Laelapidae
Andreolaelaps Sp.
Haemolaelaps fenilis

(= H. megaventralis;
= Atricholaelaps megaventralis;
= H, casalis)

Suborder: Actinedida

Family: Cheyletidae
Bakerjcheyla chanavi
Cheyletus malaccensis
Cheyletus eruditus
Cheyletus sp.

Family: Cheylettiellidae
Neochevletiella media

(= Ornithochyla sp.}
Ornithocheyletia leiothrix

Family: Ereynetidae
Boydaia agelaii
Boydaia niqra
Opthalmognathus tenericae

Family: Harpyrhynchidae
Haypyrhvnchus pilirostris
Harpyrhynchus sp,

Family: Trombiculidae
Eutrombicula conantae
Guntherana domrowi
Leptotrombidium intermedium
Neoschoengastia gallinarum
Heoschoe & ewingi
Neoschoengastia gettmanni
Heotrombicula tamiayl
Scheengast pobsa
Toritrombicula nihogensis
Toritrombicula cahuensis

Suborder: Acaridida

Family: Pyrecglyphidae
Dermatophago s

Family: Analgidae
Analges sp.

Anhemialges sp.
Megninia columbae
Megninia cubitalis
Megninia ginglvmura
Megninia sp.
Mesalgoides sp.
Onychalges sp.
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Grnithocheyla spi

Strelkovarine sp.

Family: Dermoglyphidae
Dermoglyphus elongatus
Falculifer rostratus
Gabucinia delibatus
Gabucinia sp.

Pterolichus cbtusus
Pterolichus sp.
Pteronyssus sp.
Xoloptes sp.

Family: Proctophyllodidae
Montesauria sp.

- Proctophyllodes longiphyllus
Proctophyllodes vegetans
Proctophyllodes pinnatus
Proctophyllodes truncatus
Proctophyllodes sp.
Pterodectes sp.
Ptercherpus oxyplax

Family: Sarcoptidae
Enemidokoptes mutans
Mesoknemidocoptes laevis

(= Knemidokoptes laevis)

Family: Cytoditidae
Cytodites nudus

Family: Pteronyssidae
Mouchetja sp.

n. gen., h. sp.

Family: Trouessartiidae
Calcealges sp.

Calcealqges yunkeri
Trouessartia sp.

Family: Xolalgidae
Ingrassiella sp.
n. gen., n. sp.

Fanily: Hypoderidae
Neottialges fregatae
Neottialges hawaiiensis

Class: Ins=ecta

Order: Mallophaga

Family: Menoponidae
Actornithophilus epivhanes
Actornithophilus kilauensis
Actornithophilus milleri
Amyrsidea monostoecha
Austromenopon infregquens
Austromenopon sternophilum
Colpocephalum brachysomum
Colpocephalum discrepans
Colpocephalum hilensis
Colpocephalum turbinatum
Longimenopon puffinus
Machaerilaemus hawaiiensis
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Mehopon Sp.

Mencpen gallinae
Mencpon fulvomaculatum
Menopon phaeostomum
Menacanthus spinosus
Menacanthus stramineus
Myrsidea sp.

Myrsidea cyrtostigma
Myrsidea incerta
Myrsidea invadens
Trinotin quergquedulae
Uchida sp.

Family: Philopteridae
Anaticola crassicorne
Bruelia stenzona
Bruelia wvulgata
Columbicola columbae
Columbicola sp.
Chelopistes meleagridis
Cuclcotogaster heterographa
Docophoroides sp.
Goniocotes asterocephalus

Goniocotes bidentatus
Goniocotes chinensis
Goniocotes gallinae
Goniocotes hologaster
Gonicdes sp.
Goniodes colchici
Goniodes gissimilis
Gonipdes gigas
Goniodes lativentris
Goniodes mammillatus

(= G. mammilatus)
Haljipeurus mirabilis
Harrisoniella sp.
Lagopoecus colchicue
Lagopoecus docophoroides
Lipeurus caponis
Lipeurus maculosus
Iunaceps sp.
Oxyliperus pelvtrapezius

- Philopterus macgreqori
Philopterus subflavescens
Quadraceps birostris
Quadraceps connexa
Quadraceps oraria
Quadraceps separata
Ralliceola advena
Saemundssonia gonicus
Saemundssonia snyderi
Trabeculus (= Giebelia} mirabilis

order: Siphonaptera
Family: Pulicidae

Echidnophaga gallinacea
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Order: Dirtexq

Family: Hippoboscidae
Icosta (= Lynchia) nigra
Qlfersia aenescens
Olfersia spinifera
Oornithoctona hulahula
Ornithoica vicina (= Q. pusilla)
Pseudelynchia ganariensis
Family: culicidae
hedes aegypti

Aedes albopictus
Aedes vexans

Culex inque atus
ENDOPARASITES
Protozog
Histomonas

Infection Characteristics: Histomonas meleagri-
dis is a well-known and economically important parasite
of gallinaceous birds, characterized by necrosis of the
liver and ulceration of the caecum. It causes the dis-
ease '"blackhead," which is typically le=ss pathogenic in
chickens than in turkeys (Xemp and Springer 1978).

Life Cycle: In captive +turkeys and chickens,
blackhead is usually passed from bird to bird within
the ova of the nematode Heterakis gallinarum (Ruff
1978). Mechanical transmission may alsc be accom-
plished wvia earthworms, flies, grasshoppers, sowbugs,
and crickets (Kemp and Springer 1978).

Hawaiian Hosts: Histomonas peleadaridis has been
reported in Hawai'i only from domestic chickens and
turkeys (Alicata 1964). While transmission to wild
gallinaceous bhirds is possible, it does not seem to be
prevalent in Hawai'i.

Trichomonas

Infection Characteristics: Trichomonas gallinae

is the only trichomonad Xknown to cause mortality in

wild Dbirds. It infects primarily the mouth, throat,
and crop, and secondarily the liver, lungs, heart, and
other internal organs (Kocan and Herman 1%71). Death

may result from destruction of host tissue, or by me-
chanical blockage of thea threat which ultimately re-
sults in starvation. The lesions in the mouth may
superficially resemble aspergillesis, candidiasis, or
avian pox, so0o any diagnoeis must differentiate among
these 4 maladies, This 1is not a common parasite of
wild birds. However, it has been known to cause severe
epidemics in wild populatiens of mourning doves (Zenai-
dura magroura) in Alabama (Haugen 1952}, and should an



eplzootic of +trichomoniasis occur in Hawai'i, it could
have catastrophic results (Kocan and Banko 1974).

Life Cycle: Transmission of Trichomonas is
direct, with parasites transferred during the feeding
of young or during courtship feeding, particularly when
regurgitation is involved. Eating of contaminated food
is also a means of transmission (Kocan and Herman
1971). Some specie= of native Hawaiian birds feed
their young by regurgitation (van Riper 1978, 1980), so
there is the potential for transmissjion.

Hawaliian Hosts: Trichomonas gallinae was first
reported in Hawait'i from 2 individuals in a flock of
S8ignal Corps pilgeons (Yeager and Gleiser 1946). Since
that time there have been very few instances of this
disease noted in +the Islands. Smith and Guest (1974)
captured one nutmeg mannikin at Diamond Head, ©'ahu,
that later died of Trichomonas after a period of time
in an aviary. The only wild birds to be discovered
with trichomoniasis in Hawai'li have been 2 zebra doves
captured by Kocan and Banke (1974) and one 'apapane
that we captured by mist net on the island of Hawai'i
{unpubl. data).

dia (E ia a sosSpora

Infection Characteristice: Most of the informa-
tion known about coccidiosis comes from studies of
poultry, but at least 5 genera of intestinal coccidia
infect wild birds: Eimeria, Isospora, Dorisiella,
Wenyo ' and Tyzzeria (Todd and Hammond 1971).
Coccidia are very host specific. Generally the degree
of pathogenicity variles in individuals, causing inflam-
nation and destruction of intestinal tissue, diarrhea,
and often dehydration. Young animals are the nost se-
veraely affected, and cocecidia have been implicated in
the mortality of young quail and grouse (Bennett, Grei-
ner, and Threlfall 1976; Herman, Jankiewicz, and Saarni
1942} . Immunity increases with exposure and older in-
dividuales often serve as regervoirs (Todd and Hammond
1971} .

Life Cycle: Coccidia are intestinal protozoans
with a direct life cycle. The protozoans are shed with
fecal material and survive best in warm, humld condi-
tions (Reid 1978b). In captivity, transmission is ac-
complished wvia contaminated food or water (Todd and

Hammond 1971). Little is known about transmission in
the wild.
Hawajiian Hosts: Unfortunately, the genera of

cocceidia have =seldom bean differentiated in Hawaiian
parasite msurveys, and such reports of wild birds in-
clude the Japanese white-eye (Guest 1973), zebra dove,
nerthern mockingbird (Mimus polyglottos), red-crested
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fardina.}' hoyes ﬁfam’v{, Piue-vﬂﬂ;eq vorﬂonbleul red-

cheeked cordonbleu (Uraeginthus bengalus), lavender
waxbill, and orange-cheeked waxbill (Smith and Guest
1974). Captive birds with coccidiosis from the Hono-
lulu 200, University of Hawal'i, Paradise Park, and
other areas include +the ‘'anianiau, common 'amakihi,
northern cardinal, and Hawaiian goose or nene (a.
Miyahara, pers. comm.; Honoclulu Zoo 1964-1967 necropsy
racords) . Eimeria tenella iz a common parasite in fowl
and has been identified from chickens (Alicata 1964).
Five new species of Isospora were recently described
from birds on the island of Hawai'i (Levine, van Riper,
and van Riper 1980). Seventeen of 59 Japanese white-

eyes were positive for Isospora brayi, 3 of 15 nutmeg
mannikins carried Isospora ivensae, cne of 11 Hawaiian

thrushes had Iscspora haeornis, 3 of 24 common 'ama-
kihi had Isospora loxopnis, and one northern cardinal
examined had JIsospora vanriperorum (Levine 1%82a). 1In
addition, we found 2 ‘'apapane and one 'elepaio in-
fected with Isospora sp. from the island of Hawai'i
{(unpubl. data).

Atoxoplasma

Infection Characteristics: Atoxoplasma is a
protozoan parasite that infects the white blood cells
of passerine birds. This disease is relatively non-

pathogenic and =some avian populations have chronic
infection rates of 100% with few adverse signs (Lainson
1959).

Life Cycle: Atoxoplasma has been incorrectly
referred to in the past as avian toxoplasmosis, and a
controversy exlsts concerning the life cycle and taxon-
emy of this parasite. It is felt by some (Lainson
1959, 1960) +that mites, in particular Dermanyssus gal-
linae, are responsible for transmiszsion, and that the
genus should be Lankesterella. However, Box (1970,
1871, 1977) provided evidence that Atoxoplasma may be a
stage of <the intestinal coccidian Isospera. More com-
plete reviews may be found in Baker et al, (1972) and
Levine {(1982h).

Hawaiian Hosts: Atoxoplasma was unknown in
Hawai'i until 1978, when it was discovered in a house
sparrow (van Riper et al,.,, in press). Of 70 house
sparrows examined on the island of Hawal'i, 9% were
infected, as were 17.4% of 121 nutmeg mannikins. In
addition, several house finches that we held in captiv-
ity were positive for Atoxoplasma (unpubl. data).

Plasmodium

Infection Characteristics: Avian malaria in
Hawai'i is caused by the protozoan parasite Plasmodium
relictum. This parasite infects peripheral red blood

cells and internal tissue such as liver, spleen, bone
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marrow, and even brain cells (Garnham 1966). Infec-
tions can cause anemia, hemorrhages, and lesions (Key-
mer 1982b). There 1is evidence that this disease is
limiting numbers and distributions of some native
Hawaiian birds (van Riper et al., in press; Warner
1968).

Life Cycle: All species of malaria are trans-
mitted by mosquitoes. The principal vector for avian
malaria in Hawai'i is the night-biting mosquito Culex
guinquefasciatus (van Riper et al., in press). The
parasite enters the insect tissue with ingested host
blood. The Plasmodium sexual cycle occurs in the mos-
quito, while sexual and asexual stages are found in the
bird.

Hawaiian Hosts: Six species of malaria have
been reported from the Hawaiian Islands: P. cathemerium
(Navvab Gojrati 1970), P. vaughani (Fisher and Baldwin
1947), P. circumflexum (Navvab Gojrati 1970), P. elon-
gatum (Warner 1968), P. gallinaceaum (Navvab Gojrati
1970), and P. relictum (Navvab Gojrati 1970; van Riper
et al., in press). However, Laird and van Riper (1981)
have reviewed these records and concluded that only one
species of malaria is present in Hawai'i, Plasmodium
relictum capistranoae. Because this malarial parasite
exhibits many unusual morphological forms in the naive
native Hawaiian birds, it can be easily mistaken for
other Plasmodium species. See Laird and van Riper
(1981) for a more complete discussion.

The avian host list of wild-caught birds infected
with Plasmodium in Hawai'i includes: red-billed leio-
thrix (Baldwin 1941; Fisher and Baldwin 1947; van Riper

et al., in press), Japanese white-eye (Baldwin 1941;
Navvab Gojrati 1970; van Riper et al., in press; Warner
1968), common ‘'amakihi (van Riper 1975; van Riper et
al., 1in press), house finch (van Riper et al., in
press; Warner 1968), nutmeg mannikin, northern cardi-
nal, house sparrow, Hawaiian thrush, 'elepaio, 'i'iwi
(van Riper et al., in press), 'apapane (Navvab Gojrati
1970; wvan Riper et al., in press), Hawaiian crow (Jen-
kins and van Riper, in prep.), and rock dove (unpubl.
data). Warner (1968) reported the dark-rumped petrel

(Pterodroma phaeopygia) as having malaria, but it was
later found that this bird was a Townsend's shearwater
(Banko 1980; Simons 1983). Van Riper and Barbee (1978)
and Simons (1983) failed to find malaria in the dark-
rumped petrels that they examined. Plasmodium relictum
was also identified from rockhopper penguins (Eudvptes
crestatus) at the Honolulu Zoo (Laird and van Riper
1981).
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Haenmoproteus
Infection Characteristics: Haenmoproteus colum-

bae iz a common parasite of rock doves throughout the
world and is often referred to as "pigeon malaria.®
The sexual stages of this parasite infect the red blood
cells, while all stages develcp in endothelian cells of
blood vessels in the lungs, liver, spleen, and other
internal organs (Cook 1971a). Most Haemoproteus infec-
tions have not been reported as being severely patho-
genic to their hosts, and some rock dove populations
have infection rates up to 100%, with few adverse overt
signs beilng exhibited by the birds (Levine and Kantor
1959).,

Life cycle: Haemoproteus 1s transmitted by mem-
bers of the Hippoboscidae (louse flies) and/or Culi-
coldes (biting midges) (Cook 1971a). The common pigeon
hippoboscid, Pseudolynchia canariensis, is the vector
of H., c¢columbae, The s&exual stages of the protozoan
take place within the insect, and infection is accon~
plished when the fly bites another bird.

Hawaiian Hosts: Haemoproteus columbae iz pres-

ent in Hawai'i in both wild and captive rock doves
(Alicata 1964; Kartman 1949; Wavvab Gojrati 1970; Yea-
ger and Glelser 1946). In a 1978 survey we conducted
of 230 plgeons from the Honolulu 200, over 98% were
infected with Haemoproteus (unpubl. data). Warner
(1968) reported a possible infection of house finches
and an 'apapane with Haemoproteus, but the parasite was
probably misidentified (Laird and wvan Riper 1981).

Leucocytozoon

Infection Characteristics: Leucocytozoon occurs
only in birds, and it has a worldwide distribution.
After an acute stage following initial infection, most
cases become chronic with occasional relapses when the
avian host is under stress (Cook 1971lb).

Life Cycle: These blood parasites primarily
develop within leukocytes and cccasionally in erythro-
cytes. They multiply in epithelian and other cells.
The intermediate hosts are blackflies of the family
Simuliidae (Cook 1971b).

Hawajian Hosts: Leucocytozoon has been reported
only once in EHawaitl (Navvab Gojrati 1970), and this
was probably an error (Laird and van Riper 1981). The
vectors of this parasite are absent from the Islands
{Crosskey, in press); therefore, this parasite does not
aE present constitute a serious threat to the Hawaiian
birds.
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Nematoda

Syngamus
Infection Characteristics: Syngamus trachea, or

the gapeworm, is wusually encountered in the trachea,
although the bronchi may also be infected (Wehr 1971).
The worns feed on blood, causing mechanical damage and
production of mucus where they attach to the tissue.
Young birds seem most seriously affected, with clinical
signs being gaping, coughing, and pneumonia-like symp-
toms (Levine 1980}. The lumen of the trachea may be-
come obstructed, and the bird suffocates (Wehr 1971).

Life cCycle: The 1life cycle of Syngamus trachea
may be direct or include an earthworm or other inverte-
brate which the parasite utilizes as a transport host.
This parasite has been found in earthworms as long as
3.5 years after ingesticn (Levine 1%80).

Hawaiian Hosts: Syngamus trachea has been re-
ported in wild birds only on 0'ahu: one red-crested
cardinal (Smith 19%73b) and one house finch (Smith and
Guast 1974).

Ornithostrongylus

Infectlion Characteristics: ornithostronaylus
quadriradiatus is found 1in rock doves worldwide (Wehr
1971). This parasite infects <the snall intestine,
feeding on blood (Ruff 1978). In some instances it may
appear 1n a very acute forn and produce many fatalities
(Wehr 1971).

Life <Cycle: Eggs are shed in the feces and
transmission 1is accomplished via fecal contamination
(Ruff 1978).

Hawalian Hosts: ornithestronaylus guadriradia-

tus has been reported only from rock doves in Hawai'i.
Alicata (1939a, 1964) believed that this parasite was
responsible for general unthriftiness and losses among
the rock doves in the Islands.

Anldostomumn

Infection Characteristica: Menmbers of this
genus often 1Infect Anseriformes and are usually found
under the horny lining of the gizzard (Levine 1980).
The Canada goose glzzard worm Amidostomum anseris
causes c¢onsiderable mortality in young birds, as well
as inhibiting growth and develcopment of those that
survive, According to Herman and Wehr (1954}, A. an-
seris iteelf ie not a primary source of loss but rather
an important contributing factor.

Life Cycle: The 1life cycle of the Hawaiian
parasite is unknown but A. anseris has a direct life
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cycle., Eggs are shed in feces and larvae penetrate the
skin or are eaten (Levine 1980).

Hawalian Hosts: Amidostomum sp. was reported
from a wild Hawaliian goose (Banko and Manuwal 1982),
but unfortunately noe specific identification of the
worm was made.

Heterakis

Infection Characteristics: Menbers of the genus
Heterakis are common parasites of Galliformes and cc-
casionally of captive geese and ducks (Wehr 1971).
These parasites are usually found in the caecum, al-
though +the small intestine may also be infected. They
live on intestinal contents and do not migrate during
their development, so damage to the host is minimal
(Levine 1980). Heterakis gallinarum is the vector of
the protozoan Histomonas meleagridis, which causes
blackhead in chickens and turkeys (Ruff 1978).

Life cCycle: Eggs are shed in feces and infect a
bird when they are ingested. Sowbugs and earthworms
may also ingest ova and carry them for long periods of
time, facllitating transmission to birds (Levine 1980).

Hawaiian Hosts: In Hawai'i, H. gallinarum has
been reported in domestic chickens and other wild game
birds (Alicata 1964; Guberlet 1926; Lewin and Holmes
1571; Schwartz and Schwartz 1949, 1951; Swanson 1939).
Banko and Manuwal (1982) reported a species of Heter-
akis from wild Hawaiian geese., Avery (l1966) reported
H. dispar in captive Hawaiian geese at Slimbridge, Eng-
land. Possibly this is the parasite obhserved by Banko
and Manuwal.

Aulonocephalus

Infection Characteristics: The ascarid Aulono-
cephalus pennula is a common parasite of quail from the
southwestern United States, and it is not very patho-
genic to its host. It is usually found in the caecum
and occasionally in the small intestine (Lewin and
Holmes 1971).

Life cCycle: The 1life cycle is unknown (Lewin
and Holmes 1971).

Hawalian Hosts: Aulonogephalus pennula has been
reported from the <cCalifornia quail in Hawai'i (Lewin
and Helmes 1971). This constituted a new host record

and is the only report of this parasite in the Islands.

Ascaridia

Infection cCharacteristics: Ascaridia worms are
common and are often a serious problem in poultry,
causing retardation of growth, constipation or
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diarrhea, and lozs of condition. These large round-
worms are found in the intestine, which may be blocked
by heavy infections. Ascarids have alsc been found to
augment the effects of other diseases such as cocecidi-
osis, Heterakis, and infectious bronchitls (Levine
1980; Ruff 1978), probably by lowering the hest's gen-
eral resistance.

Life cCycle: The 1life cycle of this helminth
does not require an intermediate host (Wehr 1971), al-
though eggs wmay be ingested by grasshoppers or earth-
worms and in turn infect an avian host when the inver-
tebrate is eaten. The eggs hatch in the host's proven-
triculus or upper intestine and the larvae cause des-
truction and hemorrhaging of +the intestinal mucosa
during migration (Ruff 1978).

Hawaiian Hosts: Ascaridia gaalli and A, perspi-
cillum have bheen reported from domestic chickens (Ali-
cata 1964; Guberlet 1926; Swanson 1939) and Ascaridia
sp. from ring-necked pheasants and spotted doves
{5chwartz and Schwartz 1949, 1%51). Alicata (1964)
thought that the pheasant ascarid infection reported by
Schwartz and Schwartz (1949) was probably A. galli.

Porrocaecum

Infection Characteristics: Adult Porreocaecum
worms reside in the intestine, where they feed on large
quantities of blood. These parasites cause subnormal

weight, vomiting, and severe anemia (Wehr 1971).

Life cCycla: All members of this genus require
intermedjate hosts such as earthworms (Wehr 1971). In
one study from North America, 60% of the earthworms in
soll covered with bird droppings contained infective P.
ensicaudatum larvae (Levine 1980).

Hawiian Hosts: T™woe mnmembers of this genus have
been reported from Hawal'i: Porrocaecum semiteres and
E. ensicaudatum, both from the lesser golden plover
(Okimoto 1975).

Subulura

Infection Characteristics: Members of the genus
Subulura infect a wvariety of birds, wusually Galli-
formes, but occcasionally Anseriformes, Columbiformes or
other wild birds (Levine 1980). Adult worms reside in
the caecum or small intestine, where little damage to
the host occurs (Wehr 1971).

Life cycle: Little is known about the 1life
cycle of species of Subulura in the wild (Wehr 1971),
but Subulukxa brumpti, a common parasite of poultry,
requires an intermediate host (Alicata 1939b). In
Hawai'l these include any of the following: the
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beetles Alphitobius diaperinus, Ammophorus insularis,
Dermestes vulpinus, Gonocephalum sgeriatum, and Tribo-
lium castaneum; the grasshoppers Cohocephalus saltator
and Oxya chinensis; and the dermapter Eubo annu-
lipes (Cuckler and Alicata 1944).

Hawallan Hosts: Subulura brumpti has been re-
corded in Hawal'l from the gray francolin, Barbary
partridge, Japanese guail, ring-necked pheasant, Cali-
fornia ¢uail, domestic chicken, wild turkey, and spot-
ted dove (Alicata 1939b; Lewin and Holmes 1971;
Schwartz and Schwartz 1951). Subulura skrjabinensis
has been recorded from the Pacific golden plover {(Oki-
moto 1975), and Subulura sp. (possibly 8. brumpti) in
c¢hickens, ring-necked pheasants, and Japanese guall
{S5chwartz and Schwartz 1949; Swanson 1939).

Cyrnea and Procyrnea

Infection Characteristics: These helminth
groups 1infect the proventriculus but apparently do not
cause serious damage to their hosts (Levine 1980).

Life Cycle: All of +the Cyrnea and Procyrhea

species require intermediate hosts. The host of C.
graphophasiani is wunknown, but other species of Cyrnea

{e.g. €. golina) can utilize the German cockroach
{Blatella germanica) (Levine 1980; Cram 1931), which is
present in Hawai'i.

Hawalian Hosts: Cyrnea aphophasiani was re-
ported from  ring-necked  pheasants {Schwartz and
Schwartz 1951). This is the only member of this genus

reported from the Islands and constituted a new host
record for the parasite, It has not subsequently been
recorded in the Islands. Procyrnea longialatus, a new
species, was collected from +the proventriculus of
Japanese white-eyes and ‘'apapane from the island of
Hawai'i (cid del Prado Vera, Maggenti, and van Riper,
in press).

Tetrameres and crotet

Infection Characteristics: Both Tetrameres and
Mierotetrameres are found primarily in the proventri-
culus (Wehr 1971) and are known as globular stomach
WOTms. Some species produce severe pathology because
they require extensive bklood to produce eggs (Wehr
1971). T, americana, the species which infects chick-
ens, is well studied and very important in the poultry
industry (Alicata 1964).

Life cycle: Throughout the world, various spe-
cles of Tetrameres wutilize amphipods, grasshoppers,
cockroaches, and earthworms as intermediate hosts. 1In
Hawai'i  Tetrameres americana utilizes grasshoppers
(Conpcephalus saltator and oOxya chinensis), and the
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German cockroach as intermediate hosts (Cram 1931;
Kartman 1951). The intermediate hosts of Microtetra-
peres in Hawai'l are unknown.

Hawailan Hosts: Mitrotetrameres sp. has been
reported in Hawal'i from the Japanese white-eye (Smith

and Guest 1974) and Tetrameres sp. from the rock dove,
red-crested cardinal, house sparrow, lavender waxbill,
and common ‘'amakihi (Alicata 1964; Kartman 1951; Smith
and Guest 1974; wvan Riper 1975). But without knowing
what Bpecies are present in Hawai'i, it is difficult to
predict the effect of infections on host populations.
Tetrameres americana infects domestic poultry in the
Islands (Alicata 1964).

Cheilospirura

Infection Characteristics: Cheilospirurads are
generally found in gallinaceous birds. The worms live
beneath the gizzard lining, causing severe deteriora-
tion of this organ (Wehr 1971).

Life Cycle: The beetles Tenebroides mnana and
Epitragus diremptus, and the sandhopper Orchestia pla-
tensis all serve as mnaturally infected intermediate
hosts 1n Hawal'l (Alicata 1938h). Experimental inter-
mediate hosts include +the beetles Carpophilus dimidi-
atus, Dactvlosternum abdominale, Dermestes wvulpinus,
Epitragus diremptus, Euxestus sp., Gonocephalum seri-
atum, Litargus bpalteatus, Oxvdema fugiforme, Palorus
ratzeburgi, Sitophilus oryvzae, Tenebroides nana, Tri-
bolium taneum, and Typhaea stercorea; +the grass-
hoppers Atractomorpha ambigua, Conocephalus saltator,
and oOxya chinensis; and the amphipod Orchestia platen-~
Bis (Alicata 1947, 1964).

Hawajian Hosts: The first report in Hawai'i of
Cheilospirura hamulosa was by Swanson (1939) in deomes-
tie chickens. Schwartz and Schwartz (1949) reported

Cheilospirura sp. iIn the ring-necked pheasant, and in
1951 they Jidentified €. hamulosa from the same host.
Domestic¢  turkeys alsoc harbor €. hamulesa (Alicata
1964).

Dispharynx and Synhimantus

Infection Characteristics: Dispharvnx nasuta
has a worldwide distribution and has been reported from
a variety of columbiform, galliform, and passeriform
birds (Wehr 19%71). It is a common parasite of the
proventriculus, esophagus, and rarely, the intestine
{Levine 1980). D. nasuta causes deep ulcerations and
becomes almost buried under proliferating tissue (Le-
vine 1980). Considerable losses have been recorded in
ruffed grouse (Bonasa umbellus) from the United States,
with young birds being most severely affected (Wehr
1971). In a survey of birds in New York City, the

315



parasite was found to be pathogenic mainly in gallina-
cecus birds, with catbirds (Dumetella gcarxclinensis)
being the only passerine species obviously affected
(Goble and Kutz 1945). However, some pigeon popula-
ticns alse experience heavy losses from this parasite
(Hwang et al. 1961}).

Life Cycle: 211 members of Dispharynx and Syn-
himantus require an jintermediate host. The intemediate
host of D. nasuta in Hawai'i is the sowbug Poreellio
laevis (Alicata 1964). Eggs hatch inside the sowbug
and become infective after 26 days. Tha life cycle of
S. zosteropsi is unknown.

Hawaiian Hosts: In Hawai'i Dispharynx nasuta
has bheen reported from California quail, Barbary par-
tridge, domestic chickens, turkeys, and pigeons (Ali-
cata 1964; Lewin and Eeclmes 1971). Dispharynx sp. has
also been reported in the common myna, red-crested

cardinal, and northern cardinal (Smith and Guest
1974). We found a species of Dispharynx in zebra doves
from the Honolulu Zoo. All could well have been D.

nasuta, The closely related species Synhimantus zos-
teropsli is being described from the gizzard of Japanese
white-eyves on the 1island of Hawai'i (Cid del Prado
Vera, Maggenti, and van Riper, in press).

Viguiera

Infection cCharacteristics: Members of the genus
Vicquiera infect the proventriculus and glzzard, and in
heavy infections the erosion of the tissue may be sa-

veraea, These worms are worldwide in distributien (Cram
1927).

Life Cycle: All members of Viguiera require an
intermediate host. Many spiruroirids utilize arthro-

peds (Levine 1980), but the hosts for Viguiera in
Hawai'i are unknown.

Hawaiian Hosts: Vigquiera hawaiiensis, a new
species, was collected <£from between the gizzard tunic
layers of the 'apapane, common 'amakihi, and 'i'iwi on
the island of Hawai'i (Cid del Prado Vera, Maggentl,
and van Riper, in press).

oxyspirura
Infection Characteristics: The distribution of
Oxyspirura mansoni, the common eyeworm, includes a wide

variety of hosts worldwide. This worm infects primari-
ly Galliformes, Columbiformes, and Passeriformes (Ruff
1978). Adult worms are found beneath the nictitating
membrane of the eye, causing lesions which vary fronm
mild conjunctivitis to severe ophthalmia (Levine 1980).
Life Cycle: The intermediate host of Oxyspirura
pansoni 4in Hawai'l; and worldwide, is the burrowing
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cockroach Pycnoscelus suprinamensis (Schwabe 1951)., The
propensity of birds to eat cockroaches and cockroach
availability are probably the limiting factors in this
parasite's distribution. The maintenance of giant
toads (Bufo marinus) has been advocated as a means of
cockroach control (Alicata 1947).

Hawaiian Hosts: oxyspirura mansoni is the most
commonly reported parasitic nematode in Hawai'i, and it
has been found in the following introduced avian spe-
cies: Barbary partridge, gray francoelin, bare-throated
francolin, Japanese gquail, Kalij pheasant, domestic
chicken, ring-necked pheasant, wild turkey, California
guail, spotted dove, zebra dove, common myna, red-
crested cardinal, and house sparrow (Alicata 1936,
1964; Eddinger 1967; Illiingsworth 1931; Lewin and
Holmes 1971; Schwartz and Schwartz 1949, 1951; Smith

and Guest 1974; Swanson 1939). We found rock doves at
the Honolulu Zoe to be occasionally infected (unpubl.
data). In addition, a second, unidentified species of

Oxyspirura was found in California guail and bare-
throated francolin (Lewin and Holmes 1571).

Gonagylonema

Infection Characteristics: Gongylonema inglu-
vicola is known as the common poultry crepworm. It
produces only local lesions without seriocus patholeogi-
cal effects to the crop (Ruff 1978).

Life Cycle: The beetle Copris minutis serves as
an intermediate host in the continental United States
and in Hawai'i; the beetle Copris incertus is also a
suitable host (Alicata 1964).

Hawaiian Hosts: In Hawai'i Gongylonema inglu-
vicola has been reported from ring-necked pheasants
(Swanson 193%) and domestic chickens (Alicata 1939a).

Capillaria
Infection Characteristics: Capillarid worms

usually cause extensive damage to their hosts because
adults feed directly on blood and tissue. The intesti-
nal 1lining may be destroyed and absorption capabilities
greatly decreased (Wehr 1971).

Life Cycle: Some Capillaria species have direct
life cycles, while others reguire intermediate hosts,
such as earthworms (Levine 1980; Wehr 1%71). The ca-
pillarids in Hawai'i have not been determined to spe-
cies, and their life cycles are unknown.

Hawaiian Hosts: Capillaria sp. has been report-
ed in the northern cardinal, blue-capped cordenbleu,
orange-cheeked waxbill (Smith and Guest 1974), and com-
mon 'amakihi (van Riper 1975). We have found a species

317



of Capillaria in 'apapane and 'i'iwi from the island of
Hawai'i (unpubl. data}. cid del Pradoc Vera, Maggenti,
and van Riper (in press) reported a specles of Capil-
laria from the 'apapane. Captive common 'amakihi from
Paradise Park also harbor a capillarid (A. Miyahara,
pers. comm.}.

Acanthocephala

Infection Characteristics: Acanthocephalans, or
thorny-headed worms, are found in the intestines of
many vertebrates, especially fish, where they cause
inflammation at the site of attachment. Anemia and/or
enteritis is common, and in some cases the gut lining
may be completely perforated (Schmidt 1969).

Life cCycle: The life cycles of acanthocephalans
in Hawal'l are undetermined, bhut all require cne or
nore intermedlate hosts. These hosts may incglude vari-
ous arthropods, vertebrates (lizards or amphibians), or
annelids (Ruff 1978).

Hawaiian Hosts: Smith and Guest (1974) found
Plagiorhynchus charadrii and Medierhynchus sp. in les-
ser golden plovers, and the latter in a common myna,
red-crested cardinal, and northern cardinal. Okimoto
(1975) reported Plagiorhynchus charadrii and Mediorhyn-
chus orientalis from golden plovers, and Schmidt and
Kuntz (1977) ceollected M. orientalis larvae from a
golden plover. Although only reported in Hawal'l from
plovers, M. orientalis =eems to prefer passerine spe-
cles as hosts (Schmidt and Kuntz 1977). The only acan-
thocephalan reported from a native passerine was iden-
tified as Apororhynchus hemignathi in the 'akialoa by
Perkins (1903).

Cestoda

Tapeworms are common parasites of birds. Unfortu-
nately, many reports from Hawal'il merely record "tape-
worms" without specific identification. While this
information is of note, it is of little value in deter-
mining the overall picture of parasite distributions in
the Islands. These records include: rock dove
(Schwartz and Schwartz 1949; Yeager and Gleiser 1946);
spotted dove (Smith and Guest 1974): common myna (Gu-
berlet 1926--2 species; Smith and Guest 1974); red-
crested cardinal (Smith and Guest 1974); red-cheeked
cordeonbley (Smith and Guest 1974); lavender waxbill
{Smith and Guest 1974); ‘'akepa (Perkins 1903):; and
house sparrow (Smith and Guest 1974); common 'amakihi,
'apapane, and 'i'iwi (Baldwin 1948).

Raillieting
Infection Characteristics: Two members of Rail-
lietina have been reported in Hawai'i, R. cesticillus

and R. tetragona, There have been reports of R.
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cesticillus causing pathology and reduced growth in
poultry, but controlled experiments have failed to sub-
stantiate thisa. Reid {1978a)} stated that perhaps mod-
ern optimal nutritional formulas may account for this
disparity. on the other hand, R. tetragona has been
shown to cause weight loss and a decrease in egg pro-
duction which is more apparent in some breeds of chick-
ens than others. R. cesticillus embeds in the duodenum
and jejunum, while R. tetraqgona usually inhabits the
posterior half of the intestine (Reid 1978a).

Life Cycle: Intermediate hosts in Hawai'l as
listed by Alicata (1964) are: R. cesticillus--the

beetles Dermestes wvulpinus and Gonocephalum seriatum;
R. Yetragona--probably various species of ants, espe-
cially Pheidole sp. and Tetramorium sp.

Hawailan Hosts: In Hawai'il, Raillietina cesti-
cillus and R. tetragona are commen in chickens (Alicata
1964), and an unidentified species of Raillietina has
been recovered from pigeons {Yeager and Gleiser 1946).

Fuhrmannetta

Infection Characteristics: Fuhrmannetta tape-
worms are characteristic of Columbiformes and occasion-
ally Galliformes (Lewin and Holmes 1971). Their patho-
genicity is unknown.

Lifa Cycle: The life history is unknown.

Hawaiian Hosts: Fuhrmannetta grassula was re-
ported from California cquail by Lewin and Holnes
(1971}, a first record for +this species. They also
speculated that the cestode in the spotted dove report-
ed by Schwartz and Schwartz (1949) was Fuhrmannetta
grassula.

Hymeno is

Infection Characteristics: Hymenolepis carioca
and H. megalops are well-known parasites of poultry and
waterfowl (Reid 1978a). H. caricca is reportedly one
of the least pathogenic tapeworms. The pathogenicity
of H. megalops is largely unknown, although in England
there are cases of severe mortality in ducks when this
species 18 present in combination with H. coronula and
H. furcigera (Reid 1978). Neither of these 2 species
has been observed in Hawai'i. Interestingly, H. nega-
lops iz one of the few tapeworms that attach te the
cloaca or bursa Fabricius instead of to the intestinal
wall proper.

Life Cycle: Alicata (1964) listed the interme-
diate hosts for Hymenolepis caricca as the beetle Apho-

dius granarius and the fly Stomoxys calcitrans in
Hawal'i. However, Reid (1978a) doubted that flies
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carry this parasite and stated that hosts throughout
the world include many beetles and a termite. The life
history of H. megalops is unknown.

Hawaiian Hosts: Hymenolepis carioca was report-
ed from chickens by Guberlet (1926), and later from the
same host by Alicata (1964). Hymenolepis megalops was
found in Hawaiian ducks (Alicata 1964).

Orientolepis
Infection Characteristics: Members of thise

genue are closely related to Hymenclepis. ©One species
has been reported from Hawai'i, Orientolepis exigua.
Its pathogenicity is unknown.

Life Cycle: The amphipod Orchestia platensis
serves as the intermediate host of this tapeworm in
Hawai'i (Alicata and Chang 1939).

Hawailian Hosts: Qrientolepis exigqua is common
in chickens in Hawai'i (Allcata 1964) and has been
recoverad once from wild turkeys (Lewin and Holmes
1971}.

Anonchotaenia

Infection Characteristics: Members of the bird
family Fringillidae in North and South America and the
Hawaiian Drepanidinae are the most common hosts of this
genus of tapeworms (Vogue and Davis 1953), The patho-
genicity is unknown.

Life Cycle: Thae 1life cycle of Anonchotaenia is
unknown.
Hawallan Hosts: Anonchotaenia brasilense was

first recovered from the common 'amakihi, 'i'iwi, and
'apapane by P. Baldwin in 1948 and was later identified
by Vogue and Davis (1953). We have recovered this
tapeworm from the same species (unpubl. data)}. Perkins

{1903) reported Drepanidotaenia hemignathi from an
'akialoa, and this may have been A. brazilense.

Choanotaenia

Infection Characteristics: Choanotaenia infun-
dibulum is a common parasite of chickens throughout the
world. It is a large, robust species which attaches to
the upper half of the intestine. There have been no
controlled experiments to determine its pathogenicity
(Reid 1978a).

Life <Cycle: The intermediate hosts of €. infun-
dibulum in Hawai'i include the beetles Dermestes vulpi-
nus, Epitraqus diremptus, and Gonocephalum seriatum,
and the house fly Musca domestica (Alicata 1964).
Threoughout the world a wide wvariety of insects
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(beetles, grasshoppersg, termites) have been shown to be
experimental hosts (Reid 1978a).

Hawaiian Hosts: Choangtaenia infundibulum was
first identified in Hawai'i from chickens by Guberlet
(1926), and this was later confirmed by Alicata
(1838a). Lewin and Holmes {1971) also reported this
parasite from Barbary partridge, Japanese guail, and
California guail.

Metroliasthes

Infection Characteristics: Metroliasthes lucidag
is a long tapeworm often found in turkeys, guinea fowl,
and sometimes chickens. The pathogenicity of this spe-
cies is unknown (Reid 1978a).

Life Cycle: Throughout the world, grasshoppers
serve as the intermediate host for M. lucida (Ruff
1978) .

Hawaiian Hosts: Metroliasthes lucida was found
in wild Hawaiian turkeys (Lewin and Holmes 1971). This
is the only repert of this tapeworm in Hawai'i.

Trematoda
Austrobilharzia
Infection Characteristics: Austrobilharzia

variglandis is a blocod fluke found in mesenteric veins
of avian hosts, although larval dermatitis in humans
has been reported (Chu and Cutress 1954).

Life cCycle: This fluke utilizes the littorine
snail Littorina pintado as an intermediate host in
Hawail'i (Allicata 1964). Eggs hatch in water into mira-
cidia which penetrate the snail host. After matura-
tion, cercariae are released and penetrate the skin of
the final host (Neble and Noble 1971).

Hawaiian Hosts: Chu and Cutress (19254) reported
the schistosome fluke, Austrobilharzia variglandis,
from a ruddy turnstone.

Postharmostomum

Infection Characteristics: Pogstharmostomum gal-
linum is a c¢ecal fluke of galliform and columbiform
birds worldwide. It causes inflammation and hemorrhage
in the caecum, and it is a common parasite of chickens
raised on the ground (Alicata 1964).

Life cCycle: The land snail Bradybaena similaris
is the first and second Iintermediate host; the land
snall Subulina octona may also serve as a second inter-
mediate hogt in Hawai'i (Alicata 1940). Birds become
infected by eating snails containing metacercariae.
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Hawaiian Hosts: Alicata (1940) reported this
cecal fluke in chickens from Hawai'i.

Urctocus

infection Characteristics: Urotocus reossitten-
gis 15 a cosmopolitan species, found in a variety of
passerine hosts worldwide (Williams 1960). The flukes
are almost always located in the bursa Fabriecius. The
organ becomes distended when infected,

Life <¢Cycle: The 1life cycle is unknown, but in
one drepanid that we found with a fluke infection, the
land enail Tornatellaria was recovered from the crop
contents. This snail may serve as an intermediate host
to the fluke, but more study is needed.

Hawailan Hosts: One ‘'amakihi and 2 ‘apapane
from a sample of 60 birds on Hawal'l were iInfected with
Urotocus rossittensis (unpubl. data). WVan Riper (1975)
reported a "fluke" in common 'amakihi, which was proba-
bly this species.

Philophthalmus

Infection Characteristics: Philophthalmus
gralli is a small trematode which coccurs in the eyes of
game birds throughout the world. The infection results
in congestion and ercsion of the conjunctiva (Kingston
1978},

Life Cycle: The melanid snails Thiara granifera
and Stenomelania newcombj serve as intermediate hosts
for eye flukes in Hawai'i. The cercariae encyst on any
sclid object including snail shells or crayfish exo-
skeletons. When the =snail or crayfish is eaten, the
metacercariae migrate to the eye of the final host
(Alicata 1962, 1969; Alicata and Ching 1960; Ching
1961).

Hawaiian Hosts: The eye fluke has been observed
in Hawaiian coots and cattle egrets (Alicata 1959).

Centrocestus and Haplorchis

Infection Characteristics: Flukes in the family
Heterophyidae normally 1live in the =mall intestine and
cause little harm. Some pain or diarrhea may result

from +the infections, and occasionally the egygs may find
their way into the blood and cause mild to serious
trouble in the organs into which they infiltrate (Noble
and Neoble 1571).

Life cCycle: Heterophyid flukes utilize melanid
snails and fish as first and second intermediate hosts,
respectively. Martin (1958) determined that the fresh
water snall Stencmelania newcombi serves as the first
intermediate host for cCentrocestus formoganug and
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Haplorchis vokecgawai. The snail Tarebia granifera is
the first intermediate host of Haplochis taichui. 1In
Hawai'i, the <fish Mugil! gephalus, Gambusia affinis, or
Xiphophorus helleri serve as a second host for Centro-
cestus formosanus and Haplochis taichui. H. taichui
also utilizes the fish Mcllienesia formosus. Haplochis
yokogawal was not recovered from any free-living inter-
mediate hosts, but Martin speculated that hosts are
probably the mullet (Mugil cephalus} and the Chinese
catfish (clarias fuscus).

Hawailan Hosts: Martin (1958) reported three
heterophyld flukes (Centrocestus formosanus, Haplorchis
taichui, and H. yokogawai) from the black-crowned night
heron 1in Hawai'i. Beszides this bird, cats and rats
will serve as final hosts, and all 3 fluke species will
infect man if infected raw fish is eaten. Okimoto
{(1975) reported a heterophyid fluke in a lesser golden
plover but gave no further description of the parasite.

ECTOPARASITES

Ectoparasites are found on the body or feathers of
their avian host, for part or all of the parasite's
life cycle. We have included among the ectoparasites
the respiratory mites, although many species are actu-
ally found internally in the lungs, air sacs, or even
embedded within +the internal organs. Because of the
numbers of ectoparasites and paucity of information on
the infection characteristics of some species, we have
discussed these parasites by order, suborder, and fami-
ly in most cases rather than by genus as in the endo-
parasites. Moreover, the subsections of "Infection
Characteristics” and "Life Cycle" have been condensed
into one.

Acari

Ixodida Tjcks

Infection Characteristics and Life Cycle: Ticks
are the largest of the parasitic Acarina. They typi-
cally frequent nests, intermittently feeding on their
hosts during all of the parasite's life stages. Heavy
infestation c¢an lead to severe hosgt anemia, nest deser-
tion, and even death (Baker and Wharton 1952). In ad-
dition, a number of arboviruses have been isclated fron
ticks (Brennan 1965). Tick eggs are laid in the nest
or near the ground. The larvae feed on the host, molt-
ing inte nymphs which in turn feed on the host before
assuming adult form. Some ticks require several hosts
at various stages to complete their life cycles (Baker
and Wharten 1952).

Hawaiian Hosts: only 3 species of ticks have

been reported from wild birds in the Hawaiian Islands:
ornithodoros capensis, 0. denmarki (soft ticks), and
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Ixodes lavsanensis (hard ticks). Ticks have been re-
ported from the black-footed and Laysan albatrosses,
wedge-talled and Townsend's shearwaters, brown neddy,
ruddy turnstone, and Laysan duck (Butler 1961; Butler
and Usinger 1963; Wilson 1964a; Kohls, Sonenshine, and
Cclifford 1965). ornithodoreos gapensis is generally
abundant on laysan, Kure, Pearl and Hermes Reef, Lisi-
anski, Gardner, Necker, Nihoa, and French Frigate
Shoals (Garrett and Haramoto 1967). However, the para-
site has, in many cases, been in the nest rather than
directly on the host when collected. Haemaphysalis
wellingtoni was recovered from a pheasant from Thailand
at the Honolulu Quarantine Station, but there is no
evidence of this parasite being established in Hawai'i
{Garrett and Haramoto 1967).

Gamasida Mites

Infection Characteristics and Life cCycle: The
Gamasida mites are a heterogeneous taxonomic group and
include some of the mnost notorious pathogenic mites,
including the Rhinonyssidae, Dermanyssidae, and Macro-
nyssidae. The Rhinonyssidae, or bird nasal mites, are
found internally within the air sacs and respiratory
system, and even embedded in the internal organs and
peritoneum of +their hosts. These mites can cause se-
vere respiratory distress (Arnall and Xeymer 1975).
Little is known about respiratory mites, but they prob-
ably spend entire life cycles on or in their host (Key-
mer 1982b), Dermanyssus gallinae, the red mite, is one
of the best known of the Dermanyssidae. It feeds at
night, hiding near roosts during the day. It is common
among poultry and a variety of wild and cage birds. D.
gallinae can cause weight loss, anemia, and even death
(Keymer 1982bh) and has been implicated in the transmis-
sion of Atoxoplasma (Lainson 1960), eastern equine en-
cephalomyelitis {(Howitt et al. 1948), and trypanocsomes
(Macfie and Thompson 1929; Manwell and Johnson 1931).
Another mite that sucks blood and can cause similar
serious problems 1is Ornithonyssus sylviarum (Macro-
nyssidae). While this species appears uncommonly on
wild birds, this may not be an accurate reflection of
the +true distribution bhecause it visits the host only
for feeding, and therefore might be missed during sur-
veys (Goff 1980). The Laelapidae are usually parasitic
{Baker and Wharton 1952) and have also been implicated
in disease transmission (Krantz 1978).

Hawaiian Hosts: Gamasida mites have been re-
ported from individuals or the nests of the following
avian species in Hawal'i: Hawaiian crow, zebra dove,
house sparrow, ‘'amakihi, nutmeg mannikin, golden plo-
ver, lavender waxhill, blue-headed cordenbleu, orange-—
cheeked waxbill, red-eared waxbill, domestic chicken,
common myna, house finch, and 'apapane (see the Appen-
dix for a complete mite species list with references).
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Actinedida Mites

Infection Characteristics and Life Cycle:
Actinedida mites are a very diverse group, cosmopolitan
in distribution, and found in all habitat types (Krantz
1978). Cheyletidae mites are usually free-living pred-
ators, although they are found on the bodies of birds
and sometimes appear to injure the host (Baker and
Wharton 1952)., The Harpyrhynchidae are generally para-
sitic, They are found in or under the cuticles of
birds, and most of the specimens that have been recov-
ered in Hawai'i were found in body washes of birds
{Goff 1980). Trombiculidae (chiggers) cause irritation
to theilr hosts, and some release toxins that may result
in allergic reactions (Arnall and Keymer 1975). Chig-
gers feed on their hosts only as larvae and are free-
living predators as nymphs and adults, feeding on small
arthropods in the s0il (Baker and Wharton 1952).

Hawaiian Hosts: Mites of the suborder Actinedi-
da have been identified from the following Hawaiian
birds or their nests: Japanese white-eve, red-billed
leiothrix, house sparrow, common 'amakihi, 'apapane,
'iviwi, Laysan finch, ruddy turnstone, brown noddy,
black~crowned night heron, black-footed and Laysan
albatross, and golden plover (see Appendix for refer-
ences) . In addition, mites jidentified only to the
family Syringophilidae were reported from the quills of
common ‘amakihi, palila, 'elepaio, and Japanese white-
eye (Berger 198l1).

Acaridida Mites

Infectlon Characteristics and Life Cycle: This
group includes various species of feather mites from
the Analgidae, Dermoglyphidae, Trouessartiidae, Procto-
phylledidae, Pyroglyphidae, Sarcoptidae, Pteronyssidae,
Cytoditidae, and Xolalgidae. The feather mites, as a
rule, are not harmful to their hosts. They are scaven-
gers, feeding on feather debris and dead skin (Evans,
Sheals, and MacFarlane 196); Krantz 1978). However, in
someé cases heavy infestation may lead to feather pick-
ing. We have found several ‘'apapane with abnormally
high infestations of feather mites and deformed beaks,
suggesting the importance of preening in the control of
these parasites, Each group of feather mites has a
distinct local preference upon the surface or within
the quills (Krantz 1978), and remains with the host for
the entire parasite life cycle. An Acaridida nest mite
that causes little effect on the host is Dermatophagoi-
des, which feeds mainly on detritus in the nest and is

only occasionally found on birds (Krantz 1%78). The
specimens collected in Hawai'i were considered non-
parasitic (Goff 1980). Sarcoptid mites of the genera

Mesoknemidocoptes and Knemidokoptes are many times a
problem in caged birds, These ectoparasites cause se-
vere irritatien to individuals, referred to as scaly
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leg and scaly face (Keymer 1982b). Sarcoptid mites
have not yet been recovered from wild Hawaiian birds.
Cytodites pudus is a common air sac and respiratory
mite of chickens, with pathogenesis varying from mild
to severe (Loomis 1978). Little is known about the
incidence, 1life cycle, or effects of Cytodites in wild
birds (Keymer 1982b).

Hawalian Hosts: Feather mites have been report-
ed from the ring-necked pheasant, rock dove, speotted
dove, domestic chicken, 'anianiau, Japanese white-eve,
common myna, nutmeg mannikin, Hawaiian crow, Hawaiian
thrush, ‘'apapane, 'i'iwi, common ‘amakihi, millerbird,
California c¢uail, Japanese quall, northern cardinal,
and house finch (see 2Appendix for a complete list of
references). Other Acaridida in Hawai'i include Derma-
tophagoides (Pyroglyphidae) from the house sparrow
(Goff 1980); Knemidokoptes and HMesoknemidocoptes (Sar-
coptidae) from the chicken (Bice 1932): a new species
of Mouchetia (Pteronyssidae) described from the Japa-
nese white-eye and 'apapane, and one species yet to be
determined from the red-billed leiothrix (Goff 1980); 2
members of +the Xolalgidae (Ingrassiella) from common
*amakihi and ‘'i'iwi; a new as yet unnamed species from
the short-eared owl (Goff 1980); Cytodites pudus (Cyto-
ditidae) from the chicken (Bice 1932); and Cytodites
gp. from a red-billed leiothrix (Goff 1980).

Insecta
Mallophaga
Infection Characteristics: Mallophaga, or

feather 1lice, feed primarily on feathers or scavenged
debris from feather surfaces; they may also take blood,
serum, and sXin tissues. Some species effectively
puncture young feathers and feed on the central pulp
and blood, while other species penetrate the shafts of
mature feathers and feed on +the dried feather core
{Rothschild and Clay 1957). Ganerally, harm to the
host 4is minimal except in very heavy infections (ash
1960), especially when blood-sucking species are in-
volved. Bathing, preening, and other grooming behav-
iors help to eliminate lice. Mallophaga are not impor-
tant carriers of disease although at least one louse in
swifts =merves as an intermediate host to a filarian
{Noble and HNcbhle 19%71), and eastern equine encephalo-
myelitis has been isoclated from another species (Howitt
et al. 1948); however, neither has been reported from
Hawaiti. Birds generally have several species of lice,
and young birds tend to have heavier leoads than do
adults (Rothschild and Clay 1957}).

Life Cycle: The entire life cycle of Mallophaga
is =spent on the host (Keymer 1982b}. Egygs are attached
directly to feathers, and several nymphal stages de-
velop prior to emergence of the adult form. Lice
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cannot live for more than a few days away from the
host.,

Hawaiian Hosts: Mallophaga have been reported
from a wvariety of species of birds of Hawai'i (see
Appendix for host list and references). Indeed, proba-
bly all avian species are infected with at least one
type of louse (Rothschild and Clay 1857).

Siphonaptera
Infection Characteristics: Echidnophaga galli-

nacea has a wide range of hosts in tropical and sub-
tropical areas (Rothschild and Clay 1957). It is com-
monly known as the stick-tight flea, and unlike most
fleas, remaina embedded in the skin of the host, usu-
ally about the head. Adults feed on blood and can
cause irritation, anemia, and even death in heavy in-
fections (Turner 1971). Fleas have not been implicated
in +the +transmission of other avian diseases (Loonis
1978) .

Life cCycle: The eggs are forcibly ejected and
reach the 1litter where the larvae hatch and feed on
organic material (Loomis 1978). Aafter a pupal stage,
the adult form is assumed.

Hawaiian  Hosts: Only one cspecies of flea,
Echidnophaga gallinacea, has been reported from
Hawai'i, It was found on the domestic chicken (Il-

lingsworth 1916} and the California guail (Schwartz and
Schwartz 1949, 1951).

Hippoboscidae

Infection Characteristics: Hippoboscid flies
are capable of flight but usually cling to the bird's
feathers, moving rapidly over the body and feeding
periodically on blood. Hippoboscids cause anemia,
especially in heavy infections on very small birds
{(Keymer 1982Db). They can also act as an intermediate
host for other parasites. Pseudolynchia canariensis,
the common pigeonfly, carries Haemoproteus, a blcod
protozoan. ornithoica wicina is a very common hippo-
boscid f£fly on birds £frem North America, particularly
passerines, and is common throughout the Pacific
islands (Beguaert 1941). ©Olfersia are common flies of
seabirds and are widespread throughout the Pacific and
Atlantic. Icosta hnigra is usually found on birds of
prey in North America.

Life Cycle: Egqgs are laid in the nest, but the
adults remain near or on their host for most of the
life cycle (Keymer 1982h).

Hawaiian Hosts: There have been several species
of Hippoboscidae reported from birds in Hawal'i:
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white-eye, mnorthern cardinal, and 'elepaic (W, Hansen,
pers., comm.). Therefore, the many reports of "lesions"
may indeed be a true reflection of the picture of avian
pox in the Islands, but more substantiation is needed.

Newcastle disease
Infection Characteristics: Domestic poultry

that are infected with Newcastle disease exhibit cough-
ing, 1lowered productivity, 1leg and wing paralysis or
other nervous symptoms, diarrhea, hemorrhage, and death
{Hansen 1978). Very little is known about the patho-
genesis in wild birds (Palmer and Trainer 1971).

Transmission: This disease 1is extremely conta-
gious, being transmitted via contact with sick birds or
their dreoppings (Hanson 1%78). It has been reported to
be carried by the mite Dermanyssus gallinae (Palmer and
Trainer 1971) and other invertebrates such as earth-
worms (Boyd and Hanson 1958).

Hawaiian Hosts: Newcastle dJdiseaze was intro-
duced accidentally to Hawai'i from California in July
1977 by an infected parrot. In 1979 a ban on importa-
tion of all 1live birds from California to Hawai'i was
imposed on the State (Berger 198l1). The disease has
never been reported from wild Hawaiian birds, and a
survey of 17 wild birds and 599 captive birds for New-
castle disease in 1980 was negative (U.S. Department of
Agriculture and Southeastern Cooperative Wildlife Dis-
ease Study 1980), although the disease was later re-
ported from Hile in l1l981.

Arboviruses or togaviruses
Infection Characteristics: There are several

arboviruses that constitute a threat to a wide variety
of domestic and wild birds (Bueacher 1956; Coleman
1978; Hammon, Sather, and McClure 1958; Karstad 1971).
Many infected individuals remain asymptomatic carriers
(Kissling et al. 1954), although the diseasze is often
fatal, with neurclogical signs predominating, including
muscular tremeors and degrees of paralysis (Cavill
1982).

Transmission: Arboviruses are  transmitted
chiefly by mosquitoes, and secondarily by other arthro-
pods such as mites, lice, ticks, and directly from bird
to bird {(Brennan 1965; Cavill 1982; Howitt et al. 1948;
Sulkin and Izumi 1947).

Hawalian  Hosts: Both the American (eastern
equine encephalitis, weatern equine encephalitis, St.
Touis encephalitis) and the Asian types (Japanase B
encephalitis wirus) could reach Hawai'i. Several sur-
vayg of birds in Hawai'l have indicated that these

arboviruses are qne% Yot present in the Islands
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(Quisenberry and Wallace 1959; Wallace et al. 1964),

but several potential vectors (Aedes spp., Culex guin-
quefazciatus, and various mites) are.

Bacterial Diseasesg
Infection Characteristics: Bacterial diseases

are common and often a high percent are fatal. In many
cases, disease ig caused by a bacterium that is usually

commensal. Stress of other disease factors can easily
upset the physiclogical balance and lead to bacterial
infections. In birds, enteritis is commonly associated

with Escherichia coli, Staphylococcus, Salmonella,
Peeudomonas aeruginosa, Pasteurella, or Yersinla; sep-
ticemic diseases are related to Salmonella, E. coli,
Pgeudonohas, Streptoceccus, Staphvlococcus, or as-—
teurella; and respiratory diseases such as pneumonia
are often associated with E. coli, Salmonella, Kleb-
siella, Corynebacterium, Pseudompnas, and Staphylo-
coccus (T-W-Fiennes 1982). Botulism, a paralytic dis-
ease, is caused by eating food contaminated by the tox-
in produced by the bacterium Clostyidium botulinum.
Death is due to paralysis of the respiratory and/or
cardiac muscles. Many deaths from this disease occur
in waterfowl, shorebirds, or game birds if conditions
are conducive (Rosen 1971).

Transmission: Transmission of bacterial dis-~
eases varies but generally occurs via contact with sick
or carrier individuals, or through ceontaminated materi-
al. Botulism is found naturally in the scil, but when
watexr levels drop and temperatures are high, the organ-
ism multiplies in dead organic material and releases a

toxin. The organic material may be decaying vegeta-
tion, various invertebrates (e.g. maggots), or verte-
brates (e.g. fish}. The toxin is nearly always fatal

when ingested by birds.

Hawaiian Hosts: Most of the information on bhac-
terial infections in Hawailan birds is fragmentary.
While many of the bacteria reported are not normally
recognized as pathogenic, several of the types that
have been identified are potentially seriou=s patho-
gens. Staphylococcus was diagnosed as the cause of
death of several Iaysan finches in an outbreak at the
Honeolulu Zoo (Throp 1970). It began as a swelling on
the tarsus of one bird and rapidly spread throughout
the colony, causing many deaths. The birds showed
little resistance to the bacterium, although Staphylo-
cogcus is ubiquitous and normally found on the skin.
It is not unreascnable to assume that other native
birds might also be susceptible to this bacterium. We
also found Staphvlococgcus to be a problem in captive
Laysan finches, and at least 2 individuals had Staphy-
lococcus infactions when they died in our aviary.
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Escherichia ¢oli and Salmonella have also been
implicated in disease in wild birds. We discovered an

'apapahe on the island of Hawai'i that had been killed
by a cat; it had liver lesions typical of E. celi, and
the gall bladder was distended and swellen. E. coli
was isolated from both the 1liver and gall bladder.
Salmonella was isclated from a wild palila from Mauna
Kea that died after one night in an aviary. The bird
had an enlarged heart and inflamed pericardium. In
addition, we have bheen able to determine the presence
of several other bacteria in the birds on the island of
Hawai'i. Most of the following examples were probably
not pathogenic (T.R. Sawa, pers. comm.). From Laysan
finches, alpha and bheta Streptococcus, Pseudomonas
aerugingsa, Klebsiella preumopniae, Serratia marcescens,
Staphvlococcus epidermis, and Citrobacter diversus were
isclated. One house finch had Escherichia coeli, and
pancreatic 1lesions were evident in the bird. Aall of
these birds were captive individuals. From the follow-
ing wild birds we isolated the following bacteria:

palila - gSalmonella; 'i’iwi - staphylococcus epidermis
and Citrobacter fruendii; ‘'elepaic - alpha Strepto-
coccus; ‘apapane - Klebsiella pneumoniae, Escherichia

coli, Pseudomonas pseudoalcaligens, and Entercbacter
cloacae.

There has been only one recorded outbreak of botu-
lism {in Hawai'i, at Ka'elepulu Pond (Enchanted Lakes),
O'ahu, in 1953 (Brock and Breese 1953). The infected
species were primarily northern pintail and northern
shoveler ducks. Other species included the American
wigeon, American coot, black-necked stilt, greater
gcaup, black-crowned night heron, green-winged teal,
and bufflehead.

Fungal Diseases
Aspergillus

Infection Characteristics: Avian aspergillosis
is caused by the fungus Aspergillus fumigatus (Raper,
Fennell, and Aaustwick 1973). It can assume either a

chronic or acute form and usually Iinfects the upper
respiratory tract or abdominal organs (Keymer 1982a).
The patheogenesis in wild birds is almost unknown, but
in ecaptive individuals where it is a common problem,
the disease is often fatal and almost always incurable
{0'meara and Witter 1971a).

Transmission: The spores of this fungus are
very common and are present in most areas of the
world. Most birds have been exposed and are resis-
tant. In fact, the fungus can often be isolated from

healthy tissue. It is contracted by inhalation of the
spores or hyphae, and infection tends to be related to
the age and physiological state of the bird (very young
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birds seem to be more susceptible) and number of spores
inhalad (Keymer 1982a; 0'meara and Witter 1971a).

Hawaiian Hosts: Aspergillus has beenh reported
from several captive species in Hawai'i but has been
infrequently found in wild birds. We found it in a
wild Hawaiian thrush and common ‘amakihi (unpubl.
data). Tha thrush died less than 24 hours after cap-
ture, but in the common 'amakihi there were no apparent
lesions or disease symptoms. Infected captive birds
include the nene (Honolulu Zoo necropsy records, 1964),
Hawaiian owl (Honolulu Zoo necropsy records, 1967), and
common 'amakihi (Honolulu Zoo necropsy records, 1966).
Probably all species of Hawaiian birds are susceptible
if the conditions are conducive for infection.

Candida
Infection Characteristics: candida albicans

infects the Adigestive <ract or respiratory system,
causing lesions and inflammation. It is very rare in
wild birdse (0'meara and Witter 1971hb).

Transmission: Transmission is accomplished via
contaminated food or water, or by inhalation of the
spores. The fungus is very widespread, =o there ap-

pears to be more than ample opportunity for contact by
wild birds (O'meara and Witter 1971b).

Hawaiian Hosts: Candidiasis has been reported
only from captive birds in Hawai'i. 'Apapane harbor
Candida albjcans (A. Miyahara 1969 necropsy records),
and we discovered one Laysan finch that was infected
with this fungus (unpubl. data}.

DISCUSSION

The isolation of the Hawaiian Islands has led to
disharmenic patterning of biological species, and avian
rarasites and disease-causing organisms are no excep-
tion. Major taxonomic groups (protozoans, various
helminths, ectoparasites, viruses, bacteria, fungi) are
represented. However, within broad categories, many
diszeases are absent. This is especially true for bac-
teria and wviruses. Prehistoric colonizing birds un-
doubtedly brought a spectrum of parasites with them,
and these have coevolved with their hosts. oOther para-
sites arrived concomitantly with the importation of
alien birds, and this process is ongoing. Today biolo-
gists are faced with an array of parasites interacting
with a unigue assemblage of birds, Besides the simple
cataleguing of what is present in Hawai'i, research is
needed *to determine the impact of each disease and the
means of controlling or eradicating it 1f necessary.
This discussion will deal with 3 points:
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1. The difference between the threats posed by
host=specific versus generalized diseases;

2. Exanples of 2 non-specific diseases that have
negatively influenced native birds; and,

3. Suggestions for directiong of future research
on avian diseases in Hawai'il.

The majority of parasites infecting Hawaiian birds
fall inte the host-specific categery, infecting primar-
ily one preferred host or related species. These usu-
ally cause mnild, self-limiting infections, because
parasites are most successful when causing the least
trauma. A dramatic example of this is Haemoproteus in
rock doves: incidence of infection includes nearly all
of the populatien, and individual bkirds, which have
very hilgh parasitisms, show few adverse signs. Another
example is coccidia in the native drepanids. Several
endemic species have been described, but rarely are
infections seen in the wild that cause overt symptoms.
Host-specific parasites seldom significantly interrupt
the 1life eycle of the host upon which they depend to
complete their life cycle, although parasite trauma may
be increased when multiple infections occur. For exan-
ple, the presence of Ascaridia in birds augments the
pathology of concurrent infections of coccidla, Heter-
akis, and infecticus bronchitis (Levine 1980Q; Ruff
1978) . Occasionally, epidemics flare when a balance is
upset, but in stable host populations, even occasional
epidemics are not extremely seriocus.

Generally, host-specific parasites retain a great
deal of specificity when transplanted to the Islands
and therefore pose 1little +threat to potential new
hosts, Even though their introduction +to¢ Hawai'i
results in a superficial "“exposure" te new avian
groups, most parasite distributions are inhibited by
less obvious factors, Iincluding the lack of potential
vectors and intermediate hosts, eating habits of poten-
tial hosts, and humidity and soil conditions that af-
fect survival of ova. If these factors are overcome,
when confronted with the physiocleogy of a new host, the
final destination of the parasite within the host tis-
sue may ke abkerrant, or as is the case of the acantho-
cephalan Mediorhynchus orientalis, larvae may fail to
reach sexual maturity.

Those parasites that readily c¢ross species bounda-
ries, infecting a diverse spectrum of hosts, cause
diseases with which managers and biologists in Hawai'il
need to be most concerned, because it is these that
have the greatest ability to impact native birds. How-
ever, not all cause severe diseases. The most wide-
spread parasite reported in the widest variety of
Hawaiian species is the eyeworm, Oxyspirurs mansoni,

Ul typically causes [ICCl8 harm 0 LIS oS
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pepulations. Its distribution is probably limited only
by the intermediate host. If a means of transmission
is available when a non-specific disease arrives (e.g.,
proper vector), native and introcduced birds becone
immediate new targets. Unfortunately, because <the
native birds are often "naive" in the evolutionary
sense, they tend to be more susceptible than are intro-
duced species--as in the well-studied case of avian
malaria,

Avian malaria is a parasitic 1Infection of the
blood, caused in EHawai'i by the protozecan Plasmodium
relictum. It infects a wide range of avian species,
has probably contributed +eo the extinction of some
native bird species, and certainly contributes to lim-
jted distributions of others. Malaria was reported as
early as 1947 by Fisher and Baldwin, but the case
against Plasmodium crystallized with Warner (1968),
although he failed to find any native birds infected in
the wild. He did, however, show a high degree of su=z-
ceptibility to the malarial parasite by native birds
when exposed experimentally. He proposed that malaria
had greatly influenced bird distribution and was a
major factor in their demise.

0f all the diseases and parasites recorded from
the native Hawaiian avifauna, malaria has been the best
studied ecologically and appears to be presently having
the greatest influence on these birds. During the
course of an extensive field and laboratory study, wvan
Riper et al. (in press) found that on Hawaiti Island
native birds had a high incidence of infection in their
populations, and more severe infections, than did the
introduced species. Elevation and climate relating to
the vector's distribution seemed to bhe related to in-
fection levels and were strongly reflective of species
distribution. Van Riper et al. (in press) suggested
that malaria is one of the major bird population-
requlating mechanisms operative on Hawai'i Island to-
day, and appears to be restricting the native Hawaiian
land birds to the higher and drier forest areas.

Another widespread disease capable of readily in-
fecting a variety of bird species is avian pox. Le-
sions typical of avian pox have been mentioned for many
yvears since Perkins (1893, 1%03), who first described
open sores on several native species. Since avian pox
has probably been in the Islands for almost 100 years,
surviving bird species appear to have adapted a degree
of resistance. Field workers continue to observe a
high incidence of lesions and evidence of past leslions
(e.g., mnissing toes), and a thorough study of birds
that have a history of lesions would perhaps be en-
lightening. Avian pox preobably led to the deaths of
countless Hawalian birds, and even entire species,
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early in the century, but there are few data to support
this. of first pricrity in the study of Hawaiian bird
dizeases should be a complete study of avian pox, exam-
ining geographic distribution, host infection rates,
and susceptibility of various avian species. The in-
vestigation should contain laboratory work complimented
by fleld surveys. Avian pox has long been enigmatic in
Hawailan disease studiez and probably is more important
than has been believed.

Other non-host specific diseases may be shown to
be important to Hawallan birds, and more study is

needed 1in this area. A paucity of data exists in
Hawai'i concerning bacterial and viral diseases in gen-
eral. Moreover, all diseases and parasites should be

examined in +terms of ecosystem and island type. Areas
of disease concentration should be mapped throughout
the TIslands; possibly the absence of birds Iin particu-
lar ecosystems wmight be thus explained. With more in-
formation, controlling diseases might become more feas-
ible.

At present it is important that no new diseases be
introduced to the Islands. The ohviocus solution is a
more careful control in the importation of avian spe-
cles, including the monitoring and clearing of all
parasites in imported birds. The Hawaiian goose and
other captive-bred species should be carefully examined
for disease before being introduced into wild popula-
tions. For example, Avery (1966) reported a gapeworm
{Cyathosthoma sp.), mycrobacteriosis, and 2 species of
tapeworms (Menatoparataiena southwelll and Fimbiaria
fasiolaris) from captive Hawaiian geese at Slimbridge,

England. It is not known if any of these are yet in
Hawai'i, but great care should ke taken to prevent
their introduction. There is evidence that arbovirus-

es, Newcastle disease, and avian influenza similarly
are absent (Quisenberry and Wallace 1959; Wallace et
al. 1964; U.S5. Department of Agriculture and South-
eastern Cooperative Wildlife Disease 5Study 1980;
okimoto 1975), and they =should be carefully guarded
against.

In summary, we understand some of the impacts that
diseases have had on Hawaiian birds. However, more
information is needed for long-term predictions regard-
ing the well-being of this unigue compliment of avian
species, And, while parasites and diseases are only a
few of the many threats that confront the continued
existence of Hawai'il's birds, +they need to be fully
cgnsidered in any program of management and preserva-
tion.
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APPENDIX
Parasite and Disease Records of Hawaiian Birdsl
Procellariiformes

Black-footed albatross Diomedea nigripes
Acari
leptotrombidium intermedium (nest) - Goff 1971
Neoschoengastia gallinarum (nest) -~ Goff 1971
Neotrombicula tamiayi (nest) - Goff 1971
ornithodoros capensis (nest) - Wilson 1964a

Mallophaga
Harrisoniella sp. - Thompson 1948
Hippoboscidae
Olfersia aenescens - Maa 1968
Laysan albatross Dicmedea immutabilis
Acari

Ixodes laysanensis «~ Wilson 1964a

Neoschoengastia gettmanni (nest) - Goff 1984

ornithodoros capensis (nest) - Kohls,

Sonenshine, and Clifford 1965; Wilson 1964a

Mallophaga

Docophoroides sp. - Thompson 1948

Harrisoniella sp. - Thompson 1948
Hippoboscidae

Olfersia aenescens - Maa 1968

Wedge-tailed shearwater Puffinus pacificus
Acari
Ixodes laysanensis - Wilson 1964a
ornithodoros capensis - Takahashi et al. 1982
Mallophaga
Halipeurus mirabilis - Thompson 1948
Longimenopon puffinus - Thompson 1948
Trabeculus mirabilis - Thonpson 1948
Hippoboscidae
Olfersia aenescens - Bequaert 1941

Christmas shearwater Puffinus nativitatus
Mallophaga

Longimenopon puffinus - Thompson 1948

Townsend's (Newell's) shearwater
Puffinus auricularis

Protozoa
Plasmodium sp. - Warner 1968 in dark-rumped
petrel; corrected by Banko 1980
Acari
ornithodoros capensis (nest) - Wilson 1964a

Red-focted booby Sula sula
Hippoboscidae

OLIATNIA denecens = Maa 1308
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Pelecaniformes

Red-tailed tropicbhird Phaethon rubricauda
Viruses
Avian pox - Locke, Wirtz, and Brown 1965
Great frigatebird Fregata minor
Acari

Neottialges fregatae - Pain and Amerson 1968
Neottialges hawaiiensis - Fain and Amerson

1868
Hippoboscidae
Olfeysia gpinifera - Bequaert 1941; Maa 1968

Ciconiiformes
cattle egret Bulbulcus ibis
Trematoda

Philophthalmus gralli - Alicata 1969

Black-crowned night heron Nycticorax nycticorax

Acari
Opthalmeanathus tenoricae - Fain and Goff 1980
Trematoda

Centrocestus formosanus - Martin 1958

Haplorchis taichui - Martin 1958

Haplorchis yokogawai - Martin 1958
Bacteria

Botulism - Brock and Breese 1953

Anseriformes
Hawaiian goose (nene) Nesochen sandvicensis
Nematoda

Amidostomum sp. ~ Banke and Manuwal 1982
Heterakis sp. = Banko and Manuwal 1982

Green-winged teal Anas crecca
Bacteria
Botulism -~ Brock and Breese 1953
Hawaiian duck Anag wyvilliana
Cestoda
Hymenolepis megalops - Alicata 1964
Mallophaga
Anaticola crassicorne - Schwartz and Schwartz
1953
Trinotin gquerguedulae - Schwartz and Schwarts
1953
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Laysan duck (teal} Anas laysanensis

Acari

Ixodes laysanensis (in ear) - Butler 1961;
Butler and Usinger 1963

Northern pintail Anas acuta
Bacteria
Botulism - Brock and Breese 1953

Korthern shoveler Anas clypeata
Bacteria
Botulism - Brock and Breese 1953
American wigeon Anas americang
Bacteria
Botulism - Brock and Breese 1953
Greater scaup Aythya marila
Bacteria
Botulism - Brock and Breese 1953
Bufflehead Bucephala albecla
Bacteria

Botulism - Brock and Breese 1953

Galliformes
Gray francelin Francolinus pondicerianus
Nematoda

Heterakis gallinarum - Lewin and Holmes 1571
Oxyspirura mansoni - Lewin and Holmes 1971
Subulura brunmpti - Lewin and Holmes 1971

Bare-throated francelin Pternistes leucoscepus
Nematoda
Oxyspirura sp. - Lewin and Holmes 1971
Oxyspirura mansoni - Lewin and Holmes 1971

Barbary partridge Alectoris barbara
Nematoda
Dispharynx nasuta - Lewin and Holmes 1971
Oxyspirura mansoni - Lewin and Holmes 1971

Cestoda
Choanotaenia infundibulum - Lewin and Holmes
1971
Japanese quail Coturnix japonica
Nenatoda
Oxyspirura manseni - Schwartz and Schwartz
1949, 1951

Subulura sp. - Schwartz and Schwartz 1949
Subulura brumpti - lewin and Holmes 1971:
Schwartz and Schwartz 1951
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Cesteda

Choanotaenia infundibuylum - Lewin and Holmes
1971
Acaril
Xoloptes sp. - Schwartz and Schwartz 1949
Mallophaga

Gonjocotes asterocephalus - Schwartz and
Schwartz 1949%9

Hippoboscidae
ornjthoica vicina - Schwartz and Schwartz
1949, 1951
Kalij pheasant Lophura leucomelana
Nematoda
Oxyspirura mansoni - Lewin and Mahrt 1983
Mallophaga
Anyrsidea monostoecha - Lewin and Mahrt 1983
Lagopoecus colchicus — Lewin and Mahrt 1983
Red junglefowl Gallus gallus
Mallophaga
Gopicdes sp. (larvae) - Schwartz and Schwartsz
1949
Goniodes djissimilis - Schwartz and Schwartz
1949
Lipeurus caponig - Schwartz and Schwartz 1949,
1951

Mencpon gallinae ~ Schwartz and Schwartz 1949
Hippoboscidae

ornithoica vicina - Schwartz and Schwartz
1949, 1951

Donestic chicken Gallus gallus
Protozoa
Eimeria tenella - Alicata 1947, 1964
Histomonas meleagridis - Alicata 1964
Nematoda
Agcaridia galli - Alicata 1964; Swanson 1939
perspicillum - Guberlet 1926
hgilospirura hamulosa - Alicata 1938b;

Swanson 1939
Dispharynx naguta - Alicata 1964;

{= D. spiralis) Swanson 1939
Gonaylonemum ingluvicola -~ Alicata 1964
Heterakls sp. - Swanson 1939
Heterakis gallinarum -~ Alicata 1964; Guberlet

1926
Oxvspirura mansoni = Alicata 1936; Schwabe

1950, 1951; Swanson 1939
Subulura sp. = Swanson 1939
Subulura brumpti - Aljicata 1939b
Tetrameres americana = ARlicata 1964; Swanson

1939
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Cestoda
Choapotaenia infundibulum - Alicata 1938a;
Guberlet 1926
Hymenclepis carjoca - Alicata 1938a; Guberlet
19526
Orientolepis exigua - Alicata 1938a
Rajllietina cesticillus - Alicata 1938a;
Guberlet 1926
RBajllietina tetragona - Alicata 1938a;
Guberlet 1926
Trematoda
FPhilophthalmus gralli (experimental infection)
- Aljcata 1962; Alicata and Noda 1960;

Ching 1961
gallinum - Alicata 1940
Acari
Cytodites nudus (air passage, liver, lungs) -
Bice 1932

Dermanyssus gallinae ~ Alicata et al. 1946;
Pemberton 1943

Knemidokoptes mutans (leq) - Bice 1932

Meaninia gubitalis - Alicata et al. 1946

Mesoknemidocoptes laevis (leg) - Bice 1932

Ornithonyssus bursa - Zimmerman 1944

Ornithonyssus gylviarum (feather) - Garrett
and Haramoto 1967

Pterolichus cbtusus - Alicata et al. 1946

Mallophaga

Chelopistes meleagridis - Illingsworth 1928

Cuclotogaster heterographa - Illingsworth 1928

Goniocotes gallinae — Illingsworth 1928

Goniodes dissimilis - Zimmerman 1948

Gonjodes gigas - Illingsworth 1928

Lipeurus caponls - Illingsworth 1928

Menacanthus stramineus - Illingsworth 1928

Menopon gallinae - Illingsworth 1928

Siphonaptera

Echidnophaga gallinacea = Illingsworth 1916;

Pemberton 1943

Ring-necked pheasant Phasgianus colchichus
Nematoda
Ascaridia sp. - (probably A. galli) Schwartsz
and Schwartz 1949, 1951

Chejlospirura sp. - Schwartz and Schwartz 1949

Cheilospirura hamulosa - Schwartz and Schwartz
1951

Cyrnea graphophasiani - Schwartz and Schwartz
1951

gongylonemum ingluvicola - Swanson 1939

Heterakis sp. - Schwartz and Schwartz 1949

Heterakis gallinarum - Lewin and Holmes 1971:
Schwartz and Schwartz 1951
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Oxvepirura mansoni - Alicata 1936; Lewin and
Holmes 1971; Schwartz and Schwartz 1949,
1951; Schwabe 1950, 1951; Swanson 1939
Subnlura sp. - Schwartz and Schwartz 1949
Subulura brumpti - Lewin and Holmes 1971;
Schwartz and Schwaxrtz 1951
Trenatoda
Philophthalmus gralli - Lewin and Holmes 1971
Acari
Megninja columbae ~ Schwartz and Schwart:z
1949, 1951
Megninia ginglymursg - Schwartz and Schwartz
1949, 1951
Mallcphaga
Goniocotes hologaster - Zimmerman 1948
Gonjodes sp. (larvae) - Schwartz and Schwartz

1949, 1951
Gonlodes colchici - Schwartz and Schwartz
1949, 1951

Goniodes mammillatus (= &, mammilatus)
- Schwartz and Schwartz 1949, 1951
Lipeurus caponis -~ Schwartz and Schwartz 1949,
19517 Zimmerman 1948

Lipeurus maculosus - Schwartz and Schwartz

1949, 1951
Mencpeon fulvomaculatum - Schwartz and Schwartz
1949, 1951

Uchida sp. - Schwartz and Schwartz 1949, 1351
Hippoboscidae
Ornithoica vicina - Bequaert 1941; Maa 1966;
Schwartz and Schwartz 1949, 1951

Comnon peafowl Pavo cristatus
Mallophaga
Menppon phaesstomum - Illingsworth 1928
Wild turkey Meleagris gallopave
Nematoda

Oxyspirura mansoni - Lewin and Holmes 1971
Subulura brumpti - Lewin and Holmes 1971
Cestoda

Metroliasthes lugjida - Iewin and Holmes 1971
Orientolepis exigua - Lewin and Holmes 1971
Domestic turkey Meleagqris gallopavo
Protozea
Histomonas meleagridis - Alicata 1947, 1964
Hemateda

Cheilospirura hamulosa - Alicata 1964
Digpharvnx nasuta - Alicata 1964
Heterakis gallinarum - Alicata 1964
Mallophaga
chgloplstes meleaqgridis ~ Illingsworth 1928
g gallinae ~ fllingsworth 1928
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Menopen gallinae - Illingsworth 1928
oxylipeyrus polytrapezius - Illingsworth 1928

california guail Callipepla californjca
Nematoda
Aulonocephalus pennula - Lewin and Holmes 1971
Dispharynx nasuta - Lewin and Holmes 1971
Oxyspirura sp. - Lewin and Holmes 1971
oxyspirura mangoni - Lewin and Holmes 1971
Subulura brumpti - Lewin and Holmes 1971
Cestoda
Fuhrmannetta crassula - Lewin and Holmes 1971
Choanctaenia ipfundibulum - Lewin and Holmes
1971
Acari
Xoloptes sp, - Schwartz and Schwartz 1949
Mallophaga
Goniodes sp. (larvae) - Schwartz and Schwartz
1949
Gonicdes mammillatus - Schwartz and
Schwartz 1949; Zimmerman 1948
Lagopoecus docophoroides - Schwartz and
Schwartz 1949
Mencopeon sp. - Schwartz and Schwartz 1949
Menopon fulvomaculatum - Schwartz and Schwartz
1949
Siphonaptera
Echidnophaga gallinacea - Schwartz and
Schwartz 1949, 1951

Helmeted guineafowl Numida meleagris
Mallophaga
Goniodes gigas - Zimmerman 1948

Menopon gallinae - Illingsworth 1928
Menopon phaepstomum - Illingsworth 1928

Gruiformes
American coot Fulica americana
Trematoda
Philophthalmus gralli - Alicata 19869
Mallophaga

Quadraceps oraria - Zimmerman 1948

Rallicola advena -~ Zimmerman 1948
Bacteria

Botuliesm - Brock and Breese 1953

Charadriiformes
Lesgser golden plover Pluvialis dominica
Nematoda

Porrocaecum ensicaudatum -~ Okimoto 1975
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344



Subylura skriabinensis -~ Okimoto 1975
Acanthocephala
Mediorhynchus sp. (probably M. orientalis)
- Smith and Guest 1974
Mediorhynchus orientalis -~ Ckimoto 1875;
Schmidt and Kuntz 1977
Plagiorhynchus charadriji - Okimote 1975; sSmith
and Guest 1974
Acari
Neogschoengastia gallinarum {(nest) - Goff 1971
Rhinonyssus coniventris ~ Wilson 1964b
Toritrombicula gahuensis - Goff 1977
Malleophaga
Colpocephalum brachysomum - Zimmerman 1948
Quadraceps birostris ~ Zimmerman 1948
Saemundssonia conicus - Zimmerman 1948

Black-necked stilt Himantopus mexicanus
Bacteria

Botulism - Brock and Breese 1953

Wandering tattler Heteroscelus incanus
Mallephaga

Actornithophilus kilauensis - Zimmerman 1948
Saemundssonia conicus - Zimmerman 1948
Bristle-thighed curlew Nupenius tahitiensis

Mallophaga
lunaceps sp. - Thompson 1948

Red-necked phalarope Phalaropus lobatus
Mallophaga
Quadraceps connexa - Thompson 1948
Ruddy Turnstone Arenaria interpres
Trematoda
Austrobilhargia wvariglandis - Chu and Cutress
1954
Acari

Guntherana domrowl - Brennan 1965; Goff 1984
Ixodes laysanensis - Wilson 1964a

Glaucous gull Larus hyperboreus
Mallophaga
Austromenpcpon infrecquens - Thompson 1948
Gray-backed tern Sterna lunata
Mallophaga

Quadraceps birostris - Zimmerman 1948
Saemundsgsonia snyderi - Thompson 1948;
Zimmerman 1948
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Scoty tern Sterna fuscata

Acari

ornithodoros capensis - Amerson 1966
Mallophaga

Saemundssconia snyderi - Thompson 1948
Hippoboscidae

Olfersia aenescens - Maa 1968

Brown hoddy Anous stolidus

Acari

Guntherana domrowi - Brennan 1965; Goff 1984

ornithodoros capensis - Kohls, Sonenshine, and
Clifford 1965

ornithodoros denmarki - Kchls, Sonenshine, and
Clifford 1965

Mallophaga

Actornithophilus epiphanes - Zimmerman 1948

Actornithophilus millerji - Thompson 1948

Austromenopon sternophilum - Thompsen 1948

Colpocephalum discrepans -~ Zimmerman 1948
Quadraceps sgseparata - Thompson 1948; Zimmerman
1948

Columbiformes
Rock dove (pigeon) Columba livia
Protozoa
Haenmoproteus columbae -~ Alicata 1947, 1964;
Kartman 2949; Navvab Gojrat% 1970; Yeager
and Gleiser 1946; van Riper
Plasmodium sp. (probably P. relictum) - Navvab
Gojrati 1970
Plasmodium relictum - van Riper
Trichomonas gallinae - Yeager and Gleiser 1946
Nematoda
Ascaridia sp. - Schwartz and Schwartz 1949
Dispharnyx nasuta - Alicata 1964

Ornithostrongvlus guadriradiatus - Alicata
1939a

Tetrameres sp. - van Riper2

Oxyspirura mansoni - van Riper?
Cestoda

Raillietina sp. - Yeager and Gleiser 1946
Acari

Falculifer rogtratus - Yeager and Gleiser 1946

Gabueinila sp. - Garrett and Haramoto 1967

Megninia columbae - Schwartz and Schwartz 1949
Mallophaga

Columbicola golumbage - Schwartz and Schwartsz
1949; Yeager and Gleiser 1946; Zimmerman
1944, 1948

¢olpocephalum turbinatum -« Zimmerman 1948

Goniocotes bidentatus - Schwartz and Schwartz
1949

Menopon gallinae - Illingsworth 1928
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Hippoboscidae
ornithoica vicipna = Maa 1966

Pseudolvnchia canariensis - Bequaexrt 1941;
Bryan 1934; Schwartz and Schwartz 1949,

1959; Yeager and Gleiser 1946

Spotted dove {(Chinese, Lace-necked dove)
Streptopelia chinensis
Nematoda

Ascaridia sp. - schwartz and Schwartz 1949
Oxyspirura mansoni - Aljecata 1947; Schwartz
and Schwartz 1949, 1951; Smith and Guest
1974
S%bglurg brumpti - Schwartz and Schwartz 1951
Acar
Pterolichus sp. - Alicata, Xartman, and Fisher
1948
Mallophaga
Columbicola sp. ~ Schwartz and Schwartz 1949
Columbicola columbae - Zimmerman 1948
Gonjocotes chinensis - Schwartz and Schwartz
1949; Zimmerman 1948
Goniodes sp. (larvae) = Schwartz and Schwartz
1949
Goniodes lativentris - Zimmerman 1948
("Dove" = probably this bird)

Myreidea invadens - Zimmerman 1948
("Dove!" = probably this bird)

Zebra dove (Barred dove) Geopelia striata

Protozoa
Trichomonas gallinae - Kocan and Banko 1974
Nematoda

Dispharnyx sp. - van Riper?
Oxyspirura manseoni - Smith and Guest 1974
Acari
Mesonyssus geopeliae - Wilsaon 1966
Qrnithonyssus bursa - Alicata, Kartman, and
Fisher 1948
Mallophaga
Columbicola sp. - Schwartz and Schwartz 1949
Columbicola columbae - Alicata, Kartman, and
Fisher 1948; Zimmerman 1948
Goniodes sp. - Alicata, Kartman, and Fisher
1948
Goniocotes asterocephalus - Schwartz and
Schwartz 1949
Goniocotes chinensis - Schwartz and Schwartz
1949; Zimmerman 1948
Menopon sp. (larvae) - Schwartz and Schwartz
1949
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strigiformes

Common barn owl Tyto alba
Hippoboscidae

Ornitheoica vigcina - Maa 196%a

Short-eared owl {Pueo, Hawaijan owl)
Asio flammeus
Acari
Xolalgidae n.gen., n.sp. (body wash)
- Goff 1980

Mallephaga
Colpocephalum brachysomum - Zimmerman 1948
Hippoboscidae

Icosta pigra - Begquaert 1941
Oynithoica vicina - Bequaert 1941; Maa 1966

Fungl
Aspergillus fumigatus (captive)
= Honolulu Zoo Necropsy Reports 1967
Passeriformes
Hawaiian crow ('aAlala) Corvus hawaiiensie
Frotozoa
Plasmodium relictum - Jenkins and van Riper,
in prep.
Acari

Analges sp. - M.L. Goff, pers. comnm.
Gabucinia delibatus - M.L. Goff, pers. comm.

Mesalgoides sp. - M.L. Goff, pers. comm.

Qrnithonyesus bursa (nest) - Garrett and
Haramoto 1967; Tomich 1967

Ornithonyssus sylviarum - Banko 1974

Millerbird Acrocephalus familiaris
Acari

sp. - M.L. Goff, pers. conn.

Pterodectes
Pteroherpus oxyplax - M.L. Goff, pers. comnm.
Trouessgartia trouessartl - M.L. Goff,
pers. comm.
Xolalgidae n.gen., n.sp. = M.L. Goff,
pers. comm,

'Elepaio Chagiempsis sandwichensis

Protozoa

Iszopora sp. — van Riper2

Plasmodium relictum - van Riper et al.,

in press

Acari

Qrnithonyssus sylviarum (nest) ~ Goff 1980
Viruses

Avian pox - van Riper2
Bacteria

ﬁtreﬁtococcus - wvan Rirerz
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White=-rumped shama Copsychus malabapicus

Acari
Bakericheyla chanayl - Radovsky 1971
Hawallan thrush Fhaeornis obscurus
Protozoa

Isospora phaeornis - Levine, van Riper,

and van Riper 1980
Plasmodium relictum - van Riper et al.,

in press

Acari

Analges sp. {body wash) - Goff 1980
Proctophyllodes sp. (body wash) - Goff 1980
Pterodectes sp. (body wash) - Goff 1980
Ptilonyssus sp. (body wash) ~ Goff 1980
Trouessartia sp. (body wash) -~ Goff 1%80

Viruses
Avian pox - van Riper?
Fungi
Asperqgillus fumigatus - van Riper?
Red-billed leiothrix Leiothrix lutea
Protozoa

Plasnodium sp. (probably P. relictum}

- Baldwin 1941
Plasmodium relictum - van Riper et al.,

in press
Plasmodium vaughani (probably P. relictum)

- Fisher and Baldwin 1947

Acari
Cytodites nudas (body wash)

- Goff 1%80; M.L. Goff, pers. comm.
Neocheyletiella media (body wash) - Goff 1980
Ornithochevletia leiothrix (hody wash)

- Goff 1980; M.L. Goff, pers. comm.
Pteronyssidae n.gen., n.sp. (body wash)

= Goff 1980
Common myna Acrodotheres tristis
Protozoa
Plasmodium relictum - van Riper?
Nematoda

Dispharnyx sp., - Smith and Guest 1974
Microtetrameres sp. = Alicata, Kartman, and
Fisher 1948; Smith and Guest 1974
Oxyspirura mansoni -~ Alicata 1947, 1964;
Eddinger 1967; Swanson 1939
Acanthocephala
Mediorhynchus sp. (Probably M. orientalis)
- Smith and Guest 1974
Acari
Montesauria sp. - Alicata, Kartman, and
Figher 1948
Ornithonyssus bursa - Berger 19%81;
Zimmerman 1944
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Pteronyssug &p. - Alicata, Kartman, and
Fisher 1948

Trouessartia sp. - Alicata, XKartman, and
Fisher 1948

Mallophaga

Menacanthue spinosus - Alicata, Kartman, and
Fisher 1948

Myrsidea invadens - Alicata, Fartman, and
Fisher 1948

Japanese white-eye Zosterops japonicus
Protozoa
Isospora brayi - Levine, wvan Riper, and
van Riper 1980
Plasmodium sp. (probably P. relictum)
- Baldwin 1941
Plasmodium relictum - van Riper et al.,
in press
Nematoda
Microtetrameres sp. =~ Smith and Guest 1974
Procyrnea longialatus - Cid del Prado Vera,
Maggenti, and van Riper, in press
Synhimantus zosteropsi - Cid del Prade Vera,
Maggenti, and van Riper, in press
Acaril
Anhemialges sp. (body wash) - Goff 1980
Calcealges vunkeri {(body wash) - Goff 1980
Dermoglyphus elongatus - Alicata, Kartman, and
Fisher 1548
Megninia sp. - Alicata, Kartman, and
Fisher 1948
Mouchetia sp. (body wash) - Goff 1980
Pteronyssus sp. - Alicata, Kartman, and
Fisher 1948
Ptilonyssus sp. (nasal cavity)
- Smith and Guest 1974
Ornithocheyla sp. (body wash) - Goff 1980
ornithonyssus sylviarum (nest) - Goff 1980
Strelkovarius sp. (body wash) - Goff 1980
Trouessartia sp. -~ Alicata, Kartman, and
Fisher 1948:; Goff 1980

Hippoboscidae
ornithojeca vicina - Hardy 1952
Viruses

Avian pox = van Riperz

Red-crested cardinal Parcaria coronhata
Nematoda
biepharnyx sp. - Smith and Guest 1974
Oxyspirura mansoni - Berger 1981:

Smith and Guest 1974
Syngamus trachea - Smith 1973k
Tetrameres sp., - Smith and Guest 1974
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Acanthocephala
Mediorhynchus sp. (probably M. orientalis)
- Smith and Guest 1974
Acari
Ptilonyssus sp. (nasal cavity)
- Smith and Guest 1974
Mallophaga
Myrsidea incerta - Alicata, Kartman, and
Fisher 1948

Northern cardinal Cardinalis cardinalis
Protozca
Isospora vanriperorum - Levine, wvan Riper,
and van Riper 1980
Plasmodium reljctum - van Riper et al.,
in press
Nematoda
Caplllaria sp. - Smith and Guest 1974
Digpharnyx sp. - Smith and Guest 1974
Acanthocephala
Mediorhynchus sp. (probably M. orlentalis)
- Smith and Guest 1974
Acari
Proctophyllodes longiphyllus - Garrett and
Haramoto 1967
Viruses
Avian pox -~ van Riper2

House finch Carpodacus mexicanus
Protozoa
Atoxoplasma sp. - van Riper?
Plasmodium relictum -~ van Riper et al.,

in press
Plasmodium sp. (probably P. relictum)
- Warner 1968
Nematoda
S¥ggamus trachea - Smith and Guest 1974
Acar
ornithonyssus sylviarum (body wash)
- Goff 1980

Proctophyllodes pippatus (body wash)
- Goff 1980

Proctophyllodes vegetans - Garrett anhd
Haramoto 1967

Mallophaga

Colpocephalum discrepans - Zimmerman 1948

Philopterus subflavescens - Zimmerman 1948
Viruses

Avian pox - van Riper2
Bactexria

Escherichia cpli (captive) - wvan Riper2

Laysan finch Telespyza cantans
Acari
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Schoengastia pobsg - Brennan and Amerson 1971;
Goff 1984
Viruses
Avian pox {captive) = van Riper
Bacteria
Staphylococcus_epidermis {(captive)
- van Riper2
Streptococecus (captive) - wvan Riper2
Pzeudomonas aeEuginosg (captive)
- van Riper
Klebslella pneumcniae (captive) - van Ripgr2
Serratia marcescens {captive) - van Riper
Citrobacter diversus (captive) - van Riper
Fungi
Candida albicans (captive) - van Riper?

Nihoa finch Telespyza ultima
Acari

Analges sp. - M.L. Goff, pers. comm.
Boydaia agelaii - M.L. Geoff, pers. comm.
Eutrombicula conantae - Goff 1984
Ingrassiella sp., - M.L. Goff, pers. comm.
Neoschoengastia ewingl - Goff 1984
Proctophyllodes sp. - M.L. Goff, pers. comm.

2

Toritrombicula nihopensis - Goff 1984
Palila Loxicides pailleunj
Bacteria
Salmonella - van Riper?
Common ‘'amakihi Hemignathus virens
Protozoa

Isospora loxopis - Levine, van Riper, and
van Riper 1980
Plasmodium relictum - van Riper 1975;
van Riper et al., in press
Nematoda
Vigquiera hawaiiensis = Cld del Prado Vera,
Maggenti, and van Riper, in press

Cestoda
Anonchotaenia g;gg%lgngg - Vogue and Davis
1953; van Riper
Trematoda
Urotocus rossittensis = van Riper2
Acari

Analges sp. - Goff 1980
Chevletus malaccensis = Goff 1980;
M.L. Goff, pers. comm.
Harpyrhynchus sp. - Goff 1980
nyssus sp. ~ Berger 1981
ornithonyssus sylviarum (nest) - Goff 1980
Proctophyllodes sp. - Goff 1980
Ptercdectes sp. - Goff 1980
Ptilonyssus sp. (nasal cavity) - Goff 1980
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Ehinconyssus sp. (nasal cavity}
- van Riper 1975
Trouessartia sp. - Goff 1980
Mallophaga
Machaerilaemus hawaiiensis - Zimmerman 1948
Philopterus macqgreqori - Zimmerman 1948
Hippoboscidae
Oornitheica vicina - Becquaert 1941; Maa 1966
Viruses
Avian pox - van Riper2
Fungi
Aspergillus fumigatus (captive)
- Honolulu Zoo Necropsy Reports 1966

'Anianiau Hemignathuys parvus
Protozoa
Isopora sp. {(captive) = wvan Riper 1975
Acari
Megnina sp. - Haramoto in Berger 1981

Kaua'i takialoa Hemignathus procerus
Acanthocephala
Apororhynchus hemignathi - Perkins 1903
Cestoda

Drepanidotaepia hemignathi - Perkins 1903

Akepa Loxops coccineus
Viruses
Avian pox - Henshaw 1902
'*I'iwdi Vegtiaria coccinea
Protozoa
Plasmodium relictum - van Riper et al.,
in press
Nematoda

Viguiera hawaiienels - Ccid del Prado Vera,
Maggenti, and van Riper, in press
Cestoda
Anonchotaenia bras%lense - Vogue and Davis
1953: van Riper

Acari
Analges sp. - Goff 1980
Cheyletus eruditus - Goff 1980;
M.L. Goff, pers. comm.
Cheyletus sp. - Berger 1981

Ingressiells sp. - Goff 1980
Proctophyllodes sp. - Goff 1980

Mallophaga
Colpocephalum hilensis - Zimmerman 1948

Myrsidea cyrtostigma - Alicata 1969;
Zimmerman 1948

Hippoboscidae
Ornithojca vicing - Bequaert 1941; Maa 1966
Viruses

Avian pox - van Riper2
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Bacteria 5
Staphvlococcus epidermis - van R%per
citrobacter fruendii - van Riper

*Apapane Himatione sangquinea
Protozoa
Plagmodium relictum - Navvab Gojrati 1970;

van Riper et al., in press
Trichomonas gallinae - van Riper2
Nematoda
Procyrnea longialatus - cid del Prado Vera,
Maggenti, and van Riper, in press
Viquieyra hawaliensis - Cid del Pradec Vera,
Maggenti, and van Riper, in press
Cestoda

Anonchotaenia bras%lense = Vogue and Davis
1953; van Riper

Trematoda
Urotocus rossittensis - van Riper2
Acari
Analges sp. - Goff 1980
Androlaelaps sp. - Goff 1980

Anherialges sp. - Goff 1980
Calcealges sp. - Goff 1980
Harpyrhynchus sp. - Goff 1980
Mouchetia sp. - Goff 1980
Proctophyllodes sp. ~ Goff 18980
Pterodectes sp. - Goff 1980
Ptilonyssus sp. {2 new species)
(nasal cavity) - Goff 1980
Mallophaga
Myrsidea cyrtosticgma - Zimmerman 1948
Viruses
Avian pox - van Riper2
Bacteria
Klebsiella pneumonjiae - van iper2
Escherichia coli - van Riper
Pseudomonas pseudoalcaligens - vsn Riper2
Enterobacter cleoacae - van Riper
Fungi
Candida albicans (captive) - A. Mivahara,
pers. comm.

House sparrow Passer domesticus
Protozoa
Atoxoplasma sp. = van Riper et al., in press
Plasmodium relietum - van Riper et al.,

in press
Nematoda
Oxyspirura mansoni - Illingsworth 1931
Tetrameres sp. = Kartman 1951

Acari

Boydaia nigra - Fain and Goff 1980
Dermatophagoides evansi (body wash)
- Goff 1980; M.L. Goff, pers. comm.
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Haemolaelaps fenilis - Alicata, Kartman,
and Fisher 1948
Harpyrhynchus pilirostris - Garrett and
Haramoto 1967; Goff 1980
Neonyssus sp. = Alicata, Kartman, and
Fisher 1948
ornithonyssus bursa (nest) - Garrett and
Haramoto 1967; Zimmerman 1944
Ornithonyssus sylviarum {nest) - Goff 1980
Proctovhyllodes truncatus - Alicata, Xartman,
and Fisher 1948
Ptilonyssus hirsti - Wilson 1964b; Goff 1980
Mallophaga
Bruelia vulgata - Zimmerman 1948
Myrsidea sp. - Alicata, Kartman, and
Fisher 1948
Hippeobescidae
Ornithoica wvicina - Alicata, Kartman, and
Fisher 1%48; Maa 1966
Viruses
Avian pox - van Riper?

Blue-capped cordonbleu Uraeginthus cyanccephala
Nematoda
Capillaria sp. - Smith and Guest 1974
Acari
Sternostoma tracheacolum (respiratory tract)
- Smith and Guest 1974; (internal organs)
Smith 1973a

Lavender waxbill Estrilda caerulescens
Nematoda
Tetrameres sp. - Smith and Guest 1974
Acari

Ptilonyssus sp. (nasal cavity)
- Smith and Guest 1974

Orange-cheeked waxbill Estrilda melpoda
Nematoda

Capillaria sp. - Smith and Guest 1974
Acari

Sternostoma tracheacolum (body cavity}
- Smith and Guest 1974

Black-rumped waxbill (Red-eared)
Estrilda troglodytes

Acaril

Sternostoma tracheacolum {(internal organs) -
Smith 1973a

Nutmeg mannikin (Ricebird)
Lonchura punctulata

Protozoa
Atoxoplasma sp. - van Riper et al., in press
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Isospora jvensae - Levine, van Riper,
and van Riper 1980
Plasmodium relictum - van Riper et al.,
in press
Trichomonas gallinae (captive)
- Smith and Guest 1974
Acari
Haemolaeplaps fenilis {nest) - Garrett and
Haramoto 1967
Onychalges sp. - Goff 1980
Paraneonyssus sp. {(nasal cavity) - Goff 15980
Pterodectes sp. - Goff 1980
Ptilonyssus sp. {nasal cavity)} -~ Goff 1980
Trouessartia sp. ~ Goff 1980
Mallophaga
Bruelia stenzona -~ Zimmerman 1948
Philopterus subflavescens - Zimmerman 1948

Taxonomy of the avian species follows the A.0.U.
Check-list of North American Birds 1983.

Parasites and diseases found by the authors but
not previocusly published.
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