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THE PAPER BY Hartup et al. (2001) on House 
Finch (Carpodacus mexicanus) conjunctivitis is 
an example of the rapid geographic spread that 
can result from disease emergence in naive 
populations. That event was neither novel nor 
transient relative to its occurrence or effects. 

Disease emergence and reemergence are hall- 
marks of the latter part of the twentieth century 
(Center for Disease Control 1994, Levins et al. 
1994, DaSilva and Laccarino 1999, Gratz 1999). 
Current examples involving domestic animals 
include the problems in Europe with bovine 
spongiform encephalopathy (BSE, or "mad 
cow disease") (Brown 2001) and foot-and- 
mouth disease (FMD) (Kitching 1999). Human 
health has been affected by diseases caused by 
an array of viruses (Morse 1993, Nichol et al. 
1993, Murphy and Nathanson 1994), bacteria 
(Dennis 1998, DaSilva and Laccarino 1999), 
rickettsia (Walker and Dumier 1996, Azad et al. 
1997), protozoans (Tuerrant 1997, Saini et al. 
2000), and metazoan parasites (Hildreth et al. 
1991, Gubler 1998), as well as other causes. Ac- 
quired immune deficiency syndrome (AIDS) 
has received the most notoriety of those dis- 
eases (Hahn et al. 2000, Schwartlander et al. 
2000). A similar pattern exists on a global scale 
for free-ranging wildlife populations (Table 1) 
(Friend 1994, 1995; Epstein et al. 1998, Daszak 
et al. 2000). However, in comparison to disease 
emergence affecting humans and domestic an- 
imals, response to emerging diseases of wild- 
life is generally superficial. We present con- 
cepts and data to support our contention that 
failure to adequately address disease emer- 
gence in free-ranging wildlife is resulting in a 
diminished capability to achieve and sustain 
desired geographic distributions and popula- 
tion abundance for species of wild birds, in- 
cluding some threatened and endangered 
avifauna. 

3 Address correspondence to this author. E-mail: 
joshua_dein@usgs.gov 

For clarity, we define disease and disease emer- 
gence in the context of our use of those terms 
because they are the focus of our comments. 
Disease is any departure from health (Guralnik 
1982); that is, dysfunction contributing to phys- 
iological, physical, reproductive, behavioral, or 
other impairment that reduces the probability 
of survival of individuals. If enough individu- 
als are affected, the collective effects can reduce 

the sustainability of the population. Although 
disease can result from exposure to a wide va- 
riety of physical, chemical, and biological 
agents and other conditions, we focus this pa- 
per on microbes and parasites and to overt 
mortality caused by them. Thus, disease effects 
presented only represent the proverbial "tip of 
the iceberg" relative to the challenges wild avi- 
fauna face from disease. Our perspective of dis- 
ease emergence expands the earlier definitions of 
emerging diseases by others (Centers for Dis- 
ease Control and Prevention 1994, Morse 1995) 
to include all species. Our comments are de- 
fined by the context of disease occurrences that 
have increased within the past three decades, 
or threaten to increase in the near future rela- 

tive to populations affected, geographic distri- 
bution, or magnitude of effects. 

DISEASE EFFECTS 

Haldane (1949) cited by May (1988) stated 
':.. infectious diseases have undoubtedly been 
the main agents of morbidity and mortality 
(and thus the dominant selective factors) in hu- 
man populations at least for the past 10,000 
years." Support for the continued dominance 
of microbes and protozoan and metazoan par- 
asites over humankind can be found in the 

writings of such notable scholars as McNeill 
(1976) and Lederberg (1988, 1993, 1997). 

It is folly to think that wild birds and other 
wildlife are less susceptible to the influences of 
disease than humans and domestic animals. 

Nevertheless, "... ecologists and evolutionary 
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biologists virtually ignored parasites [includ- 
ing microbes] until recently, even as a source of 
mortality for host species [wildlife] of primary 
interest" (Toft 1991). This is inconsistent with 
the viewpoints of Price (1980) that "... para- 
sites affect the life and death of practically ev- 
ery other living organism;" and that 

ß . . parasites are likely to play a role in practically 
every aspect of the evolutionary biology of birds, 
and probably vertebrates in general. Such a view has 
been a long time in gestation, probably because in a 
fetal condition it was roundly thwarted by two em- 
inent ecologists (Price 1991). 

The writings of Elton (1927) and Lack (1954, 
1966) and support for their conclusions by oth- 
er notable ecologists suppressed for decades 
considerations of disease as a significant factor 
for avian population dynamics (Price 1991). 

More recent evaluations have clearly dem- 
onstrated that the emergence of avian malaria 
(Plasmodium relicturn) and avian pox in Hawaii 
has regulated the geographic distribution and 
abundance of native Hawaiian forest birds on 

the Island of Hawaii (Warner 1968, van Riper et 
al. 1986, Atkinson et al. 1995). Others (Hudson 
1986, Hudson and Dobson 1991) have shown 
that the parasite Trichostrongylus tenuis regu- 
lates population numbers of Red Grouse (La- 
gopus lagopus scoticus). 

The biological significance of Mycoplasma gal- 
lisepticum infections in House Finches is equiv- 
ocal. The Hartup et al. (2001) study did not de- 
tect gross differences in survival for diseased 
and normal finches. However, others have con- 

cluded that mycoplasmal conjunctivitis is a sig- 
nificant mortality factor for eastern popula- 
tions of House Finches and is capable of 
causing population declines (Luttrell et al. 
1998, Nolan et al. 1998, Hochachka and Dhondt 
2000). Our purpose is not to debate the merits 
of different evaluations involving House Finch 
conjunctivitis. Instead, we note that this new 
disease for wild birds is a recent addition to the 

continuum of emerging diseases that are chal- 
lenging the integrity of avian communities (Ta- 
ble 2). 

It is noteworthy that disease challenges for 
avian communities are occurring in some of the 
more pristine ecosystems on Earth. For exam- 
ple, it has recently been stated that 

the birds of the Galapagos now confront serious 
problems caused by introduced diseases .... For 

Galapagos to survive, increased technical and finan- 
cial means must be found to defeat the worst of the 

plagues and to monitor and respond to the threats 
of these introduced species. (Vargas 2000). 

Avian disease has also become an issue in 

Antarctic penguins. An infectious agent is sus- 
pected as the cause for mass mortality in Adelie 
Penguin (Pygoscelis adelaiae) chicks during the 
1990s (Gardner et al. 1997a, b). More recently, 
antibodies to infectious bursal disease virus 

(IBDV), a pathogen of domestic chickens (Gallus 
domesticus), have been found in sera collected 
from wild Emperor (Aptenodytes forsteri) and 
Adelie penguins (Gardner et al. 1997a, b). An- 
tibodies to IBDV have also been found in sera 

of Spectacled Eiders (Somateriafischeri) nesting 
in a remote area of western Alaska and in nest- 

ing Common Eiders (S. mollissima) and Herring 
Gulls (Larus argentatus) in the Baltic Sea (Holl- 
m6n et al. 2000). 

Disease emergence.--Disease emergence in 
avifauna has taken different forms (Table 3), 
and the frequency of recurrence, geographic 
spread, species affected, and magnitude of 
losses following initial events have generally 
been unpredictable and highly variable. For ex- 
ample, it took only three years from the first re- 
ported case of House Finch conjunctivitis in 
1994 in the Washington, D.C. area to steadily 
spread westward to the Mississippi River and 
essentially occupy the entire eastern range of 
House Finches (Fischer et al. 1997, Friend 
1999a). Other diseases, such as the reovirus re- 
sponsible for the deaths of moderate numbers 
of American Woodcock (Scolopax minor), have 
remained highly localized (Docherty et al. 
1994). Only a single recurrence of that reovirus 
has been documented (Docherty 1999). In con- 
trast, annual losses of substantial numbers of 
deaths annually of American Coot (Fulica amer- 
icana) have been caused by the trematode Ley- 
ogonimus polyoon (Cole and Friend 1999). Duck 
plague has spread from the initial 1967 out- 
break in wild waterfowl on Long Island, New 
York (Leibovitz and Hwang 1968), in a haphaz- 
ard manner across much of the United States 

and into Canada (Friend 1999b, Converse and 
Kidd 2001). 

Variability also has been great relative to spe- 
cies affected. House Finch conjunctivitis in the 
wild has essentially been limited to House 
Finches. Duck plague is a disease limited to 
Anseriformes (Sandhu and Leibovitz 1997), 
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and there is a great deal of variability in the 
susceptibility for different species of waterfowl 
(Spieker et al. 1996). In contrast, West Nile vi- 
rus has been isolated from more than 60 species 
of dead free-ranging birds and from an addi- 
tional 20 species of wild birds that have died in 
zoological and other collections (Steele et al. 
2000) since the initial North American appear- 
ance of West Nile fever in 1999 (Lanciotti et al. 
1999). West Nile virus is also responsible for 
the deaths of several species of mammals, in- 
cluding humans (Center for Disease Control 
1999). The magnitude of bird deaths associated 
with specific diseases is also highly variable, 
ranging along a spectrum from individual bird 
events from chronic diseases of attrition such as 

avian tuberculosis (Mycobacterium avium), to 
small numbers of deaths per event for diseases 
such as renal coccidiosis (Eimeria truncata), to 
large-scale epizootics such as those caused by 
West Nile virus and avian cholera (Pasteurella 
multocida) (Friend and Franson 1999). Avian 
botulism (Clostridium botulinum type C) and 
avian cholera currently stand out as major 
problems because of the magnitude of losses 
they cause, broad spectrum of species affected, 
annual frequency of epizootics, and their con- 
tinually increasing geographic area of occur- 
rence (Table 4) (Friend 1999c, Rocke and Friend 
1999). However, it is the cumulative effects of 
the wide variety of emerging diseases that is of 
concern, rather than individual disease events 
or diseases. 

Population e,f, fects.--The ability to determine 
and evaluate the effect of disease on the pop- 
ulation dynamics of free-ranging avifauna is 
fraught with difficulties and confounded by a 
host of factors that complicate the determina- 
tion of cause-and-effect relationships. As a re- 
suit, evaluations are primarily at a gross scale 
and, in the absence of long-term studies on dis- 
crete populations or population cohorts, are 
generally associated with major changes in 
population numbers, rather than subtle chang- 
es such as long-term population depression, re- 
productive effects, or indirect mortality. 

The current decline of vultures on the Indian 
subcontinent (Holden 2000) is an extreme ex- 
ample of the effects disease can have on avifau- 
na. Over the past three to five years, populations 
of the Indian White-Backed (Gyps bengalensis) 
and the Indian Long-Billed (G. indicus) vultures 
over much of India have fallen to <5% of their 
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TABLE 2. Examples of disease emergence in wild avifauna. 

Geographic 
Initial Primary taxa location/current 

Agent type Disease event affected status Citation 

Virus Duck plague 1967 Anatidae New York, Converse and Kidd 
(Duck virus USA; spread- 2001; Friend 
enteritis) ing since 1999b; Leibovitz 

1970s and Hwang 1968; 
throughout 
USA and 
Canada. 

Newcastle dis- 1990 Phalacrocoracidae Saskatchewan, Docherty and Friend 
ease Canada; 1999; Glaser et al. 

spreading 1999; Meteyer et 
since 1992 al. 1997; Wobeser 
within USA et al. 1990 
and Canada. 

West nile fever 1999 Corvidae New York, Steele 2000 
USA; spread- 
ing 

Avian pox a 1978 Accipitridae Alaska, USA; Hansen 1999; Win- 
spread dingstad et al. 
throughout 1993 
USA. 

Woodcock reo- 1989 Scolopacidae New Jersey, Docherty et al. 1994 
virus Virginia, 

USA; quies- 
cent since 

second event. 

Bacteria Avian cholera 1944 Anatidae California, Tex- Friend 1999c 
as, USA; 
spread across 
USA and into 
Canada since 
1970s. 

Mycoplasmosis 1994 Fringillidae District of Co- Fischer et al. 1997 
lumbia, USA; 
spread 
throughout 
entire eastern 

range of 
House Finch. 

Avian tubercu- 1986 Gruidae New Mexico, Snyder et al. 1991; 
losis USA; sporad- Friend 1999c 

ic cases in 
other avian 

species. 
Salmonellosis 1980s Fringillidae Various, USA; Friend 1999e; Na- 

increasing in tional Wildlife 
USA and Health Center 
Canada. 2001 

Avian botulism 1996 Pelecanidae California, National Wildlife 
(type C in USA; annual Health Center 
fish-eating occurrence at 2001 
birds) Salton Sea. 

Avian 1890s b Anatidae California, Kalmback 1968; 
Botulism Utah, USA; Rocke and Friend 
(type C, clas- Nationwide 1999 
sical) expansion 

within USA 
since 1980s 

and increas- 

ing problem 
in Canada 
and Mexico. 
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TABLE 2. Continued. 

Geographic 
Initial Primary taxa location/current 

Agent type Disease event affected status Citation 

Bacteria Necrotic enteri- 1982 Anatidae Wisconsin, Illi- 
ris nois, USA; 

events fol- 
lowed in 
Canada and 
other areas of 
USA. 

Fungi Mycotoxicosis 1982 Gruidae Texas, USA; lo- Windingstad et al. 
calized occa- 1989 
sional occur- 
rences. 

Metazoan para- Trematodiasis 1996 Rallidae Wisconsin, Cole and Friend 1999 
site USA; local- 

ized annual 
occurrences. 

Siegfried and Brand 
1982; Wobeser and 
Rainnie 1987 

a Example is specific for avian pox in Bald Eagles; in general avian pox is occurring with increased frequency in several groups of birds 
including Anatidae and Fringillidae in addition to occurrences in Hawaii affecting Depanididae. 

b Avian botulism first appeared as a major killer of waterbirds in the late 1890s to early 1900s; for the next 40 years that disease, with rare 
exception, was only reported to occur west of the Mississippi River (Kalmback 1968). 

former abundance. Pathological findings strong- 
ly suggest the cause to be a disease of viral eti- 
ology (Rahmani and Prakash 2000). That disease 
has also reached Pakistan and Nepal, and may 
be the cause for the decline in vulture popula- 
tions in other parts of Asia. 

Common Eider populations in the Gulf of 
Finland are declining at a rate of 6 to 10% year- 
ly (Hario 1998). Disease emergence is postulat- 
ed to be the cause for the recent decline. In the 

late 1980s, duckling survival dropped to I to 
5% in some areas and mortality events have 
killed large numbers of young and some adult 
eiders (Hollm6n et al. 1999, 2000). A high prev- 
alence of antibodies to IBDV has been found in 

the blood of eiders nesting within the Gulf of 
Finland. Those findings are of concern because 
IBDV causes substantial mortality in chickens 
(Hollm6n et al. 2000). In addition, two viruses 
other than IBDV have been isolated from Gulf 

of Finland eiders. Investigations are ongoing 
relative to the role of those viruses in the eider 

decline (T. Hollm6n pers. comm.). 
Emerging diseases can have added signifi- 

cance when they appear in avian populations 
already in decline or when threatened and en- 
dangered species are affected because of low 
population numbers associated with those sta- 
tus categories. During 1996, a single event of 
type C avian botulism was responsible for the 
loss of an estimated 15 to 20% of the western 

population of White Pelicans (Pelacanus ery- 

throrhynchos). This subpopulation has been in 
decline for several decades (D. Anderson pers. 
comm.). Substantial numbers of endangered 
California Brown Pelican (Pelacanus occidentalis) 
also died during that event. Despite the near 
global occurrence for type C avian botulism 
(Eklund and Dowell 1987), large-scale mortal- 
ity of fish-eating birds from type C toxin is 
without precedent. The situation occurring at 
the Salton Sea in California appears to involve 
disease emergence in the form of an aberrant 
disease cycle for this environmental disease. 
Since 1996, type C avian botulism has been an 
annual cause of pelican mortality at the Salton 
Sea. 

The Northern Pintail (Arias acuta) is another 
species whose population levels within North 
America are being affected by disease. In 1957, 
the estimated breeding population for that spe- 
cies exceeded 10 million, but then steadily de- 
clined to - 3.5 million by 1964, and after even- 
tually increasing back to -7 million in 1972, 
declined again to a low of slightly above 2 mil- 
lion in 1991 (Wilkins and Cooch 1999). Despite 
years of major efforts focused on restoring that 
species, the breeding population in 1999 was 
30% below the long-term average and well be- 
low the long-term goal (Wilkins and Cooch 
1999). The continued suppression of Northern 
Pintail populations is not surprising given the 
fact that the Northern Pintail is often the dom- 

inant species in major mortality events from 
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TABLE 3. Forms of disease emergence in wild birds. 

Event characterization Description Example 
New disease 

Geographic expansion 

Reemergence a 

Novel appearance 

First appearance in wild 
birds within geographic 
area (region, nation). 

Movement of an enzootic 

disease of birds beyond 
the geographic boundar- 
ies of historic and com- 
mon occurrence. 

Recurrence of a• dormant 
disease of wild birds in 

similar or the same spe- 
cies and within the histor- 

ic geographic boundaries 
for previous disease activ- 
ity. 

Occurrence of a disease of 

birds in species that it 
does not normally affect. 

House Finch conjunctivitis (Fischer et 
al. 1997; Hartup et al. 2001) 

Avian cholera (Friend 1999c) 

Velogenic Newcastle disease in Double- 
crested Cormorants (Phalacrocorax au- 
ritus) (Glaser et al. 1991) 

Type C avian botulism in pelicans (T. 
Rocke unpubl. data; National Wildlife 
Health Center 2001) 

ß ' Reemergence can lead to geographic expansion as has occurred for Newcastle disease. 

avian botulism and avian cholera (Ball et al. 
1998, Miller and Duncan 1999, National Wild- 
life Health Center 2001). Those events occur 
from their Canadian breeding grounds to win- 
tering areas in the southern United States and 
Mexico. Heavy fall and spring losses also occur 
within the United States during some years. 
During 1997, an estimated 1.5 million water 
birds, primarily waterfowl (the majority of 
those birds being Northern Pintails) died from 
avian botulism during two sequential events. 
The first occurred in Canada and the other on 

the marshes in the vicinity of the Great Salt 
Lake in Utah (Ball et al. 1998). 

The Whooping Crane (Grus americana) serves 
as our final example of disease effects on avian 
populations. A foster parenting project was un- 
dertaken to establish an additional migratory 
flock of Whooping Cranes in the western Unit- 
ed States (Drewien and Bizean 1978). The flock 
peaked at 32 birds and then declined rapidly. 
Approximately 39% of the Whooping Cranes 
found dead from that flock died from, or were 
infected and would have died from, avian tu- 

berculosis (Snyder et al. 1991). Typically, <1% 
of wild birds received for necropsy are diag- 
nosed with avian tuberculosis (Smit et al. 1987, 
Converse and Dein 1991, Friend 1999d). Avian 
tuberculosis was clearly a major factor in the 
failure of the Whooping Crane foster parenting 
project. 

Zoonoses.--It should also be recognized that 
wild birds are involved in the dissemination 

and transmission of a variety of diseases of hu- 
mans (zoonoses) and domestic animals. Harris 
(1991) and Cooper (1990) list 24 and 22 zoo- 
noses, respectively, involving wild birds. West 
Nile virus is the latest zoonosis involving birds 
to appear in the United States. Other zoonoses 
involving wild birds are also gaining promi- 
nence as disease issues. During recent years, 
salmonellosis (Salmonella typhymerium) has 
gained international importance as a major 
killer of birds at feeding stations (Kirkwood 
and MacGregor 1998, Friend 1999e). It is likely 
that this situation is an emerging example of 
problems that will continue to develop due to 
an increased dependency upon urban and sub- 
urban habitats and feeding stations as a result 
of the diminished base of natural habitat for 

many species of birds. The enhanced interface 
between humans and wild birds in the urban 

and suburban landscape presents increased 
opportunities for disease transfer to humans. 
This issue is a focus for growing concerns 
among some segments of society relative to ur- 
ban populations of wild waterfowl, primarily 
Canada Geese (Branta canadensis) (Graczyk et 
al. 1998, Saltoun et al. 2000). 

DISCUSSION 

The importance of disease emergence for hu- 
man society is of international scope and has 
stimulated the development of a wide variety of 
projects, collaborative efforts, scientific publi- 
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TABLE 4. Examples of single event losses of wild birds due to avian botulism (Clostridium botulinum type 
C) and avian cholera (Pasteurella multocida). 

Year Geographic location Primary taxa affected a Losses b 
Avian botulism 

1980 

1982 

1995 
1996 

1997 

1997 

Avian cholera 
1970 

1978 

1980 

1982 

1995 

1998 

Utah, USA (Bear River Marshes, 
Box Elder Co.) 

Caspian Sea, Russia (Guryev 
Region, Kazachstan) 

Alberta, Canada (Pakowki Lake) 
Saskatchewan, Canada (Old 

Wives Lake) 
Saskatechwan, Canada (Old 

Wives Lake) 
Utah, USA (Bear River Marshes, 

Box Elder Co.) 

Anatidae 105,000 c 

Anatidae 1,000,000 d 

Anatidae (> 100,000) • 
Anatidae 134,000 • 

Anatidae 1,000,000 • 

Anatidae 500,000 • 

Maryland, USA (Chesapeake Anatidae 88,000 f,g 
Bay) 

Maryland, USA (Chesapeake Anatidae (31,295) h 
Bay) 

Nebraska, USA (Rainwater Ba- Anatidae 80,000 c,i 
sins) 

Nebraska, USA (Rainwater Ba- Anatidae 32,800-36,300J 
sins) 

Northwest Territories, Canada Anatidae 30,000 k 
(Egg River Colony, Banks Is- 
land) 

Utah, USA (Great Salt Lake, Salt Podicipedidae, Ana- 50,000 c 
Lake Co.) tidae 

Although Anatidae is the primary taxa affected by avian botulism, large numbers of shorebirds (Scolopacidae), American Coot (Rallidae) and 
Recorvirostridae (American Avocets, Recurvirostra americana, and Black-Necked Stilts, Himantopus mexicanus) also commonly die during avian 
botulism epizootics. 

Estimated losses and (carcasses retrieved = minimum losses). 
Data from U.S. Geological Survey, National Wildlife Health Center Epizootiology Database. 

d Kuznetsov 1992. 

Ball et al. 1998. 

National Wildlife Federation 1970. 

g Locke et al. 1970. 

h Montgomery et al. 1980. 
Brand 1984. 

Hurt et al. 1983. 

k Samuel et al. 1999. 

cations, and reports and other actions focused 
on combating that problem on behalf of human 
health. The economic effects of emerging dis- 
eases such as BSE and FMD are enormous and 

demand aggressive efforts to combat the emer- 
gence of not only those diseases, but also other 
emerging diseases that threaten the products of 
agriculture needed to provide food and fiber 
for a continually expanding human population 
and global economy. 

We have provided testimony of the biological 
effects for avifauna of emerging disease, a sit- 
uation that also extends to other species and 
groups of free-ranging wildlife. Our testimony 
deals only with the tip of the iceberg rather 
than the full effect of disease emergence. The 
true cost from disease is associated with the 

chronic attrition that occurs from the broad 

spectrum of diseases present, rather than from 
the high-visibility events that generate media 
attention and transient crisis responses from 
the conservation community. In addition, the 
magnitude of losses from some disease events 
can be of sufficient severity to challenge the 
ability of already diminished avian popula- 
tions to overcome those single-event losses. 

If disease emergence is not aggressively ad- 
dressed on behalf of avifauna, the resulting ef- 
fects will extend beyond the biological to social 
and economic losses as well. Consider for ex- 

ample the potential effects of significant reduc- 
tions of scavenger species such as vultures in 
India and crows in the United States on the re- 

moval of carcasses; revenue lost from ecotour- 
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ism and sport hunting due to declines in bird 
populations; and the influence on cultural re- 
lations and social needs of native peoples. 

The primary causes for the emergence of dis- 
eases affecting humans are generally agreed 
upon and provide a focus for corrective actions 
(Centers for Disease Control and Prevention 
1994, Morse 1995, Wilson 1995, DaSilva and 
Laccarino 1999). Many of the same factors are 
involved for disease emergence in free-ranging 
wildlife. However, neither the avian nor greater 
conservation communities are responding to 
disease emergence in a manner consistent with 
the biological significance of that threat, or 
with the ecological understanding of how to 
approach that problem. Successful disease pre- 
vention and control for free-ranging wildlife 
requires that the approaches used are based on 
the fact that disease is an outcome, rather than 
a cause. Environmental conditions are often a 

basic cause associated with disease emergence, 
persistence, and spread, and must be ad- 
dressed to successfully combat disease. Thus, 
two of the barriers inhibiting adequate re- 
sponse to disease emergence in avian and other 
wildlife species are (1) the persistence of per- 
spectives that disease is not a significant factor 
relative to the population dynamics of wild 
species; and (2) a tendency to focus on the af- 
fected species or the causative organism rather 
than on the affected environment. 

Aldo Leopold (1933) spoke to the issue of 
disease control in his classic treatise Game Man- 

agement by stating that treatment of afflicted an- 
imals was a recessive approach. He further not- 
ed that "... the real determinants of disease 

mortality are the environment and the popu- 
lation," both of which are being "doctored dai- 
ly, for better or for worse, by gun and axe, and 
by fire and plow." The wisdom of Leopold 
(1933) regarding disease has even greater rel- 
evance today. Continued landscape changes 
due to demands for human living space and 
other basic needs will continue to alter the geo- 
graphic distribution and aggregation of avifauna 
in a manner likely to facilitate disease emer- 
gence and spread among wild birds. Reduc- 
tions in the habitat base for avian species due 
to landscape changes challenges the ability to 
sustain population levels that can withstand 
major effects from disease and still provide the 
collective values human society seeks from 
wild birds. 

Human behavior is additionally an impor- 
tant barrier inhibiting adequate response to 
disease emergence in wild birds. This factor is 
complex and is beyond the scope of this paper, 
other than to note that major differences af- 
forded disease-control efforts for humans and 

domestic animals are personal ownership and 
economic influences. Wildlife in the United 

States and in many other countries is held in 
trust by government agencies with stewardship 
responsibilities for various species. Therefore, 
the public does not have the same incentives 
that have resulted in the development of major 
programs and industries to address disease in 
humans and domestic animals. The common 

ownership of wildlife by others (government) 
contributes to a detached perspective and ap- 
proach to disease that is, in part, a variation on 
The Tragedy of the Commons (Hardin 1968) and, 
in part, laissez-faire, except for transient crisis 
responses. 

We have provided a perspective towards dis- 
ease that may challenge personal viewpoints of 
others involved in the conservation of wild 

birds. Our intent is to stimulate reexamination 

of the importance of disease on behalf of our 
avian resources. We strongly believe that due to 
landscape changes that have already occurred, 
and those certain to occur in the near future, a 

proactive, rather than a reactive, approach to- 
wards disease is required to discharge our 
stewardship obligations. Approximately 40 to 
50% of land on the Earth has been irreversibly 
transformed or degraded by human actions. 
An additional one-third of global land cover 
will be transformed over the next 100 years 
(Ayensu et al. 2000). Human-induced changes 
in biotic diversity and alterations in the struc- 
ture and function of ecosystems are the two 
most dramatic ecological trends of the past cen- 
tury (Vitousek et al. 1997). The consequences of 
these changes are that society must now dis- 
charge a role of perpetual stewardship to main- 
tain components and functions that once con- 
stituted the natural processes at the time Lack 
(1954, 1966) and others were making their 
judgments about the role of disease. Combating 
emerging disease has now become one of the 
adjustments that must be made to repair eco- 
logical integrity in a manner that sustains avi- 
an biodiversity and desired levels of avian 
populations. 



April 2001] Overview 299 

LITERATURE CITED 

ATKINSON, C., K. L. WOODS, R. J. DUSEK, L. S. SILEO, 
AND W. M. IKO. 1995. Wildlife disease and con- 

servation in Hawaii: Pathogenicity of avian ma- 
laria (Plasrnodiurn relicturn) in experimentally in- 
fected Iiwi (Vestiaria coccinea). Parasitology 111 
(Supplement):59-69. 

AYENSU, E., D. VAN R. CLAASEN, M. COLLINS, A. 
DEARING, L. FRESCO, M. GADGIL, AND H. GITAY. 

1999. International ecosystem assessment. Sci- 
ence 286:685-686. 

AZAD, A. E, S. RADULOVIC, J. A. HIGGINS, B. H. NO- 
DEN, AND J. M. TROYER. 1997. Flea-borne rickett- 
sioses: Ecological considerations. Emerging In- 
fectious Diseases 3:319-327. 

BALAZS, G. H., AND S. G. POOLEY, EDS. 1991. Re- 

search plan for marine turtle fibropapiloma. U.S. 
Department of Commerce, National Oceano- 
graphic and Atmospheric Administration, Nat- 
ural Marine Fisheries Service. NOAA-TM- 

NMFS-SWFSC-156. 

BALL, G., T. BOLLINGER, M. CONLY, J. KADLEC, B. 
MACFARLANE, H. MURKIN, T. MURPHY, M. PY- 
BUS, T. ROCKE, M. SAMUEL, D. SHARP, AND G. 

WOBESER. 1998. Report to the Prairie Habitat 
Joint Venture by the working group on avian 
botulism. Canadian Cooperative Wildlife Health 
Centre, Saskatoon, Saskatchewan. 

BENGIS, R. G., AND D. E KEET. 2000. Bovine tuber- 

culosis in the Kruger National Park. Pages 14-18 
in Abstracts 49th Annual Wildlife Disease As- 
sociation Conference. 

BERGER, M. L., R. SPEARE, P. DASZAK, D. E. GREEN, 

AND A. CUNNINGHAM. 1998. Chrytridiomycosis 
causes amphibian mortality associated with 
population declines in the rain forests of Austra- 
lia and Central America. Proceedings of the Na- 
tional Academy of Sciences USA 95:9031-9036. 

BRAND, C. J. 1984. Avian cholera in the Central and 
Mississippi flyways during 1979-80. Journal of 
Wildlife Management 48:399-406. 

BROUDER, M. J., AND T. k. HOFFNAGLE. 1997. Distri- 

bution and prevalence of the Asian fish tape- 
worm, Bothriocephalus acheilognathi, in the Colo- 
rado River and tributaries, Grand Canyon, 
Arizona, including two new host records. Jour- 
nal of the Helminthological Society of Washing- 
ton 64:219-226. 

BROWN, P., R. G. WILL, R. BRADLEY, D. M. ASHER, 

AND k. DETWILER. 2001. Bovine Spongiform En- 
cephalopathy and Variant Creutzfeldt-Jakob 
Disease: Background, evolution, and current 
concerns. Emerging Infectious Diseases 7:16-17. 

CENTER FOR DISEASE CONTROL. 1999. Outbreak of 

West Nile-like viral encephalitis--New York, 
1999. Morbidity and Mortality Weekly Report 
48:845-849. 

CENTERS FOR DISEASE CONTROL AND PREVENTION 

1994. Addressing Emerging Infectious Disease 
Threats: A Prevention Strategy for the United 
States. U.S. Department of Health and Human 
Services, Public Health Service, Atlanta, 
Georgia. 

COLE, R. A., AND M. FRIEND. 1999. Miscellaneous 

parasitic diseases. Pages 249-262 in Field Man- 
ual of Wildlife Diseases (M. Friend and J. C. 
Franson, Eds.). U.S. Geological Survey, Biologi- 
cal Resources Division, National Wildlife Health 
Center, Madison, Wisconsin. 

CONVERSE, K. A., AND E J. DEIN. 1991. Tuberculosis 
in wild birds: Implications for captive birds. 
Page 140 in Proceedings of the American Asso- 
ciation of Zoo Veterinarians (R. Cambre, Ed.) 
AAZV, Media, Pennsylvania. 

CONVERSE, K. A., AND G. A. KIDD. 2001. Duck plague 
epizootics in the United States, 1967-1995. Jour- 
nal of Wildlife Diseases 37:347-357. 

COOPER, J. E. 1990. Birds and zoonoses. Ibis 132:181- 
191. 

DASILVA, E., AND M. LACCARINO. 1999. Emerging 
diseases: A global threat. Biotechnology Ad- 
vances 17:363-384. 

DASZAK, P., A. A. CUNNINGHAM, AND A.D. HYATT 

2000. Emerging infectious disease of wildlife-- 
Threats to biodiversity and human health. Sci- 
ence 287:443-449. 

DENNIS, D. T. 1998. Epidemiology, ecology and pre- 
vention of Lyme disease. Pages 7-34 in Lyme 
Disease (D. W. Rahn and J. Evans, Eds.). Amer- 
ican College of Physicians, Philadelphia. 

DOCHERTY, D. E. 1999. Woodcock reovirus. Pages 
185-192 in Field Manual of Wildlife Diseases (M. 
Friend and J. C. Franson, Eds.). U.S. Geological 
Survey, Biological Resource Division, National 
Wildlife Health Center, Madison, Wisconsin. 

DOCHERTY, D. E., K. A. CONVERSE, W. R. HANSEN, 
AND G. W. NORMAN. 1994. American Woodcock 

(Scolopax minor) mortality associated with reo- 
virus. Avian Diseases 38:899-904. 

DOCHERTY, D. E., AND M. FRIEND. 1999. Newcastle 

disease. Pages 175-179 in Field Manual of Wild- 
life Diseases (M. Friend and J. C. Franson, Eds.). 
U.S. Geological Survey, Biological Resources Di- 
vision, National Wildlife Health Center, Madi- 
son, Wisconsin. 

DREWIEN, R. C., AND E.G. BIZEAN. 1978. Cross-fos- 

tering Whooping Cranes to sandhill foster par- 
ents. Pages 201-222 in Endangered Birds: Man- 
agement Techniques for Preserving Threatened 
Species (S.A. Temple, Ed.). University of Wiscon- 
sin Press, Madison. 

EKLUND, M. W., AND V. R. DOWELL. 1987. Avian Bot- 

ulism--An International Perspective. Charles C. 
Thomas, Springfield, Illinois. 

ELTON, C. 1927. Animal Ecology. MacMillan, New 
York. 



300 Overview [Auk, Vol. 118 

EPSTEIN, P. R., B. SHERMAN, E. SPANGER-SIEGFRIED, 
A. LANGSTON, S. PRASAD, AND B. MCKAY. 1998. 

Marine ecosystems: Emerging diseases as indi- 
cators of change. Center for Health and Global 
Environment, Harvard Medical School, Boston. 

FISCHER, J. R., D. E. STALLKNECHT, M.P. LUTTRELL, A. 
A. DHONDT, AND K. A. CONVERSE. 1997. Myco- 
plasma conjunctivitis in wild songbirds: The 
spread of a new contagious disease in a mobile 
host population. Emerging Infectious Diseases 
3:69-72. 

FRIEND, M. 1994. Diseases of wildlife: Changing pat- 
terns and emerging trends. Pages 70-77 in In- 
ternational Wildlife Rehabilitation Council Con- 

ference Proceedings. Suisin City, California. 
FRIEND, M. 1995. Increased avian diseases with hab- 

itat change. Pages 401-403 in Our Living Re- 
sources: A Report to the Nation on the Distri- 
bution, Abundance, and Health of U.S. Plants, 
Animals, and Ecosystems (E. T. LaRoe, G. S. Far- 
ris, C. E. Puckett, P. D. Doran, and M. J. Mac, 
Eds.). U.S. Department of the Interior, National 
Biological Service, Washington, D.C. 

FRIEND, M. 1999a. Mycoplasmosis. Pages 115-119 in 
Field Manual of Wildlife Diseases (M. Friend 
and J. C. Franson, Eds.). U.S. Geological Survey, 
Biological Resource Division, National Wildlife 
Health Center, Madison, Wisconsin. 

FRIEND, M. 1999b. Duck plague. Pages 141-152 in 
Field Manual of Wildlife Diseases (M. Friend 
and J. C. Franson, Eds.). U.S. Geological Survey, 
Biological Resources Division, National Wildlife 
Health Center, Madison, Wisconsin. 

FRIEND, M. 1999c. Avian cholera. Pages 75-92 in Field 
Manual of Wildlife Diseases (M. Friend and J. C. 
Franson, Eds.). U.S. Geological Survey, Biologi- 
cal Resources Division, National Wildlife Health 
Center, Madison, Wisconsin. 

FRIEND, M. 1999d. Avian tuberculosis. Pages 93-98 in 
Field Manual of Wildlife Diseases (M. Friend 
and J. C. Franson, Eds.). U.S. Geological Survey, 
Biological Resources Division, National Wildlife 
Health Center, Madison, Wisconsin. 

FRIEND, M. 1999e. Salmonellosis. Pages 99-109 in 
Field Manual of Wildlife Diseases (M. Friend 
and J. C. Franson, Eds.). U.S. Geological Survey, 
Biological Resources Division, National Wildlife 
Health Center, Madison, Wisconsin. 

FRIEND, M., AND J. C. FRANSON, EDS. 1999. Field 
Manual of Wildlife Diseases. U.S. Geological 
Survey, Biological Resource Division, National 
Wildlife Health Center, Madison, Wisconsin. 

FRYER, J. L., C. N. LANNAN, S. J. GIOVANNONI, AND 
N. D. WOOD. 1992. Priscirickettsia Salmonis gen. 
nov., sp. nov., the causative agent of an epizootic 
disease in salmonid fishes. International Journal 
of Systematic Bacteriology 42:120-126. 

GARDNER, H., S. BROUWER, L. GLEESON, K. KERRY, 
AND M. RIDDLE. 1997a. Poultry virus infection 

found in Antarctic penguins. Penguin Conser- 
vation 10:8-21. 

GARDNER, H., K. KNOWLES, M. RIDDLE, S. BROUWER, 
AND L. GLEESON. 1997b. Poultry virus infection 
in Antarctic penguins. Nature 387:245. 

GLASER, L. C., I. K. BARKER, D. V. C. WESELOH, J. LUD- 
WIG, R. M. WINDINGSTAD, D. W. KEY, AND T. K. 
BOLLINGER. 1999. The 1992 epizootic of Newcas- 
tle disease in Double-crested Cormorants in 

North America. Journal of Wildlife Diseases 35: 
319-330. 

GRACZYK, T. K., R. FAYER, J. M. TROUT, E. J. LEWIS, C. 
A. FARLEY, I. SULAIMAN, AND A. A. LAL. 1998. 

Giardia sp. cysts and infectious Cryptosporidium 
parvum oocysts in the feces of migratory Canada 
Geese (Branta canadensis). Applied and Environ- 
mental Microbiology 64:2736-2738. 

GRATZ, N. G. 1999. Emerging and resurging vector- 
borne diseases. Annual Review of Entomology 
44:51-75. 

GUBLER, D. J. 2001. Resurgent vector-borne diseases 
as a global health problem. Emerging Infectious 
Diseases 4:442-450. 

GUERRANT, R. L. 1997. Cryptosporidiosis: An emerg- 
ing highly infectious threat. Emerging Infectious 
Diseases 3:51-57. 

GURALNIK, D. B., ED. 1982. Webster's New World Dic- 

tionary, 2nd college ed. Simon and Schuster, 
New York. 

HAHN, B. H., G. M. SHAW, K. M. DE COCK, AND P.M. 
SHARP. 2000. AIDS as a zoonosis: Scientific and 

public health implications. Science 287:607-614. 
HALDANE, J. B. S. 1949. Disease and evolution. La Ri- 

cerca Science Supplement 19:68-76. 
HANSEN, W. 1999. Avian pox. Pages 163-169 in Field 

Manual of Wildlife Diseases (M. Friend and J. C. 
Franson, Eds.). U.S. Geological Survey, Biologi- 
cal Resources Division, National Wildlife Health 
Center, Madison, Wisconsin. 

HARDIN, G. 1968. The tragedy of the commons. Sci- 
ence 162:1243-1248. 

HARIO, M. 1998. Recent trends and research results 
for four archipelago bird species--Common Ei- 
der, Velvet Scoter, Herring Gull and Lesser 
Black-backed Gull. Pages 12-24 in The Yearbook 
of the Linnut Magazine (T. Solonen and E. Lam- 
mi, Eds.). Bird Life Finland, Kuopio, Finland. 

HARTUP, B. K., J. M. BICKAL, A. A. DHONDT, D. H. 
LEY, AND G. V. KOLLIAS. 2001. Dynamics of con- 
junctivitis and Mycoplasrna gallisepticurn. Auk 
118:327-333. 

HARRIS, J. M. 1991. Zoonotic diseases of birds. Vet- 
erinary Clinics of North America: Small Animal 
Practice 21:1289-1297. 

HAYES, R. L., AND T. J. GOREAU. 1990. The tropical 
coral reef ecosystem as a harbinger of global 
warming. World Resources Review 3:306-322. 

HILDRETH, M. B., M.D. JOHNSON, AND K. R. KAZA- 
cos. 1991. Echinococcus rnultilocularis: A zoonosis 



April 2001] Overview 301 

of increasing concern in the United States. Con- 
tinuing Education Article #1. Special Focus Par- 
asitology. The Compendium 13:727-738. 

HOCHACHKA, W. M., AND A. A. DHONDT. 2000. Den- 

sity-dependent decline of host abundance re- 
sulting from a new infectious disease. Proceed- 
ings of the National Academy of Sciences USA 
97:5303-5306. 

HOLDEN, C. 2000. India's vultures declining. Science 
289:1679. 

HOLLMI2N, T., J. C. FRANSON, D. E. DOCHERTY, M. KIL- 
PI, M. HARIO, L. H. CREEKMORE, AND M. R. PE- 
TERSEN. 2000. Infectious bursal disease virus an- 

tibodies in eider ducks and Herring Gulls. 
Condor 102:688-691. 

HOLLMI2N, T., J. T. LEHTONEN, S. SANKARI, T. SOVERI, 
AND M. HARIO. 1999. An experimental study on 
the effects of polymorphisms in Com_mon Eider 
ducklings. Journal of Wildlife Diseases 35:466- 
473. 

HUDSON, P. J. 1986. The effect of a parasitic nematode 
on the breeding production of Red Grouse. Jour- 
nal of AnLmal Ecology 55:85-92. 

HUDSON, 1TM. J., AND A. 1TM- DOBSON. 1991. The direct 
and indirect effects of the caecal ne_matode 

Trichostrongylus tenuis on Red Grouse. Pages 49- 
68 in Bird-Parasite Interactions. Ecology, Evo- 
lution and Behaviour (J. E. Loye and M. Zuk, 
Eds.). Oxford University Press, Oxford. 

HURT, J., A. TROUT, AND R. WASHTAK. 1983. History 
of avian cholera in central Nebraska. Pages 2-10 
in Transactions of the April 28-29, 1983, Avian 
Cholera Advisory Com_mittee (C. Sowards, Ed.). 
U.S. Fish and Wildlife Service, Pierre, South 
Dakota. 

JACOBSON, E. R., J. M. GASKIN, M. B. BROWN, R. K. 
HARRIS, C. H. GARDINER, L. LAPOINTE, H. P. AD- 

AMS, AND C. REGGIARDO. 1991. Chronic upper 
respiratory tract disease of free-living desert 
tortoises. Journal of Wildlife Diseases 27:296- 
316. 

KALMBACH, E. R. 1968. Type C botulis_m among wild 
birds--A historical sketch. U.S. Depart_ment of 
the Interior, Fish and Wildlife Service, Bureau of 

Sport Fisheries and Wildlife. Special Scientific 
Report--Wildlife No. 110, Washington, D.C. 

KENNEDY, S., T. KUIKEN, P. D. JEPSON, R. DEQUITTE, 
M. FORSYTH, T. BARRETT, M. W. G. VAN DE BILDT, 
A.D. M. E. OSTERHAUS, T. EYBATOV, C. DUCK, A. 
KYDYEMANOV, I. MITROFANOV, AND S. WILSON. 

2000. Mass die-off of Caspian seals caused by ca- 
nine distemper virus. Emerging Infectious Dis- 
ease 6:637-639. 

KIRKWOOD, J. K., AND S. K. MACGREGOR. 1998. Sal- 
_monellosis in provisioned free-living Green- 
finches (Carduelis chloris) and other garden birds. 
Pages 229-234 in European Association of Zoo 
and Wildlife Veterinarians and BVZS 2nd Sci- 

entific _meeting. (P. Zwart, Ed.). Bunnik, The 
Netherlands. 

KITCHING, R. P. 1999. Foot-and-mouth disease: Cur- 
rent world situation. Vaccine 17:1772-1774. 

KUZNETSOV, E. A. 1992. Botulism in wild waterfowl 

in the USSR. Pages 112-122 in Diseases and Par- 
asites of Wild AnLmals (In Russian). Ministry of 
Ecology and Natural Resources of Russia, 
Moscow. 

LACK, D. 1954. The Natural Regulation of AnLmal 
Numbers. Clarendon Press, Oxford. 

LACK, D. 1966. Population Studies of Birds. Oxford 
University Press, London. 

LANCIOTTI, R. S., J. T. ROEHRING, V. DEUBEL, J. SMITH, 
M. PARKER, K. STEELE, ET AL. 1999. Origin of the 
West Nile virus responsible for an outbreak of 
encephalitis in the northeastern United States. 
Science 286:2333-2337. 

LAURANCE, W. F., K. R. MCDONALD, AND R. SPEARE. 

1996. Epidemic disease and the catastrophic de- 
cline of Australian rain forest frogs. Conserva- 
tion Biology 10:406-413. 

LEDERBERG, J. 1988. Medical science, infectious dis- 
eases and the unity of humankind. Journal of the 
A_merican Medical Association 260:684-685. 

LEDERBERG, J. 1993. Viruses and hu_mankind: Intra- 
cellular sy_mbiosis and evolutionary co_mpeti- 
tion. Pages 3-9 in Emerging Viruses (S.S. Morse, 
Ed.). Oxford University Press, New York. 

LEDERBERG, J. 1997. Infectious disease as an evolu- 
tionary paradigm. Emerging Infectious Diseases 
3:414-423. 

LEIBOVITZ, L., AND J. HWANG. 1968. Duck plague in 
American Anseriformes. Bulletin of the Wildlife 

Disease Association 4:13-14. 

LEOPOLD, A. 1933. Game Manage_ment. Charles 
Scribner's Sons, New York. 

LEVINS, R., T. AWERBUCH, U. BRINKMANN, I. ECK- 
ARDT, P. EPSTEIN, N. MAKHOUL, C. A. DE POSSAS, 
C. PuCCIA, A. SPIELMAN, AND M. n. WILSON. 

1994. The emergence of new diseases--Lessons 
learned fro_m the e_mergence of new diseases and 
the resurgence of old ones may help us prepare 
for future epidemics. American Scientist 82:52- 
60. 

LOCKE, L. N., V. STOTTS, AND G. WOLFHARD. 1970. An 
outbreak of fowl cholera in waterfowl on the 

Chesapeake Bay. Journal of Wildlife Diseases 6: 
404-407. 

LUTTRELL, M.P., D. E. STALLKNECHT, J. R. FISCHER, C. 
T. SEWELL, AND S. H. KLEVEN. 1998. Natural My- 
coplasma gallisepticum infection in a captive flock 
of House Finches. Journal of Wildlife Diseases 
34:289-296. 

MAMAEV, L. V., I. K. G. VISSER, S. I. BELIKOV, N. N. 
DENIKINA, T. HARDER, M. L. GOATLEY, B. RIMA, 
B. EDGINTON, A.D. M. E. OSTERHAUS, AND T. 

BARRET. 1996. Canine distemper virus in Lake 



302 Overview [Auk, Vol. 118 

Baikal seals (Phoca sibirica). Veterinary Record 
138:437-439. 

MAY, R. M. 1988. Conservation and disease. Conser- 

vation Biology 2:28-30. 
MCNEILL, W. H. 1976. Plagues and Peoples. Anchor 

Books/Doubleday, New York. 
METEYER, C. U., D. E. DOCHERTY, L. C. GLASER, J. C. 

E FRANSON, D. A. SENNE, AND R. DUNCAN. 1997. 

Diagnostic findings in the 1992 epornitic or neu- 
rotropic velogenic Newcastle disease in Double- 
crested Cormorants from the upper Midwestern 
United States. Avian Disease 41:171-180. 

MILLER, M. R., AND D.C. DUNCAN. 1999. Northern 
Pintail in North America: Status and conserva- 

tion needs of a struggling population. Wildlife 
Society Bulletin 27:788-800. 

MILLER, M. W., E. S. WILLIAMS, C. W. MCCARTY, t. R. 
SPRAKER, t. J. KREEGER, C. t. LARSEN, AND E. t. 
THORNE. 2000. Epizootiology of chronic wasting 
disease in free-ranging cervids in Colorado and 
Wyoming. Journal of Wildlife Diseases 36:676- 
690. 

MONTGOMERY, R. D., G. STEIN, JR., V. D. STOTTS, AND 
F. H. SETTLE. 1980. The 1978 epornitic of avian 
cholera on the Chesapeake Bay. Avian Diseases 
24:966-978. 

MORSE, S.S. 1993. Examining the origins of emerging 
viruses. Pages 10-28 in Emerging Viruses (S.S. 
Morse, Ed.). Oxford University Press, New York. 

MORSE, S.S. 1995. Factors in the emergence of infec- 
tious diseases. Emerging Infectious Diseases 1: 
7-15. 

MURPHY, E A., AND N. NATHANSON. 1994. The emer- 

gence of new virus diseases: An overview. Sem- 
inars in Virology 5:87-102. 

NATIONAL WILDLIFE HEALTH CENTER. 2001. Epizo- 
otiologal Database. Madison, Wisconsin. 

NICHOL, S. T., C. E SPIROPOULOU, S. MONZUNOV, P. 
E. ROLLIN, t. G. KSIAZEK, H. FELDMANN, A. SAN- 
CHEZ, J. CHILDS, S. ZAKI, AND C. J. PETERS. 1993. 
Genetic identification of a Hantavirus associated 

with an outbreak of acute respiratory illness. 
Science 262:914-917. 

NOLAN, P.M., G. E. HILL, AND M. STOEHR. 1998. Sex, 

size and plumage redness predict House Finch 
survival in an epidemic. Proceedings of the Roy- 
al Society of London, Series B 265:961-965. 

POTERA, C. 1997. Fishing for answers to whirling dis- 
ease. Science 278:225-226. 

PRICE, P. W. 1980. Evolutionary Biology of Parasites. 
Princeton University Press, Princeton, New 
Jersey. 

PRICE, P. W. 1991. Foreword. Pages v-vii in Bird-par- 
asite Interactions--Ecology, Evolution and Be- 
haviour (J. E. Loye and M. Zuk, Eds.). Oxford 
University Press, Oxford. 

RAHMANI, A. R., AND V. PRAKASH, EDS. 2000. A brief 

report on the international seminar on vulture 

situation in India. Bombay Natural History So- 
ciety, Bombay, India. 

ROCKE, T. E., AND M. FRIEND. 1999. Avian botulism. 

Pages 271-286 in Field Manual of Wildlife Dis- 
eases (M. Friend and J. C. Franson, Eds.). U.S. 
Geological Survey, Biological Resources Divi- 
sion, National Wildlife Health Center, Madison, 
Wisconsin. 

ROELKE-PARKER, M. E., L. MONSON, C. PACKER, R. 
KOCK, S. CLEAVELAND, M. CARPENTER, S. J. 
O'BRIEN, A. POSPISCHLL, g. HOFMANN-LEH- 
MANN, H. LUTZ, G. L. M. MWAMENGELE, M. N. 
MGASA, G. A. MACHANGE, B. A. SUMMERS, AND 

M. J. G. APPEL. 1996. A canine distemper virus 
epidemic in Serengeti lions (Panthera leo). Nature 
379:441-445. 

RODGER, H. D., AND E. M. DRINAN. 1993. Observation 

of a rickettsia-like organism in Atlantic salmon, 
Salmo salar L., in Ireland. Journal of Fish Diseas- 
es 16:361-369. 

RUPPRECHT, C. E., AND J. S. SMITH. 1994. Raccoon ra- 
bies: The reemergence of an epizootic in a dense- 
ly populated area. Seminars in Virology 5:155- 
164. 

RUPPRECHT, C. E., J. S. SMITH, M. FEKADU, AND J. E. 
CHILD. 1995. The ascension of wildlife rabies: A 

cause for public health concern or intervention? 
Emerging Infectious Diseases 1:107-114. 

SAINI, P. K., G. RANSOM, AND A.M. MCNAMARA. 

2000. Emerging public health concern regarding 
cryptosporidiosis. Journal of American Veteri- 
nary Medical Association 217:658-663. 

SALTOUN, C. A., K. E. HARRIS, T. L. MATHISEN, AND 

R. PATTERSON. 2000. Hypersensitivity pneumo- 
nitis resulting from community exposure to 
Canada Goose droppings: When an external en- 
vironmental antigen becomes an indoor envi- 
ronmental antigen. Annals of Allergy, Asthma 
and Immunology 84:84-86. 

SAMUEL, M.D., J. Y. TAKEKAWA, G. SAMELIUS, AND D. 
R. GOLDBERG. 1999. Avian cholera mortality in 
Lesser Snow Geese nesting on Banks Island, 
Northwest Territories. Wildlife Society Bulletin 
27:780-787. 

SANDHU, t. S., AND L. LEIBOVITZ. 1997. Duck virus 
enteriris (duck plague). Pages 675-683 in Dis- 
eases of Poultry, 10th ed. (B. W. Calnek, Ed.). 
Iowa State University Press, Ames. 

SCHMITT, S. M., S. D. FITZGERALD, t. M. COOLEY, C. 
S. BRUNING-FANN, L. SULLIVAN, D. BERRY, T. 
CARLSON, R. B. MINNIS, J. B. PAYEUR, AND J. SI- 
KARSKIE. 1997. Bovine tuberculosis in free-rang- 
ing white-tailed deer from Michigan. Journal of 
Wildlife Diseases 33:749-758. 

SCHWARTLANDER, B., g. GARNETT, N. WALKER, AND 
R. ANDERSON. 2000. AIDS in a new millennium. 

Science 289:64-67. 

SIEGFRIED, L. M., AND C. J. BRAND. 1982. A necrotiz- 
ing enteritis of Canada Geese. Title and Ab- 



April 2001] Overview 303 

stract--Annual Conference, Wildlife Disease 
Association (Abstract). 

SMIT, T., A. EGER, J. HAAGSMA, AND T. BAKHUIZEN. 
1987. Avian tuberculosis in wild birds in the 

Netherlands. Journal of Wildlife Diseases 23: 
485-487. 

SMITH, G. M., AND C. W. COATES. 1938. Fibro-epithe- 
lial growth of the skin in large marine turtles, 
Chelonia mydas (Linnaeus). Zoologica 23:93-98. 

SNYDER, S. B., M. J. RICHARD, R. C. DREWIEN, N. 
THOMAS, AND J.P. THILSTED. 1991. Diseases of 
Whooping Cranes seen during annual migra- 
tion of the Rocky Mountain flock. Pages 74-80 
in Proceedings American Association of Zoo 
Veterinarians. (R. Junge, Ed.). Media, 
Pennsylvania. 

SPIEKER, J. O., T. M. YUILL, AND E. C. BURGESS. 1996. 
Virulence of six strains of duck plague virus in 
eight waterfowl species. Journal of Wildlife Dis- 
eases 32:453-460. 

SPRAKER, t. R., M. W. MILLER, E. S. WILLIAMS, D. H. 
GETZY, W. J. ADRIAN, G. G. SCHOENVELD, R. A. 
SPOWART, K. I. O'ROURKE, J. M. MILLER, AND P. 

A. MERZ. 1997. Spongiform encephalopathy in 
free-ranging mule deer (Odocoileus hemionus), 
white-tailed deer (Odocoileus virginianus) and 
Rocky Mountain elk (Cervus elaphus nelsoni) in 
north central Colorado. Journal of Wildlife Dis- 
ease 33:1-6. 

STEELE, K. E., M. J. LINN, R. J. SCHOEPP, N. KOMAR, 
T. W. GEISBERT, R. M. MANDUCA, P. P. CALLE, B. 
L. RAPHAEL, T. L. CLIPPINGER, T. LARSEN, J. 
SMITH, R. S. LANCIOTTI, N. A. PANELLA, AND T. 

S. MCNAMARA. 2000. Pathology of fatal West 
Nile Virus infections in native and exotic birds 

during the 1999 outbreak in New York City, New 
York. Veterinary Pathology 37:208-224. 

STONE, R. 2000. Canine virus blamed in Caspian seal 
deaths. Science 289:2017-2018. 

THOMAS, N.J., AND R. A. COLE. 1996. The risk of dis- 
ease and threats to the wild population. Endan- 
gered Species Update 13:23-27. 

THOMAS, N.J., L. H. CREEKMORE, R. A. COLE, AND C. 
U. METEYER. 1998. Emerging diseases in south- 
ern sea otters. Page 613 in Status and Trends of 
the Nation's Biological Resources (M. J. Mac, P. 
A. Opler, C. E. Pucket-Haecker, and P. D. Doran, 
Eds.). U.S. Geological Survey, Biological Re- 
sources Division, Reston, Virginia. 

THOMAS, N.J., D. PAPPAGIANIS, L. H. CREEKMORE, 
AND R. M. DUNCAN. 1996. Coccidioidomycosis 
in southern sea otters. Pages 168-173 in Pro- 
ceeding Fifth International Conference on Coc- 
cidioidomycosis (H. E. Einstein and A. Catan- 
zaro, Eds.). National Foundation for Infectious 
Diseases, Washington, D.C. 

TOFT, C. A. 1991. Current theory of host-parasite in- 
teractions. Pages 3-15 in Bird-Parasite Interac- 
tions-Ecology, Evolution and Behaviour (J. E. 
Loye and M. Zuk, Eds.). Oxford University 
Press, Oxford. 

VAN RIPER III, C., S.G. VAN RIPER, M. L. GOLF, AND 

M. LAIRD. 1986. The epizootiology and ecologi- 
cal significance of malaria in Hawaiian land 
birds. Ecological Monographs 56:327-344. 

VARGAS, H. 2000. News and announcements. Orni- 

thological Newsletter 138:2. 
VITOUSEK, P.M., H. A. MOONEY, J. LUBCHENCO, AND 

J. M. MELILLO. 1997. Human domination of 
Earth's ecosystems. Science 277:494-499. 

WALKER, D. H., AND J. S. DUMIER. 1996. Emergence 
of ehrlichioses as human problems. Emerging 
Infectious Diseases 2:18-29. 

WARNER, R. E. 1968. The role of introduced diseases 
in the extinction of the endemic Hawaiian avi- 

fauna. Condor 70:101-120. 

WILDLIFE MANAGEMENT INSTITUTE. 1970. Fowl chol- 

era in Maryland took toll. Outdoor News Bul- 
letin 24:6. 

WILKINS, K. A., AND E.G. COOCH. 1999. Waterfowl 
Population Status, 1999. U.S. Department of In- 
terior, Fish and Wildlife Service, Washington, 
D.C. 

WILLIAMS, E. S., AND S. YOUNG. 1982. Spongiform 
encephalopathy of Rocky Mountain elk. Journal 
of Wildlife Diseases 18:465-471. 

WILSON, M. E. 1995. Travel and the emergence of in- 
fectious diseases. Emerging Infectious Diseases 
1:39-46. 

WINDINGSTAD, R. M., R. J. COLE, P. E. NELSON, T. J. 
ROFFE, R. R. GEORGE, AND J. N. DORNER. 1989. 
Fusarium mycotoxins from peanuts suspected 
as a cause of Sandhill Crane mortality. Journal 
of Wildlife Diseases 25:38-46. 

WINDINGSTAD, R., D. DOCHERTY, AND N. THOMAS. 

1993. Pox Infections in Bald Eagles. Research In- 
formation Bulletin 25, U.S. Fish and Wildlife Ser- 
vice, Washington D.C. 

WOBESER, G. E, E A. LEIGHTON, R. NORMAN, D. J. 
MEYERS, D. ONDERKA, g. J. PYBUS, J. L. NEUFELD, 
G. A. Fox, AND D. J. ALEXANDER. 1993. Newcas- 
tle disease in wild water birds in western Can- 

ada, 1990. Canada Veterinary Journal 34:353- 
359. 

WOBESER, G., AND D. J. RAINNIE. 1987. Epizootic ne- 
crotic enteritis in wild geese. Journal of Wildlife 
Diseases 23:276-385. 

WOODS, L. W., P. K. SWIFT, B. C. BARR, M. C. HOR- 
ZINEK, R. W. NORDHAUSEN, M. H. STILLIAN, J. E 
PATTON, M. N. OLIVER, K. R. JONES, AND N.J. 
MACLACHLAN. 1996. Systemic adenovirus infec- 
tion associated with high mortality in mule deer 
(Odocoileus hemionus) in California. Veterinary 
Pathology 33:125-132. 


