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Federal agencies can also provide substan-

tial, permanent conservation of the listed

species that have more than halt ot all occur-

rences on their lands. For example, most popu-
lations of both the white-haired goldenrod

(Solidago alhopilosu) and white birds-in-a-nest

(Machridca alhci) are on national forest lands.

For many listed species with less than 50%
of their occuiTences on federal land, federal

agencies may still be able to provide important

protection and recovery opportunities. For

example, the Karner blue buttertly (Lycaeules

melissa samiielis). with less than one-quarter of

its occurrences on federal lands, still can sub-

stantially benefit from federal management
actions, such as restoration of the pine and oak

savanna habitat on which this butterfly depends.
This study found, however, that fully 50% of

federally listed species are not known to occur

on federal lands, and that for all listed species,

64% of known occurrences are on nonfederal

lands. This strongly points to the need for devel-

oping and strengthening federal efforts for pro-

tecting these species through cooperative efforts

and incentive programs with state and local

agencies, private conservation organizations,

and private landholders.
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Changes
in disease patterns and trends retlect

changing relationships between the affected

species (host) and the causes of disease (agent).

Host-agent interactions are closely linked to

environmental factors that either enhance or

reduce the potential for disease to occur. As a

result, wildlife disease patterns and trends are,

to a substantial extent, indicators of environ-

mental quality and changing host-agent interac-

tions within the environment being evaluated.

The types, distribution, and frequency of dis-

eases causing major avian die-offs have

changed greatly during the 20th century. Too lit-

tle is known to assess the changes of most avian

diseases that result in chronic attrition rather

than major die-offs, or about those that affect

reproductive success, reduce body condition, or

affect survival in other indirect ways.
Nevertheless, the changing patterns and trends

in highly visible avian diseases provide notice

of problems needing attention.

Information on the status of disease in wild

birds was obtained from National Wildlife

Health Center (NWHC) evaluations of the

cause of death for more than 30,000 carcasses

from across the United States during the past

two decades, reports of avian mortality received

from collaborators, the scientific literature, and

NWHC field investigations of bird mortality.

Comprehensive assessments of causes of wild

bird mortality, magnitude of losses, and geo-

graphic distribution of specific diseases are not

possible from these data, although we can iden-

tify general relationships for waterfowl and

some other species.

Changes in Disease Patterns

The occurrence of disease involves three fac-

tors: a susceptible host, presence of an agent

capable of causing disease, and suitable envi-

ronmental conditions for contact between the

host and agent in a manner that results in dis-

ease. Environment is often the dominant factor

in this relationship (Fig. 1 ).

Avian Botulism

The most dramatic example of geographic

expansion of a noninfectious indigenous disease

is avian botulism, caused by the bacterium

Clostridium botulimtm. In 1914 a Bureau of

Biological Survey researcher began investigat-

ing catastrophic die-offs that had begun in 1910

and in which millions of waterbirds along the

Great Salt Lake, Utah, had died. Later studies

revealed that avian botulism was responsible for

those die-offs. Historically, avian botulism was

referred to as "western duck disease" because of

its rather limited geographical distribution of

occurrence (Kalmbach and Gunderson 1934;

Fig. 2)
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Fig. 1. Common factors required for disease to occur. Environmental factors greatly influence

occurrence of disease by changing the amount and type of host-agent interactions.
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Avian botulism now occurs all over the

United States (Fig. 2) and in many other cotin-

tries as well. Because of the visibility of mas-

sive die-offs. avian botulism is probably the

best-documented nonhunting waterfowl mortal-

ity (Stout and Coniwell 1976). The continued

reporting of avian botulism die-offs since the

early I900"s makes researchers suspect that

much of the disease's geographic expansion is

of recent origin. Also, most (13 of 21) initial

outbreaks of avian botulism in countries other

than in North America have occuned since

1970.

Avian Cholera

Avian cholera, caused by the bacterium

Pasteiirella imiltocida, has been recognized as

Fig. 2. Known distribution of "western duck sickness" (avian botulism) in North America.

(Kaimback and Gunderson 1934). and from 1975 to 1993.

19.U

Fig. 3. Geographic distribution of avian cholera in wild waterfowl within the United States,

before 1960 (first outbreak in 1944). dunng the 1960's. and after 1970, when disease spread
(National Wildlife Health Center files).

an important infectious disease of domestic

poultry in the United States since at least 1867

(Rhoades and Rimler 1991). Therefore, it is

noteworthy that a 1930 evaluation of the status

of waterfowl commented on the lack of docu-

mentation of avian cholera in wild waterfowl

(Phillips and Lincoln 1930). In 1944, however,

the disease was documented in wild waterfowl

in the United States (Quortrup et al. 1946).

Limited geographical expansion of avian

cholera in wild waterfowl occurred during the

1940"s and 1950"s, and sporadic occurrences

were documented at a few new locations during
the 1960"s (Fig. 3). By the end of the 1960"s,

though, avian cholera was reported as estab-

lished in the Central and Pacific tlyways.
Outbreaks in the Mississippi Flyway were

unusual, and only two outbreaks had occurred

in the Atlantic Flyway. With the exception of a

single instance during the breeding season, out-

breaks occurred in winter (Stout and Comwell

1976). During the 1970"s, avian cholera became
established as a major cause of waterfowl mor-

tality in all four flyways within the United

States and as a recurring cause of waterfowl

mortality in Canada (Fig. 3). Geographic expan-
sion of die-off locations continues, and out-

breaks now occur during all seasons of the year

(Friend 1987).

Duck Plague

Duck plague is another emerging disease of

North American waterfowl. This heipesvirus
infection first appeared on the North American

continent in 1967 when it caused large-scale

losses in the domestic duck industi7 and losses

of a small number of wild waterfowl (Leibovitz

and Hwang 1968). The first major die-off

involving wild waterfowl occurred during

January 1973 at the Lake Andes National

Wildlife Refuge in South Dakota (Friend and

Pearson 1973). Duck plague has expanded

throughout North America since the initial out-

break, along with an increasing number of out-

breaks in each decade (Fig. 4). Nearly all occur-

rences of duck plague have involved nonmigra-

tory waterfowl (captive, tame, and resident

waterfowl that do not undergo traditional

migratory movements). A February 1994 out-

break in the Finger Lakes region of New York

State involving mallards (Anas pUnyrliynchos)
and American black ducks (A. nibripes) is the

first major outbreak involving migratory water-

fowl since the January 1973 Lake Andes out-

break.

Other Diseases

Other diseases affecting wild birds are newly

recognized, are occurring with increasing fre-

quency, or have expanded their geographic
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Disease Cause Species
First occurrence in species Major

Location expansionYear
Current status

Avian botulism



404 Human Influences— Our Living Re\<ii<rces

Table 3. Geographn. distiibulion (if niunir (>5(J0 birds) die-offs of wild hirds by cause, 1983-93.

Disease Cause
States (number of events)

5-9 >9

Aspergillosis

Avian botulism
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Captive
piopagation, introduL-tion. and

iranslocation (relocation) programs lor

many animals have been undertaken by federal,

state, and private agencies for more than 20

years. These programs help aid the recovery of

endangered and threatened species, reestablish

lost species, augment declining populations,

increase recreational opportunities, reduce nui-

sance species, and introduce non-native species,

Davidson and Nettles ( 1992) discuss transloca-

tion as a component of successful early restora-

tions of game species including wild turkey

(Meleagris gallopavo) and white-tailed deer

(Ociocoih'us virginiaiuis). and recovery of

endangered species such as the peregrine falcon

(Falco peregrimis). Despite some successes,

the total number of translocations that occur

yearly is unknown, as is the success and effects

of these programs, because there is rarely

appreciable monitoring after release (Griffith et

al, 1989; Gogan 1990), This report focuses on

trends in the use of translocation programs and

disease transmission following translocation of

wildlife vertebrates other than fish.

In the absence of a national data base on

wildlife translocations, a search for publications

with information on translocations was per-

fomied by using Wildlife Review and the U,S,

Fish and Wildlife Reference Service CD-ROM
data bases for the 20-year period, 1971-91. In

addition, personnel from multiple federal, state,

and private agencies that conduct propagation
and translocation programs were contacted for

supplemental information and literature.

Increasing numbers of books (Neilsen and

Brown 1988), journals (Ullrey 1993), and meet-

ings (Junge 1992; Wolff and Seal 1992) discuss

wildlife translocations and many contain infor-

mation on the effects of translocations on ani-

mals and their environment.

Trends

Of 292,628 citations reviewed, 1.431

addressed translocations. There were relatively

high percentages of citations that included

translocation programs in the early I970"s and

again in the late 1980"s with a general increas-

ing trend overall (Fig, 1). Although the number

of publications probably underestimates the

true extent of translocation programs, it does

demonstrate the trend of continued interest,

research, and publication over the past 20 years,

Griffith et al. ( 1989) published a comprehen-
sive survey that estimated an average of 5 1 5

translocations per year (414 programs) of ter-

restrial vertebrates occurring in the United

States. Canada. New Zealand, and Australia

between 1973 and 1989; 98% were conducted

in the United States and Canada. Birds were

most frequently (59'7r) translocated (Fig. 2);

92% of the translocations involved game
species, 7% endangered and threatened species,

and 1% nongame species (Griffith et al. 1993),

Of the 261 translocations in the United States

reported by Griffith et al. (1993), wild species

were most frequently translocated, and the

Southeast had the greatest number of transloca-

tions (Table I ).

In 1985 Boyer and Brown (1988) surveyed
the 50 state conservation agencies; 29 con-

firmed they were translocating mammals (56%
native game species, 5% nongame species, and

5% endangered species). In addition, 19 states

reported that mammals were translocated by

private agencies in their states.

A 1993 follow-up to the Griffith et al. (1993)

survey suggests that many of the 414 programs

originally surveyed were still releasing animals

(C. Wolf, University of Wisconsin, unpublished

data). The average duration of these transloca-

tion programs was 4.8 years, an increase from
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Captive-reared whoopmg crane chicks released in kissimmee Praine, Flonda, 1993.




