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Section 6
Biotoxins

Algal Toxins
Mycotoxins

Avian Botulism

Aerial view of a large dinoflagellate bloom in near-shore ocean waters
Photo by Peter Frank, Scripps Institute of Oceonography




Introduction to Biotoxins

“Ecological toxicology is the study of all toxicants produced by living organisms
and of the ecological relationships made possible by these poisons.”

(Hayes)

“In all communities chemical interrelations are important aspects of the adapta-
tion of species to one another; in some communities chemical relations seem to
be the principal basis of species niche differentiation and community organiza-

tion.” (Whittaker and Feeny)

“Undoubtedly there is much to be learned from finding out how the battle
[between toxicants produced by living organisms and host defenses developed in
response to these toxicants] has been fought for the last several million years.”

(Hayes)

Biotoxins are usually defined as poisons that are produced
by and derived from the cells or secretions of living organ-
isms. These natural poisons include some of the most toxic
agents known and they are found within a wide variety of
lifeforms. Organismsthat produce such toxins are generally
classified as being venomous or poisonous. The classifica-
tion of venomousisusually associated with animal lifeforms
such as poisonous reptiles and insects that have highly de-
veloped cellular mechanisms for toxin production and that
deliver their toxins during a biting (rattlesnake) or stinging
(black widow spider) act. Poisonous organisms are gener-
ally thought of asthose that deliver toxins by being ingested
or by their secretions being ingested by another organism.
Therefore, these toxins are essentially forms of food poison-
ing. Readers should appreciate that virtually all venomous
organi sms are poisonous but many poisonous organisms are
not venomous. This Section will address poisonous, but not
venomous, organisms, and it includes the perspective of
biotoxins as products of plants and lower life forms.
Birdsbecome poisoned by abroad array of biotoxins. The
chapter about avian botulism involves microbial toxins pro-
duced within replicating Clostridium botulinum bacteria. The
potency of toxins that are produced by the disease-causing
Clostridiaare legendary, and the toxins include such human

All quotes from:

Hayes, Wayland, J., Jr., 1991, in Hayes, Wayland J., Jr., and Laws,
Edward R., Jr., eds., Handbook of pesticide toxicology, v. 1,
General principles: New York, Academic Press, p. 7-8.
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diseases astetanus and lethal botulism food poisoning. Avian
botulism is currently the most important disease of water-
fowl and shorebirds, nationally and internationally, and out-
breaks of this disease commonly Kill tens of thousands of
birds during a single event. Up to a million birds have re-
cently been lost within asingle location during the course of
aprotracted outbreak.

Because many avian botulism die-offs occur on the same
wetlandsyear after year, one of the primary areas of research
on this disease has focused on identifying and understand-
ing the microenvironmental characteristicsthat contributeto
amortality event. The devel opment of wetland-specific risk
assessment tools will enable wildlife disease specialists and
natural resource managers to more effectively manage avian
botulism.

Fungi are an additional source of microbial biotoxinsthat
causethedeath of free-ranging wild birds. Mycotoxins, which
are toxins produced by fungi, have received considerable
study because of their effects on food animals and humans.
In poultry, for example, many types of mycotoxinsare known
to cause problems that include mortality, decreased growth,
impaired reproduction, immunosuppression, and pathologic
effects on a variety of other organ systems. Although these
toxins have received little study in wildlife, agrowing body
of literature documents similar effects of mycotoxinsin a
variety of free-ranging species. The chapter about mycotox-
insillustratesthe capabilities of aflatoxinsand trichothecenes
to cause large-scale bird losses asthe result of bird ingestion
of food contaminated by moldsthat produce thesetoxins. As
more becomes known about the occurrence of mycotoxins



in the natural environment, and as analytical techniques for
the specific toxins become more commonly available, it is
likely that more and more cases of mycotoxicosis will be
reported in wildlife.

Therange of living organismsthat cause poisoninginwild
birdsisfurther illustrated by plant toxinsin the chapter about
algal toxins. Less is known about poisoning of birds from
toxic plants than is known about poisoning from bacterial
and fungal toxins. Plant toxins other than algal toxins that
have caused bird mortality have rarely been reported. Choke
cherry seeds contain chemical compounds that release cya
nide upon digestion if the seed capsule is broken during di-
gestion. Songbirds have been killed by cyanide poisoning
from eating these seeds. Waterfowl mortality has been at-
tributed to ingestion of castor beans, which resultsin intoxi-
cation from ricin, the active ingredient within the seed that
causes poisoning. A small number of other reports of plant
toxins causing wild bird mortality also exist.

The so-called algal toxins are produced by a variety of
organisms, including true algae, dinoflagellates (aquatic pro-
tozoa), and blue-green algae, and are the least understood of
the biotoxins covered in this Section. Algal blooms, espe-
cially red tides and blue-green blooms, wreak aesthetic and

economic havoc in many freshwater and marine environments
because of the potential for toxinsto be present. Perhaps one
of the most widely recognized toxins in this group is sax-
itoxin, the agent of paralytic shellfish poisoning, which causes
occasional human deaths and renders many tons of shellfish
inedible throughout the world.

Algal toxinsarelikely to becomeincreasingly recognized
as a cause of waterbird mortality. Eutrophication of inland
waterbodies due to nutrient loads is causing more algal
bloomswithin those waters, many of which are used by large
numbers of water birds. Enhanced technology and increased
study are needed to better understand the ecology of algal
blooms and the production of toxic componentsthat are haz-
ardous to hird life. With the exception of avian botulism,
biotoxins as a cause of disease in wild birds have received
little study. However, there should be no debate regarding
the need for study since disease caused by biotoxins extends
beyond direct mortality. Impaired immune system function
or immunosuppression and cancers caused by biotoxinshave
both been documented in animals and humans. Other effects
onwildlifearealso likely because of the diversity of disease
impacts seen in humans and domestic animals.
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Chapter 36
Algal Toxins

Synonyms
Red tide toxins, phycotoxins

Periodic blooms of algae, including true algae, dinoflagel-
lates, and cyanobacteria or blue-green algae have been re-
ported in marine and freshwater bodies throughout the world.
Although many blooms are merely an aesthetic nuisance,
some speci es of algae produce toxins that kill fish, shellfish,
humans, livestock and wildlife. Pigmented blooms of toxin-
producing marine algae are often referred to as “red tides’
(Fig. 36.1). Proliferations of freshwater toxin-producing
cyanobacteriaare simply called “ cyanobacterial blooms” or
“toxic algal blooms.” Cyanobacterial bloomsinitially appear
green and may later turn blue, sometimes forming a*“scum”
in the water (Fig. 36.2).

Although algal blooms historically have been considered
anatural phenomenon, the frequency of occurrence of harm-
ful algae appearsto have increased in recent years. Agricul-
tural runoff and other pollutants of freshwater and marine
wetlands and water bodies have resulted in increased nutri-
ent loading of phosphorus and nitrogen, thus providing con-
ditions favorable to the growth of potentially toxic algae.
The detrimental impact of red tides and cyanobacterial
blooms on wetland, shore, and pelagic specieshaslong been
suspected but not often been substantiated because informa-
tion on the effects of these toxinsin fish and wildlife species
is lacking and diagnostic tools are limited.

Cause

Some dinoflagellates and cyanobacteria produce toxins
that can affect domestic animals and humans. Some of these
toxins such as domoic acid, saxitoxin (paralytic shellfish
poisoning or PSP toxin), brevetoxin, and cyanobacterial tox-
ins (including anatoxins, microcystins, and nodularins) have
been suspected, but they have rarely been documented, as
the cause of bird mortality (Table 36.1). Marine algal toxins
such asdomoic acid, saxitoxin, and brevetoxin that bioaccu-
mulate or are magnified in the food chain by fish and shell-
fish, and anatoxinsfrom freshwater cyanobacteria, affect the
nervous system; cyanobacteria that contain microcystins or
nodularin cause liver damage.

The effects of some harmful algae are not related to toxin
production but rather are related to depleted dissolved-
oxygen concentrations in water caused by algal prolifera-
tion, death, and decay, or night respiration. Other harmful
effects include occlusion of sunlight by large numbers of
algae and physical damage to the gills of fish caused by the
structure of some algal organisms. All of these effects can

Photo by Peter Frank, Scripps Institute of Oceanography

Figure 36.1 Aerial view of a large dinoflag-
ellate bloom in near-shore ocean waters. The
organism responsible for this bloom is not a
toxin producer; however, toxic blooms may
have a similar appearance.

Figure 36.2 A cyanobacterial or blue-green algal bloom.
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Table 36.1 Documented instances of wild bird mortality caused by algal toxins.

Migratory bird Route of
Toxin Algal species Toxin type(s) species affected exposure
Cyanobacterial Microcystis sp., Hepatotoxins Unidentified ducks, Oral
Anabaena sp., (microcystins geese, and songbirds, (water)
Aphanizomenon sp., and nodularin) Franklin’s gull, American
Nodularia sp., Neurotoxins coot, mallard, American
and (anatoxin-a and wigeon
Oscillatoria sp. anatoxin-a(s))
Domoic acid Pseudonitzschia sp. Neurotoxin Brown pelican, Oral
(amnesic shellfish Brandt’s cormorant (food items)
poisoning)
Saxitoxin Alexandrium sp. Neurotoxin Shag, northern fulmar,  Oral
(paralytic great cormorant, (food items)
shellfish herring gull, common
poisoning) tern, common murre,
Pacific loon, and sooty
shearwater
Brevetoxin Gymnodinium sp. Neurotoxin Lesser scaup Oral

(food items)

lead to mortality of aquatic invertebrates, aquatic plants, or
fish and may produce an environment conducive to botu-
lism. Other marine algal toxins (okadaic acid, neosaxitoxin,
ciguatoxin, and Pfiesteria exotoxin) and cyanobacterial tox-
ins (saxitoxin, neosaxitoxin, and cylindrospermopsin) have
not yet been identified as causes of bird mortality events, but
increased awareness and further research may establish a
relationship.

Species Affected

Many bird and mammal species can be affected by algal
toxins. Most reports of mortality in birds are of die-offsthat
occur in conjunction with a bloom. Sometimes algal toxins
are found in potential food items; however, there have been
very few instancesin which the algal toxin has been isolated
from the ingesta or tissues of affected birds. Domoic acid
poisoning caused mortality in brown pelicans and Brandt's
cormorants on the central California coast. Brevetoxin has
been suspected as the cause of mortality in lesser scaup, and
saxitoxin has been strongly suspected as the cause of mor-

264 Field Manual of Wildlife Diseases: Birds

tality in sea birds (common terns, shags, great cormorants,
northern fulmars, herring gulls, common murres, Pacific
loons, sooty shearwaters, and others). Cyanobacterial toxi-
cosis has been suspected in mortalities of free-ranging ducks,
geese, eared grebes, gulls, and songbirds.

Distribution

Many of the organismsresponsiblefor redtidesarewidely
distributed and, in recent years, the organisms seem to be
markedly spreading. Natural events such as hurricanes can
disperse organisms, and it is suspected that some organisms
may be transported long distancesin ship ballast waters. An-
other factor that may encourage algal proliferation in both
marine and freshwater systems is increased nutrient |oad-
ing. Certain algae occur more commonly in some areas than
others and it is useful to know which ones are problems in
specific locations. Good sources of information about algal
blooms are the State public health department or the State
division of marine resources or marine fisheries.



Seasonality

There have not been enough confirmed instances of wild
bird mortality caused by red tides and cyanobacterial blooms
to establish seasonal patterns of occurrence.

Field Signs

Field signs reported are variable and they depend on the
toxin involved. Domoic acid poisoning of brown pelicans
caused neurologic signsthat included muscletremors, achar-
acteristic side-to-side head movement, pouch scratching,
awkward flight, toe clenching, twisting of the head over the
back, vomiting, and loss of the righting reflex just before
death. Brandt’'s cormorants that also were involved in this
mortality event were easily approached and handled, but they
did not exhibit the neurologic signs seen in the pelicans. Sea
birds suspected of having been poisoned by saxitoxin exhib-
ited paralysisand vomiting. Clinical signsobserved in lesser
scaup suspected of having been poisoned by brevetoxin in-
cluded lethargy, weakness, reluctance or inability to fly, head
droop, and excessive ocular, nasal, and oral discharge.

White Pekin ducklings that were experimentally exposed
to brevetoxins exhibited lethargy, loss of muscle coordina-
tion or ataxia, spastic head movements, head droop to one
side, and leg extension to the rear during rest. Clinical signs
in muscovy ducks dosed with anatoxin-a(s) included exces-
sive salivation, regurgitation of algae, diarrhea, tremors, re-
duced responsiveness and activity, incoordination, difficulty
breathing, excessive thirst, congestion in foot webs, wing
and leg weakness, and recumbency and intermittent seizures
prior to death.

Gross Lesions

No characteristic or diagnostic gross lesions have been
described for most types of algal toxin poisonings of wild

birds. Many of the toxins, particularly the neurotoxins, have
achemical effect that does not produce agrossly observable
lesion. Birds that ingest toxic blooms of Microcystis may
have notable lesions of necrosis or tissue death and hemor-
rhage in the liver. These lesions have been reported in do-
mestic mammals and birds, including ducks, that died as a
result of exposure to atoxic Microcystis algal bloom or that
were experimentally dosed with microcystin.

Diagnosis

Definitive diagnosis of algal toxicosisisdifficult. Circum-
stantial evidence, such asthe occurrence of amarineredtide
or freshwater cyanobacterial bloom in conjunction with a
die-off, and supportive clinical and pathologic findings, such
asalack of evidence of the presence of other types of toxins
or infectious disease, are often used to reach a presumptive
diagnosis. Analysis of the upper gastrointestinal tract con-
tents or tissues of affected birds for algal toxins is possible
but the tests are not yet widely available. In addition, there
are no established toxic thresholds for wildlife species. Even
when levels of particular toxins can be measured it may be
difficult to assess their significance. Recently developed
methods permit detection of microcystins in animal tissues
and gastrointestinal contents by using enzyme linked immu-
nosorbent assay (ELI1SA) technologies. Also, it is how pos-
sible to detect saxitoxin in urine and blood samples from
affected animals by using highly sensitive neuroreceptor as-
says.

A sample of organisms from the bloom may be useful or
necessary for diagnosis. Because of the ephemeral nature of
blooms, collect algal samplesduring the die-off event assoon
as possible after carcasses are found. Contact a diagnostic
laboratory for advice on appropriate sample collection.

Figure 36.3 (A and B) These fish were killed by Pfiesteria sp., an organism that has caused neurological problems, including
prolonged amnesia, in people exposed by aerosols in a laboratory. This organism has only been fully described recently, and it
has not been reported to cause mortality in birds; however, it may be encountered by biologists investigating concurrent bird and
fish kills.
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Control

Becauseit isdifficult to identify algal toxins as the cause
of wildlife mortalities, there has been little opportunity to
consider control measures. Currently, there is much interest
in algal toxins and their threat to human water and food sup-
plies. Identification of the conditionsthat trigger harmful algal
blooms may aid in developing strategiesto prevent red tides
or freshwater cyanobacterial blooms and associated wildlife
mortality. Controlling nutrient loading through reduced fer-
tilizer use, improved animal waste control, and improved
sawage treatment may reduce the number, or likely locations,
of toxic algal blooms. Careful monitoring and early detec-
tion of potentialy toxic algal blooms could allow time to
initiate actions to prevent or reduce bird mortality.

Human Health Considerations

Most red tide and toxic freshwater cyanobacteria are not
harmful unlessthey are ingested. However, some organisms
irritate the skin and others rel ease toxic compounds into the
water and, if aerosolized by wave action, these compounds
may cause problems when people inhale them (Fig. 36.3).
When investigating wildlifemortality that isoccurring in con-
junction with aknown red tide or cyanobacterial bloom, con-
tact the local public health department or a diagnostic labo-
ratory for information on precautions you may need to take.
Asin theinvestigation of all wildlife mortality events, wear
rubber or latex gloves when handling carcasses.

Lynn H. Creekmore

Supplementary Reading

Anderson, D.A., 1994, Red tides. Scientific American, August,
p. 62-68.
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Nisbet, I.C.T., 1983, Paralytic shellfish poisoning: Effects on
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Wildlife Medicine, v. 24, p. 54-62.
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Chapter 37
Mycotoxins

Mycotoxins are toxins produced by molds (fungi) that, when
they are ingested, can cause diseases called mycotoxicosis.
These diseases are are not infectious. The effects on the ani-
mal are caused by fungal toxins in foods ingested, usually
grains, and are not caused by infection with the fungus. Many
different molds produce mycotoxins and many correspond-
ing disease syndromes have been described for domestic ani-
mals. However, only two types of mycotoxin poisoning,
aflatoxicosis and fusariotoxicosis, have been documented in
free-ranging migratory birds.

Until recently, sickness or death caused by mycotoxins
were rarely reported in migratory birds. Identification of
mycotoxins as the cause of amortality event can be difficult
for anumber of reasons. The effects may be subtle and diffi-
cult to detect or identify, or the effects may be delayed and
the bird may have moved away from the contaminated food
source before becoming sick or dying. Also, grain contain-
ing toxin-producing molds can be difficult or impossible to
recognize because it may not appear overtly moldy.

Techniques to detect and quantify a variety of mycotox-
insimportant to domestic animal and human health are avail-
able through many diagnostic |aboratories that serve health
needs for those species. These same techniques are appli-
cable for wildlife. Further study and improved diagnostic
technology is likely to result in identification of additional
types of mycotoxins as causes of disease and death in water-
fowl and other wildlife.

Aflatoxin Poisoning
Synonyms
Aflatoxicosis

Cause

Aflatoxinsareagroup of closely related toxic compounds
produced by the fungi Aspergillus flavus or A. parasiticus.
Four types of aflatoxins commonly are found in grains con-
taminated by these fungi: aflatoxin B1, aflatoxin B2, afla-
toxin G1, and aflatoxin G2. These compounds become more
toxic when they are metabolized after they areingested. Afla-
toxin B1 isthe most commonly occurring and the most toxic.
Aflatoxins present in very low concentrations, in parts per
billion (ppb), can cause toxicosis.

Domestic ducklings are quite sensitive and the effects of
aflatoxin exposure have been studied extensively in this spe-
cies. Inonestudy using 1-day-old ducklings, theLD_,, which
is the dose of toxin required to produce death in 50 percent

of thetest animals viaa single dose or single day’s feeding,
of aflatoxin B1 was 360 ppb aflatoxin.

Aflatoxinsare often associated with groundnuts (peanuts)
and corn, but they also have been found in other grains and
nuts. Aspergillussp. fungi can proliferateinimproperly stored
grain that has a moisture content of greater than 14 percent,
relative humidity greater than 70 percent, and temperature
greater than 70 °F. These fungi also can invade grainsin the
field, especialy when thereisdrought stress, insect damage,
or mechanical damage.

Species Affected

Aflatoxins can affect humans, many species of warm-
blooded domestic and wild animals, and fish, most notably
rainbow trout. Animals that consume grain are more likely
to be affected than those that do not. Susceptibility depends
on species, age, and diet. In general, birds are more suscep-
tible than mammals, and young birds are more susceptible
than adult birds. Mortality events caused by exposureto afla-
toxins have been reported in free-ranging birds including a
variety of duck species (mallard, black duck, lesser scaup,
gadwall, and blue- and green-winged teal), Canada geese,
snow geese, and sandhill cranes.

Distribution

Within the United States, the problem of aflatoxin-con-
taminated grain as a cause of disease in domestic animals
and humans has been associated with the Southeastern and
Gulf Coast States. Documented wildlife mortality events
caused by aflatoxicosis are few; of those reported in wild
birds, most occurred in Texas. However, the major fungi that
produce aflatoxins, A. flavus and A. parasiticus, are wide-
spread in temperate and tropical environments.

Seasonality

Most mortalities caused by exposure to acutely toxic lev-
els of aflatoxins are reported in the fall and winter and coin-
cide with times during migration and wintering when cranes
and waterfowl are consuming wastegraininfields(Fig. 37.1).
Mortality can occur at any time of the year when contami-
nated grain is provided at birdfeeding stations.

Field Signs

Field signs of aflatoxicosis reported in waterbirds vary
from depression and lethargy to blindness, lack of aware-
ness of surroundings, inability to fly, tremors, and wing flap-
ping. Often the birds are simply found dead.
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Figure 37.1 Canada geese feeding on
standing waste corn in a winter field.

Figure 37.2 Pale, enlarged liver with multiple, focal hemor-
rhages from a bird with acute aflatoxicosis.

Figure 37.3 Hemorrhagic liver from a bird with acute aflatoxi-
cosis.

268 Field Manual of Wildlife Diseases: Birds

National Wildlife Health Center file photo

Photo by James Runningen

Photo by James Runningen

Gross Lesions

Lesions of aflatoxicosis can be variable, depending on
the amount of aflatoxin ingested and the length of time the
animal is exposed. Birds exposed to high levels over a short
period of time may have an enlarged, swollen pale liver
(Fig. 37.2). Liver hemorrhages may be found in multiple fo-
cal areas, or may be diffuse and involve most of the liver
tissue (Fig. 37.3). Hemorrhages and fluid may be observed
in many organsin the chest and abdomen. Inflammation and
bleeding of the gastrointestinal tract lining, which may cause
the intestines to appear blackish-red throughout their entire
length, may also be observed.

Birdsthat are exposed to small amounts of aflatoxin over
along period of time may not die suddenly, but rather may
have chronic health problems. Chronic effects, which include
appetiteloss, weight loss, and general ill health, can be more
insidious and difficult to definitively relate to aflatoxin ex-
posure. Chronic exposure also may produce a shrunken, fi-
brous liver with regenerative nodules or tumors. In labora-
tory tests, aflatoxin B1 has been shown to cause genetic
mutations, liver cancers, and, possibly, fetal defects. Chronic
low level aflatoxin exposure also is known to suppress the
immune system, which may predispose animalsto infectious
diseases.

Diagnosis

Diagnosisis made by examining tissues for grosslesions
and typical microscopic lesions, which include liver tissue
death or necrosisand proliferation of lesionsin the bile duct.
Measurement of aflatoxin levels in ingesta and tissues col-
lected from affected birds and from the grain suspected of
being contaminated is also crucial for confirming the diag-
nosis. The samples of choiceinclude wholerefrigerated car-
casses for necropsy as well as grain that affected birds have
been eating. Because mycotoxin occurrence can vary widely
within an agricultural field, it isimportant to try to obtain a
representative sample of the suspect grain. If possible, trans-
port the grain frozen, and ensure that the sample remains
frozen so that fungal growth and toxin production secondary
to improper postcollection storage does not occur.

Control

Wildlife should not befed grain that haslevels of aflatox-
insin excess of those allowed for use in human or domestic
animal food (20 ppb for consumption by humans or young
animalsand dairy cattle; 100 ppb for mature poultry). Inyears
when aflatoxins are aproblem, grain from fieldsthat are fre-
quently used by wildlife should be checked for aflatoxin lev-
els. If thefields are aflatoxin-contaminated, deep plowing of
the contents can make the grain unavailable to wildlife. If
the fields cannot be plowed, hazing wildlife from the area
can lessen their exposure.



Human Health Considerations

Handling aflatoxin-poisoned sick or dead birds does not
pose ahuman health risk. However, birdsknown to have died
from acute aflatoxicosis should not be consumed.

Fusariotoxin Poisoning

Synonyms
Fusariomycotoxicosis, trichothecene mycotoxicosis,
T-2 toxicosis, vomitoxicosis, zearalenone toxicosis

Cause

Fusariotoxin poisoning is caused by toxins produced by
fungi of the genus Fusarium. There are two classes of toxins
produced by these organisms: metabolites that have proper-
ties similar to the hormone estrogen such as zearalenone
(F-2 toxin), and the trichothecenes. Zearalenone has been
linked to hyperestrogenic or feminizing syndromes in do-
mestic animals, but similar effects have not yet been observed
inwild species. Morethan 50 trichothecene toxins have been
identified from Fusarium cultures and field samples. How-
ever, the trichothecenes have rarely been documented as the
cause of mortality in free-ranging birds.

The most frequently occurring trichothecene toxin in the
United Statesis deoxynivalenol, commonly called vomitoxin.
Others include T-2 toxin, diacetoxyscirpenol (DAS),
neosolaniol and iso-neosolaniol. The feedstuffs involved in
Fusarium sp. toxin production include corn, wheat, barley,
oats, peanuts, and sometimes forages. Fusarium toxins dif-
fer from other mycotoxins in that they tend to be produced
during the colder seasons of the year.

Species Affected

Poisoning caused by trichothecene toxins has been docu-
mented in domestic mammalss, poultry, and waterfowl. How-
ever, reports of fusariotoxicosis in free-ranging waterfowl
and other migratory birds are rare and poorly documented.
Mortality attributed to trichothecenes has occurred on sev-
eral occasionsin free-ranging sandhill cranes. It is suspected
that wild waterfow! could be affected by trichothecenes be-
cause these toxins tend to be produced in low temperature
conditions when waterfowl make heavy use of waste grain
asfood.

Distribution

Fusariumsp. arewidespread in the environment and they
commonly occur as plant pathogens or contaminantsin stored
or waste grain and other plant parts. Toxin production from
Fusarium sp. is most commonly a problem in the North-
Central United States and Canada. However, the only docu-
mented |ocations of wild bird mortality caused by Fusarium
toxinsarein Texas and New Mexico, and these die-off events
involved sandhill cranesthat fed on Fusarium-contaminated
peanuts.

Seasonality

Fusariuminvasion often occurs during wet conditionsin
the summer and fall while crops are in the field. However,
the organism also can grow in stored grain. The optimal tem-
peratures for mold growth and toxin production differ. Tem-
peratures that support growth of the vegetative form of the
fungus are between 64 and 77 °F, but actual toxin produc-
tion tends to occur at temperatures between 40 and 65 °F
and, in some cases, has even been documented at near-
freezing temperatures. Colder temperatures favoring toxin
production coincide with times that cranes and waterfow!
are using waste grain in fields during their fall and winter
migration.

Field Signs

Different trichothecenes have different effects. In general,
clinical signsin domestic poultry and geeseinclude feed re-
fusal, vomiting, and gastrointestinal bleeding. Some birds
have been described as having neurologic abnormalities.
Free-ranging sandhill cranes diagnosed with trichothecene
toxicosis had difficulty keeping their balance and had flac-
cid paralysisor weakness of the neck and wing muscles. This
created a stance characterized by adrooping head and wings
(Fig. 37.4). The more toxic trichothecenes cause immune
suppression and may predispose birds to secondary infec-
tions.

Gross Lesions

Inflammation and ul ceration of the skin and mucosal sur-
faces of the oral cavity and upper gastrointestinal tract are
the most commonly reported lesionsin domestic animalsand
were observed in affected sandhill cranes (Fig. 37.5). Gross
lesions described in sandhill cranes also included subcuta-
neous fluid over the head and neck (Fig. 37.6) and multiple
hemorrhages and pale areas in skeletal muscle.

Photo by Ronald M. Windingstad

Figure 37.4 A sandhill crane suffering from fusariotoxicosis.
Notice the wing and head droop.
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Figure 37.5 Inflammation and ulceration of the mucosal sur-
face of the esophagus in a sandhill crane with fusariotoxicosis.

Figure 37.6 Fluid beneath the skin of the head and neck of
a sandhill crane with fusariotoxicosis.

Figure 37.7 Plowing of this field made these peanuts un-
available to the cranes and ended a fusariotoxicosis mortality
event.
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Diagnosis

Diagnosisis made through observing the appropriatefield
signs, finding gross as well as microscopic tissue lesions,
and detecting the suspected toxin in grains, forages, or the
ingesta of affected animals. However, the tests required to
detect these toxins are complex and few diagnostic laborato-
ries offer tests for multiple trichothecenes. The samples of
choice include both refrigerated and frozen carcasses for
necropsy examination and a representative sample of the
suspected contaminated grain source. Because the toxin is
produced under cold conditions, the grain sample should be
frozen rather than refrigerated for shipment to the diagnos-
tic laboratory.

Control

Wildlife should not be fed grain with levels of fusario-
toxins in excess of those recommended for use in domestic
animal food. In yearswhen fusariotoxinsareaproblem, grain
from fields that are frequently used by wildlife should be
checked for toxins. If the fields are significantly contami-
nated, deep plowing of the contents of the field can make the
grain unavailable to wildlife (Fig. 37.7). If the fields cannot
be plowed, hazing wildlife from the area can lessen their
exposure.

Human Health Considerations

Handling fusariotoxin-poisoned sick or dead birds does
not pose a human health risk, but birds known to have died
from acute fusariotoxicosis should not be consumed. The
more potent trichothecenesin grain or forages may present a
health hazard when the fungal sporesand contaminated plant
parts are inhaled or when they contact the skin.

Lynn H. Creekmore
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Chapter 38
Avian Botulism

Synonyms
Limberneck, Western duck sickness, duck disease,
alkali poisoning

Cause

Avian botulismis a paralytic, often fatal, disease of birds
that results when they ingest toxin produced by the bacte-
rium, Clostridium botulinum. Seven distinct types of toxin
designated by the letters A to G have been identified (Table
38.1). Waterfow! die-offs dueto botulism are usually caused
by type C toxin; sporadic die-offs among fish-eating birds,
such as common loons and gulls, have been caused by type
E toxin. Type A botulinum toxin has also caused disease in
birds, most frequently in domestic chickens. Types B, D, F,
and G are not known to cause avian botulism in North
America

Table 38.1 Botulinum toxins and primary species affected.

Toxin type Animals affected Risk for humans

A Poultry, occasionally High
B Horses High
C Wild birds, cattle, Low
horses, poultry
D Cattle Low
E Fish-eating birds High
F * Unknown
G * Unknown

* Rarely detected in nature; too little information for species evaluations.

C. botulinumis an oxygen-intolerant or anaerobic bacte-
rium that persists in the form of dormant spores when envi-
ronmental conditions are adverse. The spores areresistant to
heating and drying and can remain viable for years. Spores
of type C botulism strains are widely distributed in wetland
sediments; they can also be found in the tissues of most wet-
land inhabitants, including aquatic insects, mollusks, and
crustacea and many vertebrates, including healthy birds.
Botulinum toxin is produced only after the spores germi-
nate, when the organism is actively growing and multiply-
ing. Although the bacteria provide the mechanism for toxin
production, the gene that encodes for the toxin protein is
actually carried by avirus or phage that infects the bacteria.
Unfortunately, little is known about the natural factors that
control phage infection and replication within the bacteria,
but several factors may play arole, including the bacterial

host strain and environmental characteristics, such as tem-
perature and salinity.

Because botulinum spores and the phages that carry the
toxin gene are so prevalent in wetlands, they are not consid-
ered to be alimiting factor in the occurrence of outbreaksin
waterbirds. Other factors are thought to be more critical in
the timing and location of botulism outbreaks; these include
optimal environmental conditionsfor spore germination and
bacterial growth, suitable material or substrates that provide
energy for bacterial replication, and a means of toxin trans-
fer to birds. Itislikely that toxin production, toxin avail abil-
ity to birds and, subsequently, botulism outbreaks in birds
are largely controlled by these ecological factors.

Aswith other bacteria, temperature playsacritical rolein
the multiplication of C. botulinum, with optimal growth in
thelaboratory occurring between 25 © and 40 °C. Most botu-
lism outbreaks take place during the summer and fall when
ambient temperatures are high (Fig. 38.1). Winter botulism
outbreaks have been documented in some | ocations, but these
are generally thought to be due to residual toxin produced
during the previous summer. Conditions that elevate wet-
land sediment temperatures and decrease dissolved oxygen,
including the presence of decaying organic matter and shal-

HIGH

MODERATE

LOW

PROBABILITY OF AVIAN BOTULISM OUTBREAK

1 1 1 1 1 1 1 1 1 1 1

JAN FEB MAR APRIL MAY JUNE JULY AUG SEPT OCT NOV DEC
MONTH

Figure 38.1 Relative seasonal probability of type C botu-
lism in North American water birds.
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low weter, may increasetherisk of botulism outbresks (Fig. 38.2).
However, these conditions are not prerequisite to an outbreak
because botulism has occurred in large river systemsand in
deep, well-oxygenated wetlands, which suggests that other
environmental conditions may be more critical. In studies
conducted by the National Wildlife Health Center, several
environmental factors, including pH, salinity (Fig. 38.3), tem-
perature, and oxidation-reduction potential in the sediments
and water column, appeared to significantly influence the
likelihood of botulism outbreaks in wetlands.

In addition to permissive environmental conditions,
C. botulinum also requires an energy source for growth and
multiplication. Becauseit lacks the ability to synthesize cer-
tain essential amino acids, the bacterium requiresahigh pro-
tein substrate; it is essentially a*“meat lover.” The most im-
portant substrates for toxin production in natural wetlands
have never been identified, but there are many possihilities,
including decaying organic matter or any other protein par-
ticulates. Decomposing carcasses, both vertebrate and inver-
tebrate, are well known to support toxin production. Human
activities can also increase the available substrate for toxin
production in wetlands (Table 38.2). For example, wetland
flooding and draining, pesticides, and other agricultural pol-
lutants may kill aquatic life, thereby providing more sub-
strate for toxin production. Raw sewage and rotting vegeta-
tion are other potential sources of energy.

Although many substrates are suitable for botulinum toxin
production, in order for abotulism outbreak to occur thetoxin
must be in aform that is available to birds. In some cases,
decaying organic matter may bedirectly ingested, but in other
cases there must be some means of toxin transfer from the
substrate to the birds, presumably through zooplankton or
invertebrate food items that inadvertently consumed toxin.
Invertebrates are unaffected by the toxin and, because they
feed on decaying matter, they can effectively act to concen-
trate toxin. Although most waterfowl will not directly con-
sume a vertebrate carcass, they will readily ingest any mag-
gotsthat fall off of it. In this way, botulism outbreaks often
become self-perpetuating. This has become known asthe car-
cass-maggot cycle of avian botulism (Fig. 38.4).
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Figure 38.2 Decaying organic matter may increase the risk
of avian botulism outbreaks.
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Figure 38.3 Relationship of pH and salinity to avian botu-
lism outbreaks.



Table 38.2 Human activities speculated to contribute to avian
botulism outbreaks in wetlands.

Action Consequences of action

Fluctuating water levels Deaths of terrestrial and

for flooding and drying aquatic invertebrates and
fish

Pesticides and other Deaths of aquatic life

chemical inputs into
wetlands from agriculture

Raw sewage discharges  Nutrient enhancement

into wetlands resulting in “boom and
bust” invertebrate popula-
tions and oxygen depletion
causing deaths of aquatic
and plant life

Carcass-maggot cycle of avian botulism

60 — 92 °F

=t

Toxin production takes place in —-=
decaying animal carcasses. Flies
deposit eggs on carcasses which

are fed upon by resulting maggots

Maggots
concentrate toxin

Toxic maggots are ingested

Death and additional carcasses
for toxin production and toxic
maggots for other birds to
feed on

Cycle accelerates — major die-off occurs

Figure 38.4 Carcass-maggot cycle of avian botulism.
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Species Affected

Many species of birds and some mam-
mal s are affected by type C botulism. Inthe
wild, waterbirds suffer the greatest losses,
but almost all birds are susceptible to type
C botulism. The exceptionisvultures, which
are highly resistant to type C toxin. Forag-
ing behavior is probably the most significant
host determinant for botulism. Filter-feeding
and dabbling waterfow! and probing shore-
birds appear to be among the species at great-
est risk (Fig. 38.5). Mortality of wild rap-
torsfrom botulism has been associated with
improper disposal of poultry carcasses.
Among captive and domestic birds, pheas-
ants, poultry, and waterfowl are the most
frequently affected (Fig. 38.6). Cattle,
horses, and ranch mink are al so susceptible
to type C botulism. Although dogs and cats
are usually regarded as being resistant to
type C toxin, afew cases have been reported
in dogs, which isafactor to consider when
dogs are used to retrieve carcasses during
outbreaks. Also, type C botulism occurred
in captive African lions which were fed
toxin-laden chickens.

Losses vary a great deal from year to
year at site-specific locations and from spe-
cies to species. A few hundred birds may
die one year and tens of thousands or more
the following year. More than a million
deaths from avian botulism have been re-
ported in relatively localized outbreaksin a
single year, and outbreaks with losses of
50,000 birds or morearerelatively common
(Table 38.3).

On aworldwide basis, avian botulismis
probably the most important disease of mi-
gratory birds.
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Figure 38.6 Frequency of botulism in captive birds.

Table 38.3 Major waterfowl! botulism outbreaks in the

United States and Canada.

Location Year Estimated loss
Utah and California 1910 “Millions”
Lake Malheur, Oregon 1925 100,000
Great Salt Lake, Utah 1929 100,000-

300,000

Tulare Basin, California 1941 250,000
Western United States 1952 4-5 million
Montana 1978 50,000
Montana 1979 100,000
Great Salt Lake, Utah 1980 110,000
Canada (Alberta) 1995 100,000
Canada (Manitoba) 1996 117,000
Canada (Saskatchewan) 1997 1 million
Great Salt Lake, Utah 1997 514,000
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Distribution

Outbreaks of avian botulism have occurred in the United
States and Canada since the beginning of the century, if not
earlier. Outbreaks have also been reported in many other
countries; most of these reports are recent, usually within
the past 30 years (Fig. 38.7). Most type C botulism outbreaks
within the United States occur west of the Mississippi River;
however, outbreaks have occurred from coast-to-coast and
border-to-border, and the distribution of the disease has
greatly expanded since the early 1900s (Fig. 38.8). Type E
outbreaks in birds are much less frequent and, within the
United States, have been confined to the Great L akes region.

Seasonality

July through September are the primary months for type
C avian botulism outbreaksin the United States and Canada.
However, outbreaks occur as late as December and January
and occasionally during early spring in southern regions of
the United States and in California. Type E outbreaks have
occurred during late fall and spring.

Field Signs

Lines of carcasses coinciding with receding water levels
generally typify the appearance of major botulism die-offs,
although outbreaks have al so occurred inimpoundments con-
taining several feet of water, lakes with stable water levels,
and in large rivers. When receding water conditions are in-
volved, botulism is typically a disease of the water’'s edge
and seldom are sick or dead birds found very far from the
edge of vegetation bordering the water or the original water’'s
edge (Fig. 38.9). In impoundments where water levels are
relatively stable, affected birds are likely to be found in
areas of flooded vegetation. Botulism-affected birdsalso tend
to congregate along vegetated peninsulas and islands (Fig.
38.10).

Healthy birds, sick, and recently dead birds will com-
monly be found together during a botulism outbreak, along
with carcasses in various stages of postmortem decay.
Often, species representing two, three, or even more orders
of birds suffer losses simultaneously.

EXPLANATION

Decade of initial outbreak
of type C botulism in wild

birds

[ 11900s
[ 1910s
[ 1920s
[ 1930s
[11940s
[ 1950s
[ 1960s
[ 1970s
I 1980s

Figure 38.7 Type C botulism outbreaks in wild birds.
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Avian botulism affects the peripheral nerves and results
in paralysis of voluntary muscles. Inability to sustain flight
is seen early in botulism, but this sign is not useful for dis-
tinguishing botulism-intoxicated birds from those affected
by other diseases. Because ducks suffering from botulism
cannot fly and their legs become paralyzed, they often pro-
pel themselves acrossthe water and mud flatswith their wings
(Fig. 38.11) (see also Fig. 1.2 in Chapter 1, Recording and
Submitting Specimen Data). This sequence of signs contrasts
with that of lead-poisoned birds, which retain their ability to
walk and run although flight becomes difficult (see Chapter
43).

Paralysis of the inner eyelid or nictitating membrane
(Fig. 38.12) and neck muscles follow, resulting in inability
to hold the head erect (Fig. 38.13). These are the two most
easily recognized signs of avian botulism. When birds reach
this stage, they often drown before they might otherwise die
from the respiratory failure caused by botulinum toxin.

- ~5 0
A
WhaEandive
SHIY

EXPLANATION

Reported locations of avian botulism
outbreaks in the United States

- 1900-1934
1975-1993

Figure 38.8 Locations of avian botulism outbreaks in the United States.
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Photo by James Runningen

Figure 38.9 Typical scene of avian botulism. Dead birds are
often found along the shore in parallel rows that represent
receding water levels.

Photo by Milton Friend

Figure 38.11 Botulism-intoxicated birds that have lost the
power of flight and use of their legs often attempt escape by
propelling themselves across water or land using their wings.
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Photo by Milton Friend

Figure 38.10 Botulism-affected birds tend to congregate
along vegetated peninsulas and islands. Both dead and sick
birds are evident in the photograph.

Photo by Milton Friend

Figure 38.12 Paralysis of the inner eyelid is a common sign
in botulism-intoxicated birds.

Photo by Milton Friend

Figure 38.13 Paralysis of the neck muscles in botulism-
intoxicated birds results in inability to hold the head erect
(limberneck). Death by drowning often results.



Gross Lesions

There are no characteristic or diagnostic grosslesionsin
waterfowl dying of either type C or type E botulism. Often,
affected birds die by drowning, and lesions associated with
drowning may be present.

Diagnosis

Themost widely used test for avian botulism isthe mouse-
protection test, although an enzyme-linked immunosorbent
assay (ELISA) for type C toxin has been devel oped recently.
For the mouse test, blood is collected from a sick or freshly
dead bird and the serum fraction is then inoculated into two
groupsof laboratory mice, one group of which hasbeen given
type-specific antitoxin. The micereceiving antitoxin will sur-
vive, and those that receive no antitoxin will become sick
with characteristic signsor dieif botulism toxinispresentin
the serum sample. The ELISA isan in vitro test that detects
inactive as well as biologically active toxin.

A presumptive diagnosisis often based on a combination
of signs observed in sick birds and the absence of obvious
lesions of disease when the internal organs and tissues of
sick and dead birds are examined. However, thisinitial diag-
nosis must be confirmed by the mouse-protection or ELISA
test to separate avian botulism from algal poisoning, castor-
bean poisoning, and other toxic processes that cause similar
signs of disease. Avian botulism should be suspected when
maggots are found as part of the ingesta of gizzard contents
of dead hirds (Fig. 38.14), however, such findings are rare.
After abird ingests toxin, it takes several hours to days be-
fore the bird develops signs of the disease and dies. By this
time, most food items ingested at the time of intoxication
have been eliminated.

Photo by Milton Friend

Figure 38.14 Waterfowl and other birds readily feed on
maggots as exemplified by their presence in the gizzard of
this duck that died from avian botulism.

Prevention and Control

Prevention of avian botulism outbreaksin waterbirdswill
depend on a thorough understanding of the interactions be-
tween the agent, the host, and the environment. Because botu-
lism spores are so ubiquitous in wetlands and are resilient,
attempts to reduce or eliminate the agent are not currently
feasible, but some actions can be taken to mitigate environ-
mental conditions that increase the likelihood of outbreaks.

Management of Environment

Attempts should be made to reduce organic inputs into
wetlands or to eliminate factorsthat introduce large amounts
of decaying matter. For example, in areas that are managed
primarily for migratory waterfowl (ducks, geese, swans),
reflooding land that has been dry for along time is not rec-
ommended during the summer. Similarly, avoid sharp water
drawdownsin the summer because they could result in fish-
kills and die-offs of aquatic invertebrates whose carcasses
could then become substrates for C. botulinum growth. In
areas managed primarily for shorebirds, water drawdowns
provide essential habitat; thus, botulism control must focus
on cleaning up any vertebrate carcasses that may result from
drawdowns.

Prompt removal and proper disposal of vertebrate car-
casses by burial or burning, especially during outbreaks, are
highly effective for removing substrates for toxin produc-
tion. Theimportance of prompt and thorough carcassremoval
and proper disposal cannot be overemphasized. Several thou-
sand toxic maggots can be produced from a single water-
fowl carcass (Fig. 38.15). Consumption of as few as two to
four of these toxic maggots can kill aduck, thereby perpetu-
ating the botulism cycle. It is not uncommon to find three or

Photo by Milton Friend

Figure 38.15 Several thousand toxic maggots can be pro-
duced from a single waterfowl carcass.
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four freshly dead birds within a few feet of a maggot-laden
carcass. Failure to carry out adequate carcass removal and
disposal programs can cause arapid build-up of highly toxic
decaying matter and toxin-laden maggots, thereby acceler-
ating losses in waterbirds, as well as seeding the environ-
ment with more botulism spores as the carcasses decompose.

Many botulism outbreaks occur on the samewetlands year
after year and within awetland there may be localized “hot
spots.” Also, outbreaks often follow afairly consistent and
predictable timeframe. These conditions have direct man-
agement implications that should be applied towards mini-
mizing losses. Specific actions that should be taken include
accurately documenting conditions and dates of outbreaks
in problem areas, planning for and implementing intensified
surveillance and carcass pickup and disposal, and modify-
ing habitat to reduce the potential for botulismlosses or deny
bird use of major problem areas during the botulism “sea
son” or both.

Management actions for minimizing losses
from avian botulism

Document environmental conditions, specific im-
poundments or areas of outbreaks, and dates of occur-
rence and cessation.

Plan for and implement intensive surveillance and ver-
tebrate carcass pickup and disposal starting 10-15 days
before the earliest documented cases until 10-15 days
after the end of the botulism “season.”

Where possible, monitor and modify environmental
conditions to prevent the pH and salinity of wetlands
from reaching or being maintained within high hazard
levels.

Avoid water drawdowns for rough fish and vegetation
control during warm weather. Collect vertebrate car-
casses (fish) and properly dispose of them if drawdowns
are necessary during summer and warm fall months.

Construct wetland impoundments in botulism-prone
areas in a manner that facilitates rapid and complete
drainage thereby encouraging bird movement to alter-
native impoundments.

Because fish carcasses can also serve as sitesfor C. botu-
linum growth, they should be promptly removed during fish
control programsin marshes, or fish control programs should
be restricted to the cooler months of year (the nonfly sea-
son). Also, bird collisionswith power linesthat cross marshes
have been the source of major botulism outbreaks because
carcasses from these collisions served as initial substrates
for toxin production within marshes. Therefore, if possible,
power lines should not be placed across marshes used by
large concentrations of waterbirds.
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Numerous outbreaks of avian botulism have been associ-
ated with sewage and other wastewater discharges into
marshes. This relationship is not presently understood, but
outbreaks have occurred often enough that wetland manag-
ers should discourage the discharges of these effluentswhen
many waterfowl or shorebirdsareusing theareaor arelikely
to use an area during warm weather.

Treatment of Sick Birds

Botulism-intoxicated waterfowl can recover fromthedis-
ease. If sick birds are provided with freshwater and shade, or
injected with antitoxin, recovery rates of 75 to 90 percent
and higher can result (Fig. 38.16). In contrast to waterfowl,
very few coot, shorebirds, gulls, and grebes survive botu-
lism intoxication, even after treatment. Experience to date
with these species indicates that rehabilitation efforts may
not be worthwhile.

Because avian botulism most often afflicts waterfowl in
the seasons when they are flightless due to wing molt, biolo-
gistsand rehabilitators must be careful to distinguish between
birds in molt and birds with early stages of botulism, be-
cause the behavior of these birds may be similar. Molting
birdsare very difficult to catch, and birdsthat cannot be cap-
tured with areasonable effort should not be pursued further.
Birdsthat are suffering from botulism can easily be captured
when they lose the ability to dive to escape pursuit. Birds at
thislevel of intoxication still have a high probability of sur-
viving if proper treatment is administered.

When botulism-intoxicated birds are treated, they should
be maintained under conditions or holding pensthat provide
free access to freshwater, maximum provision for shade, the
opportunity for recovered birds to fly out of the enclosure
when they choose to, and minimum disturbance (including
the presence of humans). It is also important to remove car-
cassesdaily from holding pensto prevent the buildup of toxic
maggots.

Costs associated with capturing and treating sick birds
arehigh. Therefore, the emphasisfor dealing with avian botu-
lism should be on prevention and control of thisdiseaserather
than on treatment of intoxicated birds. However, antitoxin
should be available for use in case endangered species are
affected.

Human Health Considerations

Botulism in humans is usually the result of eating im-
properly home-canned foods and is most often caused by
type A or type B botulinum toxin. There have been severa
human cases of type E botulism in North Americafrom eat-
ing improperly smoked or cooked fish or marine products.
Type C botulism has not been associated with disease in hu-
mans, although several outbreaks have been reported in cap-
tive primates. Thorough cooking destroys botulinum toxin
in food.
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. 1.0 84.9 67.8
Shoveler
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1 Condition of bird when treated with antitoxin.

Figure 38.16 Recovery rates of ducks in response to antitoxin therapy.

Tonie E. Rocke and Milton Friend
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