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INTRODPUCTION

Duck sickness, a malady affecting not only ducks but also many
other groups of wild birds, is today recognized as an outstanding
menace to migratory waterfowl in the Western States. The mor-
tality among ducks, coots, guils, and shore birds of many kinds has
been so severe at some points during some years of the past two
decades that other factors tending to reduce the numbers of migra-
tory birds in these areas have appeared insignificant (pl. 1, £ and B).
In 1910 the extensive mortality among birds in the marshes border-
ing Great Salt Lake, Utah, first attracted nation-wide attention, and
during the years immediately following, the death rate, though re-
dluced, still indicated heavy Inroads on western waterfowl. In 1914

YA full report of Conderson's rescarciies, Studies on Woestern  Duck Slekoess, a
Dizense of Wi Woter Rirds Freguenthg Alkallne Lakes, based on work done at the
Huresu of Blologhesl Survey laboralory af Kilnmnth Fulls, Oreg,, dnring the summier of
1931, and subsequenily at the University of Minnmgots, was submitted to the gradunte
[zewlty of thet university ss o thesis In purtlnl fulilllment of the requirements for the
degree of doctor of philosopby, In June I1fu,

27187 —34 1 1
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the Bureau of Biological Survey inangurated its first study of the
malady, and continued the work in 1915 and 1916, A preliminary
report {7)? in 1915 by Alexander Wetmore, followed by his more
extensive publication (77) in 1918, swunmarized the findings to thai
time. The conclusion reached in that investigation, carried oul pri-
marily in the highly saline environment of Great Sait Lake and its
contiguous alkali flats, was that *duock sickness in Utah is caused
by the toxic nction of certain soluble salts found in alkali.”

Subsequent years brought te light evidence of the disease at other
widely scattered western points, in an area extending from the south-
ern Canadiun Provinces to Mexico, and from southwestern dMinne-
sola to the west coast {fig. 1, p. 32). In the main, the distribution
of the malady conformed to the regicn of allealine waters and soils,
yet there appeared nu close relationship between the prevalence of
the disease and either the concentration or the character «f the al-
kali. There were reported from time to time severe outbreaks in
areas in which the supposediy causative salts were present in what

_appenred to be negligible guantities; conversely, certain bodies of
water that held high concentrations of the suspected salts served as
havens for waterfowl over considerable periods. Though, in general,
outbrenks were assoviated with periods of high temperature and low
stages of water {which logically might be interpreted as indices to 2
condition of greater alkalinity or salinity), the suddenness with
whicl some eutbreaks began and ceased fonnd no corollury in the sa-
line conditions current at the time. Differences were noted also be-
tween the general syndrome of duck sickness and its pathology, and
that of the toxic action of the suspected salts, as further information
became available in the growing literature of that field of toxicology.
As time went on, other evidence, much of it less convineing in char-
acter, increased a feeling among many sportsmen and other observers
of wild life that the canse of duck sickness was not yet definitely
established.  There were some misgivings ulso among scientific
croups, in view of the wceumulating evidence, which indicated, at
feast in areax distant from the highly saline environment of Great
Salt Lake, that some factor or factors other than alkalli might be
involved, or that several maladies having closely similar symptoms
might be responsibie for the losses.

To clarify these uncertainties, the Biological Snevey renewed its
study of the disease in 1927, The shwdies were not continued in
1928, ag there was no marked outbreals until late in fall, but 1. the
Tollowing year, 1929, investigntions agnin were resumed and were
continued through the-summer seasons of 1930 and 1931.

The results, which have removed the problem of duck sickness
from the field of chemical toxicology to the realm of bacterivlogy,
are presented in this bulletin,  The disease has been associated defi-
nitely with the toxin of a common suprophitic bacterium, (lostrid-
fum botulinwm, type C, an organism best known in the United States
as a frequent cause of limberneck in poultry and forage poisoning
in livestock.

Az in other kinds of research, much of the suecess attained in this
study has Dheen dependent upon the fucilities for doing the work.

* Itnlle numbers 0 parenlieses refer o Lilerafure O3ted, g 78,
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Although field experimentation was conducted far from the fully
equipped laboratory that has ecome to be looked lpon as a matter of
course in bhacteriological research, deficiencies in this respect were
compensated for by help of inestimable value rendered by many
individuals and organizations interested in the success of the
investigation.®

SCOPE OF THE PRESENT INVESTIGATION

The first intensive study of the present investigation wus that
conducted in 1927 by C. C. Sperry, of the Bureau of Biological
Survey. With headquarters nt Klimath Falls, Oreg., he made ob-
servations in the adjacent arvea throughout August and September,
Although no laboratory facilities were nvailable at that time, Sperry
constructed a number of cages in which he conducted his experiments.
One of these, of particular significanee, is mentioned on page 56.

In the following year (1928) studies were not vesumed, since duck
sickness did not appear until too late in the season to warrant
dispatching an investigator and providing equipment for a period
of study that would necessarily be bvief. In 1929 nctual investigative
work was begun at Klamath IFalis on June 8 and continued antil Oc-
tober 21, In'that season a field Iaboratory (pl. 6, 4) was established
and additional experimental pens were constructed. The laboratory
afforded facilities for microsecopic wark and the preparation of histo.
logical specimens, limited chemical analysis. of waters, und experi-
mentation in other ways, Attempts were made to produce the disease
by feeding birds with natural and synthetic “alkalis?; feeding
experiments were undertaken with body tissues of birds dying af
the disease, with fermented vegetable matter. and with satrcophagid-
fly larvae; and, even in that season, experiments were conducted to
determine whether botulism might be the cause of the disense,

Through a cooperative agreement with the Bureau of Animal
Industry, Eloise B. Cram, of the Zoologica! Division, was detailed
to the Klamath Falls laboratory from August 5 to September 3,
1929, to study the relation of internul parasites to duck sickness.
A résumé of Dr, Cram’s findings is presented on page 10. The late
C. Dwight Marsh, of the Pathological Division of that Bureau,
also inspected the Ilamath Falls distriet (Ang. 25-27, 1929) to
learn whether toxic algue might be involved. In the same scason

0. C, Boyle nod H. P, Bosworth, Tr,, of tiic Califernin-Ovegon Powoer Co., nt Klumath
Falls, Creg., kindly made ayuilile it l-room eoherete building for use ga 2 Iaboratary,
tod dnnd on which to constener experiment pens, and critluitousiy  Supplic;d slectric
Hebt apd water, o Supt. B, H. Iyden and other ropresentotives of the Burcan af
Reclimation at Klnmath Fans thiiks nre due, (or dits on toend temperatures snd water
levels, Metors playing an important et in® fhe Iuclduenee of duck  sickness, elptul
advice in the porsnit of the bactericloglonl npd foxicologienl nspects ar the research
was given by Roberi G, Green, of the Department of Bueroriotogy and Liminology of the
University of Minnesota; Iviin C. Ball, of the Depnrtinent of Bacteriology and Publle
Health of the Univorgity of Calorado ; and by L, T Giltoer, of the Pathological I}Mvigion
of the Rurenn of Anfmg! Imlugtry, James it Couch, glso ol tlhe Tathutogienl Division,
and Eleige B, Cram, of the Zoologien] Division, buth of (e Burenu of Animal industry,
contributed much to the progross of the work while uader teimporury assisoment ot the
Klemanth rlls boratory. "I'n W. I Taxlor, of {he Caiversity of Pennsylvanin, thunks
are due for rhe fdentifiention ol algne.  To W. . Menl, mnuuger of the Benr River Club,
Brigham, Utab, wcknowlediment, is made of hlatarienl duin concernitng duck sickness a
Great Soit Lake eovering the perioil sulsequent to Dr. Wetmore's work, Grotitude 1g
vxpresged collectlvely to members of the Gurern of Biologioul Burvey for nid in oty nes
el the investlzniion” and o hnumerons correspondents nud collnbicritors of the Thureay o
Canadn and Mexies and througliont the Ualted » Who have contrlbuted tmuch
Eh}‘gugh '.vtrftl'un word and by specimens to the toial knowledyge of duck slckness In itg

eld nspects,
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helpful suggestions were offered by B. T. Simms of the Oregon,
State Agricultural College.

During the winter of 1929-80 an arrangement was made with the
Water and Beverage Scct.on of the then Food, Drug, and Insecti-
cide Administration of this Department for detailed analyses of
28 samples of water collected in the Klamath Falls district. These,
together with the analyses ¢f 16 snmples collected by Sperry in 1927
and others collected earlier by Wetmiore, at Great Salt Lake, form
the basis of much of the discussion in this report of ®alkali ” in its
relation to ducl sickness. In the spring of 1930°a few experiments
were conducted at Washington, D.C., fo note the effect of certain
lead salts and hydrogen sulphide on ducks.

At the beginming of the feld worl in 1930 (July 1) little more was
known of the real cauge of duck sickness than at the inauguration
of the study in 1927, Some new evidence of a positive character
with respect to the toxicity of “alkali” was brought forward in
1929 by Shaw {60), yet there was also an ever-incereasing doubt us to
the adequacy of this postulate in the light of certain fleld aspects of
the malady. Accordimgly, with the object of learning more of the
role of alkali as a causative factor in the Klamath Falls distriet, a
cooperative arrangement was effected whereby James I, Couch,
of the Pathological Division of the Bureau of Animal Industry, was
detailed to the Klamath Falls laboratory for the peried August 18
to September 8, 1930. Couch's contribution, discussed elsewhere
{pp. 16-17), denls Iargely with the analyses of waters and muds ot
the sickness and nonsickness uareas.

Late in July and during the carly part of August 1930 a series
of unexpecied results attained in experimentally feeding gulls on
the body tissues of birds dying of dick sickness focused attention
on this aspect of the study. It became evident that something closely
akin to duck sickness was being produced through the feeding of
such material after it had undergone a certein degree of decomposi-
tion. This naturally revived interest in the concept of botulism,
which had been considered in earlier work, but for which no demon-
strable evidence had been revealed. Other corroberative experi-
ments followed rapidly, and by ecarly October the presence of
Clostridiumn botulinum, type C, had been demonstrated by L. T.
Giltner in culture material sent to the Burean of Animal Indastry.
In the laboratory at Klumath Falls experimental work during the
latter part of that season was Jirected mainly toward determining
the relutive susceptibility of different species, the suitability of vari-
ous body tissues &s incubating media, the offect of physical and chem-
ical agencies on the toxicity of cultures, and learning what factors
appeared to favor toxin production in the field. Late in 1930 there
were published two brief articles, one by Kalmbach (47}, and the
other by Giltner and Couch {25), in which the season’s progress in
the duck sickness studies was set forth,

During the winter 1930-31 additiona] experiments were carried
out at Washington, D.C., using chiefly impure culéures brought from
duck sickness areas of the West. This work dealt Iargely with the
matter of toxin production in various media, including grains. Fur-
ther research was directed toward determining the effect of varions
salts on toxin and toxin production. Despite the convineing charac-
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ter of the results attained in the experimental work of 1930 there
still remained, at the start of Held operations jn 1931, the necessity
of demonstrating that toxin could be produced wndler field condi-
tions und might be associated with food and water likely to be in-
gested hy birds,

To atiain this objective, accomplished during the summer of 1981,
M. F. Gunderson was employed under the disease investigations
project of the Bureau of Biological Survey. Laler Gunderson con-
tinued his studies al the University of Minnesotn, and the results
ot his lubors huve been incorporated in those sections of this report
dealing: with the bacleriology of the problem. At the conclusion
of field studies in the Klumath Falls disteiet (Oct. 8. 1981}, Kaln-
bach visited several ducle-siclkness areas in Culifornia and Texas,
where 'material was collected for subsequent culturing and iden-
tification.

THE CAUSATIVE ORGANISM, CLOSTRIDIUM BOTULINUM, TYPE C

Duck sickness (botulism) is caused by the toxin, or poison, elab-
orated by a micro-organism technically known as Clostridium botu-
livagm, type C, and is, in fuct, a form of food poisoning. This
micro-ovganisat is a relatively largo, rodlike bueterinm, measuring
3 to g in length and 0.54 to 0.8z m width, and frequently may be
found growing in short chains of two or more bacilli connected end
to end (ph 2 .1}, After a period of growth in a suitable medium
many of the bacilli form spores, indicated by a swelling of the rod
near one end {pl. 2 B). It is as a spore that the organistn may per-
sist from season Lo season or even for years, to develop, multiply, and
evolve its toxin again when conditions are suitable for growth.

Four principal forms, or strains, of this organisir are recognized,
designated as tvpes A, B, C, und D (48). Types A and B, of wide
distribution both in the New and Okl Worlds (46, 47) are the ones
involved in human botulism. Their toxins are among the most
deadly known. Both have entered the picture of human medicine
through the generation of their toxing in imperfectly preserved
foods, and when these foods have been made availuble 1o domestic
birds and munnuals, these too have suceumbed.  Chickens, liowever,
are relatively resistant to the toxin of type B.

Type C. the form involved in the present study, also is of wide
distribution and, of all the forms, plays the most important role in
the destruction of wild and domestic birds and animals, In North
Amerien it is the cause of duck sickness in wild fowl, forage
polsoning among livestock, and a certain mortality among domestie
poultry (3, 26); in Australia and Tasmania this, or & very closely
related form, is the chuse of die nulady known as bulbur puralysis,
or midland eattle dispase (38); in Sonth Afriea, where it is known
to affect cattle, horses, goats, domestic ducks, and even ostriches, it
is the causative factor of the dread lamsiekte (65,66). It is reported
to occur in Europe (47}, and if the melady among wild fowl re-
ported by Wetmore in Urnguay (p. 32) is due to the same organism,
South America also must be included in its broad range. Two vari-
ants of type C have been designated as C, and Gz, by Gunnison
aml Meyer (97} on the basis of certain bucteriological differences.
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The form responsible for duck sickness in this country recently has
been determined by Gunnison and Coleman {(29) to be of the
variant C,.

Type D. closely related to type C, occurs with the latter in South
Africa, also as & causutive factor of Iumsiekte among cattie.

Whereas the originally described form of (lostridium. botulinum,
apparently a type B form, has been known since 1898 (20) and the
literature dealing with it and the other human strain, type 4, is
voluminous, our knowledge of type C, now demonstrated to be the
cause of duck sickness, dates only from 1992, when Ida A. Bengtson,
of the United States Hygienic Laborutory, isolated and deseribed 1t
from the larvee of carrion flies (2). In 1924 she published 2 more
extensive paper dealing with this particular strain (3}, but at that
time no evidence had come to light indicating that the organism was
connected in any way with duck sickness,

Although the four types mentioned differ one from another in the
manner in which they grow in various culture media; in the effect
of their toxin on diflerent animals, including mun; in their reaction
to the antitoxins of the respective types; and in other ways, all
require essentially the sume conditions for growth and development
of their toxin. All are known ag angercbes, that is, organisms that
thrive only in media or under conditions from which oxygen has
been excluded. Likewise all are saprophytes, living and producing
toxin in the presence of dead organic matter, animal or vegetable,
In other words, the varicus forms of (Tostridivm bolfulinum, includ-
ing the type that produces the duck sickness; are organisms asso-
ciated with decay, and their toxins are in a sense products of decay.
It mnst not be inferred from this, however, that all decaying material
is toxte—only that infected with (/. Dotulinwm {and a few other
organisms not pertinent to this diseussion) need be viewed with
concern.

In distinction from the causative factors of certain infectious dis-
eases. bacteria of the species (Yostridivm botulinum do not thrive
in the living body, and their rodiike bacilli or the minute spores,
washed free of all toxin. may cven be eaten by birds (at least in
doses that are nob excessive) without ill elfects. It is the pretormed
toxin, developed outside the body of the bird, and thint alone, that preo-
duces the disense.  The matady can be contracted only through food
or water assimilation. Tt cannot be imparted from one living bivd
to another. Lor this reason duck sickness is not contagious.

The extent of toxin produetion is controlled by & number of fac-
tors and conditions. There must, in the first place, be a suitable
medium and o deficieney of zir {oxygen). Temperature must be
lept within certain limils: Barlier investigations with types A and
B boidinum vevealed a temperature range Trom 28° to 37.5° C.
{82.4° to 99.3° I.) for rapid toxin production 15}, but later studies
placed the uptimum for type (| derived from duck-sickness cases, at
37° C. (29). An alkaline condition is looked upon as heing more fa-
vorable to growth than one thut is neutral or acid. At the same time
preformed toxin may be affected adversely in natore by sach factors
as extreme alkalinily or suiinily, lght, dessication, or air.  In the
jaboratory a temperature ol 80° €, {(176° 1.} maintained for 36
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niinutes destroyed the toxin of a type C strain, and boiling for an
hour destroyed most spores (3).

Dispersal of the organism may take place in many ways. Sar-
cophagous insects are common vectors; noving water casily may
transport organic matter laden with the bacteria or their Spores;
and even the winds may carry particles of soil or other material to
which the microscepic spores may be aftached. Bivds themselves,.
because of their frequenting infected areas, may fransport the organ-
ista with mud or vegetation adhering to fect or plumage. It is even
likely that ducks that have ingested lethal doses of the toxin may
continue on their migration for many miles before incipient paraly-
sis halts their progress. Then, should they die, their decaying bodies,
acting as medin, may become centers of other areas of nfection
Various wild and domestic mammals, ns well as man himself, also
may become accidental curriers of the organism in traveling from
place to place,

EARLIER THEORIES AS TO CAUSE

The expression “earlier theories ™ is applied to all concepts of
duck sickness prior to the demonstration of botulism by the
present investigution. With respect to some of these coneepts, par-
tienlarly those invelving infectious bucterinl disease, parasitism,
and “alkali” toxicity, the Bureau of Bivlogical Survey, in coop-
erabion with other burcans of the Department of Agricuiture, has
made considerable contributions, both in its earlicr studies (1914—16)
and in those of the present investigation previous to Augnst 1930,

INDUSTRIAL WASTE AND POLLUTION

Among the earlivst of the theories advanced to explain duek sick-
ness was that of chemieal polintion of waters by industrial swaste.
It was surntised that sulphur fumes from the greab simelters near
Salt Lalke City were absorbed by the waters of streams and marshes
to an extent suflicient to make these toxic to birds, The theory was
weakened by the facet that duck sickness has ocenrred in typieal and
virulent form in arcas where smelters do not exist.  Furthermore,
the syndromes of intoxication by su Iphurous and sulpharic acids and
by arsenie {another clewent crédited with the nuse of the disease),
and the pathologival lesions produced by them, o not correspond
with those of duck sickness. Conclusions in his respect are
Lused on experimental work in 1915 by Wetmaore (90, 3. 6) at Great
Salt Lalte as well ag on the resenrches of toxicologists elsewhere.
Attention may be ealled to they prevalence of the disease in such
environments as Lake Newell, Alberta, Lake Malheur, Oreg., Pule
Lake, Calif,, and the “tanks” in the Panhandle of Texus, as an
indication thut, at least in those localitics, industrial polittion plays
no major part i the production of the disease.

Stmularty, Wetmore (77, p. 74} pointed out that, although sugar
refineries were located on cach of three rivers in Utah at the outlets
of which duck sickness had heen prevalent; the seasonal discharge of
these plants did not synchronize with the incidence of the diseuse,
Mortality censed whife the mills were still in operation.  These
observations discount the likelihood of finding a direct and immedi-




& TECHNICAL BULLETIN 411, U.8. DEPYL. OF AGRICULTURE

ately acting caunsative factor in such discharges, bub they do not
explain away the possibility that such refuse, rich in organic matter,
may later Lecome a medium for toxin preduction under suitable
conditions of alkalinity, tomperature, zmc\ anaerobiosis (see p. 67).

Early in the history of the duck-sickness stndies in Utah, it was
alleged that organic pollution in the form of sewnge from Salt
Lake City was a causative factor, but this explunation also lost
validity when the discase was luter discovered at an increasing num-
ber of other points where there wus no human pollution, There is,
however, as in the case of discharges from sugar refineries, the
possibility thut sewage may increase locally the volume of toxin-
producing media. More bacteriological research is necessary on
these points.

LEAD TOISONING

Although the iden of lead poisoning has not been serionsly ad-
vanced as an explanation of true duck sickness, the two maladies
have oceurred simultaneonsly in the same area. At such Limes con-
fusion may result in differentinting them. and birds apparently
affected by duck sickness may in fuct be suffering from lead poison-
ing. A judgment based merely on inability of the bieds to fly or to
walk is madequate. A fuller diagnesis will Jeave no doubt as to the
identity of the malady concerned. Points of difference between the
two maladies were detected and defined by Wetmore in the course of
his studies in Utah in 1914-16 (7:2). He found that birds with lead
poisoning have good appetites and continue to feed even though
the gizzard, by reason of its paralysis, fails to triturate the food, and
that this often leads to u great distention of Lhe proventriculus, In
duck sickness a loss of appetite is characteristic,. The percentage of
recovery from lead poisoning is low, and improvement is greatly
vetarded, whercas in duck sickness there is a high percentage of
vecovery and sometimes this is alinost spontuneons, FPuaralysis of
the nictitating membrane is not a symptom of lead poisoning, though
in duck sickness it 15 common.  In lead poisoning, in addition to a
brilliant green discoloration of the gizgnrd contents and a distention
of the mall bladder, one muy frequently find the telllale shot in the

stomach itself
GASES

The presence of methane, hydrogen sulphide, and other gases in
duck-sickness areas has given rvise to the belief, quite prevalent in
some places, that duck sickness is produred by the inhalation of
gaseous toxins. There ig little busis for this belief other than the
fact that these guses nre present, dnd that in sufficient concentration
they are toxic. The marked dissimilarity, however, between the
symptoms of duck sickness and those resulting from the inhalation
of these gases precludes serious consideration of the latter as a
factor. As a check agninst a veport that paralysis of the nictitating
membrane, a characteristic symptom of duck sickness, may be in-
duced by hydrogen sulphide, asphyxiation cxperiments on ducks
were conducted, but in no case was paralysis of the nictitating mem-
brane observed.  TFurthermore, ns was to be expected, the whole
syndrome of hydrogen-sulphide intoxieation is so radically different
from that of dnck sickness that the two cannot be confused or con-
sidered to have unything pathologically in common.
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. BAGFERIAL INFECTION

The concept of a bacterially produced duck disease dates back to
the first investigations. Much of the carly experimental work was
devoted to attempts to produce or transmit the malady by one or an-
other of the methods commonly employed in tonveying bacterial in-
fections. Every attempt of this kind, however, met with failure.
Wetmore in 1918, related some of his experiences in the following
words (27, p. 13):

Healthy birds were conflued wilh sick Lirds or were given prain treated
freshly with feces taken from affected fndividuals, Some were fed foreibly on
fragments of organs or the entive stomach and intestingl content of sick birds.
The mucous lachryimul discharge in birds far gone was transmitted to the
cyes of some.  Intravenous und hypodermic transfusions of Llood swere made,
All these experiments gave negative results. .

Specimens sent to the Burean of Animal Industry as early as 1914
were closely examined, hut no diagnostic lesions were revealed.
Numerous inoculations made from different organs of the sick birds,
both on culture media and into experimental animals, failed to dis-
close any ovmnism that might be regarded as the causative agent of
the disease (70, p. 5).

Symptoms were carvefully noted with respect {o similarvity to
the syndrome of the avian bacterial diseases then prevulent. Tt was
observed that to a certain degrec avian cholera (caused by Pas-
tewrelle avicida) resembled duck sickness in that there was a general
depression that might be mistaken for paralysis, & diarchea, u pro-
nouneed thirst (prevalont in birds recovering from duck sickness),
Inbored breathing, and, shortly before death, complete prostration.
Discrepancies existed, however, in the ubove-nermal temperature
m avian cholera as against the uniformly snbnormal temperature in
duck sickness, and in the churacteristic hemorrhagic areas present
on the surface of the heart in avian cholera compared with the ab-
senee of the pronounced lesions in duck sicicness, Furthermore, in-
ability to transmit the diseasc by the meuns employed in the experi-
mental work afforded added evidence sgainst cholera as the cause,
In fuct it was the lack of infectiousness, the lowered body tempera-
ture, and absence of the churacteristic post-mortem aspeets of duck
sickness that distinguished it from all other avian bacterial disenses
generally known at the time,

Failure to demonstrate bacterial infection marked the efforts of
H. Van Roekel in California in 1929 (69). Shaw, in 1980, stated :
“Attempts {o culture a eausative organism from the tissues and
intestinal tracts of the diseased birds gave negative results ” (62,
p. 504). Experiments aiming to reproduce the disense by placing
birds in a suspected pathogenic environment also were inconclusive,

Despite failures in the enrlier experiments and despite the faot
that, thronghout the years, thousands of sick and conva escing birds
had-been kept in intimate contact with healthy stock or with birds
that had fully recovered withont having transmitted the disease, the
idea of some obscure bacterinl trouble was not wholly discarded
even when the investigation was resumed in 1927,

As late ag the field season of 1980 0 number of inoceulation experi-
ments involving the use of blood serum and brain emulsion of
afflicted birds avere conducted, Doses of 0.5 to 2.0 c¢ of the seprum,
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administered subcutaneously beneath the wing or intraperitoneally,
failed to affect pintails and mallards; and injections of brain emul-
sion varying from 0.1 (injected directly irto the cerebrum) to 0.5
ce (injected just anterior to the utlas vertebra) gave negative results
with pintrils. When it became cvident later that the malady was
caused by the toxin of a saprophyte, genernted under conditions of
decay outside the body, attempts to convey this noncontagious dis-
ease from bird to bird were discontinued.

PARASITES

The possibility of parasitic infestation also has been considered
in attempts to solve the mystery of duck sickness. Coccidin found
in the intestinal tract of ducks in the course of early examinations
were looked uport with suspicion, but this was not substantiated by
Jater studies. Limited study of parasitic nematedes at Great Salt
Lake also failed to disclose positive evidence {70, p. 5). In later
years observations in Culifornia militated further against the pos-
sibility of parasites being to blame. E. C. O’Roke, then condueting
investizations for the Division of Fish and Gume of the California
Department of Natural Resources, came to the conclusion: “ From
the standpoint of intestinal parasites, the survey thus far has dis-
closed no apparent relationships existing between duck sickness and
the presence of parasites” (53, p. 294).

Dr. Cram contributed substantinlly to the knowledge of parasites
and their negative relationship to duck sickness in the eourse of a
month’s feld resenrch at the Kiamath Falls laboratory in 1929 and

in subsequent study of the material collected. Detailed observations
were made on a tofal of 41 birds—ineluding 18 pintails, 10 California
gulls, 3 avocets, @ western sandpipers, 2 Wilson’s phalaropes, and 1
¢ach of G other species. The report * shows that—

Al posi miortem examination resplratory and digeslive tracis and the body
avities were serutinized for the presence of wotm piarasites, and smears were
mude from the respiratory, digestive, excrelory, nnd civenbittory systems fov
microscopicsl examination Tor Drofozonn parasites.

Paragites were found to be present in o high percentnge of the bivds
examined mnd oflen in beavy infestultons. However, the fret that control, that
is, nnaffected, birds also showed pacasifes; that, in Lthe cuses I whieh a con-
siderable number of siel birds of one speeied were available for cxamination,
n Tew of the hirds showed no parasites, aithough they showed the suime symp-
toms as the parasitized Divds; and, finally, the fact lbat the parasites found
in the sick birds vepresented a wide varlety of species, with no indieation of
the predominnnee of any one oceurring fhroughont the wviarious species of
birds, ull indicnte that duck sitkness ig not correinced with parasitie infestation.

It was determined, however, that, in several instances, parasitism
was of & degree that indicealed definite injury to the bird host. These
injuries included the formation of necrotic areas in the glandular
and cornecus walls of the proventriculus and the gizzard, respec-
tively, and the formution of tinuors av the junction of these organs;
inflammation and thickening of the wall of] the small intestine were
also noted. Althongh no experiments were made in this investiga-
tion to determine the effect of lesions in the alimentary tract on the

¢OraM, B. R REPORT OX AN INVESTHIATION OF TR RELAON OF PARASITES To * DUCK
SICENMSS P IN PIE KEAMATIH FALLS wEGION, 10202, (MMangseript ow fle in Burenu of
Biologieal Sovvey.)
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assimilation of botulinum, toxin, Graham and Boughton (26, p. 23)
have referred to the possibilities in this direction. By the punctur-
ing of the stomach or intestinal walls, parasites may play a second-
ary or predisposing part in duck sickness.

At Lake Malheur, Lake Newell, and at other points, abservers
have noted, in the course of duck-sickness outhreaks, a prevalence of
lecches, these clinging to and even clogging the nostrils and trachea
of disabled birds. To one unfamiliar with the course of events lead-
ing to this condition, leeches might appear to be the causative factor
in the birds' disability. Although the annelids may add greatly to
the discomfort of such helpless birds and probably hasten the death
of many, they cannot be looked upon as the primary cause of the
disease. The presence of these parasites is a result, not the cause
of the malady, siuce the birds, hopelessly paralyzed and often pros-
trate, cannot prevent the leeches attachin o themselves. Total absence
of leeches in typical outbrenks of duck sickness at other points mil-
itates against the possibility of their being causative factors.

Mention may be made of the observed presence of dead snails sur-
rounding the carcasses of birds that had died of duck sickness.
Although the phenomenon was not noted abont Klamath Falls, it
was reported common at Luke Malheur in the outbreale of 1925, and
a6 that time there was a popular surmise that snails were playing the
role of intermediate host for some parasite. While the Present
understanding of duck sickness completely eliminates this concept,
the presence of the snails nevertheless tay have had peenliar sip-
nificance. Tt is possible that these mollusks, dying from a lack of

oxygen or other cause, may have served tuj)mciucc the toxic materinl

Inter ingested by ducks and shore birds. 1n this manner shails may
serve as secondary causative frctors of the disease, though not inter-
mediate parasitic hosts,

DIETARY DEFICIENCY

That duck sickness is a nutritional mulady has been contended by
some who have endeavored to interpret the symptoms. L. Alva
Lewis, a proponent of the iden, asserted duck sickness amonyg water-
fowl to be the direct result of a'diet charactorized by n marked excess
of wheat and other grain, with a corresponding scarcity of green
foods.” The resultant excess of vitamin B and deficiency of vita-
minsg A and C were looked upon as the causative factor of the paral-
ysis and other symptoms. It was held that the harvesting of the
grain crop late in summer and a ceincident decrense jn the supply
of green feod were responsible for the dietary upset.

Pol nenritis, a nutritional disease among dowestic fowl subsistin -
on a tf;et deficient, in the water-soluble vitaimin 13, may be mentioned,
not as being involved in uny disorder of wild birds, but because of
the similarity of some of its symptoms to those of duck sickness.
There is a subnormal temperature, as in botulisn; a progressive
paralysis, the first manifestation of which is an unsteadiness on the
feet, with o tendency tu lean forward onto the toes (p. 48); a
leg wealness, revealed at the tibiotarsal joint and causing the bird
to drop suddenly when squatting; and, at the end, utter prostration.

ELEWIB, L. A. XEUROTIC DYSTHOULY AMONG DUCKS O1f TIIE FAR WESY. 1027, (Mago-
feript repert submitted to Lurenu of Rlologivnl Survey.)
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Despite the marked similarity of some of the symptoms of duck
sickness and those of  dietary upset, the nutritional-disease theor
loses validity when certain attendant factors arve considered. Duck
sickness has frequently appeared when green food in the form of
Potamogeton and other submerged vegetation was plentiful. It also
has ceased when grain still was being eaten and no additional sup-
plies of green food were available. The malady afiects alike such
widely divergent forms as the highly vegetariun ducks, the insectivo-
rous shore birds, and the omnivorons magpie. Moreover, a high per-
ceniage of the sick birds recover without correction of any suspected
deficiencies in diet. In fact, the thousands of birds that have been
salvaged (pl. 6, R) in years past have in the main been fed on rations
more deficient in vitamins A and C than was their lot under field con-
ditions. Furthermore, to test the validity of the nutritional-disease
theory, Sperry in 1927 demonstrated that mallards and pintails,
sick with the disease, effected recovery as quickly and as completely
when fed on an exclusive diet of wheat (for a weck or 10 days) as
when given a mixed ration.® In the normal proeess of recovery, the
desire for food of any kind is one of the last of the impaired im-
pulses to be vegained by birds affected with duck sickness, and for
this reason its character can play, at best, a minor and delayed
functien in the process of recuperation, '

TOXIC ALGAE

The hypothesis that algae ruay be invelved as causative factors
in duck sickness acquired a degree of plausibility from observations

made in the course of the outbreak at Lake Newell, in 1025 (a1).
J. A. Munro noted that w marked change had taken place in the
character of the submerged flora since his earlier cbsevvations in
1921, and that a luxuriant stand of Pofamogeton had to a large
extent been displaced by masses of bluesgreen algue, which decom-
posed later in the summer and accumulated in vile-smelling masses
i shallow and sheltered portinns of the lake. Such a condition of
decay did not exist in the follewing year, when the water level had
lowered, and the malady did not reappear,

The presence of extensive algal growth of both the blue-green
(Myxophyceae) and the green algae (Chlorephyceac) has been noted
ab other points coincidentally with ontbreaks of duck sickness. In
1928 & prevalence of what were apparently blue-green slgace was ob-
served at the American Falls Reservoir, Power County, Idaho,
during a period when duck sickness prevailed. In the following year
a similar condition was notad at Long Lake, Kidder County, Np.Dak.,

" during the peak of an outbreak of the discase. In the Klamath Falls
district, filamentous green ulgae {Chlorophyceac) have dominated
the submerged flora of some of the bodies of water where the sick-
ness has occurred. Late in summer these beds, rising to the surface,
cover extensive areas, and by their greenish yellow coloration add
much to the brilliance of the scene {pl. 2, ¢'}.

In August 1929, Mush visited Tule Lale, near the seasenal peal
of the outbreak of duck sickness, to learn what part algae, particu-

Spenny, O C. mpron? X DECK SICKNZEE [N SOUTHERN OIPUONX AXD NQIFITERN {TALI-

gonsu )L\‘ TIE SUMMER or 1020 1997, (Mpnuseript in illes of Burenu of Blologlesl
arvey.
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larly those of the genus Anabaena, known to be toxic at times, may
play in duck sickness, The center of the malady was on overflowed
wheatland, at the northwest corner of the lake, and in that area the
suspected blue-green algae were scarce. From observations made it
was concluded that the possibility of aigal intoxication was remote.

Algae may, however, play a secondary role in the incidence of the
disease. These beds are the feeding grounds of many of the smaller
shore birds (pp. 88-39). There the western and least sandpipers ob-
tain the hydrophilid larvae, which, after death, may harbor the toxin
of botulism (p. 58). Tt is in these tangled masses of algae also that
many of the afilicted birds become imprisoned 4nd Iie exposed to the
heat of the midday sun. There is the possibility (which at present
has no proof) that the masses of algne cast up on mud flats may
themselves serve, under suitable conditions, as incubating media for
the bacteria of duck sickness, That they harbor in their skeins many
mnute organisms that may contribute to toxin production there is
Dittle doubt, and the impairment of water movement hy dense algal
mats tends to intensify conditions of decay and to prevent the dis-
persal or dilation of preformed toxin,

ALKALI TOXICITY ¥

The concept of toxic alkali as the causative factor of duck sickness
was generally accepted as the result of experimental work conducted
prior to 1918 by Wetmore, mainly in the highly saline environment
of Great Salt Lake (70,71). Although toxic alkali was looked upon
with suspicion by Wetmore as early as 1915 it was not until the com.

pletion of his work that he definitely stater :

By actual experiment it hag been found that the duck sickness may be caused
by the chiorides of caleium and magnesium, Experiments have indleuted that
other salts may be incritinated in Utal and elsewhere, but this stutement is
made wirth reserve, as it hus not yet heen deflnitely established (71, p. 15).

It is apparent from the foregoing that Wetmore felt that he had
reproduced the syndrome of duck sickness in experimental hirds by
feeding them on suspected salts, Many other highly suggrestive fac-
tors contributed to the conviction, quite generally entertained during
the subsequent decade, that toxic alkali was to blame. In the first
place duck sickness was, in n general way, associated with alkaline
arens, and the ontbreaks oceuering in the San Joaquin Valley of Cali-
fornia were looked upon as paralleling, in an etiological way, the
malady at Great Salt Lake. The disease appeared fo synchronize
with circumstances that could be interpreted cither as an increase
in alkali or a more favorable opportunity for birds to ingest toxic
salts. In addition there was suggestive evidence that a high percent-
age of sick birds transferred from an alkaline environment to one
where they had access to fresh water recovered within a few days.

A number of other factors militating against an infectious bac-
terial explanation of the malady lent credence to the alkali theory
in a negative way. Among these was the fact that the disease num-
bered among its victims many species of birds having a diversity of
food habits and life histories, a condition erdinarily not encountered
in infectious diseases and parasitism, yet strongly indieative of some

T The word " olknll " ag used in this bulletin, refers to the combination of vurlous sales,
usually alkaline In reactlon, found In western waicrs, muds, and Golls,
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widespread intoxication. Furthermore, the affected birds usually
were m good flesh and, with the exception of a certain congestion of
the arteries of the intestine, considered to be due to the irritant action
of alkali, no characteristic lesions were evident,

Although as time went on, there were certain misgivings as to the
adequacy of the alkali theory, it had in its favor a measure of experi-
mental proof and a degree of plausibility possessed by no other sin-
gle idea. When circumstances finally led fo & resumption of investi-
gative work by the Biologienl Survey (p. 2) the theory of alkali
toxicity beeame u primary one to be proved or disproved in the light
of new conditions arid further direct experimental work. )

In the analysis that follows, much of which deals with evidence
against the postulate that duck sickness is caused by the toxicity
of certain salts, full cognizance has been taken of the fact that some
natural salts are foxic and under certain conditions may result in
avian mortality.

CILARACTER OF WATEIS

An analysis of alkaline waters with veference to duck sickness
is presented in table 1, which shows in the form of percentages of the
whole, the proportions of the bases and acid racicals of the saline
components of 10 samples ol water and 1 of mud extract obtained,
with one exception, at the scenes of typical duck sickness. The
single exceplion was that from Owens Lake, Calif., where the mor-
tality of early days was at one time considered to be duclk sickness,
but cn which later developments have thrown some doubt (p. 25).
It is evident that even in a single area there may be considerable
variation in the cliaracter and concentration of salines in different
samples of water collected. Tor instunce, at an irrigation sump
south of Klamath Ialls, total salt concentrations were recorded
of from 1,700 to more than 200,000 puarts per millien, and variations
in the chlorine radical from 1.52 to 7.9 percent. The analyses here
discussed have been selected, however, as represeniative.

TapLe 1—dnafyses of sumples of weslern wllaline waters taken chiefly at
geones of ppical duele siclness

|"The: proportions of the various beske and pedd udiecads rather thinn those of hypotheticnl salts hive been
ysed fn this tuble ay o neans of rationn! commirison.  The Aetres indleate pereentngus of tolul nahy-
drouy, inorgante solids.  The comptsitien of these walers in relation o Lie prevalence of duck sickness
is tiseussed on PP, 14 to 17]

Perceniapes of component parts
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t Marmat carhonnle, 1 Nol comprted; soe deseription of samiple,
? And potassjum,
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The sumples of water were obtained as follows:

A. Kear mouth of Beur River ot Corrlne, Uinh.  Anniysis received from
Southern Pueific Railvoud (9, p. 158).

B. Mouth of Weber River, Utah. (ollectod by Wetmore subsequent to the
penk of duck-sickness outhrenk. Examinution by Borean of Chemistry
and Soils, United Stnies Depnirtmens of Agrienituve,

- Walce soluble materia! from muds in sickbess ureas on the Benr River
Delta, CuBlected by Wetmore. Examination hy Buresu of Chemistry and
BSoiis,

. Mouth of Blitzen River, Luke Maihiour, Oreg. Collected by Roy O, Steele
while duck sicknress was prevalent in Awgust 1926, Examinstion by
Bureuu of Chemistry and Hoils,

. Like Malhenr, Oreg. {9, p. 163, .

F. Long Luke, Kidder County, N.Dak, Collected in Angust 1917, BExansina-
tion hy Burcan of Chemistry, United Siates Doepurtment of Agricuiture.

t. Luke Poinseit, Humlin County, S.Dnk,  Ciliceted Seplember 12, 1929, by
F. M. Ubler white an outbreak of duck sickness was on {he wane, Rxumi-
nation by the Water amd Hevernge Seclion, Food, Drug, and Insecticide
Administration, United Stuies Depnrtunent of Agricubinre,

I Shellow peol nt Governmunt sunp, 10 miles soulh of Kixmath fails, Orog.
Collected by Sperry in 1997, Bxamination by thy Food, Drug, and
Insecticide Adusinistrarion,

- Mooded Wickd noar Kono, Oreg,  (‘Oliectwd by Hperesy In 1027 during a
duck sicliness outbreak,  Xxamination by the Food, Drag, and insecticide
Administention,

. Lower Khanailh Lake, Siskivou CUoanly, Quiil Colloe{ed Ly Sperry during
o Hmited duck sickness ontbroeni, Examination by the Fuod, Drug, and
Insecticide Administration,

. Owens Lake, Califl (&, p. 162). Sample faken in Aunugst 1903, Anaslysis
by C. IL Sione,

Despite the fact that all but one of these samples came from areas
i which duck sickness was prevalent or has occurred, there is wide
diversity in the proportions of the saline components. Even ions
that theoretically may be combined to form the chlorides of calcium
and magnesium, formerly considered capsntive factors of the dis-
ease, are by no means nniform or consprcuons in the several samples.
Sumple D, for instance, coliected at Lake Matheur during a disas-
trous outbreak, though contiining caleinm in moderate proportion
{15.7 percent), had Iittle ¢hlorine, and the total salinity (261 p.p.m.)
was so low as to make the solution as a whole nnocious.  Samples
A and C (the latler a water extract from m ud)}, collected at Great
Salt Lake, revealed caleium, magnesium, and chlorine fons in fair
proportions, yet even though these were combined fo form chlorides
of calcium and magnes;an, they still would comprise a minor part
of the saline complex, and conld be considered toxic only in high
concentrations. In all other samples these two chlorides formed
even smaller proportions. In no case did caleium and magnesium
chlorides dominate the saline content.

The other ions that in one form or another might be considered
toxic to birds shiow great variation in the samples. " The proportions
of sodium, carbonate {bicarbonate), and sttlphate jons as well ag
chlorine (;)z'exrxousl‘y discussed in combination with caleium and meae.
nestum} fluctuate from a position of dominunce to one of insignifi-
cance. There appenrs to be no salt or combination of ions that is a
characteristic of the alkaline waters collected in these widely sep-
arated duck-sickness areas,

For a study of the alkaline waters of the Klamuth Falls section,
the analyses of 26 sauiples are availuble in addition to the 3 presented
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in table 1. These were collected at Tule Lake, at the Government
sump 10 miles south of Klamath Falls, and from various adjacent
ponds, canals, or flooded fields.

Of the 26 samples, 18 were collected in duck-sickness ureas, either
just before, during, or just after an outbreak; the other 13 were
collected under circumstances not intimately associated with the
disense. Data concerning the proportions of the sodium, magnesium,
callﬁium, and chlorine ions in these two groups are presented in
table 2,

TABLE 2.-—8odium, maguesivm, caleium, and chilorine iong (eopressed g per-
centages of lafat soluble saits}) in sanples of waler fron duck-gickness areuas
und from aregs free of fhe disease, bused on fhe anelysis of 26 samples col-
tected maindy in the vicinity of Klumath Falls, Greg.

Spurca of sninples Samplay Na 3414 Cz Ci

Nwmber | Percent | Percent | Percend | Percenl
From duck-slekpess arens. . ... .. 1K jiN 2,03 6,27 2.81
From aress fres of slekness.... .. . . .. .. ... 13 17,93 [1:t] 3.81 4, 38

It is apparent that none of these waters of the Xiamath Falls sec-
tion is dominated by the chlorine ion, as the average percentage of
this element in the whole group of sumples was only 8.5. The per-
centages of .chlorine, sodinm, ar? magnesium were greater in the
waters from nonsickness arcuas, while the reverse was true of calcium.
Such conditions might be construed as confirmatory of the alkali
theory insofar as it applies to the toxicity of calcium chloride, but
it is to be remembered that the differences with respect to the salts in
the sickness and nonsickness areas ave merely in degree. When it is
realized that the vrhole matter is subject alse to the highly variable
factor of concentration, these differences in percentages in what are
in fact minor elements in the saling complex do not appear pro-
nounced ensugh to account for the presence, or the total absence, as
the case may be, of an epizootic.

In this discussion of the character of salts in sickness and nonsick-
ness areas it is fitting to call attention to the published fndings of
Shaw (67} in Californin, that soils from certain discuse areas con-
tained a relatively high percentuge of nitrate ions, while comparable
soils from nondisease areas reveaied very little, This was interpreted
as being highly suggestive of his contention thut toxicity may be
inereased by the addition of nitrate ions to what otherwise might be
more or less harmless suline combinstions (60). At the time these
idess were advanced the whole matter was treated from s toxicologi-
eal standpoint, and, although it was recognized that nitrates often
are the end product of bacterial processes, the significance of this
interpretation in relution to the real enuse of duck sickness was not
then uppreciated.

In the work at Iamath Falls, effort was made to repeat Shaw’s
experimental work, which had been conducted largely in California.
Couch gave considerable attention to this aspect of the case and made
numercus tests Cor nitrites and nitrates in the muds of sickness and
nonsickness areas,
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In the determinatlons made durlng this investigation the results showed that
the largest proportion of nitrates wuas obtained from a pond [Largent's] where
there was no outbreak of the disease this year (1930) and smaller amounts
oceurred in areas where the dizease was In active progregs,™

Appraisal of the character of waters in sickness and nonsickness
areas has yielded little to confirm the earlier coilcept of alkali tox-
1city postulated by Wetmore and its varinnt advanced by Shaw. No
direct synchrony between the character of nlkali and the incidence ot
duck sickness was revenled except that brought out by Shaw, which
is subject to more logical interpretation on bacteriological than tox-
ieological grounds, There remained, however, the necessity of de-
termining, approximately at least, what concentrations of salines
commonly found in these waters, are actually toxic to waterfowl, and
hence a potential danger,

TOXIO CONCENTRATIONE

Ingested in suflicient quantity, sodium chloride is toxic to birds,
Experimental work has demonstrated that this salt, administered
daily, at the rate of 4 ¢ per kilogram of body weight, is close to the
mimmum lethal dose for a chicken weighing 3 to 5 pounds (50).
It has been shown by Heller and Larwood (24) that Epsom salt
(magnesium sulphate), a commen® constituent of western alkalis,
hag a refarding effect on growth of small mammals when used in
drinking water in concentrations of 15.000 p-pan., and that it is
decidedly toxic in concentrations of 25,000 p.p.m. Caleium chloride
is even more toxic, yet in weak solutions (2,000 p.pa) this salt
was founc harmless when used in drinking water of white rats (49).
“The chlerine ion appears to be more fuxic than cither the car-
bonate or the sulphate jon, The calchan and magnesium ions are
more harmiul than the sodium ion ? (24}, Shaw (60} has demon-
strated experimentally the toxicity to ducks of sodium chloride,
magnesinm chlovide, and calcium chloride as well »s certain mix.
tures of these and other salte.

In the course of this investigation it was demonstrated, through an
experiment conducted in pens erected over a natursl pool of alkaline
water, that saline solutions of the character prevalent about Klamath
Falls are highly toxic to several species of birds whenever the eon-
centration is ns great as 25,000 p.p.a, provided such sslutions are
the sole source of drinking water. In charncter the dissolved salts
were Fargely sulphates with carbonates and bicarbonates in moderate
proportions and chlorides forming a negligible part. Sodium was
the dominant base. The Lirds subjected to such experimentution
included gulls of two species, coots, and redhead and mallard ducks.
The same saline solutions in concentrations of 5,000 or 2,000 p.p..
appeared not to be harmful.

Seventcen other experiments were conducted to learn more of the
character and concentration of alkali needed to produce intoxica-
tion among ducks using the solutions us drinking water, In eight
of these the birds died upparently from the toxic effect of the dis-
solved salts. Death occurred in every compieted experiment in

™ Couein, JAMES 1. REPORT OF INVENTIOATION OF SO-CALLED ALKALI POISONING QF
LUCKS AP KLAMATH FALLE, OREG,, 1IN I830: RREXULTS OF ANALYSES AXD EXTERIMENTS.
1980, (Uopy of mastaseript on fie io Burean of Biclugicul Burvey.)
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which the solution appronched the salt concentration of ocean water
(31,000 to 36,000 p.p.m.), and in ornc instance a concentration of
26,000 to 27,000 p.p.an. killed a bird that had been taking i¢ only 2
days. In two experimentsin whicli higher concentrations were used
{80,000 and 200,000 p.p.m., respectively), the birds refused to driuk,
indicating that there is a point at which ducks may prefer to die of
thirst rather than taks the exceedingly toxie waters. On the other
hand, solutions contzining salts in a concentration of 3,853 p.pan.,
halt again as strong as the highest conventration recorded for the
open water of Tule Lale, failed to atfect bivds drinking it for 7 days.

Knowing the minimum lethal concentration (for birds) of the
saline solutions prevalent in the Klamath distriet (20,000 to 25,000
p.pa.), it is possible te appraise conditions move definitely with
respect to the likelihood of birds ingesting lethal doses under field
conditions. ‘The highest concentration of salts recorded for any
water sample in the immediate vicinity of Tule Lalke was 8,07) p.p.m.
This sample was colleeted in o small depression adjacent to the
lake af & time when the water tuble wus slowly rising and wbsorbing
the encrusted swrface alkali.

Something of the harmiessness, even to birds afilieted with duck
sickmess, of saline solutions containing as much as 11,500 p.pan. of
dissolved salz:, was learned at the Bear River (Utah) Migrator
Bird Refuge during the summer of 1932, In that season 1,819 sic
birds were gathered and placed in an enclosure where, for bathing
and drinking purposcs, they had aceess to a pool formed by an artesian
well, This water contained sodium chloride in the concentration of
9,787 p.p.n. and other salts, inclnding magnesium chloride, caleium
carbonate, and magnesium cnrbonate, in quantities sufficient to bring
the totul salt content to the concentration mentioned.  Despite the
fact that this was the sole souree of drinking water for these sick
birds, and that they were given practically ne individual attention,
54 percent recovered.

It would seem, therefore, that the postulate of alkali toxicity if
applied to the Tule Lake basin must rest on the assumption that
the birds were locating saline pools of o concentration greater than
any revealell by this investigation, ov else were obtiaining toxic alkali
at other points in the Kinmath Falls district where such concentrates
existed. TFicld observations on the birds themselves indicated the
dueks did not hahitnally leave the Tule Lake basin dnring August
and September, since within it were all the essentials for existence—
water, food in the surrounding grainfields, and shelter and protection
on the Federal bivd vefuge.  However, at the Government sump, an
ircigation basin south of Klamnath Fally, solntions of salines far above
the minimum leths) concentration were to be found in pools about the
border. Under such conditions, which are comparable with those
existing at many other of the maore highly saline dnclk-sickness aveas
of the West, it is possible for waterfowl to come in contact with
lethal quantities of toxic salts throughont the summer and carvly fall.
Yet at the same time and place the relatively fresh water (3,000
ppan) of the main sump supported a luxuviant stand of Potamo-
geton. peotinatug, which served as a constang attraction to the water-
fowl. If the theory of alkali intoxication is entertained under such
conditions, it must be predicated upon the assumption that sufficient
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toxic salines are ingested by birds on visits to the shore line, despite
the fact that most of their fecding and drinking take place in the
essentially wholesome water of the open sump.

Another consideration of paramount importance, but usually over-
looked in attempts to explain duck sickness on the basis of alkali
toxicity, is the reaction of birds to the taste of toxic saline concen-
trations. Tn every ducl-sickness aren visited there have been, within
a short flying distance from any toxic alkaline pools that may have
existed, ample supplies of suitable drinking water. At times the
distance from one to the other was n matter of only a few yards,
and if the bitds possessed any marked aversion to the foxic waters
it would be difficult nnder such cirewnstances Lo conceive of thou-
sands ingesting lethal (oses,

Mention has been made of the refusal of ducks to drink exceed-
ingly high suline concentrations (80,000 and 200,000 PP, in ex-
periments conducted in this study {p. 18}.  Others also huve noted
this fact. Tt remained to be demonstrated, however, whether con-
centrations of about minimum lethal stretigth would be refused by
birds having equal access to wholesome water. A experiment was
undertaken therefore, with » solution of natural alkali, composed
mainly of sulphates, prepared in a strength of about 20,000 p.p.m,
By trial this was found to be nontoxic to ducks using it as drinking
water for a period of o week, When this was offered nlong with
equally accessible fresh water, a marked aversion to the saline solu-
tion was revealed.

From the foregoing it wmay be stated (1} that solutions containing
dissolved alkali of the Klamath Falis district in concenfrations as
greab as 26,000 p.p.m. have been shown to be Tothal to ducks when
vsed as the sole source of drinking water; (2) that although such
concentrations may be found in pools in the vieinity of certain duck-
sickness urens, extensive outbrenks have ocenrred without their pres-
ences and (3) that waterfowl have shown a sense of discrimination,
even aginst nontoxic solutions of salts. thut in a1l probability would
lead them to shun toxic concentrations when fresh or relatively
fresh water is close nt hand.

LACK OF SYNQHIRUNISM BECWEEN TOK RICKNESS AND SEASONAL FLUCTUATIONS 1IN
ALRKALD CONCENTIATION

Other factors being equal, it might be assumed. 6n the basis of
the theory of alkali toxieity, that duck sickness would have a seasonal
incidence conforming to the period of high coneentrations of alkali.
In general this is trie, but day-by-day study of conditions of alln-
linity, before, during, and affer an outbreak of the discase, fails to
dumonstrate a real synchrony between duck sickness and high con-
centrations of alkali.

The outbreak of duck sickness that occurred on overflowed land
at the northeast corner of "Lule Lake jn 1929 began under a condition
of slowly rising water, which had existed for some time previously.

The gradually extending sheet of water was absorbing cenerusted
wlhkali, and as 16 erept forward it formed arens of relatively high
saling water, although not in concentrations that could be considered
toxic (p. 18). This process had started about the frst of July and
continued steadily until well into October. In the course of thal
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process sickness appeared about August 1 and disappeared about
September 20,

The failure of duck sickness to appear at the same point when
essentially similar saline conditions nre re-created in different years
was brought out in the conrse of fleld work at the Largent Pond,
previously mentioned. Prior to 1928 the pond evaporated to dvy-
ness during sununer, but in that year it was kept {ull throughout
the season by a break in a neatby irrigation ditch, Duck siclness
appeared and caused the death of almost an entire flock of domestic
ducks frequenting the area. Tn 1929 the break in the dike was re-
paired and ngluin the pond evaporated to dryness with no sickness
in evidence. In 1930 this area was used as a site for experimental
work. 'The depression wag flocded and n constunt water leve] was
maintained, approximating that prevailing in 1828 when sickness
occurred. Alkali conditions also up]_)u:n'etf to be similar. Despite
the fact that ullkali toxicity wus demonstrated with birds confined
in pens on the shore line ot this pond (p. 17), and notwithstanding
the presence of both domestic snd wild birds on the pond through-
out the season, true duck sickness did not appear.

Besides these and many otiier instances of lack of direct synchrony
between duck sickness and high concentrations of saline solutions
it has been Kalmbuch's frequent observation, while enguged in re-
cording water levels, alkalinity, and other factors having o possible
bearing on the cause of the disease, that the sensonal increase in
alkalinity is gradunl. Duck sickness, on the other hand, may be-
come a pronounced epizootic aimost spontaneously. With the termi-
nation of scasonal outbreaks, however, a decrease in alkalinity may,
with sounder logic, be interpreted as an influencing factor, since the
disease invariably subsides with the coming of faﬁ rains or with a
pronounced increase in water depths, either of which would tend to
dilute saline waters.

BYMPTOMS (0 ALKALL POIBONING AXD DUCK SICKNEBE COMPAHED

Differences noted between the clinieal as well as post-mortem as-
pects of eases of duck sickness and of alkali poisoning, experimen-
tally produced, have nided in distinguishing the two maladies. Not
n single typical ease of either acute or chronie duck sickness wag pro-
dueed in more than 50 individual experiments involving the adminis-
tration of nlkali or alkali solutions. In this connection mention again
may be made of the toxicological studies of Shaw, who stated in his
final published contribution on the subject that, although he felt
that some symptoms comparzble to those of duck sickness had re-
sulted from the feeding of alkali, he *was not satisfied that the
identical picture of the disease has been reproduced ™ {62, p. 567).

In view of their negative nature merely a summary of these ex-
periments will be presented. They may be divided iuto two groups:
One of 17, in which the salts were conveyed m solution either as
drinking water or ag doses ndministered through a pipette; and
another of 34, in which dry salts, enclesed in eapsules, were force-fed.
The major portion of the solutions offered as drinking water were
made from encrusted alkali, found in the Klamath Falls district,
and whenever the quantity of dissolved sults approached ur exceeded
30,000 parts per million, fatal results ensued. 1In the feeding of dry
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salts, including quantities of natural alkali, only one bird (affected
by complications of unknown charncter) died. In these experiments
many synthetic combinations of alkali also were prepared, including
the local dominant saits as well us those snspected at Great Salb
Lake. Both calcium chloride and magnesium chloride, singly and
in combination with each other and with other saits, were fed in
doses of 6 to 8 g without i1l effects. Single doses of similar size
were given, involving natural and synthetie alkuli to which were
added quantities of nitrates, with a view to increasing the toxicity.
In none of these werc symptomns characteristic of duck sickness
produeed.

In comparing the syndrome of alkali intoxication and duck sick-
ness, one 1s confronted, on the one hand, with variations in the char-
acter of alleali as found in nature and, on the other, with difierences
arising fvom the severity of the attack in duck sickness, whieh may
vary trom a slight impatrment of gait or flight to a condition of com-
plete prostration. That certain physiolagical reactions arising from
each are so similar as to be easily misinterpreted adds to the difficul-
ties of comparison, The following presentation of anilogous reac-
tions sets forth some of the wore obvions symptomatic and pathologi-
cal differences and similarities of atkali peisoning and duek sickness
as observed in this study:

Adkati poisuning

1. A geooral depression ogeurs in
lethal eases, which af times bikes on
the aspeets of o paradysis. Phe power
of susfalned fight is lost; the fegs
hecome weak, and an anstendy of
stuinbling gait results; eveninally fhe
victim can no lobpger stand, whore-
upion death follows, atffen spontane-
ously.

2, Respiration may be weunkenod and
its enpidity slackened {a condition ap-
pedring immedialely prior fo denth),
but there is no woll-defined siv hungoer
during the middie stage of Qisubility.

3, Wilh (he ineressing fmpairmoent
of voluntnry nud isvaluntary aenliies
the nictitating menbrane of the oye
is somctimes naffectert,  This usuaily
resulls simply in a slowing up of its
funetions but at times the membinne
may beenme inunobile. The winking
of the eve may be a stow, complete, hut
infrequent process,

4. Tuid discharges from the nostrils
ag well s from the eyes have heen
noted in experimenial birds subjeeted
to wlali trentent, but in no instunee
huve the (dschurges observed hoen of
& ehargeier or In prefusion suilielent
toI clog the glottls or senl the eye-
iids,

ek steliess

LA paradvtic condilon, affecting
its turn the nmscles of wings, logs, and
neels, I8 charagterisiie, bat excfpt in
extremely ucule enses death follows
a greadwilly  inercusing  lethnrgy,
Complete prosteation is typienat for a
vitriable  perled provieus o death,
which osunlly tnltes place  without
shrupnsie,

2. The progressive paraivsis affects
muscles coutrolling pnlmonsry move-
lments,  Phis manifests itselld as an
wir hohger, giving rise to n gasping ef-
fort al every hwenth, If is a freguent
and fairly carly symplom in most hirds
affecied, ami iy particalarly  pro-
nounced in gulls

3. Paralysis of the nietitnling moem-
brane is o frequent but not n pithiog-
nemenic symptom.  Unlike ifs oceur-
rence fu alkali polsewing, it ix not con-
e to the finnd stages.  In lethal
cases it appears eurly; in sublethal
enses iU usunily synclivonizes with the
peitk of the syndrome, 0r may even be
ahsent entirely. A nmch more con-
stant aceompnniment of Aduck sickness
than of nlkali polsoning,

4. Profuse discharges from eyes and
nostrils sve reguend and may thicken
Bilo cheesy masses thal clog the glot-
lis, bloek the trachesn, or barden mind
seal the eyelids.  According to Wet-
more maeh of this has ity origin in
enlorged Marderinn glands at the nn-
lerior corner of the ayes.
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Afeali poisoning

4. A digrrhen i frequoeat, o nntural
result of the purgative effect of the
salt ingusted.

6. A Jowered body temmnerature with
1 wednkened, ioss rapid, or irregulay
henrt ‘action is common in the laley
sliges.

T, The alimeatary frdet aimost in-
variably reveals evidence of severe ir-
ritation. Mhere have been observed
profuse mueous discharges from the
esophagus and the glandulnr portion
of the proventrvicutus, n slonghing of
the edges of the ghword Hning, and o
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Duck

8. A greenisit dinrrhoa is connnon,
{orminating with the discharge of in-
ereashug  quantities of  white renal
mintter, the subseguent hardening of
which muay completely obstiraet the
vent, with s resudinnt distontion of the
cloneiy,

i, A subuormai hody temperslure is
lilfewise characleristie. Byen in sub-
tefhal enses o lemperature of  less
than 100° 1P, has been noted in duacks,

7. Porl-morten examinationg 5n the
Klumath drea showed ao gross lesiong
in the intestinal trect compurable with
those nrising frow the Lrritunt netlon
of sglis. Qeeaxional congestion of the
hlood vessels. i fuirdening and contrae-
tion of fhe walls of the smnller in-

sickiess

testine, steaw-colored contents, and a
distention of tiwe cleae: anterior to
an obstructed vent are the only post-
wmortem mmiitestations fhat oveur with
any degree of frequency in fhe ioles-
tines,

Of the distingnishable diflerences thus revealed in the syndromes
and post-mortem concitions of alkalt intoxication amd duck sickness,
those outstanding are the spontancily of death and the presence of
very evident lesions, in alkali intoxiwation; and, in duck sickness,
the presence of an air hinger, the frequent paralysis of the nictitat-
ing membrane, and the lack of pronounced lesions, Theve arve other
more or less subtie and less clearly delined points of difference which,
though they cannot be deseribed ndequately or appraised, can be
detected by the experimenter and ficld observer after many contacts.

In sununarizing the subject of alladi toxicity and its possible rela-
tionship to duck sickness it may be pointed ont {1} that appraisal
of the chemical composition of waters in sickness and nonsickness
areas abont Klamath Falls has yielded little to strengthen the alkali
theorys (2) that, although concentrations of dissvlved salts as low
as 26,000 p.pan. are lethat when such solntions nre nsed as the sole
source of drinking water, pronounced ontbreaks of duck sickness
have ocenrred in areas where such lethal concenlrations did not
exist; (3) that healthy experimental birds have shown an aversion
even to nontoxic or mildly toxie concenfrations of salts, and hence
would bo inclined to avoid highly toxic solutions where fresh water
is equaily available; (4) that there often is a lack of synchrony
between the incidence of duck sickness and the sensonal period of
high glitaline concentratious; and fastly, (8} that there are marked
differences in the symptomatology and pathology of the two
ailments.

guite constant congestion of the hlow!
vog=els of the intesiine, partiealncly
those of the duodenal lvop,

OTHER STUDIES

The earliest contuct of the Biclogical Survey with the investiga-
tive aspects of duck sickness occureed in May 1911, when Kalmbach,
in company with officials of the New State Gun Club, imspected the

area at the mouth of the Jordin River, Utah.,  Evidences of the
great mortality of the previous year were still present in the many
hundreds of disintegrated budies of ducks and shore birds. The first
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signs of the season’s outbrealk of duck sickness aiso were then appenr-
ing, & few affected birds heing encountered. Two of these, o shoveler
and a widgeon, were transported to the laboratory of the Bureau
of Entomelogy, at Marray, Utah, wheve, placed in o bath tub, both
recovered after 4 days and were relensed,

In Angust 1918, 8. B, Piper, of the Biological Survey, made an

examination of conditions at Great Salt Lake; and in the saume year
Franic C. Clarke, detniled by the California Fish and Game Com-
mission and working in cooperation with the University of Cali-
fornia, made an investigation and conducted experimental work at
Talare Lake, Kings County; and Buena Vista Lako, Kern County,
Calif. (7) A report on Clarke’s ea tly work (8) indicnted, as was
noted at Great Salt Lake, that a high percentage of the afflicted birds
recovered when placed in cages contuining fresh water, but no defi-
nite cansative factor was demonstrated.
In July 1914, Wetmore began un investigation that continued
through the two following seasons. In the frgt year he made fleld
studies at a number of points uhout Great Salé Lake, particularly in
the marshes at the mouths of the Jordun, Weber, and Bear Rivers.
Late in the season he visited Tulave dngdt Owens Lakes. At the con-
clusion of the first yenrs work he prepared & preliminary repord,
which was poblished in May 1915 (70). This covered such aspects
of the problem as its history and the theories as to caise and nature
of the trouble, and led to the conclusion that the mertality was due
to an alkaline poison, the exact nature of which still remained to be
determined.

In 1915, he continued his studies 2 nd, us an aid, established a small
field laboratory on the banks of the Bear River at the northern
end of Great Salt Luke. Operations wore continued there until the
end of October with the exception of a ghort period of investigation
at Loke Bowdoin near Malta, Ment., where an ontbreak of duck
sickness had ocenrved earlier in the season.

In 1916, the last year of Wetmore’s studies at Great Salt Lake,
field work began on May 15 and terminated on October 25. The
final conclusions coinecided with those published in the preliminary
report (70}, though certain salts of alkali, particularly t}w chlorides
of calelam and magnesium, were then definitely ineriminated. The
report on the entire study at Great Satt Lake was published on June
21, 1018 (7/) '

After the publication of Wetmore’s findings no further extensive
research work in duck sickness was undertaken tor nearly a decade.
Although articles of a nontechnical charncter appeared from time to
time in periodicals devoted to wild life. it was not until 1927 thut the
malady was again given scrious study. Early in that year B, W.
Nelson, then Chief of the Biological Survey, published the results
of a general field survey of conditions existing in 1926 (42).

In that same year the Californin Fish and Game Commission in
cooperation with the University of Californin undertook further
study of duck sickness. Toxicological and puthological studies were
conducted at the Inboratories of the Hooper Foandation for Medicnl
Research, with K. F. Meyer, director of the fonndatinn,'supervising.
At the sume time parasitologicn] studies were condueted in the Zoo-
logical Department of the University of Californiu, under the di-




24 TECHNICAL BULLETIN 411, U.S. DEPT. OF AGRICULTURE

rection of C. A, Kofoid (44). At the outset R. J. Irvine carried out
chemical research, but later the purely toxicological and pharma-
cological aspects of the problem were handled by Paul A. Shaw,
of the Hooper Founds.in, who published sevetrul papers (59, 60,
61, 62). Parasitological studies were sturted in November 1927, by
O'Roke (43), who published his results in the following year, Patho-
logical investigations were begun in June 1928 by Van Roelkel, and
a brief paper outlining his field of e¢ndeavor appeared in Januury
1929 (49}, but at that time no additional light was shed on the nature
of the malady. Tield work connected with these studies was con-
ducted at Tule Lake, and at points in the San Joaquin Valley.

In a review of the literature on duck sickness, miention should
be made of three more recent contributions by M. Hobmaier,
(38, 39, 40), who joined the staff of the Hooper Foundation for
Medical Research in September 1930. In the following month Kalme-
bach had opportunity to reveul to Dr. Hebmaier the progress made at
the field laboratory at Kiamath Falls, accompany hum on his initial
inspection of the Tule Lake district oi infection, and present him
with culture material, from which he luter isolated Clostridium bo-
tulinum, tyre C, thercby corvoborating the earlier findings of Giltner
and Couch (25, p. 660). '

In his last contribution to the subject Hobmaier (40) preseated
a mass of significnnt and valuable data and adequately demonstrated
duck sickness to be botulism by (1) the similarity of epidemiology
and clinical picture, (2) the iselation of the cansative organism, and
(3) the demonstration of toxin in media in the field, as well as (4)
in the blood stream of aiflicted birds,

More recently the contribution of Gunnison and Coleman (29)
to the fundamental bacteriology of the duck-sickness variant of
type C botulismt has appesred and supplied reseurch workers with
important deseriptive facts not previously determined for this type,

HISTORY OF THE MORTALITY®

It 3s of importance in the consideration of a malady now looked
upon 8s an outstanding menaee to western waterfowl to note its
history. Has this disease alwiys been a fuctor in curbing the number
of North American waterfowl, or is it a disaster of recent origin?
If evidence points to its presence in early days, have the couse-
quences always been as severe us they ave in current times, when
the mortality in some seasons is appalling? These are questions
the answers to which not enly have u direct bearing on a proper
understanding of the problem as it is presented today let also are of
importance in any attenmpted appreaisal of what the future may have
n storet

’*1‘1:5,- historieni ngpects of duek slekness lere disepssed concern the manifestation of
this discase wnong whd birdg: nu nttempi I8 wade ut hig poinl te denl with Lhe sanle
or relnted nwladley ameng domestic peuitry or lvestock. In the pregsenlutlon of (dnla
concernlng the history of duck sickness about Greal Selt Lake, use Las been wade of {ue
cvidence compllel by Welmore (77), (0 whom woknowledgiment 18 gratefully made.

Thhe evidence on which enrly aveounts of the nndndy nee unrrel'hltml with our present
concept of duck sickwess rests lacgely on U busis of slmilarity of symptows and eer-
tuin husecinted etloogion] Metors.  Inoa fow of e loealiien in wlhich the disense hod
been recarded, recent baeterlelogicn! determinations, by demonsiratitng the presence of
the cousnllve orgnpism, bave strengthened the supbosition (hal enrly outbrenks were
identlcal willi those of toduny, There IA always the likellhood, however, that other (hes
tora, hicluding vren dbreer foxieity of alkell, milght huve plaved n part lo gome of Hhe
vitely outbreaks, (‘unsuqueutliy, nu reeords nbout whicl Lhere ls a rensonnble doubl gre
bere included or, if mentloned, ey are presented with approprinte explavation.
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PERIOD FRIOR TO 1910

In discussing conditions at Great Salt Lake with respect to early
records of the malady; Wetmore stated that—
several hunfers and guides who liave shat on these mérshes for many hunting
seasens have rvecalled that siclk and dead hivds were found at an euarly day,
Twenty-five years ago [1303] the bunting season bepnn on September 1, and
.- . It wns not wnusual to fnd mwany dend ducks on this dale . . Somea of
the early settlers in thiz region have reported sici birds ot corvlier times (72,
mo2)

A. K. Wisher, of the Blological Survey, reported finding many
dead eared grebes and shovelers at Owens Lake in June 1891 under
conditions th:lt fed him to believe their death may have been caused
either by toxic alkaline salts, which were present in high concen-
trations, or by futile efforts to £nd snitable food in the highly saline
water (27, p. /2-17). Neison also reported large numbers of dead
grebes in an exceedingly emaciated condition on the same body of
water in December 1890 (27, p. 72.) A still earlier reference.to bird
mortalit?f at Owens Lake, by Loew (43, p. 190), is to be found in
Wheeler’s report of 1876 on western geographical surveys, in which
the statement is made that—

nobwithstanding the alkalinity of Owoeng Lake, numerous ditcks are ocea-
stonally seen swimming on it. The great numbers of dend ducks and other
aquatic birds secn here and there on shore seem to indicate that they tried
to satisfy their thirst with this water.

In 1914 Wetmore visited Owens Lake, found many dead eared
grebes and 2 few other bivds, and stuted, © apparently the eause of

death was similur to that producing the dack sickness in Utah ”
(71, p. £). In the absence, however, of definite hacteriological evi-
dence of duck sickness at Qwens Lalke the record of its oecurrence
there is open to question. Several fuctors contribute to this element
of doubt. One is that excessive mortality {rom this disease seldom
occurs as early as June, the time of Fisher’s observations; another,
that general cmaciation, as reported by Nelson, is not a common
pathological condition in avian botulism; and, lastly, the high con-
centration of sodium cavbonate in the waters of Owens Lake in all
probability would muke conditions highly unfavorable if not im-
possible for toxin preduction by the cadsative organism of duck
sickness (p. 65).

Much of the literature of early exploring expeditions in the
West has been searched with the hope of finding records of bird
mortality that might be indicative of duck sickness. Among these
records were the reports of military, engineering, and railroad sur-
vey parties and of geological explorafions, and the writings of
ornithologists who accompanied these expeditions. Ridgway (55)
and Henshaw (85), both ornithologists, visited Great Salt Lake, the
former in 1869 and the latier a fow years after, but neither made
comment on any extensive bird mortality.

Previously various expeditions had traversed the Great Basin and
visited the shores of Great Salt Lake or the valley of Bear River to
the north. These included the Ashley-Smith Explorations (1822
29), those of B. L. E. Bonneville (1833), and R. B. Sage (early
forties), J. C. Frémont (1843), Howard tunsbury (1849-50), J. H.
Simpson (1859), and others. "These early cxplorers, all keen ob-
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servers of wild life, made frequent mention of the abundance of
birds, yet so far as the present reviewer cin discern, no mention is
made by any of an avian mortality that might be construed as an
epizootic of duck sickness, During September 1843 Frémont (22)
explored the Bear River Marshes and on September 9 traveled down
the Weber River in a rubber boat, passed through the marshes at
its mouth, and visited one of the islunds in Great Salt Lake. From
the standpoint of locality and time of year the opportunity of his
noting duck sickness, had it been present during that season, was
Jnost favorable. Stansbury (64) explored the entire boundary of
Great Salt Lake and also visited the Bear River and Weber River
sections, yet he makes ne mention of dead birds.

There are a number of later reports (previous, however, to 1880)
concerning the central valleys of California, but in vone was found
reforence to excessive bivd mortality. Derby’s Report of the Tulare
Valley, 1852 (12), fails to mention any bird malady in a district
in which endless thousands died in later years. In more recent
times, what appears to be further negutive evidence of duck sickness
is found in reports f the Agricultural Experiment Station of the
University of California covering the period from 1879 to 1889,

Particularly inieresting is the recorded history of variations in
the levels and alkalinity of the waters of the upper San Joaquin
Valley with relation to animal life. Althongh the subject was
studied primarily from an agricultural stmdpoing, Hilgard (37)
in 1889 took note of the progressive destruction of mollusks and fish.
He gave attention to the decrease in the fishing industry in the
Xern and Tulare Basins in the 1879-89 decade, but despite close
observation of wild tife during that period, he noted no bied mor-
tality. Wetmore stated that sick ducks had been observed in the
Tulare Lake Basin for more than 20 years, which, it appeats, would
place the incipience of duck sickness as an epizootic there ut some
point in the nineties (77, p. §). This antedates by 10 or move years
the origin of the trouble in that vicinity as reported by the Cali-
fornia Iish and Game Commission (7), which considered the year
1908 or 1907 as the first year of noticeable mortality.

Only one of the numerous outhbreaks of suspected duck sickness
of which there is record, reported from localities other than the
vicinity of Great Salt Lake or the San Joaquin Vaulley, Caiif,,
occurred prior to 1910. This one, of somewhat doubtlul identity,
appeared nmong geese at Bitter Lake, 25 miles northwest of Water-
town, S.Dalk., Inte in the full of 1898

It would seem, therefore, Trom the review of pertinent, literature,
that the earliest records of true duck sickness that may be pointed
to with reasonable assurance are those mentioned by Wetmore for
the early ninetics at Great Salt Lake (77, p. 2).

PERIOD 1%70-1%

Waterfowl mortality in 1910 served for the first time to call
pational attention to the menace of duck sickness. It appeared
at a number of points, but the outbreak at Great Salt Lake during
that season was the most severe in any single area of infection.
Waterfowl and shore birds died in such nmnbers that private clubs
refused to open their grounds to hunting. In Culifornia during the
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same season thousands of birds died in the Soleta, Goose, Buena
Vista, and Tulare Lale sections of Kern and Kings Counties, in
waters that are no longer existent, and from Saskatchewan, Canada,
came reports of the death of “ untold thousinds * in the vicinity of
El Fros, about 100 miles north of the Unjted States. A short time
later (1912-13) what appears to have been duck sitkness was re-
ported from the vicinity of Rice and Goose Lakes, west and south-
west of Suskatoon. This locality still remains, so far as known, the
most northerly for duck sickness on the North Aeriean Continent,
u point fully 200 miles north of the Canadian border, at 52° north
latitude,

In fluctuating but generally in decrensing intensity, duck sickness
continued to take a toll throughout the decade 1910-1519. The year
1913 was one of considerable mortality in the upper San Joaquin
Valley, and from Saskatchewan in the same year there came reports
of renewed trouble near El Fros. At Great Salt Lalke the year 1911
witnessed an improvement over the disastrous conditions of 1910
but in 1912 and 1913 excessive mortality apain gecurred. Conditions
in 1914, when the Biological Survey began its initial study of duck
sickness in T'tak, were the best there since 1910, In 1915 extremely
low water drove most of the waterfowl out of the infected aren
about the lake, with o resultant saving of many; but in the following
season, after a return to nearly nornl water conditions, duck sick-
ness recurred in moderate intensity. During the remainder of the
decade (1917-19) the discase vceurred each yrar, but the losses were
relatively smnil.

In 1915 Wetmore observed Lhe disease at Lake Bowdoin, near
Malta, Mont.; he also reported it in 1916 and 1917 at Baca. Lake,
80 miles south of Luke Malheur, Orew. (74, p. 5-6). Stanley G.
Jewett and W. L. Finley observed duck sicknoss for the first time
at Lake Malheur itself in"1917. and in the followiti year a few birds,
aflicted apparently with duck sickness. were found in the vicinity of
Lower Klamath Lake on the Oregon-California line while this body
of water was evaporating to dryness.  Burnie Manrek, gume and
fish commissioner of North Duakota, reported sick ducks at an alka-
line lake in southeastern Iidyer County, ubout 1915, In 1917 duck
sickness was reported from the Sulton Sea in southern California.
A moderate outhreak cecurred among the ducks in the Aarysville
Butte section of the Sacraniento Vulley, Calif., in 1918, and soon
after there was added to the list of localities Dodson Luke, in the
Warner Valley of sonth-ceniral Oregon. During the latter half of
this decade (19153-19) duck sickness, though uppearing in localities
not previcusly reported, nowhere sssiued the serious proportions it
had attained at Great Salt Lake and in the San Jouquin Valley in
preceding years.

PERIOD 1520-12

Since 1920 the history of duck sickness has been characterized by
a notable increase in the nunber of points of outbreak, Although
part of this apparent spread results from the closer attontinn being
paid to the welfare of wild life and the fact that duck sickness has
become a matter of more common knowledge among sportsmen, it
is evident that the disease appears today in epizootic intensity in
muany more localities than in 1920, It is still present, though in
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fluctuating intensity, at most of the earlier recorded localities. At
Great Sait Lake the year 1921 witnessed the greatest mortality since
the outbreale of 1910; a decrease followed during subsequent years,
and in 1924 additional improvement resulted through energetic
frightening mensnres employed in driving the birds out of infected
areas. Moderate mortality occurred in following years until in 1929,
when, in August, there was a short-lived but severe outbreak at the
mouth of Bear River. Frighlening measures applied during the
summer of 1930 curtailed what might have vesuited in an epizootic
of considernble extent, and in 1931, the disease was extremely local-
ized. In 1982, however, the malady reappeured in its most violent
form about the Bear River Bay, and on the south shore of Willard
Spur the dead lay in munbers that recalled the eatastrophe of 1910
about Great Salt Lake {(p. 26). )

What appears to have been true duck sickness among waterfowl
on Utah Lake, 50 miles south ot Great Salt Lake, was reporte’l by
Clarence Cottum, of the Biological Survey, as occurring in 1927 and
1928. Reports current at the time were that the disease hed been
noted several years previously.

In the upper San Jouquin Valley ducl sickness was prevalent in
varying intensity throughout the period, but on the whote the mor-
tality was much less thun during the previous decade. New spots
of infection appeared, however, under peculiar etiological vonditions
on the artificially flooded nnd braited grounds of certain duck clubs,
In 1927 there was ereat wortality in the vicinity of Buena Vista
Lake, and in 1931 there was an outbreak of considerable intensity on
the south shore of the Salton Sea ot a point where the inflowing waters
of the New and Alamo Rivers formed mud flats.  In that year a few
duels died on the grounds of hunting chibs in the vicinity of Colusa,
i the Sacramento Valley, under conditions strongly suggestive of
duck sickness.

Early in this period the bed of Tule Lake was added to the list
of known infected areus, later the scene of much of the field work
of the present study.  Although many waterfow! perished there dur-
ing the first year that attention was attraeted to the malady (1922).
cevere mortality occwrred in 1923 and, to a less extent, in 19261
The disesse was not prevalent at Tule Luke in 1927, but there was
an ontbreak of moderate intensity in the fall of 1928 and lacalized
outbreaks in cach of the three following years.

In Oregon, duck sickness appeaved in its most disastrous form at
Lake Malheur in Harney County in 1923, o year of low water, It
vecurred in reduced intensity the following scason; reached serious
propurtions again in 1929; and in 1930 and 1931 was absent, owing
to the drying of the lake bed. The initial recorded outbreaks on
bodies of wafer in parts of southern Oregon contiguous to the Tule
Lake district of Californin appeared subsequent to 1925. These areas
inctuded marshes nt the north end of Upper Klamath Lake, the Keno
Marslies along Klamath River, and what is known as the Government
sump, an irrigation cateh-basin 10 miles south of Klamath Falls.

T, Tduho the earliest recorded instunce of duck sickness is that of
an outbreak at Mud Lalke, Jeflerson County, in 1922, in the course

WPoRKIS, G, BEFORT ON DUCK SIPKNESH AT TULE LAKE, CALIF,, KLAMATH LAKES, OWEG.,
AND ADRJACENT TERRITORY, 3970, (Mnpuserlpt In fles of Burean of Blotogienl Burvey.}
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of which both wild and domestic ducks were affected. In 1929 nior-
tality was again reported from the same general vicinity {Humer).
What appears to have been duck sickness hus been noted at Bear
Lake and the avea just north of the Utsh line {1926 and 1929) und
at the American Falls Reservoir, Power County, where many birds
died under essentially fresh water conditions in 1928. All these
localities tie directly north of Great Salt Luke.

Lake Bowdoin, Pi'silli ps County, Mont., the scene of an outbreak re-
ported by Wetmore (77, . 5-6), again was the source of sick birds
in 1921. George E. Mushibach, of the Biological Survey, encountered
thousands of dead bodies there exrly in October of that year, evidence
indicating a severe outbreak a little carlier in the seasonn. What
may have been duck sickness has been reported by Carey II. Bennets.
of the Biological Survey, in recent years st Benton Lalke, Cascade
County; and Greenfield Lake, Teton County (uot charted in fig. 1).

In Nevadu there are two records to be considered in conneetion
with the distribution of ducic sickness. One of these cingnates from
the southeastern part of the State, where in the summer of 1930
several hundred birds died at Frenchmans Lake in the Pubhranggat
Valley, Lincoln County, under conditions that strongly suggested
duck sickness. In the snuie season numerous avocets died on shallow
alkaline Iakes cast of Fallon in the west-central part of the State.
The evidence of duck sickness in this case, however, 1s not so clear.

Although the disease may have mpnifested itself at carlier dates in
North Dukota, there is no question that it has been increasing in
Irequency during recent yonrs, The center of the reported infection
has been in the highly alkaline southern parts of Burleigh and Kidder
Counties. In August 1999, F. M. Chler, of the Biological Survey,
noted two duck-sickness areas, one in Gra¥ Township in southenstern
Kidder County, and the other at Long Luke in the southwestern part
of that county, At the latter point domestic chickens and turkeys
also succumbed,  In the fullowing year large numbers of wild fowl
died at Chase Lake Bird Refuge, in northern Kidder County, ac-
cording to the report of Profector W, D, Parker. Earljer mortality
at Cranberry Latf{e {(1927) muy not have been due to duck sickness
bui to the direet toxicity of alkaline salts, which were present in
concentrations grest enough to form dense crystaline deposits on
the plumage of aflected birds.

In South Dakota the history of duck sickness is recent, with the
exception of the doubtful case occurring near Watertown in 1898
{p. 26). The first definite outbreak of which there is record was
that reported by F. C. Lincoln, of the Biological Survey, at White
Lake, Aurora County, in 1922, In 1997 tha disease was reported
from Rush Lake, near Webster, Duy County, where it was learned
the mulady was of annual ocenrrence.  Another Rush Lake, in Ham-
line County, was the scene of duck sickness in 1929, as was also Lake
Poinsett nearby. No less than 20 species of birds, including a ring-
necked phensant, were found dend ahout this lake by Uhler in Sep-
tember, and he also encountered duck sickness at Luke Mitchell in
Brockings County in the sume year. From Antelope Lake, Clark
County, there were received, in December 1836, specimens of matlards
that evidently had died of lead poisoning, Lut the internal organs,
after suitable incubation, yielded &lostridiuan. botulinum, type C,
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which indicated that tlie organism of duck sickness was present in
that vicinity also,

In October 1931 Gunderson visited Oaks and Sylvan Lakes in
Cottonwood County, Minn., and there found evidence of what ap-
peared to have been an outbreak of typical duck sickness that had
its peuk at some time in August or September (27). Wild ducks,
shore birds, and domestic poultry died in great numbers on the
inud flats surrounding these Inkes, and coltures made from material
collectedt there revealed the presence of the organism. This is the
most eastwardly record in the United States of duck sickness in
epizootic form among wild birds in the region of alkaline water.

In Nebraskn, duck sickness has been revorded at points in the
sand hills of Garden and Sheridan Counties within this period, even
as recently us 1982, In that year the disense was reported at Gay
Lake, near Irwin, Cherry County; and at Whitney Lake, Dawes
County.

In the Cheyenne Bottoms, Barton County, Wans,, there appears
to have been a similar malady in the fall of 1926, A much earlier
report of mortality recorded by Wetmore {7/, p. 0) as having oc-
curred in this locality in 1914 and 1915 was at thaf time diagnoesed at
the University of Kansus as a bacterial infection.

In the Panhandie of Texas duck mortalily came rather suddenly
to the attention of sportsimen within recent vears, nlthough observers
familiar with conditions contend that the malady has been an annual
oceurrence there over u fonger period. It was reported as severe in
the vicinity of Amarillo, Potler County, in 126 and 1927, and
prevalent at other points in western Texus during these years, In
1930 an intense bnt local outbreak appeared about small bodies of
water near Cone, Croshy Connty. Desieented specimens collected at
these points in the year folfowing afforded chreumstuntial evidence
of the identity of the malady by the disclosure of the organism of
type C hotulism.

Walterfow! mortality in an overflowed area adjacent to the Rio
Grande at San Aencia, NMMex., (1927) resulted in the death of 2
few birds; as also at the Pieacho Reservoir, Pinal County, Ariz., in
October 1928, Mlthough definite evidence is lacking, the cirvam-
gtances suggest duck sickness,

A case of pussible duck sickness was revenled at a point east of
the Mississippi River when, on Decentber 14, 1930, a singie black duck
was captured in a belpless condition near Dyke, Va, by W. H. Ball
and H, 8. Barber. Subscquent observation of the bird in captivity
revealed a partindl (probably residunl} paralysis of some of the
major muscies. After 2 duys in captivity the bird was killed and
its liver removed under stertle conditions. From this, Giltner recov-
ered (lostridium botulinum, type €. Thongh there is the possibility
that the liver contamination had its origin from bacteria adventi-
tiously ingesied, and was in no way counected with the bird’s ail-
ment, the symploms woere snggestive. The ease serves ot least as a
definite loecality record for the organism.

Mention may be made of the sickness and death of shore birds
reported in September 1930 in Massachusetts Bay, where they were
feeding in the vicinity of careusses of blacklish ((Hobicephala wme-
laena), which had been washed onto the beach and were undergoing
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deeay (7). Turnstones and sanderlings, feeding on the adult and
possibly larval and pupal blowflies (Calliphora) infesting the car-
casses, became aflicted with a paralysis of the major muscles and
showed other sympptoms of typical duck siclness. Alithough no
bacterial evidence of the identity of this malady was obtained at
the time, the circumstances surrounding the outbreak and the symp-
toms displayed point to botulism of some type. Incidents such as
this, which are the direct result of a single local spot of infection,
closely typify the conditions under which dowmestie poultry contract
botulism and are not to be classed with the extensive epizootics
among wild birds in the Woest,

Outside the borders of the United States, duck sickness has ap-
peared in its most virelent and disastrons form in recent yeurs in
the southern portions of the Canadian Provinces of Saskatchewan
and Alberta, directly novth of Montana. Early in this period (1920
and 1921} a malady reported by Munro (31, p. 83} oceurred among
waterfowl at Lake Johnstone,” Moose Jaw County, Snskatchewan,
and was dingnosed at the time us coccidiosis und as sopticemia, The
symptoms, however, were similar to those exhibited by sick birds at

ake Newell (next mentioned) and in a present-day review of the
evidence, duck sickness scems the logical diagnosis,

What appears to have been true duck sickness oceurred for the
first time at Lake Newell, Bow Valley County, Alberta, in 1924,
and in the following year un epizootic of considerable severity ran
Its course in the samo locality. The excellent and well-HInstrated
account of this outbreale by Munvo leaves little doubt coneerning
the nature of the trouble (57). In 1926 no sickness was ohserved,
and_apparently it did not recur until 1930 when, according to
A. Griffin, of Brooks, Alberta, & number of dead ducks were vo-
ported despite the fact that much fresh water had flowed into Liake
Newell that scason.

In Saskatchewnn duck sickness was reporfed again (1927) at
the point of its most northerly ocenrrence west of Suskatoon. and
in 1928 there was some mortality at Lucky {Luck) Lake in Elrose
County. 1In the following season, however, o mulady in all its
superficial aspeets similar to duck sickness, made heavy inroads on
the waterfowl of both southern Alberta aned southern Saskatchewan.
In that year many thousnnds died on the shores of Pakowki Lialke,
Medicine Hat County, Alberta, just north of the Montana Border,
At Many Tsland Lake, Redeliff County, Aiherta, ducks died in July
and Angust, it was stated, frons the offect of loeches {p. 11), while
at Cypress Lake, near Vidora, Saskatches ‘an, 8 severe malady
oceurred, the cause of which was uncertain,

South of the Rio Grande there is record of a malaly that may have
been duck sickness occurring in the fall of 1925 in northeastern Duy-
rango. There, according to Nelson (52, p. 92}, in a district known as
Bolson de Mapini, which extends into adjacent southwestern Con-
huila, formerly existed the Laguna de Meyran, a body of water more
than 30 miles in length, and numerous simalier lakes, Diversion of
water for irvigation has rediced the flow into this basin, which now is
devoted largely to agriculture. The remntining marsh areas and
flooded felds, however, are still a great attraction to waterfowl., In
one section, near the town of Tlabualilo, many thousands of birds,
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especiaily pinteils, blue-winged teal, and sand-hill cranes, died in
1995 under conditions that indicated duck sickness. E. A. Goldman
encountered no sickness when visiting this area in March 1926, but
found considerable evidence of the previous yeay's mortality in the
form of disintegrating bodies,

Early in the past fﬁ?{'nde {1921) Wetmore, while studying migra-
tory birds in South America, found evidence of & malady ameng
wild fowl in the vicinity of Luguna Castillos, near San Vicente de
Castillos, Uruguay, the symptoms of which were the same as those
of the disease he had studied in the Salt Lake Vulley. His manu-
seript notes in the files of the Biological Survey, nnder date of
January 31, 1921, show that several species were affected, including
the sonthern pintail, a coot, Trudenu’s tern, the brown-headed gull,
and the lapwing, or teru tern {p. 41).

EXTENT OF DISTRIBUTION AND MORTALITY

The map (fgz. 1) of the known distribution of duck sickness as
an epizootic among wild birds in North Americs shows roughly a
wide-flung circle having in its circumference points in the sonthern

portions of the Ca-
T L ALbERTA | 7 nadian Provinces of
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in Nevada, possibly
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arens in the Pan-
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western  Nebraska,
eastern  South  Da-
kota, sonth-centrai
North Dakota, and
southwestern Minne-
sofe. Near the cen-
ter of this great cir-
enit is Greast Salt
Lake, Utah, with in-
e Pected arveas of south-
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part representative
of the areas of greatest mortality. conforms roughly to the region of
alkaline soils and waters of the United States. The significance of

this correlation is discussed elsewhere {p. 63).

Tn the foregoing treatment by periods, duck sickness among wild
birds has been traced with a fair degree of certainty as far back as
the early nineties of the past century; its range now extends over an
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enormous area. ‘Lhe history of events indicrtes an inerease in prev-
alence; and from this comes the logicul query as to whether a still
further extension of range may be expected in the futuve,

That the causntive ovgranism of duck sickness, Clostridivm botu~
linwan, type C, is endemic in this continent and was hore long before
man recognized ifs presence through outhreaks of duck siclness, may
be inferred from the studies of tha same and other types of botulism
investigated by bacteriologists. There is reason therofore to believe
that duck sickness may have oceurred at a very eurly time, whenever
and wherever favoralile etiological factors were present: (pp. 61-68),

In looking backward, however, it is noted that man has altered
greatly the extent and naturve of conditions affecting duck sickness,
Through reclamation, d winage, and deforestation there has resulfed
an. inerease in the rapidity and extent of seasonal run off of rainfall.
Lakes anc marsh lands that formerly mmintained more or less con-
stant water levels now uctuate, and during late sunmmer become
stagnant aveas of shallow water, mud Mlats, and decaying material.
Alkaline sinks have been formed by drainage from irriguled sections.
About many of these, grain crops have lured waterfowl in great
numbers and have tended therehy to concentrule the bivds in or near
infected areas that formerly did not offer them much inducement
to rest and feed. There is little deubt that there has boon g material
incrense in the factors and general conditions condugi ve to duck sick-
ness since civilized nmn hos entered the picture; and. unless measures
are taken to prevent a further extension of conditions favorable to
the orgunism, the ravages of this diccase are likely to male a still
greater annugl drain on our diminishing waterfowl.

Appraisals of the extent of mortality in severe epizootics were
made as carly as 1910 at Groat Salt Lake, where sanitary conditions
were being improved by gathering the dead bodies for burying or
covering with lime, An idea of the intenxity of the disaster may
be had Trom the following description by Madsen (43, p. 30-31) of
conditions aboul the lake in 1910:

Our efforts were confined to galltering all (he dem cnes, londing them in at-
holtum boats with pitehlorks, and litaling them to the nenrest ling 10 he piled
up nud buried or burned. . .. Three wen with pilehforks aecompanied oach
bont. I hnve seen muany neres of wilor where {hese men could, within throwing
distanee, pul in mere than 200 birds without moving the boat, Sl
kes would frequenily yiekl more than 1,000 dead birds o the nere. We
spent days ot this work, antil the utier nselessnesy of it all boenme apparent,
The marging of the ponds and  lakes sorm beeame  dotted with mounds
of dougd birds resembiing ot dens in a narsh,

Wetimore has stated (74, p. J=4) that in 1912—
dhoul 30,000 birds were picked up on the Weber River flats, while on Bear River,
from rveards kept by V. I, Davis, it is learned fInt the badies of 44462 wild
ducks were galhered and buried hetween Augusi 22 and Heplember 21,

Witmore records in the following year that 46,728 Aucks were
buried between September 7 and September 26. Tle states further
that “attempt was made to clean up only those birds lying in the
open. These forimed but a small purt, so that the figures given prob-
ably represent less than 20 percent of the birds that actually died.”
Even in 1914, u year of considernble mmprovement over any of the
preceding four, an estimate of 8,000 to 10,000 dend ducks was made

4T18T°—34— 3
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for a distance of 2 miles along one of the lower channels of the
Weber River.

Others have attempted to appraise the extent of mortality by
counting the number of dead and helpless birds on representative
units and then, computing the sgrregate mumber on the basis of the
total aren affected.  Such estinmates may be subject to a great factor
of error through inubility to inspect much of the terrain, the tend-
ency of bodies to be concentrated by wind and current action, and
the habit of sick birds while still possessing pewers of locomotion
to hide In dense stands of marsh growth. Nelson (52, p. 13) states
that on the Bear River Marshes, Madsen estimated the annual
losses as from 30000 (o 100,000 or even more in years when the
malady was particularly severe. There nre seasons, however, when
conditions of low waler may result in the complete deying up of
what are ordinavily duck-sickness areas, ihus dviving out the birds
and preventing morality. Such a comlition prevailed in 1915, when
Wetmore Tound sick birds searee in sonie of the most severely infected
arens of the Bear River Marshes, listimates of dead runging from
less than 100,000 tu more than 300000 wade at Great Salt Lake in
August 1929, give u general idea ol the severity of the epizootie in
that year.

A rough estimate of the mortality at Lake Malheur in 1925, made
by Steele, placed the number of dead at 100000, At Tule Lake,
Tonkin caleuinted the niwnher of dewd te be from 23,000 to 50,000
during the sunmer and fall of 1925, Tarly in the investigutions
of duck sickness in Californin an estimate of 40000 dead waterfowl
in one seuson {1913y wus reported for the Buenn Vista and Tulave
Lnke Basins (80 p, 40N,

In the Klamath Falls-Tule Lake seetion of southern Oregon aml
northern Calitornia, nothing approaching the severity of outhreaks
mentioned has appeared during the period of this investigation.
In 1927 Sperry found no sick birda at Tule Lule, and only a few
at other pointsg in adjavent partz of southern Oregon,  [n the fol-
lowing year, 1928, an outhbreak of modernte infensity ran its course
late in the season. T 1929, 1930, und 1931 the mortality in the
area, was eonfined largely to overflowed land adjacent to Tule Lake,
where it was estiniated that about 3.000 birds died annuaily.

At the close of the severe, late-season outbreak at the north end
of Great Salt Lake in 1932, an estimate was made of the number
of dead on the south shove of Willard Spur. Seetions of the shore
line 100 vurds in length were taken as anits and the readily visible
dead counted. Tor o distance of 6 to 8 miles dead ducks were
seattered on the flat terrain in numbers ranging from 8.000 to 10,000
to the mile. (See pl. 1. /7.) Tt was estimated that there were 150,000
dead on the south shore of Willard Spur and the adincent Bear River
Bay. Many more thousands lay scattered on the -asty, noreth, and
west shores, and an indeterminale number were hidden in the vegeta-
tion of the Bear River Migratory Bird Refuge or ebliterated mn the
mud flats. Tt was estimated thal fully a quarter of & million water-
Towl perished from duck sickness in this general area during 1932,

A limited to moderate mortality probably ean be found in most
of the principal infected areas every season. LEplzeotics of extreme
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severity may Dbe looked npon as the result of the combingtion of
varions etiological factors coupled with the alfendunt factor of
an abundance of Lirds (63).

SPECIES OF BIRDS AFFECTED

At the conclusion of his work in Utah, Welmore listed 26 species
of wild birds known to be susceptible to duel siehness. With sl
but one of these, the horned lark, lie had had personal contact in the
course of his stidies on the Bear River marshes and elsewhere, Tt
was Wetmore's experience (77, pp. 11-12) that the shallow-water, or
river, ducks were move likely o contraet the discase than others.
The green-winged teal was considored {o be particutarly susceptible,
foliowed closely by the pintail: while malads, shovelers, and cinna-
won teal snveumbed less frequently.  OF the deep-waler ducks, the
redhead was most often afflicted ; and aniong shove birds, the avocets
and black-necked stilts died in grenter munbers,

In a tabulution of eacly specios Toumd dead at Tulare Lake in 1918,
published by Clarke (8, p. 220}, of 2079 recorded, 642 were teals
{presmmably einnamon and green-winged ). 571 were pinlails, and
S shovelers,  Sudpipers of several spreies aguregated 46, and
other birds were fonnd in smalier numbors,  No nullards were re-
covded, a cirewmstance that ean be interpreted only by the fact that
few if any wore in the vicinity of the lake at the time,

The record of wortatity in southorn Oregon and northern Cali-
fornin in the period 1920- 31 paatlels in the main that noted by
Clarke at Tulare Lake more than 15 years carlier.  In point of
nurbers, pintails were the duclks most Froquently affected, although
a variation was noted Detween one season s 1 nother and at Jdif-
ferent periods during the saue season.  In 1931 there was g notice-
able increase in the number of doud green-winged teal abont August
20. Within a weel, pintails sgnin took the lend and died in greater
numbers thun had previously been noted in the same area,  Sick
zhovelers froquently were enconntersd there amd, by the low percent-
age ol recovery reventod apparently o weak rosistanee,

The relative status of maltards, cinnamon teal, und redheads with
respect Lo the disease abour Tule Lake was closely similue to that
deseribed by Wetmaore for these birds af Gront Sait Lake: with
shore bivds, howevee, & marked difference was noted, Although in
1929 ek 14930 avoeets dominaled the number suecumbing at Tule
Lake, in 19310 least and wosters sandpipers cloarly took the lead.
Mortality among gulls never was oxltensive it this luke, but st an
irrigntion basin sonth of Klamath Falls, juvenile ring-billed and
California gulls supplied (he first ovidence of duck sieltness in each
of the three seasons devoted to (he study. After this carly-season
mortality, gulls afficted with duck sickness wero found rather
infrequently.

The accompanying annotaled Tist of wiltl birds known to have
contracted duck sickness under fiold conditions gives u more detailed
picture of the mortality aspeets of the ottbronls, Bacteriologieal
progl of the identity of the mnlady that killed the birds of each
speeies noted s, in most cases, lacking, the criterion for inclusion
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being gimilarity of symptoms and certain associated ctiological
factors characteristic of outbreaks of true duck sickness. The species
marked with an asterisk (¥} were included in Wetmore’s orgimal
list (77, p. £i2). At present the number of speeies of North Americun
wild birds known to have been affected by duck sickness totals 09,
in 21 fumilies.

*Bapep Guene, Colpmbug nlgricoltis oculifornicns.

A few desd were noted at Lake Malleur, Oreg, in Seplomber 1009,
*\WesTERN GuUEBE. JAcchmophorns cocideintalis.

Found nifeeted at Long Lake in sentbiwestern Kidder County, N.Dak., by
Uhler, in August 1924 ni Lake Newell, Albertn, by Musve, iIn 1925 and at
Luke Maliienr, Qvew, by Kafmbaceh, in September 13, BExtonsive moriglily
reported among hese birds at Owoens Lake, Culif., ot ap early dale (1801)
may not buve been due to duck sielness (p. Z5).
sWiarre PELIcAN. Pelecenns orytirorhjmehos.

FARMLON CoRMORANT, Phalucrocoras aurifus alboeilialus.

Ineluded on the basig of affeeled individuils recorded by Clarke, ot Tuelare
Luke, Calif, i 1M3 (4 p 2200, Qeesvesnee off s outbreadc st aboot the time
{he Inst of the fish in the lake porished, apparently from slagnond waler con-
ditions, mny aecuunt for bivds of {hix highly pisvivorans spoecies contraeting the
BTHIBIN
TrEcANzA’S HIERON, Ardee heroding breganiii

“peciniens of skek heroug woere eneonntored ol (reat Salt Lake by Lincols
in 1926, aud in the Klamalh FPalls disiriel by SBperry e 14825,

*Sxowy Berer, Bgrefta thula thila.

BrLack-crOWNED NioHT hmox. Nycticorur sgelicorar houeiti

Night hevons, dying apparently from dnck sickness, wore observed af Long
Fale, Kidder County. N.Dak, by Ulier i August 1829, nnd uboul Kinmath
Falls by Hpeery in 127
NV ITErackd Grossy Lits. Plegrdis guardnna,
eCanans Goosis Hranle econddengiy canadensis,

Reported nffected aleo wi Lake Npwell, Alberta, by Muanro In 1820 {31},
A few surcnmbed nboul Tuie Lake, Siskiyon County, Cnlif, in the course of
tivis investizallon,

Wit rroN T Go0sE. Anser albifrons wibifrons,

Birds of this spocies oteadionally sueenmd (o diek sickpess ghonf Tole Loke,
bt ordingrily they arvive (vam the nortit alter (he seasonai peak of fhe tlig-
ense,  Sick ¥ speckle-ellios ™ woere folid {here tn 196G, 1927, and B0
sOpavoN Maniann Ans plalgripachos platyrignehos,

Qiek wnllards bave been found in all principal doelk-sickness arens and
from the vaebiost known oaibreshs to e peesent,

CoayoN Bracx Duck, Anas rubripes subsp.

Toeluded on the basis of a gingle specinon cotlocied on the Detnae River
bolaw  SWashingion, 1DWCL Pecenbor 11, 1930, This bird manifesied eerlain
regidnal puralyiie sympions oreasianlly fomul in duck gickness undl aler
Crogiridinm botulinuwm, type U, was fwalated from ifs iolernal ovgens (D 301).
SO ABWALL, (Rednfelaxmi iy Ireprras,

Toecorded ns sucemmbing, bal never in grezt munbers, ai Great Sild Lake
Uinh; in Nortlh Dakolbi: of Lake Nowell, Aleria; nnd in the Klantih Lake
dlgiviet in southern Oregon.

FRALIPATE, Mareea wmericand.

Found dead in nost of the principal duek-sickness nreis. At Tule Lako,
Calif., the vumber nilfieted, thought lmited, was Jarge in proportion v the
total mimber of this specivs present,
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*AMERICAN PINTAIL. Dafile acuty txitzihot,

Probably more pintails suceumb to dnck siekhess than any other single
speciey, Locully or perfodivally ollier hirds may contribute move to the general
mortality, but the breoding range and Ile-sunomer concentration and migration
movements throw this bird in fvequent contact with dizense arens, Thig in
particutarly troe in eentral uant sewthern Oregon and throughout California,
*GREEN-WINGED TmAL, Nellion corofinense.

Green-winged teunl die in groat numbers at all principal points of infection,
When birds ave being resend Lhe little teal often suecwmnd in the process of
hundling,  One seldom finds utterly prosieate teal in the tivid-—they usnally are
mildly aifected, possibly just confracting the disense, or are dead,

BLuk-wINGED TeAL. Qrerquedita discors,

Dend hirds reported from Iidder Conuty, M.Duk, by Thler in Angust 1929,
and from Lake Nowell, Aiberta, by Munro in 1424,

*CImwaron Tear, Querguedulo cytnopicie.

A commim bird ghout Tule Lake, Culif., through the seasonul period of
siekness.  Iewer cinnamoens, however, perish than green-wings, which Hock
In Jduring migration,

*SHOVELER. Spetule clypeode.

Sick * spoonbills " wore reporied from ol the main duck-sickness areas,
They display a relatively low rosistabee to the discase, and muany perish even
though rescued and given good care.

*REDIEAD. N yroee gmerica i,

Observalions at Tnie Lake bear ant those by Wetmore at ¢reat Salt Take to
the effeet that eedhionds, mrticuiiely hirts of the year, perish in large numbers.
It would appear ihat the foeding habits of these young lead them to ingest
toxie materinl more frequently than do widnlts.

Rixo-nzcren 1yuex. N proce eolfaris,

Arrhie V. Lull has found a few ring-neck? doeks nillicted with duck sickness
on the Bear River Marslioy, Urull, in recent Yours,
Canvasnack, Nyroca vulisinerie,

In the severe late-season onibrenk of 1932 in Willird Spr, Utah, numbers
suceminbent to the disease,  These Dirds do nel ordinurily arvive in the infected
areus bl Great Salt Linke uutil afier the nlady fins subsided,

Lesser Beaur Duck. Nyrocu affinis.

The migrution of * Lluehills " is not early enough 1o bring many into sickuess
areas i this eountry until aiter the most (oxie period.  Hick bivds have been
reported, however, al Lake Newell, Alberta, Iy Munro in 1925; and ut the
Benr River Migratory Birnl Itetfuge, Tlab, by Elull in nwre recent years,
AMERICAN (GoibeN-EYE, Glawvionelta cltngia americangd.,

The golden-eye has beon fowul a vietim ol durk sicknoss at Lake Malheur
(Beptember 1920) and nt Great Sult Take (Noveurber 19323,

Burri-saan, Charitonetle wlbeolu,

T November 1832, 4 vpuwmber off (these birds wore aiflictod with ducek sickuess in
trens afjacent to Willurd Spur, at the north end of Great Salt Lake, Usually
the disense has dissppearcd by the time these lute mwigrants arrlve in numbers,
*Runpy Duek, Frivnalire juhieiconsis ribide.

Nol n common vietim of duck sickuoss,

Ren-nkeasTEn MEROANSER. Hergns sermilur.

In November 1032, one dend and severn? gHected mergansers which, in all
probability. had ingested toxin were found 1n the Willard Spur section of Grent
Snll Lake.

Mansnu Elawr, Cirens hudsonina,

Marsh hawks affecled apparently by botulism have been noted by Linecoln, ot
Big Alkali Lukes southenst of Diwson, N.Dak. (1929) ; by Hull, on the Bear
River Marshes, Utal; and by Kalmbach, at the mouth of (he Blltzen River,
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Lake Mulheur, Oreg. (1929). The carrion-feeding hinbits oceasionnlly indualged
in by these birds may expliin the contruction of the malady. One partially
paralyzed and fightless individuat was founil at Lake Malheur stranded ou
u small clomp of tules to which the currveut Lad drifted the body of a fesl
on which it was feeding.

PRAIRTE TPancoN. Faleo micrieins,

A juvenile individuai tound dead on the algal bDeds of Tule Lake, October
10, 1930, is the basis for Including this species nmeug the vietims of duck
sickness. Mhe bird was In excellent flesh, with bo signs of death by shooling
or bodily injury, not witih any marked pathologiesl lesions, & chavucteristic
condition of birds succumbing to botulisn, A culture made ol its liver, ro-
mnoved under sterle conditions, revenied €. belutivwm, fype C. The fact
that the bird was youug would neeount for the possibility of this naturally
predacious species hoving fed on n dead specimen in which toxin had Laen
formed,

Douo Hawk., Foaleo peregrinuws amtivn,

One bird found by Hull on the Bear River Marshes, wus in a helpless condi-
tion aml exhibited all the characteristic symptoms of duck slekness,
RING-NECKED PHEASANT. Phasiunug colohicuy torqualus.

Included on the busis of observatlons made by Uhler at the scene of an
cuthrenk of duck sickness at Lake Poinsett, Hamlin Couuty, 4.Dnk., in Senten-
ber 1029,

* A aErroan Coor. Falica americang. wihericainy,

A frequent victim of duck sickness, yet in the outbresks encouniered by
Kalmbneh the number succumbing was proportionately small compared with
the total nomber of coots present.

*KTLLDEER. Giryechis rociferius vociferus.

An occasionn! victim at Grent Balt Lunke and in the ureas covered by this
study, but at Litke Newell, Aleria, killileers eomprised about 4 percent af the
affected birds in 1925 (51, p. 73).

ANERICAN (JOLDEN PLOVER. Pluvinlis dowinice dontinfcd.

A single specimen, apparently affected with (uek sieknesy, wus pieked up
on tie Bear River Aarshes by Full in the sumner of 1932,

BLACK-BELLIED DProver. Sguefuroln sgugfarele,

Affected birds have been reporled within receul years by Munro ot Lake
Newell, Alberta (71, p. 78}, and iy Hull at Great Salt Lake, Utah.

Ryuopy TORNSTONE. Arenarie interpres morinelid.

Reported affected al Lake Newell, alherta (51, p. 78).

FEASTERN SOLITARY SANDVIPER. T'ringa soliteriv golitarid,

Noted slek by Uhler, at Leng Lake, Kidder County, N.Dalk., in August 1929,
WeSTELN WILLER Calopirophorys semtipalmuing inorinls.

Reported affectet] nt Loke Nowell, Alberta, by Muure, In 1927, {37, p. 78) ; and
at Long Eake, southwestern Kidder County, N.Dalk, by Uhler, In 1928,
*LEagEr YELLOW-LEGS. Polwius fluvipes.

A few have been tfound uifected iu several of the importiant sickness areas.
AMERICAN K nor. Qalidris canuldy rufus.

The single rocord is hased on i speciwen fuund iy Munro, at Lake Newell,
Alberta, in 19235,

*PROTORAL SANDPIPER, Flsobie melanotos.
BAIRp's SANDPIPER. Pisebic Dbuirdi.

Tteported aftected aud dying In considerable wumbers at Lake Newell, Al-
berta (51, p 78).

*TEAST SANDPIPER. Pisobia minntifia.

Recorded dying in Hmited numbers at Grent Salt Lake by Wetmore. A few
dend specimeus nlso were enllected by Uhlgr ot Long Lake, Kidder County,
N.Dak., in 1920, Extensive mortality oeeurred at Tule Lilke, Calif,, in the sum-
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mer of 1931 wmong these diminutive shore birds which weare obtuining mueh
of their food from the lgtvie and puepee of hydrophilid beetles, the cocoons of
which were formed on the upper surtace of the algal beds {p. 13). A con-
siderable number niso were found dend on the borders of overflowed wheatlands
northwest of Tule Lake in the summer of 1829,

*NED-BACKED SANDPIPER. Pelidna alping seichaling.
Recorded by Wetmore ns dying at Tulare Lake, Calif,
*LONG-BILLED DDOWITONER. Limnodromug yrisens scolopaceus.
Not a frequent vietim of duek sickness,
Srir Sampeteer,  Micrepalama Risantopus,
Itecorded by Munro us dying at Luke Newelt, Alherfa, in 1925,
*WESTERN SANDPIPER.  Freuncies monrii,

These birds possessed the same habits and shared the same fate as the least
sandpipers 8t Tule Lale, Calif, in 1931,
*MarpLED Covwir, Limose fedon.

At Lake Newell, Alberln, ducl sickness hus been recorded ag occasionally de-

structive to marBled godwits, At that luke in 1925 these birds comprised more
than § pereent of the total dend (51, u.78).

BanomurIne,  Crocellic albu.

A single dead specimen was recorded by Munre in the course of the outbreak
at Lake Newell, Alberta, in 1095, In recent yeavs the species alzo has besn
found aftected at Great Salf Lake by Huli,

*AvocEY. Recuwrviroghre gmericana,

Probably more avocets die of duck sickness than any other species of shore
bive, This statement is made In £oll cognizanve of the faet thuat sick or dead
avocets are congpicuvus objeels and ave easily defcctedl while the lenst and
western sandpipecs which alse die in greal nuinbers may easily pass unnoticed.
Adffected avocets have beon reported from 2l the principal duck-sickness areas.
They early lose control of Hiolr leg wuscles aud, once down, seldom regain the
ability to stand, even nnder conditions favoruble to their FECOVErY.

* BLACK-NECKED STILY. Himanlopus mepicanus.

Oceasional sick or dend slilts were found in fhie course of {he field work
incident to this stndy. Wetmore, however, found them dying nboeut Great
3alt Lake in nuwbers second ouly to the avovet among the group of shore
hirds, Onee fhey lhiave lost the ability to stand, they ure doomed, since,
aside from the effeet of (he disense itself, the birds often nve confronted with
feather scaking, and colangiement in the mwasses of algue, from whieh they
zeldom free themselves,

WILSON'S PUaLAROFB.  Stegenopus (ricolor.

Slck birds have beer found at Tule Lake, Caiif,, by Kalmbaeh; and at Great
Salt Lake, Utah, by Lineoin, in 1896,

NORTHERY PUALAROPE. Lobipes Iobatus,

In 1529 g considernbic number of migrating individuals came to Tule Lake
at n time when duck sickness shili was prevalent, and & fow contracted the
disense.

PARASITIO JARGER. Sieremrarius parasiticus.

A single individual affected apparently with duck sicknhess, was fonnd
in 1932, by Hull on the Benr River Marshes, Utah.

* CATZIFORNIA GULL. Larns culifornicus.

The first indieation of duck sickness In each of the three Segsons devoted
to the study was manifested among juvenile guils on an island in an irrigation
catch basin, 10 miles soull of Klmmath ©alls, Ores. In 1030 snd 1921 young
Californin gulls were the first to succumd, and in 1929 o young ringbill gave
first indication of the seasonal oulbreak. These young gulls were raised on
a mixed diet of inscets {mainly grasshoppers), erawiish, and #ish, The nesting
ground was littered with uneaten or repargitaied food, which cuasily might
scrve as & suitable wncubating medium for the toxin of botulism. The grenter
part of this es iy movtality was confined to the young gulis; the older birds
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apparently were not ingesting toxic malerind so frequently. Luater In the season
when gulls were tound generaliy distributed throughout the irriguted sections
and about Tale Lake, only an ceeasional sick one wus found. This guoll has also
been reported ns succumbing at Grent Salt Lake, Utah (71), and at
Lake Newell, Alberta {57). The fuct that more of these carvion feeders are
uot killed may be dne to their tolerance of the toxin (p. 44),

* Rixe-sILLEY GULL, furws delawgrensis. .

Observutions with respect to ring-billed gulls and duck sickness ¢logely paral-
lel those minde on the Californin gull.

FRANKLIN'E GULL. Larus pipiecan,

Munre found Franklin's zulls dying ih considerable nmwubers in the out-
break of duck sickuess at Lake Newell, Alberta, in 1923 (i), and Uller and
Linceln reported them at twoe peints in Kidder County, N.Dak, in 1929, A
single bird found sick at Tule Eake, Callf,, Juiy 31, 1931, dlsplayed at! the
characteristie symptomsg of the disease, and when well on the road to recovery
suffered a relapse, precipitnted perhaps by its having been fed the flesh of
other birds that had died of the- disease.

BoNAPARTE'S GULL, Leras phifedeiphin,

The only kuown cases of duck sickness in thls speeies were bwo siek and
severel dead individuals found at Dale Lake, Calif, July 31, 1931.
*ForsTER'S TERN. Sterng forsteri.

*Brack TeN, Chlidonics wigrn surinamensis,

Individuals dying apparently from duck sickness have Deen found at Great
Salt Lake (Wetmorve) (71); nt Long Lake, Kidder ¢lounty, N.Dak. {UGhler) ;
and ai Lake Newell, Albercie (Moure) (54},

*HoRNED LARK. Ofocoris alpesiriz subsp,

Ifound aifected at Lake Bowdoin, Mout, (71).

*NortHERN CrLIFr SwarnLow. Pelrochelidon afbifrons albifrons.

On the Bear River Marshes, Utal, Wetmore fonnd severnl swallows that re-
vealed typical symptoms of dueek sickness. I D, McLean also has reported sick
elilf swallows in Calitornia (as published Ly Bobngler (492, po 12)).
*AMBRICAN MacPIB. Pice pice hadsoinia,

Tlis is one habitval earvion reeder (hat has not developed an immunicy to
type C boltnlism. Wetinore noted slek magpics on the Bear River Marshes in
Utah, that frequently had fed on bodies of birds that had died of duck sickness.

*AMERICAN Pirit. Anthate spinoletie rubescens.
WEsTERN MEADOWLARK. Sluracile negirclu,
Reperted aifected in California by #McLean (460, p. £1).
* YELLOW-ILEADED BLACKBIRD. JXunilocophatus aaenihocephalus,
In addition te Wetmore's rvecord, Sperry found adllieted yellowheads in Ehe
Klamuth Falls avea in 1927,
NavapA REp-wincED BLacgsmp. Agelalus phoenicens nevadensis.
Redwingy afflicted apparveatly with duoek sickness were noted by Spercry in
the Klamath Falls nreo in 1927,
* RusTy Brackpirn. Buphagua caralinus,
Reported by Wetmore ot Lake Bowdoin, Mont.
" BREWER's BLACKBIRD. Buphagus cyanoceplalus.

Aflicted individuitls were found in the Klamath Falls avep in 1927, 1929, and
1031, on diteh banks adjacent to overflowed land where ducks were dying in
considerable numberg™

% In additlen to ihis list, mentiog may be maide of twe other species recorded in the
literature of hotullsm ; Dickson (1:‘-() has noled the suaeepiibility of o * wild canaey ™
(poldfinch, &pinws sp.}; amd art (73} thoe of the Calllornla linnet, or common house
foch (Cerpeducns mexicones frantafia). To roeh of these jnstatdees, however, the viculent
toxin of Lype A botulism may have been involved.
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Besides the foregoing records of species of North American wild
birds afflicted with duclt sickness, mention should be made of several
South American birds known to have succumbed to the same malady
under fleld conditions. 'These records were submitted by Wetmore,
who from his earlier studies at Great Salt Lake was thoroughly fa-
miliar with the symptoms of the disense. He encountered an out-
break of duck sickness while engaged in ornithological studies in
Urugnay in 1921. At Laguna Castillos, near Sun Vicente de Cas-
tillos, about 400 miles east-northeast of Buenos Alres, he recorded
on January 31, 1821, the following:

The shores of the Inke were allaline, . ., I noliced 1 {ow dend eoots strewn
along without paying partienine sttention il T picked up g living brown-
hended gult {(Lurus wnculipenniz) In o helpless condition. Struek by its
appearance, I examined it closely and was astonishod to discover tle unmis-
tikable symproms of duek sickness, . . . A short distnnee farther on 1 found a
Tradeau's tern (Slesna. {redevniy in (he same econdition.  Alwout 40 coots
(Fulice armillate), 10 sonthors vintall {Daefila spiniceuda), 2 Inpwing (Belonop-
terus ehilcnsis lmapronotusy, ang @ Irown-heuded gulls were found dead in o
distance of o quarter of 8 mile,

Domestic poultry may contract duek sickness in environments and
in a manner similar to that experienced Ly wild birds. It would
appear that domestic ducks of all breeds mnay succumb when they
have access to sreas where toxin is being produced. Late in the
sunmmer of 1928 an entire flock of domestic ducks of several breeds,
helonging to a rancher living southwest of Klamath Falls, Oreg.,
perished from what appeared to have been typical duck sickness.
These birds had had access to an alkaline pond about which shore
birds also died. Xn 1931 the hody of an avocet found on a small
istand in this pond vevealed (lostridiwm botulinwm, type C.

During a severe onthreak of duck sickness at Lon ¢ Lale, southwest-
ern Kidder County, N.Duk., in 1929, Ubler noted mertality among
domestic chickens and turkeys that had wandered into an aves whers
wild birds were affected. = Similar morlulity was reported near
Cone, Crosby County, Tox., during an outbreak in 1930, Instances
snch as these indicate that conditions that produce duck sickness
among wild birds likewise may constitute a direct menuce to domestic
birds. Under the conditions of domestieation the contraction of
duck sickness (limberneck) ordinarily is agsociated with the presence
of localized sources of toxin, as individual earcasses of birds or mam-
mals to which poultry have aceess. When these are removed the
trouble ceases. Domestic ducks have been known to perish under
conditions of general stagnation created in small artificial ponds in
which the essential features of a natu rally infected environment are
closely simulated. Mention may be made of the death of n number
of Nile grese, gray-backed ducks, and other species in the National
Zoological Gardens, in Pretoria, South Africa, in December 1928
(56). A similar outbreale had taken place 3 years before but was
not investigated, Although the actual toxin-producing medium was
undetermined, the suggestion was made that the bodies of earth-
worms may have supplied it. Cultures made from material collected
in this outbreak had not been typed at the time the initial report on
the case uppeared, but it has been learned, through subsequent cor-
respondence with E. M. Robinson, of the Departinent of Agriculture
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of the Union of South Afrien, that all avian cases of botulism inves-
tigated in South Africa have been of type C.

A somewhat similar ecase, resulting in the death of numerous
ducks and two swans, has been reported in American literature {54).
In this instance reported by Pulmer and Baker, in 1922:

The like wis stocked with fish, Abeut the middle of Beptember numerous
dead fish and tadpoles wore observed flouting along the shores. Home of the
dead tndpoles nud small fish were ingested by (he ducks sl swung, and soon
thereafier the ducks begun showing syvmptoems of botalism , . . One swan
died in nlout 24 hours ufter showing elinfeal syumptoms of bofulism.

The type of botulism invoived in this outbreak was not determined.

Botulism naturaily contracted has been recorded in domestic ducks
of unnamed variety and ostriches in South Africa (66, p. £292). It
was inferred that the dueks had ingested carrion and that the os-
triches had contracted the malady by feeding on bones in which
toxin had bheen produoced.

Several species of birds have been employed in experimental worlk
with type C botulism. Chickens of various breeds. as well as domes-
tic durks, have been used by research workers in the study of Limber-
neck in this country. Domestic ducks, turkeys, and pigeons, as well
as ostriches, have served the snme purpose with vespect to lamsiekte
in South Africa. In the course of the present study domestic pigeons
were usged almost exclusively in the course of bacteriological work.
Tt was found that they could be easily obtained and kept in captiv-
ity; that they are readily susceptible te doses administered inter-
peritoneally; and. through their use, the employment of valuable
migratery waterfowl in experimental work was cbviated.

SUSCEPTIBILITY OF BIRDS

Little is known of the actual or relative susceptibility of different
species of wild birds to type C botulinum toxin., Extent of mortality
or afliction as encountered in the ficld cannot be taken as an index.
for the reason that numerous factors other than abstract suscepti-
bility play hnportant roles in its determination. The nunber of
affected Dirds that will be found is usually in proportion to the
abundance of cach species on the infected areas. The sudden influx
of a great number of migrants. with a resultant increase in mortality.
has led some obscrvers to conelude thut nonvesident bivds are more
suscepiible than those reaved in infected areas. The present investi-
gation has brought forth nothing. however, that would indicate im-
munity in birds after one or more contacts with the disease in the
fieldl.

Food preferences or feeding habits also may throw this or that
species into more or less inlimate contact with the toxin of hatulism.
Late in the summer of 1830, and again in 1931, thousands of Canada
and white-fronted geese freguented areas adjncent to Tule Like,
where ducks and shore birds were dying in considernble numbers, yet
in the course of the two seasons only Ave sich geese were found.  The
browsing and grainfiell-fecding habits of these hirds in distinetion
from the puddling habits of the ducks quite effectively prevented
their ingesting the toxin generaled un the infected mud Hats. During
the season of 1981 the muny least and western sandpipers that
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perished at Tule Lake were feeding extensively on larvae and pupae
of hydrophilid beetles in cocoons formed in the masses of algae on
which these diminutive shore birds walked in search of food. The
finding of the remains of muny of these Itrvae in the stomachs of the
dead, coupled with the demonstration of Clostridium botulinum,
type C, in some of the dead larvae, strongly suggests the particular
medium through which these birds, and probably few other species,
obtained a lethal dose of foxin, At the same time and in close
proximity, large flocks of Iong-billed dowitchiers, probing in the mud
bencath a shallow but moving sheet of water, almost completely
escaped the malady, either becanse they were not regularly ingesting
suitable toxin-producing food or because the stend v flow of wafer was
diluting preformed toxin to a degree that made it harmless.

That the extent ot mortality cannot be used as an index to the
degree of susceptibility is further brought out by the fact that, in
juﬁging abstract susceptibility the element of bady weight must be
considered, Although’ it is apparent that larger birds would ingest
relatively greater quantitics of toxic material in feeding it is obvious
that under the varied vicissitudes confronting the birds in the field,
the ratio would be by no means constant, Tor instance, to demon-
strate relative suscoptibility hetween least sandpipers and Canada
geese an the basis of the numbers of dead found, one would have
to show, among all other factors proviously mentioned, that the
geese were regularly ingesting abont 150 to 200 times as much toxie
material as the sandpipers.

An insight into the matter of relative and actyal susceptibility was
obtained, however, in the course of experimental work with captive
birds. To determine velutive susceptibility, an experiment was con-
ducted with 8 green-winged teal and 16 pintails, injected intra-
peritoneaily with a dilnted, filtered culture of type C botwlinum, It
was Tound that the minimom lethal dose of this rather weak fltrate
was abaut 0.025 ce for the green-winged tenl (average welght, 255 g),
and 0.05 cc for the pintails (sverage weight, 600 ). This indicafed
fittle difference, when body weight is taken into consideration, in the
susceptibility of the two species.

An index of the relative susceptibility of these ducks and of
domestic pigeons was gained from an experiment run concurrently
with the one just described and with the same lot of toxin, so there
could have been neo differences from chunges in potency of culture.
Sixteen pigrons were employed. each weighing approximately 350 g.
[t appeaved that the minimum lethal dose for pigeons was not far
from 0.0002 c¢c of this filtrate injected intraperitoneally. From the
experiment previously discussed, it may be inferred that the mini-
mum fethal dose for the green-winged teal, weighing nbout 255 g,
is approximately 125 times that for pigeons. Likewise it may
be concluded that the minimum lethal dose for the pintail is about
250 times that for pigeons.  Converting these manifestly meager data
into an appraisal of abstract susceptibility to intraperitoneal doses,
by allowing for the element of body weight, it may be concluded
that in general the domestic pigeon (350 g) is 175 times as sus-
ceptible to the toxin of type C botulism as the green-winged teal
(255 g), and 146 times as susceptible as the pintail (600 2.
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In the course of experimental work in 1930 an insight was obtained
regarding the relative susceptibility of gulls and ducks to oral
doses. Ixtensive use was then muade of the incubated livers of birds
that had died of duck sickness. This served as an excellent toxin-
producing medinm, and by fecding it in capsules to experimental
birds it was found that botulism could be produced (pp. 55-56). In
one experiment 0.5 ¢ of such foxie liver, of which an equivalent
amount fed orally had killed a mullard, failed to produce symptoms
in a juvenile ring-billed gull. In other experiments it was demon-
strated that juvenile ring-billed gulls are at least 20 times more tol-
erant to oral doses of type C toxin than arve adult pintails,

This marked difference in susceptibility of ducks and gulls to the
oral assimilation of the toxin is not duplicated when the toxin is
administered by injection. BExperiments in which ring-billed gulls,
mallards, and pintails were used indieated that the minimum lethal
dose by injection varied little one from another.

An idea of the quantity of toxic materinl of moderate potency that
must be ingested by wild birds to produce the disesse was gained
from fecding experiments, in which the incubated livers of birds
dying of the discase were used. It was found that 0.1 g of such
material given orally to a pintail produced a typical, protracted,
and fatal case of duck sickness. In another instance 0.2 g of toxic
liver produced a typical sublethal caxe in a femuale domestic mallaed
weighing 1,162 g, but the same dose did not affect a 1.717-g male
domestic mallard, T 8 experiments 025 o of such toxie liver was
suflicient .to kil pintails and mallurds, aud in 4 others less toxic
material, in equivalent doses. produced typical sviptoms but not
ceath. In no ease in which the material was demonstrated to be
toxic did a duck survive an oral dose as great as 0.5 g As this
quantity of materinl bulks abont the size of an average pea, it will be
seen that the lethal dose for a duck feeding in (he field on any
equally toxie material s celutively small. Such results lead to the
conclusion that in the field, where a high pereentage of the natueally
produeed casges are sublethal, the birds must be Ingesting either very
small quantities, or that the toxin involved is of low potency.
Hobmalev has indicated the possibility of producing the disense by
repeated smudl doses, any one of which would have no effect (40},

Ag few ax 10 small dead saveophagid Jarvae, weighing together
only 0.1 g, contained enough toxin to kill a muale pintail 4 days after
they were ingested.  Fifteen somewhat furger sarcophagid larvae
fed to each of two mallurds caused death in 19 and 28 hours, respec-
tively. When in later bucteriologicul work a standardized beef-
heart-peptone medium was used. 0.5 ce wdministered orally was
found to kill u pintail in nbout 43 hours.

Gunnison and Coleman (7)) demonstrated that the minimum
lethal dose for pintails was frome 100.000 to 200,000 guinea-pig mini-
mum lethal doses of toxic culture, given by mouth. They also showed
that the ratio of the injected to the aral minimum lethal dose of this
strain of type C bofulinwm is, for the pintail, from 1:10 to 1:50.
This is in contruast {o a proportionately much greater oral dose
recorded Tor small laboratory mammals {p. 47).
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Pigeons studied in relation to lamsickte in South Africa, proved
decidedly refractory to the toxin of this cattle disease both when
treated orally and subcutuneonsly (66, p. 1/15). It is possible that
future studies may corroborate this marked difference in the action
of type C of Bengtson and of type D, which is now looked upon as
the bovine strain in South Afrien.

The marked resistance of chickens to the toxin of type C botulism
administered orally has been demonstrated. Grubam has shown that
some chickens may without il effeet ingest in single massive doses
as much as 1 g of toxic culture to 30 g of body weight (26, p. 28).
Bengtson (3, pp. 65-69) reports that 250.000 guinel-pig minunum
lethal doses fed to & 1,180-g chicken produced severe symptoms,
though the bird recovered. and comments further on type C toxin
to the effcet that “ the toxin in enrrion material o fly larvae is prob-
ably in much more concentrated form.” In any event, the effects pro-
duced on chickens feeding under natural donditions. as in the case of
wild birds, are dependent on the quantity of maleriai caten. Bengt-
son records that 25 co of a enlture in a eooked-meat medium, fed to
@ L20O-g ehicken, produced typical symploms in 70 hours and even-
taally death. The resistanee of chickens has been noted even when
the toxin of type C is administered by injoction. although the mini-
mum lethal dose in sueh cases is somewhat less than « tenth of the
Iethal oral dose.

Of interest in the matter of avizn susceptibility to bofulism is the
reaction of the turkey buzzard, which. by reason of its feeding habits,
has for ages boen thrown in intimate contuct wilh the toxin elab.
orated by (Yostridinm. Throngh the cooperntion of officials of the
Natwonal Zootogienl Puark, Washington, D.C., four of these birds
were vbiained for experimentation.  Anoral dose 0£30 cc of o type C
culture {of which a 0.0061-ce intraperitoneal dose was suflicient to
kill u pigeon} failed to have any effect. Intraperitonenl deses of
1, 5, and 10 ce likewise produced no symptoms, and a dose of 15 cc
aused only a slight, temporary weakness in the legs and wings about
24 hours after ijection. A culture of type A of fair potency (the
minimam lethal dose Tor o grinea pig being between 0.001 and 0.0001
ce, intraperitoneally} also produced no effects with injected doses
ot 1 and 5 ce. However. 10 ce caused a slight, tempornry impair-
ment of locomotion 2 days after administration,  The mosf staviling
results were obtained with a highly potent type B culture (the
guinea-pig miniminn lethal dose heing 000005 co hy injection).
Intraperitoneal doses of 5, 10, and 15 ce failed to produde any notice-
able symptoms.  The Jast of these doxes was the oquivalent of 300,000
guinea-piz minimum lethal doses, and indieated a tolerance express-
able by the ratio of 0.04 ce of injected toxin for every gram of body
weight.

OTHER ANIMALS AFFECTED

Little is known of the effect of duck sickness under field conditions
on wild creatures other than birds. Wetmore (77, p. 12) stated that
dnck sickness affected muskrats and that af times frogs (Rana
pipiens) died apparently from the ssime cuuse ad Great Salt Lalke.
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He also suggests that cven certain aquatic beetles {(Cybister and
Dytiscus), predacious in habits, may have been affected.

Dead muskreats were found in 1929 at the scene of a duck-sickness
outbrenk in Day County, S.Duk., by Uhler. In the same year W. H.
Ransom reported muskrats dying near Hamer, Idahe, in the course of
a similar outbreak, In the summer of 1927 Sperry found a dead
weasel {Mustele) near Klamath Falls under conditions indicating
that it might have contracted duck sickness through feeding on the
hodies of dead ducks. In none of these instances involving the death
of vertebrates, other than birds, were symptoms noted. nor was bae-
teriological evidence of the nature of the malady obtained. It is
imporfant, however, to consider the possibility of mortality among
lower wnd more abundant forms of tife, not only beenuse of its divect
effect on these, but also beenuse, by the death of large numbers of
small inconspicuous forms. the quantity of possible toxin-producing
media is inereused. ' .

It has been well established that the more toxic forins of A and B
botulinwm affect a great variety of organisms, ranging from cope-
pods. earthworms, shails, tadpoles, frogs, and fishes {57} to higher
vertebrates, including such diverse forms as rats. cats. dogs, pigs,
horses, goats, cattie, nronkeys, and man himself. Tess is known of the
suscephibility of organisws to the toxin of type (' yet experinental
work has brought out the fact thut numerous vertebrates other than
birds, as well as possibly cortain invertebrates. are susceptible {o the
toxin of the type causing ducl sickness. In the course of the prosent
investigation evidence pointed to the susceptibility of copepods
{(Cyclops serrulatus). Inconclusive results woere obtmined in experi-

ments with snails (Goniobasis silicwlay and crawlishes {dsfecus
Rlamathensis). "Toads {(Bufo boveas) were refractory to oral doses,
and even when foxin was injected in extremely large doses the results
indicated a high degree of resistance.

In the study of type C both in this country and in South Africa
the susce])tibility of a number of mammals has been demonstrated,

Among those commenly used in experimental work are white mice,
guinea pigs, and rabhits, of which the fivst ure the most resistant.  In
South Adrica. goats, sheep, and cattle, which come in contact with
lamsickte under natural conditions, were found to be particadarly sus-
ceptible®  Horses, wmulew, and donkeys were more tolerant of the
poison, while rats, dogs, and pigs displayed u resistance that ap-
proached, if it il not actunlly reach, complete immunity. Essen-
tinlly the same resuits were attained by Graham and Boughton
(26} in this country with such of these mammals as they had used,
namely, guinea pigs, yabbits. dogs, cattle, und horses.  Of particular
interest are the reactions of nonkeys fo the toxin of type C bofwli-
num.  Gunnison and Meyer {42} found that these mammuals are re-
sistant to large doses of both types C und D toxin when given by
moeuth, theugh they ave suseeptibie to injected doses,

Recently Guomison and Coleman {29) have shown that, © while
smnll lnboratory animuls were highly susceptible to the {oxin of the
duck strain when injeeted subeutanconsly, they wore remarkably re-
sistant when it was administered by mouth.,” They aiso brought out

H Comments an the susceptiblliiy of mitnmmals Io experimentad work In South Alvica
ure baged on work done befoire {ypes (" and 1) had been difforoniiated.
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the fact that the ratio of the injected to the oral minimum lethal
dose was, for guinea pigs, 1:1,800; for mice, 1:922,000; and for
rabbits, 1: 14,800,

HUMAN BEINGS AND TYPE C BOTULISM

When duck sickness first attracted national attention, there was
consideruble apprehension as to the possibility of human infection,
In the absence of a satisfactory diagnosis of the malady and in view
of the wide-spread use of wild fowl as food, this fear was by no
menns without reason. Some lesitated to handle the sick and dead
birds. and there were yumors of the contraction of the disease by
people. That was in the days when the alleged eauses of the malady
ranged from typhoid, through the whole gamut of avian disenses,
to direct intoxication by avsenic or otlier poisons from industrial
waste. Even persons inclined to meet such emergencies without
hysteria urged disinfection of ducking grounds, and this led to the
practice of burying the dead bodies or covering them with lime
(p. 33). Some duck clubs were dluosed during seasons of severe
outbreal, but this was prompted not alone by a feeling that there
were dungers invelved through the human consumption of the flesh
of affected birds, some of whicl still could fly, but also by a gennine
desire tu conserve the remaining bivds,

There is no question that many ducks affected with duck sickness
at the time they were killed have been eaten by human beings. Many
birds also were being picked up accidentally by hunters who mis-
toolk those killed by disense for those they had shot. In the days of
market hunting in Calilornia, it was common knowledge that un-
serupulous hunters made it a practiee to gather birds aflected with
or recently dying of the disease, fire lead shot into their bodies, and
offer them for sale.

This study has vevealed no instinee of human beings contracting
botulisim through eating the flesh of bied vietims of duck sickness.
In considering the susceptibility of man Lo type C botulism this fact
is indeed significant.  Although one would have to presuppose an
adequate toxin-producing period in the flesh eaten and the absence
of heat great enongh to destroy toxin or the organism itself, muny
prefer their gume rare and a bit * high”, a preference that might
casily lend to serious consequences woere type  befwlivum toxic to
man,  These cireminstances lend further eredence to the belief that
types A and B dotulimon are seldom eausative factors in epizootics
of duck sickness under natnral conditions (p. 61). Further ciream-
stantial evidence of the relative if not absolute inmiunity of man to
oral toses of the Loxin of type (4 and possibly the closely associated
type D, comes from South Afriea, where in areas known to be infected
with famsickte, the natives often may be found fewsting on meat that
is none too fresh.

Recent experimental work by Gunnison gnd Meyer with type C
botulism on monkeys (W ucecus rhesws). (rom which analogies may
be drawn with vespeet to its action on man, indicates that * they are
resistant Lo Lirge amoennts of types (o | = O of Bengtson] and D
toxins when given by month, although readily intoxicated when
injected subculancously ™ (37, 42),
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SYMPTOMATOLOGY

The general clinieal picture of <uck sickness (botulism) is one
of extreme muscular wenkness, brought about by an involvement of
nerve centers or terminals (18). In wild birds this early results
in inebility to fly and then to walk, followed later by loss of mus-
cular control of the neck, a paralysis, in many cases, of the muscles
controlling the nictitating membrane, as well ‘as those aflecting pul-
monary action, and, in the end, utter prostration, with death ensuing
usually without struggle or npparent prin, A dizrrhea marks some
cases, followed often by an obstruction of the vent by havdened
renal matter.  Snbnormal body temperature is a commeon symptom.
A high percentage of recovery also results when birds are rescied
from infected environments and afforded dry quarters, wholesome
food and water, and some individual attention.

In dock sickness, as with most other intoxications, the rapidity
of onset and the severity and even character of the syndrome are
dependent upon the quantity of toxin ingested. Stating the case
somewhat differently Theiler, writing of the analogous maledy
lamsickte in South Africa, said: “It is possible to produce almost
any clinical form of the disease at will by adjusting the dose of
toxin ? (6€, p. 11/6). Although a certrin period must elapse between
the time ot ingestion and the manifestation of the initinl symptoms,
this may vary in birds from less than 2 hours (in the case of an
experimental pigeon that had received an excessive subeutancous
dose) (66, p. 129/) to as much as several days or a weelt, when
the afiliction js mild and followed by recovery.” Such differences in
the quantity of toxin assimilated produce cases that may be acute
or subacute, and when a paralysis or weakness persists after partial
recovery, the disease may acquire even a chronic aspect.  Among
wild dicks subacute cases predominate, and aeute ones arve not .
common. Those that may be considered chronie are rare and usually
run into coniplications that tend to obsetire the immediate cause of
death. In deseribing in detail the nature and sequence of symptoms,
a subacute, sublethu) case will first be discnssed.

Prior Lo the discovery of the eanse of duclt sickness and the means
for infecling experimental birds, some of the early symptoms could
not be observed fur the reason that wild birds so affected could
fly or otherwise evade capture. In the care of a mallard that has
ingested a quantity of toxin somewhat less than lethal, one may
expect to see the first uncertain symploms ubout 24 hours ufter jn-
gestion,  The bird has a tendency to rock forward, throwing its
weight onto the toes. At this tinie it still can nse its wings vigor-
ously, even thongh unable 1o maintain prolonged flight. The slight
uncertainty of eguilibrivm soon is aggravated and followed by an
unsteadiness on the feet, reveaded as a halting gait and an inclinu-
tion not to move. Later the bird assumes a straddle-legzed position
while staniding, and its effurts Lo walk are confined to short, hesi-
Lant steps in which is revealed Tor (he frst tine the physical weak-
ness invading s system. Even prior to the appearance of the
first noticeable symptoms aflficted birds refuse food and water, a
civeumstance {hal readily explaing the almost total absence of food
in the stomachs of birds that die of duck sickness.
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At this point, about 80 hours after ingestion of the toxin, ability
to fly is noticeably impaired, and the bird may not be able to rise
from the water, "It still can muke rapid progress, however, by
combined wing and leg action. The body, partly lifted from the
water, is dragged over the surfuce by noisy wing beats. As soon
as cover is reached the bird seeks to conceal itself and conserve its
declining strength. It still may be able to stand, but its tendency
to squat incresses, and in doing this i evidences n pronounced
weakening of muscles controlling the tibio-tarsal joint. The bird
may lower its body noripally for o portion of the distance but, then
studdenly loses control and drops to the ground. Paralysis soon
bagins to affect some of the muscles controﬁing the wing, mncluding
those that support it when folded next to the body., '%‘hese relax,
causing the **wrist ®, or carpal, joint to lower, and at times there
is 0. complete wing droop, the primaries touching the ground.

Even after abifity to stund or to maove the wings is lost, affected
ducks still can swim, and when they encounter shallow water op
mud fats, they manage to ninke feuhile and ungertain progress by
thrusting themselves forward on the breast, In this stage some
ducks, particularly redheads, attempt to evade capture by diving,
if in deep water. At thmes, however, redheads and, more frequently,
other ducks have difliculty in submerging, owing possibly tu their
inability to deflate certain’air snes. DBirda so affected may be found
with the head beneath the surface, paddling more or legg vigorously,
bot making no downward progress,

A number of symptoms more or tess closely related to the spread
of paralysis to regivns of the neck and hend appear at abeut this
sbage of the syndrome. For some time the bird has Leen holding
its head with the bill resting on the crook in its neek {pl. 8, 4}, but
as the vietim weakens, inability to maintain gn upright posture of
neck and head increases, and from fime to time the head will pitch
forward wutil the {ip of the bill touches the ground, or it will drop
to une side or the other, where it may rest for short periods sidewise,
or sometimes in an almost inverted position,

Even previous to the arrival of this condition one may detect
In many cases o puralysis of the niclitatine mentbrane, that “ third
eyelid , which in healthy birds flashes ba kward from the anterior
corner of the eye on the slightest irvitation. AL first this affiction
may be indieated merely by o certain slnggishness in the activity of
the membrane, but Inter the bird is unable to draw it across the entive
width of the pupil. This results in the drying of the unmoistened
portion, where purticles of dust scon gather; and often a sharply
defined line marks the edge of the area over which the nictitatimg
membrane still funetions. Finally the third eyelid becomes wholly
inactive and Jies inert and concealed at the anterior corner of the eye,

Puralysis of the nictitating membrane, though a common mani-
festation of duck sickness, is by no means a constant or diagnostic
symptons.  Gejger, Dickson, and Meyer (%4} have stated the case
properly with respect to barnyard fowl aillicted with limberneck
when they said, “ s « »ule, the movements of the nictitating mem-
brane are sluggish . . .” When this symptom appears it may be
considered characteristic of the earlier part of the syndrome.” Ip

27187 — 34— 4
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fatal cases it may persist until the end; in muld ones it may be
apparent for only a short period of the bird’s disability or, as was
demonstrated by experiment, it may not appear at all, even though
paralytic conditions exist in other parts of the hody. Among birds
recovering from duck sickness it is common to have the normal
activity of the nictitating membrane restored before {oll control of
legs o wings is regained, and to find this membrane functioning
perfectly even in helpless birds whose outer gyelids are completely
sealed by hardened exudates, In the comrse of this investigation,
beginning with the observations of Spervy in 1827, indjviduals that
did not reveal a puralysis of the nictitating membrane have been
encountered in the fleld, ncluding the following species: Grent blue
heron, black-crowned night heron, pintuil, coot, killdeer, avocet, ring-
billed and California gulls, and yellow-headed, red-winged, and
Brewer’s bluckbirds., Probably at least n portion of these were birds
in swhich the function of the membrane had been restored after
earlier impaivment.

On the other hand let it be emphasized again that immobility or
sluggishness of the nictitating membrane may oceur in cases of
saline intoxication {p. 1), and hence the symptom cannob be looked
upon as diagnostic of duck sickness.

Af, this point mention of another symptum associated with the
eye may be nade by quoting directly from Wetmore {71, 9. 8), who
has fully described this aspect of the syndrome:

Lying within the orhif on the mnterior surface of the eyebnll ix a large
gland, known as the Harderian gland. ‘Phis seeretes a flukd that rveaches the
eveball at its anlerior corner helow the nictitaling metphrane, 1n the duek
gickness this gland always scems more ov less affected and in most coses is
considernily swollen, so much so, in facl, that the ayves are protnberant,
Following this swelling the dischnrge of colorless, walery fuid from the
giand beromes nore copious, Novmobly it eseupes af the apterior eoroer of the
eye through two conals {hal ubite and lend into the nasal chpmber. 1 sick
hirds the scerelion becomes greatly augmented, huowever, until these opoeningy
are not phie to carg for i, the eyes uppear watery, and the {luid escapes
bobween the lids. In some pinlailg kept peder ohservalion the escane ol this
finid moistened (he fentihers of the cntire side of the head. In a few hours
this disehurge hecomes viscons and more ov 108E OKWGNe, and cemonts together
the eyelids, white the augmenting supply held within puiTs ont Lhe lds ail
arvound. The pertion ihit escpes through he dpets passes through the inner
nasal openings into fhe month. As the opening into the frathea (the glottis)
lies immedinfely below, the fuid clogs i and interferes greafly with breathing,
After two or three days the sccrellon heeomes enked i eheeselike, When
it thickons in lrze quantity it sometines closes the trachied and canses shrangi-
latlon. 1In a Few enses the tloid pencieated bo e Bronehd, filllng Lhem com-
pletely and klling the bivd.

Coincidentally with or even prior to the paralysis of the nictitat-
ing membrine a dyspnea. or air hunger, may appear. Often the
lower mandible drops slightly, and respiration becomes a series of
gnsps in which the head is raised with each inspiration, This
Tabored breathing, visible at a considerable distance, served as a
dingnostic recognition mark i the senrch for sick birds in the feld.
Tt 32 caused no doubt by impairment of the muscles controtling pul-
monary action, coupled in some cnses with an obstruction of the
glottis, or trachen, as just deseribed.

A greenish diarrhea develops in many ducks between 24 and 48
hours after ingestion of the toxin. At times this is pronounced,
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and if the bird has lost its ability to move about, the plomage of
the underparts becomes greatly soiled. Here again, as with the
paralysis of the nictitating membrane, the symptom covers ouly
part of the period of the Lird’s disability. After 2 day or two
of profuse watery discharge the white renal matter of the feces
increases and tends to harden, resulting, at times, in a complete
stoppage of the vent (pl. 4, #). In addition to n more or less
mechanical obstruction, there may be at this stage an inhibition
of grstro-intestinal movements much as in human cases of botulism,
in_which constipation js a characteristic symptom.

The peak of the syndrome, in eases just sublethal in intensity,
usually oceurs between 48 and 60 hours after ingestion of the toxin.
At that time the bird may be completeiy prosteate, with the necl
outstretched, wings relaxed, and fect beneath it or extending baclk-
ward (pl. 3, B). "The presence of life itself may be evidenced only
by the rise and fali of the feathers of the back, with the slow and
feeble respiration, which, as has heen shown hy Wetmore (71, p. 8)
in & mallard, may be as slow as 8 per minute, Al the perk of suble-
thal ceses in pintails a vespiration rate of 15 to 18 g minute is com-
mon, Heart action likewise is enfeebled and retarded, a pulse of 60
to 80 being recorded in a duck instead of the normal of about 120 per
minute. Great irregularity in the pulse also is often encountered.
This has ranged from 60 per minute when the bird was at rest, to a
speed toe fast to compute when the vietim has been encleavoring
to escape capture, Boady temperatures are quite uniformly suly-
normal in all severe cuses. From a normal of 104° to 100.8° F.
(mean 108.7°) (71, p. 8), rectal temperatures of prostrate ducks
often may be as low ns 100° I, and, when denth is near, the body may
even feel cool to the touch. In a mallard that was prostrate after
ingestion of a lethal close of toxin the rectal temperatire was below
the lowest graduation (94°) of the elinical thermomoter tised,

Signs of recovery in a duck that has ingested a. dose slightly less
than lethal may be expected on the third or fourth day. If the
bird has been prostreate, ability to move and raise the hoad marks
the turn for the better. If the eyelids have been sealed by exudates
the bird will reveal its first active cffort to regain nommnal conditions
by rubbing these on its back, first on one side and then the other.
If water is placed Lefore it, the bird will drink large quantities at
this carly stage of recovery, even thongh it may still be unable to see.
In doing so it is lilely to cholce, apparently as a resnlt of a continued
impairment of the pharyngeal nmscles.

On the fourth or £fth day the bird will preen its feathers and
may even rise to its feet. It gives great atfention to restoring its
plumage to & normal water-shedding candition. Muscular wenkness
still persists, however, and there may be repeated hitching of the
wings in an effort to hold them properly at the sides.

On the ffth or sixth day one may expect to find the bird walking
haltingly and even stretehing or fapping its wings, Coincidentally,
for the first time since its aftliction, it will again take food, A day
or two more and it will have regnined strength suflicient to fly short
distances and be able to care for itsel when' released.

Such is the usnal sequence of symptoms in a severe but sublethal
case. Greater quantities of toxin will result in s more rapid and
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violent syndrome, and often in an inversion of the usual ovder of
some of the symptoms. Occasionally u duck with complete lack of
control of head and neck, still retains ability Lo travel sevoss the
sater by lusty wing beats; this may eause the beard o flop from
side to side, and, when progress stops, it may drop heneath the suc-
face of the water, At times nerve impairment may cause # paralysis
that is not symmetrical with respect to thic two sides of the body.
One affected ving-billed gull could stand only it placed with its left
side against the wall of its cage; on the open floor it invariably feil
to the left. When directly antagonistic muscles are invelved, an
unequal paralysis may upset the coordinating mechunism and cause
a pronounced torticollis. Such a condition is not infrequent smong
gulls and avocets (pl. 4, A). Doses of toxin so exeessive as to enuse
death within a few hours may produce convulsive reactions, whereas
in more protracted cases, the vietim né no time appears to be in pain
other than that incident to difficult breathing,  Avocets and stilts
become quite helpless when the paralysis ailects their long jegs.
These often become entangled in masses of anuatic vegetation, from
which the victims seldom free themsclves,  Adr hunger is & more
pronounced early symptom among guils than ducks. Both gulls and
coots may exhibit complete control over the muscles of the head and
neck, even to the extent of being aggressively pugnacious, while at
the same time their legs and wings are helpless, One ring-billed gull
could peck vigorously at a time when its nictitating nielnhrine wius
completely paralyzed.

Loss of feathors or a loosencss of pliumage, considered to be of
some value in the diagnosis of limberneck in domestic poultry, was
not found to be a common attendant factor among wild ducks. Now
and then an individual duck would lose many feathiers during its
period of disability, but part of this at least could be associnted with
the post-cclipse molt.

A persistent paralysis wus noted among some experimental birds
after they had recovered from the principal «ifects of the disease,
This was manifested usually by inability to holl the wing properly
in place. Oceasionally a leg weakness developed that was retained
for a week or two after the bird bagd resumed feeding and other ac-
tivities. Phe vietimsof such chronice disabilitics ns & rule beeame much
emaciated, took little care of their plumage, and sekdon effected
complete recovery,

It is evident Trom field ebservations that few ol the dead bivds
encountered had experienced the vielent symptoms indicated in the
experimental work with excessive doses of texin,  Admost invariably
dead birds are tound lying on the breast. with plumage unrufiled and
unsoiled except at the vent. Death comes slowly, without struggle,
and apparently without pain.

PATHOLOGY

Birds that succumb to duek sickness are, as a rule, in good flesh,
a condition to be expected from the fact that in most fatal cases
the period of siclness is relatively brief. Only those that have
undergone the ordeal of protracted afiliction or have had successive
experiences with the malady show appreciable emuciation.
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The alimentary tract usunliy is devoid of food. the gizzard con-
taining merely aravel or {he hard. indigestible parts of earlier menls.
This state of affairs long has tended to conecal the Taod items or
the nature of the feeding environment directly connected with the
contraction of the malady.

Though nothing of pathologieal significance has been found in
the gullet or proventriculus, Wetmore has pointed to a sloughing of
the stomach lining at the lower edge of the proventiriculus. Fhis
condition was present in birds succumbing at Great Salt Lake,
though not confirmed with any degree of regularity among birds
of the Klamath Falls district.” Trritation and congestion of blood
vessels of the intestine, though Trequent, wus by no means constant
among birds in southern QOregon und northern Californin. The
small intestine, however, was shrunken and firm to the toneh and
often contained slraw-colored mucoid matter. (rabam amd Bough-
ton (26), discussing the pathology of limberneck, have referred to
“ petechinl hemorrhages and areas of congestion and catarrhal in-
flammation of the mucosa of the small intestines ¥, and Robinson
(5¢) has noted “evidence of catarrhal gastro-enteritis 7 in n few
cases of avian Dotulism in South Africs.

The larger intestine below the cacea often presents a striking con-
dition that in the case of avocets and gulls hecomes aimost dizgnostic.
This consists of un obstruction of the vent due either to the hnrden-
ing of the renal matter deposited there or to the mmpairment of
muscles controlling the vent, with a resultant accumulation of
excretory matter that distends the cloacn often to encrinous propor-
tions {pl. 4, B). The contents are largely liquid, with varying
quantities ul granular renal matter.

Other orguns of the body appear nornial or nearly so. ‘The ven-
tricles of the heart are found in systole. The gall bladder usually
is filled and occasionally distende. The lungs, liver, spleen, and
kidneys reveal nothing of pathognomonic sygrnificance, . An ery-
throeyte count of the blood of sick and healthy birds likewise dis-
elosed ho condition of dingnostic value, ‘There appeared, however,
un increase of erythroeyles in sick birds, a condition that may pos-
sibly have arisen merely from thilure to drinic tor soveryl days.

Dickson hay reported (hat it is common to find hemorrhages in
the central nervous systent in human beings and experimental ani-
mals (/3, /4). Engorgement of the blood vessels of the nmeninges of
birds dying of duck sickness, partiendarly in severe or protracted
cases, frequently is revealed af necropsy. Though the hyperemic
areas arve variable in extent, they are, us a role, restricted to the sur-
faces of the medullu, oenlar fobes, and posterior half of the cere-
bram, Others who have sought for pathognomonic lesions in botu-
Hsm have called attention to the frequency of disturbances in the
central nervous system and its meninges, but us yet nothing that can
be considered ubsolutely spevific in charactor has been (letocted.

Cowdry and Nicholson {1/, p. 836}, after an exhaustive study of
the central nervous system in botulism, stated that—

- excep for i slight degree of vasenlar eugorgement, st the lesions which we
have noted in the braing of mice, guined pigs, and rabhits suffering from bolu-
Linuy puisoning are rendily susteptible of some explanation other (han that they
&re produced by the direct acliva of the toxin upou the centrat norveus system.
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Dickson, who formerly called attention to apparently diagnostic
thrombi in the central nervous system, later stated {16, p. 77}:
“Gross and histologic examinations of the tissues of an animal
which has suceumbed to botulism fail to show anything that can be
considered dingnostic.”

TI anything may be consiclered diagnostic of the gross pathelogy
of duck sickess 1L is the negative evidence ereated by the lack of
any constant or characteristic lesion. In the 'majoriby of necropses,
however, one may expect {o find & certain engorgement of intestinal
blood vessels. a hardening of the small intestine, » yellowish mucoid
intestinal content, a stoppagre of the vent with a resultant distention
of the cloacn, and 2 congested condition in the meninges of the
posterior half of the brain.

DEMONSTRATION OF BOTULISM AS THE CAUSE OF DUCK SICKNESS ®

BIRDS USED IN EXPERIMENTS

During 1929 and 1930 much of the experimental work on duck
sickness was conducted with wild ducks, gulls, and coots trapped
in the Klamalh Falls district. When the dizease finally appeared
in the feld and sick birds were being rescued o certain portion of
those that recovered were used. During the winter of 1930-31, how-
ever, domestic pigeons were employed in experimental work at
Washington, D.C., and the satisfactory results attained promypted
their continued use during ficld work in the summer ol 1931 and
in subsequent experimentation at the University of Minnesota.

Although the use of pigeons in experimental work in botolism had
no extensive precedent, it was found, at least when foxin was injected
intraperitoneally. that these birds met wil essential requirements. Not
only are they susceptible to relatively small doses (as little as
0.0001 cc of type C filteved toxin killing in 18 hours in one Instance)
but they also respond well to toxin-untitoxin tests and reveal a
typical and recognizable syndrome.  Fnrthermore. the faboratory
nuse of pigeons had the practical merit of saving valuable wild fowl.

Justification of the use of pigeons in experimental work in bolu-
lism hiis heen established by Guuderson in the course of this study.
He haus shown that—
mixetd! {impurel euliures feam vaviclis sS0Rvees ave ortlinarily ineapable of
cattsing the death of a pigeon unless Closfridiun bolulinwn is present. In
one series of cxperiments involving fhe injecfion of mateviuls, elther s en-
vichment eoltures or givectly from the field, only 4 of 1hie 3052 pigeons used
Aied From eauses ofher than bofulisan  To make the daly even wove convineing,
vecord of other birtls tould be wided—LChose sprviving toxin-nntitexin mjections
and those uswl in subregnest experiments,

Gunderson, using a double series of cultures, one in ordinary broth
and the other in the alkatine medium employed in studies of botu-
Lism, tested the suseeptibilily of pigeons to 12 known organisms that
might appear as confaminants. A (L3-ce dose was injected, and only
one culture (that of Baeillus profeus in ordinary broth) produced
il effoets, the pigeon dying with Jesions of perifonitis.  In subse-
quent experiments conducted at the University of Minnesota it was

wmrphe informetion here presenicd has beon dorived from experborois comiucled by

Kpimbach i 1820-30, and from dafn coniributed by (underson in 1031 und 1932, when
facilities for more thofongh mnd aceurnte bacporfological work were wvnileble {28, 3, 32,
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dentoustrated by Gunderson thal, whenever B. welchii appears us
4 contaminant, disturbing results are likely to fotlow. Despite these
reactions the uniformly satisfactory results attained in other experi-
ments seem fully to Jhstify the use of pigeons for studying this
avian aspect of botulism.

In trxin-antitoxin ests, injections were made into the body cavity
directly bencath the posterior border of the Sternunm, Unfiltered
cultures or extracts being tested were injected in 0.5-cc dosages.
It was found that when suel bairge doses were employed, syniptoms
became evident within 86 hours iF toxin was present, the usual
period being about 12 hours. Tt should be pointed out, however,
that the death of an experimental bird was not aceepted as evidence
of botulism even though the symptoms pointed to it, Bach culture
considered o be positive was gecepted as such only when toxin-anti-
toxin experiments confirmed the diagnosis.

Pigeons surviving the injection of enltures could be used aguin
satistactorily after a lipse of time; but the use of birds that had
recelved anfitoxin was considered unwise becuuse the possible ereu-
tion of an immunity, or the possible presence of residunl, wneosn-
bined antitoxin, Actual experimentation has indieated that residual
untitoxin may be encountered in cases where toxin has been over-
neutralized and injections made at intervals of from T to 10 days.

Seriun sensitivity also has Deen observed in birds receiving anti-
toxin, In one experiment T of 15 previonsly used birds died of
angphylaxis upon subsequent administration ‘of antitoxin.  Others
also have noted such n reaction (25}, Likewise immedinte death
due to ultered antitoxin lias been noted in Lwo instances botl in-
volving (ype B antitexin. That the antitoxin was incriminated s
indicated by the fact that substitution of a fresh lot caused this
difficulty to disappear (see also comparable results of Topley and
Wilson, 68). Even the injection of enltures nlone has produced
immediate death in pigeons, with symplons simulating anaphylaxis,
a reaction observed by Hewlett, Bullock, and ('Brien (36},

Most of the antitoxins used in this work were obtained from a
commercial firm. Al {ype A antitoxin from that source conluined
antibodies aguinst type C toxin, while those for types BB and
were specific.

REPRODUCTION OF THE SYMPTOMS

The repreduction of the syndrome of <luck sickness in experi-
mental birds marked the mital forward step in diagnosis of this
malady. This was accomplished (1} by the feeding of incubated
body fissues of birds that had died of the disease; then (2) by the
injection of normal saline extructs of suclh toxic materind : and, still
later (3?, by the feeding or injeetivn of standard cuiture media
previously inoculated with material from duck-sickness sonrces,
Opportunity was alforded to note the similarity of symptoms in
birds made sick in this manner with those of birds found affected in
the field. Cnltures of known type ¢ botulinum. obtained trom a
relinble sonree, likewise produced symptoms typical of duck sickness.

During the latter part of the 1930 feld season and in certain ex-
periments conducted during the following winter, incubated body
tissues (mainly livers) of birds that had died of duck sickness far-
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nished a conveniunt source of toxin for experimental work and at
the sume time afforded evidence of the invasion of body tissues of
siek birds by the organism. The materizl was prepared first by
forcing the tissues through the mesh of ordinary pearl-netting fly
sereen, thus producing a gruellike mass that could readily be ineas-
ured or weighed. This was then placed for 5 or more days in an
incubator, where a temperature of between 83° and 853° F. was main-
tained. No pains were tuken at thal time to create un anaerobic
condition during incubation. Doses were administered in gelatine
capsules, and though erude in technic and invelving the use of highly
impure cultures, this method proved adequate for the early bae-
teriological worle; Inter (1931) it was superseded by more approved
methods, in which stendard enlture media and a procedure better
suited fo the growth of unacrobic bacteria wero adopted.

Tt ig fitting to mention a single experiment performed by Sperry
in 1927. At that time the idea that duck sickness was in fact
botulism, had not been advanced, but an aftempt was being made to
teansmit the mysterions malady by feeding healthy ducks the livers
of birds that had died of the disease. .\ mallard was force-fed a
small quantity (about 4 c¢) of such Ussues daily. At the end of 3
weeks the bird suddenly developed typieal symptoms of duck sick-
ness and wltimately died.  Todayv, with a better understanding of the
malady, we mny surmise what happened in thal early experiment:
The tissues originally were frosh or nearly so. At some point, how-
ever, near the end of the series of doses, the liver used had heen kept
long cnongh for the toxin of  (Tostridium botwlinwm. to be formed
in quantity sufficient to kill.  Aithough the results of this experi-
ment remmained unexplained ab that time and for 3 years following,
there s now no doubt that Spevry produced true duck sickness in
that early experiment.

The Iargest single group of Ussue-feeding experiments in this
investigalion was that involving the administration of incubated
fivers to ducks. Forty-three individual experiments of this char-
acter were perlormed, in which 93 bivds were used, mainly pintails
and maliards, Tn 14 of the 43 experiments no toxicity was demon-
strated, negntive resulls wsually being associated with certain lots
of incubated liver in which apparentiy the dofu/inum toxin had not
developed.  Among the others the results varied from cases of rapid
intoxieation, with dealh following in less than 6 hours after inges-
tion of the toxin, to sublethal ecases, in which all typical symptoms
were revealed, followed in due course by complete recovery.

The degree and rapidily of intoxieation contormed elosely to the
size of the dose, This was well illustrated in one experiment in
which five female suallazds of nearly equal weight were given oral
doses of toxie liver of 102, 304 and 5 g, respectively.  Although adl
the cases resulted falally and the onset of symploms was rapid, they
wore gradunted in intensity abnoest in direet proportion to the quan-
tity of foxin ingested. Comparable reactions were detected when
equal doses were fed o birds of different body weights.

That internnl oreans, other (han fivers, of birds dying of the
disease may become the source of toxin when properly ineabated
wus brought out in experiments in which typical duck-sickness
symptoms were produced by the feeding of incubuted kidneys. In
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one of two experiments positive results were oblained also by the
use of the incubated blood of birds that died of the disenso,

With an equal degree of uniformity the syndrome of duck siclk-
ness was produced by the intraperitoneal injection of saline-sclution
extracts of foxie tissues.  In this procedure a small quantity, usually
1 to 3 & of minced Loxic tissue, was agituted in 1 somewhat greater
volume {5 to 10 cc) of saline solution and allowed Lo settle, after
which the supernatant liguid was further diluted to reduce the con-
centration to 2 point where {he small doses needed for injection could
be conveniently measnrod, By this means the surceptibility of
certain birds, highly refrnctory to oral doses. was demonstiated
{pp. 44 to 45). The results with gulls were of particular interest,
since these bivds develop certain peculiaritios of syndrome that aid
in revenling the similarity of the disease produced in the Iaboratory
with that Tound in the fekd. Further confirmation of the identity
of the experimentally produced disease came Lo light on many occa-
sions in later work (1931-82), when standard cultures and liltered
toxin, originating from muterial associated with the diseuse i the
feld, took’ the place of incubuted body tissues or their extracts.

The clinical picture of this experimentally produced disease, ns
well as that of duck sickness in the field, )s similar to that ol avian
botulisn us it has been vecorded in literaiure. Oppertunity to make
comparisons with the syndrome produced by the toxin of known
type (' botulism was aflorded in numerons experiments involving
both ducks and pigeons. Ofttimes sick birds from the field, those
made sick with cultures originating {from fickd sourees, and those
inocutlated with known type € botulism were ou hand a6 the same
titne,

RECOVERY OF TIIE ORGANISM

Recovery of Clostridium botulinum, type C. from the internal
organs of a bird thut has died of duck” sickness is not generally

looked upon as having diagnostic significance. ‘Fhis iy particularly
the case when recovery is from u point in the alimentary tract,

which often may contain a1 fow spores or vegetative forms which,
under these conditions, are harmless and possess nothing of patho-
genie importance. Gunderson has shown that in a sories of 10
pigeons fed lethal doses of type C cultare, 8 revealed the presence of
the organism in the liver, which had been removed aseptically imme-
diately after death. The internal organs {maiuly livers) of o series
of ducks, geese, and shore birds that had died of duck sickness in
the Klamath Ifalls district and in other disease-inlocted nrens of
the West disclosed type C botutinwm in 62.9 percent of the samples.

In distinction from this relatively high Trequency of recovery
from the tissues of birds dying of the disease is the nfrequeney of
the organisin in the tissues of birds dying from causes other than
botulism., Gunderson has demonstrated that the cultured livers of
20 anaffected pigeons failed to disclose the organism in o single
instance.  In commenting on his examination of ducks that had
died of lead poisoning in Minnesola, he reports that in a serieg of
cultures of 34 birds, only 1 (2.9 percent) revealed type C.

It is of more than ordinary interest to note that type A has been
recovered from the livers of ducks dying of lead poisoning (2 cases)
and from the liver of an apparently health y ruffed grouse (1 ease),
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Hobmuier {40, p. 14} likewise has stated that he has demonstrated
the enusative organism of duck sickness in the livers of 22 of 24
birds dying of the disease, wherens © 47 investigations of birds not
having suffered from the sickness failed to show this organism.”

The initial determinuation of Clestridivm botulinum, type C, from
tissues of birds dying of duck sickness was miade by Giltner as earty
as October 8, 1930, At that tiwe the organism was detected in the
internal organs (mainly the livers) of wild mallards, pintails, and
ring-billed gnlls, as well as in mud from Tule Luke.  Since that thme
the organism hag been recovered from the internal ovgans of 4 num-
ber of other wild species. Later Giltner found it in the liver of a
juvenile prairie faicon. collected at Tule Lake, and in the work
conducied at Khimath Falls, it was recovered by Gunderson from
the tissues of the following species: Canada goose, green-winged
teal, coot, fong-billed dowitcher, western sandpiper, avocet, northern
phﬂ]ur{)pe, California gull. and Bonaparte’s guil,

In addition to the material gathered in the Klamath Falis-Tule

ake aren, (lostridium botulinum, type C, has been identified in the
internal organs of wild birds collected on the Bear River marshes,
Great Salt Luke, Utah; American Falls Reservoir, Idaho; Colusa,
in the Sacrwmento Valley of Californin: the month of the New
River at the south end of the Salton Sea, Calif.: Cone, Tex.; Antioch,
Nebr.; Antelope Lake, Clark County, 8.Dak.; and Windom. Cotton-
wood County, Misn.

Such cirenmstantinl yel significant bacterinl evidence, gathered
from widely seattered arens of infeetion. adds weight to the alveady
well-established hivpothesis that dnck sickness is the same throughout
ity range,

The causative organisin has been found in many media other than
the budies of birds dying of the disease,  Though {his has no signifi-
cance from a diagnostic standpoint, it gives an 1den as to the location
of the orgunism in the ficld, Positive results were obtained on
numerons oceasions with soil or mud on duck-sickness areas.  Often
sueh minterial wag heavily Iaden with miscetlaneous ovganic matter,
inchiding strands of filumentous algne, masses of living and dead
Lemun, vopepods, snails, and inseets. Debris from the Bear River
flats, composed almost entirely of insect remnins, disclosed the organ-
ism. Likewise it wus found tn both the larvae wnd pupae of hydro-
philid beetles, the cocoons ol which stadded the surface of the dense
algal beds at Tule Luke.  Colonies of copepods, sarcophagid larvae
(dead and alive) fonud on or nenr the bodies of dead birds, sud even
water obtained from the vieinity of such materinis disclosed the
oruanism. In Minnesota, Gunderson found the cansalive organism
in dead and tiving snails, At Tuale Lake wheat heads of the season’s
crop, as well as barley nnd mixed grain {chick feed}. when sub-
merged for a time in the water of infected environments, frequently
vielded (osiridium botwlinwm. At the mouth of Bear River the
decaying tubers of bayonet grass (Scirpus paludeosus) harbored the
organisin,

In a serios of 96 cultures jnoculated with material from various
medin collected in duck-sickness areas ab several points in Western
States, Gundersen has detected Lype C hofufinion in 43.8 pervent.
The contaminating muterial was divided about equally between mud,
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water, and shore debris on the one hand und various items of bird
food on the other,

In studying the prevalence of the causative organism in the field
Hobmaier (40, p. 14) has demeonstrated its presence in 28 of 76 mud
samples collected in suspected areas. e rocords it also in 2 of 8
samples of foam collected from the surface of ponds.

DEMONETRATION OF TOXIN IN THE FIELD

After the syndrome of botulism had been reproduced by feeding or
injecting toxic materizl originaling from tissues of birds that had
died of the disease, and after the type C botwlinum hud been recov-
ered from numerous samples of pertinent material, there still ve-
mained, at the outsel of studies in 1931, the necessity of demon-
strating the presence, in the field., of preformed toxin in or
assactated with food items or water that mighl be ingested by birds.
This wag sccomplished in more than a score of instances, thos com-
pleting the etiological picture in the demonstration of botulism ns the
cause of duck sickiess,

To Gunderson is to be eredited much of the snecess in this phase
of the study. The techuic employed involved direct intraperitoneal
injection into pigeons of Odi-ce doses when the medinm was fluid,
From more nearly solid medin, toxin was Hrst extracted with a nor-
mal saline solution, which was then injeeted. In no case, however,
was there any preliminary incubation or culturing.  Whenever tox-
ieity was demonstrated and hotulism was indicated, the type involved
was determined by adequate loxin-antitoxin tests, It may be ex-
plained that in all material gathered in the Wlamall Falls district
only the type € botulinion was disclosed.

Grunderson has demonstrated that of 76 samples of suspected ma-
tertal eollected in sickness areus at Tule Lake 22, or nearly 29 per-
cent. disclosed the presence of bofw/inmn toxin, Tn geeking for toxin
in the field, seareh was directed livst to the careasses of birds that had
died of the disease and in such medin toxin demonstration was not
dificult. “This was accomplished usually with bodies fonnd lying on
exposed flats, but the process was aided at tinwes by encircling sub-
merged bodies with mielal cylinders to prevent mindne dispersal of
toxin by water movement. Toxin of type ' botulism has been so
demonstrated in the bodies of wostern sandpipers, avocets, coots,
pintails, and green-winged teal. It likewise has been revealed in
solution I shailuw waler adjacent o suelh bodies.

The larvae of savcophagid Mies Teeding on infocted enrensses die in
grent numbers when unable to find places sufficiently dry for pupa-
tion. These larvae were shown to he the source of u potent toxin,
even when wind and water action had carried them considerable dis-
tances from the place where they wore reared. Such muterial eusily
may become un intoxienting food item for shore birds and ducks.

Sven hiving surcophagid larvae may be toxie, us was demonstrated
in one experiment, in which 15 were removed from the body of a
green-winged Leal and fed to a healthy bird of the same species,
This bird later developed typical ducke-sickness symptoms and died
G days after ingestion of the larvae.

Toxin associated with dead sarcophagid larvae was revealed in
several experiments in which the lquid from crushed larvae or that
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filterecd from masses of them was injected into pigeons. Typical of
these is one in which 0.5 ce of liquid derived from dead maggots,
which had floated some distance awny from the body of an avocet,
where they were reared. killed & domestic pigeon in less than 24 hours
after a direct intraperitoncal injection.  Circumstantial evidence of
the contraction ol duck sickness by the ingestion of sarcophagid
Inrvae under field conditions was Drought to light through the
stomach examinution of afllicted birds. Both the senior anthor and
Sperry have found tlie remains of 2 score or wure of these larvae
in the stomachs of sick green-winged teal at Tule Lake,

Mud on which a dead duck had iin, but from which it hud been
removed, retained foxin in substantial guantities for 17 days.  This
way demoenstrated in an experimoent in which (L5 ce of a waline extract
of this mud, when injected. killed a pigeon in less (han 48 hours.

Toxin also was demonsivated in barley seattered in shallow water
and on mud flats in infected aveas. Liiquid deained from sueh masses
of grain as had Iain exposed Tor a week proved lethal to a pigeon
on intraperitoneal injeetion af a L-ce dose.

The possibility of toxin produetion In nntural media was forther
demonstrated by the ineuhation in the lnboratory of material that was
obtained from Held sources, A mixed tot of insect debris associated
with Lemna. algae, copepods, and soails produced toxin during an
incubating peristl of 5 days.  Relatively polent toxin was produced
in the laboratory in grain that had been noenlated with the type C
botulinwm and submerged Tor 2 weeks in water, which, at the start,
was highly aikaline.  Suech g reaction may explain the sudiden out-
breaks of duck sickness that at times ocenr on artificial doeking
gromds where shallowawaler aveas are heavily baitel

The apparent toxicity of seatlerad grain also was vevesled by field
abservations,  On two oceasions (late in Augnst and early in Septem-
ber 1931} a marked inerense in sick dueles was noted on overilowed
areas east of I'mle Lake several davs after these had heen baited
heavily with barfey. This was done with {(he definite idea of
demonstrating the polentinl dangey from submeraed grain in infected
areas. The toxin-producing properties of grain alse were revealed
in_experiments in which mixed grains in open-fop glass jars were
snbmerged on Infeeted mud flats and atowed {o incubate for a week
or Inore.

Hobmaier has indieated the {oxin-producing possililitios of ather
natural mediz when properly incubated. These include beetles,
grasshoppers, and the bodies of fish (J0, p. 132}

In view of the high pereontage of rocovery noted among wild birds
that econtract this disease nnder field conditions, it would appear
that the quantity of toxin ingested is either small or its potency
low.  Gunderson has poinled out that, as a rule, there is an approe-
ciable interval butween seizure and death among wild birds, which
indteates a relatively small dose. It is possible, as he has alse sug-
gested, that the plomate intoxieation may be the resuit of several
additive doses no one of which would have affected the bird.

Hxlention s aigo mnde of additionst substanfiatlyyg evidenee giseiosed o Callfornin by
Hobumnder (), who hos deswnsiented e preseare of foXin of tepe O bolollsm In e

hlowd strew of sicl Bleds,  This was necomplished by laocoleling wmlee, by wlieh menus
extremely smatl gquanlilles of toxin pre demonstratied,
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SUMMARY OF EVIDENCE OF BOTULISM

1. The clinical picture of duck sickness, both with respeet to svmy-
toms and pathology, is identical with that produced in experimental
birds that have ingested the toxin of pure culiuves of type C
botulivum,

2. The cansutive organism hug been recovered not: only from the
tissues of birds dying of the disense but also from soil and other
material collected in infected environments, Though the former
does not cary with it certain dingnosis, it is signifieant that the
orgunism is [requently present in the issues of sick birds nud absent
from those thal wre henlthy.

3. The demonstration of the toxin of type C botulinum in food
and water commonly ingested by wild birds points to the channel
through which the maiady is contracted. This study has revealed
toxin under field conditions in sueh bird-food itenis wx sireophagid-
lly larvae and miscellancous inseet debris (attraclive to shove birds
and dueks), snbmersed grain {eagerly sought by duecls), and bodies
of birds that have died from the iliscase (o common Toud souree for
gulls and magpies). The fact that mud of infected areas rieh in
decaying organie matter also has been shown to he loxic niny account
for much of the mortality of poddling ducks and probing shore
birds. Toxin demonstrated in the water of small povls is a source
of danger to any Lirds that may come in divect contact with it.

4. The incidence, course, and disappearance of ducls gickmess in the
field, conform fo the influences of temperuture and environmental
Tactors in a highly suggestive manner. In other words the epizooti-
ology of duck sickness is just what one would expeet in an ontbreak
ol botulism among wild fowl,

FACTORS RESPONSILLE FOR DUCK SICKNKSS OR INFLUTENCING
I'r's DISTRIBUTION

since duek sickness (botulism) is an intoxieation, and not an in-
fections disease, it is contracted Dy wild fowl only through ingestion
of toxin preformed in suituble media, Tor this reason the malady
has its basis not so much in any inforior or predisposing condition
of the bird as in factors alfocting the wellare of a inicro-organism
living apart from it.  These Tactors include such things ag (1) prov-
alence of dead organie matter, (2) degrec of alkalinity or salinity,
(3) tomperature. (4) water level and wuter movement. and (3) when
the mulady appenrs inepizootic intensity, an abundance of birds
obtaining Tood or watler ininfoeted ureas. It is n favorable wrererate
of these fuctors that minkes of duek sickness a seasonal mulady reach-
ing its peak late in August or early in September, It is the unfavor-
able reaction of one or more of these factors that nuty eause irregu-
larigy or even total absence of the diseuse in cortain years, even
though the organism isel? may be abundantly present.

PRESENCE OF 'FILE CAUSATIVE ORGANISM
The presence of the speciflic ovganisny Tostridium. botulinum, type

(. is o prerequisite 1o the incidence of dnele sickness in any .localitf'.
That it s widely distributed in the United States and is especially
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abundant in areas where the disense has once oceurred, there is little
doubt, Meyer and Dubovsky (47) in the course of their studies of
the previlence of the human types A and B in this country enconn-
tered nontypical forms, some of which may have been the type C
of Bengtson. Graham and Boughton (26} bave recorded the or-
annism at several points in THinois, und Bengtsen (3) bas reported
it in material from Missourd, Oldahoma, Illinois, and Maryland.
This investigation has demonstrated its presence in such widely
seattered arens ag southern Oregon, northern and extreme southern
Californin, the Salt Lake Valiey, Utah, the Panhandle of Texas,
western Nebraska, southwestern Alinnesoln, and the vicinity of
Washington, D.C,

In the course of the sindy in Oregon amd California Gunderson
recovered the organism from 47.3 percenl ol 55 samples of mud,
shore debris, and other material not genersily looked upen us bird
food. It was present in &b percent of the 41 samples of material
more or less intimalely associnted with bird food.  In each instance
the material was vollected in a duek-sickness aven.

In the course of later worle in Minnesotn, Gunderson recovered the
type C organism from 4 of 1L samples colleeted in a duck-sickness
aren near Windom. This materiul included 2 lots of snails, 1 of
maggots, nnd 1 of nued. Tn 90 samples from areas free of sickness,
however, type C was disclosed only onee and tvpe A twice. In a
study of 76 mud samples collected In supposedly infeeted areas in
the Sacrainento and ITmperial Valleys during 1934, Iobnnier de-
termined the presence of type C bote/inum in 28 (40, p. 1}).

The causative orgonism of duck siekness is now so prevalent and

well established in the main centers of dueck sickness that no theory
of invading pollution is needed to explain any specifie outbreal at
these points. Ils presence may be sdnitted. and Lhe outbreaks ex-
plained on the hasis of temporary conditions Favoralile to is growth
and production of toxin,

PHEVALENCE OF DEAD ORGANIC MATTER

Dead organic maller is necessary for growih and toxin elaboration
by the cavsalive organism of duck sickness.  Sueh material is present
in o great variety of forms in every marsh or mud fat area and on
overflowed lunds. Remnins of jusects; enlomostracans ol wany
Kinds, mollusks, and even vertebeates {pl. 5. A) serve us excellent
media Tor development of the orgouism, In one oulbreak of
botulism among captive ducks in South Alfriea, the bodies of carth-
worns were suspected of hbeing the source (56).  As bhrought out by
this investization, submerged geain and possibly other dead vege-
table material muy act as added sources of toxin, closely associnted
with ativactive food items. Xven finely divided and comningled
particles of animal and vegetable matter found in the ooze beneath
shallow waler or on mud flats apparently play an important part
in the intexication of sueh birds as ducks wnd shore birds, whose
puddling and probing for fead throw them i direct vontact with
any toxin there formed. The pealt of duck-sickness outbreaks coin-
cides in general with the seasonal period of organic deeay,  Without
this bacterial food supply the disense cannot gain headwsy, as
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evidenced by the nbsence of duck sickness in waters overlying clean,
sandy bottors, Fhis fuct has served s the basis of the mqst effective
remedial measure against the malady—the olimination of extensive
mud-flat sreas by proper water control {p. T3 to T4).

DEGREE OF ALKALINITY AND SALINITY

While much is yob to be learnod concerning the effect of alkalinity
on the growth and toxin production of Clostridium botulinum, type
C, under field conditions (pl. 5, 2 und possibly even on its distri-
Lution, there is no doubt concerning its mnportant influence in Iab-
oratory experiments.  Gunderson, citing other workers in this field,
has called attention to the faet that the aptimum range of hydrogen-
ton concentration for growih and toxin production Ties on the nlka-
bine side of the seale. Bengtson {4 has stuted that the medium
should have a pIl reaction of 80 to 8.3 Tor profeolytic and T0 to 7.5
for nonproteolyvtic stening of (') botwlinum to insdre the prodaetion
of potent toxia,

By direet experimentation with » Gmited muniber of birds Gun-
derson has shown the favorable offeet of alla linity on the rate of
toxin production by arganisms originating from cases of ueic sick-
ness, and in later lauboratory work he adopted & teehnie Uhat guar-
anteedd o deliniie alkaline resclion.

In mnking e media, the formala of Benglsan (one part of chopped heef
and two parts of walory was ahlored by substituling foe (be waler g Dot
broth having a pll of 80, nftor which 10 gramns of peplone were added per Tiler,
Furthermore, o balf-inch Giyer of ealeimm carbonsie was phiced f the boltoms
ol the cubare tubes bofore the meditin wis in{rodueod,  The DT was pronier
ihan 84,

Acondition of alkalinity prevailed in all waters direetly conneeted
with duel-sickness outhrendes that were inves{ignted, This varied
from a mintmam pIf reading of 7.1 (at Cone, Tex) to a maximum
inexcess of 300 {in the Klamath Falls distriet), with an average of
8.3 based on L3 samples. A pH value in excoss of 9.6 has been ro-
corded for the open water of Tole Lake, although 2 reading of 94
or 8.2 is ustal for the shallow water closer to areus of bacteris] action
on the shore.  On the mud Hats and in places where organic decay
was manifest, the pH was Iowered 1o 8.8 or Jess, 16 was guite appar-
enb that the aikalinity of the lake Heelf was exerting o constant and
pronounced neutralizhug effect on the seidity resulting fron bacterinl
action,

Gunderson also has ealled attention to the Tuet that—
au itlkuline pil, ulkiiine inorganie hufTers, W o liigh concentrution of varieus
sdts may partiolly sterilize (he eoil (o he disitdvantage of competing organ-
isws, leaving the Beld Lo Closfridinm bofulinnm.,

1t is also well established that despite the favorable renction of 2
certuin degree of alkalinily on haelerial growth wnd foxin produe-
tion, continued or increased alkalinity or salinity has a destructive
effect on preformed toxin,  Thus, sick birds are not found in the
immediate environment of highly saline waters, particularly ot
Greal Salt Lake. "It part of the shore line of this lake in direct
contact with water having o saline concentration of about 90 pereent
has been free of sick bivds, while the relatively fresh-wator marshes
al the mouths of aflluent rivers were the scenes of disastrous out-
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breaks. A shnilar condition exists at the Sulton Sea, where sivkness
occurs, not in the highly saline environment of the cpen sea, but In
the marshes and mud fluts created near the mouths of the New and
Alamoe Rivers. Likewise Mono and Owens Lakes, Calif., whose
chlorine-carbonate waters contain saline concenlrations varying from
7 to 20 percent (¥, p. 768), appear to be free of duck sickness,
although they may harbor birds in goodly numbers®®

Duck sickness in epizootic proportions never hag been reported on
tidal flats washed by waters whose suline content approached that of
the ocean (85,000 p.pan}.t®

In areas of highest sulinity, the absence of duck sickness has always
been a challenge to the validity of the theory ol alkali toxicity.
Under the new concept of dock sickness, this saine challenge awaits
explanation, Tor answer, one now looks to the bacteriological
aspects.

Throughout the history of research in human botulism, beginning
with the initial work of van Brmengem in Burope, the matter of
growth-inhibiting or toxin-destroying agencies.or reagents has been
noted. Although most experimentsl work has been done with the
human strains A and B, with the primary objective of preventing or
curtailing (oxin produetion in prescrved foods, the results attamed
are signfieant, particularly when considered in connection with cer-
tain experiments of this investigation.

Van Ermengem himself, while working with what {oday is con-
sidered to have been type B, found that growth of the organism was
inhibited in a medium containing G percent of sodium chloride (79,
20}, Dozier {17, p. 155) fomd that “ No strain of 5. botwlinus cul-
tured gave any evidence of growth in douable-strength veal infusion
containing more than 8 percent of NaCL”  Bidault (4) showed that
8 percent solations of sodium chloride, potassimmn chloride, caleium
chloride, and magnesimm chloride nullified the texin of type B and
reduced the potency of type A, When a concentration of 6 percent
of these salls was vsed, growth wuas completely inhibited. “Thom,
Edmondson, and Giltner {67}, working on iype A, found that toxin
was produced in the presence of 5 percent but not 8 percent of sodinm
chloride. Wyuant and Normington {74} found a xomewhat greater
tolerance to sodium chloride on the part of types with which they
experimented. It is evident, however, that sodium chioride and
certain other salls in concentrations as greab as that of sen water
tend to be unfavorable to the growth of types A and B.

Of even greater significance is the action of distinetlv alkaline
salts on preformed toxin. Hoere again the plonecer, van Ermengem,
has pointed out that sodium earbonate—
in the proportion of 0.5, 1, and & per cont, . . . when aliowed to act on {he
toxin for 24 to 48 hours, rendered it innocoous to rabbils, . . . A =olution

of pure toxin in waler wus rendered instantly inert when sin equnl veluine of
4 percent sodinm earhonate was wlkled (3, po 62).

€45 eaclivr reporl of Bird mortality al Owens Lake (22), considersd (o have been
doeck gickness (73, was nel, of eourse, substantdated by hoeeteriologien! evidepce,  IL prob-
rlly should be chnvged eillier to ek of snithbie fond supply for blrds that had just com-
pleles? & long migrntion {light, or {o direet saiine infoxteation.

WA posglble cuse of botullsin reporfed among share binds on nn tgland In Mnssachuseiis
Bay () muy have had Hs origin la toxin produced in Ehe carensses of strended Bauckfish
(G tobicephainy nnd o senl {Phoeat, e Dodies of which bed ven \\'ﬂh‘iu‘:l shove hiph

tide and therefare were out of divect volinet whl sslt water {pp. S0-31)
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Other research workers also have demonstrated that the potency of
preformed toxin is perceptibly reduced by an incresse in alkalmifg.

The toxin-destroying property of sodium carbonate was made
the subject of experiments in this investigation involving both the
feeding and injection of toxic material that had been subjected to
the action of the carbonate (or in some cases, the bicarbonate) for
variable periods, A 6-hour contact between a toxic extract and a
3-percent sodium carbonate solution completely nullified the toxin,
and even a l-percent solution in contact for 87 hours appreciably
reduced its potency. A (.5-percent solution, however, failed to effect
a material loss in potency. With the bicarbonate of soda g certain
retarding of toxic action was noted in one experiment, in which a
3-percent solution was in contact with the toxin for 94 hours.

In the light of this and other experimental work and the previ-
ously reported results attained by others with the chloride, it is of
interest to note again the chemicafcomposition of the waters of those
lakes in which duck sickness has not been reported. Great Salt Lake
(on the open waters of which the malady does not occur) has a
sodium chloride content that fluctuates above and below 20 percent,
depending on the depth of the lake; that of the Salton Sea (where
the disease likewise is confined to contiguous, relatively fresh-water
aveas) 1s close to 8.5 percent (20). Sodium carbonate and sodium
chleride form most ofpthe 51,170 parts per million of total salts of
the water of Mono Lake (9, p. 162). as they also do In the even
more highly saline water of Qwens Lake.

Although further evidence is needed, the foregoing indicates that
in certain highly saline waters the absenco of duck siclness may
be due to a bacteriological factor—inability of Clostridsum bot.-
fenwin, to thrive, or its toxin to persist, in the presence of high con-
centrations of certain salts. Even lower concentrations may be
equally effective when the action is continuous. A seemingly anoma-
lous situation is presented: Alkalinity in a pH sense is looked upon
as a prerequisite or at least a most favorable condition for the growth
of the causative organism and the evolvement of its toxin ; yet, alka-
line salts, in high concentrations, may reduce or completely destroy
preformed toxin.

In view of the general conformity of the range of duck sickness
to that of the region of alkaline waters in the United States (fig. 1);
in view of the known favorable action of moderate alkalinity on the
production of botwlinum toxin; of the apparent buffering uction of
bodies of alkaline water on the acidity arising from hacterial action
in decaying organic matter on shore lines or on mtd flats; and in
view of the possibility of such alkalinity destroying organisins com-
peting with Clostridiun botulinum, it would appear that moderate
alkalinity is favorable to the type C organism and possibly a pre-
requisite to the epizootics among wild fowl. Furthermore, the dele-
terious effect of excessive alkalinity or salinity on the growth of this
organism and on its toxin, facts recognized in the laboratory and in-
dicated in the field by the ahsence of the disease in certain highly
saline waters, points to a limiting factor worthy of mention. Alka.
linity, therefore, may be determining factor in the incidence of
duck sickness in epizootic form.

27187°—34— 5
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TEMPERATURE

Temperature also plays an important part in the incidence of duck
sickness, since it not only strongly affects the extent of toxin produc-
tion by Clostridium botulinum but also influences the general proe-
esses of decay. These involve other bacteria, which, by reason of
their consumption of oxygen, may aid greatly the growth of the
anaerobic Clostridium. Although there is a wide range of tempera-
ture in which toxin may be cvolved, Gunnison and Coleman have
stated that the optimum for the growth of type C bofulinum is
37° C. (98.5° F.) (29).

In general, the disease coincides with or immediately follows
periods of hot weather. Lack of exact synchrony is to be expected,
since various factors other than temperature control the incidence
of the disease. Furthermore records based on atmospheric tempera-
ture are not always proper criteria on which to judge conditions
where toxin is being produced. Beneath mud or water surfaces
daily-temperature ranges are less extreme, and there one will find a
seasonal variation that reaches & maximum in August and Septem-
ber, the period when outbreals of duck sickness usually reach the
pea’k. Cfttimes duck sickness stops rather suddenly when the tem-
perature drops late in September or early in October. This, how-
ever, fre(}uently may be due to the influx of irrigation water, or &
change of bird movements with the advent of cooler weather, or to
other attendant factors. As u rule outbreaks in central or southern
California extend later into the fall than those in Oregon or Utah,
and in the San Joaquin Valley in certain seasons the disease has
persisted until December and January. The disastrous outbreak on
the Bear River marshes in 1982, however, was severe late in October,
and sick birds still conld be found when ice had begun to form after
the middle of November,

WATER LEVEL AND WATER MOVEMENT

Except for the requisite of smple organic matter for toxin produc-
tion, no single factor enters more strongly into the etiology of duck
sickness than the matter of water level and water movement. Even
the less observant have noted that duck sickness is intimately cor-
related with areas of shallow, stagnant water and mud flats, Noth-
ing will put an end to an outbreak more abruptly than a perceptible
deepening of the water or « flushing of the infected area by heavy
rains. Likewise, where water depths of a foot or more are main-
tained, the discase is seldom in epizootic form.

In the light of the present concept of duck sickness the reasons for
such reactions are obvious. In the first place, deep water not only
tends to keep temperatures down and thus retard toxin production,
but the quantity of suitable mediu in the form of dead animal and
vegetable matter will be less on deep bottoms than in shallow water
or on shore lines, where the remains of surface Iife may be segre-
gated en masse by wind and wave action. Likewiso bofulinusm toxin
is soluble and readily taken up, diluted, and dispersed by a large
volume or movement of water. Furthermore, aguatic bird life, both
shore birds and waterfowl, are particularly partial to shallow-water
and mud-flat areas, where when not disturbed, they spend many hours
in probing or puddling for food or just loafing and resting.
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Circumstantial evidence of the important role played by shallow
water 1s to he found in the relative infrequency of duck sickness
among deep-water ducks, particularly canvasbacks, seaups, and ruddy
ducks. Young redheads, however, do succumb in considerable num-
bers late in summer, when they feed extensively in shallow water, as
also do pintails and mallards. Some mortality among diving ducks
in spring has ot times been charged to duck sickness. This has oc-
curred in the Klamath Falls district as well as at Great Salt Lake
but the principal evidence as to identity is an apparent similarity of
symptoms. There is the possibility that these deep-water feeders
may reach spots of toxin elaborated during the previous season but
not available to the shallow-water species.

Observations in the Klamath Falls district brought out the fact
that duck sickness is by no means confined to conditions brought
about by a recession or an evaporation of water. An equally danger-
ous state of affairs may arise from the creation of shallow-water or
mud-flat areas by a slight rise or extension of water surface. The
severe outbreak of 1925 at Tule Lake occurred after 1 marked rise in
water, which submerged surrounding grainfields. In 1929 an area
of infection was caused by the breaking of 2 low dike at the north-
west corner of the lake, the water overflowing to adjacent wheat
stubble. In 1930 and 1931 a slow rise in the water of the lake itself
again preduced extensive mud flats and shallow water to the east.

The influence of water level on the incidence of duck sickness also
has been illustrated by the history of events at Great Salt Lake.
The terrain immediately surrounding the lake is flat and, in years
when the lake is high, the inflowing waters of the Bear River spread
over wide arcas. This happened in 1910, causing the most disastrous
outbreak of record. Botulism in varied intensity followed a some-
what lowered lake level during the years immediately following.
The next year of extensive mortality “was 1921, when the seasonal
peak of the lake level was fully a foot lower than in 1910, yet it was
higher than in either of the two preceding years. From 1921 to
1931 some duck sickness occurred practically every year, but in 1929
a severe but short-lived outbreak in the immediate vicinity of the
mouth of the Bear River ran its course at a time when the lake was
relatively low but at a level that made this local area a stagnant
mud flat. Tn December 1981, for the first time since 1907, Great
Salt Lake dropped to the zero level of the Midlake gage, making
the water in the area known as Willard Spur extrentely shallow,
In the summer and fall of 1932, wind action drove this shallow
water over extensive flats, and a most disastrous outbreak of botulism
followed (p. 34; pl. 1, B).

Incidents such as this, in which outbreaks of marked severity
appear on newly flooded land that has been dry during periods of hot
weather, lead to the surmise that, even though these fands may have
been dry on the surface, conditions beneath may have been favorable
to toxin production. With warmth, moisture, suitable organic mat-
ter, an alkaline environment, and a relatively annerobic condition,
subsurface toxin production might easily take place. The absence
of flood water would tend to prevent toxin dispersal and dilution,
and, when these areas are eventually submerged, the preformed toxin
becomes readily accessible to puddling ducks.
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ABUNDANCE OF BIRDS

An abundance of birds is a necessary corollary of a pronounced
epizootic of duck sickness under natural condifrons. ccasionally
the infection becomes so intense in local spots that concenirated
flocks may lose most of their numbers. Ordinarily, however, only
a relatively small proportion of the birds frequenting & toxic ares
contract the malady. This would indicate that spots of toxin suffi-
ciently potent to affect birds are probably very local.

Such a condition was demonstrated on overflowed land east of
Tule Lake in 1930 and 1981. There, during August and September
a shallow-water ares several square miles in extent cut by several
low dikes was a constant attraction to a mixed flock of birds, mainly
coots, pintails, mallards, cinnamon and green-winged teals, and
Canada geese. [Every morning this heterogencous flock of 4,000 to
6,000 could be found in its customary place, feeding or loafing on
the low dikes. A search over a circnitous route of about 2 miles
would reveal about 20 sick birds. A similar search on the following
day would reveal possibly only 8 or 10 newly sick birds; if the search
were delayed a day or two an incresse in the pumber of the newly
sick and dead would be noted, but seldom was this number more
than 25, representing about 1 out of every 200 birds present.

When large numbers of sick and dead birds are found during
severe outbreaks, the mortality may represent the accumulated losses
to successive migratory flights or feeding flocks that enter the local-
ity unobserved at night. Although bodics of the dead rapidly dis-
integrate on the hot flats, marked evidence of the mortality may
remain 10 days, 2 weeks, or cven longer. Consequently to appraise
adequately the significance of a large number of dead, one must con-
sider the bird populatien that has previously frequented the area.

REMEDIAL MEASURES

Having learned the cause of a malady, the inquiry naturally fol-
lows: What can be done about it? In the case of duck sickness the
efficacy of certain remedial measures had been demonstrated long
before the actual cause had been ascertained. Though the reasons for
the relief attained were misunderstood, there was ample demonstra-
tion of the usefulness of the methods then employed.

Remedial measures include both direct treatment and prevention.
Under the former will be discussed the utility of antitoxin and other
therapeutics as well as the benefits o be derived from rescue work
and the so-called “ fresh water ” treatment. Under prevention will
be considered procedures involving (1) deep flooding or drying of
sickness aveas; (2) employment of frightening measures to drive
birds out of known infected arcas; and (3) decrease of infection and
toxin production by sanitation, including proper carcass disposal.

TREATMENT OF EIRDS
ANTITOXIN

An antitoxin against type C botulism has been developed by
methods ordinarily employed in the production of antiserums. Goats
or horses that have been immunized by the administration of toxin
in small doses over long periods are the unsual sources of antitexins.
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Injected in proper doses, simultaneously with or soon after the in-
gestiog of toxin, such antitoxins protect the bird or other animals
treated.

Little if anything, however, of practical value can be expected
from the use of antitoxin as a combative measure against any malady
of wild ducks. Although research workers in the field of botulism
have shown that antitoxin administered to experimental animals
even afler symptoms have developed possesses some slight thera-
peutic value (3, p. 83), such animals cannot be saved if the antitoxin
treatment is delayed until the symptoms are well advanced (6). A
wild bird so incapacitated by duek sickness as to permit its capture
for treatment would have ingested the toxin hours or even days pre-
viously, and hence would be at a disadvantage in an attempt to cure
by means of antitoxin.

That several contacts with duck sickness fail to set up an immunity
in wild ducks also argues against the possibility of ever developing
any practical prophylactic treatment with antitoxin. It could hardly
be expected that avtificinlly induced Immunity would endure over
long periods or to a degree that would cope with the superlethal
doses often ingested.

A pronounced tolerance for the toxin of (lostridium botulinum,
however, may be encountered now and then in individual wild birds
used for experimental purposes. A case in point, of which there
were several in the course of these studies, was that of a pintail,
which had asstmilated two snccessive oral doses of 0.2 g of toxic ma-
terial without manifesting symptoms, whereas a 0.1-g dose ordinarily

produced u typical case of duck sickness.

REBCUHR OF AFFECQTED BIRDS

Next to such preventive measures as elimination of extensive
Infected aveas or driving the birds from them, the rescue and sub-
sequent care of affected birds probably has yielded the greatest
returns in the battle against duck sickness. A high percentage of
the birds rescued {pl. 6, B) and brought into pens where they can be
given direct attention, recover. Experimentag evidence, however, is
still insufficient to indicate the extent that birds recover under natural
conditions; and, therefore, despite the gratifying results attained in
rescue operations, the real value of such work s uncertain. The mor-
tality is the result of the combined effects of the toxin of botulism
and various other attendant factors to which the helpless birds are
exposed in nature, including the devastating heat of mid-day, attacks
of predators, feather-soaking, chilling at night, and even drowning.
When these dangers are minimized or eliminated, as is the case with
rescued birds, a greater degree of recovery can be expected, and it is
on this basis that rescue operations may be advocated.

In the course of his work at Great Salt Lake, Wetmore {77 } kept
records of the results attained in rescue operations, involving 1,211
ducks of 7 species. Of these, 284 died and 927 recovered. After
making allowance for a large number of very sick birds, which, ex-
cept for experimental purposes, would not have been brought in for
treatment, Wetmore concluded that the ratio of recovery wonld he
about 90 percent of the birds rescned. The results, when tabulated
(including all birds rescued ), indicated that of the three species most
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often affected, the green-winged teal showed the lowest degree of
recovery (75 perceni';;), the pintail next {77 percent}, and the mallard
the ﬁreatest {81 percent}.

The percentage of recovered birds was somewhat lower at Tule
Lake than at Great Salt Lake. A number of factors accounted for
this. In the first place, rescue work at Tule Lake was for experi-
mental purposes and not with the primary objective of salvaging
birds. In addition, the birds had to be transported 30 to 45 miles by
automobile to the experimental pens. Even with the greatest of care
many died during these trips.

Details of rescue methods often have to be worked out to meet local
conditions. At Great Salt Lake, where travel on some of the exten-
sive mud flats is extremely arduous, transportation problems have
been met in part by the use of nurrow, flat-bottomed hoats of shallow
draft, having :uﬁldle wheels driven by a gasoline engine. This
peculiar but eff'g:ient type of boat, passing under the local name of
“mud queen ”, can be operated In very shallow water and used to
tow one or more even shallower-draft boats for transporting the sick
ducks. At Tule Lake conditions for capturing sick birds were more
favorable, since, with the exception of 2 few areas, the bottom was
fairly firm and in 1929 and 1930 the water depth was such that nearly
the whole lake could be traversed on foot. In those seasons s rubber
boag, or light skiff, pulled along by hand, was used to gather the sick
birds.

At Lake Malheur, however, in 1929 the difficulties of rescue work
were greater. Water levels were so low that navigation in any kind
of bost was stow and arduous and progress on foot was prevented
by the almost fathomless mud. Undex such conditions rescue work
could cover nothing more than the main channels of deeper water,
At other points, as in some aveas adjacent to the Salton Sea and
on the grounds of certain duck clubs elsewhere in California, best
progress in rescue work was made simply by searching the borders
of levee banks, where wind and wave action had drifted the helpless
birds. These could be gathered and placed in a light skiff pulled
along in the deeper water of the adjacent borrow pit.

In gathering sick ducks on open-lake or mud-flat areas two or
three men can work to advantage in loading a single boat. When
the birds are widely scattered and the flats can be traversed on foot
the men can best bring small lots to the boat by placing the birds in
loosely woven burlap or netting sacks, or in baskets. When they
are transferred to the boat. or ® duck ambulance ”, the larger species
should be separated from the smaller, and the vigorous from those
that ave prostrate.

The question offen arises as to whether one should cndeavor to
rescue all sick birds encountered, regardless of their degree of dis-
ahility. The answer depends upon the facilities for transportation
and subsequent care. If conditions affecting rescue work are faver-
gble throughout, no bird found alive need be overlooked. Tinder
conditions adverse for handling, birds that are utterly prostrate may
as well be left and cfforts confined to those less seriousty sffected.
Birds still active should not be passed by on the assumption that they
are not seriousty affected or are on the road to recovery, as exactly
the opposite may be the case.
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When there are many rescued birds so active that they can readily
scramble out of an ordinary boat, their escape can be prevented by
draping a fish seire or other netting over the top and fastening it at
intervals. A few rushes or similar vegetation strewn lightly over
the birds will afford protection from the direct rays of the sun and
instill in the more restless ones a sense of security, thus reducing their
desire to escape. Frequently a piece of light burlap thrown over
particularly active birds will induce them to remain perfectly quiet.
In transporting shore birds, particularly sandpipers, phalaropes, and
other smaller species. pasteboard cartons are useful. These may be
sct in the bottom of the boat and the cover locsely closed to prevent
the escape of active individuals.

Success in rescue work depends on the care given the birds at the
recovery pens. A number of pens should be provided so that birds
varying greatly in size or in degree of disability may be kept sep-
arate. Under some conditions if is an advantage to have portable
cages. For smallscale operations, invelving the salvage of a few
hundred, it is convenient to have the floor size no greater than 6 by 12
feet, and the height 4 or 5 feet; the frame well constructed but light,
and covered on the sides and top with 2-inch-mesh poultry wire.
A 12-inch baseboard, forming the lower part of the frame, will
reduce the danger of ducks injuring themselves by trying to escape
through the wire. When it is planned to rescue thousands of birds,
as has been done at Great Sait Lake, cages of larger dimensions,
especially for the less severely affected or the nearly recovered bivds,
are more economical. One or more of these cages {depending on
the number of birds being salvaged) should be so placed that part
of the cage will stand in water or at least that an adequate water
supply will be constantly available. In placing cages, stagnant
water should be scrupulously avoided. Other cages, in which water
is supplied in small containers into which the birds cannot fall,
should be provided for those more severely affected but stiil able
to move about. TFor birds that are utterly prostrate or for those
unable or not inclined to eat or drink, perfectly dry cages, well
bedded with a supply of straw or dry grass, should be provided. All
cages should have a certain protection from the rays of the midday
sun, particularly those for prostrate birds. i

Small cages for the care of the most severely affected birds may
be placed to advantuge on racks or tubles raised about 4 feet from
the ground. A single box cage of this type was used at the recovery
pens at Klamath Falls. Birds kept in :t could be given drinking
water through a pipette or medicine dropper and otherwise readily
attended to. A series of such “ receiving wards ”, each large enough
to hold 15 or 20 birds without erowding, will permit atfention In
an orderly manner and lessen the danger that extremely weak birds
may become buried under others floundering about.

The methods outlined are in the naturc of ideals to be sought
wherever possible, thongh under the pressure of strenuous field
operations they may not always be feasible. Ountbreaks of duck
sickness come quickly and often disappear in the same manner.
There is no way to foretell their extent or severity, and birds usually
are salvaged as best they can be with the facilities at hand. Let
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it not be forgotten, however, that a duck rescued is equivalent to
g duck raised. Madsen (45, p. 109) has estimated that, under condi-
tions prevailing at Great Salt Lake, ducks may be reclaimed at a
cost of 5 to 10 cents apiece, which is certainly trivial compared with
the cost of game-bird propagation. In former severe outbreaks it
was estimated that, had facilities been suitable and funds ample,
95,000 to 50,000 birds could have been salvaged on the Bear River
Marshes alone,

Since the desire to feed is the last of the impaired major impulses
to he regained by birds recovering from duck sickness, the question
of food does not cnter into the care of sick birds until they have
made substantial progress toward recovery. The period during
which they need to be fed is not long—usually not more than 4 to 6
days and, in the case of individuals captured while recuperating,
the period of detention need be only & day or two. Ouvdinarily
nothing practical can be done in the feeding of the highly insec-
tivorous shore birds, and for this reason they should be released as
soon as they regain their feet.

At Klamath Falls rolled barley was a satisfactory and readily
obtainable food for convalescing birds of most species, including
such diverse forms as teals, coots, and Canada geese. The barley
ration was supplemented, however, every few days with green feed
in the form of water cress (Sisymbrium) or duck weed (Lemna).
The latter, as collected, contained many snails and insects, thus
furnishing animal food as well.

When the idea prevailed that duck sickness was caused by the
toxicity of certain soluble salts in alkali, the handling of aftected
birds in the manner deseribed was referved o as the * fresh-water ”
treatment. It was inferred that fresh water, or at least the absence
of more aikaline water, had cifected the cure. With botulism deter-
mined as tlhie cause, however, it will be well to reappraise the signifi-
eance and merits of such treatment, In the first place there are to
be borne in mind the circumstances surrounding the capturve and
subsequent trentment of birds that have been rescued, and the part
these play in the high percentage of recoveries generally noted.

Ordinarily when sick birds are being gatTlercd, those utterly
prostrate are passed by, as also are the dead bodies that litter the
mud flats by the thousands. The birds collected are either (1} thase
that are in the earlier stages of the onset, (2) those in process of
recovery, or (8) those that have ingested sublethal doses of toxin,
All the birds in the last {wo groups, and part of those in the first,
have excellent chances for recovery, and any conclusions drawn
from resnlts attained with those and these anly will be biaged accord-
ingly. The material on which such deductions ave based is in fact
hand picked and in no way reflects the true reaction of the discase.
Were all the dead and nearly dead found in the field included, the
percentage of recovery would be materially rednced.

Tt is to be remembered also that when birds are subjected to fresh-
water treatment they usually are favored by several other factors,
which though of the ntmost importance to their recovery, have neo
connection with fresh water. I3irds placed in a dry pen, sheltered
from the heat of midday and the cold of night, safe from the
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attacks of predatory creatures, the dangers of feather sonking and
even drowning, often the fate of sick birds under field conditions,
‘have advantages of far greater importance than any that might be
derived from the mere oral administration of fresh water. Although
there is reason to believe that fresh water, forcibly und carefully
given to helpless birds, will aid somewhat in the restoration of
normal physiological processes, there is no evidence that it has any
direct curative or combative value in cases of botulism.

If the fresh-water treatinent should consist merely of giving the
affected birds access to water, of which they are to avail themselves
as best they can, the results will be fatal in a Iarge proportion of the
cases, owing to feather soaking, chilling, or drowning. If attention
cannot be given individual birds and if those in varied stages of the
disease cannot be properly segregated, a policy of no water or of
water only in proper containers is preferable to an open supply into
which the helpless birds may flounder.

PREVENTION
WATER IIANDLING

From the very nature of duck sickness the most effective measures
of relief are those of prevention rather than cure. The malady is
definitely associated with areas of shallow water or mud ats.
Whereas formerly these mud flats with their thin Alm of water or
innumerable pools, evaporating sometimes to dryness, were looked
upon as the source of the toxic salts considered to be the cause of
the mrlady, they now become an important link in the chain of
etiological factors that lead to the production of the toxin of botulism
{p. 62), and its subsequent ingestion by birds. Any break in the
sequence of these essential factors or events will effectively prevent,
or_terminate an outhrealk of duck siclkmess.

In South Africa, where lamsiekte {botulism of types C and D)
is contracted by cattle that, by rcason of phosphate deliciency,
possess a depraved appetite for bones, carrion, or other toxin-pro-
ducing media, the sifuation is met by rectifying the phosphate
deficiency in the diet or else by removing all carvion from pasture
lands. When this is done lamsielite is eurbed, not through elimina-
tion of the organism, which may still be abundantly present, but
by severing one link in the chain of cvents through which cattle
obtain doses of toxin. Were it possible to eliminate, with equal
thoroughness, all toxin-producing media from infected arcas, duck
sickness also could be effcctively controlled. With a host of diverse
media present, however, and likely to be ingested by waterfowl,
shore birds, or other species, the possibility of accomplishing this
through any labored process of detection and removal is wholly out
of the question.

It is possible, however, to eliminate mud flats and shiallow-water
areas, either by flooding sufficiently to submerge them or by evap-
oration to the point of tTryness. By the fivst of these processes high
temperatures, favorable to (oxin production, are reduced, and
through dilution and water movement, any toxin that may have
been formed is dispersed or attenuated fo the point of harmlessness.
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Furthermore, replacing mud flats with deep water often makes
infected areas less attractive as loitering or feeding grounds for
waterfowl and shore birds. Even more effective severance of the
etiological chain may be accomplished by complete dessication of the
infected areas. The simple expedient of cutting off the water supply
and allowing the flats to dry was used in combating duck sickness
in the marshes at the mouth of the Jordan River, Utah, as early
as 1911

With the establishment and subsequent development of the Bear
River Migratory Bird Refuge, steps were taken to meet the ever-
recurring menace of duck disease. Rapid and effective handling of
water levels was impossible through drainage alone, owing to the
great expanse and the level character of the delta on which the refuge
rests. It was found necessary not only to raise a bwrrier agninst
an influx of saline water from Great Salt Lake itself but to sub-
divide the inclosed area by means of other dikes in such manner
as to permit either deep flooding with fresh water coming from
Bear River or complete drying of the various umits and smaller
sections of the refuge,

On April 3, 1928, in the act establishing Bear River Migratory
Bird Refuge, Congress authorized an appropriation of $350,000 to
carry on such a program. Work was begun in 1929, and by July
1930 the dikes surrounding 8 of the 5 units comprising the refuge
had been practically completed. The engineering work of the whole
project was finished during the next year. This included a great
outer dike approximately 20 miles long, which in seasons of plentiful
water supply ean impound about 25,000 acres of water. By means
of gates and drainage spillways as many of the units may be flooded
as the seusonal water supply permits.

At clubs or on private estates in_infected areas where artificial
ponds are formed by the diking and flosding of lunds, precautions
must be taken to avoid conditions conducive to foxin production,
Water levels should be reasonably deep (1 or more feet near shore
and greater in the center). Water temperatures should be kept
below 80° to 90° F. during midday by circulation or change of
the water or by increasing its depth. Shore lines should be lkept
well defined and elean. Feeding should be either on sand or gravel
beaches prepared for the purpose or in tronghs away from. the water;
promiscuous broadensting of grain in shallew water or on mud flats
should be avoided.

FRIGIITESNING MEASULES

The employment of frightening measures to drive waterfowl
out of known infected arens has been vesorted to with marked bene-
ficial vesults on the Bear River flats. As early as 1921 oflicials of
the game department of Utah adopted the practice of patrolling the
flats, beginning enrly in August of cach year (45). At the fivst
signs of duclc sickness, high-powered rifles weie used to keep the
focks of healthy birds away from these aveas. This was continued
until fall rains, o rise in water level, or the lowered temperatures
of October ended the possibility of an ountbreak. The practice of
rifle patrel, instituted and enrried out by State officials from 1921
to 1928, was continued by Federal olflicials even after the establish-
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ment of the Bear River Migratory Bird Refuge. In the short-lived
but severe outbreak of August 1999 it was considered that gunfire,
which drove flocks of healthy birds away from an infected area at
the mouth of the Bear River, did much towards preventing an even
greater cpizootic.

BANITATION

Disposal of the bodies of dead birds found in duck-sickness areas
was one of the carliest of the meuasures used against the disease in
Utah (p. 83). The procedure appeared to be logical and it probably
did some good, even though the futility was soon imrsessed on the
small crew of workers then participafing in the wurlk, Madsen’s
description (45) of these early operations is quoted on puge 83.

The present study has definitely established the faci that the bodies
of birds dying of duck sickness are excellent medin £1v tha production
of toxin and may become the direct source of infuction for other
birds (p. 59). Sarcophagid larvae, which have developed in these
bodies, alse are sources 0% toxin and are likely to Le picked up by
shore birds as well as ducks. There is no question thaf <he removal
and proper disposal of dead bodies reduces in the agwrer..ze the toxin
available to birds, but evidence still is lacking as te the degree of
improvement attained thereby. In view of the fact that a host of
other texin-producing media, including the remains of insects and
various other invertebrates, as well as grain and decaying vegetation,
may be contributing to the general infection, even energetic measures
of body disposal may result in only a slight improvement. Until
more is learned by field experimentation of the role of dead Lodies
in a ducle-sickness outbreak, it would scem that efforts might better be
«pent in frightening healthy birds away from body-strewn areas, and
in the rescue and subsequent cure of afilicted birds. The casc is quite
different from that of lamsiekte in South Africa, where the clean-up
of earrion in infected pastures has brought beneficial results. There
the sources of toxin ars relatively few and discernible; in duck sick-
ness, the toxin may come from o multitude of media, some of them
quite obscure.

Treatment of infected aress with antiseptics or other substances,
with the object of destroying the causative organism, preventing
toxin production, er nentralizing toxin already g)ﬂrmed, is 1 matter
to which some consideration has been given though no field experi-
mental work on it has been done. The immensity of the infected
areas and the digiculty of reaching submerged spots of toxin, as well
as the deleterious effect of powerful antiseptics on vegetation and
possibly even on wild fowl, are obstacles that at this time make such
{reatment impracticable.

Whether & chemieal treatment of infected areas so as to change
them from a condition of alkalinity to one of neutrality or even
zeidity with rvespeet to the hydrogen-ien concentration, would im-
prove matters is yet to be determined. It is a fact that the range of
duck sickness as it occurs in cpizootic form coineides, to a marked
degree, with that of the alkaline waters of this country. It is true
also that the toxin of botulism is elaborated to & greater degree or in
more pofent form in alkaline media.  The prospect of attacking the
duck-sickness problem, however, through altering on an extensive
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seale the hydrogen-ion concentration in waters frequented by the
birds does not appear promising, though the procedure may be worth
trial in localized spots of infection.

SUMMARY

Earlier studies of disastrous outbreaks of what has been termed
“ western duck sickness”, summarized in bulletins issued by the
Department of Agriculture in 1915 and 1918 (70, 71), pointed to the
cause as “ the toxic action of certain soluble salts found in alkali”
Later evidence that this explanation was not adequate led the Bureau
of Biological Survey to resume its studies in 1927, and by 1931 the
results attained had removed the problem from the field of chemi-
cal toxicology to that of bacteriology. The malady is now recog-
nized as a form of botulism, a disease caused by the toxin produced
by a common saprophytic and anacrobic bacterium, Clostridium
botulinum, type C.

This organism, thriving under conditions of decay, had previously

been recognized as the cause of more or less localized outbreaks of
Jimberneck among domestic poultry and forage poisoning in live-
stock, Its association with the extensive wild-fowl epizootics has
not only altered earlier concepts of this ailment of wild birds, but
it has changed, even more radically, the bacteriologist’s idea of the
prevagzncc, history, and importance of Clostridivmm botulinum,
type C.
”I)n distinction from many contagions bacterial disenses, outbreaks
of botulism, which is simply a form of food poisoning, are not de-
pendent on a weakened or predisposing condition of the victim.
Factors controlling the prevalence of the disease are largely those
that affect the welfare of the organism itself and the production of
jts toxin. Among these are the prevalence of dead organic matter,
animal or vegetable; an alkaline environment, which plays an im-
portant part in the bacterial processes of toxin production; a con-
dition of shallow water or stagnation, preventing toxin dilution or
dispersal; and relatively high temperatures.

Diagnosis of botulism as the caunse of duck siclkness has been based
in this study on (1) the similavity of the clinical picture of the dis-
ease in the %eld with that produced experimentally by the adminis-
tration of the toxin of pure cultures of type C bofulinwen; (2) the
frequent recovery of the causative organism from the tissues of af-
fected hirds in distinction from its absence from the tissues of healthy
birds; (8) the demonstration in the field of the toxin of type C
botulinwm in foods and water commonly ingested by birds; and (4)
on the faet that the incidence, course, and disappearance of duck
sickness in the field conforms to the influence of environmental fre-
tors in a manner highly suggestive of botnlism.

This study has shown that such bird-food items as sarcophagid-fty
larvae and miscellaneous insect debris (acceptable to shore birds and
ducks), submerged grain (engerly sought by ducks), and the bodies
of birds dying of the disease (a common food item of gulls} are
some of the channels throngh which the peison muy be talen. “Foxin
also has been demonstrated in the mud of infected areas rich in
organic matter, and even the water of small pools may harbor the
poison produced in nearby megdia.
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The toll from the disease, though varying greatly from year fo
year, must be looked upon as the greatest drain upon western water-
fowl due to any single natural sgency. An estimated loss of a gquar-
ter of a million birds at the north end of Great Salt Lake in the
summer and fall of 1982 points to the current importance of the
malady as o destroyer of wild life. Not only ducks but a multitude
of other birds succumb: at present the list of known vietims com-
prises 9 species, in 21 families of wild birds. Although various
vertebrates other than birds are susceptible to the toxin of type C
botulineum, evidence points to the fact that human beings are rela-
tively, if not absclutely, immune to oral doses.

The history of western duck sickness has been fraced, with a fair
degree of accuracy, back to the early nineties of the last century.
The year 1910 marked the point when Nation-wide sttention was first
called to the malady us a result of the publicity given the disastrous
outhreak in the marshes about Great Salt Lake in that year. Since
that time the disease has occurred at an ever-increasing number of
localities in the West, and today the distribution of the disease among
North American wild fowl conforms in general to the region of
alkaline waters and soils of the Western Stafes and the southern
Canadian Provinces, Although the causative organism was prob-
ably endemic in North America long before it was evidenced in out-
breaks of duck sickness, it is apparent that conditions conducive to
epizootics have been accentuated by man through his utilization
of water supplies. This often has vesulted in the creation, during
periods of hot weather, of alkaline sinks and areas of shallow, stag-
nant water, mud flats, and their associated decaying organic matter,
in which toxin may be produced.

Remedial measures may be in the form of direct treatment or pre-
vention. Among the for: er are the rescue and subsequent care of
affficted birds, These will save many that would otherwise succumb
to such attendant hazards as the heat of midday, attacks of preda-
tors, feather soaking and chilling at night, and even drowning. The
use of antitoxing under feld conditions is impractical. At points
of local infection much sickness may be prevented by frightening
the birds, through rifle fire, from dangerous ground.

More lasting and cffective means of prevention, however, lie in
moedifying or climinating conditions that favor the development of
the organism and the evolvement of its toxin. By flooding mud flats
and shallow, stagoant water areas with deep or flowing water, tem-
peratures are reduced and, through a process of dilution, preformed
toxin may be attenunated to the point of harmiessness. The expadient
of temporarily cuiting off all water from infected areas also has
been used effectively where the ground may be completely desiceated
and thus become unattractive to birds in midsummer.

An inadequate water supply and fluctnating water levels are the
dominant environmental factors conducive to outbreaks of duck
sickness. Often these are the direct vesult of man’s increasing diver-
sion of the supply from faverite wild-fow] areas, where formerly
reasonable and more nearly constant water depths were maintained
throughout periods of hof weather. Unless these conditions can be
restored, duck sickness will continue to take, ever increasingly, its
annnal devastating tell of western wild fowl,
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