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-^EAR MANGE IN FOXES: ITS TREATMENT AND ERADICATI^)N 
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EAR MANGE, or auricular scabies, is a parasitic disease caused by infestation 

of the inner surface of the ears (auricular canals) by a mite known as Otodectes 

cvnotis. Specimens of this parasite are just barely visible to the naked eye, ap¬ 

pearing as small, white, and motile bodies. 

Life History: 

The female mites are prolific, producing large numbers of minute, whitish eggs. 

The majority of these usually remain in the ears of the host, where they undergo an 

incubation characterized by the development of a six-legged larval mite within the 

shell. After hatching the larvae pass through a series of molts, in the course of 

which they develop a fourth pair of legs and arrive az sexual maturity. 

Occurrence: 

Once ear mange is brought on a ranch, it usually spreads rapidly to practically 

all the foxes. It is present on a relatively large number of fox farms, though it 

is an easy disease to eradicate when the proper method of treatment is undertaken. 

Mode of Transmission: 

Natural transmission of the mite and completion of its life cycle occur within 

a relatively short period, as is indicated by the fact that pups only three or four 

weeks old oftentimes are found to be heavily infested. Infestation apparently is 

spread chiefly by the mechanical dislodgement of mites and eggs v/hen the foxes scratch 

the ears and shake the head in attempts to stop the itching. Under favorable con¬ 

ditions the mites and eggs so dislodged remain alive for a few days, or long enough 

to permit their getting onto a suitable host, frequently a different fox from that 

on which they were before. It also may be possible that some of the mites migrate 

of their own accord from one fox to another. 

Symptoms and Lesions; 

Many of the foxes that harbor mites show no apparent symptoms of infestation 

except occasionally scratching the ears or shaking the head. In serious cases one 

or more of the follov/ing symptoms may be observed: A drooped or lopped condition of 

one or both ears, a foul-smelling exudate in one or both ears, wry neck, spells of 

turning in a circle, convulsions (fits). 

In the early stages of infestation the mites collect in the deeper parts of 

the auricular canal, particularly in the grooves. Sometimes they are there in such 

large numbers that they give the infested areas a whitish or frostlike appearance. 

The irritation caused by the mites makes the skin redder than normal. Soon a scaly 
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material forms, and In course of time this is combined with or replaced by a profuse 

accumulation of a dirty, dark-colored and wax-like substance. The presence of this 

waxy excretion in profusion is quite characteristic in infestations of long standing. 

After this excretion begins to accumulate the number of mites tends to diminish, 

but they seldom disappear entirely. Raw sores and thick scabs may develop, these 

usually resulting from injuries incident to the animal scratching its ears. Sometimes 

bacterial infection with pus formation in the deeper parts of the auricular canal may 

occur. The discharge in these cases invariably has a decidedly fetid odor. At times 

the progress of the inflammation may involve the middle and internal ear, and even 

the brain. 

Treatmentr 

Although a number of remedies have been recommended and v/idely used for the 

treatment of ear mange, several of these are either ineffective in killing the mites 

or are of a physical composition that makes them unsuitable for the purpose for which 

intended. Among the remedies that have been found to be effective and satisfactory 

in other respects are the following: 

(1) Iodoform, 1 part; ether, 10 parts; and cottonseed oil, 25 parts. 

(2) Oil of cade, 1 part; and cottonseed oil, 8 parts. 

(3) Carbolic-acid crystals (phenol). 2 parts; and either cottonseed oil or 

liquid petrolatum, 98 parts. 

Application of the remedy is by means of pledgets of cotton. These are satu¬ 

rated with the solution and the ears gently sv/abbed so as to insure coating the entire 

inner surface as v/ell as the adjacent external portions. From 10 to 14 days later 

repeat the operation so as to insure the destruction of any m.ites that escaped the 

first treatment, as well as any that may have subsequently hatched from eggs. When 

the second treatment is given, remove all scales, wax, and other debris as thoroughly 

as possible. Proper care should be exercised, however, to avoid injuring any of the 

delicate structures in the deeper parts of the ear. 

Eradication: 

The only efficient way of handling ear mange is to eradicate it, thereby 

eliminating the necessity of wasting valuable time and effort in treating the foxes 

for the disease at frequent intervals each year. The essential points to be observed 

in successful eradication are as follows: 

(1) Use an effective remedy and apply it thoroughly to the entire inner sur¬ 

face of the ears. 

(2) Treat all foxes on the ranch at the same time, starting in on those at 

one end and going right through the ranch until all have been treated. 

(3) Give all the foxes a second treatment after an interval of 10 to 14 days. 

(4) Disinfect or torch the fox houses sometime during the period betv/een the 

two treatments. 

When ear mange has once been eradicated from the ranch, be on guard to prevent 

its reintroduction. Foxes coming from other places should be kept under quarantine 

and treated for ear mange before they are liberated with other animals on the ranch. 
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EFFECT OP POISONS USED IN RODENT CONTROL ON 
UPLAND C-Aiffi BIRDS 

Rodent control is essential to the welfare of western agriculture, 
just as spraying for insect control is an essential part of the operations 
of the eastern orchardist. These noxious forms of animal life exact a heavy 
annual toll from the rancher, farmer, orchardist, truck gardener, and others 
engaged in agricultural pursuits throughout the country, and the need for 
control measures against harmful rodent and insect life becomes apparent. 

In many areas of the West where it becomes necessary to use poisoned- 
grain baits for the control of injurious rodents wc also find the home and 
habitat of many of our useful and interesting wildlife forms, including the 
upland game bird species - grouse, pheasants, and quail. Since the functions 
of the Biological Survey embrace the field of conservation and encouragement 
of beneficial and harmless wildlife species as well as reasonable control of 
the economically injurious forms, it is obvious that the Bureau would neither 
recommend nor practice methods of control that xvould endanger the life or 
welfare of our game birds and other beneficial fauna. 

For rodent-control operations stcam-crushcd oats, treated with strych¬ 
nine, have constituted the main and most effective bait. Some apprehension 
has been expressed by people interested in conserving our game birds concern¬ 
ing the use of strychnine-treated grain for rodent control in areas whore 
grouse, ipheasants, and quail are -pi’csent. There have also been misleading 
statements circulated by some, alleging hcavj^ mortality anong those game 
species from eating strychnine-poisoned baits exposed for rodent control. 
Many of these allegations have been checked, experiments have been conducted, 
and observations made to determine the effect, if any, on grouse, pheasants, 
and quciil, of strychnine grain bait exposed for rodent control. Reports 
are attached of such investigations made by the Chief G-ame Guardian of the 
Province of Saskatchewan, Canada, and in this country by the Associated 
Sportsmen’s Clubs of California and by the Biological Survey. 

These experiments have demonstrated that gallinaceous birds, which 
include the various species of grouse, xDheasants, and quail, as well as 
mature dor.icstic chickens, possess a relative immunity from strychnine poison¬ 
ing, and that these birds are not likely to bo harmfully affected by eating 
strychnine-poisoned grain baits mixed in the strychnine-grain proportions 
recommended, by the Biological Survey and now commonly used, in the United. 
States. 
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EFFECT OF POISONS USED IN RODENT CONTROL ON CHINESE 
PHEASANTS AND HUNGARIAN PARTRIDGES 

NovenUer 1, 1937 

The Bureau of Biological Survey conducted experiments at Aberdeen, 
S. Dale,, and Ne\v Rockford, N, Dak,,during February 1937, to determine the 
effects of strychnine-treated rodent bait on Chinese pheasants and Hungar¬ 
ian partridges, 100 Chinese pheasants and 25 Hungarian partridges being 
used in the experiments. No deaths from poisoning resulted. 

The bait used was strychnine-poisoned oats in the strength used by 
the Bureau in the control of ground squirrels (gophers), prairie dogs, 
and rabbits in the Dakotas. 

Three important things concerning the reaction of the pheasants 
and partridges wore observed, 

1, Poisoned bait was not readily taken by cither the 
pheasants or the partridges when untreated grain of the sojne 
kind or some other clean food was present. 

2, Even after the pheasants had been starved for 6 days 
and the partridges for 1 day and then fed strychnine-poisoned 
baits only, they would not eat enough of it to kill them, 

3, The pheasants ate only one-third as much of the poisoned 
grain as they did of the unpoisoned, and the partridges only 10 
joercent as much of the poisoned as of the unpoisoned grain. 

In fact, it appears that a pheasant or a partridge may fill its 
crop with the rodent bait, as the Biological Survey prepares it, without 
death resulting. 

After the birds had been starved for 2 days and then given only 
strychnine-poisoned grain to eat, an attempt was made to force feed them 
additional poisoned grain, but it was not possible to kill them in that 
manner. 

In several instances more than an ounce of the strychnine bait 
was eaten by the starved pheasants, A much smaller quantity was the 
maximum for the partridges, as they do not ordinarily consume more than 
l/s ounce at a feeding. No deaths resulted even though every effort 
was ma.de to induce the birds to cat as much as possible. 
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Half a dozen kernels of the poisoned grain will kill a flickcrtail, 
or striped ground squirrel, and 15 grains will kill a prairie dog. There 
are about 850 kernels in an ounce of the grain. It appears, therefore, 
that a pheasant may safely eat enough strychnine oats to kill 150 to 200 
ground squirrels or 50 to 60 prairie dogs. 

It is.very unlikely that either Chinese pheasants or Hungarian 
partridges will eat as much of the poisoned grain under field conditions 
as they did during these experiments, in which they wore starved and 
force fed. Poisoned grain apparently does not appeal to them even when 
other food is not available. 

The pheasants and partridges used in these tests were trapped and 
held in unheated barns, the former at Aberdeen, S. Dak,, and the latter 
at Hew Rockford, H. Dak. The weather at the time was as unfavorable for 
the survival of the birds in the open as any that prevailed during the 
past winter (1936-37), The birds v/ere held in captivity at least one 
week after,being fed poisoned grain. There were no delayed ill effects. 
All the birds remained healthy, ate well, and gained weight after they 
were returned to a more normal diet. 

Similar experiments have been-conducted by the Biological Survey 
in other States, and by the Canadian Government in the Prairie Provinces. 
In all cases the same results were obtained. 

Domestic chickens and turkeys also show the same high resistance 
to strychnine-pOisoned grain as used by the Biological Survey in rodent 
control. 
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TABLE 1.—Reaction of Hungarian partrid-gos to strychnine-poisoned rodent "baits 

PartridcG Strychnine-poisoned oats 
Ro. 

Red Eaten 
of hours Rcsults Remarks 

Kernels l/ Kernels 

850 9 4 Food taicen 

1 

850 13 24 
Bird normal slo?/ly 

850 27 4 Food taken 
2 

850 32 24 
Bird normal slowly 

850 10 4 Food talren 
r? 
0 

850 15 24 
Bird normal slowly 

850 7 4 Food taken 
4 

850 30 24 
Bird normal slowly 

850 5 4 Food taken 
5 

850 26 24 
Bird normal slowly 

1/ 850 kernels to an ounce. 
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TAbLE 2,—Reaction of Chinosc pheasants to strychnine-treated rodent "baits 

Pheasant 
Ho. 

Strychnine-poisoned oats 
Humher 

of hours 
Results Remarks 

Eod _Eaten 

17 
(male) 

Ounces 

1 

Ounc e s 

1/2 24 Bird normal Had "been without 
food for 36 hours. 

21 
(female) 

1-1/2 3/4 46 Bird normal Picked up gradn 
and dropped it, 
oatin-g only feu 
grains at time. 

20 

(male) 

1/2 

1/2 

1/4 

1/2 

3 

' 1 

Bird normal 

Bird stiff 
as result 
of "being 

held 

Grain taken vol¬ 

untarily. 

Grain force fed 
immediately fol¬ 
lowing self feed¬ 

ing. 

39 
(male) 

2 1/2 48 Bird normal Had not "been fed 
for 68 hours. 

94 
(male) 

2 1 24 Bird normal 

These hirds had 
"been on a 144-hour 
fast hofore "being 
given this poison¬ 
ed "bait. 

95 
(f emal e) 

2 1/2 24 Bird normal 

47 
(f emalc) 

2 3/4 24 Bird normal 

31 
(male) 

2 1 24 Bird normal 

33 
(male) 

1-1/2 24 Bird normal 

LOUIS KUOWLSS, 

District Agent. 



RECOP.DS OP POISON EXPERIMENTS IN DETEPOillllNG TEE EEFECTS OE GROITNI) 
SqUIRPEiL POISONS ON CALIFORNIA VALIEY QUAIL'AS: OONEUC‘IED BY THE 
ASSOCIATED SPORTSIifrEN'S CLUBS OF CALIFORNIA IN COOPERATION WITH 
THE UNITED STATES BIOLOGICAL SURVEY AiTD TEE CALIFORNIA FISH ’ 
AI'JD GAIvIE COlvLIISSlON 

SeptcnDcr 1925 

For some time complaints have "been made to those in the Western 
States conducting operations with poisoned grain against ground squir¬ 
rels and other field rodents to the effect that quail are Being greatly 
reduced in numher through the distrihution of this grain. Several 
tests had Been made By the Biological Survey in different States showing 
that oats and Barley poisoned with strychnine in accordance with its 
standard formulas would not kill quail, pheasants, or grouse. The United 
States Public Health Service has made similar tests and reached the same 
conclusion. Other poisons, such as phosph.orus or arsenic, however, 
which are used to a limited extent in some commercial poisons and By 
individual ranchers, had not Been tested. Investigations had Been made 
and phosphorus placed under suspicion. 

The Associated Sportsmen's CluBs of California Became interested 
in the problem of the reduction in the number of quail and arranged to obtain 
quail.for use in experiments with poisons through the State Fish and Game 
Commission, inviting the Commission and the Biological Survey to cooperate 
with them in conducting the tests. We were glad to take advantage of this 
opportunity to make the much desired tests. Representatives of the three 
organizations were present to observe the results. The members of the 
Associated Sportsmen's CluBs of California are specially to Be commended 
for the faithful manner in which they have kept som.e member present to 
watch the pens Both day and night, many sacrificing valuable time and 
Business to keep their watch. 

Representatives of the Survey were present during the day to at¬ 
tend to the feeding of the poisons and to watch and record results. A 
representative of the Fish and Game Commission was present, assisting \7ith 
suggestions and noting results. 

Dr. Frank Kolos, a member of the Associated Sportsmen's CluBs, 
tested the poisoned grains used and made examinations of the Birds that 
died. George P. Gray, in charge of the Chemical Division of the State 
Department of A^griculture , cooperated By determining the quantity of 
poison carried By 100 kernels of the various poisoned grain mixtures 
used in the tests. 
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Logalit;/ of E^'perimerits 

J. P. Cuenin and E. R. Kaufman, representatives of the Associated 
Sportsmen's Cluhs, arranged uith John McLaren, superintendent of the 
Golden Gate Park, San Francisco, for space on the park grounds, and 
had seven pens "built for the "birds. Four of these were su"bdivided into 
four compartments each for individual "birds. The larger pens were for 
reserve "birds. For a few days after arrival the "birds, which were "bron^ht 
in from the Sacramento Valley, suffered from the cooler tem.perature, some 
dying as a result. The weather soon became warmer and the birds were in 
good condition most of the time covered by the experiments. A few bad 
days occurred at the start and a few also at the end of the experiments. 

Grains Used in Poisoning Squirrels 

The grain recommended by the United States Biological Survey 
for use against the California "digger" ground squirrel is whole re¬ 
el eaned barley, and for use against the Oregon ground sqmrrcl. in the 
northeastern part of the State is whole oats. These grains have been - 
generally used by those in charge of rodent-control operations in the dif¬ 
ferent counties. In a few cases wheat and hulled barley are used. In 
other States oats or rolled oats are chiefly used against field rodent 
pests. 

Poisons Used in Rodent Control 

The poison recommended and generally used in operations against 
field rodents is strychnine alkaloid. Strychnine sulphate is now rarely 
used. To a limited extent phosphorus, arsenic, and cyanide have been 
and are used for this purpose. 

Distribution of Poisoned Grain 

Poisoned-grain bait used in controlling ground squirrels is 
usually well scattered about the burrows of the animals, each bait averag¬ 
ing about a tablespoonful. With grains of average quality, in a table¬ 
spoonful, of wheat there would be about 400 kernels, of hulled barley about 
the same number, of v/hole barley about 350, of oat grouts about 680, and of 
whole oats about 300. It was found that the squirrels usually cleojicd up 
most of these baits within two days, and where infestation was heavy, within c 
a few hours. 

Feeding Ca.pacity of Quail and Choice of Grains 

Whole Barley.—Four quail kept in separate compartments were given 
50, 100, 150, and 200 kernels of v/hole barley, respectively, without other 
feed, during a period of 24 hours. The bird given the 100 kernels ate 38 
of them, but the others did not take a single kernel. 

Other birds had \vhole barley together with other feed before them 
for several days and did not eat any. 
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Hulled Barley.—TWo quail kept in separate compartments were 
given 50 and 100 kernels of hulled "barley* respectively, during a period 
of 24 hours. The one fed the 50 kernels ate all of them, a few at a time, 
within 3 hours, "but the other did not touch any of the grain given to it. 
They did not appear to relish the hulled harley, though they apparently 
preferred it to the whole harley. 

Whole Oats.—One quail was fed 50 \Yhole dry oat kernels, and 
during a period of 24 hours hulled and ate 15 of them.. Oats soaked in 
water for a few minutes and then fed along with dry oats were eaten more 
readily than the dry oats. This was tried on several quail. Soiled oats 
were oaten more readily than the whole oats. 

Hulled Oats, or Oat Groats.—Hulled oats were greedily eaten hy ■ 
the quail, A capacity test run showed that 250 kernels constituted the 
maximum quantity taken in 24 hours; 200 comprised the average daily feed. 

Wheat.—Wheat was readily eaten hy the quail. Capacity tests 
made with several of the birds showed that 150 kernels constituted 
about the maximum for a period of 24 hours. The average feed at any 
one time was 50 kernels of average size wheat, although considerably 
more grain might be placed before them. 

When the quail were given a mixture containing all these grains 
it v/as observed that they would at once pick out the oat groats and 
wheat, not touching the other grain as long as these two grains v/ere 
present. When these were cons-umed they would taj.ee the others in the 
following order; Hulled barley, oats, and vmole barley. They had to 
be starved into eating the latter grains. In order to get a real test 
of the quantity of strychnine a quail could take we had to use poisoned 
wheat. 

Record of Poison Tests on Quail* 

Pen I'To, 1 

Compartment Ho. It—Two young birds, male and female, ivere fed, 
at 10 a,m, on the 13th of the month, 50 kernels of poisoned whole bar¬ 
ley of Standard 1-16 (l ounce of strychnine to 16 quarts of grain) 
carrying 0,08 grain of strychnine, Sy 10:30 a.m. on the 14th they had 
taloen 22 kernels, and by 4 p.m. of the same day the remainder. They 
were then given some clean wheat, which they immediately ate. On the 
15th they were again given clean grain. At 4:20-p.m. on the 16th, 
200 kernels of poisoned whole barley, 1 to 8, carrying 0.56 grain of 
strychnine were fed. "V’ci’y little of it was eaten until the forenoon 
of the 17th, when hunger forced the birds to cat it a little at a time. 
By 5 p.m, all the 'grain had been oaten. When released on the 25th 
the birds showed no ill effects from the poison. 

* In addition to the grains fed, oAl birds were given some lettuce 
and fresh water daily. 
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Coi-ipartnent A~o. 2,—A yoiiiig i.iale and a fer,ale, the latter 
droopy.with ruffled feathers indicating that it was sick with a cold, 
at 10 a.n. on the 13th were given 50 kernels of poisoned whole harley, 
(1 to 8), carrying 0,14 grain of strychnine. On the 14th at 10:30 a.ra. , 
37 kernels had "been eaten, and by 3 p.n, , all were consuned. The fc- 
nale gradually grow worse during the day and died in the night. Doc¬ 
tor Kolos, v/ho examined the hird, reported death was due to cold. The 
male showed no ill effects from the poison. 

Compartment ho. 3.—An adult female was fed at 10 a.,m. on the 
14th, 100 kernels of commercial poisoned wheat (l to 12), carrying 
0.158 grain of strychnine. By 5 p.n. about iialf was consumed, and 
hy 9 a.m. on the following morning all had been taken, at which tirae 
the bird was given a little clean wheat. At 10 a.m. on the 18th, she 
was again given 100 kernels of the same grain, which were all eaten by 
2:30 p.n,, after which she was given clean grain, and showed no ill 
effects by the 25th., 

Compartment tfo. 4.—One bird vras fed clean grains as a check 
until the 25th, when it was taken to Berkeley and fed for three days, 
beginning on the 27th, at 8 a.m. and again at 4 p.m., 10 kernels 
of a county poisoned wheat (l to 12) and 40 kernels of clean wheat, 
and then for tv/o more days, at the same hours, 15 kernels of the 
poisoned wheat and 50 kernels of clean wheat. The bird showed no 
ill effects from the poison. 

Pen ho. 4 

Compartment ho, 1.—An adult male and a female were fed on the 
13th, at 2 p.m., a commercial poisoned mixture (l to 12), consisting of 
50 kernels of whole barley, 50 kernels of wheat, and 5 raisins, and 
carrying 0,16 grain of strychnine. . The female was observed to eat 38 
kernels of wheat during the first half hour, and. at the end of an hour 
both of them had eaten the wheat, but no barley or raisins wore touched 
that day. At 10:30 a.m. on the following day 19 kernels of barley and 
two raisins were taken. The male bird was then removed, to another com¬ 
partment, and the female was given 100 kernels of wheat from the same 
coramercia.1 poison, all of which she had eaten at 3 lo.m. On the next day 
she was given 150 kernels of wheat of the same poison, which she ate 
during the day. On the loth and thereafter she was fed clean grain, 
and showed no ill effects by the 25th. In the three days she had taken 
about 1/2 grain of strychnine, a quantity sufficient to kill 20 squirrel 

Compartment ho. 2,—Bird fed clean grain only. 

Compartment ho. 3.—An adult male was fed on the 15th, at 10:30 
a.m,, 150 kernels of a county poisoned wheat carrying 0.192 grain of 
strychnine, no, other feed being .present. By 10 a.ml on the 16th it 
had eaten only two kernels; when 50 kernels of clean wheat were given 



the hird it readily constuncd them, indicating a narked discrinination 
against the poiconed grain. By 4 p.n. the bird had eaten 68 more 
kernels of. the jjoisoned wheat. The next day it ate 70 more, and hy 
the 18th had eaten all of it, Being forced By hunger to do so. It ex¬ 
perienced no apparent ill effects By the 25th. 

Compartment IIo. 4.—An adult male was fed on the 15th, at 10 
a.m., 150 kernels of the sane poisoned wheat that was given to the Bird 
in compartment Ho. 3. This Bird did not dela^" so long in eating the 
grain, having taken all of it By 5 p.n. On the next and suBsoquent 
days to the 25th it was fed clean grain and showed no ill effects of 
the poison. 

Pen Ho. 3 

Compartment ITo._1.—Ari adult male on the 16th, at 3 p.n, , was 
fed 25 kernels of oats and 5 kernels of wheat, carrying 0.2 gra.in of 
phosphorus. It hesitated somewhat about e.atin,g the oats,' But Being 
hungry finally ate all including the hulls. By 3:45 p).m. it Began to 
show s;;,Tiptoms of sickness; at 4:20 it Becane drowsy, opening and closing its 
eyes, appearing less and less active until 5 p.m., when it turned a 
somersault forward. It lay quiet for three minutes, then had a severe 
convulsion and died a minute later at 5:04 p.m.; 0.20 grain of phos¬ 
phorus killed the Bird in aBout l-l/2 hours from, .the time it ate the 
0 at s, 

Comp3.rtment Ho. 2.—An adult female on the IGth, at 3 p.m., was 
fed 25 kernels of wheat carrying 0,144 grain of phosphorus. The 
Bird picked up and dropped the kernels many tines Before 3V/o,llowing 
a kernel. By 4 p.n. it had’eaten only 8 kernels; .Cund no more had 
Been taken By 5,p.m., when the remaining 17 were removed. It'Bogan 
to show effects of the poison at 4:45 p.n., and gradually grew quieter 
and sleepier until'6 p.m,, when it had a convulsion and died at 6:05 
p.m,; 0,046 grain of phosphorus thus killed the Bird in aBout 2-l/2 
hour s. 

.Compartment Ho. 3.—An afult male on txhe 17th, at 10:15 a.m., 
was.fed 5 kernels of oats, carrying 0.04 grain of phosphorus. It fin¬ 
ished eating them By 11 a.m., and Became sick at noon; The first light 
convirlsion occurred at 1:30 p',m. , and was followed By several others. 
The Bird kept stretching its neck and twisting its head from side to 
side, and died at 2;15 p.m.; 0.04 grain of phosphorus killed the quail 
in'aBout 3-l/2 hours. 

Oh. the 18th another quail, an adudt female, was put in this com¬ 
partment and was'given 100 kernels of oat groaks carrying aBout 0.025 
grain of Swartze’s white arsenic. All the graun was eaten in a few min¬ 
utes, The Bird- Began to show drowsiness at aBout 12 n, , v;hich gradu¬ 
ally increased, until 1:30 p.m., when the quakl sat dov/n. It remained in 
this position until 2:20 p.m’,, when it fell over on its side and twisted 
its. head. aBout' similar to the Birds given uhosphorus. It died, at 2;36 p.rn,; 
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Arsenic is thus 0.25 grain of arsenic hilled it in about 4-l/2 hours, 
seen to, he not so toxic to quail as is phosphorus. 

Compartment IJo. '4.—An adult male on the 16th, at 3;30 p.m, , 
was fed 50 kernels of wheat and 50 kernels of hariey from a poisoned 
grain manufactured commercially. ' It was old material, and the active 
poison is not known. At 3;30 p.m. on the following day with no other 
grain present the bird had not eaten any of it. This was then removed 
and 50 kernels of the wheat with some clean wheat was fed. The clean 
grain was eaten on the 18th and 19th, but very little of the poisoned 
wheat was taken. On the 20th at 3 p.m., 150 kernels of wheat from a 
fresh sup_ply of this same commercial poison, which was labeled strychnine 
as the active poison, was given with no clean grain present. About half 
of these were consumed by 4 p.m., and the remainder by 2 p.m. on the 
following day. . The bird showed, no ill effects. 

pen IJo. 2 

Compartment No. 1.—A young female on the 13th, at 9;45 a,m., v/as 
fed 25 kernels of hulled barley, carrying about 0.02 grain of thallium 
sulphate, ho other grain was ipresent. Bj?' 11 a.m. on the following dny 
only one kernel was taken. This grain i;Yas then removed and the bird 
given clean grain. On the 15th, at 4:30 p.m,, the bird was given 50 
kernels of oat groats, carrying 0,138 grain of thallium, v/hich it ate 
at once. It was fed clean grain on the 16th and 17th. By 3 p.m. on 
the 18th it showed no ill effects so it was given 100 kernels more of 
the same poison,, which it had eaten by 5 p.m. On the following morning 
at 6 a.m, the bird was active but'was extending its neck and gasping 
for breath at fairly regular intervals—the usual symptom of thallium. - 
poisoning. It did not eat during the day and gradually grew v/eaker 
without any apparent pain, and died at 3:25 p.m. 

Compartment Ho. 2.—A young male refused 'to eat the poisoned 
hulled barley fed to it similar to the bird in Compartment 1. On the 
16th, at 3:45 p.m., -it was given 75 kernels of -the oat groats prepara¬ 
tion, carrying 0.207 grain of thallium sulphate, which it ate within 
45 minutes. On the 18th and 19th the bird was drowsy and did not eat 
normally, but on the 20th it began to improve and was normal on the 
following day, and remained so until the 29th. On the 30th a test 
was begun to determine the acc'umulative action of thallium sulphate. 
The bird'was given 25 kernels of the oat groats carrying 0.069 grain of 
thalliuiTi sulphate and 75 kernels of clean oat groats at 8 a.m., and like 
quantities again at 4 p.m. of the same day and at 8 a.m. on October 1. 
It died on Octobef 1 during the night. 

Compartment No. 3.—A young female on the 14th, at 10:15 a.m,, was 
fed 100 kernels of oat groats, carrying 0.277 grain of thallium sulphate. 
It had eaten half of the oats by noon and all by 3 p.m.; and was given 
a little clean grain in the evening, which it ate. The bird was lively at 
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midnight, but quite sick at 6 a.m. It died at 10:30 a.m., about 24 
hours from the time it began eating the poison. 

Compartment Ho. 4.—The test given the bird in Compin’tnent ITo. 3 
was repeated with an adult female on the 17th, at 4- p.m. The bird ate the 
poisoned grain at once. It was norma.l on the 18th. Fed clean grain on 
the 19th, it ate the grain but was less active and not quite normal. At 
8 a.m, on the 20th the bird was verj sick and died and hour later. The 
same quantity of poison as that given the young female in Compartment 
No. 3 killed this adult female in 65 hours. 

Compartment No. 1.—A new bird, an adult male, was put 
in this compartment and fed 10 kernels of a commiercial wheat prepar¬ 
ation, carrying 0,02 grain of phosphorus, or the 22d at 3 p.m. 
It ate the grain at once, and had a convulsion at 7:45 p.n,, dying 
at 8:15 p.m. 

These tests corroborate previous experiments made with strych¬ 
nine on quail. The nine different birds fed poisoned grain ate from 
2 to 150 kernels of whcj.t a day, and as many as 300 kernels during 
three consecutive days with and without clean grain end were not af¬ 
fected; also birds fed 50 kernels of whoch morning;:: and evening, 10 
of which were poisoned, for 5 consecutive days showed no ill effects. 

The experiments have left no d.oubt about phosTohorus, since only 
five kernels killed a quail in 4-l/2 hours. There is great danger 
to game bircis in poisoning operations even if whole barley is used, 
for though the tests sdiowed that they do not take barley or whole oats read¬ 
ily, they are likely to pick up from 5 to 20 kernels of the grain in 
many localities, which q^uantity would be fatal. Phosphorus is very toxic 
to quail, and its use should be prohibited. 

Arsenic and thallium sulphate are less toxic than phosphorus, 
but as they may have to be used on hulled grain or rolled grain to ob¬ 
tain the most efficient results against ground squirrels, there would 
be considerable danger to game birds in the distribution of such 
grains for sq_uirrels or other field rodents. It is believed that 
phosphorus, arsenic, and thallium should not be used in poisoning 
operations in which baits would bo exposed to any animal other than 
those against which the control operations are directed. They cotild 
be used in rat and field mouse control Y/here the distribution is con¬ 
fined. 
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The experiments sho?/ed also that young quail are not affected 
any more hy strychnine than adults. There is some indication, how¬ 
ever, that thallium sulphate may kill the young more quickly than the 
adults. More tests will have to he made to determine definitely this 
latter point. 

Respectfully submitted, 

R. E. GARIOUGH, 
Assistant Biologist. 

. JOSEPH KEYES, 

Leader Rodent Control. 
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M EXPE2Ii.'ISHT TO DETEE-.ill'TE THE EEEECT OE EEEEIHG 
STHYCHNIi'IE-POISOilEE GRAIH TO GROUSE 

January 1923 

Tuesday, Jo.nuary 9, 1923.—Foxir grouse were received from Pov/der 
River County, from a rancher near Ashleaid, Mont. , on a tributary of the 
Tongue River. There he caught these birds in a figure-4 trap. He 
ship'oed them on January 6 and thej?' arrived here January 9, at noon. 
In the cro.te were supplied com and vrheat. At 4;30 p.m. , while being 
transferred to a larger cooi:), one bird escaped and flev; into a glass 
door, breaking the glass, and continued its flight into the country 
apparently unharmed. The birds appeared to be simrp-tailed grouse 
(Pediocetes phasiancllus campestris) and were in good condition. They 
were fed whoed and oats and given waiter, and left for the night in a 
pen 6 by 3 feet. . ■ 

T7ednesday, Januarv' 10.—The pen wan divided into three sections 
with a, bird in each section. Bird Ho. 1, apparently a cock and seeming¬ 
ly older than the other two, was used as the "check". This bird was by 
far the most restless and fought the screen a good share of the tine. 
Ho, 2 wan somewhat restless, while Ho. 3 was quite content and did not 
fight the screen. All food was removed in the morning. At 2 p.m. each 
bird was given 50 kernels of clean wheat and oats and 3 kernels of corn, • 
The corn and wheat were eaten at once. They did not relish the oats. At 
4 p.m, 5 Hos., 2 and 3 had oaten all the oats. The birds seemed to be 
quite tame.. They were not fed again until the next day. 

Thursday, January 11,—The birds vjcto not given any feed in the 
morning. Ho, 1 had oats left. At 4 p.m., Ho. 1 was fed 150 grains of 
clean oats, Ho, 2 was fed 150 grains of Richardson's ground squirrql, 
bait, and Ho. 3 was given 300 grains of prairie dog bait. These quan¬ 
tities are equal to the quantities of baht recommended for these ro.- 
dents and a,re equivalent to a teaspoonful and a tablospoonful, respec¬ 
tively. 

Bird Ho. 2 ate the 150 oa,ts at once, readily. Given 150 additionoh 
kernels, it ate them at intervals. At 4:10 most of those kernels were 
eaten, a,nd 150 more were given. By 4:30 al] the oats ivcrc eaten (450 
kernels). . , ' 

Bird Ho. 3' did not attack the oats so greedily, and ate about one- 
half of the 300 kernels ah first. It ate the last half ah intervals, 
appa.rently not relishing them. At 4:30 p.m. , Ho, 3 had 65 grains left. 
At 5 p.m,, all birds seemed to be normal, and if the poisoned grain fed 
them had any harmful effect it was not appa,rcnt. 
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Friday, January 12, — Fo. 1, the chuck hir'd, was fed. 200 
clean oats in addition to sone remaining from the d.a,y before. This 
bird, d.id not seem to care for oats and spent most of its time fight¬ 
ing the screen in attempts to get out. 

i'lo, 2 was given 150 more of poisoned, grain at 8:30 a.m. 
At 1:30 p.m, the bird had eaten only 14 of these. The remainder 
was thrown out, and a fresh bait of 150. kernels was given. 

I'To. 3 still had the 65 remaining oats. These were thrown out 
and a fresh bait of ,300 poisoned oats given at 8:30 a.m. By 1:30 
p.m,, llo. 3 had eaten 35 grains; the rest of the bait was thrown 
out o.nd a new bait of 300 fed. 

The birds seemed to be hungry but did not like the oats. They 
were all active and showed no ill effects of eating poison. 

Saturday, January 13.—At 9 a.m., ilo. 1 still ha.d oats and ate 
few or none, ho, 2 had 60 oats left and was ,not fed a new bo.it; by 
5 p,n, it had eaten these and was given 36 more. At 9 a.m., ho. 3 had 
225 left. These were, thrown out and. a new bait of 100 grains given; 
at 5 p.m, it had 30 of the 100 left and was given 35 more. 

The birds were left for the day. They were appearently unaf¬ 
fected by eating the poisoned oats. 

Sunday, January 14.—All birds wore active and hungry at 8:30 ■ 
a.m. The chock bird had 150 oats left, ho. 2 ha.d 22 left. ho. 3 ha,d 
65 grains left and had therefore eaten none since the day before. 

It was decided that the birds could not be killed by being 
fed. poisoned oats, they having had practically all they wanted since 
the experiment started. The oats were all removed and each bird was 
given 3 tablespoonfuls of clean wheat. The wheat runs 550 grains to the 
spoonful. They started eating the wheat greedily. 

ho. 1 ate the least, ho. 2 ate more, and ho. 3 the most, afoout 
one-third of it. Their appetities seemed to be satisfied with these 
quantities. Although ho. 1, the check bird, was the most restless-, 
it would take grain out of the hand, ho, 2, ate grain readily out of 
the hand. 

Monday, January 15.—At 8:30 a.m., ho. 1 had eaten three-fourths 
of the wheat and by 11 a.m. had only a teaspoonful left. ho. 2 had 
30 kernels of wheat left,.which wore eaten within a few minutes, ho. 3 
had. 200 kernels left, which it cleaned up by 11 a.m. The above was.all 
clean wheat. 

It was believed that the grouse did not relish oats, so in order 
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to get them to take more potson it was deqided to try theri on some 
strychnine-poisoned \7hcat, \Yhich was prepared at ahoiit the sai:ie 
strength as for prairie dog poison. 

At 2 p.m., No. 2 was given one-half table spoonful of poisoned 
wheat, which it ate greedily, most of it out of the hand. It-was 
given the other half at once and ate about one-half of it rapidly 
and then seemed satisfied and rested contentedly. 

No. 3 was fed one-half tablespoonful of the same v;heat. It 
ate one-half of it but not greedily. Seemed satisfied and contented. 
The wheat runs 550 grains per tablespoonful. The birds showed no 
sym]ptons of poisoning and were left for the day. 

Tuesday, Ja.nuary 16.—At 9 a.m, , No. 1 was fed a tablespoonful 
of clean wheat, v;hich it ate greedily at once. At noon it ate another 
spoonful rapi(?J.y, at 3:30 another, and at 4;30 another, making 4 
tablespoonfuls in all, or about 2,200 kernels. 

At noon the 150 kernels of wheat remainiing from the previous 
day’s feed were removed from bird No. 2, and another tablespoonful of 
poisoned wheat was given. 

No. 3 had eaten all of the previous day's bait by noon and was 
fed another tablespoonful. 

Wednesday, January 17.—At 9 a.m., No. 1 was given a tablespoon¬ 
ful of clean wheat, which it ate at once. It was given a few clean 
oats but did not eat them. A.iother tablespoonful of clean wheat was 
given. No, 2 had one-half of the last bait loft. This was throv/n out 
and one-half tablespoonful of new poisoned wheat given. The bird did 
not care for this. 

No. 2 had two-thirds of the last bait left. This was thrown out 
and another one-half spoonful given. The birds seemed to get "tired" 
of the poisoned wheat, while the ciicck bird consumed large quantities 
of clean wheat. 

Thursday, January 18.—At 9 a.m.. No. 1 bird had no v;heat left. 
It was given a tablespoonful of poisoned wheat of which he ate about 
one-half and then started "playing" with the remainder, picking up 
the kernels and casting them aside. The poisoned wheat was removed 
and replaced with a tablospoonful of clean wheat. This he went at 
greedily, eating all of it at once. Another tablespoonful was given. 
3y 3:30 p.m. it had eaten most of this feed and was given the third 
tablespoonful of clean wheat. It ate most of this in a short time 
and was given a fourth tablespoonful of \7hich it ate but very little 
up to 4 o'clock. 
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Bird No. 2 had practically all of the previous day's last hait 
left at 9 a.m. This was thrown out and the "bird was given a new 
feed of a tahlespoonful of poisoned wheat. It probably ate a fev/ 
kernels but picked up..and ejected q\ii te a number. The poisoned 
wheat was removed, and the bird w&s fed a tablespoonful of clean vdieat. 
This v/as eaten greedily. Another tablespoonful was given which was 
gone by 3:30, It ate all of a third tablespoonful and was given a 
fourth, most of which was eaten by 5 o'clock. 

Bird No. 3 at 9 o'clock had 50 kernels of yesterday's last 
feed left. This was thrown out and it was given a fresh tablespoon¬ 
ful of poisoned wheat just as was done with Nos. 1 and 2. It ate 
but a few kernels.. All poisoned grain was removed and a tablespoon¬ 
ful of clean wheat' given. This was eaten at once followed by a second 
and then a third table spoonful at 3:30. The second and most of the 
third spoonfuls were eaten readily and a fo\irth tablespoonful was fed 
of which she ate but little. 

It will be noted thed edl three of these birds v/cre fed exactly 
alike. The way they ro<actcd toward the poisoned wheat as compared 
with the clean wheat indicates that there is something objectionable 
to the former. Although the poisoned wheat is dull and rather musty 
looking, on account of treatment, it is believed th^t the bitter taste 
of the strychnine is the cause for objection shown by the birds. 

Friday, January 19.—At 9 a.m,, bird No. 1 had one-half tcaspoon- 
ful of wheat left, bird No, 2 had oaten all, and bird No, 3 had one- 
half teaspoonful left. The experiment being completed, the birds, ap¬ 
parently in the best of condition, were removed to a, largo outdoor in¬ 
closure containing some Chinese pheasants and doves. They were under 
the care of the poultry department and wore fed ordinary mixed grain 
along with the pheasants and doves, 

Otto Stephl, Junior Biologist,was in charge of this experiment, 

A. S. OLiAN, 
Biological Assistant, 

District Leader. 
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EXPSRIMEITTS TO DETSKvIIIlE EFFECT OF POISOFTiD GRAIN ON 
CHIl'SSE PHEASANTS 

January 1922 

To determine the effect on the introduced Chinese pheasant of 
poisoned graun distributed for ground sc^uirrcls, a number of tests -.Tcre 
made uith birds obtained from the King County game farm, at Snopualmie, 
Nash. Clean, whole oats treated with poisoned flour paste were used 
throughout the experiments. The grain was prepared according to the 
formula and directions followed in mixing poisoned bait for the Colojabia 
ground squirrel, which contains one ounce of strychnine .alkaloid to 
every 12 quarts of oats. 

The pheasants were undergrown birds about 5 or 6 months old. 
On arrival at the Experiment Station they were confined in a netting en¬ 
closure and fed on a mixture of grains such as is used for scratch feed 
in the poultry department. Each bird, in turn, was transferred to a 
smaller coop for trial with the poisoned grain. Fresh water was access¬ 
ible to them at all times. Results of the experiments follow; 

Pheasant No. 1, a cock, was fed 15 grains of the poisoned oats in 
the forenoon of the first day, 25 grains in the afternoon, and 60 grains 
on the morning of the next day. All of this it ate readily. Although 
it showed no effect whatsoever of the poisoning, at the time or later, 
it nevertheless refused to eat the oats on the third day and continued 
to reject it when mixed v/ith the regular scratch feed. 

Pheasant No. 2, a hen, ate 50 grains of the poisoned oats in 
the forenoon without noticeable effect. In the afternoon the bird was 
fed 75 grains more. At first it ate none of this but later consumed 
about three-fourths of it. No other food was given her during the 
day. The next morning the bird was released, apparently in the best 
of physical condition. 

Pheasant No. 3, a cock, was confined for 24 hoxirs in the ex¬ 
perimental pen without any food. At 11 a.m. it was given 100 grains 
of the poisoned oats. This it ate quickly. There were no noticeable 
injurious effects. 

Pheasant No. 4, a cock, was given as a morning feed 150 grains 
of poisoned oats, all of which it ate readily, and did not appea.r to 
suffer in the least from the effects of the strychnine. 

From these experiments it would appear that this valnable 
game bird is not likely to be much reduced in rnmibor, if at all. 
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as a result of the poisoning campaigns conducted against the Col- 
tunbia ground squirrels of eastern Washington. There should he less 
likelihood of Chinese-'pheasants being affected by poisoning opera¬ 
tions in the "sagc-ra,t" districts of central Washington, as in 
those operations there is less strychnine used per given quantity 
of oats than in the formula for Columbia ground squirrel baits. 

THEO. H. SCHEFEER, 

Assistant Biologist, 
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J/IEMOMEDUM REGAEDING WGER OF QUAIL DESTRUCTION 
IN POISONING OPERATIONS AGAINST RODENTS 

July 15, 1919 

Gallinr.ceous "birds as a group had heen known to possess 
a certain immunity to strychnine poisoning, "but little definite 
information regarding its effect on quail in particular was avail- 
ahle until within the last few years. Experiments conducted "by a 
representative of the Biological Survey in California in 1918 
esta"blished definitely the fact that "barley poisoned according to 
the Survey’s standa.rd ground squirrel formula in use there had no 
material effect on the a"bundance of the valley quail under natural 
conditions. Quail were plentiful and remained so in areas that 
T/ere heavily poisoned and in which the poisoned grain was renewed 
every two or three days as it disappeared. Ground squirrels were 
exterminated, "but not a single dead quail was found; neither were 
any o"bserved that manifested s;yTnptoms of strychnine poisoning. 
Specimens su"bsequently shot showed that quail had Been eating the 
"barley, though to a limited extent. 

Experiments with captive "birds fed on the standard ground 
squirrel bait (l to 16) showed that valley quail might eat it exten¬ 
sively with no deleterious effects. One adalt valley quail consumed 
125 kernels of poisoned barley in a period of 24 hours with no trace 
of ill effects. Thus, without injury to itself, this bird had eaten 
enough strychnine to kill 12 ground squirrels, each three or more 
times greater in bulk than the bird. When it is considered that 
ordinarily strychnine is toxic in inverse ratio to the bulk of the 
animals taking it, the comparative immunity of the valley quail 
becomes apparent. A limited number of similar experiments with 
mountain quail and a bobwhite gave like results. 

In this connection it will be well to call attention to 
experiments conducted by the Chief Game Guardian, Saskatchewan, 
Canada, where it was demonstrated that a prairie chicken ate a 
quantity of poisoned grain sufficient to kill 100 ground squirrels 
without experiencing any ill effects, 

E. W. NELSON, 
Chief of Bureau. 
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SXT3ACT FSOIvI ISPOET OP THE CHIEF GME GUARDIAN 
PROVINCE OP SASKATCHEWAN, CANA.DA, 1918. 

-The Effect of Gopher Poison on Predrie Chickens 

During the past two or ‘three years the Game Branch his hecn 
conducting investigations with a view to obtaining information relative 
to the scarcity of prairie chickens. A summary of these investigations 
may be found in the annual reports of the Game Branch for 1915 and 1916, 
copies of T;hich may be obtained upon request. 

In conducting these .investigations it was found that the 
majority of correspondents were of the opinion that the indiscriminate 
distribution of poisoned grain for the destruction of gophers was largely 
responsible for the scarcity of prairie chickens. This opinion was also 
shared bj’- nearly all sportsmen, and newspaper articles offering this as 
an explanation for the scarcity were quite common. 

In the light of actual facts the department could not accept 
this as the principal cause for the remarkable change in the prairie 
chicken situation, but in j.ustice to those who held this via?, it was 
decided to probe the matter further. Consequently, arrangements were 
made wifh R. H. Carter, of Port Qu'Appelle, to obtain a nuLiber of live 
prairie chickens. Mr. Carter employed a half-breed to do this work, and 
after considerable difficulty eight birds were caught. On arrival at 
Regina two of the birds were dead, and two more died the following day. 
The four remaining birds were placed in separate cages and fed good, 
clean grain for the first two days. Drinking water v/as placed before 
them all the time. In the meantime arrangements were made with Doctor 
Charleton, Provincial Bacteriologist, to have one of his staff prepare 
poisoned grain exactly as recommended by the Goverufnent for the destruc¬ 
tion of gophers. .... 

Before feeding the poisoned grain, a prominent medical nan, 
who had been informed of the nature of the exjjeriment, ventured the opinion 
that five grains of the poisoned wheat would be sufficient to kill each 
chicken. Basing our, actions on this opinion it was deemed advisable to 
feed the birds rather sparingly at the start. Three birds were used in 
the experiment, the fourth being kept in reserve in case of accident. 
Birds Nos, 1 and 2 were fed almost equal quantities of poisoned grain, 
while Bird No, 3, after the first morning, was fed nothing but good grain 
and held in reserve with Bird No, 4. 

The following table is a record of the poisoned grain fed 
to Bird No, 1, and to.all intents and purposes is similar to that of 
Bird No, 2. 
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Date Time 
Rumher of grains 1 

of poisoned ! 
wheat ! 

May 1 5:30 p.m. — : 

May 2 9:45 a.m. 5 : 
2 1:30 p.m. 25 i 
2 2;10 p.m. 45 i 

^ 2 2:45 p.m. 350 ; 
3 All it would eat j 
4 9:00 a.m. 350 1 
4 1:00 p.m. 350 : 
4 3:00 p.m. 350 (forced): 
4 3:30 p.m. 150 (forced): 

May 5 All it would eat 1 

Result 

All food removed, cage cleaned, and 
fresh v/ater and gravel supplied. 

All grain consutnod. 

ITo had effects. 

Ro had effects. 
All grain consumed. ITo had effect's. 

Stopped feeding last portion on ac¬ 
count of bird showing signs of 
collapse due to fright caused hy 
forced, feeding and handling. Re¬ 
covered almost immediately when 
placed hack in cage. 

ho had. effects. 

The result of this experiment indicates that prairie chickens have 
some power of resisting the poisonous effect of strychnine, and we are 
forced to the conclusion that poisoned grain as used hy farmers for the 
destruction of gophers does not under prevailing conditions cause the death 
of prairie chickens. 

To make douhly sure that the poison used in this experiment v/as 
of standard strength, I obtained three live gophers and fed. the mixture to 
them., giving 15 grains to gopher ITo. 1, 20 grains to gopher Ro. 2, and 
25 grains to Ro, 3. After placing the grain in the cages I had occasion 
to leave the room for a short tine, and upon my return gophers Ros. 2 and 
3 were dead, and Ro. 1 died shortly after. Therefore, while it took hut 
15 grains to kill a gopher, prairie chicken Ro. 1 consumed in one day 
sufficient x^oisoned grain to kill 100 gophers, and did not show the slight¬ 
est effect of poisoning. After the experiment, I gave the prairie chickens 
to a local poultry fancier, and they remained in good, health for several 
weeks hut eventually they died. Strange to relate the prairie chicken that 
had cons'uned the largest amount of poisoned grain was the last bird to d.ie. 
I am of the opinion that all birds of the gallinaceous order, which includes 
prairie chickens, grouse, pheasants, andc the do-mestic hen, have some power of 
resisting the effects of poison, hut what that power is, I must leave for 
the man of science to d.etermine. 
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