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RADIATION RESEARCH 49, 322-327 (1972) 

Mortality of Mallards Exposed to Gamma Radiation 

RICHARD L. ABRAHAM 

Department of Ecology and Behavioral Biology, University of Minnesota, Minneapolis 

ABRAHAM, RICHARD L. Mortality of Mallards Exposedto Gamma Radia- 
tion. Radiat. Res. 49, 322-327 (1972). 

An LD50(30) level of 704 R was calculated for 4-month-old captive mal- 
lards. Fifty-five percent of all deaths occurred within the first 16 hours 
postirradiation. All deaths occurred within 18 days postirradiation. Com- 
parison was made in the rate of dying and the number of deaths between 
two groups of young game-farm and old wild-caught mallards both given 
equal high doses of radiation. The percentage of deaths was similar in both 
groups, but the younger mallards died at a slightly faster rate. 

INTRODUCTION 

There have been few studies devoted to determining the sensitivity of birds to 
ionizing radiation. Only two studies have been concerned with fully grown water- 
fowl. LD50(3o) levels of 485 R, 715 R, and 894 R have been determined for green- 
winged teal (Anas crecca), blue-winged teal (Anas discors), and shovelers (Anas cly- 
peata) (1). The other study on waterfowl reports LDSO(O0) levels for one-year-old 
mallards (Anas platyrhynchos) of 650 R for x-radiation and 630 R for 60-Co, Gamma 
radiation (2). 

This paper reports on the radiation sensitivity of 4-month-old (young) and 40- 
month-old (old) mallard ducks (Anas platyrhynchos). Birds were exposed to whole- 
body gamma irradiation from a cesium-137 source. The experiments were conducted 
to provide baseline information for a future study designed to investigate the effects 
of ionizing radiation on mallard vocal behavior. 

METHODS 

A flock of 60 mallards 10-14 week-old were obtained from a local game farm. They 
were acclimated to pen conditions for two weeks at the University of Minnesota's 
Cedar Creek Natural History Area. Before they were placed in the pens, the birds 
were banded and randomly divided into 6 groups of 10 birds each(five of each sex). 
Five of the groups were irradiated, and the sixth was used as a control. Irradiations 
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consisted of single exposures of 350, 500, 650, 800, and 950 R. The birds were exposed 
laterally to a 10,000-Ci cesium-137 source in the University of Minnesota Gamma 
Irradiation Facility. Experimental birds were placed into ten individual 4 X 8 X 10 
inch boxes fastened in an arc 34.5 inches from the center of ten cesium pencils in a 
5-inch-diameter configuration. All birds of an exposure group were irradiated at the 
same time. Exposure rate at the center of each box was 51 R/minutes as determined 
by a Victoreen rate meter. The birds were subjected to one-half of the total exposure 
from each side. Controls were subjected to "sham" irradiation for the same amount 
of time as the 950 R group. All groups were weighed, irradiated, and returned to 
their pens within 5 hours after removal. 

A second series of irradiations was started 3 weeks after the young birds were irra- 
diated. A flock of mallards which had been trapped in the wild as juveniles in the fall 
of 1967 had been held in pens at Cedar Creek since their capture. Twenty of these 
40-month-old birds were divided randomly into two equal groups and subjected to 
the same 800 R and 950 R levels which had proved fatal to most of the young game 
farm ducks. Two of the 10 birds in the 800 R group died during irradiation. Both 
were autopsied, but the cause of death could not be determined. Suffocation was the 
probable cause of death. Thus, the 800 R old bird sample had only 8 birds. 

Both groups of ducks were checked daily for 40 days after irradiation. Data were 
collected on days post irradiation until death, weight at death, posture at death, and 
survivor weights at end of 40 days. Fourteen of the young birds which died were 
autopsied at the University of Minnesota Veterinary Diagnostic Laboratories. Six- 
teen of the birds which survived were killed at the end of 40 days and also autopsied. 

RESULTS 

The survival data collected after gamma irradiation of the 4-month-old mallards 
is presented in Fig. 1. None of the control, 350 R, or 500 R birds died. Two died in 
the 650 R group and 9 died in each of the 800 R and 950 R groups. Eleven of the 20 
birds which died succumbed within the first 16 hours after irradiation. No birds died 
during the second day. Nine other birds died during the 3 weeks following irradiation 
with the last bird dying on the eighteenth day after irradiation. An exposure-re- 
sponse curve was approximated by linear regression on the percentage data (Fig. 2). 
This approach was taken because the distribution of sample points and the small 
sample size did not justify detailed probit analysis. 

In the second experiment, in which twenty 40-month-old wild caught mallards 
were irradiated, five of the 8 birds in the 800 R group and nine of the 10 in the 950 R 
group died. Although the number of deaths in the 800 and 950 R groups is similar in 
both the young and older birds, there is a noticeable difference in the rate of deaths, 
the younger birds succumbing more quickly (Fig. 3). 

Table 1 presents data on percentage weight lost or gained post irradiation for the 
young birds. All those birds which died lost weight. The maximum percent weight 
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FIG. 1. Percentage of survival after irradiation of 4-month-old mallards. Dots on lines in- 
dicate days on which deaths occurred. 
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FIG. 2. Computed lethal exposure levels for a 30-day period after irradiation for 4-month-old 
mallards. Equation of the line is: Percent Mortality = -79.9 + 0.184 Exposure. 

lost before death was 35 %. All birds which lived had gained weight when killed 40 
days post irradiation. It is interesting that the two young birds in the 950 R group 
which survived beyond the first day after irradiation were 25 % lighter than the 
other 8 birds in the group. 

Six of the 34 dead young and old birds were found in the water, although there was 
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FIG. 3. Percentage survival of two groups of 4-month-old game farm and 40-month-old 
wild caught mallards exposed to 800 and 950 R. Sample size was 10 birds for each group, except 
the 800 R old bird group which had only 8 birds. Dots on lines indicate days on which deaths 
occurred. 

an equal amount of water area in the pen. Of the remaining 28 birds which died on 
land only two were found on their backs. The rest were found resting on their stom- 
achs with their head flopped forward, wings drooped slightly, and their feet tucked 
under. 

During the first few days following irradiation, the droppings of many of the birds 
appeared lime green, which is usually an indication of sickness in ducks. Fourteen of 
the dead young birds were autopsied. Gross internal examinations often showed 
intestinal hemorrhaging and hemorrhaging on mesentary tissues of heart and giz- 
zard. One bird had severe pneumonia. All of the birds autopsied, which died after 10 
days, showed pale bone marrow. Bacterial liver cultures from the 14 birds showed 
Escherichia coli present in one of 8 birds which died one day after irradiation and in 
four of 6 birds which died longer than 5 days after irradiation. 

Sixteen of the survivors were killed and autopsied 40 days after irradiation. There 
were no signs of hemorrhaging, and bone marrow appeared normal. All birds except 
the lone survivor of the 950 R young group were fat. Hemoglobin values as deter- 
mined by spectrophometric analysis for survivors and controls 40 days post irradia- 
tion are listed in Table 2. There were no apparent differences between the values for 
the controls and the irradiated birds. All values fell within the 12.9-18.2 range pre- 
sented for tame mallards by Magath and Higgins (3). 

CONCLUSIONS 

The LDso(3o) level of 704 R calculated for 4-month-old mallards is similar to the 
630 R LDso(3o) level previously determined for 1-year-old mallards (2). Both of these 
values aregreater than the 485 R LD 50(30) level of the green-winged teal but less than 
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TABLE I 
PERCENTAGE WEIGHT CHANGE IN 4-MONTH-OLD MALLARDS 

POSTIRRADIATION 

Exposure Days postirradiation N Mean percent Standard 
in roentgens until death weight change deviation 

800 1 3 0.0 1.8 
950 1 4 -0.4 2.4 
950 5 1 -26.8 
800 8 1 -34.9 
650 10 1 -11.0 
800 10 1 -9.3 
800 11 1 -15.6 
800 13 1 -17.1 
800 14 1 -15.1 
650 18 1 -19.1 
350 40a 10 +16.5 3.9 
500 40a 10 +14.9 6.9 
650 401 8 +16.1 7.6 
800 40a 1 +11.2 
950 40a 1 +5.4 

Control 408 10 +17.7 6.8 

Killed 40 days after irradiation. 

TABLE II 
HEMOGLOBIN VALUES FOR SURVIVORS AND CONTROLS FOR 

EXPOSURES SHOWN KILLED 40 DAYS POSTIRRADIATION 

Hemoglobin values 

950 R 800 R 650 R 500 R 350 R Control 

15.3 13.8 14.3 13.5 15.3 13.5 
16.0 14.3 15.5 15.3 
16.3 16.0 15.5 15.5 
16.5 16.0 

the 715 R and 894 R LDso(0o) levels of blue-winged teal and shovelers (1). All three 
of these species on the average weigh less than one-half as much as mallards. 

Although older mallards initially showed a greater resistance to radiation in the 
second experiment, a nearly equal number of older birds exposed to the same 800 R 
and 950 R levels eventually did die. The younger birds were from game-farm stock, 
whereas the older mallards were caught and held in captivity for 3 years. 

There have only been a few experiments concerned with radiation sensitivity of 
waterfowl, and all of those are not strictly comparable, but the combined results of 
those and my experiments suggest that weight, sex, age, and length of captivity have 
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little influence on radiation resistance of the different species. It would appear that 
such differences are the results of specific variability. 

ACKNOWLEDGMENTS 

I am grateful to Dr. D. M. Barnes of the Veterinary Diagnostic Laboratories, University 
of Minnesota, for his help in performing autopsies; to the personnel of the University of 
Minnesota Gamma Irradiation Facility for their assistance in irradiating the ducks; to Alvar 
Peterson of the Cedar Creek Natural History Area for his cooperation; and to Dr. Frank 
McKinney for his helpful comments on the manuscript. 

This project was financed by U. S. Atomic Energy Commission Contract AT(11-1)-1332 
(COO-1332-62). 

RECEIVED: July 22, 1971 

REFERENCES 

1. J. R. TESTER, F. MCKINNEY, and D. B. SINIFF, Mortality of three species of ducks-Anas 

discors, A. crecca and A. clypeata-exposed to ionizing radiation. Radiat. Res. 33, 364-370 
(1968). 

2. R. D. CURNOW, F. W. WHICKER, and F. A. GLOVER, Radiosensitivity of the mallard duck 

(Anas platyrhynchos). Technical Paper 13. Fourth International Congress of Radiology. 
Evian, France (1970). 

3. R. B. MAGATH and G. M. HIGGINS, The blood of the normal duck. Folia Haematol. 51, 
230-241 (1934). 

327 


	Article Contents
	p. 322
	p. 323
	p. 324
	p. 325
	p. 326
	p. 327

	Issue Table of Contents
	Radiation Research, Vol. 49, No. 2 (Feb., 1972), pp. 245-476
	Nuclear Track Recordings of the Astronauts' Radiation Exposure on the First Lunar Landing Mission Apollo XI [pp.  245 - 271]
	ESR Studies of Irradiated Cellulose Acetate [pp.  272 - 277]
	Selective Free Radical Reactions with Proteins and Enzymes: Reactions of Inorganic Radical Anions with Amino Acids [pp.  278 - 289]
	Selective Free Radical Reactions with Proteins and Enzymes: The Inactivation of Ribonuclease [pp.  290 - 299]
	Effect of Ionizing Radiation on Pectin Methyl Esterase in Solution [pp.  300 - 310]
	Prenatal Chemical Protection against Radiation-Induced Learning Deficiencies [pp.  311 - 321]
	Mortality of Mallards Exposed to Gamma Radiation [pp.  322 - 327]
	Mechanisms of Acute Injury in the Gamma-Irradiated Chicken: Effects of a Protracted or a Split-Dose Exposure on the Fine Structure of the Microvasculature [pp.  328 - 350]
	Ovarian Development and Fertility of the Progeny of Mice Irradiated before Mating [pp.  351 - 358]
	Effect of X-Irradiation on the Interaction of Flash-Evoked Cortical Potentials [pp.  359 - 366]
	Influence of Intestinal Mucosal Renewal Rate on Development of Gastrointestinal Injury and Survival Time of Irradiated Gerbils [pp.  367 - 380]
	Correlation of Structural Alterations in Bovine Fibrinogen with Loss of Clotting Properties after Gamma Irradiation [pp.  381 - 389]
	Hepatic Gluconeogenesis and Glycogenesis in the Starved, X-Irradiated Rat [pp.  390 - 404]
	The Effect of Hypoxia on the Repair of Sublethal Radiation Damage in Cultured Mammalian Cells [pp.  405 - 415]
	Toxicity in the Dog of Inhaled <tex-math>${}^{90}{\rm Y}$</tex-math> in Fused Clay Particles: Distribution, Retention Kinetics, and Dosimetry [pp.  416 - 429]
	Toxicity in the Dog of Inhaled <tex-math>${}^{90}{\rm Y}$</tex-math> in Fused Clay Particles: Early Biological Effects [pp.  430 - 460]
	Incidence of Aplastic Anemia in A-Bomb Survivors, Hiroshima and Nagasaki, 1946-1967 [pp.  461 - 472]
	Obituary
	Joseph Maisin (1893-1971) [pp.  473 - 475]

	Back Matter [p.  476]



