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LONG-TERM EFFECTS GF 4-AMINOPYRIDINE EXPOSURE
TO BIRDS AND FISH

E. W. SCHAFER, JR., U.S. Fish and Wildlife Service, Wildlife Rescarch Center, Denver, Colorado 80225
L. L. MARKING, U.S. Fish and Wildlife Service, Fish Control Laboratories, La Crosse, Wisconsin 54601

Abstract: The avian frightening agent, f-aminopyridine CIAP), was tested on five avian and wo fish
species to assess the offects of long-term AP exposure to nontarget vertebrates. Adult bobwhites
(Colinus virginianus), mourning doves (Zenaida macroura), and ringnecked pheasants ( Plasianus
colehicus) were fed diets containing 3 percent 4APtreated cracked corn diluted with various vatios
of untreated com for 7 to 35 days. Minimum dilution ratios that produced more than 50 percent mor-
tality were 1:29 for hobwhites and 1:99 for doves. Mortality caused by 4AP could not be determined
for pheasants becanse of their inability (o subsist only on corn during the test periods. LC.s were de-
termined for doves (316 ppm) and coturnix quail (Cottrnix coturnix) (479 ppm) fed exclusively on
uniformly treated laboratory rations for 28 to 0 days. Starlings (S*urnus vulearis) treated hy gavage
daily for 25 days with 1.78 mg kg 1AP showed no intoxication symptoms. Mortality in all avian spe-
cies apeared to be the result of acnte poisoning, and no evidence of camulative toxicity was noted in
species fed uniformly-treated rations.  In 96-hour static tests, channel catfish (fetalurus punctatus) and
bluegill ( Lepomis macrocliiins) showed increasing sensitivity to -4AP with time in test waters ranging
from very soft to very hard and from 12 to 22 €. The 96-honr LC.s for hoth species ranged from
243 to 7.56 mg liter (ppin). Toxicity appeared to decrease with inereasing water tenperatures but
was generallv imaffected by water hardness, On the hasis of the data presented, and the currently reg-
istered application rate for (AL in agrienltwal crops (0.3 1 ¢ ha), long-term bazards to nontarget wild-
lite were judged to be minimal.
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The avian frightening agent, 4-amino-
pyridine (4AP). is toxic to most avian and
mammalian species, with acute LD:y's gen-
crally helow 10 mg/kg (Schafer et al. 1973:
537). Although acute toxicity is an impor-
tant measure of the hazard of an animal
damage control agent, numerous methods
of application (i.c., specific baits. specific
placements, dilution rates) exist that can
circumvent most acute intoxication of non-
target species. De Grazio et al, (1972) and
Stickley ct al. (1972) showed that 4AP
baits can be used cffectively and safely to
protect ripening field corn from blackbird
damage. Their data led to the registration
of 4AP for this use. However, such methods
of application are of little value if the con-
trol agent is cumulatively toxic. The objec-
tive of this study was to gather data to show
how granivorous birds and freshwater fishes
respond to long-term 4AP exposure.
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U.S. Government endorsement of - coni-
mercial products.
METHODS

Studies  with birds, conducted at the

Denver Wildlife Rescarch Center (DWRC)
over a five-vear period, involved five spe-
cies and three methods of oral administra-
tion. Groups of 2 to 7 hobwhites, mourning
doves. and ring-necked pheasants were fed
for 7 to 35 days on 3 pereent 4AP-treated
cracked corn baits (22 mg average weight)
diluted with untreated cracked cornat 1 or
more of the following rates: 1:199 (150
ppm). 1:99 (300 ppm). 1:49 (600 ppm),
and 1:29 (1.000) ppm). The 1:29 lilation
ratio was used by De Grazio et al. (1972
1317) and the 1:99 ratio hy Stickley et al.
(1972:1314) for field applications of -$AP.
Controls for each species were offered only
cracked corn for the test period. Groups of
6 to 12 mourning doves and coturnix were
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Table 1. Characteristics of reconstituted test waters.
Tota) as mg/liter
Salts added (mg/liter) CaCOa

Water R pH

type NaHCOs  CaSO0e2H:0 MiSO, KCl range Hardness Alkalinity
Very soft 12 75 75 0.5 6.1-6.8 10-13 10-13
Soft 48 30 30 2.0 7.2-7.6 40-18 30-35
Hard 192 120 120 8.0 7.6-8.0 160--180 110-120
Very hard 381 240 240 16.0 8.0-8.4 280-320 225-245
fed for 28 to 49 days on a diet of Purina  RESULTS
Game Bird Breeder Layena into which 0, .

Birds

31.6, 100, 316, and 1,006 ppm (coturnix only)
4AP had been uniformly incorporated. Ten
individually-caged starlings were treated
by gavage daily for 25 days with a propyl-
ene glycol solution containing a dose of
1.78 mg/kg 4AP; 10 controls were treated
by gavage daily with propylene glyeol.

Starlings and doves were captured from
wild populations and acclimated to test
conditions. Quail and pheasants were bred
in captivity at DWRC. Food consumption
and body weight of all birds were deter-
mined every one to seven days, and obser-
vations for signs of intoxication were made
daily. LCs0's (concentrations calculated to
produce 50 percent mortality) were esti-
mated by the method of Thompson (1947).

Studies with fish were conducted at the
Fish Control Laboratory, La Crosse, Wis-
consin, by the methods of Lennon and
Walker (1964). Young catfish and bluegills,
obtained from Fairport National Fish
[Tatchery, Towa, were fed ~nd maintained
according to the proceldures outlined by
Hunn et al. (1968) and acclimated to the
test conditions. Groups of 10 fish each were
exposed to concentrations varying from 0
to 50 ppm in 4 different water hardnesses
(Table 1) and 3 temperatures. Mortality
was observed and recorded at 3, 6, 24, and
96 hours; LC;y's were determined at these
time periods by the method of Litchfield
and Wilcoxon (1949).

The ninimum dilution ratios of treated
baits that produced more than 50 percent
mortality were 1:29 for bobwhites and 1:99
for mourning doves (Table 2). Death in
both species apparently resulted from acute
intuxication caused by the consumption of
more than one treated bait at one feeding
(single baits are not lethal to bobwhites or
doves), and all intoxicated birds showed
the tvpical acute poisoning symptoms de-
scribed by Schafer et al. (1973).

It was not possible te “ctermine the dilu-
tion ratio for 4AP baits that would produce
greater than 50 percent mortality in adult
ring-necked pheasants because of the erratic
mortality observed at every treatment level,
including the controls. Deaths apparently
were not the result of 4AP poisoning, but of
the inability of these birds to subsist for
extended periods exclusively on corn. Con-
trol and treated birds lost from 15 to 3 per-
cent of their original weight during the test,
and the birds that died exhibited the great-
est weight loss. Intoxication symptoms typi-
cal for birds acutely poisoned with 4AP
were not observed. However, in a separate
2-day test, two of four 4- to 6-month-old
pheasants died after a single day of feeding
on 1:29 diluted bait. Intoxication symptoms
typical of acute 4AP poisoning were ob-
served, and mortality was probably the
result of two factors—a body weight about

J. Wildl. Manage. 39(4):1975
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Table 2. Effects of lang-term 4AP exposure to birds.
LCe in
ppm (95% Acute oral
i Duration No. Mortality contidence LDso
Method and species (dai) Treatments tested (%) interval ) (mg/kg)®
Bait
Bobwhite quail 32 1:29 4 100 NC¢ 15.0
1:99 4
0:1 4
Mourning dove 7 1:99 7 72 NC 8.1
1:99* 7 43
0:1 43
Ring-necked pheasant 35 1:29 2 50 NC 75¢
1:49 2 50
1:99 3 67
1:199 3
0:1 3 33
Feed
Coturnix quail 28 1,000 12 100 479 7658
316 12 8 (354-645) 8.05¢
100 12 8
31.6 12 8
0 24
40 316 24 8 >316
0 24 4
Mourning dove 30 316 6 S0 316
100 6 (100-1,000)
31.6 6
0 6
Gavage
Starling 25 1.78 10 >1.78° 4.9
0 10

s Expressed as dilution ratio for baits (parts 3% 4AP baits:parts untreated corm); ppm for feed and mg/kg/day for

guvul%e.
b From Schafer et al. (1973:533).
¢ NC = not calculable.
82% 4AP baits,
* Mg/kg/day.

half that of adults and a correspondingly
higher food intake per unit of body weight.

LCso's for birds offered feed uniformly
treated with 4AP were 479 ppm for coturnix
(28 days) and 316 ppm for mourning doves
(30 days). Treatment at 31.6 and 100 ppm
had no observable effect on either species.
Coturnix consumed 1.5 LDso and doves 1.3
LD;, doses per day without effect at the
100-ppm level. At 316 ppm, 3 of the 38
coturnix died after showing symptoms typi-
cal of acute 4AP poisoning. Survivors ex-

J. Wildl. Manage. 39(4):1975

hibited occasional minor symptoms such as
hyperactivity and mild body tremors; how-
ever, food consumption and body weight
were not affected. Average daily intake of
4AP was 5.3 LDy doses. At 316 ppm, 3 of
the 6 doves died after exhibiting acute 4AP
poisoning symptoms, whereas survivors ex-
hibited light to moderate symptoms of
acute 4AP intoxication throughout the test.
Average daily ingestion of 4AP was 4.3
LD;, doses, and food consumption was
depressed.
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Table 3. Toxicity of 4AP to chonnel catfish and bluegill.
LCro in myg/liter (957 confidence interval) at
Temp. Water e e
() hardness 3 hours 6 hours 34 hours 96 hours
Channe! catfish
12 Very soft 9.10 ( 8.0-11.0) 6.10 ( 5.5- 6.8) -£.00 (3.2-5.0)
Soft 874 ( 7.9- 9.7) 4.00 (3.4-4.7)
Hard 7.26 ( 6.2- 8.6) 4.00 (3.6-4.5)
Very hard 436 ( 3.9-49) 2.43(22-28)
17 Soft 164 (13.8-19.-4) 9.80 ( 8.6-11.2) 4.36 (3.9-4.8)
22 Soft 13.8 (12.3-15.5) 13.8 (12.3-15.5) 9.35 ( 8.3-10.6) 5.80 (5.2-6.4)
Bluegill
12 Very soft 38.1 (26.2-55.3) 260 (18.7-36.2) 101 { 8.6-12.6) 3.10 (3.0-3.9)
Soft 38.1 (26.2-55.3) 23.2 (18.2-29.5) 11.2 (10.2-12.3) 1.11 (3.8-5.1)
Hard 38.1 (26.2-35.3) 12.5 (10.0-15.2) 2.82 (2.3-3.5)
Very hard 8.60 ( 7.3-10.2) 3.20 (2.7-3.8)
17 Soft 18.1 (15.3-21.1) 162 (114.1-18.6) 11.8 ( 9.7-14.3) 5.60 (4.8-6.5)
22 Soft 18.1 (15.3-21.4) 15.0 (13.0-17.3) 12.3 (10.7-1:4.1) 7.56 (6.3-9.1)

Coturnix fed 1,000 ppm exhibited acute
4AP poisoning symptoms within 5 days.
Food consumption decreased 70 percent,
and body weight declined rapidly. Severc
intoxication symptoms lasted from a few
hours to three days, and all test birds died
within three weceks. Two males and one
female were completely paralyzed  after
severe and prolor fed tonic convulsions.
The average daily intake of 4AP was 6.6
LD:, doses before death.

The treated starlings showed no visible
effects when treated by gavage daily for 25
days with 1.78 mg/kg of 4AP. The daily
dose represented 36 percent of the acute
oral LD:, of 4AP for starlings or a total of
9 LD;, doses ovir the test period.

Fish

The 96-hour LC;, of 4AP for channel cat-
fish ranged from 2.43 mg/liter in very hard
water to 5.80 mg/liter in standard (soft)
test water at 22C (Table 3). In standard
test water 4AP was significantly less toxic
(P < 0.03) at 22 C than at 12 C and 17 G,
even though mortality occurred more rap-
idly at 22 C. At 12 C, 4AP showed the same
toxicity in very soft, soft, and hard water

but significantly greater toxicity in very
hard water (P < 0.03).

The 96-hour LCsy's for bluegills varied
from 2.82 to 7.56 mg/liter, depending upon
temperature and water quality (Table 2).
As with catfish, 4AP was significantly less
toxic (P < 0.05) in standard test water at
22 C than at 12C.

DISCUSSION

The results with birds indicate that 4AP
is not cumulative in doves or coturnix ac-
cording to the criteria used in the “Index of
Chronicity” (Kenega 1973). Repeated sub-
lethal doses had no greater effects than
single sublethal doses. All acute toxicity
apparently resulted from the ingestion of
more 4AP in a period than could be ex-
creted or detoxified. In the feeding studies
where surviving mourning doves and cotur-
nix showed symptoms of intoxication, the
symptoms disappeared as soon as treated
food was removed.

The data for bobwhites (Table 2) are of
particular importance to the use of 4AP in
the field situations for which it is registered
and for which registrations are pending.
Bobwhites fed at the 1:99 dilution rate for

J. Wildl, Manage. 39(4):1975
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a 32-day period showed no adverse cffects.
Although the sample size was small (four),
the data indicated relatively little hazard
to bobwhites under field-use conditions.
The data for adult pheasants suggested a
similar conclusion. The data for doves and
voung pheasants indicated some hazard to
individnals of these species or age classcs.
However, because the registered use diree-
tions for protecting ficld corn from bird
damage (4.5 g of 3 percent 4AP-treated
corn/0.405 ha) results in an application rate
of about 500 treated corn particles (0.34 ¢
of 4AP) per ha (about 200 particles/acre),
and since the bait is diluted 1:99 (99 un-
treated particles are supplied for every 1
treated), it would seem unlikely that even
the mor: susceptible species and individuals
would find and eat enough 4AP-treated par-
ticles to adversely affect a population during
a baiting program.

Fish apparently are less able to cope with
4AP in their environment and become in-
creasingly sensitive to 4AP with increasing
exposure. However, even after 96 hours of
exposure 10 4AP, the LC;y’s for channel cat-
fish and bluegill indicated that 4AP is less
toxic than many enmmonly used pesticides.
At recommended use levels (0.34 g/ha or
0.14 g/acre), the possibilities of ponds and
streams containing detectable levels of 4AP
are remote, particularly in view of the re-
cent finding by Starr and Cunningham
(1974) that 4AD is readily adsorbed onto
soil colloids.

J. Wildl. Manage. 39(4):1975

Tnoareson, W. R,

S1l1

LITERATURE CITED

D Grazio, J. W, 1. F. Br sen, T. J. DeCixo, J. L.
GuanriNo, axn E. W, Scuarer, Ju. 1972,
Protecting ripening corn from blackbirds by
broadcasting {-aminopyridine baits. J. Wildl.
Manage. 36(1):1316-1320.

Hunw, ] B, R AL Scroerrceer, asn F. W,
Waearvoxn, 1968, Observations on  the
handling and maintenance of bioassay fish.
Prog. Fish Cult. 30(3):164-167.

Kexeca, F. 150 19730 Factors to be considered in
the evaluation of the toxicity of pesticides to
birds in their environment. Pages 166-181 in
F. Coulston and F. Korte, eds. Environmental
quality and safety Vol. 11, Global aspects of
chemistry, toxicology, and technology as ap-
plied to the environment.  Academic Press,
New York.

LLesxxon, R, E., axo . R, Wanken, 1964,
Lahoratories and methods for screening {ish-
control chemicals, U.S. Burcan Sport Fish,
Wildl, Invest, in Fish Control 1 and Cire,
185. 15pp.

Lrrenetenn, .o T, Jre, ano Fo Wincoxos, 1949,
A simplified method of evaluating dose-cffect
experiments. J. Pharmacol. Exp. Therap. 96
(1):99-113.

Scuaren, F. W., Jr., R, B, Bruntox, axn 1), ],
Cuxnixcuanz, 19730 A sunmmary  of  the
acute oral toxicity of f-aminopyridine to birds
and maunmals, Toxicol. Appl. Pharmacol. 26
(-4):532-538.

Srtarg, R. L, axp D. J. Cussizcuas, 1974
Phytotoxieity, absorptio, ana wansiocation of
J-aninopyridine in coin and sorghum growing
in treated nutrient cultnres and soils. Agric,
Food Chem. 22(3):109-113.

StickLey, A, R, Jr, ROT. Mirenee, R, G, Hearn,
C. R Incras, axo F. L. Brabprey, Jne 1972,
A method of appraising the bird repelleney of
d-aminopyridine.  J. Wildl, Manage., 36(-1):
1313-1316.

1947.  Use of moving averages

and interpolation to estimate median-cffective

dose. Bacteriol. Rev, 11(2):115-145.

Accepted 14 July 1975,


http:11(2):115-1.15



