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AhrIrct: The aviai fri idtening agent, I-asinopyridihw (I..\P), was hi'sthd oil fise a\ialu and Iwr tish 

species to assess ths (-ff( cts of AP eI iixpos Io n 5l5rgI \ertu tt ts. .- dtlt hr bwhiht'is 

(Colintiv rirginianus), mourning doves (Zonaida mtrousa 1 ans ring-necked pheasants ( iasut i 

srrh'htitlls) were feid ditts (iltaiing 3 p(-ru'-nsI .AP-trrated craeked cm'stdiluted ssidl \ariols latios 

of ttreatd orn fr" 7 t 35 dlays. Mii dilution raLtirs that prodiied more than 50 Ierr(-t sur

halits were 1:29 fr iohlwhites and 1:99 for doxes. Mortality caused by 4AP cmild not 

lsng-tiri ' 

be dehri's 
I(for phie-asants I cais- ot seir inarility ti subsist onli ott sr-1 uliiin the h'l periods I.C:..'s wen.' 

ter'int' d for doves (316 ppio) (Ctolurnix eolurix) 1anid cotlsltix qijtjil (-171) ppm) fed 'xelisisly si 
uniforistly treated lahorathry rations for 28 to 10 days. Slarlihgs (S'trmtts • ttl1arix trealt-i. Is a\a.r' 

daily for 25 days with 1.78 isg kg -IAP sIowsed o- intxi-atin sytmptoisss. Molsality in all avias spi.

cies aparts tolie the ressult rf aute poisoning, and nts 'idewe ,' hxive ity was i sohditsit of (,usiIIltit 

specie's feid iniforisr-trated rations. In 96-hourstati( tests, dhasssel catfisi (htalurti puits fal us) aid 

ilsigill (lIpoii.s macroltims) showed iselreasinlu seissitikilv ts I-'P with iows in test waters ralueim! 

frro, \erv :;oft !o \ery lard und from 12 Its 22 C. Thli 96-hss IC".'s fur ioth specles ralsgsd fioist 

2.-13 to 7.56 tssc liter (ppl). T'tiieih' appeiard rt)det ri-as- wilh imrntasliiz wati'r trislwratlrf's bill 

was generally iaffected by water hiirthwss. C)s O hiias- itf t- iata seisl'tl anl tite edrrrit ly r.1

ish'I'-i-l appllieali.n sate fistlAP in a r'cil!tiral -t ips (0.31 1 11a), ]lttL-hCrlnj Ihwzards to nssislargt will

lit' were jiidgedi to , iiinial. 
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The avian frightcning agent, 4-amino- U. S. o;veI'stsent c idh'seuIIt tf coIm

pyri(line (4AP). is toxic tot most aviant aniti moercial products. 
mammalian species, with acute ll),,'s gen
cnil' below 10 mng/kg (Schafer et itl. 197 3 : METHODS 

537). Although acute toxicity is a1 impi r- Studies with birds, etolicted at tilte 

tant measure of the hazard of an animal l)enver \Villife Research Center (I)\\1() 

damage control agent, nmiertis methoids over a five-vear period. i vs'lved five spe

of application (i.e., specific baits, specific ties and three methisds if t 'al administra

dihition rates) exist that ,an tim. ;rups of 2 to 7 bitbwhites. mot 'i-gplacements, 
circumvent most acute intoxicatioi of nun- oitves, and ring-necked pheasants were fed 

target species, )e crazio et al. (1972 ) and for 7 to 35 days on 3 percent 4AP-tivated 
Stickley et al. (1972) showed that 4AP cracked Ltir-i baits ( 22 mog average \\'eilht) 
baits can be usedi effectively and safely to diluted with untreated cracked corn at 1 tsr 

protect ripening field ctrn from blackbird more if the fillowing rates: 1:199 (150 
damage. Their data led to the registration ppm ). 1:99 (300 ppm ). 1:49 (600 ppm), 
of 4AP for this use. Ilowever, snch netlitiOds and 1:29 (1,0(X)) ppm). h'lie 1:29 :lihttion 
of application are of little value if the css- rsti,) was used by l)e (;raziti et al. (1972: 

trol agent is cmnulativ'ly toxic. The objec- 1:317) and the 1:99 ratio 1 Stickhy et al. 

tive of this study was to gather data to shiow (1972:1314) for field applications oif 4AP. 

how granivorous birds and freshwater fishes ( mtrols for each species were ofiered only 

respond to long-term 4AP exposure. cracked corn for the test periid. Groups oi 

Reference to trade names does not imply 6 to 12 mourning (hves and eotmnix were 
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808 EFFECTs OF 4AP oN lltIMS A)ND Fist 

Table I. Characteristics of reconstituted test waters. 

Saltsaddt,d (rag/liter) 

type Nal1COa CaSO42112.0 MgSO, 

Very soft 12 7.5 7.5 
Soft 18 30 30 

1lard 192 120 120 

Very hard 38.1 2,10 2.10 

fcd for 28 to 4')days on a diet of Purina 
Came Bird Breeder Lavena into which 0, 
31.6, 100, 316, and 1,()i ppm (coturnix only) 
4AP had been uniformly incorporated. Tell 
individually-caged starlings were treated 
by gavage daily for 25 days with a propyl-
ele glycol solution containing a dose of 
1.78 mg/kg 4AP; 10 controls were treated 
by gavage daily with propylene glycol. 

Starlings and doves were captured from 
wild populations and acclimated to test 
conditions. Quail and pheasants were bred 
in captivity at DVIIC. Food consullption 
and body weight of all birds were deter-
milled every one to seven ldays, and obser-
vations for signs oif intoxication were made 
daily. lC(,,'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-
colnsin, by the methods of Lennon and 
\Valker (1964). Young catfish and bluegills, 
obtained from Fairport National Fish 
llatchery, Iowa, were fe-1 .r.d maintained 
according to the procedures outlined by 
I lumn 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,'s were determined at these 
time periods by the nethod of Litchfield 
and Wilcoxon (1949). 

• Schafer and Marking 

Total as mg/liter
CaCOa 

KCI range llardness Alkalinity 

0.5 6.4-6.8 10-13 10-13 

2.0 7.2-7.6 40-18 30-35 

8.0 7.6-8.0 160-180 110-120 

16.0 8.0-8.4 280-320 225-245 

RESULTS 
Birds 

The n inimum 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 
intoxication 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 typical acute poisoning symptoms de
scribed by Schafer et al. (1973). 

It was not possible te .etermine 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 tOe 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 



EFFECTS or 4AP ON Bt1s AND Fisit • Schafer and Marking 809 

Table 2. Effects of long-term 4AP exposure to 	 birds. 

LCm in 

ppm (95% Acute oral
Duration No. 	 Mortalit-: confidence LDo

Method and species (days) Treatment- tested (%) interval) (mg/kg)b 

Bait 
Bobwhite quail 32 1:29 4 100 NCC 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 7.59 
1:49 2 50 
1:99 3 67 
1:199 3 
0:1 3 33 

Feed 
Coturnix quail 28 1,000 .2 100 479 7.658 

316 12 8 (35.1-645) 8.059 
100 12 8 
31.6 	 12 8 

0 24 
40 	 316 24 8 >316 

0 24 4 

Mourning dove 30 	 316 6 30 316
 
100 6 (100-1,000)
 
31.6 6 
0 6 

Gavage 
Starling 25 1.78 10 > 1781 4.9 

0 10 

-Expressed as dilution ratio for baits (parts 3% 4AP baits:parts untreated corn); ppm for feed and mg/kg/day for 
gasae. 

b roin Schafer et al. (1973:533). 
INC = not calculable. 
d 2% 4AP baits. 
0 Mg/kg/day. 

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

LC 0'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. 
Cotumix consumed 1.5 LDo and doves 1.3 
LD5 ( 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. Wild]. 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 LDno dose!. 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 
LDo doses, and food consumption was 
depressed. 
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Table 3. ToAicity of 4AP to channel catfish and bluegill. 

Tremp. WVitter LCr, in mg/liter (95% confidence interval)
'4lusf]or 

at 

(C) hardness :1hours 6 hours 24 hours 96 hiours 

Channel catfish 
12 Very soft 9.-40 ( 8.0-11.0) 6.10 ( 5.5- 6.8) .1.00 (3.2-5.0) 

.Soft 
Ilard 
Very hard 

17 Soft 16. 
22 Soft 13.8 (12.3-15.5) 13.8 

Bl 

12 Very soft 38.1 (26.2-55.3) 26.() 
Soft 38.1 (26.2-55.3) 23.2 
11ard 38.1 
Very hard 

17 Soft 18.1 ( 15.3-21.I 16.2 
22 soft 18.1 (15.3-211 15.0 

Co)tun'nix fed 1,0W0 ppm exhibited actite 
4AP poisoning symptoms within 5 days. 
Food Consumption decreased 70 percent, 

and body weight declined rapidly. Severe 
intoxication symptoms lasted frm a few 
honrs t three days, and 111test birds died 
witlhi three weeks. Two males and one 
female were completely paralyzed after 
severe and prlor ,ed ttnic convulsions. 
The averag(,e daily intake of 4.\P was 6.6 
Il),-,, (loses before death. 

The treated starlings showed no visible 
effects when treated by gavage daily for 25 
days with 1.78 mgi/kg of 4AP. The daily 
dose represented 36 percent of the acute 
oral L1),, of 4AP for starlings or a total of 
9 1I):, doses o\%..r the test period. 

Fish 

The 96-hour LC5,, 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 22 C (Table 3). In standard 
test water 4AP was significantly less toxic 
(P < 0.05) at 22 C than at 12 C and 17 C, 
even though mortality occurred more rap-

idly at 22 C. At 12 C, 4AP showed the same 
toxicity im v'ery soft, soft, and hard water 

8.7.1 ( 7.9- 9.7) .1.00 (3.4-4.7) 
7.26 ( 6.2- 8.6) -1.00 (3.6-4.5) 
1.36 ( 3.9- 4.9) 2.-13 (2.2-2.8) 

(13.8-191A) 9.80 8.6-11.2) 4.36 (3.9-4.8) 
(12.3-15.5) 9.35 8.3-10.6) 5.80 (5.2-6.4) 

gill 
(18.7-36.2) 10.1 (8.6-12.6) 3.-10 (3.0-3.9) 
(18.2-29.5) 11.2 (10.2-12.3) -1.11 (3.8-5.1) 
(26.2-55.3) 12.3 (10.0-15.2) 2.82 (2.3-3.5) 

8.60 (7.3-10.2) 3.20 (2.7-3.8) 
(1-1.1-18.6) 
(13.(-17.3) 

11.8 
12.3 

(9.7-14.3) 
(10.7-1,1.1) 

5.60 (4.8-6.5) 
7.56 (6.3-9.1) 

but significantly greater toxicity in very 
hard water P < 0.05). 

The 96-hour LC.,,,'s for luegills valied 
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 12 C. 

DISCUSSION 
The results with birds indicate that 4AP 

is not cumulative in doves or coturnix ac
cording to the criteria lused in the "Index of 
Chronici .y" (Kenega 1973). Repeated sul)
lethal doses had no greater effects than 
single sublethal (loses. All acute toxicity 
apparently resulted from the ingestion of 

more 4AP ill a period than couhl be ex
creted or detoxified. In the feeding studies 
where surviving mourning doves and cotur
nix showed svnptoms 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 



EFFECTS OF 4AP ON 

a 32-day period showed no adverse effects. 
Although the sample size was small (four), 
the data indicated relatively little hazard 
to hobwhlitcs under field-use conditions. 
Thle data for adult pheasants suggested a 

similar conclusion. The data for cloves and 

youing pheasants indicated some hazard to 
individuals of these s s or ae 

indi s tesspecs a css(.
olwever, because the registered use direc-

tiins for protecting field corn from bird 
amage (4.5 g of 3 percent 4AP-treated 

coru,/0.405 ha) results in an application rate 
of about 500 treated corn particles (0.34 g 
of 4AP) per ha (about 200 particles/acre), 
avd since the bait is diluted 1:99 (99 tl-
treated particles are supplied for every I 
treated), it would seem unlikely that even 
the inor susceptible species and individuals 

would find and eat enough 4AP-treatcd par-
tides to adversely affect a population during

rl 
a baiting program. 

Fish apparently are less able to cope vith 
4AP in the.;ir e ee thetenvironment and become in-
creasingly sensitive to 4AP vith increasing 
exposure. I lo\vccr, even after 96 hours of 
exposure io 4AP, the L ,Cs for channel cat-

fish and bluegill indicated that 4AP is less 
toxic th: lD manv en-'n'. tiotliV used pesticides. 

At recommended use levels (0.34 g,Iha or 
0.14 g/acre), the possibilities of ponds and 
streamsacontiningposi(Iccble lees pof ds 
streams containing detectable levels of 4,.\1) 

are remote, particularly in viev of the re-

cent finding by Startr. and Cunningham 
(1974) that 4AP is readily adsorbed onto 
soil colloids. 

BInDS AND FISH - Sciafer and MarkiMg 811 
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