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Rodent control poisous that kill by causig, heworrhage are wideay
used, and avian predators may capture puisoned rogents. Uwls were ieo
rodents killed with six anticoagulant baits. Four conpouuds leu to

uewmorrhaging in sovme owls; henorriaging was lethal with bromuvdiolone,

-

brodifacoum, and diphacinone, and sublethal with difeuacoum. 30 auverse

* effects occurred with fuuarin and chlorophacinones



§ . : . ’ ) : aehdennall 3

Auiicoagulunts (1) coustitute.UVcr 90} ot 411 roucat poisuns used in
the Lnited States (2)e. The cowpounds cause heworrnage by viocking syutuesis
of crotting factors at a step involving vitanin n (3). bdeveral days are
nurmally requiréd after initial ingcstiun of the aniicoagul;nt velore stores
ol facturs are exhausted and SyLpLous dppeale The delayed activi ailows

poisvned rodents to remain active aud available to prevators for several days.

Tais pusus d potential hazard of svcondary poisuning.'in'uuicu yredaturs

iTpest Loxicants tnat are ;rebcu: iﬁ tissues of their pfey rather tiuan oy
Jifect intake. waiscellaneous accounts of such puisoviain, include o cal oG
rUSSidly shunks tuat died from eating prey containing wartarin, rats trou

wat iy yrg; cuntainlug difendcou, and wine ang UQups LI0L calluy pluy
Cuntaasniiny tive different cuupuuhus (L,4,5)s wugs, however, were uut atfecteu
27 waCiafin-poisoned mice (v)e anticvagulaat seCulldaly puisvaily awuliy

VArus vl prey h;s ot peeu reported, and was exauined guring tue pruseut stuuy.

In a4 preiiuinary trial conuucted in 1Y7U at Ulyupia, wmasuiugyton, talee
* . .

ofudlt=uulueu uwls (bubo vir inianus) anu one saw=whet owi (Acpolius acauicus)

.

wele vach ted two diphacinoue-ailled wice (Perouyscus wanicuiatus) aally ror

J Jduays. HMice had consutied a letual dose ut tuxicaut uuring a lu=day free=
cuvice vivassay. cach wouse was fed one b Uaily ol au vat=yroat uaig
CUntdining U.bl; aipuaciaone (7), anJ individual bait CUusuuptiog u#s N
recorded Juily; utiuvsed Pu;ina Lab Clxo@ wias also available i._xj_iibituu.

Uwls were fed two poisoned wice daily tor five days, rolivwed vy cuicken

hieads on each test day aud dquring a suusequent AUTUYY DOSLEIVUELiIon pUlivas
Lugpilatiou was neasured in dl; uWls on days U (pre=treatoacut ), Wy aluu ali

vlie 5rc#t-huruuu owl, ou déya 1o ang &2. Bivwd (Uel cc wr Leas) was Cu;.cutcu
Lruia tone vrachial veiu in a ton=heparinized uicroicuatocrit tuve, atid was

Lueased wilu & twuked needie uatil tiw 1irst straus ol tierin Hppealcue  ‘audd
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provided an index of coajulation time that was reproduciole tou witain 1 min
for norual coagulation, a Sunsitivity sufficient for assessing anticuayulant
intoxication. Surual tines were approxicately l.u mio.

In the principal experiument, 3v burn owls were fed rats (rattus
norvegicus, Ke fattus, and Re exulans) captured in nilb, nawaii, aty poisoaed
wita diphacinonc,'chlofophacinuue, funaria, ditenacuvuu, bromaaiolune, or
vrodifacoua (1). Indiviuuaily‘c35ed rats were teu oat-groat pails coutaeining

repistered or reconnended coincentrations of toxicant: U.UcoSh fuudria, v.uuZa

LR

vrogiracowy, anu U.UU3% Otiler COTPOLNGSs bails were fed IOr 5 Gays on & free~
choice basis (iLab Chuw was availapnle as pbetore), and\buiL consuuption was
recurded daily. &lticoagulaxlt;kiileu rats were teu tu owis Lor perious ui

i, 3, v, or lu uays to allow cuwparison of various perivus of expusure Chat
svelied likely to be encuuatereu ia the fielc. Lndused rats were fed to tie
owls caca afteravon; portions uut eaten were uei;hcu afid CeCorded the next

tiording, iuncluding an estizate of the fractivns of aliwentary tract (contaiuing

pussidle unuosorved toxicaut) aud of liver (containing the wajority ol aosorveu

toxicant and metabolites) (3). The experimentl was run in three parts: i.,
feediag of dosed rats for 1 auu o days; 2., feeding of doused rats for 3
aind lu days; and 3., replicate of (2). In edacn part tiere was one owk jer

.

toxicaat for eacn feediag regime plus two contruls. Species of rats fed to

‘each owl were mixea, except that all in part 3 were he exulaus.

Uwls were ootaiued trou the brecuing coloay at Patuxent aiialite heseareh
Ceater and were housed during the experiment iu indivicuas inuourAcaaea
measuring 33 X 75 A bi cue  The daily ligut regime in parits 1 and 2 was
13uslly, vut i0 part 5 it was luL:lau (to inﬁibit pussidle developueut ot

the gonads, since the wonth was Harch). buring "darh" hours, o hooded 7 ifc w
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buldo provided slight illumination; Pre-experiuental weiglhts rauged trou
425 to bU5 g (Taole 2); pust-treatuent welgnts had not changed significantly.
Coagulation indices were mcasuted.6 day; betore ausing, 2U days after
first dosing, and (part 2'bnly) bp the 3rd day after the end of dosing.
Pre-test coagulation times ranged from U.25 to 3.35 nin. Birds that diea
-during the éxpetimept were nééropsied on the day.of deatq; owl; that
survived to ﬁay 2V were sactifiéeavwi£u chlofuform and necropsied.
- all four owls ian tue pfelimiyary trial displayed ahticoagu;ént poiSoninb,

and three died from nassive hemurrhagiqb (Table 1). Loabylatiuu'inaices
on day o were elevated by 22-34+ min; in tﬁe $§tviv0r, recuvefy was oaly
partial by day lo (6 min).

) In tie priacipal experiment, six parn owls died: tive ihat were fed

orodifacoun rats, and oune fed bromadiolone rats (Tabple 2). tiras fea

difenacouu survivead, put those on b= ana lu=day feeding regiwes neuovrriagea

’ : .
(Table 2), one of them (nv. 413) severely. other biras feu bromauiolone, and

all those fed rats poisunea with diphacinone, funaria, and ciloropuacinone
survived without apparent iutoxication.
Heworrnages occurred tnroughout the carcass, incluuing subcutaneous

areas aand visceral organs. bSublethal lesions were similar tu lethal uues,

-

but were less numeroﬁs and severe. Unly Aead oirds,lhuwevgr, displayea
hemorrhage of’the heart wall or distensiou of the pericaraiuum vy clear or
plovdy fluide The coagulation index was elevatea (1u qin) ia the pird
saupled suortly before deaih (nv. 57); other coagulation indices were
withia normal range. - . o

We ldve detnwnstrated a'potential nazard to avian predators ot
secondary poisoning by four anticoagulant fudenticiues. brouitacoun and

bruwadiolone were lethal to suvme barn owls, and difenacouuw producea

.
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sublethal hemorrhaging in this species at tﬁe leveis tested. The only
compound tested on three species of owls, diphacinone, was toxic to
great-horned and saw-whet owls du;ing the preliminary trial, but not to
barn owls in the principﬁi experiment. Possible éxp;anations includé
interspecific differences in susceptibility among the owis, or differences
in prey species and hence in metaboliteé presented to then (é). However,
we éan draw no conclusions without further compatative tests usingla
consistent protocol. h |

The effects of anticoagulahfs oh rap;éts in thé ffeld remain to be
assessed. Thé amount of toxicant.ingested by rodents under nétural conditions
is probably similar to that under our regime (ftee—choice bioassay of e;ch
hait at registéred or recommended concentrations). A iarge-scale conftol
program also exposes predators to poisoned prey for a nunber of days.

Therefore, secondary poisoning of raptors by anticoagulants under certain
’ .

‘conditions seems likely. The effect of a given dose on birds may be exacerbated

by conditions in the fiel?, inciuding stress, changes in diet (9) or increased

activity (10). Minor injury can also increase susceptibility, even if the
injury has occurred before exposure (owl no. 253 suffered massive hemorrhage
at the site where blood had been sampled 17 da}s earlier). Caution is

indicated in the use of anticoagulants for rodent control unless toxicity

"tests have shown that little danger exists for the combinations of compound,

predator, and prey species concerned. This is of particular concern

where avian predators on rodents are rare or endangered.

Vivian M. Mendenhall, U. S. Fish and ?11d11fe Service, Patuxent Wildlife
Research Center, Laurel, MD 20811
larry F. Pank, U. S. Fish and Wildlife Service, Denver Wildlife Research

Center, Wilo, HI 96720 . ~
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Anticoégulants discussed include 4 registéred as rodenticides in the
U. S.: warfarin (3-[a-acetonylbenzy1-4-hydr§xycoumarin],
diphacinone [2-(diphenylacetyl)-1, 3-indandione], chlorophac1none
(2-[(p-chlorophenyl)phenylacetyl]-l 3-1ndandznne) fumarln [3-Ca~
acetonylfurfuryl)-4-hydroxycoumar1n], and 3 experlmental ones:
dlfenacoum [3-(3-p-diphenyl-1,2,3 4-tetrahydro-1-naphthy1)-4-
hydroxycoumarin], brodzfacoum (3-[3-(4'-btomob1pheny1-4-y1)-
1, 2,3,4-tettahydro-l-naphthylj-4-hyaroxycoumat1n), and
brrmadiolone (3-[3-(4'~bromobipheny1-4-y1) 3-hydroxy~1-pheny1propy1j-
4-hydtnxycoumarin). Use of trade names does not 1mp1y endorsement

of commercial products by the Federal grvernment,
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Table 1. Secondary toxicity of diphacinone to- owls,

Owl

~_Mice fed to owls Days
wt, Total Dose to
Species (g) wt. (g) (mg)* | deat.n
Great~ 1271 175 . 5.5 -
horned 1226 . ‘156 4.1 14
1135 143 4.6 14
Saw-whet 110 156 6.1 7

' - a
* Total toxicant consumed by mice. .

w
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