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Rodeat control poisous that kill by causing, beworrhuye are wideay
used, and avian predators mday capture puisoned ruaents. Uwls were ifeu
rodents killed with six anticoagulant baits. Eourvcoupouuds,leu to
neworriaying iﬁ sume owls; heworriaging was_leth;l'with brouovdiolone,

-

brodifacoun, and diphacinone, ana sublethal with difeunscoums SV duverse

effects occurred with fuwarin and chlorophiacinone.
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Anficougulunts (1) coustilutc'UVcr Yu. ot 411 Todentl puisvnus used in
tue Luited States (2). The Cowpouuds cause heworrtiage oy viocKking syutuesis
of ciotting factours at a step involving vitaain a (3). deveral days are
norally requiréd after iaitial ingestiun of the anﬁicoagul;nt velore stores
Ol facturs are exiausted aud SYLptous dppeale Tue delayced activu ailows

poisoned rodents to rewmain active aag available to prevators for several dayse

- -

T Tals puses d potential bazard of secoudary poisvning, in wuicu pleduturs

-

iTpest Loxicants tnat are preseat iﬁ tissues of their prey rather taan 2y
41lfeCt intake. aiscellaneous accounts of such poisoaiu, luciude o cal ang
PUSSIOLY shunks tuat diea frowm eallng prey containing uartariu, fals Lrou
vatiag yrg; containiug difenacoui, anu wios ang Uups LTO0W walliy prey
Contasniug five different coupounus (L,4,5)¢ wugs, lhvwever, were uot allfecteo
"y Quriarin—puiauncu aice (V).  anticovagulaat SeCUndaly puisuailly awoli,
DIrGs vl prey h;s nut oeen reported, and Was exauined auriag tue prescut sty
'Iu d preliuinary trial conuuctéu iﬁ 1970 at ulyuwuia, waslidliyton, Lidlee

wTudt=uurueu owls (bupo vir,inlanus) anu one sav=-whet owi (Aepulius acacicus)

wele vach fed two diphacinoue=ailled wice (Perouyscus ianiculatus) Qally rour

2 Jddayse Hice had consuued a letual dose of toxicaut wuring a lu=day free—
cuvice bivassay. tach zouse was fed one 6 dally 01 an Oat=groat vait

containing U.ULL aipuacinone (7), and individual bait consuuption was .

®

fecorded Jdaily; uuuused Pu;iua Lab Chow" wus also availdblcvﬁg.iibiCUU.

U¥is were fed Lwo puisoned ulce daily tor five ddays, toliovwed vy caicken
heads on edch test a4y aud duriug a suuvsegqueat LUumday voservatiou rcriuq.
Luagulation was ueasured ia dl} uwls vu days U (pre~treatucut ), o, asus ati

vlle 6rc4t-huruuu uwl, ou d#ya i3 and 2. Bived (Uel ce ur 1ess) was CU#‘chcu

truis tue vractial veiu in a tok~hepatinized uicrubicuatoerit tuve, alld was

Ledsed with i wuked aeedle uatil tie. tirst StTauu Ol tiorin appealeds  aans
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provided an index of coazulation time thal wus reproduciole to witauin L min
for norudl coagulation, a scusitivity sufficient for assessing anticuvagulant
intpxication. surual tines were approxicately 2.0 miae

In the principal experiment, 3u barn owls were fea rats (cattus

norvegicus, K. rattus, and K. exulans) captured in niio, wawaii, anu poisovaed

witn diyhacinone,'chlofuphacinone, fubarin, ditenacouut, bromaaiolone, or
vrodifacoua (1). Indiviaually:cageu rats were ted odt=groat daits couteining
repistered or recomnended conceatrations of ioxicant: UeUs5h funaria, U.UuZa
iruaitacuua, anu J.Luds otﬁgr cunpouncse. baits were fed tur 5 ;ays un a tree~
chwoice basis (iLab Cauw was availaole as Deiole), and Dail coasuugtion u;s
recorded dailiy. dnticoagulant;Aiileu Tats werle feu Lu Owis Lur perivus of

i, 3, v, Or iv uays to allow cuwparison of various perious o expusure Luat
scetied likely to oe enculatereu ia the fiela. Lndused rats were fed to tie

owls caca afteravon; portions not eaten were uei;heu alld recorded tiie next
tordiug, including an estizate of the fractiuﬁs of aliuwentary’ tract (contaiuing
pussivle unuosorved toxicant) aud of liver (coutaining tue wd jority vl aovsorveu
toxicant aund metabolites) {5). The experiment was run in three parts: d.,
fecediag of dosed rats for 1 aua o days; Z2e, feeding of dused rats for 3
and lu uéys; and 3., replicate of (2). In eacu part tuere was vne owl el

-

toxicaut for eacn feediay regime plus two controls. Species of ruts fed to

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

Uwls were odtaiued frou the brecaing ;olony at Patuxent wilaiite wesearcu
Ceater and were housed during the experiment iu indiviguad guuour Cdnes
measuring 33 X 75 X 01 cue  The daily ligut regiuwe in paris 1 and 2 was
lluzliu, out ia part"lkit was luL:l4u (to 1nﬂibit pussidle developuent ot

the ponuds, since the uonth was darch).  buring "dark"™ hours, o wooded 7 ife w
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bulb provided slight illumination. Pre—experiuental weighits Lauged ftroon
425 to LUS g (Taole 2); poSt-treatuent weignts had not chauged signiricantly.
Cuagulation indices were mcasuredva days before dusiug, 20 days after
first dosing, and (part 2'bnly) bg the 3ra4day after the end ot dosing.
Pre-test coabulation times ranged from V.25 to 3. 35 min. bltdb that dieq
.durlng the gxperannc were neétopsled on the day of deatn' oula that
survived to ddy pav) wete sdcr1t1ced wléu cnlotuforn anda necropsied.
~all four owls_in_tNe prelinipary trial displayed aﬁticoagugdnt poisvaing,

and three died from nassive hemorrhd'lub (;able i) Loabulatlun indices
on day o were elevated by 22-34+ min; in the survivor, recovefy was oaly
partial py day lo (o min).

) La tie priacipal experiment, six parn owls died: tive ghat were fed

orodifacows rats, aud oue fed bromadiolone rats (Table 2). &iras fea

difenacoun survivea, but those on b= ana lu—day feeding regiues neuurrhaged

[} ’ .
(Table 2), oue of then (uo. 413) severely. oOther birdas feq bronauiolone, and

all those fed rats poisonea with diphacinone, funaria, aad ciloropuacinone
survived without apparent intoxicatiun.

ﬁﬂemurtuages occurred taroughout the cafcass, incluuing subcutaneous )
aredas aad visceral organs. bublethal lesions were siuilar to leth&i oués,
but were less uumeroﬁs anu severe. Unl/ dead oirds, huwevet, aisplayea
hemorthdﬂe of‘the heart wall or distension of the pericaraium vy clear or
plovdy fluid. The coagulation index was elév«teu (1U0 min) ia the oird
saupled sunortly befure_deaih (nv. 57); other coagulation indices were
witiiia normal range. - . |

we lidve denvnstrated a.poteutial hazard to aviau predators of

secoudary poisoning by four anticoagulant rodenticiages. brouditacuun and

brouwadiolone were lethal to some barn owls, aud difenacouun pruducea

AN
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sublethal hemorrhaging in this species at thé levels tested. The only
compound tested on three species of owls, diphacinone, was toxic to
great-horned and saw-whet owls during the preliminary trial, but not to
barn owls in the principéi experiment. Possible explanations include
interspecific differences in susceptibility anong the owis, or differences
in prey species and hence in nmetabolites presented to then (é). However,
we can draw no conclusions without further comparative tests using'a
consistent protocol. ' |

The effects of anticoagulanfs on rap;érs in thé field remain to be
assessed. Thé anmount of toxicant‘ingested by rodents under natural conditions
1s probably similar to that under our regime (free-choice bioassay of e;ch
hait at registéted or recommended concentrations). A iarge-scale confrol
program also exposes p:edators to poisoned prey for a nunber of days.
}herefore, seconéary poisoning of téptors by anti&oagulants under certain
‘conditions seems likely. The effect of a piven dose on bi;ds may be exacetbafed
by condifions in the field, inciuding stress, changes in d1e§ (9) or increased
activity (10). Minor injury can also increase susceptibility, even if the
injury has occurred before exposure (owl no. 253 suffered massive heno;rhége
at the site where blood had been sampled 17 dafs earlier). Caution is
1ndicated.i? the use of anticoagulants for rodent control unless toxicity
"tests have shown that little danger exists for thg combinations of compound,
predator, and prey species concerned. This {s of particular concern

vwhere avian predators on rodents are rare or endangered.

Vivian M. Mendenhall, U. S. Fish and ﬁildlife Service, Patuxent Wildlife
Research Center, Laurel, MD 20811
Larry F. Pank, U. S. Fish and Wildlife Service, Denver Wildlife Research

Center, Wilo, HI 96720



“fa

5.
6.
7.
8.

10.
11,

'Mendenhall 7

Anticoagulants discussed include 4 registéred as rodenticides in the
U. S.: warfarin (3*[a-acetony1benzy1~4-hydréxycoumarin],
diphacinone [2- -(diphenylacetyl)-1, 3-indandione}, chlorophacinone
(2~[(p-chlorophenyl)phenylacetyl] =1,3~indandione), iumarin (3-Ca~
acetonylfurfuryl)-4-hydr0xycoumarin], and 3 experlmental ones:
difenaconm [3~(3-p~dipheny1-1 2,3 4-tetrahydro-l-naphthyl)-k-
hydroxycoumarin], brodlfacoum (3-[3-(4'~bromob1pheny1~4~y1)-
1,2,3, 4~tettahydro-1-naphthyl]~4-hydroxycoumatin), #nd‘
bromadiolone (3-[3-(4* ~bromobiphenyl~4~yl)- 3-hydtoxy-1-pheny1propy1j-
4~hydtnxycoumarin). Use of trade names does not 1mp1y endorsement
of coumercial products by the Federal government.
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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)* . deatn
Great~ 1271 175 . 5.5 -
hnrned 1226 - 156 4.1 14
1135 143 4.6 14
Saw-whet 110 156 6.1 7

’ [ -
* Total toxicant consumed by mice. .
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