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SECONUARY PULSUNING UF OWLS BY ANTICUAGULANT KUUI:'K\'T'LCI.DES :
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Rodent control poisous that kill by causin, heworrhaye are widesy
used, and avian predators mday capture puisoned rogents. uwls were ica
rodents killed with six anticoagulant baits. Four conpounds les to

wemorruaging in suvme owls; heworriiaging was lethal with bronovdiolone,

#

brodifacoum, and diphacinone, ana sublethal with difenscoum. WU auverse

effects occurred with fuuwarin and chloroptiacinone.
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anticoagulants (1) coustitutc'UV¢r YUw. ut 411 Tudent polsuvns used in
Lie Luited States (). The cdmpuuuds cause heworrtage by viocking SYutuesis
of ciotting factors at a step involving vitanin n (3). dSeveral Udys are
norzally requiréd after foitial in&cstiun of the anLicoagul;nL velore stores
ol facturs are exinausted aud SyLpCous dppeals Tue deilayed activit ailows

poisvned rodents to remain active aud available to predators for several dayse

- .

T Tals puses d potential bazard of seconddry poisoning, in wuich predaturs

-

igpesl Luxicants that are prescut iﬁ tissues of their prey rather tuan oy

dltecl intake. aiscellaneous accounts of sucit poisoaiu, iuciude a catl ang

POSSidlY shunks tuat died frow wating prey containing uartarin, Fals Llrouu

cat iy yr9; containing difenacoui, aud wmink ang UupS LIow caliiy prey

Codlasiiag Cive different coupounus (1,4,51. wugs, however, were uut atlectea

+; wallaCin=poisvied mice (v). anticvagulant secondary PULSULLLG awoliy

VLTS VI pray h;s not oeeu reported, and Was exauined auring tue prescut studye
¥

In a preiiuinary trial conuucted iu 197U at Ulyupida, wasuington, tarce

ofedl=Gurued owls (bupbo vir,inianus) and one Sav-whel owi (Acyulius acauicus)

.

were cach ted two diphacinoue-nilled wice (Perouyscus ianiculatus) Ually rour

2 Jdays. Hice had consuued a letual dose of toxicaut wuring a lu=~day free-
cuvice bioassay. rcacl nouse was fed one b dally o1 an vat=groat vait

-

contdining G.ULlL aipuacianone (7), aud individual bait consuuption was N

®

recorded Jdaily; usuused Pu;iuu Lab Chow™ wus also availablc'ﬁg'iibicuu.

UWis wuere fed two puisoned ulce daily tor five ddys, roliovwed oy caiceken
hieads on each test day aad auriug 4 suusequent LZu=uay voservatiou Pelivde
Logplation wus weasured in dl} uwls uu days U (pre~treatiucut ), o, aua it

vlie 6rc#t—huruuu owl, ou days 1) ang &2, wsived (Uel cc ur 1ess) was cu;‘cctcu

Lruis toe vractial veiu in a Hou~iwparinized uwicrohicuatoert tUuue, olid way

Ledsed witn o wwouked aeedte watil tie. tirst Stliatu ol Ltiotin appeateus  cals

Ay
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provided an lndex of coagzulation time that was reprouuciosle to witain L min
for norual coagulation, a sensitivity surficient for assessing anticuagulant
intoxication. Norual tines were approxicately 2.0 miae

In the principal experinent, 3v barn owls were fed rats (rattus

norvegicus, K. rattus, and K. exulans) captured in niiv, wswali, anu poisvaed

witn diphaciaone, cliloropnacinone, funaria, ditenacout, brusaaiolune, or
orodifacoun (1l). Individually caged rats were tea 0dt=grodat paits coutaining

repistered or recomnended concentrations of toxicant: GeUclSa fumdria, V.UuZa

o a

vrodiracous, anu U.uvuds otacr COLPOLNGS e Bails wele Led IOT 3 Gays ol & Irec—
choice pasis (Lab Cauw was availaple as Delure), afu Dail consuugtion was
recurded daiiy. anticoagulauc;kiileu Tals were feu Lu uwis Lol periovus ol

i, 3, v, or iv uays to allow cuwparison of various perious Or expusure Lual
sveued likely to be encutatered ia the fielc. Lndosed rats were red to tie

owls caca afteravon; portions nut eaten were welghed ana recordeu tne next
tuordiu,, iuncluding an estimate of the fractions of aliuentary tract (contaiuing
pussidle unadsvrved toxicant) aud of liver (containing the wajority ot apsorveu
tuxicant aud nmetabolites) (5). The experineut was run in three parts: i.,
feediag of dosed rats for 1 aug o days; 2., feeding of doused rats for 3

daid 1u days; aud 3., replicate of (2)e In edch part tuere was ovoe owl rer

-

toxicant for eécu feeding regine plus two controls. Species of rats ted to
‘each owl were wixed, except that all in part 3 were he eXuluus.

Owls were oatéiucu fruou the brecuing ;olony at Patuxent hilalite nesearct
Center anﬁ were housed during the experiment iu indivisuas gnuuur Cdnud
measufiug 33 X 75 X b1 cue  The daily ligut regiwe in parls 1 aud 2 was
13uslly, but in part 3 it was luL:l4b (to inﬁibit pussinle developueut ot

the youads, since the wonth was darch). buriag “darh" lhours, o wooued 7 ife w

\S
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bulo provided slight illumination. Pre-experiuental weighits rauged trouw
425 to 6U5S g (Taole 2); puSt=treatuent weignts had unot changed significantly.

Coagulation indices were mcasurcd-a dayé betore ausing, 20 days after
first dosing, and (part 2‘bnly) bp the 3rd day after tie end ot dosihs.
Pre-test coagulation times ranged from U.25 to 3.35 mih. birds that diea
durzng the pretlanC were neéropsled on the ddy of deatn, oula Lhat
survived to ddy 2V were sacrltlced w1£u cnlotoforn and necropsied,

all four owls_in_tne prelinigary trial displayed ahticoagu;ént poisunin5,
and three died from nassive henorrhaging, (Table 1). Loabylatiun'inaices
on day o were elevated by 22-34+ min; in tﬁe shrvivor. recuvefy was oaly
partiai py day lo (o min).

In tihe priacipal experineut, six oarn owls died: tive ihat were fed
srodifacows rats, aud oue fed bromadiolone rats (Table Z). tiras fea
difenacouu survived, out tiose on b= and lu—day feeding regiuwes tenorrhaged
(fable 2), oue of then (nov. 413) severely. Other biras teuvgromauiolone, and
all those fed rats puisovnea with diphacinone, funmaria, aad ciilloropuacinone
survived without apparent iutoxicatiun.

'Hemurruages occufted tuaroughout the cafcass, incluuing subcutaneous -
areas aand visceral organs. Sudlethal lesions were siumilar to lethAi uués,
but were less uuneruﬁs anu severe. Unly Qeaa oirds,-howevgr, aisplayea
hemorrhage of’the heart wall or distension of the pericaraium vy clear or
plovdy fluid. The coagulation index was eléVatea (10 win) ia the bird
sampled'snortly before deaih (no. 57); other coagulation indices were
withia normal range. . . o

We lidve deuvnstrated a potential hazard to avian predators ot

secondary poisoning by four anticoagulant rodenticives. brouitacoun and

bruwadiolone were lethal to some barn owls, and difenacouu pruducea
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sublethal hemorrhaging in this species at tﬁe levels tested. The only
compound tested on three species of ouls, diﬁhacinone, was toxic to
great-horned and saw-whet owls during the preliminary trial, but not to
barn owls in the princip&i experiment. Possible éxp{anations include
interspecific differences in susceptibility among the owis, or differences
in prey species and hence in netabolites presented_tolthem (é). However,
we can draw no conclusions without further comparative tests using-a
consistent protocol.

The effects of anticoagulants oh rap;érs in thé ffeld remain to. be
assessed. Thé amount of toxicant ingested by rodents under natural conditions
is probably similar to that under our regime (free-choice bioassay of e;ch
hait at registéred or recommended concentrations). A large-scale confrol
program also exposes predators to poisoned prevy for a number of days.
Therefore, secondary poisoning of réptors by an:i;oagulants under certain
‘conditions seems likely. The effect of a given dose on bifds may be exacerbaéed
by condiiions in the fielq, inciuding stress, changes in diet (9) or increased
activity (10). WMinor injury can also increase susceptibility, even if the
injury has occurred before exposure (owl no. 253 suffered massive henmorrhage
at the site where blood had been sampled 17 days earlier). Caution is
indicated-19 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 is of particular concern

vhere avian predators on rodents are rare or endangered.

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

Center, Hilo, HI 96720
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1. Anticoagulants discussed include 4 registéred as rodenticides in the
U. S.: warfarin (3*[a—acetonylbenzyl-a-hydrﬁxycoumarin],
diphacinone [2-(dipheny1acety1)-l,3-indandione], chlorophacinone
(2-[(p~ch10iopheny1)phehyiacetylj-l,3-indandi0ne), fumarin [3-(a-
acetonylfurfuryl)~4;hydroxycoumarin]; and 3 expefiméntai ones:
dlfenacnum {3-¢ 3-p-diphenyl-1,2,3 4-tetrahydto~1—naphthy1)-4-
hydroxycoumarin], btodxfacoum (3-[3-(4'-Dromob1pheny1-4-y1)-
1,2,3, 4-tetrahydro-1-naphthy1]-4-hydroxycoumar1n), and
bromadiolone (3-[3-(4' -bromobiphenyl-é-yl)-3-ﬁydroxy-1-pnenylpropylj-
4~hydroxycoumarin). Use of trade names does not lmply endorsement
of commercial products by the Federal government. |

2. W. E. Howard and R. E. Marsh, Pest Control 42(8), suppl. (1974); National

Research Council, Public Health Study Team, Pest Control, Vol. Vv (1976).

3. R. a. 0 Reilly, Annu. Rev. Med. 27, 245 (1976).

4, Discussion after D. G. Crabtree and W. H. Robinson, Trans. N. Am. Wildl.

Conf. 17, 167 (1952); J. 0. Bull, Proc. Vertebr. Pest Cont. 7, 72 (1976).

5. J. Evans and A, L. Wara, J. Am, Vet Med. Assoc. 151, 856 (1967).

6. R. F. Prier and P. H.'Derse, J. Am. Vet Med. Assoc. 140, 351 (1962).

7. W. E. Howard, R. E. Marsh, R. E. Cole, J. For. 68, 220 (1970).
8. M. G. Townsend and K. A, Tarraﬁt, Xenoﬁiotica 7, il4 (1977).
. _—0~sca /

9. R. Lalibérté, S. Chakrabarti, J, Brodeur,li. Pharmacol. Exp. Ther. 196,

194 (1976); H. w. Colvin, Jr. and W. L. Wang, Toxicol. Appl.
Pharmacol.‘zg, 337 (1974).

10. A. J. oliver and s. ¥y, Wheeler, Austr. Wildl. Res. 3, 135 (1978).

11. We thank D. C. Smith, S, M. Brown, R. N, Berthold, and D. N, Hirata for
technical assistance, and S. D. Haseltine and W. J. Fleming for

consultation on necropsies.



Table 1,

Secnndary toxicity of diphacinone to owls.

Owl Mice fed to owls Days
wt. Total Dose to

Species (g) wt, (g) (mg)* _' deatﬁ
Great- 1271 175 . 5.5 --
horned 1226 -156 4.1 14
1135 143 4.6 14
Saw-whet 110 156 6.1 7

4 - -
* Total toxicant consumed by mice. .
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