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ABSTRACT: Nt% .tppr.tie Illifc iarkinri ssllh iltzrVSccnt mic %ere e,­ilhc chl l'als 

atl liunedtisllit tlaknl',l Itc, h s tf fluor ,inchtimnattgrplhY. tissne e!x­the izni tr% h. atn 
.fltnl tt iitll erlt itrt i, i -\-tjitiiiiu t irti/dt't. p wiall c, . dLtl 1trcllh intato.Q.ill chr 

l ClfI , , hit l~t 
foulnd to b ' Ijt,< = l 1,10 tll l l-, , It k 
raph\ VNtIClI ,tA '11 IQlll,lttIC 1111 l I01,ic s tused is.1 tIalrKe ;jtl %its 

d t .it mI i i'l4 ,ijlllll \l td <clih ils lil t1 I (t"Ie ,a 

long-l i lttiiQnin t'kr , e \tic ( aim , 11111,ltl Ctir lie le in­/lira .lAS 1"tr t Cht, icOt %;ts 
gtested tralk ,ii , , iic lt i.irihlc ile tuse ,tile alvit lmcthotd prset tt . 
in tttltiliatii'li . ifh flul,rcsccll 1hciiiictl. still prltstld re triLhers inld nitltl,,tcr, %%nih 
tl,iiito l .1,j%, , ItA., ,%tdlfc ih p iluli le \stcitiiC ililkilw ti, hair ts lii 
tric t f ti-t k , li t t' lC\1lh d hillit' f .!.0, ,1 Q. 

KEY W'(ORI)S: Iluorcsccnc. iarker. hld,cl\t,hair, bait. quinltcriile. rhlidalnine 13. 
rat. Ntarlin,cttsie. \ertchrate pest contriol 

The purpose of oir research was to examine new ideas in wildlife marking 
that could result in d(vehilpnlent of markers and techniques that would ad­
vance the field tof sildlife marking. 

Fluorcscent iaterials have been used as wildlife markers for mlany years 

I1-51.2 Their n,es include bait identification, direct application to the ex­
terior of tile aninal, and internal marking of the digcstive tract and excretory 
products. Flhe marking of bones and teeth has been accomplished by inges­
tion of an oral antibiotic or selected fluorescent dves [6-81. Hair has also 

anI6so research chemist, U.S. Fishisand respectivelv. Denver Wildlife Research ('enter. 

Wildlife Sermice. 
The italic nutimbers n brackeis refer tothe list ttf references appended to this paper. 
ind Denser. (lo.S)225. 
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Ct-',m,idterble lt2 iltlt a iit ,iti s,,ite imi" .;tlllI't s c llip tllidsrcIeLi i tt2t-I , n 

.
i Ilt'ttfftt i',t", tt11 Irot ) Aiftnt I iift, ,tI ii 1 %t Iw',i.ica ii / -citNt I lit 

,'tit tti- t ,i' i ,It.q)i +.'thtih t i, 1,1tif,r er ;rIt!eqcNtk [ I, il,c' ItItI '] ' ! I i,.l' L', 1' . t . LIt- l 124. Ohlll ., Iitt iit.d i ot ' c " ,t t,I t"111 1.% MHd kll-g. ­

rat . were tie qh C'titaerc tIIi t ,lrIIcIII. 0 1 . 1I .c ,.I0I't 

w gavI,I ' ut' I I , trI. 2 ml pr t tIIT.Ih ts t reITtt 
' II

' 
IIt~ ,, t L+', c I IIt,+ t.' It", :I 'l tt 1itI I' .,. 1t1. Ii' it11 11 1+1t. - IL C I I I+t' Itcc 1 

l , , ,1 , Lie)ill l t t ,'" , Iq ,I , I ii . r I, +, . ( Ili,( ii tt1L+ t 1 1Li Lc' ,t , I , : IIIIt 

I),t . I , t:r1',,/CL - t .'.1. ,,11 i l~II u d ' I, tI. c I%It t,tt11 ICk.I<l r ,, 1 ,I % I c ,." 

II 1i' l il.1: ! q,I tr ~ait I I l l l~c . 11, >, t i'cL , l q'' ., I:' ' ail c' 
-

1 t I.~ A c'il t, +t ~,,+.C tI ,'11h l''t C IIt ,i (L tl I I} lt'rot~ i li I , < ,I tn 


IIv k,+ I I.i..,ll c . 1
Li.l tIIr 

, ,,\ \'l'A W C ill 1. 

hfIu' cj ltI II +II ,,, i, ,ll~ .IIII h I IlI i I II -IL , l< b1 Id itb -

I h il !h~litltIh ti1' Cillti Tr, o-tll CItC d ;"I .' I ' 
' 
I
+ 

(1111, c+Xj1L'rilll 

Il~I~t kIk IIt itIIv, 1 kctI IIIr .IIcIII . I Ar )crc'(\1k 1 

. I,lll IIt ! IIId h c i l 't .+tltI l,,I -,.CC I i *!!' 't ,i !]1Itt c ! )I, 'k II, .c I)[ x t )I t' Vii 

t ts.!t,. 3,t . int~ .u'eititln ,t iai t3.',, , hi u ra., ll2, ti ,+'0 ,'. mantid t .Ier l ortytI~~c L, I!, . II ,ti I,.I 111& ' i 'I'tdl ,11M ,"i. 1 . 11 1I , I iI t. C1llt A ,lI II ", h ', 1 INtI ktl l ' .NiC 

I 	 I .q p , u rI+ti~ (! It Ii ~ ' II J Ii~ i l ,'l, tit' C ! ,l 11 ilill1 1, il 11 n ti,-11 1 
<

\ ,i l d1 (itI, < Iit i.: IIIICCIIIIAlt l i -eI ;il-tildl-C ! it 11~'l".1, iict " dli:i.I rl , . It,l r 

,1 1 th,.. <h fC ' In, c ii',\ l Ill tIll! , I :< t 1 . Ic .t It(l)')I,tl,.;i ;it t It ,II , , o!I It 
,?It	I lIll l ' " tit , it (,1 I it. - 'q1 i lidI, Ihll ccIi r t~t' t ;Ill I 111(i ;1( I At
 

(itlt It " tc,% IILl +I IIIII ,II t'iii l [ (<I it IIc t I .i :, ) 1111
i It i I lL~t',' 't ; 	 im i 

L. It~ 1+1 ,'+ t<'.iitI111lid'I't_ \wJthI LI ' t, J'l 1', WWtl t'W [t', L' t~ t ; l 'i t 

e W - ih ttr+ i t ()I 1)ot I i Ilt c lhhqiic t i ck kill 'i (il ,k di l. li %. ). R'I" 

IIc 1 r p r t Il itI.(\o i'r 11,,' t1() r<. i t I tlo i. , tw,,- ii>)I t I) ;i )c I,l\\i h 'k i t%i 

Lih,i,;ltiil",t l llh o(.6 +,l.iil Co i Iht C111,iil f itj qti itiu 11il<i' ll . [CLI 1'r.CI( 

Lill lCi l1,!.' S ,tC '.S011601. le , Co, 'll 1t.'1100 ,d ,lllllltld 0+.05 1111 Of .0_ 1N I 

.I ht'l)tt~lr p rri c, ' 1-111 blood,+h llplet,t c lllit ) . .\' plecw tTic,, Itc Ill i alut t 

ti 0lO., 10, mill . 0 1i)II quinllacrill.' 

:illbin tt nc .iton­.. Foul.t 32.1;, ILI .1 1t0gI. minitainel.d onl at C m rcia.l ki' ll 

ra.t f~lx/tt. ,,\ic,r. do,,c,! %%ithLt l t-li i t: dihvdr +chhiride' a.t 0. 0. 1, I , a.n (1t 0 

Il+ k,12body we'ight. lThe"gai\v.ige w, uicl. was.b 0.2 nil per It)W T.lhe ratsl were't 
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t+'t-


ft'om til.t: leftI relitl %+tc' l %.kith +,ltIV1. t Ih+ ',+I u VOill tII 

kilIled \\ it III helil nIfo l I ." 1h atIt:.r ItrvaIIIt I I I . ,trIo t )IqI, ,.11111) , ++s d ram++n 

I ,IT , '+,.il-t. I:CNtI d 0. 2 

fill ~(1 O.IA \l ',,id itlIll IIl,', t IC. Il, lI r,.+,.'llt ,+.hIt In . l it(' !1,1,11 ++,,hl]11L (tl ,cath 
bhlood ,,al+]pit+dt'm,\ l p+Ill 
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-. I hr. ,+!IA].Oq1110 05 l,t o 02 ' . +l ' l lilt- 2 andf S,,t1hM H'llQS ' +'l h1 

tht+'l i,,,tcd I++v ,i# . v. lth jIII1I,Ttilt+C i+d t h r, It+ (), 1. ,mll W( Ing kg 

bod +%vxt.'i 11t o ,A]LIt C(.'L I'+lM t. [h..'tilt_ ',+ 1C , ti.,t.c I(W"\If,,b1 + t,.'+'ht t+l 
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It+ lt i 
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' 1,11 

+ 
',', . + 111,11 tli - 'ifld Ill tId *-,Cnt Iv* v tU I.' Ir,' l I l. (it 

111~k,.r,, i++.t,. ! ..... ! i L ' IAL'dtt I)Ir, I.h ,11 h 111 :1 Lt, '' t: 

11111ill (1 t111111,. tI. ,-I ,-,,I' l li,,,,d *,, IICil. ',).4", CCSSL"'-, t t ~ iq ,+*. I l c 

tO F tilt' , ti1 1 c k ,. t ,+ h t i l l l.r l* AS *. +'.' t *'t + lh , t L*'t At Il.._I. 1:111.( 0 ," 

I[Ill , ,llilctl j I: l ', + thlc t t, V LI,. l, l "l. T . < . + m". L(U%, V. , if ll 

.UIld rt+',hL I l 1 ;,l ,' '.t,,,' 1 th lr ,I h'!' - li. + llhtr++ tih*.r ( lI I tflU" 

;'13 . 2 \ I NI.,itti-d O++.X . i,,t;, t11tl , i ll( ;"1) 1lll hilt*'. tild Ih,.' "++*'I' ll 

Ilr-, lihl t l Irtu k-11Il.' 1t,11lll~i'l lilt' Illl,,rt_"I hl.'ll at h10 !1111. 1lhit, il-

It: m il't tit'll -.',1rFCC " ~l +I (i~nt+'r~l tlltt' i~ild 't t+'LCur\Am Mt I I'ltk.t:C 1 .1L'U 

lallltp \Litll htal " , l~ ' 'i t c mlt i' miq It .,t)() 111l1 ;tlltt .111 ItIClCU+'v ll'\Clt'','t. hi+-

Siont litc.. 
0', .\A i lr l. i~il 1 ,,r t' dIW l;*Si', (11 thet. L.'*\­,, .hrn , Itd , +h,tlI'*,, t*.I t+Il %LAN ti,+'l 

trA -+'',l" Il ,I '+,tid (11 +L',I 1,1:' ,  
,tlltil S+tI t'J ll"',.. Ilil_ ", t.'t' + i', Ai 111I d ll iL'; ii, l Ill 

thet_ ,.1,t+' -SU' W~u , t -d*I,'\ 1.\" A llln d : Il+,u ll 11.1'1 Atud P'.01 1 -It. \Vh,0tn1Aul 
•

N ot. I lihtlu' ipapcr ,I- I .1,111ihlml *+ii gc.' ,c.hrI- llita t rll Il lthill-i~t t.l S,,hu t+'
'+  %k.ere 

Cut ilt+ l0 1 , 10t1%tn-11t ( ltk' 1111111lhr,+C (, I PI AIt+1th,,d %k'+h,, illIt.lICL-,d 
.tile h ,ttill il t 0l + -111;1 T k h)i+II I*c l l iCt+'litru*, t+A1.' W -l, ,dl 11%1 SI'I , il I 

",,it,+1"11C C\',,t > L I ' rStr,' c l on ill ,l'i Hi lh l c S'trip) \\+a",W !: ,, Cjc t.' l a \kt,.r i 


lahL'd l i ' tile NCt'++%tC( r t'0t1'h l*0CI I. \ hJ,, ttt+r
ltth ,tild lid (,)it uItIC -I)M \++u,.d 

lK*,. ( +-llnlP Lil~t4+ lI.Vt IilIht CL, I VICC IIt+.tt IC I t ,,( .Itl I++ll'.t C 1F sporc+,.tU 

,,It tOic dt.',.t+. pVc ,Strip,,. 

.AISt,'10' .\hlrkin,., ,,t Cmw,,' with Ora//y I)..+c, Rlifidamlliml< B] 

17). l m d\.C% '+11011 Ill,tk'C.d IM tile h r, ,mllll1 rtM IL,.+'nt,IW, dl, l(ISed '.++ilhl 

rh,ll ilJ11 IL.' B] tIh!'c't.'L IC l M ';nl tHIM Aj)II~t. 'C d I() I)ilo +-l . 'rt ht lt 

IM Mltllt~ l \\lith 1h 111 i*.'I 11', t11 .0.' 1IN tIIT ' i l+Jl.Q0 1' (t ,.."., (('mI l . ]'itS .'+ ill 

tilt '. %. 
\11 c', ,t+ t +ti L\ ' 'tltliks I1l IIIit ihIl1 MIill "di ' , h ) d il;ld h1 ,iiwd ill 

"11il l.qClqlk -crt.' l c t+d \I.irt+' 1)(11S. I,JhlC I StlP M++th1C t],IC' Ililt." \ I.' dl',iC. 
tile. ILIunt)lc'r M, Cli', ,l' (IIS ,s' . SC.\ q . ttSC. ,illd t1ll Id' l l ;[dI­d(Iiitil 

nllinlitrali'I, . I[ht_' rh,,I'li lnc 13 \k.;ik t4t(ibiai d Inrm i F~astiatn K ( djiS (*(,.. 

]l hJI'4lci'. N .YI. \ i .i,'ll !'Cd !i0IT-%L\C, -,00l -111111 ultr, tt Ic, tl %kas-\, 

tlkwdt I'mr thitqI-ec' 'Cltl detctlh n deltt+rai dark chith ,i' in l atl iened l'qmi. 

Q l'tI C?I ll tI I t [I lttt '1 llilll'1 AQC I L"l[ IIlll + l< !, it t cli- 1:llil%~ll'~i~il' 
W ,1, )N o2tlll 11 lI~ll~'llC~ 
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TABI.FI-Oral do.ng of cortV. with rhodanine B. 

Dose, rig kg 
Date Sex body wteight Method of Administration' 

28 Aug. 197) 1 M. I F 
M, I F 

30 "elatin capsuleb 

I(, Oct. 1l'71 1 NI, I F 5tallow-mixture" 
I M. I F tallow-tablet" 
IM. F 5 horse meat' 
I M is horse meat 
I F 15 tallow- mixt ure 
I N tallow 

, Jan. 104) 3 M. I F 30 lamb meat' 
5 Feb. 198) 1 M 30 horse meat 

I F 15 horse meat 

at a similar bait. 
'A gelatil capsule containing the do" .as administered behind the tlntl e Niih a balling 

'All coNotes fed iallio or meat baits %%ere prebaitcd for at least I %%ithI 

pul.
'A mixture of beef tillom and rhlodamiric ' to form it 13-g bail. 
'Beef tallow %ith rlhodLIiiiiC B tablet inIthe center to form a 13-g bit. 
'A horse incat and riqdarrmic 1t mistr to firm ,I.-Lbait . 
'A liilb ieat aid rlItd,iniiiic I riisnirc to for i 2nig baltitw coyote, \%'re icd) or 11.4g of 

lib icol u dailiic IR is niall amlonllit cl"miwtcott'ioed' r'hkill) 'i'ed 11 ,i 4 t s %%ere used, . 

Results and Discussion 

H ,-onm'triand Chromatograp'hicAnalysis olIliooud 

The fluorometric examinat ion f the extract of 1 ml of rat blood that con­

tained a known anloUtit of the marker demnstrated that quitnacrine 
dilivdrocchloride was detect~ale at a concentration of 50 ppb but not 10 ppb. 

Blood from rats dosed at I antI 10 tug kg body \%clght was positive for 

quinacrine. However. th, (. I tug kg blood was negative. The starling blood 

\as positive at 10 rug kg and tegative at I tug kg. Silica gel chromnato­

graphic strips gave the best results. Both rat and starling bl,'od samples from 

th-e 10-tug kg doses provided positive chrtoniatograph readings for quina­

crine with spots having niigratiotl distance (Rf) values of 0.30() silica gel 

strips shen methanol was the solvetnt. The blood of animals that received 

lower (doses was negative. 

The use of these two analy,tical techniques offers the vildlife researcher 
tulthol)ds that Lre not blrdnCled si Iihtare and CostlV c tiipntut . Fli)romil­

eters arc in laboratories. Fihe ,1rtiatogra)h equipmnactavailable manv (.ic 

described is Sml.'l artd portahlc eotugh to be taken to the field and operated 
1w hand without clectricity except for that provided 1b the batteris in the 

ultraviolet lamp. The extraction procedutc is simple and is done at atmbient 

temperature bv hand shaking the sanples in small disposable tubes. Our re­

search \, ith quinacrin,: dihvdrocihloride is in the initial phase and we intend 
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to dcvelop it as at marker that will he field operational. Th,. analytical tech­
niqIusC, thilt eled witll this luorcscent compound should be applicable to,%C 


other fluorescent chemicals that may be useful as wildlife markers. 

,alrkinti, withStm'c of (Coh's Oraflv Do.'d Rluhmmine, B 

All A)lientiLmis ss ade coyotcs o'cre sedated.Ille oit t hat ritrained or 


lhe different si/cs anrd types o)f bait usd had r'o tappare.nt Cffect L)o11 bait
 
CollnSIllptinm or marking in instanllCe onC the
sCcces t4 nexC'Itt on1C liC of 

tw( animals that tocrc offered. talllobaits containin.g tab lets of' rhodamine B
 
;lite tallow left the ta:et on the pen floor. I his type of rtaction has
the bilt 


been ob+ser"cd in ter itudic,, at outlrtvttc facility even sihen th,' tablet was
 
i 'cllI00; dkhl, , we r'0ejectiol of anly other lidanille I
irtee %%C sw 

Iris, 'Ac e.livc tht letic e'tin1 it'caiiscld by tit3C Ilardnes s of the tablet ill 
the I it. Moi tileA e ii I{,. 

I and 

co'otes+-clss and hair. All e o e, dosd at 15 or M)II1Q k biody e\iehl 
h,,d rr;arkcd cla ,. \t lhet' 1s otosc ily gir ill hQairs wcre rnarkcd. The 

F:i r'L'res 2 illisti ittilt_: to issU'es that pi' ie d hc bes rtiarkitng (f 

]lar1' Q11lard htil", Ct' t).od t\Jelliplt,. lIt .5-tig kg'those did not makC itVis­
ible mark claws hair. harrIs .le in
wi tor lhICfluorece.,Ctnt ,itt cliws V'tried 

oihh frirm Ito- mii. I1, ri,,
wine halir wis imarkeid .it i at hand that was i 
traclitil (o! at iillillictr'c eI est lid ilteil ill eith%%idc at it" l,. iilteis'it, s)read r 
dire'ction tlitil it itle (out. Booth classs and grmwxiiglhatr sscrc irarked 24 It 

1if er dwl, . Ilit 111.11k (, .a C he ,c Aitihis, time by hiihii1oul 

hack the It b f class. sa1ru ( 21-l,kin at e se It lilt' o'() ltiC 1l 1,ai' at tilt' irite ial 
lie hitr %aas polld (lut odtilielbasietilind.i .A" lath ela:'s and hair Qt.c\, 
tire lurid \o~as ii h e hiidden As, at tile 2 !-h irt ilid asdtlctable ill 

lI er cd i lirt tisc r'r htlhk ill clis , iril lr llwitcarit t) result 
fri Ihr'in t'iq at I rlil iC !.,(W its niet'iAiAihtttiit,'ii th 'l rciuluini hii . irit 
tihle sructl ire. linrary had cotiiriied that the bindstisuc IPrc, rc"Carch riot 

cmitlied lhrldalitt 13. ie bati(k were firmil iaclhed to thC tissuC aid the 
,
tttIsIt, Iit i 's [he 

clas tlid hih salsc d ir ..t i tleIciI F. il ia to iolsiiliS 

miark ali otilll I,mi Ith cl (11iI haiir on( tire Co e. 
(, l c witl 


dtCt0rriltritll. I 111 he i order to
uIcesii'ty% tilehairto bt ,rinQ in) receive 
,the nilarker 1ii 1!TpCpeto, Itc a drawlack. Ilo'Alr,. oCefound thit evell 

thoUgh 1te icrel h I Ilairof a coyotc Nitpd es'.die ' hle thefur he­
ctei prime. the hir ,ctr the to' id claw %%3S still lCtiClv glMwig aind 
wasv marked 'Aihentcr aluinld was i d. It shlolld also lire rioted that thle 
citsc iiiu~ii Itiii isystrIcic maiirki s of \ariotis intensitics ointhe hiir of 
the iille. anal, alld trit;it area.,s. hwevC'r. thsCC did riot Ilast, ard the 

iarkirrg oi tlr ii/ilc might it hac been ttie to tI(e irgestiuin of the 
iii arketr. 

h1lxuI plairas fron tileiarked cosotes wc r exmined fluoronetrically, 

http:tappare.nt
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[I1(,. - ( 'Ft' ~~Ia, , h I ,re'st-cm VipiI ) ,aif fer anl ,hra.ldu v uf 30 eng kg rhida­
mitne' 11 11h it, leii, IIh N, 1., t mn- I 

and hair samples from tl ,.e coyotes were cxtracted in various solvents 

and the resultant samplk.s read on the fluorometer. The plasmas provided 

positive readings for unlv a few days after dosing, and the hair extracts, al­

though positive, never provided a degree of sensitivity greater than direct 

visual observation of the hair Undf.r Ultraviolet light. 
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4I
 

FR; 2-- , ,t'rd hairn itwh ahr.cnt band /4 ,ly..i n with 30 mg kgut'r r:d , ivs, 
,11jafJ
mtetw 11.
 

Conclusion,, 

Wc 'chicvc that this iwirk with new marking techniques can le expanded 
into st:ftd methods for field application. Both researchers and managers 
should consider the use (of fluoromctry, chromatography., and svstemic claw 
and hair marking as a means that is available for marking wildlife. The 
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stisstemic rnarking of hair iav Cxte.ndI hvond tie use of fluorescent Clonl­

pOmLIi arid dvClop into i %mr fuI rtar1kinl t.Chn1tri,lne with nonflores­

cent chemicals. We kno-"%hat tllhere is tile potential for a ]hole host of Co11i­

pounds to ie svstenlia.'vincorporatd into hair. Our laboratorv is , r)ing 

we%_on methods of idcntiiyhrne, orQ+anic compould, i hair, and arc hi eful 
echtiqr;. ill deeioped allow detection simallthat ,coton ial \,,1 Ilc to of ,erN 

qLUaMitiCs Of chicIicaIls that ha\e been sstericAllv incorpoirated into hair. 

.. *kn,wh,' .4,'i I 

lie duithlors acknio,,iiClc c J. I). l",itets tor his o pet' iot1 in ptoviding 

methtds for haits, mid oticanilitlatioll assis­

tallce. 
Portiots oif this rescatch wvere cotIdtctCd \\ith funls provided to the U.S. 

Fishi and Wildife Svire hIs 'lie Argetics for ltrcrrratial Dewhuipment 
under (ortract PASA 11) I\tB-4-I-ti--. ",tii';I if Vertebrate Pests." 

bait forurtlatiots., delive' c,, , 
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