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,ABSTRACTC. 

--t wetgjg. -. uwre:s.eveyeopedi~t ldl) 
-te on hoiuse sparrows '(Pass~er' doinesticiTh) in 'Coldo'ado., f Radio 

telemetry -studies with birds as small as sparrows are uncommon. 
The radio s design i ncludes a 2-wi re antenna (10.2 cm vertical 
and 7.6 cm horizontal) and a Mallory RM 312-T2, 1.4-V merctiry 
cell. The battery life ranged from 2 to 3 weeks. : Stycast #1090 
with' catalyst #3 served as a lightweight sealant. The maximum 
ground and air reception distances -in agricultural habitat were 'I 
5.6 and 30.6 km, respectively; ground reception dis'tances in an 
urban/university environment were between 0.5 and 1.0 km. The 
radios (with leg, streamers and altiminum leg bands) weighed 7-10% 
of the 25- to 30-g sparrow' s body weight. Radios glUed to tle 
leg. Although birds periodically pecked at the radios and expe-. 

rienced some initial -flying difficulties, the radios did not seem 
to affect subsequent flight nor disrupL'normal daily 'activ. 
ities. Birds with' radios appeared to have the same general 
behavior pattern as' birds wi th leg s treamers. 

.INRODUCTION/ : . . C ':! : : , . . . ,, T " . (. 

JiJdLio a valuable technique''for monitoring, behavioral activi
e Because of the importance of behavioral data .to better under

standing bird pest problems, and the usefulness of this information in effi
cacy evaluations, radio telemetry -is now. often. prt of many b ........ 
:L=. operations 'in the. United States (Br(ay 1973, [lesser 1.978, Besser et-,l . 
1978). Radios as light as 3-5 g for following red-winged blackbirds ffC":: 
(Acjlaits' phoeniceus) and starlings (Sturnus. .vuljaris) (Bray 1973) pr/sently
: :] beare,i ng used. Similar uses are envisioned for studies f red-billd qUelca 

to cereal in] ca, but 
a..limiting factor has. been the unavailability of i small radio 
Package. 

(Quelea quela)., 'the most important bird pest crops .... 

p 

Our paper reports the results of preliminiary laboratory tests with red
billed ,'uela and initial field obiservations witih I)ouse snairroWs (.Pa'sser 
dces ti cs) eva 1Luat itrq. the potenti al of r adi o transmi tters wei ghi ng17/ 119 
g inl ro r i research i nvolving siaII ps.brin sp"ci es. ,Information 
on reten tion, al:ac hine t t and recep Li on(and disprferred me i1eiod, nrackinri 

radi o I[I'i was ( I i1 .1r i 1 NI(IL't nces of t he . 1 an ILers oh1:I It'i - *1d ' att1 
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.,Denver Wildli fe Research, Center (DWRC) Iand'J I a,Z(~ and "Sudn,,J'cais0d
The possib lityof,behiavioral rodifical ions by, the radios was
 
eva Iuated 'in "the field with house sparrows a&I oritL Coil ins, Colorado.' 

The influence of radio packages on t'he behavio'r of, the study animalis'a concerna eways for,, whichhere is a gei l absene of controlled fieldstudies' (Hayne! and Gray 1979). reason, .For Tis AIC61uturier et al. (1979)
indicated,,that radio packages weighing no more tian 2Z''of the animal's body
weight, were,,,desirable. .This concern, however, presents problems for studies
:of small' passerine 'birds. Except for the 1.7- to 1.8-g radios used by flaim*(1978) to foll1ow movement s or brown- heaoed cowbi rds (Mol othrus ater) , a 1. radio used in peregrine falcon (Falco ere 
 rinus) movement stuJi(e (Cochran1975), and the 1.I-g radi opic e ocha 1980) such iiatre radios
 
are, not commonly available 'or regularly'used fo'r birds' as small
quenea house,sparrows,- Accordig ly, s red-billeddnd remotQ location studiesaof very few

erml lpasseri ne--spec-ies--have beenr con- ctd
Bray et al. 1975).. 

MATERIALS AND METHODS 
Description of radio transmitters - ,. .. 

Radio transmitters lused 
in this study were deVeloped at DWRC. A..s.he
matic circuit diagram, components, and ccxpotient val'ues of the. transmitter.
 
are 
shown in Figure 1. The transmittLr -is
a single stage crystal controlled

Colpitts osci 1 nator.*
The miniatUre quartz crystal (Erie Technolo6gical Pro
ducts*), has a fundamental frequency near 
27 MHz. 1L
1 and ItC2 were selected to
arrive at.the desired frequency Of 16 1 provides maximum RF output at
iz, L.o 

that frequency. 
 The tuning of this circuit can be modified to other de,'irbd

.frequencies. 
For tuning ease Lo is separated from'11by1 '.16'cm. The number

of turns, on L. is inversely proportioal to theantenna length.
 

The pulse rate and pulse width (aredetermined by R1, C1, and I . The low,series resistance of the crystal' and high gain characteristics oQ2", are the 
. key components needed to produce this lowricurrent drain transmitlter (KolzandCorner 1975). This design produces a transmitter with an average pulse widthof 40 ms, a' pulse rate of 60 pulses/min, a duty Cycle o 4%,. an averagecurrent drain of 60 u amp, 6 radiated output power of 0.01 mN, and a workingtemperature range than ,18 0C andbetter -. 38OC. Finished transmitters, with a10.2-cm vertical antenna andKn 7.6-cm horzenlal ,iinlenna,weijh 0.7 g without

battery, and about 1.7-1.9 g with a 1.6-mA/h,mercury oxide battery and':11-V

potti no.' The potting material is Stycast #1090 (Emerson & Cummins,Inc.). -

Stycast #1090 is about 1/3 

:"
 
the weight of many ot"her epoxies. 

Laboratory and cage studies with red -billed uelea :' , -

Several preliniinary load-lifting and retention studies w;ere 
conducted in
a 1.5 x 3.6 x.2.1-m flight cage at1 thue 1DARC lahoratory durin1Marchland Ap il
1980 usi,-ng :red-billed quelea (weighing 19 
to. 25 g) which had been in cap ti
ity for about 1 year. Simi 1ar studies were coduc ted wi b wilI trapped c'l IL
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VerticaI
 
Antenna
 

R1 CR
 

.attery R2
C3 

R
 
- -Vw C
 

TC_ " torizontal
H 
.
jl Antenna
 

Ground
 

Battery 1.4 V mercury oxide
 

Q1 Transistor, SMT 1157
 

CRI Quartz crystal 

R1 Resistor, 1/8 O, 510 I- 1.2 MQ 

R2 Resistor, 1/ 14, 10 ku - 39 WQ 
C1 Sprague 1182D tantalum cipacitor, .47 pF - 4.7*IiF 

C2 NPO chip capacitor, 12 pF 

C3 HICP clip capacitor, .01 ]pF 
Li, L0 12, 10 turns, respectively, of AWG P36 magnet 

wire on 3.2 irn diametl r coil 
Antennas 0.546 im diameter I.wislt flex t:riple strand stainless 

- 10 cm vert . and 1.5 c(m hrIiz. ant.unna 

Fig. 1. Circuit diagram of 1.7-- to 1.9- crystal-cortrolled 
164 -Hz radio ransmnit:ter wit L vortical and horizon tal 
antennas. 
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and juvenile quce (<3-months~old), weighing 15.8-20.'2 q na 2 1.,5 x ioutdoor flight cage: durihnj Junre arid July 1980iat AruhTnr. nal 
Sest ds wereradios! 1 attrched ,itherS the base ofithe rectrices, using 

to the leg (using alumtinum 'leg'ands) or toSearsR elecrtri c hot melt glue sticks,between 2 to 6rbirds. e ThermogripR, hot 'Mel I glue previously has 
of ~ 

altd:,A ushas, Toantandaiia,.been used toInpalattach transmitters to the tailfeathersof raptors (Fitzner19771. Birds?~carrying tail and Fitznerradios' had their tail~feathers secured withSupe"-Gl ue~ to-.prevent the 'feathers' fJ~om dislodging, upon'flight.' The condition ofall birds was monitored daily -for up
was to 3 weeks and] the veight of the birdsperiddically' ecorded.

on"distances and battery life
 

Maximum grouridwind airreception distances were obtained for bothtypes
of radios In agriculture habitati ii
Tanzania, For aei al reception, a single
yagi antenna mast' was vertically mountedCe ssna between the strutarid ofnof aT i.s.. 

necessitated 'by 


185_ ai r...cra -atenna et7wase 

were 
lack ofa prdper antenna mast clamp. TailI and leg radiosplaced ona wooden fence post, and the reception distanc' 
were
obtained in line with and parallel tothe antennia 
(in''both outbound andi
inbound directions) at altitudes of, 153, 305,. 610, 915, 1229, 'and 1525 
 .,
 

Ground reception distances were det nermin'edover t'he rolling traWest Kilimanjaro, Tanzania., The radios were of
placed at roung tenrain ofrti'cally polarized (s imul tirn feeding birds), -in and on the edgeof thick'bush(simulating roosting birds), and monitored from the top ofa hand-held yagi a Land Rover withantenna dUring th+ afternoon (N00-1600) and earl]y,'evening

(1700-1930).
" The batte o er ti li :I f..'c.+ . I  .; ..! 
T; batt*ery operating, - -e and fceuency stability o
-determinedItundermoderaLe 

f the rios were,and exconditiemoerature-oiLiOns Arusha, IinTanzania and Khartoum, Sudan, respectively. 
 Pulse rate and frequency werechecked every other day for 2-3 weeks in each location.Fieldtests with house sparrows 
-. 

,1
 

Radios were field tested on house sparrows between 22 January and 14
February 1981 in Fort Collins, Colorado. Sparrows were used because at
25-30 g they !are approximately the

and also 

same weight and size of red-billed quelea
are agricultural',pests in some African countries. 
 . 

Radios were attached to the legs of 3 birds and, to the tails of 2 birds
that were known residents in the 
area; these birds previously had been captured and marked with leg streamers and/or leg bands. Leg streamer retentionand wear has been studied for oi;her, birds (Guarino 1968, Royal]
DeHaven 1975, Bruggers 1980). Le-mounted radios 
et al. 19M,
 

were attached to lowerleg (tarsometatarsus), theusing bolh halves of a 10uUcl -nal ly Cut aluminumband. Epoxy was applied on the transitter to form a cradle for the bands.
leg
 

The 2 bands were pl1aced on the hird's"
 ,he 1 c a d or hot meltI glue was put in11the cradle, and'tle radiO was 'edpr 'S oul6.t,. "A g spds
 
. . .s 72 ( s.p es ..( llo t~ a , _. .
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(~The tail mounted 'adios wer~e attached ait the base of Lthe toil rectrices ' 
SThe'upper tail -were trimmed to allow, thie radioo10b e Fcove6r t' fir's t pa ced
 
direct'ly on the base of th( rectrices.' The T of tIhe .S
ia aCI Ifl)-. rectr ices 11. 
reinforced with Supier GIle[Z L\hihlhead of hot MCeLt g1lue was then appl ied
 
to the base of the redtrices, th'e radio was positioned withth'e grouid, planle
 
antenna~ parallel to the rectrices~, and pressedi into the glue- (Fig. 2)
 

A numbered, orange SaflagR.str.eaner, 1 cm wile and 3 cm 1ong was attLached
 
to the leg of the sp'arroW usingaIA 3.18-im internal diameterUSFWS bi.d
 

~bandl, The numbered streamers allowed rapid field identification of individ
ual radio-equipped birds in groups., The radio'(with extra pot-tir;,,, leg

band, and streame~r weighed 2.0-2,25 (1or 7-10%/a of the sp(-irow-'s' body weigh t,
 
propor tionally similar -to' the, 1.7-1 .9 g radio to 'the quLel]ea 's'body' weight .ge.&..:w:this O1asL ;ciptured:a:t:addi tion the 5 and-strearners, 76Jn , to birds with radios othe house sparrow.s 

severalo tires daily for 3 Weeks uSing LA-12 ruecei Ilt byI A e1(b'uiCorp.
and hand-held yagi. 6 tennas. Their daily movements) adi dbehavid pat'terns." 
were then compared with those of sparrows carrying stream'rs. One radio- , .A'> 
equipped bird also was ca<ptured after the-battery had discharged. After
 
removing the radio, the' bird was rel eased arid observed in 5 occasions for
 
the next 30 days.
 

* ' ' RESULTS MID DISCUSSION 

Laboratory and cage studies . , ' ' 

Radios weighing 8-9%of the body weight were Lhe maxiIum red-billed 
quelea could effectively carry; most iridiVidua ls required an adjus tmen t
 
period of about. I day. The tail atLachirei'it was preferable to the 'leg attach
mert. With the weight more evenly* distributed, 'the bird was better able to
 
maintain 'balance in flight and land more easily; birds with Jeg transmitters 
fi'm off hal Mc& and with I leg e.xterided. Althoucgh a few red-i led quelea 
lost their tail (an d radio) in the flight cages (in the process 'of handlning 

,or contact with the cage), several of the birds with 'eg radios developed
OSwolen, infected, and even broken legs. 

Quelea viith radios attached to -their tails, also tended to maintain or put
 
on body weight comparable to birds witiout radios, (T:able 1). The weight of
 
I house sparrow that was recaptured and. weighed when the radio battery had
 
discharged was nearly identical (26.8 g) to.,ien .the radio w s attached
 
.(26.9 g) and comparable to the weight of other sparrows of LIe.ame sex in 

=
the area (24.6-32.2 g; n. 9). . ' ', 

Battery life and transmitter stability 
' 

The battery 11 ,fe of 5 roZd io transmi Lter'.s exIiwled to the mokra I:eIle . pera -.
 
t ujI est in Arush a, Tanz an ia [max. a vl-emp n .8 -? rii i'i.
:,--?. I 0 C ( r (.819 .0)); avg
 
temp 12.60C (ranje 8 5-15 . 1), (n d,t ((' LIM- . 0 I(1, "ur( -111
 
[ma x. avg temp :.37 .lOC '(rIange 29. 40. 2) in ..-t/(ILup (ran,6oc
em ange
21 .8-29.0)], was between 2.5 (nd 3 5 wee. ! III hoe"L ocd I flfl. fhl pulse
 
rates of all 'radios remained iaeLively sIzi1be checled a luIbiec saI. twie
 
each day, but the fine-tune frecuenCy settinqs fliRed sli J1y When placed

in hright sunlight, the also to drop; 1.(en ..
freqLency tended flpe.ilrLur 

/3
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.the tail 
~ ~~~~~_ hwn.8-9 radio 1ransmitters .glued t1o the base of 

~ oetcs2.1ueSarw(asrig.~~~ ~ 
leg. Illustration is actual size. 

and a ltached by bands to the 



Table 1. Retention and weigh t change of red-biled quelea equippedsurrogate 
in 

withradio transmitters an outdoor Flight cage, ArusldTanzani a, June- July 1li0. Sample s izes are ininldicated 
parentheses. 

Attach,,ent ,,Cj)-..-I -i ~ _L i!'i 
method 
 of radio [Jay -I bay 
 [ i 
 Comnents* 

Le1
 
Adults 2.07 18.6 (5) 
 .7.9 (3) 20.9 (1)
Juveniles 4 escaped, 1 d(ied2.10 18.1. (3) 16.4 (3) (broken leg)
16.5 (1)
Total avg 1 escaped, I died
2.08 18.4 (8) 17.0 (6) 
 18.7 (2)
 

Tail.
-ACIlts 2.03 17.7 (3) 718.2 (3) 19.7 (1) 
 tails of 2 birds
 
Juveniles 2.03 18.4 (4) 
 19.8 (4) 22.9 (2) di sl odged**
Total avg 2.03 18.1 

1 died, 1 escaped

(7) 19.1 (7) 21.8 (3)
 

Reference
 
n---ve-n-i]es
ro radio 17.3 (5) 
 18.8 (5) 20.3 (5) all 
healthy
 

* Weights of dead birds or birds losir i arn! ot icluded irSaveragesRadi1 
 removed when tails dislodged during 
;aren: 
 i.-
 a 

decreased, it rose sliqhtly. 
Il*e same pat. tern
winged was rioted for radios on redbl ackbirds in North .akota (Knitte pers. comm.).
 

Rec"ot 
 _ so__atrce
 

In agricultural 
 habitat near Arusijamum ground and air 
and West Kilimanjaro, Tanzania, maxfreception distances For radios withizonlal antennas botLh vertic:al and horwere 5.6 and 30. 6 kin, 1e' pecLiyely.of leg- attached radios [iie i'cepLion distances(which d(idat least not ha,.e Imr;nnlal ,oLi- ) were50 less usuallywih a maximun disLance of 12 kl oh[ailwdl
the 7.6-cm horizontal Ai(.H(Jund thataoenna incroasedi thn radiatle
about four compared IU the sirgle vertical 

jj,,r, Iby a factor ofankinr.
dist:rc v,;re oH I iialqer.recep Lion.e s Mai,.t r i n uld thartypes of radios. dtr in ouLtu:l d IIij.hL;; f'or boljiTI taiI, wl.,inl : nd struis<i nterfererdr W ith r,cep f thlie aircra p renllyion durinj oIutObound I I 
lrP 

: ilJpro,,d by ph[g, l(,c< n.n l0 w'id. irclii . A Ins> of .,i a 1l( ( l 
ll col(dS(Iiie of-, -'a i Cr : (It (fi L I'Vie i ps i (th( 1 l riL ) 'i Wohihu Ui ,,, , ,. d d(:oo1,ii 
 L"p not. 

rece t -Lio (j ?,) I'to 31 L.rwoitlt,I.I ti i'n ii t !',, I a-I r a , ; inpaire(I wh n the a ircr f t was 
io' i tin HI , II I!,.u
 

f fec AvLe grou d n rI ra g w n
<i' r l 
 A 1q, 'iIitLopo)qraphica] I li o if iq 1.:. ill al"Pas OFie.' the sii l wa;was 
l I I , bill ,p1 aced ImI,at 2-.m hei g s in bu;hs:S (c :par .;i Is froc ro',di,;,;lol:Ih) ' Li 1i, 
 it i',;) wetre stroncj 

I)'
 



:rif) 0. 4'0.6 km; ~s i,gna Is ere rec )ve I Only 0 0 fI3 k fo 4cdon ,-, r,6run d i n H~Lon wa~'-reei 
~(5.64~) tk d uracki 1e01da I .c16rig -2 "8,Jm) 'C.ro -,nd.ta'iia ig for Ikcisarlce al~jradios inth Irantnesi y enir0onm en of Fort ColI i'{s was li'f~dt ~ i"bet)eb~~ eh' 0.5 anid 1,.0' km',tecau'se of4 inteiT-flerence. , 

Behavi1or, 6bservations" witlh huse sLar6i 

iand -~ nt 

x_ 
' 


4t c~syni
Bo1th leg-n
eachm 
 tii, :eam mbthcns i al n t the flying ability of the4.birds. Most'jindivijdls at first see'ed r~eluctant t'o fly,andhp)ntegond or' in b'ushes 'For .about 10, mi nbeforce makin'g shorflights. They' experi en~cdc somie difficulty gaining 'altitude 'and :fl ew with~their Lail droping o-leg extendied un~der the weight o~f the radio., Howvever:allrbirds, apirticu,rly those with" Iafl- Latt-,hedqradios, I'djustedw,eight of the-package and to' the<'fl~ew as well a' bi.r(,ls wj~Ov raihifn1 day~'

ome:-birdsocc-a siona,]y:p ck elat-t1'd6g aLciothe an~streamers. o e- '7None of the bird4s wi 'hradiosdied. ' Overl ib&aAI'atcmnpackage performed better andj see 1,iedrJmore, practical, for house sparrows and.red-billed quelea tnI~an the ,l eg attachment: ;ackage. However,, the leg attachment method has'worked very well on 50- to 70-g.'red-wing d M1ckbirds
(Knittle pers. comm.) and it may ie more applicable to larger passerines. 

Birds with radios appeared to exhibit the same general movements andhabits as birds with streamers or with leg bands during the time of the year 'I .this study wqas conducted. Radio-equipped birds fed regularly at several bidd
-feeders as far
20-30 as0.5 kmfrom their trappins se an, remain d in.'" , ofindividuals- many of ff ocks.w.hichi had neither streamers nor radios. Four of
5 instrumened birdcs maintained their roost
' radli'o-equipped bird changed site' thoughout the study. Oneits roost site when .its troost tree was pruned.
The bird'from which the radio was .'removed cotiniedo feed and roost in thesame locations for days.30 Bird.s. with le se earue rt also tended to retainpremarking rdosting patterns; 6 birds tagged in 
a roost
~seen or recaptured there. site were regularlySeveral other birds left this roost, presumably
disturbed by our trapping efforts... 

Birds with radjos were trackedan average MaXimum distance or 
529 m from
their capture site;, birds with only streamiers wore seendistance ofI' an~average maximum '~''218 mfrom -their marking site. The' distances radio- quippedbirds moved were greater but~undloubtedly biased -tocue the difficulty oflocating birds with streamers. However, maximum'eqUi' al ent foraging distances werefor birds wit raios and birds wi;Lhstemr. ai-qupdbirds were tracked as far as 840 wnfrom their captur e site and foraged in anarea Iof 0.5 km2; birds with streamers were tracked as far as 850 m andforaged i n an area of 0.6 km (Fig. 3)." Bray et al. (1975), Raim (1978),.w,,hose radio0s weighed 3-5% of. the body wei ght of cowbi rds, anti Cochran et a].19,57) whose~radi os weighed'also' believed, that radlios 
8% of time Ihody we iqhj f IyLbdi cli thrushes,dlid not adversely affect th~c movemenUfl distanrces orcertain activities of tairlings, 

. .. cowbirds, or iuhsrepciey'se, Graber; n e e1%66 i nWt, L ke . . . .. cti .....
'I. -g adioar~ tat; ....coni uedrdionlundedt i it t ruie'Lnq (I 3'0-(j house- sparrow,, withaf.ly..well' ."coul.d andclimmaneuve sou .iousvi 'idiffi CHIiLY. 
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As vieth all telenety studies to dats, the dic hedtrismlt,rpackage on the movement1 patterns of the an iadl e is, diassess. Birds as small as sparrows and re-ild rsp~roblemis because the weight lee tseil 
proportion of the transmitter package represents such 'a~ hi gh'of their body weight. The use of these rados eed Iliaeyon the objectives of the y i os, ultimtstudy. I-or example; ipndaibe acceptable for short-term this high weight pootostudies describing a 
certain the local, daily movements ofspecies, but inappropriate for reproductive behavioral studies of 'thesame spcies. Our preliminary study indicates 
were able to and 

that house sparrows apparentlyaccept adjust well to these transmitter packAgesmajor behavioral modification. Although 
withou ,ny

I onger, ore detailed behavioralstudies would be desirable, our present laboratory and 'field resultsticularly encouraging are parsalpa.sseln-bird regardingd uhited I ea cthe use-- df spthesec-ies,i11,needradios for -tofieldbeIe; studiess oftd!;Of-:
s allysm er n. 
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