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ABSTRACT Spray applications of nonlethal repellents are often effective means of protecting maturing agricultural crops from bird damage. Repellents are generally classifiedas either primary, in which case the animal reacts to the noxious effects ,if the chemicalalone, or secondary, in which case conditioned aversion responses are induced. Secondaryrepellents more reliably resist high bird depredation of these crops over time. Unfortunately,most pest bird species are not able to detect sonic secondary re~cellents at levels which induce conditioned aversion. Thus, higher levels must be used tan are actually needed forcrop protection. One alternative to this dilemma has been the incorporation of an inexpensive sensory cue (for example, calcium carbonate) into the formniuat.,n to replace sonic ofthe repellent and reduce crop protection costs. Methiocarh 13 ,5-€limethyl-4-( me: hylthio).phenol methylcarbanate (Mesurol)I, currently the crops, most effective avian repellent for fieldhas been the model chemical for testing the action of secundary repellents at theDenver Wildlife Research Center. This paper presents a general review of laboratory andsemifield tests used to evaluate various methiocarb-cue (olfactory, tactile, and visual) formulations on bo.h quelea (Queh'a quelea), a destructive African pest, and red-wingedblackbirds (Agehihs pIhoenicus), a problem species in the United States. Single-choiceand paired-prefcrence lest methods used on wheat, rice, millet, sorghum, and sunflower inindividual cages and group enclosures and conducted under conditions of varying palatability in the alternate food are described. Appropriately designed tests to answer specificquestions will lead to further advancemcnts in effectively using chemical repellent-cuecombinations for protecting crops from bird pests. 
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Developing chemical repellents to prevent vertebrate pest damage to agriculture and silviculture crops has been a research priority of many laborato

'Research chemists, and research biologist, respectively, U.S. Fish and Wildlife Service, Den
ver, Colo. 80225. 
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ries for years. A repellent has been defined by Rogers [11 as a "compound orcombination of compounds that, when added to a food source, acts throughthe taste system to produce a marked decrease in the utilization of that foodby the target species." He separated repellents into primry repellents, withwhich the animal-reacts to the taste of the repellent alone, and secondary repellents, with which the taste of the repellent becomes a cue to later adverse 
effects.
 

Many primary repellents have been tested for protecting agricultural cropsfrom bird damage, but none has produced reliable field results. Natfirally occurring tannins in bird-resistant sorghum seeds have probably been the mosteffective. However, even the most effective varieties may be consumed if birdpressure (high populations or scarce alternative food, or both) is high 121.Topically applied primary repellents have been even less successful. AlthoughCurb2 has provided some protection under field conditions 131, wattle tanninwas not effective against quelea (Quelea quelea) when applied topically to cereal grain crops [4]. In stulies with red-winged blackbirds (Ageliahspihoeniceus) by Rogers 151, ald black-capped chickadees (Parus atricopellus) byAlcock 161, only secondary repellents showed promise in high bird pressuresituations. Apparently, only toxic, emetic, or nauseating effects of a chemicalare sufficient stimuli to control crop damage when bird pressure is high.Because of the limitations with primary repellents, the failure to exploit thesecondary repellent concept, and the time and cost involved in registering newproducts, only one avian repellent, methiocarb, iswidely used. Unfortunately,
the chemical is too expensive for foliar use on many low value crops because ofthe large quantities required for protection. Several studies at the DenverWildlife Research Center (I)W C)on quelea have indicated that methiocarbcaused aversion in birds at levels below which the birds could make taste discriminations [7]. Inexpensive chenicals that could he recognized by the lactile, visual, or olfactory scnses (watlde tainmin, blue dye, and peppermint oil,respectr-ly) were added to formulations, making them effective at lowermethiotara concentrations and thus lower application costs. This paper describes a wide variety of these tests that we used to study cue enhancement ofthe repellent activity of methiocarb formulations; these tests may be equally

applicable to other secondary repellents. 

General Procedures 
Several basic considerations apply regardless of the test methodology used.Wild captured birds should be acclimatized for at least four weeks in largeaviary cages (> 20 m3)before being tested, the photoperiod should be maintained at a constant light-to-dark schedule, and the test birds should be allowedto adapt to any change in the test cages for at least one to two days on their 

2Synergized aluminum ammonium sulfate manufactured by Sphere Laboratories Ltd- rAn. 
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normal ration before the food is changed. Also, the birds should be pre
adapted to any new food base [8], which is accomplished by mixing the new
food item into the normal ration in increasing amounts ovc." thee or four 
days. 

For individual cage tests on quelca at DWRC, the birds are transferred 
stepwise from the aviary into 53- by 25- by 31-cm communal cages for at least 
two weeks and then placed in individual 15- by 23- by IS-cm cages for testing
[8]. Some gregarious birds like quelea, when tested individually, appear to ex
hibit less stress when caged next to a bird that they can see '81. With other
species (for example, redwings), confinement in small individual cages in
duces considerable stress and may influence the results of preference tests [9].
Enclosure studies with groups of birds thus may help alleviate stress and bet
ter approximate normal flock behavior. 

Single-Choice Tests 

Single-choice tests provide the most rigorous assessment of repellency. The 
treated food is the only source of nourishment for the test period (usually 18 to 
24 h). Because of these rigorous requirements, the Denver Wildlife Research
Center and others have used the single-choice R50 measurement (the concen
tration that will repel 50% of the test birds from a food source) as the basic in
dex of avian repellent activity of candidate chemicals [10, 11. The repellent
qualities of methiocarb were initially recognized through this test. However,
this paradigm apparently is not satisfactory for measuring cue enhancement
of repellent activity. The foci consumption in tests of methiocarb-cue (oleo
resins and food colors) combinations was equivalent to that observed from 
earlier tests with methiocab alone. The birds simply reacted to the total for
mulation; the food source and additives were of little influence. 

Two-Choice Preference Tests-General 

Two-choice preference tests involve the presentation of two food items,
under identical conditions, to caged (individual or group) birds. Experience
has taught us that (lie food items should not be placed more than one fourth
the width of the cage apart or in a manner that other facto's (such as location 
of perches, water, or doors) could influence the birds' choice. The two food
items should be rotated at least daily, and an even number of trials should be 
conducted (that is, 2, 4, 6, and so on). Shumake et al [121 have developed a
device that mechanically rotatcs focls at I-h, 15-min, or 5-rin inlervals. 

Two-choice preference results can be expre.ssed in a number of different 
ways, but we usually expressed it as 

percent preference treated consumption (in grams)treated + control consunption (in grams) 
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We normally analyze our dala wilh a paired /-test to determine (he differencebetwCCn Ihe inCem daily cnsuii)( io oroflhe two foods and with a two-factoranalysis of variance (AOV) when several treatments are each tested against acommon control. If differences are significant, Duncan's multiple range test
[13] is used to separate treatmeni. means. 

Two-Choice PLeference Tests-Equaly Preferred Alternate Food 

Individual "U'age 
This paradigm is often used after the single-choice R50 method to obtain increased definition of the repellent properties of a chemical [8]. Chemicals are
initially surface-coated at 0.01 
 to 0. 1% on hulled proso millet seed and tested
against the untreated seed on quelea. Only the most active primary repellents
will show significant differences between treatment and control (P 
 _<0.05).Usually at least three of the six test birds have a stereotyped left- or righthanded position preference that a primary repellent at 0.01 % will not change.Secondary repellents can be recognized through observing the consumption oftreated and untreated food during a six-day test period (Table 1).
It has been our experience with quelea '.iat if a candidate repellent tested at
0.01 % elicits nearly complete avoidance for the entire test period, it possiblyhas secondary repellent properties and produces an adequate sensory stimulus to be detected 
at low levels. Some plant extracts fall into this category(such as Agarum caudatum and Veronia gigantea tested at our laboratory).
Birds display highly erratic responses after the first day to secondary repellents which are not detectable at low levels because aversion hzs been associated with the position of the food rather than its taste. There will generally bean overall decrease in total food consumption for at least the second and third
test days. For example, in one study 
 the secondary repellent methiocarbwithout a cue exhibited these characteristics at 0.008% (Table 1). However,when calcium carbonate cue was added, the birds readily avoided the treated
food. Thus, by conducting tests using a series of concentrations (Table 1), one
can determine the level (0.008% in this example) at which a secondary

repellent induces aversion. 

LaboratoryEnclosure 
Quelea-The laboratory enclosure is used to determine group responses torepellent treatments on cereal grain heads [8]. In one study five quelea werehoused in a 2.5- by 2.4- by 2 .2-m screened cage. A hexagonally shaped test apparatus (with 6 3 .5-cm sides), positioned in the center of the cage, served as a LAsimulated "field" for the placement of sorghum heads. Three methiocarbtreated sorghum heads were separated from three untreated h h
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'ABLE. I-Mein liir',in -rer,'nce"of Quelea quelea fir IPti',hIciI~hl.(IrlotI'.
 
twaed wheal seeds in a two-,jhoie t'gst aguins unlrealed whetl seeds (ulividuul cage lesis.
 

six hir(Is per Irealment).
 

Treat ment Formula ion" 
Overall P ValueMethiocarb, % CaCO.1, % Day I Day 2 Day 3 Day 4 Day 5 Day 6 Mean (t-Test) 

0.0015 2 56.63 47.26 47.32 56.79 55.92 63.74 54.76 0.302
0.008 2 21.28 21.52 21.17 29.48 22.95 31.47 26.37 0.001
0.016 2 22.74 17.22 9.70 7.52 0.00 7.00 1l1.09 0.0002
0.024 2 19.94 15.05 0.32 0.46 0.0W 1.00 5.06 0.00002
0.008 0 53.70 20.08 56.24 48.61 69.17 36.36 48.94 0.126 

'The percent preference is the percentage by weight of the treated wheat seeds in relation to the

total wheat seeds consumned (treated f(w lconsumed + control f'd conisuned I(X) "/,).


'Caleii n,carbonate used as a cue to enhanie (he repellent j)roperfies of methiocarb formula
tions.
 

'Respective component or components surface coated on soft winler wheal .CC(1s and tested in
 
paired preference against ulnl realed cont ol wheal seeds.
 

high by 120-cm wide board, and the positions were alternated daily for six 
days. The results of a series of methiocarb, cue, and methiocarb-cue studies 
[7] closely resemble the results from the individual cage tests, in that the heads 
treated with methiocarb and a cue were consistently avoided. The cue-only 
treatments produced no significant avoidance, and the met hiocarb-on ly-treat
ment was intermediate, with preference vacillating from day to day. 

Red-winged Blackbirds-We conducted another study to determine the 
level of methiocarb that would reliably repel redwings from ripening sun
flower seeds. (It is difficult to apply enough chemical to sunflower seeds in the 
immature head to induce the conditioned-avoidance response in birds 1141.)
Immediately before the test, we applied each treatment using a calibrated 
spray table to fresh sunflower heads, and the excess moisture was removed 
with fans. Then two treated heads, two untreated heads, and a feeder contain
ing Purina Layena, were placed in 1.2- by 1.2- by 1.8-m enclosures (four repli
cations) containing four birds each. Damage (in square centimetres) was read 
by template [15] at 21 h. One-tailed paired t-tests of the data (P _<0.05) indi
cated that 8.4 kg/ha was the lowest level that would elicit avoidance (Table 2).
It would have been desirable to have used more replications, as indicated by 
the 2.8-kg/ha results. The enhancement effect of cues is illustrated by the per
cent preference for the 5.6-kg/ha and 16.8-kg/ha treatments compared with 
and without cue. Damage to the methiocarb-cue-treated heads was lower in 
both tests. An equation regressing preference on kilograms per hectare of 
methiocarb was significant (P = 0.00002); however, there was significantno 
correlation between the total damage and the alternate food consumption. 
This method appeared to be more appropriate than the less-preferred alternate- 2 
food method discussed in the section on laboratory enclosures using sunflowers. 
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TABLE 2-'inrdlrnf.r,.n t . (efqol/i'/'r'[erredaftehrInate.fiHmd) emght're hi,z f medioc'urb.cue
Irotectionffro red.. huged ihrkhlirddam.ae to sunhflo..r hads.
 

Mclhim .arli, Allernilivc"' 21-h Dnmnge. cniZ
Ca '.,, IN"I. P VnluePerceml" (Pairrelkg/h~a kg/Im: 9: "Trealud (,mlrnI PreG.'reove /-'lcsm) 

I5h.I 19.1) 858.4 56.1 722 10.5 0.01579.0 230 6505.6 26.1 0.00350.I 2.1.0 305 715 29.0 0.0)!2.8 56.1 69.0 355 5600.0 56. 38.8 0.0)2.18.6 4W(X) 1I0 ,19.4 0.17016.8 0 13.0 140 488 22.3 0.0125.6 0 31.0 410 385 51.6 0.575 
"Calcium carbonae used as a cue tocnince Ihc repellent properties or inclhincarh rnrmila. 

Iions.l1 .'uria:gLyeIa limillry mash proided in 11c po llry rkcd r in1he ccnlcoro) thecage."Thc percent prcfcrencc is the pcrccntagc in square ccntimctr. or (lanagc to Ilic Ireated sunflowcr heads c, np)ared with the total damage (Ircatcd sunflowcr d;rnngc + untrected sunflowcr 
damage = 100%). 

Two-Choice Preference Tests-Less Preferred Alternate Food
 
By altcring the palatability of the alternate food, 
one has another means ofinvestigating the r pellent properties of a chemical. Rogers 151 used this lessprcfcrrcd altcrnatc food approach in his early investigations of the sccondaryrepellent properties of methiocarb. This method involves treating a preferredfood and choosing a less preferred food as the alternate food. Thus, one can"titratc" the activity of a secondary repellent by manipulating the acceptabil.
ity of the altcrnate food or by mrscreening for birds that have distinct prefer

cnccs for one food over another.
 

Ilividual Cuge 
Garrison 1161 preselected quelca tha, prcferred hulled proso millet(a 70%) to Martin X soglitim in two-choice preference tests. 'riese birdswere then tested on a dccreasing series (3.33 X) of mcthiocarb-millet formulations against the sorghum (Trable 3). The 0.0013% concentration elicited some change in prcference,.and the 0.0045% level causcd nearly a completeswitch to the nonprckrrcd sorghum. Garrison used this method to obtain anRso index of 0.0013% which is ten times less than had been obtained earlier on 

quelea given no choice 1101.
'he same procedure was used to test wattle tannin (a primaiy rel)ellent) onprcscrccned quclca 141. Untreated millet was significant!y preferred (P _0.05) over 0.2% coa(ed millet, but, with sorghtm as thc altcrnate food, tan

nin levels as high as 0.68% tannin did not inducc rcpcllcncy. 
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TABLE 3-Consiujl.tif ni'thihrttrb-trltcd inilh'tane nontreate'lt sorgihuntgrainis h.r caged
que'hIa (itdividiuh cage tesis, two choices with h'ss-pref'rrelahtrnal¢.food),)a 

"la~l Food Conmtiosn.()t g 
Number of "real ,ent

Birds Sex Conentailio Milk.i Sorghum 

3 a 0.015 1.0 20.23 9 1.2 24.0
3 o 0.0045 1.7 29.0
3 9 .3.1 32A.
.1 3 (.(01. 23.5" I1.4 

3 a 0,(XOOt) .10.0 5.93 9 34.7 3.8 

=Courtesy of M. V. Garrison of the Dcnvcr Wildlife Rccarch Center.bOic male consumed more nontreald sorghutim han Ireated millet. 
'Onc fcnutle consumed more fontrealed s)rghl Ihan Irealed millel. 

Laboratory Enclosure 

This paradigm was tested as an alternative (o the equally l)referred alter
nate food method discussed earlier for determining the level of methiocarb 
that repels redwings from sunflowers. Two treated heads and Purina Layena
poultry mash were placed in the enclosures (four replications) containing four 
birds each. Sunflower head damage and alternate food consumption at 21 h 
were measured (Table 4). The most obvious effect was methiocarb related. 
Twice as much damage occurred with untreated heads as with either 5.6- or 
11.2-kg/ha treatment and 4.67 times as much damage with the 16.8-kg/ha 
treatment. Alternate food consumption had ittlc measurable influence ex
cept possibly for the utilrcaed head tests where no conditioned aversion oc
curred. Birds ate much higher quantities of sunflower, in this test, leaving less 
stomach capacity for the less preferred alternate food. An equation regressing 
square cenfinietres daniage ol kilogranis per lieclare (1' niclhiiocarl was sig
nificant (R-= 0.01), but it is obvious that this methodl is less sensitive than the 
equally preferred alternate food method for measuring small differences in 
methiocarb activity and consequently is less useful for the intended objective
of detecting the lowest effective methiocarb concentration. 

Field Enclosure 

Methiocarb-cue studies on quelea have been conducted in enclosure studies 
of standing crops in Africt, [71. A 1-by 1-by 2-ni (2-nO3) screen cage was placed 
over stands of sorghum or millet. Ten quelca were placed in each cage after 
the chemical application. Millet and sorghum grain (less palatable than the 
imnmature crop seed) were available as alternative food in containers suspended 
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TAULE 4-11dire€ prefrencer, I1,, pr'.,'-rrdaflrnatef.x)(1 ,'11.&hIln. je, ti mrhtcaheProtrctillon h ' 
m l l c r ~ 

l reiln ie(,,.I hl.t....L, -_ , lll, 

Mclhiocarb, CCO3. Sunflowerkg/ha Altcrnatc Foodkg/ha Daimage. cm, Consu!nd. g
0 0 17140 58.051.1 10810 37.5112.2 13885.6 85.005.6 .17056. 4.1..17515.6 128.0112.2 86.111.2 1O.U 1&%11.2 ,.. 056.1 
 02
11.2 111.0112.2 91416.8 92.00 27516.8 84.0MS,. I .1.1(10 81.0 

"Calcium carbonatc used as a cucmulalion. to cnhanc Ilic rc)cllcnt pflipcrlics of ilia rnclhiocarb for.1'uriina L'..ycna linwiicil inIMc igllr:y hvir in Iic cii .erof Iic cage. 

from the cage tops at head height. In one study, three replications of 0.5%mcthiocarb plus I % tannin were applied to both millet and sorghum plants inthe dough stage. A., ideiiical set of cages was sprayed with 1.0% mcthiocarb,and a third set was left.untrealel. A significant treatment effect was detectedfor both cereals (P :5 0.(X); Kruskal-Waulis test) ill iat untreaed sorghmniand millet tcccived significantly greater damage than either of the two treat.nient groups. Also, for both cereals there were no differences in damage between the two trcatmcnts. Similar results were later obtained in identical enclosure studies on wheat [7J. 

Method Combinatlons 
Shumakc ct al [17j combined some of these principles in a more sophisti.cated study of the relative importance of taste versus visual feeding cues thatcould become associated with mcthiocarh exposure. Groups of quclca wereprecxposed to lhe Specific stiniiili in two-choice preferenccvcrsus grcec; swccl tcsts (thai is, bluevrsts sour) diring the firsbirds in caci grou) week. l)uring Weck 2. (hewCre exp., '(l emyvc oilier lay to 0.018% seeds (real-.J withtlie color or tste that had bet, l)referrecd durig Week I. The grouls werethen given three 18-l1 choice perieds idclical to the l)rCexl)osurc Period eachweek. The chna:igcs in l)airecdl.prcferncc l)atlcrs, inlucces of differences in 
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Discussion 

The choice of a test method for assessing specific properties of a repellent isextremely important. If it is a rigorous test of overall food proteclion poten
tial, then the single-choice R index method is probably appropriate. If onewishes to define the mode of action of the repellent, then the equally preferred
alternate food paradigm is appropriate. However, concentrations must bekept low (ten times lower than the single-choice method) so that relative activity can be compared amorng chemicals. Subsequent tests with repellent-cue
combinations would further clarify these differences. 

The choice of conditions for using the less-preferred alternale food paradigrnis more difficult to establish but can be extremely iml)ortant in determining aspecific chemical concentration that elicits aversion. One must carefully choosethe alternate food to generate the appropriate preference differential for theintended objective. Shumake c al 1/J only intended to establish a niethioearb
level that would readily induce conditioning and therefore used the singlechoice RI.) method. I lowever, Garrison 1/61 wanted I()know Ih lIwcst level atwhich methiocarb elicits conditioned aversion, used slightly less preferred
sorghum as the alternate food, and obtained a tenfold lower Ro. A wider preference differential (sunflower heads versus poultry mash) did not have asmuch sensitivity for detecting aversion as did the equally preferred alternate. 
food method. 

With the tremendous costs involved in registering new crop protectionchemicals, it is unlikely that many new repellents will be developed. It is imperative that we find ways to make those currently available more effective.
This may be through innovative application methods [1] or with additivessuch as sensory cues. As we learn more about the behavioral, physiological,and ecological aspects of a pest species, and begin to ask the proper questions
and design the appropriate tests to answer 
them, further advancements toward effectively using repellents to protect crops will be made. 

Acknowledgments 

We gratefully acknowledge Steven A. Shumake, Melvyn V. Garrison,Elsafi M. Elmahdi, and Mohamed H. Zeinelabdin for assisting in various
phases of these tests or providing sonic of the data. Also, 
we thank Charles P. 
Breidenstein for statistical guidance. 

References 

ill Rogers, J. G., Jr., in IaorChemisiry, of Animai PinI, R{. W. Illlard. lEd.. ACS Symposium Series, No. 67, American Chemi'cal Society. Wa ,hingtim. D.C., 
 1978. pp. 150-184.121 Harris. If. B., Proceedings. Annual and241h Corn Sorghum Iearch Conference, Chicago, Ill.. 1q69, pp. 113-122.131 Brugger., 1. .. in Ver 'Ihr, ("oitri,,I'c. alnd A1tigement aterials: Sec'ond .Vnpu



BULLARD ET 	 AL ON JIEPELLENT ENHANCEMENT BY 	 SENSORY CUES 75 

shum. ASTM STP 680, American Society for 	"'Tesfing andpp. 	 178-187. Materials, Philadelphia, 1979,
[4) 	Zeinelabdin, M. 	 H1., The Polentialof Vegetah, Tannin us a Bird Repellent, M.S. thesis,
[51 	

Bowling Green State University, Bowling Green, Ohio, 1980.
Rogers, J. G., Jr.. Jintr.it of Willife Managellient, Vol. 38, 1974,
161 	 pp. 418-423.Alcock, J., AInial/ Bha~vior, Vol.[7) 	 Bullard, R. W., Blruggers, 18, 1070, pp. 592-599.R. L., Killurn, S. A., and 	Fiedler, L. A., Crop Protection, in
[81 	 Bullakrd, R. W. and Shtimake, S. A. in VertehratePcest ConfrolandManagemeni Matriuls:S'eond .Svnmsium.ASTM S77' 6 d', American Society for 'Testing and Materials, Philadelphia, 1979, pp. 	 178-187.[91 Bullard, R. W., Garrison, M. V., Kilburn, S. R.,

uid Fod Ch.emistry, Vol. 28, 1980, pp. 1006-1 O1l. 
and York, J. 0., Journal of Agricultural

1101 Schafer, H. W..Pp. 	 569-572. Jr., "lnd Birinton, R. 11., Journal of Williffe Management, Vol. 35, 1971,
I/1 Shumakc, S. A., Gaddis, S. E., and Schafer, E. W., Jr., Proceedings, Seventh Bird ControlSeminar, llowling Green State University, Bowling Green, Ohio,250-254. 9-11 Nov. 1976, pp.


[121 Shtumake, 
 S. A., Gaddis, S. E., 	and Garrison,
1131 Duncan, D. 	

M. V., in this publication,B., 	 Bionletrics, Vol. pp. 118-126.13, 1957, pp. 164-176.[14J Besser, J. F., Sunflower Science and Technology, Agronomy 19, J. F. Carter, Ed., AmericanSociety of Agronomy, Madison, Wis., 1978, pp. 263-278.[15] Dolbeer, R. A., Journa' of Wildlife Managentent, Vol. 39, 1975, pp. 802-806.f161 Garrison, M. V., Anniuil Report, Section of Supporting Sciences, Denver Wildlife ResearchCenter, Denver, Colo., 1976, pp. 15-16.[171 Shumake, S. A., Giddis, S. E., and Schafer, 1'. W., Jr., Ploreedings, Seventh Bird ControlSeminar, Bovling Green State University, Bowling Green, Ohio, 9-11 Nov. 1976, pp.250-254. 

http:Jintr.it

