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IN'fHODUCTION 

In 1~65, a r.2w dis~as~ cf pea~uts was discovered in 

G~or·1ia. Th.s disE-as.:-, cylindrccladium Black Rot (CBR), was 

name'i aft~r the causal fungus £ylir.££££1~il~Y~ £f:Q~~la£i~g 

(B.::-11 an'i Sobers 1966) • The disease aas found in South 

Caroliria in 1'J68, Japar. and Virgir.ia in 1970, and North 

ca rol.i r.a in 1971 (Garrer. ~t al. 1972) • Th~ spread in 

Virgir.ia has b\.:.,er, particularly rapid (Table 1) • CBR has not 

bEen found in the wes~ern peanut growing s~ates of Texas and 

Oklahoma. The dis~ase has develop€d intc a severe threat to 

~he psanut crop, and has also bden shown to be pathogenic to 

soyb~an and tobacco (Powell et al. 1976) • It has been 

estimated that the crop in Virginia is reaching only 85 

perc~rt of its pot~r.tial due to CBR (Garren : personal 

communication). That awounts to a less of over $10 million, 

based on the figures ir TablE 2, in the state of Virginia 

a lone. 

Th~ peanut iLdustry is a la~ge scale business in most 

of th~ states where the crop is grown. This is evident from 

th~ dollar values of thE 1976 peanut crop in 7 paanut 

growirg st~tEs as seEil in Tabl~ 2. These figures do not 

include the multiple eco~omic benefits derivad from the 

p2anut crop , such as the equipment salas and employment. 

1 
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Tabl0 1. Occurrenc~ of Cylindrocladium Black Bet (CBR) 
in Virgin~a peanut fields from 1970 tc 1975 
(GarrEn and Coff~lt 1976). 

1970 
1g71 
19 72 
1973 
1974 
1975 

Number of fields 

1 
2 
9 

24 
125+ 

epid7:mic 
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Tabl~ 2. Dollar values of the 1976 peanut crop 
in SEVH; stat<=>s (Ar.on. 1977). 1 

State 

Alabama 
Georgia 
North Carolina 
Oklahoma 
South Carolina 
Virqinia 
Texas 

To ta.l 

Dollar values 

105,686,240. 
320,559,072. 

96,717,600. 
50,128,650. 

460, 350. 
64,780,000. 
90,255,750. 

7 2 8 , 58 7 , 6 2 2 • 

1 Florida contributed an additicnal $33,564,000 
in sales during 1976. 
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The i~cid~nc~ patterL of the di~eas~ ov~r the p~anut 

growi~g states on thE Atlantic coaEt of the United States 

has creat9d speculation as to thE method of disfersal of the 

causal fungus. ThR distas~ can te Sfread 3hort distanc~s by 

wi~d ar.d mechanical m~ans (Rowe et al. 1974; Krigsvold et 

al. 1977) • Patt~rns of sprea~ ovtr short distances are 

shown clE-a:i::-ly i:i Fig. 1. 

Wind and mechanization explain how the disease can 

spr~aa locally, but not over long distances, which was the 

case with CBR. As mention~d earlier, the disease was found 

first in G9orgia in 1Y65. It 

ir. South Carolina and ir: 1970 

Carolina's first diseased 

Outb::::Eaks of the disease. 

PaE not fcund again until 1968 

was fcur.d in Virginia. North 

fh:·ld lias found in 1971. 

wf're clEarly 

rela1:ively lor,g periods of time and over 

separatert by 

great distances. 

progression northward from Georgia was also 

discottir-uous, =eaching Virginia prior to Ncrth Carolina. 

It is concFivable how9vPr that many fields were disaased 

b~fore thair discovery and diagnosis. It is therefore 

po~sitle that the Sfread northward was indted in a 

cor:tir. uous pat ti:.rn ov~r relativEly short distances. 

Circumstantial ?videnc~ howev~r tended to lean towards some 

means of long distance disp2rsal. 
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Fig. 1. Two superimposed infrared aerial photographs 
of the same peanut field one year apart 
(9/18/74 and 8/13/75) indicating the presence 
and spread of Cylindrocladium Black Rot of 
peanuts (After Powell et al. 1977). 
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B~Id3 seEmed obvious candidatss for long distance 

dispersal of CBR. Migrating birds especially fit the 

patt~r~ oi incidence alcng ~h~ East coast. It is generally 

known that birds disperse plant seeds over great distances. 

The prov~n instanc~s cf dispErsal cf plant pathogbns and 

oth8r plant parts are much moH: rare. The literature review 

secticn following goes into depth on the proven instances to 

date. The hypoth0sis aevEloped in this research project, 

was th a-r bir:-ds in general, migratory birds more 

snPcifically, were carrying the causal fungus and ther~fore 

spreading thE nis2ase. The actual mode of transport was 

speculated tc be of ore or mer~ 

fungus cculd be carried o& the 

typE-s. Soil containing the 

fee+ of birds, or infected 

plan~ parts or peanuts could be ingested with fec~l 

depositio~ causing the nEcEssary inoculation elsewhere. 

OhjEctives ware 8stablished in hopes of supporting or 

r&futing the circumstantial evidence. In general, the role 

cf birds in spreading the flant di~tas~, Cylindrocladium 

Black Bot, was to be investigated. 

W(r~ dev€lop~d as follows: 

Five specific objectives 

1) ro determir.~ what bi!:d Sf!ecies were utilizing peanut 

fields at all times of th? year. 

2) To d-3L.erminE> the migratory or movement patt8rns of 

species cbserved using pearut fi~lds. 
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3) To de+'-2::-minE it soil or, thE- fei:>t, irgested material, or 

crop cont 0 nts of birds collected in p~aLut fields contained 

thE fungus. As part cf th? third objective, soil from a 

blackhird roost was analyse~ for the fungus also. 

4) To a~~~rmine wh~ther er ~ot the fungus could survive 

passagE through the gastrointestinal tract of birds held in 

cc. pt iv it y. 

5) To devis::- a ccr..trol f :rogram if birds were positively 

implicat~d in thE spread of thE diseas~. 

The importance of the p~anut crop to southeastern 

stat8s and the potential severity of CBP tc that crop 

justifies res~arch towards arswerir.g questicns concerning 

CBR. This is ~spEcially rEl~vant as control procedures have 

Lot b~en found for the disease at present. 



LITERATURF REVIEW 

This research projtct involv€s the use of fear.ut fields 

by birns. Some known instar.c~s of this type of use are 

lis":'=<l• According to Martin Et al. (1951), peanuts are used 

by some birds a.nd mammals, probably due to the nutritious 

natu~E of th~ s~ad. Ht notEd that Mourning Dovts <Z~~~ig~ 

.!!l~QIQ\!I~) , 

(11 §.1~12 . .9.£ l§ 

Bobwhit~ Quail {£2li£Y§ 

commc n Flickers 

Turkeys 

(£Q1~£te§ 

~Y£!!Y~) utilized peanu~s as food to varying degrees. 

Graham (1g41) listed the peanut as an impcrtar.t food of 

Bobwhite Quail and Turk~ys, while it was found in the 

storna.chs of the Commor. c re.,,, (£Q.IYY.§. br!£hli.hYn£hO§}, Boat-

Tail0d Grackle (£~§§igi~ filg!i~Y§) , Mourning Dove, Red-

Wing~d Blackbird (!g~l~i~§ .ell22Ili£f..Y§), HousE Sparrow 

(£~§'.2~I Q.Q.fil.L2ii£Y§), and possibly woodpecker-s. Th'= Canada 

Goos~ (~I~nl~ £~£~Qgn§i§) has chcnged its migratory patterns 

recently, staying further north. T~is has teen attributed 

to changing agricultural practices, which have mad9 the 

peanut more attractive to gees-? (HaLkla et al. 1967). Beal 

(1900:71) found traces of the pulp of some large seed or nut 

(p2anuts ?) in Boat-Tail~d Grackles, Bobolir.ks (QQ1k£hQ!l.Y.! 

8 
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f.Lll.iY.i?I.!!§) , Brown -HeadE: d Cow birds (,tlQlc1.h£.!!§ a!~I) , Ped-

Wi!'!g~d Blackbirds, Rusty Blacktirds (~.!!Bh£gY§ £~rolia.!!~), 

c.nd CcnmC'n Flickers. Crebbs (1960:92) found that Red-Wir.ged 

fed on 

p~anuts h~avily, w~ile Starlings and 

Brow!'!-l!eadc~d Cowbirds or,ly showed traces of peanuts in their 

a i et s. All sp ~c ie s, howa.vE:r, did feed in the fields 

exten~ivfly with other materials taken. Much tt.e same 

r~sults w~re found in follcw up studies to Crabbs' work, as 

tie·an11ts we-re found to bE- thE largest component for all 

blackbird speci~s combir.ed (Hat:dy 1961; Lefebvre 1961). 

Birds are well known dipersers of many different plant 

se~ds. Janz~n (1971) gives a bread review of seed predation 

by both birds and mammals. He cites sev~ral exampl9s of 

dispersal of seeds by biras. One aspect of seed dispersal 

is ~he benefit to se01 of some speci~s cf passage through 

the gastrointestinal tract of v~rtebrates. Th~s enhances 

gsrmiLation of seeds i& some cas~s (Krefting and Ros 1949; 

Olson and Blum 1968). 

Fordham (1969). 

Small scale dispersal is 3hown by 
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Fxaaples of long distanc~ dispErsal of seeds by birds 

ar;:;. numerous. Cl£land (1952) found sev.::.ral plant species in 

Aus~ralia had been spread via se~ds in birds. Viable seeds 

were found in the gizzard of SLow Buntings caftured on a new 

volcanic island where no growth had occurred to produce 

seeas (Sigurdsson and Fridrik3son 1969). Proctor (1968) 

foun~ that several factors werE involved with the dispersal 

of se~as, such as size of the seed, digestive ac~ion and 

d i-:.+ -............ HP round se2ds rEtained up to 200 or 300 hours in the 

qastrcintestinal tract. Procter also fcund scme seeds were 

regurqita~Gd. It has bten suggested that this regurgitation 

may bE a possible mPthod of dispersal for Frcpagules that 

canno~ surviv~ rassage ~hrough thE entire tract (Malone 

1966). Falla (1960) m8nticned several pelagic bird species 

as dispersal agents. Besides int~rcal transFort of seeds, 

( 196 6) r.:: vi€ wc::d the poE sib.i li ties of seeds b€-in g 

carriea in mud on the fee1: of birds. He cited an article by 

Darwi~ in 1859 and s2ve~al others which alluded to this 

possitili-:.y. 

A few instanc~s of detrimental seed di~persal are also 

known. s~2as of th~ mistletoe w~re shown tc be spread by 

birds in r:he southwest Unit~d States (Bray 1910). Zilka and 

Tinnin (1976) suggested that 10 out of the 80 bird species 

they studied could be important vectors of dwarf mistlatoe. 
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Th~ sticky seeds wFre fouLd on f2ath2rs, 

d!:"oppings. 

but not in 

ScrnetimAs ~thtr org~nisws and plant parts along with 

sFeds ar~ transportEd er moved about by hirds. Plankton and 

th~ eggs of Lrine shrimp were fouLd viabl~ in the fecal 

cc~t~nts of Mallards <An~§ £1A!Yth!ll~~Q§; Malcne 1965). A 

sp~ci~s ot spartina was found over 85 km frcm its nearest 

pcint of Gstahlishm~nt in the 

sugg~sticg bi~1 dispersal 

fjords of Denmark, strongly 

(Ads.:-rsen 1974). Schlicting 

(1960) discuss8d thP. role of waterfowl in carrying algae 

b~tW3E'I bodies of water, as did Proctor (1959). Proctor 

found the alga~ with simplEr cells werE viable in the 

qastrcint~stinal tract, while the complex ty~es were not. 

Twenty eight genera cf algae were pr~sent in one species. 

De Vla~ing and P~octor found several sp2cies of 

aquatic organisms viaol8 aftEr passage through Killdeer 

(£h~~QiiY~ !Q£if~fQ§) and Mallards. 

A cas2 of short distance dispersal of plant parts 

involv0d moss and several bird speciPs associated with b~ech 

fore st i P Eng land (Davis on 1976) • A ppa ren tly va:r:io us sized 

pi~ces of mo~s wer~ dislodgtd and spread about during 

foraging by bird spEcias. Davison also suggested that 
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£ither pi~c~s of moss or Sfores could be carried on the feet 

er in th• feath~rs of biras, ..::fficiEntly spreading the moss 

qr8atPr di3tanc2s. 

~itt ~he high ir.cidence of seed dispersal by birds, the 

possi~ility of spreading a pathogenic fungus via seeds seems 

grea~, esp~cially when a great number of fungi are s?ed-

borr.-::. Tr~ lit·'.)rature contains 

ir.habitir.g seeds cf mar.y plar.ts, 

many instances of fungi 

pcrticularly domesticated 

plan~ species. This wculd be expected, as crops and their 

wcltar~ arE of great interest to man and are more thoroughly 

research~d. A few cases wh~re seeds of various plants have 

been fouLd to contai& pathogenic fungi are presented. 

Speci2s of ~Q1£Yl~£ and ~£1£t21ini~ were isolated from 

by Cother (1977). Both are important 

pathog2nic gen-?ra. Nik and Parbery (1977) isolated 42 

diff~r2n~ species of fungi frow tte seed of 25 legumes. 

Am::sor. ar;d Stiers (1977) isolat(d ~g£h£1Q§£££i.!!.fil !l!:a.!!li.I!.ru!!!l 

from seeds, and Q£§.£h.§.1g.£.9' spp. wsre ider.tified as seed-

borne pathoqenic fungi isolated frcm c~raal seeds in Hew 

ZE:aland by Sheridan (1Y77). 
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Ir. studying the possibility cf 

££Ql!::.1£.Ii12 heing seed-tcrr.e, Garren et al. (1972) succeeded 

i r: i sol a t.:i.n g th~ tunqu.s fr om fresh! y dug peanuts, (!f.g,chis 

hYllQ.9:££.~ L.), but not from peanuts subjected to normal on-

farm proct:-ssing. This was tru~ ~ver. wh€n peanuts were hand 

pick~d from 100 percent diseased plants and then processed 

for mark~~. This process involvFs drying in the field while 

E' x pos€ d t:o de prada ti on by birds. Hanli r, (1q13) re ported a 

total cf 200 species (110 genera) of fungi were recovered 

from all parts of the pPanut plart, including the seed. 

only a few ki r.a s of plant pathogens have any 

inuepFndent movem7nt:, which iL any case is insignificant for 

long distanct dispersal. Thus, all pathogens depend on 

agents other than thems~lv~~ for dissemination. These 

ag~n~s a=e wind, water, insEcts, man and ether animals 

(Agrios B69:23). To discuss in detail these aspects is 

b~yond the scope cf this review. A fEw relevent instancas of 

disp~rsal by factor~ other t:han birds will be given. 
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Wind has played a majcr rcl8 in the s~read of 

pa+h~q~nic fungi and oth 0 r orgarisms throughout the world. 

Christ<?nr-:c:n (1942) explai.ned th~ method by which spores are 

ca~ri~d up to several thcusard miles in the atmosphere. 

Fact0~s such as SFore siz~, density, and shape, as well as 

wird v2lccity and relative humidity were discussed. Another 

reviaw of spore dispersal due to wind and water was givan by 

llir.31: (1959). A few specific ~xamples of wind and rain 

disp~rsal involv~d speci~.s ot f.Y.§Ii.Y.!!l from corn fields 

(Ooka and Kommedahl 1977) being carried 300-400 km trom the 

poiL~ of inoculum, and the sprEad of coffee rus~ ur~dospores 

by wi!:rl (M"irtir:.ez ct al. 1977). Levels cf rust inoculum in 

t~8 ~tmosphere ever CaLada have b~tn surveyed for several 

y~ars by Green (1976), bu~ only one article of his was 

with reg'.1 rd 'tO the fur.gus under study, 

was found that the 

propagulEs (micrcscl~rotia) could be sprEad a few k~ by wind 

and mech~nical means (ROW€ Et. al. 1974) • This was 

pos'tulat~d to he important in local spread of th~ disease 

causs-d by thE fungus. Kriqsvold et al. (1977) found viable 

spores in soil ~aken from ~quipment ussd in fi~lds known to 

have the disease caus~d by £. £IQ!~l~~iAg• 'f}i"' results of 

this typ€ of mdchanical sprPad were shown in Fig. 1. Deep 
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bark cank2r of walnuts ~as shewn to be spread by the 

m E c Li!! i ca 1 ha r v-= st er i r: mu c h t r. 8 s a m E w a y ( Ka d o 1 9 7 7) • 

Several instances of animals, primarily birds, carrying 

fungi hav~ been ~ocuma~ted. These involve ~he p1esence of 

fungi ocly, and do cot n~cessarily imply the spr~ad of a 

diseasP caused by thosP fuLgi. However, the possibility of 

thEir heinq disaase vector~ is obvious. 

Besides givicg a ge~eral r£view or: dispersal of fungi 

Ingold (1953) mentions the dispersal of freshwater aquatic 

t u r• g i b y w a t e r f ow 1. E x t ~ n s i v ~ w o :r k o n bi :r as and t he ir 

association with fungi Either in f~athErs, nests, or soil 

has bGen done by 

1972), ar"d Pugh 

r~gularly shown 

Pugh (1964, 1965a, 1965b, 1966a, 1966b, 

and Evans (1970). European birds we:re 

to carry fungi, some of which were 

pathog~nic. Th~ nests of birds also contained certain types 

of fungi f=equ~ntly. cooc~y and Em~rson (1965) also found 

fungi (possibly patho1eLic) iL birds' nests, as did Apinis 

and Pugn (1967), who isolated 27 species f:rom plant d3b:ris 

foun3 in ~he nest its~lf. Anoth~r res~archer has shown high 

1PV8ls of occurr~nce of fungi on feathers and bird nests 

also (Hubal~k 1972, 1974, 1976). one instance of other 

animal iLvolvement with tungi concernEd the isolation of 
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fungi from th~ n~sts of 5 Murida~ rcdent species in Europe. 

Poll..:;r. i!l'.)ng with fur:gal Sf·OrEs were shewn to be carried by 

birds in tl12 wcr-k dor.e by Ash f't al. (1961). Several genera 

of f1rnqi, including pathog~'nic forms, wt:r,~ isclated from the 

1Pet of birds by Evans and Prusso (1969), who believed their 

r~sults warranted furthEr s~udies. Fungi were also isolated 

from the throats and feathers of wild Pink-Footed Geese 

C!n§~I ££~£hYI~Yll£hQ§) sampled ir. Scotland and Iceland 

(Sladen and Austwick 1955). Seventeen different genera of 

fungi associated with these gEese ~ere datermined to have 

bePn pickei up in fields by thE· geEse. 

An in-depth study into tte ability of birds to carry 

fungi was carried out by Warr.~r ar.d French (1970). They 

afpli?d spores of 2 fungi to the plumage of 149 birds of 31 

speci~s and ~~covered viable spores 3 to 45 days later. 

Th~y also isolated fungi of 39 genera, some of which were 

pa<:hogc-nic, from thE feathErs of 248 birds collected in 

parts of M~xico, Texas and Minnesota. Their work also 

showed Common Grackles sprEad 2 disEases of oats from field 

plants to healthy plants under greenhouse conditions. Monga 

(1972) isolated s~v~ral g~nera of pathogenic fungi from 60 

of 233 wild birds h€ collscted. 

Birds, Aspecially woodp~ckers, were shown to be 

involved in the economically important spread of chestcut-
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b 1 ig ht, ca us ed. by B£12lhi~ ~.I~.§.i.11££ (Heald and S~ ud ha 1 ter 

1914). Ir; similar wor.K, Tiftany E't al. (1955) attempted to 

isolat~ •ha causal funqus ct cak wilt from birds. Although 

h~ fail2d to isolate th~t particular fungus, he found 41 

diffarPn• qPn2ra of fungi associated with birds. ~aqpies 

were iwplicat~d in 

causinq diehack cf citrus tr~es 

the spread of a fungus 

(Kouyeas and Anastassiadis 

1 962) • The birrls built nests frorrc twigs killed by the 

funqus apd thus caused its spread to healthy trees. 

Ttera are sev~ral cases wher~ birds were suspected of 

spreading a disea~e by carrying fungi. Lachmur-d (1929) 

suggested that birds were involved in th€ spread of the 

sw~e~f~r~ rust. Migratory birds wer2 considered to be the 

agent of transfer of blister-blight of taa from Ceylon to 

Sumatra (B•;its!"a and Var: En:den 1949). Bir:ls may also be the 

dispersal ~gent ot blist~r-blight of tea in New Guinea (Shaw 

1%5). Nielsor. (1929) suggested tl:at birds aided in the 

distribution of th~ pctato wart disease fungus. 

Birds have been show~ tc transport or be involved in 

the spr~ad cf other organisms b~sides plants and fungi, some 

beinq of a pathogEnic nature. The sprEad of plaLt viruses 

by birds has been shown in sev~~al instances (Broadbant and 

Mar-tiri 1959; Broadbe!'lt 1964, 1965). 
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Yc-.asts have h~En carried l:y birds (Kocan and 

Hasenclc.ver 1974), and 'I'iunina (1931) suqgE=:sted that birds 

may contribute to th6 spread ot yeasts in Fcench vineyards. 

Plant pathog~nic bactsria carriEd by birds w~re 

involved with a coconut bud-rot (Jot.nston 1912). Babbar et 

al. (1976) isolat2d avian mycoplasma from plants, suggesting 

bird involv&rneLt. 

ot a non-pathog~nic natur~ but with interest to this 

research proj0ct, crustacean egqs were r&covered in a viable 

condition from the cloaca of ducks by Proctor (1964). This 

the and all instances m~ntioned involving 

gastrointestinal ~ract of birds raises questions about the 

environme~t cncour.ter8d by organisms when ingested. The 

follow~nq section deals wi~h this aspect. 

A r0view of Sturkie (1976) shows that the rate of 

passaqe th=ough ths diges~ive tract of rirds depends on the 

consis~9ncy, hardness, water content, and the amount of food 

consu~~d. Chromic oxide, an indicator chemical, was 

d~tect~d as early as 2.5 hours att~r feerling, with most of 

it passgd within 24 hours in scme species. The hydrogen ion 

conc2ritraticn (or pH) found in the tract is dependent on the 
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aroount ot HCl secreted in th~ proventriculus, and the action 

of bil~ and pancreatic juic~, which tend to neutralize acid. 

Mes~ vork~rs agree that all fart~ cf the tract are acid, 

with th~ highest pH recorded in thA int2stin9s, and the 

lowest in ~ithtr th~ gizzard er the provEntriculus. Sturkie 

(1976:202) giv€s values of thE avian gas+.roint~stinal tract 

pH as ra~ging from 1.0 in the p~over.triculus to 7. 1 in the 

low~r i~testine. Acccrdicg to Sturkie the pH is not 

s~gnif~ca~~ly ir.f luenced by diet, tut will increase with 

high inq~sted levels cf basic salts or milk. Dig~stive 

proc~ss~~ listed include swallowing; macEration; grinding in 

the gizzard; subj~ction to digestive enzymes from saliva, 

stomacL, intestines, and pancreas; action of bile from the 

liver; action of HCl from the s~omach; and bacterial action. 

A rEview of Farner and Kirq (1972) yields much the same 

information. They stat~ that HCl is generally found in 

birds, and that pure gastric juice ~ay have a pH as low as 

0. 2. Farn~r and King (1972:380) givE: dEtails of the avian 

diqestivE tract and the pH of its components. Another 

inter~sting fact mentioned in their work was that the ceca 

ar0 emptied no more than once in a 24 hour period in the 

grousE and domestic chicken This 

stor~gE function could have implications in long distance 

disp~rsal of organisms. 
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~~cc=ded ins~ances of fungi surviving ~assaga through 

th~ oast:oint~stinal tract of organisms are few. HEald 

(1943) be:lif:'VE'd that few if 3.ny propagules of corn smut 

could survivE passagE through ~he gastrointestinal tract of 

hors~s or cattla. Peplinski (1974) failEd to isolate viable 

propaguli:os of ~tl~!Q£Y~.!ig f§g:~f~g,£Q.!!! in the trass of 2 

speciEs cf b~0tles asscciated with the death of red oaks. 

HowevE.r, sporE-s of the pathcgPr.ic fungus, ~.Q.JJ,€:tQ1£i£h.!!.!!! 

12£.!:U.2.Ii.!dl!!r passe<l through th<:! gut of a snail and were 

viabl~ for several days, causing anthracnose of melon (Hasan 

1976). Similarly, Gilliam (1972) isolated funyi from the 

i~testinal contents of wcrksr hoLeybees. 



METHODS AND MATERIALS 

El3ven peanut fields near Smithtield and 9 fields near 

Suffolk in southEastarn Virginia (Figs. 2 and 3) were 

cbsPrved tor a period of o~e yEar. Bird species, numbec per 

speci 0 s, approximate weath2r conditions, time cf day, and 

field condition were recorded fer each observation period. 

Fields wPr~ observed once a mccth, axcept during harvest and 

fall wigraticn, when observatiorcs were rr.ade every 2 weeks. 

Each field in ac area was observed for approximately one 

talf hour, with thE aforemE&tioned ccnditions and paramgters 

rEcord€d. The following mornicq the other area was observed 

in the sam~ fashion. For tird identification, 7 X 50 

binoculars w2re used. 

T~e fields in an area were chosen for their relatively 

clos 0 proximity to o~E another. This was done to allow for 

mcrP obsarvation time pEr fisld during the high usage 

periods, i.e. ~arly morning. 

~irg ~~ngirrg 1~f 2rmati21 
Banding data en 17 of the bird species observed 

utilizina peanut fields was rEguested frcm the Patuxent Bird 

21 
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Fig. J. Locations of study areas in Isle of Wight 
County and the City of Suffolk. 
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BandiLg Laboratory (United Stat 0 s Fish and Wildlife Service) 

locatsd iL Laurel, Maryland. 

Longitucie and latitude of the study 

a~~€rnin~~, and records ot tte original banding lccation of 

mEmb~rs of ~h~ 17 s~eci?s recaptured or recovered in the 

study arsd w8r~ extracted. The objEctive was to determine 

the p?st migratioL or movement patterns of birds observed 

using peanut fields during thE study period. For each 

sp~ciEs o~ which data was r~quested and extracted, points 

were plotted on a map indicating place cf original banding 

or r.::-captur<:. 

Thes~ 17 sp~cies werE chosen due to their migratory 

habits or th~ lik0lihood of their being vectors of CBR. 

need3d in larqe quantities for the various experiments 

pErform~d. on~ of the b~st mEthods for acquiring large 

amounts of microsclerotia is ~o gro~ them in a medium that 

favor~ th~ d~velcpmE~t of primarily microsclerotia. The 

mEdium us~d commonly with this fungus for growth of 

microsclerotia in pur~ culture is Hunter's medium (Hunter 

1970). 
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Th 3 constituents (App~ndix Table I) 

proper amount, while stirrinq, to the 

were added in the 

correct amount of 

distilled wat~r in a larg~ flask. The Lest way to do this 

involvFd making s~veral liters at onE 

The m~dium was then poured intc 

funnel. The small flasks used were 

with widE mou~hs (stopper sizE 8). 

time. 

smaller flasks using a 

250ml Erlenmeyer flasks 

Approximately 100ml of 

thE medium was poured into eacr 250ml flask. 

A plug w~s made to fit snugly in the neck of each 250ml 

flask. Each plug consist=a of a ball of cotton wrapped in a 

squar~ of che2s~cloth. ThP loosE ends of cheesecloth pulled 

togEth 3 r pointed out of th~ flask. Tht plug was snug enough 

if thE flask could be picked up by the ends of chaesecloth 

only. A square of heavy duty 

the top of each flask. 

aluminum foil was placed over 

Each s~aled flask was then 

au~oclavcd at 121C for 15 minutes. Aft£r removal from the 

autoclave, ~ h2 f las1<s wer~ allowed to cool to room 

temperatur.::. 

Fae~ flask was then inoculated. The inoculations were 

performed und~r a hood using aseptic techniques. The foil 

and plug wEre removed from a flask, and a small piece of 

agar con~aining £Y1ing±2£1~Qi.!!.!!l ££Q~21£Ii~ mycelium was 

placed i~ th2 flask. Agar chunks w~re taken frcm cultures 

o: £. £££121~£ia~ grown in Petri dish~s. 
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The plug and foil wcr~ th9n replac~d in each flask as 

ir:oculc-.tion was completed under the hood. All flasks wer€ 

dat~d and plac~d in a dark chamber at room temperature for 

t.h::::-8? mor.ths. This stcrag2 was undertaken to ensure the 

devalopmEnt of large numbers ot mature raicrosclerotia in 

H ur.ter • s medium. A total cf 60 flasks were prepared in this 

fashion. 

Two 250ml 

f laskE containing Hur:t2r•s m~dium 

£.£QtaJ.s.Ii~.:: qrowth werE: used for 8ach expEriment requiring 

microsclerotia. Both flasks were poured into a Waring 

blender ~nd blsnd&d at high speed for a total of 

approximately 20 minutes. To prevent heating of the 

mixture, and possible damage tc the microsclerotia, blending 

was done for short p~riods of time tc total 20 minutes. 

A!~tr blending, the mixturt was pourEd into a 250ml 

flask and ~yitated by hand, thEn left to stand for about one 

minut~. The flask was then decanted, removing the upper 

half of the liquid. This procedure removed the lighter 

wa~erials, i~avicg the heavier rnicrosclerotia in the bottom 

of the flask. This decan~ing procedure was repeated 5 times 

by adding additiocal water each timF after half the liquid 

was dr.c.in-c-d. After the last decanting, the flask contained 

almost P~tirely microsclerotia. 
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The resultant microsclerctia were th€n separated by 

siz~ by washing them with a squirt bottlE cnto a sieve 

combinat:_on cf 100 mesh p~r ir.ch (150um) sieve over a 500 

mesh pE'r inch (25um) sieVE. This was done to prevent the 

use of overly larqs, unnatural micrvsclerotia that commonly 

develop in the Hur.tEr's medium. The microsclerotia 

collJcted on the 500 mesh sieve were then utilized for the 

various Experim~nts. 

~Q£IQ§~ - IQ~ ~~diy~ 

DEtEction of £YliU££2£1££i~~ £I2!ala1ia~ microsclerctia 

ir. various mate~ials is eLhanced by thP use of a selective 

m~dium. The one usEd throughout this project was called 

Sucros~ - TilZ (Krigsvold ar.d Griffin 1975), however, a more 

selective msdium has since beer. developed, called Sucrose -

QT ID'Jdinm (Griffin 1<J77). 

Th~ procEdurE for preparir.g Sucrose - TBZ (Appendix 

Tabli:e: II) was mor? involv.:::d than that for Hunter's medium, 

as c~rtain chemicals had to bE added after autoclaving. 

This m~dium was prepared in 4 liter batches (2 liters in 

£ach cf :wo 3 liter flasks). Sucrose, peptcne, potassium 

phosphat~, rnagnt:sium sulta.te, and 

distilled water whil~ stirrirg with 

ThPse solutions were then autoclaved 

minutf"'~. While autoclaving, thf 

agar w2r~ added to 

a magnetic stirrer. 

for approximately 20 

proper amounts of 
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pentachloronitrobenzeLe (PCNB), oxgall, 

chlortetr'lcycline HCl ar.d thiabendazole (TBZ) 

streptomycin, 

were weiqhed 

out. All chemicals were weighed with a triple-beam balance 

or a M~~tl~r analytical balance. The TBZ was dissolved in 

acPt~c~, and the strErtomycic and chlortetracycline HCl were 

dissolvad in sterile water. The autoclaved solutions were 

plac~d in a 50-55C water bath to cool to handling 

t<::1nperatur2. This usually took 20 to 30 minutes. A ft er 

sufficient cooling, the remaining chemicals, which were heat 

labile, w~re aijed whil€ stirring. The pH of each flask was 

aa;usted to pH 4 using HCl. 

All plates wer£ poured under a hood using sterilized 

600ml bEakErs. The plat€3 used were disposable plastic. 

Plates W€r2 left to cool overnight, aDd then placed in a 

r~trigerator ur.til used. 

Each 4 liter batch yield~d approximately 150 plates of 

sucrose TBZ m?dium, ar.d required 3.5 tc 4 hours of 

laboratory time for preparatior.. Approximately 3000 plates 

wEre m~dE for the various ~xp~riments. 
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fliIQ~ ~211~£!gg fI2! f ~~ll£1 f!~1Q§ 

SEVE~al bird species •~re collected by shooting during 

the fall and spring. Attemr~s at cannon netting were 

unsuccessful. All bird spEcies shot were previously 

observ~d in a peanut field. Collected birds were placed 

individually in pla~tic Dags that were not airtight. The 

bags wer~ th 0 n placed in a styrofoam cooler fer transport to 

th~ laboratory. 

From each bird, crop contEnts, fecal material, and soil 

scrap~d from feet were ccllected separately. Rach sample 

was th~n analysed fo~ the pres3nce of viable microsclerotia 

by the following m~ttods. The sample was briefly mixed with 

water in a st~ril2 blender top, ther. washed onto a sterile 

sieve combination. ThE top sieve was of large mesh to 

prev~nt splashing. The bottom sievE was 500 mesh per inch 

(25um). Each sample was washed with tap water for 5 minutes 

bEfOT.€ beinq washed into a 150ml beaker using sterile water 

in a squirt bottle. The volume was brought to approximately 

50ml usir.q st~ril~ wa~er. This mixture was agitated with a 

magn1tic stirrer while 5 1ml aliquots were drawn off with a 

pipE~t~ and spread on 5 Sucrose - TBZ plates. The plates 

were then left tc incunate at room t~rnperature. 
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~2il ~211~£1~~ fIQ~ ~ ~l£f!D1IQ KQ2§~ 

A blackbird roost in the vicinity of peanut fields in 

southeastern Virginia (Fig. 4) was located with the help of 

an employ~~ of the Dismal Swamp National Wildlife Refuge. 

on~ hundr~d soil samples were takEn at random from the 

roost. Each sample was placed in an unsealed plastic bag, 

which was then placed in a styrofoam cooler. Samples w~re 

k~pt in a moist ~cvironment until analysed to preven~ drying 

and possible loss of 

samplr::. An avgrage 

any microsclerctia present in the 

soil rnois~ure was determined by 

oven1ryirg 20 11q sampl€s takEn from the criginal 100 

sarnpl~s. Drying took placE at 105C for 24 hours. Moisture 

was 1Ptermined so the proper amount of undriad soil could be 

analys~d tc giv~ the nulliber of colonies per gram of soil. 

The following procEdure for analysis of soil is adapted 

from Krigsvold and Griff~n (1975). Samples were not treated 

with scdium hypochloritt (NaClO), as this treatment has been 

shown to be detrimental to the survival cf micrcsclerotia 

(Griffin 1975, 1977; Krigsvold ar.d Griffin 1975). From each 

oriqinal soil sample take& from the roost, an 11g sampla was 

taken. This 11g sampl~ was placed in a sterile blender top 

with wat€r and briefly mixed. This mixture was poured onto 

a st8rile siev~ combination of a large mesh ovP.r 500 mesh. 

Each sample was wash€d for 5 minutes un<ler tap water, then 
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wash~d i~~o a 150~1 Leak~r with a squirt bottle containing 

stPrilL wa~er. The volurn~ of water and soil was brought to 

40rnl. Ths soil was then brougt~ into suspension by the use 

of a magnetic stirrer. One ml aliqucts were placed on 10 

sucross - TBZ plates with a pip~tte. Each 1ml of suspension 

r~pr~sEnt2d 0.25g cf soil. All plates were ~hen incubated 

at room ~~mp~rature. 

Aft€r incubation for 5 to 

14 days, all plates were observed. Colonies of fungi which 

might be £YliilQ£2£1£QiYID ££Ot£1£I:ia£ were transferred 

aseptical~y under a tood to another plate cf Sucrose - TBZ 

to allow for bett~r expression of characteristics under less 

compatitive conditions. Thes~ subculturEd plates were also 

incubated at room temperature. 

Ih~ 2§~ 21 §2il £Qili~iniug a kn2~n £Q£B1~i£n ~§ a £h~£~· 
Peacut soil with a known concentration of microsclerotia per 

gram of soil was used to check tbs sensitivity of the soil 

ar.alysis proc~dure us9d. Tw€nty 11g samples were analysed 

~xactly like the bl~ckbird roost soil samfles. After 

ir.cubation at room t2rnp~rature for 5 days, colonies of 

present we r<? 

Questionable colo~ies were wet mounted and 

countad. 

observed 
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microscop:.ca 11 y for prE sen c.:. of charact~ristic 

The observabl~ colony count was then ccmpared to the 

known estimated population ir. the original soil sample. 

This procedur~ was done to ch2ck the sensitivity of t~e soil 

analysis procedurP. 

f~~§~~ Qi ~~££22£1~211~ !h12ugh 1h~ 
§~.§1I2in1estina1 Tr~£ts of ~i~ds 

£Y1in1t2£1~di~fil ££21~1~£1£~ microsclerotia were force 

ftd to three bird speciEs, car.ada Goose, Bobwhite Quail, and 

J a panes~ Quail (fQtUI~i! £QtU£D..i! j~J22ni£~), by various 

methods to determine whether microsclerotia could ramain 

viabl~ after passage through the gastointestinal tract (GI 

t.ract). The mEthods and waterials varitd slightly for the 

different species and as techniques were imprcved. Therefore 

the following exp~rim2nts are treated separately. 

Whenev~r microsclerotia were harvasted from pure 

culture and used in ar ~xp€riment, qerminability studies 

wer~ perforrne:d. As mer.tion.:;d in th: harvesting of 

microscl~rotia section, 2 flasks of pure culture were mixed 

for ~ach sxperiment. Water ( 1 ml) containing harvested 
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microscl~rotia was pip~tt~d ante each of 2 Sucrose - TBZ 

plates fer evPry 2 flasks mix~d. Approximately 36 hours 

after pip0tting onto the plates, each plate was observed 

under a microscope at low power (4X). One hundred 

micr~Eclerotia wer~ cou~ted per plate, differentiating 

b~twe~n those that germinat~d and those that failed to 

qerminat~. The percentage of germinating microsclerotia was 

th~n takEn dir~ctly from tte ccunt of each flate. 

!~§! fQ~ ~ff~£~S 21 f~~Q QL ~~££Q§£l.£.roti~ 

Both water and the fEed used for the experiments were 

tested for their effec~s on microsclerotia. A 10 ml 

solution of wate= containing microsclerotia was added to 

2acr. cf 1 3Crcw cap 12Sml flaEk~. One flask ccntained 50ml 

cf stEril~ wat~r and no f~ed. The second flask contained 

50ml of ste~ile wat~r aLd Sg cf feed. The last flask 

contained SOml of steril~ ~ater and 10q of feed. Three 1ml 

aliquots werE draw~ off daily from ~ach flask and plat~d on 

Sucross - TBZ ma~iu~ for incubatior at room temperature. 

This was ~on~ for 6 consEcutive days. 

~~Q~g~ Q~~§g 

Tw~lve Canada G~~s~ w~re captured from the Virginia 

PolytEchnic Institute ard State University pond for use in 
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various €Xperirn?nts. Th~y were caught in a small funnel 

~ype r.?~ (Pig. 5) during the r8latively flightless phase of 

primary feather replac~M~nt. The geese, as wers all spacies 

of bi:ds used, were fed a star.dard raticn (Table 3) 

throughout the exp~rim~~ts. 

Two groups of 6 geess each w~rE f orc2 fed 1ml 

at 100 and 300 microsclerotia p~r rnl 1EV3ls. A 60cm long 

flc,xible but firm clPar plastic tub€ (2rnm o.d.) was fitted 

onto the end of a Manostdt syringe apparatus. The suction 

ir.tak~ tube of the Manosta~ syringe was placed in a b~aker 

contair.ing water and mic~osclf rotia. The beaker also 

contained a magnetic stirring bar for suspension of the 

microsclerotia. 

The 2 levels of microsclerotia were made in several 

steps. Water was added to bring harvested micrcsclerotia to 

a 100ml volume. The cor.c~ntration was then d~termined by 

countiLg microsclerotia pEr ml in 2 s~parate milliliters. 

Dilutior.s to 100 and 300 microsclerotia per ml were then 

made and check~d by counting as above. Concentrations were 

also ch~cK~d using the actual application proc€dure to 

ensur~ p~oper levels baing ieliv~red to each goose. 
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Path of driven geese 

lcm a lm 

Fig. 5. Diagram of net used to catch 
Canada Geese during primary 
feather development. 
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Tahle 1. Ingredients of rations used to feed 
birds of all speci~s on experiment. 

Ingredient 

Grcuno yellow corn 
StabilizEd fat 
DRhull~d s~ybean m?al 
M~nhaden fish meal 
Meat and hon~ maal 
Dehydrated alfalfa meal 
Ground lim~ston~ 
Defluorirated phosphate 
Salt (NaCl) 
DL - ffiE,thioninE 
Trac~ mireral mix 
Vitamir. pr-::rnix 3 

Total 

Pcunds F"r tor: 

880 
40 

700 
100 
100 

40 
90 
30 

8 
1 
1 

10 

2000 
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Fer eact goose, the tube attached to the Manostat was 

cl?an~d and moistened with water before b&icg inserted half 

way down the e3cphagus. On~ ml of either the 100 or 300 

lev~l sclution was given to each 

goose. The solutions wer~ bEir.g stirred with a magnetic 

s~irrer wLil2 th~ 1ml aliquots were drawn off for each 

qoos~. 

All 12 geese were p2nned individually 1 day prior to 

and 4 days after being force fed micro~clerotia. Feces were 

collect~d daily from ~ach gJose on paper placed benaath each 

pe~. The first collection was at the time of force feeding 

of the microsclerotia, 1 day after bfir.q placed in the pens. 

Coll~ctions wgr~ made OL each of the next 4 days. Pens were 

clear.Ed and disinfected daily to prevent contamination of 

th~ nExt days• collcctior.. The feet of all geese were 

washerl prior to being placfd in a clean pen Each day. 

F~ce5 were ~aken off thE collection paper for each 

goose and placed in a sterile jar. Feces collected from all 

12 gQese w~re th~n taken to the laboratory and processed to 

dst~rmine presenc~ of viable microsclerotia. This procedure 

involved mdterials and methods similar to those used for the 

harvestirg cf micrcsclerctia. Each feces sample was briefly 

roixaa with water in a sterile Waring blerdar and then placed 

or a steril~ sieve comrinatior. for washing with tap water. 
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A larqE m~shed sievE was placed ov€r a 500 m&sh sieve tc 

prev~~~ splashing from thE bottom sieve. Each sample was 

wash~d for approximately 5 minutes with taf water. The 

material remaininq iL th~ siave after washing was then 

wash~d into a st~rile 150ml beaker with a sguirt bottle 

co&~airirq sterile water, and brought to a 50ml volume. The 

solution ~~s then agitated usicg a ma~n~tic stirrer. one ml 

was re~oved 

TBZ plat~. 

using 

This 

a soil pipttte and placed on a Sucrose -

was donF 3 times for each collection of 

f~ces. Plates w0re then star2e at rocm temperature for 

incuhaticn and subsequ~nt observation. 

Twelve g~ase wer~ 

!i££2~£le~21i~ £nQ i~£~ 

force fed approximately 5000 

microsclerotia in 1ml ot wat~r. This prccedure was similar 

to that used wh9n force feeding 2 lev~ls of microsclerotia. 

HarvPsted microscl~rotia w~re placed ir. a small volume of 

water con~aining the intakE tube of a Manostat syringe. As 

each 1wl aliquot was deliv€rea to a goose, the 

microscl~rotia to 

allowed to s~ttlµ 

be force fed 

near the End 

tc thP nExt goose wPre 

of thE clear plastic 

applicatcr tub~. This procedure allowed for a visual check 

on the amount force ted tc each goose, and the couLts done 

prior to ths actual f8edin9 provided further checks. 
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The 12 qeese had b~~n p9nn€d separately in sterile 

cages 1 lay prior to and 3 jays af~er the above force 

fA~dir.g taok 

placed under 

disinfsct8d. 

FECSS 

th~ cages which 

w€re collected daily on paper 

wers disinfected daily. The 

washEd with watdr as cages were 

The first call~ction ended prior to force 

fetding of the microsclErotia. Three subsequent collections 

tollow~d ~he forco feeding at 24 hour intervals. Feces were 

analys2d in tha same manner as thcs~ in th~ 2 level force 

fEeding ~xp&riment, Except 5 1ml aliquots were plated on 

Sucrose - TBZ medium inst~ad of 3. 

FOI£~ 1z~~ing 21 ~ Q2I2~§ £2g £Qnt~ir.in~ ~i£~§£le£2ti~. 

Fiftdsn g2Gs~ were force fed a small, tight mesh~d, porous 

bag cortaininq approximately 5000 microsclerctia. A bright 

red synthetic cloth ~atErial was cut in~c 3cm discs. 

M~crascl~rotia w~r~ pipstted frcm a flask and allowed to 

settle in the tip of the pipette. The end of the pipette 

was •hEn touched to the c~nt~r of the cloth, depositing 

~pproximately 5000 microscl~rotia. The number was estimated 

by microscopic~lly counting 5 similar depositions on slides. 

With the use of forceps and a hemostat, a piece of surgical 

thread was then used to draw the clcth togeth8r into a bag 

~i~~ at on3 end. The lcose ends ~~re +rimmed with scissors. 
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A 3 0 cm tub e ( 3 m m i. d • ; 7 m n, o • d • ) w a s used t o a d mi n is t er t he 

hags LO q0~se. A bag was placed in the tif cf the tube 

prio~ to b~~ng ins~rt2d p~rt way ao~c the esophagus of each 

goos:::.. By blowing sharply, but briefly, into the outer end 

of th~ tub~, the bag was deposited in thE goose upon removal 

of tho;:. tube. A squirt bctLlE containing water assisted in 

mcisteni~g the tube and the swallowing process by the geese. 

Th~ qees~ w~re pEnned individually over pap~r after 

b€ing fed th~ bag containing microsclerotia. Feces were 

then coll3cted and sieved at the end of 14 hours and daily 

thereaft~r until the bag was fcu~d. The sieve used had mesh 

approximat~ly one third the size of thF bags, approximately 

1 mm. Running tap water was used for sieving. Upon 

recovery, baqs were cut open, if not already open, and the 

ccnt3r.ts washed onto a Sucrose - TBZ plate using a squirt 

hct~lE containing steril~ water. Thr~t platEs w~re used per 

r~cove~ed bag, with the bag itself placed on the third 

pla1:.s. P la te.s WE re t ten pl acEd at room tern pe rat ure to 

incuba~e for later observatior.. 

To ch?ck the ~ffect of the material on the viability of 

rnicrosclerotia, 6 id~ntical bags to these fcrce fed were 

placed in an airtight 125ml screw cap flask filled with 

s+:erilE water. One bag was removed daily fer 6 days and 

plat~d on 3 plates hy washing with a squirt bottlE, as were 
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th~ force f~d alid recover~a bags. The baq itself was placed 

on thr- third plate with microsclerotia. 

incubate at room tEmp~rature. 

Plates were left to 

E£~il11g ill2fQ1~12Q 

peanuts were shell~d 

to rPmove ~h~ skins. 

stEriliz('.,J for 30 

Es~n~l§ 2ng 1~§ £2ll§ctiQn· Raw 

a~d +hen placed briefly in warm water 

The skirned p~anuts were then surface 

seconds in water containing 1 percent 

sodium hypochlorit2 (Naclo). After rir.sing with tap water, 

the pi:-aruts w>?r>" left to dry at room temperature. 

placed in a petri dish 

Each plate was then 

Approximately 10 

with a small 

inocula tfd with 

peanuts were the~ 

amount of watE:r. 

3 separate pieces 

££2t!l~Ii~~ mycelium grown on Sucrose - TBZ medium. All 

transfers were perfcrmEd as~ptically under a hood. The 

plates, totalling 50, wer3 then placed in a dark moist 

chamh~r at rocm t~mperature for 3 months to grow 

microscl.-::rotia. 

At th~ end of 3 moLths, the peacuts were triefly ground 

in a blender ard then mixed 1:1 with quail feed. This 

mixtur€ was given alor.g ~itt pEanut foliage to 6 geese 

penned individually. F~c~s were ccllected en paper daily 

for 3 days after introducir.q the icoculated feed mixtar8. 

Cages wEre cleaned and disir.fected daily at collection 
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ti mes. Tii~ f <:'et of gc ES~ WE- re wash9d also at collection 

ti m::-. Car~ was takec ic collecticn tc prevent any spilled 

f2ed f~ow contaminating th£ sample. 

F~ces w~re +reated as they were in the concentrated 

force feeding ~xp~riment, witr. 5 plates being usEd per day 

per sampl.::;,. Plates wer~ tt~n incubated at rocm temperature. 

!1£££n.i.~~ .QQ£i! 

Japan~se Quail were 

acquired from th2 Poultry Sci~nc~ Department of Virginia 

PolytechLic Institut~ and State Uciversity. Adults were 

used in the exp~riments. 

Tw'?lve JapanesE quail were force 

cc nc<:?r. t rn t.:·~a dose of £ylind rQfl a.Qi.!!J!! ££Q1~J,gri~ 

microsclsrotia. The birds were caged individually in the 

laboratory in clean cag~s with feed and 

fesdicg of microsclerotia took place 1 day 

water. Force 

after the birds 

were icdividually penned. Microsclerotia for force feeding 

w~re placed in a small volume of water in a beaker. 

Approximat~ly 5000 microsclerotia wer€ delivered to €ach 

bird i~ 1ml of water. A small syringe with an intubation 

r.e2dle Wc3 us9d to administ€r the microscltrctia into the 

crop of ~h~ qu~il. 
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F~ces were coll0ct~a every 24 hours tor 4 days, 

including ~he day ~rior to force feeding. Collections were 

made on paper. The quail wer£ moved to cl~an cages daily, 

at which tim0 their feet wEre wash~d. 

All the fecal samples were bri£fly mixed with water in 

a st~rile bl~nder top and then washed onto a sterile sieve 

comLiration. The top si~ve was of larg2 mesh to prevent 

spla~hing, the bottom sieve was 500 mesh. Each sample was 

wRshed into d 150ml b2aker using a squirt bottle and sterile 

wat~=. Thd volum~ was brought to apprcximately 50ml. The 

mixture was ~gitated using a magnetic stirrer to achieve a 

unif~rm suspension. Five 1ml aliquots w~r~ drawn off and 

plat~a or sucrose - TBZ ~edium for each sa~Fle analysed. 

The platEs were incubatad at room temp~rature. 

~QE~hi~~ 2~~11 

Bobwhite Quail were raised fror hatching and used in 

tnis exp~rimEnt as adults. The 

Iowa Giant strain. A portable 

original ~ggs were from 

automatic incubator 

the 

was 

obtained from the Poultry Sci~nce 

PclytEchnic Institut~ and State 

Department at Virginia 

University. Adult birds 

w~re ~11 fed the same standard ration as the Canada Ge~se 

and JapaL~se Quail. 
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EQ££= f~sQing ££I&ln!I£ted mi££Q§Cl££2!i~ ~QQ fec_g§ 

££11~£!i2£• Twelv~ Bobwhite Quail were treated identically 

in all respscts to tf.e Japan2se Quail. All f rccedures were 

the same, as w~rc materials ar.d analyses. 



FESULTS 

Twi:>r:ty p.:::anut fields in Virginia, 11 near Smithfield 

(Isl.:c: of Wight Ccunty) a:id 9 fields near Cyfress (City of 

Suffolk) werE. obsEr:vPd for or.e full year (May 1977 to April 

1978) a ft,,;r preliminary cbse""Cva tions were made in March and 

April of 1977. The rEsult~ of these observations were 

tabulutPd by mon~h to allow for better differentiation 

betwe~n observation p~riods. At least 30 bird species were 

cbse~ved using peanut rields at som~ stage of the year. Of 

thPs~ spEci~s 15 probaoly utilizt ptanuts as a food source. 

Data for ~ach month included thE field conditions and stage 

of the p~anut crop, spEciE.s of birds observed that moLth, 

and tla number per spPcies. Numbers in excess of 20 for any 

speci~s werE sstimated to the nearest 10 birds. Daily data 

sheets with numbers pEr species in Each field are presented 

in App2ndix Tatle III, and are summarized in Tables 4 and 5. 

Fields in one area wer~ observed onE morning and the fields 

in th~ other ar~a werE cbsErved the following mcrning. This 

patt2rn was maintained for ~ach trip to the study areas. 

The 20 fi~lds observ~a are briefly desribed i~ Table 6. 

Scientific n~mes fer birds obsErved during the year are 
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Tabl~ 6. Urief description of the 20 peanut tields 
observed tor one yaar, 4/77 to 4/78, in 
5outhEastern Virginia. 

1" ield 
Numb-~t 

1 
2 
.1 
4 
5 
6 
7 
8 
9 

10 
1 1 
12 
1 3 
14 
15 
16 
17 
18 
19 
20 

Area 

Smithii<:ld 
Srri~hfiE:ld 
s n1 it h f i el d 
Sm1thfiEld 
Smithfield 
Smithfield 
Smi-thfisld 
Srriit.hfield 
Sn:ith fi2ld 
Smithfield 
Smithfield 
Suffolk 
Suffolk 
Suffolk 
Sutfo lk 
Surtolk 
Suffolk 
Suffolk 
Suffolk 
Suffolk 

Size 
Ac (Ha) Shap~ 

60(24) SquarE 
20 ( 8) L ShapE:d 
25(10) Rectangle 
50 ( 20) Rectangle 
10 ( 4) Square 
30(12) Square 
30(12) RE:ctangle 
10 ( 4) Squc.re 
30(12) Rectangle 
60(24) Square 
10 ( 4) Square 
10 ( 4) L Shaped 
20 ( 8) Rectangle 

5 ( 2) Square 
5 ( .2) Squa:rE: 

35(14) RectanglE: 
1 5 ( 6) Square 
60 (24) Square 
15 ( 6) Rectangle 
30 ( 12) L Sr.aped 

Nearby 
Land FE:atures 

FiE:lds 
Woods, road, 
Fields, he US€ 
Wood.s, road 
FiE:lds, road 
Woods, road, 
Pond, fields, 
Por..d, woods, 
Pond, woods, 
Pond, fields, 
Pond, woods, 
Pond, woods, 
Woods, f i.:ld, 
Woods, field, 
Fields, house 
Woods, fields 
Woods, fields 
Fields, road 
Woods, fields 
Woods, fields 

house 

house 
road 

field 
field 
road 

road 
road 

road 
house 



50 

listed ir Table 7. In Tatl~ 7, note that both the Common 

crow and th2 Fish Crew 

Q§§iir~gg~) are listed. T1is ~as done as the study area was 

withir t.h 0 range of both speci~s and 

h~cause fi2ld observations did not p~rmit differentiation 

b(tw~~r. the 2 sp2ciGs. Therefore thE possibility of both 

sp?c1Fs teing observed in ~eanut fields exists. It should 

he not·?d also that. th€: Rock Dove (Columba livia) is 

ccromonly referred to as the doIBestic pigeon. Table 8 

contains the general fi]ld conditions ard stage of the 

peanut crop throughout th~ observation period (05/77 to 

04/78) • 

Riras were observed utilizing peanut fields in various 

ways. Nestir.g behavior, loafing, incidental peripheral 

visi~s, passagE to adjacent areas, ard feeding activity were 

F~~dinq activity was most common, with peanut 

s28d pe2nut3, drying peanuts, waste peanuts, 

insects, and 

spEcie£:. A 

cover crop actiLg as 

portion of tha feeding 

towards a~tract~nts o~he~ than the 

attractants to various 

activity was directed 

peanut crop itself. A 

few of these exceptions w~re cover crops serving as 

attr,1ctants to Canada Gees~, and a worm (fall army worm?) 

infes~ation in August a~tracting a relatively larg~ number 

ct House Sparrows (Appendix Table III, 08/24/17). The only 



5 1 

Tabl~ 7. Common and scientific names ot birds cbsErved 
in p~anut fidlds in scutheaFtern Virginia, from 
5/77 to 4/78. 

c 0 m m on .~ a m '3 

Canada Goose 
Pigecn Hawk 
Bobwhit2 
Kill1:?er 
Upland Sandpip2r 
Ri ng-l::lill~fl Gull 
Rock Dove 
Mournir,g Dove 
CornmoE Flicker 
Red-B€llied Woodpecker 
Red-Headed Woodpecker 
Horned L2rk 
Bar:n Sw;:i.llow 
Purple Martin 
BluE Jay 
cornl!lor. Crew 
Fish Crow 
Mockinabir:l 
Brow:i. Thrasher 
Robi. n 
East~rn Bluebird 
Starling 
House Sparrow 
EasterL M2adowlark 
Red-wing~d Blackbird 
Common Grackle 
Brown-Headed Cowbird 
cardir.al 
Ir.digo Bu:iting 
Savannah Sparrow 

Scientific Name 

Branta canadensis 
Falco columbarius 
Colinus virginianus 
Charadrius vociferus 
Bartraruia longicauda 
Larus delawarensis 
Columba livia 
Zenaida macroura 
Cclaptes auratus 
centurus carolinus 
MelanErpes erythrocephalus 
Eremophi.la alpestris 
Hirundo rustica 
Progne subis 
Cyanocitta cristata 
Corvus brachyrhynctcs 
Corvo£ ossif ragus 
Mimus polyglottcs 
Tcxcst:oma rutum 
Turdus migratorius 
Sialia sialis 
Sturnus vulqaris 
Passer dcmesticus 
SturnElla magna 
Agelaius phoeniceus 
Quiscalus quiscula 
Molothrus ater 
Richmondena cardinalis 
Passerina cyanea 
Passerculus sandwichQnsis 
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Tabl~ 8. Approximate s~ag~s of cultivation and pea~ut growth 
in fi2lds throughout the y~ar (4/77 to 4/78), in 
southeast Virginia. 

----~--------------~------~-------~-----------~~----~ ------------------------------------------------------------
Month 

April 

May 

Jur:t:: 

July 

Augus~ 

Oct.ob<:::·r ("'ar ly) 

o c -co b(:' r (lat e) 

Decem~HT to 
February 

March (lat1:::) 

April 

DEscription 

UnbrokeL, with/~ithcut ccver crop 

Plant£d to peanuts, plants breaking 
surface 

Small plants, soil still exposed 

Larger plants, soil still Exposed 

Soil covered by maturing plants 

Start of digging, plants drying 

Fields undug, drying, or harvested 

Alrncst all harvestEd, some still 
drying, cover crcp growing 

Cover crcp or bare soil 

Mature covar crop or bare (most 
have a cov~r crop) 

Most. fields broken, some Flant~d 
to corn 

Most fiElds planted to corn 
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~ighting of Canada Gs€SE actually in a study field 

occurr€d in Early October, however, ether peanut fields in 

th~ ar~a contained many Ge~se feedicg on cover crops. Ring-

Bill~d Gulls were observed feeding in freshly plowed fields, 

probahly on grubs or earthworms. The Purple Martin observed 

on 04/22/78 was subsequaLtly stooped upon and killed in 

fi~ld 9 by a Pig6on Hawk (AppEndix Tabl~ III, 04/22/78). 

The records of 17 out of the 30 speci8s observed 

utilizing peanut fields werP. requested from the bird banding 

laboratory. Appendix TablE IV contains the spacies 

requ 0 sted aLd thE numb~r of r£cords received for analysis. 

Th~ numb~r of records found ot bird~ that wPre banded south 

of the study area and lat2r recover~d in thE study area are 

also listed in Appendix Table IV. Appendix Table V contains 

thE c~ordinat2s of th~ records flatted in Figures 6 and 7. 

Th2se figures givs the ~umber banded per location of the 6 

species later rPcovered in thE study arEa, along with 

possible movem0nt pattarns to the study area. 
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Fig. 6. Original banding sites (South of latitude J6N) 
of Canada Geese that were subsequently recovered 
in the study area outlined. Numbers indicate the 
number of Canada Geese from that site. 
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A- Isle of Wight 
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Fig. 7. Original banding sites (South of latitude J6N) 
of five species of birds that were subsequently 
recovered in the study area outlined. Numbers 
in excess of one record per species are indicated. 
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f£1l 1~11· A total of 20 birdE of 6 sptcies wer~ shot over 

peanut fi~lds during ths fall of 1977. 'Ihree Mourning 

Dovesr 2 Brown-HEaded Cowbirdsr 5 Starlingsr 2 hock Dov~sr 

ona Co•mcn Grackl~r and 7 Red-Winged Blackbirds were the 

birds ta k1!n. Th re i:: h ur;d !"~d sucrose - TBZ plates were used 

to analys~ the c~OF contents, fecal material, and soil from 

fEet fer the pr~saLce of viable microsclerotia. Plates were 

cbs~rv~d bEqinning at day 5 tor 

~Y1ill~rQ£1~1iQfil ft2t~l~~i2f WErE 

plate.?~. 

9 days. No colonies 

found on any of the 

of 

300 

A total of 41 birds cf 2 speciEs (one Mourning 

Dov~ and 40 Rock DCVFS) 

~hF spring of 1g1a. 

plcwir.g and planting 

w~ra Ehot ov~r peanut fields during 

Collections were made during the 

period. In all, 615 Sucrose - TBZ 

plates wEr~ used to dEt~rmin~ th2 pr2sence or absence of 

viablE microsclerotia in tte crop cont~ntsr fecal material, 

and soil tak~n from f0et. Plates were ohsarved beginning at 

day 5 for g days. No coloniEs 

£IQt~l~ii~ wer~ round in any cf the 615 plates. 



57 

~1Q£!2irn nQQ2! ~gi1 

o~~ ~housand plat0s ccntaininq soil samfles taken from 

a blackbird roost w~re observed tor the prEsence of 

colonif-s. A total of 70 

u~identifi2d colonies wer~ taken frcm the 1000 plates and 

subcultured back onto fresh Sucrose - TEZ plates. These 70 

colonies were observed for 2 weeks beginning at day 3 of 

incubc.ticn. 

££Ot~1££;.S!.£• 

NoLe cf thE 70 colonies proved to be £. 

lfrSt QQ ~Q~l AL~l~§i§ ££0CfdY.£f 

A pEanut field soil known to contain approximately 26 

microscl~rotia per quarter qram (104 per gram) was used to 

determine the secsitivity ot thP soil analysis procedure. 

This populat~~n was dsttrmined by usiLg Sucrose - QT medium. 

Twenty samples at 11g eac~ were treated identically to the 

blackbird roost soil, and plated on 200 sucrose TBZ 

plat::s. This proc'2d un: indicated 

(72 

approximately 

per gram) of 

18 

soil, micro~cl~rotia pe~ quart~r gram 

compared to th~ known populatioL of approximately 26 ( 104 

per qram). Th~se figures corceEpond well with those found 

by Griffin (1977) in comparing sucros~ - TBZ and sucrose -

QT m~aia without NaClO treatment. 
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Due to th~ low nurnb2r of Sucrcs€ - QT plates used in 

d~termining th~ populatior of microsclerotia contained in 

tha soil, the m~ans of th8 2 m~thods above proved to be not 

sigr:.ticar:tly diff;:,rent (p>0.2). 

The reason for using thE Sucrose - TBZ without the 

NaClO treatment, which p~rmits great~r interference on the 

plates, was to avoid killiDg cf ar.y microsclerotia that may 

hav-e beio-n pres.:= nt. The bEnefits derivEd from NaClO 

trea7.mEn-+: did not offset the potential loss of 

microscl~rotia, as few if any were expected to be present 

before tr~atment. 

~~£Vi~al Q! ~i££Q§Cl~£Q1ia i~ th~ 
§~§!fQin!g§!ill~l Tr~£i Qf ~irg§ 

A total of 20 tests were run on the germinability of 

rnicroscl~rotia used in th2 experimeLts. An overall av9rage 

was calcalat~d from the 40 plates tested, each having 100 

microsclfrotia count..::d. The average ever all was 

approximat~ly 94 p~rcent of the ~icroscl~rotia observed 

having gFrminated at the end of 36 hours. 1he range of 

germination rates was 90 tc 99 p~rceLt. 
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~iii£t~ Qi K~~Q 2ng ~£!tr fn Mi£IQ§£1£IQ!i~ 

Two l8vels of fe~d mixed with water and water only were 

tEst~d to det2rmine if any r~ductior in germinability could 

b~ att~ibuted to thP fetd or water. The germinability of 

:h~ microscl~rotia us2d for the tests was approximately 92 

percsLt. Aft8r 6 days, the g~rminahility of microsclerotia 

trorn the water test was ditficult to determine exactly, as 

microscl~rotia had s~arted to germinate in the water prior 

to plating on sucrose - TbZ medium. The pFrcent germinated 

was approximat8ly 88 percect. No significant difference was 

found b~tw~en these 2 rates using A Chi-Square test (P>.05). 

The germinability of microscl~rotia takan from the feed 

tests was difficult to guactify dut to the large amount of 

ex~rancous material prtser.t. However, colonies of 

£Ylill~[2£l~~;ym £IQ1£1~£ia£ grew from all plates, from day 1 

to day 6. 

A total of 

12 ca~ada Geese were force fed 2 l€v~ls of microsclerotia. 

Six g£ESF were f~d 100 roicrosclerotia per 1ml of water, and 

6 w8r? qiven 300 

sarnpl~s taken over 

micrcsclerotia per 

each of 5 days wer~ 

1ml cf water. Fecal 

analysed on a total 

of 180 Sucrose - TBZ plat€s. Ncre of the 180 plates 
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coloni8s of 

A total of 12 

Canada G~es~ were force fEd a coccentrated lev~l (5000) of 

microsclerotia. Feces coll~cted over each of 5 days were 

proccss9d and analysed using 240 Sucrose - TBZ plates. No 

visihl~ coloniEs cf £Y1in&~2£1~£ig~ crg1~1~i~~ were found 

on the plates after incubation. 

Fifteen 

g~esP wEre each fore~ f~d a small porous bag containing 

approximately SOOO microsclerotia. Thirteen bags were 

recov~red by sieving iec9-s coll€cted, 2 werE not recovered 

withir 4 days. Of the 13, J were recovered after 14 hours, 

7 werE rFcovered after 38 hours, 2 more after 62 hours, and 

1 was r~covs~~d 86 hours aftEr force feeding. The 3 bags 

recover~a ~fter 14 hours WtrP relatively ir.tact and still 

contain3d microscl~rotia. The other 10 bags were damaged to 

varyinq ex~ents and contair.ed few or no microsclerctia. All 

bags ard ~heir contents w~re plated on Sucrose - TBZ medium. 

Two of the 1 hag5 collected at 14 hours contained 

viahl~ microsclerotia th~t grFw when plated. None of the 

other bags collected show€d any growth of ~~ling~Q£l~gium 
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The 2 bags cor.taining viable microsclerotia 

ccntair.ed only 2 and 3 out of approximately 5000, 

r~spf"'ctiv8ly. Th9 5 colonies were subcultur3d on Acid 

Potato Dextros~ Agar (APDA) to promcte conidial growth for 

microscopic confirmatioc. In total, 5 out of approximately 

15,000 microscl3rotia from the 3 bags collected at 14 hours 

proved to be viable after passage through the 

gastroint2st~nal tract cf Canada GEese. 

The test on th~ bag matErial show~d no observable 

effect on the viability of microsclerotia, as the 

gsrmir.ability of tre microsclErotia was similar to that of 

thE microsclerotia taksr. from the 6th day of the water test 

d?scribed above. 

E.::~1iQ.9 9.i ~~R inf.s£1~Q .£~~.!l!!.i§· Ninety plat.es of sucrose -

TBZ m~dium were used to check for the prEsenc9 of viable 

microscl~rotia contained in feces collected over 3 days from 

6 Canada Gees~ which wer~ f 0 d infected peanuts. None of the 

plates ccntain~d obse:rv<ibl~ colonies of £.Ylin.Q.£2£l~~H.2 

£IQ1~1£r i~~ after in cub a ticn and obsu~va t ion for 2 weeks • 

.J!'!.!?i!.D.~~g QJ!~i1 

1welve JapanEse Quail w~re each force fed approximately 

5000 microsclerotia. FecEs collEcted over four days from 

th~ 12 biris w~re plated on 240 Sucrose - TBZ plates. After 
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incubation and observation for 2 weEks, nc cbservable 

colonies of ~YlinQI9£1~QlQfil £IQ!~l~Ii~~ could be found on 

any of th? 240 plates. 

~£Q~hi:s Qggil 

FecEs collActed for 4 days from 12 Bobwhita Quail were 

analysed and plat~d CL 240 Sucrose - TBZ plates. Each bird 

had been forcE fed approximat2ly 5000 roicrosclerotia at the 

time of th2 first f~ces collection. None of tha 240 plates 

shov~a growth 

incuhation for 

of £Y11nilr2cl~fti1!..ID £££1~lgii~ after 

a total of 2 weeks. The plates had been 

observ~d from day 5 to 14. 



DISCUSSION 

Some t~~nds are 2vid~nt in th~ use of peanut fields by 

bird3 throughout the year. certain pe~iods cf the year had 

relatively little use. 1h€ months of July, August, and 

s~pt~mber in both areas had few speci~s and few birds per 

sp9cies utilizing thf fi~lds. This was not unexpected, as 

fiElds hold no r~al attracticn foI the species of birds 

pres~nt in the area at that time. The worm infestatior. in 

August probably attracted the Starlings and Hcuse Sparrows 

to the fi~ld near Cypr2ss. Except for th9 large numbers of 

Rock DovE~ in th~ Smithfield area, relatively few birds of 

any spacies were seen in the fields during May and June. 

However, a much larger divfrsity of species existed at this .. ... .1 me. This corresponds to th2 ~ctive mating period and 

rGari~g of you~g for many spFcies cf birds. Mar,y of the 

birds werG observ~d gatherinq insects and seeds at the edges 

of fiFlds. T€rritori~l constraints probatly limited the 

numbers cf individuals from each speciFs using the areas 

during th8 breEding season. 

Thera wa3 ~n apparent buildup of bird numb~rs, starting 

wi+h ~he month of octob~r and las~ing through the winter 

mcnth~. The larg~ numb~rs werE due mainly tc the blackbird 

speciPs (Ped-Winged Blackbirds, common Grackles, and 

Starlings). 

63 
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March and April ~pp~a~8d ~c b~ transiticn months, as 

but an incrt:eiise in 

diversificatior.. In April the largest number of species 

(18) was obs,;:rv-:d. During this time the northern migration 

of birds would be expected to be in progress for some 

species, such as the Canada Goose, Mourning Dove, and Robin. 

This p~riod also corr~sponds to low levels of inoculum in 

the fi2lds, reducing the possitility of birds picking up 

microsclerotia on their migration northward. 

Individually, Crows were observed more often in the two 

ar3as combined than any other, being sEen in 21 cf the 26 

obse=vation pcriods. sev~ral ether species (Mourning Dove, 

starlir.g, and Easter:r, ME:adcwlark) wert: SE'en over half of the 

obse~v~tion pericds. Th~ Upland Sandpipar, Canada Goose, 

Red-H~aded Woodpecker, Horned Lark, Purple Hartin, Brown 

Thrash?r, Eastern Blu~bird, Indigo Bucting, and the savannah 

Spar~ow w~~c only sighttd in a study fitld en one occasion 

.:oach. 

Th~r~ werE also a fdw notable differences between the 

study areas concerning species. Canada Geese ware seen in 

abundarce in fiAlds oth£r thac ths study fields near 

Smithfield, while nor.& wc.s seer ir fields ne:ir Suffolk. 

This prcb~bly was due tc th~ close proximity of the 

Smithfield area to the James River. Rock Doves were also 
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more ahundar.t in the Smittfield area, probably due to the 

proximity to the town cf Smithti0ld and the liberty ships 

mcor2d ir the James River. Killdeer were sighted twice as 

oftEn in Suffolk as in Smithf~eld, though no significance is 

attach~d to this. Oth~r speci~s were commonly seen in both 

areas. 

Taking ~verythir.g into account, the use of fields was 

r~latively similar, with 21 species being cbserved near 

Smithfi~ld, and 25 sp~cies in th~ City of Suffolk. With the 

exc~ption of limit~d use by car.ada Geese and Rock Doves the 

use by bir1s of the study a~eas was probably representative 

cf bird us~ of pear.ut fields ir: Virginia. 

Based on tbP analysis of bird bar.ding data, several of 

th2 bi rel S pE: Ci E'S ol>se rVt d utilizir.g fear.ut fields have 

r.::,cords of travel bet Wef n t ht: pEanut qrcwing are::t in 

Virginia ;ind peanut grcwir,g areas further south along the 

Atlantic coaEt and could conceivably te vectors of CBR. 

HowevEr, banding sou~h cf the study area and recovery in the 

s~udy arP1 is not nec2ssarily indicative of dir€ct travel 

b~twe~~ thase points as ccnsiderabl~ tim~ may have elapsed 

h~tw2en banding and recovary and birds may have migratgd by 

routes oth~r than the most direct. Canada Geese appear to 

hav~ th~ greatest fOtential as vectors. The large number of 

banding r~cords is probably due to the status of the species 
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as a gam2 bird. As W8Ltion2d earli~r, many of thE species 

were Lot actually utilizi~g the peanut crop, but were in the 

fic:-ld~ for oth~r reasons. That does not preclude those 

~p~ci~s as possibl€ vEctors, hcwever, as soil could s~ill be 

pick~d up on the feet, er micrcsclerctia could become lodged 

in thE feathErs. Amcunts of soil taken frcm the feet of 

bi=ds coll2ct~d in thE field were small. The soil itself in 

most cases was relatively dry, possibly resulting in the 

d~siccation of any propagules presEnt in the soil. Plumage 

of birds collected in peanut fields was not analysed for 

microsclerotia during this project, as it was hypothesised 

that viahl2 microsclerotia were morP likely to be found in 

the matqrials analysed (soil from f€et, crop cont~nts, and 

f'2:cal mat-?rial) and timEo and materials necessary for 

analysis w~re limited. SiLce nc microsclgrotia were found 

iL the materials tested, further research involving possible 

CBR transport by birds, if deemed nEcessary, should include 

the a~alysis of plumage from all birds collected, and an 

inc~aase in th~ number ct birds and bird species collectad. 

An ~ffort to identify fiElds with a hiqh inoculum level 

during p0riods of heavy hird use, with intensive bird 

collectic~s carried on at those times and plac~s would be 

h~lpful in d~termiring if bird~ indeEd do carry this fungus. 
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results from the pr~sent prcjsct indica~e that birds 

arE' not CBH vectors. Birds collectEd did not yield viable 

micr~scl~=otia from crop conten~s, fec~s, er soil on their 

feet. Also, almost all microsclerotia fed as a contaminant 

of f ~"' <l did no t survive passage through the gastrointestinal 

negativE results canLot be ahsolutely tract. such 

conclusiv::>. Th€re may only te a few instances of birds 

dispersing the fungus ~n nature, and the chances of 

coll"'ctir:g 

only takE: 

or:::: of 

one or a 

thcsE birds is small. Howev~r, it would 

f~w such instances for the disease to 

b~co~~ established in an a1ea, from which it cculd spread to 

n~arby ti~lds by known methods (RowE et al. 1974; Krigsvold 

t:·t al. 1977). 

The status of CBR in tha fields from which birds were 

coll~cted was not knowL. How~ver, some of the fields were 

susp~ct8c of containing low lev~ls of CBR (Personal 

ccmmunications from farmers). 

Although nc cultures of fy1if!QI.2£lgQlQ~ £IQtalaria~ 

were found in the blackbird roost soil analyses, the 

potential 

blackhirds 

for inccul~tior. of ~oil appears gr€at. 

die each wint~r ir. roosts, which would 

Many 

allow 

prcpagul~s on the feet er fqathers to reach the soil. 

Infect~d peanuts not totally digestEd by birds could collect 

o:r. th(: ~urfacE b~low th~ roost, increasing the chance of 
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soil inoculation. This last ~~tho~ of possible inoculation 

llowev,-)r, a rocst car. cont:ain sev:::ral thousand 

~imes th~ numbo.r ~f bird3 (therEfore i~crEasing chance of 

spread) that were laboratory tested. 

A possibl~ experimen~ fer future research would involve 

a field known to contain CBR, a large net, and a captive 

tlock of birds. After :he n~t was placed iD tha field, 

hirds could be introduced inside of the net and left for a 

psriod of time. Subsequent analysis of feet (soil), 

feath~rs, and ingesta after removal of the birds tram the 

nEt and for several days thereafter may reveal viable 

microsclerotia had been picked up by the birds. This 

cxperimen~ would qive ~ore conclusive results, even if no 

microscl~rotia were found in a viable condition. 

Thg ~uastion arises as to wheth~r or not tha class Aves 

could be significant in the spread cf CBR even if they were 

shown to carry the fungus from field to field. Oth6r means 

of dispersal such as wind, may actually be mere important. 

Granted, microscl~rotia are large aLd heavy structures as 

far as most spores are concerned. Christensen (1942), 

howev~r, men~ions some spores that are just as larg~ as 

micrasclErotia teing transported 

concsivably, small microsclsrotia 

many miles via wind. 

could become airborne 

duri~o harvest operations and ba blown further than has been 



r~portfd by Rew€ et al. (1974). The pErio1 of harvest 

ccincides with high lEvels of micro~clerotia, and high bird 

use ot fields. 

Fer future work with this fungus, the use of sucrose -

QT mudiuw (Griff in 1977) is strongly CECOmmend2d. There is 

a ~ubstantial benefit derived by the use of this selective 

m~diu~, 2s colony recognition is easier, and interfarence 

from oth~r organisms is negligible. This medium was not 

used aft~r it was dev~lopEd due to difficulty in obtaining 

ch~micals, cost, and analysis procedures had already begun 

usiLq suc=ose - TBZ medium. The use of Sucrcse - QT also 

allows th~ avoidanc~ of SaClO treatment and possibls loss cf 

viable microsclerctia cf ~Ylin&r2£l~1iQfil ~£Q1~lE~ia· As 

m~nticnec earlier in th2 meth~ds section, NaClO was not 

used, even with the Sucrose TBZ medium, because the 

potential loss of microsclerotia was thought tc be a gr~ater 

risk th~r interference by other orgaLisms. 

The t8st to d?.t~rmirs the s~nsitivity of the soil 

analysis procedure yielded expected results. As the known 

populction was det~rmintd by a better method (Sucros~ - QT), 

~he lower numbers found by Sucrose - TBZ medium were not 

supri~ing. This small test emphasized the gr~at€r 

selectivi~y and potential for future use of Sucrose - QT 

m~dium. 
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The first test run on captive birds by fcrce feeding 

microscl~rotia was structured tc mimic naturally occurring 

levels of ~· ££Q!~l~Ii~i· Rither 100 or 300 rnicrosclerotia 

giver. t·:> each Canada Goose, a r.d lt: ve ls of 

microsclP=otia per gram of soil can fall into that range. 

Numbers ot microsclerotia oc plant parts can be higher. 

W~th the failure tc isolate viable microsclerotia in feces 

at 12v~1s of 100 and 300, concgntrated levels wera used to 

incr0ase tbs probability of determining whether or not 

microscl~rotia could s~rvive passage of the gastrointestinal 

tract ( G I 'tr a ct} • 

A pproxi ma tel y 5000 microsclerotia were used in 

subsequent experiments, with the same results. Not until 

the forcF feading of a porous bag containing microsclerctia 

w~re th0 r~ viable microsclerotin isolated from feces after 

passag~. This method was Employed to ensure the finding of 

microsclerotia, so thgy cculd be plated. Previous methods 

did not yuarantee gettir.g micrcsclerotia onto the medium. 

This method was only used on Canada G~ese, due to the 

probl~m of siz~ of th~ porcus bags. The us~ of 5000 

microscl~rotia for force feading was probably a higher level 

ing~sted than any encountered by birds in the field, but 

this high l~vel EmployEd was used to increase the odds of 

plating a vi~ble propagule. 
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The fact that only 5 microscl~rotia wer~ found to 

survive passage through th~ GI tract is net suprising in 

vi~w cf thE ~nvironment encountered. A very low pH, 

a~aErobic conditions, physical qrinding in the gizzard, and 

enzymatic activity may te, and in all probability are 

de:rim~ntal to th~ viability cf microsclerotia. The bag may 

have provided some protection tc those microsclerotia which 

survived. HowEver, the fact that 5 did survive does show 

ttat it may b~ possible for Canada G~9se, and oth~r species, 

to carry microsclerotia and de~csit them elsewhere in a 

viable conditicn. The survival rate of microsclerotia may 

ac~ually be gr~ater (or leFS) in the wild, as birds would be 

on a rliff~rent diet than that f~d during the experiments. 

The chances cf i bird ing€sting 5000 microsclerotia at any 

on.:: ... _J..me are probably Tr.i~ fact alone would lead 

cn° to speculat~ on whe~her or rot the odds of birds 

spr~ading CBR via feces was vsry higt. Those microsclerotia 

which surviv2d passed thrcuqh the GI tract in 14 hours or 

l~ss. Tt2 rapid ratE of transport of foodstuffs through the 

avian GI tract probably limits th~ risk cf spread of disease 

entiti~s by this route. Normal passage of a meal is 

compl~t2d in lEss than 24 hours. Material such as grits are 

retaiL~d long~r in the gizzard which would tend to delay 

such matc>r.:als as 1:hs porous bag used in feeding 
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microscli-:otia.. Grit is activ€ly p~cked Uf by birds in 

~~tur~, 2n~ may be a ro~thod of pic~ing up microsclerotia. 

Thos~ bags ~hat tock long2r than 14 hours for passage failed 

to yi~ld viable microscl~rotia. This may be due to the bags 

h-::::ng damaged (possibly by gizza~d actior.) in 1assage. This 

fact agai1. minimizEs the risk for lor.g distance dispersal or 

transport of mat~rials taking longer than 14 hours to pass 

through the GI tract. 

Sev~ral spacies of birds ~ere obs~rved utilizing peanut 

fields at some time of the year. Of these, several are 

krown to migrate through the p~anut growing region of the 

sout~east United Stat~s, includinq Virginia. Based on the 

bandiLg data analysed, it appears that a small proportion 

ars r~ca~tur8d or recover2d in the peanut growing region of 

Virqinia. Wh2r. th~se facts ar€ coupled with the laboratory 

rc~ults of failur~ to isolate th~ fungus from birds 

coll~ct~d both fall and spring, failure tc isolate the 

funyus from roost soil, and failur£ to isolate the fungus 

after passage thrcugh the GI tract of birds (~xcept in 2 

cases where the microscl2rotia were enclosed in a porous 

baq), thi:ore- s;.::.cims little reason to implicate birds in the 

:::>pre~d of CBR. 

Should it b~ deEmed a~propriate to coLtrol bird use of 

p2anut fi~lds some reduction ought to be effected by a 
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b~tter harvesting procedure ttat would l~av~ fewer peaLuts 

as wast2, Turnitg und~r wastE p€anuts would also reduce the 

attractiveness of fields to birds. These procedures would 

turther minimize the possibility of tirds spreading CBR. 



SUMMARY AND CONCLUSIONS 

A total of 30 bird species Kas observed utilizing 

pEanut fields in southeastern Virginia over a one year 

period. Activities included fEeding, loafing, nesting 

bEhavicr, periph8ral visits, ar.d passage to adjacent ar3as. 

SEvEntsen of the 30 sp~cies wEre detmed sufficier,tly 

!rnportant to request bird banding data ftom thE Fish and 

Wildlife s~rvice. Six of the 17 sp0 cies on which data were 

rEquested had been recovsred in the study area after being 

band0d further south, i~dicating northward movement by the 

sp2ci6s, though this was not necessarily directly between 

peacut growing regions. 

Individuals of six specias wEre shot and collected 

(beth fall and spring) frcm the peanut fitlds under study 

and annlysed for £ylin£f2£ladi!!.ffi cr21a121i~~· The fungus 

was not isolat~d from crop co~tents, fecal material, or the 

soil tak~n frorn ~he feet of the birds. 

Seil from a blackbird rocst located in the peanut 

growir.g r~gion of Virginia was analysed for CER, with none 

of th~ fungus being isolat~~. 

Canada £ere~ fed micrcsclerotia of 

~Ylin1£Q£1~~i~m ~I2!~1~Ii~£ at ratPs cf 100, 300, or 5000 in 

several different ways. Only in two of 15 geese fed 

74 
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microscl~rotia in pcrous bags were viable microsclerotia 

found to surviv~ passage through the gas~rointestinal tract. 

Ir. each cas~ 2 of 5000 microscl~rotia, and 3 of 5000 

microscl€rotia, respec~ively survived passage through the GI 

tract and that only within 14 hours cf feeding. 

Japanese Quail were force fed micrcsclerotia at a 

concentrat9d level (5000), with no positive isolations of 

~Y1inQ£Q£1~QiQ~ £IQ!£l~ri£2 being made 

material collected af~er force feedir.g. 

frcm the f~cal 

No positiv~ cultur~s of the fungus were found in the 

feces aft~r Bobwhi~e Quail had been f crce fed 5000 

microscl€rotia ir. a maar.er similar to the Japanese Quail. 

Bas~d on the failure tc 

£I2i~!~Ii~~ from th~ crop contents, soil from feet, and 

f~cal matorial of birds collected from th~ field, and the 

failure to isolat~ the fucgus frcm either blackbird roost 

soil or f~ces of hirds f orc2 ftd wicrosclerotia (~xcept in 2 

cas?s whers the microscl2rotia wer£ enclos~d in a porous 

baq), there seems little reason to iffiplicate birds in the 

spre~d of CBF. 
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App~~dix Tabl~ I. Procedur~ for making Hunter's medium 
(Hunt. ET 19 7 0) • 

---~-------------------~-------------~-----------~-------------- ---- ---- ------- ------- -------------- -- -- ------------
1 • K II PO 1g 

2 " 2. Mg SO x 7H 0 O.Sg 

" 2 

3. KCl O.Sg 

Stock Micronutrients 

0.44g Fe (SO ) x 9H 0 = 0. 1 mg F~+ 3 per ml 
2 " 3 .2 

0. 15g l1nSO x H 0 = 0.5mg Mn+2 per ml 
" 2 

0.88q Zn SO x 7H 0 = 0.2rng zn+2 per ml 
" 2 

Add above 3 chemicals to 990ml of distilled watEr, and 
a~d 10rnl concentrated HCl tc prevent F~ precipitation. 

Tc r0placE 1rol of stock micronutrient, add per liter: 

4. D~xtrose 

Mn+z 
zn+z 
Fe+3 

5. Casein HydrolysatE 

0.05mg 
0. 2mg 
0.1mg 

1009 

O.OSg 

Take 1., 2., aLd 3. above and add to 1 liter distilled HO. 
Take 1rr:l of st.ock micronutrient and add per liter. 2 
Adjust pH t.O 6.5 with 1 N KOH. 
Add 4. and s. 
Pour opproximat~ly 100ml int.c small flasks. 
Aut.oclavE for 15 minutes. 
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Ap~e~dix Table II. Procedure t0r making Sucrcse - TBZ plates 
(Krigsvold and Griffin 1975). 

1 • s ucros? 

2. P<::pt on-= 

3. KH PO 
2 • 

4. Mg SO x 7H 0 
• 2 

5. Agar 

6. Streptomycin, in 14ml steril~ H o 
2 

7. Chlortetracycline HCl, in 14ml sterile H o 
2 

8. P~n ta ch lo roni trobEnzen·~ ( PCN B) 

9. Oxgall 

10. Thiab'?ndazole (TBZ), in 14ml Acetone 

10g 

15g 

1g 

0.5g 

20g 

0.210q 

0.210g 

0. 1g 

2g 

0.017g 

Add 1. through 5. above per lit~r of water to larg€ flasks. 

AutoclavE 20 minutes, cool to handliLg in water bath. 

Add 4ml trom solutions 6. and 7. for each liter of m8dium. 

Add 8. and 9. per liter of madiuro to be made. 

Add 3ml of 10. for each lit~r. 

Adjust tc pH 4 with 10 N HCl. 

Pour plates ucdar hood. 

Cool plat~s, store in r€frigerator. 
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Appendix T~ble IV. List of bird sp2cies whose banding 
records were studied, total number of 
:r~co:rds :reviewed, and the number of 
birds :recaptured er recovered within 
the boundaries of the study area that 
were originally banded to the south of 
the study area. 

cana•1a GOOS€ 
Killd2er 
Ring-Rilled Gull 
Mourning Dov.::-
Hern -=d Lark 
Blue Jay 
comm')n Crow 
Fish Crow 
Rohi'.1 
Starling 
EEastt-rn ME· a dowl ark 

Total rEcoveries 
and recaptures 
in study area 

936 
1 

202 
2113 

0 
246 

4 
2 

81 
186 

1 
REd-Winged Blackbird 67 
Common Grackl12 368 
Browr.-Headed Cowbird 155 
cardiral 460 
Indigo Bu:-1ting 9 
Savannah Spat":row 2 

R~cords where original 
banding site was 
south of study area 

97 
0 
0 
9 
0 
2 
0 
0 
3 
1 
0 
0 
0 
1 
0 
0 
a 
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App~ndix Tabl~ v. List of original banding sites of six 
bird species subsequEntly reccvered 
within the study area boundary (36.0 
to 39.0 North and 76.0 to 79.0 West). 

Species 

Blue Jay 

Robir. 

Brown-Headed 
Cowbird 

Starling 

Mourning 
Dove 

original banding site' 
Latitude Longitude 

34.0 79.4 
34.2 82.2 

25.5 81. 0 
27.3 80.2 

32.2 86.2 

32.4 85.2 

31.5 85.0 
32.5 80 .o 
33.3 80.2 
34.3 79.5 
35.0 80.0 
35.4 76.3 
35.4 78.3 
35.5 77.0 

Number 

1 
1 

1 
2 

1 

1 

1 
1 
1 
1 
1 
1 
2 
1 
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Tabl~ v. {continued) 

Original banding sitel 
Latitude Longitude Number 

Canada Goose 26.3 80.2 3 
28.4 82.3 5 
30.0 8 4. 1 6 
30.0 84.2 1 
30.2 84.1 7 
30. 3 84.1 4 
33.3 79.0 1 
33.3 80.2 16 
34.3 86.5 14 
35.0 80.0 2 
35.2 76.0 3 
35.2 76. 1 9 
35.2 84.5 5 
35.3 76.0 1 
35.4 75.3 8 
35.4 76.3 5 
35.4 84.2 1 
35.5 87.5 6 

t confined tc banding sitEs South of the study area. 
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THE ROLE OF BIRDS I~ SPREADING THE 

CYLINDROCLADIU~ BLACK ROT OF PEANUTS 

by 

Richard Berton Hiller 

(ABSTRACT) 

Bird utilization of twenty fields was observed at 

mcnthly intervals for on~ year, from May 1977 to April 1978. 

Th~ 20 fields were located in 2 areas of southeastern 

Virqinia. A ~otal of 30 bird species were observed nsing 

the fislds. The migratory and movement patterns of some of 

the speci~s w~re determined from bird banding data. A small 

proporticn of 6 species r2covered in the study area were 

origi~ally banded to the south of the study area. Fecal 

material, soil from fe~t and crop contents wer~ taken from 

s~veral bird species coll~cted iL thE fiEld and analysed for 

£Y1illQ£Q£l~QiQfil ££Qi~1££i~~· Soil samples from a blackbird 

roost in the arga wEre also analysed tor ~· frotala£ia~. 

None of the samples taken showed presence cf the fungus. 

Microsclerotia of the funqus were fore~ fed by different 

m~thods ~o 3 speciEs of captive birds (Canada Geese, 

J~pan~s~ Quail, Bobwhite Quail) to determine viability after 



pa5sage through the gastrointesti~al tract. No viable 

microscle=otia were ct~tected in fecal material taken from 

birds forcE fed loosE microsclerotia. A very small number 

(a total of 5 of 10,000 rnicrosclerotia from 2 geese) proved 

to he viable after passage through Canadian Geese after 

beinq force fed microsclerotia in porous bags. 
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