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Botullam at 1lhe Bear Ri:nr Retuge. uta.h. du.ring 
the 1944 experimentation in ter manipulation. 

Tbia report ha • tion of the reaearch ou duek a1olme•• .. rried out 

are tile realllts ot HTeral 1Dter-rele.ted experiaent• deeigmd to obtain aore 

oonorete 1ntorution OD tho•• quest1o• ,rb.ioh appeared aoet 1.aportaat to the con

trol et tu malad7. 

The tollol!d.ll,g 1U11111ary proT1dee all index to tu aeTer1 qr of aiotmu 1a 

tu d1t'terent md ta ot the !tetuge during 194-S u4 19". Coaol�•io.DI are bued 

oa truge o'DHn-at1oa• and d1.lce-aide pickup ot botuliaa lth'd• (!able 1). 

bad bo:tu"lia_�.�-· Obv!,pp 17,. 1 t •11ld baN Men a more H't'•re ,eu had not 

tu ater aanipalaUou lNfea 1n e-tteot. Ihle Wt:>Uld " tnw 1t t•r ao other rea:son 

a. Ana.lyal• er the elate collec1.e4 cluring 19M glYH added weight te tbe 

t4eae 1ugge1t.d 97 the 19'3 •tudiea aad w tlt.e premS.••• Oll whioll � experia1'ntal 

whiob. dropped at • rate ot .53 1.aoh per d&J', tile aTerage Oftllt ot eiok l>lt�h per 

tnp oTer tile uai-t dving the drainage period was oal-7 1. T while the clia-eicle 

plekap ot alek and d9ac:l wu 4:.2. Unit 1� llhioh dropped at about tile ,.,. rate 

(.Ii lneh per da7). bat in a dittereat JllBlUl.er. experienoed OJll7 one 1P1ek ot 

l 



:,., . 

tu fringe. eetor• 1.1:ae ult we11.t uy, a 2lS. awrage dike••ide pickup •f d.ok 

and 4•ad beiltg 1. Ualt 1, where 'WIit lenl dropped at 11. rate et .,1 iaoh per 

••7 ·- reaebed th• ltottow p1u n.,.. ,.,.. lawr tu.a ill lJAit 1 •Dd 15 day• lawr 

than 1a UJdt '• hact an anrage of .!!_ •lek oa tu triage, ud a diaelde pi.op 

ot 11 per day dvhlg its clnu1U1.ge per1o4. Ceapand to tbia, there was aa anr• 

age ot 102 alck, per da7 1a VA1t a ,, .. 1taough ta.. p1ebp aleag the clike1 ave ge4 

oD.l , oTeJ' tile 1am per1o4. UDlt 2 leTele were high all.Ii aore or leH eta.bl• 

exoept tor fluowa\iou oauee4 � 11ilt.d1, 

bin• ayera ed � 'W1e cli.kedAe plobp - --.... 
•: 6 per daJ charbg tu perio• w 11. 

,_ 

U\1l1aatloa ot all ud.,1 • a.ppree1aele exoep 

ltorr-. p1u. Uok:uH 111 Uait I Uld ij contin.u 

0a1, 1 ... clrJ'. 1ae •1-0k 0 

per1o4 llDi t I 

,. Sleb.e•• tn. a Wilt b no 

t et aiolr la 

•••rlly pro!J6rtbnaile w the 1le l uit 

'bird populatioa wt rather t that pan ot the wul wbiell ue•• a eriUca.1 aNa. 

ielmen, thent.ore.-7 be quite 1n w1 •• extNMl7 alp ltiri popalatlo • 

••Q high with a •-11 population t-. r tM 11111\ u a 019!• 

6, lllorea•• et sieia..• 1a enry ..S.t appeared 1;e be eorrelated wi� 1' 

retlood�• (4u• •lther to iatltiD• or wi.nda) llJld io 1ao1"ea"4 1o .. 1 utlliaa_• \, 

tion. 

ln-eu were belag loWPri taat. onl7 when ot Aigh Yeleol'J• 1-e•uH light wiml• 

z 



'?able l 
BO'l'l LIS SUlilID.RY -� Fringe and Dikeaide Appraiaal ' ' 

1943 nd lff.4 :y ' .. 
I I I \. 
I I fringe I Dike \ , 

i· 
I I 1• 

1 lumber ot • 'iclc • ead af.Yerage sides Aver&'---. dNd1 Ui.keaide N 
�t Counts 1 Count 1 Count 1 e!r tri;e l?!r tri;e t ficku;e :-/ I 

I 19¼3 I 194,119431 194-4 119451 194-4 tl9-&3a 1944 ,1943 11944 I 194 I 194-4 
l I 19 r 2-' r 7831 6�7 I 2281 169 I 4i, 26 . 12 • 7 I 261 5Z . 

t I I l I I I t I I I • 
2 t 18 I 42 ' 3111 49,U I laGt 1812 I 20, 117 I ., I ,a I 81 806 • I I • • • I I • I • I 
a I 21 • 28 I S2ti t 902 I 1511 264 ' 25c 32 I T I 9 • 2771 853 

I I I I I I I I • I I I ' ' 16 I 31 t 6021 200 I za,, 22 I 29: ' I 11 I o.a, 10091 646 • I I t • ' I I • I ' I 
ti I 21 • .,8 I 410t 2 I 360t 960 I 251 81 a 22 ' 25 I 6 I 1111 

I I I I • • I • • • I I 
·rote.le 1 96 1169 126911 9904 U09Za 321'1 : 1'6t 269 I 69 I 8& I 1408t �cs, 



tailed te retloocl 1dae 4rler aar,t.u the.re. al\bo11g)l tlae7 4l1cl retlood aargi.Ju 

i;ezla a'ftllaltle rather than ot d.ci 

eJld •t a e1ek:neu aea1oa haw ao� tba .... effect •• wi.rule ocn� la aid• 

f.., Daagerou HoUon,. tho•• 1n whioa the toxin e.ppsara w oenwr 

1941. '!heee are ebri.ou 1a t1w ollaru ellod.n.g tii. clietriwt1ea ot aiok ldrd• 

•• da.agero•• ar a a pear to be •) J1Uoky area1 at 

eha le ere water •• ft 

• jeot w ezpoaure 

•) aballn 

tab plaoe. 

malts. 

1 au niuulaa. wtd. are 

r veu in wbloh a ailt OTff fd IIMJ.e. •J' 

I. a1Jlte1W1c � h1-gh, eomiateat 1 ... 1.a (aoatq aplut a"bnapt; ... 

he:nkmean) appe•n w re4u .. aiokneu ill -c•ural, -� ue, t pr...at ta 

produe1d.on ot teocl1 the uzt year aor to leaHn uUli:&atlu ot a udt attel' it 

1• retl od • 
U. Retloodbg ot a lake ltott whioJl 11U 417 t.r twenty da1• or more d.Y 

not roa11l-t 1a high eiotneH la Ul7 of the three drained ulu ,Ida ••••on. 



SiolcneH clu.dag r-etloodiag ,... •� abort dUl"&tioa OJl 't1ae fringe and pe,Hed alao1t 

wmeti.ud in. 1.lae dilae patrols along Unita l ud 3 •. Dibcide piobp on lmit 4, 

however, aT1Fa 21 per dq ter tae re-ttlllag period of lT d8.J9 (ta eoavan 

with the f. per cla.7 dur1Jac tile drainage and cl171Ag period.) although the iiota.l .of 

391 Tlotims ••• aot lndioatiTe ot llll exeeptioully bigh loH. 

u. labor•tOJ"J' data prey• tu.t oti\oda veataent ud ho1p1tall1atioa 

ot 4uoke aad• Jlelpl••• or 

praotieal •• • ldgll peroell'ta� ot Nco..-ery .tallows au.oh care. ..'Ul laborato17 

or eeuerntloa er • �-

II · OOlICfIOI 

ia lH4 will be to er · !Mtu • of Wi ndual uDl:t;•• 

Prior • •1,c ,.s.a ot � •• and 

7•a.r. 111 ••- UTila'-le • eouider .,_ ollma:tologloal ud ltlolagleal ta 

'\al\ appq 1D. enenl tie all wdt• � the tuge. 

Air taper• wre1. 

r • 

tlll• 

Ccmparieou et tae minSwaw, au:iawla. &ad aea• "taapere."ur•• reo rie4 a1' 

I 



Sepwaoer 

Wind veunt 

1941 - 1H4 

50.t 46.2 

1941 - 1944 

90.T 91., 

Jlfeaa 

T6. l  11.6 

66.2 tiT .z 

'.Ow a11U10Uter at heaclquartw• la low ozi tu gr�Ulld. •nd oloH to bllllAlzlg.e 

•• i• aeaewna, protee1Ntd - 1 t reoordN air aoTeaeut totall1ag 100 milff or owr 

g ., 

Sept-1>er 

Sea• 1 

�•rage 1111•• et dr n•at per cla7 

lMI 

s2 .. , 

.. , ... 

19" 

,1., 

u., 

'the aum•ter looated ea the 01.1-t.r 41k.e •• eleft.tri &N11t U teei altoTe 

that �. expoaecl -.ob.in.e p.•re a truer p1e'1lre ot 111.nd.e la 11w t1•14. detailed 

latol"'llllUen •bta.lucl tr:oa lt • ued b. na laUag o\Mr field da'a on bonlla. 

Daiq wi.Dll reoord•• heluhg direo·ucm.. are given in talMlar tona (Table a).  aD4 

pieilureii Dy bar graph (J1'1glll'• 1 ) .  

• 



fable 2 
ind reoords at Bear River R•tuge ovlag tbe 

botuliam e-eaaon ot l&H 

- Date iYind • Direction ia Uait1• Va�• ',d.ad. - uireotion in unit, 
total mile11 6 • 3 2 l \Gtal 1111•• ti 4 I a 1 

1n 24 hours 1n 24 houra 
Aug. 7 ?l s sW sw c•• C Sept. 6 1,t w w w I i 

8 197 & SW SW SW Sf • 108 JI 0 8 s SW 
9 160 • s SW SJY SW ., 101 • C C C C 

10 114 )f I aw SW SW 8 108 C 0 0 C 0 
11 119 I s s 0 C • lot li 0 C c- SW u 120 s s C s SB 10 189 I • - )f • • 
11 104 11/a » i s - u 10& C C s s C 
1, 192 • I C 11 • 11 100 C C C C 0 
18 11& Ii BE SB C 0 J.I u, C a C C s 
18 M C G G 0 C 1, a,, Jr • • • w 
17 111 s C C SW avv 16 1H s s s s s 
18 232 s s s s I a 18 119 • s s 8 s 
19 Ul I e s s s 17 I.ft& I • I ll • 
20 97 I - - - - 18 111 • I C 0 C ... 
21 121 I II s s s 11 142 C s/o s 8 s 
22 ,a JI C C C C IO 90 C s e C 0 
21 101 s 8 8 e C a1 211 SW aw aw SW if 
24i 360 s s s s a u 161 llW lfi1 I Ii Jf 
21 124 C C s C s II lie C • C C C 
28 100 11 C C C e a, 8& C C C C C 
2'1 79 C C C C C II ·IT C C C C C 
28 211 I s s s s •• � - s • s -
29 192 li li I • )J 2T II G C C C C 
ao 72 .Ii C SE S.ii; s aa 110 C s C s s 
11 168 i 0 a a s •• 128 I I • I • 

S•pt. 1 290 II n w w I ao 171 8 s s 8 s 
2 12 • C C 8 s 0o,. l 161 :& • a I SW 
I :UI, • - C - C I liO ft 11W •w C C ' 12 lf a C 0 0 I M C C C C 0 

•Direction of w1JJd 1n the Yarioue um.ta waa reoorded at the time nter leTele or other tield obael"ft• 
tione were noted. 
••Ca oala 
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Enpore.·Uon 

the e..-aporatioll indioated by pan reoord wa• aa f'ollo•• , 

194' 

Auguat 10.61 

18.01 

-
11. 1, Slnohe• 

f.OI illal&ee 

18.20 inohe• 

Ih:l1t s. wbioh wae aet to Noei't'• water and to be dried D)' ••aporatloa 

and o�r aatural taotore . 11811.t dry on Septeaber e .  Le..-eh of thi •  a.it lowered. 

16.e iaohe• 1a 18 da7a. a rate of -.41 iaam1 per day. 

PNol.pltaU.. 

The 114, ••••ea in utah wa• reported to be the drieat 1n .. 25 7ear1. 

le preoipitatie:a. ooovred in Jiuguat aad 01lly .u illoh 1a Septeaber. 'fide tell 

•• Ne dap. but 110•� ot i t  (.18 iaoh) ea the l••t da)' of the .MDth. 

wrt••l P p lattou 

1M3 -
• 

Btoi.,ical Data 

lM,& 

0 

.a 

2be pepala Uoa et • terfowl •• tu bftag• 1:J:11• botullea aeuu 414 ut 

attala tbe euraoua •ueatraUou of lkl• but tt; W&1 alwa7a aaple Oil •• umt 

..,. • ., WMn a.ear v;y. u oaue beaT)' 11tili.1ati011. A't ,. beglnS111 et the eq,eri-

•• ts.a. te aa4• troa tlle t'rlllg• or eau u1 t gaff • 

• 

,j . 



./ 

tio1& clviag tki• aeaaoa waa a •t ult' 'that ot lMa. !he recluotioa u SA 

tu aaill a"-'1'butabl• • tb.e 4ela7ell tllgki; o� gnen•-..1.nged t al. Whlle ti.ea 

et •P w a tlaouaand wre tretu,eaial7 eaooUBteNd 1a the ...,._.. the •peo1H 

did not appreaeh tu h1.1ge oonoentra Uou erldent during law .Aap1t et lMJ. 

large eoncenvratiou t du.ob were in ffid.en" on illd.lddu.l md.1i• aU 

varied laetween ao.ooo •114 eo.ooo whioll ... troa 2 to t. time• u IU.IIJ' ._. ••mi 

troa tM tibh BYen when the Ullit wu near� dJ7 (Septeiaba 2). th.er• •till 

retlo 111g ot • IDlit be 

-4•· 

d.owi tJ"I • J e000 l-.ie • aM •000 

ta. NHM a,. 

_.,.,. aH • al thoui;h tfll 'Wre ... u 

•• 

414 ll t cunge u 

the nla'be-1' ot ob He 

gout •• 

u:td.l ret1.ll.a wok pla... Du.rillc au- epteaber eo.oeo duok1 "uld N •••n troa 

tb.• 41.b• anj the triage ap raiula 

•�bg ia _OOJlNlltl°attou WH apparent atwe11 aia and tr na 1Mtlo.n ot a 

'llllit to uotmr nt a.laoa, ner7 ••odoa • hearl.ly ut1UH41 •viDG 1.be r..,lJwag 

• .,. •t pwllN'I"• 

. 10 

l'l:_; :,: ,• 
I 

. I  



Vait I u.d a high duok popula1:1oa (T8.000) oa .Aug,aat �. flab 1aor .. ee4 

w 100.000 piataib alou on tu ti-� and 1 6.000 alo1'g t!:ut clik•• by A"C"•1. 11. 

atilt, .  The popalatio• w.a Nd.u.oed • .._h t .  a. 1  tlMt unit leTela lo11ered• Rt 

eTea whc the wait ne recluoed to a 1llallow puddle (8epteaber 2.  ••• tipn 17) _. 

there wre atlll 100.GOO -tluob preHat. Only $00 to 1000 duoka u-4 th• Nrn11 

pit water durt.a, tiw •4'7" perieci troa September 8 to 29J 'but OD Sept,, IO '
lftthealt ooraer wa, tloo4e4 beoa •• er a  laroun aplllboa an4 ao.ooo 4um ,..r• 

atvaotri w the ar•• A.tter the retloed (Ootowr 11) tile pop\llatiea 1a tu a.rah 

area .. ut •• bigh •• earlier ill tae • ••• .. • 

Uait • "began 'the 1eaeo11 wltll • cluk popalaUen et abeut IO.OOG et)f 

(ff�) pb.taila . BJ Allf.Ult 10 the po ulati.•11 .bad laorea•-" to 10.000 well • 1.-

left •• \lie al" o A9g\llt lt uad .... , 600 ooatlaae4 t:e ue tu borrn plt 

ou.ala a.tu!" \bl aia wa1 1lrl.e" onpletel7 oa A.qaat 14. .Retloodtag 1tartiecl 

ill m•• pwaber u4 .... a�ra_ned. large makn ot ueb - leptallel' 11. 

20.000. epteaNr a,. 11.000. ... pwaber a,. ea.aoo. 
Val, I 41lok popu.latlou n.rled tro TO.GOO la .. rl7 Auguat W & 1J lU.000 

"-• Valt • IMgan • retlll. 1'M popalatlea la Oalt 6 cleoliaed 1lo ._ •i eo,ooo 
oa SepMaber u. Lat.r Sa SepWaNr lt be ,. M 1Nlld up ag.S.a. r•ob1ng z-00.000 

oa Ooteber lle 



Du.ok Feod• 

'the reflucatioll ot water leTela in Uni ts 1 aJMl f. cluring l-9" appar•ntl7 

did. aot lowr pro4ve'i1ou of pond:ned1 1D thoae uita thi1 •••1011. ProduotiuD 

la Vldt • appeard ffen greater tlaall 1a 1941. 8e proUtle """ growtha "that a, 

water leTels went clown 1 t wa1 41tt1oult to deteraiM 1.lw looa.Uon ot the real 

,aere 11.ne. Beoauae ot tide •  the a1rboat vu oooaaienall)' tomacl to -· r.141.ag en

tt.rel7 en expoeed lNt atill wet pendwee4h 

J. h1 b. aortall ty • n1hllt ng auakr•ta d.urillg tM 19" aeaaoa. Thi.I 

wa1 gflleral tor all utlite. bu� reached greater proportlona ln Uni�• I and I. 

oauae 11 uaknown.. but tile aortali t)' ooolU"NCl ourreatq w1 th alolme1 1 tlareupe 

UJ'EilMEXl' U 
AB .AfriMPt to OOXDOJ. 80tul.l�» mRO UGB WA!i!:i JIIAIIP

UU!IOD 

.A. progr .. el experiaen 1 water haacillag d .. d at ooairollln 

-• bega a the Bear ti•.-r· Retl&g• ta let� am ooatiml 4 la 1144. lt 

• •t band.11D.g 

&Na . lewra ocut•pu arrlffd at fro• pnrY1oua l.7a•• ot d.ai:a t 

wlia 

lnd 

bearl.ag .. the nla'iioublps bewiaen waur-le-..11 au tu tru4a la llo'tl.llUa 

led w tM 1et,1Jli •• •t 1-M progna. Ou ot tll.e•• 1 •• • tu., riolr:mH •Po-

14••• whiok latluea the tn,e •f ,.,n,.rtae11tal prograa ere l) that hip wlit ... ,,);_ �-

ln•l• O'D. atrrlapt ahorelWa tended to redaoe ei.•kne••• 2) �t tile•• area• 1a 

nioa wxh .. _, t. be p•ocbaeed ( te:uioa aoaea) whea mobt leat their wd.• 

eitl7 wbea vl•4 out or wi..a oo'ffNd *Ith nwr ter a t .. iia,- 1 ua4 I) that 



en.ulT• r.tloMlag ot �. reoently •.apoHd lake-bett.oa b7 llilld.. Ftila• or 

a4d1tl 1 lntlo Wala eoaducdye w 1aere•••d s1�kD•••• The ogjeot1Tel ot ,m 

pr-ogna then were v t.e,, the-ee concep · b1 ao1naal f1•i4 m&alpulatloaa ot wait 

water, and te aon aoourateq looate ere to.-la • belll& produMd 

it 1 

n.1 

ap.ri.lag 

a 1a ardor � •  Beglnnl•& t · I 

be low r I iaoM• - a ac • 

tio et tJae ter '• Hg• - ud lowa he.e a 4a7 tor t 

tell.om 10 

rate t G.I 1 

wr level will 

a a 4q t :r 

rapW.lJ drop,- 'J lo.oho• 

-IIKl..lc�C":: 10 U a •  ftah will 

lAtenale •t 10 4-7• u.tll. as., l• p� ... tU 

0..U1' 4at.4 ,. 1"11.U")' ,, 19". ) 

la. • ale •I Uai• 1 ,... ••t •P • 

' •t t • la 'llbiell tu n  ot 

wa1 lt •• a11 apllued dUtereat. 1, 

•niln• •cu ••linl N .. ureue 

• • ut .... 

le"t'ela 

re 

Jlu.1JJlllat1••• Ulllt 1 'begaa • e-,erlMn 1 peried ea A• •• l a\\ lo""l 

aa aYorac• rau et .&o laoh ,er � 1111Ul Sop 

-· uld•r•d • ..,. ll'Clll the ,taupoun •t tr 

U . 

' 
appraleal. 

I · !>;•:• : 



ef tbe ll&iD lpill X OB tbe �UM. 11 oketa were aln preHa� b two 

euller plaoH .eparated � the -la ual�. Om I at tile aou\h .t th• nia 

f 

lateral Oallal illto Uiie ...t-t, tu t f' the apill X area et tu al' YH' Clu1- � 

.1.ke. 
efllg aanageant aam.pulation ot ter 1a Unit 1 elo••lJ' tollo 

pro.t•owd •oh•dul• (Fipre a ) .  letwea Alaiut 1 ad Sept 

Sio eH 1a. Unit 1. 11 lme•• la llit 1 zwrer na-4 ••ri u• pro n 1 

thro th• Uait ( bl• a).  ru, 1, anrage ot but te •1* ud f _du. per 

to 1 dek-

••• produ • aq h•• aiekne••• Ia Ua1t l 

prod "' .,..  •lolma•• e ther ..S.u. al · 

' eeAH • t.otal .t1 area • -ao• pend 

1lebtiH oa alt l 4ar!ag lNI _.. 19" ... eon• • 

00 

ru.a uow• •l l 

llaa .. ... &114 

... only 62 la lN• ..., Ii la l •. . .baal•• 

ev .... 1 eion .r lHI . ....  17. b0 tul1 .. la•••• la the .. ,teni llaU ot t 1 

are D01. proportlonatel7 retlee�c& • 

11 
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11s.t� I :• ring:e count I 
1 s ick - new da�d , 

A U;, . l I l l 7 = 
f - I - I ,., 6 I 14 I 

4 1  2 ' l t 
6 1  - I - I 
6 :  0 I 4 I 

7 1  - I - ' 
8 1  lo I 6 I 

9 1  16 I 4 I 
10 1 7 I 4 ' 
11 1 - I - I 

12 I - r - I 

13 1 - I - I 
u,  11 I 6 I 

16 1 17 I 2 I 

iG t 33 I l I 

17 : - • - I 

18 , - I - I 

191  45 I 13 I 

20i - I - • 
2 1 1  01 I l2 I 

22 1 - I - I 

23 s 59  I 2 1  I 

24 1 51  I 11 I 

26 1 114 • 35 I 
I I  I • 

26 1 - I - I 
27 s - I - • 
ii: i�, : 1; I 

I 

iii 
- ; - I - -

�gil1I •eo I 162 I Jepe.t r 8 r 2 I 
Z I U: I :t I 
r1 - I - I 
I I 1 I 2 I 
5 i - I - I • - -

1'..1,B Lh :S - ; , ..,Ci� .:,lvi�f1i:: .. :�; . , , p1,R1L::I, L1 (iNl'i l - lD44 
lndex of ' 

I - I -
19 • 0 

0 I 0 - I 0 
2 I -- I 0 

21 I 0 
4 ' 0 
0 I 0 - I 0 - I r - • -

fo I 0 

8 I 0 
17 I l - ; l - I l 
26 ' 0 - ' -
18 I l - ' 3 
2 9  ' -

3 ' 2 
98 ' 19 

I - t 7 - I 2 

& ' 
� ' - ' � -

X l 43 e I ! 
%3 I % 

:I I -
'O' I I - • 0 - I 

I I  nate ' Fringe count 1 Index of I 

I I 1 s ick - ne'.'. dee.d i seve ri ty• , 
I a Sept. ' 
I ; 8 1  . .  91  
I I  10 , . .  11 , 
I C  l2 I . .  13 1 
t i  14 1 
I I i6 1 
I I Isa 
I I I-1, 
I &  18 1 
I I 191 
I I  20 t 
I I  2i, 
u 22 1 
I I 23 1 
t i  241 
I I 2 i>  I . .  �61 
I I  271 30 
I I 281 -
I I 2 9 ,  22 
I I  30 1 
u bept . to• 
i t  tal I 89 
1 1 0ot . 1 -
I I 2 I 30 
' ' 

I : 
-

I I  -
n g I 21 
1 ' I -
I I • 
I 9 r • 
I ?O I ' 
,�;f .t CS• i I t>8 
iSH:iU5![ I 
I 

t ' 
' I 

Unit too d!Z 
for u1e of 

bos:t 1n 

li.f;eraisal of 
tring.e condi tions 

seet • � :;o 26 

I l t 31 
I - I -
I 0 ' 0 

I • • I 

I 6 & X 
I - C -
I - I s • - I -
I - • -
: 2: : 0 - -
I I - I -
I • I • 
I • I • 
I 0 I ' 
I l I X 
I i 

• 
t 
I ' 
I 
t 
I 
I 
I 

I 
I 

I 

I 

I 
I 
I 
I 
I 

I ' 
I 

I ' 
I • 
I 

; 

I 
I 
I : 
I 
I 
I 
I 
I 

uUce s ide 

-
3 
0 
l 
0 

0 
0 -
0 
0 
0 
0 
0 
0 -
0 -
0 

1 
l 
0 

9 -
0 

0 ---
• • = 
0 

•Index of  severi  1;y • .r e number of new deli! J added to the numbe r of s i ck r eoorded 
on the innnediate ly previoua trip m&de wi thin b daya . 

-

� 
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!'he trin.ge ce11Dt .- d.1kedd.e pickup or botulil:a birtla ill Unit 1 ln41• 

cat. iaf.t dolmesa W&e not alarming. On only four day• out of 24 tripe 414 the 

ll'*-�•r et au.u bird.a COUDted ezoee4 51 and on no day wer� llli'>re than S5 new dea.4 

reffrclecl. !he couia.t1 aade abaw Diae tlareupa, eut all •xeept oae et theae --.y 

be con1ideNcl et 11 ttle aignitica 11.0.. fhe DUllber of d.ck cou.n.ted. oa � eae 4a7 

did ao1. ge aboYe 15 until Auguat 19, a 4e.y following the first atrfmg wind wbioll 

'blew 21-Z aile• in 24: hoara. luri.Jlg the week t'ollewiag, aiokuH r81la1ned. higher 

la the mdt than during &117 o ther period . On Au.go.at 2fi. it reaohed tile peak, 114, 

d.ek u4 Ii dead.. 'ftde •le• fellowed a higll wind. one whion blew 150 a1.i.1 tM 

preYiou d.&7. Proa the peat: of Auguat lti, eiob.ea• l'ell ett rapldl7, witll a 

alight iur•H Oil .August 29 and aaotller oil September % (.Figve I) . On. -� 

eoouieu tba wind. llat:l blown bar4 1ilae d&7 preoed.1Ag the upawing - 231 Iii.lea •• 

Au.pat 28 am 290 miles on Septeuer 1. f'lle windJ de.ye iadioatN are tu oaq 

om, ea -.hieli the w1Dd blew OTer 200 ailea . Prior to Ailgllat 1-8 tile air aove.aent 

ill 2f llo11ra wae O'ffr 160 aile1 oaly twioe - Augu.•t. . 8 and 1'6. 0a bO� or t!Mae 

cl&J• • low tlare p in aiokn••• •• re rd.ed. wt ne oa tlle day tellniDg. 

file U.S.� •• • •ry fro• epwaNr i te 25. tile eal7 top ao11 • cndJII no

t;loeabt. _,iatiilaN Miag • D&l'row u-. 'berderlag tile Nrro,r pl� aD4 apill � pucl

cl.l•• . a.rloo41.Jag n.r �• 4r7 .. u a ,.pt ber ·26 wa• te-llowecl lt7 • aall 

tlaNllp la alcmw•• whia dropped ett 1mtil Oot. z. oa 1illl• da,7 ano't.he.r aUpt 

laore••• wu uw. letia Septem.ber IO. and Ootobe.r 1 wn wladf c1-,. ( 111 ud lU 

. mi.a, reapeett..-.17.) 

Looat.1011 et •1* 1d.ria la Val� l ent01aal7 •• iatluen.oed 'ltJ' watw le'ffla 

uad tae ,-e1UOJI of the trillge (PlgVff 4i ud 6). Aa � le·Hla of \lie alt Wllt 

doWD '11• dckne•• t•llowe4 tile trillg• ao th& t tiler• ooeurred a more geaeral 418• 

1, 
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F:rGURE 4 

LOCAT ION  OF S I CK  J3 1RDS.- U N IT ·. · I 

D-line 

. . 

. . 
( ea,c.k dd r�eda. . a. . .s_'ci:. �) "' 

' . : . 

• • ._ • • 
o • •P • • • .. 

: : :: .. . . . /\\:\; ... 
-,. 

. :•. 

,, ·: i'Jti> 

\\:i : . . _ .)-)}
-' ' ': 

�-,� -. . · ;  . . ... . · 

•:.�:-.·· :.,::= .. .  
•Dc,ts outside the .0- ·alld i,,.; :um• repre11mt both d..ck . au dead. 
duck& picked up along -t.be �ikea . . - -



fUH a.re 'tu .... tao tha't were edclea't 1n tu lM.1 aeu�n (1) the epll.l)oz area 

ot t!le Bear It1Ter Club alld (2)  mar the aotith ot the .. 1.n lateral oa.aal. !be 

tt..• hte th• eanal area whleh wa1 1lpitlOtU1t 1a lM,1 wu lar�l.7 elia1nate4 

t.ae wek ot klgi.at .S,ekneu t.iiu g .. A guat 11. :t were ••par-ated wben 

tM peak Olmt OD. uat 26. Glok:Ma • n t t day 1IIU eatireq • mad flat t"opoa1• 

tu re1'lood 

1; f'lar p WI OB the pan extod 

Mrta a e&-at et the lrliM epillbex. 

tlu-••P , tt the . , 2  tb was eap.baaieetl 111 

caae, •• tlaat cta7. 

•ta.1 flalt 1 dike •ll otlou fer 

a '  lria. 

aeuo la 

wva .. re nob tila, atabllla•U.• took plaoe te? louger per1e4e.· 

et the peak 

•• I daJI 

n.pld. 

•> \bat oder tile 19" -ur JUA1ptalaUoa aobe4ale • oJlly t IU"ODpr 1dla4• 

(160 ail•• e, •re la It MllJ'a ) HellM t llltlaanoe 11okzlH•• 

11 



,-&Jc troa nicb it abnptl7 re .. dea ,  moat of the aick:Beu ot 'Che 811&1on ooae1 

h 1'lareupa. 

i) that 41b patrol data are wertblea1 tor apprald.zag bowliaa nault1 ill 

eonit1om , how v,u·. nmabera et dok bird• along the iltes are • po11t1T1 iui

oatioa ot gre�t aiome•• wit.l'Lin the mara�. 

Projeote4 • hedule .  "f'lli• llllit b - be tilled earq 1a •Jrial w uos.a 

•• 

la cleaired that 'tile level wUl � exnd U06.I at aJI¥ tlllllt 

U , I •  attala tke 4206.1 lenl. te!" la ez ••• ot 

T. 1N4) • 

II 

(enept ter n-

f;.: 



lMI, boweTer. • a'boff normal and e:nlla'�le water from. Bear B1TW• at\er 

other expermen'b.l pr1or1t)r, kept leTel• of Unit 2 up w what be .ouU-

•nd 1"1111 iapoundment. It D&'Nr wu.t "below U0f>.O which 1• aa intnqueu 
••ournae•• 1'M reaul ta of lHa Hrnd to •how what; -1at oe t tu ld.ghu 

le.-•1• ill th• US.t would do . They N not aJl 1.adex to nonaal oondit1au. to 

pre't'n.t a repetitioa of •ll.ah extremely high l•nl-8 , tile lMt aohedule put a 

auia1a1 Oil tu lenl• the unit •uld attain duriag tile eqer111ental perloa. 

ftd• ••rl:eum. ho ffr, 1till wu •" a Jdgb le'ffl• It lt 001114 N a�taimd. am 

ul4, tu reeulv would g1Te aal.7 • ...,.Ual idea or what migh\ uppea at 

IIOJ'Ml lner lenl•• la et.Iler wrcl1 the a1 t 1114 •t Hli'N u a tru.e 1.ma 

of dokneH mle•• lt f llo ed a traal oow-ae wtdela waa lcrnr thaJl the •1:rl1Pm. 

Ht tap ter it tllb )'Pr• 1, 'WOUld ellly gin a.-wha't ot u iclea. 

Mam.:e;\a.tha. !Iii• awr ;u oae •� tJle fir1••t ta tw.n�.in )19N"•• 

,.._ lt 100 OllllB nid• t t.ba'\ t· re ..,. �tloieat wr cm..r &MW 1ae 

ue4• et Uldt i to llldnala Uait 2 at a hi b l-.el. u1• 1M uper1• 

•aw.1 HHOD ( :ague'& 1) • '206.0l, •••� .i .teet i.wr -.. lnu11 peht i: - , 

attai_. b 1941 (ft.pre I ) .  U i.01 lt •lowly 4ro· w a et 4204.,.6 

• epteuet' , .ta.re lt rnalm JMI 'be · abo r1J pta.be:r- I. 

fld.a INlall Mntl.llH4 uatil Sep\ ., ••• et ftioh date rl late Uait a wu 

largel7 1teppet1 ;Ul4 •wr -.. •pilled ill lJa1 t 1 ao that repair• to p1,- l!Ma 

oro••bc • ad.a el et tralt 2 oeuld H aad.e. i...i. clrop,-4· &Hat ., toot 

1-7 Onober 1 allCI tu •tarted up agah na.iibg 420.el b7 0.WNI' I. 

StokMae 1l1 Ulll i I •  'file tire t a1•k duoka of tu 1Mt ••••on •n plond 

111 ia va1 i 2 •• luq _, 1, bJ' .h•l•iu'ti et • Mau.·ge:r k hlao1t. alld oftioialq 

ll• 
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rather anere . · eTer. thia lmpre•aioa s due w tae AWZlber ot dead rather 

file pnporUoa ot dok te dead. beoo .. utioeabl7 greater •• the an1oa advaJlo d. 
. . 

toward the elld et the aee.aoa (earl1 Oo\ober) tringe oount, Uated -.ery few clea4. 

!he k l944 lenl � Ullit 2 ezpe� aore £rage aa4 mack 'buk• � waa tbe 

oaae la : l.Ma. .tt ,20,.1 lenl the 1bd:\ aa;y be n dtMi u flall7 1.IQo ed.• all 

natural cha el• la �• lour marah•• be� eu rged. Al 4.206.0 �" Nab are 

•lll.7 p&rl.1alq eqoaed dd a t'la11a are in ••idenc• along tile l,.liu• although 

tbeH tla• aN aalnl.J •t alkallM elay. lelow '206.0· t •wslr;r ar... r4•r1Dg 

• ot alkali ulnuih 

e11 Jli&J-r oon I" leTela. la ta. 

aetua wa• • tae r ta *1•• 

r 

a taW.lbatloa et trin • followed. 'b7 retlolkl1A • Alm.oat 

l• 

at 1 ..... 1 

lt .. ffi• 

.r • •z-

cl • 1811. The•• t11ve• wre a,,,...S. lily ll1 r 

II 



, ;e_ 1;<3 I !+"rince count I 
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FIGURE 7 

• Location of Sick Birds - Unit 2 
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ahcnd.ag approxlaate wawr leY•la at high. _ low, and iatermed.iate 1tagee (Figllre 

11}. thus it 1e •Tiunt that 1iolme1a -was pretty p•ral 1n. tu aarah. The 

w:,r1t l.ooatiou , �wev•r. appeare4 to be tu oTwtlow area• near tu aoutlla 0£ 

ii.be 11&1• oh.amlel•• the lio•k Ial.aad area. and ta. 1al' Cba.zmel. Slokne11 ne up 

1D the latter are• troa 1ill9 •tar�. b11t 41d cll"op •tt •• � north and weat Dll1ID 

a.tter tile tira't. . week 111 hpte r. Ia tbe Jloelc 111.and aNa• tbe 1ou.roe ot 

•i•klw•• Hem4 w lte tile OTert:i.w area near tbe aouthl ot tbt ujaoeat e •11• 

S1c1awH iaoreaa•4 tl:wn along wU:a the iaoreaae at other CJ:larm91 areH 1le tba 

ea,t. flu.a ah1tt be .... ..... 1,a:t oa Septe er -i a.llli apparentl.7 ooiao1decl wt the 

IMr .. eed tl" whioh atarted tu u.111\ l•••h upward. 

•• o�er looaU u war• i.Jilpor,..t. two were alkali lallnah 1taada oa 

the NNer o-r ta. trillge, tile ea,t aid•• 1a uwr-1 tu ... � ut. One could 

oa t'illci1ng e1ok b1r 1 • "i y Uae aria& the •••HA ea the eaet 11.de. 'file o her 

looatlea wu ne r the ot the lateral 1 oft 1-b.e L-U... • .At th1a plHe, 

the ok II ct.ep and• ez:peM4 1a aa.11 ia • whiaA wre tnqaated D7 anoe•• • 

eU.lta. a.nd. 4cnd.tour•• lo flow n.• •bffl"ft4 la "the u�l t water mo-·H11n.t 

tr •••t trequea�ly tm111dawd � wU u lud• • ... , d the dok ldrcle tOllall 

ill tali• loctaUoa were dow1t•:taen . alVMN.J:A otiler sp oi.••• pant larl.7 gr �  

wal aJl4 u·oo•*-• were ••ocnmtitret. 

ftle upper eMJIIUtla ._.H 6u_,,___..._t1ffq t'Ne � el 1tlN• • lt Heud appa.rut 

'lihat eetal.1R Yiotial tnad th.ere aoYN •P tro the lo..-r •r••• a 1ae further 11p • 

0 el ••• n,. tu rewr the alek a1r4• lihlT to be ..-ea. 

Dia-aid• obaenat1Cllllt QMl piok-1:tp da e learly 11l41oato 

p •wr a4jaoe t w 

ST 

r,-:•'• '  
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le .A great me.Jority 0£ 1-ba dikeaide oolleot1ou in Uait 2 N- oar

ou••• or duob - not dok 'biria (691 dead and 116 sick) all4 many ot them -

#eptfttber at af'ter S.pteaber 10 ...-.%7 atro� w1mt from tta. mrt!l or north• 

west wui.ct ma.n7 , oaroaHea ap OD tile 1outbea1t.rn dikea aJld it was tollewing 

auoa winde oD.11 that large Mlle-01;1oaa et di.ke- dJle oarea•-• Hald be iaaae. 

Olli.15 I --
.Proje ted a ohadule. • t a la iii be flu.ct earl1 1a aprhg to '205.0 

•Jld• 1t •at.r l• anilabl•• aaiataiDN at that •ln-atioa at11 Auguat 1. au'b• 

jee1. to pr1or1U•• 111:dell ha•• befil ginn. to u.it• 6 ud 2. Begiml 

.. ..... wawr will •• perdtwcl te ••'-r Ua1t I utll retilliag 1• udertau11. 

H pla ed 1a tbe .. jv •pill 7 at Ilea .-rter,. J..Kp.at 1. alld ual-lNlgge,d 

it ta.a• 1• tOlllld. MM•••l'J'• f'u'lber• w.ur tr• tld.• alt 1• •t '- be u• · f ;i: 

to belp tie Nftll lmi- ' ft 

I llllit will be Ntillecl aa 

n.piclly •• the anlla'ble •ter will ,-rm1 t. aulljee, • � prlorl 1.1.•• giT .. 

UDJ.,a t &JMl 1 on the retlU,.• (Din tor • •  Ori•r dated F•ltl"llar1 '• 19U). 

ule of ua1 t I •• 011.gud w leara tta. 

alt b7 enporatloa aJld otmr lllll tv&l taotora . It -., telt that � "netaat 

•• 
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Mat ot toxin amt clu.ok ,aaage OJI expo1ecl tringee . 

»allipulation1 ualt I kgan �• ez.perimeata.l periu. Aagua t  1. a'I; 

lnel UO&.U and lowencl at the &Ye� rate of ••l iaab. per d.a7 lllnil 1t 

wa• dry (.,201.U) Oil &ept•ber 8. TH rate ot lcnrerlng wa1 Jliel'e rapid tau. 

tbe e'H.poratioa iaUoaW4 by e1th•r the paa naord1 ot this ,ea1oa or � the 

u·erage paa renrd• ot prert u yea.n (Figure 11).  i.oattoa et' 1ile fringe 

CU111 more 1a•oln4l ••  tu leTela Noeded. (Figure lf ). Da.ri.Dg the lower lag 

S.pteaber 1. TM ndnd � a.gut 18 •• •ed. retloo4111g lor oal7 a •bort tJJu 

t•r it •llitted tA i norturl7 411nctla with 111.Ue ohulge 1a nlooiv• a.

tilJ.iag the um.t Ngan Oet.Nr so. A r .. ftJa earlier acm1 -.ate.r tlowd. Sato 

th• 11111 t troa. Uait , throu • brolatn 1p11lboz en •ter u• ot get nt ot 

the borrow pit• til Ooteber 1. 

ffll" 11M tr1.nge ·•urt.n& \tall bDwllm per1 , · TM oeqt •� •1 � Mri• ea 1.bQ• 

vi • 11eta.Ue4 902• •t 4ead ltird•, ;18' (fable 6). file anr•• llliaHH per 

trip 'RN II •l•k aM • dNA. G4lafN"N 

11olt and f 4ead { fable l)� 

- �•••• lMI abowe4 aTerage1 et It 

•• tM 41.ke• wre pat.roll .. K U..1 a.ad 861 · tntliaa uok ri.otlm , •P• 1-

leotff - I tiM• u -a, •• .. re p1eb4 •P 1a lNI (ITT) witll eHeatlall7 tba 

, ... e.tror1;. 

Sio.Jc:ae11 1a � uait wa.1 appaNat la earl7 Au.gu1t. but -' uatil August 

lt cll4 the eoat ge a'boT• IO 11.ek ltird•. OD that cla:, • a a.tl"a-1• .t"lar.u.p 
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, ; , ;:• - (; · ··· . .  

toek plaoe t'ollowing a atroag 1011th wiJMl (FigUJ'e 18) • . Dane other tlareupa 

o .. w-rtui la.ter. Aug,at 22. as. anti September 2-. tu tin t. a Jlinor laorea.1•, 

ooulcl not lHt a.aeoo1ate4 with *JI¥ Jaappen!Dg 1a -tlle tieU. file latter two. how

ner, were aaaoolawd w11dl 'YH'J ,voag wlad1 of the daya iaaediatel1 pre.vs·�-a&. 

thea. Ia � .tiret wtanoe. a Hllth wind bl•• 2ft ailH 012 All&'l•t 24, --,. eiok

BH ea tile tringe juapecl tr a Ii •lek ead dead oa t11a, da7 • lTO oa tile- tollow-. 

1ag d•7• ft&e tla.wnp oa Septeaber 1, gi we even a ltett.er euaple et tale int'luenoe 

wiad• -1 pla7 la duok aieJmeH-. 011 .A11guat ao_, a lleotloa ot all th• 1iok 

et tlle tr1Dge wa• 
oelle te4 1n a 

• tcilowbag u7, Rt oal7 Zl , iolc aa4 dead duob re 

at 

•l • •eaaOD., bl UMl tbe tria • aiobeH juarped ti. 120 •hit and 12 d.e d 1  

the lu� aaJ•r flareup 'Ull1� I tall.4 

borr•• plt -., er •� pt tor • • 11 atea 11a tbll •-1"-•-•-t .. .,.r (F1 ur• 17) 

the trlllg• •1.eJme•• re r4ed tbe pealc d.a.7• et the•• tour ti.reup,,1 ••• , 

••• 111 � 11111, tor .... 

!be U1tr1 Uu t •lot �ir'M note4 1a Ual t I iapUeatie• "11• weaten& pan 

•f ta area u '\M elliet aouree ot al kDeH (Flgw• 11) . Dare• aa1n concentra• 

UOJk. polll•• .. re &JP&ND1a (1) • • o flat pelli.uula •••t et the ...-ege-t-a•t.ea 
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I) tu Ho'tion ... th ad weat ot tile polnt of Yegeta.°'lon. alld a)  in the bulruah 

there longer Ul4 whea th.Ne were flooded ••tena1Yeq • aielm.eH 1:aoreaaed :markedl.J• 

Th• data obtahed on ta trill&.,. ot 'tlli• wdt during 19'4, otter n1.4enoe 

••• wind.a do OMlU" aiolmeH ilwr..._e• oa.n. IMt . expe•ted... U... large th••• y N 

appareatq upeia4.t DD- ao auh oa how maJlil' irda are tnqueatt.Dg tu uai t u a 

whole .. hft auliJ' d the• teed in the u..igerou areu and ea how loag � 

ref'lood1 rfflM1u. 

aerio •• 1n 1841. 

olu•iou , 

1. 

� ••e.aou •Dtira � tellonn oon,-

wiDd.a u.a-.lq •r• proaptq tell.awM 1t7 a ••"- tlal 1a-, . . 

ON&ae ia tbe .,._..r of nll• TS.e 1m a.le 4tu.. 

a. DU....14• laan&••• 1a tJae aaNJ' •£ N1aall aaeH ri•• .-add•nl,' 

( tlarnp) nt tab Mffnl u,- · t. nbalde. 

•• B'f'14ellM et laoNaaed alotm•• on the back. 11-d.• et Db.tt a le aooa 

&pparent a1oag tia. clib1 a.eept when oentiaed to the marah,y Mrtbeat, Ngioa. 

,. BetuU .. 111 Ullit I ••eaa detlm.teq oorrelated wit.a t outer hln• 

' 
I '  



Projected aoh.ed.ule. wf.bi• alt is to be filled to •l•fll-ticm 4205.0 

earq 1D. the aprh&• It ii w be held as aear •t· leT•l u a i"ble Wltil 

.l•pa't 1. priozlt)- •t ...... tor a.lateaanoe 1a the ••Teral wta ltelag 6. z. 

a. all4 1 11:a that order. Begimlin.c .wpat 1. u .,,,. •ter b 'to eater tu 

uait - a-Tea '8811.gh it u.y be a·nllable - a1i11 after the wait ha.a dried . 

Be llming Allg11at 1. the water 1-Yel will N recluoe4 at tile n.te ot 0.6 1aeh a 

d.•7 (bolu.41.ag tu lo•• tna eTaporaUoa) ma.Ul the ait 1a d17. •t•r nleaae 

1• te be apllled oa the eut•icle. 1, la pudble tu., 'iM 1181t uy be u,- late 

Yi.<lH water b anilut. ai that ti.. Unit � 1a to ••• ft.rat prierlty of the 

(Di.reotor '• Order date 

· P•lmlU7 '• 1144)-. 

J'vpu• ., SW u.i. ,  Uatt; I .. Ull1� ' Nlledalea WN daN at -·� 

U.a aloM. wnld i.-r •• the raw et �t .a iaoh per da7 (a....-age pall oft n• 

tt.oa> , -.-r•••• vatt • •• iatellllN te c- na. about .z 1Aob. per da7 taate.r 117 

••u er •  a•tu.t wa-wr aptll. 

»..alpolaUo.111 llalt • -Dipalatl• apprw.clwd 1-ta fN3••1*l ao ule T•J"7 

ole••17• 4ro� at '1w a-nrap rate ot .u 1aoll �r da7 troa it• 1n1 tlal 1�1 

et ,204.,1 a A111pat 1 (FigllN IO) . 1, dried ia the borrew pita b7 A et 11. 

r. 4q• la t;er • •plllmx ltnb betwffll Gld. t I and • tloe41ag a .... 11 4:ry •eo"•ll 
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ll:l the aoutheaat oorner. flli• iatlow evaporated Id.thin a tew da.,e aDCi tlw 

wlit re11ained clrJ" util iepte er 16 on which the refill waa started e.t 

abeat 10100 A.Ii. 1'lle: refill wa1 tut. the unit a�taluing the tull leTel 

(t28'.N )  on September 29. 

!he e.zperi•atal 1tabilbatin ot ln•la to try pro4u.eing •o• a1 knell 

waa -� a �te.aptecl 'beoallfl "7 tM H.ae a ter nee4ed. tor noll ell experiuat waa 

aYailabi.. tlle period ea.nu.rad t•r experimentation wa• drawiag te • •le••• 
Slue urd.t , bad w "  tlll-4 be.tore VDiu 1 aad a. tbie -· a.et aTaU.abl• 

to u:priau.t ud. ge"t water· to huti11g ln•h la U..H uaita witk the UIO\Ult 

t water thea 1n d t. 

'1•• ex.perm.eat a.ad ta 

l� ,.... detel"lliae4 adTS..able w tengo tu atat»1Uaa

iD.g .. get • te•t or tu .-.tlNdill.g et • J.aa llo'\to• 

ooaplewly VJ ter ... r11 a aontll (Jiapet U te S.pt 11ber 11) . 

leku11 1a Uait •• Du' tile parJ.od ill which lJDi" fi •• clropp at 

• t .i la.ob per 7 • praotloalq • 1lelmeu dffeleped on • trillg•• On17 
&• alok Ul4 I ...,4 -..n bnned oa th• tri� tNll .tupa t;  1 uaid.l • Wilt; 

wd er, (table e). mdt begq te be retlU.d • lep1ieuer lb. • o  .. 

at.okae•• •• appar • thro .. llUl-t iibe reaia4•r •� 1iM Hu••• oaly 17 

•lok ltlrta wre ao M la 16 iupeoUou ot tbl fringe. 

llaJl7 d1b paveb .. .,. -• &J"O I d.de• et ua1, • •ur1.zas late J"17 

u4 earlJ -,.5,-ti Mf'or• tu tint betlallm ltirl• 'Wl'e aeen iiber• on A•put t. 

1'he la1 tlal diked.4• plobp tr *11 alt •• aade 1.be tellowlag dq • nt \al 

•llntiou were aq liO while· . .  the ba111l wa1 Nilag drailled te tbe a..rrn plu 

(A pit &a).  Darla� tu d17 periocl (.uguat 12  • hpta.oer 1�) . wmi:& there wu 

•t•r 1a tile llottow pl\a oal.7. tbe tlU:eaide plobap •••n. eel • duob per da7 -

the .... ••  clurbg tile 1 tter balt •t tu dra.J.mge period. 
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flau- the l™ eeaeon was a repeat ot lK� in that WKl•r the concl1ticHH 

ot tae £1rat dz-op dOWll Unit 4 ha4 no appreolable •iolme•• either on the triage 

or a long tu d.1kea . It  1a legieal to nder hy dokneaa clld not go higlullr 1n 

Ua1:i •• Win4•. •t oour••• blew a eroa• Unit 4 ea well a• ia Unit a where H amoll 

ot tile aiolat••• waa �ught to be oerrelated with w1a4 aotion. Senn.l faotora 

prolHa'Dl7 oon"irinted � the d1tten1u,e. The rate ot «lrop ill Unit t wa• e.ppre

oiably f••t•J" \Ma 1a 0D.it a •• 1" wolll.d take a avo.nger wind to retlood •xe-N4 

lab Nttoa •t tile •-?- dr)IDOH • Ia add1Uoa. oal7 one et ti. •U'Ollg 'd.nde 

Tha refill tut 1,epa oa Sept er lti •• pr ptJ, tollowecl l,J' • •rk.94 

hCJ'eaae 1a ._ 111• •lo1:lc 'tlw 41.tea - 1 • 011 the lltb aJld U ou•• oa tM 

l&tla. %111• 1 r••••• while , alaraiag. clef:laltel1 -.a more tllaa tu greater 

blrd u•ap aloM woul j •tl.4 N uae ill• po-palatlon etiep1p wu fl'OIII about � 

t. 11.000. After tbt bl t.lal tlare, c!Uadd.e piobp dnp"4 aboa1: 26 ,.roeat and 

tll• tluc'be.'94 ll'"l• eSMpt t• a peak 11-otloa •f U Ntalla. 4uoka ea 

Sept-bv II - llabl7 tu NIUl\ ot a high w1all troll tl:ae •w.ttrwea� Oil the 

11.at. 111\al ilbaid• piolDap darln tu retl.lllag •• IN alok 111114 dead ct ff8 -

aa anrage et II.I!·, per cla7. ru. wa1 olo•• iii t.lle lKS annge et 18 it 1ilw 

lH-1 r.rl•d.la« aa la&lw4 ter a atabll1&at1on expert.en ud l•wr 0011th ,. 

tbat ni• u llUJ 4a71 elapeM bebeea bit1al Ntloodiac a --,la• tlllb. u 

1a 19" aad w1al bewll .. leHH wre IPHth greawr • Mi •• ooapare4 1le IN. 

Bear ilTer t1.•U clata 1D. Mral. h01NT•r• 1.JMlioate t.bat 19" oonditlou .. ,.. 

•• et lMI� ._.lud•• 



_I. 

theret•r•, tbat -tlbe ainol' l•u•1 ln Uait 4 thia 7ear •1 be 4'1l• te t)a.e leager 

per1o4 ot d!'71.JI& •t 'ille expc,1u lake \to1rtoa. For in 18" the wut •• refloode4 

Hfon th• lab 1,otwa clrled out while tld.1 7ear -uu ntloodlllg wu •nr lan 

'Ntt .. tntireq 4r1e4 ter 26 day .. 

D11\l'iln1UOJ1 et dell: blN1 011 Unit , J15 _ fat.rl;y we ll aoattencl aD4 th s 
re co_rd s  

ao oeaeeava\Ma ,elate (Flgve 11) .  HoweTer • •re /are la m••••• " "- u1i; 

1l4• tbatl to Wae wat, It ••-• ••l4•n� *' tu appr•i••h were 'belag 

ob1ened al.o tllle dib• war• ett iMlr 1iodn h \be .... general arn. So 

ot the re ao\lYe alek duoka •1leo-ce4 al•ag the aor1lhera ult ot � P•l were 

trln ltlrde tna _,. 1heal u,ta.wHt oon.•r et Unit i that ero1114 '- dike into 

th• pr•te•'tlla& ••• wa"ller et tM lJallt 4 •n•• pi•• 

uo1.11 

I 

aa.llltdu-d •• tlaail ln•l til llber It. 9li• ult i• 

tlrat prf.or&v •t ••r •••• wl a Ttew et aabtabia • 1ne1 &\ •1••• • 

eoa1;ov 4206.11 tue gll••" w ••'11-• H&aoa trem tM '1• ot tllltag 

se,.aJM, It"+  (J>I.Nnor '• Onie, •• •• hlmaarJ f, ltt'). 

Pvp•• ot f!hfful•,• TM 1ebeclul• r.r lldd.lia •t.r ta 1111, I wu •laid 

•• l•a.naS.llg wJaat doJmeet 111\lU ••ou h ,._ uit who th• wawr•, •4g• r-.lned 

11\• l•-r•l ._, 1t1pulate4 M be 1-wr W• ,-. r 'tie r4Mluoe ibe tlo.a1Jac et lud.1 

aonll et tbe ub. IUl1 t 1Jlaa, ctOOlll"l'•d la.it 7.ar &Del de appn.laal et liolm••• 

II 
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Ha.nipul ·t1·0a.. '!he lereh •t Unit ' 1toGd at ,201.21 at t.htt 11t..rt of 

the experiae-ntal fffio4 (.rtpre II).  _ocoept fer variation ill Nt.cliar;1 cauHd 

by wind• t)Mt md't tluetua'i•d lNt en .UOo& aJid 4:IOti.lO utS.l S.pteaber 11 

when �e tilling •t blt • helpe4 to redv. .. ualt 6 ln•h • .U.r that daw tbe 

le·nla alowly dnpped to 4206•1• at tbe eu ot Septeaber. OD. Ooiober '• the 

lenl •--4 •• uo1.oa ud. water waa tlowbg into un1, ,. 

Ua4er tu lneh aolcllng Wa r•a.r 4uriai th.• e_s,-i-watal ,.r1e4, re 

expoHd Hllilh ot � aol"Ul oll&Jmel 'bt..llk aoro1a 

area of tloedlllg •• lbalu4 1- the 1daree-way o l uea and north ot tu old 

ola.amlele •H" •t Nd.er •• Caul (rlgure za) . Water la tab latiler aHa wu ffi• 

1112 •l• ud 9 ,�d ld.rf.1 wN oonwd, a aYe_np per v1p or If ,1 ki allll II 

4ta4 (kbla f). ce.par te tlw•• ft ••, llokuaa la Vall I 4•rh& lNI wae 

l . .. ..... 

•r• •• •iu . ,_, (ra le l). 

lJ-1, ti di • reoel ffd ouraer7 

ead �"' Wl.-4 per 4a7 �t an, n 

1114-Jill.1 n, i• iupee,1°*8 wn aue lHtten \bit ttnl tlb•al4• •wllla ou•• 

wH •'•• u. Aupat 11. rroa t , d&J a'ill Oetober , ,ure nr• '1 addU1lenal 

41b pa�reJ.1 aa41• aa4 1111 'NwUn •••k Yietiae eoll•• , - lt \bie1 •• � 

(11) u were gatlaen4 'by 1ildlu writ al tihe , ... di.bl ta ilbie llMI eea.toll• 

•' 

&114 121 ••u wr• HuaW la 11 \rip, •• ,.., 1me ma1,. 'llhil• 11 tla•li.f• ,-.wol-a 

Ji,t14e4 ft� S0 bo1Jgli• C&H8 (ftpre I•)• 

ti ll  
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'.i.'.M3U: 7 - ;., w (. .l:(  JlCKlf::.S;, A PPf's11 IsA.L. UNI1' 5 - 1944 
1 1e. "te I .f"!"' in;;_e COU:Ot I Index 0£ 

s sick - new dead : �everit � 
�.ur,:: . . 

2 : 
3 I 

4 t 
� t s ' 
7 I 
8 I 
9 ? 

IO I 
II . . 
12 ' 
IS I 
I:t ! 
I'b I 
I5 I r, : m--, 
19 I 
20 D 
2I I 

m� 
zJ l 
21 I 
25 • 
26 : 
27 I :rn t 
?HJ I 
:3� I 
31 I 

,�. 
iot;aI1 

� e. i ! 
3 I 

: - . 
2 : 
6 : - t - I 
� ' 
� s - I - I 
0 ' - I - I 
7 I - : 
9 l - : - � r, ; - I - I 

14 ' - I n : - I - I - I 

s; I 
4S I - I - I 
I�O I 

ii 
i ' - I 

I I Io:1 I 
5 ' - I 
� I '1§ I 

' - . . -
3 . 4 . 
3 I " - t -- I -
4 I 'I 
g I I - : -- I -
g 1 IO - I -- ' -
1 I s - ' -
a i IC - ' -- I -

I8 ; 26 - ' -- I -
IS I m - I -
I ' I - I -- I -- I -

;o ' BC 
7 • I - t -- • -

123 I X 

i; 
I �; I - I -

n I 5'7 - I -
�� I 3& 

I 

: ' 
I 
I 

I 
: ' 
I 
1 
I 
t • 
I 
l 
i 
I 
I 
I 
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I 
i 
I 
I 
J 
i 
I 
I 
t 

I 
I 
I ' 
I 
= 
I • 

1 ,ilres idl!l , 1 jt:i te = �'l"inie oou.nt :fndox ol· 
, s ick: - miv, dee.rl 1 severit�_* 
.& I -- s 102 

i'j I I  § 1 J.UU 1 c."f 1 i: :.,  
0 : : Iri , - : - I -" s :  II ,Iii I s� • 7B - I I  12 a I&I ' iI I oI 
li l l  I! cIDO I I§ • BS 
0 : . Pl 12'IS I llI I 61 
C : ; I5 1'2BB I 55 ' ma 
0 u IB ,!31 • 'TS ' 3B 
0 I : I'7 I - I - I -
u u IS t 372 I 5� I Ul6 - n IO :202 ' n� 1 0 
0 I I 20 iI38 I 51 ! 0 
C, : t 2I t I.26 I 22i l I2 
0 n 22 U:0'7 I 215 I 1 
ti S I  2'5 I - I - I -
!, u �4 I 75 I Iil s 0 
0 I I 26 C 73 : 5 I 3 ... l l  26 r - I - t -
� C I 27 I �2 ; I7 I a ' l I �B i - * - I -
3 u �§ . �g : 3 I 3� 
C, : : .)U I - I - I -
(; I : tie£1.. tDbll. 12 §!3 I re:!5 I X 
2 uOc r.. I : - I - I -- I I 2 I 5'1 • I I C 
5 1 ' s I - I - t -
2 t i  i I - I - ' -
� u b I iI I I • � 
0 . .  8 • - • - I -

30 I I l, I - I - I -
i 

Ii ; : - i - I -
u - I - I -- u J.U I ZJ. I 0 I tJ 

53 I 1vcl;.w&l1II'.'9 I 2 I X 

IS I r  Season 
It'! u total• a32a2 I 9SO • 

' 
I 

t -
t 4,a 
1 I.a 
I 2� 
I I2 
t 59 ' 20 
1 
: 136 
I I79 
: no 
I bB 
! Z7 
f � ' -
l 37 
I -
I IB n I '° ' g 
I 0 
I l066 = 
I 

I I6 
I 0 
I 0 
I -• -
I : 
I [r-
I lb 

I 1111 
• .tnde x  of a-eTer i ty • The num.ba r of M'\JI dead add<td to the nmaber 0£ a i o.k  llllll.us the number of s i ok recorded 
on the immodia tely previous trip made within j days . 
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APPROx:nlATE WATER LEVELS- UNIT 5 ,  AUCDSI' 1 - OCTOBER . ,1944 
LNTED STATI:S IIPARil't:NT Dr Tl-£ INTERIOR 
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F'ISH AlsO 'JIL!lLln: SOlVICE 
VE:GE:TATlON TYPE: MAP - UNIT 5, 

BCAR RiVCR MIG'RA T� WA'l"E:AF'OUL q£f'lJCE: 
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DISTRIBUTION OP' SICK BIRDS--uNIT 
LNTE!J STATt:S IEPARTr-t;N'l' Of THE 

F'ISH ANO· \.IIUJL.IF'l:: SERVICE 

5, 
IITTffilOR 

VEGETATION TYPE MAP - UNIT 5, 
EtAR RIVCTI MIGRATORY \,JA,TERF'U\./L REF'UC:l! 

au� 1:1.0E'I CWN1'V • UTA!< 
PRCPNCni '"' 71wlitCt, pr ..m.l'lLI� lfC.:U:•AC I�  

"""11l-. • 14• 1 

____ _ ..,.,, . . ,,�---· ........... . 

AIJ(JJSI' 1-31 , 1944 
( 13 census trips ) 
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Pringe a1ctuu lM,u to ge up a. U:trU• o:a. .!ugue'i 19, tell.owing ·• w1D4 

o� th• p:s-.'rious 4a7 (when tlle fil"•t 41ke-•i• ea••• were reeord )out d1d no� 

go ••••• a. oou.� et tiO 1iok \ID'bll Allgu.•'i 28 BIid tJ:at daily dlb pielNp u-,er ex• 

oeede 6 41111.s.& tlle ea1slN mouth. Pringe 11otu•• aay ba..-e laerea1ed. tellowlag 

the wind ot AlllU•11 a, am the higller •••• r•••ri-4 on th• 18th could 1•cloa11¥ 

18'1l, honTer, llJld Oal.J I INtwlia 

eta. 
8epte11H.r ro , 1.Mne.••• tlokuH and ou flareup t•llow• not •• •• 

•1 ••17 "bat • DIIIINJ" et •1ok obeenecl •• the triage wu high aea.:rly ,wery dq. 

drawa. · 

.... ti.a ... w1 

.. ou oeourrbg 

, ao ..aolvdona aa io ••H• ot tile•• Mn 

1, houre tellowbg eaoh et �he 6 •Jor rrt.111• tlern,.. GJl17 

ber 11 • tile '1.D-al • iurea•• aegllglbh (ll t I 

pl.o p )  ter • .. 110,uoa 1D.er.ate4 Ira I w T ,1ae, • eaeh ot th• •15iwr , 

tlu••• Uke"1H \lie 4eoreue waa • ,U la , ot 1Jae I oaH• •• tha toU..-lq 

· daJ' •, plekup •• onlJ .... roV11b. • ene•u.lt tht. t et the pM&• a. •n••• 
flar p ea  8epwuor 1,. aoweTer, (IO te Ut) Nlllltff. 1a • 41.b••l • .. 11.,u ... 

et lTI -.-.u.aa ON•• 011 1'lle 19th am 110 oa tM &0th bet•r• tu tlar• •s.•• 4oa • 

•• 1M 

,..,, •U• •t '-• ualt. UUliaati.on •• lo r- hen than wwal"4 ii!l• ea••• 1M 

ana1 pola--.d. •• ... t 4aagen•• are owlou• wu11. rl.gv•• 16 • It ••• •nw1M4'. 

• eo 

\ 
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DISTRIBJTION Ol!' SICK BilIDS--uNIT 59 SEPTmBER 1-10 ,1944 
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DISTRimT_ION OF SICK BIRDS-- UNIT 5 ,  SEPI'B!BKR 11-14 ,1944 
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DISTRIEUTION OF SIC�. BIRDS-- UNIT 5 ,  Sl!:PI'EMHF1R 15-16 , 1944 

( 2 census trips ) 
l!'ffERIDR u-llTUJ STATES IJEPAR'T'f'Dfr OF Tl-I£ 

F'ISI-I AND \.JIL!JL!F"?: st:flVIC£ 

VEGETATION TYPE MJ:\P - LJNIT 5, 
ffi:AR l'IIVCR MIGRATORY \.1.0.TI:Rf'OWL REfU(;E: 

llOJ 1:l.!JEJ'I COUNTY • UT lUI 
P� .. 'l-'ololit: ,.,_ t:1,._.{*tCf',I Dr Wl1.-t:3Wl"'C ""11!'1:,r..:.tiAC.)1 

"""111.-tlll•t 

'\.�i¥rf•·.·. 
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DIS'TRIBJTI� or BICK BIRDS--tJNIT 5 ,  September 18-20,1944 
( 3 census trips ) L.NTfll STATES or THt IN11RIOR 
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DISTRIBUTION OF SICK BIRDS-- UNIT 5,  SEPrEMBER at- OOTOBEB 10,1944 

LNmJ STA'IL� l:EPARTl'l!Nl' Dr THE: ,-.nrntOR 
f'ISH Al'£! UILLL.F!: SERVICE 

've::GETATlON TYPI!:: MAP - UNIT 5-
m:AR 'RJVCR MIGRA:i"� IJATEJRf'C\JL R!TUG£: 

i>Ol tuzi, COINTY • U'T AM 

( 9  census trips ) 
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the•• looatlom were oenter1 of dolme11 -111 \>e .. aoot quution uatil 4e• 

UV -CHU llll4e 1n tu leoaUODI ill41oate flU"ther 1tuclie1 •ll•uU pola11 ,owar4 

1D.,-•1•lga'UJag tu ha"b1ta111 wldob 4enlep 1a tu 1plll e.reu . a. lower 

le-rele et thb year oreawd •r• espo1ure et muolc ill •Hh ueH . 'lll11 m1 ht 

well lM •· tao tor in the Id er don.en • 

&ioku1 • on • tur pane ot ti. trln• •• n•Y•r high • t an.y tiM • 

A tfffl alelc were • "N tollDII da.i.17 •••"•r-4 aorou the wd� tr• "'' to 

•••' •-ll 1.he I -, wu N&obff uid then tu eout &1•1• •Hk a 4eol4ecl 

,1uap. -.r oon. eAtratloa ptbt1 tor alok birch •••t of tta. --, •r• •l• 

ecler, 1 Ob •1 u tu aall overtlo I to tbe ea1il. the la�Mr wr• ia• 

Bear ••r lllu lud. 

• orollM,. 

re , alee • tlo• l.Dw 

Dib••i • d. maa la tra1, I duriag ••CU-It wa1 lipt ( pe•• t) lNt 

D-11M were repeatecl17 liDN wl• be'1111D lluelu , ela1etl7 earta•h•• Oal7 I 

,..,...,, •t tlle ••1 pi.elmp •• Unit i cl.lb• ...,, ca4e oa tu ea1tefll 11AlN et 

• 
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1BCIJIA1';-,u D raE FIB.LO, l9ff "' 
Jeaen aa4 Q\lel'VUf · 

Ia •r4•1' to ure hU,- 'IDd.•r• �• relatiea or eo11 aobtu.r• 

•1 ud. le••••• 
1 I Nld beeauae tba water lanl la '\ala U.S.t •• ,o drop .1 lllohli• pe,r 

.. , 111 leff, the .... , d4• et tbi• m, • ••le••• ter till• •1NdJ• A 

t,-&a1ee\ •• e1nbllabad Ital'' 

1tratp, •••r•• -..o gb tbe ldllt troa there aoreea te the aou\lwrn iip ot 

• ar,t.t1ela1 l1lalld1 tbenoe aaN11 'the thNe-.ay la eral •••l iato tl.

opea water w • una. fllil an 
Ole ti D ill  

11118 ••r lenl a eaoh •u
"lath·• 1M•• w eoaplete 1awn• 

\ • •  Saeh ete.d.ea MA9l•1i ot I ataa1 Ii �• 
pap '� 

apan. Plpn 

flt ba 1, • U•u• 

le ati 

•• • 

ai a 4e ii.II Of J. l/1 '9 2 inoMI aa4 all to inou'ba tie fer I •*•• at'Mr 

whioh '\MJ were •••• Ul4 te•w ter t d.et.,1 aeoonlag w approTed 

• od1 u•h& aiN nlajeoud M lawaperltou l 11.'loaul&Ueu. ftwl 

• 
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UNl'T'I:D STATES 
DEPAATMENT OF THE IN"l'!:R1CJR 'F'lSl-l AN[] \JIL.Ill..lrJ!! s£:Rv1CE. 

VEGETATION 1'YPE MAP UNIT 4 
BEAR RIVER MIGRA"l'ORY �OWL RE!"UtI! 

. llD>< El.DER CII., UTAH 
PHPAllll:D IN TIC DIVIIUIN 0, Wll.lll.ft -AIICK 
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eaoh au ooeaaive week thereafter. fb.e tirat alllllplee were taken from 

the tield. oa. August 16 and aubnquent eam.ple a  on each sucoesaive week 

ther attar. At each t1JU tha tr ueot waa rl aitecl froa .Auguet 2 to 

Ootober 10, ao11 aampl•• were aolleoted at eaoh liver plant where the 

ao11 wu expoHd. riwee aamplea nr to b• ueed 1n determ1 ni nc the 

per Mnt ot moi•ture b7 ••i&}lt an4 aleo tba per oent o.t aaturation of 

eaoh ple. 

la orcler to determine whether, lt told.::.i '.: - ·  produced, i t  would 

be aiorect thro�hout tu aea,on and to learn ot tha rate ot li Yer 

4• poli'1on, three ot tu twent,-tour atatiou nre Hleowd repna

aonting the ll&Xiaua, a1111.aua and Mdian ot 101 1  elevationa. TMH 

atatiou were aumb re 2 ,  12, 11 . At theae statiou ,  in. &441tlOD to 

the Unr planting• DUcme4. abcw•• Dim ,pieoea or liYer ••r• plant-4 

1n � ••l at a deF'h ot l J/2 u 2 inohel u4 atter 2 q•ka inou-

• le waa taua trma ea.oh ot the thrM •tat1ou oa ea.ah 

pl•• .. re aot planted 1a group• et mu at all atationa 

be•ue i" ••• t•lt tlat the d1a aigllt be •"d. up beto.re the ,1-
� a�limg arrived. 

!Mae thr" etatloua ••N alao ueed to atucl7 baat.ri•l popu

lation.a. A� ea.ch ot ,h•ae thr•• atat1ona at .... kly 1ntenala tln 

Nmplea wre taken u4 plate eounta made of •aoh 1aiapl• . v.-1.m 

A '" etatS.OD traueot n1 aad.e alODg the h atationa an4 yi•W 

eati.aat•• •er• obtained at 6 nat.1ou. l'iTe Hapl•• were tatu at 

troa ut area ot one aquare t'oe>t • • 
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The liver waa purohaeed tnah trom the meat market. Whi le freah. 

it waa ollt up into 10 gram pi eoea. placed in a ohee H cloth aonta.i:ner 

end aterill&ed. under l& puuruta ot at tor ao JliJ1ute1.  !'hey were 

then atored. in the i ce  box ,mtil iqed in the tiel4. When theH 

plea wer• placed 111. the t1e ld. th97 were in & lllON or leas dey atat.. 

After beiag placed. in the tield. the eampls would. take or loH aoi ature 

acoorcllnc to the aaowit that was present ia. the 1011. .Arter thee• 

• pl•• bad 1aoubated in the t1el4 the)' nre oolleoted eel placed 1a 

at.ri le b.tti.a. ta.an to the laborator7 aD4 s&«le up to a etand&l"d 

TOl ot tO al .  Th• ohHH oloth oontainv ••• looaan.ecl and atte.r 

d.ithaion and 1ettlln& hacl taken plaee the auperu.tant Uq'lli.4 •o.• 
'1Hd. in th• ton city telta. Thea testa re pertorud bJ' iAOoulatiug 

in.traperl ton.eally 1/Z al� or this liquid. oheond &gainet 1/2 ml. or 
ltotnlll ue u.ti tod.a (Tl um. ta ) .  !hose au.plea wld.ob ti lled mioe when 

a.t preteeted with antitm.a but failed to till wben llioe ware pro-

1:Hted wl'tll a.u't1tma were eaulcleNd tozlo lteaa H flt bnu.11.mta 

toda. lheH auple 1 that kill al ee  bfth uproteoted. u4 proteotied 

1d Ul mti to:d n, wen oondclered tm • bvt not beoaaae ot botulinua 

tala. tbar• i a  a poaai\tilit)' that aou death• la the ncm-:t.ot1111Aua 

gr•p Qre troa botuina1 "4Dia. ftoH NllPl•• whloh t�le4 to till 

Id.a. ••r• ocmeidere4 negative. 

!be aoil aaapl•• were oolleoted. ia ••aral• H ·Un oa.u, tba TGl\Unll 

ot wbiah ..,.,. 182 al. th• -.plea nre ta.ten \o tu laborator1 &lld. 

weighed after Wbi ob. ·tuy wen allowed to air tlry. Their dry ••igllt 

wu than determ.ne4. "1th 1.haae aaanrementa 1 t wa1 po1a1ble \o 

oalaalate the peroent .r aoiltuN by dr1 weight and the per Nnt 

uturation tor eaoh 1aaple. 

11... 
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At the ti• thi. 1  ex:peri11181lt waa atart•d the 1urfaae water ranged 

trom. lZ inch•• c:lee_p at etat,1011 1 to 1/2 inoh 4eep at •taticm 11. Sta

ticme 18 t<t 22 were in a dry1n.g atate at thia time . Stationa 21 and 

26 QN DeYer w1 thCKlt tree 1urtaoe water throughout th• experiaent. 

the tr•• water reoed.ecl troa atat1on 11 at the rate ot .5  inoh per 4ay 

and b7 Aug11.et 21 th• tree urtaoe W1.ter wa1 gou trom. all .-t.ati ona 

exce_pt U u4l 2 • - 'fh•r• n1 .ao Nt'loo41n& bnauae ot wiJMl at any ata

tioa aoept etati on II Whi oll •• located on tu edge ot tu thre•••ay 

lateral canal. Baf1lllq ot the Ull1t � need ou September l& and 

tloo4ed. etati OD 1 to 11 97 8epwmb r 20. All at.tiona were Offered. 

witll ..-.ter by September IT • fhi• retill a radu.l Ud eo.nnant and 

coverad eaoh atatiu only after ta ter had 4ffpeaecl ntti oientl7 \o 

4o ao • floo41B& and Pbaeq ant drainiag tollOINd b7 retlood.ing 414 

... ooow-. 

o pOJ:LdwNd ,___. 4-1 t ia the ,tauon, tr 1 te 11. Ia the 

deeper atat1eu P. p aillua -.u treq ent.. At atatlon lt 1114 •• r••• 

kow 4omh,ant and oo tiJmiul a.o approaohiJI& the tea •r ed •• Clado

phora aeawd local doainance beuuae et vi.ft• ud lle&TJ groirtb. 

'fie ld• wre •• tollon1 

tat.i on ' le.o r/aq • .tt. P. pecti.natu• 
StatiOD 1 1&.6 /sq .ft . P. pe ot{naw, 
Statian 10 11 .t gr/aq.tt. ,. peoUi:aa tua 
Station U u.a gr/aq.f't. !'. pe0Uoaiii'1 
Station IO , .. r/•q.tt. I. urtt1aa 

ao11 nth water d••P e.ne11gh to a.llow a t'airq gooci growth ot pon.dwea4. 

the rea1n1ng et.ationa ha·n aore olayey eoi l  with 1bAllmrer wawr aD4 
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ar vege1iatod wit.h wi4e,on ,raaa . fbeH e.reaa ara lou prod\.lQt1v• . 

Table & ahosa 1101 1  mo1ature p.r cent by 11ei.)lt. e.ud l.iv.,- extract 

toxicity by elate am 1tatiOl:l ror 1ibe 2lu •&aiil••• keci a:iarki:nge irull• 

oat• bot111Unua tox.io.1 t.y, &l'ffll u.ri:i.o.• 1�1 oe. to tox.ioi ty bv1; not ootll--

11.11• toa1o1t1. wM l4t no ooloi- Mrkinl,a are thou aaai'l•• whi ab ere 

na-�1e. fhe nUMrall iaa1de ta aqu&rH oppoai to 46.t•• &zu1 at tiona 

1Ddi e at t.h ti of Dlllpl1ng the per Hilt ao11't.-urv by ni�ht of tu 

aoil 1.11 1oh tbAa l1Yer • • plan'ted.. The n\ldrala in \he aar�1n• to 

a-1.pt and bottoa 9£ tM • 1wl1 oato tow.la uy •�tioli &IMl d.aiie 

NI O'UYeq aoeorcUng to �- oelor •oh.•du1- aou •.  

lt 1 1  ob .. rvecl �t out o£ te1.al o£ Zl� l&ai'J.ea i.S3 ••r• betu-

linua 10. il ••r• t.oai e not frOM l>otull tia •hi l lU wr& J100-tcra10. 

Th• rep, ... i1. l�. 2•, aDll tl !)el' uon· .. , NSi'4fctively, or tn. total 

ple-a. It 1• Hfll that the t.0%io aam.,l•• .-uv .;roupecl 

• at arOIIUMl tu top oen er ot the table with • l1iibt ahi1"t t.o 

� f1. ,. !be �•nual ,NJ>d ot aoil aohlure 1 •  � ......... 10 dJ.ap 

• ap • u " • H eoth tor ucm.cliau• u4 aon,-ootl&l �• toa-

la ar• greawet iJL th& porUon or tu bl• 

11 31 ahowa that. bot-uUmia to.xioit.J wu t tu hia;M•l polllt 

d:a.ri� th9 period ot A1.111ei � to :S.ptellberl3 while ncm.-bot\lUnua 

'MKi.oi'J na at tt. peak aooner ("'1;�u•t &i \e iepwlllber &) arwl •krted. 

4r•P.P1ii& otr a •  •Jc aooner. Dui-1� t.M •ta.&•• or r•floocii8' at tbe 

elou ot tu experillent. MO•botul1.uua tozioi t7 iuor ... aecl. IlMt aoni

tuio data would be the in.Yerae of the oambiud toaioU,7 data witll 

the total DWlb•r ot 1-.plea tor ff.oh date •qualint; 24-. 

'12 'Rf 

• 



Tuble 1� Shows so i l  no i �t�re con�ent per cent . by dry .ve i ci1t _ of  the so i l  
:_·_nr] Yiver extract toz1 c 1 ty bJ a.2t e  un d  stat ion for the 2 l u  s :::rr.pl e s .  ( s1uares ·.v ith nur:mrols ind ic �t a ,1er cont r:1o i .:1 ture by dry :,,,!e ight ; squs.res Nith no nuner,1ls ind i c ·:.:te period s when • free ·,; , J.ter wus over the surfac e ;  red ind i c EJ.tes botulinus toxicity ; green ind i c ates non-botulinus toxic ity ; n o  color ind i c utes non-tox i c i ty . } 

Sla-/.i14 Au?2 ��g Aup/6 Afllfc3 Afl9&J �pf� Jf_,111/.J Se_pl?t �;,,IZ7 (Jc/J odltJ 1oi-?, ;'.-;/,,/ 
I 98 95 .59 58 : I "N.! 3 
2 71 63 56 47 �! J 

1 12 IN 1 3 �, 43 59 I .... 
4 77  li

&S 
4J 29 �! s 

5 72 S4 49 44 32. :N' 6 
6 58 49 39 J4 33 � - 5 
7 78 60 5/ 23 36 R 
8 83 51 I 50 36 J8 � s . 

� 
9 70 52 50 37 27 i I 

10 9/ 34 2S /9 /9 � 4 
II 30 33 45 28 /8 � 7 

/2 74 57 34 34 2 7  �. s 
. /J , 65 39 40 36 /6 JS 

� 

4 
14 43 29 29 /3 18 /3 6 
15 49 34 /9 IZ 9 /5 4 f5J 6 
/6 43 J8 20 /3 14 8 /3 rN 7 
17 31 /Z. .9 /0 8 5 s "' 7 

/8 29 20 JI 6 7 4 ! s � 9 
/9 29 14 /9 7 8 3 s I B 9 
20 34 1 7  6 4 9 I 3 4 

�. 

7 
2/ 39 22 9 6 6 I I 2 7 
22 jJ 26 45 26 34 t /9 2 7  40 IN: 4 
23 ( �· 8 
24 

7 

�i 8 
To/al rNJ g � � -NJ N.. IX! � IN I� [ 132 c ,_ 

Tola /!:.; 8 9 7 12 19 /::} 2 2 1 7  /32 Z/6 
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Fi�r• 1. Shows the ,number of samples toxic from botulism., toxic but 
not botulism and non-toxic by dates. 
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i"igurl 2 .  Shows· the number of samples toxic from botulism, toxic but 
not botulism and non-toxic for the twenty-four stations • 
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' 1'1 gure 2 1bowa by at&ti011 the ntffltber ot aaaplea botlllinu toxic,  

the nwnber at aaapaa non-eotuliaua tcn.:1c, •nd th• nucber of 1u.plee 

aen-toxio .  $tat1a 9 produoed the v eate1t mamber oi" tos.ic aaaplea 

due to botuli D with , ,  6, 6 1 lJ, 18, 19, 21, &Ad U produoing no 

botulinua toxi oity� lta.tiona 1, �. 9, and lJ produced the hlgheat 

toxioity not d.ue to botullnu tonn, 'Wbile 11, lb, 18, and 19 produoed 

no tonc1� of' �hi • type. Jfon-t.ono aampl•• •�14 1>• oharacwri&ed 

by the 11ffer•• •t the above toxi ol�y data with tho total nuai>er ot 

• i.a tor T au atat1 cm. lM1&e aiu. 

table a •• b7 treq_uenoy uoapa •1th intenal1 of tea the nua-

ber of tosio plea obta11*1 wbiah "r• toxio troa botuli ea, toxi c 

extraet after tu 11nr ha4 been ineu.bawd ia the tield tor Z eu. 

07 aoiehr• 1.n per oeAt 

11\lmber ot plea. l'iguna a an4 , &1 n • 11"•,Phl o&l pi otve ot the 
I I 

taiai tr 4ata tro,a tac le �· • FipN I r•pr•Hnt.• tu 4ata °hN4 • 

1011 aoia1;ur• 1n per n.nt 4'7 'ffigllt, whi le n,ure • repreeenta the 

data baaed ,a •oil ao1 eture in per cent aatUJ"ation. >t tbt aoil.  

Baaed on ml aoiature ill per cent 'by dry nit;ht t.ue toxicity waa 

•;read OYV • lwoe.4 ban with an 111 detined aourH. Botullnu tox• 

-" 

,. 
,<. 
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Table 2( Sho·:is botd.inu s toxicity , non-:l;>ot.Jlirms toxicity u;d non-: 

toxicity by fre11uency grouping for 112 i. 1ver extruct samples 
from liver incub11.ted in the ft eld for t"lm weeks . 

Tc,xicily !Ion - To l a  Is 
LJo lvlinv.s A{,11 - /Jofu llnuJ t�x /c/ly 
?., I> y � sal- � ,,, ,:; .54/- % Jy % ��1- � 'r % so l-

Per cenl we11i,I �n,1-i•n wei9M vralion wer91d uralhn wei(lhl u-n,li<J,; 

.9/-99.� I - I - I - 3 -
8/ - 90 0 2 I 2 I I 2 s 
7/ -80 0 2 3 I 3 I 6 4 
6/ - 70  2 4 2 8 0 7 4 /9 
.5/ - 60 3 8 7 IZ I 3 II 23 
41 - 50 2 5 6 9 4 9 /2. 23 
3/- 40 6 2 B J 4 6 /8 II 
2/- 30 4 2 4 I J 7 II /0 
// - 20 6 I 4 I 9 // /9 /3 
0 -/0 3 I 2 I 25 6 30 8 

To la /  27 27 38 38 51 51 / 1 6  / 1 6  I>• 
I Table 3. Shows the comparison between saturated and drying so ils with regard to botulinus toxicity , non-botulinus toxicity and non-toxicity in liver extract samples from liver 

incubated in the field for two weeks . 
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Figur�3. Shows correlat. ion and distribut-
ion -or botulinus and non-bot.ulinus to;ic

icity based on soil moisture 1n per 
cent dry weight of the soil� 
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Figu.�4. Shows correlation and distribut
ion of botulinus and non-botulinus tox

icity based on soil moisture in per 
cent saturation of the soil. 
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on 1011 moisture in pe!' ont ,aturation the ourte beooms 11 more clearl1 

d•flned with th• high point tor both typea or toxicity being aentered 

at the 66 per oent point• It is abo obaerTed that bOth t)'pes of toz-

,ated tor b7 Mar oorreepolldlag ohaoc•• in tlMt o�h•r eurn . 

la 1-Dle 10 the 1aaplH are grouped into twl> olu dtioat1ou1 . 

1'bo1e 1aapl•• that ""'" taken when •oill did ut have trff aurtaoe 

Wt gNu:p 1dae nWllHr of -,le• eb1•rffd •• 11• (6' per OG1J) ou'i 

., & •w ef eu. 'fM •tMr anu.p eoul1t1 et ....... auple1 whl-. 

gnup le nbclivltled 1a11o tu•• whioh were t'lffded Wtial17 and ta.•• i.lla:t 

be� ••flooded atvr IMtlag ln ,eu ••• ot •17M••. 1111• group "a
taine4 100 (� pel' •••) ou1s of a ••1 ot 211 aaapl•• • It 11 HG th&' 

•8' et II 11"4•4 uaplff *t ne eetulb.ue '°11:lo1v •• proitaoed and only 

I ....i-• .. " tulo tNa o'Gber auae- .  a-t1-HH 10U1 Jr0411Md • aatl U 

wde ...,i.. &OIi Mw.Uaa 6114 ,,.. o�r ...... re1penl••l¥• la •*'81'· 
lD& • wt&l•i ..._ ••JJ.e• wll$.eh wen t"1A Hlll oe11plewl7 ••"'nw4 

wre le•• pr .. v.oti.T• •t 1Pod.1 aqplee et lto'Ul tJ'pe• tbaa \M uapl•• tlta 

tlM fff.l• *1•� lu.4 triN • , ... •zt•a�. witJa ltow.1J.nu texiei'J Nlag I 

dd �IY, alld. •a-botlllllma �ol11J NU& 11 u4 II• Ntpe•U"Hlf• ONpR• 

tatla1 NYMl ,__ teU.lfiDge 01&11 et II N1Rllinu vdo ••Pl••• IT (U 

,-r oea,) wre he Hile 1a a dl"Jlng "1141t1on wtail• eal7 6 (18 per Hnt ) 

.. r• tna ••ill '8a.t wr• ooTend bJ' tree 1vtaoe w.ter. Ot tao 11 aoa

'bs111lu wn, 1ample1 II (Ti:J per ffa11) were troa toll• la • 4J71ag oon

clt.tioa while 11 (2ti pe• Nail ) .. re troa aolll ooTH'ff with tn• wwr. 

COrreapolld.lng tlgun1 fer non-wdo aupl.e1 1howed 11 per oent ol 112 1aap1•• 

ft '18 

.) 

i, 

.! 
I 
1 
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The liYer euplea that were inoubated in the tio ld auaceaaively 

troa 2 to ll WNks at at.t1 0Jl �x, l2x, and 17x pro�uced ti aamploa ot 

liver extract whi ch ••r• toxio beeauae of botuliam, aix whi ch nre 

toz.i o bvt not fro_. botull•11. and. 15 which were non-toxi o .  The total 

number- ot 1aaplea .._, 27 {table� ) .  Ji.ohtuz-1; ooaditi o.r..a ot the aoil 

ll'O\l.ld be "Yery ei.ta1lar to thoae obtained at stations i,  12,  and 17. 

It ia  aeen that the bot�l1nua to.xioity oeourred in the »ore frequently 

aoiat aoila awl non-botuli.11.1Ja toxioi ty wu lu{;haat in aoi la at ta• 

dri•r atatiana. 

!abil\ ahmr• the nuaber of tu.1 0 a.mi non-two liYer e.rtrae1. 

aaaplea trom. li.-.r i».ouba.ted in the tiel.4 tor 2 to 11 ween . 
i::.- --···· 

• • J 

·,. • . <'..J I .L ·! i <  . ·-·�.Tllr/N,P. 
"\ .. . . 

'.ii L • • •' 

· \ ·.:· , . . . ,. L)c� ·-· 1;- · .  , ; / 4 
. , • · . 1,..1-?. v·, . . . �':uf' 1 • •  - . 

' •  \ - · · ·· · .... , 

i 
I I · j 2-• 

I 
-

... ·� l .. h � f. : 

f 6 
'I . ' ' _ _  ...... _-...:;.. - . 

, ,  

.• ; .',,A· 
, ,  1V 

,, , �4 ' J' ' 

- _ :___  ..... -
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,.¼,, � 
n..r /e/ 1 
., 
4-. 
6 • ' 

· /.Y 

h/44 

!J. 

• .9 
, . 27. -

oal ohu-aoteriati oe or tho soi l .  A 01&7 aoi l  b.aving it, parli eba 
, . 

aore finely di Tided oontaina i;wre &ir apace t!ian a aa.r.dy soi l with 

iu larger aoil parti cle�• A clay a oi l 1s thus lighter than a eandy 

... 

i 
; 

' 

•oil and ia heavi only 1� tiw Nllff that it 1 a  �ore difficu lt to till. 

ln th••• 8\lbiur�ed 10111. huoyanoy o� the aoil partial•• by water 

would tend to 1n.ore&H the pon epaoe . 10 that ths wei,ht ot Toluma .. 
79 
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all t1Ma, no u� iu. �• c\oiWU t.iun ot th ai;.bnerg d 10U 1• esper1ezuied . 

A1oi 1turB hold1:Di oa,-01 ty ot t lM 1:.. ver My not b• t,h., Da&e • • tli• t 

or the eo1 1  in whioh it •• plant.ed. neoa\.l H of the .>hyeioal ob11raot•r 

flt cornlati oi. N-UH the d•u•• t.o w'.r.ioh the drt linr wl'- t e Oil 

aoiawre wotild b• •J>ttue!l t upen ,h u.ount ot aoiatur• J.n the aoil. 

14 

'Uae • thi • dee a aot. f PlJ' 

•lent.ioaa ,rod �, · o;c,Adit.iou cMtclvuve to by; ••• ru, • uld eat.1•• 

rraot Haple• •o ra.r •• t.be a01l ao1•tw-<• gra41e1ti ..._. OMHr e4. 

Loou. clitterttae• 1a •ell  t.-,,. u 'ftll ., &ii&\\ed aqua.Uc pla.nt •  lyi� 

thl at.ationa � lv•• ••re inc@n.l a�t wi�h re&ud to produa1� 

\oxi o and »o11-tw o 1aapl••• lu�vidt.al 1"il eord1 tra& •tat.i u�• r iVI al 

1n u ol>jeot1•• r Ula\ ool"t.ai11 oorrelati on witb aoi l aoi ai..uN ..,. 

-
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wt thin tbo Um tatior.a or t.be dc,.ta, ro!'loodin_; ot aaoilt 1¢1 l ... � 

•11 fled. to th1a uolld.1.iioa 111 i-•t. ro,parta. 1he bi;lk ot the toxill au.pi.a. 

bo1nailinua and na-bG-\uUD\la• re VG\l.pGd i.u th• 41")1i� aoila ar<Mlli th9 

1*1 t 

�le• tr-. tlo -4 eoila 1.\h 4•,th et 8 1aoh.4, to 10 inche• and l/4 

1uh M J/l lndl .. ,.. al• l • �ca1o tau \h9 a 4q ezpoe voup. 

pr••• botuUa •• t'olloqa lt at � HtLI' lU'HJ" Ati\.t• •• hue wa er 

W1 th a eU.b1ll&•d. lonl there 11 aa area ot Yaryln.; noi 1,tne)U troa the 

• 
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or bi�<tr l•v•l• •• w,;,ulti r11u.i�c• to a alniawa t,he &Yaiac.l li �¥ of toil1A• 

rerloodillfi. i• un<i•rta.�o.n i t.  ah1.R 11.i '* ra.f:li4 •1. t.h a �u�ai.d•r•ul• 

uoro&•• 1a 4•11th• TM• WO\l W plao• the re� ..-... of pud4le d.uoka 

on drJ gro\lJWl •h•r t�ia �,14 be lloO.l"e n.arly' 4• W"O)'ct4 and t.hat -1aoh 

lflla at111 pr•aent woulcl. be c:U.l\lted k �"OJ'• the .. rellial·a re 

b •N OD i? •ar.:.pl•• Wid ell ••N �a troa botu.U � be!ore cletinH.e 

.h:aauffioi en.oy ot· au pr.al'«l•• 4i lo\lH1oti ut tb• �lea iJ&m;bat. 

I \o 11 WM •• 

l. Sell aoh\ltre oonunt. 1 tt. rez..rd. te t,�tulln.1:11 tui oi ty •• 

'tle.n •�led. b1 ••\M>U.•hi.111. • t tt .. at Gt It a'4at.1ona oroN Vait, •• 

hU" lift.- lwfV&• • u_,. •• pl od 1a the eurtaff eo1 l  &IM1 1.u.Dln,-. 

r .. h1. 1, •• -•" ined t• b$Ua111 •-101\7. lion•bcnul111 • 

1. Soll 

• 

ri• .  

N d• ia rder 

l•• rrora 11 

4. or the" SS 'bohlimis toxi c au:.plua,  27 (ui per oed )  ...... 

treu soi i. in a dryi,D& corxU ti on wt.1 le "'" ly a ( 18 rctr cent ) llllff-e tl"GI& 

•�i le 'U\-.t  ••rD e�•Nd. b7 frH ai ... rtacM 1n1t•r� Ot the 61 noa-t,o�u

linw• � o  au:�lea 18- (16 per o•nt) 'flN h'l>m •oi ls i n  • cieyiA& o<>a-

4iti on whi. l• ll (16 pel" ffnt ) n" tr-. 101 11 eonre4 w1tb trN �r. 

a 
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•• Ot the toxio aqplea la the gnup •t drying ••U.a. the ,_.. 

1•1'¥ 1 oe11terecl arouJld the llld.poiln of tM IO-tiO per oeaat saturatloA 

interYal. 1h11 wu tn• t r Mnlinu1 nd non•bo1Mliau wa1ol11f'• 

6. 1'1111 1R>u)A te:D.11 w ve ore4eaoe to the eb .. rvatiena •d• by 

aeYer•l -.orker1 tha• ••tloodln S.1  one •t ov.r 1m,.rtant taetor• ill 

bow.U.,a •tbreau. 

81 



BACT£1Uliif POPULATiuNS 
B• 11. ·•nrup 

In OOAjwlotion with the livor plant atudiea ·bacrterial plate caunta 

were made trom stations 2. 12. and. 17 in order to obtain additional 

date. in regard. to the ra lation o£ bacterial oyclea to toxin produotion. 

Five ••par�te mud 1aaple1 wore colleoted in steri le vials troa 

eaoh etation. trpcm arrival in th• laboratory• tll• mud 14114ples nre 

thoroughly ah.aon with equal volwn.e• ot ateri le water to make a uni f'orm 

auapenaien. � al. of eaah. 1U1.pl• wa.a di luted a ooording to standard 

Mtho4• and plated out cm m.utricmt a ar and iluNbated aerobi cally tor 

4-8 houn. !he dilution uaed was 1 1 10,000 or l t l00,000 a.coord1ng to 

oirCUJU1tanoea. 

Tabulation.a ot bacterial cO\lllta are a.de in Chart l ah.owi� indiv

idual c01mts and average oounta from each stati on. 

In Chart II the average bacterial counta are ab.an from eaoh ata:ti.011 

aJld 1.ui.S.t7 flue to botull•. lt i a  noted in thi• ehart that the high.eat 

a1'"erage -.et.rial population exiata at the drier le...-ele and that tu 

lQIJelt bacrterial oounta nre made at the atat1on havi� the aost aohture. 

bued Oil u. ayera.ge tor the entire period. Baaed on theae three etat101111 

only. the trequency ot toxi c aample1 are i.llvor,ely proportional to 

baoterial abundanoe and in direct proportion to aoiature. Toxicity teats 

a" oonaidered trom. both plot& at eaoh station. that ia , those that were 

hrniaMd with liver aamplea at the beginning ot the eeaaon as • 11 ae 

troa tho .. that nre renewed at bi-weekly interval s .  Thu• we have at 

atation l a  total or 7 toxio auple a and an average of o.,u2 ,G86 baot.ria 

per .i., at atati on 12. 3 toii e 1u1a:pl•• and •o.927 ,-'44 baoteriaJ  and at 

M 
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IAC!WAL P 
J'te14 ,,.uoa. •••r • "• 

Chan 1 ( '.l:ABLE 12 ) 

,. "«• 1' .... 23 ... ,, Sepl. 6 SQ •• lJ • ., .. 20 ..... 27 o.,. ' C>et. 10 
15.Goo.000 aoo.ooo 970.000 2. 310.000 �.950.000 sliO.ooo 2.ao.000 2'1l0.ooo ,c,.ooo 

2 19,100.000 5,300.000 sio.ooo 2,520.000 �1. 700 .ooo ,.1�.000 
lJQ.

ooo ,c,.ooo 10.000 11. 200.00G 2.,00.000 670,000 5.200.000 JJ.6oo,ooo i.51*a.ooo 20,000 ,o.ooo ,o,ooo 16, 300,000 ).100,000 120.000 t.ii20.ooo )1,150.000 2.ico.000 JJO,GOO 150,ooo 
c·ooo 100.000 ,.m.ooo 2,06o.ooo 26, 750,000 1.&so.000 220.000 100,000 .ooo 

11.0,0.000 2.:,6o.ooo i. 312.000 ). 702.000 1,),lfJ0.000 i.996.ooo 112-000 111&,fJOO 5',000 
11.�.000 I00,.000 ltleo,ooo 11,si.o.000 2.&t;JO,OOO 60,000 .«>.ooo 11G.ooo 11-o,ooe ID 1101.000.000 100.000 1.100,000 �. ,ao.ooo "'· JJO. 000 ,.--.,.000 1, JJ>.·000 2ig,ooo uo.ooo ca, 

12 lili,000,000 t..l&ob,ooo 120,00G ,.220,000 5., 2'10.000 2.�,000 ,.,..,000 1 .ooo 2,0.000 '442,200.000 1,700,000 1,750.000 5.100.000 2, JID.000 1., a.ooo fllo.000 ll0.000 .,.ooo I00,000 1.o6o.ooo :,i., :,x,.ooo ,oso.ooo 3,>,000 2'o.ooo '8,000 
.JIIO. 000.000 '60,000 1.1�.000 5,771.000 15,730.000 2.112-000 · 1,5:,0,oeo I05,000 1�.000 ei,000.000 100.000 5'°,000 , ••  20.000 1, 120.000 120.000 1.980,000 2. :,i.o. 000 ,o.ooo 1,108,000 ,.600,000 320,000 4,520,000 1,51.&o,ooo 1,820,()()C) 1 ,120.000 i20,000 ,20.000 514,IOO,OOO ,c,o.ooo 1,520,000 ,20,000 '8.,00.000 1.170,000 120..000 50,000 200,000 6o7, 200,000 

l•'°°•
ooo »o,ooo J,;1:000 51.500.000 

�-000 1.520.000 1., •• 000 1,510.000 .100,000 120.000 , • . • ooo ",000 .. 000 .ooo 2.11to.000 a.oao,ooo 320.000 
not ,>l1.200.ooo 3.000.000 6'11,ooo li,ou.lloo '6,671.000 1.0Ja�OOO 1.,1,.000 1,�25.000 1'a,ooo 
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I�C!DUL PL.ltil 
D1!!Pfl. 

.umw:nm WIIB 
(l'AJU.E 13} � ·  

l)ay 

MIC• 

1 Stat10f 2 ! 
, kcte�al coun\1Dfi>\h;to:a:icit71 
; i 

16 t 17,050,000 J - a 

.q. 23 , 2, 360,000 ' 
A\IC. JO I 1, 312,000 M 

.. ,,. 6 1 3,702,000 M 

Sap\. 13 I · ' 30, 13(),000 II 

- I 

+ l 

Stailoa 12 
.acterlal coun\• Dep\h& !osicl\za 

Jl4<).ooo.ooo aa • 
�.000 w .. 

1,1,>t.000 .D 

t 

I 

s.112.000 D ... ' 
15, 730,000 D I 

I Wile Stalloa 17 &.!:!S,l•• 
lacteria.l CO\J,D,\Jl>ep\ht �orlcitz,ill plo ti , 

541, 200.000 » - • 3 

}.000.000 l) I ». 
'94.ooo .. - I 6 

�.022,-.00 + 1 
,&,672.·ooo I) & t 

_s.,,. 20 a 1,996,too 8 t • 2.1"12.000 lt • 1 1,031.000 D - • J I 
hpft. 27 1· 712.000 15 • ' 1,530.000 • 

Cc,. J I lli6,000 15 t I 205,000 8 

Cot . 10 , 

J.verac• , 

,,.ooo 20 - , 124,000 13 

G,lt62, 666 1 IK>, 927. � 

• 
• I 

t 

I 

1,616�000 2 

1.i.e,,000 � 

lia,000 7 
fo, ,1�. 777 

- t 1 

- • a 

- 1 0 

' 
Ila tttta ehan uue aeaple• are ooaa14e"4 tna \I» llwr ,1oi• but 1111111 empt.ea f•� ba11er,a1 plate ooau 

: WM taken a fev feet fha t.M plet1 . 

teaeJM\1 Wale• d:eptb ta lD�•• M - aoa\1 w • wi1 D .  4.q, 



station 17 , only one toxi c  .aaple but an average of 60,572 , 777. Thi 1 

cheoka with prni oY• laboratory teats showing that oertain baoteria 

d•etro7 botulin.us toxin. I t  ia admitted that we do not haTe a autticient 

mmber ot t oxi o  aample a to draw definite oonoluaiona, but the trend i t  

revealed. 

In Che.rt I II the 'total toxicity clU'Te troa all r•&Ul•r stations i s  

plotted agaiut the beet.rial population troa atationa 2 ,  12, and 17 . 

It appears that baoterial populationa follow ••ah other rather oloHly 

at all three atati ona ••uonally 1rreapeotive of water leve le , although 

the higher oowita gene.rally wre e.noountered in th• drier, areaa. It h 

not kna-n what the bacterial popt1lationa were pri or to Au6uat 16 when 

the experimat wa• atartecl bvt it i• believecl that they were high •• 

e'ri.d•oed 'by the illit1al high oOWlt. Thi• would be ezpeoted •• coinoi-

!he toziai ty ourH i • low •t tba blgi.DDin& or ta experiaent oo-

1ao1ding with a aigh b&•�ial o.-t. .At th• u.- whe.n the bacterial 

01J"8 • how• 1111 abrupt drop the .lmalber ot tono aampl•• begin to inoreaae 

until aDOth_. bacterial peak ooours w.htJn the toxioi t7 o\lJ"Te a&ain begins 

to drop. TheN i a  ni4eutq a oon-elatioii between baoterial populati ona 

awl toxin production whi ch --.y be better undera\ood. by continued exper1-

&C1tatioa Qll a larger saale •• the preaent data are 111.adequate to warrant 

final ooncluaione .  

Jlore 1.aportant \.ban baoterial count s would probably be intenaive 

e�ciee determination, wb.ioh i s  not practicable under the preeent man

power 1et v.p. J. lim.11.ed number ot bact•ria haTe been iaolated tor 

atudy •• to their anta&Oll1•t1o or ayabiotio action D1l c. botu l1num.� but 

IT;. 
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tbia work has not adTanoed to a atate where it oan be incorporated in 

the pre,ent di eoueaiou. It wu not.d. however• th&t P1JUdom.,OJl&a aeruginoaa 

wbi oh wae shown to play a eigm.ti out ecological role in the botulia 

pi cture in 1K2 . waa very 1noonapi o�oua during the 19'S and 1944 aeaaona . 

The latter two aeaaana havi13t very little botuli a. 

Dia ouesicm 

Bacterial plate oowita wre cte troa three aeleoted at&t1ou 

represen'I.Ul& the extnaoe am aed1 in i-egard to water leTela. 

water levela. There 11 a 'tendency tor ldgher oounta to appear in the 

dner are•• •  lumbers ot toxic • 

portioml 'to baote-ri&l trequu.q • 

•• 

lea ••re found te be inTerNly pro-

��·�::11 
... 

Vewr1nar1an 



!'OllOlff ftijfS 
by 

Jeuea am Qu.or,Np 

•••••n gr.up, ot 1»xloli;7 w1t1 nre made 1n aNu wti.r• lnoreaaed 1loim.1e 

wt.1 preHat. ID th••• b.a1-ltau quadru:plioate ,aapl .. wro uue.117 taken repn• 

t•ey •t'hr below e&N&He1, tlea11iJl& d.rltt1 ot algae Q4 otur orgu.1.o 

4•br-11, e11te4 eal\gn••• 11.lld e,traori depreuioaa are euaple1 ot 1oae ot '-

an4 Uaau••• t wxleltr w aloe, J. 1'ote.1 et 11• 1aapl•• w N  aolleete •� · 

the•• I (8") ...... wslo NoauH ot oowlin111 ·toxill ..a 8 (7,C.) .. re udo nt 

a.ad la 

T Jd.gllll • et '\hHe ieete will " gt;na. 

ea A•p•t 8 TR1L't7 , .. ple• won •U•oted alo tae tar oaamel ar a •t 

0 aaa 1ll'tilag 8ffP1 ealqraH• Md• , .. , DO U-. 

0a .l 1t lit tweawy •r• 1 l•• wre oelleowd la tM ,... ge».el"al .,... 

, tip 1ell ,..., loaa e.1-q tar oha.lln•l, 'be 11.nui '9.d.D • 

6, " • • • • • " . .. .  _,., 
e, mole d 1llt at edge ot old. s, Jt. ludon1 ratlM\lle, NtllliJIUI tozla. 

*61, •llte4 eld duek aele, ""' Ua111 wd.la. 

*'·· • " • • , ... (•t a d1aplieaw), bew.U.ma, tosia. ' 
•• " • • • , e11ur dd.e et poJlll, w:do. not iowllaa. 

#60, • • " • ode., uil bot\alba • • 

�,- . .  



On Septellber 8 e-leTen •• plet -..re taken 1D UA1 t 2 1 

lif).a, mud at edge ef water where 4u.ok had 'been feeding in s. paludo1ue 

oluap1 'bo,ullav1 toxll:L. 

�o .&, tre1h An&lteu. troa wawr 1vt'a .. , botullllu• toxlzh 

deooapoelag ,tat• �• two in 01troood dopre11lon1 . 

o.a,  o,vaoocl depnuion ta i. lu4e1u1 toxto, not \totulil•• 

.a, old tllt•tllli AMHa dJ-1.tt, toxlo, net botulba, 

••• • " • • • o.hlln"' toxin • 

0a pteaber 16 t1'0 e&111.ple1 119N take&,•• la euotl7 tlle ,._. ,,., •• 

••l• ''60.a, wbi.oh 0.1 eolleewd en S.pteuer a • 

• a,  ud.e, not DOtuliaa • 

*'°··· • ••• "' two ffft ••• ,.. to:do, 110, botullllll • 

o Sept • r 16 twa 7 1aaple1 wre taken 1a Val• I &Nund tile 8JlCl et •• 

-..--, lateral. 

,._ .•. • 

1aaple1 fNm :uadnpU• te eampl•• nr• d.•• 
alp• 1eUll, •• pa 111411 1 oluap, tcnde1 u'I bo111lll • 

• • • 
On ept.uer If elefta aon aaaple• wn '-•• ill tllit I are\llld 11M •114 ot · 

the tlu'• ... , lawral.. 

#1,lt, 01 va .. , ••,r•11loa, o,tra-4• •Ull aobil•, betullma1 •.na. 

All o\MI' 1qple1 ubn were ugatlv•, al�bo11g)l thef 1ael-'e4 � ••Pl•� 

appareatl7 dm!lar 111 tile•• repen.4 abon, 

lo eoaolualo:aa ou •• ••••bed on tM be.111 ot � data .  fM 1ampliag 

,1 

1, 



.Anab•u il'Ol'thl ehould ff lie, lt le pe.rt1cularly eurpriaing that a tr•• 

liTing AnabeD.ll 1aapl• wa, toxio due to bo tulinu. toxin, 

.A441t1onal data oa � nlut of he1p1,1111ation of botul11a bird• were 

a1Hllbled 111 lH, by oont1.nu1ag tielci 1114 laboratory experiaenta, TU oltj•o

,1•• et �• plaaH et the 'botulhm N1earoh 1 � dewl'lliae tih• pereentag• of 

••••Ter1•• ot botu11 .. bird• r ooiTiD& aedl•l \reataent aJld ho1p1�1111at1oa oom-

io pl4• auageaeut pranioe . 

laboratory. Dvbg tu lHI aJld the earl7 pan (111 A•guat 11) ot 1lhe 

lM• wl1•• out�r•aka at Bear U.Ter, ill atflieted biri1 were oolleowd ill 

the tl•l4 Uld taken t;o the h.lNtrator7 where tuy were vouJ)9d •• 'co d•P'9• et 

llcib.eH (fable 14)e Odiul 111"ffta8Rt •• giTel1 te fo ,-roent (•11) of the1• 

•l•t ltlrcl1 while-- ti per .. t (H•)tr•N le.n utreated. ill 'oln• re .. iTiag tr•t-

....... 1lo ..... graln, It b o 011ly •••-...d tha1J tna 

giTell 

blrct, 

la � tl•l• 1lo 1UppeH4lq llld'a.erabl• ptqaieal 11141111ou a.ad 1lo t.,1111 prM• lleaa. 

al• prela11�d expertaent oharl1 pro'N1 that 11reatant with a.At1to:dn 

ii ot Yalu• Ureetly p.roportlona• to tu 4•&N• et doku11 ot tho ltll'd• tPeawcl, 

1'bu nea�ly two•Wri• (84 perMai.) ot the helple11 ltS.rd1 - pro,tn t or aearlr 

•• - that wollld ha•• d1u lt lllltl-H-.d wre aaftd 1»J la,joe,1n1 ot aati•xlD.• 

All appnoiabl• mmb•r (11 perHnt) ot \bo1• l••• ••••r•lJ aftee'94 e.m balt •• 

II 

!· 



TJ!,Bl.i, J4 

.tu,;J .;l.:f .:, 0 1"  Lid30..:i.,,;1DiiY f1(,,, ,.. t:t.flS.�'t Oli' DUCKS .kli'tUCi'ED tUTh BO'.L\, U�t.a 

.oei..r i-d.Ter "ildll.i'e uiae ... sra Research �Jtation. 

194::S Rllcl lN4 

Degree ot I l':r-ea tmen.t • .N-waber I Kuaber I Perourt ' · ·Pereent • Oost per 
31okneu • • Jreated a a...._,... 1 hoov•..-.4 I •�uall:y I Bird 8-Yed. 

a I a • I 1la.-.cl • 
I ao tulinus • I I I • 

Severe a Antitoxin 2 c . 0 . 1 121 a w. l 81 .. 882! I 64.0SA- I 9 .018 
I t I I • I 

Severe I No Xreatment ' 28 a ii> I 17. Sf>:,., •• t 
I Jlotuli.m:.s I a I ' I 

� ,�d-«H�&te I .Anti todn 2 0• 0 I 240 I 220 I 9l.66z: • 18.lS
t: I ,:..28!> 

I I I ' • I 
to I No rrea tme.nt I 102 I 76 I ,a. 53:ro- I ' 

I I • I • I 
.IQ.ld 1 ,Antitox:1.n 2 c.c. 1 flO I 4' I ea.002: I 9.-l5� • �- b30 

I I I t I • 'H ld I No "l'l'-ea tm.sn-t I 14 I 11 I 18. 6r,.i I I 

-



� (9 peroent)  ef th9•• oAly 1Ughtly atfeote4 libnee were ae.Te4 by anti• 

toxin trea-..nt. It aay be objeoted that you oumot differentiate betw.en an 

apparen:Uy lldldl7 a.tfti:,ted. vlr4 whioh aay 11h0w HYere 1:yaptOJ11.1 li:L a tn, hove 

ua4 a b1r4 expoHd to u ••••l 111b•lethal cloH ot tozta. 1'hi• 11 tne , blli 

the ••••ptioa rather � the rule, and t.he ii&ble 1how1 te.irly- aeourately what 

So, pi.ta 1. Oa t» •d• ot laboraw17 t1nd111g1 in lNI,  the uae of anti• 

'°ctn b. tJle genen.l tnataeat ot dole d1101t1 duf'iilg ho1pital1aatien n• reooa

UMH -, Dr. Ql&onl'llp ter tu lM, •••Hn on all refuge• wber• bowlla ia 

preYaleat lMli wt th tlul reHrTatioa that 0Jll7 tho•• blrct1 whioh. were proetrate 

and appve11tl7 bopebu oatH be cl Ten uti toxin. 8ueh • pr&otloe waa tellond 

1"1wll•• .. uon. PNeh .water and. grala ••N aYailail• 1A the holdlag pea• a, 

• be able to eat and 4rl.nt. 

1'M remalader •t the lt1n.• wre •1 tar •llf• 
tleleaUy reooNH4, or ba4 reee1Ted •alJ llild cto,�1 et tozla la tho tieJA. 

8enat7•D111e peroent •t all ot tho 4110a whioh ea-ure4 ilhe be1plta.l reooTen4, 

b•t 'iJl.e per�eatage ot reonery tor ea.eh. ot '"- *•• aoa'bll1 llewd b siot a 

VB ln4•x ot ta. •tt1oao1 ot treat.eat with ant1tox111 beoauH ao •"••pt wae 

" 
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Ri:.:�OLXJ OJ:i' l'tiE 1JS •. ,  ) ii J,ltl'I 'MII l.h tJiE REFUGE Duct BO�i>Pl?Al. 
U r• [;1.i(;i($ .d'iUCt'fm Wli'li 001'\.i LL,i1: 

f:lear i.d Vet' Refuge• 19'4 

I ' • • 1 
t NWlber Bird• , Number i'ree t.o I f'•ruat !r'ee wa 1 ?etal 1PeToeD� 

Da t. • Received Hose• I tiith ntitoxin , ;11th lultitroxb I Sua'bel" Reeonred 1 iiecove!l 
I I t • 

1:uguat I 3S8 I l�l • H t lflO • 88 • • I I I • I I I • 
3ept&m.ber a  b8a I 2Sl • 40 I �- • 16 • • • I t I 

I I I , I 
Ootober I 84 • 8 • u • 19 I b6 

I • • • • I I I I 
'l'OtAL I 1015 I 380 I IT I 800 I 7w 

I • • I • 
= 

� 



treated 1n A�gust 4ied in S•p11e•'ber and the af.llle eon41tion held tor September 

alld Onober. 

The peroeatage ot reoonq •uld probably be 1naewbe:t; highel' it a.oeurate 

r• .. Nl• were kept 011 the louea ooourrlng from lead pohon. 'biJtd.1 pioked b;r •ea 

gulbJ er other nuae1 ot de&th, HcnreTer, the table li•t• only the w•l bll"de 

reoonred . Sffen 'b1r4i were aetecl aa having bean lllltil6.'be4 'by He. gulle end 

later 4lff troa tlab .._u .. • ead two oe.1e1 ot leacl poboniag were reoorcled.. �•" 

N •l•• Wr11eea blrd1 iaelu •4 1n the aapital 1••••• which died after havi.li.g 

beea baltile4 aa4 r•l••••d, 

Geaerally 1peald.Dg, the 11H ot antitoxin as par1: ot tile bcup1tali&e.t1on 

•t alok c.tuoka w.1 tel1114 1lo 'be ea17, qutek, a».d etteotln . 

V•17 tew rehge manager• ••Jc e.cl'Yt()ltage et tile otter tut bo1n1l11a toxin 

w,.1 available ln lM4: 1.t '11• Bffl' ii.Ter Retuge laDOtatoq, 21&1, 1a tbougltt to 

lte 4ue to two t•••r•,  1) the 'bowllaa ou'tl>re&k1 were eSM,ptl,onall)'" lllld �ur

'-&. � pa1t Ht.Ha at iu>et retug•• aad, a)  tll.e n.rio • retu,.. _ , • .,, wn 

teo ••1 tritl& routt.ne wo,k: to 1pea4 auoh tiu eolleotlng aiok bin• tor treat,. 

.. at, It l• hope4 that aa"tod.n treatae11t wtll he more g.enera11J pn.otioed 

wben MN laltor 'beeoMI an.llalll• •• 1t 11 witbo\lt a cle•ln the 1lm.ple1t1 Utt 

1'1ae 1arl.ng1 am -,11 etteoUT weataeat Jcno11J1. 

Field, Bandi AD4 r•l•••• .la the tlelcl ot uw••ile4 d.ot d�oa, 'begb 

ill 1MB u a obeoJc 011 tu ftlue ot evrezn u1pl1>111utioa .,.,, , ._, ",.._ 

- U.-4 4v1ng the 19'• Nwlia aeuoa. file erlglat.1 tbo1.1gln •• tile. t oadlag 

reWUl"U froa IUQ 1111'41 OOJIIPU'N 'H F9'blll"ll8 lr•a healiar W.na bu.4e4 in t)w 

, ... p<ea •1114 gin an bd•• to eumnl ot duokt ai"tU.ohd witll be1N.lila. 

la erter w aab r1wnu ot � , ... l»andlllg ,.,.,. a'ftllable t•r onparl••• a 

trap •• plaoe4 b a •r� obaml.•1 ot Unit 6 1J1 late iu.q ot 18,W and uiffl 

N 



n&•d wal wo11ld lM pleutitul. 1'u reen•wbp wen aet preeeAt u •xpe•te• 
nt 110 heal-,. puitaila wre ,re.pptul, NA4•4• aacl nl••••• a� a tiae 1rllen tilere 

..._. u b4£.••�1ea ot 'bowllaa la. ,ut or ad.j•Obt e.reu . 

19U l4ee et �endlag .m �•l•••iaa 11ek blr4• w!wre t•uad la *• field 

n• •4U1e4 ftl'iac ,tie 18" •••••• bJ eeleotlag 2 ,,-o1tlo rel•••• areas -

eeetieu et 011ul4•• •r•a•r..111&•4• 'beno• pl t •e.nal•. At.1 deellin wu 

pnapte4 � tu taeil tbat l• •• 1aprae1d.ftl flo relea.1• 1lu ld.r41 cm uita 

t ••r• lq tlfflnd benue et latel"fenaee witll daS.17 apprdul• ot botuU1 

n• 1 u 11 •• 1tJ the tlaought tlla\ releaee ill • lilliw• u.1t1-., would taolll• 

•4 blrd• • 

lac tw tide xper1aenii w.1 coatined 1lo th• 2 do aant wU.1a 

q1ua1,101 - plntall gn•n-wlng•' teal, aa4 • •ta.l ol tlT \2.0 plate.Ua 

aad 1ff en s.nc. al} ...,.. ed aad nba11td la .wpt11 Ud I ptember, 

111a llas4e4 blr41 wn •lu•lti.• •• w depee et 1iolme11 (a99·•••• mod.era • 

•-r all4-) •• '- ,. ot Nle&HI .apletelr he1,1 ... lulddualt .. ,. pl&Mf 

al ,u 1*1' •, .. ,. wlUl ._..,, natlag •• tMlf' ••• • or • * NJlk, 

lelli NI• •• ..,. ... wr• perk•1ully ad rov 1y .. ...,.., f•• oar• 

••••••• 01ullJ \ha 1tlr41 'Wlat nn ,.,1srate wben rei..ue4 wen la plt.oe alo 

� Nall tu tell• da.J ea1 .r. •• w1ill a la1 perMDt ., .. r1a11'i7. DH4 
,, rr-- t1111 g llp iil•Dt; tbo1t t.1184 1a palut&Jd.ng ••a.reh. •f tb.• ... 1 .... 

areu •11•4 101 wb:1:llll "' I.I pernn:t 91 .a..a• MD11e4 u4 nl••"' (table it).  

eqlt1e thma W lean the Nleaae areae. 0.mpari ... wl� tU Ml'• .. 11.pleiMt O-

il "'mn.1 et ut,reawt 'bowllla 4•oll• ta \he labora..,- 1• •qg••t1n ( hltl• lY ).  

,, 



,; · , :· . ' 

. . .  
l ..... ..,.� 

'.�� 

,_ 

i�' 
-1 

lelea.Hd 

p1ntai1 

11.114 ••• , 
piatail 
, .... •a.1 

•"· ., 
Sf,oa-•• 

lffeH 
•4.•r•• 
111W 

••1 

�r ot 
111ru 

rt•U J'eleue of uatre• te4 1towU1• dueka 
J ar liYer Retup, 19ft, 

0.gN• ot 1S.0Jmu1 
Hffro moctera1Mt mild. 

111 

H 

•1 

11 eo u 
.. 

11 

90 

'' 

a, 
18 • 
20 

l'T 

11 ' ' 
10 

Oea,-.rlaob of tteld a 
Ml'talltJ Of \IJI rea 

Mol'l*l .IJe 
peroen 

lff 

101 " •• 
. ..... . · ... , 

labora 1iol'J cla ta 
tull .. d.lleld . 

...... ry ,. peNO.uc• 
tS..14 • l&b. field • la �  field • 1 •• tle14• - lab. 

11, 21 e1 II '' II 1-6 1, 
1U WI ., ., 10 •• IO ,. 
™ 1, 11 I 10 II .. ,. 
,1, ltt lOI 61 &Ytt &'Ye 

2,., ' , ... .. 

,. 



. . , I 

all lnlt H'ftN Mt.lie• ••••• Ia tb8 l&"•r grollp, howe'HI', ti•U q,�._ iadi• 

oate • ,..,tble NOOfll'J ure than I tlal1 a, gl'•• t u wu tolllld la 'tiu lalMDratory 

- per ,, the Ualt•4 D\illNI" tf �.lab raMl'J 1peoiuu ue4 wu 1na tquate. 

lennheleu, • oeao1u4e tu.t th• Nll•otlon ot helple11 bo�U•• duoa tor 

•ll•ltoda vea at &a4 hotpltaliaa1d:on. i• eompl•t•l7 3u1tltie4 'bla� tbat oap-

t11re •f 411ok• leu ••rlou1l7 athotet 1aJ behl1a. ii aot WDJ"thwhile •z••Pil ,o 

•••lat la apprda iag -.ilila tnll4• or te a r ltl • fer l:>udb&. 
DUGI OilCAS8U Al A OAVU 01 

80!01.XSM OuD--

FieJ.4 ud 1a-.nwr7 •�rtaea'te ha.Te 1hown �t mauet, tt bo1Nl11 

411ot oaru, .. , • •4clm• ,� uo.e 'bo•Un wta.11. lngHW4 by b.ealilQ' a.11w. suoh 

••• ll&Te le4 aoae at ena w aol cl• t t cl•ek earouaee len ta tile thW 

"111 o•u• er prelo outltl'nb ot l>otu.ll • Other rare • equa.U, .. ,taeer• 

1D .... , 

1\lf,. ... ea.e1M1l.tn tha, Mi'•u•• are • •3•P 'NtuU .. halaNe dltS.ena1 

4a are • •"17 , .. ... 
pnpu. lt 11111 •••l•ln l• .te ••lle•t ...,. ....... • a ••• 1., •• • ld lte ... 

Mn1Jueu We04 1t ,i. . tllilrinc of eareu••• WN w t.aol•• i.heNtllp eoftn. 

ot u.Ptla Ul4 tfiage •• wll u "4e IION &tffHl,i. 4lbt • 

Pr•li•t.aa17 �- wt* o&r•••• e.s.p .. ve ia IMI wn a ,rel · •  

1:M larp •••1• pell ez ri.llllot witill oa,U•• 41• • ia • u.,p, ellYUOIUlllllt p1* e4 

ter tile 1"4 • , ... at a.a, Tel' ll•tlage• ell laNr •••iagl7 .... ._ ter ugllt 

wbn kip wbd1 , v••• ._ ptU and Nleaee4 tbe oapillY• 4uok• tu., ha4 ltNn 

tirapped b a ftJlOe •t 11M )etllliaa ••aeo11. ProllP� NS-il' ot •- •t ._.. pen, , 
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1, n• neoeuary tie uae l>i.Fcla tlult had. l'eo ••r•d fl"Olll bowU.•11 10 

are mrwllllllg to glT• a detailed report on the e.gr-• data leat erron.eol.l-• ..

aludou be 4.Pawn. • oan aay. hownr, �t Nill bo w.U•• 1,-pt uul d•ath 

wei-e note4 aao!lg duob ooDtlna4 la pen• where aenral maggo11-r1clcYn oaroa•••• 

re b.tred *• 1, ta bel1eff4 that the additional 1ntonaUon obtained viug 

of coui4erabl vall.le 1n. 1aproTiDg t,he aar • H e.q,er ent1 la � 

lKI pregna ,.. inolu iD.g pea oon.atruation.• oaroaH espo8Ul"•• and aeaaon ••l•o• 

,lo•• 
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.Appendix 

l'lwughta n .. tter1 et ar,a trea tau1:1.t so re.r inclloa. t.d (but not neoea

aarll1 pro.-ed) 1a the a1ua41•• oouuow4. flwy are •ullai tt,ed lar1•l1 1u1 a ba11a 

•t 411ouad.on 1n eun.oU•n n� 1 e ot \ii• praetical water.-baJa4U.q probleu 

l. De •liJJUua11�qau ot 10• water areaa troa ---· bewlio p1o1nare �:, 

1 • •• •> · 

1i Of hf ·'bewli .. ••e.1eu ia 1Dd1oate4. Tb.at dry 8.N&lt U 

a. One ot the • •mlitt ... , 1• 11Ma the ter tr• a Nftliam ana oa:a. 

,. dr1.in• aad p11il ela ... h•N owr 1aDd q wta.1• tbe d er •t Nwliea 4•Y-•1-p� 

, ... , et 1io N a waate d t.r • nt I' e; 

4cnm in the PJ'.O"H ot &i.n1 atf•ota 

tlle ••gn• et •l•Jme••• t'lleo .s.ea.117. lt a llllit 

•t eleb.•••, a pre •• la 

• UIWl&nlcm ., taablta1sl pl"H••lag toda. 

•• Stabill,.Uoa of ter 1•••1• (�rt1elllaPl)r aleag tm a Un trs.ag.).  

'° &111 , denlepua.t. k•tleeAlia t»H •• to Wlmce, or w1Dd. aotS.012. �to•• tba1' 

cll7 ••'i tend.a to horeu• 1lolmeH 117 •"raotag Dirci• 1MI tlltt 11.upl' ,,-., or 10••• 
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• 1, ' 

o r  

fha4ei• ••• oond.itlona tlrOAg windt (160/aore mil•• pet 1• Jloua-1) •• w tea-.r 

tlar•upa et tM 41aoa1e. AD.y ohaold.lag prooedure or t11,tribu1d.en ot water w 

••ller iapoundme1Lt1 or •lota&b, tbal wo'1lcl reclu.oe tihe IJ.i'ead of water woul4 �lp. 

•• lftlu.tloa •t 1loku11 DDOis be Jlllde adequielJ tr• ,_. 1horeliu1. 

re •r•h le 1D.nlff4 and • eoaa1derabl• dlttano• tr-oa cU.k:111, 1iom•11 .,., 

lM ld.ga bu.11 the 41.b• thew ao e'ridno• at it. t4l.•n 1.ballow water tringe1 ap,-

• lapowadaent ot u area t• Jdgb. lewh amt ap1ut ,,eep eho"llu, 

•r •••r •la, lan41 ••• to uep 1lilkMH tffA oelag eural ln the area, b•• 

••• 01 preelu• 1llle ezbtenN t tozl• ,po�• 4.wle h at tu Mll� et o1'an• 

ot l•nl• r.r the area b lnd.1oa t-4 of 

, a .,.-.; inu. per daJ u4 tho wb.ea drJ "'- • ntill n ·1n•ll illg ., 

..... u,,. 
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