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l J, \}~}= <) L( (_) l~( ),J I ~\S .L\ rr \"' 1>E OF .,_.\Q lT -'-\TIC 
E~\~ I l~(>);~ l EK'r 

L,1lr \\\,..,t I lk()boji ful'nisltes a pa1·tienlurly interesting tield for 
]1111111110'..!H'al uhset·\:ttiun, I t ... 1opue;1aphy <listin!!'.uishcs it f rom 

1111,t Jakp-; ol '..!Lt<'i,tl origin, "h1eh are nsuall)· rnore or lcs.., ha'iill-
h.1 pt I. c >kohoji, on the uth<'r hand, has a \·olurne 1h:\'elopme11t 

1 , 111,Lll that ot a <1011c ot <'qttal area a111l depth Jts shape might 
lH <•p1npan•d ti, that oi a f1111nel. The slope of the bottom fur the 
lir·-.t h1n1dr<'d t~l't i11 d(•pth j.., !!l'..ltlnal and about typil'nl for lake-; 
111 thi, l'l''..!to11. I t tl1f'11 drc,ps ratltt•r rapidly for the nPx:t thirty 
1e1 111 (11·p1J1 ,u :1-.. Ill ~i\t' .1 ··d(•t•p hol "1Jf 1·urnparati\'el)· sn1c1ll 

, 11•,t It " r; 1l111· d1fl1<·11lt tnsk to l,w;1t~ thi-.; de<'jtCr part 11111ler 
111111111L 1, 1 d!tion-. 1111 :11·1•011111 1)1' it:-. 1 at'l'll\\ li1nits. ()1u·i11u, \\'indy 
\\• tb, 'i: ht I ,1;1t \\ ill dri t la r l'l11111u;h bC'forc the an<'hor l'at,·l1<'s 
, 1 lit. I. 11rd111urJl.,, \\ hl'll the tlter111on1ctC'r touehes the hottun1 it 
;.iil ·s 11< t 1·ca,·h the ercate,t depth lJy ten or fi ft1 en feet. There is 
110 doubt but t h,il th i::-. peenlia 1· sha pr of botton1 has an in ii 1tt'111·c 

1 11 lt1 .Ji,tr·ihution of 1t•1npPraturc, di,..,oh0'1 gase-.., au,l plankton. 
I t np1'P,1rs tl1:1t a 1111,nhc•r ot :--prin\!s 1nust ope11 into the lakr n<'a l' 
ti I's II' llt'I' .111d ,tlso ,lt \al'l<>lb 11ui11t Oll th hottorn . These n1ar 
lt.1, 1• --onH' ,li!..!hl c ff1Tt 1111 tht· t1•111pcratt11'P ,tnd 011 the ,1monnt of 

rl 111 dtll;,.;id,• TJ1t·~ 111.1:· :il,11 ,1t•1·11\lllt J'tJl' surnt• 11t the t·oltl spots 

1, 11d, 1,1 r.11,1ll: 111 th,· ,'1.1l\11" lia:'· 
111 ,111l1• 11l tht> 1a1•t thrtf 1 111,id1•1ahl1' s tud\· ha, hc•<·n n1ade of 

I, •u1I l!.!';o" ·n1d 11atural ltis\1\1'.\' 11! tl1t' n !!iuns ,1n11111d the lakr, 
1 111q,,1r.1tn·ely l1ltl1· \\1 rk ha, ht·c n dn111• 011 tht• lnke it,t•lf. Tiltlln 

• I'll ~, o1nd 11llti 111;1.!l' ,111111• li1nnolo~i1·1tl uhs1•1,:1tit111, 1111 tht• lakt' . 
. n,I 11 \'ll'I l{ 1·!!1' nnl .l nd,1: :--JH'll l -.1"1'ral d.1:s at tlH' L:1k(•side 

.lb> .1t11r.,· i11 lnr1h1 r 111\1,,ti'.!,iti• n:-- Till· J1l'('sr11t :-<'I'll''- 11t' paJit•rs, 

tt t!..! th, 11r1<,1d ·1,1n1 !'I:_>·~ t,) l!l:..>7, ts a11 alt1•1111'+ 111 ,·arr)· for

\1 1 I 1 1• \\• rl. -.u \\1 ll lh•~1111 I•.\ the,( 1n1•11. 

\ltJ 1 ,f tf11· ,l1ta 1ll' a11·1 \,,h11n· .ind uth1•1· ph:,·,u•al 1n,':tst1r1'• 

1 ('It t1, 1' b, 1 n , ht: 111t,l tn,in [t n·trl' :1 11d .Jud.i.\ ·s r1·port, \Yhi<'h, 
, 1 1 n1. 1-. l 1,1 1 1:111 :1 .... II'\,: 111.1d1• li.v ,, 11111 ,•11gil\P('l'i11'.! -, t ndPnts 

• , , 1 • \ 1 1 L'" d I r 11 ..!' I H • : 1 •. 1 1 1 ! ll 1, 1 t rJ l '. l 1 :_> . l a rn , ii ,o i 11 d 1• I It L', l to 
" .... 111,· f•'i ll 1 .in.I l11 ot I\ I' ,,tp, 1-. h:· I >II'~l' ,, 11d .J11d.1r ior '-f'\'l'l'cll 



of the rnC'thod .... ;ind pl.ins fur appa1atns nsc,1. J)ean ~,-.1shorP. of 
tlH' (}ra,lnate (\,liege 01 the l~niYcr:--1 t.' UL Jo\\·a, has \·ery generousl_\ 
mad<' a\·ail.1hlc •·<'1 !Hin I nntl-.; fur equipment an,l a,-.istc.11it-:

1 
:i111l 

ha .... br1•n helpful 111 rnany \Yays. The u11i, er,it.,• n1e1·hauieiu11 . .,\I 1·. 

I )rnq ,-.1 er ha" sh,),,·11 ~r<'a t in I crt•st in t IH' inn kiu ~ and de,ig-nin!!' 
ot ::-iL•,,·ral ,alunhlc J;iC',·P, ol npparatu, for the \\ork. ~e\1•1-.11 ,id
Yan<'l'll !'.tlld1 nts hn, 1• aide,} in the d1•tf'r1ninatioll uf di,s, h·cd !!ase, 
,111d of th1• hy,lro<.!1 n-ion 1·ou1·11 111 ra tiou. 

'l'he l'<''-lllt~ (1 thc-.1' studil's ,, ill he pi •,entccl in three pnrts: 
Pn1t 1 ,, ill he .J,,, otC'<l to the study llt' th' Jt!t_,·,ieal eharn1·t1'ri,ti1.:: 

oi' t b,, lak<' sutl1 : 
a \ 1•01npa1'0ti\'l' :-;tndt uf the ,li,t1ihntion an l nn1, uut ot heat 

~il)sorhC'd tlurin,., thP sp\•ernl ~ l'ar~ stlu1ied. 
11 Tbc \\ 01 k of thP. ,, ind and tla' effl'1·t 01 ehnn"C in ,, iu l \ ,1, · 

ity in the di,:;tr1lq1ti11H of hr.at a1hl 1he thennal strnt.iJir 1tiu1 1 th 
lake. 

P art IT \\ill he dc'Yt)l<'d tn a <•1i111parati,e. :-tudr ot' the dj,s, hcd 
~as:-.; and thl' hydro!!cn-ion <·nn, ·1•ntr~1tion durill!! th,, :-:nnll' period. 

P:u't Ill "ill lie ~1 ,tu,h II thl' di trihutit>n an\1 ahunrlant:c ,1£ 
• 

, JJ 11n;1 I 1 !;11 kt, 11 in I 1 , 1•h~ ,·i.-1tl nnd 
,·h,·n111·:tl t.1,·lOr:-- I I'< t 

\\1, t 11j,,,l,1j1 J,;" l111t~· h11t I', th,1· 11:IITO\\ l:ikP T li 
ot 111 ;11 I_, ,1:--: ,nilt•, ,, ith ;i \\ 111th nj' s1•:11eel:, a n1ih, tor th· n1n,t 

pa, t I t, ,, lll'!•lil{t' IH'd i-.: ,, i,l1'11e_•1l in t}H' snnth h,d(. ln• three 
h·1.,·:-.. t,,u ,,11 th1• ,,1•st :ind qnc nn thP. c:1,t. Thi" nt:ikt's the I 11!.!1', 

d1s1:1111•p :i,·rn,._ the l,1ke nhf)nt thret' n1il<'s h.v Joli )\\ill!! 

d1aQon;tl I ine t'rnn1 the \\ 1•st shnrC' nt' )I ill Pr ·s ha)· tt1 tl 
11I :--n1ith ·, ha_\'. 110.ar . \ rnqld ·s I\1 rk. Th, 111.1iu .1:d 
1<'11d, i11 :i s11uth1>nst 11or1ln\(~st1·rly dir<'1•t 1011. "hit h 1, ~I ' l r1•<·t'o11 

111' t h<' fll'l'\ nilin!.!,' \\"i11d, nf tlw '-llllllll\'I ' "':1,1111. 'I Ii, <1l'<')lr',t I I' 

fit111 ot' t he lakr tnll \\\:-, th,· 1•;1,1 ,hon• 11111: l' t1J.11•1· 1·lq:-.l'I.,. )11•1•01111 I!._ 

dt·cppr a it l'nlln\\s tit<· 1111i11 ;1:-.:1-; oJ' tl11• lakf' l'r11n1 th1 1111rth ,h,11'1' 
tn :1 1,oi11t npp11-.:it1• 1·,,rt l>od~•• fl! 11( \\h11 n• it j-; ab1111t l:{:2 t 1111 
d1·p1h. It thP1J ,1·1..rs ft tn,,ards tit<' ,11t1th\\1•,t. lHll<·h in tJ t' sLTll' 

''"·' tit.it t i!(• d1•1•J•l 1· p·1rt td ;1 l'l\l'l' folln\\s it, , int< I' 1·11r,t• \t 1h1 

,;,ll11 l1 1•11d 111° thr ];d,1•. 11.-;,r 'l'1•1T:1<·1• P.11k il !.!l'tl\\'i ,h·ill,1,, 1".1tlt 

1·;1p1dl_, up t11 t!J,, -.IHn, 1111<'. 0 i, in~ o 1<' t)J,, 1n1fll'1's-;1,111 th· ,111 

.1111"i1•11I 1"i,1·r ,.illP, h,1-.. li1•1•n I }1wk1'd. It i-.; prnhahl1' tl ll. !11l 1 • 



t 

• l 

t 
U\ 

I 

!lpi l th It<: 

111 I fl ll I 111 th or 
ll 

\\ . 
I r m (' 

\ C l f'l 

d 
. 

l 1h a I n 
pt th lint 

u \ \ J int l II 
I I th \ 

t <H boj tJ I"i 

<' 1 

lnll t I 11 ( I\ 

I 

I nn It • 
1

• 

n I t 1 l 
•nillou l t ,r the 

t ,, 

r 

t 

th 

•kubo·, 

, I , 1 

f l 

I l' 

IJHl 

1 I ~ of the I, \\ il'i nd t 'I rk E:q ,3111 n d f',•111 , tin 
tllo \ • • • \ I I II • I j xt , 1111 r n , . n ·Hr n -

• 

I r \ rlr,l • •••ll 
f I I ' 

I ( ' 1· I,, \:, 1, 1, ahoul 

, 1 Pl off Ir, ,111 1 It,• r, -,t 
, ,, , 1,r, 11·11 •I! 1111111 1l1t• 

1 111 01, 1 11111 1 li1 , n11th id,•. 
I 1 • r "'• lld I, 11 ,d 11•h l'lll\ 1 In 

11 J 1·1 _\" , rH·l11 1 ,1 ,h.illo,\ 11111 tit 

r, 1J I I l ll" a hu l ii I \\ ( 1 ii ~ , If' 1 "", ii.; 
1 f I I \ \ J IC' I I H' / 1 (I/ I I II II 11/ I f IJ II ~ , (1 /, (I ( 1 I, 

( l1 11 .11, 1l.1• 1111,-..1 n11111,ro11-; l> ur-
, t f 11ri11 hu~<' pint 111·1111.;, 1o,,11n1 , ti 111r-s 

1 1n hri,,•1 1 d11~.., t I('...,,. pin t for111-. n r1· 

1 ,i r,, 111101 1, ,\11i,;. "• 1~1111. ci11ol1•1l 1,y '!'hos. 
;'( t I ] I\) , 



6 

popnlate<l \,·ith hnnllreds of Brll 's paintc<1 turtle.'-. ....~mong the 
\\(•eds antl in the nuiller elear area..., b<•t \\·een the plat form...., may 
be lonn1l ns nu111y !!,11· pike ha..,king in tht• hot ~nn. ~ear thP n1ar
gins a1\' the fl.shin!.!; !.!l'oUnds for hla('k ha,-..:, and <·lo:-.1:r to th~ ,h >r<', 

perch a111l hl111' !!:ills. The sand bnr appears tu be i1u:rea,ing- in 
size fron1 yeur tll Y«'HI'. due to the i1·e push ol the early ... prin!! trl.,r l
ilt!! 1n1Jl'I' sand and uuulders up to the l'-XlH>:--ed 1nar!!in. This ('On

tinnal 1•xl1'llsi,1n and < ular!!1.HrH'lll ot th,, sand bar \\ ill <'Yentually 
<·nt ()ff the srnnll Lia~·ll't trun1 tt,t' rnain hny antl tillu\\" it to fill np 
"·ith silt and de<·nyi11g ,·t•getatiun nntil it \\ ill hL• nothing Tillll'G ha11 
a shaUn\\' 1 nnd 111· a rnar:-;h. 

'l'ht1 ln11,i prujC' ·iio11 I ron1 the sun th :--hnre j..., s11J11tl\\ hfi t h•,s 1>:x:. 

tensi,·' hut higher and n1orc hlnff lik~. 
)I illt>r's bay as a ,rhole is 1·,,n1par:1tiYrly 

U\"t'l',JCT(• ,tlJ,)llt twpntr-fh·r iP1'I or le,s in 
r11011th \\"here it is 1u.al'l\' fiftv feet. . . 

shallo\\'. bein'l 11n tl1c 
lepth l)x1•c1 t 11cnr ics 

<>11 aeellunt ol its prc1te1·tc·d po--i1inn l\liller·s hay h,1:-; a surfat:e . 
tl'tnpe1·;1tnrc ,, hi1·h ral!QC''- ;ibout ~ 0

( ,u1rn1cr th;111 that tll' the n1ain 
lakJ'. t >11 :1<'1•011111 oi" 1'xtr•nsh 1' 1dant "l'•J'' th thL~ st1l'f.11·r' aJ...,11 ,hu,\" 
a l11 11 hl'r I l'l c•PJ) • 11diu~ tn ,11 Ill'::-, 

; fi tl1 ; I' 3 1 "-'.:-"... ; t 
ll ,111 •, ,. dn. s it ten 

i'll 1,uh le, n1111i11!!" t> t-b '-UI' a•(! 

1' ,uhn11•1·'l1'd plant-.. 'L'ht> pl~ 11k1on fauun t1 i\lillc 
li.i., -.,1 ·111, 11J 1,, 11,,r<' ,1hunda11t antl 1nnre 11ivt•rsiti1'il thnn in 11t'1t r 
p L 1 hc' lake llu\\ l'\'Pl", this Tll:1:' he dUI' to 1 he ra<·t thnt ,1 ii. 
lc r·,, 1;1_, has IH en 111ore thoroughly a111l re11ularl:· l'Xplor"d 

... 

:-;1nith ·-. hay is ln1·atr.d 011 1 '11• l'.lst s1d1· \It ti<· l. k,•. ,1)111,•-

\\ hat \\idcr 1hr111 '\ldlllr ' .., l,1.1_, hi1t j-; al,• ,h.ill11\\f1l'. It, :--htoll' lin,, 
IS pn•c•ipito11s tor the llltl',1 p,tl'I :iud h c·l11--1•l: 1·r )\\ ,11· I \\ jtl SJ.!Tillll{'I" 

1·011:1!.!es. 'J'hl' 011h g,1nd h:1th111~ l11'a1•h J" ,1111,l at 1111• , .. •1'111.i,t 
<·orner wl1<•n• 1 he· s11111111l'l" re ::inrt .. \1·11old •s Purl,. is l111·a1<'d ~1n11Ltr 
1o :\lillPr·, ha: it is p:1r1ly di, 1d1•d into ,1 lar~1•r pvrt1un :1ud ·l 
s111,t!l,·r h,1_,•]pl r:!il' '-<111:illt-r p:1rt j,_ lo1·:1tl'd nl'ar thl' untlet of \\\,,t 
< 1k11ho.i1 1ni11 East < lk1>h11,i1. Jt i-; , t•r~ shallu,,·. hein!! not 1, l r 11u11' 
11r t1·n h•1t \\h<' 11 tl1<· lakt' is :lt 11urn1ul Jp,·1,J Tt is ns11:il, pr<· t_\ 

\\l'll .-1,()k(,l 11p ,, i th \\1l'ds sti that uul: a 1·un1p:tr, 11\ . ri,,w 

.. 
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ehanncl is left for the passa~e of launches and lake steamers. The 
"at cr 1s usually quite \Yarrn and some,rhat stagnant. The main 
poi tiou oi' ~n,ith ' s hity is <'X used to the strong north,vest and south
,, l'st ,., i .d . I l(~111•e it is rnuch t' reer from vegetation than either 
l\l illl'r's or l·~ n1t' 1·sun ·s ba~ J ones ( '2fl) estimate:s that ,vhile al-
1110:-.l :2.i per 1·Pnt of I➔~merson 'sand 20 per cent of l\I iller's bottom 
area:; are <"o,·e1·ed \\ itlt (\nctopliyll1on, only about b per cent of 
-.....n11t h \ bay i-.; thus infe-.;ted. ~nth )llankton to,,s as ha Ye been 
111,1tl<' in ~n1ith 's ha)· seen1 to slto,v a less ,·aried and le"s abundant 
pln11kte111 J'.1 una than either of the other t,ro bavs. The fact that • 

I ,s 
lO 

~r-Q.._oc00_...,_ ___ '\LJ,._.L_-'-"'--+--.LI 2.=o-"'S ,_, ___ _ 

- 70 I f._O 00 o i OJ • 
- --SZ.9.._ - ,,,- --- ~~5 % _ -= -37 ObO-oo O .. -

I I). I Bo. Q_O O ..:: _ - 8 ,!J°.Jo.c--+ 31.s- =- - -= - ;;,_g.s •/._ ___ ~ 
.r. LJQ ooo_ . -::3-l°lo -- _ 1/J __:• ~--= Z o._¾_ ~ 

~ 'I. 9 ~ - = .. ~ ..J. :z. s ~-__:::::. .::: 
/~l, _-_-=- <t:"- 0 -95% _ _ ---:.: 

- I Soo Ooo - =::_ - -_ 0- 2½ __ ++--+--

-~~ ~S"O ooo_ ._-_: _ P·l!/o___ - - - - - ---.___ 

'---'------'----'-=O..:L:..;:U'-'-N\-'-'-=£'--=:.:....:-=-- --=--='-=-~-...,_ ___ ....:......_- A I'"~ Q..- - -=....:-... - ~ ---= 
1 I , l 1 ' n1 , t•, ~how1 n ~ p,·r•' •' lltag," nf arra and ,·olnmP of Lak,• Ok<>h1>ji 

a t difft> r 11 I ,l, •pth><. Pt>n·,•utag-,·s nwa~un•J frum tht• ti•ntntl nxii:;. Data frun1 
l~ ir e antl .T 1,lay "HI . 

• t.hc \\,I tel' k 111ol'l' freqnr.ntl~ nnd s<'YCl"Cl? uisturhed by heaYy ·w inds 
n I 1•rl'11 q , ) IJH•, ha1 n,ileLl hy t ht' 1·011tinnou" Jla'-..,ili.?:e of stf>an1c>rs 
t I -..111 I ,,l l "- n1.1~· h,I\ c had .111 cffc1·t on the plankton us ,Yell as 

l.:lJ •O 1 t!.1e "- • !!• wt ion~ 

E~I El{:--.t I\-~ g \ y 

' 1:m,•,..,011 '.... ha_v is 1no1L· 1•tr.l.'.td,1r in out I in, than Pit lier } l iller's 
'llUth ', It i, JJ_art I_') 1·111 ofl" I 1·,Hn thl' n1a in lakl• by a -.;n1111 har, 

1.i: 1:2 t,·ct hclo,\ th<' -;urta(•c. e~ti,11di11l.! l'ron1 B luff Point 
• .., P,1 U1t Like }ltllcr·· ha\, it has a -..nlal1 ha\lPt in-. . 
11 1rth\,P,t .shore. The. h:1_\ tor thl' 111():-.t part is rath~r 

\\ in 1 11 , 1 l. l"!.!P p11l'ti1111 111° it, ll11ur <·<•\ t'l'<'d with ,P~ctation. 
J'f yll t Ti ,·1111111 i-..;P., IIH' greatl'I' part of this \egetation, 

,_.,_._,.,!"' ,· 111' li1_, look, 1t, hp ro11qr1rati,t>ly free i rom ,reeds. 
ii l 1:r111 1 r,1111 ·, i-. t'~P~•"P,l to the lull a1·tiu11 of the -..tron~ 

, \\ ind, I 1 ,hnhl: pn:,ent-.. those plants "·hieh 
d h_, ,t: ,u'... , , l:' 11•11,rll 111rn getting a holJ. ~\.t least 

1 ,t ,('Cn1 t,) ht· ,11t·l l;1 l'!.'.l! areas ,·11,·ered ,Yith '' blanket 
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algre" as are foun<l in some other parts of the lake. ..Although 
Emerson's hay appears to support a fairly abundant plankton 
fauna, it seems to be limited to a comparatiYely fe,v forn1s. ])aph

nio rcfrocurt·a and Bosniina longirostris are the most ahnn1lant 
cladoceran forms. 

The follo\\·in!! ta hle of dimensions of Lake Okoboji is taken fron1 
Birge and Juda~ 's r eport: '' ... \. Limnologieal Rrc·onnaissanee of 
Lake <>kobuj i . ·· ( ~ce fig. 1) 

l,cn I-!: th 
( }rca tcst breadth 
• .\rea 
nl'rate-.;t drpth 
::\Jean depth ( l l•<lured thir.kness ) 

,:0Iun1c 

5.-!G 1ni. 

• ? ~ · . - -t rn1. 

--·---------- --
.. 37~ a,·res 

1:3~ feet 
-10.-1 feet ( l~~i e,n. ) 

:2-16 ,:1-l-0.000 cu Ya rils 
• 

1 "''"',:3-+0,000 1·u. 1nctcrs 

• 

1 •) . 
• - llll. Len~th of c;;hore-line 

Shore de, elopn1ent ·····- .. 
\ '"olnn1e dcYclopment ••. 
) lean s lopl' 01 hotton1 ............ - 1 o 3.f 1' • , ) - I {' 

-t ' - · I -t r_ 

<; El\ER • .\ L h' E .\ 'rr· n 1: :-: 

The entire "hl1l'e I i11e 01 ,r r-.,t f >k{1hoji . inc:htdh 1!! the bnJ ", i, 
nppruxi1na1cl:-,• eighl11 r11 rnilPs in length. The shores fo1· the· n11 st 
pa1·t ,11·,, Jirct·ipltnns an,l e.x<.:ept ,\here thC'y are 1•01nplLtely un
protr.c·trd 11·11111 the rlr:· soutlnvcst \\'ltHls, are bor,lerrd \\·ith <;P('onJ 

!.!ln\\tlt hnrr o:1ks. , ·0ry fe\\ olil trrcs are foun<l si11c·e the~ \\Ple 

l'llt d11\\71 ln· the earlY settlers. Thrrc ,n·c s0, i't';1l st T t1.:he-: , "· ,l 
' . 

a11,l ~r;n·,,] lr.idin!.! out from the lo\\·er ,hores, hut ;1 !< n~ tlw t , " L• . ., .... , 

parts. th<> shore is lined hy lar!!c hnulilcrs " ' l1i t•l ha\ I ... I, l 
up a nd ll 11shc11 haek hy th~ ice sh,n·c ol 111:nn \\ int "r, 'I'hP lll~tle1· .. 
si,Jes of n1any of thPse l101lldcrs for1n c:--«· •llent <'• ilu· tin'.! p la · 
Ynrious forms of :1 ,1uati<· lif ·. ITe1•c 111ay hP c•pllc!'teil lc~Pt h, . ,, h 
rhr.ir ('()('(1()] 1'-', l:ll'\ a·, fresh \\atcr spm !.[f',, , 1;iiJs n11d tlJ_, j . I'...._.. 

<·J u..,f r> 1s. h:-, ,l1a. Jd· 1 a1·1.111~. a,1nt1ti(• t'nrtln,nnn,, "' ll 1· 1ni t ,r ~ , 
zo.111,. ,n1:1ll 1·1·n,t·1<·ca11,. sn ·h as r; 1/l?l lt ,·,,~ n11 d I f l( rt L( Ui.1 . (•.Jd r-
fl_, :111 l 11i l1r•r in--., r·t L11'.\ ,P :ind 11_\ n11~hs. pruLc zo:i and 11111~ < th .. r 
J.,,nh. l )1ri11° th· h11• .. d1t snrnrnrr d·t~:->. th, <1xpo,0,l hc t1] l1 ·1 
p,111ul 1hd "itl. Br n ·, pnint~d turtlP, c11.i o: in'! thr hnt 1 1,1ll1 
In tlH' ,·l1,1r ,p:11•(•, lw1,\•'c n tho linuld11 1·, in shall,1" \\ 1 tb, 
fi,h liuil,1 their JH,ts ,1J1d !!llanl the C'!.!!.' Th,· hr1ll1:11 t :' 
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appendages of the crayfuh n1ay be seen projecting from underneath 
those boulders lying close to the shore. Hundreds of gar pike line 
t hemselve'l next to the shore along the shallo,v beaches. Their heads 
nrl' dire(·ted a,,a~ f1 (lffi tl r shore, ready to Rcurry out into the deep 
\\ .ttf'1• \\ lien fri~htcnetl hy the passer-by. In <loing this they usually 
stir np t hr 1nu<l so thnt affords an effectual screen to hide their 
rctrrat. _\hont sundow11, during the n1onth of ,June. turtles rra,vl 
np on the l<nv shores and for several hundred feet up a hillside to 
dig- their nest" and deposit their eggs. Bell's painted turtle ,vill 
la~· fron1 nine to thirtren oblong eggs ,vhilc the :--napper s nest ,rill 
c-outain a htuH.lretl or n1orc round, ,,hite eggs about the size of a 
n1arblc. \Vhcn the ne-;ts have been carefu11y co, ered the eggs arc 
left to be hatched hy the heat fron1 the sun. In about seven or eight 
,,Peks, pro,·idrd the thirteen-striped spermophile does not find the 
nc-;t and '-U<·k the eggs, the small turtles he!.;in to hatch. di~ tbeir 
,,·ay out of the 1u'"ts, anJ '-do,rl.\- ·wander Jo" n the long hill slope 
to disnpy,ea1• fin:11ly in the ,rater. Scorec, of "·atcr birds, such as 

\!:nllsi tt>l'll , :---nnd pipers, and herons fly arounl1 the sand bars and 
J"1wk <·overed points or land, like the ~and bar of nliller 's bay, U-ull 
Point, and ~o forth . 

.. \I)I.) AR ... .\. Tl1 ~ ... .\.~D :.)lETHODS 

~\ir Tcn1peratures. 'I'he maximun1 and minin1urn te1nperatures 
fo1 e,1(•l1 da.\· " ·ere ohtaineJ fro1n the \,eather Bureau iionthly 
l{u\jctin . Tho"e prior to 19~G ''"ere taken by J)r. I~erdinanJ J. 
:--.1n ii h ell his rr.si<lent·c on the s()uth "ho1·e of ) l illrr's ha~ ; those 
r1,r 1 'l:27 a!"(' a-; l"CJHll' tf'd hr i\I l'. P. ,\,.._ La\\T('ll('C at Lake Park. 

a hont 1--1- n1i l0s \.\ est of ( >koboji on ~ih·er Lake. ~o n1axi n1nn1 and 
n1i1Ji1nnn1 temperature" ha,<' hc<·n report<·d fpr ,\ngnst l!J~5 or 
for th0 '-llmn1er of 1~):26. .\ll tc1npC'raturrs h:tve been i-e(lnce,1 to 
1l1P tl·Jl11~ra<lr s<·:ile to c·n1-responll ,vith 1hf' reading-" n1aclc at the 
I.il k sidt\ L:1ht1n1t11ry .. \ir ten1peratui-0..._ ,vvrc r0;11l 11n 1hr. lahorn
lnt .'" gl'uttnds 0aeh da~~ and on thr lake eH<'h tin1 \\at0r tc•n1p<·ralnr<'s 
W<' le t11ke11. Fur this pnrpns<' a <·ertiti0d glass <·0111 i!.! rade thc,r-
1n n1<' tC'r pro\idc,,l \,i1h a c·o1-rec·1in11 s,·alP, \\'as nsc,l until it 
,,. " ;1 ·1·ident:1ll~ l,1·nk1•11. :11:lrr ,,·l1id1 ·, L'.ou,l t..nade stoC'k ther-
1nt11n11t<'r \\;.., 11sed. 1 )n thr· c•harts <.,hu\\·inu \Y,1ter ten1pcrnturc" th0 
n1n:-..-i 1n 1111 a u l 1ni11i n111n1 an· tt•rnprralurC'..., a rc sho\\71 in light broken 

•.:..•~~ .. li1 H--. :111d ht.· ni r ttnJ11l'l'illl11P takc'n 011 the la ke i" sho\\·11 hy srnall 
eir' I--; I I l l)l'('tf'-1 ln li! .. dtt li11c "· 
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Barometric Readings. Barometrir readings ,vere taken each rlay 
in the lahoratory. and on the lake each tin1e ,rater and air tem
peratureo..; "·ere read. The instrnn1ent u,ed \Ya" a Keuffel an<l Es-.;er 
~ur, eyin!! haronieter, l·<1n1pe11sated for temperature. The tea1Jin!!s 
rcc-ordell in the tahles are 11ot l'OtTected ior altitude, s;1> that it "-111 
be neee,sary to nllcl ,,bout 1.--1--1 tu n:dn,·e to sea le,·el. 

·\",i11tl \?clorit:·· Dc!!iuuin!.!' \\ ith 19:2--1 tLe ,vin<l Yelo<·it:· ,vas re
eordc<1 for Yal'ions tin1cs ,lurinu the <la~; oil the laboratory grounds 
and on thP lake eal'l1 tirnr tPn1perature rcadin:r-. \Ycrc n,ade. The 
inst1·nn1r11t usc<l tor llH'asurin~· the , elocity \\·as a porta hie Keuffel 
:-ind E,sPr anen101ncfl r \\·hich had been earefulJy < ulihn.tl•d an1l 
fnr11i:-dH· Ll ,Yith a <·a lilira t inn r·tn·,·e. The tor1·e of the ,, intl ,, ;1..._, 

e:--ti1natr1l f,11· 1~1:2:2 and 1~)2:3 h:· (•on1parin~ fitld nntr.s an,l tbl' 
l~eaufnrt ,wale ,,1th those n1a11e atter the anemo1neter \\a, pnr

c·ha~ed. 

n1eans ni a I~lo.' ,1 1-1:·!!rodeik ,inst before goin!.!· unt oil the lake as 

\\·ell as t'or n1(Jl'nin~ and t·Ven in!!. 
l >i-;sph e,l t ;a,e-;. '\Yinkler 's HH·thn,1 \\"as used in detern1inin'.! 

1J11· di,,, l \ 1'1 (IX_\'!.!Cn a11,l ~''.' l 1·, 111L' tli o, I. t, , IP-...-l'ihe,1 b_\· 
t'u1 r·; 1 h1Jl1 li, xi 11 d •t, 111111 _al !\Ill'-'. "' ,. 

I I: il1·u~ 1.;11; i1 11 ' 1\1· ntra tiu11. Tl c• "ol0 r11nm t·i · ut tli d , 
lur lct,•1minin!! the pl{, T, 1D:.?:1 th•! i11dh·nto1, and huffi' J' '" t1-
ti1111, \\~l' · 111·1d · u1• l) 1li,-..,1h in'.! Jllepared tahlt t, In 11J'.!-t ·1n l 
1!1:!.- ..,,,lutinn, ,,,~re 1n,1dc np at th<· t·niYet"ity l>r,ur '-irr\·ic·e :--:tati1H1 

,uul a 111udificcl < 'lnrk ;_,11<1 [ 1uh, n1eth11<l "·ns used. ,.\ portable h: lru• 
!.!('lJ vi •·L1·1) le ;q J•aratn-; w,-; also trie,l but \\ itl,011t ::in•·c•1•, 

P a11ktl1n < 'olh·1·tinn:-;. ~urL:i<'c tu"" \\'ere n1aclc "ith ,·ua r·, · 11,l 

tin<> h11l ti11!.! c·ln1h 111'L". T)eepcr tn"" \\ere n1atlC ,\i1Jl a l\iJ''.! 0 hnckt: 
~:1nq1lcs 01 \\",tter for plankton. l1i...,,oh·1,,l £!11'-l''-', ;Jud h., r1rion ,. )11· 

<·1 1 111 r. tii,11 \\r.rc ohtninccl })\· n1e.\H'-' of n n101liti.1•(1 lol'n1 oi th' f1il'!.!f' 
• 

,,at( 1· huttlr. ,r. t0r Te1npr.rature, ,,·:1t1 l' tl·l!l(>('Ll t lltl's \\1 1•' J·enil 
th:1t "e:1the1• c·n hliti, 1\:-. P" 1nii e.l Th,· 1ir:--t l'P~1di11~, n 
d,1\ \\ It J\l'l' t h,. du pe-.L [J.lll IJ the-J·1k1 ~nd at ,q,vr . 
":I J 1 \ 111 1 it[l"" rl'·1,liH"" ,,·<n'r' 1n,1d<' a clifr'<·r, , t p· rt 0 

;111,l . I 'l • .. (1-.: lto11r, ,111ri111.~ the l:1:, ( 111 .... "· 01·al n ·t•; -.i 
!II..'. \\1•1'(• ,nadr ·it 1 \\ ,i.h, 111~ i 
l I'd I I I..'.'- \\ ,ti ~~ ..'.t 11 <lt' '!'!Ill " 

th" 11i!.!l11 

dur11J 12 Lh, ,J;,, an• 

,ii t" i-h , 11· 1ut,·1 \!al, 
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'I h1• apparatu 11,Pd tor r111·asl1ring \\ater temperatures at \'arious 
clcpllts "ns rnad1' fur the \\ l'itcr liy the Charles Engelhard ( 'on1pany 
or ~.,,.,, , rot k. It 1·011-;i_....t.., 11 -- sentially of t hrec pa11s \Yith the neccs
s.1ry t 1p und nper-at 01 he pri11e1ple ol the \\'h<'at..,tone hriclgc. 
'fh , monu.'tt r hull, ,·011s1 t" nt' a 1·hcr11ieall~ pnr1• platinu1n \Y1re 
f11 t i , l4,r1z 111d \\ lu~ u1 turn is fnsed in a quartz l ulic. The 
pl:1tiuun1 \\ i I'(' i thth protPc·tc•d t'rorn the ,·ario11s 1·01-rodin~ .l!.(l'llts 

,, it~1n11t intcr·t,•ring ,, ith its sc>nsiti, it_\'. It i-. further pr,1tc1·tl'd by 
l l'Ing f•n1• 1sPd inn d,,uhlr prrluntlcd brass tuhl' atti11·hC'd to a \\atcr
Ji .. hl ltt•.td iu \\hil'h 1•on11p1•tin11s art> n1aclf' ,,·ith th~ thl'ee roppe1 

It,a1 "i1r,. Th1'se :1l'l' n1.ide \\,.itrrprnof hy a pure ruhher insnlution 
a11,J .tl'I' 1•01111111·ted ,, irh lhl' \\.lt<•atsto1te lii-id!.!,l' ol the rrs1stan<·e box. 
The• th_.i't'(' lt'--i ,1:1111•L· ,p1111b, 1, II , a11d l TL al'(' \\Ollnd of ,l \\'ire or 
kno,, 11, ,d11<' "ltiL•h dul's not 1•h:111!.!C' it-.; 1·1•si!->ta11,·c ,vith Yul'~ in~ 1en1-

J)P11t1.1r~'. Th11 ,<1 nrc !.!t11upcd to!!ether with tlH tl1t•1n1<1111rtL'r re-

is Ollt T\~ tn Llllll tlu· 1,1111· ,ide-.; of the hr1tl!!f', \\l11t his 1·1111plrtP1l 
I l 1d ·1 11\ Th• hi:1••• fixed 1csista11t<•-.; ha\(' ,nlta1s th' san1e 

tu U1 I Jrlllll l I' I 1tll, ,,h1 ll :ti a t1'tllJH'lat111•\ l'()JTL'S]ltlllfli11:.r to 

I I 

t1nle1 . 
I I 11 

I , 

JI) 

ti 

\11 point ol the si'alP oH the indiL·rilor. The seal<' is 1·ali
ha11d tor L' <l<' h t1·nth dt'!.!l'<'l' in1·rrast· in lrn111eratnrc. Jn 

pro, icll' a!!ai11st in:H•t·ttr:H·y 1111 ac·1·ouut ol pos..,ihlc ll1wtna
lJ;}f ter)· , oltag<', an ailiustal,h' n•..,istan•·e is i11,crt0,l i11 
1. • ir, ·uit. Th,. inst 1111111 nt it:--.1'1 r is 11si·tl to n1e.1snrt' the 

\\ U\'t\ tltt• 111 1· 11I i, 1•011 n1 c·t1'1l ,, ith t hP hrid'!t' I,~· 
t ,,, lh1 pl.11•e of th,· t ht'l'll1tlllll' ll' I' ,1,ir:il 

I I ' ul I I 11U1\nl1•11l tn tit,• n si--t lllt'I' \\hJ1•h 

r h I t, ,I , tJ P I 1 '..! II t t t • n1. 
\\ hi,· 1 t I , i" , •alilrr 1 1 d l th l' 111, t r u -

hl' ... ll1,.1l n 1 a th, " 1,· . l, 1,111[! \\h1·11 th,• J11'1Htl 

<.'l l 11it JJ tuper 1dJl1 11111-- 11 u1 I, li} th· rht•'il,1t. 
111111 It 1, Pl I 11l1•d \\ Ill) 1\\ U .._,. It~ ( 11·! 1·1 ,1,!111•~ tit t«'l'l1 

1, 'I' l I ~ • l I I I i \ j d (' I I I I} t (} l . I l 1 .... I I .t ' I I •! I I 1 • ( • II(' 

t, t f'i andthP1thP1 1,1111:2 t,1~1 .1h,•11\,l'· 

dltt· ,,11 rh c·k ! I tlH• I llttfltv, p 1!1 Ill· 

I I\ rd, r l , 1 1111 J ,, 1 ,, 1 I, 11 • 1 , , • 111 1 , r n I u t ". t h,, 111-

' I I Ill •II i 

l "nh l .,d p II• nd .ill,,,, d t,1 '"111~ 

l IX: \\' l 11!, \( ti a t t it· 111sll'llrTH HI j.._ 

,,1 11 l l r.1 · un 

I Ill I~ I l 11 

, u 1 ,I 1 t i, e 1' 1 I : 1 i II that 
E.1, It l 11 1d1t1~ 111.1'11· 

, k d \ lr, n 1t 1, he1n~ 
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pulled up again, so that there are t"·o readings for each tin1e. The 
"·aterproofed cable is carefull)' calibrated for measuring the ue1 1th. 
The meter divisions arc marked by hands of \\hite adhcsiyc tape 
on ,Yhich the depth is printed "·ith \\·aterproof I n,lia ink. 

T he ice usually leaYes <)kohoji late in ~Iarch or early in .\ pril. 
8inc·c a lnrge an1ount oi hrat is required to melt the i<'e, tlH' aYcrage 
air temperature is ronsillerahly aboYe freezing by- the tin1c the lake 
is eleare(l. The resnlt is that the tc1nperature of the surfaee "·atcr 
quickly rises to ahout -1 °<1 .. i11ereascs in <1c1L,it:-,·. an<1 a ,·rrtieal 
eirenlatinn is rstahli,hC't1. This "ill tend to C'qualize the ten1p<>ra
ture of all the \\"ater of the n1ain bocly of the hike. This equalization 
o( ten1pc•raturc is 2-rcatly ai,1ed by the stron~ ,vinds n l' th{' early 
sprin!! Sinee at this time of t he year there \\-ill he 1·u11si11Prn.lile 
fluctuation of te1nprraturc :ihOYC ancJ bel,nY frr.rzi11• . .t, the hi!!h 
,vin11s an,l loss of heat through e,·aporation a1H1 radiati1,n ,r ill len,l 
to keep the \\ater of the lake at a comparati,·rly uni f orn1 tr.rnpcra
turr for :--omc time. I n cer tain years the lake "·ill ha,·e a praetic·ally 
uniforn1 te1npernture until after thr mi1l1llc of :Thl ay, ,eYcral ,,eek, 
after thP. ic•e has m<'ltc11. \\71rre this con,lit ion exist, e,·cr.'· .... trong 
,,i1Hl "·il] pnt all of t}Hi "·:1h•r nf h~ n1ain lakP in 1·ir<·nlation, p1·n
thwi11!! ,,hat is l\JlU\\ll ;1~ th .. 1.ui·11,1l o ii,.;1•[ 111•11. ~in1 iL r · 1diri 1 <; 

<ihh1 in in 1hc latr fnll . .iu...,t I f'i'nr 1l1c i,·c 1 n r11-.: Tlug L-- tht lU!ll -

11ul 01·1 l'l11rn. Jt is <1urin~ ti 1'-.;r. tv,1) pcrin1l-; that 1h<· dl' l']"H' v,.tlf'l' 

ut' 1hP lake rc1.Jc11islir.-; its cJissolYCll oxy~en . 
. 'p,·eral ,,·a1-n1 , C'altn <lays ,vill tend to heat the snp<'1-firia.l la:-,·c·rs 

o t' \Yate r sCYC'ral ,1eQTPe-; " ·arn1rr than the ,Yater he.lo,,·. \ \ hil e. n1t1<·h 
of th is hent n1ay he lost hy eYaporation. or h~· radiation dul"it •• h 
('unl ni~d1t" 1'11ough ,rill he storcL1 up to prn 1ncc a snffi1•i1 u ,UtYc 
e111•e nl' de11oc;i t ,~ bet,recn thr Yarion~ laYcr~ t, nffel' a 1•011.-,iller b . . 
r e,i-..tant<> to mixture. I t ,vii i then requirfl a n1u,·h s ron!.!Cl' \\ i111 

to i, rn,ln<'c n <'irenlation. 'l'he re,u lt is that n thcnnal :-lratific:1lio1 
01 the "ate1· "ill tak,, 1il:1 ·e, Jn Lake <)k1>lv1.i i tlnrin!..! 11011nal .'<' · 
ti,.. ,Yat('r hP<·0n1rs ,t:rntifi,·•1 li~• the n1i11•1le of .T L111c• ,o thut 1~ 
llJl JH' J" nine tn fittr n 1nPt<>rs ar<• f'\0.l' }fllt int l) 1•iJ'(·ulat iu11 d tt 

th,, · ·1rY 1111P.1·st11•111-... Tli<'\\:1 t1rl 0l1\\·t" vrn i.;1 , 
' th,, \\"lJ\ 1ls ,:1 llt tinic d Ll t i ll!! t n11l t1l l'}'. 

lly pnt i,, 1J 1 r· 11· a ..; th<· 
·1 er. 11! • 11.- li n1 · . . 

4 
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to five n1eter::::. In this zone there is a rapid fall in temperature, 
a,craging 1 °l'. or more per meter. It is disturbed only in the more 
seyrre storrn.s. 

The ,listril>ntion of heat th rough the \\'aters of a lake is a very 
inti n:sting prohl en1. E \'er~•one lrno\\·s that ,vater is a very poor 
co1 1uctor o · hPa t. ,,yege1nann has estimated that ,vith a sea 
fi\·e thousa1ul meters in depth and ha,-ing a temperature of 0°C. 
throughout, it ,Yould take 1nure than a thousand Years for a con
stant heat of :30 l'. to raise the temperature at a depth of a hundred 
meters as n1ueh as 7.3°C. by conduction alone. Birge and Juday 
estin1ate that full) 93 per cent of the heat of Lake Okoboji is \\'ind
tlisti-ihutcd. It c·an easil>· be determined in a general \\'ay how much 
"·ork 111ust he ,Ione by the ,vin<l to raise the ten1perature of the 
lakC' to a <'C'rta1n an1onnt.~ 

The f1·ietion of the "·ind pressing on the surface of the \Yater 
"ill te11ll to set up a c·urrent in its direction thus heaping- up the 
\\nter on the leC\\'al'(l side. The ,rater \\·ill then return, either along 
1h1- ,hot't' t1r o,e1· the bottom. "\"\rhat is the ratio of the \\'ater cur
rP11t It, the ,,i11d ,·elocity producing it1 Ho,v rapidly ,vill the water 
hca)) up ;dung the lce,vard shore? Ho,v deep ,vill the water sink 
under certain temperature conditions before it is tur11ed aside? 
,vhat effect 1lo the \Yaves have on the general circulation 1 Hov.r 
f.1r clu\, n "ill u (·urrent produced by a certajn ¥\rind velocity be 
f('lt ~ \\That is the effeet of the configuration of the shore-line and 
1 ltl' t,1 pn~r.q,h~· nf the lake hot tom on the circulation and the 
d i-..t r iL,ntin11 o f h<'al a111l ,lissoh·0d gasc~ ·] These and 1nany other 
q ll<'s l'I ll1, at<' s11ggr,tPd \Yhrn \re begin to consicler the role of the 
,, in,1 in the clisttihntion of heat in the lake. I f one kno,vs the gen
er,d n1rteorologic:al conditio11s of the spring and C'arl:v summer, can 
unp 1 ,t·Pdi l' t the general ten1perature eonditions of the lake, the 
,lJ'P · xi111ate .1n1on11t ot distribution of oxygen, the lean and £at 

• ll 1 ~ • • i ,ruiula f,, r 1'11mputinl{ the amount of work done in hPating any 
::n a -t.rutnm nf \\atcr Pxpr,,,-,-0cl in grams per square centimeter of surface 
b -.. 1 111 1\ ,: 

\\" -RT.Z (1 -D) 
"\\ Ju h H'I\: 1!1 tho> n•due,·J thil'kll<''1S of th 0 stratum staterl in Cl'ntiructers 

~ l i t i Df, 1 ,·qual t the ,n,ight in grams of a eolumn "hose hase is one 
1 1· • utlttlt>t, r. 

th' di ,tan ,. in ,•.,ntimdL·rs from thr surfaee to tho middle of the 

I Ii' I, ... , ff \11•i;?ht. 
.J 1 la~. ·1u,,·1,it_\ of Iowa :-;tuclies in ~atural History. Vol. IX, 
l 
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year<; for plankton, and eYentually the fayorable and unfa,·orable 

year~ for game fi~h? 
A fev; te-.;ts have been n1ade in an atternpt to aseertain the rate 

of ,vater r·urrent produced by a gi,·en ,vinJ Yelcw1t~. The results 
can only be apprux.in1:.1te, sin<·c the c:urrent meter used ,vas lll)t 

delicate enough to n1easnrc on.11nary lake c-nrrents. ,\ ... hen <·nr
rents stron~ enough to he n1e,1sured ,verc present it \\"as not pn,sible 
to keep the hoat from dr1ft1n~ long rnotH!'h to render the readings 
cve11 fairly reliahlt•. The t·urrent n1rt1•r llitl not rcg,ister the clire1·-
tion of tlo\\'. \\'hi1·h ,, ·1s another rlisad,·antage. < ln 1·ertain 01·,•asion,. 

rratli11gs ,,·ere n1a 1lt> off the end of the laboratory tln<•k, It \\'as 
Jonnd that \\·ith a " ·ind velo<·it~ ol' :--on feet per rninnte a "at r 
<'Urrent of ahout 1"·c11ty-fiye -feet per n1innte \\:ts pnhlu<•P(l. 01· a 
rate of abuut nur -thil't~•-seeontl of the \\ind Ycln,·it y. I>a~,, ( ·o~ ) 
states thnt ··a c·on1parison of (jj1.., ,, ind and <·tnT •11t oh,er, at ion, 
in the equatorial regions !.!.'aYe a" the set in1partrd h~· a ,,ind fon·1' 
four on the 11raufort sc·,tle (t,,·eni)· n1iles an hour ) a <'nrrrn1 , ·clo ·
ity or fifteen n1ile., per 11a.,•. T his i" also a ratili of one fl) thirty• 
t\\o. l~kn1n111t ( ·u~i I has \\orked ou l a fp1111nla for fi1a1iu!.! the 
ra t iu hC'lw<'c·11 \\llltl \llcwit 1 a111l lwean ,-11rH111ts i n \\li i1·h l1~ tn!-1-.. • 4 

i11tn ,ll·•· 1u11t tl11.· l'ff, ·t 1Jf t.111 11 tatiu1i ot tllc "11 th ou lts axl . !') 1u,, 
his ·ur1n1tla h1• ti111I, th(t t a t. thP I. titttdP nf ..J. •~-t the v,~ it <

11 
tit,· ,u1 L:f•(• \\ a l•'l' I~ approxi111at<'I: une-fift ., -fittli tl1.it of tl1• \\'l!l<l ":.".-:iw7 

cau,i11n' 1t. 
Tt \\;I'- Hot pps,ihlc ,,ith our nppa rntns to ,leter1nine ht) \\' far 

11r1w11 the effr,· t nt' the ,,inu "a" felt.• T)nring th~ later Jiart , t 
t\ 1<' su111n1cr "·hen the l.1ke 1, [nll of floating T-<u·11l,11·ia . it i fHJ -... illl 
to n,ake -.;11n11• stu,1,· of the \\ater ,·urrent-.; ln ,,at,·lu n!! tb 100 . . 
1n<•11L, nf the:-;c alga•. 8,cn ,,;-hen a fairl;i; ,tiff brr1ez , IJ)a,, •, ~ 
it is l'l 1nal'kab le ho"· thin a. filrn lii' \\ate1• a_u t11nil~ 1110\' {'' ,, ith 
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depress the isotherms there. The cold ,rater " ·ould s\\'ing back and 

oscillate, but there ,vould he very little frietion bet,reen the ~trata 
and little n1ixture and correspondingly little ,varn1ing of the lower 
,,·ater. In an aetual lake \\'ith slopin!.!. hotton1, the 11ar1·0\\'t>l' ends 
coneentratc und !.!.ive force to the n1uven1ents oi the ,,ater c,n1sed 
by the ,rinll and inerease the a1nount of n1ixture due both to the 
direct antl indire<·t effcets ui the \\'iud. ....\, the ,varn1 ,v.1te1 is rurced 
do,\,l\\ ard at the c1uls. it squeezes out the cooler \\'ater in a rclat ive-
1~· thin layer ht·t,\·ecn the tlc:-.<•c1Hling surfa<:e of the cpilinu1ion and 
the gradually slopin~ hutto1n of the lake. ....\s the cool ,rater ~"vings 
ha<:k. its ed~e pusht1s in like a ,,edge bet\veen the botto1n and the 

cpili11111ion. JJoth 1noven1ents are attended \\"ith relatively great 
frieti011 and <'OlTl'sponJing n1ixture of \\armer and ruuler ,,ater. 
Thus the ends nt the lnke con-.,titute its t'.hi<'f n1ixi11~ areas. ,uH1 
the~ are the rr !.!ion ,vhcrc the graJua1 ,varniing nf the thcr1uocline 

aud hypolin1nio11 goes on 1nost rapidly. Rclativclr little \Yar1n.ing 
i:-. effect etl in the open ,vater of the lake or its ~trep -.,iJe:-. \\ here 
movenu'nt is attcndctl "ith little rr-.;istance a1ul consequent 111ix
tnrc. · t P. ~'if-> ) ln ( >koboji, thr. h,1y-.,, esjll'l'ially }IIJl ,r\; an,1 
}~ ,ncrson ·, add to t hP n1 ix i ug a n ::1 :-; 

\\-hen < lk,1bnji hns a 11ni1'1n·1n or 1H'a1·l: n11i t n1•111 tcn1 p t·1a llll'l' 
that is. ,,hl'll tht' diff<.>1 't1('C in 1c1npl·rat111· he " 'Ctll tJ1P , u1-fn~t , 1,d 
bottu1n is nnt n1n<·h n1tn·c than t ,, o or tltn:l· de~rc ,,. ,L n1<Jlh•1·atc 
wi11tl ,, ill soon plate all of the \\·;itcr in the nu1in Jakl' in rotation. 
This <·u11ditiu11 pre,ail-; in the early .spring and late tall antl to some 
t'xfe11t throu!l.li the entire sun1n1.er of seasons like l!l~G antl 19~7.._ 
11'. hn\\C\Cr. the differcnee of tetnpcrature is as n1uch ns si\. or st'Vcn 
llegrecs eentigrn11P. the \Yurmcr !-.Upcrfi1·ial "atc1-...; ha Yin!! hist iu 
,,·cig ii t 1·a11 not ...,ink to the botto1n hut rnust ,q •rrad Pll t l ·1 t1'rall ~ O\ 1•r 
the t•ouler ,,atc1·s \YlH)Sl' densif~· i-; too grrnt tn ;1111)\\" then, In sink 
J'arth<>r. 'rberc \\'ill thus h a snperti<·ial <·ir1·1tlatilln cs1;1hli,l1<·d 
I t is onlr \Yhcn a ,·cry strong ,,ind is hlo,,ing that \\att'r ,,ill hc,1 p 
up -.;o rapitll~• that it "ill h(' able to ·ink 1nnl'h hr.1,n · the <·ir ·11l.11i >11 

f11·,1 cstahlished. _\ .._ a n1atf('r ol' fal't a, t!te "-lln1nH'I" ,1 a, in :1d

\itl1<·e, .ind th<' ,,,ttcr l,u·on1es \\·arnH·r thcrl' is a lell<1P llt') t,11· tit, 
d1ft,·t·1•111·t> of t~1111•c1·:it11r0 h<'t\\1'1'11 tltr supcrlil'iul lltH1 det•pt>r \\,llt' l" 

to lit,. lllll' gl'l",ltl'l', i11<'rt',Lsi11g 1hP l'11 sist;111t•e In niixturc. Tl11· z Ill' 

of rir<'nl tin 1. 1hr <'I ili1nnio11. tt>11<l'- to lH'l't1Jll1' \',,n,-,tautl_, shalltn\t r 
Th,· 11pp11 r s111· a•·P n1 tltc· tJ1 •1:11Hll·line. Illitrk, 11H' ln,\1 1· lin1it , , t 

lit!' ,1,cra~l' 1·ir,·nl;1t11111. The lil\\CI' ~urLt1'' of ti 1 lhl1·1n1wl111l' in-
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dicates depth affecte<l by the more seyere storms. < )n rare orcasions 
the ,,·atcr of the h~1)olimnion may be dirc<·tly affe<·tcd by the ,vincl 

storms eyen \\·hen a <lefinite thcrn1orlinC' i:-- established. There is, 
ho,YeYcr, an o-;eillation of the hypolirnnion \Yhic·h 1nar persist for 
i-;on1c time after Ycry scYere storm" and ,rh ic·h is prohahly present 
to some extent ut all tin1cs. Its lJeha, iur has not been earefully 
studicl1 . 

. A nnrnhcr of expl' ri1nents haYe hl'en c·arried ont to shlnY the 
effects of a <·.1anQ·e in \Yind \'elo<'ity. }'ig-nres ~-! sho\\' tPn1peraturc 
cnr,·cs for < •kohoji on ,July ~ anl1 9, 19:2+. .\ t t his tin1c the ,vinr1 
Yelo,·it~· had inc·re;1s<'d from 9G:i feet per minute at the tin1r \\'hen 
the tcn1pcra tnr<.: \\a'i rceorde1l on the morning ur the ri! . .d1th, to a 
, eloeit.,· of o,•pr 1:3on tect per n1inute \\·hen 1ltP rt·i·or-d " ·a , t ,i!{('ll 

on the rnurnin!.!. ot' the ninth. I t ,Yill be seen that thP ten1pC'rature 
is not affp1•tu,l hel«i\\' the IC\'Cl of 17 n1cters. ~\ho\'e this l1 •vPI tJ111 re 
has hPC'll a tenJt·n<·~· to eqn,iliz<? the tcn1perature of the ,\afPl'. The 
upper third ,Yhil'h 1·on1ains ahont 40 per <·ent of t he \'ulnn1e of the 
\Yater affeeted. has lost slight ly in hPat ,vhirh has hC'Pn !!i,' en up t,, 
,rar1n tht· l cl\\Cl' 1\ro-t hirds. The air tcn1p<'ratnrc of th1• aften11ui11 

of the eighth \\as ,ery high so that it 1·0111ril,nt('<l e111n1gh IH•at alHJ\C 
the an1uunt h,-.t by cyap()rnti11n an I 1.1«li.itjo11 at n it.di t,1 rn.i r· tb/'\ 
a, enitre tc1npr.:ratnre 1,f the sc, C'nt c, n 111~1<,r:-. in,·1)1\ ,. 1 t ·01n 1::; ".21 ° ( · 

to l~_,ne, '. I t ;1ppcars 1h;1t in 1024 tl1r> st .. 1biliL.\· L,1k1· 1 1k , hoj i 
\\'as :--nc.:h that a "in,l YCllwity of 1:300 fPe1 p1.:1· n1inttt1 \O U! I jJLt l 
all ut' the ,,·,Ite l' ot' 17 n1ctP.rs in ilPpth in c·irenlatir,n hut ,,·onlrl have 
little or 111 1 <->ft\et on the ,vatcr belo"· thi" 1lepth. 

1'111, r,ffe1· t o1 n .. ~trongcr ,, intl is sho,rn 1n thr Jen111f'ri1t \ll'l' 1•t11·, " 

f •r .J uly 2!) ;11 1<1 ~~O nf the ~ame, ear. Tn this <•i1,i, the " 'ind ,·1:tln1·lt . . . 
had jn<"r r.nseil fron1 11:2:i i'crt prr minute to 1 :i I :t'.t•Pt pel' rniiu1Lt> 
The t h"l 1n3] 1·csisf;111c·e to mixture ha" 111<·rLa-.1'tl s1>11ll ,,l.I, t, J.111 fi\ 1 r. 
sn 11" rff<>ct l)f the \\ in•1 has been i111•1·c ;Js<"d hy it '.!l'<'atcr , •J 1wj1,·. 
Jt 1nust l' s:1id . lH1\\P\'er. tha1 iL is pn 1h, hlr: th.it th· \\'in,l 1Pl•1-' ~ 
· ndi t · !Pd \\'fl , not snffi1•i 111 t pr,1d111·<' all Qj tl1P. effpnt shu , 11 in 
1ht• ,. II'\'(', Th \'Clo1-j t, or Lhe late J}l'll'llll1!! .ind <'ill' \ af •' I ll ,11 . . 
\\',h rnu, ·li !!n•·1t,,r tit 111 l -oo t•c t; l' r n1i1111t 1,. I t ,vil::-, al t 11~ U 
1111 \\ in,h· t ,1 \'I ' ll \ll'f! 1111 on the lak1· in a l.111111)1. E, 1 J1 \\➔u Ii 
lii!..dt \ \ J 11,l , ,1!0,·it) th< , ft\•,·t "·, n<)t ;1, !.!l'f'a t a, n1i!.!.'}1t his , x11e1·!e l 
aJtf • .d 1 r:1 · i,· ill., all 1 · tlte \\, t1'1' 111 th" n1:ti11 lak" n I t l1a \ 
h1·1 11 , !1,1 1 1 },, 1 t,, '-'( r 11 <•x nt. 

_\-. ,, 1 h th~ 1bfttl't·11,·•· in ,111d ,el ait ~. ,, ;11--, th" d1 rr 
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te1nperature from stratum to stratum, \\'hit>h 1neans ,l <liffprc11<•c 
in rPsistunee tu n1ixture, detern1ines the 1lepth to ,vhieh 1·in·ulation 
n1a, hl' c,t a hi i,hetl. I~ir~e hns gi YC'n us t In• r ornutla for dett·rn1in-

• 

ing th th<'rn1,1l rt ~ii,;t n · the \York <lone in 111ixin!! a C'olurnn of 
,vater ,\ith it-, unit base ar <l hei! . .d1t. an1l ~t llnirn1111 t<'1npernture 
~r: clienl. 1 ht! rha1 ts an l'lll'Yes sho,, in!! 1 hennai r,•,ista n,·' t,1 

Dm-l)p 
Yert ieal n1ixtnre are hase<l on tht' furn111la , 

\rhcn tht' diff<'11•11ce in ternperat11rP h<'t"l't'll 1ht'• s11l'fa('(' ,111,l 
the h11tton1 is nnt !.!'real the resistnnt·c to 111ixture is 111 t ,-,o !.!l'Pal 

hut that a ,·nnq,arati\ el~· "li!!l1t "ind ,Yill tcn1l to Pqnaliz1• thP t,·m~ 
pcraiurc. ,,Th,•n there is a <'(lnsiderahle <lifferenl'f' in tPn1pera111r0, 
the r,•..,ista111·<· 1n 1nixtnrc is inc·rcasl.'d ,111,l thcrr. "·ill he n t1'11den1•~· 
to et:tahlish a zone \'a1·yin~ i11 depth frun1 1J1c surta,·<· a1·1·ordint!" 
to enn,1ition ·, hc•lov,· \\lii1•h th0- tPnlJH·1atl!r1• elia11!.! , hut HUI<· thir 

in!r the ..,u,nrnc1·. It is int ·n ,tin'.!' 1o 1•1,111p.1rc tlH· ,1 i ti 'hution llf 
tenq,e1atu,'l' frorn ~-l", r ' 1 y(• tr. Not on!J is thl"n• .i , i11'<1r1111<·1 111 
ihe :ii,uibution oi tc.n111r<1tLU'i" tJ1rol1~honl th• lal·,, h11t thrr<' i 
a.l:..o a ,·ast diffl•rc·nc·c in the t<ital amount of h<'at a1•ru:tll~ n h,cirht'd 
b>· the lake durin!! dift'rrcnt years. 

\\.hen the snrnn1cr heat i11ron1e for a numhl'I' ol' >·ca1 is pl •11PLl 

it nu1y s<'cm to l'ollo\\· surnc sort of a f'yrl0. It is, 110 doubt, pro
foundly .ift'c•<·t<>d b.v l1wal <·1in1ati1· c·onllitions \\ hi<·h npJH'aJ' in ·, 
~••nP1·al \\UY tu Li• <)<li · in 11:lt11re. It i · trnc that the> an1on11t ,111d 
d' tr:ir ut1un lf he..it i11 the lake rc>~11h1tc 10 son10 t1 ~t<>11t ,it l<'nst thn 
;untJ 1nt n11d distril 11ti,,11 of ,1i !.1Jh1•d ux. er ·11 and this i11 l11rn h;1s 
an i11f11H'111• on th0. n1<11u1t nnd dist1H, 11in11, r plankt1111. \Yhi<·h an· 
in11,ortant l,1<·tors in tlH· '\\1'1ia n• ,,r 1h<• lish ,., rnrnu11ili(•s, Tlt 'r~ is 
l 1tt11•stion bnt that the fat and l,·an :-,c:1r ot 1dnnli:to11 rr1• .111,l 

l'.! D D 
~ AC:: : - ,) 

.\ = an•a of rolumn. 
C' - hPig-!Jt 11f ,·olumn. 
Tl1 _..,. t],,11, j l,\' Of 11i1JH'f • UT fa,•,,. 
v. == d( II it_y or I w••r ~11rf·11•1•. 

· · l.f \. n11,I I ·1n· assum, tl •\1;, u~t:wt , f ,1 i11 a11,• l • I· 1•11.1. : nd JOO ,,, 1 .. 
lh 'lt tht tl11.'r111al 1~·~i t:uw,• \\111 , :q_\ :t1•r•ortlin.g t" th" du , f l l I 11 , or to 
ll'lt. \t• It JJl tr llll r 1' J I>, ·,t'f' 1 li11,! LO 1111' \ d JI If- (1-l\) J-J> ). !11 

11ui , ork tit, • ll1l11 1al n..:si ta1wc unit ll .- JJ .1Jr111u11R i-. ni;:,•11. 'flw11 all\' 
, ,Iu1n11 of \l';Lf<'r 'Jlle ~q11ar,. ,. ntiin1 tt:r in :u, a an•l Jon t·Pnl 1llld •r higl~ w1ti1 
a V111for111 t •rri111 ratur ;,ra1h,•nt, tJ111 uund1 r of unit:; of tJ1,.rr11al :r •fli~tan,·, 

1 t I)"' J )D J J tJ • is 4 : " , 111 n11, n ,PJrt!{ 11• !•'lll JH'ratnrP , t th, wat, r at tho 
8 



to some extent the good and poor years for fish arc tied up 
wa:' ,vith the ten1pl'rat ure ::-situation. 

. 
111 some 

\\'hl'n the -,ununcr heat inl'nmc tur tltt> yea Is 1 ~ll;i-19:27 i::. plotte,1 
it ~i,·c..., ~t rathl·l' i11tercstin~ 1·ur,·e.' \\~hilc the data f111• the :''C.tr" 

1!)1;>-1!1:21 ai-c in1·u1nplt·tc it pr11halily indil'ntts the tc1Hle11ey. Tl11' 
.-,nm1nPr in<'ntn, s f,11· l!JLj and l~llG ,,el'l" 1·ornp11t1•d fr11n1 Tilton , 
re<·o1•d.., for \ugn,t ;1, 1!J1~ a11d .Jul~• :!ti. ]~llG. \\hilc th11 for 191!) 
is Hir~c ,HHl .Juda~ ·s n'sulls i'<.1r .Jnl:· :in. l~ll~l. It j.., not (·crtnin 
that tiH''-1' !.!i\P thl' 2"rcat1 -..t a 1n11t111t of ht1at ahsurh<',l hy the Iakr 
,lu1·i11~ till• su11\1nc-r, in quest inn. There arc 110 dnt,l 101· l!J l 7 1"' 
1)1• 1D:2D-:.!l. 111 l~l:.!:2, t1•n1}'('l'atn1·e dntn are aYailahle lnl' th,· til ... t 
l\\11 \\l'eks in .\.u;;usl uni~ . I•'or 1~l:2!{-1~l:.!7 t1.'tllj'l'lt1llllt 1· ·11cl11 !!' 

,, ('It' n1arle frl'rp10ntl?, dail)· "hen it " 'a, 1,11..,silile to !!1l uut I u tht: 
lakl', nnd fr1Hll thl"l' rea,lintrs lhos(' ! . .drin!.!· thr highest ht·at-in,· 1 n 
Ior tl1l' sun1111t.?r ,,ero <·hn"l'll llll' tlH' L'llr,1.·. lt ,rill be 11ntC'1l th,1t 
tht>re \\H'- a ,el') lo\\· heat-in1·111nl~ tor 1!l1.> .• \ h'11111eraturt' l'lll\'t' 

t'nr this ~-c,11· shn\\:-. n J•l1,1rl~· dP.\'1'lnpcd thcr1n111·Line c111,l th~ diff r
{'ll< (' in 1<'1n1wrat11rP hl·l\\ •'l'll the ,-.u1·f111.:e and the hott,1111 \\a-., ptt>h
:!l,h 11111 llltil'i' I h,111 ii\ • 01' six l.e!.! l'l l'' Tht' lll':\."t \ l',I l' l he he..r . . 
in1•1111e ,1p111 Li h ,. ·uL'It d ,,1, 1n\t·h. l.u 191!) ,ul lll~:.! till' 

t11t·ll ,un 1nn 1 , h1mt ~1,ur1 ,:u.1d ll jp,, I l pl tit tiµ_1 the i: 1 

i 1)!!" ,, , 1 , nl cl In" 1nt1 d t ~ 1 1 -! till.It.(' ilori"" 1 1 ~' """-~·~ 

, ., p1i11H t 'l' "f. -.,u1 l,tl'\'. I >i11·i11 , t!J,•s•' ~ ,·ar-. tllt're i, n shnrpl_\ 
ti 111'd Ll11· 1·111u1•li11 • 1 ---11blh,ht'd i!lld the diff1•rt>111·1' i11 t1'JHPL'l'at1 l · 
1 ct\\tt 11 ...,~, :1<P uud h11tto1n \\~\" ,1hn11t J\1nrlP«'ll ,n· fiftel'n lll'!:!Tt'l!' 

11•n i!.!1.1lt· l·'il' I!)~;{ tl 1e1t• i, n tl1.'1·idC'tl drup in the> nn111lt1~1· ot 
1·•tll1ri1" ;tnd 1111' the IJ()\t thl'I'<' Slllll l11C'l'S tht• d1•1•li1H' is ,.l l'~ 1·0.1 • 1 
' l'h(• th<•11n(lt'lin1.' lw,•onh''- Ip,.., sha rp!~ 1n:~rk0d nntil it appar, 11 . 

,.1111 ~d1es in l!l:2,1. l!l:.!(i :1n,l l!l'.27. TJH' 1lift'i l'l'IH'1' i11 111: 1l l 
l1t1tt 1n1 10n1pera111rl's uls(1 di1ninisht'" ns c.111 ht 'l'Ul h.; ':-;iu11i1th ~ 
t 1e lt1 rnpPr11tu1(' l'har ts l01· thl'~1• ~·L:11s. 111 \1):27 he t·Ul'\ t' ht '!in, 

~n up"a l'd trP11d It \\ill ht inlt n•,tin~ L•• ,, ,, ,,bl'tJ11'r th.i, l'l \\.tr 1 
I )'I 11d l' (IJ1ti11tl\'' d111'i 1)1_! tll, 111•:-;t re•\\ _\ I tr, t fill <1\ll tl11 'L11 \ 

\ dl L t ile I ,t i;1d., nt t h1' di ... p 11.i ti\1L1 111 111(' 111 1t tlu , n!:11 l l 

t'liil sl 1'11Ld 11( th' l:il,t \\ '!l lltl\\ ht· Ill hll' ],, l,.l '-'l' <'li ti l'-
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In order to u,e Jata obtained on Jays when it \\ as nut possible, for 
one rea:-;on or another, to ubtain rcaLlin~s for the -+'ull fo11y meters, 
only the tempcrr11 nrr for thC' first t ·went> 1nctt~rl-, :ire plotted. The 
ten1pc1. turc IJPlO\\ t,,cnt) meters ,aries hut little for the sun1mer 
and c-han!!e-, \'el'}' !!r,ulnallY fron1 this point do,,·11. 

The tcn11 c1atun: 1c:idn1'... fur 19:?:? "ere he~u11 ab,1ut tl1e fir--.t 

lO 

1700 C0,l, pc.r Stf c.., 

/9tt. /9J.3 191 

P1~un .J. < un·r of 1111·nmc of ht•at for the sum111ers of ] 015, l Ulu, l!llfl, 
aud :Ht!:! tu H1~;. 

ur \ugn t and •·unti1H11::d tJ1ro11!.!h tlic• ni11etee11th. The ehart sho\\'s a 
111thrr \\id,, dift't>1·1•nc·e in l11 111p1·r;l1u1e bet\\'<•rn the' ~urfac·e antl thr 
t,,·cnty 111 ctl'J' leYel-a di ff<>r<•n•·e of ahottt l'.2°( '., ul' \\·ltiC'h about 
1 nc-]1:ilf the Jiffcrc1u·e is ill the la~t ih·e 1nr1<·1-s. The tlH·r1no<·li11e 
is l1J<·at(•d at about tlH~ fj !'teen rrH tf•r ll·\ 1•1 and it l-.lHl\\S as great a 
!.._ill in tPn1pP.rature in fiyp n1ete1·s as do<'s thP <·11tin· fif teen n1ctcr.., 
111 tb,, "l•ilirn11i1Jn. ThC'1·c is 11ot rr1t1<'h <'hang-r i11 the depth of the 
tht:rr111wli1u• 1lurin!.!· the tin1c nt' ob!-\Cl'Yation C'Xl'.l'pt d1tri11g a \'Cl'Y 
J1p·1\'J wi11rl sto1·nL. The daily rnaximnm and n1inimun1 trrnprra
tun, ,,c•1P ret1,rd<·,l IJ~· l>r. 1''<.!r<liJland ,J. :--;n1ith at his 1·t•sidc1u·e 
(Ill. 1 he .... r>UI h slto1·e ur )liller ·s ha>· a11d ,, ere ohtnine1l fro1n the 
111011thl) \\'1•;1thP.1 111u·1•a11 n•port. The \\ incl YrloC'ity, \\'here in-
111, at ,·<l, ,, w-; , st irnatPcl b,\ 1·01npa ring fie!J note-; \Vith observations 
Hlitdc aft 1•1· }111 ane111011u~t1·r \\ as obtained. 

f11 1!1~.l \\t• find a dift't're1H·e of tcn1peraturr het\veen th<· surfaee 
and 1,,1•1 ity 111<•t1•rs ,1..., n1u<:h a:-- ll "C., even as early as the n1idtlle 



of J tme. The amount of difference increasec;; gradually up until 
July 23 \\·hen the 1naximun1 of 15.5° difference i-s reached. The 
ten1perature at the t\\enty n1eter leYcl has not changed much. hut 
the stu·face temperature has increased fron1 about t,yenty degrcec;; 
on June '2.7 to nearly t,,vent)·-se,en degrees on J uly '2.3. The greatest 
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Fi:..;,irl' 11. TPmp,•ratur,• of t'ad1 fly.- nwt,•r zo11t ,1o" n tu 1 h' tlt~ m ·li11r. . 
and for ea ·h mct,•r thrL111g-h thr thi>rm,wline Ll l\"11 t1, ::o nwt, .-~ f om 
:1 to August 1\l, Hi::~. 'fhL• maximu1 aw111lini1num air t 'mpcrature, a:r 
1,y ti~ tl11tt,·1l linr:-. Tlw wiu<l vdt,eity i •-timatPd, h l,m. 

fall in t1•11111t 1';1t111·r· i:-. in the ZtHH' hct,rcen t<'n and fi [ t<:l'Jt 1net 1,. 
ur fi,<· nH·ll'rs !H'.11'<'1' the su1·fa1·t• than in 18:!:.!. The> thPr1ncwlI111 
t\ r l!I:.!.~. tl1t•11. ht•~a11 il t about tl c d<>pth Qt 1e11 1nntPr:-. :J . .Ud ,,.1, 
,il1out Ii\ l' n11•t<•rs in t hi,·k11cs,. Th,· t·h,11 t for 1 n:!~> al-.o sh "-. tl \:' 
C'ff,,,., ul hii .. dJ ,,1n l \l:~\wit:v t•ll th ,ar1,,u-., ..,,rata 11f ,,ateI': lu t!Jt 

(•; ,,, ,1. t11t• -...h;1q '1' 1w: k, ()! tt"'111pe.1; Ill!('. <'s)lf'l•in1l) \\hi ]'I tlw 
d(( [•Pl' ,11,1\a , rt in ·u1,,i1. 1111 tfi'11·t , i' th<• ,,in,1 j , ,. a •~t'l, 
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because the hoat ,voul<l drag anchor an<l drift so that the therrno
n1eter line "onld hang at an angle. These readings are included. 
and vlottc<l. ho"·eyer, bcranse eYery test sho"·s that they n1u...,t in
dic·atc the ,1pprox1n1a • .., ..... t of the ,vin<l. Also the fact that the 
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10. 

I I 

ii 
I I 
11 
I l 

E1gun· !J. 11,,at <lbtributit•n in Okoboji for June, 1n~;;. 

te1npe1ature at the twent:· meter leYel re1nains r,raetically tbc san1e 
indi,·atfs that the l'C':}(lin~s <'annot he ,ery 1';1r off. 

'fhr. t«'ffi{)Pratur<' ,·hart Jor 19~4 sho\Ys c•ousidcrably less temJH'ra
turc L1iffercn1•e in thC' 11ppe1• t" cnt:· rn<'tC'rs than pn:, ail<'<l in J 0~2 
,uul 11\~;3. althongh cYPn here thP :1n1ou11t of diffcrcnrc is a-; n1n<'h 

t as lt n dcgrr.cs at tin1es. "\I:· <1ata :4CPnl to in(li<·ate that " ·here therf 
i, 11 tlift'{·n•ni·c of :is n1ur-h ;is 7°('_ hf't \reen the snrJ-'.1ce temperature 
a1ul that ol' t,\c·ntv rn --- tcrs 011c is lilu•ly to find a Jefiuite thermocline . . 
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rst ahlishrt1 in La ke < >koboji. ,,~hen the differe1H·t• of te111prr:iture 
is lr'-.s than fi,·c dl'grec•-.; in the first twenty 1ne11•r-.;, then' j-., nnl like
}y to he ;1 definite thermo1'iinr and it it ._hnnld he 1.11111h 111.J11·ated . . 
it j..; ,·ery C\ allPs1·1·u t ~\l::;o, " htre the ten1pc1•;1t lll'l' dift\•r1'11<·t> is 
as s1nall ns 7°( ',. tht> l'l'.si~tan1•f' to n1ix lllrl' j.., ,o sli!.!ht that ,1t 111.111~· 

tirne" tlnrinQ' th· sur1111H' l'. L•spr<'iall:x if theil' are 111.n1~• periud, 111 

rather hiuh \\ 1h.l ,1•l1; ·itr. the ll1:1 [ll' l ,,ate1· ,,ill he rnqPLritly l is 
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LAKE OKOBOJI 27 

entire apparatus to the factory in order to recalibrate it to the new 
bulb. The ne\\' spiral ,, ·1 • then further protected against breakage 
hy havin~, in addition to he double brass tube, a ·wire cage, such 
as j.., us, d to protett elc ric light bulbs, surrounding the entire 
thc11nu1nl'tt'r 1noun ting, t 1ns lessening jars. 

The remarkable thing about the temperature curYes for this year 
is the high botton1 temperature together v.'ith the lo,,· surface tem
perature. This is due, I thjuk, to the ,veathcr conditions of the 
early -.;pring. The high ,,·inds of June ,vith the motlerate temper
ature allo,Ycd a c·ontinual mixture of the \Yater in the upper t ,venty 
n1eters so that not a sufficient difference in temperature obtained 
to establish a thermO<'line. The cold disagreeable sumn1er was not 
conduriYc to the storing up of a great quantity of heat. 

\\.ith the summer of 1926 \Ye seem to have reached the climax 
of mini1nal ten1perature difference between surface and bottom. It 
"·ould seen1 lliffienlt to imaµ:inc a summer ,vhere there could be less 
differen<·e. There does not appear to have been a distinct thermo
c:.lin~ f,n·n1e<l at any tin1e during the season. "Cnfortunately the 
dail>· 1n;1"in1n1n and n1inimum ten1perature doe!-:l not seen1 to have 
hePn l'l't·11rded for this region during· this year. Therefore the tem
pcratnrl'-., plottcll on the chart are only those taken on the lake at 
the t1n1c \Yater tenlperatures \'\·ere taken. The general report sho,ys 
that there \\as an excess of temperature for l\Iar, ,July and August, 
hut that .June \Yas "persi<;tently and disagreeably cold," \'\'ith the 
nnl.) ,, ,1 rn1 spell from June 6 to 12 and the last three days. :\lay, 
.J nnP, a111l ,July ,vere matke1l by ,rintl velocities considerably above 
11orn1al. The \\ ind c·nr, e plotted on the chart indicates an un-

1isua1J~- "·ind>· su1nmet'. The results ,,·ere an abnorn1allr high 
h11tt L1n1 tc1npr.raturc an<l a lo,v surfate temperature clue to the con 
tinu:d ...._,irri11g of the watcl' and to cooling by evaporation .. A. com
i,an...,nn or the .1n1onnt of diss1)lved gases an<l hydrion rouceutration 
·,1r t hr so\·1•1•al year-.; \\ hi('h ,vill be giYcn in another study also 

,ho\\-.. th(• (•ft'l.'~ts of this eon<lition to a n1arked degr<'e. 
In l!l:?.7 there is a slight ten<leney to s\,ing ba<'k to no1mal con

d11101t'-. The earl? part of the sum,ner from about June 20 until 
.l id~ ,. "·ith hi!.(h \\·i111ls preYailing most of the time, there is a 
v11ntinual :-.tirrin~ ot the \Yatcrs an<l. ,vith the rather high air tem
P•'r,iturc" tltr1·c, i" a ri-:c in temperature of the entire t"·enty meters 
\\ 1th , l'l'." little spr(•atl. With the period of comparabYely ealm 
,,l.'athLr in1n11•diatPl: follo,ring, there is gradual spread of temper-



9 ... 

ature uuc mostly to the ,varming ot the upper half. The hi!d1 ,rinds 
of July 1 to '.2U rcdn<·c the difference in tcrnperature.-, ~orne,rhat> 

/ 
4 :0O1'M 

0 
o:: 2'1 6S• 
r,132s· 
10.1156° 

l'l:..:ttr• 1::. Sh11\\i11;.! th• PIT•• t ,1f tht> ,lir1·, ti, n ,f tl, \ iu<l , ii th~ 
JI l tllll(' qf 1a1i ,us ]':ll't~ • j t lt • lak,,. \u.~u,t .;, lf•.;· : .\1,1~11-t fl. t1~J. 
' l •_!.) 

\ ,ut d11ri11~ tilt' 1·,il111. hot \\t.•ck '111!11,,in!! th< ,prcadin!! ,,ft',·1·1 i, !.!, 111 
ap\ ,u1·1 I \Yith tilt> J1t• 0 i1111ing 111 .\ngn~t. th0 ln,,r.r t1·111J1 r·.tt 11, .. ,, 

1 -..p ,·i,ill. at 11i .. .dtt. a«·e 1111panjPd \\ ith high1 r \\ind ,. lo, ilH, ·1':! in 
]'111\'lt tl1, t<.•nq1 1.1 Ul'P lin"" tn!.!t·th1·r. 
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'l'he study of these temperature relations over a period of five 
)·ca' s c;een1s to bring- out <·C'1tain farts \\·hich are of consiJerab1e 
intc1 .. ,Yht>thcr 1 hcs1• l'C's1,ltx are due to the peculiar shape or 
YolurnC' d(•,·eloprnt>nt ot' < >kob ji or are applicable to lakes in general 
must he l1r<1utd1t out by .--•01np,trative studies. ~o doubt the shape 
of the lake has a. profounil influence on the distribution of tem
perature as ,\·ell as on the distribution aud a.mount of disso1Yed 
oxygen an<l of plankton. 

:-;e\'eral experin1ents ha Ye been tried in orJer to asrc1·ta in ,vha t 
cffeet, if any, the 11itcetion of the ,Yin<l has on the surfaec tem
perature of ,·arious parts of the lake, ancl \Yhethcr there is any 
cvitlenee of a heaping- up of \Yater on the lee\\·arll side. 'l'ypical 
cxa n1 plcs of t hexe obserYa t ion." ,\ re sho,\11 in l1'ignrc 13, ~\., B a ntl C. 
In .\, \\'C haYc the eo11<litions for -\.ugust 3, 19~:3, ,,hen ,Yith a Yery 
sli1.d1t ~outlnYest to south breeze, ,ve find a difference of 0.8°C. he
t\reen the ~unth en<l ot the lake and near the north en<l. The rnoc.;t 
rapi1l lll<'l'ca-.;c in te,nperatnre is het\\'CCn the xouth en<l an,l the 
deep hole. opposite Fo1·t l)odge Point, ,rhif'h is dire(•tly in line 
,\·1th 1 he dil'C'<·t inn of lhL' \Yind. It ,vill be notic•ecl that above the 
t!Jennoelinc, trn n1eter,, there i'i also an inrrea::;e in te1npc•ra tnre. 

Depth 
() 

1 

3 
:.I-
,-
, ) 

(i 
7 
~ 
q 

10 
11 

'f'errare Park 
03 s..-o _, . ,) 

23.80° 
<)') -..-o 
-·).,),) 

2~.00° 
')9 , co ___ .)\) 

22. ;j() 
0 

22.--10° 
22.3--1° 
22.3-1- 0 

2~.80° 
22.12° 

Deep Hole 
2-!.40° 
9 1 ')i. 0 
"'"'-.1'.. -.1,) 
93 •)r.o 
"-'' --~) 

23.00° 
22.:--9° 
~2.78° 
'.22.74° 
22.G7° 
')•) i.(jo 
-'-·') 

2:2.40° 
22.12° 
~1.~40 

B. ,re ha vc. n similar c·on,lit io1t. 1'he ,, i11d is stron<.rer· n11<.l j,;; 

in,l11·;ited in feet per n1innt<.: nho,·c the direction a1To,v. In l', "·e 
hn, t' a stro1.1g :--un th\\ e-.;f \\ i111l hnt only the surf.H:e ten1pel'ature 
\\;1~ 1,tkt'l 

Pr,Jhnhl~· a n1orc intei•e,ting- exan1ple is ,hown in the eurYe (Fig
ure 14) ,\·here <•,-,n1parisol1-; nrr n1nde nt r-Pgnlnr inter, als dnri11g- a 
da :· and ,t night 'Phc oh.i<'c·1 of thi-., stn1l:-; \\a-.., cspeciallr 1o :-:ee 
, hr. her there is }ll1:· ;q,pr"1·1al1Ic differenc:~ in th(' an1ount oi' Llis-
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solved oxygen uuring Yarious periods of the day and night and if 
there ,vas any Yariation in the hydrogen-ion concentration. There 
"l'l'C three st.ttions rs al shed, one in tho little baylet off from 
l\lillcr·~ hay. son1<'tin1e--; r·.lled ''Little l\liller'R" or Knupp's (-l-ar
d 11. a sc1•ond out fron1 r l\Ianhattan Hotel, and the third o,·er 
the ''deep hole." I~ittle l\Iill@r's is Yery shallo,v, not oYer eight 
or ten feet in clcpth. and filled \\·ith gTO\\'ing vegetation. The other 
t,vo stations are o,·er the axis of the lake and free fron1 vegetation. 
The station over the deep hole ,yas so far a,\·ay that it ,vas not 
visited after 9 :00 P.~r. The table ,vith its accompnn~·ing cur...-e 
sho,vs that the surface temperature over the deep hole tends to 
folio,,· the air ten1perature but very murh less pronounced, and 
begins to decline at ahout 1 :30 P.~r. Both the i11c·reaRe anu decrease 
in temperature is probably influenced by the direction and ,·elocity 
of the ,vind. ..\t about l :30 P.i1. there is a short period of calm at 
\\'hi(•h tin1e the \\ in<l shifts from the north\\'Cst to \Yest an<l later to 
the soutlnYest. The effe('t of this ,Yin<l shift is more evident in the 
temper,iture <·Ul'\'C l'ro1n the l\[anhattan station. During the C'arlier 
part of th~ da>·· the ,vind is l.Jlo,ving the \\'a rmer surface ,,·ater away 
tron1 this -.;tatio11, ,vhich being near the ,vind\\·ard shore is being 
tooled h,· 1he return circulation. \Vhen the ,vind changes to the 
,vest and later to the south,vest, it brings the \\'arm surface ,vater 
f nnn :\[ill er 's bar, \\'hirh, on account of being more proterteJ and 
-...liallo\\·cr is ,varmer than the main lake. The result is that the 
surt'are ,Yater of the l\Innhattan station inrreases rapidly in tem
pei-atnrc nnd reac·hes the prak at abnnt 5 :00 r.11. 

The s,11 fare \\·ater of a lake does not have a uniform temperature. 
Thr. tr,nperat ure of the snrfare in<'reascs son1c,vhat from the \Yind

\\ 'a rd shore to,\'a r<l the lee,\·a rel side, as well as in depth. Certain 
-...pot-.; on the surfa<'<' ma>· not be in the line of current, or ma>' be 
si tlt:t trtl \\'it h respe<·t to ce1·tain topogra phira 1 c·ondi t ions of the 
hot ton1 \Yhere there n1a>· be an np,velling of rool "·;iter from belo\.\', 
-...o a, to b1• sensibl>· rolder than the snrrouncling areas. In shallov.' 
,, afl'l" 1 his n1a>· also he clue to bottom springs. These eold spots 
ha ,·c• o t ttn hern notiercl hy Ion~ Lli~1ance s,vimn1ers and, as ,vell, 
I.,· ,Io,\ 1.v traili11~· the thl'rmometcr hehin1l a ro,,· buat. 

Th,, qne--tion a-; to ,vhcther a thermo<'liuc ,,-ill he estahlishecl or 
11 11 1 dt·1,e1H1, upon the ('haracter of the early summer and spring-
111\lnth-.... I f the \\'Cather is mild or C'Ool and Yerr \Yin<1r the " ·:i ter 
,, ill he stirred f'untinnally so that there \\·ill not he cnou~h difference 



in t1•111p1'ratn 1'<' and ,·onscqu<'utly ind, ru ity h1.;t"een the uppt r a11d 
lO\\'<'I' -,t1,1ta to .ill 1\\ ,11he11110 ·line to b c tahlish1.;d. 

The f.1ct that L 1k1.; tH,ohoj1 1nay ,Jin, an unusu 11J~ b11,?h b ttom 
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lu\\'t'r. ::\ln<:h 1no1·e he.it "·onhl be lu"t h~ cvapor.1tio11 th.in \\-onkl 
hl' lost 11:,· radiatit1n ,lurin~· eold night" or eluud:- \Yeather. On 
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1L j..., not ah,a~s tl'11f\ th:11 the holtt•st stn111111•1· "ill 
p1 ulu•·•· tl!P , a 1 nu1 i;;: t lttl ("' 

r}l(, h< a t ~ b,11}'1 tj(1U by khc• ].tl,. d<' JH'Jl•b 11prn1 th<> ai1· t<'JllJH'J'

u.1·0, Ji' \\Lll 1 'V ]) l{:\. l,.'\.tpv1,n1iou. thl~ sh,1pe ,uu1 f•d11ti 0 111-:1tir1n 



of the· lak1', and thP llireetion of the \\'inLl \\ith referc>nee to the long 

axis and hutto111 slope of the lake. 

-..;( 1[:\I.-\R\~ 
Tiu' us1• of an 1''-Jicr-iall> 1lesi!!11<'J plutinun1 ,vir0 resistan1·e ther

n1on1r1 <T ha-; 1nadc pussi hlr a ~rca t t J' 1111nt hrr l,f depth tL•mpera tu1 e 
rr.adi11•t, fur Lak,, 1 lkoho.ii than i:-. lL--.unlly olitainecl in )j11llll)lo~i<'al 

,,1 etTatiu11s . 
• \ t•u1npa1•i,-,011 of daily i-t 1a1lings 1or the sum1nprs n' 19::!:2 to 1!)~7 

,h1)\\s ,L ·oui.:iderablL' v,1riation in the 1li..,trib11ti1Jn and an1ount oi 
h Pll l ii l,sor ht d iu ri 11 '.!' en 1· h :-;(.:as on. 

\\""ht•n tht c.l11Tcrc111•13 in t1·n11ier·at11re het\\Pen tht' ,nrt'.11·0 an1l 
1,, l'lll) 1uct11rs dcpih i, l1's:-, 1 h 1n four ur 1h L' dt".!'l'C'Cs ,·cnti!!'r ll' a 
co111JHll'I ti\, I? light \\ i11tl \'- 111 prudnee a 1·t 1111,h Lt• l·i1·c>ulatiou or 
1he \\, 1, ,. to tl nt 1lei,th. and probably to the t,01\1 rn of thl' lnkl'. t 

\\Thin th1' , lift'<·l't'n1·c i-.; •..: l'l'ater than ,ix ul' ,e\ en !l'~Tt ('-.. it. \\ i.ll j 

t.tl· .t lllllr It str,1ngl'J' \\illtl to :-.ti,• the \\..II Cl' t \'l'll IJrlt,,\ tl'H I 1' t\YCh C 

1111!11. 
In :1 l!JD", 111.u 111,, lak1' Jil,L' 1 lkohoji. the tlit'L1t·tio11 o tho. \\-ind 

h .1n ,>fr ,·t u11 it /, 11; 

Th, ff,. ilio \~i11d ilc•p •nrl upon jt-. \tlt11:it~. the :li,tri.lni ion 
u1 JJ\ 1c- lnl t, · nd ide• 1, 11 in. i"on1.~iti1 n,. i di'-"C~1Jon. 

Thcu• !) Ph · "'r, iu liroin1.rtit1n of th ru1 Qnt f heat n~ 
,v1•l11 I h. L l, ,. , 1L,1Ln.,! ,luri:u~ 1 h1' p, 11u1l 1 U2~ tu 1' ~-;-. I )ur41•• \.,,t; 
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SJ,;y'. Cleru- Cloud)· Cloudy Clear · Hazy Cloudy Cloudy P.C. P.C. I' ( ' P.C. S111·nkle P.C. P.C. P.C. P.C. Fog~y l'.(\ P.C. 
Rar. 
Surf~ ;fi,00• , . ·'D :!5,6~ 26.13 2/i.48 26.23 :!4 .96 24.30 2,l,70 21i.2R ;!3 ,RO •~fi.68 2:1. liO 22.67 ~2. t~ 22.RU 23.00 22.3i 2:l fiO ? I.RO :.6.~l , 
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r;, ~;/,95' 26.SO 15_;0 25.\18 25.18 26.-tf; 25.00 21.20 2-1.SO 21.40 2:t fl fi ::4 .00 '_3,60 22. 67 22.12 :..2,3.1 22.7R 22.UO 2:!. l :! .! 1.67 
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l '' 1 s · 11~ 1, .16 } j)j71 17 :16 16. 15 16.1<9 17 .77 l \l.36 ll'i.66 16.91i 17.fii 17.67 lb. If, 22. f,Q 19Afi l 7.A7 16.78 18.90 19.90 20.00 C ~- •,. ; , 

1 '" ' 16.78 l l.66 1 i iOO J :,.8'l 1•1.4-1 15.11 161H, 16.78 14..14 15.7~ 16.56 H,.S!l 11. 78 22.~0 16.78 14.7R IF,.23 16.78 17.1:! lfi.12 ~ ... 
I I. 1,1 :iii 13.30 11.00 13.60 14.10 13.30 I ;;.1 I 11,..119 13 .:10 1'1.00 1 :i. 50 11.H l:J.3ft 21.7~ 11.66 13,50 11.60 14 .20 16.12 lli.11 0 1 ii. I ~.90 12.70 1:~: 10 1 :l.'.!11 12.40 12.40 12.so, 13.10 12.65 1 :1.00 12.70 l:!.7/i 12. 10 16.00 12.F.O 12.Rr, 13.50 13.10 1 :l. !iO 13 00 to 16. 12. 60 12.30 l~.-10 12. IO 11.SO 11.60 1·2.10 12. 70 12.10 12.35 12.00 12.30 11. RO 15.67 J 2.30 12.60 12.60 12.20 12. 70 12.r,o 
17. 12.10 12. I 0 !'1.~o 12.20 J 1.50 l l.3f> 12. !fl 12.00 12.10 12.10 11.fiO 11.90 11,;,I) 12.RO 12.00 12 11) 12.10 11.80 12.2() 12.10 0 
IR. 12.10 11.80 11.60 12.10 11.40 11.10 11. 70 r 1. 10 12.10 ll .90 11.10 11.fiO I 1.25 12.70 JI. 60 11.60 l l.Rfi I J.50 11 7iJ 11.70 ~ 
1 !l. 1 :!.!)0 11.60 I 1.:lO I l.60 l l.10 10.90- \J .:iO 11.60 I I. 70 11.60 10.90 11. tO 10.60 I '.!.10 11.20 I 1.:lO I l. 60 11.20 I 1.30 l l.3ii 

,-.I 

20. 11.so 11.30 11.10 1 I .';lO 10.SO IO.SO 11.3(1 l l.3f'i 11.40 11 .:io 10.60 I I. I 0 10 .. 10 11 I 0 11.10 I 1.00 1 l.:!O 10.!lO I I . '.! I\ I 1.00 
:! 1. 11.70 I 1.~0 I 1.00 11.10 10.60 10. '10 I I. 10. 11.20 11.30 10.!JO 10.fiO J0.!10 I 0.40 10.RO 10.75 10.60 11.10 10.80 11.00 10.8:-i 
!!~. I 1.50 11.0(J 10.!lfi 11,(,0 10.:;o 10.60 IO.fl5 JO.RO 11.10 10.80 10.:!0 JQ.7r, 10.30 10.70 10.70 10,GO J fl,!)0 I 0.60 10.8[, 10.6fi 
23. 11.30 10.50 10. 7f1 l O.l:0 10..10 10.51). I 0.70 10.70 11.00 10.70 10.10 10.70 10.'.!0 l O fiO 10.60 10.50 10.70 10.60 10.70 10.56 
21. l l.~O I 0.60 10,75 I 0. -IO 1 O. IO 10:60 10.70 10.RO 10.65 l 0.10 IO .fi5 l 0.20 10.40 10. r,o 10.50 10.65 I 0.60 10.60 IO. lfi 
25. 11.20 10.7 5 10.30 JO.:ir, !fl. 10 10.60 10.70 10.60 10.10 1 0 10 10.10 10.:lO 10.-15 10.40 10.60 10.60 l O.fi6 10. IO 
26. 11.10 10.70 10.10 10.30 10.3fi 10.60 10.50 10.30 10.00 10.20 10.10 LO.GO J0.50 10.~0 10.30 
27. 11.10 10.60 10.10 10.20 I 0.31\ 10.60 10. 10 10.30 I 0.00 10.16 1 o.no 10.60 1 O.fiO 10.40 10.3fi 
2R. 11.00 10.50 9.90 10.20 10.30 10.fiO J 0.40 10.30 10.00 10.10 10.30 10.50 10.40 10.30 10.30 
29. 10.90 10..15 9 90 l(!. I 0 10.40 10.30 10.'.!0 9.!JO 10.10 10.'.!0 10.60 10.30 10.30 10.20 
30. 10.90 10.40 9.FO 10.10 10.35 10.30 9.90 9.90 10. 16 10.50 10.30 10.25 I 0.10 
31. 9.80 10.00 10.20 10.30 10.25 10.10 
3:?. 9.70 10.00 10.20 10.30 10.20 10.10 
33. 9.70 9.RO 10.16 10.10 10.16 10.05 
34. 9.60 9.60 10.10 10.00 !l .90 
36, 10.06 9.95 9.85 C,i.) 

<..o 
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T ,\l:Lfl ·;;. ·'T'E.\II' ERST URI· RE..\.Dl_p, (,t-; \~I> Ml•:'I'EOROLOn.ICAL DATA. 
1.~• ~f Mr,y' Jun(: 
fiat•: ;!S ' •I ,,_ 6 () 'JO ~,I I'.! 13 H 16 16 lJ 1 (l 19 :?O ~o 21 2 3 2-t 26 
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:l:l. 10..SO 10. lfi 10.0!J 

31. 10.20 10.06 

36. 10.05 10.05 ~ c,.;, 
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TADl~E !1. Tl~11Pl'R \'l'UHf·'. Hf•~.\DINUS \Nl1 ~11':'l'l-:OROLOGLl'.AL Tl,\'l'A. 

l~t~5 · 
Put() 
frim,· 
.\ir' C. 
\Vint.I 
\ elf'C. 

SkY· 
"Hl\r .. 
$urf, 

1. Ul.1 

" 
:\. 
~ 

•'. 
6. ~, 
'. 
~. 
9. 

\0. 
11. 
1~. 
13. 
u. 
1;;. 
16: 
1,- · '. 
18. 
l~. 
·~o. 
21: ",, 
23. 
24. 
~s·. 
26~ 
21. 
28. 
29. 
30. 

JUI.Y ~7; 
10::lon 
~fl.0(1 
NE. 
1000 
6 l 1

~ 

Ckii'i· 
:ll rs;; '- \l. v,_ 
:!1.6(1 
~ 1.60 
~ l ,Gi.l 
:! I .6(/ 
~ J. 6!i 
·~L.60 
~ l.lii) 
) 1'50 
'~1.;;ii 
~ l. !ld 
~, .·11, 
~ LllO 
:!1.:;;(1 
~J.130 
~ t .!!O 
~ I ,Oi'.I 
:!l.00 
'.!1.01) 
'.!0.(,0 
19.f>I.! 
1 ~ .60 
1, •. 10 
17.10 
16.90 
16.40 
16.10 
16.00 
l.i.90 
15.90 
15.30 
l r,, ~O 

~s 
10:0{)a 
20.ou 

N NE. 
100\J 
4 ll 
l ;l<al" 
:l(t-0~1 
:! I .'10 
~I.HI 
~I.Ill 
J I. 10 
:!I.II.I 
:'.: l.~Il 
~l.-111 
~I. 10 
~ 1.3() 
~l.~0 
:?t.30. 
' ' l .'\0 
~ I :~(i 
:!1.3il 
:!l.~O 
l 1. 00 
:::ru,o 
19.~() 
IS. i;O 
·1-. ••o· ,. ... 
I~ .90 
1'7!'~4_1 
l7.4 ll 
16.!lO 
16ji1 
16.50 
16.:!II 
16.10 
16. 10 
16.00 
I ~.90 

_9 
,,oon 

:!O (10 
N 
:l I 5 

,>01 
Gl,·a, 
'2~'.!ll. 
21.10 
~,.10 
!i!I. Iii 
c.·t.11) 
!!l.10 
!LIU 
:!l,111 
~ 1.1)0 
)!l,(IQ 
'.:11 0(1 .,. , 
°!l,tl(I 
:!Q.!}fl 
20.:16 
20.~~l 
:!O,!lO 
Xt,63 
Hl.35 
IS o.:.· 
L'i,li 
l'i.65 
tr.~JU 
17.1 O 
l ti .~$ 
lG.30 
IC.30 
16 l)ll 

1 ii:oo 
lf>.76 
i.S.'iO 
15.60 
15.60 

:10 
ti :001\ 
l!•.UO 

N.\\ ~ 
l lH1 
GO·,, 

l'l~u, 
~:0.(10 
:! 1.00 
~ I ,II\] 

:!1.uo 
:! 1. 011 
~1.00 
Cl.OU 
:! I ,1.)(l 

:! Loll 
:! ! .110 
:! lclhl 
:!l.Oi 
,:! IJJO 
~l.Q(1 
~ 1.00 
~o..ua 
~iJ,91) 
~O. SfJ 
20,50 
19.~ 0 
l.~.90' 1.-,. r,u 
L~,.< f 0 
r, ,till 
l 'i .3iJ 
1.7,3() 
l\;.~(l 
lll.~O. 
16.60 
16.:JQ 
16,00 
15,90 

• Readings correcte<l for altitude. 

;JI 
fl :(10,t 

1 ~.oo 
N..1.E. 
1,tii(1 
87 11 

Cloudy 
:lO~cy; 
~O,lll 
:rn.to 
20.f,0 
20.f,\l 
:!!J.f,(J 
:!O..r.o 
:!0 .• 60 
20.fi0 
10.r.u 
:!U.60 
:..O.uO 
!O.i;'O 
20,Hl 
.:!OA(l 
'.?l'. ltl 
:!O. IQ 
!!O_.~O 
'!! Q .lJ (I 
IStiO 
1 s.r,o 
.!S.'..!U 
1.-:.lH). 
l ,.9(1 
1 G.,v 
16~\] 
16.'.iO 

\ui:;. I 
S :UO:t 
!!(1.00 ·~- \\.·. 
Mill 

16 
c;1,~nr 
il0,13 
:!O.!ltl 
,20.:3(1 
~o.:rn 
~o.-.=o 
~o.tn 
:!0,20 
2Q . ...:u 
!!U.l!il 
~11.~V 
20.'!0 
ro,".!o 
~0.20 
~o.~o 
,20.!0 

I 
11; ._ 

,1 
l 
1 
J 
1 rr,1 

}!;J;() 
[!,,60 

1t'J60 
1,ti·. G!J 

l ::Wv 
21L6 

l\",\\' 
:lfl3 

Cl,·1H" 
ao.n, 
21.:10 
2 1.~5 
:,?l_).,';' (J 

~lt.~O 
20.80 

o.a11 
.!U.~0 
t0.20 
20.~o 
~o.t11 
20.~il 
:!O .. ltl 

II.IQ 
'(\. I ( 

.. O,u(l 
I {l .'S5 
I {1,1\ll 
Hl,i\(l 
ll!..1ritJ 
I ~~.l(j 
11.sq 
17/~0 
1 li.~5 
I il.4 Q 
Ir.. IO 
J5.!l5 
Hi.SO 
15.SO 
lG.111 
I ii.Gil 
15.50 

I! 
.~ ;:lOn 

23,.lj 
~-

.11;(1 
~0(1 
l lnzy 
:io.o 1 
'! I.SO 
.!l.30 
~l.20 
:.!I.OU 
20.l-fl 
2n.r1n 
l!tt.!10 
£0.tl(I 
20 ,:!II 
to.~u 

O. l!O 
~0.20 

(I ;.!O 
20,IHI 
l!J.,DI) 
1~70 
l!t.[\U 
1!1,11) 
lft.10 
13. lll 
1:i.00 
17 .. 20 
IS.Sn 
1,; 1J0 
l 6.£0 
ltj.3(1 
16.uO 
11',.!•0 
15.30 
16.60 
I f,.p 0 

r. 
9 ;OOn 9 :O(la 
~~.00 ~.!.110 

~- s. 
H70 1020 

!!Orb 81i 
Clenr Glc,u,ly 
:w.o~ JO.O l 
20.20 :!O. I (l 
!!0.!!0 '.!O. I 0 
'.!O.~O 20. I 0 
:!O.:!O !.!0.00 
~O.:!ll 20.00 
:!U.'.!O :!O.illJ 
:!ll.:!O '.!0.lJO 
20.00 ~0.00 
'.!0.00 20.110 
'.!0.00 20.00 
20.01) 211.00 
20.00 20.00 
:!(1.(10 !!0.00 
:w.on l!o.on 
!!I.HO I 9.90 
I \1.\111 l!l.90 
l!l.'ill 19.'>0 
19.~il l!l.70 
1\1,fiO l\l.:lO 
1 u no t!l . .!O 
l '-.tO 1~.l>O 
18,011 17.60 
17.70 W.80 
17.ftO lfi. 11! 
16.SO 16.80 
16.6(1 111.::0 
IIJ..6ii :JG.1\1 
,I fi,3(1 H':.1)(1 
I ii.IO .15.!JQ 
lll,t10 J 5,U(! 
16.fil) 15.61}. 

,; 
9:0011 

Sr \\1. 
~:\ 

rio· 
Cl01u l~• 

2t,.~o 
(J,711 

[!(1.10 
'.!Ii. 60 
~,).GO 
:.!0.bO 
CO.C'!J 
:!II. I II 
20.'10 
!!O.l30 
2ru1n 
,!Cl.\10 
.:o.oo 
~(I.flit 
\O>.IJ 
1!1.70 
19.60 
J\1,60 
1(1, 1 I) 
I \l, l U 
l 8 ~o 
17 .00 
1G.!Hl 
H -;c; 
) Ii [,Ii 
I ti .II) 
j 1i .~O 
l:i.{1(1 
15,(1(1 
16.80 
l{i.'iU 

7 
~:OOa 
211.00 
SB. ,r;Go 
!J I 

(~loucfy 
!!~•. ~~ 
20':EO 
~O.!lll o.,rn 
~o.,o 
£11.li!i 
''0.a-Gfi 

!,60 
2c,.,~n 

11. Ill 
.0.30 
1!(1.;io 
lH.3U 
211 J\O 
l!li. l 0 
!?(1.0(1 

11,0ll 
l 9.7 6 
I t1.~(J 
l~JJO 
l ':- :lO 
1'1. fi!J 
17 .£0 
ir,. 70 
Id . tiO 
Ill. liO 
!Ii. Ill 
I iJ.lllJ 
., 5.!•(► 
1 r,.so 
If,. 70 

s 
3 ::!On 
..!'.!.UO ~

iStl 
·~s 

<'lnudy ~~,.~s 
l! 1.00 
..! 1,00 
~I.CHI 
21.110 
21.00 
.? l.00 
~ft, !10 
:!O,ti() 
:.!II.Ml 
~o.ao 
!!ft.:)() 
:.!O ll(J 

~0.00 
~•J.00 
I :J .'!JO 
J!l .~O 
I ~I. 60 
~~:.!O 
I l-... {HJ 
IS.!10 
lS.,'iO 
17. r:o 
17.20 
I 6.tio 
l n.£0 
,!GAO 
16.20 
Ui.10 
lti.00 
j 6 .. ttO 

10 
:'i:BOa 
2l.00 
\'i. 
1,15 

7 r.e;" 
f "J.-·:ir 
iH.UH 
21.30 
21.:!:i 
..!1.1!0 
!!l.20 
:1.20 
~I.I:, 
21.lf, 
!l, l fi 
21.00 
21.00 
20.:10 
211.llll 
I \I. :J () 
19. 7(1 
19.60 
ltl.lJO 
Hl.lt1 

J "· 711 
)l,,ti(I 

I B.!!Cl 
l T.40 
17..ilU 
lf,_$(1 

11,.(,11 
t tJ.2!i 
n;.tr1 
15.~CI 
16.;o 
15. 70 
li.60 

I I 
8::ina 
2.~.R 
!-i~E. 
!l'!O 

i O r:"c 

.!!) !tfi 
21.00 
21.0IJ 
l!l.00 
.! i.ll(J 
21. 110 
:!l.liO 
'.!(1,\111 
:!O.\HJ 
:.?O.liO 
:.!0.~{I 
t0,\10 
Hl.!lO 
nc.70 
I !1.60 
I ti tO 
1!1,.10 
I !l I 0 
18 90 
18.7() 
lP,f,O 
I :'i I •l 
17 .Gr, 
If tO 
I ti. loll 
I G ~O 
I ft. I 0 
l li,IJI) 
15,IHI 
lt.SO 
16. fi(J 

12 
,:.! :301) 

~!J.fll) 
N . \V, 

(ii! I 

2tl ~R 
::u hll 
20 ,;o 
21). 60 
~o.r,o 
20.60 
.:11.r.11 
~0. -HJ 
20.10 
~o.:ir, 
20.10 
l\l ,\)ii 
I !I .~(I 
19,tl[, 
I ~•.C,!'i 
I \I. IO 
J!l.HO 
HI.IO 
I S.oo 
18. Ir, 
17,!HI 
I 7 .liO 
J 7. IIJ 
Jli.f;O 
I ti. Iii 
H;.110 
I(, .c,O 
IC,. l [i 
l li.30 
If,. I(, 

1 r..oo 

13 
s.:ion 

10.r, 
1''" E. 
I '!b 

~0.~() 
~0.10 
I \1,7 Ii 
l!l.GO 
I \1.611 
l!l.30 
HJ.JO 
1~.:-11 
IS . 7 r, 
18.611 
18. Io 
17. 70 
I..GU 
I G.!O 
I 6.10 
16.0f, 
1 £,,:,I.I 
IC...., I 0 
IC.AO 

14 
8:0na 
~3.0iJ 

I r, 
Io :OOa 

:! :.:. :; 
S.S. \V. 

:110 11:!0 
~0'~ {l(j,f~ 

~prinld(t 
(1.1r. 2t1.in 

20.-lii 
~O.,i~ 
~0.10 
I O.liO 
]IJ.;![j 

l!l.00 
18.!IS 
HU:iO 
I S.00 
17.CO 
1 t; ,su 
I G.6fi 
16.liO 
I 6.IJ\I 
I 5.UO 
IC..70 
I &.!ill 
Hi.ll':i 
1 (i.3fi 

:w.r.o 
20.:io 
2(1.30 
211 .lW 
~u.:10 
~o.~o 
~(J ;J() 
20 :rn 
20.30 
211,30 
20 30 
'.!O.:JO 
!!0.30 
'.!0.~IJ 
20.00 
::o.oo 
l !J.t•O 
1!.U•O 
I !l.~O 
J!J .7(J 
I $. ~(J 

18.10 
18.0(J 
17.SO 
I 7 .CO 
17. I 0 
I 6.ii/1 
I fi.70 
16. 1\0 
l 6.10 

t"' :,, 
~ 
~ 
,,... -...... 
,.,. ' -
t'C' 

·-C..; 
1....; 

~ ~., 



T;\.RLJ<J, .lQ., TE~IPER.\ TURE RBADINGR AND METEOROLOfllC..\L DAT\. 
l(t"~~• ,/llrlf~ . July 
IJ:q ,, I h° . 1.1 , ":!:I ' ' ~5 :'S 2!l 30 . . f, r, 7 !l 12 J 3 I I 1 r, 16 17 19 20 22 
·1~n111 , !-;,t:;iii:i .. /t li •r> i1:llii1~ !1:1,,u ',:30r> 7:lt,n 7:uOp l!;!)On R:(!Oa S:f,Oa ~::!On 3:3011 8:0(Jn 8 :00a :l:1Hi1> 7:30n 8:00n 2:lf>p 8:00a 

j,f'-
0') 

.\l!:'11!,. ~.!',;,.[lO. ::::.\QO '.:, .00 ~0.00 23.00 25.00 '.!8.00 ~2.fJ() 2:l.GO 26.00 25.50 26.00 17 .00 2!i.OO 2:l.00 32.00 24.00 27 .00 32.00 21.00 
\\'ind _ . .S.E. s.w. N. E. E. s. N.W. N.W. N .K s.r-;. s.1•: . S.E. N.E. S.\V. $.W. N.\V. H 
\ ',•J .. .- ·, Si:rn~ 1:;aJni Vai1 ' Calm Strni,t Calm Slf~hi ,168 •128 l'.!73 •1:l5 91:l 591 6~<J ;,:J:J 1:14 0 412 732 fil>i 361 0 

<; li;,Jlil~• .. P.(;. P ,t;. P .C. HllZY Cluudy Cl,_nr CJ..,udy Glou<ly C1i>nr Clear C.ll'iu· Hnzy GIP11r ClouJy llnzy Clf'nr Hn1.y :::::= 
2~.t;IJ: 1~~•!!t '.!8.:13 2~A7 2~.Hf, '.!~.(,fl :!11.6!! 2~.!!5 27.92 28.4-1 28,t;O !!8.l'id 28.12 2K.:l0 2!<.51 2H.3f< 2S . .!I 28.66 · --4 
lf,.fi[ 11) ,,ti) 17 ,30• 1.U.20 lli ,50 18.60 !!!J.60 .llJ,J,O '21,00 21.10 20.30 19.YO 17.S!O 17.!tll 21.i,fl 17.60 J~ . 10 22.20 19.00 ll, 

IU.~·,y .lf,.f,/1· lf<.i() 17.:10 15.60 18.00 J',.40 :!0,60 11):.r.fi :!0.;-10 21.10 20.:10 20.10 17.60 Jl<illl 21.l;lt 17 .50 18.10 21.S(I 20.20 • 
!.J,{7(i· lf"i.:li, 1r..11rj 17.1.G I B.:rn l~.00 18.:!0 ~o.r,o 1!1.:-.r, '.:0.60 21.10 20.20 20.10 18.00 18IO :.:1.0,, 17.00 18.:W 21.60 20..1 0 .:§ 
Vi.ifl lf,Jl fl ! 6'~(1 17.10 1,11.li:0 17.80 18.20 20.10 H!Ji(J 0 20,60 21.10 20.00 20.Hi l 'i,:.!ft 18. 10 :.!O.'iO lf, .!J:, IS.if; 2 1.30 20.50 r-;;i 

1r.,J}rf , , Jfi.t1l l f,, f,() 1-:. 10 IX.00 17.70 l '<,15 ?0.30 l[l , 10 !!O.r.o 21.10 19.V! io.20 1~_.10 18.0fl :!0.6() 16.~0 IR.10 21 . 10 20.50 G 
16,!Jrt }Jf,.tl.·'! Jli.6\1 Jti.90 17.!l0 li.20 18.10 19.60 lft.0() J>l.70 .:!O.fl() )!),80 '10.20 lY.40 J!l.00 20.r,o_ lli .70 lli . 10 ;! 1.110 :rn.60 t:j 
11>.LIJ "!fJ.!J tJ 1r. .H1 l6.90 17~70 1.7. ,10 18.10 L~.30 l'<,111 20,80 l!l.70 20.20 JR.JO IS.0<1 20.::W 16.10 l"! . 10 20.!lO 20.60 H 
l !'i.Gll 1'5.;J!) H;.10 HUiO lr. -H) 16.80 IS.30 11.!101 ,18. IIJ !fl,fiO 19.60 20.20 18.i;o l S.00 '.!11.10 16.30 l~.10 20.HO 20.60 t_rj 
l,i>,1S:... 1[,.l-1'1 l f,,;J~ rn .so 17, 20 ' 16,50 17.70 16, 16 17.!lt Hl.00 10.r,o :!O.lf> 18J,O ,18.00 ,W.IJIJ 16.20 l'l.10 20.70 20.60 if,: 

. !,ii.~O 16.80 •17.00 16,:JO 17 . .!0 1,,.j"/i 16.lf! 17.iO 19.'10 !0.10 18.50 lH.00 l!UtO Li.80 18.10 20.60 20.60 
1(/• Jfi, '11!' l5.t:5 l fi,'.:O l~.70 JtL!lO IG.10 16.10 16.90 1r,_10, 16.1.0 17.00 19.20 19.80 18.40 17.70 J!l .80 lfl .50 18.10 20.20 20.60 :"'; 
1,!,- _1,.r., 1r, J(l,2.;• 16.20 1," 1,(l Jr..r.rr t6.00 1s.oo Jn.70 Hi.fO 1G.7•J 16.70 11-.!JO 19.r,o 18.10 1s.urJ 15,.i,o 1r, .. 10 11.10 20.10 20.so L.. 
l .i., 'J'l,~10 ·1r:.to 1-i,,'lQ 1t;.~1r,, Hi.liO !~.~,;; lfl.60 l (,~ lfl H,,i>'l lf;.i,0 IIUIO HUtO 1,.60 16.r,o l'l.!0 l [,.20 16. 15 18.30 20.30 z 
re, J?j:JI) .Ui£l!l 1!",.20 1 1; [!:z Lf; ,10 lf,.\10 16.60 Jf,.00 Jli,m 16.:10 IR.:rn 18.:15 16.60 16.fJO l'l.OfJ lfi.10 16.00 17.70 18.60 ~-
1.J. )E,JO Jt,uo l ti .Mi H,.:lO li,,<;0 16.:!5 1,1 ~!1!) Ui.110 16.20 1~. 10 17.f<O 16.:!0 16,60 l'i,'j(J 1-1.7[, lli.60 17.10 18.00 >-"'"' 
J(i'. UUlO J r,.10 'In .fir! Ii;,r,o Hi.GO lfi.70 16.'.l(J 1-t..~O 1r,J,IJ 16.00 l!l.10 l'i'.10 16.0() l ii.liO 17.10 11.60 15.40 17.10 17.60 ~ 
lt, , Jf;,30 1:,.10 1f.. 11J 16.'20 - lf;.f>O 16.20 11.7(', 1r,.;I() lii .711 17.GO li. JO J f,,60 l fi.00 111.71\ 11 60 lfi .20 lf>.70 17.20 r-' 

ll5 .IO 11;.ar, l tJ.f,Q lf,.15 16.10 J.1 .6:. l &.~O J/ij,O 17.f!O 16.70 lfi.HJ 11 ,>lO 16.10 13.HO 15.10 l(i.20 16.60 ~ 
l f,,10 l!i~r, l /J.·10 16.00 I 1. ,,() l li..2(1 '15.iiO JG. SO 16.f>O I f, 20 l -1.70 16,20 13.511 11.70 16.00 16.20 ll, 

:i,J!J Jfi.l li lfi .;!Q 15.90 1.-1,flf; 11).2() u; r,o 16. r.O 16.10 In l(l 11.fiO !ti.JO l!l.40 J 1.-1 0 lfi .90 lfi.90 
lt;.tr, 1r:. 10 H::2(1 1/i.Rli 11J.O 111, 10 J!'i.lO 16.10 16.:JO lf,.00 1.1.r,o lii.60 13.:rn 11 .20 lf>.70 15.70 r 
l •,.(/5 lfi .'.!O 15.70 1-L t!J l u,00 l ;i.-lO Jr. .90 16.:!0 l 1,kO I 1.20 l!l.10 I 1.10 l li.60 H, ,60 rrs 
1i::.:,o 16.lf, lf,.7() 1.1. 10 1r: 00 F ,.'.!0 Jfi .~IJ 16.1;; 1.1.eri 11.20 12.kfi 11.00 16.10 16.fiO H 

lii.70 11.110 I 1.!10 II, .20 15 .80 16.lli 11.'i ll 11 .'.!0 12.70 1:uio 16.10 l!i.r,o ~ 
:;!~ l ~.60 1 l,:lll l •!,\l[J 1,,.t:O l~.50 I f;. ::. 11 .rilJ 1,1.10 l!i.20 l~ ,HO 1~.80 Hi.40 8 
:;"· li>.60 11.25 · It .Ort Hi.20 1 ... 10 1r .. ,r. 11.liO 11 ,06 ),,,r,o 11.70 lli.30 O 
~r..- • lf, :JO 11.J Q • tr,.00 H, .711 1 t.tn 1:\.70 l:l.10 14 .RO 

. '• .-'--, r-, .. • l 1.70 l:t .ir. J 1.90 H,.:.!f, 11 .211 1~.(,0 1:1.10 11.60 ::::0 .;;!. ;~·'t'"1•-·a· 11.00 1:1.'.!<1 11.;;o J.1 .!t ,-, 1:1 ,110 t :!.!!O 13.00 11.50 ~ 
:;-!, ~ '·.r, l ·_; 11.:!0 1:1 .00 1-1 • .',o 11:.xo 1:1.00 12.90 1,1.30 
~CJ.- '- '.- •' _ 13 . .:0 12.\1:-. 11.70 l:J .r,O .12.UO 12.90 H .20 
"!- l/).-J ~ n ~ < 1:!,80 12. 111 l<l.00 
a-:. ,.· '·i •-, [ • ) ''"0 11nc 
; ·,

1 
:: _: -:,• _.-J ..I, . ::- ~ jt.i~ ·, ..,.,,l ,'JIJ 

;L, . , : · .:-,.~ :i, •:, · , , I I.HO 
,ti.I ,J l'.:.~-1 .,._J . .ls _ 11:- ,..,;:,fi'-'·1 :, _ ,1] ,flf'i 
3c ~ •. •-., . ' , , ' ,- - . "J,.., • Allll . - "' 1 60 .J, , 't _ .• • 1 __ ,, '- -.. .. ' . I , =1 1, 4 _.,_ :,::....> -'JI, ..... "'. .._,.~ - ] • 

~-
Jt 



• 

f---~
 

.... C
 

cc 

/ ::r 
, -::::: 

-◄ ., 
c:.... 

:=
o

 
· 

t
.
.
L

:
:
:
:
-
0

0
:
0

.
:
o

o
o

o
e

e
o

o
:
-
o

.
:
c
o

o
e

e
o

c
o

e
o

.
o

e
e

o
 

tX
l o 

, -: Ci;J it.:> c::: ~
 (-

c-
r--

t
-

r-
c-

1 -
r-

<.:> ..o ~
 .c

 o 
le

 t.-: ,-: "-:l ~ ... -
o 

r-
t":' .::. e 

..:,-. ..) 
v

., -
:,, o-: x 

-
9. ... , :i ~

 .s: 25 0 0 0 0 6 0 ::; 0 0 
ci ~

 0 6 c-: C: ci ~
 ~
 :7.. ~

.,..: ·.C ~
 ~

"-?~
;IQ

 .!i .,,; ....: ...: 
.._ N

 
• 

~
 N

,.... :-1 :-.I ~,a :C
J :-1 C:-J :'-J C

-J :--a N
 

:'J
 :-1

-. -
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
~-

;:=J 

:: C
 
~
 0 

>
ie

 O
 

O
 

0 
0 

C
O

 :
!
I
O

_
 O

 
c
c
.c

c
, 

1
_

-
.
,
.
Q

c
.
.
:
:
i-

0
~

0
0

 

~
~

:z
 -OOc~~~-~---

°"z 
:
:
-
iN

N
N

N
N

~
 

CN 
H

M
 

•
o

 
o

c
c
.,;.-

o
o

o
o

c
 :.::io

o
 

~
 
~
 

~
 
~
~
~
 

~
 
~
~
 

-
0

•
Z

o
p

.. 
._

::0
0

0
0

 
:a

;i-.. 
e-.1 

JC
"
,IN

 
H

N
 

I 
:?. 

,, 

~
~

=
o

o
o

c
~

o
c
c
c
=

a
o

=
o

o
a
~

 
;!'I t-

r
-
~
 M

 
~
 X

 
t.l) ~

 -
~
 ~
 

,.. I z~ : 
°'I'!' C

-.t C
"il .=

, 
. 

.. 
. . . . . . 

.. 
. 

. 
. 

. . . . 
. 

~
 . 

o
c
c
o
o
c
=
;
~
,
~
~
~
~
~
~
~
~
~
 

4 :'.ti:-.i ;JC
".!O

lt-,,...., -
-

-
-

-
-

...;.-
-

-
-

-

c
o

c
~

o
:
o

:
o

e
e
o

o
o

~
o

o
~

 
:T: =: f. ~

 ~
 ~
 _

, ~-=:_ ~. '1
 "":. ~

-: ~
 J

•
 I
~
~
 

;
i
 C

 
C

, .::::, ¢ 
(!!". Q

 
:JQ

c '7
l t-

l
•
 !..;:. U

:, '".C
 'i.D

 ..0
 1

•
 L

~
 

1
N
:
-
♦
·
1
c
•
c
-
1
-

-
-

,..... -
...,. -

-
-
-

-
-

-

C
: C

r
' 

• 
"
': r•-=

 C
 

:-
C

 
:
,
 0

:
 e 

C
O

O
:
 O

:
,
 O

 
O

 
C

 
: 

0 
: 

C
e

 O
 

.=
 :::. 

0 
O

-
:-e 

O
 

O
 

-
=

 ..c ;,z.; .... .: 
::, tC

 ·..: 
-

t
-

::i-
C

 
C

 =
 C

 
: 

0 
:
,
 e 

C
 =

 ~
 ~
 '"") r-

C
"'! t-

.; '.;-;. "° Q
I ~
 

:t, L::-J 9 
e

., .
.
.
 -

···-o 
· 

-
-

• . • • • .. -
-

, 
.. ., ... -

. . 
. ... , . . 

-1
 
•
•
 

-
-
=

~
-
J
7

J
O

a
o

-
-
-
~

-
-
-
-

-
-
=

=
~

x
a
~

~
~

=
~

~
~

~
~

~
~

~
 

a
o

-
:..,r-.a

-i::--.1
;.f 

J
O

J
 

1
-
J
 

... ,~-:-,1c-J().1•1'"'-tw------
.-..--------

"' 
::: -= ... • 

-:: t: o 
:-

c
o

=
 e 

e 
~

-:::, :=. o 
e 

:i o =
 o 

o 
o 

o 
"": o 

e 
c 
~
 o

.: o =
 o

o
o

 o 
e
-4

C
 ..c

-::!::: 
::L

C
, .. :r r--,-, 

J'. 
Y.. 11: 

:I. 
X

 
J_

 
0

:, X
, 

-Y
 

.X
 L

O
-
Y

 1
-
0

-
t
-
C

 ·.:. '"
'J

O
 .o

...:.,c
,c

-,1
c
,1

-Q
; tL

 

-
~
~
z
-
~
£
~
=
~
~
d
d
~
o
~
~
~
~
d
~
~
~
~
d
~
~
~
~
~
~
~
~
~
~
~
~
~
~
-
~
 

;.c 
-

~
 C"-1 =~ o• c-..a .. , c,a ~

 c
i C

'J c
, •• c

, ..... , c-1 :, ;:.a c-1
-

-
...... -

-
-

-
-

-
-

-
-

-
-

-
..... -

_
. ~

 0
, -.t: to.!: 

:::, lo.': L
.: V

': ♦
t ,::i L

C
 e 

c 
\,.!) .. : 

0 
.... I.O

 e 
C

l.
':

~
 0 

C
 

-
: 0 

: 
-.0

 ~
L

C
:<

 Lui C
: ~
 
:il'O

 

~
~
-
~
~
~
~
~
~
~
~
~
~
=
~
~
~
~
=
~
~
~
~
~
~
~
•
:
~
~
~
~
~
~
~
~
~
~
 

~~...:::, °" __ ..., __ -
-
o

 .:::::iC! .:::,,::, :: .:. ;
:
.
.
'J

r
 t-

':; •~
•~

 
.. ,,..,-

""'~
9

1
'""'!'"'!1

'-
-
"
't

 -
-
-
_

. 
N

 
1 

-
1

•
1

~
~

,:,.a
:\C

 ... !:ite
-,f 1--.....;---------..-.------

-
~ -n, a....,.-::: ,:: 

0 
o

e
 t.O

::::, O
 

C
 

.C
 C

 
=

:
,
 :. C

O
O

~
,
:
 0 

-=:. 0
,
;
 C

 
,=

: :>
-:, z 

O
 

O
 

,=> 
-: ,. ~ '° 

C
J t-

·..=. 
=

i-
-

-
-

-
-.J

 °
"
'N

e
 ....... .--~

 x 
t.e

 -
c-. ... 

-
-:-, r • c J -

t ... lO
 ~
 -

0-1 I• r.-= ~
 a.::i 

c-: -
w

e...::~ d _: _: .! _:...: _: _: _: ~
 _; -

e ~: c-: ~ 
:t ~

 ,.: ,,,o tQ
 .i, ti~

 ui u
i -
~
 -:;o ~

 
_

: 
!""'9 

0
1

 
l.;

.1
;
-
4

"
 

I 
,I

N
e
,1

-
1

 
N

-
1

-
.... _

_
_

_
_

_
_

_
 ,.... _

_
_

_
_

_
_

 _ 

e 
• _ 

:.. ...:; e 
o 

o 
o

:::, o 
o

.:::, c
o

o
 o 

o 
o 
~
 :=--o 

o 
o 

e
.::. e

,:, e
::. o

::: o 
Q

 
::i, •

~
 

-
a

o
 ~
 

-=: ~
 ~
 ,,; -: ~

 ~--: ":'!:'-.~
°""':-:~

q
t~

 ~t~-: ~
 '.I~ 1io:r-:--: -~ -="!l'": ~

 ~
 -:~

. "-;, "'? ~
 ;-? '"": ~

~
 :i": ~

 
-,r

 c-:::..:: 'f. -
"
')

"
"
,IN

 -J !'IC
-I C

J
C

'I c
1

-
-

C
 =-

O
:
,
 .X

, .... ,,_
 ,
-
,
~

 te
, C

D
'./:>

 :.C
 
~
 

~
.a

-
LO

 l:°'l"!f ~
 -

('It~
.-

~
C

li;-.J
 Z

,l'"'I !
'l

~
C

J
 

I
N

 
.. l!

'I
C

I
 :'lC

'l :
'I

N
-

-
-

-
-

-
.,....,_. -

-
-

-
-

-
-
-
-

-
,... 

,-"'I 

• 
-
o
►
 

~
f
i=

c
o

o
c
~

e
~

o
~

~
=

=
-
=

o
o

~
c
~

~
o

o
o

~
e
e
o

o
o

~
 

;
i
 L

:i ;>
 .>

 
C

: ~
 :i ~

 C
O

 :
,
 c-

~
Q

 -
I
O

 
; 

M
 

-
0 

J
: 

C
 

-
~
 c;-.;:;. t.._ '-" 

=ii 
tl: IC

. -
-

:I "
'J 

~
C

: _
;?

· ;-~r:r.· v
· ,;-; 6 ~

 ~
 r· 

/ 
./ ,--.:t-: .,..;.,.:.a-

.l.-.0 -
_; 

"'7
 

... t'.)c-)M
~

e--ieii;,1e, -:-ici 
z
.:.a

~
 ~u •------~-""'1.-______ ....., _________ -___ _ 

-=---· 
:►•~1 :;;--

:::: 
:
:
,
0

0
0

0
-
~

c
 o

o
e

 o
o

c
o

o
e

o
o

e
o

e
 -=

:ii:::iit:,t:ii: 
_ 

-'01.C
.,::;~

r.cM
':: ... -t-1

 
.r .. f..~

:>
o

o
~

c
,;r~

,----lC
~

:~
.c

---.:::.t•• 
'7

 
~

-
-

';
f
 

,..,...•
.c

-
:';:,(

•
•
··· 

•
•
•
•
•
•
 

.
.
.
.
.
.
 

, 
.
.
.
.
.
.
.
.
.
.
.
 

♦ 
~
 .; .. , 7

. .,i ,.. 
;r ,-.. t-

r-
t
-

r
-
, -

..I. tJ
 
"
f 

Y
i r.. r-

, ... r-
t .. ·&

 1-; -
-

-
-

c-, ~
 ~
 ~
 

-
,,.. 

• 
r-

t 
• 

:... i---------~
-----..... ---..... ---1~~~---~ 

=
~
~
 

~
-
o

o
e
~

•
~

;
o

o
c
~

m
m

o
o

o
o

o
~

 
~

o
=

~
o

~
~

o
b

m
~

~
o

o
o

~
o

 
-=:: o ~~-~ 5

-: ~
 ~
 C

: C
l~

'-! 0-~ "
•
 t": ~

 '&
; ~

-
: ':

 C--:¢'! a.!·--=:_ .. ,'.~
~

 
.~

-:.I,:.:>
•:"":~

!-:>
 '=

':r, r-: ~
~
 

~
 :"'ot -

Z
N

 
C

 
$ 

::0
:,.:; ;-.. ::-. =·;fl=-.,,=-~ ·:h

 ~
 .:a:-

J
•
 f

. '✓ 1
-

f.&
 ..... 

l-0
 L

l) lQ
\O

 L
 

-
-

-
-

-
•
 

-
c_,.:,: :--: ~

 M
 

J. 
J 

◄ 
,...,,J 

I C
'l "".f f:>J 

-
-

-
-

-
-

-
..-

-
-

-
-

,..... -
-

-
-
~
 -

-
-

-
-

..,. -
-

-
-

,..... -
-

-
"""4

 

-:. -= .,. ., 
. •; =

 =
 -=. 

1
~

 -
:-1C

. ~
 -

: L
~

 ..-:. o 
.,. 

~
 o 

1':I e .:,, ~
 ~

to
 1 -: 

-
i:>

 ~
 =-.:::. c 

I.!.! ..,") C
L

 
~

.,,c
,..Q

.-
-'-'---:,~

,..I' 
f 

r
-
t 

, ... 
;.~

u
:"

#
~

 
e-·.: r:-;

m
i&

Q
,-o

, 
-

-a
A

1
-,;:,..: 

•
-
-

":,f, =
 i!!) ;/'. ' -

,,. . ..i, d, ~
 e-• 0 

~
 =: Q

 
::. C

d
:; c-: ~

 C
. ~ 

c-,' 
J
': _

/' i, •,t:; .J '-Q .'5 L
':. 

• 
-

.,: ~
 -

-
~
 _

;
 

l.,.c-1,./; 
,-.~

,..I 
1

-
-
-
.
.
-
1

-
-
-
-
-

-
_

..., _
_

_
 fo

o
!!t_

 -
-
-
-
-
-
-

_
_

. _
_

 -
-

c
o

1
=

~
o

c
o

o
o

a
o

c
c
o

o
~

c
D

:
-
b

e
~

o
 

o
o

c
o

~
o

o
o

~
~

=
o

o
b

o
 

.
r
e

-
~

=
 

~
-

c
,,1

~
1

~
~

..,. .. ,.~'61;"t 
---.,.c-:: 

•
,
'.

T
l
.
;
,
,
~

 
1

0
1

 ... 
C?-

•-r...r•.o
-rrc

;-Jc
o

-, 
''=~•F. :.=~./ .i r· ./•..,·~

 
/.,. 

.f 
,
'
 

f 
.1 

'
f
t
i
J
 

.,· 
r.. 

f 
,
.,.,., • .s;,~

~
"-l.i,'"t...!-

... ~~c-;e>:~~C
-:'!"':I 

j 
,._,cca 

• 
-

1----
------...... -,-.--~~--..... -----~-..-l------.......... 

,!?
o

,. .. ,,. 
.,.,-,. 

-
-

o
o

o
o

e
o

c
o

o
o

o
c
 _ 

.... 
: 

o
o

 
.:::.• -~;; ~

 •:~.,a ~
 

0,:!'i4'<! '~
~

"'i 
~ ":,-:. Q

"', I:~
~

 ~ -
~
 .0:0 I•'"' 

! ~
 

: c-: 
,
:
 

1
-:'l,fl'4

'~
1

' 
1

-
w

 .. .;.-
-

..,.,..-
r
-
~

"
'T

~
"
"
:C

-
:,C

-
,M

"
:'l"

"
l 

~ 
~ 

-
J 

~
~

~
-
-
-

-
-
-
-
-
-
-
-
-
~

-

. . . . 
. . . . 

... . 
,. 

'f ,::.0
-t.1

 ~?
-

l.Q
'.&

J , ... 'f. 0 i;,-~c·....: ei~,.,;. L-5 ,,i ,~"Y'.· c-: 0 ....;e-,; M
..;. U

') 
-~-r,i ...... _____ ... ,i:,,,.,,...l

tL
C

') 
I 

.I
 

I 
I
M

M
~

(
')

C
'"

Z
C

, -17 



~ 

::. 
!•. 

'I 0. 
11. 
IJ!.. 
1 :!11 
.L1~ 
I/ 
Iii 
17. 
I, 
J ! I. 
'.!O~ 

1. 

-;, r-, ... ,r. 

II , 
IJ 
Ii 

l· 1 -c,'O 
l 1.f.l)' 
11 i 
l ' 1 
1.iJ: 
J,1.1a 

..... ~ fi:.! 
I fi,j(J 
In, j'O 
1:,.r.11 
lf; .~Q 
15.20 
ir:.10 
j fi. l}fi 

HS•G 
U1,..:.fl 
A...t.70 
11,66 
l •i'.fd) 
1111 ,,l (J 

l 
I 
I 
I 
'l 
l , 
l 

l !1-lfl 

:rABLE 1:2. Tl~c'.11'f;R.,\.TU Hf·~ Rl•:A.Dl~t:S A:XP -~fETEOHOLO<.H C:.,\L V .._\ 1' A. 

,If, 
~ 1:wa 
!").{if) 
!', ... E 

ar1h 
C'loucl>' 
t~.i)li· 
1,1 .... '-'i, 
I.I ,'lo 
1-1.!:<:, 
I ,\.HS 
J .\. ~r, 
t: .l:!Q 
14.;Q 
1~·.-:0 
1-1.70 
H ,i;[. 
l ,l.f,(/ 

I 

- _ .l 
I 1~1l) 
lll.SIJ 
l 8.,,, ,. . 

l 
!, 
l 
~ 

0 
() 

Q -, 
l 

~ 
l) 

I) 

j) 

1 7, 
r, :OOp 
Hl.00 
S.E .. 
Calm 
Rain 
'.!~· .. t 2 
1 r,.oo 
1 L!lO 
1-1. ~f, 
1.1.~;. 
J.1.'<0 
J 1.!HJ 
1-1'.75 
I 1.70 
11 .,'"7 0 · 
1-1.65 
I I. tiO 
l LGO 
I 1. 10 
11.80 
l 1J.~ 5· 
11.1.2r~ 
l~.I() 
l I .(J!I 
I ,l.1)5 
1lll.fl:! 
13.'10 
Ul. ti! 
11.,1r. 
Hl,llO 
IU.!C 
13.()(j 
l'.!.M 
12.io 
l .!!.,6 
Jt.'i~ 
li.7(! 

lS 
IO;OQa 

:! 1.01) 
s.w_ 

\100 
P.(:., 

e8..tG 
J::i.00 
I 1,.~0 
1 l .~O 
1,1.60 
l~.81! . 
I -I.ii) 
11.70 
11 .iO 
I 1.,0 
1-1.70 
1-1.70 
11.70 
I ~.GIJ 
1 ,1 .r,o 
I l.•tO 
1-1.:l0 
I t ,!IJ 
I 1. IO 
11, I 0 
11-00 
I 1.00 
1:uw 
.I :J.60 
1 a.fio 
13 •. 10 
1 :J..20 
l &.111 
12,0!i 
13.!J() 
~i %.~JO 
11.llO 

:!O 
'2 :O(Jp 
f2.fl0 

\\'. 
j J!IJ 

Rairf' 
2s.1r> 
17,0IJ 
'HJ.!JO 
I ti,{j!J 
1111n 
UL~ 
I ;d)f) 
11~.70 
I li.llcJ 
~ 1.SO 
1-i.eCJ 
1 ,1.7 G 
t\.hfJ 
I l .oli 
J ,l.JlO 
11 ,1<1 
1,1.l;U 
1!!2')1 
1.:1.711 
l:J.GIJ 
1:1.20 
13,IJ() 
l ~.oo 
I ~.iiO 
12~1) 

hot nit d 
June 19 

es 
i- 1:H1n 
'.!6.0fl 
s. ,r. 

I f!I) 
c; IPRr 
~S.f;3 
1 G,~!_1 
1 !,.~0 
111.~(J 
I 6, l 0 
I Ii .!JO 
;l li.OCJ 
16.00 
1 r,,r,o 
16.t•IJ 
lll 110. 
I~ 1)(1 
1 u.110 
J/U:O 

111,,S/J 
i li.,,11 
lli.-tlJ 

.:!O 
,, ~r,t10 
l l. 1.fJ 
L 1.f,O 
1,1.J!O 
l-t.10 
J.l.UO 
l ll.iirt 
1:i.fiO 
li.ll !i 
lLl:O 

111 .. :rn 
!11.\l 
ti.OIJ 

'1 IICJ 
Ju1ic~ t!l-~2 
vc,~ wi III ly 

July 
I 

!LOO a 
~;l.~0 
s. \\'. 
1!00 
<;J,·ar 
:!t<.GO 
u1.io 
I l•.~0 
I !I. :!I) 
I tl.:!fJ 
19.20 
1 !l. 20 
1 ti. '.!II 
J !l. ~0 
1 ~,.~o 
l!l.:!O 
19.<JO 
11,.00 
I !l .00 
JS.JO 
l~.711 
1 :-.r,o 
I ~.r,o 
18, 1() 
1 s.:;o 
1 fi.:!O 
1-._()() 

I ;.~o 
11.r,o 
17. I 0 
11.:!f) 

,run 1:..: t-:"!(J 
vcr>' windy 

;. 
~ ::JIJp 
~li.lllJ 
N \\', 
\100 

P.C. 
:!~.:l:l 
l~.l\O 
15\ •. ~o 
\'s.l\11 
11;.80 
l ~ f<O 
1\.SO 
I ~.l-!lt 
I 'I.SO 
1 i-.i;o 
1 s.~o 
I~-· 70 
IX.ii! 
I -!.f.O 
lfl.,,n 
JS.HI 

l "· 10 
I ~.:111 
1~.011 
17.f,0 
J'l .. lft 
I (j. Gl1 
I 6.00 
1s.1;0 
I Ci. r,11 
I ,.1111 
l t.!;11 
1-1.711 
I I f,/J 
14.20 

Julr Z- 1 
wind}· 

;; 
I! ::ion 
28.011 
N.\\', 

~10 
(;l•·nr 
28.12 
1 s.r.o 
I f\.tO 
18 (,IJ 
l l:<..10 
I~- Ill 
l.~.10 
1 ~ .10 
IS. 10 
1 S.3(• 
l/l.31) 
J .~,;:l] 
ll'.:!O 
l ~.:H) 
1.~.:io 
1~.to 
I ~.~U 
I~. I 'J 
1 S. I (1 
l~ .!lf; 
1,Jit"1 
Ii',~() 
17 .110 
l 5,!il) 
I c,.::11 
I r;.r,r, 
1-1.litJ 
I 1.~0 
I . J. I IJ 
\ .1.l(l 

,\ ft,:r- <:or,l 
ni~liL 

s 
~ :~Oa 
1 ~.no 
S. \V. 

.~ 10 
<: oudr 
2k t~~ 
rn.10 
I !1.lll 
l:J.IJIJ 
\!I.OIi 
l!1,(10 
19.0ft 
rn.111J 
l!J.OIJ 
l!UIO 
l !J.Oll 
1:1.00 
1 !J.flfl 
lll.110 
I t,,!10 
I 8. \1() 
I ~. !10 
18.71J 
\ I;, GO 
I .'\,(,I) 
IS.00 
l 7 .!'JO 
17.!IO 
1 ti.1)11 
15.:IIJ 
1 ~-~" 
I ,'.i.fill 
I 1.711 
11.r,o 
1-L'.!IJ 
1-1.:.!0 

July 1 
"indy 

11 
I :3H11 
3(1.(10 
:,;. \\'. 

2Htl 
Clf"a r 
2H. 1 t, 
.! I :!U 
.!O 30 
:w.oo 
'.!(t.(111 
I '.i .(JO 
1t1.~1(J 

)!J .~Ii 
l \l.tiO 
1 !i.fJO 
19.:!0 
l!t.10 
I !IOIJ 
J [1.00 
I .; • ~ 0 
I '>.ill 
Pl.70 
It<. lifl 
1 i-.r,o 
I'<, 10 
I ,.311 
I M.:!O 
17 .70 
1 ti.l)n 
I r, .. -,11 
1:-, .;1 11 
I F,_(ii"J 
1-1.!JO 
l•l.liO 
1 1.:J(I 
11.:!~ 
l -1.:W 

,T ulv ti 
windy 

1-1 
R •3flt.\ 
:!.3.00 
S,\V. 

1 '.!0 
1•.c. 
:!~.,1 
20.\l!J 
~o.~n 
::.o.•.i1 
:.!0.70 
:!li.!iO 
~O.till 
:!(1. fiO 
~o. 1;0 
211.60 
~o.:;o 
20.00 
](J.7[1 

ll•.16 
l\l.00 
I !!.!tO 
l ~. 70 
I 'i. 60 
J h.,-,0 
1 !-<.:HJ 
I -~. I 0 
17 .60 
17.:JO 
In !:ill 
I li.:10 
1 'i.l,O 
l r,.:lll 
1(,.10 
]:,.(10 
1-1 .!tO 
11, 7 a 
11.'l!J 

15 
11 :OOu 

:!0.00 
N.E. 

,aim 
Clear 

2~.00 
l!l.60 
:! I. 20 
:! I. 10 
'.!1.00 
~0.!10 
·io.xo 
~0.6fJ 
:!0.:!0 
1(1 .:10 
19.00 
I ~ .tlO 
l -.. '>0 
t ,.GO 
I R.!iO 
l k.10 
l :0:.30 
1 s.on 
li.!Hl 
Ii , 611 
17, \O 
11 .no 
I ~.ilO 
I f,.9fl 
1 r..r,o 
I f,.00 
1 1.60 
14 .40 
l 1.:io 
11. :!0 

July l?-13 
,vincly 

~ 

H 
0 
d 

~ 

;....-
:r. 
--3 ,...... 

• ..... ...., 
H 

t:rl 
J., 
,...... 
'./. 

~ 
~ 
--3 ....... 

I 

;o 
;....-
~ 

'-

H ,...... 
1-1 

'f. 
t-3 
0 
~ 
~ 



---' -- . .,, ,.. 
- , -, , ...., 

-~
 

.,.., ... 'T. 

-,;;; ,.. 
_. 
r , 
,.... 
.... . . . .,, -
<

 

- , .,.., 
•
J
 , 

,-, 
'· -,... 

........ 
• 

: 

,, .. ~
 

=.. C
 

• 
L. C

 
LC

 
... ~

 C
 =

 =
 -

L
": IQ

 
-

,=_ 
.:, =

 e -~ e 
1

0
 
~
 =

 e 
C

 
O

 
• e 

O
 

O
 
~
 ~
 

:----':: ~
 ~
 o 

..., 
:
.f~ ~

 ~
 '-1 ~

 
: -: c-; ~

 ~~ ~
 '"': ~

 ~
 -: c-: ~

 -: -
o q 

-. : 
1

-: -: c-: e• 
-: -: ~

 
'!' t '7. .r. • • ~-= o

: cc :n
 ~
 ~
 er:--x. 

J
J
 v 

o
: 

f.l -r 
r. 

CT: 
.., 

'f
 

.._, oo 
f
. rs 

t•
 r-

t-
,.._ ,.._ .: L

C
 

,.. 
-

,
.
 ~
 

-

~
-
~
 ~N-------------------------------

-
• ... 

-=======ecec:oeoe~===o= 
~

t
-
t
-
•
•
W

t
i
e
-
~

.
a
,
-
-
-
r
-

.o
c
-;"

1
'-

• 
-
~
=
~
~
~
~
=
6
~
~
.
 
~
~
~
~
~
◄
~
~
 

-1 « 
N

 
, 

C
'.f 

.IN
 -

-
-

.-. -
~
 ~
 -

""9
 .-

, -
-

-
-

c
e
 

':' 
,;. ,

0
 

-
~

o
:
o

:
:
o

:
~

c
=

e
c
:
o

:
e
o

~
c
c
:
c
e
=

o
o

c
:
_

c
~

 
'= 

c: 
0

<
1

:. ~
 t.:; ~

 
-•
•
•
 -: ~

 
•
•
 -: tt t-: ~

 -
er~-::-:. . ~

 ,._ ~
 ~
 

-"'l 
-
. ~
 

-
.:;::: 

. 
.... 
c
,;N

 
-ra:. _

_
_

_
_

_
_

_
_

_
 ,_. _ _

,._
e
,:=

,o
, 

C
":C

:: 
C

'-"'C
C

I 
1

~
.:'C

.:•
-
•
~

•
.; 

~
 
'-' ... N

N
 .. l!'--l"'"•N

 .. , .. ., 
ltll 

IC
-IN

,. 
;',l 

~ 
.... ,_

.,......,.,_
 -
-
-
,
-
-
-
"
.
-
.
 -

-
c
 
.
~

.
,
_

,
,
-
:
:
c
c
c
:
o

c
~

:
-
e

,
o

c
=

:
-
c
c
:
:
:
io

c
-
=

'.
:
-
o

o
c
c
c
.
-
:
.
 

C
 

.r.;r." 
C:: 

..,, _
_

_
_

_
 -
-
-
-

.= :.o
=

-
c
 .,-

r:;a
-..~

, .. ; 
-
-

.=, 
-

~
 

i:;; ~
-
"
!
"
-
0

 
C

 '7. N
-
:
 ~
 ~
 7 

_; _; _: _: _.: _; -
~
 _: _; _: -

....., =
 0 

: 
::• c;. 

• 
f.

0 U
. t

-
•
-~
 r,. •= _i 

• ~
 

• 
:r.-.a'll":.,..,_ 

.a 
C

'IN
 

-1:S--l 
:.-c

t':'-'~
'C

'II~
 

IC
'-1

~
-
-
-
-
-
-

-
,.,..~

-
"
"
' 

-
-
;
-
-
-

N
c
=

=
o

o
o

o
=

~
o

c
~

~
c
c
o

:
~

:
-
o

o
o

~
=

o
c
-
~

o
o

o
 

:-
~=-

=
~

--=
=

sG
:.ter-·.::.1..;---«:-.r'.=

. 
,; 

.,.. 
; 

•--=
sr ... 

• '; ~
 c 

e
' c. e

, ~ 
_

. _~ 0 o 
c 

:. d .d, 0 ~· --· ;i r.i u
, 

r-: t>--..,: d 
-l ~.; 

· ~
..,..: 

-
C

'II C'-1 t;,1
 

J 
I •,.i C

'.I ': J 
• 
.
,
 

J N
 

.,.. -
-

-
,_

 -
-

-
-

.-
. .

-
r--1 -

-
,.... -

N
 

::o
 

,... 
0

0
0

0
0

0
0

-
=

-
o

c
:
c
 =

 -
:::.-

:-
::o

_
.o

e
e

')
:o

o
c
e

~
 

C
c
•
 

v
~

--M
 

O
 

~
~
 

~
 

Q
•
~

-
~

-
~

~
0

 
~
~

-
r: .. 

•:;: -r;.:r...:-.,.4
..:-0

 
· 

e
;
 

./...,:r-,:,..:1-1&
 

.a
,-

~
~

...., 
J 

t
-

c-,, 
i:-.1 IC

'• 
I 

-. 
·-,a r, ..

 ~,~
•G

,1
 "1

<
'4

....., ...... -= -
-

,-
-

-
-

.... ,..... ...,. -
...,.. -

-
-
~
 ~
 

~
~
 

~
 

e
~

o
:
e
o

c
o

:
o

~
~

o
;
e
:
c
o

~
o

:
:
:
~

Q
:
o

o
e
~

o
 

::' 
•,..;.o

 ,
:
:
:
-
.
;
~

:
,
:
~

C
J
 D

:i 
li.Q

C
':C

-:-'M
-C

 
.
;
-
O

C
lC

-
4

=
-
-
'-

'=
-
-

0
,
-

, 
g ~r..:~ ~ :~

:-ic
-.. -1e-ic1c-•-

-
-

-
e" :7.;--:.:..::-· c; 

0

(1
 

,..;,..:r.;.,.; -
.:;. 

.:; 
tL: 

-
-

:r. -
"h

 ... ~ ;:-
~ J :-

, ..... ,. --1 N
 

J t:-1 ,-J
 ~
 ,:, l 

.... ,1 ,.. ~ 
.... _, -

-
-

-
.... ,.... 

-
-

-
.-. ,.... 

-
~
 -

-
-

-
-

-

-

e 

C
 -e
, 

..,. 



1.1\j;t 

-'i 
i: 

1 .r,· 

,fi 
I" 

r, 

,. 
,~ 'I ,-.. . 

(! 
••-HJ 1, 
I U►l l 

I I 
u·•.i.2 

1 !! 
l:?-,3 

r!I 
Ill-l.l 

'!.i' 
\:1,!;, 

j_(, 

LG 
.7· 

T (m IJ , Q, 
< 

_fl.ti 

G:J 

_1r.ur, 
r ~ -' ., 

fi .,1 
,. ' _.., .. . 
!! .40 

2.1.&!! 

lil...(i;, 

l!l.lf> 

r,.,f<J 

LI. 

'f'..AULf. l •I. Tg~il?J~R.\TUR}~ Rl~.\llTN<:S AN!> l\l'f'.TEOROLOGlC.\L DA.TA. 
,Au1-: . 7 
J>m-J1n 

8 

July 26 
llm-nn 

8 
1.925 

An~.:) 
I im-lln 

ll 
102!> 
8.PO 

IT~d') RT. RTZ II-DI 
<),.lririr:s \\ ork 

July 25, Hi2H' 
217~~ }fj,!:l!l 

_rn;.. .ir,.sr, 

!llC.:J. 71.2~ 

lE!ll'. 92.73 

l'jl!G. l 10.tM 

1!,ll'.O l 2fi.78 

')liOI. , l3H.01 

Y:19 f, . l ,lt,.90 

J!t,t. 1(,1.63 

'l!i:!. Hl~. lr, 

;li.i.l, .El.~ I . 

fi.O~. ~ 1.IJO 

7. li!J.£1) 

I i-t. ,1~,(Jf, 

0 1'1 .,.,llS :_. .,,,..u 

2&.r,s 
~1 .. 3& 
a9.CJi 
I l],61 

fC', ,:O:t}fi 

11 tho •~•; 
f.r, r ·1,::v1l' 

;a." - l'I 

1-1 l 

it!i~~.1:1 
' 

.QCJ:i.2,.'l s 
.<)O:l2!t 

.0031 lW 

,(J(J3(f( \j 

.oo~oil:i 
.CJ03CJ~I 

.00301i3 

.0(J2'l~2 

_(){J209 l 

.001673 

.01)1 r,gq 

,00 1 l HJ 

.Ou08\JQ 

,{J{Jfil\ll 1 

.OOOG2!: 
,fl(t(t,131 
1)()010,1 

.0003i 

J•1ly 25 
J)rn-lln 

'I 
11 !.J::...'l 
0.11, 

:J."7£; 

111,.00 

.1. 

:JJ!'., 

.. J"~~ 

J:! ,.LiQ 

I .. 7f, 

l.l . .J!.:i 

Ji,,,Ci l•••ti 

Jl!!.uO 

.u:.oo 
It~., 
ll.Hi 

I il 
:.i1t 

l [I'.! 1 
C,.80 

" 00 

1 :ir, 

l. 3" 

1.00 

;l.00 

1.68 

1.00 

:too 

1.ti8 

ll.(iO 

10.8'! 

r.;;.10 

!2J10 
J ( /~£. 

~• . II) 
10.68 

1.~:-i 

0 75 

O.LO 

0 .. 7G 

0 8~ 

.!.30 

!I fir) 

10.r,o 
2.-~10 

7.10 

1.~& 

:J,(J() 

3,IIIJ 

1. '.! r, 

:.! .. 40 

1.13 

J.12 

I • :! !'; 

r, ,00 

1.·10 

1.7r, 

8 8S 

.!JO 
18.71i 
11.r,o 
l '..! .. HG 

llm-Dn 
8 

1~27 
8.00 

r,.ri2 

:.; ~s 

:i.oo 

~.'.!8 

2.~•:ii 

~.VR 

H. I'! 

2.65 

r..38 

1 o.r,o 
7.G!l 
7 .6:J 

1 ~.f.f) 

RT 

{J(l 

'll 

8!.t 

~I 

S<J 

'i'& 

70 

Gli 

GO 

u, 

r, l 

,I G 

I !l 

40 

:J7 

aa 
:10 
~7 
!! t 

RTZ 

◄ 9 

141 

Q'l•I 
~~~ 

~Y•I 

:160 

"12 

,I r, r, 

1':0l 

r,10 

fit~ 

G:J Ii 

(,'.!!I 

[1:17 

f,10 

r,:is 

!', I I 
)!1 6 
47'.! 
11-1 

11 h::inl l 
an•I. t 

I !l!!..J, I 

lht' \\·o,k in lra1U1po1ti11g th,. 
i5ta11 ,•e U, 111ixtu11, fQr July 

l~l'.?jj lllld l!t~7. . 

lwat to th.-: l:!<"\'1•J1d luyer8, th1~ l111',1 
:.!.'i, .J!t:.!:L 'l'h11 oth,:r r:()lun1118 i;liow 

c.n 
0 

H 

C 
~ 

~ 

► 
(/) 

i-3 
~ 
Cl 
H 
trj 

H 
'./, 

'./, 
:,..... 
1-3 
C; 
~ 
:,..... 
t-l 
pj 
H 
.... ~ , 

1-3 
0 
~ 
14 



T~\TILI-~ '.J;i . 'l'f•:,jlPl·- LL\'rURI~ Rg.AJlli\'GS ,\ND ~[E'l'E0HOLOUTC,\L DATA. 
" 'J F. .A --~ B I ' C D .. 

Epihmnion Th,.·nnocline Hypolimnlon 
Thtck- Thkk• Thick- Fall per 

nat,, , ll.::uth Surf. Boiiom nt•!J:i 1 'u II of Fall rer n,• ,s F.111 oCT-'All pe, Tl'm!l, at n1•s~ Fnll o( ml'ler Total AT oc Menn G11 lorlt>R 
meters 1'. ° C. --r_cc ... .Fnll,of n1t ... tt.:~rs T. 0 G. n1l:i c1· nH•h.1rs 'r. 0 <;. nh .. tPr bottom mett•rs T.,mp. der,th · · T.°C. meters 

s-2. ~~ ~o 2ti.OO H.10 l l.~!O l II 6,!iO 0,3:2 ti ti.00 1.or, H.r,o 5 1.00 0.20 25 12.90 21.46 !!1476,R 
S-l 0-~2 :20 1 ~l.i 5 111.0U t.i.1!5 11 '1. ',! (1.12 s '7 0~ t'i.S' 13.lf, r, 0.4 ;j 0.09 27 8.98 ::'0.110 20382. 7 
s~·1r1-22 ~o l!J.20 l 5.60 r.;o 17 ~.70 0. 1 G 8 7 .0() (.J.~7 I :J.&t1 10 0.70 0.07 36 10.40 21. (i lj 21686.5 
t,- I 6-2;1 s ~8.~0 1 S.6ll ' ,1 ,60 
i~-~.r;--~a •20 20. ::;o lO~J(I 10..10 1 l 0.1 r, r,.01 ,1 9.n,, .2 .. ~6 I 1.30 ,I I, ~0 0.30 20 10.40 Hi.Hi 1112r..o 
7-6-23 20 21,50 10.2(1 11.30 s 0,9;, 0.1'..! s 0 -~:, I.lit ,I 0.90 0.22 ·- ··- .. , .. 17 .t12 16137. 
7-lfl-'.!8 20 25.~ q 11 • .J 0 1,1.:18 6 (I. 1 S o.os !I l:.!.~O LST'> l~.,O 14 :!.~o 0.16 :!8 I 1.8~ 20.8~ 20i62. 
7-20-2:1 ~() ':! 1.~S I 1.00 I :i.(l"I s ,J.J.', 0.17 6 10.~0 l.~O 1:1.00 17 1.~0 o. 10 30 l~. 78 ~0.21 199:18. 
- ,,- "3 oi) '2·1 "10 lJ.35 1 ~-9$ I 1 u. u; 0.fl 1 6 12. 15 .!,l)j I :!.00 1 :J 2.~o 0.08 .IQ 14.50 ~(J.30 2C•l49. ,. .. _I-... -

0 t3.00 11.20 ·l I .:SO 1 ti 1Jl5 0.12 6 1;. I 0 I.Ill UL60 I'< 1.50 0.08 35 12.90 19.[,f, 191.26 
~o 2Ll:l HUHl 10.:i:i lll 0. 67 O.Oi 7 <;.or. I 1 2 11. 70 ~o 2.-iO 0.12 37 11.83 111 .49 19052. 

"9 .20.,1~ 1'2.10 13.3'- 11 ~-59 o.~3 G l 0.29 1 .";' 1 1 2. 1i0 I '< 1.1-0 0.10 36 14.68 2U .L2 2(~69. ~ 
s·-~ f -,'2.H ~0- t' J. 6, 11.t,O ·,D .97 l ., (i 9.27 1.~:, l :!.:lO 19 1.30 0.07 37 11.57 Hl CO I 91 8~. ~ " 6-,1-~jl IS 13.,fl !l.~O .1 .:rn 6 0.50 o OS 2 t > .. r l.~:! 10 6fi 9 1.25 0.11 10 68 6 6G7. -· \.. --·· .... - ~ El-J!!-~•r ~o I I ,9fJ 11.:10 S.60 7 :!.00 0,21) •) l .lo 0 r,5 11 .SO tr, 1.60 0.10 25 3.!iO 13. 1\J 11•,iJt. 
ti-19•°:!•I ~0 11>. 60 1.3.~5 "3.3/i 9 1.011 0.1 ! •) 1.110 o.r,o J.1.(,0 '..!~ 6.00 0.1~ ,IO 6.00 11.H ll~•ll. t:i:J 
ii-~G-2 I ~0 l~.65 1 !?.!H) 6.:lll I II 1.r, 0, 1:1 ., 2.10 l.:!O 1-11'0 ~- :J.20 0.12 39 7.05 17 .06 160fil. .. I 0 ,.;i.t,l ~o 1 $.7n 1~.o:. 6.ti5 10 11.'~U (J , (l'j' .. l.tiO o.~o lC,.10 I:< -1.60 0.26 :lo 7 ,50 10.5:3 l!i112. 

" , ·. 110-'.!.l 2(1 19.ua U?.lfi 7. I 0 11 r1 .9t, 0.09 l ~.w I. u; l l.61l :! I 3.95 3.::?5 3~ ll.90 11 .r,3 1664 2. p:1 
,-,17-1:.1 , '.!I) Hl.,00 13.60 r,.111\ l :! ] ., ] I) 0.0!1 f, ,I. ,o Cl . !Iii I 4 . 11 [I 7 :!.20 0.31 ·•~ 8.R0 11!.0 l 17261. 0 _,, 
i-t l-:!-1 2U 2(\.110 I 3.30 7. l 11 '1 ., 1.60 O.H f, 6.30 l.:!6 I 3. GO 11 2.25 0.':!0 :lO 9.16 18.69 18069. to 
7-SJ -:.!-4 120 !!O 110 L·l.00 !UII) I I 1.!l 5 0. 1-1 I, 6 .iO I.I I 12.7~ IS 3.26 0.26 36 [2.10 18.3S 17687. 
~· -;"-! .: '.!0 2'2.40 1 I, 10 ~. ;\() !,I 1, f,(j 0. I I 6 6.iO I. 1 l 14.10 20 1.00 0.16 40 11. fi6 20.:!7 200 I 2. 0 
S-1 :l-~4 ~(L ! 9...'7Q I f1.H·~1 s.-., '13 1.JIO O. I fl 6 7 . 10 1.lS 11.20 16 3.00 0.19 3fi I I.GO 17.57 l 6691. ~ 

5- 19-24 2(J IS. l 0 10.~0 7 .4..!0 16 1.~6. 0.09 ,I 6 .tl5 l.·I !l 10.90 1~ 0.95 o.08 :l" R.15 16.66 )5;,69. H -
ll-1 !>-£5 ~0 J J.30 1 o.~o 4. IO ". .,J.30 l),l!l 25 -1.80 12.62 10603. ~-• .. .. ··- .... ··- ··- u ··- .. -·· 
h-20-'.!S :?Cl 17.60 l:l ..C O ,!; .·tO 41 0.1,Q 0.10 ~ 1.!Hl 0.63 l [,. l 0 1 Ji 2.20 0.15 25 •1.70 15.49 l 113'.l. ., 
6-27-2:, 20 17.60 rn.~o 3.90 Iii l.!'<0 0 .1 :! 3 .!.IJO 0 , liti 11.60 1a 2 .-10 0.19 30 6.60 16.~6 15326, 
7-~5 .. "25 :!Q 21.70 l'i.50- ,l.'1! 0 13 0..- 17 0.01 

,, 
1 ~o 0.90 19. l lJ :! ' 3.70 0.15 30 6.00 20.72 20G66. 

~-31-l?&, 20 !?0, fi0 15.20 ".!.40 17 0.20 0.01 I 1. ,o I.SO 1 "· 60 10 8.00 0.30 30 6.10 19.96 196l'i. 
\j ... (\ ... ".! I) ~O.,~(J 1s. :.;o !.r,o ,IS LtiO 0.09 l 0.70 o. 70 1 ~.50 10 3.00 0.3(/ 35 6.30 19.97 I ~11,,13, .. - 1 - ... n 
~-IA-25 '.!O ~0:'7 5 JS..00 "i") ,.,. .. dS 1.,5 30 6.:l I l!l.!ll 19569. J. •• ~1 

. -- .. .... ... . ··- .. . , -· .. ..... 
~-!'!0-25 20 '!!1.20 li~O '.J..iO •·• ,M .. -· .. • · -- ··-- ...... . - -- ....... .. ..... 30 5.10 '..'0.31 :!007 1. 
6-16-'.:!fi :!O 16.c)O lO...l!J !l...'<l .... ~ ..... . .. .. . ., -·- .. ··- . ... -·· ··- . . ... .. .... ·- .. -.. 16.30 13899. 
6-~3-26 21! 16.-10 16. ltJ 1.4Q -- . -· ·· - - ---- -.. -~ .. _ .... - ·- . . ... -·· - ..... 1 f,.3 I 139·1 !'!. 
G-30-26 '!!ij lS,60 J 5, ~ll ;l.$0 ~. . .. ·- · - - . - - . - - , . --· - .. ··- 16.00 1,1760. 
; ... 5 .. ~f; :l . ; 1 9 .. ,o 1 l.ilO :J.llo· B 0.50 ll.CJ~ 4 -l ,., ~ 1-06 H,. • 'j '..'O ::!.80 0.1.1 2{1 6.fi5 15.77 I 1177. --~ 
7-18-26 20 '..'O. 1 D I G.:lO t1 .. ~t1 ;:to 5.f,O 0.1.'i .. . ~ -- .... - .. ..• -· - - ·· :i:u 5.50 17.90 17097. 
7.20-:!s ~o ~22.1:?o_ 15.70 6.;,f! 11 1.10 tJ. l(J I l.~O 1. 30 1~.:lCI J.l 3.60 0.'.!6 I'\ ~ 7.50 17.90 17097. ,;..,t 

i-27-26 20 1 g_9(l 15.70 3.'!0 I 6. I. I tJ O.Oi I. 1. !O 1. 10 16. i 0 15 ~-~•O 0.1 6 35 6.50 ]6.20 16006. 
s-:~-26 20 lS.90 13.90 5.0t) ;l~ 2.10 0.11 2 e.~o 1.45 1,1,tlO ui 2.70 O.'..'O 30 6.70 16.27 155~6. <:.n 
B-9-26 20 ":!~.65 16.50 6.0~ Hi ~.~o 0.15 ,! ~.96 0.7-1 16,95 l I 2.40 0.17 3:, 8.06 20.21 19\/76. I-' 



~
 

I< 1\\'~.\ S
T

l-l)lE
S

 I); ~A
.T

l~I~~\I, lil:-::T
<

1R
Y

 

o
 

1
:
c

:
:
=

=
=

:
c

.:
:
:
-
:
 

o
----•-·-

-
·~

•
-
,..:

;
-
i:

-
1

-
. . . 

. . 
. 

~
 

. 
. 

. 
.:: ':'I C

'l ~
 -

t
-

~..:. t
-

,.,;. 
i.&

. 
t.: -

C
 

0 X
 

0 0 "-~
 

.... =
 

:: :: 
l 

"~ 
,-
~
 

"' 
-

0 
:: 

I 
-

l 
t t=: 

•-: 
:C-1 

... 
¢ 

.--
.-

.::~
c

c
=

..~
-=

--=
-=

-4
 

r
;,:·; 

-
c

•
:
.
;
,
-
-

-
~
 · .or-: '..C

 ..; 
0 

_
: 

., 
;:: 

C
: 

-. -
;: 

;.. 

-r. 
... =

 
-=

 
E--

--·-
=

 
,;:.:; 

'.I. -
..2 

"f. 

-
.... -

• I 

-
c;, 

" 
--

=
i 

..., -=
 

~
 

-
=

 
.; 

=
 
~
 

;:: 
~
 

-
-

'--' 
.-

.. 
~
 

-
::: 

$ 

t:l 
=

 =
 

=
 ;: 

. =
 

:::; 

::: =
 

::: 

-!
!
 

--11, . 
-... " ,. --... =

 
-----.: -

'---=
 

-=
 

-4:l 

.... 0 

-=
 

-.. -=
 

:.r ... =
 

a --
-

-
- .. 

c'! 

-..... 
-

• ::: 
C

: 
,,., c'! 
'-;:;: 

r. 

-- -:, ---=
 

--s:.. 
;:;: 

:: 
;.. 

:::: 

~
 

-!:L 
C

 

---
-

:::; 
=

 
J

, 

c 
,:" 

' 
V. 

-
a
 

!:-
;:: 

-
.::. 

.... 
--

:; 

=
 

f
. 

,._ 

=' -
c-

--
.. '-

--
-

=
 -· -

..., 
. 

..:,: 
-

.. 
---
-

~
 

... =
 






