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PIGEON RIVER STUDY AREA I 
OTSEGO COUNTY. MICHIGAN 

T. 31 N. R.2W.S.23 
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PIGEON RIVER STUDY AREA II 
OTSEGO COUNTY.MICHIGAN 

T32N. R.IW. S.17 

MAPPED MAY 28, 1951 

- COARSE GRAVEL 

- FINE GRAVEL 

SAND 

~ SILT 

X LOGJAM 

30' tJO' eo' 120' 

SCALE IN FEET 



•JS-

ftC• ~_,.,ua.-
11 • .,.. • ., ,i. 1~. 





-Yr·-

ss.au. &.• 

, 
::- Te-VI a , r~ "• '-' 

w:a•c,goifOl'll.cll• -: He.le: &b.t.. 

··-
~- apeolu. tbta oond1. 1 1- to tbe tan- t.ha in a 400-)'ud. 

aec~m ot .--., 1t u aMlllt.lll!fttt ua,CMlll:S.ble ftCIOflln.418 1n 

popcl.atJ.oM ana1l 

2.0- \Ci 3.,4-imh ~1~ ..,. ll:af119d1 



•38-

in • • .... 
• 2). 'l te fteONIJ ra t all. .... Nl.NMd. 1n a part1 .... ... ' t1lh 

lht:t ot 

• fo 

ta of 

"' • " • 1-

nte t • J:a 

........ ton • (1) .,,,, 
,. 

11.\fl not - vi ' (2) 

...,wt ot eon. t , 
Ju1T1 ()) n .. ...... 

2 

ard---1 ........ 
2.oto ,. 2'1 6 14. 

4.0 9 "' 154 ., 
7.0 to u., lO'J 41 

artiai,.. the ~ la NCGMIJl'Y" .... -•- Wlfl.OU ~:IT. 

deneitia, ta ot 



1946, • 9.10) • 
( 1,1-J). 

' 

.I 1'1 65 26 44 1, 
I 275 71 u, ,0 16 8 

C 225 ,, Ja4 '18 IIJ lS 
I) 116 4111 146 lS 6:J 

. .1. 4.749 .,. . .m .2. 2.ca, 
P • 0.20 • o.o, • 0-'6 

9 1 ' 
,, 18 

31 , 43 :a.a '!/I 

C 17 ' 21 S1 1S 

D 1, ' 40 17 112 46 
,.,. . -2 • 4.492 a2 • ,.m 
p • 0.90 p • 0.23 , • o.u 

eaa ....-bed • ,~.,.., (1) bPolllt a~ Sa the 2.0- J.9-il'ldl 

and 0- to U.'11'....Ulm ct••··· ehOlf .smua NICOWIW ..... (2) ... 



s.n • 1.0. n."9ll.lll:.ll cac.DgOlry wn 

fta ,....AfflilN IO~ COIIOU'a))l 

Ir , ......... 11\/iU ,,.ffl1t'l 

Md (4) braifl'i tlllft~ iii. •• 4.0. t.o .~:a.DCB 

IIMil ......... W JIIIIIC01'8J'.V l'atu♦ 

fw ia rDlltlm~ .. \o 

'm.mlllf ()) JlNlilft 

.au l!Jl'IMR or -..m t- u. marttM 

U.cm) 1 a.. NCO•; nt. an · 

ftldlleai'I. ~ ot the IN'jl"'411-

..... ,6111,i- a11Qlllg popula 

of - .F-:ll.O'>U iU..a f .. J.ean in tbS.a ...... 

fo ---~ ftte011UY ft 1ft 4Uftr'8111 m,Q:f.Ut data ..,. 

' 1t111&tli18 1ft A l• , • 
, 19'1, 1n e iU ift'tu"P"'Mlll (fable 4). 

The data 1Q.811U,fitlll Ula' 'M'IMilllWGUt1Atben,,gi111U11 

mmbot tftq, 

l"'1 4S.ffeP MillMIIII bl!'afllt 

..... s.n.u. a 

la thia iMNIIOII.Ola. erwd ftlOR'81W 

... ' .... not cU.arUIID\1~ dltt..a. 

COODIII' (19f2). 

.., ~ .. of ............... ..,.. bUl8of 

NCO'f!U7a-.t.a11alld .. ._!18 ot wout, Sri ta. 

1olf IIUlilUMJ~IJla 



T 4 

nl--4 NI .... 

I April 17 ' u ' 4 1 

12 ?9 ,0 4 3 

'7 100 18 10 , 
? U1 n 8 

r- ?46 12 .,. ' x2 •' , • o.os p • 0.04 • 0.15 

11 4 0 

10 4 
( fW ) ,., 7 l? u 

J4 1S 1, ' 12 • ,.sn i'. 7. 
• o.i, , • o.o., 

J.lle;Nue of mal_... of 2.0. 

lilla\ the n:11mt-4n:•...,._ id~• ba"1 ftnt •- ••tlele 

taJDm\olDd3.C&~-••--G8'of8PelllldJ~ t.n, .. Cl.Dae-lb' 

... .... t.lll'M ,aa~Df-1tbe- bPGllltl vou, WN tlQI.DCIWG 



IIQG.MIJ"•• CUJt,&,Gl,ta~ ( , 1,n Pl'GU• a) bat. their ntd.alanee 

.U0.. th to OCGUllf' !1ml.l'l,Ct8D~ part, of J..upr Id.le 111b poptlla-

\l 

261 

72 14 

1
2 

• 0.154 
P • o.60 

taU ah.and 

llll"'.LIID7 .... _. (App. c, 

'(~1 ). 

s 

,.o 

IIU'lrad l'eCONNMI W'ked 
and 

ni.w.t 

99 

124 '2 25'7 107 
2 

1 • o. 
, • o.so 

2 
l • 0.1 
P • o.60 

!!fttt • 1D.,... II, ndd vu l'lllaa!Nllllll'I 1n 1 ,o 

IIM'lltD 1n 19'1 ( ........ 9). t 'flatl!U abow 

• YGWH-al•t.h..,.. a. 

lD tlll1' ( at>l• 6). anoq ••cllu vu. M4e of nallJd.Ju: tMld8 abcmt 

tlda _.Jt..,,.,.. are&. 'Iba 1-ZDIIJNliuna 

..,. ~ 111 vla'MIJ' ancl 1 ..... 1n S\allll&J!I 1a ~ra• Ulli2rllilll.Cll'JI 

ot RPM.ti! chanM2 (nc. S). 1ba eurem '1111.acnU.. 



MClllllld ~ aot. p,.._rm 

aw.am( 

a.o ,., 
,.o-, 9 

1.0 le 10.9 

2.0 ,.9 

4.0 6.9 

,.o 10. 

2.0 ,., 

4.0 · 6.9 

7.0 l .9 

&b 

Apd.117 

1,S 
,. 

16) 

lr3 

1 

9 

a, 

6 

,, 

20 

114 

0 

A 

,0 

7 

1 

~ICI _,. 8114 J72 CNOlr Cbl.ll• "1'8 fCIIIUd Oft 

0 

13 

fl 

J4 

, 

ona of the 

• 

11 

95 

104 

m 

, 
1? 

'° 
60 

· 1.J, 19'1 (App. C, 



-44 

tale 4). 

clrar, laDG .. d· daoe, 11:U'lllll.Wlnva, JabdlY darMI", caaraon lllllo&Qiil&•, 
brook .u.oueoa,a (App. c, tablo J). ·..u1,.... of r.w:IIP t 

in t.n ~- 1951 10. ( .ie 16). 

ot .. ..,~ ,,. ... 

• ~ .• ...,IIA .... • 

lball• al.'f!M1a. 

--.-.tr.!!!!!. 
~•v-.. llI, like 111 le 1.- v.L-tb:l.n 

...a,eb Al'M la \ 'ihf!ltaA at:l,N dolmtNIR 

1-W ( .1). 

... v1 , a.o re.,, 

• .1111 l.Jt 19Slt 61.J CllUllolJ fi per 8eCNDl. 

f!el:!U!!t nu.. tiN a, 2, ~ ,. 

SI!!!• Cl!JWllr a 10 .... -- al.den (,tt!!,!!1. •iiiiliiiiilliii-" 

a->. .- .,..,..... • .-. M1d1avmm ..,.., 4 pP"Celll 

fl,. 
J'MI'• GlrmolLe• the ammr 10"1Pll1lldW~ 

• lf'II titftlllA Ql)mtllGll1·- WUI 1ft 19',1. ( • J3J App. 81 

Table 1). Mr/ ff, l ~, • r. """18 _,. 

ta NQl• ,a.o• • (App. 1 --,•- 2). 

w.1.4.... 1 ,o-sJ. . 1"1-,t, anPj['"f16a S. ,....., 

ce11P1•1e'b' then in eit.ber • ? I (n,. 14J App. • 



1n 1N • An...s.at. 

W..nc\ion ~ 

Of • ). - • • 1951, 1., 
l, t I 6.4 

ot -----· 
.. 1. ( .,,, oe.), ~a. •..,.. BaNI. 

,, v1 a -- nllb42.all8 1NP et 1.161 • ,- .... ttM, ·, OGft:taliftlG 

•· 
!t• ·•· 

... 

..... 



ftc•f• .uirialOtv:1"°11iftl* 

et.fMIY .-111 -





• 10. 
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PIGEON RIVER STUDY AREA III 
OTSEGO COUNTY, MICHIGAN 

T.32N. R.I W S.4 

MAPPED SEPTEMBER 8 ,1951 

-RUBBLE 

m COARSE GRAVEL 

D SAND 

D SILT 

X LOG JAM 



• ...u. popolaU of 

e total DUltbnM -1.-.111n frOID 19 in 

'° ... 
•••'-.,.... a. 

i,,. 1951. • 

4111 

1Q,,11111Jr1GIIID -WniJD.2 ta 

la naclY uea, ~ wat11111 fl.eh an bel1.-..d to be Pl'Ollllm!ICl 

UDl~IIIIIB about '700 7U-df• 

fall 00.t..1.eG'~J.CI• ( • c, • 2). 1'he atancl1lBI: 

. • 19'1 ac,llmt,ltd t.o 1.57 br 

alfftGIIDd 

l • 

la 19'0 19'1• 19!Jl, holJletw, lhNe MWlll'l --• Ndda 

,oo,..,_.-~•INII -,in.nn( 

ai an a abla • far u bol t,'pe or a"lmtmt. U'e OOIICCl'md 

U. lute ot ... ~18 vate, 111h allwa pea, fl:uat.1waU.. 1n c«l:INl'la

t to UN ..... 



2.0 t.o 3.9 

4.0 \o 6.9 

1.0 to 10. 

olal 

Total 

Apn.1 

0 

9 

'9 

0 

0 

0 

0 

0 

't . 7 

0 

4 

0 

0 

2 

0 

24 

4 

12 

4• 

7• 

64t 

17 

0 

0 

2 

19 

• 

~ ' 
.W,-12 

72 

u 
6tt 

0 

0 

0 

0 

72 

u 
6 

sr, 

~of2 tibi.t.e 

ObUJEII, .. m caal'ICJft lilUDUMllnt 

wn.~~,1.0Qll-.~ 

aadimibnow, lllll!DIIIN!ll• JOhllllf' dartel', l .,,._ • 



a.ra!.2.•• 
DffllNlll in 

!!!~l.,.. L 

, ad 

Sise. -
area IV la loca 

t91d th \ovllof A 

•1 , ,i.9 tee\t 

( T • . 34 N. , R. 2 W. , S • l ; Fig. l). 

(,IUU'l',I)• l .5 lncbeal total 

n. •• 

~3 • 

...,.. 10 nan~ el.a (Ula&• a-> ub (f!!!!H U.•>• 

l aand 

-...i1.N, a IMll"'lll'l:t!IDt a1c1are <~!!. 

der'11, 1S pucen t 1.anat.11 

• ~\uN& 1 

• 

WCICIOtt of 1951, a 

1 ,,, 11• • vaa ~ • 

• 

(P' • 14J 

19Sl.•S2 once 1~ 

..... th.a 

• o, fable 1). 

Ill, 

• ff, abl• 3). 

), 

, 



w 17, 19"1, o., pmoeen.t. i.acNue 

7 19t 19521 l.? t'Wll'~tt. :l..l!lm-M:1111 in 

0.9 ..... ~ ... lilt ( • U). 

e "1aHr •Wdl!Ut erop t flftf.'t.Bft a.,ll.1.IJJlllJ 1ft 

0.951 • . a.mml"II ti 
~.._ t' 

!l• t \)1m(la !J?• I 

• • to aewn 1 

• al 

vi r COU.ect.1 • S 11 .:1.-...u1&1. we 90 n1111mmt eht.l'Ollmldl ud • 



• • Cbll .. l ta1Mli'II 

....... lWllitall.a.la 

-- ff• 
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PIGEON RIVER STUDY AREA ISl 
CHEBOYGAN COUNTY, MICHIGAN 

T.34N. R.2W. S.1 

MAPPED OCTOBER 8,1951 

Bl RUBBLE 

D SILT 

X LOG JAM 

JO' &O" go' 120' 

SCALE iN FEET 



) , dlooot11.a1wauu. • 
• __. IWC-d.t.at.ed t.be UN t 4nlflld l"OCc,N:Jl"f' 

('II • 8). '1,,>V',1..&Wln;.a!iJlla v1 • ~ lboOltt!l' Altlk•"' 

t ~ • -•~ of ti • 

2). 

1n lfeff!ldN•• 1951• 

0 

0 

0 

0 

0 

0 

2 

0 

0 

,. 
2 

n• 

0 

0 

l• 

l 



of YOUMlll!of,.if.tl...,.... tl"Out, 1n tbe populaUon ..U.llta 

• tea t,o the &bleDce ot a'D8ln11M (Table 9) ud t.be nlet.iw Ull~I.J.1·ta 

1951 ellOftd 144 1.om~eed dace, ,a blacdma8 c1ace, 

160 blackai dM'lt.ffl~ (App. c, ·table 4) • 

• 
.... ah1Dwt 1 • , c·amc• 

llll,lli,~,.-, ud vetJM'lm billndlld ldlllfta. 1he se.-.:. 

et.Nam. nanta oUened vent c.J.tha ee!!:!!!1f • 

Cua a,., !!fl~ lditol1a, 8:tJ1•tuu t.a, • lrple ---, 

!2.• t • 

T 9 

, 

_,, .. im .... ,m,-. 400 ,-. 400 'iiilldn 4'1J • • .... below ..... be1Glf .. nut, -- .... .... ... ... -- --
I , 20 ' 14 ,, ff 

ll 8 1 4 3 '1 8 

III 0 0 0 ' 0 0 

ff 0 0 0 0 0 0 



Atlll,TSSS 0, OLOOICAL F'.AC!l'm_g 
POPULlTI 

....iun the t.a:IOl'lianil=e 

fact-on 1n 8".,.Lldl~ the A .. ot U. Ulloc.S~t,ecl 

Nlatlft 'IJl!lfllft!'I.AMMI 

r &GIIUII Q1 t the dM of the eatul 1fUd PGIJIQl.lll'U;CIII 

t, u •ol• lndlls i.n t-he appNl.a1 ot • etteota ot 

t.be o\ oalde1.mllDIDl8. 

otmoualy ot t ~ 1n 

0 MOUotwot 

eeo1 c&1 taeten wh1ob lnt'luonoo , papulaUom 

olMaltS.edlato 

ot 

(1) oUaa- facticftt • ot 

9!9!'!1!!!! 
um--.m, ltwlo«ieal. tao· 

ot ..ermd • • It. le the \ dgrd.tJ.oan ~t. 1n 

.ana.an ot ell el' a.la 



ot and 1D •• 

\mu\ halehatM (llllbodYt 1921 • 
I obr, 19'41 Ol"M1 , 19321 

ftll!!lllM WWI" iftftua f au1 

Vle tnmd'i~teol Gil a 

toea\1 u. 2!!!! !I~ !!SM! 

t 

t.Jau\ <•·•·· 
ftr .. t, 

..u 
1n the 

locat 

, 19211 

s\Ul NqU1n 

♦ t,o 

ot trout ... . .,. 
P'W ft.allU'J' o1 8W hff4t af.\eJlpted. to Mlal"tt d!liiftnobll. -

~ and a cr1U ~ t • 

._. a.dY1Nble. fll• •lhocta UMd in 

\aUOM 

• (2) ammr at.er ~t (J } win_., vn.t..ar f-4111'D!Jft1~ 

, 

(4) td.nter 1 , (,) t.m:nm,atwre. Aa the u.. of 

... d!NJori P1'"loul.7, ta1n lild.taUom ... 

pram below. At. locate e&1 oda 

la ' .,.. futlle. (1951) d not, cletNt 

lrlal ollyu...tcme• cal • 
1h18 anbod 1a ate -

otdtlM • 1a palhUtl,e ~ 1: • 
.. _. s.nna .. de'8nll!.ned •• 



or t.Law. Th• or limttaU.on 1a that -papa cannot. 

daWl"Jl1ced tol' tl'1rl0l\◄N of etl- (leu 700 78 in the 

I·4fl:1111Un wr) and. t.rrnnn4 w aanot. GtlttqQalt.aJlJ heall,s • 

.. 1 

- !PP!r•!K!!• 
uameuun t 

wn eat18tactor., 

hot per1ou 

of 8UDID'l81",. Att ..,. .... 
to 1-Uo ot nNUl tmJllrft a'OUd _,_ .. 1a ao1m&ll7 ODllllr.lt.M • 

face 1• --►4 to bl au 11/£:11)81'1at,u,_, 

1e111owat.u~-u "111 rue &CC!omilM ww.•ua ........ _ ill an a:;~NJ.ami. 

,lllll!lae. ..,.....,. .... .,. hot oda, 

NelNl(Jtvlllhave~ 

--,& uou Vi Uttle aetlDelte• In 

veekaln 

ad.table pvi 1n Va• <1eonat.nte the preeeoe 

ot n'Gum • ..,. < ... w tempen.tu.Na, n.a. 1,). uea 1, •• 

....,_. ~ the o eeeU. , • cooi- 1d. a muwra:111 

ot ffl• F. (F • 1'J A • , Table 1). .,,. ..... .IV . .,_ ll, v1tih a lONJ' 

mnount. ot m-.WXI ---· NIIChed ,,, •• WI.IWIIU 

u,t1e ec1 '18• r. we • am:1am 

area 11 aacl U"9U Ill and IV vu not. 

ca.and rraa.u1r la lI, • 

• telllfl>OJ!'at;uN ot • ••• (be ~-~ru.e 

.LICalnY.o.lLV atr.ot. water -OIJ:-&tl~ la 

,. taot.or la 

cndt:t,ion 

t,Nlidee ... Se> 

-.athu 

dOneuhe 

pftftnte • tan.ue11W8 ot -•-'~i;a't~. To 

, bulk emMP vu •""ltld roit a at.le of • 1'1'l.-.._, 

s t:M111r .... II ta localed below • ant.,., ot • 



8VMmw1 epal'M ban 

(a te:il,enture tor . t) w1 

11 hCJW89111", had 

UP9'~

s ~aNUlllanclff(bo 

O'Otln4 VAiY,.. 1'911i'811l~ bat .. dlffW lra ftl8 

yJ. 

ft Nl~ad 76• • 

.anu. 
eNe cm 

aboft IY U a wooded .,._ vi tift allu of COl'lUIIUOli1111 beak &Willl'e 

. .>-... ,. &NI IV dld n\lln hi 

(1 w ) u III (J •--> (N9 • 13). 

Aaobr taot.or 11h t 1ratlumt41e unrpt.t.on t •olat- Ndial,Soa 

s.n ___. aac1, t.ll....tore, au.-am t.a!!ll!!m•Mt.u.re, ta ._ relaUoubip bet,..IR 

.,......,. .. orienta\100 cowr (u n«•aeeted • • • tor). 

It a ...Un of •u· 'eAtll baa an ... .._. .. , onAID'l.a 

al •• DDftb vU1 .... pnot.1..,_.. ,._,... 

blDl!t 1dl1 bi&ve cornS.·•-abJ_ • ~. 'thu 

·t. th• nn 1- m'fV located di.~ 

the ·1Yalllll..a ot cancer 11hii u a,• ff' 11aP1Ul u. 
The lati\Ude of tbe eon ,,.. bUln 1a .u• u• w1h. 

••.n,l!IW a1"N II t.be looaU. ot 

i~l'.il!I Oft ta\1 1111V' ~-- ,~ 

ati'll,t'N U'M II e alU!'IUIII flow in u ~ ~ • 

,., tllGUIII ~. .oca.le4 ~l1' on -••-" ot 

• ·-- •twt, &N& II tho I . tG!lliDH'atu .. NICNd 76• 1 • 

vi anappnotableamau8'ofalfftnNl•lc'S01 .. 1e. ,._... diNare 

naeded\o~~ N1a ee.WM•nz~ GDUdtlenk...... f 

a .... al1olt --- ...,,....t.a,u na ~ 



und to indiea . P.ttonnd n ir, it 1a eenUal to consi 

bank ocmtr • it 1a a 1W \i ot the o4. 

Wloter w t.eme!tf\una• ~.il"Olll'ld vat.er aee e cu be l ~d 

•wt tl'en1q t at lN8t. on • water 1a the 

of 't a tn tbla ofviA 

water atun. k1wr 18 lid.. ct, 

hotN-.v, • the ranp ot ratwN ()2• , . '° )6· .) 

U, 1a tJ. na11 di.tt, ou in t..pent,ve unleaa 

alue canno\ be &mlPAjL.aed M1y. 

U' • hONM', va\U' 1a an iJnport,ant irlll.uence 1n vlAter 

_..,. -,.,.-., u annu.a. YU'iatd. in ft'dlm:I 

Wl.um-. am'lllMll nt.er ttaperatlu'n. Dae lo the ta t that nn111M1 wter 

•• the r-H19UD _.. • .,.gap ant laOJd.l_, data ta. 

Manla\M, .Au sabl•, and ke • terlltea (F • U). 

tluct.uatl • All th8H ntenhede bid h1 r ·· ound nwr leftl.a ta 

• "1.mer ot 19,i.,2 than in th vln · et 1950-51. water -..nt.aNa 
• 1 ( • 1) ow that. the 

~--·- et 1950-51 WN o tlr (l'Nq '1y ,i• •) 
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MAXIMUM 
................. MINIMUM 

:', ... ~ 
.. , ....... , ..... \ ............... \. 

;
/'·· .. ~;· ·· ... \ 

..... .! •, • , .. ···~····· ... 

....... ·····•·l 

STUDY AREA I 

STUDY AREA ill 

........ __ /\ 

STUDY AREA II 

STUDY AREA Til 

MAR A M J J A S O N MAR A M J J A S O N 
1951 1951 



.....,. '8ai1POJ:oato.l'Q in 1951•52 ( • 1,) J .roW'l<t wt.er lem 

J'lli,Ml,-1 tac ac C1U11t4ble. 

tel" va'41r teu,ml"&·tune ue no 

eaten\ ami are liew to a 

w • IVlllaer · turee S.f INHI~ \a OU.acted. W1Atar 

f!ft'ill!IP le an index ol Vi.Ater tel" ts1pt111'&wn and 1 ue 

1n th tlNlirtflll 41a Md ui the nut """WID"mm• 

!9!1!!!L..ffl!!• a 

re.flee wln .. •lff MISIIPN-WN• Th 

,..._.. vs. alcn1ftcu\ eeepa ~ readied ,i• F. 

ud enton....,.. fNlse at evtue. O'llftlfd" NOUone ot 

with 11 U• eeepap tNla °"" • ual"9G. Wt.nter rtaea ice 

"" 1n t'.l'l!illm vu pped periocU.cally ln AT.JIJ;r,lf'-., UM (Fig. 14). 

s ..... I IV91y -- ., ice ~M' 1n • WO yeas ot ~ 

one. s ct, &Na II f'rMe r more -ill,M,,••-l¥ than• l t 

le• Ill w 1V. The latter a:reu .a.a-... ... eaPly &Dd ~i!U,.IIJUU; 

eONNd t • 1 cold DBr·~. ~ 41d not 

appeu- eip.UlcanU', atteot evtaoe 1 U.onJ nu~ eea IV vlt.h 

et • lll"IIUD.~~ of tbe of.her .,._ had 

.lel'1al IIDO~rapba ot at 1 aNU Il and 

Janua17 ,i. 19'2, 1DIU. ;te •• ,....\ dltftll!iancia 

tee\ lee cnai-• 

• 8and.9), iakanoa 

----
t.bea4tanu allbOIJilla 

u•.11..inN MJ'1&1. pbotMP&m 

aN only tl tH ii14,1Jwu apan. • 'f'alue ot 

vlnt.itl' to Mp t.rou babitat. 1a frftliJtl~ iJl 

t,b18 atNM. umftftan~ lllsltat.1 1a that pbo l'IIPh• be \aku 

a wry cold period. Januu,- '1t 19S2, the a1r lelllperat.urre 

vu at. or egalar v1n1ler d\c-ni• 
o at\t"1 &NU l , III, and IV l.ndlea\e artace ice 1n a nndlar ___. 
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DATE OF OBSERVATION 
PERCENTAGE OF ICE COVER 

100 

STUDY AREA I 

100 

50 

STUDY AREA II 

100 

50 

STUDY AREA ill 

100 ~ 

50 .... 

11 '~ .. • 
STUDY AREA N 

• i • 4 

DEC JAN FEB MAR 
1950-1951 

DEC JAN FEB MAR 
1951 -1952 
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bM!QWll"talN ( ft& l)• 

Go,~.,.. 1,~ 

- u .. 
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( •• 16 . d 

&llllm&JIJ.:J) tt:ttJ,tmd WA1C.AP 

..... x 

• - ... .. ...... ot in tu 

<- 6). '° ... ot in a .. 
In 1, _.1n\be 

ot ' • 
of -

Ia 

td. 

--~-, 
\ ~ltnl 

vate7 - GI, ~mt 1n GIUU:lV• ~ 1DC:U.CI.MICl 



• 1951. 
~- DJ!loli_,.lldl ._. atst1111W .,._ % 

lllihll'WM:!N u. J A• 





• 1,. 
atn•--11 

ot.u ... 

-' 





aoim, of local •·~rru.1~ (fable 9) . 

of l"ldM (20 ,6) and 

4 U"Oa lI!lu a 

(l to 7) • 
lfll)J nu ar-.s I1 

(leu 20 OWi" 4 laOMII in -
( 

, 19'1). 

otMr 

votftddew 

OWi' 41n • 
..u 

rao 
cal'd. .. 

, Na -1ool 

nt:.IMD" Id. not 

u\US.aed t, Nd4-

III. 

I., we.re no t+Sltaed, h.,.,,..., 1n aJ!'N III 

Hdla1"111111 other NO'Uona ot • -S. 

U"al~.W ... 

Chlllll\411 v1 ~ 

\IMd 107 8Nlffil.lU• te (l ) , HulaNl (1932), 

t tM 

ttMJ'nn 

GNel.91' (19)1) 

all Md nnr:Lnliif wa1c and tn'9'el • 

In appq.re 

ff 

bl'Ollft •\o\ .. , 

• 4). 

dla.'&a!IICIOWJ llftlf!IIWM •---, lack ot ~--•• and el t, pa41enl. 

In the ...-.r.,x•-. 11._.., m'll'11m 



ftllt DNUnie Tnd,eally, 

otlen 4GIM1iirelta 

t 81)&1rnat a 

ndda. t al IIIPftlfth (pill'tJ.ally dis,\CmlactlGWI) va8 ~ara;iuy 

D'feMD' OD ~el 1n all 8 aMwa• 
11.n111&111nfar.,.11n1Jula 

m, and " au ~ epal'D&J111 

obNrwd in • uea II .,,.1gi b.&d lt.NJllBft ta aet,_te. 

5-Wlwal. .,...1..,. (Hcib1tle !1 !!•• 19'21 . :ria, 19341 ltulU'd., 1917) 

, __ illlPfl~et • tuM vUl a:pON g:raftl 

ll;'llantlMUlle ~ • 

.b , ndcle ue an 1.ndtcatlon ot \be 8IIOIQftt ot IPllfllllfll 

IIM!t8tm_.• Wt ~ od 

b • ftn\ aoni~ 

2 t.ltcllu) 

ot 9m!lrw. tNu, ft a lDl 111pr--1on 1n ~1• NnaN.1 other 

tter, 19)7J OOftl" Uld ~-1
• 1 

5) haw rowSC1 lii le nu ot YOWim t, ' 



ut, Ut.tle ~ ot u • 
, the Dml!Del" Of Yat~IOTll•UlJ~IM" 

3.9 a.ncriq) • am.ta. I II u m!m!~. J.&l'RW (SQ) or 

m or 1v (tu>M 1, 6, 1, ... CQl.atet.eat.D 

• t; in -- 111 ie .LOC:'alillCl 

dOll-1 .... am fraa an ti 

t&NI t:rrOll.aLY' lll~N4 upe'tN&L 

ft Id.lea of ..vans • (\r.,.. r, 

M1t Id.le ot lit '1b1a tan ucounu ti 

111.J~,~,J-P~~am~wu-wanmt-, .• 

(1945) HODI~ (1937) t, eiaSlar naulte vt 

o1--.1...... of 

.,..mt of epalldng in • ...Uon ot •""· • .... tiRt.lllidT l.J.m1t lbe 

~-,aUoa •~ -lt'IIIID. die. nvv•- (1917 that MCllft 

t INP~ ZN.1111" ~ 1aaely lf1 • d1.etribu.UGD 

..--t,J.e oala' 

l'la1i\lftl,J. .C11llBltUUHliMJD .. ,. HJ' f.la 

fnddau.d t 

IIMlN Dtianc,ial'Y taoUit1N I 

._,, b....-, NdDGe the a•• ot e _,.lfft1JII P:1Pl:U•W..,_ (ltOl)lrJllt 19ffJ 

Coopw, 19'1). Dia t ot fMmMUt 1)l'elNWre ,.. ..... 
u iMftllNl.:l.Y Jmawn. 

obNNed 1ft di ...... (ill;. ot lbs •'"- tlAl!l ........ lff C:alm'll.t. aaplua 

---- dittuew 1n t1ah pwp ...... tt ... 

!!!!!Bl !L. _ 1!9H:!!:!M:Z-P fl!!). • eorr.\val n ot 

WllW!.t:l' vou\ 1e UUi,l.;MfflllQ. \o be 1nftuenNG 

1"81.e• 4- e&l"lia, 



Jumt ODM(l h1 winter water t.m::me1-atul'N the win ot 19'1•52 

(I\OllWlY mJLnllmm ot 34• .) in 19'o-,1 (lllnlltAlt:v Pl<l,Ql,llllllllll of ,a• F.). 

IHJll'll'IIU!l9 (HUblCID ll Q .. 1 J 1111>~. 19 ) .-nnM"l!ild t.hat ~---.

... -.iiv':ni ~ f.n ,....,,_,_. aJ'e DNlfJ81i&r.f to allOII aUl"f:1.-1. of l'olt"mn.. 

~r»f'lll1m:INIS bolw )4 • Jl" • 

lo aftlop Qlllaftlll&JJL:r• Ift the·- Ha.YIIII (1949)t 

, ti 

42 ..,,.. l:leJ.Clf ,. c. 

to 60 mreant. aboft \ht.a WIIIM!"At::llPA• 0 

pbplolvg.,VIU,. 00,NeOOl'Jdll&J-Y •1• at 10II' ~rpuia·Qll'N• 

It 1a dbbt Uieftf, , Iha, WUM.r t.G:l:fPel"&Ullr• ta td.n\W ( .. r 1951-,a) _, ptl'ld.t. a -•-r euntval NM of yau,a~Hl 

QIQ,lf1111 ttilfti:al.n - iol.ViJi.-VGJ. DNMI_. lo proowt 

AJ.ClklQI~ ~ l,JUl.~1-...n• ot elatlar at. vue OJIIINIRi Sn the ND..., 

uau111N1oft NUO 1950; then vaa • ~ · • Sa 

.. YGIIJ..Of•....,._ --.. • 'LJl'IJUT. in fa11 of 1951 (9'56) 

l9SO ('466). am , ahond a----• in...,_ rate w,u,•i,G. 

oannot, apla1M4 (tabla 10). 1a Sa t.h tac that 

s.n .... or 
1.nftuaced 

Since .... populat:Lon U.tee 

i'ble t,o ucenat.a ~ 

IU,'VWW, •tar nopap ad , 

t!Nllilnd ...ter ie...ia. 

-- 1n tall, it, ii no\ 

rmund.· aw vu · beaefl. ta 

the 1dnt.er o,, in e 8Ulllms. J1r M:IIU&t»l'U in tb ,-n 

19Jl Ml ot Afticlent dlt t tor lar 



neousary to d.ef1n1 usociate stll"viftl r t,e ot young trout with 

gftNl1d water l • 

TABLE 10 

SEP'flJ9ER POPUUTIO ESTIMATES OF AID lfiOWN 'D\OUT IN 4.8 HILl\S 
TH Pm IUVm, MICHIOA.tl DlRS OM 1949 t.o 19Sl,. 

Clf If. TABLE SIONIFIES DIE RESULT. YOUNO-OF• 1D-YIAR 
OUT FR OOS SPAWHI a POPULATI , 

.Speciea and els gr011p 1n 1nc.bea 1949 1950 

k trout. 
Spawning population (6.o to u .o) 1ll8 1247 
Young-of-the-7 (2.0 to J.t) ~ S468 ~ ,S56 

Br, trou.t 
Spaw1ng population (9. 0 to 18. 0) 1"7 ~ 
toung-o.t•t.h...,ear (2.0 to 3.9) ~ 1SS7-----.. 992 

• Brook trout '6'Plcal.1T apawn at abo stx inches and brolfn trout at 
abaft nine ~[JU• 1n the Hpon BiWZ". 

dans:lty of Pigeon RiYer trout popula~iona could not be termined vi.th 

ueunnce t.rom '1"le data taken in th tuc\y ueu. 'lb prinoipal nuon 

tar thie 1e tbat. the 1ntluenee of theee tactore on uniftl and powtli 

r tee could not be detend.nad adequatel1'. Th ob-doos relationab.ipa of 

each eoologlcal factor to t.he o't:lsvved localisation of trout populati · 

!!!a<l!!W !! !!! •tna 

1he lmpG'rt,ance of atreu channel aol"m1G1:natry 1n in.flu i.ng the 

a1u of trout populations 1 n1nor in the Pigeon River. Faetora 

considered in th1a 1nYeatipUon were wtdt.h, mean depth, pool•rlffl 

Ntio, and gradient. 



.82. 

t • 

th4t l'VP~'1.oaa t mHr1tt11. <14Nft .... Mi (table 11). ~ dlh 1- t • 81Ati.,,.,. 

11-.. to, ~ Nlc:w.0D11Dlp tlee411DM -..~,.,.ODI of t.rou• 

. (t. ,, •• , • 1 ., 

• ,,. ,. 33 •, • 2 v., • 3') and tflll • ..,_,,_.,.l'Cllllld. 

lflGWIICl~.lft ffldlllOI 

~IT. UllinN,l,am..VIQD in 

TAI U 

... 1 ... u .... w .,.n 

or 45."l'I ·2' 1.,, o.i, 

of 1440 8'¥1 l 

-- in,... "·' ., 61..o ,i., 
- lnlftehN ,. u., ,., 1,., 

',ndla\ OS? o.o.r, ,,, 
pn.ftle ft • •• ,2, • , n, "• •a,"• . "· ,, . 

NNt•ot 

ftl'HCl . • -~IZl!l 
'1 "°" 
IU wn --- .U. in _. Md 7ft dt.tfue4 '1f' l 

of \. ~--- Ud HUt-4 (19)9) rec~._ 1ePpet -=a:ien ot 

.,_, 1d. the ffll' 14 IMIMle• HAMIi• Man1U. (IUldaW) 



t◄ no 

• 

-

<n. n, ). 

-8► 

on and 

~ttl 

ot Utt'1e 

dif 1n 1D 

tlw ritt:I.M ... • ~ 

,oo1a, b.aM ... , pool.a ._.. • a 

Dl"01dllON 11w ~twi. CllL<a:a.c:za and ldiCCll"-*'411 

\1N in tlllcttb.lmlltMIJS.tbe... ~.1.11111• thil 

• pi.. in ana.u.• •U 8POIJl,M end 

ad 

..... ds(:a. · ) 

~~. CQUec 

...... , ..... .,._ lhowed 1U lJe 

IJIJ&WU:a..u.'U of poa\le 

iadant.11 

ll'PlltA..,_lP tbafl '1f 

t.b..rM tMf. vwe _,. CGIIIOlill,-

"°""1U (WISl~)al,o.! 

., .... 
..S.ffl Nd.aUOD1111.1.1111 

had tM 1a1pat IUllbel!'II ot 'VGtll (Table U). 'Dita C1M111l1'.111.1. • V'lwta 



• . 64-, 

er t10D9 Of \lae T <i,E;ggrj 

B!Vllllf' ( • 3' •J • 1 W., • JJJ f. ., R. 2 ~., • 2'J T. 34 t 

• 1 w., :,j• ) ~le,.} 

wtel.wes,bof 

Snanm:tur.a .,~--
9tNtcrhea 

iftther.t.e.m 

Co.tllltD.1r.1,Ci1:11• ' -

flHl1• O.ISOT;.1~ ot ...... 

t'MW 

--·· eai~1.au.on t.wJt...:m 
......... _ 

~v.W. be 

• ... . UaMcl ~

...... _ uir..-,.i 1ly nan.t.r.tm 

w.--.tct ace, te llllel•n, and e1m1ba). A11110Mn 

t1abea PN!taab'JLY •-- U tor lJilll'ffl.'IP tnult lll:bdanlal ~ 

U.on1 or ewr fl th 1uge other 

ldiftd8 ..:lu• ol ia 1a ,._ 

thaa..U.~---09n 

poedble .e 

~Not Cn:'llllft!i (e4., SblJl~III" D.li.•• l ')• tbe pool-

n.tn. '"10 Ga'llinot, llflllf8'8l't in.Cl.UeDlll8 • tJflft1,t9& Dlll:ID.Ul'llUII vm.en 

-~u taoillttea ue t1nt •-11.ablo • UliJ,l;;IIUwli.,;,.un. 

• unu.u.;a,a 'fa.l"led tr na2~°l4!. too. 

b1.e 11). 

ouely ---- at 
'!IC'h\, ... ,. ... n an11 m dWtAtlJl.v ll\ ~ popltJa \ 

~(O.QJ?naw!IMII. (194a) NOaNled ~i& SD 

Ml"C:.S• lloblbll (t ) follDd 



or Wou\ a g,ndt.m\ o.ao, mmmm\. 

1.m 

1nfl:\UIIU• t".i!illftl~9!. PVf<IW4IIJ~WMl 

1 ). AU • ..,Jli,l,ll'Ral ot tm "'ti!_. 

U U laCCIUIU'l.a 

1'-"91 S.tll'llmca 

.-t1cdal id'lueare eurwlftl. rate. In t ... 1m:JND.Ceap&llld.l~tae1li ... 

:ftl'!n.._,INIIJ'9UJ 

tllbltv .,... w .,. n 

•-.....~ 

• u, ,. 

6 ftNU IMIIJr.11.WIUlt.U for -,-. 

aalNll'IIILl.ot.her---.ot 

\ ,- l:NllldNKI Wd'dll of M.11._.a... 

•• w., 
Vian. ti 

1Y111 (UD5a'1'4) euwm 

ftnd COJN1a 

SA 

• 

llUllNI of ~11r WGU\ ad 

deeuable, ,...,..., •• , 1.n '"1lla8 

PIDG1!ot1Cl ., lllll"liw. 

MIA.UeD CO'f91' 

Wu.MliiUf 1ft '°"1t 



.. 
"' ll 1n • Plleoa ~ 

ro<IDctilon ol ... .-..... , 

tNtlflltllP (T. " ., a. 1 w., s. ,,, t. '4 1., a. 1 w., s. ,o) • 

.,.,,WI' e. el• (l ' ) ~ . ~--Id f1 

• (&ba1• 4 l.flebd a nem.z:::t.GUn t.t!lllilllll~ ( la 1941 lo 

145 IA 1944) • , ~. 
~-ft.eh• tll8A9 

ancuctl'. 1.'be W wa1,,,. d llid~emt --• 

SMmNl.1.. tt.dd 8WQ:U. ha beg ._ OJiellll•IW of -~-

ill \Nut ..... ( , 1927J CfofllllltlMI~. 19'01 &!b.,..., 1927, •• 

J; , b, 1 J tNU., 19291 f'Ollea 

U.,enaU'ft;ll.adJ.abara' 

cl1e•aru;..a._.N 

). lddl• 

l1fadmt1192'7J 

W.11'11114'9 ot diNOlwd '"11, 1919). 

1!11111-.,dteHl ~N!ft u.a-..a, __,1 U111ne a1Jcl1Sftt , 

l ' • 
t1b11Piponat ... 

(alaove .o ,. • .. ) , &IMXl"OIM=1WU< 10:tla-.m at. a1l pert.OU ( • At 

T-19 l). dlN dlaaol •d a11· ne!lln JNEffl!UNall!JIUI' 



Bre&!l!I', 19271 01'11M1111", 19,0J :INU, 1927J Embody, 1 ) ~il.CIIM 

tt ualAln S.t 1a S P•P •• 

Vie n.eu bul it KtA!tJII 

- --·- iJ:l tu\ .... ,.,illD., 

dl. ............. amt oanm• -~ ..... ----. 
DO IIIOl't.al.i.V la 

D!IM\~ 
-NDM eat•'bdrm:MI were ,.....u, ftRUd 1a rJ.g.u11 

d..U 

,-,.. (19'1) foiand tNe eartatm. dlCldde to a m:rpmu-1 Kcmtacltr 

1s.enoae ...-... tor I period ln ant:mm aa 

f1llN ws.· ·O llft9e &lbotb' (192'f~), ....._, NOilD'illlld 20. , 

P• .a. fltdl a _..., ~fed tlilJll_,., u4 ao·liliDft Q.Mia.M• la 

a1n la Of'dilm,lCl,11.y !"'li ....... lll'Vll6 ........ 

• Hftl:lflCllll&!M 

aJlal!ldt, WM bl (abmra 126 P•P••) 1n all aD11fN' ..,._ (App. A, 

, ., 
• __. 11 llL WlilOIMdlw 

ia .... -- ftlat.ecl to • 
an4vu (lSJ to 21J ) tb 

(App. ,., Table ). V1e total aDallld. --



.. 
\Uloll!W'&GH:MIU 

tll"Olilllt 19ffJ CftlllAlldt• J.9,0). AJ.1 ..,_j_ 
--~.IJll.\cml __ , .. , ..... 

, .• '° .o) t holil:ll!!li'lftm 

• total DllCGIOhdl !ael 1__, 
-- ............... (&pp •• , .,. ... •>· 

dmihhP ~-• (1943) NOCdl'dild l:Sal]W, NNl\l 

tt. ttw ~ mm-. A11m,w• -. ..,am, ot lbolldtl:ne iacNA-4 • 

DOl)QJ.IIMlm ot t:Ptl!.alfl. ......... u.. ... llnllwh• IIUIOIClted .... 

dfNt, ..ei.,uoi~LD IMl"'84m • 

A .aa1- or n.uewau1a in .i=o ot a. 1a ~• 1n a uea• 
•ru.a• ...__ Mil _,,- •tlW DOl,IGD Oll:md.-. _.. 

.lllll»ltae, 9l ., l9'2J tu•1U, 

19'8). 1M -.z"lLB" dl.ttllwlt, 

wr&N g111,1.;a. .... .u the -
~ DI\ e --- ot ln411'81111 ali"WUI--• e ~ Oft 

Nten ot ,.....,. -... ... ~.,.. 

aaltd'al ... ... ~. u ............. 
- \rl .,., ... Nl.lllalU. ....~ .... ~•--vlll amai~ottra;1~~ 



1a all Qa"ll"""'JU 

fflLllOUIM'.l arJd 

~~W Nf.. f.h• ~M 

IIVlaam. t1ow 'Yi.a tbl DGUD/1 I'& 

·"""~ ( ~ 

·Td"lll:lilllliJ GW11 , if tlua It& rahed. 

•• ,. wU1 

..... a.. er 
lllmlNNiatDlllfi 

tNnanmmi~ \ll'S,N 

~ .... ~ ot 11Nm14 

•ter Sn• , ..... JllllPU• lt ,__ 

v1 .....,._ in a araM1a1~ a.raMm vU1 UICINU9 O'OllDl:la tl.Ollt, 

1,~~ ... c1a1,o ___ _ 

f Vi tui.ee ~- dM~UI 

fl• ---- the NSataU will --

IIIIOIUlft of 1'.Wtc.111Ml'1MIO 1a tl.• 

PIIPIII etalil... • 1 ia ioc•TAMl n 1.\811144\J_._.. 

tile •ttlu 

11111n •vrn-. 
li'fW (n.g. llt 

,,.. •\a-..1p, .... 

ot (... • 1). 

a.ui•u• lfl'IF 

2 DlD:3ber Of ~- UJCNI. .. JINm\lLV and 

_.....,, ...U NDI• ooatrt. " 

the ~ tbe anl:HllltP' pal 

GP~ll4 ft ot 

• 2 ., • 1. 1h 

Oll&~U' at. PUJM 

, .Q..9 fllD"t1A119.) than at a-.irttt • • 1 (ooc~LO:LJIM 

•pring Nnl!lltt (Apr.U} • na 
f.2111&'1,111" .. , ~19 

flow 
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aaui!Ie no. 1. 

eh"l'l'!lrftlnwbhl:I of T---
aftd Flt8lll0n1)n ft ... ) in ftl"laUou i n ftov eiaSlar IO 

the Pl. Rl'NJ" ( • 19). • JIVUl:un.l!!IB ... VGl1 

by'dropl. da\a W8N eo.1BOU4 l~iln ie 

fp •ter• 'Dla armml tl\liottaaU.GD 1n Wluma 

la .. ot tt:lll'fJIW. 

· t ...,.,..._ uaocialed v1 

tlat (1) ocn,,...m ...U. ..... bnt.t.an W RM'limt9 

.... ,, Cid (2) .rtdntall a . n - ti.mg 

intlucmalNI ot..,.,_T_._. 

rela,1.M1J1au.v ot lto·_,. Mwriala t,o 

•• 
,..... prcM!edUftNI 

ntdti.tlll:!I tana DNldUcrtd.c:m (lttJoftw • l9'1J N4MdM• 

LtgJ. • 1 ~). \ .....,. 'ftl1.Wlle ot ._,.._ 

n1a ~ ... -~ 

Moni.11 (ta.a.cs.•~> w ts eonn,.dall!MS ■-..J\ 

be • pool' of ' nl'l!!lld!!At.1 

a.....-,uuac11Meotbo$ 

..... of M.inid .. ~. l,UJ 

~&ttoct.at.he8'1"1 

... 1 I Coa!DU' 

rate ot NrWa • 

I 

a 
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(table 12). , -la pet-1 

Iha tam 1a ~tS.Wly . ...... tUl.ilt.-

bo\ fauna ot 

( ) • oad«U• Alea ( ), ancl 

1a. .... au. 
,,.. ~ 1A 

de ta • vu 
,.. . .,. ln atwt, 

IV. !:'!R!f£WU la IIOdea 

»,,.,,. u4 A 

.__. .... 11,u1, . ff. ~, " 

• 
tliee, 

beacllfaten 

t. lo 

11. 111, 

ft.118 

SMb11WJN ( n •ieor~l"A) _,. raoNa111111N 

). 

t, 

D&IBIIIU" 1a of 

I 1 al 

, 1, 
•8'M- au ilMU.oa of u,t. babita\ 

ovc~p.~u. ~n.m!'llftl• appann poe"8Nd " 

lacU.oaUw 

lt!!r!Mf lfU abllllldazlf, ta the hM-,~ 

of llNok vout and 4 in .,.._,, <1m1N1..am. 



UIU~ 12 

fflDIBSR ( 

!!!!I! C~E!!!! ftM II!!!@: 
m ff II ru I II I II lll I 1J 

, !!!'Pl!! ' 12 .2 7 17 J 2 8 M i 
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J.7 6.S 2., o.s 1.2 1.0 0.4 1.2 o.a 0.6 0.2 0.2 

'f .ffl .082 .043 .., .an f T .au. 
0-4 0.1. 0.2 o.:, 0.2 OJ. 

V .009 AA .QO'J .oss .o,o .010 .OU 

• V 

• 0.7 1.2 3.1 4.6 o., 
.m .094 .014 .1lB T .GlO .2,S .008 ·* 4.2 a.a 7.1 0.1 9.9 ,.o 9-4 0.8 0.1 
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..._ (1 ) •t&tas 

'l!Jtll..._a 1ft O 9.i.-111.ll!'> ot bo' a (I) 'WAVU&\J 

ot an,..tt, ()) ce,a,cn ot water, (4) •~ .. -we r 

Mlerlal and • Iha data eaoll tiboN 

faaton f' J.n.tl.oeniDe 

the 00'1,'5a oraam.ama 1n Sllt conr11&1QIO 

tiatj food araan:.1.:imia 

1J'OCU01hn. ti ,-..... ~ 91d. 

.,_teat, aol..- aft1oa U btll.c:a~IG. the IUld:lell'I 

of NI ~ and ap ea.a c:1QL1.,flftea.. The laok of -, cai111M1r-

' £ ... ' 
.,...ott 

1tl • aNa II (1'1l:ile 1)). ID 

-.n . euon ot 1.1,0 

tqpe 1n Il a of O 

taftljl!ft' ..... ,1 ..... ~ 

.... ftlddll• 

ca\M t.bat tbe ocean~• ot 

&tu 

anaI 

pat.one~•~ at,,able 

cm VOJWIO otit:1i4111:tcum 
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I n III IV 

co, pH Oz CG_, pR ~ co, '" 02 co, pfi 

10/SO a.o 126 8.8 8.7 199 a.a 12., 1S? s. 9.4 126 a.o 
11/So ,., 144 .o ., 199 • 10.6 199 a. 12.0 1)5 .o 
1/'1 12., 190 7.9 12.7 215 .o 1,.0 194 .o 12. 179 .o 
2/Sl u.s .o 12.6 192 ,. 12. 192 7.7 11.7 191 ?.4 

~~ 1,.0 19' .o 12. l a.o 12.8 18'1 .o 1).7 118 e.o 
12.0 16' ,.o u.a 160 .e 12.2 1~ .o 11.2 1,0 a.o 

5/Sl 10.e 197 .o 9., 192 8.0 9.0 1 .o 10.5 193 s.o 
wsi 9.6 8.1 ,., 191 .o ., 190 8.0 ,.s 190 1.0 
7/Sl .. , 203 .1 9.0 201 a.2 J. 191 .2 ., 190 8.2 
8/'1 9.1 19' 1.1 ,. 199 .1 9.1 200 .1 .1 195 8.1 
9/,1 10., 20J .1 10.2 17' a.o .? 193 .i 10.6 l 1.1 

10/'1 10.2 169 s., 10.6 182 .., .• u.s l a.o 11.0 l .o 



?A 2 

&Na I .,_ Il'. s . ueaIII IV 

atn/,a ••• • •• • •• ~t:: ••• 208 • •• 
192 200 ••• "18/,2 200 a, 



' IN ~ 5 :Jt)t 

•• OAIIC 01 • TOTAL 

.. 1 ..,.. IV 

A B 

:/IJ/51 o.oo, o.006 o.006 o.m.1 o.006 o. o. o. 
"J/28/52 0.000 0.000 0.000 0.000 000 0.000 O.OCkl o.G1.0 
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so Jrab' ~ 'ZI 16 ~ q. J-Aua. ll '11 S4 ~ »..Illy 'l!1 78 71 
S8 so ~r,--..' ,S 62 -· 11•4'11· 17 71 '4 NJ.:, ~- l 

.,, , .. • 
" ,0 ... ,.... u 69 57 .&ug. 17-'111. is 10 S2 -. ►ae. n ?O >CS ~ 61 48 Aug. 11-,..g. 19 10 S? q. 25-aa• Jl 7' S6 q. u-.g. 17 ~- § 
64 5' ·•· 19-Aq. 2S '18 54 -.. Jl~. 7 68 SI Au&• 17-Ja)C. 25 68 56 
60 '8 -· 25-q., J1 10 '9 Sept.. ?-Sep~ 15 '70 49 Aas- 2:5-Mtg. '1 12 61 ~ 

6S 46 -· :,t~. 7 '5 SS S'I)\. 15-Sepl. ;&6J S8 Aul• Jl~ 7 6iL S4 
61. 4S ~- ?-Sep\. u 6B ,, Sepl. 21-ac,pt. 296' 42 Se,pl. ~ 15 

- S2 61 42 &ep1.~.a 64 so Stlpl.~., tiG 44 ~~a 
" So '6 43 s.,t. 21~ 29 64 44 ~. 6-oe\. U S3 47 kpL 3.-sep\. 29 64 44 

SJ. /IJ s.p,. ~ 6 60 4' ee,. 12-0et. 19 ,a "' Sept.. ~. , 60 43 
54 42 OirR. 6--Cet. 12 53 43 Ocl. 19-Qc-t. a6 53 43 Oct... 6-ret.. 12 ,, 4' 
53 42 OU.~ 19 S6 45 OCI. 26-Sw. 2 ,o YI 0c1,. ia-oet.. 19 J1 ,, 

4) Oct. 19-0et. 26 534' Oet. 1.9-()et.., 26 52 43 
49 » CJct. ~. 2 49 n 
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n.. ,..,. ... Date Te111p11 atm. oaa Tclnparata.re Dat,e. 1'1 

42-0 11/U/,O Sl.O llft.J./J,O ,0.0 ll/ 7/SO 41.., 
34.1 ~Ai )S.0 ~ ».1 l/8~ )2. 
,s.o 32-5 J2.1 1/20 '1 )2.0 
34-2 2/ ~'1 Ja.S ~ 32-9 ~: 32.0 
')2.? 2/lJ./Jl 32-5 )6.0 34.2 

.o 

~ 
,a.o 12/19/51 )2.2 "13/Sl 32. ,a.o '6-0 1/ 5/52 )6.0 ,,., 12/)J,i. '2.J. 1/3J/S2 )2.1 U/19/sl )2.1 I.; '2.9 JI 1/'2 32.8 ~ )2.2 ... ~,.,.,In ~-n 

32.2 l/28/S2 :,2.1 !/PJ/S2 )3.0 
JJ.O ,t.20/S2 :,:,.2 'J/18/'2 39.2 
'4,.6 i/J.8/J2 ,s.o 
71.4 
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